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I am Richard A. Lemen, Assistant Director of the National Institute for
Occupational Safety and Health. With me today are senior staff from NIOSH.
NIOSH is pleased to have this opportunity to testify in support of the
Occupational Safety and Health Administration (OSHA) proposed rule on cadmium.

I. BACKGROUND

The National Institute for Occupational Safety and Health (NIOSH) has reviewed
the Occupational Safety and Health Administration's (OSHA's) proposed changes
(55 FR 4052) to its existing regulation for occupational exposure to cadmium
in the general, construction, agriculture, and maritime industries [29 CFR
1910.1000 (Table 2-2), 29 CFR 1926, 29 CFR 1928, 29 CFR 1910.252(f)(1)(v) and
(f)(9)].

For general industry, the current OSHA standard for cadmium is [29 CFR
1910.1000] :

Cadmium fume
Cadmium dust

PEL*
100 ~g/m3**

200 ~g/m3

Ceilin~

300 ~g/m3

600 ~g/m3

*Permissible exposure limit
**Micrograms of cadmium per cubic meter of air

For construction, the current OSHA standard is 100 ~g/m3 measured as cadmium
oxide fume [29 CFR 1926].

OSHA proposes two alternative 8-hour (hr) time-weighted average (TWA)
pe,rmissible exposure limits (PELs) for cadmium (all forms) (55 FR 4052) :

Alternative 1
Alternative 2

PEL EL***
5 ~g/m3

25 ~g/m3

AL****
O. 5 ~g/m3

2. 5 ~g/m3

***Excursion limit - measured over a 15-minute period
****Ac tion level

NIOSH supports OSHA's assessment that exposure to cadmium is associated with
the increased incidence of lung cancer, emphysema, and kidney dysfunction. In
the 1976 criteria document on cadmium, NIOSH recommended that workers not be
exposed to cadmium or its compounds at concentrations greater than 40 ~g Cd/m3

as an 8-hr TWA and 200 ~g/m3 during any ls-minute period [NIOSH 1976]. This
standard was recommended by NIOSH to prevent the chronic health effects of
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cadmium on the respiratory system and on the kidneys, and to prevent the acute
effect of pulmonary edema. The criteria document also mentioned " ... some
inconclusive evidence of hypertension, cancer, and neonatal anomalies from
cadmium exposure." However, the NIOSH recommended standard was not based on
these effects.

In a 1984 Current Intelligence Bulletin (CIB), NIOSH concluded that cadmium is
a potential occupational carcinogen and that exposures should be reduced to
the lowest feasible level [NIOSH 1984a]. This determination of
carcinogenicity was based on human epidemiological and animal toxicological
data that were published subsequent to the development of the criteria
document.

II. NIOSH STATEMENT OF POLICY

Because cadmium is a potential occupational carcinogen, occupational exposures
to cadmium should be reduced to the lowest feasible level [NIOSH 1984a].
Lowering the TWA PELs from the current standards to either 1 ~g/m3 or 5 ~g/m3

(8-hr TWA) will substantially reduce risk. However, even at these levels,
which may be the lowest feasible at the present time, the level of excess
cancer deaths estimated by OSHA would still be excessive. OSHA estimates the
total cancer risk to be 2.1 excess deaths per 1000 if exposures are reduced to
an 8-hr TWA of 1 ~g/m3. OSHA has estimated that 66,000 workers are
potentially exposed to cadmium in the construction industry (not including
demolition workers) and NIOSH has estimated that for all industry sectors
(excluding agriculture and mining) more than 220,000 different workers are
potentially exposed to cadmium-containing compounds (see Appendices 1-4 of the
NIOSH comments). If these 220,000 exposed workers were to be exposed at a
standard of 1 ~g/m3 for a working lifetime, an excess of 440 deaths would be
expected for these potentially exposed workers according to OSHA's risk
assessment based on the Takenaka [1983] data. As it becomes feasible to
control exposures to levels lower than are presently possible, NIOSH would
recommend that such levels be required.

NIOSH strongly recommends the use of engineering controls and work practices
instead of personal protective equipment (PPE) , including respiratory
protection, for controlling exposures to cadmium. In its statements to the
OSHA docket on methods of compliance (hierarchy of controls), NIOSH concluded
that respirators should be worn only when engineering controls are not
feasible in controlling exposures [NIOSH 1983a; 1989a].

III. NIOSH RESPONSE TO SPECIFIC SECTIONS OF THE PROPOSED RULE

NIOSH has the following response to specific sections of the proposed rule:

1. Respiratory Protection (55 Fa 4122)

Respiratory protection may be required as supplementary protection for
workers when engineering controls are not feasible for reducing exposures
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to below the OSHA PEL or EL. For example, respirators may be required
during emergency situations, some maintenance operations, some demolition
work, or while engineering controls are being installed.

NIOSH agrees with the OSHA assessment of the many problems associated with
the use of respirators and supports minimizing their use (55 FR 4110).
NIOSH has provided to OSHA a detailed explanation of the problems
associated with respirator use in our most recent comments to the docket
on methods of compliance [NIOSH 1989a].

NIOSH concurs with the OSHA assessment that intermittent users of
respirators should not be exempt from medical screening because these
"users need to be evaluated for their fitness to wear respirators as well"
(55 FR 4112). Use of respiratory protection creates a physiological
burden on the user [NIOSH 1989a]. This remains true whether use is
intermittent or constant, voluntary or mandatory. For these reasons,
NIOSH recommends that OSHA not exempt the proposed (55 FR 4112) medical
evaluation of those workers who voluntarily choose to wear respirators to
reduce exposures [NIOSH 1989a].

Because cadmium is a potential occupational carcinogen, NIOSH recommends
the use of the most protective respirators. These respirators are [NIOSH
1987a] :

(1) Any self-contained respirator equipped with a full facepiece and
operated in a pressure-demand or other positive-pressure mode,
or

(2) Any supplied-air respirator equipped with a full facepiece
operated in a pressure-demand or other positive-pressure mode in
combination with an auxiliary self-contained breathing apparatus
operated in a pressure-demand or other positive-pressure mode.

If respirators other than these are permitted, NIOSH recommends the use of
the assigned protection factors (APFs) in the NIOSH Respirator Decision
Logic [NIOSH 1987a]. The NIOSH APF is 50 for full facepiece powered air­
purifying respirators, rather than the APF of 250 that is proposed.

2. Medical Surveillance (55 FR 4124)

Confidentiality

In the proposed rule OSHA would require employers to maintain the medical
records generated by the required preplacement, annual, and termination
medical examinations. NIOSH recommends that this section explicitly
address the various responsibilities of the employer and the physician
with regard to confidentiality. NIOSH recommends the maintenance of
medical records at the worksite only when the company employs medical
professionals on site to maintain the records and ensure that
confidentiality is not violated.
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The employer should be entitled to receive and maintain (separate from the
medical record) a copy of the physician's general opinion regarding the
suitability of the worker for continued occupational exposure to cadmium
and any work restrictions. In addition, biological monitoring tests
(blood and urine cadmium) that assess absorption by measuring the
concentration of the substance (or a metabolit~) in body fluids should be
available to the employer because such information helps assess workers'
absorption of cadmium.

Medical screening requirements

The medical screening requirements in Section (1)(2)(ii)(B) of the
proposed standard require a "complete physical examination" with "emphasis
on" various anatomical systems. The following specific comments relate to
the medical screening requirements in the proposed standard:

(i) The blood pressure should be taken; the remainder of the
cardiovascular examination as proposed may not be relevant in
screening for cadmium toxicity.

(2) Cadmium-related musculoskeletal effects are rare and require long or
very high exposures, often in combination with dietary deficiencies
or renal disease [Thun et al. 1989; Kjellstrom 1986]. Because other
effects occur much earlier and are detectable by more sensitive
tests, it is not necessary to screen for musculoskeletal disorders.

(3) If the complete blood count is normal, physical examination of the
hematological system may not be relevant for screening purposes.

(4) Because prostate cancer has been associated with exposure to cadmium,
the requirement for a rectal examination is appropriate to screen
male workers over age 40 for prostate cancer. NIOSH is not aware of
other genitourinary health effects known to be associated with
cadmium that are likely to be detected by physical examination of
workers.

In addition, some of the medical tests required under the proposed
standard, particularly liver enzymes and microscopic examination of
urinary sediment, may not be useful in screening for cadmium-induced
damage. Other tests, particularly blood urea nitrogen and serum
creatinine, should be obtained for baseline examination (and in the
termination examination), but need not be repeated during periodic
screening examinations of healthy workers.

The proposed standard would require in Section (1)(4)(i)(E) that certain
actions be triggered by repeated diagnoses of upper or lower respiratory
infections (presumably acute); such diagnoses are seldom related to
cadmium exposure and therefore would not be useful as triggers for
intervention.
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The questionnaire (Appendix D)

NIOSH recommends that only a respiratory questionnaire be used in medical
screening related to cadmium exposure; questions 3-9 and 26 of the
proposed questionnaire relate to the respiratory system.

Screening for respiratory health effects

Non-malignant respirato~ health effects

NIOSH agrees that screening for obstructive diseases of the airways (e.g.,
emphysema) is best accomplished with pulmonary function tests. Section
(1)(2)(ii)(D) requires determination of forced vital capacity (FVC) and
forced expiratory volume at 1 second (FEV1). NIOSH recommends that the
largest FVC, largest FEV1, and the ratio of the largest FEV1 to the
largest FVC (FEV1/FVC%) from each worker's pulmonary function examination
should each be compared to the lower limit of normal (LLN or 95th
percentiles) cutoff for the respective parameter using Knudson's [1983]
reference values and 95th percentiles (See Attachment--Tables 1, 2, and 3
for males, and Tables 4, 5, and 6 for females).

When previous test results for a worker are available, in addition to
comparing the current results with predicted values, a physician should
determine if any significant change in pulmonary function results has
occurred. The Attachment describes one method of interpreting
longitudinal changes in FEV1 for workers whose current pulmonary function
tests are still within the normal range. While this method is offered for
consideration, NIOSH is continuing to refine the method used to determine
excessive decrements in pulmonary function over time.

Lung Cancer

NIOSH does not currently recommend screening for lung cancer because it
has not been established that such screening is beneficial to those
screened. While chest radiograph and sputum cytological examination are
capable of detecting lung cancer in an early stage, the low yield of
cancers found among asymptomatic individuals and the lack of convincing
evidence that early screening decreases lung cancer mortality, has led to
a consensus that current evidence does not support routine screening for
lung cancer among asymptomatic persons. This also is the official policy
of the American Cancer Society, the National Cancer Institute, the Food
and Drug Administration, the American College of Radiology, the Royal
College of Radiologists, and the Yorld Health Organization [USPSTF 1989].

3. Exposure Monitoring Frequency (55 FR 4121)

NIOSH recommends that initial and periodic (at least quarterly) exposure
monitoring be conducted in all workplaces where workers may be exposed to
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cadmium [NIOSH 1987b]. Because there is no safe level of exposure to a
potential occupational carcinogen, NIOSH recommends omitting the proposed
provision that periodic monitoring can be discontinued when the
" ... periodic monitoring indicates that employee exposures are below the
action level and that result is confirmed by the results of another
monitoring taken at least seven days later ... " (55 FR 4121). Moreover,
exposure levels will vary because of day-to-day fluctuations in the
manufacturing processes. Also, the measurement of exposure levels may not
be consistently accurate because some exposures are of short duration
(e.g., welding) and because there are inherent sampling variability and
measurement inaccuracies.

4. Sampling and Analytical Methods (55 FR 4138)

NIOSH has previously submitted its comments to OSHA on the proposed
analytical methods for cadmium (ID-189, ID-189GF) [NIOSH 1989b]. In these
comments, NIOSH indicated that the OSHA methods are appropriate for use
with the proposed alternative OSHA standards (i.e., both the 8-hr TWAs of
5 ~g/m3 and 1 ~g/m3 and their associated ELs and ALs).

As a result of additional consideration regarding limits of detection,
NIOSH recommends that OSHA make the following changes to improve the
methods (55 FR 4138):

1) ID-189 (Section 6.5.2) - Change "0.02" to "0.005"

2) ID-189GF (Section 6.5.2) - Change "1.0" to "0.02"

These changes ensure that standard solutions will be prepared at the
"qualitative detection limit" of each method (as stated in Section 2.1 of
each method). Otherwise, it will not be possible to calibrate the
analytical instruments for concentrations near the action level.

IV. CONTROL OF CADMIUM EXPOSURES

Introduction

Occupational exposures are controlled by a number of well-known techniques as
summarized in Table I. As this table indicates, these controls may be applied
at the hazard source, to the general work environment, and at or near the
point of worker exposure. A system of control measures is usually necessary,
with controls applied at all three points to provide adequate flexibility and
reliability.

In general, more toxic materials require more stringent and more reliable
controls. The selection of a strategy for controlling exposures in a process
or operation of interest is a critically important first step. The control of
highly toxic materials, such as cadmium, requires the careful application of a
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Table I. Principles of Control

Point of Application
of the Control Measure Examples of Control Measures

At or near the hazard source Substitution of non-hazardous or less hazardous
materials

Process modification or substitution

Equipment selection and modification for
containment

~et processing to reduce dust formation

Isolation of the source and automation of
operations

Local exhaust ventilation

Work practices to maintain containment and
control effectiveness

To the general workplace environment Dilution ventilation

Local room air cleaning devices

Work practices such as housekeeping

At or near the worker

Other measures for hazard control

Careful work practices and personal hygiene

Isolation of workers in booths, cabs, etc.

Personal protective equipment

Management commitment to controlling exposures

Workplace and process monitoring systems with
feedback

Training of workers and supervisors

Preventive maintenance of equipment and
controls

Ergonomically sound designs
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system of controls, beginning with material and process substitution, and
relying on containment as the principle control measure. Local ventilation is
an essential adjunct to this containment.

NIOSH has studied the controls that were successfully implemented for reducing
exposures to vinyl chloride to low levels [NIOSH 1978]. There are several
lessons from this experience that are applicable to cadmium exposure:

1. The technology-forcing aspects of the OSHA standard (29 CFR 1910.1017) of
1 ppm (8-hour TWA) for vinyl chloride resulted in an appreciable degree of
innovation, which allowed for easier and more effective control than might
have seemed possible based on the previous state of control in this
industry.

2. The selection of an appropriate control strategy by individual plants was
a critical factor in the success of the controls. The use of local
ventilation was described as follows [NIOSH 1978]:

"For vinyl chloride, the principle control strategy was the use
of sealed processing equipment to contain the vinyl chloride
monomer. Leak detection systems were used to help assure the
reliability of the containment. Local ventilation was used as
an adjunct, typically on an as-needed basis. Ventilation was
not used as a principle control strategy to achieve the very low
exposure levels required for vinyl chloride."

3. The selection of a control strategy that involved process modifications
and containment within sealed equipment had the additional advantages of
reducing environmental emissions and of preventing possible exposures to
downstream users of the product. For example, the exposures of downstream
users of bulk PVC resin were controlled by stripping the unreacted monomer
at the relatively few points of manufacture, rather than relying on
containment or local ventilation at the much larger number of points of
use.

These same principles also apply to the control of cadmium. Technological
innovation based on strategy of containment within sealed equipment should
allow control of both occupational exposures and environmental emissions of
cadmium to very low levels, as was done with vinyl chloride monomer.

Control of Cadmium Exposures

The following is a discussion of control technologies for different cadmium­
using processes that have been evaluated by NIOSH.

Cadmium Pla~ing--Electrolyticplating of cadmium has inherently low exposures
because it is a wet process. A NIOSH study of cadmium operations (plating
report) included evaluations of controls and exposures for four cadmium
cyanide baths at two different plating shops [NIOSH 1984b]. Sampling results
were generally below the detection limit of 2 JJg/m3 , even for "worst case"
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samples taken directly over the plating bath. Additional controls, such as
floating plastic balls or other mist suppressants, were not used in these
tanks, but had they been used, they might have further reduced exposures.

One additional source of exposure in cadmium plating operations may be the
weighout of dry cadmium or cadmium salts for the plating bath. A cost­
effective solution for this exposure source would be the receipt of the
cadmium in slurry or solution form to prevent dusting. ~eighout or volumetric
measurement could be done in a laboratory hood (or similar ventilated
enclosure).

Mechanical plating of cadmium is inherently more difficult to control than
electrolytic plating because it involves handling cadmium powder. Because of
this, one control option is to substitute electroplating for mechanical
plating of cadmium parts as much as possible. Heavier electroplating,
combined with a slightly greater clearance between threaded fittings (to
compensate for possible nonuniform deposition of cadmium electroplate on
threads), may permit the substitution of electroplating for mechanical plating
in many cases. This process substitution has the additional advantage of
reducing exposures from cadmium dust that could be emitted from mechanically
plated fasteners during their end use.

~en mechanical plating is necessary, there are still cost-effective control
options. For example, the following processing step is described in the
literature [PACE 1990]:

"The cadmium powder is received in lOO-pound metal cans. The cans
are opened in a ventilated sandblast booth, which is a simplified
type of glove box; the required amount of cadmium is weighed in paper
bags. The paper bags are placed in the barrel intact. The acid
disintegrates the paper."

Rather than using a ventilated drum dump station, one alternative control
would be to purchase prebagged cadmium from the supplier (e.g., in 10-pound
bags), and to add the bags directly, without opening, to the mixer. Should
there be some weighout required to obtain the exact amount of cadmium for the
batch (i.e., if the required batch size is not in an even lO-pound increment),
a relatively small laboratory hood should suffice. There is precedent for the
use of such technology from other industries [NIOSH 1980]. It should be
technologically easier for the relatively few suppliers of cadmium powder to
install bagging machines for packaging their product than for each plating
plant to install weighout and drum-dumping stations. Also, the problem of
contaminated drums would be avoided.

In the event that a new mechanical plating plant were being built, additional
opportunities would be presented to employ isolation, automation, and
containment of hazardous operations. The use of double mechanical seals on
rotating equipment (such as the plating barrel) provides a highly reliable
degree of containment. Provisions could be made for automatically emptying
the barrel, for rinsing the residual cadmium from the coated parts, and for
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recovering the cadmium, all in an isolated area. A "clean plant" design to
permit periodic washdown to a sump for treatment would prevent accumulation of
dust.

Scabilizer Produccion--OSHA has estimated that 80% of stabilizer is produced
in a wet process [JACA 1988], which is inherently easier to control than is a
dry process (used for the other 20%). Stabilizers produced by the wet
processor using less toxic metals should, when possible, be substituted for
those produced by the dry process. The major source of exposure in the wet
process has been identified [PACE 1990] as the initial feeding of dry material
into the reactor. NIOSH has described technology whereby bags made of
product-compatible packaging (e.g, polyvinyl alcohol) can be dumped directly,
without opening, into the reactor [NIOSH 1980]. Although the use of this
technology may not have been demonstrated for stabilizer production, it could
potentially provide a safe and economical alternative to drum handling and
dumping. Another alternative is the use of the automated bag dumping machine,
in which bags are fed onto a conveyor and are automatically slit, emptied, and
disposed of inside a ventilated enclosure. NIOSH researchers evaluated one
asbestos bag-opening and emptying operation that showed dust levels in the
range of 1 to 4 ~g/mJ [NIOSH 1984c].

In the production of solid stabilizers, a spray drying or prilling process
instead of a flaking/crushing/grinding process may provide for more effective
containment of cadmium dust. If materials could be packaged in product­
compatible bags for use by the end users, then downstream exposures would also
be reduced.

Pigmenc Produccion--As with stabilizer manufacture, processing steps that are
amenable to isolation, automation, and enclosure should substantially reduce
exposures compared to the present processing scheme. Examples include
substitution of centrifuges for filter presses; use of spray drying instead of
tray or pan drying; the production of liquid formulation rather than of
powders. Rather than using elaborate "piston flow" ventilation systems for a
new plant [PACE 1990], the preferred approach would be to contain the cadmium
pigment in sealed equipment.

V. NIOSH EVALUATION OF OSHA RISK ASSESSMENT

Regarding its risk assessment, OSHA requested comments on the quality of the
Takenaka et al. [1983] and Thun et al. [1985] studies, the appropriate risk
assessment model to use for each data set, the effect of particle size
distribution on risk assessment, the assumptions involved in absolute and
relative risk models, logistic regression analysis for kidney dysfunction, and
control of confounding factors in the analysis of kidney dysfunction (55 FR
4080).

Thun versus Takenaka Studies

It is generally preferable, when possible, to base risk assessments on both
animal and human data, as OSHA has done. Both studies are scientifically
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sound and appropriate as sources of information for quantitative risk
assessment. There are tradeoffs in relying on either data source as the basis
for the risk assessment. Using the Takenaka study requires interspecies
extrapolation, which always involves a high degree of uncertainty. On the
other hand, relying on the Thun study introduces uncertainties related to the
estimation of cadmium exposures and the influence of potentially confounding
variables (e.g., smoking and arsenic). Reliance on the Thun study may result
in an underestimation of risk because this study relied on comparisons with
the U.S. population. The NIOSH cadmium cohort had a large proportion of
Hispanics relative to the proportion of Hispanics in the U.S. population.
Hispanics are known to experience lower lung cancer rates than the U.S.
population [Savitz 1986].

The risk estimates derived from these two studies are similar. For the
cadmium proposed rule, there is no scientific reason to choose to base the
risk assessment on one data set in preference to the other. However, NIOSH
agrees with OSHA's decision to base health policy on the Takenaka data because
that is more protective of workers.

Multistage Model

NIOSH agrees with the OSHA reliance on the multistage model as providing the
"best" estimate of risk based upon the animal bioassay data. This approach is
consistent with current risk assessment philosophy and practices at NIOSH and
elsewhere in the federal government. As OSHA points out, other models provide
an equally good fit to the data and it is not possible from a statistical
viewpoint to determine which is the preferred model.

Particle Size

Comments were requested on whether different lung disease risks would be posed
by different size particles and whether regulation should address particle
size distribution. There is sufficient information available indicating that
deposition of particulates in the respiratory tract is a function of particle
size distribution (e.g., Rudolf et al. [1988], Ann Occup Hyg 32:919-938).
Thus, one would expect that the risk of lung cancer and nonmalignant
respiratory disease among workers exposed to cadmium exposure would vary
depending on the particle size distribution. However, the information
currently available is inadequate to form the basis for a regulation of
exposures that accounts for particle size distribution.

Assumptions Involved in Absolute and Relative Risk Models

Comments were requested concerning use of the NIOSH cadmium study in risk
modeling in the proposed standard (55 FR 4078). Use of the study assumes that
the relative effects of cadmium exposure were constant across the age groups.
An additional assumption inherent to the OSHA assessment is that the effect of
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cadmium exposure is not dependent on dose rate.
to 0.1 mg/m3 for 10 years is assumed to have the
exposed to 1 mg/m3 for a year.

Thus, an individual exposed
same risk as an individual

Neither of these assumptions can be tested given the results as reported by
Thun et al. [1985]. Had a Poisson regression or Cox proportional hazards
model been used, the assumption of the risk being constant with age
(proportional hazards assumption) could be tested. However, it would not be
possible to examine the assumption of a dose-rate effect given the limited
number of lung cancer deaths and exposure information from the Thun study.

Logistic Regression Analysis for Kidney Dysfunction

Comments were requested on the use of logistic regression as a model for
estimating risk of kidney dysfunction. The primary concern expressed by a
commenter to OSHA regarding the use of this model is that it may be
inappropriate if a threshold exists for the effects of cadmium exposure on
kidney function. This model would predict some finite risk at any exposure
level above zero (55 FR 4083).

The logistic regression model may be an appropriate method for modeling
effects that are believed to have a threshold. Figure 1 is a graph of the
dose-response curves derived from the logistic regression models presented by
OSHA in its risk assessment for kidney dysfunction. As can be seen from these
graphs, the risk estimates from these logistic dose-response functions rapidly
approach zero at low exposures. Thus, the results from a logistic regression
analysis may be viewed as being consistent with a distribution of thresholds
for the toxic renal effect in the population, and this model has thus been
described as belonging to a family of "tolerance" distribution models.

Typographical and Other Minor Issues

1) On page 4077, OSHA states that for the NIOSH study (Thun) , "Once
cumulative dose was estimated for each worker, each worker was assigned to
the high, medium, or low exposure group." In the NIOSH life-table
program, which was used in this study, person-years at risk of death (not
persons) and deaths are allocated to each exposure group.

2) On page 4078, OSHA states that "The maximum likelihood estimate of the
unknown parameter p is obtained by maximizing the first derivative of the
log likelihood with respect to p." This statement would be technically
correct if "the first derivative of" is eliminated.

3) On page 4078, the likelihood expressions contain some errors. The
expression at the top of the page contains EG5j which should be Ej . The
other likelihood expression has EjPj. which should be EjPXj .

4) On page 4079, the last sentence of the next to last paragraph contains a
mathematical formula used to compute 95% confidence intervals for the risk
estimates. This should be changed to P ± 1.96 SE(P).

12



Comparison of Risk Estimates
From the Ellis and Falck Models
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VI. NIOSH RESPONSE TO OSHA QUESTIONS (55 FR 4053)

NIOSH has the following responses to OSHA's questions:

1. Do OSHA's proposed TWA PELs of 1 ~g/m3 and 5 ~g/m3 substantially reduce
risk?

Lowering the exposure limits from the current standards to either 1 ~g/m3

or 5 ~g/m3 will substantially reduce risk.

In its risk assessment, OSHA used two major studies [Takenaka et al.
1983; Thun 1985 et al.]:

LIFETIME ESTIMATE OF EXCESS LUNG CANCER MORTALITY

100 ~g/m3**

Thun

Takenaka

0.3 per 1000 1.6 per 1000 30.7 per 1000

2 per 1000 10.6 per 1000 221.3 per 1000

*Proposed alternative TWA PELs.
**Existing TWA PEL for cadmium fume.

NIOSH is concerned that the number of estimated cancer deaths for either
proposed PEL is still excessive. As with all potential occupational
carcinogens, NIOSH recommends that occupational exposure to cadmium
should be reduced to the lowest feasible level [NIOSH 1984a]. As it
becomes feasible to control exposures to levels lower than are presently
possible, NIOSH would recommend that such levels be required.

2. Are the proposed TWA PELs of 1 ~g/m3 and 5 ~g/m3 technologically
feasible?

This issue is addressed in more detail in the NIOSH testimony under
Section IV - Control of Cadmium Exposures, and is summarized below:

For cadmium electroplating, exposures are judged by NIOSH to be
controllable to 1 ~g/m3 using available engineering controls [NIOSH
1984b]. The process itself has inherently low exposures because it is
conducted in solution.
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For mechanical cadmium plating, which is a relatively small part of the
total cadmium plating market, exposures may be controllable to S ~g/m3

using improved engineering controls for containment, materials handling,
isolation, and automation. Exposures can be reduced even further by the
use of good work practices and appropriate respiratory protection. When
possible, cadmium plating should be done electrolytically rather than
mechanically because of the inherently lower potential for exposure from
the wet process.

Stabilizer manufacture is a typical batch chemical process. Liquid
formulations may be controllable to less than S ~g/m3 using commercially

available engineering controls. When possible, liquid formulations
should be used in place of solid formulations. Solid formulations
may be controllable to low levels (S ~g/m3) through engineering
containment and ventilation.

Pigment manufacture is a somewhat more complex process to control because
of the variety of products produced, the complexity of the processing
steps, and the solid materials handling problems. These processes should
be controllable to low levels using engineering controls.

NIOSH has no information on the feasibility of controlling cadmium
exposures in nickel-cadmium battery manufacture or in smelting
operations.

7. How many workers are exposed to cadmium?
and

9. In what industries and jobs are these workers exposed?

Appendices 1 through 4 (submitted with the NIOSH comments) are the NIOSH
National Occupational Exposure Survey (NOES) estimates for the number of
United States workers who are potentially exposed to cadmium-containing
compounds. Not covered in these estimates are the major industry sectors
of agriculture and mining. Appendix 1 lists by Standard Industrial
Classification (SIC) code the number of workers who are exposed to
cadmium metal (total workers - 68,500). Appendix 2 lists by SIC code the
number of workers who are exposed to cadmium dust (total workers ­
3,900). Appendix 3 lists by SIC code the number of workers who are
exposed to cadmium oxide (total workers - 15,500). Appendix 4 lists by
SIC code the number of different workers who are exposed to all cadmium
compounds (total workers - 221,000).

With these estimates, NIOSH also has provided, by SIC code, the type and
percentage use of the predominant methods for controlling exposure to
cadmium. This information indicates generally to what extent the
industry (or occupational group) has utilized the control methods listed.

15



10. Should this standard cover the construction industry?

NIOSH recommends that the cadmium standard apply to all sectors of
industry, including construction. Construction workers are potentially
exposed to cadmium from cadmium-containing paint and metals during
demolition, renovation, repair, and clean-up. Moreover, in construction
there is the unique problem that material safety data sheets (MSDS) are
often unavailable. In addition, the need for MSDSs may not be recognized
during some operations, for example, during demolition work where old
cadmium paint or materials containing cadmium may be encountered.
Furthermore, relatively unique circumstances exist, such as multi­
employer work sites and workers readily moving from site to site, that
complicate typical approaches to medical and exposure monitoring.
Programs should be tailored to these circumstances.

11 ..What is the lowest level of cadmium exposure achievable by engineering
and work practice controls?

NIOSH research suggests that the use of innovative engineering and work
practice controls in new facilities or operations can effectively contain
cadmium to a level of 1 ~g/m3 [NIOSH 1984b]. Also, most existing
facilities or operations can be retrofitted to contain cadmium to a level
of 5 ~g/m3 through engineering and work practice controls.

14. Are there conditions under which respirator use should be permitted in
addition to those proposed?

NIOSH recommends that respirator use should not be expanded. Respirator
use places a burden on the individual wearer [NIOSH 1987a]. Both
training and motivation are required for a respirator to be used properly
[NIOSH 1987c]. NIOSH continues to recommend only the most protective
respirators be worn when workers are exposed to potential carcinogens
[NIOSH 1987a]. Furthermore, NIOSH continues to support the hierarchy of
controls that were outlined in our comments to OSHA docket H-160 on
methods of compliance [NIOSH 1983a; 1989a].

17. What measurement and analytical methods, in addition to the methods in
Appendix E, are available for use in determining compliance with a
cadmium exposure limit or action level of less than 0.5 ~g/m3?

NIOSH is not aware of any other validated analytical methods for use in
determining compliance with a cadmium exposure limit or action level of
less than 0.5 ~g/m3.
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18. Is it appropriate that OSHA allow the use of "objective data" instead of
air monitoring to estimate exposure to cadmium?

NIOSH regards air monitoring to be the most appropriate means of
estimating airborne exposure to cadmium. NIOSH further suggests that the
use of "objective data" (e.g., use of mathematical estimates of exposure
based upon historical exposure data and production information) may not
be appropriate for many of the exposures to cadmium because of the
variability of the conditions surrounding the exposure. For example, in
certain industries, exposure could occur at outside environments during
crucible welding to fuse re-enforcement bars or during the cutting of
cadmium-coated steel on bridge structures. Exposure could also occur at
inside environments during the demolition or repair of cadmium-coated
materials. Exposure to cadmium may occur in enclosed or confined spaces
such as inside storage tanks or submarines. In the agricultural
industry, exposure may occur outside during the application of fungicides
containing cadmium or during the cutting of cadmium-coated metal. In all
of these circumstances, exposure variables (e.g., wind, humidity,
temperature) are not only unpredictable from one exposure period to the
next, but the variables may change during an exposure period. These
fluctuations would not be accurately estimated by "objective data"
because these estimates do not account for random disturbances in these
variables. Therefore, NIOSH urges that "objective data" not be used to
estimate exposures to cadmium, particularly when exposure variables are
unpredictable.

19. What is the appropriate monitoring interval that is required to
demonstrate the lowered exposure levels necessary to reduce the frequency
of monitoring?

NIOSH recommends that periodic air monitoring (at least quarterly) be
required for all workers who are potentially exposed to cadmium. NIOSH
further recommends there be no provision for reducing this frequency.
[See Section III. 3. (Monitoring Frequency) of these comments for
detailed response to this question.]

21. Are the proposed medical surveillance provisions adequate?

NIOSH recommends that workers exposed to cadmium be screened for
emphysema and toxic nephropathy (glomerular and tubular types).
Screening for emphysema should include a respiratory questionnaire and
spirometry. Screening for glomerular nephropathy should include
quantitative measurement of urinary albumin; screening for tubular
nephropathy should include an assay of urinary low-molecular-weight
proteins.
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23. Is it reasonable and feasible to use low-molecular-weight proteins to
screen for early cadmium-related kidney dysfunction?

Measurement of urinary low-molecular-weight protein is a reasonable and
feasible workplace screening method for early detection of cadmium­
related renal damage. The screening tests available are (1) beta 2­
microglobulin (B2M) and (2) retinol binding protein (RBP).

Because the B2M test is more widely available and more thoroughly
studied, it is currently recommended for screening purposes. However,
RBP potentially is a better test than B2M, because B2M is degraded in
acid urine. This degradation of B2M is not entirely prevented by
buffering of specimens in the laboratory (or even immediately following
collection) because breakdown of the B2M proceeds while urine is still in
the urinary bladder [Bernard et al. 1987; Lauwreys et al. 1984]. Thus,
measurements of B2M in acid urine specimens will be falsely low. The
urine pH should be measured when testing for B2M; if the urine Ph is less
than 6, RBP is preferable to B2M. As RBP becomes more widely available,
OSHA should allow substitution of RBP for B2M.

There are no meaningful "normal" values established for urinary low­
molecular-weight proteins; a result more than two standard deviations
above the laboratory's mean should be considered "elevated" for medical
screening purposes. A standardized test kit for analysis of B2M has been
available since 1972 (Phadebas Kit, Pharmacia Diagnostics AB, Uppsala,
Sweden). The upper limit of normal with this method varies between
approximately 0.2 and 0.3 mg/gm creatinine, depending on the laboratory
[Roels et al. 1982; Elinder et al. 1985; Ellis et al. 1984]. The third
National Health and Nutrition Examination Survey, being conducted through
1992 by the National Center for Health Statistics, includes measurement
of urine RBP, so population-based "normal" values should eventually be
available.

24-26. Questions regarding biological monitoring and medical removal.

Both blood and urine cadmium are potentially useful for detecting
excessive exposure prior to the development of renal tubular damage,
although neither is completely reliable for this purpose. NIOSH [1976]
and other organizations [WHO 1980; ACGIH 1989] have recommended that the
urinary cadmium levels of workers not exceed 10 ~g/liter (or ~g/g

creatine, which is approximately equivalent to ~g/liter according to
Rosenberg et al. [1989]). It is prudent to maintain urinary cadmium
levels well below this level, because recent evidence suggests that a
significant number of workers will progress to proteinuria if urinary
cadmium levels reach 10 ~g/g creatinine [Bernard et al. 1990; Roels et
al. 1981] or 10 to 15 ~g/g creatinine [Jakubowski et al. 1987].

The actions required in paragraph (i)(4)(i)(A) when a worker's urinary
cadmium exceeds 5 ~g/gm creatinine should help to protect workers against
renal damage. OSHA should specify the level of cadmium in urine that
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will trigger removal from further exposure. Although NIOSH has not
specified such a trigger level, we recommend that urinary cadmium levels
be kept to the lowest possible level-·certainly below 10 ~g/g creatinine.
NIOSH is aware that background levels of cadmium in urine for the general
population without occupational exposure to cadmium are usually below
2 ~g/g creatinine [Thun et al. 1989; Kowal et al. 1979]. NIOSH has no
recommendations for concentrations of cadmium in blood.

27. Questions regarding proteinuria and medical removal.

Cadmium-induced renal disease appears to be progressive and irreversible
[Thun et al. 1989; Roels et al. 1989]. For this reason, medical removal
is appropriate for employees with proteinuria and in most cases the
worker should not return to a job involving cadmium exposure.

The following action plan is being considered for dealing with elevated
. urinary levels of low-molecular-weight protein [NIOSH 1989c]:

(a) All abnormal results should be repeated to confirm the results.

(b) If re-testing confirms an abnormal result, the worker should be
informed of the test result and referred to a physician experienced
in the evaluation of renal disorders. The evaluation should include
assessment of renal function and testing for potential
nonoccupational etiologies of low-molecular-weight proteinuria. The
worker should be informed of the findings of the examinations and any
potential association with occupational or nonoccupational
etiologies.

(c) If clinical evaluation determines renal function to be normal (other
than low-mo1ecular-weight proteinuria) and no nonoccupational
etiologies of low-molecu1ar-weight proteinuria are discovered, the
worker should be retested at 3-month intervals. An industrial
hygiene survey should be undertaken to assess and control potential
exposures.

(d) A reasonable approach to medical removal from continued exposure to
cadmium would be to remove any worker from exposure who was found to
have any of the following:

two separate screening results (i.e., not including confirmatory
retesting described above) that exceed the upper limit of normal,
or

progressive increases in low-mo1ecular-weight proteinuria over
time which (although still in the normal range) represent an
adverse effect on the worker's health in the opinion of the
examining physician, or

renal disease on further clinical evaluation.
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(e) Any worker removed from exposure to cadmium as a result of low­
molecular-weight proteinuria (see d above), who is not found to have
another (nonoccupational) etiology should be reported as a case of
toxin-induced nephropathy on the OSHA 200 Log.

The action plan proposed above for protecting workers with low-molecular­
weight proteinuria requires the exercise of medical judgement. If the
decision logic adopted by OSHA also depends substantially on the medical
judgement of the examining physician, NIOSH supports the concept of
multiple physician review to resolve any disagreements regarding
individual medical decisions relating to an individual worker [NIOSH
1990].

28. Questions regarding medical removal and return to work.

Cadmium-induced nephropathy occurs as a result of cadmium accumulation in
the kidney. Tubular damage, as manifested by low-molecular-weight
proteinuria, is either irreversible or the recovery is so slow that
researchers have been unable to discern it [Thun et al. 1989]. Thus,
while medical reevaluation after 3 months is reasonable (see Question 27,
above), proteinuria -- and the need to avoid exposure -- may persist
indefinitely.

The current draft standard proposes medical removal based on abnormal
levels of low-molecular-weight protein in the urine; as discussed in our
response to questions 24 to 26, the standard should also specify what
level of urine cadmium would lead to medical removal. Workers with
elevated levels of cadmium in the urine should be removed before low­
molecular-weight proteinuria develops.

29. Questions regarding medical removal and respirator usage.

The ability to wear a respirator depends not only on the health status of
the worker but on the type of respirator and the inherent physical
demands of the job. Generally, a negative pressure respirator adds to
the work of breathing since air must be drawn through a filter (there is
no appreciable resistance to exhalation).

A positive-pressure respirator does not add a substantial burden to
breathing. A self-contained breathing apparatus (SGBA) often weighs as
much as 35 pounds, however, and can add to the cardiopulmonary stress (as
can any additional protective clothing).

The ability of a particular worker to function in a designated job with a
specific respirator requires an individualized medical judgement.
Although this determination is not easily reduced to a formula based on
level of "lung function loss," NIOSH has developed general medical
evaluation criteria for screening respirator wearers [NIOSH 1987a;
1987b 1.
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30. Questions regarding baseline and periodic medical examinations.

workers with cadmium exposure preceding adoption of the proposed standard
should receive the same medical screening evaluations as new workers -­
all workers with occupational exposure to cadmium (in the past, present,
or future) should receive baseline medical examinations.

31. Questions regarding reproductive effects.

NIOSH is not aware of data to suggest that cadmium exposure in humans at
the proposed PELs would have adverse reproductive effects. Cadmium has
been associated has been associated with reproductive toxicity in animals
exposed to very high doses [Holmberg et al. 1969; Bornhard et al. 1987].

32. Questions regarding medical examinations for termination of employment.

NIOSH supports the use of termination medical examinations. The
information obtained in termination medical examinations may be used to:

a. advise the worker regarding future employment in jobs with cadmium
exposure;

b. evaluate the need for future medical screening or medical treatment.

c. provide additional data for purposes of occupational health
surveillance.

At termination, NIOSH recommends that the worker should be provided with
a copy of the medical record and the exposure record (including air and
biological monitoring data, and use of respirators and other PPE). NIOSH
recommends that all medical and exposure records be held by the employer
for 40 years after termination of employment.
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ATTACHMENT

DRAFT 16-July-1990 DRAFT

Appendix A.

Interpretation of an Individual worker's Longi~ud1nal Change in F!V1

For repeat examinations, the obse~·ed decline in FEV1 (~FEVl) will be ~alculated

by ficting a least squares line to the obse~led FEV1 values over time. The slope

of this line. in ml/year. is compared with expected annual decline in FEV1 Table

7 or 8. The upper limit of the expected annual decline is determined using

Zquation 1 or 2 (males) or 3 or 4 (females), or is obtained from Table 7 (males)

or 8 (femal~s). For males and females 35 years of age or older the "10" should

be added co Equations 1 and 2. :he A~FEVl (wl/yr) is based on the last observed

FEV, a.nd the total number of Ylllars of observation (Tyu ) , a.ccording to the

equation:

(1) ~tFEVl (ml/yr) = 1. 282*(7 .48 + 288. 4/Tyl's) + .03*FEVdTyl'a; ;.nales < 3S yrs

(2) ~BrEVl (m1/yr) - 1.282*(4.25 + 210.1/Ty: s ) + .03*FEV1/Ty: a : females < 35 yrs

(3) ~~FEVl (ml/yr) - 1.282*(7.48 + 288.4/Ty:.) + .03*F~11/Ty~. + 10; males ~ 35

(4) A!FEV1 (m1/yr) = 1.282*(4.25 + 210.1/Tyra ) + .03*FEVliTy;:. + 10; females ~ 35

Note: If (.03*FEV1) < 100 ml then 100 ~l is used instead.

An excessive annual decline in FEV1 (ml/yr) will be suspected if the AoFEVl

(ml/yr) is greater than the AEFEV1 (ml/yr). Any worker whose FEV1 is below the

Ll.N or who has a suspected excessive &rmual decline in FEV1 (t.oFEV1 > ~EFEV1) will

be referred for a clinical evaluation which should include, at a minimum, a

repeat examination. Notice that for repeat examinations the 90 percent

confidence interval (1.282) 1nthe calculation of the ~EFEVl is used instead of

the 95 percent: confidence interval (1. 645) . Software to perform the linear

regression for estimating the annual decline in FEV1 is available from NIOSH.
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16' 3.083.20 3.12 3.4~ 3.29 1.24 5.19 3.14 3.~O 3.05 3.00 2.95 2.63 2.58 2.542.502.452.41 2.16 2.12 2.21 2.23 2.19 2.15 2.10
'62 3.133.25 3.37 3.48 1.36 3.31 3.26 1.21 3.163.123.073.02 2.69 2.64 2.60 2.~ 2.512.412.43 2.34 2.34 2.29 2.25 2.21 2.16
161 3.'83.29 3.41 3.53 3.43 3.3& 3.13 3.25 3.23 3.18 3.14 3.~ 2.15 2.71 2.66 2.62 2.S8 2.51 2.492.44 2.40 2.36 2.31 2.272.23
164 3.22 3.34 3.46 1.51 S.4' 3.453.41 3.3S 3.30 3.25 3.Z03.1~ 2.11 2.772.72 2.61 2.64 2.59 2.S~ 2.S1 2.46 2.42 2.312.3) 2.29
165 3.27 3.19 3.51 3.62 1.56 3.51 3.'1 3.4Z 3.31 3.32 3.21 1.22 2.81 2.83 2.19 2.14 2.10 2.66 2.61 2.ST 2.52 2.41 2.44 2.19 2.35
\66 3.12 3.44 3.55 3.61 3.63 1.51 l.SS 3.49 3.44 3.39 3.34 1.29 2.94 2.89 2.85 2.80 2.76 2.12 2.67 2.63 2.59 2.54 2.50 2.4S 2.41
1613.36 3.41 3.60 1.72 3.18 3.65 l.6G 3.5~ ].5' 3.463.41 3.36 3.00 2.95 2.91 2.17 2.12 2.11 2.74 2.69 2.65 2.60 2.5& 2.52 2.47
161 3.41 3.n 3.65 3.71 1.113.12 3.67 3.62! ].513.53 3.41 3.U 3.06 3.02 2.97 2.91 2.18 2.84 2.BO 2.7S z.n 2.612.62 2.51 2.S3
169 3.46 1.SS 3.69 1.Sl 3,64 3.19 3.74 3.69 3.64 1.591.55 s.se 3.12 3.08 3.G! 2.99 2.95 2.90 2.16 1.52 2.11 2.73 2.68 2.64 2.60
1~ 1.51 3.62 3.74 3.86 1.90 3.86 3.81 1.763.11 3.66 3.61 3.511.'8 S.14 3.103.05 3.0' 2.91 2.92 2.88 2.53 2.19 2.75 2.70 2.66
171 3.55 3.673.19 3.91 ].97 3.91 3.11 3.15 3.11 3.13 3.65 1.64 3.25 3.201.163.11 3.071.8] 2.98 2.94 2.90 2.85 2.8' 2.762.12
112 3.60 3.12 3.84 3.95 4.04 1.99 3.95 3.90 l.DS 3.80 3.75 1.10 3.31 1.263.22 3.1S 3.13 3.19 3.05 3.00 2.96 2.9\ 2.112.83 2.11
'13 3.653.11 3.81 4.00 4.11 4.06 4.01 1.97 3.92 1.81 1.82 3.11 3.311.33 3.283.24 3.19 3.15 3.11 1.06 3.022.98 2.91 2.89 2.84
'74 ].69 3.813.9] 4.05 4.18 4.13 4.OS 4.01 3.99 l.94 3.89 3.84 3.413.393.341.303.26 3.21 3.11 1.13 3.08 3.04 2.99 2.95 2.91
175 3.14 3.16 3.98 4.104.25 4.20 4.1S 4.10 4.OS 4.01 1.96 3.91 3.493.45 3.41 3.56 3.32 1.21 3.23 1.'93.14 3.103.06 3.81 2.97
116 3.19 3.91 4.024." 4.32 4.27 4.22 4.11 4.12 4.014.03 3.91 3.56 3.5' 3.413.42 3.la 3.34 3.29 3.25 3.21 3.163.121.01 l.Ol
177 3.84 3.95 4.074.'94.38 4.34 4.29 4.24 4.19 4.14 4.09 4.05 3.62 ].51 3.53 3.493.44 3.40 3.35 3.1t 3.273.223.113.'43.09
118 3.18 4.00 4.12 4.24 4.454.40 4.36 4.114.264.2' 4.164.11 3.65 3.64 1.59 1.55 3.503.463.42 3.37 3.33 J.Z9 3.241.203.15
179 3.93 4.05 4.174.28 4.52 4.474.424.38 4.13 4.2& 4.23 4.18 3.743.70 3.65 1.61 3.S1 3.523.48 3.44 3.39 3.35 3.30 3.26 3.22
180 J.98 4.09 4.21 4.33 4.59 4.54 4.49 4.44 4.40 4.35 4.10 4.li 3.&0 3.16 3.72 3.61 3.63 3.58 3.54 3.50 3.45 3.41 1.31 3.32 3.2&
la, 4.02 4.14 4.26 4.31 4."4.614.564.514.464.424.314.321.813.823.16 3.71 3.69 3.65 3.60 ].~ 1.52 3.41 1.43 3.31 3.34
112 4.07 4.19 4.31 4.424.71 4.68 4.65 4.584.53 4.414.44 4.393.93 1.88 3.84 3.80 1.15 3.71 3.66 3.62 3.58 3.53 3.491.45 1.40
lIS 4.12 4.24 4.35 4.414.79 4.15 4.70 4.65 4.60 4.55 4.504.46 1.99 3.95 3.90 3.66 3.81 3.11 3.71 1.68 3.64 3.60 3.55 J.il 3.46
184 4.1T 4.28 4.40 4.5~ 4.66 4.114.17 4.72 4.61 4.62 4.51 4.52 4.05 4.0' 1.96 1.92 3.81 3.83 3.19 3.74 1.11 3.66 J.61 J.iT 3.53
185 4.2\ 4.IS 4.45 4.51 4.93 4.11 4.84 4.19 4.14 4.69 4.~ 4.594." 4.014.03 3.98 3.94 3.89 3.15 3.al 1.76 ].72 3.63 3.63 3.59
116 4.26 4.3& 4.50 4.61 5.00 4.95 4.90 4.86 4.a1 4.764.1\ 4.66 4.114.11 4.09 4.04 4.00 3.96 3.91 3.67 3.a! 3.18 3.74 3.69 1.65
1874.11 4.424.54 4.66 5.07 5.02 4.91 4.92 4.88 4.83 4.78 4.11 4.24 4.194.154.11 4.06 4.02 3.97 3.93 3.89 3.84 3.80 3.76 3.71
188 4.35 4.474.594.11 5.145.09 5.04 4.99 4.94 4.90 4.85 4.80 4.30 4.26 4.21 4.174.124.08 4.04 3.99 3.95 3.91 3.66 3.82 3.11
189 4.40 4.52 4.64 4.15 5.21 5.16 5.11 5.06 5.01 4.96 4.92 4.87 4.16 4.12 4.214.23 4.19 4.'4 4.10 4.05 4.01 1.971.923.88 1.84
190 4.45 4.514.68 4.80 5.215.23 5.185.135.05 5.03 4.98 4.94 4.424.384.34 4.29 4.25 4.204.164.124.074.03 3.99 3.94 3.90
'91 4.494.61 4.11 4.85 5.34 5.29 5.25 5.20 5.15 5.10 5.0S 5.00 4.41 4.44 4.'0 4.3S 4.31 4.214.22 4.18 4.11 4.09 ~ .•~ 4.00 3.96
1924.544.66 4.18 4.91 5.41 5.36 5.31 5.215.225.115.125.01 4.5S 4.504.464.42 4.31 4.J! 4.~ 4.~ 4.20 4.154.1' 4.074.02
193 4.59 4.11 4.82 4.94 5.48 5.41 5.38 S.]] S.29 5.24 5.195.1' 4.61 4.564.52 4.484.434.394.15 4.30 4.26 4.21 4." 4.134.08
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Ht(CIIl\Ale 11 19 21 21 2S 27 29 111 33 35 31 19' 41 43 45 47 49 51 S3 55 51 S9 61 61 65
1572.522.62 2.13 2.83 2.52 2.48 2.43 2.38 2.34 2.29 2.2S 2.~ 2.10 2.06 2.01 1.91 1.92 1.88 1.83 1.79 1.74 l.lD 1.65 1.6' 1.>6
1582.56 2.67 2.17 2.&1 2.58 2.53 2.432.44 2.39 2.34 2.30 2.25 2.15 2.11 2.06 2.02 1.91 1.9J 1.88 1.&4 1.79 1.75 1.10 1.66 1.61
159 2.612.71 2.81 2.922.63 2.58 2.54 2.492.44 2.402.35 2.30 2.20 2.162.11 2.012.02 1.98 1.93 1.89 1.84 1.at 1.15 1.71 1.66
160 2.65 2.75 1.852.96 2.68 2.63 2.592.542.502.45 l.4G 2.3& 2.26 2.21 2.172.12 2.08 2.03 1.98 1.94 1.89 1.85 1.80 1.761.11
161 2.69 2.19 2.90 3.10 2.73 2.69 2.64 2.59 2.55 2.50 2.46 2.41 2.3' 2.26 2.22 2.17 2.11 2.01 2.04 1.99 1.95 1.90 1.36 1.81 1.71
162 2.13 2.84 2.94 ].14 2.19 2.742.60 2.65 2.60 2.5S 2.51 2.46 2.16 2.31 2.272.22 2.1! 2.11 2.09 2.04 2.00 1.95 1.91 1.86 1.82
1612.71 2.88 2.96 1." 2.84 2.19 2.75 2.70 2.65 2.61 2.56 1.5Z 2.41 2.16 2.12 2.21 2.21 2.182.14 2.09 2.0S 2.00 '.96 1.91 1.81
164 2.12 2.~ 3.02 3.13 2.~ 2.84 2.88 2.15 2.71 2.66 2.61 2.512.46 2.42 2.11 l.ll 2.23 2.24 2.192.'5 2.10 2.06 2." 1.96 1.92
165 2.16 2.96 3.073.172.94 2.90 Z.BS 2.&1 2.762.71 2.612.62 2.51 2.47 2.42 2.15 2.31 2.292.24 2.20 2.15 2.11 2.86 2.02 1.97
166 2.90 l.oo 1.11 1.21 5.00 2.95 2.90 2.&6 2.81 2.71 2.72 l.67 2.56 2.52 2.47 2.43 2.J8 2.34 2.29 2.25 2.202.162.'1 2.112.02
167 2.94 1.~ 3.15 1.25 5.153.00 2.96 2.91 2.86 2.82 2.17 2.75 2.61 2.51 2.522.48 2.43 2.19 2.34 2.30 2.25 2.21 2.162.122.07
168 2.99 1.09 1.19 3.29 1.10 3.06 3.01 2.94 2.92 2.872.82 2.18 2.61 2.6Z 2.58 2.53 2.492.44 2.40 2.35 2.11 2.26 2.22 2.17 2.13
161 3.01 3.13 5.ll 3.34 1.15 ].11 3.06 3.02 2.912.92 2.88 2.83 2.72 2.672.61 2.562.54 2.492.45 2.40 2.36 2.31 2.21 2.22 2.15
110 3.01 3.11 3.za 3.31 l.21 3.163.11 3.013,02 2.98 2.95 2.88 2.77 2.122.68 2.63 2.~9 2.54 2.50 2.4S 2.412.36 2.32 2.212.23
171 3.11 3.21 l.3Z 3.42 3.26 3.21 3.111.12 3.013.03 2.98 2.~ 2.82 2.78 2.73 2.68 2.64 2.592.55 2.502.46 2.4' 2.37 Z.ll 2.28
172 1.151.26 1.36 3.46 3.11 3.213.221.113.131.08 3.03 2.99 2.87 2.53 2.18 2.74 2.69 2.65 2.60 2.56 2.51 2.412.422.38 2.13
113 1.20 1.30 3.40 3.5' 3.16 1.32 3.21 1.23 3.183.13 3.09 J.04 2.92 2.88 2.83 2.19 2.74 2.70 2.65 2.61 2.56 2.52 2.47 2.43 2.l4
'143.243.343.44 3.55 3.423.113.323.28 3.23 1.19 ].14 1.09 2.97 2.93 2.88 2.84 2.19 2.~ 2.70 2.66 2.61 2.512.52 2.48 2.43
115 3.28 3.383.493.593.471.42 3.S8 3.13 3.28 3.24 3.191.15 3.01 2.98 2.94 2.89 2.a5 2.80 2.76 2.11 2.66 2.62 2.512.532.48
1763.323.45 3.53 3.63 3.523.48 5.43 3.38 3.34 3.29 3.25 3.20 3.GS 3.05 2.99 2.94 2.90 2.15 2.&1 2.76 2.72 2.612.63 2.SS 2.S4
111 J.J6 1.41 1.57 1.61 J.~l 1.5J 3.48 3.44 3.39 3.34 1.30 3.25 3.113.05 3.04 2.99 2.95 2.90 2.86 2.81 2.11 2.72 2.68 2.63 2.59
171 3.41 3.51 3.61 3.72 5.63 1.58 3.54 3.493.44 3.40 3.35 3.30 1.18 3.15 3.09 3.14 3.00 2.95 2.91 2.86 Z.82 2.11 2.13 2.66 2.64

~ 179 3.45 3.55 3.66 3.16 3.68 3.633.591.54 3.50 3.45 3.403.16 3.23 3.193.14 3.10 3.OS 3.01 2.96 2.922.81 2.83 2.78 2.71 2.69
110 3.493.59 J.1O 3.80 3.13 ).69 1.64 ].59 J.55 3.50 3.46 3.41 3.283.24 3.191.'5 3.10 1.06 1.01 l.9" 2.92 2.88 2.13 2.19 2.14
181 3.5] 3.64 1.14 3.84 3.79 3.14 3.69 3.65 3.60 3.55 1.5' 3.46 3.33 1.29 1.24 1.20 3.1S 3.11 3.06 3.02 2.972.95 2.88 2.84 2.19
,az 5.54 3.68 3.78 3.11 1.84 5.79 l.TS 1.11 3.65 3.61 1.563.513.18 3.34 3.29 3.253.203.'63.11 3.013.022.98 2.93 2.89 2.84
'IS 3.62 3.72 ].82 3.93 3.89 3.84 3.BO 3.15 3.71 J.66 3.6' 1.511.44 3.393.15 3.JO 3.263.21 3.111.12 l.oa 1.05 2.99 2.94 2.90
184 5.66 3.761.873.913.94 3.90 3.B5 3.1t 3.76 l.ll 3.613.62 3.49 3.44 3.40 3.15 3.31 3.263.22 J.17 3.13 3.06 3.04 2.99 2.95
185 3.10 3.80 3.91 4.01 4.00 3.95 3.90 3.86 5.81 3.763.12 3.61 3.~4 3.493.451.403.16 3.S1 3.213.22 3.183.13 3.09 3.04 3.00
'86 ].14 3.85 3.95 4.05 4.as 4.00 3.96 3.91 3.86 3.82 3.11 3.72 3.~9 J.S5 3.503.46 3.41 3.36 l.ll 3.27 3.23 3.18 3.14 3.09 3.05
1813.79 3.89 3.99 4.104.104.05 4.01 3.96 1.92 3.81 J.az 1.71 3.64 3.60 3.55 3.51 3.46 J.42 3.31 3.33 3.283.243.191.153.10
188 3.83 3.95 4.034.14 4.154.11 4.06 4.01 3.91 3.92 3.&5 1.1J 3.69 3.~~ 3.60 ].56 3.51 1.47 3.42 3.38 S.]3 ].29 1.24 3.20 3.15
1~ 3.11 3.97 4.06 4.18 4.21 4.164.11 4.014.023.98 3.9J 3.88 1.74 3.10 J.65 3.61 3.56 1.52 3.47 3.4] 3.38 3.34 ].29 3.253.20
190 3.91 4.02 4.12 4.22 4.26 4.21 4.114.124.074.03 3.91 3.94 3.60 3.75 ].11 3.66 ].62 ].573.533.48 3.43 S.l' 3.34 3.30 1.2S
191 3.95 4.06 4.16 4.26 4.31 4.214.22 4.174.134.08 4.J] 1.99 3.15 3.80 3.16 3.11 3.673.62 3.58 3.53 3.493.443.403.35 3.31
192 4.00 4.10 4.20 4.314.16 4.324.21 4.Zl 4.18 4.13 4.09 4.04 3.903.85 3.11 3.763.123.673.63 l.SS 3.54 3.493.453.40 5.16
193 4.04 4.14 4.2S 4.]; 4.42 4.314.32 4.214.23 4.19 4.14 4.09 3.95 3.90 3.86 3.81 3.11 3.12 3.68 3.63 3.59 1.54 3.50 3.45 3.4'
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.po

Ht(c=-)\Age 11 19 21 23 25 21 19 31 33 3~ 11 39 41 41 45 41 49 51 53 55 ~T 59 61 6J 65
1~1 74.5 74.5 74.S 14.~ 73.072.872.612.5 12.312.1 71.971.111.5 11.4 71.2 71.070.8 10.6 TO.4 70.3 70.1 69.969.769.569.3
1sa 14.4 14.4 14.4 74.4 73.0 12.8 72.6 72.5 n.l 12.1 71.971.771.5 71.4 71.2 71.0 70.8 70.6 lD.4 70.3 10.1 69.969.169.569.3
159 14.3 74.3 14.3 74.3 73.072.872.612.5 12.l 72.1 11.9 71.T 71.5 71.4 71.2 71.070.870.610.4 10.3 70.1 69.969.169.569.3
1" 74.3 14.J 14.3 74.3 73.072.872.672.5 12.3 72.1 11.9 71.7 71.5 71.4 71.2 71.D 70.870.670.4 70.3 10.1 69.969.769.5 69.3
'61 74.2 T4.Z 74.2 74.2 73.072.112.612.5 12.3 72.1 71.971.771.5 11.4 11.2 11.0 70.870.670.4 70.1 70.1 69.969.169.5 69.3
162 14.1 14.1 74.1 74.1 73.0 72.a 12.6 n.5 12.3 12.1 71.9 11.7 71.5 71.4 71.2 11.D 10.8 70.6 70.4 10.1 70.1 69.9 69.7 69.5 69.3
161 74.1 14.1 14.1 14.1 73.072.872.672.572.372.1 71.971.711.5 71.4 71.2 11.1 70.8 70.6 10.410.370.169.969.769.569.3
1" 74.014.014.0 74.073.072.872.& 72.512.312.1 71.971.711.5 71.4 71.2 11.0 70.8 70.610.4 10.3 TO.l 69.969.169.5 69.3
165 73.9 73.9 11.9 73.9 73.0 12.8 72.6 12.5 72.3 72.1 11.9 n.7 n.5 71.4 71.271.0 70.8 70.6 70.4 10.3 70.1 69.9 69.7 69.5 69.3
166 73.9 13.9 73.9 73.973.012.872.612.5 72.3 12.1 71.911.771.5 71.4 11.2 11.8 70.1 70.610.410.370.169.969.169.5 69.3
167 73~8 73.8 11.8 73.8 73.0 1Z.8 12.6 n.s 72.372.1 71.9 71.771.5 11.4 71.2 71.0 70.8 70.670.410.3 10.169.969.169.5 69.1
168 73.7 73.7 73.7 73.1 73.0 72.B 72.£ 12.5· 72.312.1 11.971.171.5 71.4 11.2 11.0 70.8 10.6 10.4 70.3 70.1 69.960.769.5 69.3
169 13.615.613.613.613.012.8 12.6 TZ.~ 72.3 12.1 71.971.171.511.4 11.2 11.0 10.8 TO.6 10.4 70.3 11.1 69.960.769.5 69.3
170 73.6 73.6 73.6 73.6 73.0 12.8 72.6 12.5- 72.3 72.1 71.9 71.7 71.S 11.4 11.2 11.0 1'0.8 70.6 10.4 70.3 TO.l 69.' 69.7 69.5 69.3
111 13.5 13.513.5 13.5 73.0 12.8 Tl.6 12.5- 12.312.1 11.971.1 11.§ 11.4 11.2 11.070.810.670.410.3 10.1 69.960.769.569.3
1Tl 73.4 13.4 73.4 13.4 13.0 72.8 Tl.6 72.5- 72.3 12.1 11.971.171.571.4 11.2 71.070.8 TO.6 70.4 10.310.1 69.969.169.569.3
111 73.4 73.4 13.4 13.4 73.0 72.8 72.6 72.S 12.3 72.1 71.971.711.5 71.4 11.2 71.010.870.610.470.370.1 69.969.769.569.3
17413.113.113.371.313.072.8 12.6 72.~ 12.3 12.1 11.971.771.5 11.4 11.2 71.070.870.610.4 10.3 10.1 69.969.769.569.3
ITS 73.2 13.2 73.2 73.213.072.8 12.6 12.~ 12.] 12.1 11.911.111.5 11.4 11.2 71.070.870.670.4 70.370.1 69.960.769.569.3
176 13.2 73.2 73.2 13.2 73.0 12.8 12.6 12.S 12.3 12. t 71.9 71.7 71.5 71.4 11.Z 11.0 70.8 70.6 70.4 10.3 10.1 69.9 NI.l 69.~ 69.3
177 13.1 13.1 73.1 71.1 13.072.812.672.5- 12.] 72.1 11.911.171.5 71.4 71.2 71.0 10.8 70.6 10.4 TO.1 70.1 69.969.769.569.3
178 71.0 13.1 13.0 73.0 73.072.872.6 12.S 72.3 12.1 11.971.711.5 71.4 11.271.070.870.670.4 10.370.1 69.969.1 69.S 69.3
179 13.0 71.073.071.013.072.1 12.6 72.~ 12.3 72.1 11.971.711.5 71.4 71.2 11.010.8 10.670.4 TO.3 70.1 69.969.169.569.3
lS0 72.972.912.912.913.012.8 72.6 72.~ 72.3 12.1 11.911.111.5 11.4 71.2 11.070.810.6 10.4 TO.l 10.1 69.969.769.5 69.}
181 72.812.872.872.813.0 12.8 12.6 12.S 12.3 72.1 11.911.171.5 11.4 11.2 71.0 10.~ 70.6 70.4 1O.l 10.1 69.969.169.569.3
18212.1 TZ.l 72.7 72.7 13.0 72.8 12.6 72.S 12.372.1 11.911.771.5 71.471.2 71.010.810.610.4 10.370.1 69.969.769.569.3
183 72.772.172.772.713.012.8 72.6 12.~ 12.3 72.1 71.911.771.5 11.4 71.2 71.010.810.610.4 10.370.1 69.969.169.569.3
184 12.612.612.672.613.072.812.6 Tl.S 72.3 72.1 71.911.711.571.4 71.l 71.0 10.8 10.6 10.4 10.310.1 69.9 69.1 69.~ 69.3
185 72.5 12.5 72.5 12.5 71.012.8 72.6 12.S 12.J 12.1 71.971.771.5 11.4 71.211.010.870.670.4 10.310.1 69.969.769.569.3
186 12.5 12.5 72.S 72.5 73.072.8 72.6 72.~ 72.5 72.1 11.911.771.5 71.4 71.2 71.0 70.8 70.6 70.4 10.3 10.1 69.969.169.569.3
'8712.4 12.4 12.4 12.4 Tj.O 12.812.672.512.112.1 11.911.7 71.S 11.4 11.2 71.070.810.610.4 10.110.1 69.969.769.569.3
188 72.3 72.3 72.372.3 13.012.812.612.512.1 12.1 11.911.771.5 71.4 11.2 71.010.870.6 70.4 10.170.1 69.969.769.569.3
189 72.3 72.3 72.172.3 13.012.8 12.672.5 12.J 12.1 11.911.711.5 71.4 71.2 11.010.870.6 70.4 10.310.1 69.969.169.569.3
190 12.2 12.2 12.2 12.2 73.012.8 12.672.5 72.3 72~1 71.911.771.5 71.4 71.2 11.0 70.8 70.6 10.4 70.3 70.1 69.969.769.569.3
191 72.1 72.1 72.1 72.1 73.012.812.6 72.S 72.3 72.1 11.971.7 71.5 11.4 11.2 71.0 70.a 70.6 70.4 70.3 70.1 69.969.169.560.5
192 72.1 72.1 12.1 72.1 73.012.812.672.572.372.1 71.911.171.5 71.4 71.2 71.070.870.610.4 10.3 70.1 69.969.169.569.3
193 72.0 72.0 12.072.013.012.872.672.5 72.J 72.1 71.971.711.5 11.471.2 71.0 70.8 70.6 70.4 10.1 70.169.969.169.569.3
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It(aa)\Age 11 19 21 21 2S 21 29 11 ]3 15 37 19 41 43 45 41 49 51 53 55 57 59 61 6l 6~

148 2.11 2.ll 2.32 2.29 2.21 2.24 2.21 2.19 2.1~ 2.14 2.11 2.08 2.01 1.99 1.96 1.94 1.91 1.39 1.86 1.84 1.81 1.16 1.761.71 1.11
1492.20 2.30 2.15 2.ll 2.30 2.272.25 2.22 2.20 2.17 2.14 2.122.05 2.02 2.00 1.97 1.94 1.92 1.89 1.81 1.84 1.82 1.79 1.71 1.74
150 2.ll 2.33 2.39 2.36 2.15 2.]1 2.28 2.26 2.23 2.20 2.1B 2.15 2.08 2.~ 2.03 2.00 1.98 1.95 1.93 1.90 1.88 1.85 1.83 1.80 1.11
151 2.26 2.16 2.42 2.402.112.14 2.32 2.29 2.21 2.24 2.21 2.192.11 2.09 2.06 2.04 2.01 1.99 1.96 1.94 1.91 1.81 1.66 1.83 1.81
152 2.Z9 2.40 2.46 2.41 2.40 2.3B 2.35 2.31 2.30 2.27 2.25 2.22 2.15 2.122.102.012.04 2.02 1.99 1.91 1.94 1,92 1.89 1.&7 1.84
1532.32 2.43 2.49 2.46 2.44 2.41 2.39 Z.J6 2.11 2.31 2.262.26 2.18 2.15 2.13 2.102.08 2.05 Z.03 2.00 1.91 1.95 1.93 1.90 1.88
154 2.~ 2.46 2.52 2.SO 2.47 2.45 2.4Z 2.59 2.31 2.14 2.12 2.Z9 2.21 2.192.162.14 2.11 2.09 2.062.04 2.01 1.98 1.96 1.93 1.91
155 2.38 2.49 2.~6 2.53 2.51 2.41 2.45 2.43 2.4' 2.la 2.35 2.32 2.25 2.22 2.20 2.17 2.15 2.12 2.09 2.01 2.04 2.02 1.99 1.97 1.94
1S6 2.41 2.S2 2.592.572.54 2.51 2.492.462.4' 2.41 2.38 2.36 2.2& 2.25 2.23 2.20 2.1S 2.15 2.132.102.08 2.05 2.03 1.00 1.98
151 2.4S 2.SS 2.65 2.60 2.572.55 2.52 2.50 2.47 2.44 2.422.39 2.31 2.l9 2.26 2.24 2.21 2.192.162.14 2.11 2.01 2.16 2.03 2.01
158 2.45 2.58 2.66 2.63 2.61 2.51 l.S6 2.53 2.S8 2.43 2.45 2.43 2.35 2.12 2.30 2.27 2.2~ 2.22 2.192.112.142.122.192.072.04
159 2.S1 2.61 2.69 2.672.64 2.62 2.59 2.56 2.54 2.51 2.492.46 2.38 2.l5 2.33 2.30 2.28 2.25 2.ll 2.20 2.18 2.15 2.112.102.08
160 2.54 2.64 2.13 2.10 2.61 2.65 2.62 2.60 2.57 2.SS 2.52 2.49 2.41 2.39 2.36 2.34 2.31 2.29 2.26 2.Z4 2.21 2.1B 2.162.'12.11
161 2.512.05 2.16 2.14 2.11 2.68 2.66 2.63 2.61 2.582.55 2.S3 2.45 2.422.402.312.352.12 2.29 2.21 2.242.22 2.19 2.11 2.14
162 2.60 2.11 2.80 2.17 2.74 2.72 2.69 2.61 2.64 2.61 2.592.56 2.48 1.46 2.41 2.40 2.38 2.35 2.ll 2.30 2.26 2.25 2.23 2.20 2.18
163 2.63 2.14 2.83 2.80 2.11 2.15 2.13 2.70 2.67 2.6S 2.62 2.60 2.51 1.49 2.46 2.'4 2.41 2.19 2.16 2.34 2.31 2.29 2.26 2.23 2.21
164 2.66 2.71 2.86 2.84 2.&1 2.79 2.16 2.11 2.11 2.68 2.66 2.6J 2.55 2.52 2.5D 2.41 2.4S 2.42 2.]9 2.37 2.J4 2.32 Z.l9 2.27 2.24
lA5 2.70 2.aD 2.90 2.87 2.85 2.82 2.aD 2.71 2.14 2.12 2.69 2.61 2.58 2.56 2.53 2.50 2.45 2.45 2.41 2.40 2.18 2.35 2.13 2.30 2.28
166 2.71 2.85 2.9' 2.91 2.aI 2.86 2.13 2.80 2.18 2.75 2.13 2.70 2.61 2.59 2.56 2.54 2.51 1.49 2.46 2.44 2.41 2.39 2.16 2.11 2.11
1612.76 2.86 2.91 2.94 2.92 2.8i 2.86 2.84 2.81 2.19 2.16 2.73 2.65 2.62 2.60 2.51 2.SS 2.52 2.49 2.47 2.44 2.42 2.39 2.37 2.14
168 2.79 2.80 3.00 2.98 2.95 2.92 2.90 2.81 1.SS 2.52 2.19 2.71 2.68 2.66 2.63 2.60 2.~ 2.55 2.53 2.50 2.41 2.45 2.43 2.40 2.18
169 2.82 2.9.l 3.04 3.01 2.91 2.96 2.93 2.91 2.S8 2.85 2.83 2.&0 2.71 2.69 2.66 2.64 2.61 2.59 2.56 2.54 2.51 l.4' 2.46 2.43 2.41
170 2.85 2.96 3.07 3.04 3.02 2.99 2.91 2.94 2.91 2.~ 2.86 2.84 2.7$ 2.12 2.70 2.672.65 2.62 2.60 2.51 2.54 2.52 2.49 2.47 2.44

~ 111 2.a& 2.99 3.10 3.08 3.05 3.03 3.00 2.91 2.95 2.92 2.90 2.a1 2.18 2.16 2.11 2.10 2.68 2.65 2.63 2.60 2.5& 2.55 2.53 2.5D 2.48
lIZ 2.91 3.02 1.14 3.11 3.09 1.06 3.01 1.01 2.98 2.90 2.93 2.90 2.51 2.79 2.76 2.14 2.71 2.69 2.66 2.64 2.61 2.592.56 2.53 2.SI
173 2.94 3.05 3.113.15 3.123.09 3.073.04 3.02 2.~ 2.~ 2.~ 2.85 2.82 2.BO 2.77 2.75 2.72 2.70 2.61 2.64 2.62 2.59 2.572.>4
1142.98 3.08 3.l1 3.183.153.133.103.08 3.0S 3.023.00 2.91 2.88 2.66 2.83 2.1U 2.18 2.75 2.13 2.70 2.66 2.65 2.63 2.60 2.5&
175 1.0' 1.1' 3.243.21 1.193.163.143.11 3.081.06 3.03 3.01 2.91 2.892.86 2.84 2.&1 2.19 2.76 2.74 2.71 2.69 2.66 2.63 2.61
1763.04 3.143.273.25 3.22 3.20 3.17 J.le 1.12 3.09 3.073.0' 2-95 2.92 2.90 2.S7 2.85 2.82 2.80 2.77 2.74 2.12 2.69 2.61 2.64
111 3.01 3.17 1.31 3.28 3.Z6 3.23 3.20 3.18 1.'S 3.13 3.103.012.98 2.90 2.93 2.91 2.88 2.85 2.13 2.80 2.18 2.15 2.13 2.70 2.68
118 3.10 3.11 3.34 3.32 3.29 3.263.24 3.21 3.193.16 J.13 3.11 3.01 2.99 2.96 2.9' 2.91 2.89 2.&6 2.84 2.81 2.19 2.16 2.14 2.71
179 3.13 3.~ 1.38 3.35 3.333.30 3.21 3.251.113.20 3.173." J.05 3.02 3.00 2.912.95 2.92 2.90 2.81 2.84 2.82 2.79 2.17 2.74
180 3.16 3.21 3.41 J.39 3.36 3.ll 3.31 3.213.26 1.23 3.203.18 3.08 3.06 3.01 3.01 2.98 2.9~ 2.93 2.90 2.88 2.15 2.13 2.80 2.18
11' 3.193.30 3.45 3.42 5.19 3.31 3.34 3.32 3.29 3.263.24 3.21 3.11 3.09 3.06 3.04 1.01 2.99 2.96 2.~ 2.91 2.89 2.86 2.84 2.81
182 1.23 3.313.48 3.453.413.40 3.38 3.35 l.32 3.30 3.213.25 3.1S 3.123.103.01 l.OS 3.02 3.00 2.972.94 2.92 2.89 2.87 2.84
183 3.26 3.~ 3.51 3.493.46 3.44 1.41 3.31 3.36 3.33 1.31 3.283.183.163.133.11 3.08 3.OS 3.01 3.002.98 2.9S 2.95 2.98 2.81
184 3.29 3.19 3.5S 3.S2 3.50 3.47 3.44 3.42 3.39 3.3T 3.34 3.31 3.22 3.19 3.16 3.14 1.11 3.09 3.06 3.04 3.01 2.99 2.96 2.94 2.91
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Ht(c:IaJ\Age 11 19 21 23 2~ 27 29 31 13 3> 37 19 41 4l 45 41 49 S1 S3 ;; 57 59 61 61 65
148 l.ll 2.25 2.09 2.06 2.03 2.00 1.97 1.95 1.92 1.89 1.86 1.83 1.80 1.11 1.14 1.11 1.68 1.65 1.62 1.59 1.56 1.53 1.~0 1.41 1.44
1492.162.21 2.122.09 2.06 2.113 2.00 1.97 1.94 1.91 1.88 1.M 1.82 1.79 1.16 1.13 1.70 1.68 1.65 '~62 1.59 1.56 1.S3 t.50 1.47
1SO 2.19 2.30 2.152.122.092.06 Z.OJ 2.00 1.91 1.94 1.91 1.88 1.85 1.82 '.19 1.16 1.13 1.70 1.61 1.64 1.61 1.581.55 1.52 1.49
151 2.22 2.l3 2.112.142.11 2.08 2.05 2.02 1.99 1.96 1.93 1.~ 1.a1 I.SS 1.82 1.19 1.16 1.73 1.70 1.671.64 1.61 1.58 1.55 1.52
1522.252.36 2.20 2.11 2.14 2.11 2.OS 2.05 2.02 1.99 1.96 1.91 1.90 1.81 1.84 1.al 1.18 1.15 1.12 1.69 1.66 1.61 1.60 1.58 1.55
153 2.28 2.]9 2.22 2.192.162.13 2.102.072.05 2.02 '.99 1.96 1.93 1.90 1.87 1.14 1.81 1.18 1.15 1.12 1.69 1.66 1.61 1.60 1.51
154 2.38 2.42 2.25 2.22 2.'9 2.162.13 2.10 2.01 2.04 2.01 1.98 1.95 1.921.89 1.86 I.M 1.158 1.11 1.75 1.n 1.69 1.66 1.611.60
1552.332.452.212.242.22 2.19 2.16 2.13 2.'02.012.04 2.01 1.95 1.95 1.92 1.89 1.86 I.M 1.80 1.11 1.74 1.11 1.68 1.65 1.62
156 2.36 2.48 2.31 2.212.242.21 2.182.15 2.122.09 2.06 2.03 2.00 t.91 1.94 1.92 1.89 1.86 1.83 1.80 1.11 1.74 1.11 1.68 1.65
1572.39 2.50 2.33 2.302.27 2.24 2.21 2.18 2.152.122.09 2.06 2.03 2.00 1.91 1.94 1.91 1.88 1.85 1.82 1.19 T.76 1.11 1.10 1.67
1582.42 2.532.35 2.322.29 2.26 2.23 2.20 2.17 2.14 2.\22.09 2.06 2.03 2.00 1.97 1.94 1.91 1.BS 1.15 1.82 1.79 1.16 1.13 1.70
1592.45 2.56 2.la 2.35 2.12 2.29 2.26 2.23 2.20 2.17 2.14 2.11 2.OS 2.05 2.02 1.99 1.96 1.93 1.90 1.11 1.84 1.82 1.19 1.76 1.73
160 2.48 2.59 2.40 2.37 2.34 2.31 2.292.262.23 2.20 2.112.14 2.11 2.08 2.05 2.02 1.99 1.96 1.93 1.90 1.871.14 1.81 1.78 1.75
161 2.51 2.622.43 2.'0 2.37 2.34 2.31 2.282.25 2.22 2.19 2.162.13 2.10 2.872.04 2.02 1.99 1.96 1.9J 1.90 1.81 1.14 1.81 1.18
162 2.5} 2.65 2.46 2.43 2.402.172.34 2.31 2.282.25 2.22 2.192.16 2.11 2.10 2.01 2.04 2.01 1.98 1.95 1.92 1.89 1.86 1.83 1.80
165 2.56 2.61 2.48 2.452.422.30 2.362.132.302.212.24 2.21 2.192.162.13 2.10 2.012.04 2.01 1.98 1.95 1.92 1.89 1.86 1.83
164 2.59 2.71 2.51 2.48 2.45 2.42 2.39 2.36 2.31 2.10 2.272.24 2.21 2.1a 2.15 2.12 2.09 2.06 2.03 2.00 1.91 1.94 1.92 1.&q 1.86
165 2.62 2.13 2.5) 2.502.472.44 2.41 2.la 2.36 2.l3 2.30 2.27 2.24 2.212.182.15 2.12 2.09 2.06 2.OS 2.001.91 1.94 1.91 1.84
166 2.65 2.'62.56 2.53 2.~ 2.412.44 2.41 2.382.35 2.32 2.29 2.26 2.23 2.20 2.172.14 2.11 2.09 2.06 2.03 2.00 1.91 1.94 1.91
1612.68 2.79 2.§8 2.56 2.532.502.412.44 2.41 2.382.35 2.12 2.29 2.~ 2.21 2.20 2.112.142.11 2.OS 2.05 2.02 1.99 1.96 1.93
161 2.11 2.82 2.61 2.582.552.522.492.46 2.432.402.112.34 2.11 2.28 2.26 2.232.202.112.142.112.08 2.052.02 '.99 1.96
169 2.73 2.1S 2.64 2.61 2.58 2.55 2.52 2.49 2.46 2.41 2.40 2.37 2.34 2.l1 2.28 2.25 2.22 2.19 2.16 2.15 2.10 2.07 2.04 2.01 1.99

~ 1~ 2.16 2.83 2.66 2.61 2.60 2.572.542.512.482.462.43 2.40 2.17 2.34 2.l1 2.l8 2.25 2.222.192.162.132.10 2.012.04 2.01
171 2.19 2.91 2.69 2.66 2.65 2.60 2.57 2.54 2.51 2.482.45 2.42 2.19 2.16 2.13 2.30 2.212.24 2.21 2.112.162.13 2.10 2.012.04
112 2.82 2.93 2.71 2.68 2.65 2.65 2.60 2.51 2.54 2.51 2.482.45 2.42 2.]9 2.16 2.13 2.10 2.272.24 2.21 2.112.15 2.12 2.09 2.06
171 2.85 2.96 2.742.71 2.68 2.65 2.62 2.59 2.56 2.51 2.50 2.47 2.44 2.41 2.38 2.36 2.33 2.302.212.242.21 2.181.152.122.09
114 Z.BS 2.99 2.17 2.74 2.71 2.68 2.65 2.62 2.59 2.562.53 2.SO 2.47 2.44 2.41 2.382.35 2.322.29 2.262.23 2.202.172.142.11
115 2.91 3.0! 2.79 2.762.73 2.78 2.672.64 2.61 2.512.55 2.532.502.472.44 2.4' 2.382.352.322.292.26 2.2l 2.20 2.\7 2.14
IJI 2.94 3.05 2.12 2.79 2.76 2.73 2.~ 2.67 2.64 2.61 2.512.552.522.492.462.432.40 2.ll 2.34 2.31 2.21 2.26 2.232.202.\1
117 2.96 3.08 2.84 2.81 2.71 2.75 2.72 2.70 2.61 2.64 2.61 2.SS 2.55 2.522.492.462.43 2.402.11 2.34 2.31 2.2& 2.25 2.Z2 2.19
1101 2.99 3.11 2.172.84 2.81 2.71 2.75 2.12 2.69 2.66 2.63 2.60 2.51 2.S4 2.51 2.482.45 2.432.401.112.34 2.31 2.262.25 2.22
179 3.02 3.14 2.90 2.812.84 2.al 2.71 2.15 2.12 2.69 2.66 2.61 2.60 2.572.54 2.51 2.48 2.45 2.42 2.39 2.36 2.33 2.l0 2.27 2.24
,ao 3.05 3.16 2.92 2.89 2.16 l.SS 2.80 2.77 2.742.71 2.68 2.65 2.62 2.60 2.57 2.54 2.51 2.482.452.42 2.]9 2.36 2.3] 2.30 2.21
lal 3.01 3.19 2.95 2.922.89 2.86 2.83 2.80 2.712.14 1.71 2.68 2.65 2.62 2.592.56 2.5l 2.50 2.472.44 2.41 2.la 2.35 2.33 2.30
182 3.11 3.22 2.91 2.94 2.91 2.BB 2.85 2.82 2.80 2.71 2.74 2.71 2.68 2.65 2.62 2.59 2.56 2.53 2.50 2.41 2.44 2.41 2.38 2.35 2.32
183 3.1' 3.25 1.00 2.912.94 2.91 Z.BB 2.85 2.82 2.79 2.76 2.73 2.~ 2.61 2.64 2.61 2.582.55 2.52 2.50 2.41 2.44 2.41 2.38 2.35
184 3.113.28 3.OZ 2.99 l.91 l.94 2.91 2.81 2.as l.82 2.19 2.16 2.71 2.10 2.612.64 2.61 2.58 2.55 2.52 2.49 2.46 2.43 2.40 2.37

* One note on Knudson et ala LLN for females less than 40 years old. The 95 th percentile for this
age group is 70.3%, while the value for females older than 40 years is 77.9%. The 1.645*SEE or
the 95 percent confidence limit for the less than 40 years age group is located at approximately
77 percent of the mean FEVI for this age group. If the 70.3 value is used, then a female's LLN
for the FEVl will increase between the ages of 39 and 40. Most other studies, and even the males
for this same study, usually exhibit a decrease in the 95 th percentile for the older age groups.
Therefore, we chose to use the same percentile (77.9%) for all females older than 20 years.
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It(ca)UQe 'l1 19 21 2J 25 27 29 31 33 15 37 39 41 41 45 41 49 51 SJ 55 57 59 61 63 65
148 74.1 n.9 TI.5 TI.2 76.9 76.5 16.2 15.9 15.6 15.2 74.9 74.6 74.2 73.9 fl.6 73.3 12.9 12.612.1 12.0 11.6 11.3 11.0 10.7 70.3
14974.715.& 71.3 ".076.776.476.075.175.415.1 74.774.474.1 73.813.4 fl.1 12.812.5 72.1 n.1l 71.511.270.810.510.2
15014.5 15.6 ".2 76.9 76.5 76.2 15.975.675.2 14.9 14.6 74.5 73.9 73.6 13.3 73.0 12.6 12.1 12.071.771.3 11.0 la.110.3 10.0
151 74.4 15.5 71.0 76.1 76.4 76.1 75.7 15.' 15.1 14.1 14.4 14.1 71.8 73.4 n.l n.s n.5 12.1 11.8 71.5 71.2 10.8 la.5 10.2 1b.9
1~2 14.2 15.3 76.9 76.5 76.2 75.9 15.6 15.2 74.9 14.6 14.3 11.9 73.6 13.3 13.0 12.612.1 12.0 11.111.3 71.0 70.710.4 70.069.1
1il 74.1 15.1 16.1 16.4 76.1 75.7 75.4 15.1 74.8 74.4 14.1 73.8 73.5 73.'\ 12.8 72.5 12.2 11.8 71.5 11.2 70.8 70.5 la.2 69.9 1b.5
1S4 73.9 75.076.6 16.2 75.9 15.6 15.2 74.9 74.6 14.3 13.9 73.6 73.3 73.0 12.672.3 12.0 71.7 71.3 71.070.770.4 la.O 69.7 ~.,

155 13.174.116.4 16.1 75.115.415.1 74.174.4 74.1 73.B 73.S 13.1 72.172.5 72.2 71.8 11.5 71.2 10.970.5 10.269.969.669.2
156 13.6 74.776.275.975.615.314.974.614.3 74.0 73.6 73.3 13.0 12."( 12.3 12.071.711.371.0 10.770.4 la.O 69.769.4 1b.1
15173.574.576.1 75.775.4 75.1 14.814.' 74.1 13.873.5 13.\ 72.6 72.S 72.2 71.8 71.5 11.270.910.570.2 1b.9 69.6 69.26&.9
1S1 73.3 74.4 75.9 15.6 75.314.914.674.314.073.673.3 73.0 12.772.3 72.01\.711.4 71.070.770.470.1 69.169.469.16&.7
1~ 11.2 74.2 15.S 15.4 15.1 14.8 74.S 14.1 73.873.5 1].2 72.8 12.5 12.2 71.S 11.5 71.2 10.970.5 70.269.969.669.2 68.9 6&.6
160 73.0 74.1 15.615.3 14.9 74.614.314.071.673.3 71.0 72.7 72.1 12.0 71.77\.4 11.0 10.110.4 10.1 69.1 69.4 ~.1 6&.868.4
161 12.8 '7l.9 15.475.1 14.8 14.5 14.1 73.873.5 73.2 12.8 72.5 n.l 71.9 71.5 71.270.970.670.2 69.969.669.268.96&.6 6&.J
162 72.7 Tl.8 75.175.0 14.6 74.S 74.873.173.373.072.772.3 12.071.171.4 "1.010.110.470.1 69.169.4 1b.1 68.86&.468.1
163 12.5 1.1.675.1 74.8 74.S 14.1 73.8 73.S 11.2 12.8 n.~ 72.2 11.971.") 71.270.970.610.269.969.669.368.968.668.368.0
164 12.4 13.5 75.014.674.3 74.071.713.311.012.772.4 72.0 71.7 11.4 71.1 10.110.4 10.1 ~.7 69.4 69.' 68.861.468.1 61.8
165 72.2 13.1 74.S 14.S 74.2 73.873.5 13.212.872.5 12.2 71.9 1'.S 71.2 70.910.670.2 1b.9 69.6 ~.3 68.9 68.6 68.3 68.0 67.6
16612.113.114.674.374.073.713.373.812.172.472.071.11\.471.1 TO.l 70.4 TO.1 tR.8 69.4 69.168.868.568.161.867.5
167 11.9 73.0 14.5 14.2 13.8 73.5 73.2 72.912.5 72.2 71.9 71.6 7\.2 10.9 10.6 70.269.9 69.6 69.3 68.968.668.3 68.0 67.6 67.3
168 71.8 n.s 74.3 74.6 ll.1 71.J 73.072.172.412.071.711.4 71.1 70.770.4 TO.l 69.& 69.469.168.86&.561.1 67.867.561.2
169 71.6 12.1 74.2 13.8 13.5 73.212.9 72.S 72.211.971.611.2 70.9 70.670.369.969.669.369.068.668.361.161.167.3 61.0

..... 170 71.512.574.0 Tl.7n.' 71.0 12.7 72.~ 12.1 71.171.4 71.110,7 7D.4 70.1 69.a 69.469.168.868.568.161.867.561.266.8
171 71.S 72.4 11.8 73.5 73.2 7Z.9 72.5 72.2 71.9 11.6 11.2 10.9 10.6 10.169.969.6 69.3 ~.O 68.6 68.3 68.061.767.367.066.7
112 71.2 72.2 13.7 73.4 73.0 7Z.7 7Z.4 12.1 11.1 11.4 11.1 10.8 70.4 70.\ 69.8 69.5 69.1 68.8 68.5 6&.2 67.8 67.5 67.2 66.8 66.5
171 71.0 12.1 73.S 73.2 72.9 72.6 72.2 71.911.6 71.2 10.9 10.6 1O.l 69.9 £9.6 69.3 69.0 68.6 68.3 68.0 61.767.3 61.0 66.7 66.4
\14 70.871.973.473.072.772.412.1 11.111.4 71.1 10.810.' 70.1 69.869.5 69.1 ~.a 68.5 68.2 61.8 67.567.266.966.5 66.2
115 10.711.873.2 72.972.612.271.911.611.3 70.9 10.6 1O.! 10.0 69.669.369.068.76&.3 68.067.167.361.066.766.466.0
11670.5 11.673.1 12.772_412.1 71.771.' 11.1 70.8 70.4 10.1 69.8 69.5 ~., 68.868.568.267.861.561.266.966.566.265.9
177 18.4 71.5 72.9 Tl.6 12.2 11.9 71.6 71.l 70.9 70.6 70.3 10.0 1b.6 69.3 &9.0 63.7 68.3 68.0 67.761.467.066.766.466.165.7
17870.271.372.172.472.1 71.811.471.1 70.8 7O.~ 70.1 69.869.5 69.263.863.568.267.& 67.5 67.2 66.9 66.5 66.l 65.9 65.6
119 10.171.2 n.6 72.211.971.611.310.970.670.370.069.669.3 69.D 68.7 6&.368.067.767.467.066.166.466.1 65.765.4
ISO 69.971.072.4 12.1 11.8 11.4 71~1 10.810.5 70.1 69.169.5 69.2 68.S 63.S 68.2 67.967.5 67.2 66.966.666.265.965.665.2
18169.810.1172.3 n.911.6 71.3 71.070.6 la.3 10.0 69.169.1 ~.o 68.768.3 68.0 67.767.467.066.766.466.1 65.165.465.1
182 ~.6 la.1 12.1 n.lI n.4 71.1 70.870.510.1 do9.8 69.S 69.26&.868.568.261.961.567.266.966.666.265.965.665.364.9
lal 69.5 70.5 11.971.6 11.3 71.0 10.670.310.069.769.369.06&.7 68.4 63.0 67.7 67.4 61.1 66.766.466. 'l 65.765.4 65.1 64.8
184 69.3 10.4 11.8 11.5 71.1 70.810.510.269.869.569.268.868.5 68.261.967.5 67.246.966.666.265.965.665.364.964.6
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Ta.ble 7. Upper limits of estimated annual decline in FEV1 (llr:FEV1) based on
linear regression for males for several different time intervals
(Tyz:a) 11 IHU~:" J.1S<.:tlUl.ly Ubbt::l. VtllJ. FEV::. !S.ml d.~C,

Aga < 35 FEVl
Tyrs <3.00 3.50 4.00 4.50 5.00 5.50 6.00 6.50 7.00

1 479 484 499 314 529 544 559 574 589
2 244 247 254 262 269 277 284 292 299
3 166 168 173 178 153 188 193 198 203
4 127 128 132 136 :40 143 147 151 155
5 104 105 108 111 114 117 120 123 126
6 88 89 91 94 96 99 10l 104 106
7 77 77 80 82 84 86 88 90 92
8 63 69 n 73 75 76 78 80 82
9 62 62 64 66 67 69 -1 72 74f.

lO 57 57 59 60 62 63 65 66 68
11 52 53 54 55 57 58 60 61 62
12 49 49 50 52 53 S4 55 57 58

Age ~ 35
1 489 494 509 524 539 554 569 584 599
2 254 257 264 212 279 287 294 302 309
3 176 178 183 188 193 198 203 208 213
4 137 138 142 146 150 1.53 157 161 165
5 114 115 118 121 124 127 130 133 136
6 98 99 101 104 106 109 111 114 116
7 87 87 90 92 94 96 98 100 102
8 78 79 81 83 83 86 88 90 92
9 72 72 74 76 77 79 81 82 84

10 67 67 69 70 72 73 75 76 78
11 ~2 63 64 65 67 68 70 71 72
12 59 59 60 62 63 64 65 67 68
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Table 8. Upper limits of ~stimated annual decline in FEV1 (usFEV1 ) based on
linear reiress10n for famaleg for several different time intervals
(Tyu ) by most recently observed FEV1 and age.

Age < 35 F!Vl
Tyrs <3.00 3.50 4.00 4.50 5.00 5.50 6.00 6.50 7.00, 375 380 395 410 425 440 4"~ 470 485... .. :1

2 190 193 200 208 215 223 230 238 243
3 129 130 135 140 145 :'50 1 ~ ~ 160 165.:l;;l

4- 98 99 103 107 110 114 118 ~22 125
5 79 80 83 86 89 92 9S 98 101
6 67 68 70 73 75 78 80 83 85
7 58 59 61 63 65 67 70 7"> 74..
8 S2 52 54 56 58 60 62 63 65
9 46 47 49 SO 52 5~ 55 57 59

10 42 43 44 46 47 49 50 52 53
11 39 39 41 42 44 45 46 48 49
12 36 37 38 39 40 ~2 L:.3 44 45

Age ~ 35
1 385 . 390 405 420 435 450 465 430 495
2 200 203 210 218 2"~ 233 240 248 255.."
3 139 140 145 130 155 160 165 170 175
4 108 109 113 117 120 124 128 132 135
5 89 90 93 96 99 102 105 108 111
6 77 78 80 83 85 88 90 93 95
7 68 69 71 73 75 77 80 82 84
8 62 62 64 66 68 iC 72 73 75
9 56 57 59 60 62 64 65 67 69

10 52 53 54 56 Si 59 60 62 63
11 49 49 51 52 54 5S 56 58 59
12 46 47 48 49 SO 52 53 54 55


