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EEH Industrial Safety Equipment Association

October 20, 1995

Docket Office

Docket H-49

U. S. Department of Labor

Occupational Safety & Health Administration
Room N-2625

200 Constitution Avenue, N.W.

Washington, DC 20210

RE: Post-Hearing Comments of the Industrial Safety Equipment Association regarding
29 CFR 1910.134, OSHA Proposed Rule on Respiratory Protection.

The Industrial Safety Equipment Association (ISEA) is pleased to present the
enclosed post-hearing comments that address issues raised in written submissions
submitted to the docket after the OSHA informal public.

Please call me if you require additional assistance.

Sincerely yours,
William J. Efny

Technical Director
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I. Introduction

For more than a decade, the Industrial Safety Eqmpment Association (ISEA) has
been an active participant in OSHA's efforts to revise its respiratory protection
rule, 29 CFR 1910.134. In addition to informal comments and other submissions
to the docket during this time, ISEA submitted written comments on the
proposed rule in April, presented oral testimony at the public hearing in June
and recently provided written post-hearing comments that addressed testimony
presented at the public hearings.

ISEA was encouraged by the open exchange of information between OSHA and
those who testified at the public hearing. As part of our continuing effort to .
provide input and feedback on issues raised before the agency, ISEA submits the
following additional comments that address issues raised in written post-
hearing comments submitted to the docket. ISEA’s comments in response to
these issues are based on data from workplace protection factor (WPF) studies
and other information discussed at the hearings.

II. Organization Resources Counselors, Inc. (Document # 145)

Organization Resources Counselors, Inc. (ORC) asserts that assigned protection
factors (APFs) should be established by the National Institute for Occupational
Safety and Health (NIOSH) on the basis of data from simulated workplace tests
conducted for at least three hours. ORC contends this would allow OSHA to set
h1gher APFs for particular respirator models once the model achieves the
minimum APF for the respirator class. :

ISEA agrees that ideally, NIOSH would establish APFs during the certification
process using a validated protocol proven to correlate with the level of
protection achieved in the workplace. To date, however, no laboratory-based
method of evaluating workplace protection levels has been established or
validated. Extensive research needs to be done before an acceptable method of
simulated workplace testing can be verified.

Until such tests are developed, ISEA supports adoption of the class-specific APFs
listed in Table 1 of American National Standards Institute (ANSI) Standard
Z88.2-1992. The ANSI APFs are based predominantly on workplace studies
conducted during the past decade. In fact, these numbers are confirmed in an
article that appeared in a recent issue of the American Industrial Hygiene
Association Journal (“The Assigned Protection Factor of 10 for Half-Mask
Respirators,” Thomas J. Nelson, Am. Ind. Hyg. Assoc. J. (56) July 1995).

[

Ei



ISEA opposes the concept of individual, model-specnfxc APFs established solely
on the basis of simulated workplace testing.' Model-specific APFs would
confuse users who may believe incorrectly that their respirators have been
certified to fit them. This could lead to a decrease in the emphasis on individual
fit testing in the workplace. ISEA is a strong supporter of fit testing the user in
the workplace as part of a proper respiratory protection program. Such a
program will be designed to ensure that the user has selected the proper type,
style and size of respirator.

ORC also suggests that OSHA not require respiratory programs for in voluntary
use situations.

ISEA disagrees. OSHA should require that whenever respirators are used in the
workplace, users must be properly trained, fit tested and monitored to ensure
they are using the respirator correctly. Respirators that are not used properly
could present a hazard.

III. Lawrence Livermore National Laboratory (Document # 151)

Lawrence Livermore National Laboratory contends that a program manager
should be allowed (with caution) to permit the use of spectacles with an elastic
headband in combination with a tight-fitting facepiece respirator.

ISEA recommends that only spectacles certified by NIOSH as a component of an
approved respirator should be permitted for use with that respirator.
Otherwise, there is an increased risk that the integrity of the faceseal could be
compromised and that leakage could occur.

IV. American Iron and Steel Institute (Document # 142)

The American Iron and Steel Institute (AISI) asserts that annual medical
evaluations, fit testing and training requirements would entail significantly
higher costs.

ISEA disagrees. While proper medical evaluations, fit testing and training may
increase costs, any such increase will be relatively minor. ISEA believes that
proper training and fit testing are essential to ensure adequate employee

See Section VII, where we correct a misstatement of ISEA's position on model-specific APFs
that appeared in our post-hearing comments.
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protection. A respirator that does not fit properly or is misused because of a lack
of employee training may provide little or no protection to the end user.

AISI asserts that annual fit testing is not needed.

ISEA disagrees. During the course of a year, many factors could affect the
appropriate type of respirator that should be assigned to an end user. Changes
to a user’s facial features because of hair growth, scarring, weight loss or gain
and aging all can affect the fit of a respirator. In addition, normal wear and tear
on a respirator, improper adjustment or shoddy maintenance may have a similar
effect. Historically, the most successful respirator programs include an annual
fit test requirement. The annual fit test is important to ensuring the health and
safety of the user.

AISI recommends that employers be permitted to use screening tests to
determine if training is necessary on an employee-by-employee basis.

ISEA disagrees. Periodic training is necessary to reinforce information and
update users on modern respiratory protection techniques.

AISI opposes the use of the ANSI Standard Z88.1992.

ISEA believes that ANSI Z88.2-1992 represents the most current information
available on respiratory protection. The standard also reflects the most recent
consensus among respiratory protection experts. To assure that OSHA's revised
standard reflects modern technology and the most up-to-date notions of
respiratory protection, the proposed respiratory protection rule should adhere to
the expert consensus embodied in the ANSI standard.

V. Ching-tsen Bien (Document #135)

Bien asserts that workplace protection factor studies must be conducted at sites
where the airborne exposure levels are equal to or greater than the maximum
use limitation for that particular class of respirators.

ISEA disagrees. Bien’'s suggestion contradicts generally accepted criteria for
WPF studies that outside sample weight must be at least 100 times the mean
blank value. Analyses indicate that the results of WPF studies meeting this
threshold requirement are independent of ambient concentrations. For
additional discussion of this issue, see ISEA’s post-hearing comments.
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Bien states that the results of WPF studies are affected by particle size.

ISEA analysis shows that there is no relationship between particle size and
performance. This is supported by Nelson’s July 1995 AIHA Journal article.

Bien states that there were eight negative votes among 35 voting members of the
ANSI Z88.2 committee and that these votes were based in part on concerns that
the initial draft as revised would decrease the level of respiratory protection
provided to users.

ISEA disagrees. The initial negative votes Bien refers to were addressed and
every effort was made to resolve the basis for these votes, in accordance with
mandatory ANSI standard-setting procedures. Many of the negative votes were
resolved during the standard development process. In addition, standard ANSI
procedures grant the larger Z88 committee the final say on submission of
standards to the ANSI Board for approval.

Bien claims that the Z88.2 subcommittee did not include “a representation of
balanced interests” because of an alleged lack of labor union representation.

To the contrary, the ANSI Z88.2 subcommittee represented a balanced interest of

concerns. Several unions and associations were represented on the main voting
committee that approved the 1992 ANSI standard.

Bien states that the reduction in the definition of “oxygen deficiency” in ANSI
7388.2-1992 is unsafe.

ISEA disagrees. ANSI Z88.2 1980 defined oxygen deficiency as “an atmosphere
which causes an oxygen partial pressure of 100 mm of mercury column or less in
the freshly inspired air in the upper portion of the lungs which is saturated with
water vapor.” The 1992 standard lowered this level to 95 mm. This was based
on experience and data generated in studies conducted by the Air Force and the
Navy that showed pilots’ ability to perform was unaffected at the oxygen levels
in the revised standard. The 1992 standard also took altitude into consideration
for the first time.
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Bien asserts that filtering facepiece (single use, disposable or maintenance free)
respirators do not perform as well as respirators with elastomeric facepieces and
that the protection factor assigned to filtering facepieces should be five.

ISEA disagrees. The Nelson AIHA Journal article explains that no difference
exists between the mean performance of elastomeric and disposable respirators.
ISEA has commented extensively on the issue of the proper APF for disposable
respirators in the past. For the reasons given in our comments on the proposed
rule, we support the ANSI APF of ten for both elastomeric and disposable half
mask respirators.

In arguing for an APF of five for filtering facepiece respirators, Bien provides no
valid scientific data as support for his recommendation. The Chen study he cites
only detects differences in performance in the small (less than 2 micron) partide
range. In addition, the Chen study measured the performance of dust/mist
filters, not the high efficiency filters that ANSI recommends for protection
against small particles. Bien’s arguments regarding the comparative
i)erformance of elastomeric and disposable respirators, therefore, are not based
on relevant scientific data.

Bien suggests that the NIOSH study on disposable respirators should be used to

determine an appropriate APF for these products.

ISEA disagrees. The NIOSH study was flawed in several respects. First, a small
aerosol quantitative fit test was used to assess the fit of a dust/mist respirator.
This method is not suitable for this type of respirator because dust/mist
respirators are not designed to filter the extremely small particles used in this
quantitative method. Second, the author did not report on the minimum fit
factor required for inclusion in the study. Third, the analytical method used was
non-specific. Gravimetric analysis does not distinguish between cement dust
and water mass, which is significant because of high humidity levels within the
facepiece. Samples collected inside the respirator probably were contaminated
with water of hydration, sputum and perspiration and were not separated from
the actual mass inside samples. This would give false results.

V1. Dr. Mark Nicas (Document # 156)

Nicas suggests that during sampling for WPF studies corrections must be made
for aerosol losses from inside the respirator due to faceseal leakage.

ISEA disagrees. Such losses, when they do exist, are difficult or impossible to
calculate. However, probes and other devices that measure concentrations
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inside the facepiece are specifically designed to minimize or avoid such losses.
There is no need to make the corrections Nicas recommended to standard WPE
protocols.

Nicas states that WPF studies should make corrections for particle losses in the
respiratory tract of the wearer.

ISEA disagrees. For a number of reasons, such adjustments were never made in
past WPF studies. For instance, every aerosol will have different deposition
characteristics on every wearer. Measurements of particle losses in the
respiratory tract are highly variable and extremely inaccurate. Any adjustment
made, therefore, would only be an estimate. ISEA does not recommend that
such corrections be made until these issues are better understood.

Nicas suggests that an analysis of differences in fit factor should be performed to
determine WPF values because such analysis would account for both between-
wearer and within-wearer variability.

ISEA disagrees. Not enough data is available on within-wearer variability.
Until enough of it exists, this data should not be added to the analysis of WPF
studies. ‘

VII. Correction to Post-Hearing Comments

ISEA would like to clarify a statement made in our September 15 post-hearing
comments. The second sentence in the fourth full paragraph on page 21 of those
comments reads “ISEA does support the assigning of model specific APFs. . .”
The sentence should have read “ISEA does not support the assigning of model
specific APFs. .."”

VIII. Conclusion

ISEA shares a common mission with OSHA to protect the health and safety of
the American worker. The association is committed to working as a partner
with OSHA to meet this goal. As part of this cooperative effort, ISEA supports
OSHA's attempt to update and revise its existing respiratory protection
standard. In particular, we appreciate the opportunity to continue working with
*OSHA on this rule and would like to maintain an open dialogue with the

agency.
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ISEA’s ultimate objective is to help OSHA develop a rational respiratory
protection standard that accurately reflects modern science and technology. In
doing so, we hope to preclude the potential adverse market effects of a confusing
and controversial rule. The costs to manufacturers of research and development,
retooling and laboratory time can be significant. Our members believe that a
close working relationship between manufacturers and regulators will ensure
the most efficient means of bringing advanced products to the market in a timely
fashion. .

ISEA also hopes to eliminate inefficiencies in the rulemaking process that waste
public and agency resources. Where possible, therefore, ISEA recommends that
OSHA make use of existing national consensus standards such as ANSI Z88.2-
1992. The technical expertise and real-world experience embodied in the
existing ANSI standard is especially relevant when considering the controversial
issue of assigned protection factors.

ISEA recommended in post-hearing comments that, because of the critical nature
of the issues 29 CFR 1910.134 addresses and the current confusion manifested in
the proposed rule, OSHA should issue a second notice of proposed rulemaking
on respiratory protection. It is clear from the post-hearing comments submitted
to OSHA that many important issues remain unresolved. We reiterate our
recommendation regarding a second proposal, urging the agency not to rush to
issue a final rule at the expense of scientific accuracy and adequate
substantiation of the requirements in the rule.

If there are any questions or additional information that ISEA can provide as

OSHA works complete the final rule, please feel free to call me. ISEA’s
significant technical resources and practical experience are at your disposal.

Daniel K. Shipp
President
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Reference No. 90-05-00

Keys, D.R,, et al., "Workplace Protection Factors of Powered, Air-Purifying Respirators,” Paper
presented at the American Industrial Hygiene Conference, May 1990, Orlando, Florida.

Contents: A comparative study of three brands of loose-fitting hood style powered air purifying
respirators at a pharmaceutical manufacturing facility. The authors conclude that all three brands
afforded protection in the workplace in excess of 1,000 PF. The authors go on to contrast these
very favorable results with those of loose-fitting facepiece PAPRs which were done in the early
1980s and formed the basis for NIOSH's downgrading of all loose-fitting devices in the powered
air purifying and continuous-flow airline respirator classes.

NOTE: The pharmaceutical manufacturing industry is a heavy user of hood style respirators --
both powered air-purifying as well as continuous-flow airline. This industry is always on the
forefront of toxicology, epidemiology, and industrial hygiene, given that the products they
develop are the latest in chemical and bioengineering technology. The collective knowledge base
in this industry alone probably exceeds the sum total of industrial hygiene knowledge in the rest
of the American economy. For obvious reasons, these manufacturers can ill-afford to expose
their workers to compounds that could cause adverse health effects. It is therefore instructive to
note that the use of a style of respirator which NIOSH deems to be inferior is actually so
widespread and so universally accepted. . ;
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ABSTRACT

NORKPLACE PROTECTION FACTORS OF POWERED, AIR~-PURIFYING RESPIRATORS Keys,
D.R., Guy, H.P. and Axon, M., Syntex (U.S.A.), Inc., 3401 Hillview Avenue,
Palo Alto, CA 94303.

A workplace protection factor (WPF) study was conducted with three
NIOSH,/MSHA-approved powered air-purifying respirators (PAPR). The PAPR
tested were of the locse-fitting, hood/helmet type with double bibbed
capes and without lift-up visors. The protocol included careful attention
to employee training, one-to-one sample monitoring, use of Liu sampling
probes, in-facepiece probe placement, collection of quality control
samples and statistical analysis of the data. The study was conducted
during the manufacture of pharmaceutical products containing potent
steroidal compounds. Over 60 sets of inside/outside samples were
collected and analyzed using a radioimmunocassay technique capable of
quantitating S50 picograms of the active steroid on a sanmpling filter.
This method is capable of measuring WPF above one nmillion in a two-hour
sample reriod. Grouped data were analyzed to determine geometric neans,
geometric standard deviations and fifth percentile WPF. This work shows
that the type of PAPR tested provided a fifth percentile WPF above 1000.

DRAFT -
WORKPLACE PROTECTION FACTOR STUDY OF POWERED, AIR-PURIPYING RESPIRATORS
-epared for presentation at the May 1990 American Industrial Hygiene
conference in Orlando, Florida..

INTRODUCTIONS
*(Show title slide.)

The use of workplace protection factor (or WPF) studies to measure the
actual performance of a respirator while being used on the job has become
a very important tool for industrial hygienists. Workplace measurenents
are, after all, the ultimate demonstration of actual workplace performance
of a respirator.

*(Show WPF sampling picture.)

While WPF measurements have been made for well over a decade, only in the
past few years have we developed the understanding and the technology for
WPF studies to the point that reliable and repeatable studies can be
conducted. A clear understanding of protection factor terminclogy and
strict adherence to rigorous study protocol are critical to obtaining
reliable results.

*#*(Picture showing the 7 respiratory Pr terms.)
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The PAPR evaluazed in this study were of the locse-fitting helmet /hood
type. The three nmodels studied were the Racal BreatheEasy 10 (Respirator
1), Bullard Quantum (Respirator 2) and JM Whitecap II (Respirator 3).

*(Show pictures of the three units.)

- Again, we tested (*) the Racal Breathefasy 10, (*) the Bullard Quantunm,
and (*) the 3M Whitecap II.

The Racal and Bullard units have tyvek hoods, while the IM Whitecap II has -
a hard helmet construction. All of the units have double bibs. All of
these respirators vere commercially available NIOSH/MSHA approved PAPR
equipped with HEPA filters.

*(Show slide on analytical sensitivity)

A critical and often limiting factor in conducting workplace protection
factor studies is analytical sensitivity. The analytical sensitivity for
the contaminant of interest must be good enough to quantitate the
concentrations inside the facepiece, which are lower than the ocutside
concentration by the factor of the WPF. The highaer the protection .
afforded by the respirator, the better analytical sensitivity that is
required. Most workplace protection factor studies to date have been
conducted on lower protection respirators, such as half-mask and full
facepiece air-purifying respirators and loose~fitting facepiece PAPR. OQur _
study evaluated the workplace performance of a high protection factor

class of respirator, the loocse-fitting helmet/hood PAPR.

*(Show slide with lab picture) _

We were able to do this by using a very sensitive analytical technique =
called radioimmuncassay, or RIA. This technique is used in the
pharmaceutical industry to measure very small quantities of potent
pharmaceutical coazpounds that have very low exposure limits such as
steroids, peptides and other synthetic hormones.

*(show RIA slide.)

In brief, RIA is a competitive immunological binding assay between two
antigens with a specially developed antibody protein. The two antigens
are the ‘unknown’ contaminant and a spiked radiclabeled contaminant. This
analytical method has quantitation liaits of around 50 picograms on a
sanpling filter. The method allows measurement of workplace protection
factors above one million with a two-hour sample.

(Show slide of worker wearing a PAPR in pharmaceutical manufacturing.)
The powered, air-purifying respirators were used in a pharmaceutical
manufacturing plant where steroidal compounds are processed. They were
worn by personnel who were accustomed to wearing PAPR and were properly
trained in their use.

*(show slide of worker wearing PAPR in pharmaceutical manufacturing)
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- After analysis, the workplace protection factors were calculated by
dividing the outside concentrations by the corresponding inside
concentrations. The geometric mean workplace protection factor,
jeometric standard deviation and 5th percentile workplace protection

factor were determined.

During this project, a substudy was done to evaluata whether there was any
significant sample loss from deposition in the probe. For this study, che

outside sampling probes were rinsed with methanol, and the methanol

rinsate was analyzed for estradiol benzoate by HPLC analysis. Our results
showed that the probe entry losses for the outside filters had a geometric

mean of 1%. Thus, there was not a statistically significant probe loss
which we needed to account for.

RESULTS
*(Show WPF Study Results slide)

The occupational exposure limit, or OEL, is defined as the time-weighted
average concentration for a normal 8-hour workday and a 40-hour workweek,
to which nearly all workers nay be repeatedly exposed, day after day,

without adverse effect. It is an internal standard for personal exposure.

The occupational exposure limit for estradiol benzoate is 150 ng/m ‘3

The gutside conc’ntratgons obtained in our study ranged from 8.66x)0
nq/n3 o 1.33x10 3ng/m . The inside concentrations ranged from 0.50

ng/m°- to 162 ng/m”~. No worker was overexposed to estradiol benzoate. _
After the workplace protection factors were calculated we got the results

you see here:

WPF Statistics of All Samples

PAPR N Xg sg Stht
WPF WPF

1 29 11,137 3.9 1,197

2 9 9,574 3.1 1,470

3 22 © 42,260 9.8 997

- All measured WPF values were greater than 1,000 for all 3 respirators
tested

- WPP values ranged from 1,150 to 4.7 million

- Geometric mean values were around 10,000 for PAPR #1 & 2 and 42,000
for PAPR #3.

- Sth percentile WPF were 1,197; 1,470; and 997 for the 3 PAPR. These
data support the proposal of an assigned protection factor of 1,000
for this type of respirator.

*(Show slide of %t WPFs in ranges)
- When we look at the percent of WPFs in different ranges, we see¢ that
all 3 respirators provided workplace protection factors above 1000

throughout the study. WPFs above 10,000 were obtained by all three
PAPR at least 44% of the tinme.
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Reference No. 90-08-30

Enviro Group, "Tests Conducted to Evaluate the Performance of Two Sandblast Hoods for
Operations Involving Lead-Based Paint at the Richmond-San Rafael Bridge,” Contract No.
171941, Enviro Group, Lafayette, CA, August 30, 1990.

Contents: Study commissioned by the State of California, Department of Transportation and
conducted by a private industrial hygiene consulting firm. The two respirators studied were the
Bullard Model 77SH and 3M Model W8100-B hood/helmet style CF-ASARs, were found fo be
effective at protecting workers engaged in abrasive blasting bridge steel that had been pajnted
with lead-containing paint. The report does include admonitions about the need to clean and
decontaminate the respirators after use and mildly chastises the on-site management for less than
ideal work and respirator maintenance practices.
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T SRS NLETRIAL Kb SERVICTS
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. ”\\"5.' ; ”’] ? N 8 Labivette, CA 30 '
TEL $15/9an.84250
w FAN 4i9/930.5340 ' , B ' ' .

September 14, 1990

- State of California
Department of Transportation -
' Office of Employee Safety & Hea],th N
: 1120 N Street
Sacramento, CA 95814 .
l Attn.: Ted Brucker, Dept. Safety Officer

Re: Industrial Hyglene Contract 17J941
Enviro Group W.O0. No. 900334-28
Evaluation of Sandblast Hoods
District 4 - Richmond-San Rafael Bridge

Dear Ted: - ,'
This report_sﬁmmarizes.tﬁé'results of the tests conducted on'August
30, 1990 to evaluate the performance of two manufacturer supplied
blast helmets for operations involving. lead paint - speclfically,
for operatlons carried out inside ”environmental enclosures".

I believe the report is self-explanatory. Should you have any
guestions, however, please 39 not hesitate to contact me.

Sincerely,

Edward J. Hagge
Certified Industrial Hygienist
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INTRODUCTION

This report covers the industrial hygiene .teéting that was
performed for Caltrans at the Richmond - S$San Rafael Bridge on

. August 30, 11990 to evaluate the performance of two manuf urer
] supplied sandblast hoods (i.e., Bullard Model 77-SHM and‘ 3M
WQIOO-B‘& for operations involving lead-based paint.

' Testing involved the collection of two air samples inside each
blast hood during a short-term blast operation. The duration of
each test was approximately 35 to 40 minutes. .Each test was
performed under similar conditions inside an "“environmental®

. .enclosurﬁ erected at the site to prevent the Poss of abxfsive blast
and blastsedebris into the bay.

At' the dompletion of the test blast operations, s'reral wipe
samples of a employee blast hood were obtained as & means for

.

assessing the potential for worker exposure to lead dust as a
result of deficiencies in the respiratory protection program.

B s o0l

Sampling was performed by Edward Haggerty, Certified Industrial °
Hygienist with Enviro Group. On-site assistance was provided by

: Ted Brucker, Caltrans Departmental Safety Officer, Ray Nevilles, .-
' District 4 Assistant Safety Officer, and Leroy Silva, Structural-
Steel Painter Supervisor.- -

) SUMMARY OF RESULTS .

/ Blast Hoods

Both hoods were shown to be effective in preventing worker exposure
to measurable levels of either lead or nickel (i.e., potentially
associated with the Green Diamond Abrasive being used) during these
! test operations. .
1 / Test data for both hoods showed no detectable exposure to either
i lead or nickel. The calculated detection limits for the samples
collected were <0.01 mg/m’ for lead, and <0.02 and <0.03 mg/m’ for
! nickel. The differences in airborne detection limits results from
different sampling volumes collected in the two tests.

For a detail summary of test results, please refer to Tablé 1,

appended.
Wipe Samvles

. Wipe samples, obtained for a Caltrans blast hood not used in any - ----
. recent operations, showed evidence of detectable surface
. contamination of lead inside the hood. The greatest amount of lead
dust was indicated for the interior top of the cap as compared with
) the cheek area or side of the hocd.
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ollowing their use.

: = i } AT WM-re% ;(-u-;.‘(Jﬂ-_u‘:—.-‘*.v-r.w:xi. ol 2
of the respiratory pI ion § moconcerned with trainind
cleaning--and—san jzing, inspection and/GF maintenance of thi;
equipment. - . —_

For a detailed summary of results, please refer to Table 2,
appended. '

EQUIPMENT STURR PROCEDURES . } N
o soo !

The performance Or potential protection afforded workers by two
manufacturer's blast hoods was evaluated by collecting air samples
jnside each hood, within the worker's  immediate- breathing zone,
during a short-term blasting operation. - :

Samples were collected on .0.8 micron, 37-mm mixed cellulose ester
membrane filters using MSA Model Flow-lite sampling pumps, which
were set at a flowrate of 2.0 liters per minute.

The samples were analyzed for nickel and lead by flame atomic

absorption spectroscopy in accordance with NIOSH Method No. 7300.

Reported instrumental detection 1imits for nickel and lead were
0.002 mg and 0.001 mg, respectively .- -

Wipe samples taken to evaluate lead contamination on the interior
surfaces of an employee's hood were also collected on 0.8 micron,
37-mm mixed cellulose ester membrane filters. pThese were cbtained
by pre-moistening each filter with tap water and-then wiping an
interior surface of the hood. . A control sample was also.collected
and analyzed to ensure that the source of tap water used for wipe
sample collection was free of any lead contamination. The surface
area of each wipe was aestimated at about 40 cm’. ‘ :

Respeétfully submitted,

Ll f Wiy
.Edward J. Haggerty
Certified Industrial Hygienist
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Table 2
Evidm&o of Surface Contamination
of Lead in Sample of Randcam
Sandblast Noods
$900334-28 ] :
Sample 1 Lead -
1.0. Oggcription/Location {mg/wipe)
ma---a-‘
M. Scyloc"'s
Bullard NHood
E13114  Interior - Top of Cap ' olﬂﬂ/
E13119 Interior - Side of Hood 0.007
E13120  Controt . <0.003

>

*® Wipes vere approximately 40 sq.-cm in area.
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CRPreSULIANTS

Page é of

HYGIENE

. METALS ANALYSIS

1.
Sample I.D.: See below

. Sample Received: 09/04/90

;'Samples Analyzed: 09/06/90

Client: ENVIRO GROUP
Client Ref. No.: 900334-28
Lab Client Code: 78407

F ¥ P e

" Sample Matrix: FILTER | l Project No.: 9009012 ) ”

: Iy » . .
. | ' Detectic

| ¥ .ab Volume Amount Cong. Limit

| +Jo. Sample I.D. (Liters) Analyte (mg) {mg/n3) (mg)
.01 E13115 (AIR) -- . Nickel <0.002 -- 0.002
Lead <0.001 ' - 0.001

1 ) T

;.02 E13116 (AIR) -- Nickel <0.002 R 0.002

1 - Lead <0.9001 -- ° 0.001%
") E13117, (AIR) -- Nickel __._ €0.002 - -- 0.002

. Lead <0.001 - 0.001

1-04 E13118 (AIR) - Nickel <0.002 : - 0.002

H Lead - <0.001 - 0.001
-08 METHOD BLANK - Nickel <0.002 - 0.002
Lead <0.001 - 0.001

4"
]

«.! = Less than the indicated limit of detection (LOD)
-- = ‘nformation not available or not applicable

.
3

‘METHOD REFERENCE: NIOSH 7300

i
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Clarvton
ke
CONINLIANTS
) ') L I 1 I O T BT
L Page 3 of 3
; ’) -
INORGANIC LABORATORY ANALYSES
Sample I.D.: ) See below Client: ENVIRO GROUP
Sample Received: 09/04/90 Client Ref. No.: . 900334-28
‘Sample Analyzed: 09/06/90 ' Lab Client Code: 78407
. ) | - . .
Sample Matrix: e Wipe Lab No.: 9009012
Batch Sample ] "~ Lead 4
Sub. No. Identification ' (mg/wipe)
-05 E13114 °~  _ 0.051 &
-06 | E13119 | - 0.007 ’
-07 E13120 - - <0.003
s Method Blank - <0.003
Limit of detection: : ' 0.003 - -
: > S
Method Reference: EPA 6010

< Less than, the indicated limit of detection (LOD)
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Reference No. 87-06-01

Item: Johnston, A. R., etal., "Workplace Protection Factor Study on a Supplied-Air Abrasive
Blasting Respirator,” Paper presented at the American Industrial Hygiene Conference, Montreal,
Quebec, June, 1987.

Contents: See ISEA "Assigned Protection Factors” executive summary for commentary. This
study by 3M Company researchers on a 3M model abrasive blasting loose fitting helmet ASAR
(equivalent to the Bullard), found that their product afforded the wearer with protection
consistent with ANSI’s assigned protection factor of 1,000.
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A workplace protection factor study was conducted on a NIOSH/MSHA

approved supplied air respirator designed for abrasive blasting.
The respirator was evaluated while it was being worn for protec-
tion against silica dust during sandblasting of paint off a flat
top barge. Simultaneous sampling of dust concentrations outside
and inside of, the respirator was conducted. The resulting data
ware used to calculate workplace protection factors, which were
tabulated and analyzed via a number of different methods. A Key
finding of the study was a correlation between the amount of con-
taminant loading on outside samples and the workplace protection
factors that resulted. This relationship needs to be reviewed

" when attempting to predict representative performance of respira-
tors. In this case, the data were found to bhe supportive of the )
assigned protection factor of 1000 recently suggested by the ANSI

288.2 subcommittee for loose fitting supplied air hoods and helmets.

Workplace Protection Factor Study on a
Supplied Air Abrasive Blasting Respirator

Johnston, A.R., D.W. Stokes, H.E. Mullins and C.R. Rhoe

3M Occupational Health and Environmental Safety Division é
3M Center Building 260-3B-02. St Paul, MN 55144-1000

ALHC, jlontred  Jume (757
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Intrcduétion

Protection factors assigned to various types of respirators have
been based primarily on laboratory evaluations of respirator per-
formance (1,2). As respirator standards are updated, there is an
increasing desire to see workplace evaluations of respirators
play a more important role. In fact, NIOSH recently proposed that
workplace testing ofvrespirators become part of the certification

process (3).

Although the concept of using workplace data to determine reason-
able assigned protection factors has good acceptance, details on
how to best conduct workplace studies and interpret results have
not yet been resolved. One of the initial problems encountered
was confusion about protection factor terminology. It was not
always clear whether the resesarcher’s objective was to acternine
respirator performance, the effectiveness of use habits, the ef-
fectiveness of an established respirator program, or some other
measure of performance. The AIHA Respiratory Protection Commit-
tee suggested a series of protection factor definitions to help
clarify this situation (4). NIOSH has recommended similar defi-

nitions.

When viewed in the context of these definitions, workplace test-
ing previously conducted on supplied air abrasive blasting res-
pirators actually resulted in determination of effective protec-

tion factors rather than workplace protection factors (S,6).

[ (] 1



Since effective protection factors are determined from air sam-
ling conducted inside and outside of respirators during pericds
of non-wear time, as well as periods of use, these studies did
not allow the portion of the workers’ exposures due to respira-
tor leakage to be separated from the portion due to poof use

habits or poor work practices.

The purpose of this study was to determine workplace protection

factors (WPF’s). In the Respirator Committee’s terminology,

the goal was to obtain "a measure of the protection provided in

the workplace, under the conditions of that workplace, by a pro-
perly selected, fit tested and functioning respirator when cor-

rectly worn and used." The protocol used reflected this cbjec-

tive.

Clarification of terminoclogy and careful definition of study ob-
jectives help provide consistency to testing strategies, but var-
iability of sampling methods remains a significant concern.
Workplace protection factor measurenents are likely to differ sig-
nificantly when different sampling methods ars used. Controlled
tests in the laboratory have shown that, at least for vapors, the
accuracy of ﬁcasurenents made within a respirator facepiece is
dependent on probe location and sanpling technique (7). Although
comparable data have not been published for particulates, concern
has been expressed that poor mixing or jet streaming (i.e., con-
taminants leaking into the respirator and traveling directly to
the nose or mouth without mixing uniformly within the respirator

BRI
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cavity) may present similar variability in test measurements for

particulates.

In this study, a supplied air helmet with an extended shroud was
evaluated. The inhalation and exhalation cycles of the wearer
produce much less savere pressure changes within the respiratory
inlet covering of this type of device than they do inside of neg-
ative pressure respirators. This i; believed likely to increase
contaminant mixing within the respirator and reduce concerns
about jet streaming. Nevertheless, probe location and sampling
techniques remained a variable of concern. Previously documented
respirator probing and sampling methods were used to be consis-

tent with other protection factor ressarch (8).

Oonce a workplace study is completed, the data can be evaluated
in a number of different ways. This presents ancther concern,
since many of the variables a;sociatcd with workplace testing
are related to sampling and analytical methods, test subjects,
cbservers, test conditions, and other non-rcspiﬁator factors.
Unfortunately, a consensus has not been rsached on how to best
determine the significance of these non-respirator factors, or
how to determine whether or not WPF’s obtained are truly rep-
resentative of a respirator’s performance capability. Several
key factors requiring consideration include analytical detec-
tion limits, field blank contamination levels, specificity of
the analytical method, and the amount of contaminant loading

on outside or ambient samples.
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Development of a method for evaluating outside filter loading

versus field blank levels or analytical detection limits appears

to be important for predicting WPF’s that might reasonably be
achievable with a respirator that is properly selected and worn.
This approach has been briefly discussed previously (9). It is
believed that further development of a loading analysis technigque,
using data from studies such as this one, could result in a useful
tool for assessing data from future workplace studies and reviewing
data from past studies. This in turn could be helpful for analyzing
discrepancies in assigned §rot¢ction factor recommendations, such

as the current NIOSH and ANSI proposals of 25 and 1000, respectively;
for loose fitting, continuous flow hoods or helmets (1, 10).

Materials and Methods

The respirator evaluated in this study can be classified as a

continuous flow, supplied air respirator, with a loose fitting
hood or helmet. System components included a 3IM Brand W-8100

Whitecap II Abrasive Blasting Helmet, a W-5114 breathing tube,
a W=2862 air and temperature control valve, 50 feet of W-94235

compressed air hose, and a W-8054 extended length shroud. The
NIOSH approval number for this system is TC-19C-70.

To ensure proper operation-of the respirator during the test,
air pressure was maintained at 60 or 80 PSI by a W-2806 filter

and compressed air regulator panel. This provided an airflow
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of 6.4 or 14.4 cfm to the helmets, thereby allowing evaluation
of the respirator at the low and high ends of its permissible
airflow range. Since the test subjects preferred the higher

airflow setting, the majority of sampling was conducted at a

14.4 cfm airflow.

In order to sample inside the respirators, they were modified
by installation of a sampling probe. The probe used was of a
design that has been shown to minimize particle entry losses
(11). It was installed by drilling a hole in the center of the
faceshields, at a level approximately midway between the nose
and mouth of the test subjects. The inlet portion of the probe
extended about 3 mm into the helmet. Rubber gaskets were used
to ensure a leak tight seal.

Test subjects included four shipyard workers using silica sand
grit to blast paint off a flat top barge. Participation in the
study was strictly voluntary. The subjects wcrc‘infbrncd of the
purpose of the study,'instructed on proper donning and use of
the respirators, and provided details on the protocol to be fol-
lowed. They were asked not to adjust or remove the respirator
once it had been donned and the sampling equipment started. If
they experienced a problem of any type or wanted to take a break,
they were asked to inform the observer so that the sanmpling

equipment could be shut down before the respirator was removed.

One observer was assigned to each test subject. The observers
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were asked to maintain continuous observation of the subjects

to assure that the sampling equipment did not interfere with
worker safety; to verify proper use of the respirator and the in-
tegrity of the sampling system, and to record comments about con-
ditions present. After the respirators were donned and the sanm-
pling equipment secured in place, the workers were able to perform
their jobs without significant interference. Thus, job activi-
ties were judgcd to be representative of normal activities for
the workplace.

Air samples wers collected on polycarbonate membrane filters
with a pore size of 0.8 microns. Thirty-seven (37) mm filtars
were used for ambient or outside samples, which included both
total and rospiiablo dust samples collected on worker lapels.
Bendix or SKC cyclone assemblies were used for respirable dust
sampling. Twenty-five (25) mm filters were used for inside san-
ples, which were collected by attaching the filter cassettes
directly to the sample probes on the faceshields of the helnets.
Sampling pumps used weres Spectrex model PAS 2000 Personal Air
Samplers. They wers calibrated at least three times daily with
a TSI model 67 mass flow meter. Sampling rates were set at 1.7
- Lpm for cyclone sanplis, between 0.5 and 2.0 Lpm for other out-

side samples, and at approximately 2.0 Lpm for inside samples.

Before the sampling pumps were turned on, air pressure was
checked at the filter and compressed air regulator panel, air-

flow settings were checked on the air regulating valves, and

7
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integrity of hose connections, respirators, and sampling trains
was verified. Sampling pumps were turned off and samples removed
before airflow to the respirators was shut off or the helmets
removed. If the inside sample was knocked off the probe, if cne
of the pumps failed, or if the sampling train or respirator was
otherwise disturbed in a manner that would not allow a workplace
protection factor to be determined, the samples were discarded

and a nev sampling train set up.

Connections and disconnections of sampling trains were done in
Cclean areas whchover possible in an attempt to minimize the po-
tential for inadvertent sample contamination. In addition, sav-
eral field blanks were collected each day to estimate the amount
of contamination due to handling. These cassettes were uncap-

ped and capped and carried into the same areas as the samples.

Sampling times ranged from about 10 to 60 minutes. Longer times
were not possible due to filter loading concerns associated with
the analytical method used, which was proton induced x-ray emis-
sion (PIXE) analysis. PIXE is an extremely sensitive and non-
destructive surface analysis technique. It is capable of simul-
taneously quantifying all elements with an atomic number greater
than 10. The element of interest in this study was silicon (Si),
for which the detection limit can be as low as 10-100 ng per sam-
ple. This type of sensitivity is obviously very valuable for
analysis of samples that are expected to have little or no load-

ing. However, potential disadvantages include an extreme con-
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cern about background contamination on filters and inadvertent
sample contamination due to handling, as well as non-uniform
contaminant distribution and overloading concerns similar to

those experienced with asbestos samples.

Results and Discussion .

A total of 68 sample sets and 18 blanks were collected over a
tpréc day test period. of the 18 blanks, half were 37 mm fil-
ters and half were 25 mm filters. A background level of sili-
con was found on all blanks. The mean value for the 37 mm blanks
was 0.54 micrograms (standard deviation 0.16). Two of the 25 mm
blanks were identified as possible outliers via the Minitab box-

plot command (12). They were removed from the data base prior to

calculation of a mean value, which was found to be 0.22 micrograms

(standard dcviatioﬁ 0.06).

Of the 63 sample sets, 8 were discarded at the work site due

to test malfunctions. These included pump failure, cassettes
knocked off probes, loose sampling lines, and a compressed air
supply failure. Following analysis of the remaining samples,

8 more sets word removed from the working data base. Three
vere eliminated due to additional test malfunctions recorded in
observer field notes. Five were eliminated because short sam-
pling times or lack of sandblastiné during the test period pre-
vented collection of sufficient dust to be meaningful. These



sample sets did not meet protocol criteria. They had outside
filter loadings less than 10 times the mean background contam-
ination level found on the field blanks and inside filter load-

ings at or below the blank level.

Inside and outside silicon dust lcadings (corrected for back-
ground contamination), inside and outside sample volumes, and
workplace protection factors for each of the remaining 52 sample
sets are presented in Table I. The top portien of the table in-
cludes sets with inside filter loadings that exceeded the mean
blank level. The lower porﬁicn includes sets with inside filter

loadings less than or egqual to the mean blank value.

Thi outside samples results included in the table are from res-
pirable dust sampling only. Respirable dust exposures were of
main concern and analysis of the respirable versus total dust
populations indicated that virtually all of the dust present Qas
of respirable size. Thus, the total dust data were not separ-
ately tabulated. The gecmetric mean silicon concentration for
the respirable dust samples was found to be 2.4 mg/m3, with a 95%
confidence interval of 1.6-3.5 mg/ml. The geometric mean sili-
con concentration for the total dust samples was 2.1 mg/m3, with
a 95% confidence interval of 1.6-3.4 mg/m3. A paired t-test of
the logs of the two populations showed no significant difference
at a 95% confidence level (P=0.38).

Although all 52 outside samples had contaminant loadings well

10
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above analytical detection limits, 15 inside samples were found
to have contaminant lcadings less than the mean va'ue of the 2§
mm blanks (sample sets in lower portion of Table I). 1In addi-
tion, 36 of the 37 remaining inside samples had contaminant
loadings lcés than 4 times the mean blank value. Analytical
confidence limits reported for these samples were as poor as

+ 46%, with only 11 samples better than + 25%.

The respirators were clearly preventing significant inward leak-
age of dust. Unfortunately, the large potential errors associ-
ated with light inside sample loadings introduced considerable
variability into data analyses. The light sample loadings also
reinforced concerns about the impact background filter contamin-
ation and inadvertent sample contamination from handling could
have on results. These were not the only variables of concern,
but they alone indicated that workplace protection factors
(WPF’s) calculated for individual sample sets were subject to a
high degree of variability and likely to be of little or no
value as independent observations. Thus, a number of different
ways of analyzing the data were considered. An important ele-

ment of each was screening for outliers.

As the data wvere reviewed, it became apparent that a factor de~
serving special attention was the amount of contaminant loading
on ocutside samples. The loading was sufficient to minimize con-
cerns about analytical confidence limits, which were reported as

+ 3% or better for the cutside samples. However, this did not

o1
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mean that loading was sufficient to ensure that WPF’s calculated
were representative of the respirator’s performance capability.
The data in Table I, which are listed in order of increasing
filter loading, showed an apparent relationship between filter
loading and workplace protection factors (WPF’s). As the con-

taminant loading increased, so did the WPF's.

To evaluate the importance of outside filter loading, geometric
mean WPF’s, gecmetric standard deviations, and fifth percentile
WPF's were calculated for several different sub-sets of the data.
The sub-sets were defined by three factors. The first was the
multiple by which outside sample loadings exceeded the mean
field blank level for the inside samples. The multiples used
were 10, 100, 200, 400, 600, 800, 1000, and 1200 times the blank.
The second criteria was that inside samples had to have a detect-.
able amount of silicon, since the statistical tcchniqucs used
could not handle WPF’s with greater than numbers. Thirdly, the
data in each sub-set were screened for outliers. Sample sets
identified as outliers were removed from the working data base
prior to final statistical calculations. The resulting data

are presented in Table II. |

A log-log plot which further defines the relationship betveen
outside filter loading and workplace protection factors is shown
in Figure 1. The plot was found to have a regression equation of
(Log WPF = 1.56 + 0.784 Log Outside Filter Wt) and an R-squared

value of 90.2%, indicating a significant correlation between mean

12
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outside filter locading and mean WPF’s. However, the plateau de-
veloping between 600X and 1200X data appeared to be indicative of
a change in the relationship as filter weights continued to in-
crease. A lack of fit analysis performed to determine possible
curvature in the data indicated a lack of fit at the upper end of
the curve (P=0.007). Separate regression of the 10X-600X and
600X-1200X data confirmed a significant change. An R-squared
value of 97% was found for the 10X-600X data versus an R-
squared value of 19% for the 600X-1200X data. In addition, a
slope of 1.15 was observed for the 10X-~600X data versus a slope
of near zero (-0.07) for the 600X-1200X data.

To be sure the filter weight versus WPF relationship was not
attributable to performance differences of respirators being op-
erated at minimum versus maximum airflow, a comparison of these '
populations was made. Since sample sets collected at 6.4 cfn
were far fewer in number than sample sets collected at 14.4 cfn,
comparison was restricted to the 100X and 600X’d|c$ sub—séts in
Table II. For the 100X data, 7 sets were collected at 6.4 cfm
and 26 at 14.4 cfm. For the 600X data, 6 sets were collected

at 6.4 cfn and 14 at 14.4 cfm. Geometric mean WPF's, 95% confi-
dence intervals, and twosample-t tast data on these populations
are sumarized in Table IXII. The t-test was run on the logs of
the mean protection factors. No significant difference was
found for the minimum and maximum flow sample sets. Thus, air-
flow differences are not believed to a factor in the WPF-Filter

Loading correlation observed.

13
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To determine if the correlation between WPF’s and filter load-
ing also applied to outside concentrations, an equivalent anal-
ysis was done for outside concentrations versus WPF's. In this
case, rather than sorting the data by filter weight they were
sorted by concentration. Sub-sets included sample sets with
outside concentrations greater than O.i, 1.0, 2.0, 3.0, 5.0, 7.0,
and 9.0 mg/m3. A log-log plot of mean ocutside concentration ver-
sus mean WPF for these sub-sets is shown in Figure 2. The plot
has a regression equation of (Log WPF = 3.24 + 0.327 Log Outside
Concentration) and an R-squared value of 65%, which is not in-
dicative of a significant correlation. Separate regression of
data from the lower (0.01-3.0) and higher (3.0-9.0) concentra-
tion sub-sets also failed to reveal a statistically signifi-

cant relationship. R-squared values for these populations were

44% and 56%, respectively.

The WPF-outside filter loading relationship raises a question
about how to determine which results are most appropriate for
predicting respirator performance capability. Intuitively,
working with light outside sample loadings doesn’t make sense.
Analytical confidence limits can approach + 25% of response and
corresponding inside samples can be expected to have analytical
confidence limits which are even higher (often greater than

+ 25%). Another factor worth considering is tho expected use
conditions of the respitator. Here again, use of outside sam-

ples with light dust loadings would be inappropriate. But, it

14
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isn’t clear at what point dust conditions could be declared rep-
resentative of use conditions or data being generated could
start to be considered representative of a respirator’s perfor-

mance capability.

In any case, assuming the goal of persons setting assigned pro-
tection factors (APF’s) for various types of respirators is to
base their numbers on WPF’s believed to be reasonably achievable
in the workplace, reliance on WPF data that are significantly
dependent on outside filter loading does not appear to be appro-
priate. The fifth percentile protection factors calculated from
such data are believed more likely to reflect test method varia-
bility than respirator variability. This conclusion is supported .
by the fact that populations with higher ocutside filter locad-

ings, despite their smaller sample sizes, showed less WPF varia-
bility than populations with lower outside filter loadings, as

indicated by their respective geometric standard deviations.

Data analysis techiniques which identify when a strong correla-
tion between WPF’s and filter loadings appears to drap off can
clearly be applied after studies are completed. However, in
doing so a large portion of the data collected is likely to be
invalidated. One way to increase the efficiency of valid data
collection would be to estimate accsptable outside filter load-.
ings based on the assigned protection factor for the respirator
to be tested. For example, the ANSI 288.2 subcommittee recent-
ly suggested an APF of 1000 for continuous flow, supplied iir

15
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respirators with loose fitting hoods or helmets. NIOSH certi-‘
fication requirements, contained in 30 CFR 11.183-3, are sup-
portive of this number. They require that supplied air res-
pirators pass a 1000 ppm facepiece fit test with isoamyl ace-
tate, which has a reported odor threshold of less than 1 ppm.
Thus, a good null hypothesis for a study on a respirator of the
type tested here would be that it does not have the capability
to provide a workplace protection factor of 1000. In order to
fairly assess this hypothesis, each sample set collected should

have the capability to show a workplace protection factor wall
above 1000.

Although v#riable ambient dust concentrations and field blank
contamination can make it difficult to predict when capability
to show a WPF of 1000 has been reached, a good rule of thumb
would be to set sampling times so that ocutside sample loading is
expicted to be at least 1000 times greater than the analytical
detection 1imit.- Taking that one step further, where detect-
able contamination is anticipated on field blanks, dutsidc sam-
ple loadings might reasonably be targeted at a minimum of 1000
times the expected mean field blank level.

Unfortunately, sample overloading can also be of concern. Thus,
in practice, it may be difficult to achieve optimal sample load-
ing. In this study, 1000 :imes the mean field blank for the in-
side samples (25 mm filters) corresponded to 220 micrograms.

Oonly 17 of the 37 ocutside samples from sets with detectable in-

16
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side poncentraﬁions met this criteria. However, WPF data ob-
tained from these 17 sample sets are believed to be as accurate
an indicator of the respirator’s performance capability as
achievable with current testing methods. Data for this sub-set
(>1000X Blank) of the overall data base are included in Table
II and presented in the form of a cumulative distribution plot

in Figqure 3.

An alternate data analysis approach may be preferred by indi-
viduals wishing to predict the ability of the respirator to pro-
vide adequate protection against time-weighted average (TWA) ex-
posures measured in the workplace. The data were evaluated from
this perspective by calculating TWA outside concentrations,
inside concentrations, and workplace protection factors for
each test subject. The TWA concentrations were calculated by

by dividing the sum of the filter weights by the sum of the cor-
responding sample volumes. This allowed data from the sample
sct§ with non-detectable inside concentrations to be incorpor-
ated into the working data base. However, prior to using these
data, a check was made to be sure the distribution of the over-
all data basc.would not be significantly affected. The 15
sample sets from the Botton of Table I were assumed to have
WPF’s equal to, rather than greater than the values listed.

A t-test was then conducted on the logs of the WPF’s for the

37 and 52 sample set data bases. No significant difference

was found between the two at a 95% confidence interval (t-

interval -0.207, 0.34).
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Use of averaging techniques helps reduce concerns about varia-
bility of sampling and analytical methods; however, it is still
believed prudent to eliminate sample sats which appear to be
invalid from the working data base. The ocutlier analyses per-
lformod on the data in Table II identified sample sets 30, 36, S1,
55, and 68 as questionable data. Sets 30, 36, 51, and 68 were
again identified as outliers when inside and outside tilter
weights and inside and cutside concentrations were analyzed,

and sets 30 and 36 were identified as outliers when WPF'’s for
the 52 sample set data base were analyzed. Thus, sets 30,

36, S1, 55, and 68 were removed from the working data base. The
remaining 47 sample sets were used to calculate daily average

outside concentrations, inside concentrations, and WPF'’s.

The averaging process was then taken one step further to deter-
mine the TWA concentrations and WPF’s obtained by each test sub-
ject over the course of the entire study. The resulting data
are summarized in Table IV. The outliers removed prior to the
calculations were from Subject 2/Day 2 (set 30), Subject 3/Day 3
(sets Sl and SS), Subject 4/Day 2 (set 36), and Subject 4/

Day 4 (set 68). The small number of sample sets listed for
subject number 4 is indicative of the fact that test subjects
and observers can also be important variables. Although
approximately the same number of samples were set up for each
test subject, test malfunctions invalidated a much higher num-

ber of sample sets for this subject-observer pairing.
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Conclusion

Nc matter how the data are analyzed, it is clear that measure-

ment of representative performance ot'rcspirators is not neces-
sarily simple or straightforward. Workplace protection factors
generated from sample sets with light outside dust loadings sig-
nificantly underestimated respirator performance that might rea-
sonably be predicted from sats with higher outside sample locad-
ings. Data obtained from the sample sets with the higher outside
loﬁdings appeared to be less influenced by non-respirator variables
than data from sample sets with lower levels of contamination.

Thus, workplace protection factor estimates derived from the data -
sub-sets with higher outside filter loadings are judged to provide
a better indication of the performance capability of the respirator.
The results from the study are supportive of the assigned protection
factor of 1000 proposed by the ANSI 288.2 subcommittee for supplied
air respirators with loose fitting hoods or helmets. The assignhed
protection factor of 25 suggested by NIOSH appears to be unncessar-

ily restrictive.
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Table |

Filter Weights, Sample Volumes and Workplace Protection Factors for individual Sample Sets

Silicon Weight (ug) Sampie Volume (Liters)

Set IO Outside Inside Outside Inside WPF
30 10 0.30 77 89 29
33 13 0.03 49 45 387
14 20 0.04 28 7 632
36 28 0.49 40 49 81

7 43 0.10 60 S4 374
62 49 0.08 53 62 680
38 49 0.08 65 70 8s7
27 sS4 0.08 71 74 330
(-] 58 0.27 16 17 231
42 88 0.11 59 63 899
3 % 0.09 «0 a“ 1076
68 90 0.81 18 12 147
48 94 0.12 48 s2 817
as 111 0.04 s4 s6 2773
54 127 0.04 48 6 3724
57 138 0.04 40 i 3263

4 152 0.04 83 56 2694
a7 178 0.05 4 60 3784
29 192 0.06 96 o8 3280 )
18 214 0.01 72 59 14,722 :

1 22 0.08 1 51 . 1619
4s 233 0.02 40 a“ 12,132
43 278 0.10 7 7 2784
48 294 0.04 st a7 4680

s 314 0.12 103 93 2485

5 338 0.07 102 7 212
49 348 0.08 a7 s1 4785
17 443 0.06 48 26 4553
11 453 0.23 59 48 1602
63 488 0.14 44 57 4490
47 527 0.14 P 58 3626
52 558 0.03 8 9 17,308
9 558 0.09 s7 58 883
55 702 0.03 42 ss 28.611
64 772 0.54 pr 29 1184
&7 828 0.07 20 7 15,076
51 1332 404 54 70 429
19 11 <0.02 87 53 >427
28 13 <0.02 72 a2 >742
10 18 <0.02 s 61 >1002
21 31 <0.02 6 ) >1583
S8 32 <0.02 s4 o4 >1888
29 ) <0.02 100 91 >1488
31 s8 <0.02 100 108 >3048
25 62 <0.02 78 70 >2844

9 & <0.02 “ 28 >2003
50 103 <0.02 49 58 >6091

3 158 <0.02 70 a >7149
13 191 <0.02 42 24 >8582
0 2<8 <0.02 54 P >10.735
a1 259 <0.02 prt Py >14,403
s8 278 <0.02 50 e >11,570
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Table Il

Workplace Protection Factors Vs. Outside Filter Weights

by ot Qutliers

Sub-Set* n Xg Out. Fs‘:)h wt. “’,‘gF Og 5th %tile Removed
w9 (Set ID No.)

>10X 3s 184 2143 a8 259 30 36
S100% 33 213 2342 as 292 6
S200x 32 224 2480 as 324 -
S400X 28 277 3138 25 673 55 68
>600X 20 330 4150 22 1167 51 55
>800X 19 417 4243 29 726 -
51000 15 484 4076 23 1038 51 5
>1200X 13 450 w23 22

° Numbers refer to muitipies of mean background level on 25 mwn filter bianks.

1096 51 88
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Table Il

Comparison of Workplace Protection Factors for Respirators with Minimum or Maximum Airflow

Dsta Airflow N Xg 95% .
Sub-Set (ctm) WPE C.l t-intervai
>100X Blank 6.4 7 2094 1064-4111
14.4 28 2107 1996.2222 (<0.16,0.59)
>600X Blank 6.4 6 4317 2B41-6560
144 14 3906 35534238 (-0.38.0.29)
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Table IV

Time-Weighted Average (TWA) Workplace Protection Factors

Subject - Day Sample Sets Combined Total Sample Average WPF
Time (minutes) Daily Overail
1-1 186 9 131721 24 2801
12 25 29 33 37 41 4S 204 7348 2801
13 49 53 S7 65 107 1404
2-1 8 10 14 110 2403
22 26 38 42 48 161 918 1763
23 S0 54 S8 &2 132 2941
31 3 7 111519 168 2152
3-2 27 31 35 39 43 47 250 3079 3668
33 59 63 67 73 7042
41 4 42 2694
42 48 28 4680 2754
43 52 58 60 64 129 2728
Daily Average WPF Statistics:

n=12 Xgu2915 Og=1.8 5th %tile = 1081




Figure 1. Log of Mean WPF Vs. Log of Mean Outside Filter Weight
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Figure 2. Log of Mean WPF Vs. Log of Mean Outside Concentration
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Figure 3. Cumulative Distribution of Workplace Protection Factors
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Reference No. 93-11-17

Item: Leighton, Robert, "Workplace Protection Factor for Conventional Style Blasting

Helmets," Paper presented at the Safety and Health Seminar of the Steel Structures Painting
Council Annual Meeting, New Orleans, November 17, 1993.

Contents: Actual workplace protection factor study of Bullard Model 77 respirators ynder two
use conditions. Researcher measured protection factors of existing in-use Model 77 respirators
as worn and maintained by workers. Then same workefs were given new respirators and
instructed in their use and maintenance as per Bullard user instruction manual. No detectable
lead dust was found in the new units where the workers were trained in their proper use and
maintenance. For the existing "as-used” models, lead was detected in some cases with resulting
protection factors calculated at around 600.

.




WORKPLACE PROTECTION FACTOR FOR
CONVENTIONAL STYLE BLASTING HELMETS
Robert Leighton
Presented at the Safety and Health Seminar of the

Steel Structures Painting Council, New Orleans, LA
November 17, 1993
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IITLE = COMPARATIVE STUDY FOR RESPIRATOR PROTECTION FACTORS FOR
CONTINUOUS FLOW BLASTING HELMETS

AUTHORS R. Leighton, M. Early, T. Lange, Leighton Associates,
Inc., 124 West 30th. St., Suite 210A, New York, NY 10001

1.0 INTRODUCTION

In 1978 OSHA issued the Lead Standard for General Industry, 29 CFR
1910.1025. Within that standard OSHA provided protection factors
for various types of respirators that could be used if engineering
and administrative controls ware not sufficient to reduce worker
exposure to within the Permissible Exposure Limit (PEL) . A
protection factor (PF) can be defined as the multiplier above the
PEL that a worker can be allowed to work in while wearing the
respirator and still not be exposed to levels above the PEL. That
is, the respirator will reduce the exposure outside the respirator
by a factor equal to the PF. Protection Factors for various
respirators are given in the following table, which has been
extracted from the Lead Standard:

TYPE OF RESPIRATOR PROTECTION FACTOR
Half face, air purifying,
negative pressure 10 3
Full face, air purifying,
negative pressure 50
Powered, air purifying 1,000

Supplied air, half face, :
positive pressure 1,000

Supplied air, full face,
positive pressure 2,000

The blaster’s helmet, which is a supplied air, full head
respirator, has been routinely used for many years in the abrasive
blasting industry. Industrial hygiene professionals have
interpreted the blaster’s helmet as having the PF of 2,000 since it
suppiies air to the worker and covers his entire head. More
recently, NIOSH issued a health hazard alert for lLead Poisoning in

Construction Workers that specifically challenges the protaection

factor of blaster’s helmets. Citing that conventional blaster’s

helmets are not positive pressure devices since they do not form a-

tight seal with the face, NIOSH down-graded such units as
continuous flow devices with a protection factor of only 28.

This down-grading of the PF of conventional blaster’s helnmets
presents a major problem to the abrasive blasting industry which
has many of these units in service today. At a time when many
painting contractors are trying to comply with OSHA‘’s new lead
standard, this down-grading comes at a even more difficult tinme.
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2.0 PURPOSE OF 8STUDY

The purpose of the proposed study was to examine the exposure level
inside the conventional, "continuous flow" blaster’s helmet and
determine by what factor it reduces the level of exposure outside
the helmet, and do so in field use conditions during actual
abrasive blasting operations. The study also examined the
differences, if any, between a profassiocnally managed respirator
program using nevw helmets, and a more typical program where site
personnel are responsible for the cleaning, storage, maintenance
and inspection of in-service units.

Actual field conditions were obtained during the use of the
helmets. After blasting, the units were cleaned, maintained and
stored using one of two procedures; either by an Industrial
Hygienist according to the manufacturer’s instructions, or by the
Contractor’s site personnel using the respirator maintenance
program in effect at the work site. The first three days of air
sampling used the Contractor’s respirator program and in-service
helmets, whereas the second three days of air sampling used new
helmets and a IH-run maintenance program.

All air sampling was conducted under the supervision of a CIH, and
all samples were analyzed by a laboratory accredited by the
American Industrial Hygiene Association using the NIOSH approved-
method for Lead, method 7082.

3.0 STUDY DESIGNM

Air samples were taken both inside and outside the blaster’s helnmet
using industrial hygiene sampling pumps, and 37mm mixed cellulose
ester membrane filters. Two pumps were positioned on each blaster:
one serviced the filter on the inside of the helmet, while the
other pump serviced the filter on the outside of the helnmet,
attached to the outside of the blaster’s cape.

The pumps were calibrated before and after each day’s use at
approximately 2.0 liters per minute, and were worn by the blaster
during his entire shift. Pumps used were the Gilian Instrument
Corp., model Gil-Air S C. calibrations will be made using a Gilian
“Gilibrator" primary standard airflow calibrator.

All samples were analyzed for inorganic lead using NIOSH method
No. 7082, by a laboratory accredited by the American Industrial
Hygiene Association. All results were reported in milligrams per
cubic meter of air.

Blasting helmets were the Bullard 77 with capes. Special sampling
ports were installed in the helmets to allow sampling inside the
helmet without creating a leak. Two blasters wvera sampled each day
for six days, for a total of eighteen sets of samples or thirty six
air samples, plus a blank sample for lab calibration for each day
of sampling. On most days cassettes were changed at least once to
prevent over loading of the cassettes.

|{J|\‘H
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4.0 RESULTS

DATE

BLASTER
ID #

DURATION

Existing Equipment/Operator Maintenance

5/27/93
7/14/93

7/15/93

1025-1202

0830-1202
1237-1445
0830-1202
1244-1448

0905-1154
1242-1528
1240-1528

New Equipment/IH Maintenance

7/30/93

8/3/93

8/4/93

WWN

WU N

1226-2012
1222-1636
1636-2012

0914-1130
0915-1127
1256-1555

0945-1156
1254~-1657
0944~-1157
1255-1659

OQUTSIDE INSIDE
HELMET HELMET
(uG/M%)

97,260. ND
8,217. 13.78
17,830. ND
20,400. 29.5%9
22,540. ND
8,808. ND
27,840. ND
27,330. ND
13,080. ND
1,282. ND
1,689. ND
29,690. ND
‘31'8500 ND
26,860. ND
17,890. ND
28,410. ND
21,940. ND
36,510. ND

ND- Non-detectable for lead

PF

596.3
689.4

i I P



5.0 DISCUSSION

Of the eighteen air samples taken inside the helnmets, only two
samples detected any lead whatsocever. Considering that the air
concentrations outside the helmets were as high as nearly 44,000
ug/m®, this is quite good. This fact however results in a major
limitation of the study. Since the lead concentration inside the
helmets was for the most part non-detectable, we are unable to
calculate a true protection factor. Any such calculation would be
based more on the detection limit of the inside-helmet air sample
than on the ability of the helret to protect the worker. Aand since
we switched filter cassettes two or more times per day to minimize
overloading of the outside cassette, the detection limit was high
because the sampling time was short. This could have been improved
somewhat if we had used slightly higher flow rates, but not a great
improvement.

Therefore, we are left with the qualitative éonclusion that the

continuous flow blaster’s helmet can offer the worker extremely

good protection if the helmets are properly maintained. All air
samples taken inside the helmets maintained by the Industrial
Hygienist had no detectable lead, and six out of eight air samples
taken inside the operator-maintained helmets also had no detectable
lead. Only two air samples out of eighteen showed any
contamination at all and those amcunts coaputed to Protection
Factors well above the government recommendation of 25 times the
PEL. :

Recommendations for future study would jinclude using Graphite
Furnace Atomic Absorption instead of Flame Ionization Atomic
Absorption, and setting the inside-helmet pumps at 3 liters/minute
instead of 2 liters/minute, to decrease the detection limit of the
method.
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U.S. Department of Labor Occupational Safety and Health Administration

Washington, D.C. 20210

Reply to the Attention of:

JUL 27 1904

MEMORANDUM FOR: JOHN MARTONIK, CIH
Acting Director
Directorate of Health Standards
JOHN MILES
Director
Directorate of Compliance Programs

FROM: CHARLES E. ADKINS, CIH

. Acting Director ) 77) ‘ ﬁ C.A.

Directorate of Technical Support

SUBJECT: Meeting on Sampling Requirements for Workers

Involved in Abrasive Blasting

The Navy has written the attached letter dated May 3, 1994 asking
questions about air sampling during abrasive blasting operations.
We have scheduled a meeting to discuss the questions outlined in
their letter; the meeting will be in the DTS conference room on
August 1 at 9:30 am. Please have someone attend who can discuss
this important topic.

The questions involve technical issues that can’t be addressed
until related policy issues have been settled. Two of the
related policy issues are outlined below:

® Continuous-flow, loose-fitting respirators have protection
factors between 25 (e.g, in the lead construction standard) and
2,000 (e.g, in the general industry lead and arsenic standards),
depending on the contaminants and the applicable OSHA standard.
We understand that it is possible that the protection factor
might be 1,000 in the next respiratory protection standard. The
variability in assigned protection factors implies that the
confidence in the protection is unreliable for this type of
respirator; it is certainly controversial.

In the absence of a reliable assigned protection factor, can
measurement inside the loose-fitting hood be used to establish
employee exposure? (The Industrial Hygiene Manual allowed
sampling inside air-supplied hoods until February 1950; the new
IHM doesn’t address this issue.)




2

® If we apply the same rationale as that found in the lead-
in-construction standard, 29 CFR 1926.62(c) (3), employee exposure

would be considered to be at a level 1/25th to 1/2,000th of the
levels measured outside the hood.

Can the "lead standard approach" be applied to the other
contaminants that are generated during abrasive blasting? Is
this approach valid for three types of abrasive-blast
respirators? ' .

Please have those people who are tasked with resolving these
issues contact Ira Wainless at 219-7056. :

Attachments
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DEPARTMENT OF THE NAVY
NAVY ENVIRONMENTAL HEALTH CENTER
2510 WALMER AVENUE
NORFOLK, VIRGINIA 23513-20817
6290 .
ser 33c1; 01691
IRy %

U.S. Department of Labor

Occupational Safety and Health Administration

Attn: The Honorable Joseph A. Dear, Assistant
Secretary for Occupational Safety and Health

200 Constitution Avenue NW

Washington, DC 20210

Gentlemen:

In 1991, we requested clarification on personal sampling
requirements during abrasive blasting operations. Your
Directorate of Technical Support replied that sampling is not
required when blasting is done inside a properly ventilated
enclosure and the operator is wearing an approved respirator
(enclosures (1) and (2)).

We distributed this information to our field industrial
hygienists and support the policy if the following conditiones are
met:

a. Blasting is conducted in an exhaust ventilation system
per 29 CFR 1910.94;

b. The blasting operator must wear an approved respirator;.

c. One assumes personal exposures are above the permissible
exposure limit (PEL) and implements all requirements of the
stressor-specific standard accordingly (i.e., medical
surveillance, work practice controls, protective clothing,
employee training and notification, etc.);

d. The operation is reevaluated if there are any changes in
blasting procedures.

Recently, the Naval Undersea Warfare Center Division at Keyport,
Washington, received a citation (enclosure (3)) for failure to
conduct quarterly lead monitoring during a blasting operati¢n
where employee exposures above the PEL were documented. ‘
According to enclosure (4), your inspector did not recognize the
1991 guidance because it was not from the Directorate of
Compliance Programs.

We respectfully request that you re-clarify this issue and

provide a single policy that can be used uniformly by our
industrial hygienists. Our questions are:

TR



. a. What sampling is required when doing abrasive blasting in
an exhaust ventilation system when the blaster is wearing
appropriate respiratory protection?

b. What sampling is required when doing abrasive blasting
operations that are not in exhaust ventilation systems?

c. What standard drives sampling requirements for blasting
operations when there are multiple stressors?

d. Should required samples be collected inside or outside
the blasting respirator for compliance with the PELs?

We would also appreciate any comments you may have on the
question posed in paragraphs 3 and 4 of enclosure (4}.

For further information, please contact Ms. Pat Krevonick,
Industrial Hygiene Department (NEHC-33Cl), at (804) 444-7575,
extension 250.

Sincerely,

Captain;—Medical Corps
United States Navy
Commanding Officer

Encl: ;

(1) My ltr 6290 Ser 3331/04262 of 17 Apr 91

(2) Your ltr of 10 Jun 91

(3) OSHA Notice of Unsafe or Unhealthful Working Conditions,
Inspection Number 109425330, Issued 22 Feb 94

(4) Naval Hospital, Bremerton ltr 5104.1/00251 Ser 061.2A1/01386
of 30 Mar 94 (w/o encls)

IR IR IR VAR
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DEPARTMENT OF THE NAVY
NAVY ENVIRONMENTAL HEALTH CENTER
2510 WALMER AVENUE
NORFOLK. VIRGINIA 23513-2617

22303331/ 0226¢ \/57/‘{'
APR 17 1991

Mr. Thomas Shepich, Director

Directorate of Technical Support

U. S. Department of Labor

Occupational Safety and Health Administration
200 Constitution Avenue

Washington, DC 20210

Dear Mr. Shepich:

This is to confirm our telephone conversation of 28 March 1991
with Ira Wainless from your staff. It is our understanding from
the conversation that OSHA does not recommend nor require
personal monitoring of abrasive blasting operations, regardless
of the stressor involved, unless the integrity and performance of
the respirator (blasting hood) is in question.

If our understanding is incorrect, we reguest that you clarify,
in writing, the following issues so that we can disseminate the
information to our field industrial hygienists:

a. Under what circumstances should abrasive blasting
' operations be sampled?

b. What procedure does OSHA recommend to collect a valid
breathing zone sample, especially with regard to sampling outside
or inside the blasting respirator?

c. If samples are to be collected ocutside the abrasive
blasting respirator, as is the policy with other stressors, how
are the cassettes protected from the blast without affecting the
validity of the sample?

My point of contact on this éubject is Mr. David L. Spelce (NEHC-
3331), Industrial Hygiene Department, at (804) 444-7575,
extension 267.

Sincerely,

. H. RANDALL, M.D., M.P.H.
Scientific Director
By direction of the
Commanding Officer

Enclosure (1)

TR



U.S. Department of Labor Occupatinai Satety, angt Health Aamiist-ation

Wasirmgtor D.C 2021

o 16 he atlention of

JUN 10 1991

Dr. G.H. Randall

Scientific Director

Department of Navy

Navy Environmental Health Center
2510 Walmer Avenue

Norfolk, Virginia 23513-2617

Dear Dr. Randall:

This is in response to your letter of April 17, and the
subsequent telephone conversation between Ira Wainless of

my staff and Ms. Pat Krevonick, Supervisory Industrial Hygienist,
.concerning sampling of dusts produced during abrasive-blasting

operations.

In a telephone conversation on May 13, Ms. Krevonick indicated

to Mr. Wainless that the Department of the Navy's concern A
was whether or not personal sampling for airborne particulates
should be conducted in exhaust ventilated blast cleaning

enclosures in which blasting operations are performed and where

the operator works inside of the enclosure to operate the

blasting nozzle and direct the flow of the abrasive material.

The operator(s), it is understood, would be wearing an approved
abrasive-blasting respirator.

During abrasive-blasting operations, when the operator is wearing
an approved respirator in an exhaust ventilated enclosure, there
is no need to perform sampling outside the respirator. However,
if the integrity and performance of the respirator/blasting hood
is in question then sampling should be conducted inside the

respirator/blasting hood.

Please contact Mr. Wainless on this subject at (202) 523-7056 if
you have additional concerns or questions.

sincerely‘

/T&wfs. |

Director !
Directorate of Technical Support

| &
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Inspeciion Nummnber: 109425330
Inzpection Dates: 01/12/94 - 02/10/94
Issusnce Date: 0272294

lotice of Unsafe or Unhealthful Working Condit

Company Name: U.S. Navy
nspecfion Site:  Naval Undersea Warfare Center, Keyport, WA 98345-0000

1.S. Department of Labor
Jccupational Safety and Health Administration

iotice | tem 3 Type of Violation: - Serious

? CFR 19}0.1025(d)(6G)(iii): Where the initial monitoring revesled that employss exposure to iead was ahove
1e permissible exposure Jimit, monitoring was not repeated at least quarterly and continued at the required -
-equency until at least two (2) consecutive measurements, taken at least seven (7) days apart, were below the
EL:

(a) At the Shot Blasting Room for shell repair in Bullding 820, employees engaged in shot blasting
were exposed to lead above the permissible exposure fimit, and monitoring was not repeated at least

quarterly.
1 .,...,...,,3 peh ALY TRV ; L& o Y w—-—“ X o < g , ’f'..» T
DatezBy Wiieh: Viclatior MusT b A balel BEe i

dotice 1 Item 4 Type of Vivlation: Serious

-9 CFR 1910.1025(e)(3)(i): A written compliance program was not established and/or implemented to redupe
=ad exposures to or below the permissible exposure limit, and interim levels were applicable, solely by means
if engincering and work practice controls in accordance with the implementation schedule in paragraph (e)(I):

(a) At the Shot Blasting Room for shell repair in Building 820, employees were éxposed to lead at
levels excecding the permissible exposure limit for more than 30 days per year, and no written

compliance program was implemented.

Daic:By Which ViollioEMustieA

Sce pages | through 3 of this Notice for impontant information on employer and employes rights and responaibilities.

OSHA-2H (Rev. 9/93)

Notice of Unaafe or Unhealthiu] Working Conditions Fage 5 of 13

Enclosure (3)
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DEPARTMENT OF THE NAVY

NAVAL HOSPITAL
SOONE ROAD
BREMERTON. WASHINGTON $8312-1898

5104.1/00251

Ser 061.2A1/01386
30 Mar 94

From: Commanding Officer, Naval Hospital, Bremerton
To: Commanding Officer, Navy Environmental Health Center
(Code 333), 2510 wWalmer Avenue, Norfolk, VA 23513-2617

Subj: CLARIFICATION OF GUIDELINES FOR BREATHING ZONE SAMPLING
DURING ABRASIVE BLASTING OPERATIONS

Ref: (a) PHONCON Mr. Martinen NAVHOSPBREM (C/061.2Al)/
Ms. Pat Krevonick (NEHC) of 11 March 1994

OSHA Viclaticon Citation for Naval Undersea Varfare

Center, Keyport WA, Inspection #109425330 of

22 Feb 54

(2) Naval Environmental Health Center ltr 6290 Ser
3331/04262 of 17 April 1991

(3) U.S. Department of Labor ltr of 10 June 1991

(23]
b ]
O

=
L]

” .

[
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1. As discussed (reference (a)), Naval Undersea Warfare Center
Division, Keyport received an OSHA citation (enclosure (1)) for
failing to monitor breathing zon2 lead concentrations during
abrasive blasting of lead containing paint. The blasters worked
inside a ventilated booth under lead controls appropriate for
concentrations above the permissible exposure limit.

2. The regional OSHA inspector did not agree with previous OSHA
guidance that dismissed the need to monitor. under these
conditions (enclosures (2) and (3)). He indicated the guidance
is not valid since its’ premise is based on information from
OSHAs' Technical Division and not the Compliance Division.

3. In light of this citation, Puget Sound Naval Shipyard has
asked us whether such monitoring is now required. They do
extensive blasting to clean lead/PCB effected surfaces during
suomarine recycling and woura like to expand to incliude removal
of asbestos containing mastic.

4. Before we advise our customers about routine breathing zone
monitoring, specifically during blasting of lead and asbestos
materials, we would appreciate your input on this matter.

5. Point of contact for Puget Sound Naval Shipyard information

particular to this subject is Mr. Pete Howard, Industrial
- Hygienist. Point of contact for specifics about the OSHA

Enclosure (4)
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Subj: CLARIFICATION OF GUIDELINES FOR BREATHING ZONE SAMPLING
DURING ABRASIVE BLASTING OPERATIONS

citation is Mr. Mike Jackson, Industrial Hygienist. Both can be
reached at DSN 439-3286 or (206) 476-3286.

B irection

Copy to:
NAVSHIPYARD PUGET SOUND WA (C/106.2 and 106.22)
NAVUNSEAWARCENDIV KEYPORT WA (C/04 Safety)
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MAY 26 1994

Captain P.D. Barry

Commanding Officer

Department of the Navy

Navy Environmental Health Center
2510 Walmer Avenue .
Norfolk, Virginia 23513-2617

Dear Captain Barry:

This is an interim response to your letter dated May 3,

addressed to Mr. Joseph A. Dear, Assistant Secretary for the
Occupational Safety and Health Administration (OSHA), requesting
information on abrasive blasting. Your response was forwarded to
the Directorate of Technical Support, Office of Science and
Technology Assessments (OSTA) for response.

OSTA is currently reviewing the information provided in

your letter and is coordinating a response to your questions with
the Office of Health Compliance Assistance. Your concerns are
important and we appreciate your bringing them to our attention.
Once we complete the coordination of your request, we will
immediately respond to you. ’

If you have further questions please feel free to contact
Mr. Mac Arthur Cheeks. He can be reached on (202) 219-7056.

Sincerely,

Stephen J. Mallinger
Acting Director
Directorate of Technical Support

DTS:Cheeks:bd:219-7065:Rm.N-3653:5/20/94
cc:Cheeks/Abadir/Woodcock/Mallinger
Files:930773

U.S. GPO: 1959-825.004
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. Reference No. 93-03-25

Item: Cignatta, John V., et al., "Protecting the Environmeat gnd Workers at Industrial Lead
Paint Projects,” Datanet Engineering, Inc., March 25, 1993. .

Contents: Describes the new approach and techniques for removing iead based paint from
industrial structures that are required 10 meet both environmental and worker safety regulations.
Identifies the manifold problems faced by contractors gives the new regulatory irements.
Describes on page 12 the method of sampling inside the abrasive blasting respirator helmet which
Bullard believes may contribute to false high dust concentration readings on the sampling
equipment. However, the authors do go on to describe the many ways in which non-respirator
variables could affect the measured protection afforded the worker. Among (he factors
mentioned are efficacy of engineering controls, worker adherence to the industrial hygiene
program of the employer, inadequate equipment maintenance, or removal of the respirator in the
work environment.
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PROTECTING THE ENVIRONMENT
AND WORKERS AT INDUSTRIAL
LEAD PAINT PROJECTS

John V. Cignana, P.E.
Timothy M. Duffy, C.1.H.
Datanet Engineering, Inc.

Baltimore, Maryland

March 25, 1993

Abstract

Lead paint can be removed from industrial structures without compromising protection
of the public, the environment or the construction workers. Means and methods to successfully
accomplish these goals frequently are not understood by project specifiers and painting
contractors. This paper reviews techniques proven to protect both workers and the environment
from the adverse effects of lead dust at large industrial coatings projects. '

Protecting The Environment

Safeguarding the environment at industrial coatings projects involving the removal of old
lead pigmented paints is relatively straight forward. The job-site is enclosed with impermeabie
warps and a dust collector is employed to keep the inside of the tarped enclosure at 2 negative
pressure relative to atmospheric conditions. In this manner, any holes in the tarps will leak
clean air into the enclosure and protect the exterior environment from a release of fine lead dust.
This standard procedure is quite effective regardless of the methods employed to minimize the
generation of dust during surface preparation activities.

Aerosols of Lead

The small size of the lead dust particles has been justifiably a major cause for concern

by environmental agencies. Lead oxide or red lead (Pb,0,) pigments are manufactured with a
typical diameter of only 1 to 2 microns (xm). Lead carbonate or white iead [2PbCO,-Pb(OH),]
is even smaller with typical diameters ranging from 0.1 t0 0.2 ym. Because of the small size
. of the pigment materials, the resulting fine dust is relatively invisible if the binder (or vehicle)
of the paint along with the pigments is broken down by mechanical action.
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To further complicate the problems of controlling the release of this toxic heavy metal,
the fine dust physically behaves similar to a gas. This dispersion of the fine lead particulate in
the air is referred to as an aerosol and will never settle to the ground.

The maximum rates of settling or terminal velocities of various size particles of lead
pigments are depicted in Figure 1. Note that the smaller particles under totally quiescent
conditions (i.e., the complete absence of all winds or other disturbances to still air) eventually
would accelerate by gravity only to a terminal velocity of 0.027 fmin. This velocity. less than
one third of an inch per minute, can only be measured (and occur) under laboratory conditions.
In the real world, these particles will be re-entrained continually by air movement inside the
containment.

Invisibility of Emissions

The very small size of the lead particulate has caused many environmental officials to
have a false sense of security when there were no visible emissions emanating from an pnclosed
industrial coatings project at a bridge, water tank or other structure. In reality, the visible
emissions consist primarily of waste disposable abrasives, dirt and other innocuous debtis. Due
to Resource Conservation and Recovery Act (RCRA) regulations (See 40 CFR 240 thropgh 280)
for disposal of hazardous wastes, many painting contractors and project designers have switched
to either recyclable abrasives made from steel or to power tool cleaning to bare metal for surface
preparation. (See SSPC-SP-11.)

Reusable abrasives do not crumbie like sand or slag abrasives. Thus, the absence of a
tattle tail dust cloud does not always mean that the environmental controls are properly capturing
the toxic lead particles in a dust collector or that the local areais safe from hazardous mirborne
discharges of aerosols leaving the construction site. Rather, the proof of the adequacy of
environmental controls can only be established by numerous and repeated air tests conducted
immediately around, above, and beneath the project enclosure and accompanying supporting
equipment.

Air Testi

Another common error is to place a high volume PM-10 monitor downwind of a bridge
or water tank to assess the adequacy of environmental controls in meeting air quality restrictions
on particulate released which is smaller than 10 um in size. The EPA has mandated in 40 CFR
50.6 that the release of PM-10 can not exceed 150 micrograms per cubic meter (ug/m’) on a 24
hour basis averaged over a 90 day period. For recyclable abrasives and power tool op¢rations,
the bulk of the emissions of particulate smaller than 10 um consists primarily of lead particles.
The permissible level for lead released is far more restrictive by two orders of magnitude
(1.5ug/m?® vs. 150 ug/m’) than fugitive dust due to the toxicity of this heavy metal. According
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to 40 CFR 50.12, the limit for lead is only 1.5 ug/m’ again based upon a 24 hour period
averaged across 90 days. Thus, any excessive release of lead dust from an enclosed painting
project would first show up on a lead-in-air monitor long before the PM-10 maximum limits
were exceeded during either abrasive blasting with recyclable abrasives or power tool operations.

There still remains a problem of accomplishing lead-in-air monitoring in a manner to
detect lead levels which can not be seen. Without a visible plume, the environmental
professional is left with few clues as to where to position the air testing equipment. A rule of
thumb such as "100 feet downwind is always a good starting poiat” is frequently suggested by
someone who has never monitored the winds around a complex structure like a bridge or a water
tank. Unlike a tall and slender chimney, complicated structures significantly affect local wind
patterns. In fact, the wind beneath a bridge can be 180° different from the wind direction above
the structure.

Another problem with positioning the air samplers is that locating the unit at grade
assumes that any lead dust escaping from an enclosure will settle. Due to its fine isize, the
aerosol of lead dust will diffuse in all directions with little tendency to settle with the exception
of large, macroscopic and intact paint chips or aggiomerated particles. Computer mpdels for
stationary emission sources (e.g., smoke stacks) and fugitive emissions can predict where the
dust from a given site will touch down on the carth. The large cross section of tall bridges and
elevated water tanks makes current computer models incapable of adequately describing either
the complicated dispersion patterns from the multple leakage points of an enclosure around these
types of structures let alone the discharges of filtered air from dust collectors, Positive
Displacement (PD) blowers or other vacuum systems.

To both overcoms the limitations of sampling complex dispersions under significant
mixing conditions as weii as guessing at the appropriate locations for samplers, a variety of
utilities and highway departments are using air testing for lead alone by the NIOSH 7082
protocol. These samplers are located at a variety of points immediately adjacent to the
enclosure, at the air discharges of dust collectors, and near other equipment at the job site. (See
also SSPC Guide 61 CON air testing Section 5.5.4.c Method D3.) The EPA is currendy
studying this problem but guidance is not yet available.

As previously mentioned, the most critical parameter of concern from a project site
involving the disturbance of lead based paints is the lead itself. By using either smajl AC or
battery powered air sampling pumps and analyzing for lead alone, an excellent tracer material
highlights both weaknesses in the environmental controls as well as exposure to the public,
workers and the environment. (A tracer is a specific material emanating from a single source
in high concentrations which can be readily identified in the environment.) '

A typical specifications may require four to eight samples per day around the enclosure
during surface preparation activities and one sample from each air discharge port for the first
week of work. These same sampling points are used during subsequent weeks but at a reduced
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schedule (e.g., only four to five total tests per week.) Since there are no nationally recognized
standards for using this procedure of accomplishing environmental _.ionitoring with worker
exposure monitoring protocols, the permissible limits are established by the project specifications
writer in coordination with local environmental officials. Frequently, the discharge limits for
the dust collection equipment is the national ambient air quality standard of 1.5 ug/m’ for lead.
The air samplers around the other equipment and the enclosure are usually set back either a
minimum of 10 or 20 feet and then the OSHA Permissible Exposure Limit (PEL) of 50 ug/m’
for lead is used.

By establishing a ring of inexpensive AC or battery powered air samplers around a
project site, both an early waming of environmental control failure for invisible lead dust is
provided and a defense for spurious lawsuits is obtained. Some lawsuits have sought to dismiss
data from one or two "downwind" EPA type high volume air samplers due to the effects of
complex wind patterns. To further guard against such actions, inexpensive worker exposure type
air samplers for lead are also placed at extremely sensitive exposure locales. At our project
sites, these have included day care centers, schools, playgrounds and private residences. With
effective containment systems, airborne lead levels do not exceed background readings during
surface preparation activities.

Before discussing problems with worker exposure at enclosed project sites, a discussion”
will first be presented on types of enclosures.

i I\Jiliii‘H
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Types Of Ventilated Enclosures

Many project bid packages are quite indefinite or "bare bones" in simply mandating that
"all surface preparation activities shall be contained.” Again, the primary emphasis of such
phrases in project specifications is oriented towards protecting the local environment. Usually,
no details of the enclosure size, shape, materials of fabrication, operation, etc. are provided for
the Contractor. Further, it is very rare if any provision is made for the engineering of
ventilation for the enclosure. As a consequence, the structure is enclosed and a dust collector
is rented with little thought given to the interaction between the two.

Conventional Enclosures

The most common enclosure is referred to as a conventional enclosure which seals up
a major portion of a large structure. The sides and ends of the work area whether it is a bridge,
parking garage, factory area, etc. are enclosed with a series of tarps hanging down from the
decking or flooring above the girders. In Figure 2, a depiction is provided of a conventional
enclosure which is encompassing a series of parallel steel girders on a bridge located
approximately 20 feet from grade. The resulting enclosure is 20 feet in height, 90 feet wide and
120 feet long. The cross-sectional area of the containment structure is approximately 1,800 ft2.

The large cross-sectional area can be quite significant w0 the health of the workers

because the large area makes quick and uniform removal of air contaminants difficult if not

impossible. Fresh air drawn into the large enclosure tends merely to dilute contaminants and
not remove them. (Remember: The aerosol of very small lead particles behaves similar to a
gas and thus does not settle in the large enclosure. These toxic particles are removed only by
the action of a current of air transporting them through the enclosure and trapping them in the
dust collector.) -

The proper sizing of a dust collector is usually neither included in a set of typical project
specifications nor understood by many project designers or painting contractors. For a ¢ommon
example, assume that a 20,000 ft*/min unit is used for the same conventional enclosure depicted
in Figure 2 with two painters abrasively blasting and dust collection hoses removing hazardous

lead contaminants. Fresh air would be entéring the large area enclosed by the tarps at the points.

of least resistance. Thus, small holes in the tarps nearest the dust collector ducts could short
circuit significant amounts of air from walls near the ducts to the dust collector with very little
dilution effect upon the levels of accumulating lead dust in the main work area. An example of
a conventional enclosure is provided as Photo 1 to illustrate this very common type of
containment structure.

If one assumed that there were no leakages at seams and other imperfections in the
containment structure, then fresh air would be solely introduced into an enclosure as a result of

the action of a dust collector pulling contaminated air out. If the fresh air could be evenly and
uniformly distributed across the entire cross section of the enclosure, then the air flow could
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be described by the following expression:
Q =VA
where: Q = quantity of air in ft*/min

V = velocity of air in ft/min
A = cross sectional area of enclosure in ft?

Referring back to the enclosure described in Figure 2, assume that quantity of air (Q)
leaving the enclosure is again 20,000 ft*/min and the cross-sectional area (A) is 1,800 ft*. The
actual air flow passed the two workers will be further reduced by both the air introduced by their
nozzles (estimated at a combined flow of 600 ft*/min) and any edge seal losses or duct leaks
downstream of them (assumed for this example to be relatively minor at only 1,000 ft*/min.)
Under such conditions, the average flow passed the workers can be estimated by subtracting air
introduced by the nozzles and edge seal losses as follows:

Since Q = VA, then Q=V
A
Thus, 20,000 ft¥/min - 600 f¥min - 1,000 £/min = 10 fumin ]
1,800 f

The word "average" was highlighted in the previous sentence for a very good reason.
Average conditions are as important to a blaster in an enclosure as the stream depth wak to the
statistician who drowned while fishing in a stream with an average depth of only 2.0 fest! The
point is that the only air flow velocity of concerinto the men working in enclosures is the actual
velocity of fresh air flowing passed helmets. ) In the above example, the velocity passed the
workers’ helmets would be below m its due to the combined effects of the small
capacity of the dust collector relative to the magnitude of the cross-sectional area of the
enclosure and the area of high pressure caused by the 300 ft'/min released by each blast nozzle
where the men are working.

When one takes into account the real world system losses at entrances, edge seals (or lack
thereof) and seams, the often chaotic patterns of fresh air flowing through an enclosure can be
approximated by the graphical depiction in Figure 3. The technical term for such air patterns
is that the air movement is unrestrained. Figure 4 illustrates the same fresh air patterns when
viewed from above. The two blasters in the enclosure are creating high pressure zones around
themselves due to the effects of their 110 Ibs/in? blasting nozzles discharging 250 to 300 ft*/min
of air. The low pressure zone of the dust collector draws air from a plethora of points.
However, very little flushing effect for the removal of the fine lead dust is experienced in the
immediate airspace around the blasters. Instead, lead dust usually accumulates in this type of
enclosure with the maximum concentration being limited only by the minimal dilution effects
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from the fresh air mixing under the very turbulent conditions created by either abrasive blasting
or power tool operations. It is important to note that the dust collector by preventing leakage
of air contaminants from the enclosed area can actually increase the dust concentrations and the
corresponding hazard to the workers.

After all surface preparation operations have ceased, the hazardous airborne lead dust
concentration within a large conventional enclosure will be gradually diluted down to safe levels.
For each containment, a half-life period specific to the operation of the ventilaton system will
occur. As the time for each half-life period passes, lead dust concentrations will be reduced by
one half. The relatively large initial reduction occurring in the first half-life period will be
followed by successively smaller reductions over subsequent half-life periods. This halving of
the concentrations allows dust to linger in the air long after surface preparation activities have
ceased. The rate of dilution is a half-life exponential decay function which behaves in the
- following manner. '

Assuming a single chamber model of an enclosure, the quantity of fresh air
entering into the enclosure [Qg(t)] at the time [t,] of initial peak concentrations

for maximum lead dust [Cmax(t,)] equals the-amount of air exiting the enclosure

to the dust collector at the same time [Qquy(t)]. At that point, the peak
concentration of lead dust suspended in the air has occurred. After surface .
preparation activities have ceased, this maximum value of lead dust will decrease

in an exponential fashion in relation to time [t] as long as no new dust is
generated by renewal of abrasive blasting or power tool cleaning.

The following relationships apply to the concentrations of lead dust after surface
preparation activities cease:

Cmax(to) = mm

VOLUME\c1osure
The concentration of lead dust will be cut in half when:
Ct) = %BMASS;;\p = MASS;, €™

VOLUME . cLosume VOLUMEq 0.

It follows that one can solve for the half-life time {t,] when the maximum lead
dust concentration has dropped to one half of the peak concentration as follows:

t, = In2 VOLUMEencio. = In2
Qour Y
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where ¥y =  Qout 1
VOLncro. time

(Note: The term y is sometimes referred to as a "flushing” coefficient since it

describes the rate that the enclosure is flushed free of contaminants. The

complete solution of this problem requires a LaPlace Transform.)

It can further be extrapolated from the flushing coefficient model that the time for
the dust concentration to be halved again from dilution by fresh air brought in by
the vacuuming action of the dust collector is repeatedly the amount of time for
the first SO percent reduction in lead dust. Continuing, the time for the next S0
percent cut in lead dust is again t,,.

This mathematical description is often misunderstood by specifiers or hygienists deciding
that after two or three air changes, the enclosure should be safe to enter for inspection, painting
or other non-blasting activities. (An air change being defined as the time for a volume of air
equal in volume to that of the enclosure to be filtered by the dust collector.) Nothing could be
further from the truth during unrestrained air flow conditions since the air in the enclosure is
never changed. Rather, the lead contaminated air is only being diluted by the addition of fresh

air -- not replaced by it.

In Figure S, the gradual exponential haif-life decay curve for contaminants in a
conventional enclosure being diluted to ever lower concentrations by the continued operation of
a dust collector after abrasive blasting operations or other mechanical surface preparaton
activites have ceased is presented. This curve is defined by the above equation on C(t,,).

Mini-Enel

To provide improved worker protection from excessive lead dust levels, containment
structures have been employed to manage airflow past workers to purge contaminants from the
structure. These containments take advantage of the shape of the bridge or water tank to form
a long narrow path across the surface of steel being prepared for painting.

Such containments are referred to as mini-enclosure. (See Figure 6.) This smaller cross-
sectional area containment structure is usually a light weight, low wind loading structure that
isolates just the area where a painter or painters can blast and prime the surface of a structure
in one day. The attached Photo 2 shows the primary mini-enclosure used for a water tank
project. Photo 3 depicts a bridge mini-enclosure. The common features are readily discernable
in that vacuum floor troughs continually remove both spent abrasives and large paint chips. In
each case, complex or awkward lead painted steel structural shapes have been sealed with very
good integrity on edge seals by "duct-like” shapes. These "ducts” allow consistent air movement
along the length of the enclosed area and provide a negative pressure for high retention of
contaminants.
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The vacuum floor troughs provide an added level of worker protection in that all of the
manhours usually spent in shoveling waste abrasives have been eliminated. This task has been
noted at a variety of bridge and water tank projects to present some or the worst lead exposures
at a job site.

A graphical depiction of the air flow through a portion of a mini-enclosure is provided
as Figure 6. Note that by minimizing the cross sectional area, a directed or restrained flow of
air is provided past the workers. The restrained flow of air rapidly moves contaminants away
from the workers and purges fine particulate from the enclosure to the dust collector. The
confined area of the duct-like enclosure shape also overcomes the effects of both the abrasive
blasting nozzles and other minor aberrations to the air flow patterns. Corners, inertial effects,
and changes in cross-sectional area have caused numerous problems in many coaventional
enclosures. The mini-enclosure in Figure 7 depicts this restrained air flow pattern from above
with two workers.

The cross-sectional area in this example is minimized to only 70 square feet. The design
of the cross-sectional area is critical to achieve the duct-like air flow of a mini-enclosure. By
keeping the height of a mini-enclosure to only 6 or 7 feet, then the width of such an enclosure
could be over 10 feet. Intentionally, no length is shown. The length of a mini-enclosure with
excellent edge seals is not a critical design parameter. (One unit being fabricated for Seaward
Corporation in Kittery, Maine by Harrison Industrial Technology for the Interstate 95 bndge
between New Hampshire and Maine is over 120 feet long.)

Mini-enclosure design advantages over larger conventional enclosures are obvious in that
the same size dust collector achieves much higher velocities past the helmets of the workers.
In the case of this example, the enclosure losses behind the workers are again assumed to be
limited to 1,000 ft'/min and their nozzles are together introducing 600 ft’/min into the
containment structure. '

Again, since Q = VA, then Q=V

Thus, subtracting the air added during abrasive blasting and lost by infiltration beyond the men
equals:

in - - i = 263 ft/min
70 ft? _
There are a variety of engineering problems in achieving the restrained air flow
conditions which continuously purge all contaminants from a successful mini-enclosure. These

problems are caused by changes in direction of the air, changes in cross-sectional area of the
enclosure and blockages or disruptions of the airflow due to the shape or configuration of the

. -9

i1l |1‘1‘n\||‘

[ .



structure being painted. This last item is probably the most important. However, such problems
in the field can frequently be completely overcome through the use of baffles, vents, fans, plugs
and other devices.
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Worker Air Testing In Enclosures

It must be understood that the air flow required in a mini-enclosure is a consistent flow

and not merely an average estimated condition. Local differences not reflacted in average

conditions can have profound adverse effects upon worker health. Thus, it is still possible in
mini-enclosures to have small eddy currents or points of stagnation despite the much higher air
flow velocities than are possible in a conventional enclosure. This is the reason that area
samples taken at various locations within an enclosure are often of little value in assessing the
exposure to specific workers. Air tests taken at locations with very high velocities of clean
outside air will have only trace lead levels. Conversely, samples taken in areas behind
obstructions within containments on bridges or other locations where the flow of air is
significantly disrupted could show very high concentrations of lead dust.

To find points in an enclosure where stagnation or recirculation occur, fog or smoke tube
testing must be employed. Fog machines quite rapidly identify such points without concern for
the odor or combustion products associated with smoke testing.

Once identified, stagnation points may be either corrected or avoided. As long as a
worker is not going to be located at the point where lead dust may accumulate, minimal risk is
imparted to those at the work site. However, special atteation will have to be taken to clean

such areas prior to the cessation of ventilation of the mini-eaclosure and localized capture or

ducted air input may be required to protect workers.

To assess the exposure to workers within a containment, air twmg must be pérformed
to assure the adequacy of the respirators being employed. For lead in air, the NIOSH 7082
protocol must be used. This involves the use of a 37 mm cassette with a 0.8 um pore size filter
composed of mixed cellulose ester. Air is then drawn through the filter by use of a battery
powered air pump. This vacuum pump is calibrated for flows between 1 to 4 liters per minute.
By analyzing for the amount of elemental lead collected on the filter and dividing by the liters
of air filtered, the exposure in ug/m?’ of lead in air is determined.

The cassette is typically attached to the lapel of a worker equipped with a half-face or
full-face respirator to evaluate the air in his breathing zome. Workers performing abrasive
blasting must wear Type-CE helmets as per OSHA regulations. This NIOSH/MSHA rated
respirator provides a continuous flow or curtain of compressed air down across his face. (See
Figure 8.) Since this type of respirator is equipped with a muff around the neck and a cape
above the waist, the lapel is no longer a suitable location for sampling the worker's breathing
zone.

There is a current controversy as to the correct sampling point for Type-CE respirators.
In this paper, no position as to the "correct” sampling pomt will be suggested. Rather, the value
of sampling both inside and outside of the respirator is offered.

-11-
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In the 1984 Field Operations Manual of OSHA, (See 1984 OSHA Instruction CPL 2-
2.20A CH-1 page II-11) the recommended sampling location is within the helmet. Current
versions of this document do not address this problem. However, a variance granted for General
Motors by OSHA in 1980 (See CFR Vol. 45, No. 135 of Friday July 11th Notices) does
specifically address the issue by again recommending sampling within the helmet. The variance
explains the following justification on page 46928:

This approach is justified by the fact that where supplied-air respirators
with hoods are continuously worn, measurements made inside the hood will give
a more accurate approximation of the employee’s breathing zone exposure levels
than measurements of ambient levels in the [blasting] booth...

‘ There is insufficient space for the cassette to be placed inside the helmet near the
worker’s nose and lips. To overcome this limitation, the cassetie is usually located under the
worker’s cape and an additional foot of vacuum tubing is attached to the input end of the
cassette. This extension tube is then routed through the muff and taped to the worker’s cheek.

A sample from the inside of the helmet can provide some very valuable information. It
establishes the adequacy of the engineering controls at the job site, the proper operation of the
respirator, and the discipline of the worker in adhering to the industrial hygiene program at thé
job site. If excessive dust levels are present in the enclosure, then the respirator could be
overloaded to the point that the worker is breathing lead dust. The helmet may have an
incorrect or broken airline, coupling, valve, etc. which is restricting the proper amount of air
flow and protection to the heimet. Any reductions in proper airflow would cause increased lead
levels in the breathing zone of the worker. Lastly, the worker might be removing the helmet
within the enclosure to permit smoking or even private conversation with other workers. All
of these conditions would be reflected by excessive lead dust levels (i.e., above the PEL)
measured within the helmet.

Sampling outside of the helmet demonstrates the peak exposure of the worker without
regard to respiratory protection equipment. The PEL should not be used in assessing the
adequacy of engineering controls when compared to the air tests outside the helmet. The
purpose of engineering controls is not to replace personal protective equipment but to reduce the
exterior dust concentrations to the point that respirators will function properly in protecting the
workers.

Care should be taken when sampling the air around a worker involved in abrasive
blasting operations. ‘The very high energy environment of the ricocheting abrasives can quickly
destroy even a sturdy sampling pump let alone a fragile plastic cassette. One of the better
locations for attaching the cassette is to the back of the worker’s belt. Thus, the cassette is
protected from the blast of the abrasives and most mechanical damage when the worker is
moving through an enclosure. Behind the helmet is an alternate position. However, this
location has many drawbacks due to workers backing into girders, hatches and other
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obstructions.

In conventional enclosures, high dust levels restrict the amount of time that can be used
for sampling outside a worker’s helmet. Once the accumulated dust overloads the filter paper
in the cassette, the air flow and capture efficiency of the cassette becomes varidble. To
overcome this limitation under high lead dust levels, the sampling pump must be operated at low
flow rates for very short periods. In levels of 20,000 ug/m’® of lead dust or higher, a sampling
period of five to seven minutes is usually the maximum amount of time that can be achieved
without overloading the cassette.

In mini-enclosures, ambient air sampling can be conducted for longer periads. The
amount of time is a function of the specific worker's position in the duct-like enclosuge relative
to the other blasters. The worker nearest the source of fresh air can be monitored for prolonged
periods. The worker downstream of other blasters must again have a very limited sampling
period to prevent the cassette from being overloaded.

ii’ I\A“||

L



Enclosure Air Test Data
Conventional Enclosures

Tests in conventional enclosures have demonstrated wide spans of data due to
unpredictable air patterns and many of the other reasons explained previously. To better assess
the effects of the ventlation system, a Respirable Aerosol Monitor (RAM) was employed within
a conventional enclosure on a bridge project in Michigan last fall. The bridge containment
structure was ventilated with a 20,000 ft*/min dust collector and a disposable abrasive was
employed.

The RAM provides an instantaneous reading on the levels of all dust smaller thaa 10um
at the location of the sampler. The results of one test are provided as Figure 9. Note that the
RAM test began in the large enclosure several minutes prior to the cessation of abrasive blasting
operations involving three to four men located approximately 60 feet away from the machine.
There was not a constant dust level prior to cessation of abrasive blasting operations. Rather,
the generation rates of dust are always varying as workers stop blasting on one section of steel
to move to another and air currents through the enclosure can vary greatly in both direction and
magnitude.

Fortunately, when lunch time was called, all of the men who were blasting at that time

stopped further work. This point is marked as time zero on the graph. After that point, the
graph illustrates the drop in dust concentrations of particulate 10 um and smaller as a function
of the combined effects of the dust collector and the uncontrolled leakages of air in and out of
the containment. Note that the drop of lead dust concentrations very closely resembles the
theoretical exponential half-life decay presented in Figure 5. This data validates the
mathematical model of dilution ventilation presented previously.

Short duration lead in air testing accomplished parallel to the RAM testing is depicted
in Figure 10. While these tests measured total lead instead of total particulate smaller than 10
pum, the graph again is quite similar to the exponential half-life decay of both Figures 5 and 9.

One of the most important aspects of these tests is that after SO minutes of ventilation,
the levels of lead dust were still not below S00ug/n?. Using a PEL of 50 ug/m’, the enclosure
would stll not be safe for state inspectors using only half-face dual cartridge respirators to
review the adequacy of the surface preparation one hour after blasting operations ceased. (The
protection factor provided by a half-face respirator is only ten times the PEL.)

After one hour of dust settling, the visibility within the enclosure was excellent when’

compared to the heavy cloud present when the workers were abrasively blasting the steel glrders
of the bridge with disposable abrasives. However, the invisible Igad dust was stll present in
sufficient concentrations to poison a worker equipped with only a half-face respirator.
Inspection personnel at industrial projects involving conventional enclosures should never use
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a five minute rule or other non-empirical basis for establishing when it is safe to enter a
containment. Instead, very conservative procedures should remain in effect until such time as
lead in air testing verifies the validity of sufficient air flow through an enclosure 10 achieve safe
conditions for entrance as well as safe conditions for removal of the containment structure.

Migi-Encl

RAM tests were also accomplished on a mini-enclosure. The results are provided as
Figure 11. Prior to the cessation of all abrasive blastmg operations at ime zero, there are very
significant variations (approximately S0% of peak) in the amount of very fine particulate in the
downstream restrained airflow past the blaster. These variations are explained by the continuous
and immediate purging of fine dust from the enclosure under restrained air flow. This purging
action means that the volume of air in the duct-like containment affords little buffering to the
dust generation rates of each nozzle operating in the enclosure.

When abrasive blasting ceased in the mini-enclosure, the dust concentration rapidly
dropped to undetectable concentrations. (When compating Figure 9 of the conventional
enclosure and Figure 11 of the mini-enclosure, please note that similar scales were used on the
y-axis. The concentrations of fine dust varied greatly between the structures so only percentages
of average dust concentrations levels were used.) -

The rapid drop of the dust concentrations in the mini-enclosure illustrates that dilution
ventilation is not the mechanism of removal of the fine particulate. Rather, the purging action
of the controlled air flow rapidly flushes the small dust particles to the dust collector. This
principle has been demonstrated on a variety of mini-enclosures ventilated in this manner. The
time required to safely enter the enclosure without respiratory protection has been drastically
reduced.

One poorly defined area remains the minimum air velocity required to achieve a
continuous purging action of fine particulate from the enclosure under restrained airflow
conditions. The velocity measured during the testing of the mini-enclosure depicted in Figure
11 was only 33 fUmin. This was produced by only 6,000 ft*/min of air drawn through an
enclosure with a cross-sectional area of 180 ft2. (The often used criteria of 100 ftmin is
suggested for controlling visibility not toxic lead concentrations.) At some of our other project
sites, purging action was demonstrated at air flows of 45 to 110 f/min. Further research is
needed to establish the actual relationship between minimum air flow velocities and cross-
sectional area of mini-enclosures to achieve and maintain safe working environments.

The lead exposure outside the worker’s helmet is subject to several variables in a mini-
enclosure. The two most important are: 1) the position of the worker relative to other blasters
in the duct-like enclosure; and, 2) the rate of dust generated by each worker. Water tanks
typically have large flat surface areas which permits workers to remove more paint per unit of
time than at a bridge. The amount of time that a worker spends moving and repositioning
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scaffolding and safety lines in an enclosure further reduces the generation rates for lead dust.

The first worker in the stream of fresh air entering the enclosure often has exposures to
lead dust spanning from below the PEL to 300 ug/m’. The second worker in a line extending
towards the ducts leading to the dust collector may have an exposure between 500 to 2,000
pg/m’ of lead dust. If there was another blaster beyond the first two men, then exposures at
some of our project sites have been between 3,000 to 5,000 ug/m® of lead dust. In no case,
have we found levels within a Type-CE respirator under a properly operated mini-enclosure to
approach the PEL. Typical in-helmet values are from below the detection limits of the test to

10 ug/m®. Values approaching the PEL or greater would indicate an unsafe condition that must

be rectified immediately.
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Decontaminating Enclosures and Workers

One last area which is often misunderstood are the specific measures neéeded to
decontaminate both ventilated enclosures and workers. Failure to properly address these issues
can become the basis for both toxic releases of lead dust into a local neighborhood or poisoning
of workers. '

Enclosures

Once a structure has been contained by an effective enclosure and ventilation sysiem, the
best method of removing the large particles is with either automatic or manual vacuum retrieval
systems. In this manner, continuous re-exposure of the workers by sweeping or. shoveling
actions is eliminated.

Smaller fine dusts adhering to steel structures and the enclosure system can not be
removed as easily as the larger particulate. Low humidity, electrostatic charges and the
interstices and seals of the containment structure often render repeated vacuuming actibns quite
fudle. It must be understood that the particles are not merely resting on the steel, concrete,
plastic, and wooden surfaces. Under abrasive blasting conditions (and to a lesser extent with
power tool operations), the particles can be propelled at transonic velocities and embedded onto
the surface. In this high energy environment, the amount of energy imparted by the air being

sucked into a vacuuming device is insignificant in comparison to the force imparted by a high -

pressure (100-150 Ibs/in?) blast of air. (Note the use of compressed air for decontaminating the
prepared substrate and the containment assumes the continued operation of the mini-enclosure
ventilation system.)

Concerns for re-entrainment of contaminants by the action of compressed ajr can be
ignored. However, there are a variety of precedents for the use of compressed air for dislodging
lead dust off surfaces and into a dust collection system. For example, the following is taken
from page 42456 of the new cadmium standard (See CFR Vol. 57, No. 178 Rules and
Regulations of September 14, 1992) from OSHA for housekeeping under construction:

Compressed air shall not be used to remove cadmium from any surfage
unless the compressed air is used in conjunction with a ventilation system
designed to capture the dust cloud created by the compressed air.

In some ways, it may be simpler to merely think of decontaminating the substrate and
the enclosure with compressed air as being a continuation of the abrasive blasting prodess itself.

The first step involved blasting the surfaces with compressed air and abrasives. The second step
involved eliminating the flow of abrasives and blasting with high pressure air alone.

Workers
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It is of paramount importance that the workers be kept as free as possible of all lead dust.
In Photo 4, a worker is about to enter a conventional enclosure and abrasively blast st¢el girders
of a bridge. Note the use of a Tyvek suit. Tyvek suits provide an impermeable bartier which
isolates all but a worker's face and hands from contamination.

Unfortunately. Tyvek suits can not possibly withsiand the high energy envirpnment of
abrasive blasting operations. Photo 5 illustrates the effects of only two hours of abrasive
blasting on a Tyvek suit. The legs of the worker's pants along with his socks and shirt were
covered in fine dust. Only the portions of the disposable Tyvek suit covered with the cape and
helmet of the Type-CE respirator were left intact.

A far better method to minimize worker contamination is shown in Photo 6. The worker
is wearing a Tyvek suit beneath leather blasting coveralls. He is also wearing a disposable paper
dust mask (NIOSH/MSHA approved) beneath his helmet. With this equipment at the end of
several hours of blasting, the worker can decontaminate himself wnhout simultaneously
poisoning himself.

This layering of protective clothing and respirators requires some explanation. The
underside of the cape and the muff of the Type CE respirator along with the leather/fabric
coveralls will all become heavily contaminated by fine lead dust generated durin‘g abrasive
blasting operations. Again, the fineness of the dust along with force with which it was deposited

defeats conventional vacuuming for decontamination. By allowing the worker to blow the dust

off with a low pressure (<35 Ibs/in?) stream of compressed air at the entrance of the
containment while still in the stream of ventilation, a very high level of cleanlisess of the worker
and equipment can be assured Specul emphasxs in training programs is required to Qnsure that

Also, the flow of air to the helmet must not be stopped unul aﬁer the helmet is rcmoved and
cleaned.

The worker then continues blowing the dust off the helmet once it is removed along with
the leather/fabric blasting coveralls and places them into a sealable plastic storage bag. The bag
can then be safely removed for storage outside the containment structure. In Photo 7, a worker
can be seen removing his coveralls from atop his intact Tyvek suit after four hours of abrasive
blasting.

The disposable paper dust mask provides a protection factor of only five or ten times the
PEL dependent upon the specific model. This mask provides sufficient protection for the worker
to decontaminate himself as well as his equipment while he is still under engin controls
of the air flow through the enclosure. The mask also provides a measure of final filtration in

normal use under the helmet and an emergency respirator in the event that air flow to the Type- -

CE respirator is ever interrupted or lost.

By keeping most of his body free of dust contamination with an intact Tyvek suit and
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decontaminating his equipment and coveralls with compressed air while under ventilated
containment, all that remains to decontaminate the worker as he departs the enclosure for a break
is to clean hands, face and possibly feet. Photo 8 shows a small sink with a fiberglass holding
tank. A small metal mirror should complete this minimal decontamination facility so that the
worker can see and adequately clean his face. The water is filtered by course and fine cartridges
(5 and 25 um), tested for acceptable lead levels under local pre-treatment sanitary regulations,
and then disposed of by the same tank truck used to empty the portable toilet. At some job
sites, additional worker decontamination trailers with showers are located at the project staging
area. However, the critical time for a worker to clean his hands and face is immediazely as he
departs the enclosure and especially before he smokes or eats during a break.

To illustrate the efficacy of the combined program presented herein for decontamination
of both workers and the structure/containment, the blood lead data from a Balumore painting
firm is provided as Figure 12. The data was obtained during the course of two consecutive
mini-enclosure projects on elevated water tanks employiag recyclable steel abrasives and
restrained air flow. The workers literally came to the first project site poisoned by a previous
conventional enclosure project using disposable abrasives. With the various aspects of the
industrial hygiene program, respiratory protection plan and engineering controls described in this
document, the overall blood lead levels dropped over a six month construction season to an
average of less than 9 ug/dl. .
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Closing Comments

There are no simple solutions which will solve all of the environmental and worker

protection problems at industrial and commercial coating projects involving lead paints. The
classic approach of recognition, evaluation and control of hazards in the workplace requires
understanding the complexities of the problem as well as the limitations of the possible solutions.

It is hoped that this paper provides a variety of facets of information and experience
obtained from a variety of sources. Of particular note are the assistance of Mr. Leroy
Mickelsen of NIOSH, Mr. Ira Wainless of OSHA, Mr. Steve Vlahakis of Seaway Painting, Inc.,
Mr. John Harrison of Harrison Industrial Technologies, Mr. Evangelos Kaliakoudas of K&K
Painting, Inc. and a variety of other engineers, hygienists, painting contractors and vendors.
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Terminal Settling Velocity, ft/min
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Figure 1. Relationship of settling velocity under quiescent conditions of vanious size
lead paint chip particles is depicted relative to increasing particle diameters in ft/min.
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Conventional Enclosure
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Figure 2. Conventional enclosure with two painters abrasively blasting the steel
girder from pick boards suspended beneath the bridge. The enclosure shrquds a major
portion of the bridge and a dust collection hose continuously pulls contaminated air to

a dust collector.
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Conventional Enclosure
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Figure 3. The air flow patterns through the conventional enclosure to the dust
collector with two men abrasively blasting are depicted.
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Conventional Enclosure - (Top View)

DUST
COLLECTOR

Figure 4. The air flow patterns through a conventional large enclosure is depicted
from a top view with two men abrasively blasting.

~25-

I I A T N Ll



increasing lead dust concentration —&
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Figure §. Plot of decreasing concentrations of lead dust in an enclosure after all

abrasive blasting operations have ceased and a dust collection system continues to draw
in fresh air to dilute lingering lead contamination levels.
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Photo 2. A mini-enclosure contains the three-dimensional curves of a double toroid
water tank at a project near Annapolis, Maryland.
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Photo 3. A mini-enclosura con:zins a section of a girder spen bridg2 in Grand
Rapids. Michigan.
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Mini- Enclosure
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Figure 6,

A graphical depiction of airflow through a mini-enclosure is depicted.
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Mini- Enclosure( Top View)

ousT
COLLECTOR

Figure 7. The restrained air flow through a mini-eaclosure is depicted if viewed
from above the bridge while two workers are abrasively blasting the steel girters.
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Circular Perforated Air Diffuser

Air Flow Coatrol YValve Quick Coanect-Disconsect Coupling

Figure 8. Cross-section of a Type-CE respirator is depicted from a NIOSH
document.
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Dust Decay

Large containment
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Figure 9. Respirable Aerosol Monitor measurements of particle smaller than 10 um
are shown over time when abrasive blasting operations cease in a conventional enclosure.
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Decay of Lead
Dust Concentrations
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Figure 10.  Results from simultaneous lead-in-air tests to the RAM test of Figure 9 in

" a conventional enclosure as abrasive blasting operations were halted for lunch.
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‘Dust Decay

Mini Containment w/ Ventilation
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Figure 11. RAM tests of particulate smaller than 10 ym are depicted for a mini-
enclosure as the workers cease abrasive blasting operations.
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Photo 4. A worker equipped with a Tyvek su:t and a Type CE respirator prepares
to enter a conventional enclosure for abrasive biasiing of steel briage girders.
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Photo 5. The seversiv shredded Tyvek sui: iilustrates the 277z of ricocheting

abrasives in a mini-enclosurs after onlyv twe hours Jf aprasive 3iast=z operations.
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Photo 6. The blasier waars a Tvvek suit beneath his ieather anc :abric abrasive

blasting coveralls. Note tha: he alse wears a disposadie paper dust mask beneath the
Tvpe CE respirator.
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Photo 7.

The worker after abrasively blasting for several hours cieans and removes

both his coveralls and Type CE respirator and stores them in a piastic bag. Note the
absence of rips or tears in his intact Tyvvek suit.
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Photo 8. A small sink is provided beneath a bridge for washing of hands and face.
Waste water is stored in the riberglass holding tank under the sink.



- Blood Lead Data 1992
K&K Painting, Inc.
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Figure 12.  The blood lead data for an entire painting company is depictad for the
1992 construction season. Note that by the end of the season, the average blood lead
level was below 9 ug/dl.
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Table 4.1: Summary of Representative TWA Exposure Levels, Absent Engineering
Controls and Respiratory Protection, by Construction Activity

mnnhhhhbhhhhkthlbinrnbM:hnlrhknhuIbnhbbblwnhbkhDhbhklhhnhbhhhbblhtbhampn

Design Exposure

Level for
Number of Standard mvon.q.nnn.m:
Construction Activity Ohsarvations Low High Mean Daviation af Controls.
1. @brasive blasting® 4 305 58,700 43,056 28,548 58,700
2. Welding, cutting, and burning on stee!
- Bridges a9 1 10,320 1,227 1,892 1,565
- All other projects 110 1 28,000 m 3,17 1,261
3. Painting with lead-based paint (LBP) 37 1 " 460 74 95 101
4. Hand scraping ' 11t 0.4 9t 11 18 14
§. Manual demolition/removal of plaster )
walls or bullding components
- Housing lead abatement projects 69 0.4 72 7 ;m 10
~ Al) other projects 69 0.4 72 7 15 10
6. Heat gun removal of LBP 250 0.4 916 29 81 38
7. Chemical stripper: removal of LBP 307 0.4 476 1" 34 14
8. Encapsulation 68 0.4 64 4 9 6
9. Power tool cleaning (chipping,
sanding, wire vwcvr,:cvn
- Housing tead abatement projects 15 1.6 920 92 224 196
- Al) other projects 13 30 20,600 3,037 5.833 5,920
10. Use of lead pots (caulking, grouting, 4 ND ND -- - < 30 (29)
other)®
117. Soidering, brazing 1 9 9 9 1] 9
12. Use of lead-containing mortar V] - - - - > 50 Am_vq
13. Removal andg repair of stained glass
windows
- Removal 3 0 80 41 29 75
-~ Repair 6 13 353 140 92 218
14. Handling of lead: shot/bricks/sheets 0 -- -- -- -- < 30 (29)9

15. Industrial vacuuming 9 8 2,900 404 951 994




TABLE IX: EXPOSURES DURING WORK ON LEAD PAINTED STEEL

J00 TASK A‘m*vﬂ,saxnm 7»-a«=:m«mnw SOURCE
(ug/m’) NEAN (ug/m’)

Boiler Paint Removal Blasting _640-1400 Adkinson 1989
Bridge Paint. Removal Blasting 2-730 Rae 1990
Bridge Paint Removal Blasting 4-540 Mintz 1990
Bridge Paint Removal Blasting 3,690-29,400 NIOSH 1991
(Slaq)
Bridge Rehabilitation Blasting 1,070-10,400 Rekus 1988
Bridge Rehabilitation Blasting 10-1090 Landrigan et al 1982
Bridge Rehabilitation Blasting 1070-10,400 Rekus 1988
(No Containment)
Tank Paint Removal Blaster Helper 90-560 - Lippy 1988
(Containment)
Industrial Paint Blasting 230-860 Adkinson 1989
Removal (No containment)
Tank Paint Removal Blasting 490-870 Lippy 1988
(Containment)
Bridge Rehabilitation Bolting Up 1-188 49 NYCDOH 1992
Bridge Rehabilitation Burning 220-6000 NJ Health Dept., 1988
Bridge Rehabilitation Burning 840-4900 Rekus 1988
(No containment)
Power Plant (No Burning 2100-22,400 Rekus 1988
Containment)
Bridge Demolition Burner Helper 330 NJ Health Dept., 1988
Bridge.Demolition Burning 600-4000 Marino 1989
Industrial Demolition Burning/Cutting 21,330 Holness et. al. 1988
Industrial Demolition Burning/Cutting 1,330 Holness et. al. 1988
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TASK

NEAN (ug/w’)

Industrial Demolition Burning/Cutting 1,100 Holness et. al. 1968
Tank Paint Removail Carpentry 8 Lippy 1988
(outside) ,
wnwv Overhaul (0.2-2.5% | Disc Sanding 5.6 - 1570 Booher 1988
Bridge Rehabilitation | Final Coat Painting | 6-9 Landrigan et. al. 1962
Bridge Rehabilitation Foreman 38 Landrigan et. al. 1982
Bridge Rehabilitation | Grating <1-3 2 NYCDOH 1992
Bridge Paint Removal Groundsmen 20-640 Mintz 1990
Bridge Paint Removal Groundsmen 5-6,720 NIOSH 1991
(SLAG)
Bridge Rehabilitation Hammering and 40-360 NJ Health Dept., 1988
Drilling
Bridge Rehabilitation Helpers 256-386 Landrigan et. al. 1982
Bridge Rehabilitation Laborers <1-145 37 NYCDOH 1992
Bridge Rehabilitation Painter 30 Landrigan et. al. 1982
w”we Overhaul (0.6-5.2% | Needle Gun Chipping | 1.0 - 4.9 Booher 1988
Industrial Paint Power Tool Spot 80-790 Adkinson 1989
Removal Cleaning :
Bridge Rehabilitation Raising Crew 6-56 21 NYCDOH 1992
wqﬁmmn Rehabilitation Rivet Busting 18-3653 725 NYCDOH 1992
Bridge Rehabilitation Rivet Busting 175 NYCDOH 1992
(Chipping)
Bridge Rehabilitation Rivet Busting 2650 NYCDOH 1992

(Torch)
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08 TASK EXP. RAMGE | ARITHRETIC SOURCE
| (ug/e’y | MEAN (uy/u')

Bridge Rehabilitation Scrape_and Prime 24-1017 Landrigan et. al. 1982
Tank Paint Removal Steam Fitter 40-50 Lippy 1988

(outside)

Bridge Demolition Torch Burning 110-1200 NJ Health Dept., 1988
Power Plant Demolition | Torch Burning 2100-22,400 Rekus 1988

Bridge Rehabilitation Vacuum-Truck 46 Landrigan et. al. 1982

Operator .

Bridge Rehabilitation Welding 2200-4200 Rekus 1988

Bridge Rehabilitation Welding 2200-4200 Rekus 1988

| (No containment
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E.D. BULLARD COMPANY

¢ INTEROFFICE MEMO®

DATE: March 8, 1993

TO: Distribution M
FROM: Scott Blue /J
SUBJECT:  Lead Study

Attached is a research article that appeared in February’s issue of the Journal of Protective Coatings
& Linings. The article pertains to an ongoing project in Connecticut that is attempting to address
lead exposure in construction workers on infrastructure jobs.

One of the most serious findings was the exposure levels of "bystanders” or grouad workers. One of
the highest single exposures was found to be for a ground worlker on a blasting/painting ¢rew.
Additionally, "bystander” personnel were found to routinely enter contaminated ateas without
respiratory protection, perhaps from a false sense of security. For example, a policeman threctmg
traffic under a bridge where they were cutting beams with a torch was exposed to a very high level

of lead. Theses people also need respiratory protection, People working in the vicinity of the blasting
or cutting operation could be equipped with a CC20, FAMB, or M40/50 respirator.

As well, the study shows that lead dust was found on vehicle interiors, changinz facilities, and picnic
coolers. These inadequacies present a tremendous health hazard and pomt to improper respiratory
programs.

The study cited some of the following hygiene problems:

> Poor hygiene and hygiene facilities
> Bad work practices and equipment
> Lack of training

Some of the most often cited "problems” with respirators were:

> Dirty respirators/inadequately stored
> Respirators used inconsistently-Not always worn in contaminated area
> Altered respirators eg., removing inner lens of blasting helmet

Correct use, care and maintenance of their respirators is just one aspect of a proper respiratory
"program® a company must have in place. As is evident from the article, proper hygiene,
decontamination and disposal of waste, worker training, ensuring that there is clean air, efficient and
safe clean-up, are all important facets of any thorough, effective and successful respiratory program.
While protecting workers, it also makes good business sense. Please call me if you have any
questions. Thanks for your time.
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Controllin Lead 'l‘oxicity
in Bridge Wo

Preliminary l-'mdin of the
Connecticut Road dustry
Survei Pro

By K.F. Maurer, M.D.,
Master of Public Health;
Irene Kurylo Smith; and Mark R.
Cullen, M.D.
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Research News

struction industry. Since 1988, they
have developed a multi-pronged re-
sponse that should limit lead expo-
sures to workers by periodically moni-
toring blood lead levels and by

+ prqviding a mechanism for industrial

- hygiene intervention when elevated
biood lead levels do occur.

- gue Connecticut Road Industry Sur-

ange Project or CRISP, funded by

=% the Nafional Institute for Occupational

. Safety and Health (NIOSH) in 1990,

The risk of lead toxicity to construce¢ has been in operation in Connecticut

tion workers on bridge sites is well
documented. As early as 1982, Landri-
gan and co-workers!, studying a bridge

showed that painters, blasters, and
others were exposed to lead levels
above those allowed by the Occupa-
tional Safety and Health Administra-
tion (OSHA) lead standard for general
industry.?2 Subsequent authors havé
confirmed that the work of repairing
and rehabilitating the nation’s bridges,
many of which are covered by lead-
based paint, poses a serious health risk
to those who perform the repair and
repainting work.3-6

In Connecticut, the Mianus River
Bridge collapse in 1983 triggered a
$6.5 billion infrastructure renewa!
program within the Connecticut
Department of Transportation (Conn-
DOT). A part of this program involved
major structural steel repairs to, and
repainting of, more than 1,100 of Con-
necticut's bridges. Bridge repair work
began shortly thereafter in the state
and continues today.

Medical practitioners at the Yale Oc-
cupational and Environmental Medi-
cine Clinic began to diagnose cases of
lead poisoning among workers in-
volved in bridge repair and rehabilita-
tion in 1985. By 1989, more than 15
bridge workers suffenng from lead poi-

soning had been seen in this single z&
Cats

ferral clinic. Because of the clinij

significance of lead poisoning and
the increasing numbers of lead-poi-
soned workers seen at the clinic,
several members of the clinic’s staff fo-
cused their efforts on solving this
problem of lead poisoning in the con-

for 2 years. Although it is too early to
document major decreases in lead toxi-

= city. imworkers involved in bridge re-
re-painting project near Bostom, .

palt_wnd rehabilitation, CRISP has
begun to generate data better describ-
ing the nature of expasures on bridge
sites, the blood lead levels in workers
on certain of these sites, and the im-

qf,yunous technologies and equip-
ment on lead exposures. The present
drtitle describes preliminary ﬁndings
of the project.

Connecticut Road Industry
Surveillance Project

CRISP represents the focused efforts of
concerned individuals from Connecti-
cut’s construction trade unions, road
and bridge contractors, state depart-
ments of Health and Transportation,
and occupational medicine clinics.
CRISP's overall goal is to prevent lead
poisoning in bridge workers involved
in Connecticut’s infrastructure fenew-
al program.

To accomplish its goal, CRISP pro-
vides formal, medical protocols to
health care providers in clinics ia Con-
necticut. Physical examinations
and blood lead level monitoring of
bridge repair workers are conducted at
specified intervals using the appropri-
ate protocols. CRISP has organized
a system of clinics across the state

hgze health care providers are edu-
.about lead poisoning and where
the bridge workers are seen utilizing
these protocols.

Each clinic has access to the CRISP
database, a computerized database of
medical records located within the
Connecticut State Department of

Health Services. Begause each of the
clinics is linked through this database
to all the other CRISP clinics, individ-
uals can be seen at various locations
across the state without the loss of
medical information. .
Elevated lead levels detected
through the centralifed database trig-
ger the CRISP intefvention system.
This component of CRISP utilizes a va-
riety of intervention mechanisms, all
carried out by the CRISP industrial
hygienist. The major goal of the indus-
trial hygiene activities conducted
through CRISP is to intervene on ac-
tive bridge sites %o lmm lead toxicity in
workers. This gaal is reached through
the following activitigs:
o following up on ¢ases of elevated
blood lead levels by interviewing em-
ployers and visiting sites to deter-
mine the source(s) of the exposure;
¢ recommending ta employers, em-
ployees, and others ways to reduce

exposures;

¢ evaluating the effects of work site
changes on the workgr; and

o developing demonstration projects
using newer technologies to accom-
plish the same work at less risk to
the worker.

Industrial Hygiene
Exposure Data
To date, information has been gathered
largely in the first 2 categories: the
sources of lead exposures during
bridge rehabilitation and ways in
which exposures rhay be reduced.
From November 1990 through Sep-
tember 1992, air, bulk, and wipe
samples were collegted at 15 bridge
sites where lead paint was being re-
moved by abrasive blasting or was
disturbed by other work processes
such as needle scaling, arc gouging,
torch cutting, and grinding. In all, 75
individuals were sampled using per-
sonal monitors situaled at the employ-
ee’s collar or inside the helmet in the
case of the blasters.

A ground warket on a blasting/
painting crew and an iron worker cut-
ting rivets with an exothermic rod sus-

continued
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contifue

Table 1 Average Exposures in 4 Job Classifications

Avenage Average Exposure/

No. Sample Time Conc. Min.
Job Samples (minutes) (ugmd) (ug/m3)
Iron Worker 1 128 1519 119 |

I

Ground Worker 18 310 by 24
Needle Scaler 18 156 L 0.6
Blaster (coal slag) 16 270 ] 034

tained the highest single exposures of
all individuals sampled: 9,632 micro-
grams per cubic meter (ug/m3) of lead
in 262 minutes and 7,183 pg/m3 in 51
minutes, respectively, well above the
General Industry Permissible Exposure
Level (PEL) of 50 ug/m3 and the Con-
struction Industry PEL of 200 pg/m3
averaged over 8 hours.

Lead exposures in the major job cat-
egories—iron work, blasting, needie
scaling, and ground work—vary widely
in response to specific job conditions
on the day of the sampling. However,
when exposure averages are calculated
over several job sites, a hierarchy of
job hazard can be inferred. Table 1 re-

aging exposures across a range of dif-
ferent work sites.

Workers not classified in the cate-
gories shown in Table 1 sustain lead
exposures at lower levels. Perhap:
from a false sense of security. inspec-
tors, traffic controllers, project man-

agers, and other “bystander” personne’ |

routinely enter contaminated areas
without respiratory protection. For in-
stance, a policeman directing traffic on
the road under a bridge where an iron
worker was cutting with an oxyacet)-
lene torch was exposed to a concentra-
tion of 70 ug/m3 of lead in 76 minutes.

Blasting in containment did not pre-
vent the spread of lead dust to automo-

flects the hierarchy developed by aver- continued
Table 2 Blood Lead Levels Blaster/Painter Cobort
i SO .
Less than 25 gl 9 60 percant
25-40 pg/di 2 . 13 percent
Greater than 40 ug/dl 4 27 percent
Range of Blood Lead Levels 10-69 ug/dl
Mean Blood Lead Level 28 ug/dl
Median Blood Lead Level 24 pg/dl
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bile and truck interiors, change and
storage trailers, picnic coolers, and the
inside of respirators and helmets. The
curtains themselves had lead accumu-
lations in the range of % percent to 2%
percent by weight. Work clothes also
collect and hold lead dust. Shoulder
dust on a needle scaler’s jacket was
14.8 percent lead; 2.5 percent lead on a
welding jacket: and 7.2 percent lead on
a cloth hood.

Reducing the Exposure

Inadequate respirators and use, inade-
quate work clothing, bad work prac-
tices and equipment, poor hygiene
and hygiene facilities, and lack of
training were common to all sites to
some degree.

The following practices and program
inadequacies were most frequently
cited by the CRISP industrial hygienist
to employers with high air-borne lead
levels at the work site and workers

Table 3 Blood Lead Levels Iron Worker Cohort

Blood Lead Level Range
(ug/dh)

Number of
iron Workers

Percent of
Ivon Workers

Less than 25 pg/dl “

25-40 ugrdi 12

18

Greater than 40 ugdl 9

n

Range of Blood Lead Levels 10-85 ug/d!
Mean Blood Lead Level 24 ug/di
Median Blood Lead Level 21 ug/di

Exposure Vie the Respirator
¢ Incorrect respirator fit
o Worker not fit tested and not knowl-

¢ Dirty respiratog and improper storage
® Respirator used inconsistently, i.e.,
not always wort in a contaminated

with elevated blood lead levels. edgeable about self-fitting
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e Protection level of respirator not
adequate for level of contaminant in
the air

® Wrong cartridges in respirator for
the contaminant, e.g.. organic vapor
cartridges used in a lead atmosphere

e Altered respirator and compromised
protection factor, e.g.. removing the
inner lens of the blasting helmet

Exposure Via Equipment, Work .
Practices, and Poor Hygiene

e Dry cleaning with brooms, shovels,
and air hose instead of vacuuming
with HEPA-filter equipment

o Dry cleaning and wearing an inade-
quate respirator or no respirator

® Dirty equipment and re-entrainment
of contaminants at the same site or a
new site

e Compressor air drawn from a conta-
minated source

o Irregular maintenance of air supply
filtration system

o Defective equipment, e.g., vacuum
truck hose with leaks

o Inappropriate protective clothing
such as outer clothing with pockets.
cuffs, and other crevices that collect
lead dust

» Open windows in personal vehicles
parked in contaminated areas

o Inadequate or absent hygiene facili-
ties (The clean-up facility may be only
a five-gallon container of cold water
used by several persons.)

o Dirty eating areas {The usual eating
place is a contaminated vehicle or the
ground at the site.)

* Inadequate or absent change and
clothing storage areas

Clinical Findings in

Bridge Repair Workers

The clinical data on blood lead levels
presented here do not correspond di-
rectly to the industrial hygiene data.
Rather, the data on blood lead levels
reflect a sampling of the workers
on the sites visited by the CRISP in-
dustrial hygienist.

Data on blood lead levels are not
available for all workers whose expo-
sures were measured by the CRISP
industrial hygienist. The data below
on blood lead levels are divided
into 2 large cohorts or groupings—an
iron worker cohort and a blaster/

painter cohort. The ground worker .

category is included with the blaster/
painter grouping.

Blaster/Painter Blood Lead Levels

The blood lead levels presented in
Table 2 represent the level for each
worker upon initial entry into an occu-
pational medicine clinic. Most of these

Research News

continued

workers were followed periodically
tusually monthly) with blood lead and
zinc protoporphyrin ievels. The follow-
up data are presented here.

Of the 15 painters in the blaster/
painter cohort, 9, or 60 percent, had
blood lead levels uader 25 ug per

continued
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deciliter (d)). Six. or 40 percent. had
blood lead levels greater than or equal
to 25 ug/dl, and 4, or 27 percent, were
greater than 40 pg/dl. The range
of blood lead levels for this cohort was
10 to 69 pg/dl; the mean blood lead
level was 28 ug/dl; and the median
was 24 pg/dl.

Iron Worker Blood Lead Levels

The iron worker group presented here
was composed of 65 workers (Table 3).
The mean blood lead level for this
group was 24 ug/dl; the median was 21
ug/dl; and the range was 10 to 85
ng/dl. Of this group, 44 workers. or 68
percent, had blood lead levels less than

designs; customized for your

and painting operations.

With EAGLE, Products
Become Solutions

Safety and Environmental Compliance
for the Abatement Industry

With some companies you buy
just a product, but with EAGLE
you purchase solutions as well
as products — proven ideas and

project, to protect workers and
the environment during cleaning

Safety and Environmental
Complaince Products
e containment enclosures * magnetic attachments and
od tamination facillt other containment securing
¢ TEPE™ containment « personal protective
Systems equipment and clothing
* dust collectors « safety nets
¢ ventilation fans ¢ pop-up showers and
o HEPA-filtered vacuums related components
e respirators o water booms

if you need solutions, call EAGLE today at

1-800-CONTAIN

25 pg/el. Twenty-one, or 32 percent
had levels greater than or equal to 2°
ug/dl. and 9 wortkers, or approximately
14 percent of the cohort, had Jead lev-
els greater than 80 ug/dl.

A subgroup of the iron worker co-
hort, composed of 19 workers, wa:
identified first and revealed that iror
workers were af serious risk for leac
poisoning from fepair of the structura
steel on bridges coated with lead-basec
paint. Of these priginal 19 iron work.
ers, 7 (37 percent) had blood lead level:
greater than 40| pg/dl, and 3 (16 per.
cent) had levels ‘ruter than 60 pg/dl.

Concluding
Evidence obm ed from blood leac

toring on bri

suggests that ison workers, blasters.
painters, and other bridge workers are
at great risk lead exposure. The
risk appears to Je related more to the
specific bridge site and the work being
undertaken on [that site than to the
trade or activity practiced by the par-
ticular worker. The blood lead levels
seen in this g of workers, especial-
ly those levels &t the high end of the

range, are suffig¢ient to cause seriou:
medical illnesse$ in these workers anc
should initiate yrgent actions by em:
ployers and others responsnble fo:
health and safety on bridge repair anc
rehabilkation sifes. The industrial hy-
giene nomtonru data reflect. almost
without excep to work-
ers that exceed|those allowed by the
OSHA lead for general indus
try. Because no|OSHA standard exist:
to guldt the

Connecticut has recently begun i
large bridge repovation project tha
will m:plementt this lead health ant
safety grogram §s a contract specifica
tion. The project is desianed to utiliz:
rigid contain , hegative air pres
sure systems i xdc the containment
and capture Ritration of lead dus
at the source. system is expecte
to reduce much of the lead reachin;
the environment and the worker.
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Reference No. 92-05-01

| Niemeier, Richard W., "NIOSH Responds to Comments on Respirators for Blasting,” Journal
of Protective Coatings and Linings, (May, 1992) pp. 85-86.

Contents: Niemeier is Director of NIOSH's Division of Standard Development and Technology
Transfer. In responding to Miller’s Letter (Ref. No. 92-04-01), he recites the party line about

the research done on loose-fitting facepiece respirators as the rationale for downgrading the
protection factor rating of loose-fitting hood/helmet style respirators.
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NIOSH Responds to
Comments on Respirators
for Blasting

This letter is a response to the lett
from Mr. Richard Miller, published i
the April 1992 JPCL. Mr. Miller accu-
rately notes that the National Institute

for Occupatnonal Safety and Health g.f

(NTOSH), in its Alért, “Preventing Lead
Poisoning in Construction Workers,”!
does not recommend the use of sup-
plied-air hood/helmet style respirators
(type CE class) for abrasive blasting op-
erations where the concentration of
lead or other hazardous substances is
greater than 25 times the Occupational
Safety and Health Administration
(OSHA) permissible exposure limits
(PEL). Mr. Miller further states that

i- this position represents a dramatic

from the previous NIOSH rec-

*'ommmdaﬂonﬁntaxhrmntonbe --

“*“used where. the‘ooncentnhon of lead -~
. or another hazardous subotana is as -
great as 2,000 times the PEL. * -2

On the basis of research performed
in the 1970s by the Los Alamos Scien-
tific Laboratory (now Los Alamos Na-
tional Laboratories), NIOSH originally
estimated that a supplied-air respirator
with a full facepiece, hood, or helmet
operating in a continuous-flow mode
(such as the type CE abrasive blasting
respirator) would protect the wearer

“where the concentration of a haz-
ardous substance was as great as 2,000
times the PEL.2 However, NIOSH low-
ered this estimate in 1987 to 25 times
the PEL as a result of more recent,

published field and laboratory research

indicating that such respirators provid-
ed less @jm_ﬂm_wwl/
though The research included
studies conducted under ideal use con-
ditions, ensuring that the performance
of the respirator itself was evaluated
without confounding by factors such
as appropriate use of the respirator and
appropriate worker

Based on the research cited above,
NIOSH has recommended since 1987
that use of a continuous-flow, sup-
plied-air, abrasive-blasting respirator

supplied-air, abmlve-hlntmg resplw
tor with a full facepiece, which is esti
mated to protect users in concenty
ions as high as 2,000 times the F
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Letters

On NIOSH’s
Recommendations for
Respiratory Protection
in Lead Jobs

The calls and letters we have received
since JPCL published the “NIOSH
Alert: Preventing Lead Poisoning in
Construction Workers” in January
1992 indicate that confusion exists
about NIOSH's recommendations for
respiratory protection in lead abate-
ment operations.

NIOSH no longer recommends the
use of supplied-air hood/helmet style
respirators (Type CE class) for abrasive
blasting operations where the lead con-
centration (or concentration of other
hazardous substances) exceeds 25 times
the OSHA permissible exposure limit
(PEL). This is a dramatic change from

NIOSH's previous recommendation
that such respirators provide protection
up to 2,000 times the PEL.

Based on limited research, NIOSH
now recommends a greatly reduced
protection factor for the supplied-air
haod/helmet style respirators most
commonly used in abrasive blasting
operations where air-borne lead may
be present. The basis for this down-
grading is somewhat unclear, but it ap-
pears to be attributable to NIOSH's
grouping of supplied-air hood/heimet
respirators with loose fitting facepiece
respirators (sometimes referred to as
“airhats”). The method of sealing the
loose fitting respirators to the wearer
is different from the method of sealing
hoods or helmets. The efficacy of sup-
plied-air, loose fitting facepiece respi-
rators was called into question as a re-

ADPREMC W

W RES

v/ o

sult of studies done in the 1970s and
early 1980s. While the respirator seal-
ing surface and performance of sup-
plied-air hood/helthet respirators are
quite different from loose fitting face-
piece respirators, NIOSH has linked
the 2 styles.

Prevention of lead poisoning, like
prevention of many occupational dis-
eases, is largely influenced by individu-
al behavior. The idepl respirator cannot
protect a construgtion worker from
lead poisoning, silicosis, or any other
respiratory ailmerit unless it is used
properly in conjunction with other
safe work practices.

It really comes aj no surprise, then,
that researchers fognd high bicod lead
levels among mmy'constmction work-
ers employed in dr around abrasive

: continued
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coriinued

blasting operations. In the 1960s and
1970s, occupational health profession-
als in the automotive industry found
high blood {ead levels in some workers
engaged in lead disking operations.
While extensive training and the latest
in personal protective equipment (in-
cluding respirators) lowered blood lead

Get the wet out with .
The Moisture

Removal System

b S g Y TTy b vy v e
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levels in most workers, a few contin-
ued to return tests with high blood
lead levels. Subsequent investigation
revealed that the affected workers
smoked or ate without first washing
their hands, or neglected to ¢hange
clothes before leaving work. NIOSH re-
searchers indicated to us that in some

N
b

Circie 189 on Reader Service Card.
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of the studies cited in their “Alert,
workers removed respirators near the
blasting site only seconds after blast-
ing operations stopped. Some worker:
put cigarettes to their mouths, thei:
hands still covered with lead dust. Oth-
ers set their respirators down on the
ground, sometimes upside down in o:
near the blasting site.

The recording of unacceptable blooc
lead levels shouyld not result in the
conclusion that respirators do not pro-

tect. NIOSH implicitly recognizes the

importance of individual worker be.

havior and empleyer-determined work -

practices for ob
tion singe its

ning effective protec-

lead poisoning. Nonetheless, NIOSH

has recommend¢d against the use oi
supplied-air Type CE respirators for

contaminant concentrations above 2¢
times the PEL.
offer alternatives to the respiraton
protectibn devicgs currently used ir
abrasive blasting ¢perations.

_The cynics would expect our compa-
ny and athers thit manufacture respi-
ratory protectionlgroducts to cry fou
at NIOSH's recolnmendations. Those
expectations do npt make the basis fo:
our pratest any less true. While

NIOSH’s recommendations have nc

weight in law (tpeir only regulatony

authority is overirespirator manufac
turers—not employers), many in the |
protective coatings industry do no'
y make policy deci
sions on the belief that they are legally |

know this and
required to follow NIOSH’s directive

Worse still is that the basis for the :

NIOSH recommesdation is not found
ed in scigntific evifience.

Many laboratoty, simulated work.

place, and workplpce protection facto:
studies of supplied-air hood/heime:
style respirators have shown them tc
offer high levelsiof protection wher
properly used and maintained. Ir
1989, our company performed a simu
lated workplace protection factor stud:
on our own Type CE respirator in ar
abrasive blasting environment wit}
concentrations fag higher than in the
studies dited by NIOSH in its Alert
The results, though based on a limitec
sample size, ranged from measurec

continue:
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protection factors of 12,500 to 53,000.
We would expect similar results in a
more extensive study and from com-
petitive respirators of the same basic
design. This is a far cry from the mini-
mum assigned protection factor of 25
given to this respirator class in
NIOSH's recommendation.

Practical experience, existing stud-
ies, and medical evidence all indicate
that a properly used supplied-air
hood/helmet style respirator such as
those used in abrasive blasting opera-
tions (Type CE) do provide adequate
respiratory protection at concentra-
tions up to 1,000 times the permissible
exposure limit of hazardous sub-
stances. This protection factor value
for supplied-air hood/helmet style res-
pirators is included in the ANSI Z88.2
Standard, “Practices for Respiratory
Protection,” due for publication by
mid-1992.

We join with NIOSH in its effort to
reduce worker exposure to lead poi-
soning. In January, we added the
NIOSH “Warning” statement about
lead poisoning to our respirator ship-
ping cartons. When respirators are the
only feasible means of providing effec-
tive protection, we continue to recom-
mend our supplied-air, Type CE
hood/helmet style respirators with the
full confidence that they provide high
levels of protection to workers who
wear and use thern properly.

Richard C. Miller,
E.D. Bullard Company

mends a protection factor of 25. In
another example, the 1978 OSHA
Standard for Lead in General Indus-
try, 29 CFR 1910.1025, does not ex-
plicitly cover protection factors for
blasting hoods; but it does list a pro-
tection fector of 2,000 for CESAR full
face respirators with positive pressure

Letters

continued

or with minimum air flow of 6 cfm
(170 litersiminute)

Additional infermation is being
sought from goverhment and industri-
al hygienists to help clarify this issue.

NIOSH is also preparing a respanse
to Miller’s letter foar publication in an
upcorning issue of JPCL. Q

Editor’s Note: The letter refers to the
protection factor of 25, recommended
by NIOSH for continuous flow sup-
plied air respirators (CFSAR) for Type
CE blasting. There are, however, alter-
native recommendations and stan-
dards regulating the allowable protec-
tion factor. For example, like the
NIOSH Alert, OSHA's 1992 proposed
instruction CPL2-2-201, Ch. 19, rec-
ommends a protection factor of 25 for
CFSAR Constant Air Flow Blasting
Hoods. However, in contrast to the
NIQSH Alert, OSHA's proposed in-
struction recommends a protection
factor of 1,000 for a CFSAR blasting
hood with minimum air flow of 8 cfm
(230 liters/iminute), whereas for the
same hood, the NIOSH Alert recom-
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Reference No. 91-01-10

Industrial Safety Equipment Association, "ISEA Panel Presentation on Respirator Workplace
Testing and Alternatives,” presented at the NIOSH Pre-rulemaking Technical Conference,
Morgantown, WV, January 10, 1991.

Contents: Three articles outlining the ISEA’s position on 1) Individual Assigned Protection
Factors for respirators, 2) Infeasibility of Conducting Workplace Testing, and 3) Alternatives for
Assigning Performance Levels. The first article on assigning individual protection factors to
specific respirator models is of some interest. The industry as a whole is opposed to model-
specific PF assignments. Bullard is not necessarily of the same opinion, but recognizes many
of the problems inherent with such an idea. The idea of model-specific ratings comes originally
from NIOSH.



lSEH Industrial Safety Equipment Association

ISEA PANEL PRESENTATION

on
Respirator Workplace Testing and Alternatives

to the

NIOSH Pre-rulemaking Technical Conference

January 10, 1991

1. "Individual Assigned Protection Factors"
Richard D. Grunberg, Mine Safety Appliances Co.

2 "Infeasibility of Conducting Workplace Testing"
Donald H. Burd, Racal Health and Safety, Inc.

3.  "Alternatives For Assigning Performance Levels"
Donald P. Wilmes, 3M company
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"INDIVIDUAL ASSIGNED PROTECTION FACTORS

In item number six of the Federal Register notice of this
conference, NIOSH solicits information and recommendations
regarding "the approaches for and benefits and limitations
of assigning performance values to individual respirator
models". With the current of technology to measure
respirator performance and the lack of understanding of the
variables that affect respirator performance, ISEA does not
believe that a meaningful rating system can be developed.

RATING SYSTEMS

There is precedence for government imposed individual
performance ratings for products. EPA has implemented a
rating system for automobile gas mileage. There is also a
rating system for wear, traction, and noise for automobile
tires. EPA also rates hearing protector performance by use
of a noise reduction rating.

The mileage and tire ratings are obtained from very
controlled objective laboratory tests using specified
equipment and very rigid test protocols. Consequently they
are considered reproducible. Similar results will be
obtained when the same products are retested or when the
same products are tested in different laboratories.

Even though the mileage ratings are reproducible they can.be

very misleading. When the EPA mileage ratings were first
posted on new car windows, consumers assumed that this was
the mileage that they could to obtain when they drove the
vehicle. The public eventually recognized, with much help
from the media, that the rated mileage was only a relative
number and not necessarily the mileage that they could
expect to get. The EPA ratings were found to be merely a
means to compare the gas mileage performance of various
makes and models of automobiles. The actual mileage varies
considerably due to driving habits, geography, weather,
fuels, etc.

While EPA's mileage rating system relies on objective test
methods, the EPA NRR does not. The test method for
obtaining the NRR is highly variable because it uses human
beings as test subjects. Consequently the ratings are not
reproducible with data obtained from one test subject to the
next, from one laboratory to the next or even for the same

test subject and the same hearing protector from one test to

the next. Since hearing protectors are safety devices, a
large safety factor is included in the equation used to
calculate the published NRR number to account for the large
error possible from the highly variable test methods.

The EPA requires manufacturers. to mark all hearing protgctor
packaging with instructions for calculating the theoretical

|1‘ I\A,i,‘
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noise level to which the wearer would be exposed while using
the hearing protectors, considering the ambient noise level
in the environment.

Recent studies have demonstrated that the NRR number on a
product is not reliable. 1In fact OSHA has advised its
inspectors to use one half the NRR number to calculate the
expected noise level reduction because of the large error
involved in the generation of the NRR number. 1In spite of
this variability, users continue to rely on the actual NRR
ratings to determine which hearing protectors should be
used.

All attempts to find more objective methods to test hearing
protectors have failed. Furthermore, the paerceived benefit
of the NRR rating, which was to enhance the state of the art
in hearing protectors, has not occurred. In fact, the NRR
ratings have stifled hearing protector research. For
example, a dynamic hearing protector cannot be tested by the
current test protocol, yet the product is extremely
innovative. We believe that this type of rating system will
lead some manufacturers to be innovative in finding a test
lab which yields the best test results rather than
developing better hearing protectors.

RATING RESPIRATORS

Measuring respirator performance is much more complicated
than measuring hearing protector performance. There are
many more factors that could affect total performance of a
respirator.

It is interesting to note how the experts' understanding has
evolved in the last couple of decades. Ten to fifteen years
ago it was thought that respirator performance could be
measured by a quantitative fit test. The results of those
tests were termed protection factors. In fact the ANSI
Z88.2 1980 standard even allowed the minimum fit factor
found from three quantitative fit tests be given to the
individual as his assigned protection factor.

Today it is broadly recognized that many more factors must
be accounted for in addition to fit factor or total inward
leakage factor in attempting to assess respirator '
performance. The actual performance of a respirator will
depend on the type of contaminant present, the mechanism the
respirator uses to eliminate the contaminant, the
environment in which the respirator is used, the work being
performed, and most importantly the wearer themselves.

Our ability to measure or rate the performance of a
respirator is limited to just a few substances for which we
have analytical methods. Most contaminants occur in the
facepiece in concentrations below that which can be
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measured. If we were to modify the respirators, for example
going from a chemical cartridge to a particulate filter, in
order to test the respirator in a contaminant for which we
have identified analytical methods, we believe the results
would not be the same. With a surrogate filter the weight
and balance of the respirator and the resistance of the
respirator would have changed, probably yielding different
performance results than if the cartridge was used.
Additionally, little information exists as to how the
contaminant enters the respirator; therefore it would not be
valid to assume the a gas or vapor would behave similar to a
particulate.

Rating a respirator by its fit factor, which is the ratio
of test agent outside a respirator to that inside a
respirator, would also result in a meaningless system. All
the research done to date has shown no correlation between
the fit factor obtained from a fit test and the amount of
protection the respirator will provide in the workplace.
Therefore, any rating system using fit factors would be
meaningless to the user in terms of the actual protection
the respirator would provide in the workplace.

The results of fit testing are highly variable. A
respirator with a fit factor of 15 is in reality no
different than a respirator with a fit factor of 20; nor is
there any difference between a respirator with a fit factor
of 20,000 to one with a fit factor of 2%5,000. Studies have
shown that because of the great variability of the
quantitative fit test differences in fit factors of this
magnitude are not statistically significant.

It is also quite likely that the use of such a rating system
would encourage respirator users to use these ratings as
assigned protection factors as was done in the 1980 ANSI
standard. ISEA believes. this would result in unsafe use of
respirators.

We believe that the respirator fit requirements for the
respirator user contained in the new 1991 ANSI 288.2
standard is a good conservative but workable system. The
concept contained in this standard of requiring a fit factor
through the use of either a qualitative or a quantitative
test of ten times the assigned protection factor for the
respirator user is a good one.

Respirator fit, through the use of new designs and
materials, has improved greatly over the past decade. This
improvement came not as a result of a rating system, but
because the employers are now fit testing respiratorg users
before assignment and during periodic training. 1In 1980, I
would estimate less than 5% of respirator users ever had any
fit test performed on them. Today, I estimate more than 75%
of the respirator users are fit tested periodically.
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Poor fitting respirators are being rejected from the
marketplace through the proper selection process by
knowledgeable Industrial Hygienist, Safety Engineers, Health
Physicists and other professionally trained people. 1If
NIOSH wishes to improve respirator fit the best way would be
to further encourage fit testing of all certified
respirators on all the users during the selection process
and during periodic retraining.

CONCLUSION

A successful respirator program relies on the worker wearing
his respirator. Although respirators should meet minimum
performance requirements, too much emphasis should not be
placed on individual fit factors or any other single rating
system. Other factors such as comfort, ease of use, ease of
maintenance must be considered. The market considers theke
factor and will continue to do so. They will drive the
progress toward respirators with better overall performance,
not just higher fit factor ratings.
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ISEA believes workplace testing of respirators would provide
the best information on the actual performance of
respirators if practical, reliable and reproducible tests
could be conducted. Unfortunately, insufficient information
exists to understand how to conduct these tests to meaning
measure respirator performance. The purpose of this
presentation is to explore the feasibility of performing
tests in the workplace to determine workplace protection
factors as part of respirator certification.

Workplace testing studies have shown properly fitted
respirators adequately protect workers from workplace
contaminants. They also verify the reliability and utility
of laboratory performance tasts of respirators to assure
actual performance at the levels of exposure for which the
respirators are certified. Precisely quantifying
performance of individual models of respirators beyond the
level for which they are approved, however, is not
technically possible today.

Certification of respirators by NIOSH must be done in an s
equitable and impartial way and provide credible assurance
that the respirator will provide the anticipated protectioen..
Complete understanding of and confidence in the methods used
in the certification is necessary to assure results. It
appears that today we have more questions than answers
concerning the methods to be used in workplace testing.

WORKPLACE CONTAMINANTS

Most of the workplace studies that have been conducted were
done in workplaces where the contaminant of concern has been
a metal. These worksites and contaminants were chosen
because analytical methods with sufficiently high
sensitivity exist to make them useful for this application.
Even so, many data points are lost because the contaminant
level inside of the respirator is below the level that even
the best analytical methods can detect. When this happens
one can not quantify the level of protection that a
respirator is giving.

From a practical standpoint the analytical sensitivity
should be at least 1000 times greater then the anticipated
concentration in order to minimize the number of non-
quantifiable test results. It is extremely difficult to
find workplaces with sufficiently high concentrations, or
continual respirator usage, especially when testing the
higher performance classes of respirators. Most employers
have installed engineering controls to greatly reduce the
level of contaminant present.
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Likewise when the tests are run in these atmospheres
containing metals it is common to find vastly differaent
protection factors for each of the different metal: present.
Logically this does not make sense. Particle size may be a
partial answer but work needs to be done to determine
whether this is an artifact of the methods used or if this
is a real phenomenon. If the numbers are real which number
should be used.

The analytical methods that have been identified are mainly
suitable for metals. What about all the other contaminants
where there are no suitable methods? In the past several
investigators attempted to use gravimetric methods. Recent
work indicates that the body generates much of the total
mass of the particulates present inside the respirator and,
therefore, this method is not suitable. 1In the smelter
studies Warren Myers found as much chlorine inside the
respirator as he did lead even though there was no chlorine
outside the respirator. One must assume that the chlorine
came from body generated fluids. Much more work needs to be
done in this area.

For particulate contaminants much work needs to be done to
determine the effect of particle size on the performance of
the respirator in the workplace. Recent work indicates that
collecting only respirable dust on the ocutside of the
respirator while collecting total dust on the inside may be
inappropriate because some amount of large non-respirable
dust can be present inside the respirator inlet covering.
This would indicate that the faceseal leakage holes are not
of the filtering size. More work is needed to determine the
physical nature of the particulates that are found in the
facepiece. '

ISEA is not aware of any reliable facepiece sampling methods
suitable for sampling any of the many gases and vapors
present in the workplace. To date there have been no
credible studies performed to determine the workplace
protection factor for gas and vapor respirators. The high
humidity and insensitivity of the analytical methods so far
have precluded gas and vapor contaminant workplace testing.

It is well known and reported in the literature that the
human body accumulates many gases from previous exposures
and eliminates them subsequently through exhalation. This
makes it very difficult to determine if the contaminant
present in the facepiece came from respirator leakage or
came from the test subjects' exhaled breath. Test method
development in this area has barely begun with very much
work remaining.

TEST SITES
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Finding the proper workplace test site is a very difficult
task. Briefly I would like to describe several factors
that must be present in order to constitute a suitable test.

1. It must contain high enough concentrations of a suitable
contaminant.

2. The site must contain a large number of workers exposed
to the suitable level of the contaminant.

3. The operations at the site must be such that workers
remain in the contaminated area for a suitable length of
time.

4. The management of the site and the workers themselves
must be willing to participate in the study.

To find a worksite as described above is extremely
difficult. Most employers have been installing engineering
controls to reduce the airborne hazards in the workplace.
The majority of workplaces have jobs where the workers are
only exposed to very low levels of the contaminant for long
periods of time or, alternatively, for very short times if
the contaminant levels are high. Typical of the higher
exposures are the maintenance-type jobs that only occur
occasionally and are not scheduled, and thus are not
suitable as test sites.

Another major problem that is encountered is obtaining
management approval to test in their workplace. The testing
imposes a considerable burden on the operation.

Productivity is greatly reduced as the workers jobs are
interrupted with the necessary additional training, fit
testing and sampling required for the study. This is not
only a burden on the employers but also the employees.

Often where workers are on productivity incentive plans they
will lose money. In addition, workers frequently do not
want to be inconvenienced by the burden of the sampling
pumps and tubing.

Suitable workplace testing sites can be found occasionally .
The problem of finding suitable sites would become extremely
serious if workplace testing were to become a certification
requirement. There simply would not be enough available
sites for testing.

_
Much work still needs to be done on data analysis and
interpretation. Some researchers are suggesting that
correction factors be added to account for lung loss,

particle size, analytical error and sample probe bias.
These corrections add much error in calculating respirator
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performance. The corrections are usually the mean (or
average) of a highly variable number.

Additional research is needed to control these variables
rather than to try to correct for them. These correction
factors add much variability to the measured values.

After these problems are solved, we will have to test
protocols that can be used with the various contaminants and
types of respirators that will be tested. A unified
protocol will be necessary for reproducible results.

SUMMARY

In summary, workplace testing of respirators as part of
certification is technically not possible and inadvisable as
a regulatory policy. While ISEA wholeheartedly agrees with
the concept of determining performance of respirators in the
workplace, years of research remain before the many problems
and remaining guestions on how to do it are resolved. 1ISEA
continues to support the continued research in this area.
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If we had the technical understanding to perform workplace
testing in a feasible and reproducible manner, it would be
the best method for assigning protection factors. oOur
understanding of how to perform a meaningful, reproducible
workplace performance tests, however, is only in the early
development stages with much research still needed. St the
same time, it appears NIOSH is seeking to add more
confidence that a certified a respirator exceeds its
assigned protection factor.

ISEA believes that positive interim actions can be taken.
First, research needs to continue on workplace testing
methods to solve the many technical problems that exist.

The research should continue from both a thecretical base in
the laboratory and in the actual workplace. Many problems
still exist with both the technical and practical aspects of
the testing. For example, no one has identified any proven
methods for sampling and analyzing gases and vapors inside a
respirator. This clearly would be research that should be
carried out in the laboratory. Testing of respirators in
the workplace should continue. It appears that each time s
such testing is done more knowledge is gained that someday
will lead to a better understanding of all the variables
encountered during workplace testing.

ISEA believes that while workplace testing cannot be done
today or the near foreseeable future in a feasible and
reproducible manner, steps can be taken today to enhance
confidence, through the certification process that certified
respirators will perform adequately. I will briefly
summarize those steps now.

P + ts t o
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the above panel.
o evaluatio 1d-)
UPGRADED LAB TESTS

Upgraded laboratory tests can be used to evaluate many of
the problems that are being found in the workplace. In fact .
NIOSH has incorporated many changes in its first proposed
revision to the certification standards that we believe
address many of the concerns about workplace performance of
respirators. For example, the proposed regulation NIOSH has
significantly upgraded the certification requirements for
particulate respirators. The proposed test methods use test
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aerosols considered to be the most penetrating size and thus
the most difficult for a respirator to filter. The improved
will assure that the respirator filter will perform in the
workplace at least as well as it did in the laboratory.

This provides greater assurance than exists today.

There are many other changes in the laboratory testing that_
can and should be done. John King will discuss many of
these things in much more detail latter.

EIT TESTING

A necessary part of simulated workplace testing is
qualification of the subject through the use of a
quantitative fit test. The test subjects should be selected
- from an anthropometric panel. The panel would consist on
cone person in each of the boxes of the Los Alamos grid.

John will discus details of this later. This will give
assurance that certified respirators will fit a wide variety
of people. Only subjects who have passed the test will be
qualified to wear the respirator. This would be typical of
real use requirements. The quantitative fit prior to
simulated workplace test would be the only fit test used in
certification.

ISEA believes that the only meaningful fit test is the fit
test that will be performed on the actual wearer of the
respirator. NIOSH should make fit testing of the respirator
on the actual wearer a condition of certification. ISEA
believes this is the best way to imgrove respirator fit.
ISEA believes that a statement should be place in the NIOSH
limitations that the respirator wearer be initially and
periodically retested as a condition of certified respirator
use.

SIMULATED WORKPLACE TEST

A practical simulated use test in the laboratory should be
incorporated into the certification process. The test
incorporate those factors that have been identified as being
pertinent to the performance of a respirator in the
workplace. Some of these variables could be workrates, wind
velocities, work regimes which we have currently identified
as affecting respirator performance should be included. As
workplace testing research continues to identity factors
affecting performance, these findings should be incorporated
into the simulation tests to assure these factors are
adequately addressed in respirator design and performance.

We recognize the need of researchers to correlate the
results of simulated workplace taesting or various laboratory
testing with workplace testing. Such correlation will
enhance the confidence that can be placed on non workplace
testing. wWwhile direct correlation is desirable and
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understandable it is apparent that researchers have not yet
developed workplace tests to the point where this would be
possible.

Correlations are only possible when all the variables
affecting the results are known and controlled or factored
in to the predictive equation. Today, our level of
knowledge barely scratches the surface of all the
information necessary for this understanding. Correlating
.one workplace study with another is not waell understood let
alone correlating a workplace study with any testing we
would do in the laboratory.

WORKPLAGE EVALUATION

NIOSH should also require a workplace evaluation of
respirators in a manner similar to that done in the UK. In
this evaluation respirators are put to an appropriate use
for a period of time in a workplace, then brought back into
the laboratory where the appropriate laboratory performance
tests are then performed. Design weakness, and defects can
be found after a period of actual use when performance is
checked after a period of use.

For example, filter efficiencies should be checked to assure

they are not degraded during use, cartridges checked to
assure channeling has not occurred, exhalation valves
checked to assure they do not leak. ISEA believes that this
type of evaluation is not only valuable in discovering
problems but is also feasible.

CONCLUSION

ISEA believes that NIOSH has already proposed many steps to
add greater confidence to the respirator certification
system. The additional steps that we have recommended above
plus what John King will describe next will add even more
confidence. With these recommended changes ISEA believes
certification system in this country will far exceed that of
any country in the world.

Research must continue on the methods and problems
associated with workplace testing of respirators. ISEA and
its members will continue support research endeavors to find
answers to the many problems and questions currently
shrouding our ability to perform meaningful workplace
evaluations of respirators.
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L 11244-00001

Mr. Sheldon Weiner
Director
Office of Standards' Analysis
and Promulgation
Occupational Safety and Health Administration
U.S. Department of Labor
Room N-3667
200 Constitution Avenue NW
Washington, DC 20210

Re: Respirator Studies

Dear Sheldon:

As promised, enclosed is the collection of articles
my client E.D. Bullard Company believes will be helpful to
your consideration of the protection factor for hood/helmet
style CF-ASARs. The papers comprise those indicated by
Cchin-tsen Bien in our meeting Tuesday, as well as some
additional pieces we suspect you may not have. (On my advice,
Bullard has omitted two pieces, one an attorney-client
communication, the other a private letter to a customer.)
Most of the pieces are prefaced with a brief "digest"™ by
Bullard.

Of particular note among these pieces is the recent
article by John King, finding high protection from Type CE
respirators (models 77 and 88). As the cover letter from
Warren Myer indicates, the article was peer reviewed and has
been accepted for publication.
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Mr. Sheldon Weiner
June 23, 1994
Page 2

Rick Miller is continuing his search for other
papers that may be helpful to you, which was the cause of this
brief delay. We will have any additional articles to you
shortly.

Thank you again for a highly constructive meeting.
I look forward to hearing from you in the next 2-3 weeks, and
working toward a solution that aids both users and
manufacturers of these respirators.

cc: Richard M. Pfeffer, Esq. (w/0o enclosures)
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Reference No. 93-02-00

Maurer, K.F., et al., "Controlling Lead Toxicity in Bridge Workers: Preliminary Findings of
the Connecticut Road Industry Surveillance Project,” Joumal of Protective Coatings and| Linings
(February, 1993), pp. 37-42.

Contents: Researchers for the Connecticut Road Industry Surveillance Project (CRISF) report

on their preliminary conclusions. A prefacing summary of the information is contained in the
attached memorandum from Bullard Market Manager, Scott Blue.
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Reference No. 93-05-19

Colton, Craig E. et al., "Workplace Protection Factor Study on an Air-line Respirator with a
Loose Fitting Hood During Furnace Teardown," Presented at the American Industrial Hygiene
Conference and Exposition, New Orleans, LA, May 19, 1993,

Contents: The authors note that the NIOSH assigned protection factor of 25 for all loosesfitting
airline respirators was based [solely] on workplace protection factor studies of loosesfitting
facepiece powered air purifying respirators. The authors evaluated the workplace performance
of a loose-fitting hood style airline respirator and obtained a mean workplace protection factor
of 2,290. The researchers conclude by recommending that NIOSH's assigned protection factors
be amended to reflect the difference in performance between loose-fitting facepiece devices and
loose-fitting hood devices.
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3M Occupstional Health and
Environmental Satety Division

3M Center
St. Paul, Minnesota 55144-1000
612733 1110

June 3, 1993

Edward D. Bullard

E.D. Bullard Company
1898 Safety Way
Cynthiana, KY 41031-9303

Dear Mr. Bullard:

'RECEIVED
JUN 111993
E.D.B.

Thank you for your interest in workplace protection factor studies conducted by 3M.

Enclosed is a copy of the paper you requested. The paper, Workplace Protection Factor
Study on An Air-Line Respirator with a Loose Fitting Hood During Furnace Tear Down,
was presented at the AIHCE in New Orleans, May 1993.

If you have any questions, please feel free to contact me.

Sincerely,

Gy ¢ &t

Craig E. Colton, CIH
Technical Service Specialist

3M Occupational Health & Environmental Safety Division

CEC:lly/163.7
Enclosure
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Reference No. /-03°CC

Item: Industrial Safety Equipment Association, "Assigned Protection Factors: Technical and
Economic Evaluations Supporting Current ANSI Respirator Ratings,® /high, (97/

Contents: Executive summary supporting ANSI protection factor schema and economic impact
analysis of implementing NIOSH recommended protection factors. Includes bibliography of
articles supporting the Association's position, many of which are coatained in the Miller package.
This is an important summary of the respirator industry’s position. Articles citad in the
Executive Summary have been marked with Miller’'s Reference Numbers for ease of
identification.
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GEH Industrial Safety Equipment Association

"ASSIGNED PROTECTION
" FACTORS:
TECHNICAL AND ECONOMIC
EVALUATIONS SUPPORTING .
CURRENT ANSI -
RESPIRATOR RATINGS"

MARCH (79

1901 N. Moore Street, Arlington; VA 22209 « Tel. (703) 525-1695 « Fax (703) 528-2143
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ISEA has reviewed all the recent studies on the subiect cf
workplace or simulated workplace respirator evaluat:icns and
has come to the following conclusions:

ASSIGNED PROTECTI{ON FACTORS

o) ISEA strongly recommends that NIOSH adopt the assigned
protection factors in the ANSI 288.2 1991 Standard feor
existing respirators.

0 Over two dozen workplace or simulated workplace studies
support the assigned protection factors found in the
ANSI standard.

o] N orrowTe"Rake the distinction between loose fitting
facepieces and loose fitting helmets and hoods and
assign protection factors of 25 and 1000 respectively.

o] Scientifically valid studies found no difference in
the performance on the job between disposable and non
disposable respirators. NIOSH should not distinguish
in protection factor assignment or use restrictions fcor
these two types of respirators.

Q NIOSH should distinguish between half facepiece and
full facepiece for both the powered air purifying and
continuous flow air supplied respirators and assign a
protection factor of SO0 for the half facepiece and 10C0
to the full facepiecas.

MI

ISEA has calculated the economic impact of a proposed
reduction in the assigned protection factor for continuous
flow supplied air respirators to users of these respirators
in the abrasive blasting industry. While these estimates
represent the impact for a reduction of only one type of
respirator, similar reductions in assigned protection
factors for other respirators will exacerbate the econczic
impact on employers.

o Reducing the assigned protection factor from 1000 to 25
for loose fitting helmets and hoods would cost

enployers using them for abrasive blasting $673,900,000
million a year.

o} Assignment of unnecessarily low protection factors will
cost American industry billions of dollars a year.
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INTRODUCTION

Much information on the asslgnment of protection factors for
respirators has been generated in the past several years.
Some of this information was presented at the NIOSH
Prerulemaking technical conference on January 9-11, 19391.
Much of it was considered by the ANSI 288.2 Practlces for
Industrial Respiratory Protection Committee when it
devalcped its standard which also addresses assigned
protection factors for respirators.

The ANSI 288.2 subcommittee is a diverse group of 21
individuals with expertize in respiratory protection
stemming from varied backgrounds. There are 7 members with
knowledge resulting from government employment, 4 with
industrial respirator use backgrounds, S with knowledge
resulting from respirator manufacturer employment 2 serving
as a private consultants for resplratory protection, 2 from
national laboratories and 1 from a university. Lawrence
Livermore National Laboratory serves as Secretariat to
assure that the proper procedures are used in arriving at a
consensus standard.

The subcommittee spent many weeks over a period of S years
reviewing and analyzznq all the information and data
available on the issue of assigned protection factors before
arriving at the final conclusion.

ISEA agrees with the ANSI 288.2 1991 conclusions.

ISEA submits the following summary of studies pertinent to

the assignment of protection factors in an effort to assist
NIOSH in proposing assigned protection factors for various

types of existing respirators.

Through this summary, ISEA will use the terms fit factor,
assigned protection factor, workplace protection factor, and
program protection factor as defined by the American
Industrial Hygiene Association Respiratory Protection
Comnittee.

Historical Bacl ,

The popular use of protection factors for respirators began
in the early 1970's. At that time, the performance of a
respirator was principally judged based on the results of a
quantitative fit test. 1In fact, what is commonly termed fit
factor today was then called protection factor. Mostly as a
result of this quantitative fit testing, tables of
protection factors for the classes of respirators were
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developed and published by the Los Alamos National
laboratory in the mid 1970's.

Quantitative fit test results were the sole basis for
assigned protection factors until the early 1980°'s. At this
point researchers became concerned about the relationship of
quantitative fit test results and the assigned protection

factor. Consequently interested parties began to do
workplace testing.

HALF FACEPIECE POWERED AIR PURIFYING RESPIRATORS

NIOSH performed some of the earlier wirkplace protection
factor studies in a silica flour milll and a lead smelter?.
The results from the early studies indicated that the half
mask powered air purifying respirators that were studied did
not perform as anticipated based on the 1980 assigned
protection factor tables of both NIOSH and ANSI 288.2 1930
standard. One of the early studies* also disclosed some
design/quality problems with the units that may have lead to
the unexpectedly low numbers.

The silica flour mill shop study was carefully reviewed and
discredited by both the ANSI 288.2 committee and by the ISEA
because of the quality/design problem that yas found and
subsequently corrected in the second study. The second
study with the half facepiece powered air purifying
respirator resulted in a fifth percentile workplace

protection factor consistent with an assigned protection
factor of 50.

Ayer performed a simulated workplace study in a silica dust
chamber using a half facepiece high otfigiency particulate
filter powered air purifying respirator. The study found
very high simulated workplace protection factors which are
consistent with an assigned protection factor of 50.

Both ISEA and ANSI agree with an assigned protection factor
of 50 for a half facepiece powered air purifying respirator.

LOOSE FITTING FACEP{ECES

Perhaps the most studied class of respirators is the class
currently defined by ANSI as loose fitting facepiece powered
air purifying respirators. NIOSH performed a workplace
protection factor study in a battery manufacturing facility
using the Racal Airstream AH5 and the 3M W-B}S loose fitting
facepiece powered air purifying respirators. This study
concluded that an assigned protection factor of 25 would be
appropriate for this class of respirators.

Another study of this class of respirators was performed by

NIOSH in a secondary lead smelter using the 3M W-344 and the
Racal AH3 loose fitting facepiece powered air purifying

I I P
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'respirators.s This study also concluded that an assigned
protection factor of 25 was appropriate for the respirators
studied.

Du Pont performsﬂ a program protection factor study on the
3M W=316 Airhat loose fitting facepiece powered air
purifying resgirator in a workplace with inerganic
contaminants. While this was a program protection factor
study, the results were consistent with an assigned
protection factor of 25 for a loose fitting facepiece
respirator.

3M conducted workplace protection factor studies in a brake
manufacturing plant for protection against asbestos using,
among other respirators, 3 loose fitting facepiece powered
air purifying respirator. The study reported a fifth
percentile protection factor of 31 which is consistent with
an assigned protection factor of 2S.

Gaboury and Burd conducted a workplace protection factor
study of a loose fitting facepiece powered air purifying
respirator in a primary aluginum smelter for protection
against benzo-alpha-pyrene. The study reported a fifth
percentile workplace protection of 275 which is consistent
with the assigned protection factor of 25 for a powered air
purifying respirator with a loose fitting facepiece.

3M also conducted a workplace protection factor study in a
roofing granule manufacturing plant using a loose fitting
facepiece power;d air purifying respirator for protection
against silica. The study showed a fifth percentile
workplace protection factor of 53 which is consistent with
the assigned protection factor of 25.

Based on the above studies ISEA agrees with ANSI that an
assigned protection factor of 25 is appropriate for the
loose fitting facepiece devices that were used in the above
studies.

LOOSE FITTING HELMETS AND HOQDS

ISEA, however, does not agree with NIOSH when NIOSH groups
loose fitting facepiece regpirators with loocse fitting hoods
and helmet respirators. believes that the studies show
that an assigned protection factor of 1000 is appropriate
for hood and helmet type respirators.

In the Stokes study9 the loose fitting facepiece powered air
purifying respirator was also fitted and tested with a
shroud that covered the loose fitting facepiece respirator
and sealed around the neck and shoulders. This, by ANSI
definition, would convert the device to a loose fitting
helmet powered air purifying respirator.

I T e
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The change in performance with the use of the shroud was
dramatic. With the same test subjects and same workplace
environment the fifth percentile workplace p otection factoer
went from 53 for the loose fitting facepiece to 1613 for the
loose fitting helmet. An assigned protaction factor of 1000
would be consistent with the results found with the loocse
fitting helmet.

Johnston also performed a workplace protection factsr study
in a shipyard with a loocse fitting helmet abrasive blaiginq
supplied air respirator for protection against silica.

The study reported a fifth percentile workplace protection
factor of 1038 which is consistent with the ANSI and ISEA
recommended assigned protection factor of 1000. :

Keys conducted a workplace protection factor study on loose
fitting hood and helmeted type powered air purifying
respirators in pharmacouticai manufacturing for protection
against stercidal compounds. 1 The study concluded that the
fifth percentile workplace protection factor was above 1000.
The study further concluded that an assigned protection

factor of 1000 was appropriate for loose fitting helmets and
hoods.

PR} reconmends that NIOSH, like ANSI, make the distinction
between loose fitting facepieces and loose fitting helmets
and hoods and assign a protection factor of 1000 to loose
fitting helmets and hoods when used in both the powered air
purifying and air supplied modes. :

FULL FACEPIECE POWERED AIR PURIFYING RESPIRATQRS .

ISEA also believes that NIOSH, like ANSI, should make the
distinction between half facepiece and full facepiece
supplied air and powered air purifying respirators.

Colton performed a workplace protection factor study using a
full facepiece povered air purifying respirator in t
secondary lead smelter for protection against lead. 2
study reported a fifth percentile workplace protection
factor of 1335 for the full facepiece powered air purifying
respirator which is consistent with the ANSI assigned
protection factor of 1000 for supplied air and powered air
purifying full facepiece respirators.

FULL FACEPIECE NEGATIVE PRESSURE RESPIRATQRS

The

Colton also performed a workplace protection factor study
using a negative pressure full facepiece air purifying :
respirator at_the same secondary lead smelter for protection
against lead.l’ The study reported a fifth percentile
workplace protection factor of 95 which is consistent with
the ANSI recommendation.

TR
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There have been numerous workplace tests perforzed on
disposable and non disposable half facepiece respirators
within the last ten years.

Lenhart performed a workplace protection factor study on a
non disposable half mask respirator equipped with high
efficiency fi%ters in a primary lead smeltar for protection
against lead. The study concluded that a protection factor
of 10 was appropriate for a half facepiece negative pressure
respirator.

C.xon :nd Nelson also performed a workplace protection
factor study on a non disposable half facepiece respirator
equipped with high efficiency filters in a piqmeQE
manufacturing plant for protection against lead. The
study concluded that the workplace protection factor far
exceeded the assigned protection factor of 10.

Nelson and Dixon also performed workplace protection factor
studies on three disposable and three non disposable half
facepiece respirators in asbsgtos rip out operaticns for
protection against asbestos. For the three disposable
dust mist respirators the study found fifth percentile
workplace protection factors of 20, 55, and 5. The results
from the respirator with a workplace protection factor of
five was invalidated by the authors because most of the
fibers found in that respirator were glass fibers that came .
from the respirator filter, but in the counting process were
indistinguishable from asbestos. '

For a non disposable dust, mist and fume filter half
facepiece respirator the study found a fifth percentile
protection factor of 12. For the non disposable high
efficiency filter respirators, the study found fifth
percentile protection factors of 16 and 11. The study
concluded that an assigned protection factor of 10 was
appropriate for disposable and non dispesable half facepiece
respirators.

Gosselink also ran a workplace protectien factor study in a
brake manufacturing plant using disposable and non
disposable half facepiece negative pressure 91: purifying
respirators for protection against asbestos. The study
reported fifth percentile protection factors of 25 and 20
for two disposable dust and mist half facepiece respirator
and a fifth percentile workplace protection factor of 45 for

"a dust, fume and mist disposable half facepiece respirator.

The study also reported a fifth percentile protection factor
of 28 for a non disposable dust and mist half facepiece
respirator and a fifth percentile protection factor of 31
for a high efficiency non disposable half face respirator.
The study concluded that an assigned protection factor of 10
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was appropriate for both dispcsable and non disposable half
face piece respirators.

Johnston and Mullins conducted a workplace protection factor
study in a aircraft metal fabricating facility using a
dispcosable half facepiece dust igd mist respirator for
protection against metal dusts. The study found fifth
percentile protection factors of 32 for aluminum, 24 for
titanium, 24 for silicon and greater than 24 for lead. The
study concluded that an assigned protection factor of 10 was
exceeded with this disposable dust and mist half facepiece
respirator.

Gaboury and Burd conducted a workplace protection factor
study of two half facepiece negative pressure air purifying
non disposable respirators equipped with combination organic
vapor/acid gas cartridges and dust and mist or dust, fume
and mist particulate filters in a primary aluminum smelter
for protection against benzo-alpha-pyrene. The study
concluded that an assigned protection factor of 10 was
appropriate for the two non disposable respirators studied.

Colton conducted a workplace protection factor study in a
primary aluminum smelter on a disposable half facepiece dust
and mist rcspif9tor for protection against respirable
alumina dusts. The study found a fifth percentile
workplace protection factor of 13 and concluded that an
assigned protection factor of 10 was appropriate for
disposable half facepiece respirators.

Myers conducted a workplace protection factor study in three
brass foundries on three non disposable and one disposable
half facepiece respirators equipped with d“!&' fume and mist
filters for protection against metal funes. The study
found no difference between disposable and non disposable
respirators and the workplace protection factors measured
exceeded the assigned protection factor of 10.

Colton conducted a workplace protection factor study in a
brass foundry on a disposable half facepiece respirator
equipped wit? high efficiency filter for protection against
metal fumes.i? The study found fifth percentile workplace
protection factors of 36 for lead and 40 for zinc. The
study concluded that 10 was an appropriate protection factor
for disposable half facepiece respirators.

Galvin conducted a workplace protection factor study in a
fiberglass reinforced products manufacturing facility on a
non disposable half facepiece respirator equipped with 20
organic vapor cartridges for protection against styrene.
Analysis of the data contained in the study found a tifth
percentile protection factor of 12, which is consistent with
an assigned protection factor of 10.
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A Chemical Manufacturer Association member conducted a
workplace protection factor study in a pigment production
facility using a half facepiece disposable dust and mist
respirator and half facepiece non disposabsi high efficiency
respirator for protection against cadmium. The study
reported a fifth percentile workplace protection factor of
28 for the disposable and 22 for the non disposable
respirators which is consistent with an assigned protection
factor of 10.

Cohen performed a program protection factor study in a
chlorine manufacturing facility using a non approved
disposable half facepiece respirator wisg mercury removing
filters for protection against mercury. The study found a
fifth percentile workplace protection factor of S. The
results of the study have been invalidated because the
respirator wearers in the study had not been fit tested, the
respirator tested is unapproved, and the author acknowledged
technical problems that were not addressed. Furthermcre the
study was a program protection factor study, not a workplace
protection factor study.

Reed performed what he reported to be a workplace protection

factor study in a sheltered workshop using a disposable half

facepiece dust agg mist respirator for protection against
portland cement. The study reported a fifth percentile
workplace protection factor of 3 for nuisance dusts. Both
the ANSI Z88.2 subcommittee and ISEA have found severe
technical problems with this study which should eliminate
the data from consideration in assigning protection factors.

First, a problem exists with the required fit testing of the
respirator prior to use by the wearers in the test. The
author states that "Quantitative facepiece fit testing was
conducted using a Dynatech Frontier portable instrument
prior to the start of each work shift to check for gross
leakages." In a memo to OSHA the author states that a fit
factor of 250 was used as the minimal accepted fit factor in
the fit test. It is meaningless to perform a quantitative
fit test with this type of equipment on a dust and mist
respirator because of the extremely high filter penetration
(S to 15%) that would occur due to the small size of the
test aerosol. A fit factor of 250 would be impossible to
achieve with this type of equipment and a dust and mist
respirator. :

Secondly, gravimetric analysis (weighing the filters before
and after use to determine how much dust was collected)
simply is not specific or sensitive enough for workplace
testing. Portland cement picks up and permanently holds 3
times its weight in water in a hydration and curing process.
The atmosphere inside a respirator is very humid with much
condensed water present. Any portland cement present inside
‘the facepiece would have picked up three times its weight in
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water which could not be removed in the desiccation process
used. Gravimetric analysis is not specific to any
particular substance ?gt measures all particles present in
the facepiece. Myers has shown that the mass of the
particles generated by the test subject during talking and
normal activity often exceed the mass of the contarminant of
interest that may be present inside the facepiece.
Gravimetric analysis is also insensitive. Fifteen of the 22
values reported were below the stated analytical methods

" level of quantification but nonetheless waere reported as

real numbers instead of "less than" values.

Finally the study was conducted in a workplace which
employed mentally handicapped people. A critical aspect of
proper respirator use is user training. Because the
workplace employed mentally retarded workers, specialized
training would undoubtedly be required. There is no
indication that such special training was given. 1In
summary, due to potential training, fit testing and
analytical problems, both ANSI and ISEA found the study
protocol inadequate with that for determining a workplace
protection factor.

w

A sinulatcg4workplace protection factor study was performed

by da Roza“" with subjects at elevated workrates wearing a
tight fitting half facepiece powered air purifying
respirator and two loose fitting facepiece powered air
purifying respirators. The study concluded that lcose
fitting facepiece respirator should be in a different
performance class than tight fitting facepieces and should
be assigned a lower protection factor. The factors found
were consistent with the ANSI recommendations.

Skaggs performed a simulated workplace study using
temperature and humidity as variables using 7 different
types of respirators consisting of 2 loose fitting facepiace
powered air purifying respirators, 1 half facepiece powerad
air purifying respirator, 1 full facepiece pressure demand
airline respirator, 1 locose fitting hood continuous flow
hood, 1 half facepiece negative pressure air purifying
respirator, and 1 full facepiece negative pressure air
purifying respirator. This study found simulated vorkplace
protection factors far in excess of the ANSI assigred
protection factors. The third phase of the study, comparing
simulated workplace protection factors with workplace
protection factors has not been undertaken.

CONCLUSION

Scientifically valid and credible studies have been
performed on a wide variety of respirators in the workplace
or simulated workplace envircnments. Information derived
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from these studies should provide basis for the assignment

. of protection factors to respirators.

ISEA believes the studies included in this review reflect
all the information available and meaningful to NIOSH as it
develops a proposed rule on assigned protection factors for
various types of existing respirators..

The data strongly support the assiqnc& protection factors
found in the ANSI 288.2 1991 standard. We have attached
that table to assist you.

ISEA urges NIOSH adopt the ANSI 288.2 1991 assigned
pro-ection factors in its proposed respirator certification
vula, 42 CFR 84. We believe this information logically
leads NIOSH to the same conclusions reached by the ANSI
288.2 1991 Committee when it assigned protection factors.
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Table 1.

Aasignod Pprotection TFactors

Type of Respirator Respiratory Inlet Covering

Half Mask (3 Full Facepiece
Air Purifying 10 100
Atmosphere Supplying
SCBA (demand) (B) 10 100
Airline(demand) ° 10 100

RERREEEREERERREEEIEEE S 2

Type of Respirator Respirator Inlet Covering

Half Full Helmet/ Loose Fitting
Mask Face Bood Facepiece -~
Powered Air Purifying 50 1000(¢)  1000(<) 28

Atmosphere Supplying
Airline L] 1000
Pressure Demand

Airline $0 1000 1000 25
Continuous Flow

Self Contained

Breathing Apparatus

Pressure Demand - (Q)
Open/closed circuit

M
(a) Includes 1/4 mask, disposable half masks and half masks with
elastomeric facepieces. .

(b) Demand SCBA shall not be used for emergency situations such as

fire fighting.

(c) Protection factors listed are for high efficiency filters and

sorbents (cartridges and canisters). With dust filters an assigned

protection factor of 100 is to be used due to the limitations of the
filter.
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(d) Although positive pressure respirators are cuczzently regarded
as providing the highest level of respiratory protection, a limited
number of recent simulated workplace studies concluded that all users
may not achieve protection factors of 10,000. Based or this limited
data, a definitive assigned protection factér could not be listed for
positive pressure SCBA's. For emergency planaing purcposes where
hazardous concentrations can be estimated, an assigned protection
factor of no higher than 10,000 should be used.

Note: Assigned protection factors are not applicable for escape
respirators. For combination respirators e.g.,. airline zespirators
equipped with an air purifying filter, the mode of operatioam in use
will dictate the assigned protection factor to be applied.

6.3 Selecticn of Respirzators For Atmospheres Immediately
Dangerous to Life or Health, For Use in Coafined Spaces or
Reduced Pressure Ataospheres.

6.3.1 Atmospheres Iamediately  Daagercus ¢to Life or
Health. A location is considered IDLH when:

(1) It is an atmosphere known ox suspected tOo have
concentrations above the IDLH level, or ‘
(2) It is a confined space that contains less than che normal
20.9% oxygen unless the source of the oxygen reduction is.

understood and controlled, or
(3) Oxygen content is below 12.5% (95 mmHg ppQ,) at sea level

atmospheric pressure, oOr

(4) It contains total atmospheric pressure less than 450 mmHg
(8.6 PSI) equivalent to 14,000 feet (4270 m) altitsde or any
combination of reduced percentage of oxygen or reduced pressure
that leads to an oxygen partial pressure less than 95 mmHg.

6.3.2 Respirators Tor Use Under IDLE Conditions at
Normal Atmospheric Pressure. The required respizatory
protection for IDLH conditions caused by the presence of toxic
materials or a reduced percentage of oxygen, Section 6.3.1,
conditions 1, 2, or 3 is a positive pressure SCBA or coambination
supplied air respirator with SCBA

6.3.3 When respirators are worn under IDLH conditions, at
least one standby person shall be preseat in a safe ares. The
standby person shall have the proper equipment available to assist
the respirator wearer in case of difficulty. Communications
(visual, voice, signal line, telephone, radio or other suitable
means) shall be maintained between the standby person and the
wearer. While working in the IDLH atmosphere, the wearer shall be
equipped with safety harness and safety lines to permit his
removal to a safe area, if necessary. Provisions for rescus other
than safety harness and lines may be used if equivalent. :

«22=-
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ESTIMATED SOCIETAL COSTS OF REDUCING THE PROTECTION
FACTOR FOR TYPE CE CONTINUOUS FLOW SUPPLIED-AIR
RESPIRATORS FROM 1000 TO 25

OVERVIEW

We understand the National Institute for Occupational Safety and Health (N\IOSH) may
be considering a proposed reduction in the assigned protection factor for Tvpe CE con-
tinuous flow supplied-air respirators which will reduce it from 1000 to 25. use
there remains a need for higher Erotecﬁon factors in the abrasive blasting isdustry,
users will be forced into Type CE pressure-demand supplied-air respirators, which un-
der this proposal would continue to carry an APF of 1000. This will create an unneces-
sary financial burden between $275.75 million and $673.9 million upon the United
States of America in the year of its enactment.

Table 1 summarizes the costs associated with NIOSH's recommendations. The high
and low cases are based upon the sum of their respective components explained in the
body of this analysis.

TABLE1l: Summary of the Incremental Cost to Society Resulting From NIOSH's

Proposal
COST ESTIMATE - LOW CASE HIGH CASE -
Conversion Costs $243,750,000 $615,000.000
Ongoing Annual Costs $32,000,000 $58,900,000
TOTAL $275,750,000 $673,900.000

Even when subjecting the above to an extensive sensitivity analysis, the resulting values
will result in an unacceptable cost to society. In pure theory, a $1 increase resulting
from an unnecessary regulatory change in respiratory technology is una . Con-
sequently, a minimum societal cost in excess of hundreds of millions of d iseven
less acceptable. -

NIOSH's proposed reduction in the assigned protection factor is consistent with its

public mandate to develop maximum guidelines, irr ive of its impactupon society |

and available technologies. However, in this case, NIOSH has applied its maximum
mandate after relying upon insufficient scientific data. Other data sources induding the
American National Standards Institute (ANSI), members of the Industrial Safety
Equépment Assodation (ISEA) and independent studies in the abrasive indus-
try demonstrate that the appropriate minimum assi¥ned protection factor for Type CE
continuous flow supplied air respirators should be T000. ’

Not only would NIOSH's recommendations result in unnecessary sodetal

costs, but they will also result in the mandated obsolescence of proven respiratory tech-
nology for protecting America's workers in the abrasive blasting and coatiegs in ustr{..e
Instead of using Type CE continuous flow supplied-air respirators, employers would
required to supply Type CE pressure demand respirators.
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The remainder of this analysis describes in more detail the following aspects of unnec-
essarily converting from continuous flow supplied-air to pressure demand respirators:

@ conversion costs _
e ongoing annual costs after conversion
e additional cost implications

UNNECESSARY CONVERSION COSTS

The unnecessary costs of converting from a continuous flow supplied-air to a pressure

demand based protective technology are estimated to be between $243.8 million and

$615 million. These costs will be incurred in the year the revised regulation is imple-

mented. This cost will be imposed upon companies purchasing the services of abrasive

blasting and coatings services in the years of conversion. In turn, these costs will be
assed on to industrial and consumer customers along with a proportional markup.
ws, the extended cost of the conversion will exceed these estimates.

The components of the conversion costs are summarized in Table 2 below and dis-
cussed in more detail in the following paragraphs:

TABLE2: One Time Conversion Costs Associated with NIOSH's Proposal

| Cost Element , Low Case+ - High Case® -
Purchase of new respirators $127,500,000 | SZ55,006,000
Purchase of replacement parts and
accessories inventory 63,750,000 255,000,000
Fit Test Equipment 52,500,000 .105,005;,000
TOTAL CONVERSION COSTS $243,730,000 $61 5,006,000

Purchase of New Respirators '

-fll-he NIOSlljl elc:lroposal gvould req&xre employ:rs tor;place their Type CE o:cmt:ixmou:e ,
ow supplied-air respirators with pressure demand respirators costing approximal

$850 eag{ Itis esti:g:ed there are between 150,000and 300,000 actively &’:d abraSin

blasting respirators in the U.S. This range is based upon the following factors:

e an annual market of 30,000 replacement respirators per year
@ an average replacement rate of 5 to 10 years. ‘

Consequently the chase of new res irafors will cost em ers between $127.5 mil-
lion and $25. mﬂh%‘:t.r P ploy ‘

+ Assumes there are 150,000 respirators used in the abrasive blasting and
coatings industry

* Assumes there are 300,000 respirators used in the abrasive blasting and
. coatings industry
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Purchase of Replacement Part and Accessory Inventory

Current industry statistics show that sales of replacement parts and accessories exceed
replacement respirator sales. It is estimated employers would destroy their obsoléte in-
ventories and purchase replacement and accessories to 50% to 100% of the
costs of the respirator conversion itself. These are the factors used in the low and high
cases, respectively. Pressure demand respirator parts are more expensive than those of
continuous flow supplied-air respirators. Thus, the most likely outcome is probably
closer to the high case of $255 million rather than the low case of $63.75 million.

Fit Test Equipment

The conversion to pressure demand respirators will require employers to invest infit
test equipment in order to comply with consensus standards and federal and state ’;reﬁ-
ulations. It is estimated that th pment will cost employers at least $7,000 each. It
is alse%egbaated tlutthecrhe are be%eenﬁootﬁndelesaooo employer{sithat will be im-» il

act e proposed changes. Therefore, the need to purchase fit test equipment wi
gost emp){oyers between sszg million and $105 million. eaup

ONGOQING ANNUAL COSTS

Ongoing annual costs are the most nsive to society. They amount to an annual cost
between $32 million and $58.9 million, resulting in a t value cost to society -
between $10.6 billion and $30.6 billion discounted to the year of conversion, ass a

societal cost of capital of 3% per annum. These costs are summarized in Table 3 be
and the following paragraphs:

Tﬁkﬁaal Cost After Conversion Under NIOSH's Proposal (Millions of Dollars)
Annual Cost Present Value at 3%*
Low Case | HighCase | LowCase | HighCase
Replacement Respirators $15.0 $21.0 $500.0 57006
Replacement Parts $15.0 $31.5 $500.0 $1,050.0
Maintenance 516 .2 833 | s1067
Fit Test Programs $4 32 $ 133 s 106
TOTAL $32.0 $ 58.9 $1,066.6 $1,962.7
Repl ¢ Resoirat
Currently available Type CE continuous ﬂéw supplied-air respirators have a market
clearing price of approximately $250 each to the employer. scientifi

essary, a respirator meeting

NT

¢
OSH's proposed requirements would cost

* discount rate used assuming a societal cost of capital of 3%

|
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the s%t(i)%oing incremental cost of replacing used and worn out respirators will increase
by per unit. Assuming an annual replacement market between 25,000 andgs,ooo
resEirators per year, the replacement costs would range between $15 million and $21
million. This results in a discounted present value of between $500 million and $700
million at a 3 percent discount rate.

Replace t Parts and Ac i

As stated before, the ratio of sales of current annual replacement parts and accessories
is 5g'reater than sales of respirators. Depending upon the year, this ratio ranges from 1 to
1.5. Applying these ratios to the high and low cases described in the previous para-
graph results in additional annual costs for replacement parts and accessories of

tween $15 million and $§31.5 million, or a present value between $500 million and '$1,050
million at a discount rate of 3 percent. -

Maintenanc T C
Switching from constant-flow tmessure-demand will add maintenance time of one-
hour-per-year-per-unit in use. , the change from hoads to tight-fitting facepieces
will necessitate annual fit testing of the respirators. This will add another 15-60 minutes
per year.

The estimated annual range of impact per employee are detailed in Table 4 below: -

TAB LEI:creased Annual Maintenance, Fit Testing and Productivity Costs
Increased Costs ‘Low Case High Case
[ncreased Maintenance per year+ $1590,000 | $3,180,000
Fit Testing* $397, 500 $3,180,000
TOTAL $1,987,500 $6,360,000

ADDITIONAL COST IMPLICATIONS

Some manufacturers feel that there will be a 5-15% decrease in productivity if the
change is made from constant-flow to pressure-demand. This is due to the relative
complexity of pressure-demand versus canstant-flow, in addition to the possible in-
crease in heat stress and feeling of claustrophobia cixvree:\t in the switch from hoods to
tight-fitting facepieces. Although this is not included in the above figures, it could ac-
count for another $238,000,000 in annual costs to the user. :

Again, this technically unfounded mandate would cost the users in this one industry
hundreds of millions of dollars. It is unnecessary and totally unacceptable, given the
proven level of protection being afforded under the present system.

+ The estimated increase in maintenance time is 1 hour per worker per year
using a fully burdened labor rate of $10.60 per hour.

® The estimated range is between 15 and 60 minutes per year @ $10.60 per
hour using a range of 150,000 to 300,000 units.
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Reference No. 90-11-00

King, John H., "Simulated Work Place Testing in a Sandblasting Environment," E.D. Bullard
Company (unpublished), November 1990.

Contents: King, Bullard’s Technical Director, conducted protection factor tests in a simulated
sandblasting environment where respirable concentrations of dust were 250 mgim® (not
250ug/m?!), substantially higher than the reports published on actual workplace studies; At this
much higher than normal dust concentration, Bullard respirators tested yielded protection factors
of 12,500, -
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SIMULATED WORK PLACE TESTING

IN A SANDBLASTING ENVIRONMENT

E. D. BULLARD COMPANY

By: John H. King

November 1990
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Introduction

E. D. Bullard Company has conducted several base-line simulated workplace
sandblasting respirator tests using one of its hard shell, hood style blasting
respirators. The blasting media used is procured from a local (Lexington KY)
blasting supplies distributor. A special testing chamber has been comstructed
from concrete blocks specifically for simulated workplace testing. The inside
dimensions of the chamber are approximately 12 feet wide, 15 feet deep and 8
feet high. Standard rotating roof ventilators are employed to provide a
relatively controlled exhaust path for the compressed air being released by the
blasting nozzle and supplied air respirators while in use. Air sampling pumps
and Milipore sample filters are used and in some cases cyclones are used to
separate respirable from total dust samples. Lighting inside the test chamber
comes from four large side windows and incandescent overhead spotlights. Items
blasted include used auto parts, farm/tractor implements and worn machinery
parts. Due to the relatively confined space within the testing chamber and high
rates of air/blast media flow through the 1/2 inch blasting nozzle, the test
environment is considered severe as compared to most blasting environments.

Procedures overview

Environment

Two people enter the blasting chamber at a time, each wearing Bullard supplied
air sandblast hoods. One person is fitted with two sampling pumps and he carries
out the blasting activities. The other person serves as helper and observer.
One of the pumps samples ambient air just outside the hood next to the lens while
the other pump extracts an air sample inside the respirator hood next tio the
wearer’'s mouth. A third person serves as a helper outside the test chamber.

He wears an air purifying full face piece respirator with high effidiency
filcers. His responsibilities include tending the sand pot and monitoring the
air compressor air quality and points of attachment pressures for the two
respirators inside the test chamber.

¥Work Simulation

When the work begins the observer turns on the sampling pumps. The blaster
usually keeps the blasting nozzle trigger depressed until the visibility {s
reduced so much that he can no longer see to continue the blasting or until the
part being blasted requires repositioning. This occurs approximately every one
to two minutes. After the dust settles upon release of the trigger to a point
that visibilicy has somewhat cleared, the blaster again depresses the trigger
for the next cycle. Blasting in such poor conditions is possible since, as the
abrasive sand strikes a ferrous surface, a bluish glow is given off, improving
visibility. The observer is responsible for timing the operation of the sampling
pumps. About every 15 minutes the doors to the chamber are opened, the pumps
turned off and the floor is swept clear of debris.

Filter Procedures

Sample filters are preweighed after being desiccated using a micro balance.
After exposure they are redesiccated and reveighed. In some cases we have sent
the samples to the University of Kentucky for evaluation as to particle size
distribution, percent silica, etc.
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Results/observations
" About S% of the dust created in sandblasting 1is respirable (belew 10
microns) according to a typical particle size distribution analysis. (see

10.

11.

12.

Exhibit 1)

The bulk of respirable particles are in the 2 micron range.

The 50* percentile concentration of respirable dust has been measured at
It should be noted that this
concentration is significantly greater than most of those which have been
reported in actual work place studies performed by others in recent years.
(This may be attributed to the severe conditions imposed by our procedure.)

250 milligrams/cubic meter (See Exhibit 2).

The 50®" percentile concentration of total dust was measured to be 3200
milligrams/cubic meter (See Exhibit 3). This concentration is likewise
significantly greater than those typically teportcd in other studies.

The ratio of respirable to total dust in the sand blasting environment is
then jﬁﬂ = .078, or about 8%. This value is reasonably close to the 5%

320

value obtained in the particle size distribution analysis.

The measured inward leakage obtained during two, 2 hour work shifts (4 hours
total) of respirable dust was in the range of .02 Mg/M°.

The measured inward leakage obtained during two, 2 hour work shifts (d-hours
total) of total dust was in the range of .06 HQ/H?

The ratio of respirable to total dust of the inward leakage is then
+22 = .33 or about 30%. In contrast to the 8% value stated in Item 5

.06
above, this would tend to indicate a higher percentage of the smaller
particles seemingly penetrate the respiratory inlet covering.

A typical total dust sample was analyzed and found to contain 83 6% S,0,.

In order to capture enough sample inside the sandblast hood for gravimetric
analysis, the sampling pump must run about 4 hours at 2 LPM.

- attempts have been made with durations up

to one hour, none of which

Nunerous

resulted in any detectable contaminant captured on the sampling filters.

On the other hand, running a sampling pump in excess of 15 to 20 minutes
to capture ambient dust results in pump shutdown due to sanpla filter

overload.

Because of the conditions noted above, actual side by side comparisaons of

inside and outside concentrations (in real time) have not been possible.

Ambient (outside respirator) concentrations in a highly controlled simylated
work place setting of respirable dust resulted in $*® and 95 percentile
This amounts to a 200 fold

values of 5 Mg/M® and 1000 Mg/M® respectively.
data spread.
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13. Several of the tests which have been performed were discounted due to
various reasons including pump failure, questionable sample filter preweight
measurement and sampling train leakage.

1l4. None of the results has been corrected for sampling bias.

15. VWhile it has not yet been validated with a statistically significant

quantity of accurate breathing zone samples, it appears, at this point, that

. inward leakage values do not seem to substantially fluctuate as do the
ambient concentrations (as indicated in Exhibit 2),

16. Using the inward leakage concentrations listed above (Items 6 & 7) and the
soth percentile ambient concentrations taken from Exhibits 2 and 3 (elso
listed in items 3 & 4 above), the following uncorrected protection factors
are reported:

50th Percentile Inward Protection
Ambient Leakage Factor
Concentration Concentration
Mg/M? ' Mg/ M®
Respirable Dust 250 .02 12500 ’ -
Total Dust 3200 .06 53000

conclusions

The work carried out thus far by E.D. Bullard Company has been limited in scope.
Even so, it has been expensive. Approximately 1000 man hours have gone {nto
actual testing, preparation and analysis. At, say, $25/Hour, this amounts$ to
approximately $§25,000. Additionally, another $25,000 has been spent on
facilities and equipment procurement and/or rental. As yet, the number of
samples collected have been relatively few. Much more data will be required to
draw any meaningful conclusions. This preliminary data indicates that ambient
concentrations substantually fluctuate or vary during actual work conditions even
in a simulated or controlled environment.
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Laboratory Protection Factor Tests of
E.D. Bullard Company’s Supplied-Air Respirators

J. H. King
Technical Director
E.D. Bullard Company, 1898 Safety Way, Cynthiama, XY 41031-9303

Abstract

Simulated workplace protection factor (SWPF) studies conducted on coatinuous-flow class
supplied-air respirators manufactured by E.D. Bullard Company yidided protection factors that -
exceeded the ANSI Z38.2-1992 minimum assigned protection fictor of 1000. Elewen respirator
models were evaluated oa 12 test subjects using conventional quamsitative fit testing practices.
Subjects were testad while performing a series of exercises that simulated work activities. In all
cases, resuits were higher than the minimum assigned protection factor of 2S5 stated in NIOSH's
Respirator Decision Logic (RDL). Even after computing 5th pezcentile values and applying an
order of magnitude safety factor, the results suggest that NIOSH's RDL may aot accurately
reflect the performance of Bullard's continuous-flow class respirators. Comparisons of hood-
style and mask-style respirator performance, operated in a continuows flow mode, showed that -
hoods performed coasistently across a range of airflow rates and wotker activities. In contrast,
mask performance varied coasiderably under similar conditions. These findings run couster to
traditional thinking about the relative merits of hood- and mask-style respirators.
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Introduction

The purpose of this study was to document the performance of E.D. Bullard Compeny’s
continuous-flow class supplied-air respirators. Such a study was necessary since some oulside
studies and the National Institute of Occupational Safety & Health (NIOSH) Respirator Decision
Logic (RDL), (NIOSH RDL, 1987) have created questions about the performance of Bulljrd's
continuous-flow respirators. Since Bullard produces more than one model of this clags of

supplied-air respirators, the study also compared the performance of different styles of respiritors

to determine how design might affect performance. A mask-style respirator was inciuded for
comparison and a combination mask/hood was added 10 assess the effect of the interface of these
two types of respiratory inlet coverings (RIC). Both of the mask-style respirators were opetated
in the continuocus flow mode, no demand valves were used. Variation in airflow rate as it relates
torespiramrpcrfomanccwassmdieduwdl.

. Previous protection factor (PF) studies of Bullard’s supplied-sir abtasive blasting respirators
widely differing resuits (Blair, 1973; Douglas, 1976; Haggerty, mxhz.l”l.l‘dﬁ
1993; Samimi, 1975; Samimi, 1993; Skaggs, 1988; Sumsel, 1992). Some of the resalts
contradicted Bullard's internal product evaluations. This may be attributed to poor wark
pmnmawmmmmngmpammmmmmﬂmwmm
positioned between the wearer's neck and the respirator neck seal, thus creating a leak
Other studies measured respirator performance by placing sampling cassettes at the
breathing zone and collecting contaminants during an eatire work shift, even when the
mmuymmmwmmmadmmmy
mmmmsmmwmmmmum
were not monitored and dirty respirator hoods were used during testing. -

Bullard has conducted its own PF testing in actual workplace coadiions and has
independent consultants to carry out further testing. Nonetheless, additional research is

to properly characterize the performance of this ciass of respirstors. Such additional research

could also confirm the favorable performance measurements of the previous studies.

The RDL substantiaily downgraded two eatire classes of respirators: continuous-flow and loose
fitting hood-style respirators. NIOSH did this because there wers no test requiretnests or
procedures that properly measured the performance of thess types of respirators. Since Bhllard
does not believe the RDL accurately reflects the performance of ifs own products, not to mention
the downgraded class as a whole, the Company has undertaken several studies to quantify the
pu'formanceofiupmducts _

thlethcsmdypramtedhuemmua.n Bullard Company facilities, the actusl

testing was directad and carried out by Occupational Hesith and Hygiene Corporation of Asherica
(OHHCA), an independent consuiting firm headquartered in Downers Grove, Dlinois.
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Test Specimens

Eleven models of Bullard’s supplied-air, continuous-flow respirators were evaluated; Table 1 lists
the major characteristics of the models.

20 § Supplied-Air R
Four models of the CC20 Series were tested; each of these models have an inner collar that
mﬂmmpmdeabodysalmndmemkandamnmﬂwofmmthem:
zone. These Type C hood-style respirators are designed for general industrial applications:

Model Description

20T (sample 1) Tyvek® hood with an inflatable neck caff and 2 short outer bib.

20TIC (sampie 2) Similar to the 20T model but features a longer outer bib and an
inner bib. The inner b tucks inside the wearer's coverdlls or
work jacket. The outer bib drapes over the wearer’s upper orso.

20NIC (sample 3) Same as the 20TIC except the bood material is Nyloa instead of

20TICH (sampie 4) Similar to the 20TIC but features a hard hat for head protettion.

PC/CS90 Series Sunplied-Air Reapi )
The Bullard PC/CS90 Series containment suit (ssmple S), developed primsrily for the

pharmaceutical industry, is a two-piece ensemble made of du Poat’s Saran-coated Tyvek that is
stitch-bonded for additional strength. The suit covers the wearer's body from the neck down; the
parka-style bood covers the wearer's head, tarso and anms. As air enters the hood, the inner
collar or neck cuff inflates to help maintain positive pressure withia the respirator hood. An
mmbtbuwbmmemtmmdmdmuwwmnmmmm
from the suit via four exhaust valves.

11 Scrics and 88 Scries Supplied-Air Respirajors

Bullard 77 (sample 6) and 88 (sample 7) Series respirators for abeasive blasting incorparate a
hard outer shell which provides head protection per the Ameri¢an National Standards Institute
(ANSI) standard Z89.1-1969 (ANSI Z89.1, 1969). mmmmmm
knitted elastic neck cuff, and an outer bib in the form of a cape.

The 77 Model has an air distribution plenum near the wesrer’s forehead. Relatively high pressure
air (about one atmosphere) is forced through the permesble membrane of the plenugn and
expelled into the interior of the hood. In costrast, reiatively low pressure air (less thas 1/10
atmosphere) enters the 88 hood MuwmumMmmmm
entering the interior of the hood via an opening at the wearer’s forehead.
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The Bullard 1090 Series respirators are more durable than the CC20 Series since they contain
a lens housing that holds replaceable lenses, and include 2 Nylon fabric bood. Like the 20TICH,
provision is made for a conventional industrial class B hard hat. Also like the CC20 Series, air
is introduced into the hood via an inflatable neck cuff. In addition to the inflatable neck cufY, the
1090 Series hood also incorporates a knitted elastic neck cuff similar to that in the 77 and 88.
The model 1093 (sample 8) hood, typically used for painting, is made of nylon sail cloth and
contains a short, loose fitting outer bib. The model 1095 (sample 9) hood, typically used for light
duty sbrasive blasting, is made of urethane coated nylon and includes a long outer cape designed
to cover the wearer's torso.

M40 Series Supplied-Air Respi
The M40 full face mask-style respirator (sample 11) incorporates a tight fitting neoprene risbber
mask with a single face sealing flange. One exhalation valve is used. The mask is available in
only one size.

Blast Mate Supplisd-Air Respirators
The Blast Mate (BL/MT) respirator (sample lmmﬂnmm&auhuomm,
however, it is modified with a special lens housing that aoccommodates multiple abrasive blasting

~ lenses. Additionally, there are two exhalation valves instead of one, with porous foam filters

between the valve bodies and snap-on covers. The foam reduces neise caused by the flow of air
exbausting through the valves. This is required since NTOSH places limitations on the amount
of noise a hood-style respirator can generate. A looss fitting, cape-style hood fits over the mask
and the wearer’s head, neck and torso. The hood/cape containg a rubberized abrasive blasting
shield in the wearer’s facial area which attaches to the mask’s lens housing. The hood includes
a knitted neck cuff similar to the 77, 88 and 1090 Series respirators. -

Preparation of Test Specimens

All sample respirators were fitted with miniature plastic quick disconnects and “O" ring seals for
breathing zone sampling. The female portion of the 1/8"° ID plastic couplings was cemented into
drilled holes in the hood or mask lenses so that the inlet to the couplings was in the wesrer's
breathing zone. In cases involving multiple lenses, the quick disconnect coupling was mounted
to the side of the lens or in the side of the respiratocy inlet covering (mask or hood). In these
cases a short piece of 1/8" ID plastic tubing was used on the inside of the RIC, Then, ons end
of the tubing was attached to the inlet of the coupling and the other end positioned in the
wearer’s breathing zone.,

T I T
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Test Panel

The test panel was comprised of 12 Bullard employees: six men and six women. A congerted
effort was made (0 use test subjects with facial sizes that represented each box of the Los Alamos
Scientific Laboratory (LASL) panel for testing full facepiece respirators (Held, 197%); however,
- extremely small faces were not available. Tabie 2 indicates faclal sizes of the 12 subjects; the
smaller faces tended to be female. Tmmmdmmywuabalhonm
after the PF testing was completed. Two subjects were unavailable for spirometry testing since
their term of employment expired before this phase of testing. Tahis 2 lists vital capacity and
peak inspiratory flow rate data for the 10 panelists for which spirometry data exist. This data
shows that female panelists generally exhibited lower peak inspiratory flow rates than males.

Test Equipment

ngmmmwgmmm»sommmm 2
quantitative aerosol tester from Air Techniques Incorporated (ATT). This device uses

light scattering photometry to measure aerosol conceatration and a controlled comn dil or miperal
oil aerosol as the test agent. The TDA-SO aerosol generator, & Laskin nozzle type, pro a
aerosol with a light scattering mean geometric diameter of 0.70 microns with a rasge of 0.3 to
3 microns. The product of the generator was dilutad with filterad sir to obtain a

range of 10 to 100 microgramy/liter. Mineral oil was used as the test agent in an ATI Model 70
test chamber modified for use with supplied-air respirstors. The detaction system détermings the
mmﬁmd&od.wﬁebmnammmmum&puuhof
penetration into the respirator down to 0.001% (PF readings up to 100,000). Readiogs 'were
pb@dmmmﬂymampcmnmmmmmma The detaction system
sampling airflow rate was set at about 6 liters/minute (I/m).

Amﬁohwuﬁnedmndememchmbewmlyw&bmm by
umAmmammmWnumummam
disconnect at the free ead so that test subjects could easily connect the respirator

to the air supply source. The manifold was supplied with compeessed air from ﬁe
chamber. Supplied air was filtered and regulated with a Bullard 41P6 Airline filtar
passing through a Hastings Teledyne mass flow meter with & capacity of S66 I/m. The massi flow
meter was used to moagitor and maintain the desired airflow to the fest respirator.
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Test Procedures

From July 6 through September 16, 1992 OHHCA coonducted PF testing at the Cynthiana,
Kentucky manufacturing facility of E.D. Bullard Compeny. Testing was dn'ectad by a Certfied
Industrial Hygienist (CTH) and conducted by OHHCA personnel.

Subjects were tested using conventional quantitative fit tasting peuctices. The test chamber and
physical exercise regime were adjusted for the evaluation of continuous-flow supplied-air
respirators. Each subject was tested while performing a series of pliysical exercises that simulated
mkmuwmmmwnuwujmmphawmmdmnbcmmmm

normal work activities. The test chamber does not duplicate all workcondmmiuch
as abrasive blasting where high velocity abrasive rebound is t. However, tbcj
place exercise creates a jarring action that teads to dislodge the RIC, making it more di for

the respirator to perform well. The exercise regime consistad of the consecutive performan¢e of
each selected physical exercise for four minutes. The physical exerciss regime congistad of the
following activities: normal breathing (start), deep breathing, side-to-side head movement;, toe
touches, jogging in place, and normal breathing (end). '

In addition to initial and final zero base line checks, instrumpent calibration checks were
performed after every two exercises. Ifthspedmdm mmmﬂymbpbv
0.01%, menmedunnmofmcammmdnmdwmmdmhmenﬂaﬁonm
aerosol penctration was evident.

Tmmehmmﬁmmﬂuedmduﬂudh‘mmdumbynmdumﬂl
befoteentmn;theteachmberSubjcnmw each of the eleven
respirators. Tests were conducted at two airflow rates: fiow (115 I/m for masks and
170 U/m for hoods) and normal flow (170 /m far masks and 225 ¥m for hoods). Minimum flow

u{ﬂ

1

on

is the established NIOSH respirator certification requirement (NEOSH 30 CFR 11, 1972) far the -

minimum supplied air flow rate. During the testing the sirflow into the test respirator| was
mmwudymwmrdbymehmmmmhtﬁ“mmmmmﬁw
set point. The airflow rate was maintained within 3 Um of the selected value.

After the test subject donned the RIC and entered the test chamber, he/she connected the quick
disconnect at the end of the breathing tube to the air supply Ene agtached to the air
manifold. Then the quick disconnect fitting om the end of the tespirator sampling was
connected to the fitting mounted into the RIC. When the mineral oil adrosol concentration i the
mmmqumdm.memmmmmmmm .
penetration into the RIC was recorded continucusly on a strip chart racorder. Whea m
completed at the minimum airflow rite, the flow was increased to the normal level
qmmmmmumm&MMMmmuum
After equilibrium was re-established the exercise regime was repeated.
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Data Reduction

The strip chart recording for each exercise was used to measure the avarage and peak penetration

in percent. The peak penetration (Pi) was indicated as the highest reading on the chart. The

average penetration was determined by using a compensating polar planimeter to determing the

relative area under the curve. This area was then divided by the test axercise duration to obtain
the time weighted average penetration (Ai) for the exercise in percent. Therefore six Pis anl six

Ais were determined for the six exercises of a given test set. A master test data matrix was
generated from these data. An example of the matrix, shown in Figure 1, illustrates the methods

of calculation used to complete the matrix.

The six Pis were sveraged arithmetically to obtain the mean peak pesetration (PK) for the entire
test set of six exercises. nePKmmmusﬁbmu&epakmmﬁm
(PKP) for the test set.

Likewise, mumWammWywmmmww
penetration (AV) for the entire test set of six eXercises. The AV was then used to compute the
time weighted average (TWA) protection factor for the test set.

Using the PKPs and TWAS associsted with each test subject (A throngh L) a statistical ana)ysis .
was performed for each respiratar evaluated at two airflow settings (minimum flow and nopmal
flow). Using a Pearson coefficient of skewness test the data genenlly appeared to be log
normally distributed. Log normal distribution transformations ware used for this asalysis. Log
normal means, standard deviations, and Sth percentile values wess caloulated for each respi

at the two airflow rates for both PKP and TWA PFs. This resulted in the four sets of data

in Table 3.

Edwin C. Hyatt, CIH, mmmmmmmmamuumm .
estimated as one tenth (1/10) of the PFs obtained in the labotatary, Therefore, the
presented in Table 3 include this safety factor as a set of values which are 1/10th of the Sth
percentile TWA PFs. From this table values were plotted for minimum flow TWA PFs.
Geometric means, Sth percentile and 1/10th of the Sth percestile PFs for esch respimtor
evaluated are shown in Figure 2 to illustrate the relative difference.

As seen in Table 2, respirator wearers with a greater vital pulmosary capacity are likely 0
exhibit higher peak iaspiratory flow rates during high stress activities such as jogging than
wearers who have lower vital pulmonary capacity. To deterssing the effect on respirmtor
performance associated with peak inspiratory flow rase, the data were asalyzed for typical mask-
style and hood-style RICs. TWA PFs obtained from the ten tem subjects for which spirometry
data was available were plotted against their reported peak inspirstory flow rates. These plots,
iavolving the 77 hood-style and M40 mask-style RICs, are preseated in Figure 3.
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memulsofnwjowngmplmuemmcomedmmmﬁmmew
normal breathing exercise. TbeTWAPFsumaaudwblywithmngandmalbmthmg
are shown in Figure 4. FiﬁhpercenulcTWAPFszthminimummﬂowandmal
air flow supplied to the respirators are shown in Figure §.

Analysis of Results

Since respiratory protection is based, in principle, upcnnmewdgmdzvm;eexmeto
contaminants TWA PF's are the best predictor of overall respirator performance. Time weighted

average PFs obtained with mxmmumarﬂowa:epruandm?i;ml These data demonstrate

that the PC/CS90, 77 and 88 respirators (sampies §,6,7) provided the highest TWA PFs. The
20T and 1090 series respirators (samples 1,8,9) provided the lowest TWA PFs,

With the exception of the 20T, the CC20 Series respirators (samples 1-4) performed well
exhibiting 5th percentile TWA PFs of 18000-22000. By contrast, the 20T exhibited 3 Sth
percentile TWA PF of only 7000. The absence of an inmer bib is what primarily differentiates
the 20T from the other CC20 Series respirators. The inner bid tucks into the wearer’s work
clothing and thus creates a better, more positive seal against the wearer's body. Is adfitibe o
having an inner bib, the PC/CS90 containment suit hood (sample 5) is constructed as 3 parks and
thus forms a double body sealing barrier. Wth&mmmmmm
exhibited high Sth percentile TWA PFs of 37000-43000.

mﬂmdumddhoods(nmpla6&nmawmkmﬂmfommqw
against the body. This cuff material is porous and thus exhausted air seeps or bleeds the
material. The 88 is similar to the 77 except the air distribution system inside the 88 hood

air to flow at a relatively high velocity into the breathing zone. 88 Series users have inditated

they prefer the feel of airflow in the hood as apposed  the air bleeding through a permeable
membrane air distribution pleaum as incorporated in the 77 respirator hood. The 77 and 88
respirators exhibited Sth perceatile TWA PFs of 36000-47000.

The 1090 Series respirators (samples 8 & 9) also use kuitted neck cuffs t0 seal againgt the
wearer’s body and yet the two respirators tested performed at about the same level as the 20T,
The main difference is that the lens is loosely fitted into the hood for easy replacement purposes.

Overall, the M40 full face mask (sample 11) performed well, yisiding Sth percentile TWA PFs
of 27000-35000. However, as Figure 3 illustratas, the mask is mate susceptible to over-breathing
than hoods like the 77 and 88. The Blast Mate respirator (sampie 10) does nct perform as well
as the M40 even though it uses the same mask as the M40. The abrasive blasting hood/caps that
fits over the mask may account for this. Contaminated air that is wapped under the hood and
cape may not get adequately flushed by air exhausting from the mask. Thus the asfosal
concentration in close proximity to the mask may reach higher levels than in the outside ambient
environment.
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According to Figure 4, the highest performing respirators (
difference in performance between normal breathing and jogging.

in performince between normal breathing and jogging
incorporating hard hats (sampies 4,8,9). Thsmyh:vabdommmdmcyofu\ehad

protective device to bounce around inside the hood and thus causing the RIC to

y large di
by those

dislodge and

interfere with the neck seal. Performance may bave been improved if the optional hard hat chin

straps had been used.

mmmemwfmmm(mﬁuum.mmsmmmme
remaining hood-style respirators exhibited less difference in performance between minimum and
mmalnrﬂownmmmthemuk-uylemmammm:mquﬂym

other models and brands of respirators belonging to the same class as those studied here.

Since the Sth perceatile TWA PFs were obtained from laboratory tests, they should be

by a factor of ten (Hystt, 1984). It is interesting to compare these ummm

values to the 5th percentile PKP PF values. Wikh the exception of the 20T and the mask

the factored (1/10th Sth percentile TWA) values are less (more conservative)

respirators,
the Sth percentile PKP PFs. Since the factored values are based on time weighted average results -

they are also more statistically valid due to averaging.

Based oa the lllmsmmmWAmmmmﬂvﬂymmw

as follows:

MODEL TYl’E ASSIGNED FF

20T
20TIC
20NIC
20TICH
PC/CS90
7

88

1093
1095
BL/MT
M40

HOOD
HOOD
HOOD
HOOD
HOOD
HOOD
HOOD
HOOD
HOOD
MASK
MASK

88

1500
1500
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Conciusions

® All respirators tested yielded Sth percentile TWA PFs greater than the ANSI standard
Z88.2-1992 (ANSI 738.2, 1992) minimum assigned PF of 1000.

® Respirator wearers who have a capacity to bresthe deeply may obtain less protection
during high physical stress activities.

® High levels of physical stress generally result in Jower protection factors as indicated by
comparing data from jogging in place o normal breathing.

® The way a loose fitting hood interfaces with the wearer's body (body seal) can greatly

affect the respirator’s performance. This interface may be more important than the
amount of airflow into the respirator (170 m or 225 Vm).

® 1fa loose fitting covering is placed over 2 tight fitting mask, the effectivensss of the mask
may be reduced.

@ Loose fitting hoods can perform better than tight fitting masks depending upon the design
of the bood's body seal. .

10
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Comments

There is presently a great deal of conflicting information that coafuses and concerns imator
researchers, manufacturers, hygienists, and users about the protection afforded by di t
classes of respirators. Nowhere is the confusion more pronounced than in the case of contin
flow class, supplied-air hood-style respirators. NIOSH's RDL recommends a2 minimym assi

PF of 25, while the ANSI standard Z$8.2-1992 recommends 1000. The NIOSH
recommendations are beginning to become reflected in actual weérkplace regulations. Usess of
continuous-flow supplied-air hood-style respirators now wondet why there has Been su¢h 2
dramatic derating of a protective device which has been used sucsessfully for years. The

of the present study suggest, at least for users of Bullard respirators, that the downgmding

PFs is uawarranted. The results support work that led to the ANSI standard Z88.2- 99&
recommendations.

protection devices. Conventional beliefs about the performance superiority of a tight fitting
compared to a loose fitting hood may be inaccurate. The performance of several Bullaxd
stylemspmbnwanmﬂuntheNlOSchMmtﬁmWoﬂWVmaM
as at the higher 225 Vm of airflow. In coatrast, the performance of the mask-style
wu'noﬁceablylesutheNIOSHrequimdminimofllSVnMitmnlmEm.
by

MsMymmwaamﬂmdwg

Furthermore, while high levels of physical stress generally result in lower PFs, as

comparing data from jogging in place to normal breathing, the seduction in PFs was less with
the 20TIC, 20NIC, PC/CS90, 77 and 88 Series hood-atyle reapirators than it was with the mask-
style respirators. This difference may, in part, be attibutable to the larger inteynal volume
afforded by hoods and becomes even greater when the design of the respirator’s body sdal is
taken into account.

Mhmmﬂwhaod—wthWm,szdiﬁminMﬂm .

among the Bullard models evaluated. Design of the interface between the respirator the

wearer’s body (body seal) appears to have an important effect on respirator performance for
hood-style respirators. The design of the body seal appears t0 be more important in of

respiratory protection than the amount of airflow into the respirstor, at least within the

range of 170 /m to 225 /m. Inflatable neck cuffs or knitted seck cuffs provide a good

which can be further enbanced with an inner bib that tucks into the wearer's shirt or cove

Knimedandmﬂmbleneckmﬂsmnmadm”mmbehﬂramm&yb :

respirators with a body seal which relies on a draw string that the user tightens.

Despite the controversy surrounding continuous-flow class supplied-air respirators,
little research has been performed on the class. It is the suthor’s hope that this study will

additional interest among mmmmmmmmwﬁaomeum
may become better understood.
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- Figure 1. Methods of data reduction.
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[ Figure 2. Summary of time weighted average protection factors.
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Figure 3. Breathing capacity vs selected respi Tp - .,
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Figure 4. Normal breathing vs jogging in place protection factors.
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100000

10000

(1) 207
(2) 20TiC

| (3) 20NIC
{4) 20TiCH

J/4AHN A/

{5) PCICS00
(6) 77
(nes

(6) 1083
(9) 1006
(10) BLMT

—o— Minimum Flow —°— Normal Flow

1. Sampies 1-8 are Typs C, Head slyle reppirsiors apernted at 170 & 223 Vim air flow,

2 Samples 6-9 are Type CE, Haad siyla fespirsiors eparated st 170 & 235 ¥m air flaw.

3. Sampie 10 s & Type CE, R tacepiscs Masic atyle reapiratr apiratpd at 115 & 170 Un air flow.
4. Sample 11 is a Type €, Nl facepince Mask style respirator apasatad at 115 & 170 ¥ airflow,

hd

(11) M40 -

‘TOTAL P.2S

I

[}

N



-

—
: Dy GG 0% tuk b

; Monitoring Breathing Air af ,
~ Lead Paint Removal Projects E

, CIH and
John V. Cignatta, PE,,

Datanet Engineering, inc.

Editor’s Note:

An earlier version of
this article was
presented as ¢ papar
at SSPC 98, November
13-18 1993, in New

Orlears, LA, and was

published in the
canference Proceedings
{Innovations for
Preserving and
Protecting Industrial
Structures, SSPC
Report No. 93-06).

BFig

A conventional Type-CE
respirator operatad in
continuaus flow mods

Courtesy of
£.1. Bullard Compang

any people in the ind
are confused about methods
’ of collecting and interpget-

ing air sampling data during abrasive bh;W 4
of lead-based paint. Frequently, numbers pro-
vided by an mr ssmple analysis are treated as
absohutes. In reality, however, the numbess
merely agproximate the true concentration of
lead exposure In a given worker’s breathing
zone at the time of the testing.

The following article discusses major

. factors copmonly misunderstood when tejt-

ing the air surrounding workers during abra-
sive blasting operations. It should be noted
that while respiratory protection is discusspd
at some lepgth in the article, the use of engi-
neering caatrols to help control air-borne
lead dust is assumed.

OSHA Requirements for
Air-Berne Sampling on
Lead Projects

Air sampling is performed to determine as
closely as pgssidle the concentration of lead
in the air. With this information, an emp

can assure compliance with the Oceupatio
Safey and Health Administration’s (OSHA's)
new regulation on Jead exposure in the con-
struction industry (29 CFR 1926.62). The reg
ulation states that “the employer shall collect
personal samples representative of full shift
including at least one sample for each job
classification in each work area either for

64 / Journal of Protective Coatings & Linings
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each shift or for the shift with the highest ex-
posure levet” (29 CFR 1926.62 (d)(1)(ii).

Other sections of the new OSHA
rule further define requirements for both ini-
tial and periodic air sampling. Most of this in-
formation is contained in 29 CFR 1926.62
(d)(3), (6) and (7).

Air sampling is also crucial for compli-
ance with the “Respiratory Protection” sec-
tion, 29 CFR 1926.62 (§}(2). The employer
must conduct air sampling to assure that '
workers’ respirators are appropriate for their
lead exposure. )

There are 2¢ypepobrespivatorrforabra-
siverblastingoperationsstherblastingType-CE

Selnetiespixasounoperated-iveontinu

m»aﬁ&mm The helmet type op-
erated under continuious flow mode is made
by many companies and is familiar to most
workers (Fig. 1). -

The hood type operated in positive pres-
sure mode was developed for shipyards, where
workers had difficulty moving through the
very restrictive spaces in double hull ships.
The respirators are less bulky because they
have no integral head protection (Fig. 2) and
provide better access in ships.

The restrictions on the use of these res-
pirators are detailed in 29 CFR 1926.62 (d)(2).
Theheimet TypeCB respiratorTopéisted in
oo s 1550 g o

ir exposure '
fead. The hood Type-CE xespirator, operated
in.pasitive pressure.mode, eannot beused
whereaizbome. concentrations of lead exceed

- -100,000pg/m3,

These air-borne lead limits zre to be
measured outside the helimet. They come
from a prediction about the level of protec-
tion afforded by the helmet or hood to keep a
worker's breathing zone inside the heimet
below the Permissible Exposure Limit (PEL)
of 50 ug/m3 for lead.

. onfactor assigned bythe
National Institute fox Occupational Safety and
Health (NIOSH)to.a blasting helmet ls-only
25.Thus,25.timastha PEL-of 50-equaly 1250

versy over these protection factors and the

“ieie . tests upon which they are based, the 1,250

and 100,000 pg/m? limits for the Type-CE res-
virators are now required by OSHA.

Measuring Air-Borne
Lead Dust

If a cloud of lead dust at a construction site is
visualized. it would seem to behave like a
cloud or puff of smoke moving through an
area. (Remember that you have to imagine

Februscy 199~ -
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The traditional lapel position for sa
: a worker's breathing air.
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Air ampling qassetts placed behind an
abrasive blasting helmet to avoid ricocheting
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the dust cloud because the most hazardous
form of lead dust is the smallest size particles,
which are too small to see.) The dust in the
cloud would typically move outward from the
point of generation. Concentrations of dust at
any specific point would vary from moment to
moment, increasing and decreasing as the
material moves and diffuses through the air.

Particles would be affected and moved
by air currents, and, slowly, the particles
would settle to the floor, with the larger parti-
cles settling much more quickly than the
smaller particles. Because of the combined ef-
fects of these actions along with the varied
operations of the blaster or blasters in an en-
closed project site, the lead dust cloud is
actually a series of different, continuously
changing concentrations or exposures at
different locations. :

Current methods for monitoring air-
borne lead do not measure each concentra-
tion in the series. Instead, current monitoring
methods yield average dust concentrations
over the time period during which the
sample is collected.

To measure the concentration of lead
dust inside a blasting containment, a sampler
is attached to a worker inside the enclosure
during the morning. It is rernoved when the
worker exits for lunch. Another sampler is at-
tached to the same worker to agsess afternoon
exposure in the enclosure. Figure 3 depicts a
lead dust distribution and shows the time pe-
riod each sampler is operating as “Sample #1”
and “Sample #2" along with their respective
average lead dust concentrations. A brief dis-
cussion on sampling techniques is required to
understand the results of these samples.

Sampling Equipment
and Protocol

The Sampling Process

Lead dust samples are typicaily collected over
several hours. Air is vacuumed at a specific air
flow rate into a plastic cassette holding a spe-
cial piece of filter paper. The mass of lead en-

" . tering with the air varies with the concentra-

tion in the sampling area as the vacuum
pump runs. More dust will be collected dur-
ing periods of high concentrations and fess
during lower dust concentrations. Depending

on the worker's irnmediate activities, high
and low concentration times may lastonly a
few inutes or may be refatively constant
throughout the sampling period.

Lead collects in the sampling device and
remains there until analyzed by a laboratory.
The laboratory analysis can indicate only the
total amount of lead dust in the sample. Di-
viding the total by the volume of air sampled
provides an average concentration for the
time period. The {ab cannot determine
whether the dust concentration remained at
this steady average concentration or fluctuat-
ed greatly during the sample period. Several
short duration samples more accurately es-
tablish low and high concentration periods
than do samples from longer periods.
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The 2oncept of averaging the concentra-
tions is critical. If a short ingh concentration
occurs followed by a longer period of tow con-
centrations, the high concentration will be
undetected since it is averaged into the longer
Jow level concentrations. As suggested by Fig.
3, the numerous high and low spikes are not
apparent from the laboratory analysis of the
sampling during periods one and two. Rather,
only the average lead concentration over that
time period is known.

Since the current methods of sampling
cannot record peak exposures, 2 problems are
conironted: what specific mcthocr and sam-
pling time should be employed. and how
those warkers can be identified who are
being exposed to intolerable peak concentra-
tions before thele blood lead levels indicate
that they have been poisoned by excessive
lead exposure,

The second question is the easiest to an-
swer. Exposures above the PEL at the worker’s

February 1994 /67
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interior breathing zone can be detected by
monitoring inside the helmets. Testing also
identifies items such as workers taking their
helmets off inside the enclosure, defective
helmets, and inadequate air flow to the hel-
met. However, testing inside the helmet must
be accomplished in addition to the mandatory
OSHA tests outside a blasting heimet.
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An approach to the first question is to
accomplish the testing in compliance with
¢ 29 CFR 1926.62 (d)(9),
¢ NIOSH Method 7082,

o OSHA Instruction CPL 2-2.20B CH-1 and
* a sound engineering basis for the sampling
period.

The OSHA lead-in-construction rule
mandates “(9) Accuracy of measurement. The
employer shall use a method of monitoring
and analysis which has an accuracy (to a con-
fidence level of 95%) of not less than plus or
minus 25 percent for airborne concentrations
of lead equal to or greater than 30 ug/m3."

Beyond this staterrent of accuracy re-
quired by OSHA, the NIOSH Method 7082
provides somne details on sampling. The fol-
lowing NIOSH field procedure steps for saro-
pling are described.

o Calibrate each sampling pump with repre-
sentative sampler in line.

» Sample at an accurately known flow rate
between 1 and 4 L/min for up to 8 hours for
TWA measurements. Do not exceed a filter
loading of approximately 2 mg of total dust.

The NIOSH Method 7082 also explains
that the samnpler of filter paper must be 0.8
Wm in pore size and made from multiple cel-
lulose ester. The cassette filter paper holder

. must be the 37-millimeter size, and a flexible

connecting tube can be used with the sam-

pling pump. NIOSH further states that the
minimum volume of air drawni through the
filter paper must be 200 L-at 5D pg/m3 and
the maximum must de 1,200 & )
The OSHA Instruction OPL 2-2.20B

CH-1 reviews items such as cadibrating sam-
pling equipment, manitoring the sampling
process, and recording data. OF the various
recommendations and ons concern-
Ing pump operation and sample collection,

; the following warning Is provided in

SectionlC2.c
“Take care %0 avoid any overloading
of the fiter, as evidenced by any loose

particulate.”

However, neither the NFOSH Method
nor the OSHA Techaical Manual explains
what to do when the (ilter is dbout ta be
overioaded, yet 200 L of air hpve not been
sampled. Thus, all possible figld sampling
problems that can be routiney encountered
at abrasive blasting projects gre not explained
in the methods. NIOSH and OSHA personnel

have stated that sound judgneent must be
employed with all smpﬁ::%omeﬂ.mes, how-
ever, it.Is quite difficult to dacide whose

sound judgment should be followed when a
particular problem is not coyered in the
OSHA rule, the written NIOSH testing proto-
col, or the published OSHA sampling tech-
nique guidance.

Selecting the Time Period

The concentration of any dust cloud continu-
ally varies because of the noymal diffusion
and dispersion of the cloud. Different work
activities also creabe varying levels of air-
borme lead dust. Peak expostires need to

be understood to assure the worker is ade-
quately protected.

Sampling periods should be selected
to isolate the different tasks on a job and
identify the lead dust concantrations generat-
ad by each task. The time period during col-
lection of the sample is so that the
worker’s activities during the time period are
similar to generate a consistent amount of
air contaninants, '

At a blasting project, a worker may per-
form the following actlviti¢s during a normal
day with the following typical exposures:

» 7:00-9:30, project set-up, 0 ug/m>;

* 9:30-12:00, abrusive blasting, 1,100 pg/m3;
o 1:00-2:30, cleaning inside containment, 5X
Hg/m?; and

ta—
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e 2:30-4:00, painting in containment,
15 pg/m3.

Each of the above sampling periods was
selected to identify the concentration of lead
that would be generated by a specifically iden-
tifiable task normally performed at a project
site. If one sampl¢ were collected for the en-
tire eight-hour period, the concentration re-
ported by the laboratory would be irrelevant
to either regulatory compliance or good in-
dustrial hygiene practices because the worker
was probably wearing 3 different respirators
during the work day,

The optimum period of time for moni-
toring workers who are blasting is the maxi-
mum amount of time between entrances

and exits from an enclosure without overload- _

ing the cassette with particulate matser, At
soine project sites, even with sampling rates
limited to only 1 L per minute, the cassette
will be overloaded after more than 10 to 15
minutes of blasting.

Effect of Sample
Position

Personal air samples on workers are
collected in what is known as the worker's
breathing zone.

OSHA defines the breathing zone in
the previously referenced Technical Manual in
Paragraph L.B.5 as follows:

“Attach the collection device (filter cas-
sette, charcoal tube, etc.) to the shirt collar or
as close as practical to the nose and mouth of
the employee, i.e., in a hemisphere forward of
the shoulders with a radius of approximately
6 to 9 inches [15 to 23 centimeters]. The inlet
should always be in a downward vertical posi-
tion to avoid gross contamination. Position
the excess tubing so as not to interfere with
the work of the employee.”

While many industrial hygienists are fa-
miliar with this practice, there is often confu-
sion because a blaster wearing a Type-CE res-
pirator has the lapels covered by a blasting
cape and a set of blast coveralls. Since the
typical lapels are not accessible, alternative
attachment points to the worker are frequent-
'y employed. '

The lapel point and alternatives to it

Wbe discussed in turn.

The Lapel .
This area is also within 6 to 9 in. {1510 23
cm) of the worker’s nose and mouth (Fig 4).
It is the most common sampling location for
any worker wearing a respirator,
Furthermore, this location usually pro-
vides a very accurate representation of the
concentration of lead dust near the worker’s
face and hence an accurate description of the
worker’s exposure.

i
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However, the problerns with the use of
the lapei pocition for sampling abrasive blast-
ing operations include the following:

» physical damage tn the rassetic Ly the rico-
chet of abrasives;

s divect entry of large particles into the cas-
sette again by the action of ricochets;

* abuse of the cassette by the action of the
high pressure (100 to 125 Ibs/in.%; 70,310 to
87.888 kg/m?2) stream of air (200 to 300
ft3/min; 94.400 to 141,600 crn¥sec) flowing
from the blast nozzle;

o destruction of the cassette by the action of
safety lines, harnesses, and tie-off lanyards;

¢ displacement of the cassette by movement
of the worker through hatches, under struc-
tural steel, and over other obstructions; and
» settled lead dust being vacuumed up by the
sampling cassette off entrance tarps, floors,
walls. and other areas when the worker
brushes up against these surfaces while
going through airlocks, tight spaces, and re-
strictive passages.

. During abrasive blasting, samples
placed in the lape! area are frequently dam-
aged by ricocheting abrasives, More impor-
tant. erroneous data can also be chtained in

BN
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this location since very arge particles can ric-
ochet directly into the sampling cassette.
Since these large particles were not captured
as a result of alr movement into the cassette
input port {(which simulates the nostrils of a
person breathing), a very high, inaccurate
reading is obtainad.

: f '
\?n”:’f‘fhil‘n Porrtd
Doiand i,

- oyt vor i .
W Vet » '1{'{".‘ P

’ t."’“([f /(

TIPS L
1'"”‘ FFid

Ol n
abn {."ﬁ(
proloc i

OSHA requires the abrasive hlasting
helmet or hood because ricccheting abrasive
can hurt the worker. The physical risk to the
outside of Uz helmet ar khood is not related {0
the concentration of lead dust in the air being
sampled by the cassette. No statistical proce-
dure has been established for subtracting the
effect of large particles mechanically ricochet-
ing into the zassette. For this reason, sam-
pling is often performed in locaions other
than the lape{ position.

Behind the Neck
The sampling cassette can be protected from
damage and the direct entrance of high veloc-
ity large particles by placing it outside an
abrasive blasting helmet but immediately be-
hind the head (Fig. 5). In this position, the
sample will collect lead dust very near the
breathing zone but the cassette will be pro-
tected from the ricocheting abrasive. It can be
argued that a reasonably accurate evaluation
of the worker's exposure wil! still be obtained
singe the concentration of air-borne lead par-
ticles (not high velocity ricocheting particles)
cannot significantly vary from one side of the
helmet to the other.

Again, this position is not specified in

OSHA regulations. However, it may be
acceptable because of the demonstrated diffi-
culty of sample collection in the traditional
breathing zone area, An OSHA pfficial has re-
ported that this technique is currently under
review, but no date was given fdr possible
forthcoming guidance on this matter.

_;tdﬂdtluldt

| Insome circumstances, workeds constantly
, bit their heads and upper body uring move-
i mént underneath structural steel beams.

| When this occurs, any light plajtic cassette on
x ﬂnwrbodeill probably be dislodged if

during the course of a worker’s
% mmal job mover ents.
‘ To overcome this problem at many
| project sites, the sampling posijion is moved
ltoamermalespronetnl nt im-
This area is frequently behind the
| belt. Most industrial hygiene professionals
' consider samples cuilected behind the back at
| the belt to represent area samples, not per-

 sona) samples.

P The counter-argument tg this con-

tention is that concentration gfadients for air-

borne lead particles have not been document-
ed to be significant for distances of 3 ft (1 m)
along a worker’s body. Regardless of these ar-
guments, sample collection fropm behind the
worker's beit may be the only way to get any
samples of worker expasure in p given enclo-
sure without the cassettes being destroyed.
Although this approach may not satisfy a local
worker protection compliance bfficial, it will
provide valusble data.

Inside the Helmet

As previously mentioned, sampfles can con-
currently be collected inside the worker's hel-
met to determine whather lead dust is leaking
into the helmet (Fig. 6). e may be
caused by inadequate function of the air sup-
ply system, tampering with the helmet, or air-
dorne lead concentrations above the helmet's
protection factor.

Alr sample cassettes may be taped insice
the helmet or fitted with a front end exten-
sion tube into the helmet. approach
may be less desirable because the tube might
affect the overall efficlency pf the vacuuming
action of the sampling system.) This tech-
nique will provide a very good indication of
the level of lead dust seeping into the helmet.
Exposure in the helmet should be wejl below

——
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the action leve} and normally below 10 pug/m3. / sult of sampling in this way, our personnel
To date, our company has found that on ) have uncovered incorrect size airlines and

a variety of bridge and water tank projects, other equipment malfunctions that were not

sampling inside the helmet has provided the obvious in the course of equipment inspec-

most useful and relevant information for de- | tior. In fact, a national recall of a Gulty cape

termining employee exposure and diagnosing | on a particular blasting helmet was initiated

problems specific to a given job site, As a re- by an equipment manufacturer based upon a
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Monitoring Breathing Air

materials problem discovered as a result
of such tests,

The Lapel Position with a Grit Guard
Industrial hygiene personnel at the Bath

Iron Works in Maine have taken another ap-
proach to overcome the problem of large par-
ticles of abrasives and paint ricocheting back
into the sampling cassette instead of being
drawn by air into the unit. They are testing a
small metal guard to protect the end of the
sampling port on the cassette. The small piece
of machined metal (Fig. 7) shields the open-
ing of the cassette from ricochet while
allowing finer lead dust to be drawn around
the shield.
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Large and heavy pieces of grit or ag-
glomerated paint do not have encugh kinetic
energy to travel around both corners or be
carried along by the air currents entering the
sample cassette, Air-borne particulates are
readily drawn around the guard and into the
port with almost insignificant variations in
static pressure loss.

Bath [ron Works personnel have collect-
ed data to compare conventional and grit
guard sampling. They have found very high
correlaticns between the samples when the
conventior.al samples had very iarge partlcu-
late matter removed by a magnet,

. Reviews or opinions on this technique
have not been published by OSHA or NIOSH.
However. it remains a significant advance in
solving the problem of placing the cassette in
very close proxmuty to the worker’s mouth
yet minimizing the capture of very large par-
ticles. Because the large particles readily set-

tle in seconds as their kinetic energy is dissi-
pated, they are net truly aif-borne dust.
Thelr flight is move comparable to that of 2
thrown rock.

We are not aware of g1y worker protec-
tion agency that has d an approval
of the grit guard shicld forj regulatory sam-
pling. However, this methdd may provide im-
portant dhgnos information to evaluate
e, thee 1 1o ep) sampling

us, isno samp.

methodology that can be ysed at all times
in all places. Rather, every procedure has
specific advantages and linitations. Each con-
stitutes an additional tool or assessing work- -
ex protection, :

; Emrs in Sampling
" Equipment |
" Cumulative effects from efrors can be in-

. -gurred with every aspect of the air sampling
process. These ervors can hrise from.

¢ the pump,

. flow meter calibration,

¢ visual flow meter reading,
* cassette entry |osm. and
 laboratory errers.

Each type of error njay cause variations
in the actual value daerained by the analy-
sls These effects will be in turn.

o Pump flow variations: Sampling pumps are
designed to maintain constant alr flows even

while dust collects on theisample (increasing
resistance). However, occasionally flow rates
may change during the sampling period. For
this reason, flow rates are ired to be
checked before and,after sample collec-
tion. If the beginning and ending flow rates
are different, the flow is then considerad to t
the average flow, Sarnple pocuracy is affecte

because the flow rate may or may no
have occwrred in the midgle of the sample p:
riod to provide a true avehge.

» Calibration esvors: All pump flow meters
should be calibrated to a jtandard traceable
the National Institutz of $tandards and Tech
nology. Plow meter readifgs change as dust
collects in the tube, and the changes are usu
ally not visible. The time between flow mete
calibrations should not bp excessively long.
Quarterly flow meter calibrations are recomr
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mended by many hygiene professionals as an
absolute minimum to provide accurate sam-
pling volumnes.

¢ Flow meter reading: Reading the flow
meter involves visual observation of the posi-
tion of the ball or float pasition in the flow
tube while the pump is operating. This simple
operation has several possible sources of
error. For instance, reading the flow meter
float while holding it at an angle will affect
the position of the ball. At any angle away
from the true vertical, the float will indicate
an inaccurate, higher {low than in a vertical
position. Additionally, flow meter floats have
different shapes, sizes, and structures. From
which part of the float do you read the rate in
liters per minute? Options include the top,
the bottom, and the middfe, However, the

" correct answer is the method specified by the

manufacturer of the flow meter. A good
guldeline is that the flow is usually read from
the widest portion of the float.
o Entry Losses: As the air flows into the cas-
sette, particles of different sizes will move
more or less readily in the air flow. Smaller
particles will move the fastest and will literal-
ly be embedded on the filter paper in the cas-
sette. Larger air-borne particles will move less
rapidly and may frequently be missed during
the collection process. This loss of the larger
particles during sampling is a source of error
known as an entry loss.
e Laboratory Ervors: Errors of accuracy or
precision encompass the failure or inability of
the laboratory to exactly measure the amount
of lead collected. The terms “accuracy” and
“precision” are frequently misunderstood to
mean the same thing. Accuracy is a measure
of the tendency to vary or miss the target
value. Precision is a gage of the tendency tc
measure in the same area repeatedly.
Laboratory measurements need to be
accurate and precise. All laboratories will get
slightly different numbers when analyzing the
same sample. This slight variation is called
laboratory error. To control this effect, labora-
tories participate in inter-laboratory quality
control programs controlling errors by com-
paring results for similar samples.
o False Low Readings: When the lead parti-
cles are not stuck on the filter paper in the
cassette, understating of the actual lead con-
centration in air results. During transport to
the laboratory, any bump can cause the major

portion of lead dust to fall off the filter paper.

If the plastic cassette was sealed at both ports,
the particles could not come out. However,
rarticles will be distributed across the inner
walls of the casgette.
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Sinu the tvpical procedure for many
laboratories is t0 merely open wne cassctte
and carefully 1ift the filter paper with a pair of
forceps, all of the fine powder on the walls
and top of the cassette will be left behind.
Thus. an errorieous low reading for lead con-
centration will result. To overcome this physi-
cal limitation of fine lead poveder. the analyst
merely has to acid rinse the interior surfaces
of the cassette into the beaker holding the fil-
ter paper.

* Faise High Readings: Erroneously and
greatly increased lead concentration can re-
sult if the sample cassette accidentally vacu-

ums any settled dust off the floor, shelf, ropes, -

or other surfaces in an enclosure,

This error frequently happens when
the cassatte and vacuum pumgp are handed
to a worker entering an enclosure with in-
structions to clip it onto himself after he suits
up with Blast coveralls and blast helmet inside
an enclosure. Usually, the person collecting
the samples has already turned on the pump
and therefore tells the painter not to touch
the switch.

-
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& a Cortified Indusirial
Hygrenist with Dalanet
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active in SSPC.

Both can be reached at
Datanet Engineering, Inc..
6334 Dogurood Road,
Bualtimore, MD 21207:
410/944-3600;

fax: 410/944-5154.

The problem with such a technique is
that the sampling pump and cassette have to
be placed somewhere while the worker is
putting on coveralls, cape, helmet, and gloves.
Any settled dust in an area where the sam-

. pling equipment is laid will be readily sucked

up into the cassette. This is especially true
when the worker is decontaminating himself
to come out of the enclosure. Mixing lead
dust that had quickly settled Lo the floor with
air-borne lead dust suspended around the
worker's breathing zone completely negates
the validity of the sample.
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The best method of collecting an air
sample is to have a technician, inspector, hy-
gienist, or other authorized person go into
the enclosure and attach the air sampler to
the worker after he or she has donned all pro-
tective equipment. Only then is the pump
switchad o The person responsible for the
samples should then ¢ 2nter the enclosure,
switch off the pump. and retrieve the equip-
ment before the worker removes any protec-
tive equipment and preferably before any per-
sonal decontamination.

Conclusion

Valid measurements of the air-borne lead dust

are critical. False low readings provide good
news on worker exposures until high blood

‘lead levels are measured several months later. -

False high readings can neadlessly disrupt
construction projects as well as provide the
exroneous basis for fines or lawsuits.

Air testing techniques can provide a

good approximation of worker exposure dur-
ing abrasive blasting operations. As long as
the person accomplishing the lesting is famil-
iar with specific cookbook progedures, their
limftations, and common pitfajls, valid data
can be cbtained throughout short- and long-
term projects. With an unde ing of these
methodelogfes, employers cani detect exces-
sive exposures early, before workers are poi-
soned by lead. Q

vo———
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PROTECTING THE ENVIRONMENT
AND WORKERS AT INDUSTRIAL
LEAD PAINT PROJECTS

John V. Cignanta, P.E.
Timothy M. Duffy, C.1.H.
Daaner Engineering, Inc.

Baltimore, Maryland

March 25, 1993
Abstract |
Lead paint can be removed from industrial structures without compromising protsction

of the public, the environment or the construction workers. Means and methods to succesifully
accomplish these goals frequently are not understood by project specifiers and painting

contractors. This paper reviews techniques proven 1o protect both workers and the environment

from the adverse effects of lead dust at large industrial coatings projects.

Hotechng The Environment

§afeguarding the environment at industrial coatings projects involving the removal of old
lead pigmented paints is relatively straight forward. The job-site is enclosed with impermeable
tarps and a dust collector is employed to keep the inside of the tarped enclosure at a negative
pressure relative to atmospheric conditions. In this manner, any holes in the tarps will leak
clean ait into the enclosure and protect the exterior environment from a release of fine lead| dust.
This stahdard procedure is quite effective regardless of the methods employed to minimize the
generatibn of dust during surface preparation activities.

|

Aerosols of Lead

e small size of the lead dust particles has been justifiably a major cause for concemn
by envitonmental agencies. Lead oxide or red lead (Pb,O,) pigments are manufactured with a
typical diameter of only 1 to 2 microns (um). Lead carbonate or whits lead [2PbCO,-Pb(DH),]
is even smaller with typical diameters ranging from 0.1 t0 0.2 um. Because of the small size
of the pigment materials, the resulting fine dust is relatively invisible if the binder (or vehicle)
of the plaint along with the pigments is broken down by mechanical action.
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U.S. Department of Labor Occupational Safety and Health Administration

Washington, D.C. 20210

Reply to the Attention of:

August 30, 1995

MEMORANDUM FOR: REGIONAL ADMINISTRATORS

FROM:

SUBJECT: Enforcement Policy Change for Respiratory Protection Required
for Abrasive Blasting Under the Interim Final Rule for Leadin
Construction, 29 CFR 1926.62

This memorandum provides specific enforcement policy for respiratory protection required in
abrasive blasting operations under the Interim Final Rule for Lead in Construction, 29 CFR.
1926.62 (hereafter called the "Lead in Construction Standard"). Three points are especially
important in this regard. First, the change only applies to 1926.62. Second, the change only
affects enforcement actions involving the Type-CE respirators used in abrasive blasting that are
manufactured by the E.D. Bullard Company, Models 77 and 88. Third, the change is an inferim

one, pending a final determination by OSHA of the proper protection factor to be assigned to this
class of respirators.

Based upon the 1987 Respirator Decision Logic developed by the National Institute of
Occupational Safety and Health ("NIOSH"), OSHA in the Lead in Construction Standard
designated an APF of 25 times the permissible exposure limit (*PEL") for this Type-CE,
continuous-flow, loose fitting, atmosphere-supplying, airline abrasive blast respirator (hood or
helmet). With that assigned protection factor ("APF"), this type of respirator would be acteptable
for use only where airborne lead concentrations are less than or equal to 25 times the PEL of 50
ug/m3, which is 1250 ug/m3.

In a March 29th, 1994, letter to Assistant Secretary Joseph A. Dear, the E.D. Bullard Company
indicated that it believed the Agency had erred in assigning an APF as low as 25 to these two
models. Bullard maintained that its respirators provide much greater protection and sought to
have the APF in the Lead in Construction Standard elevated to 1000.

OSHA agreed to provide Bullard with the relief sought only if Bullard contracted with an
acceptable third party to design, monitor, and interpret the results of a simulated workplace study
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of these models under a test protocol approved by OSHA. As a condition for granting that relief,
the Agency required that the results of the study demonstrate that the abrasive blast respirators
achieve, at a minimum, a protection factor rating of at least 20,000 and maintain positive pressure
throughout the testing.

Bullard contracted with Lawrence Livermore National Laboratory ("LILNL") which designed,
conducted, and interpreted the resuits of the simulated workplace study based on the OSHA-
approved protocol. In that test the two Bullard abrasive blast respirators achieved a minimum
protection factor of 40,000 and maintained positive pressure throughout the testing.

Based upon the simulated workplace evidence, OSHA recognizes that a protection factor greater
than 25 is appropriate for the Bullard abrasive blast respirators, Model 77 (TC-19C-84) and
Model 88 (TC-19C-293).

The simulated workplace study carried out by LLNL indicates that, if used properly, these
respirators are acceptable for exposures to lead that are less than or equal to 1000 times the PEL
(50,000 ug/m3). However, other data and at least one field study indicate that in practice in the
workplace these respirators may provide considerably less protection than indicated by the
simulation study when they are used in ways that do not conform to the manufacturer's
specifications (e.g., the air supply hose is too long, the hose diameter is incorrect and/or the
manufacturers specified pressure is not maintained) or in ways that do not comply with the
requirements of paragraphs (b),(d), (¢) and (f) of 1910.134 (e.g., the respirator is not inspeated
frequently enough for possible deterioration), which are incorporated by reference in the Lead in
Construction Standard, 1926.62 (f)(4).

Respirators will provide less protection than they are capable of when used improperly. Examples

of improper respirator usage include the donning and doffing of respirators while still in
containment or disconnecting the air hose prior to leaving the exposure area.. What is unusual in
connection with these respirators is the extreme conditions under which they may be used in
construction activities. Typically, abrasive blast respirators are used at very high levels of
exposure (e.8., in the thousands of or tens of thousands of ug/m3) and are subject to substantial

and at times rapid deterioration due to damage caused by the high-speed, abrasive material used in

the blasting. Also, at times these respirators will be used near the limits of their protective -
capability. Consequently, workers wearing these respirators in abrasive blasting operations may
be subjected to acute toxic exposures if the respirators do not perform properly. It is imperative,
therefore, that these respirators be properly used. Performance consonant with the assigned
protection factor can only be assured when they are properly used.

For these reasons, OSHA will adopt a two-pronged approach in its enforcement policy with
regard to these respirators.

First, the two Bullard models will be treated by OSHA as if they had an APF of 1000.
Effective immediately for abrasive blasting operations covered under the Interim Final
Rule for Lead in Construction, the Bullard Type-CE respirators, Model 77 (TC-19C-84)
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and Model 88 (TC-19C-293) are acceptable in abrasive blasting atmospheres where the
airborne level does not exceed 50,000 ug/m3 (1000 times the PEL) of lead in air.

Second, OSHA will be very strict in assuring that these respirators are used only in
accordance with the manufacturer's specifications and in accordance with the requirements
of 1926.62. Refer to the attached Bullard Instruction Manual for the Model 77 and 88
respirators. (During compliance activities, CSHO’s shall determine that Bullard
respirators consist of the appropriate components, such as correctly sized air supply hoses
and hose length and that the required pressure range is maintained.) If the respirator is
not used in compliance with the manufacturers specifications and with 29 CFR 1926.62,
CSHO’s will document the respiratory deficiencies. Violations related to documented
deficiencies in the respirator will be cited.

With the assistance of the Industrial Safety Equipment Association ("ISEA"), other respirator
manufacturers of Type-CE, continuous-flow, abrasive blast respirators covered by the Lead in
Construction Standard have been contacted to provide them with an equal opportunity to obtain
the same relief that Bullard has been afforded by participating in a similar study.

If you should have any further questions concerning this matter, please feel free to contact the
Office of Health Compliance Assistance at (202) 219-8036.

- Enclosure
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