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AGENCY: Occupational Safety and
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Labor.
ACTION: Final Standard for Occupa-
tional Exposure to Lead.
SUMMARY: This final standard limits
bccupational exposure to lead to 50jg/
m 3 (micrograms per cubic meter) based
on an 8 hour time-weighted average.
The basis for this action is evidence
that exposure to lead must be main-
tained below this level to prevent ma-
terial impairment of health or func-
tional capacity to exposed employees.
* Provisions for environmental moni-
toring, recordkeeping, employee edu-
cation and training, medical surveil-
lance, medical removal protection, hy-
giene facilities, and other require-
ments are also included in the stand-
ard.
DATES: Effective date: February 1,
1979. Startup dates for individual pro-
visions which are different than the
effective date are in paragraph (rJ of
the regulation.
FOR FURTHER INFORMATION
CONTACT:

Gail Brinkerhoff, OSHA Office of
Compliance Programs, U.S. Depart-
ment of Labor, Room N-3112, Wash-.
ington, D.C. 20210, telephone 2027
523-8034. For additional copies of
this regulation, contact: OSHA
Office of Publications, U.S. Depart-
ment of Labor, Room N-3423, Wash-
ington, D.C. 20210, telephone 202-
523-8677.

SUPPLEMENTARY INFORMATION:

I. INTRODUCTION

The statement of reasons accompa-
nying this regulation (the preamble) is
divided into six parts, numbered I
through VI. The following table sets
forth the contents of the preamble:
I. Introduction.
II. Pertinent legal authority.
III. Executive summary:

A. Health effects of lead exposure.
B. Permissible exposure limit.
C. Medical removal protection.
D. Feasibility of compliance.

IV. Explanation of the standard.
V. Authority and signature.
VI. Attachments:

A. Health effects of lead exposure.
B. Permissible exposure limit.
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C. Medicalremoval protection.
D. Feasibility.
Part VI of the preamble is divided

into four attachments (A-D) (to be
published separately in the FEDERAL
REGISTER on or- about November 21,
1978) which provide a detailed, com-
plex, and technical discussion of the
evidence and OSHA's conclusions on
most of the major issues raised in the
rulemaking., Part III is a brief, non-
technical summary of these attach-
ments and is intended for the reader
who wishes to understand the basis for
OSHA's conclusions in this standard
without having to examine the more
technical attachments.

Part IV is v provision-by-provision
discussion of the regulation in lettered
paragraphs corresponding to the let-
tered paragraphs of the regulation.:It
provides a brief summary of each pro-
vision and the evidence and rational
supporting it. This is followed by part
V, which in turn is followed by the
regulation and its appendices.

References to the rulemaking record
in the text of the preamble are in pa-
rentheses, and the following abbrevia-
tions have been used:

1. Ex.: Exhibit number.
2. Tr.: Transcript page number.
3. Ref.: Reference number.
4. Att.: Attachment number or letter.
5. App.: Appendix number or letter.

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.S.C. 655, 657), the Secretary of
Labor's Order No. 8-76 (41 FR 25059)
and 29 CFR Part 1911. It amends Part
1910 of 29 CFR by adding a new
§ 1910.1025, entitled "Lead," and by
deleting the reference to "lead and its
inorganic compounds" in Table Z-2 of
29 CFR 1910.1000. The standard ap-
plies to employment in all industries
covered by the Act except construc-
tion and agriculture. - I

Pursuant to section 4(b)(2) of the
Act, OSHA has determined that this
standard is more effective than the
corresponding standards now applica-
ble to the maritime industries current-
ly' contained in Subpart B of Part
1910, and Parts 1915, 1916, 1917, and
1,918 of Title 29, CFR.. Therefore,
those corresponding standards are su-
perceded by the new lead standard in
§ 1910.1025. A new, paragraph (g) is
added to § 1910.19 to clarify the appli-
cability of this new lead standard to
the maritime industries.

A. BACKGROUND

Lead (Pb) occurs naturally in the
Earth's crust and is also found in the
atmosphere and hydrosphere. It has
been used for thousands of years be-
cause of its availability and desirable

properties. Even In early times, there
was recognition of health hazards as.
sociated with its use, both as a metal
or in a compound form. Thus It was
found that lead could be absorbed by
inhalation and ingestion and that lead
absorption was responsible for loss of
movement In printers' fingers exposed
to heated lead type and for "dry
grippes" in pottery and glass workers,

By, the early 20th century, studies
revealed that the absorption of exces,
sive quantities of lead (lead Intoxica-
tion or plumbism) caused diseases of
the kidney and peripheral and central
nervous systems. For example, an
analysis of death rates In the United
K-ingdom in 1921 (Ex. 5(1)) and 1931
(Ex. -5(2)) showed a considerable
excess of deaths due to nephritis and
cerebrovascular disease in plumbers
and painters.

In excess of 1 million tons of lead
are consumed yearly by Industries In
the United States. Potential occupa-
tional exposure to lead and Its com-
pounds occur In at least 120 occupa-
tions, including lead smelting, the
manufacture of lead storage batteries,
the manufacture of lead pigments aid'
products containing pigments, solder
manufacture, shipbuilding and ship re-
pairing, auto manufacturing, and
printing.

B. HISTORY OF THE REGULATION

Although the prevalence of lead in-
toxication in ancient times has been
the subject of some speculation, It
seems likely that there was a lack of
appreciation of the hazards of lead
and preventive methods of limiting ex-
posure until recent times. Modem
tests for estimating lead exposures,
such as measurements of urinary and
blood lead levels, urinary copropor-
phyrin and delta-aminolevulinic acid
(ALA), have been generally used to es-
tablish acceptable air lead levels and
thereby to control occupational lead
intoxication. At one time, an airborne
exposure limit value of 500 jg/m3 was
generally accepted. Based on a recom-
mendation of the U.S. Public Health
Service In 1933, however, a value of
150 Ag/m 3 was a common goal In in.
dustry in the 1940's.

150 Ag/ m3 continued to be the most
often accepted until 1957, when the
American Conference of Governmen-
tal Industrial Hygenists (ACGIH) in-
creased the value to 200 Itg/m 3. In
1971, however, ACGIH recommended
lowering this exposure limit back to
150 pg/ml. (Ex. 5(3).)

The present occupational safety and
health standard for "lead and its Inor-
ganic compounds" Is found In Table Z-
2 of 29 CFR 1910.1000 and was adopt-
ed In 1971 pursuant to section 6(a) of
the act. The permissible exposure
limit, which Is 200 Ag/m 3 as deter-
mined on the basis of an 8-hour time.
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weighted average, was based on a na-
tional consensus standard of the
American National Standards Insti-
tute (Z37.11-1969). When the consen-
sus standard was originally adopted,
no rationale was provided for the level
selected.

In January 1973, pursuant to section
22(d) of the Act, the Director of the
National Institute for Occupational
Safety and Health (NIOSH) submitted
to the Secretary of Labor a criteria
document for inorganic lead, which
recommended, among other things,

'lowering the existing permissible expo-
sure limit for lead from 200 g.g/m 3 to
150 tig/m 3. (Ex. 1.)

On August 4, 1975, the Director of
NIOSH forwarded a letter to the
Deputy Assistant Secretary of Labor
for Occupational Safety and Health
which revised the recommendations in
the criteria document. In it, he recom-'
mended that the permissible exposure
limit for airborne concentrations lead
be reduced from 150 jig/m to lower
ranges. This letter followed a joint
effort by the staffs of both OSHA and
NIOSH to analyze and review scientif-
ic data not available or relied upon in
the original criteria document and
which resulted in a reevaluation of
earlier recommendations.

On October 3, 1975, OSHA proposed
a new occupational safety and health
standard for occupational exposure to
lead (40 FR 45934) (Ex. 2). The pro-
posal included a permissible exposure
limit of 100 Ug/M 3 combined with pro-
visions for environmental monitoring,
medical surveillance, employee train-
ing and other protective measures.
The notice requested submission of
written comments, data, and opinions.

In a notice published on January 4,
1977 (42 FR 808) (Ex. 21). OSHA an-
nounced the availability of the pre-
liminary technological feasibility and
economic impact statements prepared
by John Short Associates. It also ghve
notice that an informal hearing would
begin in Washington, D.C. on March
15, 1977. On February 15, 1977 (42 FR
9190). (Ex. 25) notice was given that
the final economic impact statement
was available to the public and that
the economic impact had been certi-
fied pursuant to Executive Order
11821.

In publishing the proposal, OSHA
noted its intention to prepare an Envi-
ronmental Impact Statement to assess
the effect of the proposed standard on
the human environment. Interested
parties were invited to submit com-
ments that would be useful in prepar-
ing a draft of the Environmental
Impact Statement. On February 25,
1977, the availability of OSHA's draft
for the Environmental Impact State-
ment on the Proposed Lead standard.
was announced by the Council on En-

vironmental Quality (42 FR 11036)
(Ex. 30).

In a FEDERAL Ru~isxsv notice on
March 8, 1977, OSHA announced that
in addition to the March 15, 1977 hear-
ing in Washington, D.C., two regional
hearings would be held (42 FR 13025).
The first regional hearing began on
April 26, 1977, in St. Louis, Mo., and
the second regional hearing began on
May 3, 1977, In San Francisco, Calif.
During the hearing in Washington,
D.C., which lasted 7 weeks, OSHA pre-
sented 15 expert witnesses from
around the world to discuss various as-
pects of the proposal. Iii addition to
witnesses invited by OSHA, NIOSH.
and approximately 50 public partici-
pants testified. In St. Louis, 9 public
parties testified; In San Francisco. 13.

The hearing record was reopened by
OSHA on September 16, 1977, for the
purpose of taking additional evidence
on the issue of medical removal pro-
tection. A FEzDER L REuxSrsa notice
was published giving notice that a
hearing would be held on November 1,
1977 (42 FR 46547) (Ex. 353). A hear-
ing was held (November 1 through 11.
and December 22, 1977) and additional
exhibits were added to the record in-
cluding an OSHA-sponsored study on
labor costs for implementation of
medical removal protection (Ex. 439).

Final certification of the hearing
record -was completed on August 8.
1978, by Administrative Law Judges
Julius J. Johnson and Garvin Lee
Oliver.

II. PERTInmT LEGAL AuTHORrfy

The primary purpose of the Act is to
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-
retary of Labor to set mandatory
safety and health standards. The
standards setting process under sec-
tion 6 of the Act Is an Integral part of
an occupational safety and health pro-
gram in that the process permits the
participation of interested parties in
consideration,0 of medical data, indus-
trial processes and other factors rele-
vant to the Identification of hazards.
Occupational safety and health stand-
ards mandate the requisite conduct or
exposure level and provide a basis for
insuring the existence of safe and
healthful workplaces.

The Act provides that:
The Secretary in promulgating standards

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 sub-
Eectlon shall be based on research, demon-
strations, experiments, and other such In-
formation as may be appropriate. In addi-
tion to the attainment of the highest degree
of health and safety protection for the em-
ployee, other considerations shall be the
latest available scientific data in the field.
the feasibility of thestandards, and experi-
ence gained under this and other health and
safety laws (See. 6(bX5)).

Sections 2(b) (5) and (6), 20, 21, 22,
and 24 of the Act show that Congress
recognizes that conclusive medical or
scientific evidence including causative
factors, epidemiological studies or
dose-response data, may not exist for
many toxic materials or harmful phys-
Ical agents. Nevertheless, final stand-
ards cannot be postponed because de-
finitive medical or scientific evidence
is bot currently available. Indeed,
while standards are to be based on by
the best available evidence, the legisla-
tive history clearly shows that "it is
not intended that the Secretary be
paralyzed by debate surrounding di-
verse medical opinion." House Com-
mittee on Education and Labor (Rept.
No. 91-1291, 91st Cong., 2d sess., 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 (29 CFR 1910.1017), the US.
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 Industry Inc. . Occupa-
tional Safety and Health Administra-
tion, 509 F. 2d 1301, 1308 (2nd Cir.
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 Circuit In reviewing
the standard for occupational expo-
sure to asbestos (29 CFR 1910.1001).
The Court stated that:

Some of the questions involved In the pro-
mulgation of these standards are on the
frontiers of scientific knowledge, and conse-
quently, as to them insufficient data is pres-
ently available to make a fully Informed fac-
tual determination. Decislonmaking must in
that circumstance depend to a greater
extent upon policy judgments and less upon
purely factual judgments. Industrial Union
Department, AFL-CIO v. Ilodgson, 499 F. 2d
467. 474 (D.C. Cir. 1974).

In setting standards, the Secretary is
expressly required to consider the fea-
sibility of the proposed standards.
Senate 'Committee on Labor and
Public Welfare (S. Rept. No. 91-1282,
91st Cong., 2d sess., p: 58 (1970.) Nev-
ertheless, considerations of technologi-
cal feasibility are not limlted'to de-
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vices already developed and in use. As
discussed more fully in the section on
feasibility, standards may require im-
provements In existing technologies or
require the development of new tech-
nology. Society of the Plastics Indus-
try, Inc. v. Occupational Safety and
Health Administration, supra at 1309;
American Iron & Steel Institute v.
OSHA, 577 F. 2d 825 (3rd Mr. 1978).

Where appropriate, the standards
are to include provisions for labels or
other forms of warning to apprise em-
ployees of hazards, suitable protective
equipment, control procedures, moni-
toring and measuring of employee ex-
posure, employee access to the results
of monitoring, and appropriate medi-
cal examinations. Standards may also
prescribe recordkeeping requirements
where necessary or appropriate forven-
forcement of the Act or for developing
information regarding occupational
accidents and illnesses (section 8(c)).
The permanent standard for lead was
developed on the basis of the above
legal considerations.

IIL ExEcuTivz SumsARY

The following is a summary of the
health, effects, permissible exposure
limit, medical removal protection, and
feasibility sections of the final stand-
ard. A brief description of OSHA's de-
cisions in the final standard and their
rationale is set forth in this summary.
A more detailed discussion of each of
these sections appears as Attachments
A-D.

A. HEALTH EFFECTS

The record demonstrates that lead
has profoundly adverse effects on the
health of workers in the lead industry.
Inhalation, the most important source
of lead intake, and ingestion result in
damage to the nervous, urinary, and.
reproductive systems and inhibit syn-
thesis of the molecule heme, which is
responsible for oxygen transport in
living systems. The adverse health ef-
fects associated with exposure to lead
range from acute, relatively mild, per-
haps reversible stages such as inhibi-
tion of .enzyme activity, reduction in
motor nerve conduction velocity, be-
havioral changes, and mild central
nervous system (CNS) symptoms, to
permanent damage to the body, chron-
ic disease, and death.

The signs and symptoms of severe
lead intoxication which occur at blood
lead levels of 80 jg/100g and above are
well documented. The symptoms of
severe lead intoxication are known
from studies carried out many years
ago and include loss of appetite, metal-
lic taste In the mouth, constipation,
nausea, pallor, excessive tiredness,
weakness, insomnia, headache, ner-
vous irritability, . muscle and joint
pains, fine tremors, numbness, dizzi-
ness, hyperactivity, and colic. In lead

colic, there may be severe abdominal
pain, such that abdominal surgery
mistakenly has occasionally been per-
formed.

Damage to the central nervous
system in general and the brain,(ence-
phalopathy) in particular is the most

..severe, clinical form of lead intoxica-
tion. The most severe, often fatal,
form of encephalopathy may be pre-
ceded by vomiting, apathy progressing
to drowsiness and stupor, poor
memory, restlessness, irritability,
tremor, and convulsions. It may arise
precipitously with the onset of Intrac-
table seizures, followed by coma, car-
diorespiratory arrest and death. There
is a tendency toward the occurrence of
weakness of extensor muscle groups,
that is motor impairment. This weak-
ness may progress-_to palsy, often ob-
served as a characteristic "wrist drop"
or "foot drop" and is a manifestation
of a disease to the peripheral nervous
system (peripheral neuropathy). Lead
intoxication also results in kidney
damage with few, if any, symptoms ap-
pearing until extensive and most likely
permanent kidney damage has oc-
curred. NIOSH testified that:

Of considerable concern are the effects re-
sulting from long-term lead exposure. There
is evidence that prolonged exposure can in-
crease the risk of neprlitis. mental deficien-
cy, premature aging, and high blood pres-
sure (Er. 84, p. 6).

Exposure to lead results in decreased
libido, impotence and sterility in men
and decreased fertility, abnormal men-
strual and ovarian cycles in women.
The course of pregnancy is adversely
affected by exposure to lead. There is
conclusive evidence of miscarriage and
stillbirth in -women who were exposed

- to lead or whose husbands were ex-
posed. Children born of parents either
of whom were exposed to lead are
more likely to have birth defects,
mental retardation, behavioral disor-
ders or die during the first year of
childhood./

During the past 10 years there have
been many new observations 'and re-.
search on the health dffects of lead at
levels heretofore thouglt to be incon-
sequential This research has been

* stimulated by the availability of many
new methdds for detecting and meas-

- uring the degree of impairment caused
by lead exposure. These techniques
measure a variety of biochemical,
physiological and psychological-distur-
barices. The methods are highly sensi-
tive and reveal earlier changes indica-
tive of adverse effects in workers ex-
posed to lead.

The main research topics which
have been addressed are early bio-
chemical changes in the Synthesis of
the respiratory pigment heme; -and
early effects on the nervous system in-
cluding behavioral and peripheral
nerve effects. Included are studies on

the involvement of lead In kidney dis-
ease, on effects on reproductive capac-
ity of male and female workers, and on
the relation between exposure to lead
in air and resulting blood lead concen-
tration.

Although the toxicity of lead has
been known for 2,000 years the com-
plex relationship between lead expo.
sure and human response Is still Im-
perfectly understood. OSHA believes
that while incapacitating Illness and
death represent one extreme of a spec-
trum of responses, other biological ef-
fects such as metabolic or physiologi-
cal. changes are precursors or sentinels
of disease which should be prevented,
This disease process can be subdivided
according to Brldbord (Tr. 1976-02)
into five stages: normal, physiological
change of uncertain significance, path-
ophysiological change, overt symp-
toms (morbidity), and mortality,
Within this process there Is no sharp
distinction, but rather there Is a con-
tinuum of effects. Boundaries between
categories overlap due to the variation
of ihdividual susceptibilities and expo-
sures in the working population.
OSHA believes that the standard
adopted must prevent pathophyslolo-
gic changes from exposure to lead.
Pathophysiologic changes indicate the
occurrence of Important health ef-
fects. Rather than revealing the begin.
nings of illness the standard must be
selected to prevent an earlier point of
measurable change in the state of
health which Is the first significant In-
dicator of. possibly more severe Ill
health in the future. Th? basis for this
decision is twofold-first, pathophyslo-
logic changes are early stages in the
disease process which would grow
worse with continued exposure and
which may include early effects which
even at early stages are irreversible,
and therefore represent material Im-
pairment themselves. Secondly, pre-
vention of- pathophysiologic changes
will prevent the onset of the more seri-
ous, irreversible and debilitating mani-
festations of disease.

The evidence in this record demon-
strates that prevention of adverse
health effects from exposure to lead
throughout a working lifetime re-
quires that blood (PbB) lead levels be
maintained at or below 40 pg/100 g.
OSHA concludes that workers exposed
to lead leading to blood lead levels in
excess of 40 j.g/100 g will develop
physiological and pathophysiological
changes which will grow progressively
worse and increase the risk of more
severe disease. OSHA believes the
standard must prevent these changes
from occurring since this would pro-
vide greater assurances of health pro-
tection. Feasibility constraints prevent
OSHA from establishing a standard
which would eliminate all physiologi-
cal changes, reproductive effects or
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mild signs and symptoms but the
agency believes the vast majority of
workers will be protected by this
standard. These considerations formed
the basis upon which OSHA evaluated
the health effects evidence in the
record. The remainder of this sum-
mary will address the health effects
evidence in each system: heme synthe-
sis inhibition, and damage to the ner-
vous, urinary, and reproductive sys-
tems. In addition, the air lead to blood
lead relationship will be addressed.

1. Heme Synthesis Inhibition. Heme
is a complex molecule which has two
functions in the body. First, heme is a
constituent of hemoglobin, a protein
present in red blood cells whose prima-
ry function is to transport oxygen to
the tissues. Interference with the for-
mation of heme, if sufficient, results
in dedreased hemoglobin and ultimate-
ly anemia. Anemia is characterized by
weakness, pallor and fatigability as a
result of decreased oxygen carrying ca-
pacity in the blood.

Heme is also a constituent of an-
other group of extremely important
proteins, the cytochromes, which are
present in every cell of the body. The
function of heme in the cytochromes
is to allow the cell to utilize oxygen.
Heme may therefore be described as
the "respiratory pigment" for the
entire body. Interference with heine
formation leads to interference in the
respiratioh of every cell in the body.
This is the most important effect of
heme synthesis impairment. Piomelli
has suggested that heme impairment
in the cells would lead to a condition
in each cell similar to that which
would occur if the lungs of an individ-
ual did not function well. The central
nervous system is particularly sensi-
tive to the lack of oxygen and neuro-
logical damage could conceivably
occur prior to anemia as a result of
heme synthesis impairment in the
brain. For example, Piomelli testified
tht "It is very well known that the
human being cannot stop breathing
for more than 2 or 3 minutes without
developing irreversible brain damage."
(Tr. 460) This effect would be expect-
ed to occur from impaired respiration
resulting from impaired heme synthe-
sis. In other words, heme synthesis im-
pairment could potentially affect
every cell through reduced respiration.

The effects of lead exposure on
heme synthesis have been studied ex-
tensively by the scientific community.
Nevertheless, there is considerable
debate over certain issues concerning
the health effects 'of lead on this
system. The Agency found three
major issues particularly important in
evaluating the health effects of lead in
reference to heme synthesis.

(1) What is the meaning of the
enzyme inhibition and physiological
changes known to occur in this system

RULES AND REGULATIONS

at low lead levels, and should these ef-
fects be considered as per se impair-
ment of health in the establishment of
a permissible level of worker exposure
to lead. (2) At what blood lead (PbB)
level does a lowering of hemoglobin
leading to anemia begin to occur? (3)
To what extent -are lead effects on
heme synthesis In the blood forming
system indicative of changes in heme
synthesis in other tissues?

The earliest demonstrated effect of
lead- involves its ability to inhibit the
formation of heme. Scientific evidence
has established that lead inhibits at
least two enzymes of the heme synthe-
sis pathway at very low PbB levels. In-
hibition of delta aminolevulinic acid
dehydrogenase (ALAD). an enzyme re-
sponsible for the synthesis of a precur-
sor to heme, is observed at PbB levels
below 20 pg/105I g. At a PbB level of 40
pg/100 g more than 20 percent of the
population ,would have 70 percent in-
hibition of ALA-D. In the human body
when an enzyme system is inhibited
two effects are often seen: First, the
molecule upon which the enzyme
would act accumulates because It
cannot undergo chemical reaction to
produce the desired product and
second, the desired product therefore
decreases. Significant urinary excre-
tion of the products of ALAD inhibi-
tion, such as delta aminolevulinlc acid
(ALA), occurs at this PbB level; 11 per-
cent of adult males are excreting more
than 10 pg/L

The build-up of another product of
impairment indicating inhibition of
another enzyme, ferrochelatase, also
occurs at low PbB levels. At a PbB
level of 50 pg/l00 g a larger propor-
tion of the population would suffer
these effects and the effects would be
more extreme. At a PbB level of 50
pg/100 g, 70 percent of the population
would have 70 percent Inhibition of
ALA-D, 37 percent would have urinary
ALA (ALA-U) values larger than 10
pg/i and 80 percent of men and 100
percent of women would have in-
creased free erythrocyte protopor-
phyrin (FEP), which is the product of
inhibition of ferrochelatase. (Ex. 294
E.) Industry representatives argued
that these effects are the manifesta-
tion of the body attempting to main-
tain a stable internal environment to
lead. OSHA believes that It is inappro-
priate and simplistic to describe these
changes as biochemical adjustments.
The depression of heme synthesis in
all cells of the body is an effect of po-
tentially far reaching proportion and
prevention of enzyme effects Is the
key to the prevention of more serious
clinical effects of lead toxicity, which
become more obvious as the exposure
continues. These measurable effects
are a direct result of lead exposure
and are considered by the agency to
indicate the occurrence of disruptions
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of a fundamental and vital subcellular
process, heine synthesis. These proc-
esses are not only essential to the
process of hemoglobin synthesis, they
are also vital to the function of all
cells sinc9 heme is ubiquitous in the
human.

OSIA believes the evidence indi-
cates a progression of health effects of
lead exposure starting with inhibition
of enzymes, continuing through ef-
fects Indicating measurable disruption
of subcellular processes, such. as the
buildup of the products of impaired
heme synthesis and eventually devel-
oping Into the overt symptoms of lead
poisoning as manifested by disorders
in the nervous, renal, and blood form-
ing system. Biological variability
among individuals will alter the PbB
level at which a particular person will
move through each stage in this dis-
ease continuum. Therefore, at each
higher PbB level a greater proportion
of the population uill manifest each
given effect. Given this understanding
of the progressive stages of lead, ef-
fects, OSHA has concluded that
enzyme effects indicative of the dis-
ruption of heme synthesis are early
stages of a disease process which even-
tually results in the clinical symptoms
of lead poisoning. OSHA agrees with
Piomelli who concluded, "It is the re-
sponsibility of preventive medicine to
detect those alterations (in heme syn-
thesis) which may precede frank
symptomatology and to prevent the
occurrence of these symptoms" (T-.
456).

OSHA believes that good health is
not limited to the narrow definition of
"absence of clinical symptoms." The
early steps of the progression to dis-
ease cannot be considered as an at-
tempt by the body to merely adjust
and stabilize the internal environment
to exposure to lead: They are early in-
dications of signifcant physiological
disruption. Whether or not the effects
have proceeded to the later stages of
clinical disease, disruption of these.
processes over a working lifetime must
be considered as material impairment
of health- As was previously discussed,
at a PbB level of 40 pg/100 g and
above, a significant proportion of the
population would manifest extensive
inhibition of ALA-D. elevations of
ALA-U and of protoporphyrin levels.
The agency believes that PbB levels
should ideally be kept below 40 ig/10O
g to minimize these effects.

Anemia is one of the established
symptoms of lead poisoning. The
symptoms of anemia are weakness, tir-
edness, pallor, waxy, sallow complex-
ion, headache, irritability, and other
symptoms characteristic of the in-
creased load on the cardiac system.
The clinical symptoms of anemia due
to lead are often indistinguishable
from those of chronic anemias with a
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variety of othei causes. Anemia due to
lead Is often seen in association with
acute abdominal colic. The occurrence
of anemia, as a result of lead exposure,
is known 'to occur above PbB levels of
80 ikg/100 g. The occurrence of this
symptom at PbB levels below 80 was
debated during the hearings.

OSHA believes that the debate con-
cerning the occurrence of this symp-
tom can better be comprehended
within the context of an understand-
Ing of the full disease process which
eventually results in anemia. The evi-
dence concernihg the mechanisms of
this disease process indicates that the
effect of lead on the hematopoietic
system Is subtle and complex. In eval-
uating the disease mechanisms of
anemia, it was found that lead is an in-
sidious poison which attacks, not one,
but many of the physiolgical processes
within the cell.--

Because anemia is the result of a
complex of different lead effects,
there is considerable room for individ-
ual variability in the PbB level at
which anemia will occur. Hemoglobin
level is a continuous variable which
may cause individuals to have a prob-
lem to a greater or lesser degree at any
particular blood lead :level. Anemia
should be viewed as a late step in a
complicated progression of lead ef-
fects.

Since anemia is a consequence of
lowered hemoglobin -(the protein in
red cells responsible for respiration)
OSHA has carefully analyzed those
studies which reported reduced hemo-
globin. Studies have associated PbB
levels as low as 50 Ig/100 g with low-
ered hemoglobin (Hb) levels (Ex.6(37);
146-A; 5(9)). In particular, Tola's
study, which showed a lowering of Hb
over time during lead exposure of 50
ig/100 g, is considered by OSHA as an
example of lead affecting Hb levels at
this low PbB range. In addition studies
by the Mt. Sinai group (Ex. 24(14)),
and Wolfe (Ex. 146(A)) also demon-
strated lowered anemia in lead, ex-
posed workers.

Based on evidence that indicates de-
creases in Hb levels with blood leads
above 50 pg/I00 k, OSHA has conclud-
ed that a lowering of Hb level to a
measurable degree will occur at PbB
levels as low as 50 pg/100 g. The
degree to which Hb is lowered at this
PbB range may be undetected since
symptoms may be mild and are not
likely to be so large as to require treat-
ment for anemia. However, these
changes must not be evaluated only as
short-term effects alone but rather as
changes that; would occur over pro-
longed times. This implies that with
reduced hemoglobin in an asymptom-
atic or mildly symtomatic individual
there is a lifetime alteration in the
oxygen carrying capacity of the blood,
In the blood viscosity and in particu-
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lar, in the cardiac work load. These al-
terations are distinct from the frank
symptoms of anemia but are far more
insidious and may be deleterious to
the worker over the long term. Lastly,
the data does upport the view that
lead induced anemia is clinically ap-
parent at PbB's as low as 50 pg/100

In evaluating the effects of lead on heme
synthesis, Piomelli suggested that hemato-
poletic effects such as anemia are not the
most significant clinical effect of heme syn-
thesis disruption ' *." A much more im-
portant fact is that the alteration of the
mechanism of heme synthesis reflects the
general toxicity of lead in the entire body.
(Tr. 458)

Evidence indicates that there is dis-
ruption of heme synthesis in other tis-
sues of the body besides blood, and
that this disruption' results in alter-
ation of the oxygen transport into the
cells of the body. Enzyme (ALA-D) in-
hibition due to lead exposure has been
found in the liver at PbB levels below
40 pg/100 g (Ex. 5(22)). Electron mi-
croscope studies have revealed mito-
chondrial changes associated with lead
exposure such as lead granules in rat
liver mitochondria (TR. 459, ref.
Walton in Nature 243, 1973) and
broken distorted mitochondria in the
renal cells of a lead-exposed worker.
The mitochondria is that portion of
the cell responsible for extracting nu-
trients dind oxygen and in turn provid-
ing the- energy needed elsewhere in
the cell for performing cellular func-
tions. (Cramer et al; Brit. J. Ind. Med.
1974.) Some of these studies related
changes in heme synthesis in the
blood forming tissues to changes in
other tissues. Secch (Ex. 5(22)) found
a direct correlation of levels of ALA-D
inhibitiori in the blood and in the
liver. Millar found parallel decreases
in ALA-D activity in the blood and in
the brain at PbB levels above 30. (Ex.
23(68)), ref. Millar. This evidence sup-
ports Piomelli's suggestions that
changes in heme synthesis in the
blood forming (hematopoletic) system
reflect changes that occur in other tis-
sues. The work of Fishbein et al. relat-
ed levels of products of enzyme inhibi-
tion, a measure of heme synthesis dis-

_.ruption in the hematopoietic system,
to various signs and symptoms of lead
exposure including central nervous
system symptoms, muscle and Joint
pain, weight loss, and lead colic at
blood lead levels well below 80 I g/100
ml (mean PbB was approximately 60
jig/100 ml). (Ex. 105D). Fishbein also

-noted anemia in 37 percent of 'these
same workers, 17 percent of whom had
blood lead levels below 60 pg/100 ml.

While the evidence relating lead ef-
fects of heme synthesis to symtoms
throughout the body is not complete,
the evidence is extensive enough and
the issue is important enough to war-

rant very serious consideration with
reference to the establishment of the
standard. OSHA believes this evidence
demonstrates that one early stage of
lead diseade hl various tissues Is the
disruption of heme synthesis and that
these effects In other lead-sensitive tis
sues parallel the measurable effects of
heme synthesis disruption in the he.
matopoletic system and occur at com.
parably low PbB levels (below 40 jg/
100 g). The heme effect Is clearly not
the only' mechanism by which lead
exerts It toxicological effect but it Is
one mechanism which we have sub-
stantial understanding of, can meas-
ure, and therefore must utilize 'in an
effort to prevent the more severe
symptoms in the individual.

In reference to the hematopoictic
system, OSHA believes that the ef-
fects of lead are a complex progression
from various biochemical changes
through to the onset of clinical symp-
toms. At increasingly higher PbB
levels an increasing proportion of the
population will suffer more extreme
effects. At a PbB level of 40 ug/100 g
or above, a sizable proportion of the
population would show measurable ef-
fects of the disruption of heme syn-
thesis. A comparable degree of disrup-
tion of heme synthesis would most
likely occur In other cells in the body.

Piomelli gave an excellent summary
of the importance of lead's effects on
heme synthesis stating:

It'Is my understanding that regulations
have the purpose of preventing "material
impairment of health." Alterations in heme
synthesis do not' produce subjective elvi
dence of impairment of health, unless they
reach the extreme depression In severe lead
intoxication, when marked anemia occurs
and the individual feels weak. However, it is
not any longer possible to restrict the con
ccpt of health to the individuals subjective
lack of feeling adverse effects. This is be-
cause we know that individuals may get ad-
Justed to suboptimal health, If changes
occur slowly enough and also because we
now have the ability to detect functional
impairments by appropriate tests, much
before the individual can perceive any ad.
verse effect. In fact, it Is the responsibility
of pfeventive medicine to detect those alter-
ations which may precede frank symptoma-
tology, and to prevent Its occurrence. The
alterations in home synthesis caused by lead
fulfill, in my opinion, the criteria for mate.
rial adverse effects on health and cart be
used to forecast further damage. The de.
pression of heme synthesis in all cells of the
body is an effect of far reaching proportion
and It Is the key to the multiple clinical ef-
fects of lead toxicity, which become obvious
as the exposure continues. (Ex. 57, p. 21).

This does not in any way suggest
that the lead effect on heme Is the
only mechanism of lead disease, but It
does suggest that this effect is at least
one of the Important mechanisms In
lead disease. An understanding of this
spectrum of effects from subcellular to
clinical symptoms is relevant not only
to the occurrence of anemia but will
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also be the expected pattern in lead in-
duced neurological and renal diseise.

OSHA believes that there is evidence
demonstrating the impairment of
heme synthesis and mitochondrial dis-
ruption in tissues throughout the
body, and that these effects are the
early stages of lead disease in these
various tissues. The disruption of
heme synthesis measured at low PbB
levels is not only a measure of an early
hematopoietic effect, it is also a meas-
ure which indicates early disease in
other tissues. The Agency believes
that such a pervasive physiological dis-
ruption must be considered as a mate-
rial impairment of health and must be
prevented. PbB levels greater than 40
,Lg/100 g should, therefore, be prevent-
ed to the extent feasible.

2. Neurological effects. There is ex-
tensive evidence accumulated in both
adults and children which indicates
that toxic effects of -lead have both
central and peripheral nervous system
manifestations. The effects of lead on
the nervous system range from acute
intoxication, coma, cardiorespiratory
arrest and fatal brain damage to mild
symptoms, subtle behavioral and elec-
trophysiologc changes associated with
lower level exposures. Although the
severe effects of lead have been known
for some time, only in the last several
years has evidence accumulated which
demonstrates neurologic damage at
low blood lead levels. All of this data
reinforces a aisturbing clinical impres-
sion that nervous system damage from
increased lead absorption occurs early
in a worker's tenure, at low blood lead
levels and is only partially reversible if
at all. It is now understood that the lo-
cation and degree of neurological
damage depends on dose and duration
of exposure.

The record in this rulemaking dem-
onstrated that damage occurs in both
the central and peripheral nervous
systems at.blood lead levels lower than
previously recognized. In particular,
Lilis et al. (Ex. 24, (10)) has demon-
strated central nervous.system symp-
toms (tiredness, fatigue, nervbusness.
sleepnessness or somnolency, or anxi-
ety) in 56 percent of workers with
blood lead levels below 80 pg/100 ml.
The mean blood level was approxi-
mately 60 IFg/100 ml. This same study
reported symptoms of muscle and
joint pain and/or soreness in 39 per-
cent of the workers. It is extremely
important to note that many of these
subjects had been exposed less than a
year. They also were able to demon-
strate behavioral changes which were
correlated with enzyme inhibition
products from heme synthesis. Given
this data, the authors cautioned that
blood lead levels should not be allowed
to exceed 60 upg/100 ml. and should be
maintained around 40 jig/100 ml. Lilis
testified that about 60;Lg/100 ml. "one

may expect florid lead poisoning, full
blown lead poisoning" (Tr. 2700). She
proceeded to state:

"Since ZPP starts to go up at around
levels of 40 or 45, that means that at
those levels you already find some-
thing going wrong in the body" (Tr.
2702). Repko has carried out behavior-
al tests and demonstrated adverse ef-
fects in visual reaction time, as well as
deficits in hearing among workers
having a mean blood lead level of 46
pg/100 ml. Valciukas et al. and Haen-
ninen et al. have also demonstrated
impaired psychological performance
among workers with low exposure to
lead. Haenninen's work is particularly
significant insofar as no single blood
lead concentration had ever exceeded
70 ,g/100 mL

Based on the rulemaking record,
OSHA has concluded that the earliest
stages of lead-induced central nervous
system disease first manifest them-
selves in the form of behavioral disor-
ders and CNS symptoms. These disor-
ders have been documented In numer-
ous sound scientific studies and these
behavioral disorders have been con-
firmed In workers whose blood lead
levels are below 80 pg/100 g. Given the
severity and potential non-reversibility
of central nervous system disease.
OSHA must pursue a conservative
course of action. OSHA concludes that
a blood lead level of 40 pg/100 g must
be considered to be a threshold level
for behavioral changes and mild CNS
symptoms In adults, and to protect
against long-term neurological effects,
blood levels should never exceed 60
pg/100g.

Some of the most extensive evidence
in the rulemaking record Is the data
presented which confirms the exis-
tence of the early stages of lead in-
duced damage to the peripheral ner-
vous'system in workers exposed to
lead levels below 70 pg/100 g. Damage
to the peripheral nervous system Is
named peripheral neuropathy and the
distinguishing feature of it is the pre--
dominance of motor involvement as
opposed to sensory damage. Three
forms are noted. In the first, patients
with acute abdominal colic may also-
complain of very severe pain and ten-
derness In the trunk muscles, as well
as pain in the muscles of the extrem-
ity. As the pain and tenderness sub-
side, weakness may emerge, with very
slow recovery over the ensuing several
months. In the second, more common
form of peripheral neuropathy due to
lead poisoning, the neuropathy Is de-
scribed as painless, peripheral weak-
ness occurring either after termina-
tion of excessive exposure or after
long, moderately increased exposure.
This suggests that neuropathy of suf-
ficient severity may cause irreversible
impairment of peripheral nerve func-
tion.

The third form is seen in subjects
with no obvious clinical signs of lead
poisoning and is manifested by a slow-
ing 6f motor nerve conduction veloc-
ity. The latter effect represents the
earliest sign of neurological disease of
the peripheral nerves. OSHA believes
prevention of this stage is necessary to
prevent further development of the
disease and its associated forms which
are likely to be Irreversible.

The work of Catton, Oh, Landigran,
Feldman, Behse Mostafa et al., Geraid
et al., Guadriglic et al., Araki, W. R.
Lee, Repko, Lils, Fischbein et al., and
Seppalainen all demonstrate statisti-
cally significant loss of motor nerve
conduction velocity in lead-exposed
workers. Seppalanen was able to de-
termine a dose-response relationship
for the slowing of NCV compared with
blood lead levels. It is apparent that
slowing occurs in workers whose PbB
levels are 50 pgl00 g and above but,
whether there are effects as low as 40
pg/100 g is, as yet, undetermined. The
38 lead experts who. participated in
the Second International Workshop
on PermIssible Exposure levels for
Occupational Exposure to Inorganic
Lead also reached this conclusion in
their final report:

It Is not known whether the maximui
blood lead concentration or the Integrated
average concentration Is the determining
factor in the development of changes in
nerve conduction velocity. However, the
Group concluded from the data presented
by Seppalainen et al. and the data reported
in the literature that changes In nerve con-
duction velocity occur In some lead workers
at blood levels exceeding 50 pg/100mL It
was thought that no conclusion could be
drawn from the one case In the blood lead
range 40-49 pg/100ml.

It Is not posible to decide what any given
measured small deficit means. in terms of
specific nervous damage. However, It Is gen-
erally recognized that a clear deficit in the
nerve conduction velocity of more than one
nerve is an early stage in the development
of clinically manifest neuropathy. There is
no evidence that these changes progress-
Reversibility should be studied. Although
slight changes may be measured in persons
experidncing no symptoms, It was the con-
sensus of the group that such changes
should be regarded as a critical effect. (Ex.
262. p.64.) (Critical effect Is a defined point
in the relationship between dose and effect
in the individual, namely the point at which
an adverse effect occurs In cellular function
of the critical organ.)

These conclusions by recognized ex-
perts in the field were based largely on
the work of Seppalainen and her co-
workers. This work has been described
by an industry spokesman, Dr. Mal-
colm, as being "Immaculate." (Tr.
2073) Based on the extensive evidence
in the record from Seppalainen and
others, OSHA has concluded that ex-
posure to lead at low levels causes pe-
ripheral neuropathy at exposure levels
previously thought to be of relatively
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little consequence. Seppalainen has
stated:

Of course, in terms of health, the impor-
tance of slight subclinical neuropathy can
be questioned, too, and we did not find any
evidence that the well-being of these work-
ers was influenced by the neurooathy, apart
from a few complaints of numbness of the
arms. Thus, the term "poisoning," in its'
orthodox sense, cannot be applied to these
disorders. But neuropathy, no matter how
slight, must be regarded as a more serious
effect than the quite reversible alterations
in heme synthesis, because the nervous
system has a poor regenerative-capacity,
and the acceptability of such a' response
must be judged from that point of view.
Since the entire question belongs to the dif-
fuse "gray area" between health and dis-
ease, it is more than probable that opinions
will diverge. We think, however, that no
-damage to the nervous system should be ac-
cepted. and that, therefore, present con-
cepts of safe and unsafe PbB levels mdst be
reconsidered-(Ex. 5(12), p..183).

Recovery from the effects of chronic
lead poisoning may be feasible in some
cases, if the worker is removed from
the source of exposure and therapy is
initiated immediately. There are in-
stances, however, when complete re-
covery is Impossible and the pathology
is fixed. Even if the worker is removed
from the source and therapy initiated,
the worker may still-experience im-
pairment. In a recent paper describing
his results Dr. R. Baloh, a neurologist
at UCLA, questioned the reversibility
of nervous system damage:

Although there are isolated reports of sig-
nificant improvement in lead-induced motor
neuron disease and peripheral neuropathy
after treatment with chelation therapy,
most studies have not been encouraging,
and in the case of motor neuron disease,
death has occurred despite adequate chela-
tion therapy..

All of this data reinforces a difturbing
clinical impression that nervous system
damage from increased lead absorption is
only partially reversible, If at all, with che-
lation therapy and/or removal from further
exposure. This is not particularly surprising,
however, since experience with other heavy
metal intoxication has been similar. Ner-
vous system damage from arsenic and mer-
cury responds minimally to chelation ther-
apy. Apparently, irreversible changes occur
once the heavy metal is bound by nervous
tissue. Although further study is clearly
needed, the major point I would like to
make this morning is that there is strong
evidence to suggest the only reliable way to
treat nervous system damage from in-
creased lead absorption is to prevent its oc-
currence in the-first plice-(Ex. 27(7), p. 55).

OSHA agrees with these concerns re-
garding irreversibility of neurological
disease expressed by Dr. Baloh and
therefore must establish a standard
which will prevent the development of
nervous system pathology at its earli-
est stages.

In order to prevent peripheral neu-
ropathy as evidenced by slowing in
NCV's Seppalainen testified that "to
be safe, I would say 50 ;Lg/100 g blood"
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is the necessary level (Tr. 147). Dr.
Seppalainen further recommended
that studies be performed to deter-
mine "the safety at the level of 50"Ag/
100 ml" (Tr. 153). OSHA agrees that
the current evidence demonstrates
that nerve conduction velocity reduc-
tion occurs at PbB levels of 50 ug/100
g and above. Therefore, a necessary
goal of a standard for occupational
lead exposure must-be to assure that
blood lead levels are maintained below
50Ag/100 g in order to provide an ade-
quate margin of safety.

3. Renal system. One of the most im-
portant contributions to the under-
standing df adverse health effects as-
sociated with exposure to inorganic
lead was the elucidation of evidence
on kidney disease during the hearings.
It is apparent that kidney disease
from exposure to lead is far more
-prevalent than previously believed. In
the past, the number of lead workers
with kidney disease in the United
States was thought to be negligible,
but the record indicates that a sub-
stantial number of workers may be af-
flicted with this disease. Wedeen, 'a
-nephrologist (kidney specialist), who
testified at the hearings" for OSHA
stated that a minimal estimate of the
incidence, of this disease (nephro-
pathy) would be 10 percent of lead
workers. "According 'to this estimate,
.there may be 100,000 cases of prevent-
able renal disease in this country. * * *
If only 10 percent of these hundred
thousadnd workers with occupational
nephropathy came to chronic hemo-
dialysis (kidney machines) the cost to
medicare alone would be about 200
million dollars per year." (Tr. 1741-
42.) 1

The hazard here is compounded by
the fact that, unlike the hematopoie-
tic system, routine screening is ineffec-
tive in early diagnosis. Renal disease
may be detected through routine
screening only after about two-thirds
of kidney function is lost or when
manifestation of symptoms of renal
failure are present. By the time lead
nephropathy can be detected by usual
clinical procedures, irreparable
damage has most likely been sus-
tained. When symptoms of renal fail--
ure are present, it is simply too late to
correct or prevent the disease and
"progression to death or dialysis is
likely." (Tr. 1732.) The research of
Wedeen and his co-workers, the health
hazard evaluation by NIOSH at Eagle

APicher Industries, Inc., and the re-
search in secondary smelters by Lilis,
Fishbein, et al. demonstrated that lead.
exposure is a key etiologic agent in the
development of kidney disease among
occupationally exposed workers. Clear-

- ly, too little attenti6n has been given
to lead-induced renal disease in recent
years, and while OSHA recognizes
that further research is required to

understand fully the disease mecha-
nism, it is also necessary to protect the
thousands of workers who are poten.
tially, in danger of developing renal
disease. The record indicates that
blood lead Is an inadequate Indicator
or renal dlseas development, Dr. Brid-
bord questioned Dr. Wedeen on the
issue of chronicity of exposure and
blood lead levels:

Dr. Brldbord: Well, looking at a group of
workers, currently employed, having a blood
lead level on that worker and having some
information, that to the best of our knowl.
edge thare were no major changes in that
particular plant during the past number of
years.Would that not be a somewhat better
lndex of what the blood lead levels might,
have been in the past, Considering too, that
these workers are currently employed.

Dr. Wedeen: Sure I think that the blood
level measured close to the time ofexposure
is probably more reflective. I worry very
much, that this may occur after a few
months of exposure and the blood lead level
may remain the same for the next 20 years.
despite the fact that the individual is con.
tinually accumulating lead in the body,

Dr. Bridbord: Would you think that the
chronicity of lead exposure, apart from pre.
cisely whether the blood lead was above or
below 80 or above or below 60 for example,
might be an Important factor in determin-
ing the eventual development of renal dis-
ease in lead workers?

Dr. Wedeen: Yes; that Is just what I
meant, that the accumulative effects and
the cumulative body burden may b6 very
different from the blood lead level at any
moment in time.

In Other words, one could certainly lmag-
ine that a blood lead level of 80, for two
years, may be very similar to a blood lead
level of 40, for four years. I don't have that
data, but something like that may well exist
in terms of the danger of the different
levels of exposure.

Dr. Bridbord: Alright.
Particularly, in view of that, and given the

requirements of the Occupational Safety
and Health Act, that sets standards which
protect during the working lifetime, Would
you have some reservations about a blood
lead maximum standard, even at 60?

Dr. Wedeen: I pertainly would, Anq 1
think I just expressed the basis for It, You
will note, that in my recording of these pa-
tients, very very few of them had blood lead
levels over 60. I just feel that while the
blood lead level is maybe better than noth.
,ng, It may be very practical. It probably
doesn't do the Job we are trying to do and
certainly not from the physician's point of'
view, who has seen the individual patient,
who may or may not be a current exposure
at the level that got his disease (Tr. 1765-
1766).

The lead standard must, therefore be
directed towards limiting exposure so
that occupational lead nephropathy is
prevented. The 'Agency agrees with
the views of Wedeen:

I have reported today 19 lead workers who
have lost 30 to 50 percent of their kidney
function. Since they showed no symptoms
and had no routine laboratory evidence of
kidney disease, it may be asked why this
kidney function loss should be viewed as
material damage. Lead nephropathy is hn,
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portant because the worker has lost the
functional reserve, the safety, provided by
two normal kidneys. If one kidney becomes
damaged, the normal person has another to
rely upon: The lead worker with 50 percent
loss of kidney function has no such security.
Future loss of kidney function will normally
occur with increasing age. and may be accel-
erated by hypertension or infection. The
usual life processes will bring the lead
worker to the point of uremia, while the
normal individual still has considerable
renal functional reserve. Loss of a kidney is
therefore more serious than loss of an arm.
for example. Loss of an arm leads to obvious
limitations in activity. Loss or a kidney or
an equivalent loss of kidney function means
the lead worker's ability to survive the bio-
logic events of life is severely reduced. By
the time lead nephropathy can be detected
by usual clinical procedures, enormous and
irreparable damage has been sustained. The
lead standard must be directed towards
limiting exposure so that'occupational lead
nephropathy does not occur (Tr. 1747-1750).

And OSHA agrees with Dr. Richard
Wedeen, that' "40 pg/100 ml is the
upper acceptable limit" (TR. 1771).
That is, while PbB levels are an inad-
equate measure of occupational expo-
sure (though most' agree the best
available single measurement) they
nonetheless provide a basis for deter-
mining body burden When measured
over an extended period of time.
OSHA believes that maintenance of
PbB levels at or below 40 jig/100 ml
will reduce the overall dose to the'
worker, decrease the body burden of
lead and prevent 'sufficient buildup of
lead in the kidney to effect renal
damage. -

4. Repoductive effects. Exposure to
lead has profoundly adverse effects on
the course of reproduction in both
males and females. In male workers
exposed to lead there is evidence of de-
creased sexual drive, impotence, de-
creased ability to produce healthy
sperm, and sterility.. During the hear-
ings there was considerable discussion
of the evidence submitted by Lancran-
Jan et al. which demonstrated that the
reproductive ability of men occupa-
tionally exposed to lead is interfered
with by altered sperm formation. Lan-
cranjan et al-reported a significant in-
crease in malformed sperm (terato-
spermia) among lead-poisoned work-
men (blood lead mean 74.5 jig/100 ml)
and workmen with moderately in-
creased absorption (blood lead mean
52.8 jig/100 ml). Decreased number of
sperm (hypospermia) and decreased
motility (athenospermia) were ob-
served not only in the preceding roups
but also in those with only slightly in-
creased absorption (blood lead mean
41 jig/100 ml). The authors concluded
that these alterations were produced
by a direct toxic effect on the male
gonads, and that a dose response rela-
tionship exists with respect to terato-
spermia. The other parameters meas.
ured, hypospermia and athenosper-
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mia, do not show as strong a relation-
ship but are significantly altered over
controls. This work Is consistent with
other earlier literature quoted by Lan-
cranjan.

"Epidemiologic studies have pointed out
previously both the reduction of number of
offsprings in families of workers occupation-
ally exposed to lead and increase of the mis-
carriage rate In women whose husbands
were exposed to lead. Experimental lnvesU.
gations have also shown both a reduction In
the number of offspring of laboratory ani-
mals and reduced birthwelght and survival
of progenies of animals fed with diets con-
taining lead." (Ex. 23 (Lancranjan et al.), p.
400.)

In their paper entitled "Review
paper: Susceptibility of adult females
to lead; effects on reproductive func-
tion in females and males" Zielhuls
and Wibowo criticized the study by
Lancranjan et al., and there was con-
siderable critical discussion of It
during the hearings. OSHA has con-
cluded that methodological problems
in the study do not negate the overall
validity of the study especially when
viewed in the context of other re-
search in the literature. The Lancran-
jan study is strongly indicative of ad-
verse effects on male reproductive
ability at low lead levels, and there-is
evidence indicating a dose-response re-
lationship with respect to teratosper-
mia in these lead exposed workers. In
OSHA's view altered spermatogenesis
represents impaired reproductive ca-
pacity of the male given that sterility
is the likely outcome. OSHA believes
that this evidence and other studies
support the conclusion that lead
exerts markedly adverse effects on the
reproductive ability of males.

Germ cells can be affected by lead
which may cause genetic damage in
the egg or'sperm cells before concep-
ti6n and which can be passed on to the
developing fetus. The record indicates
that genetic damage from lead occurs
prior to conception In either father or
mother. The result of genetic damage
could be failure to implant, miscar-
riage, stillbirth, or birth defects.I The record indicates that exposure
of women to lead is associated with ab-
normal ovarian cycles, premature
birth, menstrual disorders, sterility,
spontaneous miscarriage, and still-
births. Infants of mothers with lead
poisoning have suffered from lowered
birth weights, slower growth, and ner-
vous system disorders, and death was
more likely In the first year of life.

There is conclusive evidence In the
record that lead passes through the
placental barrier. Multiple studies
have established that the fetus Is ex-
posed to lead because of the passage of
lead through the placental membrane.
This evidence was uncontroverted
during the hearings. The lead levels In
the mother's blood are comparable to
concentrations of lead In the umbilical
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cord blood at birth. Transplacental
passage bec6mes detectable at 12-14
weeks of gestation and increases from
that point until birth.

Numerous parties at the hearings
raised the issue of whether the fetus is
the most sensitive organism requiring
protection from exposure to lead.
Brldbord. for example, argued that
the immaturity of the blood brain bar-
rier In the newborn raises additional
concern about the presence of lead in
fetal tissues.

There is little direct data on damage
to the fetus from exposure to lead but
there are extensive studies which dem-
onstrate neurobehavioral effects at
blood leads of about 30 pg/100 ml and
above In children. OSHA believes that
the fetus and newborn would be at
least as susceptible to neurological
damage as would older children and
therefore data on children is relevant
to the fetus, although acknowledging
the duration of exposure may be more
limited In the fetus. OSHA asserts
that damage to the fetus represents
Impairment of the reproductive capac-
ity of the parent and must be consid-
ered material impairment of function-
al capacity under the OSH Act.

The proposed lead standard raised
the possibility that "the risk of the
fetus from intrauterine exposure to
high levels of lead in the mother's
blood is maximal In the first trimester
of pregnancy when the condition of
pregnancy may not be known with cer-
tainty" (Ex. 2, p. 45936; Ex. 95). OSHA
agrees with Dr. Vilma Hunt who testi-
fied that "the first trimester has not
been shown to be the period of highest
vulnerability for the fetus." (Ex. 59).
OSHA has concluded that the fetus is
at risk from exposure to lead through-
out the gestation period, and therefore
protection must be afforded through-
out pregnancy.

Exposure to lead would be expected
to adversely affect heme biosynthesis
and the nervous system earliest and
most profoundly in the fetus. Early
enzyme inhibition In the heme form-
ing system has been well documented,
and the central nervous system has its
most significant growth during gesta-
tion and the first 2 years following
birth.

Lead Is capable of damaging both
the central and peripheral nervous
systems of children. At high exposures
to lead (80 pg/100 ml and above) the
central nervous system may be severe-
ly damaged resulting In coma, cardio-
respiratory arrest and death. Symp-
toms of acute encephalopathy similar
to those In adults have been reported
in young children with a markedly
higher incidence of severe symptoms
and deaths occurring in them than in
adults. In children once acute ence-
phalopathy occurs there is a high
probability of permanent, Irreversible
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damage to the CNS. There is data that
demonstrates permanent damage to
CNS has, occurred in children exposed
at low lead levels and in whom no
overt symptoms were in evidence.
Children whose blood lead levels were
50 jg/100 ml and above have demon-
strated mild CNS symptoms including
behavioral difficultibs. Behavioral dis-
turbances in children such as hyper-
activity have been associated with
blood lead levels- between 25 and 55
jIg/100 ml. Animal studies have con.
firmed these findings. Beattie demon-
strated an increased probability of
mental retardation- in children- ex-
posed to lead-via maternal ingestion of
lead in water. Elevated blood lead
levels were found in the- retarded, chil-
dren compared to th;. control group.
There appeared to be a significant re-
lationship between blood lead concen-
tration' and mental, retardation. Mean
blood lead for the retarded children
was 25.5 Aig/100 ml. Water lead con-
centrations in the maternal home
during, pregnancy- also correlated with
the blood leads from the-mentally re-
tarded'children.

Motor nerve conduction- velocity
(NCV) decrements indicating early pe-
ripheral neuropathy have been report-
ed in children. Early studies showed
NC"r decrements in, children whose
blood lead levels were 40 g/100 g, and
above.

While a critical review of the litera-
ture leads to, the conclusion that blood
lead levels of 50 to 60:- pg/100 ml are
likely sufficient to cause significant
neurobehavioral impairments-, there is
evidence of effects' such as hyperactivi-
ty as low as' 25 pg/100 g. Given the
available data OSfA concludes that in
order to protect the- fetus and new-
born from the- effects, of lead on' the
nervous system, blood lead levels must
be ,kept below 30 jig/10. g. In general,
30 gg/100- g appears' to be reasonably
protective insofar as it will minimize
enzyme inhibition (ALAD and FEP)in
the heme biosynthetic pathway and
should minimize neurological damage.
OSHA agrees, with the Center, fr Dis-
ease Control (E. 2(31)), the- National
Academy of Sciences (Ex. 86M), and
the EPA (FlEIS (92-)) that the blood
lead level in children should be main-
tained below 30 jig/100 g- with a popu-
lation mean of 15 jig/100- g.' Levels
above 30- jIg/O0 g' should' be consid-:
ered elevated. '
In, general OSHA believes that the

evidence overWhelmingly indicates the
blood: lead revel of workerst who wish
to plan pregnancies should' be, main-
tafned below,'301 g/100 in, ordertopre-
vent adverse effects from lead- on the'
worker's. reproductive abilities. To
minimize " the risk of genetic damage;
menstrual disorders, interference- with
sexual function; lowered, fertility, dif-
ficulties in 'conceptfon, damage, ta-the
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fetus during pregnancy, spontaneous
miscarriage, stillbirth, toxic effects on
the newborn, and problems with the
healthy development of the newborn
or developing child blood lead levels
should be-kept below 30 pg/100 g in
both. males and- females exposed to
lead whowish to-plan pregnancies.

During the hearings- there was con-
siderable testimony on reproductive
effects in relation. to the PEL and
equal emplpyment opportunity consid-
erations., No, topic was covered in
greater depth- or from more vantage
points than thi subject of women in
the lead industry. More than a dozen
witnesses testified on this issue many'
others offered their views in. response
to questions; over 400 pages of the
transcript of these proceedings were
devoted to.this issue. Ms. Hricko testi-
fied that women of childbearing age
had been excludea from employment
because "the response of industry has
been to "protect womeii workers from
lead's, reproductive hazards by refus-
ing to hire them or by forcing them to
prove that they can no longer bear
children." (Ex., 60 (a)(ii)). However,
there was also testimony which dem-
onstrates that women have and do
work in production areas of battery
manufacturing (.Tr. 1245, 405,. 4506,
4855, 5529, 5898). In its proposal
OSHA raised the issue of whether
"certain groups, of adult workers may
have greater susceptibility to lead in-
toxication- than the- general worker
population. One such group is female
employees, of childbearing age." (Ex. 2,
p. 45936). The IIA argued in its post
hearing brief, that. OSHA is not obli-
gated to set a health standard which
would insure equal:employment for all
persons. That isi a standard should not
be promulgated. which would be based
on protection of the fetus and the
pregnant female. since that would re-
quire a lower PEL- which would have
correspondingly greater costs of com-
pliance. Industry testimony further
suggests that women, of childbearing
potential could be. "protected" by ex-
cluding. them from employment in
many parts of the lead industry.

Other parties to the hearings argued
'that given the data on, male reproduc-
tive abilities and: potential genetic ef-
fects in males and- females, fertile men
were equally'at. risk as, women of child-
bearing age;, therefore, the standard
should be designed' to protect all eX-
posed workers, male and female.

Dr. Stellman-testified as follows: -
In summary, it can be stated, that there is

no. scientific. justification 'for placing all
women of childbearing age Into' a. category
of a: susceptible subgroup, of the- working
population,- There: is. sufficient data avafla-
ble to show, that a significant proportion of
the population is. at risk from the effects of
exposure to leac'. and' hence can, also be
deemed susceptible: Further, if -the intent of
the- OSHIA standard is to protect workers

from reproductive effects, there Is still
justification for treating women separately
from men. (Tr. 1161-62)

,This view was supported by other
iitnesses (Ex. 92, Ex. 343; Ex. 509:
60A). Dr. Hunt, for example, stated:

There is no evidence to allow a conclusion
that women of childbearing age themselves
are more susceptible to the adverse effects
of lead. The susceptible population is made
up firstly of the fetua in utero, actually pre.
sent, in the work environment and secondly
the offspring of male and female workers
with blood lead levels high enough to alter
their genetic integrity. (Ex. 59, p. 26)

Based on the entire record, OSHA
has reached the following conclusions
regarding the reproductive effects of
lead exposure.

A. Lead has profoundly'adverse ef
fects on the reproductive ability of
male and female workers In the lead
industry.

B. Lead exerts Its effects prior to
conception through genetic damage
(germ cell alteration), effects on men-
strual, and ovarian cycles and de.
creased fertility In women, decreased
libido and, decreased fertility In men
through altered spermatogenesis.

C. During pregnancy, the result of
lead exposure may include spontane.
ous abortion, stillbirth, and damage to
the fetus.

D. Following birth the child of lead
exposed parents may exhibit birth de-
fects, neurological damage and the
chances, of death within the first year
may be increased.
,E. To protect against the adverse'ef.

fects of lead exposure to persons plan-
ning pregnancies (or pregnant) the
blood lead level should be maintained
below 30 pg/100 g. Although there is
no, evidence for a "no effect' level,
OSHA believes the risk of reproduc-
tive' effects would be minimized at this
level.
In conclusion, the record In this ru.

lemaking demonstrates conclusively
that workers exposed to lead suffer
material impairment of health at
blood lead levels far below those previ-
ously considered hazardous, Inhibition
of the heme biosynthesis pathway,
early -stages of peripheral and central
nervous system disease, reduced renal
function and adverse reproductive ef-
fects are all evidence of adverse health
effects from exposure to lead in work.
ers at blood lead levels of 40 pg/100 g
and above. Based on this. record OSHA
has concluded that blood lead levels
should be maintained at or below 40
jig/100 g and even lower for workers
who wish to plan pregnancies,

5. Air to blood relationship. The pro-
posed lead standard reduced the per-
missible exposure, limit from 200' Ag/
m3 to an 8-hour time-weighted average
concentration, based on a 40-hour
workweek of l00 micrograms of lead
per 'cubic- meter of air (100 pg/ma).
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The Lead Industries Association (LIA)
recommended that OSHA adopt a bio-
logical enforcement limit instead of
using a specific airlead number for all
industries and operations. One of the

|key questions raised by LIA in justify-
ing a biological standard was the pur-

Sported lack of a relationship between
air lead levels and blood lead measure-
ments. The purpose of this section is
to address the air lead level to blood
lead level relationship.

Based upon the evidence in the
record OSHA has concluded that a re-
lationship between air lead levels and
population-average blood lead levels
unquestionably exists and OSHA is
confident that a permissible exposure
limit based upon measurement of air
lead levels will accomplish the intend-
ed goal of protecting worker health.

In order to accurately predict the ef-
fects on blood lead levels over time
produced by changes in air lead levels.
it was necessary to construct a model
that takes into account the important
factors which affect blood lead levels.
The adaptation of the physiological
model originally developed bk S. R.
Bernard by the Center for Policy Al-
ternatives (CPA) combines experimen-
tally observed properties of mamma-
lian lead transport and metabolism, in-
cluding considerations of the dynamics
of blood lead response to long term ex-
posure, with observed physical proper-
ties of airborne particulates encoun-
tered in the workplace, in order to pro-
duce a complete and accurate picture
of the response of blood lead levels to
particulate lead exposure. The Ber-
nard model is an example of one of
the most common types of models
used to describe the transport and me-
tabolism of drugs or' foreign sub-
stances in the body, known as a multi-
compartment mammillary model.
Such models postulate that the sub-
stance in question first appears in the
blood, and then is transported or dif-
fused into a number of different com-
partments from the blood, correspond-
ing to the different organ systems in
the body. Transfer is assumed to occur
only between the blood and the organ
compartments, not between organ
compartments. The rate of transfer
into and out of the blood stream from
the various compartments depends
upon -a number of factors, such as
whether or not that particular organ
specifically takes up or metabolizes
the substance in question. In general,
especially in the case of substances
which are not metabolized, the rate of
transfer between" compartments is lin-
eaily related to the concentration of
the substances in the compartments.
This is consistent with the basic physi-
cal-principles of chemical kinetics that
would govern the transfer of a sub-'
stance across an inert membrane in
the absence of any other driving force.
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The relatively few exceptions to the
linear transfer principle tend to occur
only in cases where an organ specifi-
cally sequesters or metabolizes the
substance in question.

In designing a model and calculating
the rate of transfer between compart-
ments, the experimenter has many
guidelines as to how to proceed. First,
one can simply follow total body ex-
cretion to ascertain the number of
compartments that are individually
taking up and excreting lead after an
initial dose. The more exponential
terms reilred to fit the data, the
more compartments. Second. the In-
vestigator can actually follow the rate
of uptake and release of the substance
from the various tissues by autopsy or
biopsy, and measure the rate of re-
lease. This latter approach Is impossi-
ble, of course, in the study of human
subjects. After obseiving the rates of
release of the substance in question
from the whole body and/or tissues,
the investigator is left with a series of
exponential retention equations which
relate amount of lead left in each com-
partment after a given time to the inl-
tial dose. Using rather complicated but
well-developed mathematical tech-
niques, this set of equations can be
solved subject to the constraint that
all of the ingested substance Is ac-
counted for, to yield the rate con-
stants for transfer between compart-
ments. The CPA study also included
specific consideration of particle size
and individual variability in response
to air lead, which Is necessary in pre-
dicting the response of large popula-
tions of workers to changes in air lead
exposure. OSHA has determined that
the Center for Policy Alternatives
(CPA) application, of the Bernard
Model accurately predicts the effects
on blood leads over time produced by
changes in air lead levels.

OSHA considers that both theobase
construction of the Bernard Model of
physiological lead transport and the
application of the Bernard Model for
prediction of blood lead levels repre-
sents a unique accomplishment here-
tofore unseen in attempts to establish
air level to blood level relationships.
Insofar as this model takes into ac-
count particle size and job tenure It
has avoided the serious weaknesses of
earlier studies. The findings of those
previous studies were incorporated
into the development of the model.
The final model represents a synthesis
of the best available evidence in the
record with CPA application of the
Bernard Model of physiological lead
transport.

Participants in the hearings argued
that total reliance be placed upon air
sampling or biological monitoring to
the exclusion of the other. OSHA will
require use of both measures to maxi-
mize protection of the lead worker
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population in general and the individ-
ual worker in particular. However, in
the enforcement context OSHA will
place primary reliance on air lead level
measurements to determine compli-
ance with the permissible exposure
limit. Further discussion of the per-
missible exposure limits is found in
that section.

In order to establish the correlation
between air lead levels and the corre-
sponding blood lead levels OSHA
relied in its proposal on the work of
Williams et al. (Ex. 5(32)) which was
the most comprehensive reported
study of Its kind at that time. OSHA,
in this final standard, has evaluated
the findings of a series of subsequent
studies which became available during
the rulemaking process.

Almost all of the studies, whether
based on observation of general or oc-
cupational populations, attempt to
relate measurements of blood lead
values to observed air lead values by
means of linear regression techniques.
Regression analysis is a technique
used to study the change of the mean
value of one variable (average blood
lead) as the other variable (air lead)
changes. There are a number of practi-
cal and theoretical difficulties in the
design and execution of experiments
of this type which should be consid-
ered before attempting to discuss and
compare the results of the various
studies in question. The limitations of
the studies In the record include:

The contribution of lead from un-
measured long term air lead ekposures
to current blood lead level is not prop-
erly considered. When the simple re-
gression equation:

Current Blood-Lead=a(Current Air
Lead) +b+Indivldual error

(a-slope of the line b=blood lead at zero
air lead)

is used to model the data, the blood
lead contributed by the exchange of
lead in bone and tissue to blood is not
taken into consideration. This has the
consequence that the intercept at zero
current air lead exposure ("b" in the
regression equation above) is biased
high and the blood lead-air lead slope
("a" n the regression equation) is
biased low relative to the slope which
would be found if the relationship
were redefined in terms of long term
average blood lead level and long term
average air lead exposure. This has
the practical effect of incorrectly pre-
dicting that the mean PbB level at 200
pg/mn will be close to that at 100 pg/
m 3, which was a criticism made by LIA
during the hearings. To the degree
that the contribution of prior expo-
sure to curent blood lead levels differs
for different workers in the sample,
the "individual error" term will also be
increased.
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The regression equation does not ex-
plicitly incorporate terms relating to
particle size. If,- as suggested by some
data in the record, workers at high air
lead exposure levels are exposed to a
larger proportion of poorly-absorbed
large particulates than workers at low
air lead exposure levels, then this will

• cause an additional upward bias to the
"b" zero occupational exposure inter-
cept and a downward bias to the "a"
blood lead-air lead slope coefficient.
This creates an impressioir that the
rate at which blood lead changes rela-
tive to the air lead would be less than
it- actually would be. "

Measurement errors 6f different
kinds affect the results in different
ways. Any errors in measuring blood
lead level will add to the "individual
error" term. However, errors in meas-
uring air lead levels (arising either
from inevitable imprecision in sam-
pling or analysis - or from
unrepresentativeness of the short
sample period relative to true average
exposure) will usually systematically
bias the "a" blood lead-air lead-slope
downward. This is a particularly seri-
ous- source of bias in one of the major
studies, the Buncher analysis (Ex. 285)
of the Delco-Remy data, where single
air- lead* measurements were paired
with blood level determinations made
within a month of the air sampling.
All other major studies of air lead-
blood lead relationships used averages
of several independent air lead mea-
surements (generally ten or more mea-
surements) for assessments of individ-
ual worker air lead exposures.

None of the studies made measure-
ments of work-load or total worker
respiration on, the job. To. the degree
that workers differ from each other in
gross ventilation, the individual- error
term is larger than it might have -been.
To the degree that populations of
workers- in different plants or in dif-
ferent industries differ in average res-
piration rate, potentially controllable
or avoidable discrepancies in the re-
sults of different studies may have
been produced.

Viewed in this context, the fact that
there are differences in the blood lead-
air lead regressions derived from short
term observations on different popula-
tions is hardly surprising. It is also un-
derstandable that many of the studies
find unreasonably high values of the
Intercept at zero exposure ("b"). From
studies- of general- populations vith-no
occupational lead exposure, -it is clear
that the true "b" intercept is certainly
under 25 tg/1-00g, and is very probably
under'20 Ag/100g for-most areas.

The following table sunimarizes the
results of the regression analyses de-
veloped from the studies in the hear-

•ing record. This table also compares
the studies to the model and demon-
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strates that even given the limitations
of the studies the results are similar.

TABLE: 1-Suggested air lead/blood lead
relationships

INEAR REmATIonsHsIS

Blood Lead=a(Air Lead)+b

Source of Relationship- b a Yon-Linear

KMng.Smelting (3) .......... - 52 0.053,'
BatteryW .................. - 46 .032
Pigments (2a) ............. 311 .07

Pigments ............................ .(I)
(Quadraticfit)
Globe-Union................... 39,7: .1229
ASARCO (EL Paso)..... 32 .185
W illiams ............................. 38. .201
Delco-Remy (Buncher).... 37.45 .0628

Azar/Hammond ....... ()
.CPA: Bernard model and.

assumption C ................
Job tenure (years)-

0.95 ............. ... 25.80 .1521
3.4 ......................... 28,30, .2062
90 ........................................ 29.80 .2404
16 ...................................... 30.64 .2604.
28.5 ............................. 31.46 .2778

Blood Lead=26+.12 (Air lead)+.000098 (Air
L~ead)2

eLog(Blood, Lead)-rl3771+.153- log 40(Air)+
128-168

The available studies also have some
individual limitations which should be
borne in mind when considering, the
results:

The 'King studies (Ex. 234(22)) In-
cluded many workers exposed at very
high (300-900 .g/m 3 ) airlead exposure
levels., There is reason for concern
that (1) because of' particle size and
absorption effects, the blood leacd-air
slope at very high air- lead levels may
not accurately reflect the slope in the
air lead exposure region of interest for
standard-setting (25-200 pg/m), and
that (2). there is risk that selection ef-
fects may have biased the observed air
read slope low- some workers who
show high blood lead. levels in re-
sponse to a given air'lead level may be"
absent from the. high air lead expo-
sure groups because. of medical trans-
fer to lower or no exposure jobs.

The Globe Union study (Ex. 150A) is
based: on a relatively small sample, al-
though many of the sample points are

.of better quality than the points of
other studies because they are based
on averages of many air lead and
blood lead determinations over a rela-,
tively long time (6months or more).

The ASARCO El Paso (Ex. 142 D)
and Williams (Ex. 2(32)) studies each
measured' air lead and blood lead
levels over a quite brief period (2
weeks). Additionally, the use of a con-
trol group of plastics workers at low
air lead exposure levels in the Wil-
liams study has been criticized on the
ground that the particulate air lead of
the plastics workers' exposures, may
have been qualitatively (particle size,
solubility) different from the expo-
sures- of the battery workers at higher
air lead exposure levels.

The Azar/Hammond 'relationship
(Ex. 54) is an extrapolation of data
from non-occupational exposures far
below the exposure range of occupa-
tional situations. Use of a logarithmic
model for such extrapolation Is with-
out theoretical justification.

As summarizations of available data
on different populations, the existing
studies are reasonably valid. It is one
thing to say, however, that a linear re-
lationship was observed between the
blood lead levels and air lead exposure
at a given level of statistical signifi.
cance, for a given sample or workers,
and another thing entirely to use the
observed relationship to predict the
effect of lowering air lead exposure on
even that same sample of workers, let
alone to generalize to other samples.
Generally, data obtained at a given
point in time, should be used conserva-
tively, when attempting to predict ef-
fects over time. Rarely will all other
factors be held constant.

Recognizing these limitations by no
means should be taken to imply that
the data are useless or that no reliable
relationship exists between long term
air lead exposures and blood lead
levels. To the extent that the likely
systematic errors in the short term
studies are understood (e.g., overesti-
mation of the blood lead-air lead slope
coefficient and overpredictlon of the
intercept at zero occupational expo-
sure), the observed regressions can be
used to bound estimates of the true
long-term relationship& of blood lead
to occupational air lead exposure. To
the extent that the sources of uncon-
trolled variation within and between
studies are understood, estimates df
the likely effects of such factors can
be explicitly incorporated into a more
comprehensive description, of the gen-
eral system.

Because of the: deficiencies in obser-
vational studies of air lead-blood lead
relationship, it is usefulto supplement
the empirical air lead-blood lead corre-
lations with relationships derived from
physiological models of lead transport
in the body. As previously stated the
weight of the evidence demonstrates

-that the model developed by the
Center of Policy Alternatives (CPA) is
an accurate tool for assessing the
blood lead level response to alternative
air lead exposures.

In order to predict the numbers of
workers who will be above a given
blood level at any one time, It is neces-
sary to have an estimate of the spread
of individual workers' blood lead levels
about a population mean. Observed
variability In a worker population will
have three basic components:

(1) Individual differences in the long
term (years) average blood level re-
sponse to a given air lead level;
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(2) Individual differences resulting
from true short term (days or weeks)
fluctuations in blood lead level; and

(3) Apparent short term variability
from measurement error.

Based on azi analysis of data from
the Delco-Remy battery plant, it is es-
timated that true long term blood lead
variability corresponds to a standard
deviation of approximately 5.5 jig/
100g. This is likely to be an underesti-
mate of true long term differences in
blood lead resulting from a constant
air lead exposure because a single
plant over a limited time is unlikely to
include as large a diversity in the
many factors producing long term
variability as would prevail in a
random sample of all lead-using indus-
tries. The value of 9.5 jig/10Og, used in
the previous CPA work as an upper
bound on true long term variability,
appears to be the best mid-range esti-
mate of total (short and long term)
true variability. A high range estimate
for total variability (including mea-
surement . error) suggested in the
record is approximately 15 ug/100g.
OSHA has used a standard deviation
9.5 jig/100g in calculating the distribu-
tion of blood lead levels at particular
air lead levels. This distribution has
then been utilized to calculate the in-
cremental benefits of the permissible
exposure limit over the other alterna-
tives of 40 pg/rm3, 100 Ig/m3 and
200pg/m . The results are found in the
benefits subsection of the PEL section.

B. PERMISSIBLE EXPOSURE LIMIT

L General considerations. The final
standard establishes a permissible ex-
posure limit (PEL) of 50 pg/m 3 aver-
aged overan eight hour period. The
decision to establish this PEL was
based on consideration' of the health
effects associated with exposure to
lead, feasibility issues, and the correla-
tion of airborne concentrations of lead
with blood lead levels that are in turn
associated with adverse effects and
symptoms of lead exposure.

At the time the proposal was issued,
OSHA stated that "in order to provide
the appropriate margin of safety, as
well as to provide significant protec-
tion against the effects, clinical or sub-
clinical, and the mild symptoms which
may occur at blood lead levels below
80 /pg/100 g it is necessary to set an
airborne level which will limit blood
lead (PbB) levels to 60 pg/100 g. A
maximum blood lead level of 60 jxg/
100 g corresponds to a mean blood
lead level of about 40 pg/100 g" (Ex. 2,
p. 45938). Based upon the extensive
evidence of adverse health effects as-
sociated with exposure to lead, OSHA
has determined that in order to pro-
vide necessary protection against the
effects of lead exposure, the blood
lead level of lead workers must be kept
below 40 pg/100 g.

In establishing 40 pg/10O g as the
maximum blood lead level which the
protection of employees and prudence
permits. OSHA is mindful of the re-
quirement 6f the Act that "no employ-
ei will suffer material impairment of
health or functional capacity ... for
the period of his working life." OSHA
has concluded that maintenance of
blood lead levels below 40 pg/100 g by
engineering and work practice controls
of airborne lead will provide protec-
tion of workers throughout their
working lifetimes. There Is a substan-
tial amount of evidence which indi-
cates that the blood lead level of work-
ers, both men and women, who wish to
plan pregnancies should be main-
tained at less than 30 pg/100 g during
this period, ana this knowledge forms
the basis for the action level of 30 pg/
m 3 established In this final standard
which the agency believes will main-
tain the majority of blood lead levels
below 30 pg/100 g.

OSHA recognizes that a PEL of 50
pg/m 3 will not achieve the goal of
maintaining the blood lead levels in all
occupationally exposed workers below
40 pg/100 g. Based on the calculations
using the CPA adaptation of the Ber-
nard model, OSHA predicts 0.5 per-
cent of worker blood leads will exceed
60 pg/100 g; 5.5 percent of the workers
will have a PbB between 50-60 pg/1O0
g;, 23.3 percent will be between 40-50
pg/100 g and overall, 29.3' percent of
exposed lead workers will have PbB
above 40 pg/OO g at any one time
when uhiform compliance with 50 pg/
m 3 PEL is achieved. However, this rep-
resents a substantial improvement
over current industry conditions. The
current blood lead level distribution
assuming compliance with 200 pg/m 3

*is approximately (1) greater than 60
pg/100 g, 22.4 percent: (2) 50-60 pg/
100 g, 32.6 percent; (3) 40-50 pg/100 g,
28.7 percent; (4) The total above 40
pLg/100 g, 83.8 percent.

In establishing 40 pg/10O g as a
maximum desirable blood lead level,
the Agency Is conscious of the fact
that the OSHA Act mandates that a
standard be set which meets the test
of feasibility. OSHA has determined
that 50 pg/m 3 represents the lowest
level for which there Is evidence of
feasibility for primary and secondary
smelting, SLI battery manufacturing,
pigment manufacturing, and brass/
bronze foundries. The 50 pg/m 3 expo-
sure limit is the level which properly
balances the questions of feasibility
and health effects of lead exposure
and most adequately assures, to the
extent feasible, the protection or
workers exposed to lead. Compliance
with this level will provide a dramatic
reduction in the number of workers
whose blood lead levels are currently
greater than 40 pg/100 g, and will vir-

tually eliminate all blood lead levels
above 60 pg/1O0 g.

This level of 50 yg/rm is achievable
almost entirely through engineering
and work practice controls, the prefer-
able control strategy. The exposure
limit Is based upon what can be
achieved by the affected industries
taken as a whole, using presently
available technology or, in some indus-
tries, technology looming on the hori-
zon. The Industries which will face the
greatest difficulties in the implemen-
tation of engineering controls will be
primary and secondary smelters, pig-
ment manufacturing, brass/bronze
foundries and SLI battery manufac-
turers. For this reason, the require-
ment for engineering and work prac-
tice controls will be phased-in with ex-
tended periods of time allotted for
compliance in these industries. OSHA
has determined that the standard is
feasible, and that the PEL of 50 pg/m3

represents the best intersection be-
tween xaximizatlon of health benefits
and feasibility.

2. Health effects. In the proposal.
OSHA questioned whether both clinial
and subclinical effects of exposure
should be considered in establishing a
standard for lead. OSHA believes the
original terms, clinical and subcinical,
represent vast over-simplifications of a
disease process and, therefore, have
avoided their use In this final stand-
ard. The subclinical effects described
in the health effects section are, in re-
ality, the early to middle stages in a
continuum of disease development
process. It Is axiomatic that the chron-
Ic, Irreversible stage is preceded initial-
ly by an early, relatively mild, and ap-
parently reversible stage of disease.
This earliest stage is characterized by
varying subjective and/or objective
symptoms which may not at first
alarm the victim, or present a physi-
cian with a clear-cut diagnosis. Never-
theless. this early developmental stage
of disease is a pathologial state, and
OSHA finds persuasive the arguments
for adopting a lead regulation which
protects workers from this early conse-
quence of lead exposure. OSHA be-
lieves these early stages of the disease
process charactelzed by central- ner-
vous system symptoms; behavioral
changes, psychological- impairment,
peripheral nerve damage, anemia, re-
duced kidney function and adverse re-
productive effects represent material
impairment of Abe worker and should
be prevented in order to eliminate fur-
ther development of disabling disease
and death.

OSHA must promulgate a standard
which prevents occupational disease
resulting from both acute and pro-
longed or chronic exposure to lead; it
must likewise guard against the onset,
progression or severity of chronic de-
generative diseases of aging workers.
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The degree of protection to be pro-
vided must extend over the full span
of a working life and must cover the
more susceptible, as well as the more
robust members of the exposed group.
Since the objective is to limit the
latent effects of exposure, as well a im-
mediate illness, the mere absence of
illness, or lack of severe clinical signs
will not constitute adequate health
protection. The PEL must be chosen
such that is protects the worker not
only from the most overt symptoms of
illness, but also from the earliest indi-
cations of the onset of disease. The
usual medical signs for disturbance,
therefore, are wholly inadequate to
provide employee protection. These
considerations formed the basis of
OSHA's interpretation of the health
effects data in the record for purposes
of establishing a PEL.

a. Inhibition of heme synthesis. In
establishing the PEL, OSHA evaluated
the health effects of lead on heme
synthesis. Scientific eiridence .has es-
tablished that very low levels of lead
Inhibits at least two enzymes (ALA-D
and ferrochelatase) in the heme syn-
thesis pathway. ALA-D inhibition is

- observed at PbB levels below 20 tg/
100 g. At 40 jig/100 g significant excre-
tion of the substrate of one enzyme,
ALA-D, occurs at this PbB level. The
build-up of protoporphyrin levels indi-
cates that inhibition of the enzyme',
ferrochelatase, also 'occurs at low PbB
levels. Some have argued that these
effects are the manifestation of the
human body's adjustment to lead.
OSHA believes that it is inappropriate
and simplistic to describe these
changes as internal adjustments.
These measurable effects are consid-
ered by the agency to indicate the oc-
currence of disruptions of a funda-
mental and vital subcellular process,
heme synthesis. such processes are not
only essential to the production of he-
moglobin, they are also vital to the mi-
tochondrial function of all cells.

OSHA believes the evidence indi-
cates a progression of lead's effects
starting with the inhibition of specific
enzymes, continuing to the measur-
able disruption of subcellular process-
es, such as the measurable build-up of
heme synthesis products, and eventu
ally developing into the overt symtoms
of lead poisoning. Biological variability
between individuals will necessarily
cause differences in the iPbB level at
which a particular person will experi-
ence each stage in this disease contin-
uum; therefore, at each higher PbB
level a greater proportion of the popu-
lation will manifest each given effect.
Given this understanding of the pro-
gressive stages of lead' effect, OSHA
has concluded that enzyme inhibition
indicative of the disruption of heme
synthesis is an early stage of a disease
procesS.

RUI.ES AND REGULATIONS

Anemia is one of the established
symptoms of lead poisoning. That
lead-induced anemia occurs above PbB
levels of 80 pLg/100 g is well estab-
lished; however, the occurrence of this
symptom "at PbB levels below 80 has
been debated. In evaluating the dis-
ease mechanisms of anemia, it was
found that lead is an insidious poison
which attacks not one, but many, of
the subeellular physiological process-
es. The effects of lead on heme syn-
thesis are considered to play a part in
the development of anemia. Studies
have associated PbB levels as low as 50
jug/100 g with lowered Hb levels. In
particular, Tola's study, which showed
a lowering of hemoglobin (Hb) over
the length of lead exposure to 50 gig/
100- g, and the woik of fhe Mt. Sinai
group in secondary smelters which
demonstrated reduced Hb in 39 per-
cent of the workers studied whose PbB
levels ranged from 40 to 80 pg/100ml,
is considered by OSHA as strong evi-
dence that lead does effect reduced Hb
levels qt this low PbB range. This im-
plies that there is a lifetime alteration
in the oxygen carrying capacity of the
blood, in the blood viscosity and po-
tentially in the cardiac work load.

In evaluating the effects of lead on
heme synthesis, Piomelli suggested
that effects on the blood forming
system, such as anemia, are not the
most significant clinical effects of
heme synthesis disruption nor the ear-
liest. He stated that "a much more im-
portant fact is that the alteration of
the mechanism of heme synthesis re-
flects the general toxicity of lead in
the entire body." (TR 458)

Evidence indicates that there is dis-
ruption of heme synthesis in other tis-
sues of the body following exposure to
lead, and that this disruption results
in alteration of the process of respira-
tion. While this evidence relates lead's
effects on heme synthesis to symp-
toms throughout the body is far from
complete, it is, however, extensive
enough to warrant very serious consid-
eration with respect ot the establish-
ment of the standard. OSHA believes
this evidence demonstrates that one
stage of early lead disease is the dis-
ruption of heme synthesis and that
the measurable effect of this disrup-
tion on th6 hematopoietic system par-
allels that which is known to occur in
all body tissues at comparably low
PbB levels, (below 40 ug/100 g). The
disruption of heme synthesis is clearly
not the only mechanism by which lead
exerts its toxicological effect, but is
one mechanism of which we have sub-
stantial understanding and can meas-
ure.

In reference to the blood forming
syste n; OSHA believes that the ef-
fects of lead are a complex.progression
which begins with discrete biochemi-
cal changes and proceeds to overt

clinical symptoms. At Increasingly
higher PbB levels, a significant pro-
portion of the population will suffer
more extreme effects. At a Pbfl level
of 40 ttg/100 g, a sizable proportion of
the population would show measur.
able effects of the disruption of home
synthesis in the hematopoletic system,
A comparable degree of disruption of
heme synthesis In the mitochondrla
would occur. OSHA believes the occur-
rence of such effects is an unaccepta-
ble health Impairment.

Piomelli gave an excellent summary
of the importance of lead's effects on
heine synthesis stating:

It is my understanding that regulations
have the purpose of preventing "material
impairment of health". Alterations in home
synthesis do not produce subjective evi.
dence of impairment of health, unless they
reach the extreme depression In severe lead
intoxication, when marked anemia occurs
and the individual feels weak. However, It is
not any longer possible to restrict the con-
cept of health to the Individual's subjective
lack of feeling adverse effects. This is be-
cause we know that individuals may get ad-
justed to suboptimal health, If changes
occur slowly enough and also because we
now have the ability to detect functional
impairments by appropriate tests, much
before the individual can perceive any ad.
verse effect. In fact, It is the resposibility
of preventive medicine to-detect those alter.
ations which may precede frank symptoma-
tology, and to prevent Its occurrence. The
alterations in home synthesis caused by lead
fulfill, in my opinion, the criteria for mate.
rial adverse effects on health and can be
used to forecast further damage. The de-
pression of heme synthesis In all cells of the
body is an effect of far reaching proportion
and It is the key to the multiple clinclal ef.
fects of lead toxicity, which become obvious
as the exposure continues (Ex. 57, p. 21).

This does not in any way suggest
that the lead effect on home Is the
only mechanism of lead disease, but It
does suggest that this effect is at least
one of the important mechanisms In
lead disease. An uanderstanding of the
spectrum of effects from subcellular to
clinical symptoms Is relevant not only
'to the occurrence of anemia but will
also be the expected pattern In lead
induced neurological and renal dis-
ease.

OSHA believes that there is evidence
demonstrating the Impairment of
heme synthesis and mitochondrial dis-
ruption in tissues throughout the
body, and that these effects are the
early stages of lead disease in these
various tissues. The disruption of
heme synthesis measured at low PbB
levels is not only a measure of an early
hematopoletic effect, It is also a meas.
ure which indicates early disease in
other tissue. The Agency believes that
such a pervasive physiological disrup-
tion must be considered as a material
impairment of health and must be pre-
vented. PbB levels greater than 40 ug/
100 g should, therefore, be prevented
to the extent feasible.
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b. Neurological system. These is ex-
tensive evidence accumulated in both
adults and children which indicates
that the toxicity of lead is manifested
in both the central and peripheral ner-
vous systems. The neurologic manifes-
tations of lead intoxication are vari-
able, ranging from acute, chronic, or
low level to massive. The location and
degree of neurological damage de-
pends on the dose and duration of ex-
posure.

The record in this rulemaking clear-
ly demonstrates that damage occurs in
both the central and peripheral ner-
vous systems at blood lead levels lower
than previously recognized. Based on
this record, OSHA has concluded that
the earliest stages of central nervous
system disease are recognizable as sub-
jective CNS symptoms and behavioral
disorders. These disorders have been
documented in numerous scientifically
sound investigations. Current informa-
tion does not provide an indication of
a no-effect level. In.adults, there is evi-
dence of a dose-respoise relationship,
but the no-effect level remains to be
determined. Given the severity and po-
tential nonreversibility of central ner-
vous system disease, OSHA must
pursue a conservative course of action.
A blood lead of 40 ug/100 g-must be
considered to be a threshold level for
behavioral changes in adults, and to
protect against long-term behavioral
effects, blood levels. should never
exceed 60 pg/100 g. -. .

Some of the best and most extensive
evidence in the rulemaking record are
the data presented which confirm the
existence of the early stages of periph-
eral neuropathy in workers exposed to
lead levels below 70 tFg/100 g. The evi-
dence demonstrates that there is a sta-
tistically significant loss of motor
nerve conduction velocity (MNCV) in
lead-exposed workers. A dose-response
relationship for the slowing of MNCV
has been determined, and it is appar-
ent that this slowing occurs in workers
whos6 PbB levels are 50 Ag/100 g and
above. Whether there are effects as
low as 40 ug/100 g is as yet undeter-
mined, although Repko does indicate a
slowing of MNCV in the forties. Re-
cently published research indicates
edema appears to develop at the same
time of onset of degeneration of
myelin sheaths of nerve fibers which
show reduced MNCV. This pathophy-
siologic state will grow progressively
worse with continued exposure even at
PbB levels in the fifties. OSHA be-
lieves a clear deficit in the conduction
velocity of more than one nerve is an
early stage in the development of
clinically manifest peripheral nerve
damage and disease (neuropathy).

In order to prevent peripheral neu-
ropathy as evidenced by a slowing in
NCV's, it is necessary to maintain
PbB's below 50 jig/100 g, although if

there is to be any margin of safety, a
value less than this should be estab-
lished. This is consistent with OSHA's
overall goal of maintaining blood leads
below 40 j.g/100 g.

Recovery from the effects of chronic
lead poisoning may be feasible In some
cases if the worker is removed from
the source of exposure and therapy is
initiated immediately. There are in-
stances, however, when complete re-
covery is Impossible and the pathology
is fixed. Even if the worker is removed
from the source and therapy initiated.
the worker may still experience im-
pairment (Ex. 95 Ref. Cantarow p.
135). In a recent paper describing his
results, Dr. R. Baloh, a neurologist at
UCLA, questioned the reversibility of
nervous system damage:

Although there are Isolated reports of sig-
nificant Improvement In lead Induced motor
neuron diseases and peripheral neuropathy
after treatment with chelation therapy.
most studies have not been encouraging.
and In the case of motor neuron disease.
death has occurred despite adequate chela-
tion therapy.

All of this data reinforces a disturbing
clinical impression that nervous system
damage from Increased lead- absorption is
only partially reversible, If at all. with che-
lation therapy and/or removal from further
exposure. This is not particularly surprising.
however, since experience with other heavy
metal' intoxication has been similar. Ner-
vous system damage from arsenic and mer-
cury responds minimally to chelation ther-
apy. Apparently. Irreversible changes occur
once the heavy metal'is bound by nervous
tissue. Although further study Is clearly
needed, the major point I would like to
make this morning Is that there Is strong
evidence to suggest the only reliable ,Ay to
treat nervous system damage from In-
creased lead absorption is to prevent Its oc-
cidrrence in the first place. (EX.g 27(7) p. 55.)

OSHA agrees with these concerns re-
garding Irreversibility of neurological
disease expressed by Dr. Baloh and
therefore must establish a standard
which will prevent the development of
nervous system pathology at Its earli-
est stages.

c. Renal systenm During the hear-
ings, one of the most important contri-
butions to the understanding of the
adverse health effects associated with
exposure to inorganic lead was the elu-
ciddtion of evidence on kidney disease.
In particular, the research of Wedeen
and his coworkers, the health hazard
evaluation by NIOSH at Eagle-Picher
Industries, Inc., and the work of the
Mt. Sinai group demonstrated that
lead exposure Is a key etiologic agent
In the development of kidney disease
among workers occupationally ex-
posed to lead. Unlike the hematopole-
tic system where changes In heme for-
mation can be detected at early stages.
renal disease may only be detected
through routine screening after seri-
ous damage has occurred. Elevated
BUN and S-creatinine are measurable

only after two-thirds of kidney func-
tion is lost, or upon manifestation of
symptoms of renal failure OSHA
agrees with the conclusions of
Wedeen: "By the time lead nephro-
pathy can be detected by usual clinical
procedures, enormous and irreparable
damage has been sustained. The lead
standard must be directed towards
limiting exposure so that occupational
lead nephropathy does not occur."
(Tr. 1750) since in this situation "pro-
gression to death or dialysis is likely."
(Tr. 1732). The record indicates that
blood lead is an inadequate indicator
of kidney disease development, since
rather than being a complete measure
of body burden, It is merely a measure
of absorption when sampled close to
the time of exposure.

Given these conclusions, OSHA
must approach the prevention of
kidney disease by recognizing the lim-
ited usefulness of certain biological pa-
rameters. Therefore, OSHA believes
any standard established for lead must
provide some margin of safety and
agrees with Dr. Wedeen that:

It is therefore the subclinical renal ef-
fects. and by subclinical. I mean effects that
are not readily detected by the patient or
the physician. It Is therefore the subclinical
effects of lead which should be detected and
prevented, since this represents a material
loss of functional capacity which has serious
adverse health implications. (Tr. 1732) 40
pg/100 ml Is the upper acceptable limit to
prevent development of a hazardous body
burdens lead. (Tr. 1771)

d. Reproductive system. The record
clearly demonstrates that lead has
profoundly adverse effects on the
course of reproduction. Prior to con-
ception exposure to lead is responsible
for menstrual and ovarian cycle abnor-
malities in women, decreased libido,
impotence and altered sperm forma-
tion in men, and lowered fertility and
genetic damage in both males and fe-
males. Genetic damage may result in
spontaneous miscarriage, stillbirth, or
In a disease or birth defects in a live
born child. There is data which docu-
ments that miscarriage and -stillbirth
may be caused by maternal lead espo-
sure during pregnancy. In fact, lead
has been used as a abortifacient. In
women exposed to lead, Fhim. has re-
ported that the mothers of premature
babies had significantly higher mean
blood leads than did mothers with
normal pregnancies.

There is conclusive evidence that
lead crosses the placenta of pregnant
women and enters the fetal tissues;
lead levels In the mother's blood are
comparable to concentrations In the
umbilical cord blood at birth. A survey
of fetal tissue demonstrated that the
transplacental passage of lead be-
comes detectable at 12 to 14 weeks of
gestation, and increases from that
point to birth. Therefore, early in
pregnancy the fetus may be adversely
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affected by maternal lead exposure.
Some investigators have suggested
that the fetus is most vulnerable to
lead'during the first trimester. OSHA
disagrees with this assertion, but
rather believes the fetus is highly vul-
nerable whatever the stage of develop-
ment. The fetus is particularly suscep-
tible to neurological damage. In addi-
tion, there may also be heme synthesis
Impairment and renal damage in the
fetus. In the newborn child, exposure
to lead may continue through the se-
cretion of lead in the mother's milk.

There is little direct data on damage
to the fetus from exposure to lead but
there are extensive studies which dem-
onstrate neurobehavioral effects in
children. OSHA believes that the fetus
would be at least as susceptible to
heme inhibition and neurological-
damage as would older children and
therefore data on children is relevant
to the fetus.

Behavioral disturbances, such as hy-
peractivity, have been associated with
blood lead levels in children as-low as
25 jg/100 ml. In general, mild CNS
symptoms, behavioral problems, and
other neurological signs and symp-.
tos occur around 50 pg/100 ml, but
there is evidence of adverse effects at
lower PbB'levels.

An analysis of the data suggest that
in order to protect against lead's ad-
verse effects on the course of repro-
duction, blood lead levels should be
maintained at or below 30 jig/100 ml.
The Center for Disease Control, the
Toxicology Committee of the National
Academy of Sciences and the Environ-
mental Protection Agency recommend
that blood lead levels of children be
kept below 30 pg/100 ml. Certainly the
fetus and newborn should be similarly
protected. OSHA recognizes that the
PEL of 50 pg/m 3 acting alone will not
maintain blood lead levels of persons
planning pregnancies or pregnant
women below 30 Ig/100 ml..When
compliance is achieved, the mean
blood lead level for a population of
lead workers uniformly exposed to the
50 jIg/m 3 PEL will be approximately
35 jig/100 ml. OSHA believes that
damage to the fetus represents impair-
ment of the reproductive capacity of
the lead exposed parent. While OSHA
believes that a standard should be set
which protects all persons affected-
male and female workers, and the
fetus-the agency is limited by the re-
quirement that a standard be feasible.
However, the standard mimimizes ad-
verse reproductive effects from lead by
a. variety of means including (1) estab-
lishing a 30 .g/m 3 action -level which
will Initiate biological and air monitor-
ing, (2) utilizing the provisions of the
medical surveillance section, including
fertility testing, physician reviews, and
medical removal protection to identify
and perhaps remove Workers who may

wish to plan pregnancies or who are
pregnant, and (3) insuring through
the education and training provisions
of the standard that workers are fully
informed of the 'potential hazards
from exposure to lead on their repro-
ductive ability, during pregnancy and
following birth. Compliance with
these provisions of the standard
should effectively minimize any risk to
the fetus and newborn child, and
thereby protect the reproductive sys-
tems of both parents.

The record in this rulemaking is
clear that male workers may be ad-
versely effected by lead as well as
women. Male workers may be rendered
infertile or impotent, and both men
and women are subject to genetic
,damage which may affect both the
course and outcome of pregnancy.
Given the data in this record, OSHA
believes there is no basis whatsoever
for the claim that women of childbear-
ing age should be excluded from the
workplace in order to protect the fetus
or the course of pregnancy. Effective
compliance with all aspects of these
standard will minimize risk to all per-
sons'and' should therefore insure equal
employment for both men and women.
There is no evidentiary basis, nor is
there anything in this final standard,
which would form the basis for not
hiring workers of either sex in the
lead industry.

During the hearings, industry repre-
sentatives argued that lead exposed
workers will not suffer material im-
pairment of health if blood lead levels
are below 80Ig/100 g. OSHA finds this
argument to be unsubstantiated by sci-
entific or medical evidence, and has
concluded that it represents an incor-
rect assertion. It is not based on the
sound evidence in the record which
demonstrates adverse health effects as
low as 40 Ag/100 g. The record indi-
cates that adverse signs and symptoms
have been observed in workers who
were exposed to lead for less than a
year.

During the public hearings the vast
majority of the physicians who testi-
fied supported the view that blood
lead levels should be maintained at or
below 40 ug/100 g in order to protect
against the-onset of the early manifes-
tations of disease previously described
as subclinical effects. The following
physicians supported a PbB level of 40
jig/100 g: Dr. Idllis (Tr. 2700-01), Dr.
Needleman (Tr. 1085-86; 1106-07); Dr.
Epstein (Tr. 1051-52, 1058-65, 1067-68,
1072, 1073-74, 1104-05); Dr. Lancrajan
(Tr. 1771), Dr. Wolfe (tr. 4140), Dr.
Teitlebaum (Tr. 374-78), Dr. Bridbord
(Tr. 1976-02), Dr. Fishbein (Tr. 2660-
61,'2669) and Dr. Piomelli (Tr. 467).

In addition OSHA has carefully
scrutinized the extensive evidence
compiled by the Environmental Pro-
tection Agency (EPA) which led that

Agency to establish a national ambi-
ent air quality standard of 1.5 Ag/m 3

designed to' address the problem of
lead in the urban environment. The
EPA standard was based on the follow-
ing considerations:

Ip establishing the final standard, "EPA
determined that of the general population,
young children (age 1-5 years) are the most
sensitive. to lead exposure. In 1970, there
were 20 million children in the U.S. under 5
years old, of whom 12 million lived in urban
areas and 5 million lived In center cities
where lead exposure is the highest, The
standard is based on preventing children in
the U.S. from exceeding a blood level of 30
micrograms lead per deciliter of blood,
Blood lead levels above 30 micrograms are
associated with an impairment in cell fune
tion which EPA regardslas adverse to the
health of chronically exposed children,
There are a number of other adverse health
effects associated with blood lead levels
above 30 micrograms in children as well as
in the general population, Including the pog.
sibility that nervous system damage may
occur in children even without overt symp.
toms of lead poisioning." (EPA Press State.
ment, September 29, 1978.)

These conclusions are consistent
with the testimony in this record in.
eluding the policy statements of the
Center for Disease Control (Ex. 2 (15))
and the National Academy of Sciences.
These conclusions on exposure limits
in the general population and children
in particular are relevant to OSHA's
final standard for a working popula-
tion. The tes.timony of Dr. H. Needle.
man of Harvard University is relevant
here.

I am one of those who believe that a sub.
stantial body of evidence is accumulating
that the threshold for significant health
effect depends on the avidity, sensitivity
and sophistication with which we pursue it
and that the lowering of acceptable body
burdens in children and adults is scientifl.
cally and economically sound.

With the passage of time, the defined ac-
ceptable blood level for a child under six
has moved from 60-when I began my train-
ing in pediatrics not too long ago-to 50 to

-40 micrograms per deciliter. The CDC now
begins to talk about 20 as the threshold for
undue lead exposure. And Professor Zel.
huis at the Amsterdam meeting In 1072 re-
commeded an Individual limit of 35 micro.
grams per deciliter and a group average of
20 micrograms per deciliter for children.

There are important differences during
the time that the blood brain barrier Is
being laid down, in that certain enzymes are
being induced, but I think that the point
that I was trying to generate in that argu.
ment, was that in my pediatric experience,
when I started training in pediatrics, we
said that children with blood leads over 80
were at high risk for the lead poisoning, and
now we have been talking about children of
30, 45 or 40, and I think that same argu.
ment, deriving out of sharp and clinical and
experimental evidence, would apply to the
worker that is. that if you look more care-
fully for evidence' of impairment, you are
going to find it.

The, fact that, an adult worker will spill
aminolevulinic acid in his urine, at a blood
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lead of 40, to me says, that this is a clinical
effect of significance. (Tr. 1078, 1106-07.)

The Agency agrees with the conclu-
sions of Dr. Needleman and empha-
sizes that overt symptoms of lead tox-
icity occur below 80 pg/100 g and in
fact below 60 pg/100 g. OSHA"Is con-
vinced by the record that large num-
bers of workers whose blood lead
levels are above 40 jig/100 g and whose
health will in all probability grow pro-
gressively worse, 'must be identified
and protected.

e. Air to blood relationships. In order
to establish a permissible exposure
limit, OSHA was first required to de-
termine the blood levels associated
with adverse effects and symptoms of
lead exposure, and to correlate these
blood lead levels with airborne concen-
trations of lead. During the hearings,
industry representatives steadfastly
maintained that blood lead levels
cannot be correlated with, nor predict-
ed from, air-lead concentrations.
Based on the record evidence, OSHA
has concluded to the contrary. While
many studies in the record have limi-
tations, these limitations by no means
imply that the data are useless or that
no reliable relationship exists between
long term air lead exposurei and blood
lead levels. Given the extent to which
the likely systematic errors in the
short term studies in the record are
understood, the observed equations
can be used to bound estimates of the
true long term relationships of blood
lead to occupational air lead exposure.
To the extent that the sources of un-
controlled variation within and be-
tween studies are understood, esti-
mates of the likely effects of such fac-
tors could be explilcity incorporated
into a more comprehensive description
of the general system.

In order to accurately predict the
effect -on blood lead levels which
would be caused by long term expo-
sure to various levels of air lead, it was

-necessary to construct a model that
takes into account the important fac-
tors which affect blood lead levels.
The physiological model originally de-
veloped by S. R. Bernard and adapted
by the Center for Policy Alternatives
(CPA) combines experimentally ob-
served properties of manmmalian lead
transport and metabolism, including
consideration of the dynamics of blood
lead response to long term exposure.
The model also accounts for the ob-
served physical properties of airborne
particulates encountered in the work-
place, in order to produce a complete
and accurate picture of the response
of blood lead levels to particulate lead
exposure. Furthermore, the CPA
study includes a specific consideration
of individual variability In response to
air lead, which is necessary in predict-
ing the responses of large populations

of workers to changes In air lead expo-
sure. OSHA believes this model repre-
sents the best approximation of the
true air lead to blood lead relationship
to date. It is superior to the short term
studies in the record, insofar as It in-
corporates the best aspects of the
studies in the model and also address-
es the particular weaknesses of these
studies, such as Job tenure and particle
size. OSHA has utilized the model in
calculating the predicted blood lead
distributions at various air lead levels
and has determined the incremental
benefits of the PEL to be discussed in
the next section.

3. Benefits of the PEL The dramatic
reduction in the number of workers
with blood lead levels over 40, 50 and
60 pg/100 g, Is a measure of the incre-
mental benefit derived from a PEL of
50 pg/m. Ideally, it is desirable to ex-
press the benefits of a standard In
terms of decreases in the incidence
and severity of the various adverse
health effects of lead exposure (e.g.,
neurological damage, kidney damage,
etc.). However, the available data does
not allow a meaningful quantitative
estimation of the degree of prevention
of damage which is likely to be

achieved by lowering worker expo-
sures and blood leads to specific levels.
The record evidence allows estimates
to be made of the blood lead levels
which are likely to result from compli-
ance with alternative air standards. In
the absence of better epidemiological-
ly determined morbidity and mortality
data, the best Judgment of the relative
health benefits achievable under the
different PEL's which have been con-
sidered is based on the expected reduc-
tion in the number of workers with
dangerously high blood lead levels-

The results are expressed in terms of
the number of workers expected to
fall into a particular blood lead range
at any one time, after the establish-
ment of long-term equllbrium, and
without consideration of medical re-
moval provisions. OSHA believes that
this model will provide the best com-
parison of different assumed compli-
ance levels. However, there are a
number of inherent limitations in this
approach which need to be clearly ap-
preciated.

First, it should be understood that a
change in air lead exposure causes a
shift in the entire distribution of blood
lead levels in the population.

Fxor 1

Average
Blood Lead

Under
Standard :I

Although the incremental benefits
of standard No. 1 over standard No. 2
may be expressed in terms of the de-
crease in the number of workers (area
under the curve) falling in each blood
lead level range, the "benefits" of the
standard are not really limited to
workers who move across the lines
drawn at 40, 50, and 60 pg/100g. Under
the lower exposure standard, all of the
workers are expected, to some degree,
to have lower blood lead levels, and
therefore possibly some lower level of
health risk. It should be noted that
the comparison of differences in mean

Average
Blood Lead

Under
Standard f2

Level

blood lead levels will markedly under-
estimate the benefits to a population
of workers.

Second, It should be stressed that;
the measurement of benefits chosen
represents a continuous "flow," not a
"stock." As time passes and workers
move into and out of employment in
lead-related industries, the differences
between compliance with various
PEL's continuously generate differ-
ences in the population of newly ex-
posed workers If two standards differ
by 1,000 in the number of workers ex-
pected to be over 60 pg/lOOg at any
one time, over a period of 10 years, the

FEDERAL REGISTER, VOL 43, NO. 220--TUESDAY, NOVEMBER 14, 1978

52967



RULES AND REGULATIONS

difference is clearly 10,000 person-
years at the higher blood lead level.
This figure depends on the labor turn-
over in the industries concerned, the
frequency with which workers change
jobs (and hence exposures) within the
industry, as well as other factors.

D. B. Associates has presented rough
estimates of lead exposure in many m-
dustries. OSKA bases its assessments
of the incremental benefits of the air
lead standard on this data, as it is the
most comprehensive compilation of
exposure estimates. OSHA estimates
based on DBA figures and other
record evidence that overall, approxi-
mately 41,622 workers are currently
exposed to time-weighted-average air
lead levels of over 100 pg/m 3, and an
additional 55,885 workers are exposed
to air lead levels between 50 and 100
/Xg/m

3

The following results are obtained
by multiplying the appropriate expo-
sure estimates by the estimates of the
percentages of population expected to
have blood levels in each, range at any
one time, following the establishment
of long-term equilibrium. (See figure 2
and table 2.)
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BEST POINT ESTIMATES OF ULTIATE EQUILIBRIUM BENEFITS
OF REDUCING AIR LEAD EXPOSURES UNDER

DIFFERENT BLOOD LEAD LEVEL VARIABILITY ASSUMPTIONS*
Blood Level Standard Deviation = 9/5 ug/lOOg

"Residual Health. Hazard"
(Number Remaining in

Each Blood Level Range
at Any One Time

After Equilibrium)

"Benefits of Regulation"
(Number Prevented from Being
in Indicated Blood Level Range
at Any One Time, Compared to
the-"O" Compliance Level)

Number of Workers (1,000's)

80 7,0 6,0 5,0 0 3,0 2 1, 0

Blood Level
. I I I I I I I I

1,0 ;o 30 4,o 10
I I I I I

Current Compliance level withI200 ug/m3 Air Standard

Over 60 ug/lOOg

50-60 ug/lOOg

40-50 ug/lOOg

Over 40 ug/lOOg

b. Compliance with 200 ug/m3 Air

Over 60 ug/lOOg

50-60 ug/lOOg

40-50 ug/JOOg

Over 40 ug/lOOg

Over 60 ug/lOOg

50-60 ug/lOOg

40-5a ug/lOOg

Over 40 ug/lOOg

Over 60 ug/lOOg

50-60 ug/lOOg

40-50 ug/lOOg

Ln_

c. Compliance with 100 ug/m3 Air

m

d. Compliance

Standard

Standard

with 50 ug/m3 Air ;tandard

Over 40 ug/lOOg - _ _ _.

*Computations based on air lead-blood lead relationships predicted by Bernard Model and
Assumption C.and DBA's best point estimates of exposure.
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Long Term Average
Air Lead Exposure

> 100 ug/m 33
50-100 ug/m

Total Number
of Workers

41,622
55,885
97,507

60 ug/lOOg 50-60 ug/lOOg

a. Current Compliance Level

27,652 8,508
5,125 14,379

32,777 22,887

40-50 ug/lOOg

4,166
19,732
23,898

Total
40 ug/1009

40,326
39,243
9 ,5 9

> 100 ug/m3 3
50-100 ug/m

41,622
_ 55,885

97,507

b. Compliance with

9,340
5,125

14,465

,c. Compliance with 100 ug/m
3

2,562 14,041

d. Compliance with 50.ug/m 3

498 5,373

Incremental

18,312

30,215

32,279-

11,903

13;967

2,064

Benefits

-(5,061)

8,846

17,514

13,907

22,575

8,668

32,870

22,729

-(7,792)

-(8 972)

1.169

-(1,180)

8,961

10,141
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200 ug/m
3

13,569
14,379
27,948

) 50 ug/m
3

<'50 ug/m 3

11,958
19,732
31,690

34,867
39,243
7T4,1T

97,507

97,507

b over a

c- over a

d over a

c over b

d over b

d over c

49,475

28,599

5,459

30,094

50,970

24,635

45,511

20,876
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BEST POINT ESTIMATES OF ULTIMATE EQUILIBRIUM BENEFITS
OF REDUCING A R LEAD EXPOSURES

Blood Level 'Standard Deviation = 9.5 ug/lOOg
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The figure summarizes the best
point estimates of "the ultimate effects
of-achieving various air lead compli-
ance levels (a-d). 'The left side of the
figure shows the results of parallel
computations of the number of work-
ers in the various blood lead level
ranges. The right side -of the -figure
shows the incremental benefits (reduc-
tion of the number of 'workers in each
blood level range) of the "b"', "'c" and
-'d" compliance levels, compared to the
baseline 'a"' compliance level which
reflects the -current distribution in the
lead industry.

Assuming compliance with the pre-
sent stanaard (the 'a" 'ompliance
level), large numbers of workers could
be expected to have potentially -haz-
ardous blood levels. At any one time.
we anticipate that 32,777 workers
would have blood lead levels over 60
,Lg/100 g, and 79,569 would have blood
levels over 40 g/l100 _g, in the absence
of other remedial measures. Achieve-
ment of the "b" compliance level
,would reduce the number of workers
over 60 jxg/100 g, but would leave the
number of workers in the 50-60 Pg/100
g and 40-50 jig/100 g range ,substan-
tially unchanged. Achievement of the
"'c" compliance-level would be expect-
ed to reduce to about '2,500 the
number of workers over 60 pg/1DD g,
and would be expected to produce re-
duction in the numbers of workers in
the -50-60 ug/lO0 - blood lead level
range to 14,000. The "d" compliance
level would reduce the total number of
workers over 40 pg/100 g to under
28,599, as compared to over 79,569 for
the a" scenario.

The incremental benefit of "d" over
"a"' in terms of the number of workers
over 40 +Lg/100 g would be 50,970; for
workers- whose PbB levels would be
over 60 pg/m3 , the benefit would be
32,279. These are clearly substantial
reductions in the number of workers
with excessive blood lead levels and'
would represent marked benefits to
lead-exposed workers.

4. Alternatives to the final PEL.
During this rulemaking process, var-
ious parties advanced serious alterna-
tives to the proposed OSHA standard.
Since OSHA has adopted a PEL differ-
ent from the proposal, this section will
also discuss the proposed PEL of 100
p!g/m 3 as an alternative to the final
one of 50 jgg/m. There -were tour al-
ternatives proposed:

(a) 7e LL4 proposal. Adopt a stand-
.ard which emphasizes biological indi-
ces and , medical surveillance and
which establishes an enforcement pro-
cedure directly utilizing these indices.

OSHA has decided to place primary
reliance on a PEL which is based -on
environmental monitoring of air lead
levels rather than relying on biological
indices for the following reasons:

L Evaluation of the industrial envi-
ronment by proven industrial hygiene
'techniques Is a direct measure of the
sources of lead exposure, adequacy of
control technology, progress In imple-
mentation of engineering controls, and
In general represents a continual
check on lead exposure. Since OSHA
believes that control of an air contami-
nant should be accomplished at the
source, environmental monitoring
theil is a direct measure of the control
of lead exposure. Biological monitor-
Ing is designed to ascertain problems
in individual workers and Is an indirect
measure of the control of lead. In this
regard environmental monitoring is
better suited to serve as a basis for en-
forcement.

2. Biological monitoring for compli-
ance purposes Is not feasible since
there is no discrete value which could
serve as the basis for citation. OSHA
believes that based on consideration of
health effects a PbB of 80, 70, or 60
pg/100 g would be excessive and would
not protect workers' health adequate-
ly. It Is infeasible to require controls
to maintain blood lead levels for all
workers at the desired 40 pg/100 -g and
below. Rather. when all controls have
been implemented, 30 percent of all
workers' PbB will range from 40 to 60
pg/100 g. Given the distribution of
blood lead levels when compliance Is
achieved In a worker population, there
is no discrete value which could serve
as a maximum PbB. That is, OSHA be-
lieves that a PbB above 60 pg/100 g Is
excessive but a PbB between 40 to 50
jIg/100 g may be the result of exces-
sive exposure or It may represent the
individual variation within a well con-
trolled environment. Air lead deternil-
nations would differentiate between
the two situations.

3. A biological standard is not only
infeasible it would provide inadequate
protection -of workers. Excessive expo-
sure to lead would not immediately
effect excessive blood lead levels. In
fact, some workers' blood leads might
not rise to excessive levels for years. if
at all, although their body burden
would be increasing. Workers should
not be expected to wait for protection
until their blood leads become exces-
sive. Air monitoring pinpoints overex-
posures immediately. This technique is
preferable, therefore, for compliance
purposes.

4. Worker groups uniformly and ve-
hemently oppose biological monitoring
for compliance purposes. OSHA views
this opposition seriously -ince workers
would be the subjects of a compliance
program based upon biological monl-
toring and their voluntary participa-
tion in such an invasive process would
be crucial to its success.

5. Industry's arguments that biologi-
cal monitoring Is preferred due to lack
of'an air lead-blood lead relationship

52971

are unsubtantiated. OSHA believes
there Is no doubt that an air to blood
relationship exists and is best de-
scribed In the CPA application of the
Bernard model.

6. Although 'both biological and air
monitoring are subject to errors,
OSHA believes that the uncertainties
associated with either measurement
are not a sufficient basis for choosing
one technique over the other. OSBA
recognizes there are errors associated
with uir sampling, butnonetheless be-
lieves that evaluation of the plant en-
vironment is best and most directly ac-
complished through a comprehensive
industrial hygiene survey as compared
to biological sampling.

7. The record indicates that there
are currently a significant number of
industries which carry out biological
monitoring. Given the current distri-
bution of high blood lead levels
throughout industry and the admitted
lack of compliance with the current,
air standard OSHA has conlcluded
there is little or no basis for accepting
the asserted success of an enforcement
mechanism based on future biological
monitoring.

8. OSHA is concerned that a biologi-
cal standard could impact negatively
on workers with high blood leads and
extended job tenure. Employers might
terminate employment of these indi-
viduals to avoid citations for overexpo-
sure to lead. In addition, an employer
could attempt to circumvent the
standard by using respirators rather
than Implementing engineering con-
trols. The use of respirators is not a
satisfactory method for compliance.
Indiscriminate use of respirators
would be a confounding factor in as-
certaining successful compliance with
the standard.

Based on these considerations,
OSKA will rely on determination of
air lead level to ascertain compliance
with the PEL.

b. The Proposal-100 pg/1P1. The
proposal would have established a
PEL for airborne concentrations of
lead at 1GO pg/nm3 as determined on an
8-hour time weighted average.

Based upon a thorough evaluation
of the record. OSHA has reached the
following conclusions which form the
basis for establishing a PEL of 50 pg/
m3 instead of 100 gl00glxpl. The
health effects data indicates that, to
the extent feasible, blood lead levels
should be kept at or below 40 pIg/100
g. This contrasts with the proposal
which set 40 pg/l00 g as a mean, with
60 pg/100 g as a aximum. While fea-
sibility limitations inhibit complete
achievement of the goal of 40 pg/100 g
as a maximum for all employees this
goal can generally be achieved by set-
ting the PEL at 50 pg/m 3. Neverthe-
less. It forms an important foundation
for OSHA's decision to reduce the PEL
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to 50 pg/m.'The CPA application of
the Bernard model predicts a mean
blood lead level of 34.6 pg/100 g at 50
pg/M 3 when compliance wt with the
standard is achieved, compared to a
mean PbB level of 40.2 pg/100 g at 100
pg/nm3

The number of vworkers whose PnB
levels were initially greater than'60
pg/100 g will be substantially reduced
from 32,777 to 498 with compliance at
50 pg/m . For 100 p g/m 3, the benefits
are also substantial, 32,777 to 2,562
with the incremental benefit for 50
pg/m 3 over 100 pg/m 3 being 2,064.
There are 22,887 woikers whose PbB
are b6tween 50 and 60 pg/100 g. Com-
pliance with 50 pg/m 3 would reduce
that number by 17,514, whereas at 100
pg/mn, the number would be 8,846
with incremental benefit of 8,668 for
50 versus 100 pg/m. Between 40 and
50 pg/100 g there are 23,898 and com-
pliance with 50 and 100 pg/m 3 results
in a decrease at'50 pg/m 3 of 10,141 and
increase at 100 pg/m 3 of 8,972 with a
benefit' of 50 versus '100 pg/m 3 of
10141. Lastly, there are 9,569 workers
whope PbB levels are above 40 pg/100
g. Compliance with 50 ptg/m 3 and 100
pg/m 3 respectively would reduce the
numbers to 28,599 and 49,475 with an
incremental benefit of 20,876 for 50 vs
100 pg/m.

SUMMARY

Incremental Benefit (by number of workers)
50 vg/M 3vs 100gg/ma

-

l'umber of Workers removed:
>60 pg/100 g ............................................... 2,064
50-60 pg/100 g ............................................ 8,668
40-50 pg/100 .......................................... 10,141
>40 Ig/100 g ......................................... 20,876

In summary, OSHA finds that 50
pg/m 3l will provide significantly in-
creased protection to exposed employ-
ees over what would be achieved at 100
pg/m3, and within the limits of feasi-
bility provides substantial incremental
benefits toward achieving a maximum
of 40 Ig/100 g.'

(c) The LIA Second Alternative-200
pg/m. The LIA has proposed that if
OSHA decides to retain a single air
lead exposure limit as opposed to a
standard with primary reliance on bio-
logical monitoring, the limit should
not be lower than 200 pg/m.

The evidence of adverse health ef-
fects cited in the proposed lead stand-
ard and in this final standard demon-
strates that a PEL of 200 pg/m 3 does
not nor will not protect the worker in
the lead industry from "material im-
pairment of'health or functional ca-
pacity.'" A PEL of 200 pg/ m 3 would
yield blood levels well above-that
which is deemed safe by OSHA in
terms of both short and long-term ex-
posure duration. Frank signs and
symptoms of disease would be expect-
ed to occur at this level. The industry
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has argued that OSHA* should not
reduce the PEL from Its current level
of 200 ug/rm3 . until compliance has
been achieved at that level and-medi-
cal evaluation has determined whether
or not it is protective. OSHA believes
'the evidence already 'exists which
demonstrates that 200' pg/m 3 is not
protective and a delay in promulgating
a new standard would place workers at
severe risk to disease.

The benefits of *compliance with 50
pg/m 3 versus the current level of com-
pliance with 200.pg/m 3 were described
in the benefits section and are sub-
stantial. 'The number of workers
'whose PbB levels are greater than 40
p g/100 g would be reduced from 79,569
to 28,599 and the number of workers
whose PbB levels would be reduced
below 40 g/100 g-is 50,970. To sum-
marize:
'Incremental Benefit of 50 pg/m 3 vs. 200 jg/

Number of 'workers removed:
> 60 Itg/100 g .............................. 32.270
50-60 ,. /100 g .......................................... 17,514
40-50 jig/G00 g ............................................ 1,169
>40 pg/100 g ........................... ............ 50,970

It is important to note that the cor-
rect method of deteinining benefits is
to compare a shift in the distribution
of blood lead levels in the entire popu-
lation. Comparison. of the differences
in average blood lead levels is irrele-
vant to an accurate understanding of
the impact of the standard.

OSHA concludes that there are sub-
stantial benefits to be achieved from
the promulgation of a 50 pg/m 3 stand-
ard and that the arguments set.forth
in favor of a 200 pg alternative are not
compelling.

(d) 40 pg/im 3.
The United Steel Workers of Amer-

ica proposed 40 pg/m 3 as an alterna-
tive-to 100 pg/m 3 in the proposal.

OSHA has calculated the equilibri-
um distribution.of blood lead levels as-
suming riorous compliance with 40.
pg/ M3 and has compared these results
to a similar calculation for 50 pg/m. -

The results are as follows:
BLOOD LEAD DizsmmurO* (n; PERCENT)

>40 ,g/100g " 40-50p'g/'50-60ug/" >60 pg/
1O0g 100g, 100g

40 jg/m3(24.2%) 19.9% "',4% 0.3%
50 pg/m3(29.3%) 23.3% ,5.5% 0.5%

OSHA has determined that the in-
cremental benefit of 40 pg/M 3 versus
50 pg/m 3 is negligible and in fact may
be within the' error of the measure-
ments. While OSHA agrees with the
goalthat blood lead levels should be
kept below 50 pg/100 g where possible,
and in fact preferably below 40 pg/100
g, the levels -required to achieve the
latter value are clearly infeasible in
the foreseeable future. Based on the

conclusions OSHA believes the consid-
erations which form the final standard
are valid and the: PEL of 50 pg/m3 will
be maintained..

C. MEDIQAL RMOVAL PROTECTION

1. Introduction. The final standard
includes provisions entitled Medical
Removal Protection. Medical Removal
Protection,. or MRP, Is a protective,
preventive health mechanism integrat-
ed with the medical surveillance provi-
sions of the final standard. MRP pro-
vides temporary medical removals for
workers discovered through medical
surveillance to be at risk Of, sustaining
material Impairment to health from
continued exposure to lead. MRP also
provides temporary economic protec-
,tion for those removed. Temporary
medical removal Is mandated for any
worker having an elevated blood lead
level at or above 60 pg/100 g of whole
blood, or at or above 50 pg/100 g of
whole blood averaged over the previ-
ous 6 months. These two ultimate
blood lead level removal triggers are
gradually phased In over a period of 4
years. Upon the effective date of the
standard, temporary medical removal
Is also mandated for any worker found
by a medical determination to be at
risk of sustaining material impairment
to health. In most temporary medical
removals, the worker must be removed
from any exposure to lead at or above
the 30 pg/m 3 action level, with return
of the employee to his or her former\
Job status when the temporary medi-
cal removal is no longer needed to pro-
tect the worker's health. During the
period of removal, the employer must
maintain the worker's earnings, se-
niority and other employment rights
and benefits as though the worker had
not been removed.

2. Importance of temporary medical
removals. A central element of MRP Is
the temporary nedical removal of
workers at risk of sustaining material
impairment to health from continued
exposure to lead. This preventive
health mechanism Is especially well
suited to the lead standard due to the
reversible character of the early stages
of lead diseases, and to the relative
ease with- which a worker's body may
be biologically monitored for the pres-
ence of harmful quantities of lead,
Temporary medical removal protects
worker health.both by severely limit-
ing subsequent occupational exposure
to lead, and by enabling a worker's
body to naturally excrete previously
absorbed lead which has accumulated
in various tissues. I

Temporary medical removal is an in.
dispensable part of the lead standard
for two significant reasons. Little
margin for safety Is provided by the
final standard's 50 pg/ni3 permissible
exposure limit, -thus It Is,highly likely
that some small' fraction of workers
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(much -less than 6 -percent will not be
adequately protected even if an em-

- ployer complies with all other provi-
sions of the standard. Temporary
medical removal will be the only
means of protecting these workers.
Many -years will be needed for some
segments of the lead industry to com-
pletely engineer out excessive, plant
air lead emissions. During this time
heavy reliance will have to be placed
on respiratory protection-a frequent-
ly inadequate means of worker protec-
tion. Again, temporary medical remov-
al is essential for those inadequately
protected. Temporary medical removal
is a crucial element of the inorganic
lead standard because it .is the only
control mechanism wllich can serve
the two preceding functions. Tempo-
rary removal is not an alternative
means for an employer to control
worker lead exposure, however, but
rather is a fall-back mechanism to pro-
tect individual workers in circum-
stances where other protective mecha-
nisms were insufficient.

3. MRP as a means of effectuating
the medical surveillance sections of
the lead standard. Temporary medical
removals depend on voluntary and
meaningful worker participation in
the standard's medical surveillance
program. Medical surveillance, a major
element of the Act's integrated ap-
proach to preventive health, can only
function as intended where workers
(1) voluntarily seek medical attention
when they feel ill, (2) fully cooperate
-with examining physicians to facilitate
accurate medical diagnoses, and (3) re-
frain from efforts to conceal their true
health status. No one can coerce these
qualities of worker participation-they
will occur only where no major disin-
centives to meaningful worker partici-
pation exist. Absent these qualities of
worker participation, medical surveil-
lance cannot serve to identify those
workers who- need temporary medical
'removals, and consequently the overall
protection offered by the lead stand-
ard will be diminished.

Participation in medical surveillance
offered under the lead standard will
sometimes . prompt the temporary
medical removal of a worker. Absent
some countervailing requirement, re-
moval could easily take the form of a
transfer to a lower paying job, a tem-
porary lay off, or even a permanent
termination. The possibility, of these
consequences of a medical removal
present a dramatic and painful dilem-
ma, to many workers exposed toainor-
ganic lead. A worker could fully par-
ticipate in the medical surveillance
program and risk losing his or her live-
lihood, or resist participating. in a
meaningful fashion and thereby lose
the many benefits that medical sur-
veillance and temporary medical re-
movals can provide. Convincing evi-
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dence presented during the lead pro-
ceeding established that many workers
will either refuse or resist meaningful
participation in medical surveillance
unless economic protection Is pro-
vided.

Much of the evidence In the lead
proceeding documents the extent to
which worker participation Is adverse-
ly affected by the fear that adverse
employment consequences will result
from participation In medical surveil-
lance programs. This problem was em-
phasized by the testimony of many
workers and worker representatives.
The problem was seen as widespread
throughout industry, and as having al-
ready seriously affected participation
in medical surveillance programs
under several prior OSHA health
standards which lack MRP benefits.
Evidence concerning the issue of
worker of ear impeding participation
was not confined to tetimony from
worker representatives, but was veri-
fied by a wide variety of experts and
industry representative as well. Cur-
rent industry practices are such that
genuine economic disincentives to par-
ticipation exist. These disincentives
will be Intensified by the new lead
standard, particularly as a result of
the temporary medical removal provi-
sions. Finally, OSHA's adoption of
MRP as a means of effectuating medi-
cal surveillance has been significantly
influenced by experience gained under
the Black Lung Medical Surveillance
and Transfer Program created by Sec-
tion 203 of the Federal Coal Mine
Health and Safety Act of 1969. Experi-
ence under this progam reveals the
extent to which economic disincen-
tives adversely affect participation
even in medical surveillance programs
where Job transfer and limited eco-
nomic protection are guaranteed. For
all of the preceding reasons, MRP was
included in the final standard as a
means of maximizing meaningful par-
ticipation In medical surveillance pro-
vided to lead-exposed workers.

4. MRP as a means of allocating the
costs of temporary medical removals.
Temporary medical removal Is funda-
mentally a protective, control mecha-
nism, as is the elimination of air lead
emissions through the use of engineer-
ing controls. The use of a temporary
removal carries the possibility of dislo-
cation costs to an employer through
the temporary loss of a trained and
experienced employee. And, a removed
worker might easily lose substantial
earnings or other rights or benefits by
virtue of the removal. These costs are
a direct result of the use of temporary
medical removal as a means of protect-
ing worker health. MRP is meant to
place these costs of worker protection
directly on the lead industry rather
than on the shoulders of individual
workers unfortunate enough to be at
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risk of sustaining material impairment
to health due to occupational expo-
sure to lead. The costs of protecting
worker health are appropriate cost of
doing business since employers under
the Act have the primary obligaton to
provide safe and healthful places of
employment.

One beneficial side-effect of MRP
will be its role as an economic incen-
tive for employers to comply with the
final standard. Increasing public at-
tention has been focused on the desir-
ability of governmental regulations in-
corporating economic incentives to
compliance, and though not adopted
specifically to serve this purpose, MRP
will nonetheless strengthen the pro-
tection afforded by the lead standard
due to its Inevitable impact on compli-
ance. Employers who make good faith
attempts to comply with the lead
standard should experience only small
numbers of temporary medical remov-
als-removals which can be absorbed
by available transfer alternatives. Em-
ployers who make only cursory at-
tempts to comply with the cental pro-
visions of the standard will find that
the greater the degree of noncompli-
ance, the greater the number of tem-
porary medical removals and associat-
ed MRP costs. MRP will serve as a
strong stimulus for employers to pro-
tect worker health, and will reward
employers who through innovation
and creativity devise new ways of pro-
tecting worker health not explicitly
contemplated by the formal standard.

5. Alternatives to MRP considered by
OSHA. Before deciding to include
MRP in the final lead standard, OSHA
considered and rejected several possi-
ble alternatives. Mandating that em-
ployers compel all employees to par-
ticipate in medical surveillance offered
under the standard was rejected in
part due to the fact that this step
could not possibly assure the volun-
tary and meaningful worker participa-
tion upon which success of the stand-
ard's medical surveillance program de-
pends. Mere participation Is not an
end In and of Itself. For example, "no
degree of compulsion can prevent
workers form obtaining and misusing
chelating agents so as to yield appar-
ently low blood lead level results. No
degree of compulsion can force work-
ers to reveal subtle, subjective symp-
toms of lead poisoning which a physi-
cian needs to know as part of an ade-
quate medical history.

In addition, OSHA declined to man-
date worker participation in medical
surveillance due to the substantial per-
sonal privacy and religious concerns
involved in health care matters. Gov-
ernmental coercion in this sensitive
area would prove counterproductive to
the goal of meaningful worker partici-
pation. Finally, the foregoing argu-
ments against mandatory participa-
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tion arise irrespective of whether or
not MRP benefits are provided, to re-
moved workers. Thus, mandatory
worker participation with MRP'is no
more satisfactory an alternative than
mandatory worker participation with-
out MRP.

A second alternative rejected by
OSHA was to mandate that temporary
medical removals occur only- at the
election of individual workers at risk
,of sustaining material impairment.
Workers under this condition should
have no reluctance to participate in
medical surveillance since they would
control the consequences of participa- -

tion. This alternative would merely
inform workers of their health'status
without providing affirmative protec-
tion to those who needed it. Workers
who should be removed would far too
often choose not to be in the absence
of MRP economic benefits, and em-
ployers would even be prevented from
utilizing removal in situations where it
was imperative. These results are in-
consistent with the preventive pur-
poses of the Act, and thwart the level
of health protection which temporary
medical removals an provide.
- A third alternative rejected by
OSHA was to permit the use of respi-
ratory protection in lieu of temporary
medical removal. OSHA rejected this
alternative- because of the inherent
limitations of respiratory protection.
The need to temporarily remove a
worker from lead exposure is a matter
of medical necessity. Relying on a res-
pirator to protect a worker from expo-
sure beyofid such a point is unaccepta-
ble in light of the-numerous inadequa-
cies of respiratory protection. - OSHA
does not intend, 'however, to preclude
the use of respirators where appropri-
ate as one means (in conjuction with"
other 'industrial hygiene measures) of
seeking to assure in advance that no
worker need ever be removed. The
need to temporarily remove a worker
due to medical reasons will rarely arise
without advance warning, thus provid-
ing an advance opportunity to use res-
pirattory protection where appropriate.
If respiratory protection proves effec-
tive in practice, then there will be no
need to temporarily remove a worker.

6. Feasibility. MRP as structured in
the final standard is a feasible regula-
tory device. Elevated blood lead levels
will in practice be the primary basis
for the temporary medical removal of
workers. Blood lead level removal-trig-
gers are phased in over a4-year period
as follows: (1) Beginning upon the ef-
fective date of the standard, the tem-
porary medical removal of employees
having blood lead levels at or above 80
pg/l00 g of whole blood; (2) beginning
1 year after the effective date of the
standard, the temporary medical re-
moval of those having blood lead
levels at or above 70 pg; (3) beginning
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2 years after the effective date -of the
standard, the temporary medical re-
moval of those having blood lead
levels at or above 60 gg; and (4) begin-
jing 4 years after the effective date of
the standard, the temporary medical
removal of those having average blood
lead levbls .over the past 6 months at
or above 50 gg. This 4-year phasing in
process has been designed such that
employers will have a reasonable op-
portunity to reduce their current em-
ployees' blood lead levels before par-
ticular blood lead level removal trig-
gers come into effect.

Employers who comply with the niew
standard should experience few tem-
porary medical removals, and thus a
minimal economic impact from MRP.
The gradual phasing in schedule will
enable employers to structure their
production operations so that transfer
opportunities are provided to all re-
nuoved workers. Four years will allow
collective bargaining relationships to

-be-altered if necessary-so that all re-
movals can be smoothly accommodat-
ed. Once I -RP has been fully"plased

'in and employers are fully in compli-
ance -with the new standard, only a
small percentage of the exposed work
force (much less than 6 percent should

,need temporary medical removals at.
any point in time. With experience,

.employers -should acquire the ability
to preclude: even most of these tempo-
-rary medical reniovals -by removing
-sources of lead exposure which are
causing the blood lead levels of partic-

'-ular Worker, -to climb towarl -a remov-
'al trigger. '

- OSHA anticipates no substantially
"greater impact of'.MRP upon small
employers than upon large employers.
"Thalead record rejects any suggestion
:that -small companies by virtue of size
-re *incapable of protecting worker
health. And, the level o1 health pro-
fection an employer provides, not size,
will be the prime. determinant of an
'employer's 'MRP costs.

7. Temporary medical removal and
return criteria. The ultimate blood
lead level, removal criteria derive from
the conclusion that long-term blood
lead levels in excess of 40 pg/100 g of
whole blood must be avoided.-Removal
at a blood lead level of 60 jg is manda-
tory since this level -will 'Invariably rep-
resent numerous months of a blood
lead level in excess of 40 jg during the
.overall period of absorption up to 60
jg and excretion downbelow 40 pg.
Removal when an aver'age blood level
over the-past 6 months is at or above
50 Lg is required since this long-term'
'average indicates a worker's blood lead
level is either steadily increasing above
40 pg or has stabilized appreciably
above 40 AgBlood lead level measure-
snents have -a significant inherent
measurement -variability. To- reduce
the impact "of this- factor, both the

temporary removal and return of
workers due to elevated blood lead
levels are based on the combined re-
suIts-of at least tvwo independent mea-
surements.

The standard provides that the
return of a worker removed due to an
elevated blood lead level to his or her
former job status Is also governed by
the worker's blood level, During the
years that the ultimate removal crite-
ria are being phased In, the return cri-
teria have been set to assure that a
worker's blood lead level has substan.
tially declined dtiring the period of re-
moval. A worker removed due to a
blood lead level at or above 80 pg must
be returned when his or her blood lead
level is at or below 60 Ag/100 g of
whole blood; If removed due to a level
at or above 70 Ag, return shall follow
when-a level of 50 pg/100 g of whole
blood is achieved. Once the ultimate
remocal criteria have been phased In,
return depends on a worker's blood
lead level declining to 40 pg/100 g of
whole blood.

The standard requires that an em.
ployee be temporarily removed from
lead exposure whenever a final medi-
cal determination results in a medical
finding, opinion or recommendation
that the employee has a detected
medical condition which places the
employee at increased risk of material
impairmeni from exposure to lead.
The term "final medical determina.
tion" refers to the outcome of the
multiple physician review mechanism,
or alternative medical determination
mechanism, used pursuant to the
medical surveillance provisions of the
standard. Temporary removal based
on medical determinations Is Included
in MRP as a necessary complement to
-removal based on elevated blood lead
levels. During the phasing In of MRP,
workers experiencing adverse health
effects from lead absorption deserve a
temporary medical removal despite
the fact that their blood lead levels do
not yet require a removal. Even after
MRP has been fully phased In, situa-
tions may arise where lead poisoning
occurs in a worker having a blood lead
level below the removal criteria, or a
worker may acquire a temporary non-
work-related medical condition which
Is worsened by lead exposure. In addi-
tion. temporary medical removal may
in particular cases be needed for work-
ers desiring to parent a child in the
near future or for particular pregnant
employees. Some males may need a
temporary removal so that their,
sperm can regain Sufficient viability
for fertilization; some women may
need a temporary removal to slightly
lower their blood lead levels so that
prior lead exliosure will not harm the
fetus.

A worker removed as a result of a
physician, determination must be pro-
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vided reasonable follow-up medical
surveillance during the period of re-
moval. The worker must be returned
to his or her former job status when a
final medical determination indicates
that the employee no longer has a
medical condition which places the
employee at increased risk of material
impairment to health from exposure
to lead. The standard does not explic-
itly define the phrase "material im-
pairment to health" due to the innu-
merable contexts in which the tempo-
rary medical removal of a particular
worker might be appropriate. Applica-
tion of this phrase in a manner con-
sistent with sound medical practice
will result from the standard's physi-
cian determination mechanisms.

8. Aemoval from work at or above
the action level In most cases where a
worker is removed due to an elevated
blood lead level or a medical determi-
nation, the standard provides that re-
moval be from work having an expo-
sure to lead at or above the 30 pg/m 3

action level. Work having an exposure
to lead at or above the action level
refers to the worker's daily 8-hour
time weighted average (TWA) expo-
sure to lead. As in all cases where the
term "action level" is used, exposure is
to be computed without regard to the
use of respirators. This job placement
limitation for most removals was based
first on the need to assure that a
worker not be removed to work haying
lead exposure high enough to further
increase risks to health. The second
reason for this limitation was to assure
that a worker be removed to work
having lead exposure low enough to
enable the gradual excretion of excess
lead so as to permit return of the
worker to his or her former job.

During the first year following the
effective date of the standard, howev-
er, workers removed due to blood lead
levels at or above 80 pg need only be
removed from work having a daily
eight hour TWA exposure to lead at or
above 100 lx/m. During the second
year. following the 'effective date of
the standard, workers removed due to
blood lead levels at or above 70 jig
need only be removed from work
having a daily eight hour TWA expo-
sure to lead at or above 50 L/m. These
criteria were chosen consistent with
the goal of effecting moderate worker
blood lead level declines during the
first 2 years of the standard's effect,
while at the same time providing em-
ployers an opportunity to comply with
the new lead standard and thereby
avoid substantial MRP costs.

OSHA recognizes that situations
may arise where removal to lead expo-
sure just below the action level is inad-
e-quate to protect worker health.
These situations can and should be
dealt with on an individual basis in the
course of a thorough medical examina-
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tion conducted pursuant to the stand-
ard. The standard Implies no unneces-
sary reftriction on a physician's ability
to recommend individual actions more
protective than the standard's require-
ments. The standard does. however,
embody the judgment that, at a mini-
mum, all removed workers must be re-
moved from work having an exposure
to lead at or above the action level.

9. Return of an emloyee to his or
her former job status. The standard
provides that once a period of removal
or limitation has ended, an employee
must be returned to his or her former
job status. Former job status refers to
the position the worker would likely
be occupying if he or she had never
been removed. If, but for a temporary
medical removal, a worker would now
be working at the same position held
just before removal, then the employ-
er may return the worker to that job.
Otherwise, the employer may return
the worker consistent with whatever
job assignment discretion the employ-
er would have had If no removal had
occurred.

10. The implementation of tempo-
rary medical removals. It Is OSHA's
intention that employers implement
each temporary medical removal In a
manner consistent with existing collec-
tive bargaining agreements. MZ? is
meant to override existing contractual
obligations only to the extent that
specific contract provisions directly
conflict with the terms of MRP. MRP
has been structured to guarantee
maximum employer flexibility In ef-
fectuating MBP while minimizing the
possibility of conflicts with existing
collective bargaining agreements or
other relationships. The standard does
not specify what an employer must do
with a removed worker, practically
any action is permissible provided the
worker is not exposed to lead at or
above the action level. In most cases
OSHA expects that a removed worker
will be transferred to a low lead expo-
sure position during the period of re-
moval. OSHA intends that these trans-
fers be to work that the employee Is
capable of performing and which Is lo-
cated in the same geographical area as
the employee's normal Job. Alterna-
tively, the worker might work shorter
hours at his or her normal Job such
that the time weighted average expo-
sure is below the action level. The
worker might even be temporarily laid
off or arrangements might be made
for the removed worker to temporarily
perform comparable work at a non-
lead-related facility. OSHA's intention
is that the choice between these or
other alternatives be a prerogative of
the employer unless this flexibility is
altered by some countervailing obliga-
tion. A removed worker is provided no
automatic right to veto an employer
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choice which meets the standard, but
similarly, the standard provides no
right for an employer to simply over-
ride existing contractual commitments
to either removed employees or to
other employees.

Arguments have been made that
MRP poses major conflicts with exist-
ing collective bargaining relationships.
To the extent conflicts exist, they
should be easily resolved during the
lengthy phasein period for 1ARP.
Worker transfer programs with eco-
nomic protection have had longterm
use throughout industry in a variety
of contexts. These many programs
have apparently melded quite well
with collective bargaining relation-
ships, and there is no evidence which
suggests that the implementation of
MBP will proceed any differently.

The mechanics of each temporary
medical removal is a matter for the
employer, the removed employee, and
his or her collective bargaining repre-
sentative, if any work out in the con-
text of existing relationships. Some
employers and unions may decide to
modify their contractual agreements
to specify how each removal will be ac-
complished, and the 4-year period
during which MBP is phased in will
provide ample opportunity for modifi-
cations to be made.

U. Employer flexibility pending a
final medical determination. In some
instances a dispute may arise between
an initial physician, chosen by an em-
ployer, and a second physician, chosen
by the employee, as to the appropri-
ateness of removing or returning a
particular worker. Pending the out-
come of the standard's physician
review mechanism, the standard pro-
vides that an employer may act in a
manner consistent with the medical
findings, opinions or recommendations
of any of the physicians who have ex-
amined the employee, with two excep-
tions. First, if an employee was re-
moved or limited as 'to exposure to
lead due to a final medical determina-
tion which differed from the opinion
of the examining physician chosen by
the employer, then the return of the
worker (or the removal of limitations
placed upon the worker) must be de-
layed until after a final medical deter-
mination has been reached on these
issues. The second exception applies to
situations where an employee has
been on removal status for the preced-
ing 18 months due to an elevated
blood lead level, and a medical deter-
mination is being obtained as to con-
tinued removal of the worker. In this
very limited instance the standard re-
quires that the employer maintain the
status quo-i.e., removal-until the
full physician review mechanism has
had an opportunity to form a final
medical determination concerning the
employee.
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12. Definition of MRP benefits. The
standard requires an employer to pro-
vide MRP benefits to a worker on each
occasion that a worker is renloved
from exposure to lead or otherwise
limited. This requirement is defined as
meaning that the employer must
maintain the earnings, seniority and
other employment rights and benefits
of a woiker as though the worker had
not been removed or otherwise limit-
ed. In most. cases this will simply mean
that an employer must maintain the
rate of pay of a worker. transferred to
a low-lead-exposure job. The standard,
however, uses the all-encompassing
phrase "earnings, seniority and other
employment rights and benefits" to
assure that a removed worker suffers
neither economic loss nor loss of em-
ployment opportunities due to the re-
moval. The standard explicitly re-
quires that an employer maintain the

* seniority of a removed worker due to
the crucial role that seniority rights
might play in defining a worker's eco-

* nomic benefits. In addition, the stand-
ard by implication rejects industry
suggestions that the provision of MRP
benefits should be dontingent upon
the employer's ability to locate an
available transfer position. Such an
available position precondition would
end MRP's role as a means of effectu-
ating meaningful participation in
medical surveillance.

13. Duration of MRP benefits. The
standard requires that up to 18
months of MRP benefits be provided
to a worker on each occasion that he
or she is removed from exposure to
lead. The prime determinant of this
figure is the rate at which'workers will
naturally excrete lead once removed
from significant exposure. The vast
majority of removals will be of far
shorter duration than 18 months, but
some longterm leadworkers will likely
require 18 months of removal.

14. Employees whose blood lead
levels do not adequately decline within/
18 months of removal. The standard,
establishes special procedures to- apply
in those rare situations where an em-
ployee's blood lead level has not ade-
quately declined during 18 months of
removal. A medical examination must

-be made available to obtain a final
medical determination as to whether
or not the worker may be returned to
his or her former job status. In some
situations, continued removal may
serve no major purpose since the
damage done to the worker's body is
beyond the point of correction. In this
event a physician might permit return
of the worker to his or her former job
status provided the worker's blood
lead level remains fairly constant. In
other situations a physician might rec-
ommend several additional months of
removal where a worker's blood lead

level is continuing to decline toward
an acceptable level. In rare situations
a physician might determine after 18
months that a worker's body burden
of lead is so high that the worker will
never be able to safely return to prior
exposure. All of the preceding situa-
tions can best be evaluated and re-
solved by a final medical determina-
tion obtained pursuant to the stand-
ard.

Where the worker may not yet be re-
turned to his or her foFmer job status,
the employer must continue to provide
NIRP benefits until either the worker
is returned to foriner job status, or a
final medical determination is made
that the employee is incapable of ever
safely returning to his or her former
job status. The standard also provides
that if a final medical determination
returns a worker to his or her former
job status despite what would other-
wise be an unacceptable blood lead
level, thent any subsequent questions
concerning removing the worker again
are to be decided solely by a final
medical determination. Automatic
temporary medical removal due to an
elevated blood lead level is no longer
afforded to such a worker.

15. Follow-up medical surveillance
during the period of employee removal
or limitation. The standard provides
that during the period of time that an
employee is removed from exposure to
lead or otherwise limited, the employ-
er may condition the provision of
MRP benefits upon the employee's
participation in reasonable follow-up
medical surveillance. The ,standard
does not mandate worker participation
in follow-up medical surveillance, but
rather permits the denial of economic
protection .to those unwilling to par-
ticipate in 'procedures necessary for
MRP's smooth operation.

16. MRP and- workers' compensation
claims. In rare situations, a removed
worker might be eligible for tempo-
rary partial or total disability workers'
compensation payments , for lost
wages. Existing industry practices
formed the basis for provisions respon-
sive to these situations. If a removed.
worker files a claim for workers' com-
pensation payments for a lead-related
disability, and an award is made to the
worker for earnirigs lost during the
period of removal, then the employer's.
MRP benefits obligation is reduced by
that amount. MRP benefits must be
provided pending disposition of any
filed claim subject to a credit or pay-
back once an award is finally made-

17. Other credits. An. employer
should not have to provide MRP bene-
fits - which duplicate compensation
which a refnoved worker is receiving
from other, sources for earnings lost
during the perioa of removal. Accord-
ingly, the standard explicitly provides

that the employer's obligation to pro.
vide MRP benefits to a removed
worker shall be reduced to the extent
that the worker receives compensation
for earnings lost during the period of
removal either from a publicly Or em-
ployer-funded compensation program,
or from employment with another em-
ployer made possible by virtue of the
removal.

18. Voluntary remotfal or limitation
of an employee. A final element of the
standard with respect to MRP pro.
vides that where an employer. al.
though not required to do so, removes
an employee from exposure to lead, or
otherwise places limitations on an em-
ployee due to the effects of lead expo
sure on an employee's medical condi-
tion, the employer shall provide MRP
benefits to the employee. The purpose
of this requirement Is to avoid the pos
sibility that some employers will at-
tempt to evade the MRP program by
voluntarily removing workers (without
economic protection) shortly before
the standard would mandate removal.

19. Legal authority for MAP. The
Occupational Safety and Health Act
contains ample legal authority for the
adoption- of MRP as a preventive
health mechanism. OSHA's legal au-
thority to adopt MRP was perhaps the
greatest source of controversy during
the lead proceeding, with industry rep
resentatives uniformly arguing that no
legal authority for MRP exists, It Is
true that the Occupational Safety and
Health Act contains no language
which either explicitly requires or ex-
pressly authorizes the inclusion of
MRP in OSHA health standards. The
legislative history of the Act reveals
no evidence that Congress gave any
consideration to the appropriateness
of MRP as a protective health mecha-
nism. Though these factors are impor-
tant, they are' by no means dispositive
of the legal authority. question. The
Act does not constitute a rigid congres
sional codification of the only permis
sible devices OSHA can employ to
reduce occupational injury and dis,
ease. Rather, the structure and specif-
ics of the Act reflect the congressional
decision to create an expert adminis
trative agency with broad regulatory
powers to fashion reasonable protec-
tive regulations concerning occupa-
tional injury and disease in light of
agency experience and expertise. The
legal authority issue depends on the
purposes to be served by MRP, the
extent to which MRP is a reasonable
response to a genuine problem, and
the extent to- which MRP Is consistent
with the Act's grants of and limita-
tions on rulemaking authority by
OSHA,

As previously explained, MRP is a
protective, preventive health mecha,
nism carefully structured to (1) maxl-'
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mize meaningful participation in the
standard's medical surveillance pro-
gram, (2) facilitate the use of tempo-
rary medical removals, and (3) appro-
priately allocate the costs of tempo-
rary medical removals. These func-
tions are all directly related to the
Act's purpose articulated in section
2(b) "to assure so far as possible every
working man and woman in the
Nation safe 'and healthful working
conditions * * *MR P responds to
genuine occupational health problems
and substantially adds to the level of
overall worker protection afforded by
the final lead standard.

MRP flows direcfly from and is fully
consistent with the Act's express lan-
guage. Section 6(b) authorizes broad
OSHA discretion in-the promulgation,
of each occupational health standard,'
defined by section 3(8) as a "standard
which requires conditions, or the
adoption or use of one or more prac-
tices, means, methods, operations, or
processes, reasonably necessary or ap-
propriate to provide safe or healthful
employment and places of employ-
ment." NERP meets this definition, and
further satisfies the dictate of section
6(b)(5) that occupational health stand-
ards be based on "experience gained
under this and other health and safety
laws." MRP is also a regulatory device
which addresses the Congressional di-
rective in section 2(b)(5) that health-
ful working conditions be provided "by
developing innovative methods, tech-
niques, and approaches for dealing
with occupational safety and health
problems." OSHA's adoption of MRP
is a direct result of the proven value of
this protective mechanism, and by
adopting MRP, OSHA is following the
Congressional mandate in section
2(b)(4) that worker health be provided
"by building upon advances already
made through employer and employee
initiative for providing safe and
healthful'working conditions." MRP is
needed to meet section 6(b)(5)'s re-
quirement 'that health standards be
set to protect all workers over entire
-working lifetimes because without
temporary medical removals, it is
doubtful that compliance with the re-
mainder of the lead standard could
achieve this mandated level of protec-
tion. M1RP is also needed to achieve
the benefits of -medical surveillance
envisioned by section 6(b)(7), and sec-
tion 8(g)(2)'s grant of general rule-
making authority provides additional
support for MRP's adoption. The pre-
ceding statutory provisions demon-
strate that Congress indended OSHA
to have broad flexibility in mandating
remedial measures, and that MRP re-
sides well within the scope of the flexi-
bility Congress afforded.

The legal sufficiency of MRP's adop-
tion is strengthened by comparable
medical removal -and economic provi-
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sions contained in the Federal Coal
Mine Health and Safety Act of 1969,
amended by the Federal Mine Safety
and Health Amendments Act of 1977.
MRP was not considered by Congress
during the passage of the OSH Act,
but this is hardly surprising in view of
the Act's expansive coverage of practi-
cally every Industry in the country.
Congress established a broad regula-
tory framework without attempting to
identify and respond to Individual
problems of specific industries. The
1969 Coal Act, however, represents the
culmination of decades of intense Con-
gressional attention to one extremely
hazardous industry--coal mining. The
1969 Coal Act was ja comprehensive re-
sponse to coal mine hazards, including
thirty statutory pages of specific
health and safety regulations as de-
tailed asany existing OSHA standard.
In the context of its comprehensive
review of coal mining. Congress con-
sidered the appropriateness of an
MRP-type program with regard to
coal mine workers pneumoconiosis.
Congress went beyond merely autho-
rizing the adoption of MRP in this
context to explicitly mandate the
adoption of a AMP program. Authori-
zation to adopt MRP with regard to
other forms of mining was provided by
Congress in the 1977 amendments to
the Coal Act. Thus, In both of the in-
stances where Congress has considered
the appropriateness of MRP In an oc-
cupational safety and health statute,
Congress voiced approval of MaRP.
This clear Congressional approval of
MRP programs is indicative of how
Congress likely would have acted had
MRP been considered during passage
of the Occupational Safety and Health
Act.

Contrary to various suggested argu-
ments. MRP does not violate section
4(b)(4)'s mandate that health stand-
ards not act "to supersede or in any
manner affect any workmen's compen-
sation law or diminish.or affect in any
other manner the common law or stat-
utory rights, duties, or liabilities of
employers and employees under any
law with respect to injuries, diseases,
or death of employees arising out of,
or in the course of employment." Sec-
tion 4(b)(4) was addressed in the legis-
lative history, and has been applied in
case law to date, only as a means of
either preventing private causes of
action under the OSH Act, preventing
federalization of state workmen's com-
pensation law, preventing duplication
of federal regulations, or preserving
state regulatory authority over safety
and health matters. MRP Is unrelated
to all of these policies, including the
policy against federalization of state
workmen's compensation law. MRP
neither intends nor operates to define
or expand state law in this area. To
the contrary, if MRP as a preventive
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health mechanism succeeds as intend-
ed, there hopefully will be no occupa-
tional lead disease left for state work-
men's compensation law to address. To
the extent such a result constitutes a
conflict with state law, it is fully in-
tended by the Act.

Various legal arguments were also
presented in the lead proceeding to
the effect that MRP somehow imper-
missibly conflicts with federal labor
law, and with the Equal Pay provi-
sions of the Fair Labor Standards Act-
Having researched and considered
these arguments. OSHA finds them to
be without merit.

D. FEASIBILITY

In setting standards for toxic sub-
stances, the Secretary is required to
give due regard to the question of fea-
sibility. Section 6(bl(5) of the Act
mandates that the Secretary shall set
the standard which most adequately
assures employees' safety and health
"to the extent feasible, on the basis of
the best available evidence-" Addition-
ally, In the development of occupa-
tional safety and health standards,
"considerations shall be the latest
available scientific data in the field.
experience gained under this and
other health and safety laws."
- OSHA has developed a rulemaking
record which has enabled OSHA to
promulgate a final lead standard
which it can confidently state is feasi-
ble for all affected industries. The
final standard has a PEL of 50 pg/ M 3

as an 8-hour TWA, which, within 90
days, must be met by any combination
of engineering controls, work practices
(including adriiiistrative controls),
and personal protective equipment.
Compliance with the PEL exclusively
by engineering controls and adminis-
trative controls including work prac-
tices Is required to be phased-in over
time according to an implementation
schedule. The schedule varies by in-
dustry on the basis of -technological
and economic limitations on each in-
dustry's ability to comply, and for five
industries whose compliance period in
the schedule exceeds 1 year, includes
an interim exposure limit of 100 pg/
min.

The rulemaking record is comprised
of studies and assessments of techno-,
logical feasibility, cost data on various
items of compliance, and economic
impact assessments from the public
participants as well. as OSHA consul-
tants. Most of the evidence assessed
the feasibility of compliance with the
proposed 100 pg/m3 standard although
various alternatives received attention.
On the basis of this information,
OSHA has constructed a compliance
scheme designed to provide optimal
protection to workers, to allow for nec-
essary technological change, and to

• FEDERAL REGISTER, VOL 43, NO. 220-TUESDAY, NOVEMBER 14, 1978



52978

encourage long run, cost-effective so-
lutions to compliance problems.

In establishing the requirements of
this stahdard,and evaluating' whether
compliance is feasible, OSHA hs iden-
tified affected industries and investi-
gated potential coipli'fance methods
including the available technology in
those industries. It has attempted to
estimate the length of time necessary
to implement the technology required,
taking into account firms' need to
plan, construct, test, and refine their
efforts.

The implementation, schedule also
takes economic factors into account in
that it incorporates time periods
which OSHA expects will enable firms
in each industry to comply with the
standard without serious economic re-
percussions to the industry as a whole.
Where specific costs of compliance
could be assessed they are lresented
in the industry summaries.

1. Technological considerations. In
general, inquiry into technological fea-
sibility is only xelevant to compliance
with the exposure limits in the stand-
ard. It is clear that compliance with
the 50 pg/m- PEL will be immediately
feasible insofar as the standard per-
mits respirators to be used where the
required engineering and administra-
tive controls including work practices
are not sufficient. The primary issue is
whether the PEL and interim level can
be achieved in the time set forth in
the implementation schedule solely by
engineering and work practices. OSHA
has concluded that compliance in this
manner is possible through the use of
presently available process and control
technology or foreseeable technologi-
cal developments.

Testimony and comments from most
of the engineers and industrial hygien-
ists in addition to OSHA's past experi-
ence with other standards for toxic
substances has -led OSHA to conclude'
that rigorous and innovative applica-
tion of known, conventional tech-
niques for. isolating workers from the
sources of exposure to toxic sub-
stances \will, in almost all cases, enable
employers to comply with the stand-
ard, Compliance in this manner is pre-
dicted to be completed in 1 to 5 years
depending upon the complexity and
extent of change required.

In some cases where accurate identi-
ficatiot of exposure sources is difficult
or where conventional control tedh-
niques are ineffective, reliance on new
technology (e.g., new types of control
or process equipment or alterations to
the production process itself) may be
necessary. -

OSHA has attempted to be sensitive
to the complexities and various as-
pects of the process of technological
change in its attempt to incorporate
new ;,technology into its compliance
scheme for this standird. This. has'fa-
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cilitated :tprediction of the kinds of
technology likely to arise in response
to the standard and the time period
within x4hich they' can' be expected,
thus allowing OSHA to know, in gen-
eral terms, what'is feasible. It has also
suggested different options as alterna-
tives in, designing- the standard so as to

-achieve optimal compliance strategies
in terms of protective capability and
compliarnce cost.

The following is a summary of the
discussion, of the technological factors
considered in the major industries af-
fected by the standard. Attachment D
to the preamble (feasibility) contains a
full discussion of these factors includ-
ing a process-by-process analysis of
the problems raised and the range of
pbssible technical solutions to' those
problen=.win the most impacted indus-
tries.

a. Primary- smelting and refining.
The primary Jead industry ranks fifth
(after iron, aluminum, copper, and
zinc) in-tonnage of metals produced in
this country. Four companies-
ASARCO, St. Joe Minerals, Amax and
Bunker Hill-own the seven facilities
that smelt and refine primary lead.
Western smelters date from the early
part of this century; smelters for the
Missouri lead belt were built during
the 1960's. An estimated 3;055 employ-
ees-in the primary smelting sector are
exposed to lead. (Ex. 26, p. 5-3.)

Primary' smelting involves three
basic steps-sintering, 'smelting, and
refining. In sintering, a concentrate of
galena ore (PbS) is mixed with fluxes
and roasted to drive off sulfur dioxide.
This- operation produces "sinter," a
mixture of lead, • lead oxide, and slag,
which is smelted by a blast furriace at
temperatures above 2,000°.F. The blast
furnace i'educes the constituents of
the charge (coke, fluxes, and recycled
slag sinter) into molten lead and slag.
Fifteen ton ladles on overhead bridge
cranes transport the molten lead to
open drossing kettles about 14 feet in
diameter. These kettles rest in fire-
brick settings that keep the lead at the
temperatures needed (700' to 1,200 ° F.)
for drossing. During drossing, the
molten lead from the blast ;furnace is
stirred, and the impurities (dross) are
skimmed. The impurities in lead ores
vary. Colorado "ore, unlike Missouri
ore, has a high copper content. The
lead is further refined through a soft-
ening .process that removes antimony
and other metals.

Because pyrometallurgy (the extrac-
tion of metal from- ores by heat) re-
quires extreme heat at variable tem-
peratures, control of emission in pri-
mary smelting has been difficult. For
example, material that splashes or
drips during transfer -obf -molten lead
collects and freezes at the rim and
pouring li'p of the ladle. These thick,
lumpy accretions bn 'interfere with a

tight fit between hood and vessels, Ore
with significant amounts of copper
produces copper matte, which cor-
rodes iron, steel, and most steel alloys,

Thus, the corrosive property of the
molten metal has prompted the use of
open vessels and crude mechanleM
methods. The nature and scale of pll-
mary smelting have made the applica-
tion of standard engineering tech-
niques difficult. While, the problems
are difficult, the hearing record Indi-
cates that, with new techniques and
methods, they are surmountable,

After reviewing the record, OSHA
has concluded that In all operations
except perhaps maintenance work and
where process upsets occur, the 100
ttg/m 3 level is feasible within the 3-
year time period- in the Implemonta-
tion schedule through retrofitting and
some modification of existing process-
es. This conclusion is not In agreement
with the conclusions of DBA and lead
industry representatives. (Ex. 355, pp.
1-22-123.) After reviewing all the ex-
hibits and testimony, OSHA Is con-
vinced that the reason for this, dis-
agreement is not so much a matter of
differing professional Judgment In
what could be achieved, but In the In-
terpretation of the term "feasibility,"
Industry representatives' and DBA's
claims of infeasibility of the 100 tg/m3
level (and even the present 200 jtg/m3
standard) are, In part, based on the
view'that for an exposure level to be
feasible it must be attainable Immedl-
ately at all work stations at all times.
(Tr. 3971-72; 796, 797.) This interpre-
tation was rejected in SPI v. OSIHA.
(Vinyl chloride) and AISI v. OS11A
(coke ovens). DBA and industry, repre-
sentatives also limited their consider-
ations to retrofit technology only and
did not generally consider technologi-
cal change-unless it had been proved
successful and could be implemented
immediately. (Tr, 5793; Tr. 796-97, Tr.
872-73; Ex. 26, pp. .4-5, 4-8 E x.
29(29A).) Long-run technological solu-
tions were not considered, even those
which may be more cost-effective.
This creates an a priori limitation on
the gamut of possible approaches to
compliance. , --

OSHA has concluded that compli-
ance with'the PEL may require up to
10 years for this Industry. Primary
smelting is not generally regarded as
innovative. Dr. First characterizes the
history of technological change In this
industry as conservative and having "a
strong befit to, make changes very
slowly and in small steps." (Ex. 270, p.
17.) Other limitations on the rate of
change are the size and complexity of
the hot metal operations in these
plants.

Further, the degree of technological
change necessary, to achieve 50 pg/m 3

may requirb development and imple-
ntentation of', innovative teclinoldgy,
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possibly including alternatives to pyro-
metallurgy. OSHA believes that the 10
years provided in the implementation
schedule represent maximum flexibil-
ity for compliance by an industry
which may need to rebuild in part or
in whole to achieve a healthful work-
place.

Hydrometallurgical production
iniethods'are likely to be commercially
viable within the 10-year limit; howev-
er, less comprehensive forms of proc-
ess redesign and/or adaptation of de-
velopmental projects discussed in the
feasibility attachment on specific op-
erations may prove to be sufficient.
(Tr. 1463.)

Witnesses at the hearing were opti-
mistic about the development of new
processes for primary smelting.
Knowlton Caplan, president of IHE,.
while skeptical about the current tech-
nological feasibility of a 100 pg/m 3

standard, expressed faith in the future
development of "more effective and
less costly engineering systems." (Tr.
5723)

Frank Block, research director at
the Reno Metallurgy Research Center
for the Bureau of Mines, described one
such potential development, a hydro-
metallurgical method for recovering
lead from galena concentrate. (Ex.
128; Tr. 3386-34-17.) This process does
not involve any sintering or smelting
and may require no refining. It leaches
galena concentrate in a hot solution of
ferric chloride to. produce lead chlo-
ride, which, in turn, is electrolyzed to
produce metallic lead. The new proc-
ess generates no sulfur dioxide. It
would be more economical than cur-
rent techniques and could operate at
smaller capacity. It could also be used
with Missouri or Western concen-
trates.

b. Secondary smelting and refining.
Secondary smelters produce much of
the lead used in the United States.
The ifidustry, however, is poorly de-
fined. The estimated number of
plants, for example, has ranged from
40 to 140 (Ex. 138D, p. 1). Secondary
smelters recycle lead from discarded
batteries and other waste materials.
This recycling involves two phases:
smelting of the old material to recover
crude lead and, in some operations, re-
fining of the crude lead to produce
pure lead and alloys for reuse.

Secondary lead smelting plants take
scrap lead niaterial from many
sources, but the majority (61 percent)
comes from scrapped lead-acid batter-
ies. Lead cable covers, linotype, and re-
covered fume and drosses are other
major sources. Some scrap is repro-
cessed to remove lead from other ma-
terials. Battery plates and terminals,
for example, are mechanically separat-.
ed, and lead-copper cables are heated
to melt off the lead. Materials contain-
ing lead oxide may be processed
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through a blast furnace to reduce the
proportion of oxide to lead metal.
Lead from the blast furnace and scrap
containing lead metal may be melted
in refining kettles and treated by
drossing to remove copper and other
impurities.

Following the drossing, the lead may
be "softened" by removing antimony
that has been previously added to give
the lead hardness and strength. This
removal is done by air oxidation in a
reverberatory furnace or by oxidative
slagging with sodium dioxide or
sodium nitrate fluxes. Once the lead
has been refined to a desired composi-
tion, it is cast Into various shapes or
fabricated Into wires, pipes, sheets, or
solders. (Ex. 26, p. 5-29.)

Approximately 4,400 workers in the
industry are exposed to lead. (Ex. 26,
p. 2-13) Exposure levels vary among
different operations, with the highest
occurring In blast furnace areas. DBA
analyzed OSHA compliance data and
found that prior to August 1976, 83 of
171 air lead samples exceeded 200 pg/
m. Data after this date showed 102 of
129 air lead levels above 100 pg/m 3 and
87 of 129 above 200 pg/mn. (Ex. 26, pp.
2-17, 2-18.)

The rulemaking record contains un-
controverted evidence that exposures
in secondary smelting operations can
be controlled below the 100 pg/M3 In-
terim level. Based upon Its study of
seven representative smelters. -Dr.
Thomas Smith testified for DBA that
compliance by secondary smelters
with a standard of 100 was technologi-
cally feasible. (Tr. 798) One company,
Keystone Resources, which operates
four secondary smelters across the
country commented that "our controls
are such that we feel we could also
meet the action level (50 pg/m3 ) speci-
fications" (Ex. 3(39)). Before the Im-
plementation of engineering controls,
average air lead' at Keystone Re-
sources was 1,036 pg/m=. The controls
reduced the average to 126 pg/m . (Ex.
452. p. A-137) The results of a recent
OSHA inspection at another second-
ary smelter indicate that It is present-
ly in compliance with the 100 pg/M3

level. (Ex. 26, p. 5-38; Tr. 956.)
Attaining these levels, however, may

in a few instances require extensive
modifications of current processes.
IHE, in a study for the Lead Indus-
tries Association. analyzed one plant
in detail and doncluded that conven-
tional engineering techniques alone
could not control battery breaking or
scrap and slag handling to 100 pg/m3

airborne lead. (Ex. 138D, p. 8) DBA
doubted that manual battery break-
ing, slag and scrap handling, and some
maintenance operations could be con-
trolled without process redesign. (Ex.
26, p. 5-29)

The rulemaking record describes
new approaches that may be necessary
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to comply with the PEM. Michael
Varner. corporate manager for ASAR-
CO's Department of Environmental
Sciences, and Melvin First, a professor
of environmental health engineering
at Harvard, discussed the possibility of
innovations in drossing, such as con-
tinuous vacuum drossing. (Tr. 2387-80;
Tr. 6530-31.) Svend Bergsoe, president
of Paul Bergsoe and Son of Glostrup,
Denmark, described in detail his new
technique for smelting scrap lead
products. (Tr. 5142-5204.) His process
eliminates one of the hardest to con-
trol processes, battery breaking, by
using a new type of furnace that not
only digests the entire battery, but
also use the battery cases to supply 50
to 80 percent of the fuel required to
run the furnace. (Tr. 5194.) In addi-
tion a flash furnace agglomerktes the
flue dust, and the process is entirely
enclosed.

With the possible exceptions of in-
stalling afterburner and agglomer-
ation systems on existing furnaces (Tr.
5177, 5192), the Bergsoe process-would
require construction of an entirely
new smelting plant, estimated to cost
$2.5 million for a 20,000-ton-per-year
production, and would take 2 years for
construction (Tr. 5192). This cost in-
cludes the scrap handling facility (Tr.
5199), furnace, afterburner, baghouse,
refinery, and even canteen and wash-
Ing facilities.

c. Battery manufacturing. The bat-
tery industry is the largest single user
of lead in the United States. The in-
dustry produces both SLI (starting-
lighting-ignition) batteries and indus-
trial batteries, although the latter ac-
couints for only 7 percent of the indus-
try's production. 138 firms operate 200
plants, which vary tremendously in
size and capacity. On one hand, the
seven largest firms operate nearly 70
plants and account of over 90 percent
of the batteries sold. On the other, 95
battery plants employ fewer than 20
people. Of the 16,000 persons em-
ployed by the industry, approximately
12.800, or 77 percent, are exposed to
lead. (Ex. 26 p., 5-42.)

Manufacture of batteries begins
with production of lead oxide, either
by the Barton process, which oxidizes
lead in the molten state, or more
often, by the ball mill process, in
which frictional heat generated by
tumbling lead pigs or balls produces
lead oxide. Lead oxide powder is mixed
into a paste and pressed ontoL grids
cast from lead. The pasted plates are
cured, stacked by hand or machine,
and connected with molten lead
("burned") into groups that form the
individual cells of a battery.

All these processes, especially load-
ing and unloading at each step, gener-
ate contamination. The racks that
carry the pasted plates from one oper-
ation to another are additional sources
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of lead dust. Dust forms as well during
reclamation of rejected grids, parts,
and pasted plates, and during removal
of plate groups from defective batter-
ies.

The record indicates that-in the bat-'
tery industry available methods can
control employee air 'evels of lead
below 50 Ig/ms, as an 8-hour TWA, for
all major processes. Indeed, -more than
40 percent of employees exposed to
lead in this industry may already have
TWA exposures of less than 50 jg/m.
(Ex. 26, p. 5-45.)

Meier Schneider, an experienced in-
dustrial hygiene engineer testified
that "with proper engineering control
coupled with good maintenance and-
good work practices, proper design of
process to minimize emissions, and
education of workers and good hy-
giene that we can, today, achieve
levels in the (work room) atmosphere
of less than 50,micrograms per cubic
meter of air. (TR. 2065-2066) In his
study of 17 plants, Bill Thomas of
CAI-OSHA concluded that "the gen-
eral use of respirators should not be
needed in a well-designed and man-
aged lead storage battery plant." (Ex.
101A) Similarly, Caplan, testifying on
a detailed study of 12.plants IHE did
for the Battery Council International
("BCI"), concluded that "technically,
if all the things that we recommend
were done and well done, it is our
opinion that we would be able to con-
trol to 100."

It is OSHA's judgment that these
systems proposed by IHE, when com-
bined with good work practices and ad-
ministrative controls will be effective
to control exposure belowx the PEL,
primarily because they provide total
control of the process and minimize
the opportunity for fugitive emissions.
As Dr. First" stated, "The application-
of good control methods almost always
results in air concentrations far lower
than the standard for-which they were
designed". (Ex. 270, p. 19.)

IHE's specifications are designed pri-
marily for larger operations. They
assume that production is continous
and that operators remain at each
work operation for "a full shift, as-
sumptions that do not hold for small
plants. Thus, the engineering controls'
designed by IHE will be effective but
may not be appropriate for small
plants. The record suggests that less
complex controls may be feasible and
effective for small plants. GQod house-
keeping appears especially important.
Both Meier Schneider and -Albert
Stewart, an industrial hygienist who
formerly conducted lead inspections
for OSHA, testified that control costs
might be held down -by.approaching
problems on a case-by-case basis and
by emphasizing the use of good house-
keeping and techniques for handling
materials along with imaginative engi-
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neering to i minimize the need for ven-
tilation. ('IT. 2057-2077.) Dr. Mirer, the
UAW's industrial hygienist, noted that
of 30 plants surveyed by the UAW, the
one with the lowest, lead exposures
had only nine workers. (Tr. 1007.)

Testimony from operators of small
battery plants also stressed good
housekeeping and work practices. For
example, Don Hull, president of Dyno-
lite'Corp., a plant that employs fewer
than 20 people, testified that he gives
priority to housekeeping, and personal
hygiene. (Tr. 1246; see also Tr. 3561.),
When OSHA took a series of readings
In his plant at .the stations for grid
casting, stacking, element assembly,
battery assembly, and battery- filling,
only one reading at one location, ele--
ment stacking, exceeded 100 pg/m 3,
and its Was just slightly over, 110 jug/
i 3. (Tr. 1247-48.)

Some operations with -high expo-
sures are done only intermittenly in
small plants. Small battery plants, for
example, may paste plates only once
or twice a week. (Tr. 3465; Tr. 1259) To
meet the PEL as an 8-hour time
weighted average, such plants may not
need the same controls as a plant that
pastes plates all day every day. In fact,
alteration 'of production schedules or
employee rotation may be effective.
Employees in small plants do not work
exclusively at one station. As Stuart
Manix of Lancaster Battery Co. ex-
plained, "most people try to do a little
bit of everything." (Tr. 3465.) Thus,
rotation of employees to positions
with higher exposures for less than 8
hours per shift may also reduce 8 hour
TWA averages. That is, four employ-
ees could each work 2 hours pasting
plates.

New approaches may also offer
small plants an alternative to IHE's
engineering- controls. Two firms,
APSEE, Inc.; and Kermatrol, Inc., tes-
tified that' they could provide the
technology, for compliance at sharply
reduced costs

The-new approaches might aid large
as well as small plants in meeting the
50 jig/m standard. Some operations in
either large or small operations will
quickly be able to achieve the 50 jg/
m 3 standard. ,The UAW asserted that
aggressive imblementation of such
conventional control techniques as en-
closure, ventilation, and process rede-
sign can achieve the 50 11g/M

3 level.
(Tr. 5278.) At the same time, the UAW
recognized that.until innovative proc-
esses are introduced, some operations
will require respirators as well as ven-
tilation to meet the'50 Ig/m 3 stand-
ard. (Tr. 5053.)

d. Brass and bronze foundries. The
lead content of copper based alloys,
i.e. brass and bronze, may amount to
as much 'as 20 percent by weight of
the metal core. (Tr. 2786) The lead
content of copper based ingots aver-

ages 5 percent. (Ex; 26, p. 5-73,) Over
1620 foundries cast brass and bronze
at least occasionally; In approximately,
770 foundries brass and bronze are the
primary raw materials, Most of these
foundries are small, 75 percent em.
ploying fewer than 50 people. Al.
though small, most of these foundries
make a diverse range of products of
varying price, size, and composition.
(Ex. 26, p. 5-73.) An estimated 26,000
employees are exposed.
, Exposure to airborne lead results

from insufficient control of fumes
from the melting or pouring of alloys.
In copper-base alloy foundries, ap-
proximately 15 percent of the particu-
late matter In furnace stack gases
from the, melting of red and yellow
brass is lead oxide, and up to 56 per-
cent of the particulate matter has
been shown to be lead oxide when the
alloy has a high lead content. Any
workers in the vicinity of the meltltg
or pouring operation as well as em-
ployees working to operate or main-
tain baghouse dust collectors may be
subject to inhalation of these lead con.
taining fumes. Sources of airborne
lead may also include areas where
castings are cut or finished and areas
where scrap is received or stored,
Levels of exposure are highly variable
and depend on the amount of general
local ventilation, the lead content of
the alloy, the type of furnace, and the
quality of housekeeping procedures,
(Ex. 26, pp. 5-73, 5-75,)

The hearing record indicates that
brass and bronze foundries can
achieve an exposure level of 100 jAg/ms
within one year. DBA concluded that
feasible engineering controls are avail-
able to met this level. (Ex. 26, p. 5-73,
Tr. 800.) They found that most plants
do not at present have enough control
in effect. Significant Improvements
are necessary for compliance with the
proposed standard. For example, half
the plantq currently do not use bagh.
ouses and the majority do not provide
heated make-up air. Gary Mosher, rep-
resenting the American Foundrymens
Society, explained that "exhaust sys-

- tems have been devised and designed
that will close capture * fumes
right at the ladle and the furnace." He
further testified that such methods
are effective in bringing exposure
below 200 pg/m 3, but did not express
an opinion as to whether such tech-
niques are effective in bringing expo-
sure below 100 pg/m . (Tr. 2801).

OSHA, however, has concluded that
conventional technology in the indus
try has been shown effective for lower-
ing exposures from melting and pour-
ing to 100 jig/m. Refinement and de-
velopment of these technological
changes should permit, over time,
compliance with the PEL. Examples of
these controls include: (1) The adop
tion of electrical induction furnaces
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with local exhaust ventilation in-
stalled during the initial furnace in-
stallation; (2) covered ladles; (3) segre-
gated melts; (4) use of the Hawley
Trav-L-Vent; and (5) increased use of
dilution ventilation and directional
ventilation during pouring. Compli-
ance will, of course, also require com-
prehensive housekeeping, mainte-
nance employee training, work prac-
tices, and personal hygiene. Further,
administrative controls such as worker
rotation may prove effective in reduc-
ing exposures in many small firms.

e. Pigment manufacturing. Of the
114 plants that manufacture pigments
in the United States, approximately 25
produce pigments containing lead. Pig-
ment products include red lead (or,
litharge), lead sulfates, lead carbon-
ates, lead silicates, lead oxides and
lead chromates. Inorganic pigments
are a prime component in surface coat-
ings and important components in
other products such as linoleum,
rubber and plastics, inks, ceramics,
and paper coatings. Litharge is used
principally in the manufacture of
products other than paint, i.e., ceramic
glazes, batteries, glasses, and vitreous
enamels. (Ex. 26, p. 5-92.) The number
of production employees in lead pig-
ment manufacturing is estimated to be
2,000. DBA's survey of several plants
indicated that 90 percent of the work-
ers were exposed to levels of lead
above 100 pg/m3. (Ex. 26, p. 5-93.)

The manufacture of pigments in-
volves a number of different processes.
Only pulverizing and grinding process-
es for reducing the particle size are
common to all members in the class.
Inorganic pigment manufacture is a
combination of chemical-physical
processes involving both wet and dry
reactions, including precipitation, fil-
tering, washing, fusing, calcining, etc.
The processes may be carried out as a
batch system,'as continuous produc-
tion, or as a combination of the two.

Pig lead is often the basic raw mate-
rial in inorganic lead pigment. Lith-
arge and other lead forms, however,
are sometimes used. Because litharge
is a powder, it presents the potential
for lead exposures at every transfer
point. Filtering, drying, grinding,
sizing, grading, blending, and bagging
are all considered to be areas of poten-
tial exposure to lead. Cross contamina-
tion between operations also occurs.

Most pigment plants are old. All but
five plants visited by DBA were at
least 50 years old. One plant was said
to be 129 years old. (Ex. 26, p. 5-95.)
Because of the age of the facilities, re-
trofitting may not achieve levels below
100 pg/m% although such methods
have reduced air-lead levels to 200 pg/
m3. However, redesign of the process,
including "total enclosure of certain
steps and/or automation" is expected
to be able to reduce levels to a 100 pg/

m 3 level. (Ex. 26, p. 5-98.) The same
conclusion applies to the 50 pg/m 3

PEI. As Dr. First explained, "every
operation that can be mechanized and
automated is capable of being enclosed
by tight physical barriers and placed
under slight negative pressure to pre-
vent outleakage of dust or fume-laden
air to the workroom." (Ex. 270, pp. 29-
30.) While such technology may re-
quire tim6 and money to Install, it Is
available and adaptable to' the pig-
ment industry.

Using substitutes for lead pigments,
such as organic pigments, would elimi-
nate exposures. While substitutes may
not exhibit all the properties of lead,
such as resistance to corrosion and
weathering, they would nonetheless be
adequate in many cases. Such substi-
tution would also reduce or eliminate
exposures in all the industries that in.
volve lead pigment-wallpaper manu-
facturing, glove manufacturing, pot-
tery manufacturing, ink manufactur-
ing, paint manufacturing, shipbuild-
ing, and automobile manufacturing.

f. Other industries. For the 11 other
industries that were discussed in the
DBA report or its supplement (Ex. 65-
B), technological considerations are
detailed in the feasibility attachment.
OSHA found the PEL to be generally
feasible within I year from the effec-
tive date by use of engineering and ad-
ministrative controls. For a few oper-
ations, particularly in the shipbuilding
and automotive manufacturing indus-
tries, airline hoods or other supple-
mentary personal protective equip-
ment may be necessary on a periodic-
basis.

Other Industries were assessed for
technological feasibility in the Short
report. (Ex. 22). They were generally
found to have very low lead exposure
and any compliance activities will only
require very simple engineering con-
trols.

2. Economic considerations. OSHA
has attempted to determine, for all af-
fected industries, the costs of compli-
ance of the final standard and to
assess the economic impacts in terms
of plant closures, industry competi-
tion, product prices, employment, and
other economic factors. In many re-
spects accurate and reliable cost esti-
mates were difficult to determine for
several reasons. OSHA and industry
consultants who performed economic
impact analyses found It difficult to
avoid various forms of "double count-
ing" of costs. Almost all of the infor-
mation came from the regulated In-
dustries unverified by objective
sources, and financial data, necessary
to analyze the impacts, were not made
available by individual firms.

In attachment D to the preamble,
OSHA has made a detailed examina-
tion of the cost estimates of its con-
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tractor (DBA) and those of the princi-
pal industry consultants (CRA). Dif-
ferences in estimates are discussed and
reconciled where possible. In several
Instances, OSHA has reduced the esti-
mates where obvious methodological
errors required that such revisions be
made. It should be noted that both of
these studies attempted only to assess
the cost of reducing exposures, by
means of retrofit technology, from
current levels to the proposed 100 pg/
m 3 standard.

OSHA has concluded that the record
contained adequate cost information
for most industries. In addition, review
of the record revealed that compliance
with levels below 100 pg/m 3 might, in
several Industries, require extensive
technological development for which
long periods of implementation time
would be required, thus precluding
meaningful quantification of cost.
However, the record was sufficient to
predict that compliance within the
times given would not result in undue
economic hardship on those indus-
tries. This Impact analysis is based on
the record evidence concerning the fi-
nancial and technical resources availa-
ble to the various industries, the cer-
tainty of product and factor (produc-
tion Inputs) markets, and the avail-
ability of most cost-effective alterna-
tive methods of compliance.

The Implementation schedule, itself,
represents a merging of both economic
and technological factors used to
evaluate feasibility. Firms can choose
from an array of technical solutions
over a time frame sufficient for long
run economic optimization. Since all
firms in each industry face the identi-
cal PEL and time constraints, the
process of the internalization of the
cost of compliance acts on the deci-
sion.making process of the firm and
the industry in the same manner as
any other market signal. Depending
on how firms judge a number of long-
run factors including product demand,
amount of investment sunk in the ex-
isting physical plant and managerial
expertise, and alternative rates of
return available on the necessary capi-
tal, some firms may choose to exit the
market and invest in alternative ven-
tures. Of course, other firms with dif-
ferent long-run expectations may
choose to enter the market-

A brief review of the major affected
industries follows:

a. Primary smelling and refining. In
all operations, except perhaps mainte-
nance work and where process upsets
occur, compliance with the 100 pg/m
level by engineering controls and work
practices is feasible within the 3 year
implementation period through the
use of conventional control techniques
as well as some modification of exist-
ing processes. Attainment of the PEL
may require the development and im-
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plementation of substantial techno-
logical change, possibly including al-
ternatives to pyrometallurgy which
are now in the experimental stage.
Ten years for this goal is considered
by OSHA to be siifficient to encourage
commercially viable technological so-
lutions for this industry.

Given the earlier discussion about
the unreliability of cost estimates,
OSI{A has determined that the capital
expenditure to meet the 100 /g/m 3 in-
terim level is in a range between $32
million and $47 million (in 1976 dol-
lars). The total annualized cost at the
100 gLg/m 3 level is estimated to range
between $11.927 and $15.641 million.
After-tax cost, figured on the corpo-
rate rate of 48 percent, should then be
between $6.202 and $8.133 million.
Based on total 1975 industry produc-
tion, this would be equivalent to $0.004
to $0.006 per pound. OSHA has
reached the following conclusions re-
garding economic impact in this indus-
try:

(1) The primary smelting companies
will probably be able to raise the price
of refined lead as much as 1€ per
pound In order to pass compliance
costs to consumers of its product. This
Increase will be sufficient to cover the
incremental costs of meeting the 100
gg/M

3 interim level. DBA and CRA
concluded that it would not be possi-
ble for firms to increase the price of
lead. CRA attributes this to the high
elasticity of foreign supply (Ex. 127,
pp. 2-51 to 2-56), and DBA concludes
that high elasticity of the demand for
lead will have the same effect (Ex. 26,
p. 6-25). CRA's and DBA's conclusion
is somewhat doubtful for several rea-
sons. First, given OSHA's revision of
estimated costs to the industry, the
necessary price increase would be
smaller than predicted by CRA and
DBA. Second, the demand for lead in
the long-.run, as well as in the short-
run, will most likely be price inelastic,
and finally, the foreign supply of re-
fined lead will probably be relatively
inelastic in the short-run, the signifi-
cant period in which domestic produc-
ers could recapture a substantial por-
tion of compliance costs. As to the
long-run, several factors can and may
operate to make the foreignresponse
to changes in U.S. price indeterminate.

The demand for lead will probably
be substantially price -inelastic in the
long run. CRA's studies over the past
10 years, Dr. Burrows' (of CRA) repu-
diation of Heineke's work (the basis of
the DBA analysis), and OSHA's evalu-
ation of Heineke'-s conclusions'support
this. Therefore, demand , factors
should not play a significant role in
the Industry's pricing decislois. With
respect to supply, the factors affecting
the long-run behavior of firms are nu-
merous. The Increasing cost of produc-
ing lead (absent new discoveries) may
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Ampact on foreign producers sufficient-
ly in the short run to reduce the in-
centive to shift production to the U.S.
market. Foreign governments may
follow the -U.S. lead and compel simi-
lar environmental and - occupational
health constraints on their industry.
Trade barriers or trade agreements
limiting foreign imports may be adopt-
ed.

These factors affecting supply are
highly speculative and no firm conclu-
sions can be drawn other than that
foreign supply is probably price inelas-
tic in the short run, thereby allowing a
short-run pri ce increase, and possibly
inelastic in the long run if one or more
of several possible factors materialize.

At least one major producer, Amax,
is confident that the industry will be
able t6 pass costs forward. They'stated
that the costs of the standard "would
certainly add to the price of our final
product which in turn will have to be
passed on to the consumer." (Ex.
3(67), p. 5.)

(2) Compliance costs can, in part, be
shifted backward to suppliers of ore.
CRA concluded that costs could be
shifted, in part, .backward onto suppli-
ers, through a reduction in the price
paid for ores and concentrates (Ex.
127, Exec. Summ.,-pp. 8-10). DBA did
not evaluate backward shifting of
costs. The extent to. which this could
be accomplished minimizes the cost
impact on the primary producers.
OSHA has, concluded that the limits
on the backward shifting-of costs are
not as sever as indicated in the CRA

.analysis. The increasing price of lead
has improved the marginal&conditions
attributed to several mines by CRA.
Further, the incentive to ship abroad
depends, on foreign costs maintaining
their present relationship to U.S. costs
excluding OSHA impacts, a question-
able assumption. Finally, OSHA be-
lieves that the differential can rise
somewhat above the cost of transport-
ing the ore to foreign smelters because
of the obvious advantages-of adequate
U.S. smelting and refining capacity to
the domestic mines.

(3) The industry has the ability to
pass costs forward or backward suffi-
cient not only to recover the cost of
the 100 pg/m interim level, but to
assure that any liJkely cost associated
with the PE will not jeopardize long-
run profitability. In the assessment of
market power, OSHA disagrees with
the conclusion in the CRA report. The
difference is most apparent in the
analyses of the non-Missouri oper-
ations of ASARCO. (Ex. 127, pp. 2-79
through 2-84.) CRA calculates the
annual compliance cost of the pro-
posed standard to these operations at,
$3.7 million or approximately 1 cent
per pound of refined lead. They are
aware that ASARCO had announced
its intention to spend $55.2 million at

El Paso and $32.2 million at East
Helena to control air quality problems
associated with lead productions,
These capital costs. when annualized,
produce an additional 6.2-cents-per.
pound expense to the company, almost
one-third of the market price of lead
used in the analysis. The CRA cost
pass-back analysis limits ASARCO'J
recovery from the mines to a maxi-
mum of 2 cents per pound. Their elas-
ticity analyses preclude any long-run
price inctease. They conclude that the
incremental OSHA costs seriously
jeopardize continuing operation of the
ASARCO Western smelters and refin-
ery since the air quality controls
would seem to cost ASARCO 4 cents
per pound out of profit. They attri-
bute ASARCO's willingness to contin-
ue in business to the externalities of
custom smelters which extract "metals
such as silver, cadmium, bismuth, and
selenium as well as the slag processing
which improves the flexibilty of the
ASARCO system." (Ex. 127, p. 2-84)

" CRA makes no attempt to document
this claim. It is obvious that ASARCO
was willing to risk an enormous sum of
money. Either they anticipated an
ability to recover that long-run ex-
pense in terms of price increases or
cost pass backs or some combination
of both.

OSHA concludes that the segment
of the primary industry claimed to be
in the most financial trouble, the
Western custom smelters, have suffl-
clent market power to 'survive enor-
mous increases In costs. The money
scheduled to be spent on air quality
problems may alleviate some occupa,
tional lead problems as well. More im-
portant, It Is the most impressive pos,
sible statement of the perception of
the long-run viability of the industry
by the largest producer. Since
ASARCO announced these commit-
ments, the price of lead has nearly
doubled.

(4) If primary smelting firm$ were
forced to absorb all the costs of com-
pliance in the short run, they would
nevertheless remain profitable and
competitive. To the extent that In-
creased costs cannot be passed back to
suppliers or forward to consumers, the
primary lead producers must absorb
them internally, i.e., pay for them out
of profits. From the record evidence as
a whole, it appears that each of the af-
fected firms can shift or absorb com-
pliance costs of the Interim level and
remain profitable and competitive. Of
all the primary producers, only
Bunker Hill's profitability is in ques-
tion and the cost Impact should be
such that OSHA costs alone would not
threaten the company's economic via
bility.

DBA's conclusions regarding Bunker
Hill are misleading because Its calcula-
tions are based upon cost estimates
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that are significantly overstated. The
cost estimates it used for the Bunker
Hill smelter show the impact oi Gulf
Resources to be a reduction in the rate
of return on total assets from 13.34
percent to 6.28 percent. (Ex. 26, p. 6-
13.) This, however, is based on compli-
ance costs aD least double those which
OSHA has determined to be reason-
able. Similarly, the percentage decre-
ments for the other firms, St. Joe (1.56
percent), ASARCO (1 percent), and
Amax (0.3 percent) would be even
smaller if adjustments were made
using the revised cost estimates. The
same is true in the percentage decre-
ments predicted for value of the firms'
common shares. The result is that
DBA's conclusion that Bunker Hill
would have to shoulder an inordinate
compliance burden compared to the
other firms is weakened. Gulf Re-
sources' return on assets will decrease
more than the other firms', but it will
still have a rate higher than ASARCO
and Amax.

The steelworkers asserted that each
of the four firms could pay for all the
capital improvements estimated by
CRA out of 1976 profits alone. (Ex.
343, p. 172.) Their calculations showed
that compliance costs as a percentage
of 1976 profits were as follows:

Capital Annual
Company costs costs

(percent) (percent)

ASA CO ..... ... .. 45.6 11.3

Amax 5.4 1.7
SL-Je........ .. .. 15A 4.5

Gulf Resource..-........... 54.3 15.9

CRA evaluated each firm's profit-
ability and their ability to shift costs
back to suppliers of ore. They conclud-
ed that Bunker Hill, with the heaviest
costs of compliance and little chance
to shift cost back to suppliers, might
prove uneconomical for Gulf Re-
sources to continue to operate. Initial-
ly, production at Bunker Hill is ex-
pected to increase (Ex. 343, p. 173),
thereby lowering the cost per pound,
but more important,.the cost attribut-
able to the OSHA standard is less than
1 cent per pound. (0.95 cent by CRA's
calculations.) This is only 0.23 cent in
excess of the 0.72 cent per pound that
CRA estimates Bunker Hill can pass
back to the mines under the best con-
ditions. (Ex. 127, p. 2-73.) Under the
worst conditions, the differences
would be 0.8 cent (Ex. 127, p. 2-74).
The firm would have- to absorb be-
tween $0.579 to $.016 million in com-'
pliance costs.

Looking then at profitability, CRA
concluded that if Bunker Hill was
forced to absorb between $2.3 to $3.9
million, the consequences would be
"severe." However, Bunker Hill's 1975
profit was $6.2 million. Its average
profit between 1970 and 1975 was

$10.664 million overall and about
$5.332 million from lead operations.
Absorbing costs of $0.579 to$2.016 mil-
lion will cut into 'profits, but those
costs are only 5 to 19 percent of the
firm's average profits. This mitigates
CRA's conclusion.

In fact, the decision of the manage-
ment of Gulf, Resources on whether or
not to make the investment required
at Bunker Hill will be determined by
its assessment of the long-run profit-
ability of the industry. Profits In 1975
were reduced because of production
restrictions related to air quality prob-
lems since alleviated. Also, as noted
earlier, the price of lead is almost
double its 1975 level.

(5) If compliance costs reduced the
profitability of Bunker Hill to a point
where Gulf Resources decided to close
its lead operations, the competitive
structure of the primary sector would
be largely unaffected. DBA stated it
this way (Ex. 26. p. 6-26):

If one or more producers of primary re-
fined lead should be forced to shut down
lead refining operations, concentration in
primary refined lead production could In-
crease substantially. Such an event would
no doubt facilitate cooperative behavior
among the surviving primary lead produc-
ers. However, this probably would not affect
significantly the nature of competition In
refined lead.

'The degree of concentration In primary
refined lead production is already potential-
ly high enough to achieve a joint monopolis-
tic result as a consequence of the mutually
recognized interdependence of the four
large producers. This could occur without
the necessity of resorting to overtly collu-
sive conduct.

Thaf this result is not presently attained
Is due to forces being exerted from outside
the primary lead segment of the market,
viz., from secondary lead, refined lead Im-
ports, and the threat of entry. The:e forces
would still be operating no matter what the
degree of concentration In primary refined
lead. Thus the competitive situation prob-
ably would not be significantly affected
even if the imposition of the proposed occu-
pational lead exposure standard leads to a
reduction of the number of firms engaged in
primary lead production.

(6) The compliance schedule for
meeting the 50 pg/m3 standard assures
economic viability.

The 10-year period set forth In the
methods of compliance section Is
based primarily on technological fac-
tors. This time should be sufficient for
any firm to completely rebuild an ex-
isting smelter (Ex. 3(103), p. 5) or to
construct new capacity.

This extended compliance period
also assures economic viability of the
PEM Production efficiencies may arise
from new processes, such as hydrome-
tallurgy, sufficient to offset EPA and
OSHA costs. Retrofit technology may
be refined that wl effect control
greater than now envisioned for exist-
ing equipment and thus lower long-
run costs of compliance. DBA stated

that "we can expect to see new, inno-
vative and cost-effective compliance
methods being introduced as a result
of enforcement of the standard." (Ex.
26, p. 2-16.)

The 10-year compliance time consti-
tutes a planning horizon sufficient to
allow all firms maximum flexibility in
capital planning. OSHA believes the
long-run outlook for the industry is fa-
vorable and there exists some combi-
nation of engineering controls and
work practices, including adniinistra-
tive controls, which will permit all
four firms to remain in the market.
Because the economic and environ-
mental conditions of the western
smelters vary widely from those in
Missouri and among themselves.
OSHA has established a time frame
designed to maximize the technologi-
cal and economic options for the in-
dustry. This compliance period is suf-
ficient to allow each firm the opportu-
nity to assess the likely state of the
market and to raise the capital neces-
sary for conversions required by air
and water quality standards, other
OSHA standai-ds, and the 50 pg/m 3

lead standard. OSHA has concluded
that this flexibility is necessary for
achieving the most cost-effective solu-
tion for the Industry consistent with
necessary worker protection.

(b) Sccondary meZling and refining.
Compliance with the interim level in 3
years and PEL n 5 years appears fea-
sible since extensive process modifica-
tion as well as refinement of recent
technological developments may be
necessary for some firms. In addition,
the Bergsoe smelting process, a clean-
er, more fuel efficient smelting tech-
nology used for many years outside
the United States, is available for
either partial adaptation to existing
facilities or total adaptation if new fa-
cilities are built. Construction of new
plants employing this technology
would take 2 to 3 years and may pro-
vide a more cost-effective alternative
to present technology.

Capital costs for compliance by
means of retrofit controls with the in-
terim level have been estimated to
range from $34.1 to $51.1 million Pre-
tax annualized costs associated with
these estimates are $18.9 million and
$28.5 million, respectively. After taxes,
the figures range from $9.8 to $14.8
million. The annual cost of the best es-
timate is equal to $0.013 per pound of
1975 production.

The costof attaining the PEL of 50
pgln cannot be ascertained precisely
because the Industry faces several op-
tions for long-run compliance. Howev-
er, an upper limit (the cost of com-
pletely rebuilding the industry with
the latest available technology) is de-
terminable. To completely rebuild
with the Bergsoe process would cost
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approximately $90.6 million excluding
land costs.

OSHA has concluded that compli-
ance with neither the 100 11g/M 3 nor
the final PEL of,50 jig/m 3 is likely to
have severe impacts in this industry.
This is in general accordance with the
views of CRA and DBA. Both predict-
ed some closures from high-cost mar-
ginal operations but expected no dras-
tic impact on the structure of this in-
dustry. DBA seemed to be somewhat
more pessimistic about closure than
the industry study. DBA noted that al-
though concentration has been in-
creasing (Ex. 26, pp. 6-6, 6-7), produc-
tion within the industry is still not
highly concentrated, primarily, as a
result of low entry barriers. Sources of
scrap can be easily acquired and initial
capital requirements are low. (Ex. 127,
p. 1-29.) As a result, secondary produc-
ers have little control over prices, even
in the short run, essentially following
the market. (Ex. 26, p. 6-10.) They will
be" able to shift compliance costs for-
ward onto product prices only if pri-
mary producers raise prices. OSHA
has determined that the DBA impact
assessment is faulty in two respects.
First, DBA did not consider the possi-
bility that primary smelters might be
able to pass through some of the com-
pliance costs and secondary smelters
would benefit accordingly. More im-
portantly, DBA did not analyze the
ability of secondary firms to pass cost
back to scrap dealers. CRA anticipates
that the average compliance cost will
be passed back and thus only firis
whose costs exceed the average would
have to absorb any compliance cost
even absent a price rise.

These estimates make no allowance
for the use of administrative controls
which should bring further reduction
from these estimates. Firms will be
able to increase prices to the extent
that the- primary producers do so.
However, at least the average compli-
ance costs can be passed back to the
scrap dealers. Thus only the highest
cost marginal firms are likely, to face a
decision on whether or not to cease op-
erations.

(c) Battery manufacturing. Control
of lead exposure for the more than
12,00ci exposed employees in accord-
ance with the implementation sched-
ule for this industry is feasible
through the use of conventional engi-
neering and industrial hygiene tech-
niques, although significant modifica-
tions may be required in the produc-
tion process. Less complex, and less ex-
pensive compliance solutions appear to
be possible for small producers, includ-
ing the use of employee rotation.

OSHA estimates the capital cost of
meeting the 100 pg/m6 interim level to
be in the range of $205.1 to $230 mil-
lion with annualized costs of $25 to
$28.1 million.

The battery industry is essentially
an oligopolistic industry with a fringe
of small independent producers who
compete in regional or specialty mar-
kets (Ex. 26, p. 6-37). It is comprised of
138 companies who operate a total of
200 plants, but the 5 largest compa-
nies, who operate 55 plants having 78
percent of the total industry capacity,
dominate the market. (Ex. 26, pp. 6-33,
6-37.) The seven largest companies op-
erate 70 plants and sell 90 percent of
all the batteries sold (Ex. 26, p. 5-42):
It is also an industry that has been in
the process of consolidation for many
years. In the past 20 years the number
of firms in the industry has steadily
decreased from over 300 in 1954 (Ex.
127, p. 3-4) to just 138 in 1972 (Ex. 26,
p. 6-33). "

The questionable assumptions un-
,derlying the IHE report (the engineer-

ing which provided the basis for the
cost estimates) lead to the conclusions
drawn by DBA and CRA that approxi-
mately 100 small battery manufactur-
ers would' exit the industry as a result
of the proposed standard. (Ex. 127, p.
3-53; Ex. 26, p. 6-24.) OSHA does not
believe that the approximately 100
small plants will have to assume the
magnitude of cost used by DBA and
CRA because of the overestimation of
costs by IHE, because the lead quanti-
ty in small plants is lower (Ex. 349, pp.
16-18), and because of several availa-
ble low-cost compliance alternatives,
discussed earlier, which are uniquely
suited to small plants. In addition,
some small manufacturers might take
advantage of economies of scale by in-
creasing production, e.g., expanding a
one-shift operation to a two- or three-
shift operation.

Some of these small firms will prob-
ably exit the market irrespective of
the OSHA standard. There has been a
trend in recent years of very small
firms (95 -firms have less than 20 em-
ployees and a total of 2 percent of the
market) leaving the industry because
of unprofitability. These firms have
discovered shrinking markets for their
products/and an inability to compete
with larger companies because size is
related to production efficiency. Most
of the new plants in the industry have
been quite large. (Ex. 127, pp. 3-6.)
These factors are expected to continue
to put severe stress on the small bat-
tery manufacturer without respect to
additional costs due to OSHA regula-
tions, and the consolidation trend is
expected to continue.

OSHA- has concluded that even if
the questionable DBA and CRA pre-
diction that approximately 100 small
manufacturers would exit the market
were true, the standard is nonetheless
feasible for the battery industry.

Closure of 100 small businesses
would have a minimal impact on the
competitive structure of the industry.

Thirty firms operating 100 plants will
remain, and the capacity of the 7 larg-
est firms, now 90 percent of industry
capacity, will increase a few percent.
Competition from the snaller firms
has little or no effect on the price of
batteries, which is set by the major
producers, except in those "interstices
of the market which the major pro.
ducers do not choose to capture." (Ex.
349, p 19; Ex. 26, p. 6-42; Ex. 127, pp.
3-7 through 3-9.) The small producers
may set prices in small local markets
where they supply retailers directly
and take, in price, the equivalent of
distributor markups or where special
services (picking up old batteries, fast
delivery, etc.) to the retailer allow
price increases. (Ex. 127, p. 3-8.)

Battery prices will increase as a
result of the passthrough of compli-
ance cost. The industry price setters,
the five major producers, will have
compliance costs of about $0.74 per
battery, with an industry average of
$1.11. (Ex. 127, p.. 3-35.) CRA has esti-
mated that a cost passthrough of $0.74
will result in a retail price increase,
due to markups in the distribution
chain, of about $1.75 per battery. (Ex.
127, Exec. Summ., p. 37.) This will
allow small producers who enter the
distribution chain at advanced stages
to pass through costs of about $1.04
per battery (Ex. 127, Exec. Summ, p.
37.) except where they re not in com-
petition with the major firms.

Closing of 100 plants employing 10
persons each would mean the loss of
approximately 1,000 jobs. Compliance
activities require additional man.
hours, however, and it is estimated
that the net gain in employment, if
production remains at the prestandard
level, would be approximately 2,000
employees. Productivity, therefore,
would decrease by just over 9 percent.
The impact on wages would be small.
(Ex. 26, p. 6-43 and 6-44.)

OSHA's evaluation of the technol-
ogy available to the battery industry
indicates that compliance with the
PEL may be achieved by the same
types of technological changes re-
quired to achieve the interim level of
100 jig/m3, • although further refine-
ment, additions, and modifications
may also be necessary. The compliance
schedule requiring engineering con-
trols and.work practices to be used to
reach 100 ptg/m 3 in 2 years and the
PEL in 5 years is based on the time it
should take to implement the relative-
ly conventional control methods re-
quired. Large manufacturers should
have little problem meeting the costs
involved, especially since they will be
able to pass on all of the increased
costs of production to consumers, For
smaller manufacturers, OSHA has
concluded that simple and inexpensive
approaches can be effective in many
situations, thereby drastically decrees-
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ing their inordinately excessive esti-
mates of complianc6 cost. Where capi-
tal acquisition problems are encoun-
tered in meeting the implementation
schedule, the flexibility in the compli-
ance scheme for the standard should,
under certain conditions, enable em-
ployers to spread c9mpliance costs
over 5 years.

(d) Brass and Bronze Foundries.
Compliance with the interim level of
100 f/n 3 in 1 year is feasible in this
industry with presently available tech-
nology, while compliance' with the
PEL may require some further devel-
opment and refinement of the same
technology.

Cost estimates for compliance with
the interim level are $161 million for
capital expenditures and $41.2 million
in after-tax annualized cost. Costs of
compliance will be passed on to the
purchasers of castings, and DBA esti-
mates that price increase would be
equivalent to about $0.16 per pound of
casting. This assumes that industry
profit rates will be maintained since it
is double the price necessary for full
cost recovery. Some small firms with
higher than average costs of compli-
ance may leave the industry thereby
reducing competition, and since substi-
tutes for brass and bronze castings
exist for some uses total industry
output may fall. The industry associ-
ation which testified at the hearings
did not plead economic, hardship.

(e) Pigment nmanufacturin. Control"
of employee exposure in pigment
plants to comply with the implementa-
tion schedule will probably require ex-
tensive modification of the present
production processes. Substitution of
other materials for lead is also possi-
ble for some uses of pigment.

Cost estimates for this industry for
the interim level are between $17.6
million and $21.1 million and $6.4 mil-
lion in annualized costs. These costs
are for retrofit technology which may
not be adequate to comply with the
PEL. If compliance with the PEL re-
quires the redesign of the production
process, the capital costs for the indus-
try may be in the area of $109 million
with after-tax annualized costs of
$21.8 million.

DBA concluded that almost all costs
of production would be passed on to
the consumers, and competition in the
industry would decrease slightly as
marginal firms exit. The DBA analysis
was based on estiniates of- the cost of
totally rebuilding the industry ($109
million--capital; $14.8 million-
annual). Given the product substitu-
tion option, OSHA doubts that such
estimates would ever be realized. How-
ever, if such sums are ever spent, they
would be expended to comply with the
PEL over a 5-year period. OSHA's re-
vised estimates of the cost to achieve

the 100 pg/m 3 interim level would re-
quire a price increase of 1.7-3.7 per-
cent instead of the DBA prediction of
16.6-21.6 percent. This would substan-
tially mitigate the Impact on marginal
firms.

(f) Other industries. At least 33
other industries have been Identified
as having some lead exposure. In
almost all cases control of lead levels
below the PEL should be feasible
within 1 year using conventional
methods, but In some operations, such
as solder grinding and paint spraying,
elaborate. personal protective equip-
ment may be necessary to comply with
the PEL.

(g) Aggregate economic impacts.
While the costs of compliance are sig-
nificant for some Industries and the
employment impacts may have region-
al significance, the aggregate Impacts
are minimal. The effect of costs associ-
ated with the interim level is estimat-
ed to increase the Consumer Price"
Index by only 0.02 to 0.03 percent.

IV. SUMMARY AMM EXLAMATIOZ OF THE
STANDARD

The following sections discuss the
individual requirements of the stand-
ard. Each section includes an analysis
of the record evidence and the policy
considerations underlying the deci-
sions adopted pertaining to specific
provisions of the standard. To the
extent appropriate, the requirements
in this standard are similar to require-
ments in other OSHA health stand-
ards and reflect OSHA's regulatory
policy for comprehensive health pro-
tection of workers.

Each provision Is an integral part of
the comprehensive health program
contained in this standard and as such
provides a discrete but necessary con-
tribution to the overall objective of
the standard. Because of this. the
benefits attributable to any specific
provision can not be quantified and
compared to Its costs. For example,

-the training and education provision
provides an essential function in as-
sisting workers to recognize hazards
and to minimize lead absorption by
means within their control, I.e.. better
hygiene and work practices. This pro-
vision does not, however, provide any
quantifiable benefits apart from the
complex of other provisions which also
minimize absorption because the con-
tribution of poor hygiene or work
practices, as percentage of total ab-
sorption, varies among individuals and
is thus not determinable.

On the other hand, OSHA has as-
sessed the costs of individual provi-
sions (see Ex. 26; Ex. 22; Ex. 127) and
has minimized costs to the~xtent pos-
sible without compromising the level
of health protection and the intekrity
of the standard. OSHA has accom-
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plished this by decreasing the frequen-
cy of periodically recurring require-
ments (e.g.. air monitoring) or by pro-
viding a certain condition at which the
obligation begins (e.g., an action level,
the PEI, or a minimum duration of
exposure).

In many cases, the standard does not
create new costs .for employers be-
cause the obligations already preexist-
ed the final standard (e.g.. current
OSHA standards for respirators, per-
sonal protective equipment, hygiene
facilities, engineering controls (29
CFR Part 1910)) or because employers
have voluntarily instituted them as
part of a. comprehensive industrial hy-
giene program. OSHA thus believes
the standard has been constructed in
the most cost efficient manner and
that the cost burdens imposed on em-
ployers are reasonable.

A. SCOPE AND APPLICATIOSN. PARAGRAPH
(a). I

This standard for occupational expo-
sure to lead is applicable to all employ-
ment and places of employment, over
which OSHA has statutory jurisdic-
tion and in which lead, in any amount:
Is present in an occupationally related
context. Exposure of employees to the
ambient environment which may con-
tain small concentrations of lead Is not
subject to this standard; however,
where the source of lead is employ-
ment related, all exposure to lead is
covered by the standard. The lead to
which this standard applies is defined
to include metallic lead. all inorganic
lead compounds, and organic lead
soaps. All of these substances are cov-
ered within the scope of a single
standard because they generally react
In a chemically and toxicologically
similar manner in the human body.
On the other hand, most organic lead
compounds, except for organic lead
soaps, have varying degrees of toxicity
or have toxicological properties differ-
ent than the inorganic group, i and
thus are excluded from the scope of
this standard. Some of these excluded
compounds are covered by existing
OSHA standards,2 and others will be
treated in separate standards to be de-
veloped in the future.

Some covered compounds may be
covered by this and one or more other
OSHA standards. Lead chromate for
example, Is covered under this compre-
hensive standard for lead as well as

$E.g., tetraethyl and tetramethyl lead are
absorbed through the skin, unlike the inor-
ganic compounds. See Documentation ofthe
nTreshold Limit VaZues for Substances in
Workroom Air American Conference of
Governmental Industrial Hygienists, 3rd
ed.. 1971.3rd printing. 1976. pp. 251-54.2Tetraethyl lead has a permisible expo-
sure limit of 0.075 mg (as Pb)/m and tetra-
methyl lead a permissible exposure limit of
0.07 mg (as Pb)/m . both as an 8-hour TWA.
29 CFR 1910.1000, Table Z-1.
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under the 'permissible .exposure limit
for chromic acid and chromates in
Table Z-2 of S1910.1000, 29 CFR. Lead
arsenate is covered under this stand-
ard and the standard for inorganic ar-
senic, S1910.1018. The requirements of
each standard would apply to the
extent applicable.

It should be recognized that al-
though this standard may. have gener-
al applicability to aparticular employ-'
er or workplace, almost all of the obli-.
gations in the standard are predicated
on an initial determination of certain
minimum lead exposure conditions.
For example, the requirements .for pe-
riodic environmental monitoring and
medical surveillance apply,only if em-
ployees are exposed to airborne lead in
excess of the action level .(30 Wgm3);
employers whose employees are ex-
posed below the action- level are not
required to conduct periodic monitor-
ing or medical surveillance or to
comply with.most other provisions of
the standard. This distinction is made
in order to differentiate between more
hazardous and less hazardous work op-
erations and impose obligations com-
mensurate to the degree of hazard
present. For a more complete discus-
sion of teach particular requirement,
see following paragraphs (C) through
(R).

The notice of proposed rulemaking
stated that the standard would apply
to all industries covered by the Act, in-
eluding general industry,, construction
and' maritime and that corresponding
standards for maritime and construc-
tion industries in Parts 1915-1618 and
1926 and ir Subpart b of Part 1910, 29
CFR, would be superceded if they
were determined to be not as-effective
as the final standard.

Several parties to the rulemaking
contended that the construction in-
dustry should be exempt from cover-
age of the standard or that-the stand-
ard should have special provisions for
the construction industry because of
the inherently different nature of con-
struction employment as compared to
Industrial employment., (Ex. 3(30);
3(64); 3(98); 3(130); ,and 381A; Tr.
7290-7341.)

The primary reasons cited to sui-
port exemption of the contruction in-
dustry are the infeasibility (technical
and economic) of compliance with cer-
tain provisions of the standard and
the apparent purposelessness of
others given the facts that-the nature
of coristruction work (1). often exposes
employees to lead for very brief peri-
ods of time; (2) requires the employee
and his tools to move from place to
place, resulting in varying exposure
conditions; and (3) has a high number
of temporary employees.3 These fac-

Construction work has a high turnover
rate (300-600 percent (Tr. 7292; Ex. 3(30), p.
11), and construction subcontractors -om-
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tors are claimed to impact on the con-
struction industry's ability to comply
with the, standard's provisions in the
following ways:

1. Exposure determinations and en-
vironmehtal monitoring. Environmen-
tal monitoring is not claimed to be in-
feasible other than where the length
of the job. could be shorter than the
time it could take for air samples to be
taken and analyzed (Tr. 7293; 7309-10;
Ex. 3(64), p. 3)4 It is claimed, however,
that the mobility of the worker and
the impermanence of the worksite xen-
ders the environmental monitorifig re-
quirements useless in the construction
context because the value of air moni-
toring, beyond use as a historical
record of exposure, Is primarily based
upon "the degree to which the results
of the monitored activity can be relat-
ed to some future repetition of that
activity." (Ex. 3(30), p. 3.) In a con-
stiction environment, the contani-
nant source and exposure levels are
often unique in any given task at any
given time, and the air monitoring
data derived can not serve its primary
purpose of evaluating the need and ef-
ficiency of engineering controls and
other protective measures triggered by
the result of air monitoring.

2. Methods of compliance. Engineer-
ing controls are contended to be inher-
ently not feasible for certain construc-
tion activities, such as abrasive blast-
ing or certain mobile activities. It is
also claimed that on short-term jobs
amortization of some controls, e.g., a
conditioned-air ventilation -.system,
would not be economically feasible.
.Technological and cost.considerations
aside, the time to design, procure and
install such a system might exceed the
entire time to complete the whole con-
struction, job. (Ex. 3(64), p. 4; Ex.
3(30), p. 4-6.)

3. Hygiene-facilities. On remote con-
struction sites, minimal amounts of'
water may be available, and the use of
mobile, self-contained facilities provid-
ing lockers, change rooms, showers,
etc. would probably be economically
prohibitive, especially for short dura-
tion jobs. (Ex. 3(64), p. 7.)

4. Medical surveillance and MRP.
Medical monitoring, medical removal
and. MRP requirements are also
claimed Eo be unworkable. Because ini-.
tial medical- surveillance and periodic
follow up is predicated upon air moni-
toring results, the shortcomings of air
monitoring for the construction 'indus-

monly hire local craftsmen through local
unions for brief, specified periods. (Tr. 7297,
7301.)

'The Council of Construction Employers
states that "large construction companies
use air monitoring techniques to determine
toxic concentrations of airborne contami-
nants. There is no doubt that such tech-
niques are available and can readily provide
useful information.. ." (Ex. 3(64), p. 2)

try, as discussed above, undermines
the medical programs' effectiveness,
The temporary worker may thus not
get a medical exam or blood test until
after the lab results of air sampling
return, and follow-ups may be due
long after he leaves the Job. The need
to protect the worker who begins em-
ployment with elevated blood lead
levels may then only be ascertained
after employment has been terminat-
ed. Also, high turnover rates and mini.
mum medical personnel in remote and
nonurban areas tend to aggravate the
time problem.

OSHA has considered all the evi-
dence in the rulemaking record on this
issue and has concluded that there is
insufficient evidence to satisfactorily
resolve all the issues raised with re-
spect to applicability of this standard
to the construction industry. Con-
struction Is a diverse activity about
which no valid generalizations can be
drawn concerning the nature of lead
exposure, the duration of a project, or
the the duration of an employer-em-
ployee relationship, and the record
does not support drawing rational dis-
tinctions between groups that can fea
sibly be covered by the standard and
groups that cannot. OSHA's own con-
tractor on the EIS suggested that "the
feasibility of applying the various pro-
visions of the standard should be ex-
amined before including the construc-
tion industry in the scope of the
standard." (Ex, 65B, p. 31.) According-
ly, OSHA intends to utilize the exper-
tise of the Construction Advisory
Committee and will request that It
review the rulemaking record' and
make recommendations on the most
appropriate way the lead standard can
be applied to the construction indus-
try. These recommendations will then
become the basis for a proposed modi-
fication to part 1926.

OSHA has determined that the final
lead standard would be more effective
than corresponding standards for the
maritime industries because, as a com-
prehensive health standard integrat-
ing air monitoring, medical surveil-
lance, training and other require-
ments, it would provide greater protec-
tion to employees exposed to lead
than that' provided by the current
maritime standards. Unlike the con-
struction industry, representatives
from the maritime industries who par-
ticipated in the rulemaking did not
claim that the standard should.not be
applicable to maritime activities. In
fact, the Shipbuilders Council of
America, and industry trade associ-
ation, stated that compliance with the
proposed standard was feasible even
though it objected to specific provi-
sions. (Ex. 230.)

Specifically, the new standard Would
supercede references to the 1970
TLV's in sections 1915.11, 1915.21, and
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1917.11. The TLV for lead in 1970 was
200 Lg/M

3 and to not supercede the
current maritime standard would
clearly allow a: less protective, and
hence less effective, standard to apply
to the maritime industry. In addition,
there are general standards for the
maritime industries which, 'while not
specifically applicable to lead expo-
sure, would apply when lead exposure
occurs in those industries. Where pro-
visions in those standards clearly con-
flict with the new standard, the provi-
sions of the new standard are intended
to apply (e.g., s1915.23(a)(4)); however,
where the present maritime standards
are more specific or require additional
protective action, they shall not be su-
perceded. Examples of tlhe latter case
are in 1915.31(c), which deals with
welding, cutting, or heating of toxic
metals and sets forth specific work
practices when these activities are per-
formed. These sections would still
apply, along with the new lead stand-
ard, but only to the extent they do not
conflict with the new standard.

Finally, this standard doe§ not apply
to agricultural operations, standards
for'which are found in Pirt 1928, since
OSHA had not proposed to cover agri-
cultural operations and no comments
were received on the issue.

B. DEFINITIONS: PARAGRAPH (b)

The final standard has deleted, as
unnecessary, two definitions contained
in the proposal. The "definition of
action level has been added to the
final standard.

c. PERMISSIBLE ExPOsuRE LIIT (PEL);
PARAGRAPH (C)

The final standard has a permissible
,exposure limit of 50 pg/m 3 as an 8-
hour, time-weighted average. 5 This is
the highest level of lead in air to
which an employee may permissibly
be exposed, exposurebeing defined as
the actual concentration of airborne
lead in an employee's breathing zone.
Thus, the methods by which the em-
ployer chooses to reduce an employ-
ee's exposure to lead are not relevant
to a determination of-whether the
PEL has been exceeded.'The standard
requires that the PEL be complied
with immediately and at all times
whether by engineering controls, work
practices (including administrative
controls), or respirators. A second obli-
gation exist4 in the "Methods of Com-
pliarice" provision, paragraph (e) of
the regulation, which requires engi-
neering and work practices controls to
be implemented according to a sched-
ule to attain compliance with the PEL,
and a violation of this paragraph may
exist if the required means are not
used to achieve permissible limits.

sThe rationale for choosing this level as
the PEL is discussed in part III and Attach-
ment B of this preamble.
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The PEL is an elgth-liour average of
exposure for any work day. If respira-
tory protection Is permissibly being
used to comply with the PEL and all
of the requirements relating to selec-
tion, fitting, and'maintenance of respi-
rators are'met, the employee needs to
wear the respirator only for a period
of time that, when averaged with perl-
ods of time the respirator Is not worn.
will result in a TWA exposure below
permissible limits. For this purpose.
the employee's exposure level when a
respirator Is worn may be considered
to be the airborne concentration, with-
out regard to the respirator, divided
by the protection factor of the respira-
tor. For example, If an employee Is ex-
posed to 100 pg/m 3 for 8 hours with-
out a respirator, he would have to
wear a respirator with a protection
factor of 10 for about 4.4 hours or
with a protection factor of'60 for
about 4.1 hours, in order to comply
with the PEL.

Of course, a class of respirator more
protective than required by paragraph
(f) may be selected, and if selected.
would reduce the amount of time a
respirator, would need to be v'orn.

OSHA recognizes that workshifts
can extend beyond the regular 8-hour
period as the result of overtime or
other alterations of the work schedule.
This extension of worktime also ex-
tends the time during which the em-
ployee is exposed. The effects of this
hdditional exposure time must be con-
sidered in arriving at a permissible
level of exposure. For the purpose of
calculating such a level, the relation-
ship of concentration and length of
time of exposure has been assumed to
be linear. As the exposure time In-
creases, the factor of concentration
multiplied by time (C x T) should
remain constant. As a result, It Is be-
lieved that by equating exposure with
the 8-hour time-weighted average, rea-
sonable assurance of maintaining a
safe exposure level Is retained.

The "final standard contains a formu-
la by which adjustments to the per-
missible exposure limit can be made
due to overtime. For example, if an
employee Is exposed to lead for 10
hours, the permissible limit, as a 10
hour average, would be 400/10 or 40
pg/m3.

The proposed standard expressed
the PEL as an 8-hour, time-weighted
average "based on a 40-hour week.!
This has been deleted to avoid ambi-
guity since It was misconstrued by
some commenters as a conversion of
the PEL to a 40-hour average.

Information was also presented
during the rulemaking proceeding re-
garding the variation In solubility and
toxicity of different lead compounds.
(Ex. 3 (4), (57), (59). (67), (103), (107);
Ex. 80; Ex. 234(16): Ex. 234(22); Ex.
247 A and B; Ex. 311A.) The key Issue
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which emerged is whether the final
standard should differentiate between
different lead compounds in the estab-
lishment of permissible exposure
limits.

Stanley D. Koremus, Deputy Assist-
ant Secretary of the Interior, advocat-
ed the tolerance of some lead com-
pounds at higher airborne concentra-
tions. Koremus pointed out that some
lead compounds, particularly lead sul-
fide which Is common to the majority
of lead ores, are virtually insoluble in
biological tissue. He calls it "inconsist-
enV' to institute the same low expo-
sure limits for lead compounds which
"would not result in excess blood lead"
(Ex. 3(57). p. 2) as the others which
would result in elevated blood leads.
D.A. Bissonnette, corporate industri-

al hygienist for PACCAR, Inc., ad-
vanced precisely the same complaints
about the proposed lead standard. Bis-
sonnette said the standard failed to
take Into account the different degrees
of toxicity of lead in its different
forms, citing the availability of the
lead Ion for absorption, the physical
characteristics of the compound, and
the route of absorption as distinguish-
ing characteristics. (Ex. 3 (59).)

Bissonnette pointed specifically to
the paint industry where the lead
compounds used in paint pigments are
"relatively insoluble." When paint is
sprayed, the lead is "suspended and
encapsulated in the paint mist" ren-
dering it much less toxic than lead
fumes or dust, according to Bisson-
nette. He stated that this explains
why painters highly exposed to lead
still exhibit normal blood lead levels.
(Ex. 3(59), p. 1.)

Most of the other arguments pre-
sented on this point reflected the view
expressed by St. Joe Minerals Corp.
that lead sulfide is absorbed little by
man, if at all. St. Joe's D. H. Berlsterm
claimed that lead sulfide "does not
pose a significant adverse health prob-
lem and should be specifically exempt-
ed" from the lead standard. (Ex. 3
(107). p. 1.)

After evaluating industry claims
that solubility and other factors of
lead toxicity should be incorporated
into the PEL, OSHA does not believe
that the final standard poses what Bis-
sonnette called "an unnecessary ad-
ministrative and economic burden" on
the less toxic lead compound indus-
tries. (Ex. 3(59). p. 2.) Several factors
lead to this conclusion. Decreasing the
airborne exposure reduces the amount
of lead available for ingestion. Second,
with the exception of lead sulfide,
almost all lead to which employees
covered by this standard will be ex-
posed (e.g., lead fume, lead oxides) is
relatively soluble. Most employees ex-
posed to lead sulfide are mine and mill
workers who fall under the jurisdic-
tion of the Mihe Safety and Health

FEDERAL REGISTER, VOL 43, NO. 220-TUESDAY, NOVEMBER 14, 1978



52988

Administration and are not covered by
OSHA standards. Only the few em-
ployees involved in the handling of ore
and concentrates at lead smelters will
be exposed to lead'sulfide and many of
them may also be exposed to other,
more soluble forms of lead such as re-
cycled flue dusts,, drosses, etc. (Ex. 26,
p. 5-3.) With regard to paint, "not
enough is known about the biological
response to paint particulates (Tr.
1203) for OSHA to assume that expo-
sure to lead-based paints are less toxic.
Bissonnette's suggestion that painters'
blood lead levels are normal despite
high air lead levels because of lower
toxicity is perhaps better explained by
the fact that painters always wear res-
pirators as protection from toxic
vapors of solvents in the paint. (Tr.
1200.)

Another factor.suggested by partici-
pants is the particle size of the lead
aerosol. Particle size affects the respir-
ability and hence absorption of lead
into the blood. However; nonrespirable
particles may also be absorbed into
the blood through direct ingestion or
from swallowing nonrespired particles
trapped on the mucous membranes in
the respiratory tract. (Ex. 439A, p. 3-
12.) The rate of absorption in the dut
Is clearly different than in the lung.
OSHA agrees-that particle size is rele-
vant to the determination of a PEL
and accounted for particle size in de-
veloping its air-lead to blood-lead rela-
tionship.

D. EXPOSURE MONITORING: PARAGRAPH (d)

The monitoring requirements of the
final standard are imposed pursuant
to section 6(b)(7) of the Act which
mandates that standards promulgated
under section 6(b) shall, where appro-
priate, "provide for monitoring or
measuring of employee exposure at
such locations and intervals, and in
such manner as may be necessary for
the protection of employees." The pri-
mary purpose of monitoring is to iden-
tify the sources of lead emission and
to determine the extent of employee
lead exposure. This will enable the
employer, to select proper control
methods and to evaluate the effective-
ness of the selected methods. Addi-
tionally, monitoring enables employers
to notify employees when their expo-
sure levels exceed permissible limits,
as required-by section 8(c)(3) of the
Act, and proviaes information neces-
sary to the examining physician.

Paragraph (d) of the regulation con-
tains provisions for monitoring em-
ployee exposure to airborne lead with-
out regard to the use of respirators.
The final standard is 'essentially un-
changed from the proposal except for
three differences: (1) the initial deter-
mination of employee exposure must
be based, at least in part, on air sam-
pling' and analysis, '(2) Periodic moni--
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toring must inblude full-shift personal
samples, and (3) the monitoring fre-
quency is reduced.

The proposed standard would have
required all employers to make an ini-
tial determination of whether any em-
ployee might *be exposed to lead in
excess of the action level. The basis of
this determination for most employers.
did not include exposure monitoring.
Only employers in certain industries
known to .have high lead exposure
would have been required to monitor.
The purpose of this r~quirement was
to minimize the burden on employers
where limited exposure to lead exist-
ed.

OSHA'has reassessed. this provision
and decided that employers in all in-
dustries where lead is present in an oc-
cupational context should perform a
minimal'amount of exposure monitor-
ing because it is the only precise
method of determining lead-in-air con-
centrations and because it cannot be
confidently predicted that lead expo-
sures exceed the action level in only
certain industries.

In its criteria document on lead,
,NIOSH identified 113 occupations or
trades in which exposure to inorganic
lead is possible. (Ex. 1, p. x-3.) The
preliminary technological feasibility
and economic impact anaylsis identi-
fied and collected information on 46
industries, representing at least 57 SIC
codes, where employee exposureto
lead is believed .to occur. (Ex. 22.)
However, because of the_ changing
usage 'of lead in industry and "the
widely varied trades where ecposure
occurs, there is no reporting system in
the United States to analyze the prev-
alence of lead poisoning and-no precise
measure of the extent of lead expo-
sure. (Ex. 1, p. III-1.) For these rea-
sons, it is hnportant for each employer
in whose workplace lead is present or
used in an occupational context. to
make an, initial determination of po-
tential employee exposure based on a
reliable and accurate method. To ex-
clude all employers except those in
traditionally high exposure industries
from initial monitoring (as the pro-
posed standard would have done) is to
fail to recognize the need to accurately
identify and measure all occupational
sources-of lead exposure.

The initial monitoring reguirement
is minimal in that it only requires
monitoring of a iepesentative sample
of the employees believed to have the
highest exposure levels. If these mea-
surements indicate exposure below the
action level, no further monitoring is
required except -where subsequent

•process or control changes would trig-
ger a redetermination pursuant to
paragraph (d)(7). If any employee is
determined to be at or above the
action level; then full-scale representa-

tive monitoring for all exposed em-
ployees is required.

In conducting the monitoring of em-
ployee exposures, the standard does
not require that each Individual em-
ployee's exposure level be -measured.
Although individual measurement is
the ultimate indicator of an employ-
ee's exposure, OSHA believes that a
requirement for individual measure-
ment may be too burdensome, and
that representative monitoring will
adequately insure that the worker's
exposure Is maintained within the re-
quirements of this standard. In estab-
lishments having more than one work
operation involving the use of lead, In
order for monitoring to be representa-
tive, it must be performed for each
type of employee exposure within
each operation. It should be noted
that the requirement for representa-
tive monitoring does not preclude an
employer from taking individual expo-
sure measurements of each of his em-
ployees; individual measurements are
certainly considered to be representa-
tive; however, representative monitor-
ing merely establishes the minimum
that the employer must meet.

OSHA disagrees with testimony
which suggests that little or no confi-
dence can be placed in determinations
of employee exposure which are not
based on an actual measurement of
the exposure of each Individual em-
ployee. (Tr. 6073.) If the representa-
tive employee chosen is, In fact, repre-
sentative and a sampling protocol uti-
lizing full-shift samples is used, OSHA
believes this will be adequate in ascer-
taining employee exposure without
being unduly burdensome. (Tr. 91-92.)

Accordingly, the standard requires
that the. measurements be made by
monitoring which is representative of
each employee's exposure to lead over
a full shift period without regard to
the use of respirators. A full-shift
sample is considered to be at least 7
hours long; this provides a sufficiently
long sampling period while allowing
time for equipment set-up and calibra.
tion. (Ex. 3 (12), p. 4; Tr. 3626)

The objective of environmental mon-
itoring is twofold: first, full shift per-
sonal sampling will enable the employ-
er to determine an individual employ-
ee's exposlre to airborne concentra-
tions of lead.6 Individual monitoring
iriformation combined with biological
monitoring data and clinical evalua-

OOSHA recognizes that there will be day.
to-day variability in airborne lead exposure
experienced by a single employee. The per-
missible exposure limit is a maximum allow-
'able value which is not to be exceeded;
hence exposure must be controlled to an
average value well below the permissible ex-
posure limit in order to remain in compli-
ance. This consideration forms the basis for
OSHA's 95 percent confidence level require-
ments. (Ex. 314; Ex. 235; Ex. 150 A, pp. 30-
32.)
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tion form the basis for ascertaining
the lead-related health status of an in-
dividual worker.

For example, if a worker had high
blood lead leVel but a low air lead ex-
posure as determined by individual
sampling, other sources-of lead expo-
sure (ingestion, non-occupational
sources, etc.) would be suspected. The
physician could make use of this infor-
mation to ascertain and correct the as-
sociated problem.

Second, thorough environmental
monitoring also enables the employer
to determine the source of lead emis-
sion, the efficacy of control technol-
ogy, and progress achieved during im-
plementation of controls. In industries
with high lead exposure, a comprehen-
sive industrial hygiene survey may be
required to determine the nature and
extent'of the lead exposure problem.
This survey may require far more
than a single full shift personal

.sample. Multiple area and personal
samples may be necessary and a vari-
ety of sampling times may be needed
to determine precisely the source of
emission. Short-term samples may de-
termine ceiling -values in a markedly
fluctuating environment, whereas con-
tinuous area sampling may be required
in relatively stable situations.

Thus environmental monitoring*
serves two different but related func-
tions. The monitoring requirements of
this section reflects these different
goals. The requirement of 'full shift
personal sampling is mandatory for
two reasons: First, it enables the em-
ployer to determine whether he is in
compliance with the action level and/
or the PEL, and second, to obtain data
on the individual employee which may
be used in conjunction with biological
monitoring to better insure that an in-
dividual suffer no loss of health from
other sources of lead.

The standard also requires that air
monitoring data obtained to define the
sources of emission and to assist in the
development of the compliance plan
be contained in the compliance plan.
This data is necessary in order to de-
,termine what environmental controls
will be required to achieve compliance
and will enable OSHA to fully evalu-
ate the proposed compliance plan.

The final standard reduces the fre-
quency of periodic monitoring from
monthly to quarterly when the PEL is
exceeded and from quarterly to semi-
annually when the action level is ex-
ceeded. This was favored by both in-
dustry (Ex. 3 (125)) and labor (Ex. 343,
pp. 83-84) representatives. OSHA be-
lieves that accurate and representative
sampling can be achieved by this
schedule while reducing the economic
costs of sampling between 50 percent
and 66 percent.

Finally, the standard requires that
the initial determination be made

within 30 days of the effective date
and the initial monitoring to be con-
ducted and the results obtained within
90-days of, the effective date of the
standard. OSHA believes that these
periods, in addition to the 90 day de-
layed effective date, Is sufficient to
enable employers to secure sampling
equipment, take sufficient samples
and obtain the results. Moreover, the
standard permits employers, who have
monitored within the last year as
many have (Ex. 26, pp. 5-9, 5-35, 5-67),
to utilize these measurements for pur-
poses of compliance with the initial
monitoring requirements, provided
that the sampling and analytical
method used meets the accuracy and
confidence levels of this standard and
provided that the employer maintains
a record of these measurements and
notifies employees of their exposure
levels.

E. ,IETHODS OF COMPLIANCE: PARAGRAPH
(e)

The final standard requires employ-
ers to institute engineering controls
and work practices, Including adminis-
trative controls, according to a specific
implementation schedule to reduce
employee exposure to lead below the
PEL. For some industries, interim
levels are established which the em-
ployer must achieve solely by means
of engineering and work practice con-'
trols. During the interim period before
full compliance with the PEL in this
manner is equired and thereafter
where engineering controls and work
practices are not sufficient to comply
with the PEL, they must be supple-
mented with appropriate respiratory
protection. The standard also requires
the employer whose Initial monitoring
reveals that employee exposure ex-
ceeds the PEL to develop a written
compliance plan which Is intended to
promote rational planning and imple-
mentation of the employer's compli-
ance efforts within the time permit-
ted. The written plan also will enable
OSHA and affected employees and
their representatives to monitor the
employer's progress toward compli-
ance. Finally, If mechanical ventila-
tion or administrative controls are
used, some specific requirements are
set forth.

In order to comply with the PEL, an
employer will need to conduct an In-
dustrial hygiene survey, including en-
vironmental sampling, to Identify
sources of lead exposure and then
devise methods to reduce exposure to
within permissible limits. Employees
covered by this standard are generally
exposed to airborne lead particulate
either when it Is generated or released
into the air directly from a production
process or work operation or when It is
dispersed after settling on floors.
rafters, or other surfaces, including

the worker's body and clothes. Meth-
ods commonly employed by industrial
hygienists to control these exposures
fail into three basic categories: engi-
neering controls, work practice con-
trols, including administrative con-
trois, and personal protective equip-
ment.

Several comments, including one
from California's Occupational Safety
and Health Administration, suggested
that the terms "engineering controls,"
"work practice controls" and "adminis-
trative controls" are not understood
by many employers and employees
and need definition. (Ex. 3(31), p. 1.)
These terms admittedly do not. have
precise meaning and often overlap,
and the following Is an attempt to set
forth the meanings of these terms as
they are commonly understood in the
industrial hygiene community and
used in this regulation.

"Engineering controls" employ me-
chanical means or process redesign to
eliminate, contain, divert, dilute, or
collect lead emissions at their source.
Examples of this type of control in-
clude process isolation or enclosure;
employee isolation (excluding respira-
tors) or enclosure; closed material han-
dling systems; product substitution or
process redesign to eliminate the con-
taminant; and dilution or exhaust ven-
tilation. "Work practice controls" or
"work practices" accomplish the same
results as engineering controls, but
rely upon employees to repeatedly per-
form certain activities in a specified
manner so that airborne lead concen-
trations are eliminated or reduced.
This may be accomplished as simply as
instructing employees to keep lids on
containers, to clean up spills immedi-
ately, or to observe required hygiene
practices. Good work practices are
often required in conjunction with en-
gineering controls; for example, where
employees perform an operation under
an exhaust hood. they must perform
their work in such a way as to maxi-
mize the efficiency of the ventilation
equipment.

Work practices also incorporate ad-
ministrative controls within their
scope. Administrative controls simply
involve moving the employee to a
place of lower exposure or reducing
his work hours so that, his daily, time-
weighted average exposure is reduced.
This type of control method does not
act in any way on the source of the
emissions.

Finally. personal protective equip-
ment is a method of exposure control
that isolates the employee from the
emission source. Respirators are the
primary type of personal protective
equipment used when the concern is
protection from an inhaled air con-
taminant

The priority of control methods re-
'quired by this standard i.e., use of res-
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piratory protection only as a supple-
ment to engineering controls and work
practices or as an interim mdasure
while engineering controls and work
practices are being implemented, is
supported by evidence from the record
and is consistent with the policy ap-
proach taken in all prior air contami-
nant standards promulgated by
OSHA. Almost all representatives of
the lead industries, including IIA and
BCI, concurred with this approach
provided engineering and work prac-
tice controls were feasible. (Ex. 342, p.
6; Ex. 355; Ex. 341, p. 12) The ratio-
nale behind this approach is based pri-
marily on two principles. One is that
protection of the employee is most ef-
fectively attained by elimination or
minimization of the hazard at its
source, which work practices and engi-
neering controls are both- designed to
do, and the other is that methods
which depend upon the vagaries of
human behavior are inherently less re-
liable than well-maintained mechani-
cal methods. The validity of these gen-
eralizations has been borne out by
agency experience -obtained through-
out OSHA's existence and has'beefn re-
iterated by many professional indus-
trial hygienists for the lead record.
(Tr. 2068.)

Engineering control is unquestiona-
bly the best method for effective and
reliable control of employee exposure-
to lead. (Tr. 1366; Ex. 270, p. 20.) It
acts on the source of the emission and
eliminates or reduces employee expo-
sure without reliance on the employee
to take self-protective action. This
method encompasses product substitu-
tion, process or equipment redesign,
process or equipment enclosure, ex-
haust or dilution ventilation, and em-
ployee Isolation (e.g., a standby pulpit,
but not personal protective equip-
ment). Once it is implemented, it pro-
tects the em'ployee permanently, sub-
ject only, in some cases, to periodic
preventive maintenance. Work prac-
tices also act on the source of the
emission, but rely upon employee be-
havior, which in turn relies upon su-
pervision, motivation, and education
to make them effective. For this
reason, work practices are not as desir-
able a method as engineering controls,
but because the two methods often
must be employed togethe to make
either one effective (Ex. 270, pp. 22-23;
Tr. 2069) and because they, are the
only methods that act to eliminate or
reduce the hazard at its source, they
have been given equal status In the
compliance priorities of the final lead
standard.

Idministrative control, as a type of
work practice, is also included in the
group of primary methods of exposure
control that must be used before respi-
ratory protection. This modifies the
approach in the proposed standard in -?
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which engineering controls were to be
given priority over work practices, and
reference to administrative controls
was omitted. The approach in the
final standard is primarily a result of
recognizing the important role of work
practices and clarifying the definition
of the term "work practices" to in-
clude "administrative controls." These
terms have been somewhat ambiguous
in that the term "work practices" has
been commonly thought to include
employee rotation or other adminis-
trative types of control. However,
OSHA's policy has generally been to
denigrate the use of administrative
controls (while still approving of other
work practices) because they not only
fail to eliminate the hazird but they
expose more workers to the contami-
nant, albeit for shorter periods of
time. The-latter reason makes admin-
istrative controls unacceptable when
the contaminant is one for which no
effect levels are unknown, e.g., car-
cinogens. (See preamble to standard
for occupational exposure to inorganic
arsenic, 43 FR 19617, May 5, 1978.). In
the case of lead, however, the PEL is
based on dose-response data and al-
though administrative 'controls do not
eliminate or reduce the hazard as engi-
neering controls and other work prac-
tices do, they can be a relatively safe
and effective means of maintaining
TWA levels below permissible limits.

Respiratory protection is relegated
to the bottom of the compliance prior-
ity list because it is an ineffective, un-
reliable, and unsafe method of reduc-
ing employee exposure. The Council
on Wage and Price Stability (Ex. 224)
and some industry representatives
(e.g., Ex. 3(107)) suggested a control
strategy which would permit employ-
ers to place principal reliance on respi-
ratory protection where employers de-
termined that it was a "less costly
method of achieving the same level of

,worker health." (Ex. 224, p. 14.) It is
true that respirators are usually less
costly than engineering controls,
hence CWPS's and employers' eager-
ness to prefer theih as the solution to
control problems, but it is also true
that respirators are not comparable al-
ternatives to engineering controls,,
work practices, -and administrative
controls because they do not eliminate
the source of the exposure, are gener-
ally not capable of providing the pro-
tection required, and create additional
hazards 'by interfering with vision,
hearing, and mobility. (Tr. 1967; 1462.)
Some employees develop skin rashes
where the facepiece makes contact
with the skin, and some employees
with cardiopulmonary impairment,
otherwise able to work, cannot safely
work with a respirator placing stress
on their breathing. It may be difficult
to fit female employees or employees
with unusual facial configurations

since respirators are manufactured
with males as standards. (Tr. 1360.)
The OSH Act places the primary
burden of compliance on the employ-
er, and to shift it to the employee, as
respirators do, is, according to NIOSH,
inappropriate (Tr. 1462) and Is con-
trary to established OSHA policy. (See
preamble to cotton dust standard, 43
FR 27384 (June 23, 1978).)

Respirators do, however, serve a
useful function where engineering and
work practice controls,are inadequate
by providing supplementary, interim,
or short-term protection, provided
they are properly selected for the en-
vironment In which the employee will
be working, properly fitted to the em-
ployee, maintained and cleaned peri-
odically, and worn by the employee
when required.

It is clear from the discussion 9r) fea,
sibility (attachment D) that cbmpli-
ance with the PEL solely by means of
engineering controls and work prac-
tices is feasible In all the affected In.
dustries, although in certain ones
major process and control modiflea.
tions may be required. The steelwork
ers noted that "the question of feasi-
bility is basically one of length of time
necessary for' any plant to achieve
compliance .. " (Tr. 4634.) Dr. First
also agreed that "stringent limits for
lead exposure should be treated as
goals to be reached over reasonable
time periods." (Ex. 270, p. 19.) The
Court of Appeals for the Third Circuit
in its review of the asbestos standard
also recognized the need to allow "suf-
ficient time to permit an orderly In.
dustry-wide transition. '. . ," ItID v
Hodgson, 499 F. 2d 467, 479 (3d Cir
1974).

The time necessary to implement
these modifications will vary from in.
dustry to Industry according to thb
inagnitude of the modification re-
quired, but essentially it Is based on
the time necessary to plan, design, ac-
quire, install, and test them. OSHA
has taken these factors Into account
by developing an Implementation
schedule for compliance solely by the
use of engineering controls and work
practices. This schedule represents
OSHA's best estimate of when each In-
dustry as a whole can feasibly come
into compliance. This approach was
what the third circuit apparently ex-
pected when it remanded the asbestos
standard for clarification of why inter-
industry distinctions were not recog-
nized in establishing the effective date
-for the two fiber PEL. (499 F. 2d at
479-81.) The rationale for the times
chosen for each industry is contained
in the discussion of feasiblity in at.
tachment D.I The language of paragraph (e)(1) Is
Intended to impose on the employer
the affirmative obligation to comply
with the implementation schedule
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solely by means of engineering and
work practice controis. This obligation
has been determined to be feasible
(see attachment D) and thus the obli-
gation in the proposal to implement
only "feasible" controls has been de-
leted in the final standard. OSHA's
intent is to preclude individual em-
ployers from raising and proving the
defense of infeasibility of compliance
in an enforcement action and having
citations vacated. OSHA has estab-
lished industrywide feasibility and
does not believe that any individual
employer should be able to escape ob-
ligations that the industry as a whole
can meet. On the other hand, OSHA
will take individual claims of infeasibi-
lity into account through 'abatement
programs tailored to meet the needs of
individual firms and their employees.
In addition, where an employer needs
more time to comply with the imple-
mentation schedule and a, temporary
variance under section 6(b)6)(A) of
the Act is appropraite, it should be
sought. Similarly, the mandatory
nature of these requirements is not in-
tended to discourage or inhibit the de-
velopment of different, equally effec-
tive means of providing the required
protection. The variance provisions of
section 6(d) of the Act, and the imple-
menting regulations in Part 1905 of
this title, provide a mechanism for em-
ployers to obtain variances from the
provisions of this section where the
employer has developed alternative
procedures which are as "safe and
healthful as" those required by this
section. The variance provisions of the
Act permit the flexibility which con-
tributes to efficient compliance with
the standard. OSHA encourages inter-
ested employers to utilize the variance
provisions of the Act .where equally
safe and healthful protective means
are available.

Additionally, since the standard has
been deemed to be feasible in all in-
dustry segments, the standard estab-
lishes an employer's failure to meet
the exposure levels in accordance with
the implementation schedule as a
prima facie violation of paragraph
(e)(1). However, the preamble recog-
nizes that engineering and work prac-
tice controls may not be..adequate or
appropriate at certain times (eg., un-
expected process upsets) or for some
job task which are performed in loca-
tions which are not predeterminable
(e.g., repair, non-routine maintenance)
or inaccessible (e.g., lead burning in
ship hulls). In these and other cases, it
should properly be the employer's
burden to prove impossibility or tech-
noldgical infeasibility of compliance.
The employer is familiar with his
workplace and the production process-
es and control technology available to
his industry and should properly bear

the responsibility of proving an Inabil-
ity to comply.

The standard also has a requirement
for the development and implementa-
tion of a written compliance plan
where the employer has employees ex-
posed to lead, without respect to respi-
ratory protection, in excess of the
PEL. The plan should be a written
strategy for achieving compliance with
the implementation schedule solely
through the use of engineering and
work practice controls, and must in-
corporate all relevant Information
that relates to those goals so that in
an examination of the plan, one could
determine whether the employer rea-
sonably analyzed the problems and
their solutions, including alternatives
and implemented the plan In accord-
ance with its schedules.

This plan is required primarily to
promote systematic and rational com-
pliance by employers and to assist
OSHA in Its enforcement function by
enabling compliance personnel to
monitor employers' compliance activi-
ties.

The standari requires the employer
'to have the written plan completed
and made available at the worksite ac-
cording to a schedule determined by
the compliance Implementation sched-
ule in table I of paragraph (e)(1).
OSHA considers 6 months to be a suf-
ficient planning period when the total
compliance time is 1 year and the com-
pliance effort is not complex. For
those industries where compliance will
require between 2 and 5 years, 1 year
for planning and preparation of the
plan is deemed adequate; for the pri-
mary lead production industry which
has 10 years to comply with the PEL.
as much as 5 years may be needed so
as to incorporate the latest develop-
ments in emerging technology.

Upon examining the employer's
compliance plan, the Secretary will de-
termine whether the plan's schedule
for implementation of engineering and
work practice controls is designed to
and will achieve compliance with the
PEL by the required date. OSHA will
take enforcement action In cases
where the compliance program does
not project the implementation of
these controls by that date, or where
it appears that the schedule for Imple-
mentation is extended such as to
render completion by the required
date unlikely. In addition the employ-
er who has developed an adequate
plan for reducing employee exposure
below the PEL but does not meet the
scheduled implementation dates In the
plan will be subject to citation.

These written plans must be fur-
nished upon request for examination
and copying to representatives of the
Assistant Secretary and the Director
and to dffected employees and their
designated representatives. They must

be reviewed and updated periodically
at least every 6 months to reflect the
current status of expos-ure control
OSHA views the requirement for writ-
ten plans as an essential part of the
compliance program since it will form
the basis for determining the employ-
er's ability to achieve the controls and
provide the necessary documentation
to OSHA of the compliance methods
chosen, the extent to which controls
have been instituted, and of the plans
to institute further controls.

The inclusion of the 200 pg/m3 level
in the schedule is simply intended to
continue the present standard, which
has been in effect since 1971. This
level will continue to be enforced until
compliance with a lower level is re-
quired. For the five named industries,
compliance with 100 pg/m3 by engi-
neering and work practice controls will
be enforced at the times indicated as
an Interim milestone until ultimate
compliance with the PEL Is achieved.
The time allowed for each industry to
comply Is based on record evidence of
the nature of the action required in
each ind{istry A*nd the time reasonably
necezsary to accomplish It. Since ulti-
mate compliance in several industries
will take as much as five or more
years, compliance with 100 pg/nm3 as-
an intermediate milestone is required
because It will assure a greater meas-
ure of employee protection than might
otherwise be provided if no intermedi-
ate goal were specified. OSHA recog-
nizes that In some limited cases ulti-
mate compliance with the PEL may
require action that is inconsistent with
action that would be required to
reduce levels to the 100 pg/m interim
level This is meant to cover the situa-
tion where the allocation of technical
or economic resources to compliance
with the interim level would divert re-
sources from the final goal and clearly
preclude compliance with the PEL,
which would otherwise be attainable,
by the required time. An example of
where this situation may arise is
where compliance with the interim
level could be achieved by retrofitting
an antiquated production process with
expensive dust control devices, but
only removal of those devices and
costly redesign and modernization of
the process could achieve compliance
with the PEL. If the employer's com-
pliance program contemplates achiev-
ing the PEL within the schedule, and
the employer can demonstrate why
compliance with the interim level is in-
compatible with compliance with the
PEL4 the employer must conform.-the
compliance plan accordingly and
notify the OSHA Area Director near-
est the workplace- This notification re-
quirement is intended to alert OSHA
that an employer intends to bypass
the interim level and to initiate an In-
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spection of the complianc6 plan If ap-,
propriate.

The final standard retains the re-
quirement that where mechanical ven-
tilation is used, quarterly measure-
ments of the system's effectiveness
must be made. Some parties claimed
that this was too costly, but OSHA be-
lieves that. periodic checks ,are abso-
lutely necessary to insure the integrity
of a ventilation system. It should be
noted that the three measurements,
listed in the regulation are only exam-
ples. Any measurement which assures
the system's effectiveness will comply
with the standard. In addition, be-
cause of the cost and minimal, utility
the requirement that k record of these
measurements be kept has been de-
leted. ,
. The' proposed standard prohibited

the recirculation of workspace air.
However, as Dr. First.explained during
the hearings, "energy conservation by
recirculation of industrial exhaust
ventilation air is a highly desirable
goal" if "a system of that type would
be sufficiently reliable given the gen-
eral degree of maintenance and repair
of air control equipment that we see in
industry." (Tr. 2320; Tr. 5310)

The weight of the evidence from the
hearing is that safe recirculation is
technologically feasible and economi-
cally desirable for dry, particulate
dusts. The post-hearing brief of the
SteelworkEers concluded from the hear-
Ings that "it is now possible for plants
to operate recirculation systems safely
with the advent of sophisticated back
up equipment." (Ex. 343, p. 126) The-
Battery Council International agreed.
(Ex. 342, p, 7) The LIA suggested that
"since the outdoor ambient air in the
vicinity of a lead plant often contains
a relatively high air-lead concentra-
tion, properly designed recirculation
systems may furnish the workplace'
with air that is in fact lower in lead
concentration than the air which
would otherwise be drawn in through
conventional air systems." (Ex. 335)
Similarly, Caplan of IRE stated -that
"a well-designed recirculation system
could provide a healthier working en-
vironment than would a conventional
exhaust and make-up air system,... If
you would permit recirculation, again
and always with adequate safeguards,
then the designer and the owner and
operator can afford to be more gener-
ous with the amount of air handled in
the exhaust hoods and dust control
hoods, and therefore achieve'better re-
sults." (Tr. 3719)

In Its report for the BCI, 'IHE de-
scribed a safe design for recirculation.
(Ex. 29(29A), pp. 6-7) The system
would consist of a self-cleaning fabric
filter as the first air cleaning devices
followed by a second or high-efficiency
backup filter of the HEPA type. This
second filter can be tested in place to
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assure its ,proper functioning, and
there are no moving parts to reduce
the efficiency of such a filter bank.
Other controls can easily be installed
to monitor the concentration of lead
oxide dust in the air, and to bypass
the recirculation systems automatical-
ly if it fails. Schneider also described a
safeguard system used in the berylll-
um industry. (Tr.,2075-76) Based on
the availability of these designs,
OSHA believes that safe recirculation
of air is technologically feasible and
can be sufficiently protective. Recircu-
lation is also fuel efficient and eco-
nomically desirable because tempering
of additional make-up air would not be
required and additional air quality sys-
tems may hlot be necessary. (Ex. 342, p.
7) IHE' performed cost calculations
with, and without recirculation in its'
cost study of 12 battery plants to illus-
trate the fuel savings.. (Ex. 29(29A).)
Caplan testified that the capital cost
of installing a safe recirculation
system can be recovered in one year by
the savings in fuel. (Tr. 3718-19)
OSHA thus has permitted recircula-
tion of air under conditions which will
provide cost'savings to employers and
fuel efficiency with adequate protec-
tion of employee health.

Finally, the fiscal standard requires
that when administrative controls are
used to lower employee exposure, a ro-
tation schedule is to be kept and fol-
lowed and made a part of the written
compliance plan. This will enable
OSHA and affected emplpyees to de-
termine the effectiveness of the ad-
ministrative controPprogran.

F. RESPIRATORY PRoTECrIoN: PARAGRAPH(f) I

This section contains specific re
quirements for the usage, selection,
maintenance, and fitting of respira-
tors. It is, in essence, unchanged from
the proposal except certain provisions
have been added to account for the
possibility that substantial reliance
may be placed on respirators to
achieve permissible limits while engi-
neering and work practice controls are
being implemented. As a general
matter, few objections to the proposed
respirator provision were made; specif-
ic ones are discussed below.

The final standard, like the propos-
al, requires that respirators be used
during the time period necessary to in-
stall or implement engineering' and
work practice controls, when engineer-
ing and work practice controls are not
sufficient to reduce' exposure to the
permissible exposure limit, or when-
ever an employee requests a respira-
tor. This last requirement is to provide
protection for those employees who
wish to reduce their lead burden below
that which is required by the stand-
ard. For example,, male and female
workers whose blood lead levels are in

the 30-50 1 g/10Og range may desire In-
creased protection, especially If they
intend to parent in the near future,

While respirators are the least satis.
factory means of exposure control,
they are capable of providing protec.
tion if properly selected, fittdd, main-
tained, replaced when they cease to -

provide adequate protection, and wo'n
when required. While it Is theoretical-
ly possible for all of these conditions
to be met, It is often the case that
they are not, and as a consequence,
the protection of employees by respi-
rators is not considered effective. Fur-
ther, employees with Impaired respira-
tory function may not be able to wear
certain types of respirators, such as
those operating In the negative pres-
sure mode.

Several witnesses addressed the dif-
ficulty in obtaining a proper fit in
some employees, Robert Schutz, of
NIOSH's Testing aid Certification
Branch, noted that respirators have
traditionally been designed to fit men
and only recently has NIOSH pro-
posed regulations to amend Subpart X
of Part 11, 30 CFR, for dust, fume and
mist respirators, to Include a test
panel composed of women test sub-
jects. (Tr. 1360)

Edward Baler, Deputy Director of
NIOSH, further emphasized that
while respirators ae not suited to
women's faces, they are also not suit-
able for persons wearing a beard or
mustache or eyen persons with a scar.
(Tr. 1459). M any other participants
elaborated on other problems associat-
ed with respirator fit. (Ex, 91, Tr,
1240-1; Tr. 6433; Tr. 6476; Ex. 155A).

There are more problems associated
with respirator use than those' of fit,
Fatigue and reduced efficiency occur
more rapidly among workers wearing
respirators due to Increased breathing
resistance, hearing stress and reduced
vision. (Ex. 91; Tr. 6476) Safety prob-
lems presented by respirators must be
considered. (Ex. 91) Respirators may
limit vision, which is a significafit
factor where numerous physical haz.
ards exist and the employee's ability
to see is important. Speech is also lim-
ited. (Ex. 91) Voice transmission
through a respirator can be difficult,
annoying and fatiguing. (Tr. 5871,
6616) Communication may make the
difference between a safe, efficient op-
eration and a hazardous operation, es-
pecially in dangerous jobs. Entangle-
ment of hoses of air respirators as well
as limited mobility due to hose
lengths, are problems in heavy Indus-
trial environments. (Ex.. 91, Tr. 4014)
Self-contained breathing apparatus
have the double problem of restriction
of motion and necessity for carrying
around heavy weight. (Ex. 91)

Despite the inherent difficulties as-
sociated with respirator use, they
remain the only viable form of protec-
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tion when engineering and work prac-
tice controls are not adequate to
achieve permissible limits. Witnesses
for NIOSH, labor and industry agreed

-that respirators are only acceptable as
an interim measure (Tr. 1459; Tr
2594-95; Tr. 6455; Tr. 6476; Tr. 1313;
Tr. 1561; Tr. 1240-41: Tr. 1966; Tr.
5812; Tr. 5821; Tr. 5508). and OSHA
emphatically agrees that respirators
are not to be used as, a primary
method of control. However, because
of the lengthy compliance periods re-
quired by some industries to imple-
ment engineering controls and work
practices, respirators will be necessary
in the interim as the only available
protective method.

A daily limit on duration of respira-
tor usage (e.g., Tr. 1459; Tr. 5801-11;
Ex. 343, p. 118) has been considered by
OSHA, especially for those industry
segments which presently have high
lead exposure arid will require a year
or more to reduce levels to permissible
limits. In most cases respirators will
not be required to be 'worn for a full
day; the respirator will only be re-
quired to be worn for a period of time
which, when averaged with the period
the respirator is not worn, does not
exceed the PEL. For- example, if envi-
ronmental monitoring shows that an
employee's exposure level without
regard to a respirator is 100 Jig/ms, the
respirator need be worn only a little
more than 4 hours. (See paragraph
(cX3) of the regulation and discussion
n paragraph C of the Summary and

Explanation.)
The evidence in the record on the in-

adequacy, discomfort, and hazards as-
sociated with respirator usage support
some limitation of -full-shift wearing of
respirators for long periods of time.
(Ex. 155, p..9) Four industries (second-
ary lead production, battery manufac-
turing, pigment, manufacturing, and
nonferrous foundries) are not required
to meet the PEL for five years; one in-
dustry (primary lead production) is
not required to meet it for 10 years.
OSHA has concluded that for these in-
dustries the time for compliance with
the interim level of 100 pg/M 3 should
begin a limitation for respirator usage
for employees. Accordingly, the final
standard linmits to 4.4 hours "the
amount of time an employee may be
required to wear a respirator after 3
years in primary smelting, secondary
smelting, and pigment manufacturing;
after 2 years in battery manufacturing
and after 1 year in nonferrous found-
ries. The time limit is based on the
maximum amount of time'an employ- -
ee would have to wear a respirator (as-
suming a protection factor of 10) if the
employer has complied with the inter-
im level, and as such, imposes no addi-
tional burden on-the employer. If the
interim level of 100 pg/m 3 is not
achieved within the compliance dates

specified, the employee will not be re-
quired t6 wear respirators more than
4.4 hours per day. and the employer
will be required to use other means,
for example, worker rotation, to
achieve compliance with the PEL of 50
jig/m. OSHA anticipates that some
firms will not attempt to achieve the
interim 100wjg/m PEL but will devel-
op a compliance'plan which by-passes
the interim level. OSHA believes this
is an acceptable method of compli-
ance, but the agency does not believe
the employee should be required to
bear the burden of the continued high
lead levels by being required to wear
respirators 8 hours per day. OSHA has
attempted to provide a great deal of
flexibility in the methods of compli-
ance in order to reduce the burden to
the employer without compromising
the health of the employee. The em-
ployees cannot be expected to accept
these more flexible compliance provi-
sions if they are to bear the brunt of
the effects of that flexibility by being
required to wear respirators continu-
ously. Worker antipathy toward respi-
rators is well documented in the rule-
making records of this and other
OSHA standards and In addition the
agency is concerned that respirator
use for 8 hours over an extended
period of time may constitute a health
risk to individual employees, especially
those with cardlo-respiratory disor-
ders.

Because of the discomfort and haz-
ards associated with negative pressure
respirators, coupled with the possib-
lity of long-term use in some Indus-
tries, OSHA has required employers to
provide powered, air purifying (posi-
tive pressure) respirators (PAPR) to
employees who request one, so long as
it will provide adequate protection
against the hazard for which a respira-
tor is worn. Powered positive-pressure
respirators provide greater protection
to individuals (Tr. 1556). especially
those who cannot obtain a good face
fit on a negative pressure respirator
(Ex. 155, p. 8). and will provide greater
comfort when a respirator needs to be
worn for long periods of time. OSHA
believes employees will have a greater
incentive to wear respirators if discom-
fort is minimized.

The standard requires the employer
to select respirators In accordance
with Table II from those approved by
MSHA or NIOSH. The respirator se-
lection table will enable the employer
to provide the type of respirator which
affords the proper degree of protec-
tion based on the airborne concentra-
tion of lead. While the employer must
select the appropriate respiraitor from
the table on the basis of the airborne
concentration of lead, he may always
select a respirator providing greater
protection that is. one prescribed for
higher concentration of lead than pre-

sent in his workplace. The respirator
table Is based on the NIOSH recom-
mendation presented during the
March 1977 hearing. (Ex. 861, 863, 87.
88, 89. 90.'91)

Similar to the proposal, single use
respirators are not permitted to be
used by the final standard. The 3M
Company criticized the exclusion of
the single use respirator from the res-
piratory selection table. (Ex. 3(36))
The original exclusion of-single use
respirators was based primarily on the
inadequate protection factor, the fact
that lead Is a systemic poison, and the
current provisions of 30 CFR Part 11
for approving single use respirators-

OSHA is particularly concerned
about the penetrability of the single
use respirator in a lead environment,
which raises doubts about the protec-
tion factor of 5. OSHA will request
that NIOSH study the efficacy of
single use respirators in the future
and make their findings known to the
Agency. OSHA has reviewed the basis
of Its original decision concerning the
protection afforded by a single use res-
pirator and accepts the respirator deci-
sion logic in eliminating single use res-
pirators for use with systemic poisons.

The standard further reqiires that
the employer institute a respiratory
protection program In accordance with
29 CFR 1910.134. This section contains
basic requirements for proper selec-
tion. use, cleaning and maintenance of
respirators.

The standard also requires that res-
pirators be properly cleaned and fil-
ters replaced when necessary. (Tr.
5565. Ex. 91, Chapters 8 and 9)

The employer is also required to
assure that the respirator facepieces
fit. Proper fit of the respirator is criti-
cal. (Ec. 91; Tr. 1828, 4724) As a nega-
tive pressure is created within the fa-
cepiece when the wearer breathes, un-
filtered air may enter the facepiece if
gaps exist. (Ex. 91) Obtaining a proper
fit on each employee may require the
employer to provide two or three dif-
ferent mask styles.

In order to insure that the employ-
ee s respirator fits properly and that
facepiece leakage is minimized, there
was agreement by industry, govern-
ment and labor that fit testing should
be done. (Tr. 1554, 1556, 1966, 2311,
3203-04, 4721. 4935. 6480, 2401, 2311;
Ex. 91) A quantitative fit test on nega-
tive pressure respirators is required by
the standard because it is more accu-
rate and provides greater assurance
that the respirator is providing proper
protection to the employee than any-
other type of fit testing. (Tr. 3203-4;
1554-56; 2311; 4721; 1966) Whereas the
qualitative fit test is subjective, rely-
ing upon the employee's sense of
smell, the quantitative fit test uses in-
strumentation inside the facepiece to
determine the integrity of the seal.
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One type of quantitative fit test in-
volves using a simple hood, sodium
chloride vapor, and automated instru-
mentation. It can be performed rapid-
ly and easily. The cost of the quantita-
tive fit testing eqfiipmen is substan-
tial, but since the standard only re-
quires it to be done twice a year and -
since some employees will be wearing
respirators for extended periods of
time, OSHA has concluded that good
respirator fit must be assured and that
the benefit of quantitative fit testing
far outweighs the costs involved.
NIOSH confirmed the feasibility of
such testing (Tr. 1556), andthe costs
for small employers can be minimized
because the testing equipment is
mobile and could be brought to the
workplace on a fee basis. (Tr. 1555;
4722)

In addition, the standard requires
that employees be properly trained in
the use of respirators. (Ex. 91) The
employee must be properly trained to
wear the respirator, to know why the
respirator is needed and to understand
the limitations of the respirator. (Tr.
4010, 4011, 4085; Ex. 91) An under-
standing of the hazard involved is nec-
essary 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.

The standard requires that the em-
ployer shall provide respirators at ho
cost to the employee. This has been
added to make explicit what was im-
plicit before and has been common
practice in all industries. Allocation of
respirator costs to the employer was
made in the EIS (Ex. 26).

G. PROTECTIVE CLOTHING AND EQUIPMENT:
PARAGRAPH (g)

This paragraph contains require-
ments that the employer provide em-
ployees with protective clothing and
equipment that are appropriate for
the hazard. The purposes are to pro-
tect employees from lead compounds,
which may cause skin or eye irritation
(e.g., lead arsenate, lead azide) and, for
employees who are exposed to lead
above the PEL, to assure that cloth-
ing, shoes, and equipment on which
lead dust can accumulate during the
work shift are not worn home or in
the lunchroom. Wearing contaminated
clothing outside the work area where
exposure controls are operating will
lengthen the duration of exposure
through both inhalation and ingestion
routes. In addition, 1ead dust will accu-
mulate in employees' cars and homes
exposing other family memberg to the
hazard. (Tr. 4146)

These provisions geneially met with
approval by all participants to the ru-
lemaking, and, in fact, most employers
presently provide clothing and equip-

ment at no cost to employees. <Ex. 26,
pp. 5-11, 5-35, 5-68; Tr. 2215, 3788,
4078, 4147, 5055, 5263, 5554, 5656, 6156,
6256, 6257, 6287, 6300, 6310, 6393).

The proposal did not specify the fre-
quency with which work clothing must
be provided. OSHA has determined
that if clean work clothing is provided
at least weekly to.employees whose ex-
posure levels are above the PEL and
daily for those above 200 jg/m3, ade-
quate protection will be afforded and
unnecessary costs Iminimized.

The final standard also emphasizes
the need to assure that contaminated
clothing is stored, cleaned, or disposed
of in a safe manner. It requires that
contaminated clothing be stored in
sealed containers prior to laundering
or disposal so that contamination in
the change room is minimized and
that employees who later handle the
clothing are protected. The latter
group are further protected by the re-
quirements to put warning labels on
the containers and to provide written
warning of the hazards- of lead. These
practices commonly occur in the lead
industries today and thus do not
impose significantly new obligations
on employers. (Tr. 1253, 1656)

Some confusion arose over the lan-
guage in the proposal that "the em-
ployer shall launder, maintain, and
dispose of all protective clothing."
(Paragraph (h)(2)) This was interpret-
ed by some employers as requiring the
employer to operate his own laundry
facilities. This was not OSHA's intent,
and the. final standard attempts to
make clear that the employer may-uti-
lize commercial laundries by stating

'that the "employer shall provide for
the cleaning, laundering, or disposal.
* * *" Some witnesses testified that
discarded and dirty uniforms should
never leave the plant (e.g., Dr. Teitle-
baum, Tr. 530), but OSHA believes
that the labelling and warning re-
quirements of the standard will mini-
mize exposure outside the plant.

H. HOUSEKEEPING: PARAGRAPH (h)

The final standard requires that all
surfaces be maintainedlas free as prac-
ticable of accumulation of lead dust.
This is to be accomplished primarily
by vacuuming of floors, rafters, and
other surfaces or by methods equally
effective in preventing the dispersal of
lead intd the workplace. This is an ex-
,ceptionally important provision be-
cause it minimizes additional sources
of exposure that. engineering controls
are generally not designed to control.
All participants to the rulemaking
agreed "to the need for scrupulous
housekeeping. (Ex. 335, p. A-9; Ex.

'270) Donald Hull, president of a small
battery manufacturing company, testi-
fied that he attributed the success of
his industrial hygiene program to a

primary enphasis on housekeeping.
(Tr. 1246)

The proposed language for this pro-
vision required "surfaces to be'main-
tained free of accumulation of lead
which, if dispersed, would result in air-
borne concentrations above the per-
missible exposure limit." (Paragraph,
(1)(7)) This requirement would be very
difficult for the employer to comply
with and OSHA to enforce because it
would be nearly impossible to objec-
tively determine when the condition in
the standard would occur. (Ex. 3(01),
p. 13) OSHA's view is that a rigorous
housekeeping program Is absolutely
necessary to keep airborne lead levels
below permissible limits but that the
obligation should be measured by a
standard of practicability. (Tr. 5747)
This contemplates a regular house-
keeping schedule based on exposure
conditions at a particular plant and
the capability for emergency cleanup
of spills or other unexpected sources
of exposure.

Vacuuming is considered by all ex-
perts to be the most reliable method
of cleaning surfaces on which dust ac-
cumulates (Tr. 2379; 2069) but 6qually
effective methods may be used, for ex-
ample, a wet floor scrubber. (Tr. 29225
Dry or wet sweeping, shoveling, or
blowing with compressed air may not
be used except where vacuuming or
other equally effective methods have
been tried and do not work. (Tr. 2196-
99; 2379)

I. HYGIENE FACILITIES: PARAGRAPH (i)

This provision requires employers to
provide hygleie facilities and to assure
employee compliance with basic hy-
giene practices which are recognized
industrial hygiene tools for minimiz-
Ing additional sources of lead absorp-
tion from inhalation or ingestion of
lead that accumulates on a worker's
clothes or body. No later than one
year from the effective date of the
standard, the employer must provide
adequate shower and washing facili-
ties, clean rooms for changing clothes,
and filtered air lunchrooms for em-
ployees who have exposure aboe the
PEL. In addition, employers must
assure that employees use the facili-
ties as required by the standard as
well as observe prohibitions on tobac-
co, food, and cosmetics in contaminat-
ed areas. OSHA expects that strict
compliance with these provisions will
virtually eliminate several sources of
lead exposure which substantially con-
tribute to increased lead absorption,

Several of these facilities and prac-
tices are presently required under cur-
rent OSHA standards for General En-
vironmental Controls in Subpart J of
29 CFR Part 1910. For example,
§ 1910.141(e) requires the employer to
provide change rooms with separate
storage facilities for street and work
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clothing, and section 1910.141(g) re-
quires the employer to prohibit the
consumption of food and beverages in
areas where there is exposure to toxic
substances. The provisions of this
standard are intended to augment
Subpart J with additional require-
ments which are specifically applica-
ble tolead exposure and to consolidate
all related provisions under one stand-
ard.

Many firms affected by this stand-
ard have already instituted facilities
similar to those required in the final
standard. (Tr. 1231; 2176; 2905; 2943;
3655; 3785; 4395; 4397; 4844; 4875; 5651;
5655; 6154; 6209; 6270) Employee usage
of these facilities has been limited in
some cases because, absent mandatory
obligations, employers have not been
successful in encouraging such usage.
(Tr. 2567, 4875, 6318, 6453-54) The
standard does not impose mandatory
obligations on employees, as some em-
ployers have suggested, because em-
ployers are in a better position to
impose and enforce work rules or prac-
tices. OSHA does-however believe that
employees -have a responsibility to act
consistent with the objectives of the
standard and to comply with all rea-
sonable work rules, designed to imple-
ment them.

Employers generally conceded the
authority to impose and enforce rea-
sonable work rules or make compli-
ance with them a condition of employ-
ment. (Tr. 2070; 2943) Labor union of-
ficials have offered to assist industry
in enforcing equitable hygiene prac-
tices. (Tr. 1038, 2943, 2969) OSHA's ex-
perience has been that if employees
understand the need for these provi-
sions and if the hygiene rules are im-
posed in a fair and equitable manner,
employers will experience a minimal
lack of cooperation from employees.

The final standard requires employ-
ers to prohibit smoking, eating, apply-
ing cosmetics and the presence of to-
bacco products, food stuffs, or-cosmet-
ics in all work areas except those des-
ignated. (Tr. 6459) This prohibition
will prevent unnecessary contamina-
tion of food or tobacco products
caused by exposure to lead dust or
fumes within the work area. It also de-
creases the likelihood of lead absorp-
tion in employees due to ingestion or
inhalation of products contaminated
with lead within the work environ-
ment.

The standard 'reiterates specifica-
tions in section 1910.141 pertaining to
the type of change room an employer
must provide. OSHA believes it is es-
sential that employees have separate
storage areas for street and work
clothing to prevent cross-contamina-
tion between the two. This provision
coupled with showering and the prohi-
bition on wearing work clothing home
will minimize employee exposure to

lead after the work shift ends because
it reduces the period in which work
clothes coated with lead dust may be
worn.

Employers are also required to
assure that employees exposed to lead
during their work shift shower before
leaving the plant and do not leave
wearing work clothing. Showering re-
duces the worker's period of exposure
to lead and removes lead particles
which accumulate on the skin and
hair..Employees are not peimitted to
leave the plant wearing any work
clothes, including shoes and under-
wear, because this practice would
negate any advantage gained by show-
ering.

During the hearings, some employ-
ers protestid that this provision Is Im-
practical because It would require
close supervision of employees, but
none challenged the provision as un-
necessary. In fact, many industries
maintain shower facilities and advise
their employees to shower at the end
of their shift. Some companies require
that workers shower. (Tr. 5658, 6259)
OSHA believes showering is a neces-
sary practice providing protection to
employees and their families which
far outweighs the limited burden
placed on employers.

The final standard requires employ-
ers to provide persons working In lead
areas with filtered air lunchrooms
which are readily accessible. Employ-
ers must also assure that employees
wash their hands and face prior to
eating or smoking and do not enter
the lunchroom wearing protective
clothing, unless cleaned beforehand.
OSHA feels it is imperative that em-
ployees have a clean place to eat, free
from the toxic substance with which
they work all day. Filtered air lunch-
rooms will shield employees from the
dangers of food which would other-
wise become contaminated by lead
dust, mist or fume. (Tr. 2074) Employ-
ees are required" to wash before eating
to further minimize the possibility of
food contamination and reduce the
likelihood of additional lead absorp-
tion from contaminated food, bever-
ages or tobacco. To further insure
minimal food contamination protec-
tive clothing must either be removed
or cleaned before entering the lunch-
room (Tr. 2074). Instead of requiring
any particular method, employers are
given discretion to choose any method
for removing surface lead dust which
does not disperse the dust into the air.

The hygiene provisions in the final
standard are necessary and appropri-
ate to protect employees within affect-
ed industries from unwarranted and
dangerous exposure to lead not neces-
sary to ,job performance. Few, if any,
participants in the rulemaking denied
the benefits afforded by these provi-
sions.

52995

.. MEDICAL SURVEILANC= PARGRAP ()

The medical surveillance program is
part of this standard's comprehensive
approach to prevention of lead-related
disease. Its purpose Is to supplement
the standard's primary mechanisms of
disease prevention, the elimination or
reduction of airborne concentrations
of lead and sources of Ingestion, by fa-
cilitating the early detection of medi-
cal effects associated with exposure to
lead. Control of airborne lead below
the permissible exposure limit will
protect most -workers from the adverse
effects of lead exposure, but may not
be satisfactory to protect individual
workers (1) who have high body bur-
dens of lead acquired over many years
working in the lead industries, (2) who
have additional, uncontrolled sources
of lead exposure (e.g., non-occupation-
al), (3) who exhibit abnormal variation
In lead absorption rates, or (4) who
have specific medical conditions which
could be aggravated by lead exposure
(e.g., renal disease, anemia). In addi-
tion, control systems may fail or hy-
giene and respirator programs may be
inadequate, and periodic medical sur-
veillance of individual workers may
help-detect those failures.

The proposed standard contained
provisions for a medical surveillance
program which combined periodic bio-
logical monitoring with preplacement
and followup medical examinations. In
general, the proposal met with approv-
al from all interested parties although
there was disagreement on specific
Issues such as the content of the medi-
cal exam and the frequency of biologi-
cal monitoring. OSHA has reviewed all
the rulemaking evidence on this sub-
ject and has concluded that the final
standard, while similar to the propos-
al, contains a medical program that is
reasonably necessary and appropriate
for the early detection of the effects
associated with overexposure to lead.
OSHA has deleted the unnecessary or
objectionable aspects of the proposal
and supplemented It with only those
medical tests and procedures which
the lead record documents are neces-
sary to Identify early indications of
lead-related disease in the affected
systems. 'The final standard also con-
tains provisions which will maximize
voluntary and willing participation
and will foster employee confidence in
the program, both of which are often
lacking in current industrial medical
programs (Ex. 343).

The employer's obligation to com-
mence a medical surveillance program
for an employee Is triggered by a de-
termination that the employee's expo-
sure exceeds the action level for more
than 30 days a year. Some firms in the
primary smelting industry claimed
that all employees working with lead
should be subject to periodic medical
surveillance without regard to air lead
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levels. (Ex. 3(67); Ex. 3(103), p. 59; Ex.
3(71), p. 15.) This may be desirable for
lead industries where lead exposure is
so pervasive, but the OSHA standard
applies to many industries in which
lead exposure is relatively low, infre-
quent, or incidental. OSHA believes
there is no need qr justification for
employees whose TWA exposure levels
are below the action level, or above
the action level for less than 30 days a
year, to undergo medical surveillance
or for their employers to bear the re-
lated costs.

Upon completion of initial air moni-
toring, the employer must begin the
medical surveillance program for all
covered employees. The standard does
not make participation in the medicpl
surveillance program mandatory for
the employee. The employer's obliga-
tion is to "provide" and "make availa-
ble" the medical tests and procedures
as required. Where employee confi-
dence in the medical program exists,
refusal to participate should be mini-
mal. (See discussion of mandatory
medical examinations in the MRP At-
tachment.)

Initial biological monitoring and
medical examinations must be com-
pleted no later than 180 days from the
effective date thus allowing 90 days
from the completion of air monitoring.
(See paragraph (r) of the regulation.)
In most cases, this extended startup
date should compensate for the pre-
dicted short-run unavailability of
medical and technical personnel, and
OSHA believes the problems will be
minimal since some type of medical
surveillance program is commonplace
In most industries where lead is han-
dled, even in the smallest firms.

The standard requires that priority
for medical surveillance be given to
employees who are at the greatest risk
from continued exposure. This deter-
mination should be made on the basis
of the air monitoring results, along
with any other information the em-
ployer may possess, such as past medi-
cal or air monitoring records, employ-
ees' job tenure in the lead industries,
etc. This should assure that those em-
ployees niost in need of medical sur-
veillance obtain it as soon asr possible
so that remedial action may be taken
if necessary.

Biological monitoring required by
the final standard is somewhat differ-

- ent than that in the proposal. The
proposal would have combined blood
lead level monitoring (PbB) with mon-
itoring of urine lead levels (PbU) or
urine ALA levels (ALAU); urine mea-
surements have been deleted and re-
placed by monitoring of zinc protopor-
phyrin (ZPP) levels. The preamble to
the proposal expressed the medical'
community's doubt about the useful-
ness of urine monitoring; with a few
exceptions (Tr. 4358), the consensus in
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the record was in favor of deleting
urine measurements and adding ZPP
monitoring. (Tr. 1309, 1311-12, 2656,
2732, 2771, 2877, 4358, 4735.) PbB's
have been the traditional means of
biological monitoring in the lead in-
dustries. It is a relatively accurate
measurement of current lead absorp-
tion, and almost all dose-response
studies of lead-related disease have
used PbB's as an index of exposure
dosage. (Tr. 1311.) Hence, OSHA has
had to relr on PbB's to establish the
PEL and now retains PbB's as an es-
sential part of the biological monitor-
ing program. (Ex. 284A, p. G1.) Howev-
er, the advent of simplified ZPP moni-
toring through, the use of the hemato-
fluorometer has convinced OSHA that
ZPP monitoring, in concert with
PbB's, will provide, at minimal cost, a
greatly improved biological monitoring
program over PbB's alone. PbB meas-
ures only absorption of lead; ZPP gives
an indication of the biological effect of
absorption on heme synthesis."Heme is the basic component of
both hemoglobin, which functions in
the transport of oxygen from the
lungs to the body cells, and the cy-
tochromes, which function in the res-
piration of the individual cells. There-
fore, any interference with heme syn-
thesis may create a considerable ad-
verse effect on the body. (Tr. 429.)"
Lead is one substance known to pro-
duce such interference, causing
changes, not only in heme production,
but also in the level of some of the cir-
culation intermediate metabolites
formed during heme synthesis. These
metabolites include delta-amino-levu-
linic acid dehydratase (ALAIl), delta-
aminolevulinic acid (ALA), copropor-
phyrin, 'and zinc protoporphyrin
(ZPP). (Ex. 275.) Zinc protoporphyrin
is actually the result of the inhibition
of an enzyme, ferrochelatase, which
catalyzes the insertion of an iron mol-
ecule into the protoporphyrin mole-
cule, which then becomes heme. If
iron is not inserted into the molecule,
then zinc, having a great affinity for
protoporphyrin, takes the place of the
iron, thus forming ZZP. (Tr. 435.)
Whereas the heme molecule serves in
a very necessary body funciton, ZPF is
useless to the body, but it is the most
easily measured heme metabolite. (Tr.
436; Ex. 343.)

Measuring the level of ZPP in the
blood is one means of determining the
internal toxic effect of. lead absorp-
tion, relative, to heme synthesis im-
pairment. In fact, the level of ZPP is a
far superior indicator of lead toxicity
,than -the' level of blood lead itself,
which actually only measures the level
of individual exposure. (Ex. 343) Fur-
thermore,' an elevation in the level of
circulating ZPP may occur at a very
low blood, lead, i.e., 20-30 ug/100 g in
some workers. (Ex. 262.)

Once the blood lead level has
reached 40 Ag/100 g, however, there Is
a precipitous rise in the ZPP value
from its normal range of less than 100
jg/100 g whole blood. (Ex. 105E) As
the evidence within the record Indi-
cates, there Is a strong correlation be-
tween elevations In these two blologi-
cal.parameters, blood lead and ZPP, In
fact, it has been shown that after the
blood lead level reaches 40 ug/100 g,
any arithmetical increase In blood lead
will correspond to an exponential In-
crease In ZPP. (Ex. 10E: Ex. 23(39);
Tr. 439.) It Is possible that the ZPP
test is one of the earliest and most re-
liable means of monitoring chronic
lead absorption in workers. (Ex. 105E:
Ex. 309; Tr. 465; Ex. 99B: Ex. 343.)

An elevation in ZPP may be the key
to the multiple clinical effects of lead
toxicity on several body systems,
which become apparent as the expo-
sure continues. (Tr. .466; Tr. 2432.)
Substantiation for this Is demonstrat-
ed by the correlation between elevated
ZPP and other measureable biological
parameters, including blood lead. For
instance, it Is reasonable to expect a
lowered hemoglobin level as ZPP
values increase, and significant corre-
lations have been found between re-
duced heThoglobin and elevated ZPP.
(Ex. 118C; Ex. 105E; Ex. 23(39).) Eleva-
tions in blood urea nitrogen (BUN)
and serum creatinine (S-Creat) have
also been found to correlate well with
increased ZPP levels. Since both BUN
and S-Creat are biological indlcatorq
of kidney damage, the monitoring of
ZPP may serve as an early herald of
renal toxicity. (Ex. 23(39).) There Is
also some evidence available that ele-
vated ZPP values are found In workers
with peripheral neuropathy and CNS
symptoms. (Ex. 23(14); Tr. 2432; Ex.
23(39).)

The accumulation of ZPP In the red
blood cells quite clearly Indicates a
chronic interference by lead with
heme synthesis. (Ex. 24(2).) In prac-
tice, the monitoring of ZPP on a bi-
monthly lasis will provide an Index of
lead effect, as well as lead exposure.
(Tr. 1312.) Moreover, in contrast to
blood lead, the ZPP test is a quick, ef-
ficient, economic and safe means of
monitoring workers. By utilization of
the hematofluorometer, the ZPP test
can be conducted at the worksite, and
the workers can almost instantly gee
accurate test results. (Ex. 343; Tr. 433,
662.) -

Finally, as the result of the variabil-
ity of lead absorption and its subse-
quent distribution within the body,
blood lead levels fluctuate over short
time spans, whereas ZPP levels remain
relatively stable. (Ex. 343; Tr. 2445.)
For example, ZPP, once it becomes the
heme substitute has been shown to
remain there for the lifetime of the
red blood cell (about 120 days). The
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rate of production of ZPP is, however,
a function of the concentration of lead
within the bone marrow-the primary
site not only of heme synthesis, but of
the blood cells themselves. (Tr. 2445.)

During their testimony NIOSH dis-
cussed some of the weaknesses of the
ZPP method:

One of the major problems with ZPP is
that this is a very recently developed test
and only limited data are available on blood
lead-ZPP correlations. Further, ZPP may
present calibration problems, and careful at-
tention must also be given to quality control
procedures. Under these circumstances, it
would seem wise to develop a biologic
screening approach which incorporates ZPP
or an equivalent screening test with blood
lead determinations. (Ex. 84)

OSHA agrees with these concerns
but believes the utility of the -ZPP
method outweighs its drawbacks. In
order to eliminate any uncertainties
associated with the method OSHA will
request NIOSH to carry out a careful
evaluation of the ZPP technique espe-
cially with respect to quality control
requirements and report their findings
to OSHA at a later date.

If the employee's airborne lead ex-
posure is above the action level at
least 30 days a year, then, routine
monitoring of an employee's blood
lead and ZPP levels is to be made
available at least every 0 months after
the initial tests. If the PbB exceeds 40
1ig/100 g the monitoring frequency,
must be increased to at least every 2
months and not reduced until two con-
secutive PbB's are below 40 jig/100 g.
If PbB levels exceed the remoVal crite-
ria under paragraph (k)(1)(i), a second
PbB must be provided iithin 2 weeks
to confirm the accuracy of the results.
This followup is intended to assure
that no unnecessary removals occur.

Since the goal of this standard is to
maintain PbB's below 40 pg/100 g, in-
dividuals with higher levels should be
monitored periodically to detect fur-
ther unacceptable elevations. OSHA
believes that every 2 months is a rea-
sonable and adequately protective
monitoring frequency for employees
above 40 /g/l00 g. For those below 40
pig/l00 g but above the action level,
semiannual monitoring is sufficient to
detect elevated levels if they occur.

During the hearings there was con-
siderable testimony 'which questioned
the accuracy of blood lead determina-
tions and suggested there were signifi-
cant discrepancies in blood lead results
depending on the source of testing.
(Ex. 343; Tr. 1647, 1675, 1311-12.) A
graphic illustration of the difficulties
in measuring blood levels was provided
by NIOSH in their submission of a
report on the blood lead proficiency
testing program of the Center for Dis-
ease Control which demonstrated that
only 33 percent of the laboratories
achieved an acceptable score (Ex.
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86F). An acceptable score was based on
the following criteria:

1. The accuracy required is 15 per-
cent or 6 pg/100 ml, whichever Is
greater

2. Grade=Number of responses
within acceptable range/number of
challenges x 100.

An annual grade of 75 Is considered
satisfactory.

Blood lead level determinations have
a crucial role in this standard with re-
spect to their use to protect the health
of the individual worker. The impact
of blood lead levels is especially impor-
tant in terms of medical removal pro-
tection. Inaccurate PbB could Increase
costs to the employer and fail to pro-
tect the employee. Testimony in the
record reflects the participants' con-
cern that OSHA insure that blood lead
levels are determined accurately. LIA
stated: "Laboratory control and certi-
fication procedures are essential," (Ex.
335, p. 88) and' similarly, the USWA
argued:

Testimony at the hearings strongly sug-
gests significant discrepancies In blood lead
resu s depending on who is conducting the
biological monitoring. While It is lmpossible
to police all biological monitoring, some fur-
ther beefing up of the "Accuracy" language
s warranted to cut down on any attempts at
cheating. Accordingly, we suggest that, at a
minimum, blood lead samples be analy-zed in
established laboratories which are certified
by the Center for Disease Control. (Ex. 452,
pp. 52. 61.)

In addition, testimony from the
Motor Vehicle Manufacturers Associ-
ation (Ex. 402, p. 10), Drs. Wolfe (Tr.
8005-07) and Teitlebaum (Tr. 390-92)
and the Amalgamated Clothing and
Textile Workers Union (Tr. 7280) sup-
ported the recommendation that labo-
ratory certification should be re-
quired. OSHA is concerned about the
evidence wldch demonstrates the Inad-
equacies in the proficiency records in
blood lead determinations. and there-
fore based on the recommendations
cited in the record will require blood
lead samples be analyzed In laborato-
ries which are licensed by the Center
for Disease Control or which have re-
ceived satisfactory grades In proficien-
cy testing by CDC in the previous
year. The accuracy requirements in
the proposal will be adjusted to coin-
cide with the accuracy requirements of
CDC, I.e. 15 percent or 6 pg/100 ml,
whichever is greater.

The standard requires medical ex-
aminations to be provided to an em-
ployee initially (for new-workers, prior
to assignment to a Job where lead ex-
posure would exceed the action level,
and for current employees, within 180
days of the completion of air monitor
ing) and annually thereafter if the em-
ployee's blood lead level exceeded 40
pg/100 g at any time during the pre-
ceding year. Initial examinations are
necessary to provide information to es-
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tablish a baseline to which subsequent
data can be compared. (Tr. 1405-06;
1501; 4358.) They will also be helpful
In Identifying individuals who would
be at increased risk from lead expo-
sure. (Tr. 1405-06; 1501.) Followup
exams will document the continuing
effect of lead exposure on individual
workers and will facilitate a medical
evaluation of whether continuing ex-
posure is advisable.

The required examination includes a
work history and medical history; a
physical examination; determinations
of blood lead level (PbB), hematocrit,
hemoglobin, peripheral smear mor-
phology and red cell indices; (Tr.
6562); levels of zinc protoporphyrin
(ZPP). routine urinalysis (specific
gravity, sugar, protein determinations,
and microscopic examination), blood
urea nitrogen (BUN), and serum cre-
atinine (S-Creat). (Ex. 284A, p. El.)
This is similar to the requirement in
the proposed standard except that
mandatory pregnancy testing has been
deleted and ZPP, BUN, and serum cre-
atinine tests have been added. BUN
and serum creatinine, although late
indicators of kidney disease, are the
best available routine diagnostic tests
for kidney function and have been in-
cluded for that reason. (Tr. 6562-63.)
They can also be performed from the
single blood sample taken for the
other tests. Measurement of glomerula
filtration rates or creatinine clearance
would provide earlier indications of de-
creased renal function, but those tests
are more in the nature of research
techniques, are expensive, and would
be clearly impractical for almost all
employers to provide.

Medical consultations, with exami-
nations as appropriate, are required to
be provided upon request by an em-
ployer (1) whenever an employee has
developed symptoms commonly associ-
ated with lead-related disease. (2)
when an employee desires advice con-
cerning the effects of lead on repro-
ductive capacity, and (3) when an em-
ployee has demonstrated difficulty in
breathing when wearing a respirator.
Additional examinations must be
made available when an employee is
removed from exposure or otherwise
limited under paragraph (k) of the
regulation. The content and frequency
of these examinations is to be at the
discretion of the physician. Upon re-
quest of an employee, however, a preg-
nancy test or male fertility test (at a
minimum analyzing sperm number,
motility, and morphology) must be
provided. These tests will facilitate the
protection of reproductive capacity.

The medical surveillance provisions
of the final standard contain a multi-
ple physician review mechanism which
gives workers an opportunity to obtain
a second and possibly third opinion re-
garding the medical determinations
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made pursuant to the standard. An
employee may designate a second phy-
sician to review any findings, determi-
nations or recommendations of an ini-
tial physician chosen by the employer.
Efforts are to be made to resolve any
disagreement which may arise be-
tween the two physicians. Should they
be unable to agree, a third physician
they select will resolve the disagree-
ment. OSHA's reasons for the provi-
sion of this review process are twofold:
first, to broaden and strengthen the
basis for medical determinations in sit-
uations where a worker questions the
results of the initial examination or
consultation; and second, to assure em-
ployee confidence in the soundness of
medical determinations made pursu-
ant to the standard. OSHA- views the
multiple physician review mechanism
as an important element of the lead
standard's medical surveillance pro-
gram' both due to the importance at-
tached to medical surveillance by the
Act, and due to the crucial role medi-
cal surveillance will play in the oper-
ation of the standard's medical remov-*
al protection program.

Medical surveillance. pursuant to sec-
tion 6(b)(7) of the Act must be pro-
vided by employers without cost to
employees. Since the multiple physi-
cian review mechanism will be one
means by which medical surveillance
is provided to'an employee, employers
must bear the expense of this mecha-
nism when it is used. In practice, the
costs of this mechanism will not be
burdensome, particularly since em-
ployers will have substantial control
over the frequency of its use. Where
employers carefully structure and ad-
minister medical surveillance pro-
grams which engender, merit and
maintain worker confidence, workers
will see no need to seek a second medi-.
cal opinion.

OSHA's first reason for the provi-
sions of a physician review opportuni
ty is to strengthen and broaden the
basis for medical determinations made
under the standard in situations where
a worker questions the results of an
initial medical examination or consul-
tation. The education and training
provisions of the lead standard should
assure that workers become knowl-
edgeable in the nature and'symptoms
of the numerous lead-related diseases.
Thus, when a worker disputes the re-
sults of an initial medical examination-
or consultation conducted by an em-
ployer-retained physician, adequate
Justification will exist for seeking a
second medical opinion.

Two medical doctors testified in the
lead proceeding that multiple physi-
cian review is a desirable diagnostic
device as a general matter (Tr. 7375-
7376; 7978-7980) for such reasons as
the inherent biological variability of
disease. (Tr. 7393-7394) The Black
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Lung medical surveillance and trans-
fer program of the 1969 Coal Act in-
cludes multiple physician review of X-
rays in all cases to improve the quality
of medical diagnosis. (Tr. 7361-7362,
7386-7387, 7392-7393; Ex. 379A(2), p.
31) In light of the major shortage of
trained and experienced occupational
physicians in this country, and the
number and varied nature of lead-re-
lated diseases, no one medical special-
ty is uniquely suited to provide error-
free diagnoses under the -lead stand-
ard. Accurate medical determinations
under, this standard are vital due to
the interdependence between medical
surveillance and the preventive medi-
cal removal protection program. Addi-
tionally, the facts that the standard's
PEL is not a completely safe exposure
level, that many lead workers have
years of substantial prior exposure to
lead, and that some lead-related dis-
eases are reversible if detected at an
early stage, support a-conclusion that
physician review would be appropriate
in all cases of medical surveillance
under the lead standard.

Rather than mandate additional
opinions in all cases, however, OSHA
has limited the ojpportuniy for physi-
cian review to situations where a
worker questions the findings, deter-
minations or recommendations of the
initial physician. OSHA's choice of a
multiple physician review mechanism,
as opposed to some other mechanism,
is based on the common and increas-
ing use of multiple physician partici-
pation in the formation of medical de-
terminations. A formal physician
review process is incorporated not only
in the Coal Act program but in at least
two other federal programs. A multi-
ple physician review mechanism ap-
pears in physical cualifications and ex-
aminations', regulations concerning
motor vehicle drivers subject to the
Federal Motor Carrier Safety Act. (Tr.
8098; Physical Qualifications and Ex-
aminations, 49 CFR sections 391.41-
391.49 (1977)) A similar review process
operates under medical care and su-
pervision regulations of the Long-
shoreman's and Harbor Workers'
Compensation Act. (Medical Care and
Supervision, 20 CFR sections 702.401-
702.422 (1977)) In addition, recent con-
gressional attention has been focused
on the benefits to be gained from
review as to the advisability of surgical
procedures, (Quality of Surkical Care:
Hearings before the Subcommittee on
Oversight and Investigations ,of the
House Committee on Interstate and
Foreln Commerce, 95th Cong., 1st
sess. (1977).) The Department of
Health, Education, and Welfare
strongly promotes the use of' second
medical opinions in this regard (Hear-
ings before the Subcommittee on
Oversight and Investigation, supra, pp.
227-232 (statement of Hale Champion,

Department of Health, Education, and
Welfare Undersecretary)), and In
recent weeks has launched a national
campaign to urge patients to get a
second doctor's opinion before sur-
gery. (Washington Post, Sept. 14, 1978,
p. A17, col. 2) ,

Multiple physician review mecha-
nisms are also widely used in the pri-
vate sector. This mechanism frequent-
ly appears in conjunction with physi-
cal examination requirements con-
tained in collective bargaining agree-
ments (Ex. 365, p. 37), and commonly
occurs in the determination of a work-
er's eligibility for a disability pension.
(Tr. 7652, 7664-7666; Ex. 416C, pp. 11-
12) The lead record contains some
twenty specific eiamples of multiple
physician review mechanisms, (Tr.
8224; Ex. 157, pp. 10-11; Ex. 158, p. 75:
Ex. 368, pp. 15-16; Ex. 369, p. 151 Ex.
379A, Att. 1; Ex. 404B (D-1), p. 4; Ex.
404B (D-2), pp. 16-17: Ex. 404B (D-4),
pp. 26-27; Ex. 404B (D-5), p. 53; Ex.
404B (D-7), p. 13; Ex. 404B (D-9), p,
132; Ex. 415A. p.,23; Ex, 415B, p. 74;
Ex. 426, pp. 18-19; Ex. 427, p. 59: Ex.
430C-2; Ex. 430C-3; Ex. 430D(4b), Sec-
tions 78-79; Ex. 430 D(15), Art. 27: Ex.
'430H, pp. 64-65) The multiple physi-
cian review mechanism adopted by the
lead standard incorporates character-
istics common to many of these prl.
vate sector and federal programs: The
worker has an opportunity to select a
second examining physician If dissati-
sified with the results of the first ex-
amination, and If the two physicians
disagree, they choose a third physician
to resolve the differences of opinion.
OSHA is convinced that the use of
this multiple physician review mecha-
nism will significantly Improve the
quality of the medical determinations
provfded under the lead standard.

OSHA's second reason for the provi.
sion of a physician review opportunity
is to assure employee confidence in
the soundness of the medical determi.
nations made pursuant to the stand-
ard. Considerable evidence In the lead
record documents the fact that work,
ers question the objectivity of some
employer-retained physicians. Pur-
thermore, since there is documenta-
tion in the lead record of specific
abuses by a portion of employer-re-
tained physicians, OSHA has conclud-
ed that the problem cannot be Ignored
in the context of this standard.

Attachment C to the standard Con-
cerning Medical Removal Protection
discusses the major importance of
meaningful worker participation In
the medical surveillance program cre-
ated by this standard, The standard's
ability to prevent material impairment
to worker health and functional capac-
ity-particularly with respect to repro-
ductive health, and the health of the
long term lead worker-will signifi-
cantly depend on workers trusting and
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confiding in examining physicians.
OSHA adopted the multiple physician
review mechanism as a means of pro-
viding workers with an opportunity to
obtain independent review of the de-
terminations of physicians they do not
trust. More importantly, use of this
review mechanism should serve to en-
gender worker trust and confidence in
the employer-retained physician
where merited. If workers distrust a
company doctor and the diagnoses of a
second physicitih on several occasions
proves there is no basis for distrust,
then workers will be much more likely
to trust the company doctor in the
future. If the choice of a second and
third physician repeatedly results in
medical determinations greatly at vari-
ance with that of the employer-re-
tained physician, then the multiple
physician review mechanism will have
served the beneficial purposes of (1)
correcting inadequate medical deter-
minations, and (2) exposing a major
deficiency in the employer's medical
surveillance program.

A substantial body of testimony in
the lead proceeding focused on the
lack of worker trust and confidence in
some company doctors. (Tr. 2210-2211,
4254, 4261-4262, 4284, 4852, 5088-5090,
6026-6029, 6049, 7262, 7623, 7691-7692,
7976-7978, 8053, 8096, 8221-8223, 8241-
8245; Ex. 167, pp. 2-4; Ex. 343, pp. 91-
97, 103-104; Ex. 393, p. 6, Ex. 450B, pp.
3-5; Ex.. 452, p. 66. The company
doctor is often viewed as simply a paid
agent of the employer, not as a neu-
tral physician maintaining a close
doctor-patient relationship with the
employee. (Tr. 4284, 4780-4782, 4851,
5088-5090, 6032-6033, 7276-7279, 7623,
8053, 8223, 8240, 8245-8247; Ex. 393, p.
6; Ex. 450B, pp. 3-5.) The company
doctor is sometimes viewed as an em-
ployer representative charged with
minimizing the costs of successful
workers' compensation claims, there-
fore at odds with devotion to worker
health. (Tr. 4284, 4809-4811, '7276-
7279, 8096; Ex. 379A, p. 12; Ex.
411B(4), pp. 5-6.) The lead record con-
tains numerous reports of employer
physicians refusing to divulge to an
employee his or her blood lead level
(Tr. 2569, 4757, 4773-4774, 4854-4855,
.8076; Ex. 167, pp. 2-4; Ex. 450B, p. 5;
See also, Tr. 4811), as well as numer-
ous reports of employer physicians
making gross misrepresentations of
the toxic properties of lead-for exam-
ple, statements to the effect that one
is not lead-poisoned until one's teeth
fall out, or Blacks are not susceptible
to high blood lead elevations, or one is
not lead-poisoned until irreversible
nervous system damage occurs. (Tr.
533-535, 2169-2172, 4178-4179, 4757-
4759, 4773-4774, 4806-4807, 5094-5095;
Ex. 167, pp. 2-4.) Additionally, there
was testimony of employerphysicians
reporting the results of medical exami-
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nations not to the worker, but directly
to the employer such that the worker
learned of his or her health status
from a company official, not from the
physician. (Tr. 4833. 8096.) Finally,
evidence in the record points to a prac-
tice of some employer physicians fall-
ing to report crucial adverse health ef-
fects information either to affected
employees or to the broader medical
community. (Tr. 5007-5008, 5644-5647;
EX. 379B. p. 4.)

In addition to the above, the lead
record documents numerous Instances
of the practice by employers of pro-
phylactic chelation, a grossly improper
medical procedure dependent upon
the active participation of the employ-
er-retained physician. (Tr. 222, 226-
240, 530-532, 1111-1112, 1272-1273.
2169-2172, 2200-2201, 2537-2539. 2542.
2676-2681, 2983(19)-2983(17). 4998-
5002, 5022, 5102, 6026, 6043-6045, 6878-
6879. 6881; Ex. 20; Ex. 84. p. 9; Ex.
86H; Ex. 117A; Ex. 118D; Ex. 166; Ex.
167. pp.; 5-7; Ex. 246A.) The practice
has been condemned for several dec-
ades by the LIA Itself (Tr. 3242-3245;
Ex. 335. p. 88), though they note that
the practice continues. (Tr. 3242-
3245.) This practice vividly demon-
strates that there are some physicians
examining lead-exposed workers who
fail to accord protection of worker
health the priority It deserves. The
multiple physician review mechanism
is designed to check the influence of
these physicians, and assure employ-
ees that no matter what the practices
of the initial physician, the standard
contains a mechanism whereby compe-
tent and impartial medical determina-
tions can be achieved.

A final source of evidence indicating
the need for a physician review oppor-
tunity comes from the ongoing debate
within the occupational medical com-
munity. (Tr. 8241, 8247.) For example,
the Journal of Occupational Medicine
has in recent years carried numerous
articles concerning worker confidence
in employer-retained physicians. (Ex.
413A-413H.) Widely divergent opin-
Ions have been expressed In these arti-
cles, but a substantial portion of this
professional commentary verifies the
existence of a crisis of confidence. As
one employer representative in the
lead proqeeding remarked:

I would like to assure you that the compze-
tent occupational health physicians that I
know are as concerned and frustrated as
you about the existence of poor pracUtion-
ers of occupational medicine in the profes-
sion. (Tr. 5137.)
There is general recognition that a sig-
nilficant problem exists, and OSHA
has adopted the multiple physician
review mechanism in part to assure
that the problem does not obstruct
successful operation of the standard's
medical surveillance program.
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The preceding paragraphs explain in
some detail OSHA's reasons for the in-
clusion of a multiple physician review
mechanism since this is a relatively
new component of OSHA health
standards. (See, Medical Require-
ments, 40 FR 37650, 37658 (July 22,
1977), 29 CFR, § 1910.411(f); Taylor
Diving and Salvage Co., v. Department
of Labor, Civ. No: 77-2875 (5th Cir.,
filed Sept. 16. 1977.)) The discussion
concerning and the inclusion of this
mechanism, however, is not implicit
criticism of the general medical com-
munity. Based on the lead record,
OSHA has no cause to conclude that a
majority of employer-retained physi-
cians are not sincerely devoted to
worker protection. Even worker repre-
sentatives most critical of some "com-
pany doctors" agree that there are
many competent and concerned corpo-
rate physicians. (Tr. 4281, 5088-90.)
The multiple physician review oppor-
tunity contained in the final standard
addresses problems presented by a mi-
norlty of physicians. OSHA is con-
vinced that there are situations where
employer-retained physicians have a
close doctor-patient relationship with
lead exposed employees, and the em-
ployees have confidence in the physi-
cian's abilities and devotion. In those
circpmstances, there will seldom be
any use of the multiple physician
review mechanism. Where this close
relationship of trust and confidence
does not exist, however, an opportuni-
ty for a second medical opinion is ap-
propriate. -

The multiple physician review mech-
anism operates in a simple and
straightforward fashion. It is impor-
tant initially to stress that this mecha-
nism Is meant to apply to all forms of
medical surveillance provided under
the standard. If an employee's past,
present, or future exposure to lead is a
relevant consideration in the examina-
tion or consultation being provided,
then the opportunity for an additiohal
medical opinion must be provided.

The multiple physician review mech-
anism commences after an initial
medical examination or consultation
provided by a physician chosen by the
employer. OSHA recognizes the value
to employers and employees alike of
the mechanism operating in an expedi-
tious fashion, and thus has established
explicit ctiteria for the beginning of
the process. After an initial physician
conducts an examination or consulta-
tloh pursuant to the standard, the em-
ployer must promptly notify the em-
ployee of his or her right to seek a
second medical opinion. This notifica-
tion need be no more than an oral re-
minder of the existence and content of
this multiple physician review mecha-
nism. After this notification has been
given, an employer may condition its
participation in, and payment for, the
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mechanism upon the employee acting
within 15 days after receipt of the
foregoing notification, or receipt of
the physician's written opinion, which-
ever is later. Before or within this 15-
day period the employee must inform
the employer (orally or otherwise)
that the employee intends to seek a
second medical opinion. The employee
must also initiate steps within this
time to make an appointment with a
second physician. These steps would
include actually making an appoint-
ment, or contacting a physician with
the request that a referral to a special-
ist be arranged,

The standard contains no more limi-
tation upon an employee's choice of a
second physician than the standard
places on an employer's choice of the
initial physician.. The second physi-
cian, like the initial physician, need
only be licensed to practice medicine.
There is no subspecialty of- medicine
solely concerned with lead-related dis-
eases, and since lead-related diseases
affect numerous systems of the body,
it would not be appropriate to limit
the choice of doctors to any one spe-
cialty. It is certainly to an-employee's
advantage to choose a competent phy-
sician, thus OSHA relies on this self-
interest to assure the value of the
second opinion. For example, where
am employee's difference with the ini-
tial physician revolves around a partic-
ular body system-e.g., nervous
system-It is likely that the employee
will choose a specialist in that body
system-e.g., a neurologist. Where,
however, the dispute revolves around
several body systems, or the employee
cannot Identify one specific system,
the employee will likely choose the
general practitioner or internist most
familiar with the employee's medical
history or current health status.

The standard provides that the
second physician shall review any
findings, determinations or recomnien-
dations of the initial physician, and
may conduct such examinations, con-
sultations and laboratory tests as the
second physician deems necessary to
facilitate this review. An additional
provision in the standard requires the
employer to supply the ..ame informa-
tion to the second physician upon re-
quest that must be supplied to an Ini-
tial physician. The second physician,
therefore,, is provided an opportunity
to fully assess the employee's health
status with access to the same back-
ground information supplied to the
initial physician.

If the second physician's findings,
determinations, and recommendations
are the same as those of the initial
physician, then the multiple physician
review process comes to an end. If,
however, the opinions of the two phy-
sicians are in conflict, then the stand-
ard provides that the employer and
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the employee shall assure that efforts
are made for the two physicians to re-
solve any disagreement. OSHA expects
that the two physicians would as a
general professional matter communi-
cate with each other to resolve their
differences, but the standard makes
this expectation explicit. This profes-
sional interaction among peers should
in most cases resolve any differences
betweeri he two physicians. The pre-
ceding elements of the multiple physi-
cian review mechanism assure that if
differences of opinion remain, these
differences are likely to be genuine
and substantial.

Where the first two physicians have
been unable to quickly resolve any dif-

- ferences of opinion with respect to an
employee, then it is necessary for -a
third qualified physician to resolve the
dispute. It is important that this third
physician be competent to resolve the
dispute, thus the standard provides
that the third physician shall be desig-
nated by the employer and the em-
ployee jointly through their respective
physicians. It is the responsibility of
the -employer 'and the employee to
assure that a third physician is select-
ed, but the selection is to be made by
the two prior physicians. Since the
third physician is chosen by the joint
endorsement of the two prior physi-
cians, the professional competence of
the third physician will be assured.
- The standard provides the third
physician a full opportunity toreview
the findings. determinations, and rec-
ommendations of the prior physicians
by conducting such examinations, con--
sultations and laboratory tests as the
third physician deems necessary. The
standard Incorporates the expectation
that the third physician will consult

"with the two prior physicians, and
upon request the employer must.
supply the same information to the
third physician, given to the initial
physician. The third physician is re,
quired to provide a written medical
opinion to the employer, which will
operate' to resolve the disagreement
between the earlier physicians. The
standard finally requires the employer
to act in a manner consistent with the
findings, determinations, and recom-
mendations of the third physician,
unless the employer and the employee
reach an agreement which is otherwise
consistent with -the recommendations
of at least one of the three physicians.
This requirement, however, is not-in-
tended to preclude an employer from
establishing and implementing legiti-
mate general medical criteria for its
employees which may in special cases
result in medical determinations even
more conservative than the outcome
of the multiple physician review proc-
ess. The possibility of such a case aris-
ing, though, is extremely remote since
there is no evidence that any employer

using lead currently employs general
protective medical criteria for Its em-
ployees which "are more restrictive
than, the final standard's require.
ments.

As with many of the provisions of
the final lead standard, the success of
the multiple physician review mecha-
nism will largely depend upon employ.
ers and employees acting in a reason-
able manner and with good faith.
There are means by which an employ-
er could attempt to frustrate the oper-
ation of this physician review proc-
ess-for example, by Instructing the
initial physician to refuse to agree on
the selection of a third physician.
Such actions, however, would consti-
tute a deliberate violation of the
standard since the regulation necessar-
ily implies that the employer will act
in a manner calculated to effectuate
the multiple physician review mecha-
nism- Operation of the multiple physi-
cian review mechanism also depends
on the cooperation and good faith of
the employee. In most cases, good
faith on the part of the employee will
be assured, since It is the employee
who is seeking to reverse the Initial
medical determination. The employee
will be eager for the review mecha-
nism to proceed as quickly and effi-
ciently as possible. This will especially
be so since the medical removal pro-
tection provisions of the standard pro-
vide that In most situations, the em-
ployer may act consistent with the
opinion of the initial physician pend-
ing the final medical determination of
the multiple physician review mecha-
nism. In some cases, however, an em-
ployee might act in a manner clearly
calculated to delay or otherwise pre-
vent the review process from operating
in an orderly manner. In this regard It
is important to note that this physi-
cian review process Is voluntary on the
part of the employee, and the employ-
ee can terminate or abandon the
review process at, any time. Where an
employee clearly acts to frustrate the
operation of the multiple physician
review mechanism, the employer may
safely assume that the employee no
longer desires the peer review process
to continue.

Employer representatives raises In
the lead proceeding a wide variety of
objections to the multiple physician
review mechanism. (Tr. 7461-7462,
7481-7482, 7527-7528, 7543-7546: Ex.
354(F), p. 3; Ex. 354(H), p. 3: 354(0),
pp. 3-4; Ex. 354(V), . 4; Ex. 354(W), p.
1; Ex. 354(Y), p. 5; Ex. 354(AA), pp. 13-
15; Ex. 354(F?), p. 3: Ex. 354(GG), p. 2;
Ex. 354(HI), p. 7; Ex. 385, pp. 13-14;
Ex. 396A, pp. 4-5; Ex. 453, pp. 32-36;
Ex. 457, pp. 35-36; but see, Tr. 8460-
8461; Ex. 354(P), p. 3; Ex. 354(11), p. 3;
See also, Ex. 354(M), p. 2) Worker rep-
resentatives, with one exception,
strongly endorsed adoption of the
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mechanism. (Tr. 7202-7205, 7246-7247,
7264, 7609-7610, 7691-7692, 7976-7980,
8072-8074, 8224-8226; Ex. 354(D), p. 5;
Ex. 372, pp. 8-9; Ex. 374, pp. 139-140;'
Ex. 378, pp. 4-5; Ex. 450B, pp..3-10; Ex.
452, pp. 63-68; contra, Ex. 395, p. 3;
See also, Ex. 464B, p. 2) Many of the
employer objections have been dealt
with by the preceding paragraphs ex-
plaining the justifications for, and op-
eration of, the multiple physician
review mechanism. The thrust of most
employer objections was that this_
review process is unworkable and
unduly burdensome. Were the physi-
cian review process adopted by the
final standard a completely new and
untried concept, then it would be ap-
propriate for OSHA to discuss at
greater length each specific criticism.
As discussed earlier, however, the mul-
tiple physician review mechanism as
adopted by this standard is currently
in widespread use in a variety of con-
texts. No evidence was offered suggest-
ing that any of these existing mecha-
nisms have proven unworkable or
overly burdensome. In view of this,
OHSA rejects employer criticisms of
the final standard's peer review proc-
ess as being mere allegations unsup-
ported by concrete evidence-evidence
which employers could easily have
brought forward had it existed. OSHA
is convinced that the multiple physi-
cian review mechanism can and will
substantially add to the health protec-
tion afforded workers by this lead
standard, and thus included this
mechanism in the final standard.

The medical surveillance section of
the standard includes a provision stat-
ing that the employer and employee
or authorized empl6yee representative
may agree upon the use of any expedi-
tious alternate physician determina-
tion mechanism in lieu of the multiple
physician review mechanism. The only
condition is that the alternate mecha-
nism otherwise satisfy the standard's
requirements. OSHA's inclusion of
this alternate mechanism provision
follows the recommendation of the
United Steelworkers of America. (Ex.
452, pp. 63, 68) The lead record indi-
cates that some employers and unions
are negotiating on special medical de-
termination procedures which are not
founded upon an employer's unilateral
choice of the examining physician.
(Tr. 8243-8244, 8271-8272; Ex. 430C-2;
Ex. 452, p. 68) For example, the par-
ties might decide in cases of dispute
for an employee to go directly from an
initial physician chosen by the em-
ployer to an agreed upon final physi-
cian-thus dispensing with the need
for a second physician. Alternately, a
final physician might be used in the
first instance without recourse to
other physicians. Or, an employee
might be given the opportunity to
choose this final physician. OSHA de-

sires to encourage employers and em-
ployees to adopt medical determina-
tion procedures In which all parties
have trust and confidence. The stand-
ard includes an explicit provision em-
bodying this intention.

A major issue addressed in the pro-
posed standard and throughout the
rulemaking was chelation. The final
standard prohibits prophylactic chela-
tion of any employee by any person
the employer employs, retains, super-
vises, or controls, and requires the em-
ployer to assure that any therapeutic
or diagnostic chelation, If adminis-
tered, is done under the supervision of
a licensed physician in a clinical set-
ting with thorough and appropriate
medical monitoring.

Moreover, in cases where the exam-
ining physician determines that chela-
tion is appropriate, the employee must
be notified of this fact before such
treatment. This should serve the pur-
poses of informing the employee of a
potentially harmful treatment, and af-
fording the employee the opportunity
to seek the review of this determina-
tion by another physician (see multi-
ple physician review, above) thereby
possibly acting as a check on an overly
broad definition of "therapeutic" che-
lation by the examining physician.

A considerable body of testimony
was presented concerning the use and
abuse of chelation therapy In the
treatment of lead poisoning. Experi-
ence accumulated by the medical and
scientific communities over 20 years
has largely confirmed the effective-
ness of this type of therapy for the
treatment of lead poisoning. It has
also been established that there can be
important adverse side effects associ-
ated with the use of chelating agents.
The medical community has balanced
the advantages and disadvantages re-
sulting from the use of chelating
agents in various circumstances estab-
lishing when the use of these agents is
or is not acceptable. The general con-
sensus of these professionals is that
therapeutic chelation is acceptable but
prophylactic chelation is not. Unfortu-
nately, testimony given by lead work-
ers has Indicated that prophylatid che-
lation is occurring. Given that there is
a glaring contradiction between theory
and practice with regards to this Issue.
It is useful and necessary to review the
health effects of chelation.

BleJer has described the develop-
ment and functioning of the various
chelating agents, stating:

A chelating agent Is a chemical substance
which will bind lead and certain other
metals Into a metal-chelate complex so as to
make them biochemically and toxicological-
ly inactive or unavailable. Chelation ther-
apy in modem medicine had its Inception
during the First World War when dimerca-
prol, a heavy metal antagonst, was devel-
oped as an antidote for a lethal, arsenic-con-
taining war agent called Lewlslte. Thus, an-

other name for dimercaprol is British anti-
lewisite, or BAL for short. In the early
1950's a chelating agent began to be used:
Ethylene-dlamine-tetraacetate or just
EDTA. However, an adverse, very serious
side of EDTA was that It chelated calcium
In the blood and body tissues and that,
when severe enough, this removal or chela-
tion of calcium-an essential metal in
human muscular biochemistry and func-
tion--could produce potentially fatal tetany.
Consequently, other EDTA compounds
which contain calcium in the molecule were
developed. One of these and currently the
most widely used, Is calcium disodium ede-
tate-also called Calcium EDTA, CaEDTA,
Calcium Disodlum Versenate, or Versenate.
The calcium in CaEDTA s readily displaced
by heavy metals, such as lead. to form
stable complexes with the metallic ion
locked or sequestered in- the EDTA mole-
cule. Following intravenous or intramuscu-
lar injections of Versenate, the chelate form
is excreted In the urine with about 50% ap-
pearing in the first hour after administra-
tLion.

In recent years another chelating agent
called d'penicillamine, also known as pencil-
lamine or CuprimIne, was developed for the
treatment of excess copper in patients with
a rare condition caled Wilson's disease and
also for the reduction of excess of cystine
excretion In cystinuria, another rare condi-
tion. Judging from the California State re-
porting experience (Ex- 6(26)) in the last
five or six years many physicians have
begun to use pencillamine extensively and
instead of Versanate or CaEDTA. either in
the treatment of lead poisoning, or to
reduce increased levels of lead absorption-
as measured by elevated blood lead concen-
tration-among occupationally lead-exposed
workers.

The route and mode of administration of
these three chelating agents vary. EAL is
administered by ntrimuscular injection
only and. to my knowledge, It. is very seldom
used to treat occupationally lead-exposed
workers. CaEDTA. on the other hand, is
commonly used by physicians among these
workers: It can be administered by mouth.
Intramuscular Injection or intravenous infu-
sion. The third therapeutic compound, peni-
cillamine or Cuprimine, is given orally only.
(Ex. 53, p. 7'8, 9)

The possible adverse side effects of
the various possible chelating agents
were reviewed by several experts.
BleJer stated:

The main adverse effect of dimercaprol or
BAL are nervousness, nausea, a feeling of
pressure In the chest, and a transient rise in
blood pressure. Currently, the use of BAL is
recommended in conjunction with CaEDTA
for severe lead poisoning with acute ence-
phalopathy in children only. According to
Hamilton and Hardy (Ex- 23(30)), BAL is
contra-indIcated in adult lead poisoning be--
cause, although It increases lead excretion.
It may increase lead toxicity by forming a
BAL-lead complex which Is more toxic than
the lead per se. Further, n lead workers
concurrently occupationally exposel to cad-
mium, iron or selenium, such as occurs in
some primary nonferrous smelters. BAL is
contraindicated because the. BAL-metal
complexes are more toxic especially to the
kidneys, than any of the metals by itself.
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Penicillamine or Cuprimine also has some
very serious adverse effects which include
the nephrotlc syndrome and aplastic
anemia. * * * (T)he drugs should not be
given to patients allergic to penicillin be-
pause of cross-sensitivity between penicillin
and penicillamine. Penicillamine has u
plethora of other adverse effects which are
detailed in the package insert which comes
with capsules of Cuprimine. In part.,that
insert warns against its use during pregnan-
cy because of penicillamine's affinity for
metals and cystine and its effect on colla-
gen. Also, it, advises performing routine
urinalyses, white and differential blood
counts, hemoglobin determinations and
direct platelet counts as well as frequent
liver and kidney function tests during ther-
apy. Penicillamine causes allergic slkin reac-
tions. including urticaria and may cause eye
cataracts. Other adverse reactions that have
been reported include hepatic dysfunction,
tinnitus, falling hair, throbocytopenia.
thrombotic thrombocytopenic purpura,
bone marrow hypoplasla, leukopenia and
granulocytopenia ranging In severity from
asymptomatic and reversible to agranulocy-
tosis with fatalities. Thrombophlebitis, pan-
creatitis, chellosis, glossitis. gingivostomati-
tis, sometimes with ulceration- of the
mucous membrane; polymyositis; mammary
hyperplasia: peptic ulcer, myasthela; elas-
tosis perforans serpiginosa have been re-
ported but are unusuaL A syndrome closely
resembling disseminated lupus erythemato-
sus and pemphigus have occurred, as well as
severe and ultimately fatal glomerulone-
phritis and intraalveolor hemorrhage
(Goodpasture's syndrome). Iron deficiency
-may develop, especially In menstruating
women and In children. Reversible optic
neuritis and chellosis, possibly connected
with pyridoxine (vitamin B6) deficiency,
have been reported.

In fact, some of the above warnings, pre-
cautions and adverse reactions pertain to
long-term uses of penicillamine -and many of
the adverse effects occur -rarely. Neverthe-
less. one still wonders why many physicians
are using this drug In the so-called prophy-
laxis of Increased lead absorption, or even in
the treatment of lead poisoning among lead.
workers.

One is even more puzzled about such uses,
especially because penicillamine has not
been approved by the U.S. Food and Drug
Administration for the treatment of lead
poisoning either in children or adults. As
stated by the Commissioner of FDA In a re-
lated memorandum dated May 28, 1976, to
the Director of NIOSH, "Penicillamine is a

- certified antibiotic drug which was approved
In 1974 for Wilson's disease and cystinuria.
At the present time it is alsobeing studied
under investigational new drug exemptions
for Its use In rheumatoid arthritis and
chronic lead poisoning in children. There
are currently nine active individual investi-
gators (approved) for the study of theuse of
penicillamine In chronic lead poisoning in
children." (Ex. 53, pp. 9-13)

Bridbord and Blejer, in a review arti-
cle extensively discussed effects of
CaEDTA, stated:

A number of studies suggest that oral
EDTA increases the absorption'of lead from
the gastrointestinal tract in instances where
exposure to lead continues to occur.

Other studies have observed T-wave
changes n the electrocardiograms_ of pa-

tients given -chelation therapy. Studies also
suggest that the metabolism of trace metals
other than lead may be affected by long-
term chelation therapy.

The effects of lead and of EDTA on the
kidneys were evaluated in two recent
papers. Lead-poisoned rats were given injec-
tions of EDTA IR. Inclusion bodies (lead-
protein complexes believed to possibly pro-
tect against lead effects) in renal cell nuclel
were found in various stages of dissolution
and migration out of the nucleus. Cytoplas-
mic vacuoles were observed which contained
material that resembled portions of intact
nuclear inclusions. Inclusion bodies have
not been observed in renal biopsies of male
workers occupationally exposed to lead who
have been repeatedly treated with chelating
agents. Excretion of lead through the kid-
neys appears to be less in older men corn-
pared to younger men who have nuclear in-
clusion bodies in their renal tuble lining
,cells. These data suggest that chelation
therapy reduces the ability of the kidneys
to prdtect themselves against the toxic ef-
fects of lead by virtue of the action of che-
lating agents in removing the lead-induced
inclusion bodies. This conclusion is further
supported by observations that renal tubula
dysfunction 'may follow EDTA administra-
tion in lead poisoned children". (Ex. 86H, p.
7.8)

Lilis and Fishbein, in their review,
also evaluated the effects of CaEDTA.
They noted the side effects associated
with the use of this drug but conclud-
ed that most of these effects could be
avoided if the drug was used appropri-
ately. They stated:

Edetate disodium calcium has been shown.
in terms of lead elimination and excretion,
to be superior to both dimercaprol and penl-
cillamine. The metal mobilizes as a nonionl-
zable complex, and the maximum effect is
reached six hours after intravenous admin-
stration, when 95% to 98% of the total
amount has been excreted. When the thera-
peutic dosages of 50 mg/kg/day are not ex-
ceeded, the:rate of administration is less
than 20 mag/rain, -and the course of therapy -

restricted td live to -even days. practically
no adverse side effects are observed.

Renal damage is the most important side
effect associated with edetate disodium cal-
cium chelation therapy; a small number of
cases of acute tubular necrosis were de-
scribed in the early, days of edetate diso-
dlum calcium therapy. Most of these were
due to veryt large doses, rapid administra-
tion, or severe preexisting renal disease
(such as hypercalcemia and multiple mye-
loma). '

Various mucocutaneous lesions have been
described in patients after prolonged admin-
istration of disodium edetate and edetate
disodium calcium; one possible explanation
considered was zinc depletion.

Treatment of lead poisoning with edetate
disodium calcium given intravenously in
five-day courses, with dosage and rate of ad-
ministration, not exceeding those previously
mentioned and repeated If necessary after a
free interval of two to five days, has been
successful and has not been associated with
clinically signlficant side effect. (Ex, 18D)

Wedeen concurred with" Lilis' and
Fishbein's conclusions concerning the
acceptability and appropriateness of
chelation therapy when administered

therapeutically for treatment of lead
poisoning. (Tr. 1745-1746)

The decision to use chelating agents
involves a weighing of the risks of the
adverse effects of use against the
benefits of use. The medical communi-
ty has defined three separate circum-
stances under which chelation might
be used and has generally established
what is acceptable practice in each.
"Therapeutic" chelation is the use of
chelating agents for the treatment of
the frank symptoms of lead poisoning.
"Diagnostic" chelation is the use of
chelating agents to assist in making
the diagnosis of lead poisoning or lead
induced disease. "Prophylactic" chela-
tion was defined by Brldbord and
Blejer "both as the routine use of che-
lating or similarly acting drugs to pre
vent elevated blood lead levels In
workers who are occupationally ex-
posed to lead or as the use of these
drugs to routinely lower blood lead

- levels to predesignated concentrations
believed to be 'safe."' (Ex. 86H, p. 20)-

OSKA agrees with this definition
and emphasizes that an employer who
hospitalizes an asymptomatic worker
and has chelation carried 6ut by a
physician solely to reduce the worker's
blood lead level will be performing
prophylactic chelation. The use of a
hospital and a physician is not the
definition of -therapeutic chelation,
Routine chelation to reduce blood lead
level is unacceptable whatever the set.
ting.

The risks and benefits vary with the
circumstances of use. Thus, in differ-
ent circumstances the use of chelating
agents might or might not be consid-
ered medically appropriate. With ref-
erence to therapeutic chelation, Brid-
bord and Blejer stated In their review
that: "Most authorities agree that che-
lating or similarly acting agents have a
proper place in the therapy of the
acute symptomatology of severe lead
Intoxication, a condition accompanied
by pronounced gastroenteric, neurolo-
gic and other symptoms and signs."
(Ex. 86H p. 1)

Those who testified were generally
in agreement with this statement
though there was some variation In
-what witnesses felt was the degree of
severity of symptoms necessary for in-
stituting chelation therapy. It was also
generally agreed that chelation must
be done only under careful medical su.
pervision involving specific monitoring
to minimize the risks involved.

Blejer testified extensively concern-
ing the circumstances under which
therapeutic chelation -should occur:

The therapeutic use of chelating agents
on occupationally lead-exposed adults Is
warranted only when there Is frank and, in
my opinion, severe symptomatology of lead
poisoning, such as the now-rare lead ence-
phalopathy and the still-common lead colic.
In most cases, it is my professional opinion
that the health risks of administering che-
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lating agents far outweigh the benefits of
relieving mild to moderate symptomatology.
In such cases. Irnatural deleading," i.e., re-
moval from exposure, plus symptomatic/
supportive treatment will achieve the same
end results more safely and probably just as
quickly.

Moreover, as demonstrated and published
recently by Dr. Richard P. Wedeen. Profes-
sor bf Medicine and a specialist in nephro-
logy at the New'Jersey Medical School'in
Newark, N J. there is a state where golmeru-
lar filtration dysfunction due to lead may be
reversible -by intravenous administration of
CaEDTA. In-my opinion, for such purposes,
in expert hands and in appropriate clinical
facilities, chelation therapy could therefore
be used in the absence of overt symptomato-
logy. In all of, these instances, however, the
affected worker must be monitored clinical-
ly by physicians expert or competent in the
treatment of lead poisoning, with the treat-
ment administered in appropriate clinical
facilities and, in the case of intravenous
CaEDTA administration, on an in-patient
basis. Needless to add, any such treatment
would be thoroughly unproductive and es-
sentially wasted if the worker is allowed to
"return to an uncontrolled lead exposure at
the work place. As stated previously-and it
bears repetition often-such treatment still
constitutes secondary rather than primary
prevention." (Ex. 53, p. 13, 14)

Fishbein took a position similar to
Blejer's stating:

Chelation therapy should be resorted to
only in cases-of acute exacerbations in the
course of chronic lead poisoning, such as en-
cephalopathy lead colic, or rapid and
threatening increase of blood lead levels,
and should always be done under careful
medical supervision and after cessation of
lead exposure. (Tr 2643)

The use of chelation agents as a test
for the existence of lead induced
kidney disease as described by
Wedeen, is a new and experimental di-
agnostic use -of chelating agents.
Blejer discussed a more conventional
use of these agents for diagnostic pur-
poses and siggested that in many
cases diagnosis is possible without
resort to the risks of chelation. (Ex.
53, p. 12-13) OSHA concurs in the view
that in appropriate circumstances che-
lation may be used for therapeutic and
diagnostic purposes.

The third type of use of chelating
agents is "prophylactic" use. Prophy-
lactic chelation is prohibited by the
standard.

There was a remarkable degree of
consensus in the testimony concerning
this aspect of the proposal. Condem-
nation of prophylactic chelation was
virtually universal. (Ex. 343, p. 91; Ex.
335, p. 88; Tr. 3242, 3683; Ex. 86H, pp.
8, 10, 11; Ex. 82, p. 12; Ex. 284A, p. 577;
Ex. 53, p. 14)

The health effects related to the use
of chelating agents have been de-
scribed above in some detail. With ref-
erence to the prophylactic use of these
drugs, it is important to note certain
particular effects. While the PbB
levels are lowered by chelation, var-

ious authors have noted that In pro-
phylactic chelation "effect" measures
are not lowered to a comparable
degree. Selander (Ex. 118D, ref. 12)
noted that oral CaEDTA had little
effect on ALA-U levels. The results of
Fishbein et al. suggested that prophy-
lactic chelation did not lower ZPP
levels to a degree comparable to PbB
levels. The study results of Flshben et
al. also suggested that workers who
had been chelated prophylactically
were not protected from neuropathy
or lead colic .effects. Thus they con-
cluded that "without such cessation of
exposure, chelating drugs may be inef-
fective, or even deleterious." (Ex. 105
D)

Similarly. Dr. Finklea has stated
that:

We in the National Institute for Occupa
tional Safety and Health also strongly
oppose this practice. Prophylactic treat-
ment of workers with chelating agents while
falling to control the source of lead expo-
sure In effect places workers In double Jeop-
ardy, by virtue of the potential harmful ef-
fects of long term versenate therapy par-
ticularly on the kidneys combined with con-
tinued excess exposure to lead. a known
renal toxin. (Ex. 246A)

Blejer testified that:
Prophylactic administration of CaNa,

EDTA by whatever route under ionditions
of continued lead exposure is judged to be
particularly hazardous. Use of chelating
agents is not an adequate substitute for en-
gineering controls and proper industrial hy-
giene practices. Both lead and CaNa. EDTA
in sufficient dosages are established to be
toxic to the kidneys. Prophylactic chelatlon
may decrease the ability of the kidneys to
protect themselves against the toxic effects
of lead. A recent mortality study of workers
exposed to lead conducted by Cooper and
Gaffey. (Ex. 5(28)), for example, demon.
strated an increase in deaths from endstage
renal disease. In conclusion. prophylactic
use of chelation to control lead absorption
represents an unacceptable medical practice
that cannot be condoned. (Es. 6(19). p. 20)

Lilis and Fishben reviewed the ef-
fects of prophylactic chelation and
similarly concluded that:

Oral prophylactic treatment with chelat-
ing agents such as edetate disodlum calcium
or penicillamine is contraindcated for the
prevention of lead poisoning In workers ex-
posed to lead. Among the 'easons are the
poor absorption of edetate disodlum calcium
from the gastrointestinal tract, the con-
comitant possible increased absorption of
ingested lead, and the unsatisfactory effect
of oral administration of edetate disodlum
calcium on blood lead, urinary copropor-
phyrin, and -amino levulinie acid indicating
a failure to prevent adverse metabolic lead
effects. These constraints explain the re-
peated failures of oral chelation therapy
with symptomatic lead poisoning developing
in some workers in spite of the prophylactic
treatment.

Further, the effect of long-term chelation
therapy on serum iron. copper, magnesium,
and zinc levels and the probable Interfer-
ence with metal-dependent enzymatic activi-
ty adds to the disadvantage of this treat-

mait. as do the side effects of penicillamine,
such as renal damage, leukopenia. agranulo-
cytoss. coznophilla, and decreased serum
Iron levels.

Finally. It may not be unimportant that
alteration of biological measurements used
to estimate the current extent of absorption
of lead by Individuals occupationally ex-
posed occurs and is bound to make the clini-
cal management of lead disease more diffi-
cult and confused.

Adequate control of occupational lead ex-
pozure cannot and should not be replaced
by Inappropriate and potentially hazardous
attempts at prophylactic treatment. (Es.
118D) -

Moreover'the membership of the
American Occupational Medical Asso-
ciation at a general session in 1976 ap-
proved and adopted a statement of
ethics which in essence stated that
"the use of chelating agents as a pro-
phylactic measure to prevent lead in-
toxication among workers in place of
environmental controls would be con-
sidered as unethical practice of medi-
cine and the subject physician would
be subject to censure." (Tr. 251)

In his testimony Blejer expressed his
opinion that routine administration of
chelating agents constitutes "prophy-
lactic" chelation: "Routine admiristra-
tion of chelating agents amounts to es-
sentially prophylaxis, meaning you are
just treating the blood leads or the
symptomatology and you are sending
the individual back to the exposure,
0 a * to be re-exposed." (Tr. 243)
These views were supported by Ep-
stein (Tr. 1112) and Finklea. (Ex.
246A)

In view-of the strong criticisms that
have been made -against prophylactic
chelation and in view of the fact that
such warnings have a twenty year his-
tory, it Is tragic that any major in-
stances of prophylactic chelation
should have occurred. Nevertheless,
extensive testimony was presented
which ,did demonstrate that prophy-
lactic chelation has occurred and is oc-
curring in workplaces throughout the
country (Tr. 5631, 5634, 6125); hence
the necessity for prohibiting any che-
lation which falls within the Blejer
and Bridbord definition of "prophylac-
ti&,.

Various -workers and their union of-
ficials testified concerning their direct
experiences with prophylactic chela-
tion.

George Becker of the United Steel-
workers of America, (USWA) testified
concerning his 'personal experience
with prophylactic chelation. (Tr. 4991-
4992) He also testified that one worker
told a NIOSH investigator in 1973 that
he took as many as 250 versenate pills
a week "to make sure that he didn't
become leaded." (Tr. 4992)

In addition, union testimony rein-
forced the experience of Becker.
Givens, Teamsters (Tr. 2171), Mirer,
UAW (Tr. 446), Beliczky, Rubber
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Workers (Tr. 2537-39; Ex. 38c, p. 4), all
discussed the indiscriminant use of
prophylactic chelation.

One of the most thoroughly studied
cases of prophylactic chelation pre-
sented were the combined cases of the
NL and Quemetco smelters studied by
Fishbein et al. Becker 'described his
Initial contacts with the problems at
these plants through "USWA Local
5554:

Employees from each smelter had com-
plained to the company doctor of nausea,
stomach cramps, headaches and fatigue.
Chelation was still practiced, although
under different circumstances. Oral chela-
tion had been halted at the NL smelter. In-
stead, employees were receiving EDTA ad-
ministered solution intravenous IV treat-
ments at the local hospital on an outpatient
basis * * *

The sittution' at Quemetco smelter ap-
peared to be even worse. Oral chelation,
pills of the cuprimine variety were being dis-
tributed by the company doctor. In response
to my expressed concern about this form of
chelation I was told by Quemetco's doctor
that, "They are absolutely safe and if I had
my way they would be handed out to the
lead workers like salt." (Tr. 4999)

The study of Fishbein et al. gives a
more detailed description of what was
occuring in these smelters:

The 47 workers in Plant 1 and 24 in Plant
2 had had at least one course of chelation
therapy, but 45 (24 in Plant 1 and 21 in
Plant 2) had had It repeatedly (up to 10
times) (Table 16). The fact that there were
more workers with repeated courses of che-
lation therapy in Plant 2 is consistent with
the longer duration of employment of these
workers.

Over the years, histories given indicated
that several patterns of chelation therapy
had been followed. For example, the dura-
tion of courses of intravenous versenate
varied from 3 days to 10 days. The prevail-
ing practice in one plant had been to admin-
ister chelating agents in most cases without
removing the worker from his usual lead ex-
posure. TUnder such circumstances, it was
not surprising that chelation therapy had to
be used frequently, since the deleading
effect of the chelating agent would be coun-
terbalanced by continuous exposure and ab-
sorption of lead.

Most workers were given chelation ther-
apy on an ambulatory basis. However, 14
had had hospital admissions for lead poison-
Ing over the years, for what seemed to have
been acute episodes (colic) in the course of
their chronic lead poisoning. Change in job
assignment, to areas of lesser lead-exposure,
was reported by only 23 of the examined
workers. The fact that chelation therapy
had been used to a-much larger extent than
had removal from exposure might have
been due to the existence of rather homoge-
neous air lead levels in the plants, which
had large open workspaces. (105 -F, pp. 30,
31)
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Frequency of Chelation Therapy in
Secondary Lead Smelter Workers

Total Repeated
number Chelation courses of

examined therapy chelation
therapy

No. Pct. No. Pct.
Plant 1 .......... 113 47 42 24 20
Plant 2 ......... 45 24 53 21 44

Total ... ,158 71 45 45 27
(Ex. 105F. Table 16)

The California State Occupational Dis-
ease report data... as well as the results oJ
the Indianapolis, Indiana, and Vernon, Cali-
fornia, clinical field surveys-conducted by
the Environmental Sciences Laboratory, Mt.
Sinai School of Medicine. City University of
New York, as reported in May 1976 and Jan-
uary 1977, respectively-all indicate that not
only is such chelation therapy with
CaEDTA and/or penicillamine quite preva-
lent, but also that so has been the practice
of administering CaEDTA intravenously on
ambulatory, 'nonhospitalized basis, such as
in a physician's office or even in a plant's
dispensary or first-aid room. Moreover, In
practicallyall of these cases there were not
available data to indicate that the occupa-
tionally lead-exposed workers being thus
medicated were being monitored for any of
the untoward or adverse effects or oral peni-
cillamine and/or CaEDTA or of intravenous
CaEDTA administration. Although it is true
that in many cases such lead-exposed work-
ers were being medicated by physicians
other than those retained full or part-time
by the plant, it is also true that some of
these workers were thus medicated by com-
pany-designated and/or employed physi-
cians sometimes, as already stated, right in
the physician's office or even at the work
place itself. (Ex. 53, p. 18)

In summary, the use of chelating
agents is known to involve certain
health risks. These risks are mini-
mized when the drug is administered
under a strictly controlled setting with
appropriate medical monitoring, over
a short periodof time, and in. appro-
priate dosages. The use of such agents
prophylactically is considered inappro-
priate. The repeated use of such com-
pounds is not at all appropriate when
an alternative such as controlling em-
ployee exposure is possible.

OSHA ' believes that chelating
agents, such as calcium disodium ede-
tate (EDTA), and penicillamine, are
useful in the therapy of acute overex-
posure tolead. Such therapy should
be done under the supervision of a li-
censed physician in a clinical setting
with-thorough and appropriate medi-
cal monitoring of the patient. Medical
experts were not uniformly in agree-
ment concerning the circumstances
under which therapeutic chelation
should be used, and OSHA can not
define appropriate medical practice
for the individual patient. Such deci-
sions must be made by the physician,
exercising' sound medical judgment

after an evaluation of all the relevant
factors. ,

The testimony given by workers and
health professionals which clearly In-
dicated that prophylactic chelation
has occurred and continues to occur in
spite of the well established body of
medical knowledge opposing it is of
grave concern to OSHA, OSHA be-
lieves that the record indicates a need
for extensive education both of health
professionals and of workers concern-
ing the circumstances of use and abuse
of chelating agents and a mandatory
prohibition in the standard of improp-
er use of chelating agents.

The final standard requires, under
the authority of section 6(b)(7), that
the employer pay the costs of medical
surveillance and make all the tests or
pyocedures available to employees at a
reasonable time and manner. The pro-
posed standard required medical sur-
veillance to be provided during the
employee's normal working hours, but
as was pointed, out by several parties
(e.g., Ex. 3(31)), medical personnel
would probably not be available out-
side the regular daytime hours. Thus,
employees who worked night shifts
could not have examinations during
their regular working hours. OSHA's
concern is that medical surveillance is
provided at a time and In a manner so
as not to discourage employees from
participating in the program. A stand-
ard of reasonableness should accom-
plish this goal.

K. MEDICAL REMOVAL PROTECTION:
PARAGRAPH (K)

See summary in Part III and full ex-
position in Attachment C.

L. EMPLOYEE INFORMATION AND
TRAINING: PARAGRAPH (L)

The final standard requires the em-
ployer to provide an information and
training program for all employees ex-
posed to lead above the action level.
Information and training are an essen-
tial aspect of the overall protection of
employees who can do much to protect
themselves if they are informed of the
nature of the hazards In the work-
place. To be effective an employee
education system must apprise the em-
ployee of the specific hazards associat-
ed with his work environment, protec-
tive measures which can be taken, and
his rights under the standard. The
need to train employees was agreed
upon by virtually all of the partici-
pants in the rulemaking proceeding,
and a training requirement was includ-
ed in both the NIOSH Criteria Docu-
ment (Ex. 1) and the proposed stand-
ard.

In addition, OSHA will require that
materials provided to the employer by
OSHA be made readily available to all
affected employees. This requirement
was not included in the proposal
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which only specified that the standard
and its appendices be available. There
was testimony which suggested OSHA
"track employer compliance with the
educational requirements very close-
ly." (Ex. 343, p. 106.) While OSHA be-
lieves employer compliance with this
provision is essential, the agency con-
siders it important to assist in this
process by providing both written and
audio visual materials to the employer
for use in trahiing.-OSHA intends to
develop, in the future, specific safety
and health training and education ma-
terials on lead for distribution and
presentation to employees b- employ-
ers in addition to the training require-
ments in this regulation. These mate-
rials will inform employees of the haz-
ards of exposure to lead and appropri-
ate protective measures as discussed in
this preamble and final regulation.
Where these materials are designated
by the Assistant Secretary, the em-
ployer will be required to include them
as part of his education and training
program.

Although the emphasis of education
and training is for the worker subject
to exposure at or above the action
level, training requirements exist
which must be observed -even if the
initial monitoring or determination in-
dicates. that exposures are below the
action level. Specifically, the final
standard's accessibility of information
requirements extend to all employees.
The employer must also inform all em-
ployees, including those below the
action level, of the contents of Appen-
dices A and B of the regulation, when
publishbd.

The training program for employees
subject to exposure to lead at or above
the action level or for whom-he possi-
bility of skin/eye irritation exists, is
generally in keeping with the propos-
al. During the hearings there was -con-
siderable testimony on the need to
inform workers, both male and female,
of the severe effects ,on the reproduc-
tive -system from exposure to lead. (Tr.
657, 694,.4511, Ex. 343, p. 106.) For ex-
ample, Andrea Hricko stated: "

]Employee and job applicants must be in-
formed that excessive exposures to lead
have resulted in reproductive difficulties, In-
cluding fertility problems, menstrual disor-
ders, stillbirthsmiscarriages -and other haz-
ardous effects so that they understand the
significance of blood, sperm, and pregnancy
testing (Tr, 694).

.OSHA is in complete agreement
with this view and therefore will re
quire the employer to develop an edu-
cation program which addressed the
danger of exposure to lead on the re-
productive system, and -on employee
options as part of -the -medical surveil-
lance program, e.g, fertility and preg-
nancy testing. OSHA believes this is a
crucial provision of the standard. A
worker, whether male or female, 'who

is fully informed of the hazards of
lead will be better able to avoid the ad-
verse reproductive effects documented
in the preamble. The knowledge of the
hazard in this instance Is crucial since
there is concern that workers whose
blood leads do not exceed the 30 pg/
100 g level may still be at risk especial-
ly if they have extended tenure in a
lead industry.

The training program is required to
be cbmpleted for employees Initially
covered by the standard within 180
days of the effective date, thus allow-
ing 90 days after the completion of ini-
tial monitoring, and for all new em-
ployees at the time of Initial assign-
ment to areas where there Is a possi-
bilitY of exposure over the action
level. OSHA believes that it is impor-
tant to train employees as soon as pos-
sible in order to maximize the benefits
of the training program, and has acted
accordingly.

The standard requires that the
training program be provided at least
annually. OSHA believes that an
annual training program is both neces-
sary and sufficient to re-Inform the
employees of the hazards and their
rights and-dutle under the standard.

ZL sIGNS: PA AGRAPH (M)

The final standard requires a sign to
be posted in areas where lead exposure
exceeds the PEL. The standard speci-
fies the legend for these signs.

The proposal did not require the
posting of signs, but raised the issue of
whether signs or labels would be ap-
propriate. However, it is important,
and section 6(b)(7) of the Act requires,
that appropriate forms of warning, as
necessary, be used to apprise employ-
ees of the hazards to which they are
exposed in the course of their employ-
ment. OSHA believes, as a matter of
policy, that employees should be given
the opportunity to make informed de-
cisions on whether to work at a Job
under particular working conditions.
Furthermore, when the control of po-
tential safety and health problems in-
volves the cooperation of 'employees.
the success of such a program Is
highly dependent upon the worker's
understanding of the hazards attend-
ant to that job.

In light of the serious nature of the
hazard of exposure to lead, OSHA be-
lieves that sign posting is needed as
well as periodic training to adequately
inform 'employees -of the poisoning

'hazard. The appearance 'of the phrase
"Poison" on the warning sign will
serve as a daily reminder of the haz-
ards and as an -objective check on
whether employees are actually being
informed of this hazard. The warning
signs will inform -.ll employees enter-
ing such areas of the need to utilize
respirators and other protective equip-
ment which the employer Is to pro-

vide. Additionally, the phrase "No
Smoking or Eating" relates directly to
requirements In the standard which
limit activities within lead contaminat-
ed areas. (See discussion in paragraph
on Hygiene Facilities and Practices.)

N. I.EcoRDKEPING: PARAGRAPH (0

Section 8(cX3) of the Act (29 U.S.C.
657) mandates the inclusion of provi-
sions requiring employers to maintain
abcurate biological and environmental
monitoring records of employee expo-
sures to potentially toxic materials. It
also provides that employees or their
representatives have access to such
records.

The final standard requires records
of exposure 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 (biological monitoring &
medical exam results). These include
names of employees, the physician's
written opinion, and a copy of the re-
sults of the examination. These rec-
ords must be kept for 40 years or for
at least 20 years after termination of
employment, *hIchever is longer.

The final standard also contains a
limited recordkeeping requirement
concerning temporary medical remov-
als effected pursuant to the medical
removal protection program. The em-
ployer must establish and maintain an
accurate record for each employee re-
moved from current exposure to lead.
The record is to contain four entries
each time an employee is removed.
First, the employee must be identified
by name and social security number.
Second, the date of removal and
return must be stated. Third, the em-
ployer must briefly explain how each
removal was or is being accomplished.
This description need be no more de-
tailed than such statements as "Em-
ployee X was transferred fromt posi-
tion A to position B during the entire
period of removal," or "'Employee X
was laid off for the entire period of re-
moval," or "Employee X is -currently
working half shifts until a transfer op-
portunity becomes available." Fourth.
the record must indicate whether or
not the reason for the removal was an
elevated blood lead level. If removal is
due to a reason other than an elevated
blood lead level, this precise reason
should not be stated sd as -to prevent
disclosure of confidential medical in-
formation.

The purpose of the:foregoing record-
keeping requirement is to 'enable the
Secretary. employees,.and their au-
thorized representatives to assess the
operation of, and an employer's com-
pliance with, the medical removal pro-
tection program. The limited but per-
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tinent Information contained in these
records will, in most cases, enable
these assessments to be made without
interviewing large numbers of employ-
ees or placing undue burdens on em-
ployers by requiring further time con-
suming and burdensome examinations
of payroll, production, or corifidential
medical records-examinations -which
likely would be necessary in the ab-
sence of the standard's limited record-
keeping requirement. Due to the limit-
ed purposes to be served by these rec-
ords, the standard requires an employ-
er to maintain each medical removal
record only for so long as the duration
of an employee's employment.

In the final standard, there have
been deletions in two areas of record-
keeping which OSHA has determined
to be excessively costly and minimally
effective: (1) mechanical ventilation
measurements and (2) employee train-
ing. A third deletion has been made,
specifically in the area of medical sur-
veillance records. The proposal re-
quired that a signed copy of any em-
ployee's refusal to participate in the
medical surveillance program be in-
cluded among the other records. This
provision has been removed. OSHA be-
lieves that the problem of employee
refusal will be mitigated by the stand-
ard's Medical Removal protection pro-
gram, which will minimize disincen-
tives to worker participation. There-
fore, this provision has been deleted in

'the final standard.
The participants at the hearing gen-

erally agreed with the. necessity for
keeping -records but objected to the
length of the record retention period.
The extended retention period is
needed for several purposes. Lead is
known to have both acute and chronic
effects, depending on the level and du-
ration of exposure.-The onset of clini-
cal symptoms may occur many years
after exposure. OSHA requires these
records be maintained to document
the medical and exposure history of
the worker in order to assist the physi-
cian in determining whether lead was
an etiologic agent in a disease progres-
sion. For example, renal and neuro-
logical disease do not necessarily have
early warning indicators which physi-
cians might use for evaluation. The
records will serve to aid the physician-
in determining the dose to the worker
over his work tenure.

OSHA is -also concerned that the
physician be able to follow asymptom-
atic workers who have been exposed to
low lead levels over long periods of
time, in, order to ascertain the long-
term effects of low level exposure. In
this regard, another important func-
tion the combined records serve is to
provide a data base for much-needed
scientific and epidemiological research
Into the effects of chronic low level
lead exposure. Lastly, .maintenance of
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records for 40 years will enable a
future review of the adequacy of the
standard.

The final standard requires that rec-
ords be made available to the Director
and Assistant Secretary, that environ-
mental and biological monitoring rec-
ords be available to employees and
their authorized representatives, and
medical records to an employee or to a
physician or other person designated
by an employee or for'mer employee.
These provisions carry out statutory
requirements. In addition, it is neces-
sary for the Assistant Secretary and
Director to have, access for enforce-
ment and research purposes. Employ-
ees and their representatives need
access to both environmental and
-blood lead level monitoring records to
assess an employer's progress in (1)
controlling worker exposure to lead,
and (2) complying with the lead stand-
ard, particularly the medical removal
protection provisions. Blood lead level
records are particularly useful in this
regard. Consistent with the current
widespread dissemination of individual
blood lead level results, and the need
for employers and employees to have
this data;, the standard makes blood
lead level results available to all em-
ployees and their representatives. In
so deciding, the agency has carefully
balanced the pressing need for worker
access to this limited form of medical
data against the confidentiality that
would normally be afforded, to most
forms of laboratory test results.

The transfer provisions in the pro-
ppsal have been left unchanged except
that NIOSH is to be notified at the ex-
piration of the retention period so
that it can determine if the records
are stillneeded for research purposes.

0. OBSERVATION OF MONITORING:
PARAGRAPH (0)

Section 8(c)(3) of the Act requires
that employers Provide employees or
their representatives with the oppor-
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 insure
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 avbilable 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,
must be provided with, and is required
to use, any personal protective devices

required to be wyorn by employees
working in the area that is being moni-
tored, and must comply with all other
applicable safety and health proce-
dures.

P. EFFECTIVE DATE: PARAGRAPH (p)

The effective date is February 1,
1979. The approximate three month
period between the issuance of the
standard and its effective date is In-
tended to provide sufficient time for
employers and employees to become
informed of the existence of the
standard and Its requirements.I Any petitions for administrative re-
considerations of this standard or for
an administrative stay pending Judi-
cial review must be filed with the As-
sistant Secretary of Labor for Occupa-
tional' Safety and Health within 45
days of the publication of this stand-
ard in the FEDERAL REGISTER. Any peti-
tions filed after this date will be con-
sidered to be filed untimely. This re-
quirement is considered essential to
permit the Agency to give full consid-
eration to each petition and respond
in advance of the effective date of the
standard.

Q. APPENDICES: PARAGRAPH (q)

The appendices Included with the
regulation are intended to provide in-
formation and are not Intended to
create any additional obligations not
otherwise imposed.

R. STARTUP DATES: PARAGRAPH (r)

Startup dates for specific provisions
have been extended from the propos,
al. This is based on OSHA's experience
with other standards as to the time re-
quired for employers to complete air
monitoring, and medical surveillance,
and to obtain necessary equipment,
respirators, and protective clothing. If
there is no specific start up date set
forth in the standard, then the star-
tup date Is the effective date of the
standard. If the time period for meet-
ing any of these startup dates cannot
be met because of technical difficul-
ties, any employer Is entitled to peti-
tion for a temporary variance under
§ 6(b)(6A) of the Act.

V. 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
,4(b), 6?b) and 8(c) of the Occupational
Safety and Health Act of 1970 (84
Stat. 1592, 1593, 1599; 29 U.S.C. 653,
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
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amended by adding a new permanent
standard for occupational exposure to
inorganic lead at § 1910.1025- and by
making consequential amendments to
Table Z-1 of 29 CFR 1910.1000:

In addition, pursuant to the above
authority, section 4(b)(2) 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, in Parts
1915, 1916, 1917, and 1918 of Title 29,
Code of Federal Regulations, and also
the safety and health standards pro-
mulgated under the Walsh-Healy Act
(41 U.S.C. 35 et seq.), the Service Con-
tract Act of 1965 (41 U.S.C. 351 et
seq.), the Act of August 23, 1958 (33
U.S.C. 941), and the National Founda-
tion on Arts and Humanities Act (20
U.S.C. 951 et seq.). Therefore, to the
extent that these corresponding stand-
ards are inconsistent with this new
standard, they are superseded by the
new § 1910.1025.

The application of the new standard
to the maritine industry is implement-
ed by adding a new paragraph (g) to
§ 1910.19.

Signed at Washington, D.C., this 8th
day of November, 1978.

EULA BINGHAM,
Assistant Secretary of Labor.

Part 1910 of Title'29 of the Code of
Federal Regulations (CFR) is amend-
ed as follows:

1. A new paragraph (g) is added to
§ 1910.19 to read as follows:'

§ 1910.19 Special provisions for air con-
taminants.

(g) Section 1910.1025 shall apply to
the exposure of every employee to
lead in every employment and place of
employment covered by ' §§ 1910.13,
1910.14, 191015, 1910.16, in lieu of any
different standard on exposure to lead
which-would otherwise be applicable
by virtue of those sections.

§ 1910.1000 [Amended]
2. Table Z-2 in § 1910.1000 is amend-

ed by deleting the following entry:
Lead and its inorganic compounds

(Z37.11-1969) 0.2 mg/ms
3. A new § 1910.1025 is added to Part

1910 to read as follows:

§ 1910.1025 Lead.
, (a) Scope and application. (1) This

- section applies to all occupational ex-
posure to lead, except as provided in
paragraph (a)(2).

(2) This section does not apply to
construction work as defined in 29
CFR 1910.12(b) or to agricultural op-
erations covered by 29 CFRPart 1928.

(b) DefinitiMns. "Action level" means
employee exposure, without regard to
the use of respirators, to an airborne
concentration of lead of 30 micro-
grams per cubic meter of air (30 pg/
m 3) averaged over an 8-hour period.

"Assistant Secretary" means the As-
sistant Secretary of Labor for Occupa-
tional Safety and Health, U.S. Depart-
ment of Labor, or designee.

"Director" means the Director, Na-
tional Institute for Occupational
Safety and Health (NIOSH), U.S. De-
partment of Health, Education, and
Welfare, or designee.

"Lead" means metallic lead, all inor-
ganic lead compounds, and organic
lead soaps. Excluded from this defini-
tion are all other organic lead com-
pounds.

(c) Permissible exposure liniit (PEL).
(1) The employer shall assure that no
employee is exposed to lead at concen-
trations greater than fifty micrograms
per cubic meter of air (50 pg/m3) aver-
aged over an 8-hour period.

(2) If an employee is exposed to lead
for more than 8 hours in any work
day, the permissible exposure limit, as
a time weighted average (TWA) for
that day, shall be reduced according to
the following formula:

Maximum permlible limit (In Pg/
m1 =400+hours worked In the day.

(3) When respirators are used to sup-
plement engineering and work practice
controls to comply with the PEL and
all the requirements of paragraph (f)
have been met, employee exposure, for
the purpose of determining whether
the employer has complied with the
PEL. may be considered to be at the
level provided by the protection factor
of the respirator for those periods the
respirator is worn. Those periods may
be averaged with exposure levels
during periods when respirators are
not worn to determine the employee's
daily TWA exposure.

(d) Exposur monitoring (1) Gener-
aL (i) For the purposes of paragraph
(d), employee exposure Is that expo-
sure which would occur if the employ-
ee were not using a respirator.

(ii) With the exception of monitor-
ing under paragraph (d)(3), the em-
ployer shall collect full shift (for at
least 7 continuous hours) personal
samples including at least one sample
for each shift for each Job classifica-
tion in each work area.

(ill) Full shift personal samples shall
be representative of the monitored
employee's regular, daily exposure to
lead.

(2) Initfl determination. Each em-
ployer who has a workplace or work
operation covered by this standard
shall determine if any exployee may
be exposed to. lead at or above the
action level.

(3) Basis of initial determination. (I)
The' employer shall monitor employee

exposures and shall base initial deter-
minations on the employee exposure
monitoring results and any of the fol-
lowing, relevant considerations:

(A) Any information, observations,
or calculations which would indicate
employee exposure to lead;

(B) Measurements of airborne lead
made In the preceding year if the sam-
pling and analytical methods used
meet the accuracy and confidence
levels of paragraph (d)(9) of this sec-
tion; and

(C) Any employee complaints of
symptoms which may be attributable
to exposure to lead.

(11) Monitoring for the initial deter-
mination may be limited to a repre-
sentative sample of the exposed em-
ployees who the employer reasonably
believes are exposed to the greatest
airborne concentrations of lead in the
workplace.

(4) Positire initial determination.
Where a determination conducted
under paragraphs (d)(2) and (d)(3) of
this section shows the 'possibility of
any employee exposure at or above
the action level, the employer shall
conduct monitoring which is repre-
sentative of the exposure for each em-
ployee in the workplace which is ex-
posed to leac

(5) Negative initial determination.
Where a determination, conducted
under paragraph (d)(2) and (d)(3) of
this section is made that no employee
is exposed to airborne concentrations
of lead at or above the action level,
the employer shall make a written
record of such determination. The
record shall include at least the infor-
mation specified in paragraph (d)(3) of
this section and shall also include the
date of determination, location within
the worksite, and the name and social
security number of each employee
monitored.

(6) 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 (d)(7)
of this section.

(if) If the initial determination or
subsequent monitoring reveals em-
ployee exposure to be at or above the
action level but below the permissible
exposure limit the employer shall
repeat monitoring in accordance with
this paragraph- at least every 6
months. The employer shall continue
monitoring at the required frequency
until at least two consecutive measure-
ments, taken at least 7 days apart, are
below the action level at which time
the employer may discontinue moni-
toring for that employee except as
otherwise provided in paragraph (d)(7)
of this section.

(ill) If the initial monitoring reveals
that employee exposure is above the
permissible exposure limit the employ-
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er shall repeat monitoring quarterly.
The employer shall continue-monitor-
ing at the required frequency until at
least two consecutive measurements,
taken at least 7 days apart, are below"
the PLT but, at or above the action
level at which time the employer may
repeat monitoring for that employee
at the frequency specified in para-
graph (d)(6)(ii), except as otherwise
provided in paragraph (d)(7) of this
section.

(7) Additional monitoring. When-
ever there has been- a production,
process, control or personnel change
which may result in new or additional-
exposure to lead, or whenever the em-
ployer has any other reason to- suspect
a change which may result in new or
additional exposures to lead, addition-
al monitoring in accordance- with this'
paragraph shall be conducted.

(8) Employee notification. (i) Within
5 working days after the receipt of
monitoring results, the employer shall'
notify each employee in writing of the
results which represent that employ-
ee's exposure.

(ii) Whenever the results, indicate-
that the representative employee ex-
posure, without regard to respirators
exceeds- the permissible exposum-e
limit, the employer shall.incude in the
written' notice a statement that the
permissible exposure limit was exceed-
ed and a description of the corrective
action taken or to be taken to reduce
exposure to or below the permissible
exposure limit.

(9) Accuracy of measurement, The
employer shall use a method of moni-
toring and analysis which has an accu-
racy (to a confidence lever of 95%) of'
not less thaii plus or minus. 20. percent
for airborne concentrations of lead'
equal to or greater than 3(1 Jg/ma.

(e) Methods of compliance (1) Engi-
neering and work practice controls,
The employer shall implement engi-
neering and work practice controls (in-
cluding administrative controls) to
reduce and maintain employee expo-
sure to lead in accordance with the Uim-
plementation schedule in Table 1
below. Failure to achieve exposure
levels without regard,.to respirators is
sufficient to establish a violation of
this provision.

TAE rs.-mplemertatiom schedule

Compliance dates2
Industry'

200 100 50*
pg/i. : ugfm' g/mr

Primary. lead production.....- (') 31 1ff
Secondary lead production.. ('} 3 5
Lead-acid battery manufac-

turing ............... ................. *) 2 5
Nonferrous foundries ......... - () 1. 51
Lead pigment manufactur,

ing... ................. V) 3 5
All other industries ............ ( 1 0 1
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4Includes ancI~ary activities loatd on the same
worksite.'

'Expressed as the number of years from' the, ef-
fective date by which compliance- with the- given
airborne exposure.level asan.S-hour TWA, must be
achieved.

' On effective date.

(2) Respiratory protection Where
engineering ant work practica controls
do, not reduce employee: exposure to or
below the 50 pg-/m_ permissible expo-
sure limit; the employer shall. supple-
ment these controls with-respirators in
accordance with, paragrapx (fY.

(3) Compliance program.
(i) Each- employer shall establish

and implement a. written compliance
program to reduce exposures to or
below the, permissible exposuri limit
and interim levels if appropriate,
solely by mdans of engineering and
work practice controls- in accordance
with the implementation schedule in
paragraph (e)(l).

(i) W-ritten" plans for these compli-
ance programs shall include at least.
the following:.

(A) A description of each operation
in which lead is emitted' e.g. machin-
ery used, material processed, controls
in place, crew- size, employee- job re-
sponsibilities, operating procedures-
and maintenance practices;

(B) A descriptionr of the specific
means that. will be employed- to
achieve compliance, including engi-
neering plans. and studies used tot de-
termine methods selected, for control-
ling exposure to lead; '

(C). A report. of the technology, con-
sidered in meeting. the permissible ex-
posure limit;

(D)- Air monitoring, data which- docu-
ments the source-of lead emissions;

(E). A detailed" schedule for imple-
mentation: of the program,, including'
documentation such asi copies of pur-
chase: orderst for equipment,, construc-
tion contracts, etc.;.

(F) A work practice program. which
includes items required under para-
graphs. (g); (h)- and WD of this. regula-
tion;.
(GY An administrative control sched

ule required- bypargraph-(e)(6), If, ap-
plicable, - I

(H) Other relevant information.
(ili) Written programs shall be sub-

mitted upon request to- the Assistant
Secretary imd7the Director and shall
be available: at the worksite for exami-.nation and copying by- the Assistant
Secretary,. Director,, any affected em-
ployee or authorized, employee: repre-
sentatives:.
(iv) Written programs shall be re-

vised and updated at. least. every. 6
months ta reflect. the current status of
theprogram..

(4): Bypass of interim level. Where
an employer's compliance plan: pro-
vides for a reduction of employee ex-
posures, to: or below the PEI. solely by
means. of engineering and work-prac-

tice controls In accordance with the
implementation schedule in table I,
and the employer has determined that
compliance with the 100 pg/mW interim
level w6uld divert resources to the
extent that it clearly precludes compli-
ance, otherwise attainable, with the
PEL by the required time, the employ.
er may proceed with the plan to
comply with the PEL In lieu of compli-
ance with the interim level If:
(i) The compliance plan clearly doc-

uments the basis of the determination'
(ii) The employer takes all feasible-

steps to provide maximum protection
for employees until the PEL Is met;
and

(iii) The employer notifies the
OSHA Area Director nearest the af-
fected workplace in writing within 10
working days of the completion or re-
ision of the compliance plan reflect-

ing the determination.
(5) Mechanical ventilation. (I) When

ventilation is used to control exposure,
measurements which demonstrate the
effectiveness of the system in control-
ling exposure, such as capture veloc-
ity, duct velocity, or static pressure
shall be made at least every 3 months,
Measurements of 'the system's effec-
tiveness in controlling exposure shall
be made within-5 days of any change
in production, process, or control .
which might result in a change in em-
ployee exposure to lead.

(i) Recirculation of air. If air from
exhaust ventilation Is recirculated into
the workplace, the employer shall'

assure that (A) the system has a high
efficiency filter with reliable back-up
filter;, and (B) controls to monitor the
concentration of lead in the return air
and to bypass the recirculation system
automatically if it fails are Installed,
operating, and maintained.

(6) Administrative, controls, If ad-
ministrative controls are used as a
means of reducing employee's TWA
exposure to lead, the employer shall
estabislr and Implement a job rotation
schedule-which includes:-

(i)Name or Identification number of
each affected employee;

(ii) Duration and exposure levels at
each job or work station where, each
affected employee is located; and

(ill) Any other information which
may be useful in 'assessing the reliabl-
ity of, administrative controls to
reduce exposure to lead.

(f)WRespiratory protection.
(1) General. Where the use of respi-

raters is required under this section.
the employer shall provide, at no cost
to the employee, and assure the use of
respirators which comply with the re-
quirements of this; paragraph. Respira
tors shall be used in the following cir-
cunstances

(i). During the time period necessary
to.install or implement engineering or
work practice controls, except that
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after the dates for compliance with
the interim levels in table I, no em-
ployer shall require an employee to
wear a respirator longer than 4.4
hours per day;,

(ii) In work situations in which engi-
neering and work practice controls are
not sufficient to reduce exposures to
or below the permissible exposure
limit; and

(iII) Whenever an employee requests
a respirator.

(2) Respirator selection.
(I) Where respirators are required

under this section the employer shall
select the appropriate respirator or
combination of respirators from table'
II below.

TABLE II.-Respiratory Protection for Lead
Aerosols

Airborne
concentration of Required respirator'

lead or condition of
use

Not in excess of 0.5 Half-mask, air-purifying
mg/m( Xiox PEL). respirator equipped with

high efficiency filters. I
Not in excess of 2.5 Pull faceplece, air-purifying

mg/m(50X PEL). respirator with high
efficiency filters.

Not in excess of 50 (1) Any powered, air-purifying
mg/rl(1O000x respirator with high
PEL). efficiency filters; or (2) Half-

mask supplied-air respirator
operated in positive-pressmre
node.' "

Not in excess of 100 Supplied-air respirators with
mg/m(2000X). full faceplece, hood, helmet.

or suit. operated in positive
- pressure mode.

Greater than 100 Full facepiece. self-contained
mg/m, unknown breathing apparatus
concentration or operated in positive-pressure
fire fighting. mode.

'Respirators specified for high concentrations
can be used at lower concentrations of lead.

'Full facepiece is required if the lead aerosols
cause eye or skin irritation at the-use concentra-
tions.

3A high efficiency particulate filter means 99.97
percent efficient against 0.3 micron size particles.

(ii) The employer shall 'provide a
powered, air-purifying respirator in
lieu of the respirator specified in
Table II whenever:

(A) An employee chooses to use this
type of respirator;, and

(B) This respirator will provide ade-
quate protection to the employee.

(iiI) The employer shall select respi-
rators from among those approved for
protection against lead dust, fume,
and mist by the Mine Safety and
Health Administration and the Na-
tional Institute for Occupational
Safety and Health (NIOSH) under the
provisions of 30 CFR Part 11.

(3) Respirator usage
(i) The employer shall assure that

the respirator issued to the employee
exhibits minimum facepiece leakage
and that the respirator is fitted. prop-
erly.

(ii) Employers shall perform quanti-
tative face fit tests at the time of ini-

tial fitting and at least semiannually
thereafter for each employee wearing
negative pressure respirators. The test
shall be used to select facepleces that
provide the required protection as pre-
scribed in table II.

(Ill) If an employee exhibits difficul-
ty in breathing during the fitting test
or during use, the employer shall
make available to the employee an ex-
amination in accordance with para-
graph (j)(3)(i)(C) of this section to de-
termine whether the employee can
wear a respirator while performing the
required duty.

(4) Respirator program. (i) The em-
ployer shall institute a respiratory
protection program in accordance with
29 CFR 1910.134 (b), (d), (e) and (f).

(ii) The employer shall permit each
employee who uses a filter respirator
to change the filter elements when-
ever an increase in breathing resis-
tance is detected and shall maintain
an adequate supply of filter elements
for this purpose.

(Ill) Employees who wear respirators
shall be permitted to leave work areas
to wash their face and respirator face-
piece whenever necessary to prevent
skin irritation associated with respira-
tor use.

(g) Protective work clothing and
equipment

(1) Provision and use. If an employ-
ee is exposed to lead above the PEL,
without regard to the use of respira-
tors or where the possibility of skin or
eye irritation exists, the employer
shall provide at no cost to the employ-
ee and assure that the employee uses
appropriate protective work clothing-
and equipment such as, but not limit-
ed to:

(i) Coveralls or similar full-body
work clothing;

(ii) Gloves, hats, and shoes or dispos-
able shoe coverlets; and

(Cii) Face shields, vented goggles, or
other appropriate protective equip-
ment which complies with § 1910.133
of this Part.

(2) Cleaning and replacemenL (i)
The employer shall provide the pro-
tective clothing required in paragraph
(g)(1) of this section in a clean and dry
condition at least weekly, and daily to
employees whose exposure levels with-
out regard to a respirator are over 200
gg/m. of lead as an 8-hour TWA.

(i) The employer shall provide for
the cleaning, laundering, or disposal of
protective clothing and equipment re-
quired by paragraph (g)(1) of this sec-
tion.

(iI) The employer shall repair or re-
place required protective clothing and
equipment as needed to maintain their
effectiveness.

,(iv) The employer shall assure that
all protective clothing Is removed at
the completion of a work shift only in
change rooms provided for that pur-

pose as prescribed in paragraph (i)(2)
of this section.
(v) The employer shall assure that

contaminated protective clothing
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 lead outside the
container.

(vi) The employer shall inform in
writing any person who cleans or laun-
ders protective clothing or equipment
of the potentially harmful effects of
exposure to lead.

(vii) The employer shall assure that
the containers of contaminated protec-
tive-clothing and equipment required
by paragraph (g)(2)(v) are labelled as
follows: CAUTION: CLOTHING CON-
TAMINATED WITH LEAD. DO NOT
REMOVE DUST BY BLOWING OR
SHAKING. DISPOSE OF LEAD
CONTAMINATED WASH WATER
IN ACCORDANCE WITH APPLICA-
BLE LOCAL, STATE, OR FEDERAL
REGULATIONS.

(viii) The employer shall prohibit
the removal of lead from protective
clothing or equipment bv blowing,
shaking, or any other means which
disperses lead into the air, except as
provided for in paragraph (1)(6) of this
section.

(h) Housekeeping.
(1) Surfaces. All surfaces shall be

maintained as free as practicable of ac-
cumulations of lead.

(2) Cleaning floors. (i) Floors and
other surfaces where lead accumulates
may not be cleaned by the use of com-
pressed air.

(if) Shoveling, dry or wet sweeping
and brushing may be used only where
vacuuming has 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
which minimizes the reentry of lead
into the workplace.
(i) Hygiene facilities and practices.

(1) The employer shall assure that in
areas where skin or clothing may come
in contact with fume, dust, mist, or liq-
uids containing lead or where employ-
ees are exposed to lead above the PEL,
without regard to the use of respira-
tors, food or beverage is not present or
consumed, tobacco products are not
present or used, and cosmetics are not
applied, except in change rooms,
lunchrooms, and showers required
under paragraphs (1)(2)-()(4) of this
section.

(2) Change rooms. (1) The employer
shall provide clean change rooms for
employees who work in areas where
their skin or clothing comes into con-
tact with fume, dust, mist, or liquids
containing lead or where their air-
borne exposure to lead is above the
PEL, without regard to the use of res-
pirators.
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(ii) The employer shall assure that
change rooms are equipped with sepa-
rate storage facilities: for protective
work clothing and equipment, and for,
street clothes which prevent cross-con-
tamination.

(3) Showers. (i) The employer shall
assure that employees who work in
areas where their skin or clothing-
comes into contact- with fume, dust,
mist, or liquids containing lead or
where their airborne exposure to lead
is above the PEL, without regard, to,
the use of respirators,- shower at the
end of the work shift.

(ii) The employer shall provide-
shower facilities in accordance with
§ 1910.141. Ca)(3) of this Part.

(iii) The employer shall assure that
employees who are required to, shower
pursuant. to paragraph (i)(3)(i) do- not
leave the workplace wearing any cloth-
ing or equipment worn during- the-
work shift.

(4) Lunchrooms. (i) The employer
shall provide lunchrodm facilities- for
employees, who worlk in areas where,
their skin or clothing comes, into con-
tact with fume, dust, mist, or liquids-
containing lead or where their air-
borne exposure to lead is above the
PEL, without regard to- the use of res-
pirators.

(ii) The employer shall assure that
lunchroom facilities have a- tempera-
ture controlled,, positive pressure, fil
tered air supply, and are readily acces-
sible toemployees.

(iii) The employer shall assure that
employees who work in areas where
their skin or clothing comes into con-
tact with fume, dust. mist,, or liquids
containing lead or where' their air-
borne exposure to lead.- is above the-
PEL without regard to a respirator
wash, their hands and face prior to
eating, drinking, smoking, or applying
cosmetics.

iv) The employer shall assure; that
employees do not enter lunchroom fa-
cilities with protective work clothing
or equipment unless surface-lead dust
has been removed by vacuuming.,
downdraft booth, or other cleaning
method.

(5) Lavatories. The employer shall
provide an adequate number of lava-
tory facilities which - comply with.
§ 1910.141(d) (1) and-(2)-of this Part.

(6) Effective date for construction.
pla o. Construction plans for changer-
ooms,. showers; lavatories and lunch-
room facilities shall be completed no-
later than 6 months from the effective
date and these facilities. shall be con-
structed and in use no later than 1
year from the effective date.

(j) Medical, surveillance. (1) General
(i) The employer shall institute a
medical surveillance program for- all
employees who are or may be exposed
above the action- level for more than
30 days per year.
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(ii)- The employer shall assure that
all medical examinations and proce-
dures are performed by or under the
supervision of a licensed physician.

(ili) The employer shall provide the
required medical surveillance without
cost to eniployees and at. a reasonable
time and, place.

(2) Biological monitoring., -(I)
Blood lead and. ZPP level sampling
an& analysis. The- employer shall
make available biological monitoring
in the form- of blood sampling and
analysis for lead and. zinc protopor-
phyrin levels to each employee cov-
ered under paragraph (j)C1)(i). of this
section on the following schedule:

(A) At least every 6 months to each
employee covered under paragraph
(j)(l)(i) of this section;

(B). At least every two months. for
each, employee- whose last blood, sam-
pling and, analysis, indicated a blood
lead. level at or above 40 gg/100 g 6f
whole blood. This frequency shall con-
tinue until two consecutive blood sam-
ples- and analyses indicate a.blood lead
level below,40 g/100 g-of whole blood;
and

(C) At least monthly during the re-
,moval period of each employee re-
moved from exposure to lead due to an,
elevated blood lead level.

(ii) Follow-up blood sampling tests.
Whenever the results of- a. blood lead
level test, indicate that an- employee's,
blood lead- evel exceeds the numerical-
criterion for medical removal- under
paragraph (k)(l)(i), the employer shall.
provide a. second (follow-up) blood
sampling test within two weeks after
the employer receives the results of
the first blood sampling test.

(iii) Accuracy of blood lead level sam-
pling- and aitalysis. Blood lead. level
sampling and analysis provided. pursu-
ant to' this section shall have an accu-
racy (to a confidence level of 95 per-
cent). withfi plus or minus 15 percent
or 6. jig/100ml, whichever is greater,,
and shall be conducted by alaboratory
licensed by the Center for Disease.
Control CCDC) or which has received a
satisfactory, grade in blood lead profi-
ciency testing from CDC in the prior
twelvemonths.

(iv) Employee notification. Within
five working days- after the receipt of,
biological monitoring results, the em-
ployer shall, notify- in writing each em-
ployee whose blood-lead level exceeds
40 g gI100 g: -(A) of that employee's
blood lead level and (B) that the
standard requires temporary medical
removal with Medical Removal Protec-
tion benefits; when an. employee's
blood- lead level exceeds the numerical-
criterion, for medical- removal under
paragraph (k)(1)(i) of this section.

(3) Medical- examinations and co4-
sultations-(i)Frequency. The employ-
er shall make available medical exami-
nations and consultations- to- each em-

N

ployee covered under paragraph
(j)(1)Ci) of this section on the follow-
ing schedule:

(A) At least. annually for each em-
ployee for whom a blood sampling test
conducted at any time during the pre-
ceding 12 months indicated a blood
lead level at-or above 40 jtg/100 g:

(B) Prior to assignment for each em-
ployee being assigned for the first
time to an area in which airborne con-
centrations of lead are at or above the
action level;

(C) As soon as possible, upon notifi-
cation by an employee either that the
employee has developed signs or synip-
toms commonly associated with lead
intoxication, that the employee de-
sires medical advice concerning the ef-
fects of current or past exposure to
lead on the employee's ability to pro.
create a healthy child, or that the em-
ployee has demonstrated difficulty in
breathing during a respirator fitting
test or during use; and

(D) As medically appropriate for
each employee either removed from
exposure to lead due to a risk of sus-
taining material impairment to health,
or otherwise limited pursuant to a
final medical determination.

(ii) Content. Medical examinations
made available pursuant to paragraph
(i(3)(1)(A)-(B) of this section shall in-
clude the following elements:

(A) A detailed, work history and a
medical history, with particular atten-
tion to past lead exposure (occupation-
al and non:occupational), personal
habits (smoking, hygiene), and past
gastrointestinal, hematologic, renal,
cardiovascular, reproductive and neu-
rological problems;

(B) A thorough physical examina-
tion, with particular attention, to
teeth, gums, hematologic, gastrointes-
tinal, renar, cardiovascular, and neuro-
logical systems. Pulmonary status
should be evaluated If respiratory pro-
tection will be used;

(C) A blood pressure measurement:,
(D) A blood sample and, analysis

which determines:
(1) Blood lead level;,
(Z) Hemoglobin and hematocrit de-

terminations, red cell indices, and ex-
amination of peripheral smear mor-
phology;r-

(3) Zinc protoporphyrin:
(4) Blood Urea nitrogen, and,
(5) Serum creatinine;
(E) A routine urinalysis with micro-

scopic examination. and
CF) Any laboratory or other test

which the examining physician deems
necessary by sound medical practice.
The' content of medical examinations
made available, pursuant .to paragraph
Cj) 3)(i)(C)-(D) of this section shall be
determined, by an examining physician
and, if requested by an employee, shall
include pregnancy testing or labora-
tory evaluation of male fertility,
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(ill) Multiple physician review mech-
anism. (A) If the employer selects, the
initial physician who conducts any
medical examination or consultation
provided to an employee under this
section, the employee may designate a
second physician:

(1) To review any findings, determi-
nations or recommendations of the ini-
tial physician; and

(2) To conduct such- examinations,
consultations, and laboratory tests as
the second physician deems necessary
to facilitate this review.

(B) The employer shall promptly
notify an employee of the right to
seek a second-medical opinion after
each occasion that an initial physician
conducts a medical examination or
consultation pursuant to this section.
The employer may condition its par
ticipation in, and payment for, the
multiple physician review mechanism
upon the employee doing the follow-
ing within fifteen (15) days after re-
ceipt of the foregoing notification, or
receipt of the initial physician's writ-
ten opinion, whichever is later.

(1) The employee informing. the em-
ployer that he or she intends to seek a
second medical opinion, and

(2) The employee initiating steps to
make an appointment with a second
physician.

(C) If the findings, determinations
or recommendations of the second
physician differ from those of the ini-
tial physician, then the employer and
the employee shall assure that efforts
are made for the two physicians to re-
solve any disagreement.

(D) If the two physicians have been
unable to quickly resolve their dis-
agreement, then the employer and the
employee through their respective
physicians shall designate a third phy-
sician:

(1) To review any findings, determi-
nations or recommendations of the
prior physicians; and

(2) To conduct such examinations.
consultations, laboratory tests and dis-
cussions with the prior physicians as
the third physician deems necessary to
resolve the disagreement of the prior
physicians.

(E) The employer shall act consist-
ent with the findings, determinations
and recommendations of the third
physician, unless the employer and
the employee reach an agreement
which is otherwise consistent with the
recommendations of at least one of
the three physicians.

(iv) Information provided to examin-
ing and 'consulting physicians (A)
The employer shall provide an initial
physician conducting a medical exami-
nation or consultation under this sec-
tion with the following information:

(1) A copy of this regulation for in-
orgape lead including all Appendices;
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(2) A description of the affected em-
ployee's duties as they relate to the
employee's exposure,

(3) The employee's exposure level or
anticipated exposure level to lead and
to. any other toxic substance (if appli-
cable);

(4) A description of any personal
protective equipment used or to be
used;

(5) Prior blood lead determinations;.
and

(6)- All prior written medical opin-
ions concerning the employee In the
&mployer's possession or control.

(B) The employer shall provide the
foregoing ltformation to a second or
third physician conducting a medical
examination or consultation under
this section upon request either by- the
second or third physician, or by the
employee

(v) Written. medical opinions. (A)
The employer shall obtain and furnish
an employee with a copy of a written
medical opinion from each examining
or consulting physician which contains
the following information:

(1) The physician's opinion as to
whether the employee has any detect-
ed medical condition which would
place the employee at increased risk of
material impairment of the employee's
health from exposure t6 lead:

(2) Any recommended special protec-
tive measures to be provided to the
employee, or limitations to be placed
upon the employee's exposure to lead;

(3) Any recommended limitation
upon the employee's use of respira-
tors, including a. determination of
whether the employee can wear a
powered, air purifying respirator if a
physician determines that the employ-
ee cannot wear a negative pressure res-
pirator, and

(4) The results of the blood lead de-
terminations.

(B) The-employer shall instruct each
examining and consulting physician
to:

(1) Not reveal either in the written
opinion, or in any other means of com-
munication with the employer, find-
ings, including laboratory results, or
diagnoses unrelated to an employee's
occupational exposure to lead: and

(2) Advise the employee of any medi-
cal condition, occupational or nonoc-
cupational, which dictates further
medical examination or treatmenL

(vi) Alternate Physician Determina-
Lion .Mechanisms. The employer and
an employee or authorized employee
representative may agree upon the use
of any expeditious alternate physician
determination mechanism in lieu of
the multiple physician review, mecha-
nism provided by this paragraph so
long as the alternate mechanism oth-
erwise satisfies the requirements con-
tained in this paragraph.
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(4) Chelation. (i) The employer shall
assure that any person whom he re-
tains, employs, supervises or controls
does not engage in prophylactic chela.-
tion of any employee-at any time

(i) If therapeutic or diagnostic che-
lation Is to be performed by any
person in paragraph G)(4)(i). the em-
ployer shall assure that it be done
under the supervision of a licensed
physician in a clinical setting with
thorough and appropriate medical
monitoring and that the employee is
notified in writing prior to its occur-
rence.

(k) fedical Removal Protecfon.
(1) Temporary medical removal and

return of an employem
(i) Temporary removal due to elevat-

ed blood lead levels.
(A) First year of the standard.

During the first year following the ef-
fective date of the standard, the em--
ployer shall remove an employee from
work having a daily eight hour TWA
exposure to lead at or above 100- ,g/rm
on each occasion that a periodic and a
follow-up blood sampling test conduct-
ed pursuant to this section indicate
that the employee's blood lead level is
at or above 80 pg/100 g of whole blood:

(B) Second year of the standard.
During the second year following the
effective date of the standard, the em-
ployer shall remove an employee from
work having a daily 8-hour TWA expo-
sure to lead at or above 50 pg/nm3 on
each occasion that a periodic and a
follow-up blood sampling test conduct-
ed pursuant to this section indicate
that the employee's blood lead level is
at or above '0 pg/l00 g of whole blood;

(C) Third year of the standard, and
thereafter: Beginning with the third
year following the effective date of
the standard, the employer shall
remove an employee from work having
an exposure to lead at or above the
action level on- each occasion that a
periodic and a follow-up blood sam-
pling test conducted pursuant. to this
section indicate that th employee's
blood lead level is at or above 60 pgl
100 g ofVhole blood; and.

(D) FiJU/ year of the standard, and
thereaften Beginning with the fifth
year following the effective date pf
the standard, the employer shall
remove an employee from work having-
an exposure to lead at or above the
action level on each occasion that the
average of the last three blood sam-
ping tests conducted pursuant to this
section (or the average of all blood
sampling tests conducted over the pre-
vious six (6) months, whichever is
longer) indicates that the employee's
blood lead level is at or above 50 pgl
100 g of whole blood: provided, howev-
er, that an employee need not be re-
moved if the last blood sampling test
indicates a blood lead level at or below
40 pg/100 g of whole blood-
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,(iI) Temporary removal due to a
final medical determination. (A) The
employer shall remove an employee
from work having an exposure to lead
at or above the action level on each oc-
casion that a final medical determina-
tion results in a medical finding, deter-
mination, or opinion that the employ-
ee has a detected medical condition
which places the- employee at in-
creased risk of material inipairment to
health from exposure to lead;

(B) For the purposes of this section,
the phrase "final medical determina-
tion" shall mean the outcome of the
multiple physician review mechanism
or alternate medical determination
mechanism used pursuant to the medi-
cal surveillance provisions of this sec-
tion.

(C) Where a final medical determi-
nation results in any recommended
special protective measures for an em-
ployee, or limitations on an employee's
exposure to lead, the employer shall
implement and act consistent with the
recommendation. -

(iii) Return of the employee to former
job status. (A) The employer shall
return an employee to his or her
former job status:

(1) For an employeeremoved due to
a blood lead level at or above 80 ;g/
100, g, when two consecutive blood
sampling tests indicate that the em-
ployee's blood lead level is at or ,below
60 ,g/100 g of whole blood;

(2) For an employee removed due to
a blood lead level at or above 70 jig/
100 g, when two consecutive blood
sampling tests indicate that the em-
ployee's blood lead level is at or below
50 jig/100 g of whole blood;

(3) For an employee removed due to
a blood lead level at or above 60 gg/
100 g, or due to an average blood lead
level at or.above 50 pig/100 g, when
two consecutive blood sampling tests
indicate that the employee's blood
lead level is at or below 40 Lg/100 g of
whole blood;

(4) For an employee removed due to
a final medical determination, when a
subsequent *final medical determina-
tion results in a medical finding, deter-
mination, or opinion that the employ-
ee no longer has a detected medical
condition which places the employee
at increased risk of material impair-
ment to health-from exposure to lead;
and

(B) For the purposes of this section,
the requirement that an employer
return an employee to his or her
former job status is not intended to
expand upon or restrict any rights an
employee has or would have had,
absent temporary medical removal, to
a specific job classification or position
under the terms of a collective bar-
gaining agreement.

(iv) Removal of other employee spe-.
cial protective measure or limitations.

The employer shall remove any limita-
tions placed on an employee or end
any special protective measures pro-
vided to an employee pursuant to a
final medical determination when a
subsequent final medical determina-
tion indicates that the limitations or
special -protective measures are no
longer necessary.

(v) Employer options pending a final
medical determination. Where the
multiple physician review mechanism,
or alternate medical determination
mechanism used pursuant to the medi-
cal surveillance provisions of this sec-
tion, has not yet resulted in a final
medical determination with respect to
an employee, the-employer shall act as
follows:

(A) Removal. The -employer may
remove the employee from exposure
to lead, provide special protective
measures to the employee, or place
limitations upon the employee, con-
sistent with the medical findings, de-
tCerminations, or recommendations of
any of the physicians who have re-
viewed the employee's health status.

(B) Return. The employer may
return the employee to his or her
former job status, end any special pro-
tective measures provided to the em-
ployee, and remove any 'limitations
placed upon the employee, consistent
with the medical findings, determina-
tions, or recommendations of any of
the physicians who- have reviewed the'
employee's health status, with two ex-
ceptions. If-Ii1(1) the initial removal,
special protection, or limitation of the
employee resulted from a final medi-
cal determination which differed from
the findings, determinations, or rec-
ommendations of the initial physician;

(2) the employee has been on remov-
al status for the proceeding eighteen
months due to an elevated blood lead
level, then the employer shall await a
final medical determination.

(2) Medical removal protection bene-
fits.

(i) Provision of medical removal pro-
tection benefits. The employer shall
provide to an employee up to eighteen
(18) months of medical removal pro-
tection benefits on each occasion that
an employee is removed from exposure
to lead or otherwise limited pursuant
to this section.

(ii) Definition of medical removal
protection benefits. For the purposes
of this section, the requirement that
an employer provide medical removal
protection benefits means that the
employer shall maintain the earnings,
seniority and other employment rights
and benefits of an employee as though
the employee had not been removed
from normal exposure to lead or oth-
erwise limited.

(iii) Follow-up medical surveillance
during the period of employee removal
or limitation. During the period of

time that an employee is removed
from normal exposure to lead or oth.
erwise limited, the.employer may con-
dition the provision of medical remov-
al protection benefits upon the em-
ployee's participation In follow-up
medical surveillance made available
pursuant to this section,

(iv) Workers' compensation claims,
If a removed employee files a claim for
workers' compensation payments for a
lead-related disability, then the em-
ployer shall continue to provide medi-
cal removal protectioi benefits pend-
ing disposition of the claim. To the
extent that an award is made to the
employee for earnings lost during the
period of removal, the employer's
medical removal protection obligation
shall be reduced by such amount. The
employer shall receive no credit for
workers' compensation payments re-
ceived by the employee for treatment
related expenses.

(v) Other credits. The employer's ob-
ligation to provide medical removal
protection benefits to a removed em-
ployee shall be reduced to the extent
that the employee receives comnpensa-
tion for earnings lost during the
period of removal either from a public.
ly or employer-funded compensation
program, or from employment with
another employer made possible by
virtue of the employee's removal.

(vi) Employees whose blood lead
levels do no adequately decline within
18 months of removal. The employer
shall take the following measures with
respect to any employee removed from
exposure to lead due to an elevated
blood lead level whose blood lead level
has not declined within the past eigh-
teen (18) months of removal so that
the employee has been returned to his
or her former job status:

(A) The employer shall make availa-
ble to the employee a medical exami-
nation pursuant to this section to
obtain a final medical determination
with respect to the employee;

(B) The employer shall assure that
the final medical determination ob-
tained indicates whether or not the
employee may be returned to his or'
her former job status, and if not, what
steps should be taken to protect the
employee's health;

(C) Where the final medical determi-
nation has not yet been obtained, or
once obtained indicates that the em-
ployee may not yet be returned to his
or her former job status, the employer
shall continue to provide -medical re-
moval protection benefits to the em-
ployee until either the employee Is re-
turned to foiner job status, or a final
medical determination Is made that
the employee is incapable of ever
safely returning to his or her former
Job status.

(D) Wherethe employer acts pursu-
ant to a final medical determination
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which permits the return of the em-
ployee to- his or her former job status
despite what would otherwise be an
unacceptable blood lead level, later
questions concerning removing the
employee again shall be decided by a
final medical determinatiom The em-
ployer need not automatically remove
such an employee pursuant to the
blood lead level removal criteria pro-
vided by this section.

(vii) Voluntary Removal or Restric-
tion of An Employee. Where an em-
ployer, although not required by this
section to do so, removes an employee
from exposure to, lead or otherwise
places limitations on an employee due
to the effects of lead exposure on the
employee's medical condition, the em-
ployer shall provide medical removal
protection benefits to the employee
equal to that required by paragraph
(k)C2)() of this section.

(1) Employee information and train-
ing.

(1) Training program.
Ci) Each employer who has a work-

place in which there is a. potential. ex-
posure to airborne lead at any level
shall inform employees of the content
of Appendices A and R of this regula-
tion.

(ii) The employer shall institute a
training program for and assure the
participation of all employees who are
subject to exposure to lead at or above
the action level or for whom the possi-
bility of skin or eye irritation exists.

(iii) The employer shall provide Ini-
tial training by 180 days from the ef-
fective date for those employees cov-
ered by paragraph (1)(1) (ii) on- the
standard's effective- date and prior to
the time of initial job assignment for
those employees subsequently covered
by this paragraph.

(iv) The training program shall be
repeated at least annually for each
employee.

(v) The employer shall assure that
each employee is informed of the fol-
lowing:

(A) The content of this standard and
its appendices;

(B) The specific nature of the oper-
ations which could result in exposure
to lead above the action level;

(C) The purpose, proper selection.
fitting, use, and limitations of respira-
tors;

(D) The purpose and a description of
the medical surveillance program, and
the medical removal protection pro-
gram including information concern-
ing the adverse health effects associat-
ed with excessive exposure to lead
(with particular attention to the ad-
verse reproductive effects on both
males and females);

(E) The engineering controls and
work practices associated with the em-
ployee's job assignment; -
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(F) The contents of any compliance
plan in effect; and

(G) Instructions to employees that
chelating agents should not routinely
be used to remove lead from their
bodies and should not be used at all
except under the direction of a li-
censed physician;

(2) Access to information and train-
ing materials.

(1) The employer shall make readily
available to all affected employees a
copy of this standard and its appendi-
ces.

(ii) The employer shall provide.
upon request, all materials relating to
the employee Information and train-
ing program to the Assistant Secretary
and the Director.

(iii) In addition to the information
required by paragraph (1)(1)(v), the
employer shall include as part of the
training program, and shall distribute
to employees, any materials pertaining
to the Occupational Safety and Health
Act, the regulations issued pursuant to
that Act and this lead standard.
which are made available to the em-
ployer by the Assistant Secretary.

(in) Signs.
(1) General. (I) The employer may

use signs required by other statutes.
regulations or ordinances in addition
to. or in combination with, signs re-
quired by this paragraph.

(ii) The employer shall assure that
no statement appears on or near any
sign required by this paragraph which
contradicts or detracts from the mean-
ing of the required sign.

(2) Signs. (i) The employer shall post
the following warning signs in each
work area where the PEL is exceeded:

WARNING

LEAD WORK AREA

POISON

NO SMOKING OR EATING

(ii) The employer shall assure that
signs required by this paragraph are Il-
luminated and cleaned as necessary so
that the legend is readily visible.

(n) Recordkeeping.
(1) Exposure monitoring. (l) The em-

ployer shall establish and maintain an
accurate record of all monitoring re-
quired in paragraph (d) of this section.

(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 to 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 protec-
tive devices worn. if any;,

(D) Name. social security number,
and job classification of the employee
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monitored and of all other employees
whose exposure the measurement Is
intended to represent; and
(E) The environmental variables

that could affect the measurement of
employee exposure.

(II) The employer shall maintain
these monitoring records for at least
40 years or forthe duration of employ-
ment, plus 20 years. whichever is
longer.

(2) Medical surveilTance. () The em-
ployer shall establish and maintain an
accurate record for each employee
subject to medical surveillance as re-
quired by paragraph () of this section.

(if) This record shall include:
(A) The name. social security

number, and description of the duties
of the employee;

(B) A copy of the physician's written
opinions;
(C) Results of any airborne exposure

monitoring done for that employee
and the representative exposure levels
supplied to the physician: and
(D) Any employee medical com-

plaints related to exposure to Iead.
(iii) The employer shall 'keep, or

assure that the examining physician
keeps, the following medical records--
(A) A copy of the medical examina-

tion results including medical and
work history required under para-
graph (j) 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) A copy of the results of biologi-
cal monitoring.

(iv) The employer shall 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 is
longer.

(3) Medical removals. (i) The em-
ployer shall establish and maintain an
accurate record for each employee re-
moved from current exposure to lead
pursuant to paragraph (k) of this sec-
tion.

(ii) Each record shall include:
(A) The name and social security

number of the employee;
(B) The date on each occasion that

the employee was removed from cur-
rent exposure to lead as well as the
corresponding date on which the em-
ployee was returned to his or her
former Job status;
(C) A brief explanation of how each

removal was or is being accomplished;
and
(D) A statement with respect to each

removal indicating whether or not the
reason for the removal was an elevat-
ed blood lead level.

(Cii) The employer shall maintain
each medical removal record for at
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least, the duration of an employee's
employment.

(4) Availability. (i) The employer
shall make available upon request all
records required to be maintained by
paragraph (n) of this section to the
Assistant Secretary and the Director
for examination and copying.

(i) Upon request, the employer shall
make environmental monitoring, bio-
logical monitoring, and medical remov-
al records available to affected em-
ployees, former employees or their au-
thorized employee representatives for
inspection and copying.

(Iit) Upon request, the employer
shall make an employee's medical rec-
ords required to be maintained by this
section available to the affected em-
ployee or former employee or to a
physician or other individual designat-
ed by such affected employee or
former employees for examination and
copying.

(5) Transfer of records_(i) Whenever
the employer ceases to do business,
the successor employer shall receive-
and retain all .records required to be
maintained by paragraph (n) of this
section.

(i) 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 transmitted to the Di-
rector.

ii) At the expiration of the reten-
tion period for the records required to
be maintained by this section, the em-
ployer shall notify the Director at
least 3 months prior to" the disposal of
such records and shall transmit those
records to the Director if requested
within the period.
(o) Observation of monitoring. (1)

Employee observation. The employer
shall provide affected employees or
their designated representatives an op-
portunity to observe any monitoring
of employee exposure to lead conduct-
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ed pursuant to paragraph (d) of this
section.

(2)' Observation procedures. (i)
Whenever observation. of the monitor-
ing of employee exposure to lead re-
quires entry into an area where the
use of respirators, protective clothing
or equipment is required, ,the employ-
er shall provide the observer with and
assure the use of such respirators,
clothing and such equipment, and
shall require the observer to comply
with all other applicable safety and
health procedures.

(ii) Without interfering with the
monitoring, observers shall be entitled
to:

(A) Receive an explanation of the
measurement procedures;

(B) Observe all steps related to the
monitoring of lead performed at the
place of exposure; and'

(C) Record the results obtained or
receive- copies of the results when re-
turned by the laboratory.

(p) Effective date This standard
shall become effective February 1,
1979.

(q) 'Appendices. The information
contained in the appendices to this
section is not intended by itself, to
create any additional obligations not
otherwise imposed by this standard
nor detract from any existing obliga-
tion.

(r) Startup dates. All obligations of
this standard commence on the effec-
tive date except as follows:

(1) The initial determination -under
paragraph (d)(2) shall be-made as soon
as possible but no later than 30 days
from the effective date.

(2) Initial monitoring under para-
graph (d)(4) shall be completed as
soon as possible but no later than 90
days from the effective date.

(3) Initial biological monitoring.and
medical examinations under para-
graph (j) shall be completed as soon as
possible but no later than 180 days
from the effective date. Priority for

biological monitoring and medical ex-
aminations shall be given to employ-
-ees whom the employer believes to be
at greatest risk from continued expo.
sure.

(4) Initial training and education
shall be completed as soon as possible
but no later than 180 days from the ef-
fective date.

(5) Hygiene and lunchroom facilities
under paragraph (i) shall be in oper-
ation as soon as possible but no later
than 1 year from the effective year.

(6) Respiratory protection required
by paragraph (f) shall be provided as
soon as possible but no later than the
following schedule:

(A) Employees whose 8-hour TWA expo.
sure exceeds 200 pg/m 3-on the effective
date.

(B) Employees whose 8-hour TWA exPo-
sure exceeds the PEL but is less than 200
pg/m--150 days from the effective date,

(C) Powered, air-purifying respirators pro,
vided under (f)(2)(i)-210 days from the ef-
fective date.

(7) Written compliance plans re-
quired, by paragraph (e)(3) shall be
completed and available for inspection
and copying as soon as possible but no
later than the following schedule:

(A) Employers for whom compliance with
the PEL or injerim level is required within 1
year from the effective date--6 months
from the effective date.

(B) Employers in secondary smelting and
refining, lead storage battery manufactur-
Ing lead pigment manfacturing and nonfer-
rous foundry industries-1 year from the ef-
fective date.

(C) Employers in primary smelting and re.
fining industry-i year from the effective
date for the Interim level: 5 years from the
effective date for PEL.. (D) Plans for construction of hygiene fa.
cilities, if required-6 months from the ef.
fective date.

(8) The permissible exposure limit in
paragraph (c) shall become effective
150 days from the effective date.

[FR Doc. 78-31911 Filed 11-13-78; 8:45 am]
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