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I. Introduction 

I 

For more than a decade, the Industrial Safety Equipment Association (ISEA) has 
been an active participant in OSHA's effarts 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, SEA submits the 
following additional comments that address issues raised in written p t -  
hearing comments submitted to the docket. =A's comments in response to 
these issues are based on data from workplace protection factor (WPF) studies 
and other information discussed at the hearings. 

11. Organization Resources Counselors, Inc (Document 9 145) 

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 
higher APFs for particular respirator models omce 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, SEA supports adoption a€ the class-specific APFs 
listed in Table 1 of American National Standards Institute (ANSI) Standard 
288.2-1992. 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). 
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See Section W, where we correct a misstatement of ISEA's position on model-speda: APFs 
that appeared in our pos t -hem comments. 

ISFA opposes the concept of individual, model-specific APFs established solely 
on the basis o€ simulated workplace testihg.' Model-specific APFs would 
confuse users who may believe i n ~ ~ ~ e ~ t l y  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 tdned, fit tested and monitored to ensure 
they are using the respirator correctly. Respirators that are not used properly 
could present a hazard. 

111. 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 MOSH 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 X 142) 

The American Iron and Steel Institute (-I) 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 



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, m y  factors could affect the 
appropriate tnie 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 weax and taar 
on a respirator, improper adjustment or shoddy maintenance may have a simaar 
effect. Historically, the most successhrl respirator prqqams include an ann4 
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 ernployeeby-enrployee 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 ZBB.1992. 

ISEA believes that ANSI 288.2-1992 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 od 
respiratory protection, the proposed respiratory protection rule should adhere to 
the expert consensus embodied in the ANSI standard. 

V. Ching-tsen Bien (Document #l35) 

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

ISEA disagrees. Bien's suggestion contradicts generally acepted criteria for 
WPF studies that outside sample wei t must be at least 100 times the mean 
blank value. Analyses indicate that te results of WPF studies meeting this 
threshold requirement are independent of ambient mcentrations. For 
additional discussion of this issue, see ISM'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 A H A  Journal article. 

Bien states that there were eight negative votes among 35 voting members of the 
ANSI 288.2 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 288 committee the final say on submission of 
standards to the ANSI Board for approval. 

Bien claims that the 288.2 subcommittee did not include “a representation of 
balanced interests” because of an alleged lack of labor union representation. 

To the contrary, the ANSI 288.2 submmmittee 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 
288.2-1992 is unsafe. 

ISEA disagrees. ANSI 288.2 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 bas& 
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 lev& 
in the revised standard. The 1992 standard also took altitude into consideration 
for the first time. 



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. 

ISM disagrees. The Nelson AIHA J o u r d  artide explains that no difference 
exists between the mean performance of elastmeric and disposable respirators. 
ISM has commented extensively on the issue of the proper APF for disposable 
respirators in the past. For the reasons given in our cumments 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 
performance of elastomeric and disposable respirators, therefore, are not based 
on relevant scientific data. 

1 

Bien suggests that the NIOSH study on disposable respirators should be used to 
determine an appropriate APF for these products. 

ISEA disagrees. The NOSH study was flawed in several respects. First, a small 
aerosol quantitative fit test was used to assess the fit of a dudmis t  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. 

VI. Dr. Mark Nicas (Document # 156) 

Nicas suggests that during sampling for W F  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 



inside the facepiece are specifically designed to minimize or avoid such losses. 
There is no need to make the corrections Nicas recommended to standard WPF 
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 amsol will have different deposition 
characteristics on every wearer. Meauurernents 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 cWmenes 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 ‘SEA does support the assigning of model specific APFs . . .“ 
The sentence should have read “ISW does a 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, EW supports 
OSHA’s attempt to update and revise its existing respiratory protection 
standard. In particular, we appreciate the opportunitY to continue working w3th 
OSHA on this rule and would like to maintain an open dialogue with the 
agency. 



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, ISBA recommends that 
OSHA make use of existing national consensus standards such as ANSI 288.2- 
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. SEA’S 
sigruficant technical resources and practical experience are at your disposal. 

President 

I 
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Reference No. 90-05-00 

Keys, D.R., et al., "Workplace Protection Fa~tors of Powered, Air-Purifying Respirators," Paper 
presented at the Amencan Industrial Hygiene Conference, May 1990, Orlando, Florida 

Contents: A comparative study of three bra& of IooSeLfitting hood style powered air puritying 
respirators at a pharmaceutical manufacturing facility. The authors codclude that all three bmds 
afforded protection in the workplace in excess of 1,OOO PF. The authors 80 on to contrast these 
very favorable results with those of loosefitting facepieee PAP% which were done in the early 
1980s and formed the basis for NIOSH's downpdhg off d l  loose-fitting devices in the powered 
air purifying and continuowflow airline respintor cl-. 

rJ0TE; The pharmaceutical manufrcturing kdusby is I heavy user of hood style respirators - 
both powered air-purifying as well u continwwfiow airline. This industry is always 01 the 
forefront of toxicology, epidemiology, md industrial hygiam, liven that the pducts they 
develop are the latest in chemical and b i o s a @ b g  technology. Tb aollective knowledgebase 
in this industry alone probably exceeds the I\MI td of inrdustrirl hygiene kIlOWled#3 in the rest 
of the American economy. For obvious rrwoly  them mmuf'aetumn can ill-af€ord 0 q o s e  
their workers to compounds that could cu~lld adver~~  hcrlth effWs. It is t h d m  insauctive to 
note that the use of I style of respimr which NOSH deem to be inferior is actual& 
widespread and 90 universally accepted. 



I1 
ABSTRACT 

AORKPLACE PROTECTION FACTORS OF POWERED, AIR-PURIFYING RESPIRATORS Kevs, 
D.R., Guy, H.P. and Axon, M., Syntex (U.S.A.), fnc., 3.tOr Hillview AvenGe, 
Palo Alto, CX 9 4 3 0 3 ,  

'/ A workplace protection factor (WPF) study Was conducted with three 
NIOSH/MSXA-approved powered air-purifying respirators (PAPR). The PAPR 
tested were of the loose-fitting, hd/helmet type with double bibbed 
capes and without lift-up Visors. 
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. 
during the manufacture of pharmac-eit-isal products containing potent 
steroidal compounds. 
collected--and analyzed using a radioimmunoassay technique capable of 
quantitating SO picograms of the active steroid on a sampling filter. 
This method is capable of measuring WPF above one million in a two-hour 
sample period. Grouped data were analyzd to deternine geometric means, 
geometric standard deviations and fifth percentile WPF. This work shows 
that the type of PAPR tasted provided a fifth percentile WPF above 1000. 

The protocol included careful attention 

/ The study was Conducted 

Over 60 sets of Inside/outside-samples- were 

- 
DRAFT 

WORKPLACE PROTECTION FACTOR STUDY OF P O m D ,  AIR-PURIFYING RE$PIRATORS 
Zepared for presentation at the Hay 1990 American Industrial Hygiene 

conference in Orlando, Florida.. 

*(Show title slide.) 

The use of workplace protection factor (or W F )  studies to measure the 
actual performance o f  a respirator wh$le bdng usod an the job has become 
a very important tool for industrial hygienists. 
are, after all, the ultimate demonstration of actual workplace performance 
of a respirator. 

Workplace measureaents 

*(Show WPF sampling picture.) 

mila WPF measurements have been made for well ovar a decade, only in the 
past few years have wa developed the understanding and the technology for 
WPF studies to the point that reliabla and repeatable studies can be 
conducted. 
strict adherence to rigorous study protocol are critical to obtaining 
reliable results. 

A clear understanding o f  protection factor teminology 8nd 

I/ *(Picture showing tha 7 respiratory P? terms.) 



The PAPR eva1ua:ed i n  this Study were Of the loose-fittinq helmet/hood 
type. 
1) t Bullard Quantum (Respirator 2) and 3H whitecap 11 (Respiratog 3). 

e (  Show pictures of the three units. 1 

Again, we tested ( * I  the RaCal BreatheIEasy LO, ( e )  the Bullard Quantum, 
and ( * )  the 3M Whitecap XI. 

The Racal and Bullard units have t p e k  hoods, while th8 3H Whitecap XI has - 
a hard helmet con6truction. All of the units have double bibs .  ~ 1 1  of 
these respirators vere commercially available NIOSH/HSEU approved p ~ p ~  
equipped with HEPA filters. 

*(Show slide on analytical sensitivity) 

The three models studied were the Racal BreatheEaty l g  (Respirator 

A critical and often limiting factor in conducting workplace protection 
factor studies i s  analytical senritivity. The analytical sensitivity for 
the contaminant of interest must k go& enough to quantitate the 
concentrations inside the facepi8C& whioh are lower than the outside 

afZorded by the  respirator, the better analytical sensitivity that  is 
required. Host workplaC@ PrOt8Ction t8ctor studirr to date have been 
conducted on lower protection rergiratora, such a8 half-mask and full 
facepiece air-purifying r8SpiratO€S and loo8e-fittinq racepiece P U R ;  Our I 
study evaluatd the workplace porfc3manc8 of a high protection factor 
class of respirator, the loose-fitting helmtlhood P U R .  

concentration by th8 factor of tho WPT. The higher the protection 1 

*(Show slide with lab picture) 

We were able to do this by using 8 vaty $enritive analytical  technique 
called radioinmunoassay, or RIA. '!!his t@CluriqW i s  Used in the 
pharmaceutical industry t o  mea8UIo very Small quantfti.8 of potrnt 
pharnracoutical corrpound. th8t h8vm vory low exposura limits such as 
c--- steroids, peptides - and othar synthmtic ---_. - hormon.8. 

*(show RIA slid..) 

In brief, RIA is a competitiv8 immunoloq$cal binding assay betwaen two 
antigens with a spatially deV8lopd antibedy prot8in. 
are the *unknown8 contaain8nt and a spik(rd radiolrb8l.d contaminant, This 
analytical method has quantitation limits of  around SO pic@gram$ on a 
sampling filter. 
factors abova on. million w i t h  a two-hour sample. 

v 

The two c)ntagons 

The method allow measurement o f  workplace protection 

(Show slide of uorkor wearing a P U R  in pharmaceutical manufacturing.) 

The powerad, air-purifying respirstorr W m r e  U8.d i n  a pharmaceutical 
manufacturing plant wher8 Steroid81 compounds are processed. TBey were 
worn by personnel who were accustomd to warring PAOR and were properly 
trained in their use. 

*(show slid. o f  worker wearing P U R  in pharmaceutical manufacturing) 



* -  After analysis, the workplace protection factors were calculated by 
dividing the outside COnCentratiOnS by the Corresponding inside 
concentyations. The geometric mean workplace protaction factor, 
jeometric standard deviation and 5th percentile workplace protection 
factor were determined. 

During this project, a substudy was done to evaluate whether there was any 
significant sample l o s s  from deposition in the probe. For this study, =,!!e 
outside sampling probes were rinsed with methanol, and the methanol 
rinsate was analyzed for estradiol benzoate by HPLC analysis. Our results 
shoved that  the probe entry losses for the outsi48 filters had a geometric 
mean of 1%. Thus, there vas not a statistically significant probe l o s s  
which we needed to account for. 

RESULTS 
*(Show WPF Study Results slide) 

The occupational exposure limit, or OEL, is defined as the time-webghted 
average concentration for a normal El-hour workday and a 40-hour workweek, 
to which nearly all workers may be repeatedly expoqed, day after day, 
without adverse effwt. 
The occupational exposure limit for estradiol benzoate is 150 ng/m . 3  
The Yutside concqntrat~ons obtained fn our study ranged from 8.66~90 
ng/m3 to 1.33~10 3ng/m Thr insid8 concentrations ranged from 0.50 
nq/m to 162 ng/n . No WOrk8r was over8xps8d to estradiol benzoate. 
After the workplace protection factors were calculated we got the resuits 
you see here: 

It is an internal standud for personal e3posure. 

WPF Statistics of All Samples 

P U R  N 

1 
2 
3 

29 11,137 3.9 1,197 
9 9,574 3.1 1,470 

22 42,260 9.8 997 

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

- WPP values ranged from 1,150 to 4.7 million 

- Geometric mean valuer were around 10,000 for PAPI #l & 2 and 4 2 , 0 0 0  
for PAPR # 3 .  

- 5th percentil8 WPF were 1,197; 1,470; and 997 for the 3 PAPR. These 1 
data support tha proposal of an assigned protaction factor of 1,000 
for this type of respirator. 

*(Show slide of % WPFs in ranges) 

- m e n  we look at the percent of WPFs in diffuont rmqes, ua sa# that , 
all 3 respirators provided workplace protection factors above $000 
throughout the study. WPFs above 10,000 vera obtained by a l l  three , 
PAPR at least 442 of the time. 
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Refertne NO. 9048-30 

Enviro Group, “Tests Conducted to Evaluate the Pcrf~rmmce of Two Sandblast Hood$ for 
Operations Involving Lead-Bascd Paint at the Richmond-San Bridge,” Contract NO. 
17J941, Enviro Group, Lafayette, CA, A u p t  30, 1990. 

Contents: Study commissioned by the State af California, Deprtmeat of Transportatiom and 
conducted by a private industrial hygiene consulting firm. The WO rapintors studfed wcrt the 

effective at protecting workers engaged in abrasive blasting bridge SW that had ban 
with leadcontaining paint. The report doea Wudt admoniticms abmt the need BO c l a  and 
decontaminate the respirators after use and d d l y  chub’urw the orr-site mauagemcnt for less’ than 
ideal work and respirator maintenance pactiCar. 

Bullard Model TISH and 3M Model W8100-B hoodmama Styk CF-MARS, W= found @ be 



\ I n d u s t r i a l  H y g i e n e  S e r v i c e s  a 

I 

Enviro Group 
b 

T e s t s  Cbnducted To Evaluate 
The Perfodhce 

Of Two Sandblast Hoods For 

RichmondiSan Rafael Bridge 

erations Involving Lead-Based Paint 
. at the 

August 30,  -1990 

Contract No. 17J941 
Job NO. 900334-28 
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September 148 1990 

State of California 
Department of Transportation 1 Office af Employee Safety L Hea 
1120 N Sweet 
Sacramento, CA 95834 
Attn. : Ted Br~Cker, Dept. Safety Officer 

Re: Industrial Hygiene Contract 17J941 
Enviro Group W.O. No. 900334-28 
Evaluation of Sandbla'st Hoods 
District 4 -&ichmond-San Rafael Bridge 

Dear Ted : 

This report summarizes the results o f  the tests conducted on August 
30, 1990 to evaluate the performance of two  mamfacturcr supplied 
b l a s t  helmets for operations involving- lead paint - speciffcally, 
for operations carried out inside n&vironmental enclosures". 

.> 
I believe the report is self-explanatory. 
questions, however, please $0 not hesitate to contact me. 

Should you have any 

Sinc,erely I 

Edward J. Hagge 
Certified Industrial Hygienist 

. .  

I 

I 
b- 

I . .  
- .  
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INTRODUCTION 

' I- '1 I I '  

This report covers the industrial hygiene testing that was 
performed or Caltrans at the Richmond - San Rafael Bridge on 
August 30, f 1990 to evaluate the performance of two rnanuf 

lied sandblast hoods (i.e.! Bullard Model. 77-SHM and 
for operations involving lead-based paint. W$l&-B 

1 
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I 
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I 
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i 
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. 

I 

B. 

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 llenvironmentallf 

. )enclosur erected at the sits to prevent the oss of ab sive blast 
into the bay. P 9 

At' the completion of the trst blast operations, wipe 
samples of a employee blast hood were obtained as a means for 
assessing the potenticl f o r  worker exposure to lead dust as a '  ,, 
result of deficiencies in the respiratory protection program. 

Sampling was performed by Edward Haggerty, Certified Industrial 
Hygienist with Enviro Group. On-Sfte assistance was provided by 
Ted Brucker, Caltrans Departnental Safety Officer, Ray Nevillas, . - 
District 4 Assistant Safety Officer, and Leroy Silva, Structural: 
Steel Painter Supervisor.- - -  

. 

SUMMARY OF RESULTS L- 

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. 

Test data f o r  both hoods showed no detectable ewosure to either 
lead or nickel. The calylated detection limits for the Sarples 
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 volwnes collected in the two tests. 

J 
. 

For a detail summary of test results, please refer to Table 1, 
appended. 

WiDe Samoles 

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 w i t h  
the cheek area or side of the hood. 
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For a detailed summary of results, please refer to Table 2, 
appended. 

EQUIPMENT fND S T U F  PROCEDURES . 
a 

The performance or potential protection afforded wo5kers I I  
by b~~ 

manufacturer @ s blait hoods was evaluated by collecting air samples 
inside each hood, within the workecls. immadiate. breathing zone, 
during a short-term blasting operation. 

Samples were collected on .0.8 micron, 3 7 - n ~  mixed cellulose ester 
e membrane filters using MSA Model Flow-lite sampling pumps, which 

were set at a flowrate of 2.0 liters per minute. 

absorption spectroscopy in accordance with NIOSH Method No. 7300. 
Reported instrumental detection limits f o r  nickel and lead were 
0.002 mg and 0.001 mg, respectively-- - 

The samples were analyzed for nickel and lead by flame atomic - 

:' . -  

Wipe samnles taken to evaluate lead contamination on the interior 
surfaces- of an employee Is hood were also co-llected on 0 8 acron, 
37-mm mixed cellulose ester membrane filters. *These were obtained 
by pre-moistening each filter with tap w a t e r  and-then wiping an 
interior surface of the hood. A control sample was also.col$ected 
and analyzed to ensure that the source of tap water used fot.wipe 
sample collection was free of any lead contaahation. The surface 
area of each wipe was estimated at about 40 cm'. 

Respectfully submitted, 

w /  
.Edward J. Haggerty 
C e t t i f i e d  Industrial Hygienist 

\ 
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' Table 2 

€videme Of tu r fwe  ConOnlnrtim 
o f  Lead in S u p l e  of ~andm~ 

trrrdblast noodr 

I I I 

I -  

II 
I 

H. frylor's 
lUlLIrd Mood . % 

E15114 Interior - Top of Cap Ill - , 

113139 Interior - S f d o  of Hood 0 .0~7  - 
E13120 Control 4.005 

1 1  I I I l l  I I l l  1 
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i Sample I.D..: See below 1 
Sample Received: 09/04/90 

I 

: Samples Analyzed: 09/06/90 

Sample Matrix: FILTER 
6 

Page 2 of 3 

INDUSTRIAL HYGIENE 
. METALS ANALYSIS 

Client: ENVIRO GROUP 

I Client R e f .  No.: 900334-28 

Lab Client Code: 78407 

f Project No.: 9009012 1 II. I 
' DetecZic 

mount Cone. L i m i t  
I 

;ab Volume 
(mg) (mg/a3 1 (mg)  *do. Sample I . D .  ( L i t e r s )  Analyte 

* 

Nickel  (0.002 -- . 0.002 4 .  '-01 El3115 (AIR) +A -- 

; - 0 2  E13116 (AIR) - 0  

Lead c0.001 -- 0.001 

Nicke l  <o. 002 -- 0.002 
- Lead t0.001 -.- 0.001 

Nickel __.__ t0.002 . -- 0 .002  
L e  ad co.001 

? - 
1 

"3 E13117, (AIR) -- -- 0.001 

5 0 . 0 0 2  
Nicke l  to. 902 -0 ? - O S  E13118 (AIR) -- 

1 L e a d  c0.001 eo 0;OOl 
Nickel. . t o .  00.2 e- 0 .002  
Lead co.001 -- 0.001 

,-OS METHOD BLANK -- 
i: 
.! 

,-: = Less than the indicated limit o f  detaction (LOD) -- = Tnformation n o t  ava i lab le  or not applicable 
C' 

'METHOD XEFZRENCE: NIOSH 7300 
j 

- _  .. 

i 

. :) 

rn 

I I 1 1  I l l i  I l l  1 / 1 1  I 
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INORGANIC LA3ORATOWY AVXLYSES 

Sample I . D . :  Cl ient:  See below ENVIRO GROUP 

Sample Received: 09/04/90  Client  Ref. N o .  : 900334-28 

p l e  Analyzed: 

Sample Matrix: 

09/06/90 

Wipe Lib NO. : 
I ' 1  * 78407 

90O9012 
0 

Batch Sample Lead 
Sub. N o .  Identification (mg/w$pe) 

E13114 ' - 
E13119 

-05 

-06 

0 .051  u 
0 . 0 0 7  

- 
-07 

2 M B  

E13120 .- E13120 .- 

Method Biank 

<O. 003 

<O. 003 Method Blank 

L i m i t  of detect ion:  

Method Reference: 

0.003 . - .- ..- ~. 

EPA 6010 

< Less than, the indicated l i m i t  of detection (LOD) 

. .  

I 1 1 1  I I  1 i i  I I /  t 011 1 



Reference No. 87-0601 

Item: Johnston, A. R., et al., "Workpk Protection Factor Study 011 a Supplid-Air Ab-ve 
BlastingRespiiatar," PaqcrprescntedattheAmcricanltrduttrialHygisneConfwcnce, Modtnai, 
Quebec, June, 1987. 

Contents: Sec SEA "Assigned Protection Fsrcton" executive summary for commentary. This 
study by 3M Company reseatchen OII a 3M nodtl abrasive blutiqs loose fitting helmet ASAR 
(equivalent to the Bullarb), fcwnd that tkb product aifordcd the wearef with proWon 
consistent with ANSI's assigned protbction factor of 1,ooo. 

I I l l  I I I l l  I l l 1  I l l  
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A workplace protect ion f a c t o r  study w a s  conducted on a NIOSH/prsHA 

approved supplied a i r  r e s p i r a t o r  designed for abrasive b las t ing .  

 he r e s p i r a t o r  w a s  evaluated wh i l e  it was being worn f o r  protec- 
t i o n  aga ins t  s i l i ca  d u s t  dur ing  sandblas t ing  of paint o f f  a f l a t  

top  barge. Simultaneous sampling of d u s t  concentrations o u t s i d e  

and i n s i d e  of. the  r e s p i r a t o r  was conducted. The r e su l t i ng  da ta  

were used t o  c a l c u l a t e  workplace p ro tec t ion  f ac to r s ,  which were 
t abula ted  and analyzed v i a  a number of different  methods. A key 

f ind ing  of the study was a c o r r e l a t i o n  between the amount of con- 
taminant loading on ou t s ide  samples and the  workplace protect ion 
f a c t o r s  tha t  resulted. 
when attempting t o  p red ic t  r e p r u a n t a t i v a  performance of rrspita- 

tors. 

as8ign.d pro tec t ion  f a c t o r  of 1000 r e c e n t l y  auggasted by the AblSI 

288.2 subcommittee f o r  loose  f i t t i n g  suppl ied a i r  hoods and helmets. 

This r e l a t i o n s h i p  needs t o  be reviewed 

- 
In t h i s  case, the d a t a  ware found to be supportive of the 

Workplace Pro tec t ion  Factor Study on a 

Supplied Air Abrarrive Blasting Respirator 

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

3M Occupational Health and Envirommentrl Safety Division 
3M Canter Building 260-339-02. S t  Paul, HN SS144-1000 

1 
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Introduct ion 

Pro tec t ion  f a c t o r s  assigned t o  var ious types of r e sp i r a to r s  have 
been based p r i m a r i l y  on laboratory eva lua t ions  of r e sp i r a to r  per- 
formance (1,2). As r e s p i r a t o r  standards are updated, there is an 

increas ing  desire t o  see workplace eva lua t ions  of respirators 

play a more important ro le .  

workplace t e s t i n g  of r e s p i r a t o r s  become p a r t  of the c e r t i f i c a t i o n  
process ( 3 )  . 

In  fact ,  M O S H  r ecen t ly  prOpO6ed that  

Although the concept of using workplace data t o  determine reason- 
a b l e  assigned protect ion f a c t o r s  has good acceptance, details on 
how t o  b e s t  conduct workplace studies and i n t e r p r a t  r e s u l t s  have 
not  y e t  been resolved. One of the i n i t i a l  problems encountered - 
was confusion about pro tec t ion  f a c t o r  terminology. It w a s  not 

always clear whether the reseaicherOs ob jec t ive  was t o  determine 
r e s p i r a t o r  performance, the e f f e c t i v m e s s  of use habits, the ef- 

f ec t iveness  of an establishad r e s p i r a t o r  program, or some other 

measure of performance. 
tee suggested a series of p ro tec t ion  f a c t o r  d e f i n i t i o n s  t o  ha lp  

c l a r i f y  this s i t u a t i o n  ( 4 ) .  NIOSH ha8 r8commend.d similar defi- 

n i t i o n s .  

The AIHA Respiratory Frotact ion Commit- 

When viewed i n  t&a context of these d r f i n i t i o n r ,  workplace test- 
ing previously conducted on suppl ied  a i r  ab ra r ive  blasting ras- 
pirators a c t u a l l y  resu l ted  i n  determination o f , e f f . c t i v e  protec- 
t i o n  f a c t o r s  rather than workplace pro tec t ion  faetors (S0 6) . 

2 



r 

Since  e f f e c t i v e  pro tec t ion  f a c t o r s  are determined from a i r  sam- 

l i n g  conducted in s ide  and ou t s ide  of r e s p i r a t o r s  during periods 

of non-wear t i m e ,  as w e l l  as periods of use, these s tud ies  d i d  

not allow t h e  port ion of t h e  workers' exposures due t o  respira-  

t o r  leakage t o  be separated from the  por t ion  due t o  poor use 
h a b i t s  or poor work p rac t i ces .  

The purpose of this study w a 8  t o  determine workplace protect ion 
f a c t o r s  (WPF's) . In  the Respi ra tor  Conmittee's terminology, 
the goal  w a s  t o  ob ta in  measure o f  the pro tec t ion  provided i n  
the workplace, under the condi t ions  of that workplace, by a pro- 

per ly  selected, f i t  tested and functioning r e s p i r a t o r  when cor- 
The protocol  usad r e f l a c t e d  this objac- . r e c t l y  worn and used." 

t i v e .  

C l a r i f i c a t i o n  of terminology and c a r e f u l  d e f i n i t i o n  of study ob- 
j e c t i v e s  he lp  provide consis tency t o  t e s t i n g  strategies, but  var- 

i a b i l i t y  of sampling methods remains a s i g n i f i c a n t  concern. 
Workplace p ro tec t ion  f a c t o r  n o a s u r u ~ o n t s  are lfkoly t o  differ  s ig-  
n i f i c a n t l y  whm d i f f a r a n t  sampling methods ara used. 

tests i n  the laboratory have shown that, a t  b a s t  for vapors, the 

accuracy of measurements made within a r e s p i r a t o r  facepiece is 
depondent on probe loca t ion  8nd r amplhg  technique ( 7 ) .  Althouqh 

comparable data have not b8.n publishad f o r  p a r t i c u l a t e s ,  concern 
has beur expressed that poor mixhg or j e t  streaming (io.., can- 

Controlled 

taminants leak ing  h t o  the respirator and t r 8 v e l h g  directly to 
the nose o r  mouth without mixing uniformly within the rosp i r a to r  

3 
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cavity) may present similar variability in test measurements for 

particulates. 

I n  this study, a supplied air helmet w i t h  an extended shroud w a s  

evaluated. 

produce much less severe pressure changes within the respiratory 

inlet covering of this type of device than they do inside of neg- 

ative pressure respirators. 

contaminant mixing within the respirator and reduce concerns 

about jet streaming. 

techniques remained a variable of concern. 

respirator probing and sampling methods wore wed to be consis- 

tent with othar protection factor research (8). 

The inhalation and exhalation cycles of the wearer 

This i s  believed likely to increase 

NeVerthel8S8, probe location and sampling 

Previously documentod 

J 

01x8 a workplacm study is completed, thm data can be evaluated 

in a number of different ways. This prwants another concern, 

since many of the variables associated with wotkplace testing 

are related to sampling and analytical methods, t u t  subjects, 

observers, test conditions, and other non-respirator factors. 
Unfortunately, a con88nsu8 has not b88n rmached OA how to bes t  

determine the significanca of th-a non-raspirator factors, or 

how to determina whethar or not WPP's obtained are tnrly rep- 

resentativm of a respirator's performance capability. 

key factors requiring COnsid8ration include analytical detac- 

tion limits, field blank contamination levels, specificity of 

the analytical m e t h o d ,  and the amount of contaminant loading 

on outside or ambient samples. 

Saveral 

4 
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Development of a method f o r  eva lua t ing  outs ide  f i l t L r  loading 

versus field blank levels o r  a n a l y t i c a l  de tec t ion  l i m i t s  appears 

t o  be important f o r  pred ic t ing  WPF's t ha t  might reasonably be 
achievable w i t h  a r e s p i r a t o r  t h a t  is properly selected and worn. 

This approach has been b r i e f l y  d iscussed  praviously ( 9 ) ;  It is 

bel ieved that  f u r t h e r  development of a loading analysis  technique,  

using data from studies such as  this one, could result i n  a usefu l  
t o o l  f o r  assess ing  data from futurre workplace s tud ie s  and reviewing 
data from past  s tudies .  

discrepancies  in assigned p ro tec t ion  f a c t o r  recommendations, such 

a s  the cur ren t  NIOSH and ANSI proposals  of 25 and 1000, respec t ive ly ;  
f o r  loose f i t t i n g ,  continuous flow hoods o r  helmets (1, lo). 

This i n  turn could be helpful  f o r  a n e y t i n g  

- 
Materials and Mathods 

Tha r e s p i r a t o r  evaluated i n  this s tudy  can b classified as a 

continuous flow, supp1i.d air r e s p i r a t o r ,  w i t h  a loose f i t t i n g  

hood o r  hehat .  System components included a 3M Brand W-8100 

Whitecap I1 Abrasive Blasting H a l m a t ,  a W-5114 breathing tube, 

a W-2862 a i r  and tamperature c o n t r o l  valva,  SO feet o f  W-9435 

compressed a i r  hose, and a W-8054 mctuaded Ienqth shroud. The 

NIoS~I approval riunbar f o r  this system is TC-19C-70. 

To ensure propar op8rat ion-of  tha r e s p i r a t o r  during the test ,  
air pressure  was maintained a t  60 or 80 PSI by a W-2806 f i l t e r  
and compressad air regula tor  panal. This provided an airflow 

. 



of 6 .4  o r  1 4 . 4  c f m  t o  t he  helmets, thereby allowing evaluation 

of t h e  r e s p i r a t o r  a t  t he  low and high ends of its permissible 
a i r f low’ranqe .  Since the test  s u b j e c t s  preferred t h e  higher 
a i r f l o w  s e t t i n g ,  the majority of sampling was conducted a t  a 

1 4 . 4  cfm airf low.  

I n  o rde r  t o  sample in s ide  the r e s p i r a t o r s ,  they were modified 

by i n s t a l l a t i o n  of a sampling probe. The probe used w a s  of a 
design that  has been shown t o  n i n i a i z e  p a r t i c l e  en t ry  lo s ses  
(11) . It w a s  i n s t a l l e d  by d r i l l i n g  a hole i n  the center  of the  

faceshields, a t  a l e v e l  approximately midway between the nose 
and mouth of t h e  tes t  subjects. 
extended about 3 mm i n t o  the helmet. 
t o  ensure a leak t i g h t  seal. 

The i n l a t  por t ion  of the probe 

Rubber gaskets were used 

T e s t  subjects included four  shipyard workers using s i l ica  sand 
g r i t  t o  b l a s t  p a i n t  off a f l a t  top barge. Pa r t i c ipa t ion  in the  

study w a s  s t r i c t l y  voluntary. The subjects were infomed of t he  

purpose of the study, i n s t ruc t ed  on progrr donninq and use of 

the r e s p i r a t o r s ,  and provided details on the protocol  t o  be fo l -  
lowed. 
once it had bean donned and the sampling equipment started. 
they experienced a problem of 8ny type or wanted t o  take a brealt, 

they were asked t o  info- the obsarver  so that  the sampling 
equipment could be shut down befor8 the r e s p i r a t o r  w a s  rmoved. 

They were asked not t o  a d j u t  or remove the r e s p i r a t o r  

If 

One observer w a s  assigned t o  each test  subject. The ob8enrers 

6 



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. 

pling equipment secured in place, the workers were able to perfonn 

their jobs without significant interference. 

ties were judged to be representative of normal activities for 

the worlcplace. 

After the respirators were donned and the Sam- 

Thus, job activi- 

Air samples were collected on polycarbonate membrane filters 
with a pore s i z e  of 0.8 microns. 

wire used for ambient or outside samples, which included both 

Thirty-sevan (37) mm filters 

total and respirable dust samples collected on worker lapels. 

Bendix or SKC cyclone assemblies were used for rmspirable dust 
sampling. Twenty-five (25) mm filters were used for inside s a -  
pier, which were collected by attaching the filter cassettes 

directly to the sample probes on the faceshields of the helmets. 

Sampling pumps used were Spectrex modal PAS 2000 Personal Air 

Samplers. They were ca1ibrat.d at leash three times daily with 

a TSI m o d 8 1  67 mass flow metar. Sampling rates wera set at 1.7 
Lprn for cyclone samples, batwean 0.5 and 2.0 Lpr for other out- 

side samples, and at approximately 2.0 Lpm for iMid8 samples. 

Before the sampling pumps w e r m  turned on, aiz pressure was 
checked at tha filter and compressed air regulator panel, air- 

flow settings were checked on the a i r  regulating valver, and 

. 
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integrity of hose connections, respirators, and sampling trains 

was verified. 

before airflow to the respirators was shut off or the helmets 

removed. If the inside sample was knocked off the probe, if one 
of the pumps failed, or if the sampling train o r  respirator was 

otherwise disturbed in a manner that would not allow a workplace 

protection factor to be determined, the samples were discarded 

and a new sampling train set up. 

Sampling pumps were turned off and samples removed 

Connections and disconnections of Sampling trriru were done in 
clean areas Whenever possible in an attempt to minimize the po- 
tential for inadvertent sample contamination. In addition, sev- 

eral field blanks were collected each day to estimate the amounE 

of contamination due to handling. There cassettes were untap- 
ped and capped and carried into the same areas ab the samples. 

- 

Sampling times ranged from about 10 to 60 minutes. Longer timer 

were not possible due to fi1.t.r loading concerns associated with 

the analytical m e t h o d  used, which was proton induced x-ray emis- 

sion (PIXE) analysis. PIXE is an extremely sansitive and non- 
destructive surface analysis technique. It i a  capable o f  simul- 

taneously quantifying all elemants with an atomic number greater 

than 10. The elamuat of interest in this study was silicon ( S i )  8 

for which the detaction lbit can be a8 low a8 IO-100 ng per s a -  

ple. 

analysis of samples that are expectad to have little or no load- 

ing. However, potential disadvantage8 include an extrema con- 

This tLpe of sensitivity is obviously vary valuable for 

a 



cctn 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 o f  68 sample sets and 18 blanks ware collected over a 
three day t e s t  p8riOd. Of th8 18 blanks, half were 37 nun fil- 
ters and half were 25 mm filters. A background level o f  sili- 

con was found on all blanks. Th8 mean value for the 37 mm blanks 

was 0.54 micrograms (standard d8viation 0.16). Two of the 25 m a  
blanks were idantifid as possibla outliers via the Minitab box- 

plot command (12). 

calculation o f  a mew value, which was found to be 0.22 micrograms 

They w e r e  removed from th8 data base prior to 

(standard deviation 0.06). 

O f  tha 68 sample S8Wt 8 W8r8 discarded at tha work Sit8 dU8 
to test malfunctions. Th8se included pump failure, c8rsattes 

knockad o f f  prOb88, loose sampling linas, and'a cemprarsed air 
supply failura. Following analysis of the raaaining samples, 

8 more sets ware rrarovad from the working data bas.. 
ware e1hinat.d due to additional test malfunctions recorded in 

observer field not=. Piv8 w8r8 eliminated b8catll.e short: 6am- 

pling times or lack of sandbla8ting during th8 t u t  period pre- 

vented collection o f  sufficient dust to be mmnfngful. 

Three 

These 
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sample sets did not meet protocol criteria. 

filter loadings less than 10 times the mean background contam- 

ination l e v e l  found on the field blanks and inside f i l t e r  load- 

ings at o r  below the blank level .  

They had outside 

Inside and outside silicon dust loadings (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 portion of the table in- 

clud8s sets w i t h  inside filter loadings that exceeded the mean 

blank level. The lower portion includes rets with inside filtez 
loadings less than or equal to the mean blank value. 

The outside samples results included in the table are from res= 
pirable dust sampling only. 

main concern and analysis of the respirable versus total dust 

populations indicated that virtually all of the dust present was 

of respirable size. Thus, the total dust data wore not separ- 
ately tabulated. The geometric mean silicon concentration for 

the respirable dust samples was found to be 2.4 mg/m3, w i t h  a 958 

confidence interval of 1.6-3.5 mg/m3. The geomatric mean sili- 

con concentration for the total dust samples was 2.1 mg/m3, with 

a 9S8 confidence interval of 1.6-3.4 mg/r3. 

th8 logs of the two populations showd no significant difference 

at a 95% confidence lev81 (p10.38) .  

Respirable dust exposures were of 

A p8ired t-test o f  

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 loadings less than the mean value of the 25 
mm blanks (sample sets in lower portion of Table I). In addi- 

tion, 36 of the 37 remaining inside samples had contaminant 
loadings less than 4 times the mean blank value. Analytical 

confidence limits reported for these samples were as poor as 

- + 468, with only 11 samples better than 2 251. 

The respirators were clearly preventing significant inward leak- 
age of dust. Unfortunately, the large potential errors associ- 
ated with light insida sample loadings introduced considerable 

variability into data analyses. Tho light sample loadings also 

reinforced concerns about tho Fmpact background filter contamin- 

ation and inadvertant 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'r) calculated for individual sample seta ware subject to a 

high degree of variability and likely to be of little or no 
value as independat obs8rvations. ThU6, a number of different 

ways of analyzing the data were considered. 
mant o f  each was scteoning for outliers. 

An important ele- 

As the data Were revieved, it became'apparent that a factor der 

serving special attantion was the amount o f  contaminant loading 

on outside samples. The loading was sufficient to minimize con- . 
cerns about analytical confidence limits, which war8 reported a8 
- + 38 or botter Zor the outside sampler. However, this did not 

, 11 
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mean that loading was sufficient to ensure that WPF's calculated 

ware representative of the respirator's parfonaance 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). A s  the con- 

taminant loading increased, so did the WPF's. 

To evaluate the importance of outside filter loading, geometric 

mean WPF's, geometric standard deviations, and fifth percentile 

WPF's were calculated for several different sub-sets of the data. 

The sub-sets were defined by thrme factors. 

multiple by which outside sample loadings exceeded the mean 

field blank level for the inside samples. The multiples used 

were 10, 100, 2 0 0 ,  400, 600, 800, 1000, and 1200 times the blank. .- 

The second criteria was that inside samples h8d to have a dcteat- 

able amount of silicon, since the statistical trchniques used 

could not handle WPP's with greatar than numbers. Thirdly, the 

data in each sub-set were scre8n.d for outliers. Sample sets 

identified as outliers were rmoved Zrom the working data base 

prior to final statistical calculations. 

are presented in Table 11. 

Tha first was the 

The resulting data 

A log-log plot which further defines the relationship between 

outride filter loading and workplace protection factors is shovn 

in Figure 1. 
(Log WPP = 1.56 + 0,784 Log Outride Piltar W t )  and an R - s q u a r e d  

value of 90.2%, indicating a significant correlation between mean 

The plot was found to have a ragre88ion equation of 

12 
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outside filter loading and mran WPF's. HOWIVeLf, the plateau de- 

veloping between 600X and l 2 0 0 X  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 f i t  at the upper end of 

thr curve (P-0.007). Separate regression of the 1OX-600X and 

600%-12OOX data confirmed a significant change. An R-squared 

value o f  97% was found for thr lox-600X data versus an R- 
squared value of 191 for the 6OOX-12OOX data. In addition, a 

slope o f  1.1s was observed for the 1OX-600X data versus a slope 

of near zero (-0.07) for the 6OOX-12OOX data. 

To be sure the filter weight versus WPF relationship was not 

attributable to performance differences of respirators being op- 
eratmd a t  minimum vrrsus naximun airflow, a comparison of these 
populations was made. Since sample rets collected at 6.4 cfm 

were far fewer in number than sample sets collected at 14.4 cfo, 
comparison was r8strict.d t o  tha lOOX and 600X data sub-sets in 

Table 11. For the lOOX &ta, 7 8ets were collected at 6.4 cfm 

and 26 at 14.4 cfm. For the 600% data, 6 sets were collected 

at 6.4 cZm and 14 at 14.4 cfm. Caomtric mean WP?'s, 9 W  conff- 

dance intarvals, and tvosample-t test data on these population% 

are sumarized in Table 111. 
the mean protection factors. 

found for tha mhfinum and maximum f l o w  sample s8ts. 

Tha t-test was run on the logs of 
No significant difference W 8 S  

Thus, air-  

f low differences are not beliavd to a factor in tho WPF-?ilter 
Loading correlation observed. 

13 



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. 

outside concentrations greater than 0.1, 1.0, 2.0, 3.0, 5.0, 7 . .0 ,  

and 9.0 mg/m3. A log-log plot of mean outside concentration ver- 

sus mean WPF for these sub-8ets i8 shown hi Figure 2. The plot 

has a regression equation of (Log WPF = 3.24 + 0.327 Leg Outside 

Concentration) and an R-squared value o f  65%, which is not in- 

dicative of a significant correlation. Separate regression of 

data from the lower (0.01-3.0) and h i g h u  (3.0-9.0) concentra- 

tion sub-sets also failed to reveal a statistically signifi- 

cant relationship. 

44a and 568,  respectively. 

Sub-sets included samtple sets with 

R-squared values for thesa populations were 

Tha WPF-outside filter loading relation8hip raises a question 

about how to determine which results are most appropriata for 
predicting respirator performance capability. Intuitively, 

working with light outsida sampla loadings doesn't make sense. 

Analytical conffdanca limits can approach f 2S8 o f  response and 

corresponding inside sampler can be expectad to h8vi analytical 

confidence limitS which are w e n  higher (often greater than 

- + 2 5 % ) .  

conditions of the respirator. Hire again, us. of outside sam- 

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

Another factor worth considering is the expected use 

14 
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i s n ' t  clear a t  what point dus t  condi t ions could be declared rep- 
r e sen ta t ive  of u s e  c o n d i t i o n s  o r  da t a  being generated could 
s t a r t  t o  be considered representa t ive  of a r e s p i r a t o r ' s  parfor- 
Iilance capab i l i t y .  

I n  any case, assuming the goal of persons s e t t i n g  assigned pro- 

t e c t i o n  f a c t o r s  (APF's) f o r  var ious types of r e s p i r a t o r s  is t o  
base their numbers on WPF's b8liev.d t o  bo reasonably achievable 
i n  the workplace, re l iance  on WPT data that are s i g n i f i c a n t l y  
dependent on outs ide  f i l t e r  loading does not appear t o  be appro- 
p r i a t e .  The f i f t h  pe rcen t i l e  p ro tec t ion  f a c t o r s  ca lcu la ted  frm 
such data are believed more l i k e l y  t o  reflect test method v a r i r -  
b f l f t y  than  r e s p i r a t o r  v a r i a b i l i t y .  
by the fact  t h a t  populations w i t h  higher outa ide  f i l t e r  load- 
ings,  d e s p i t e  their smaller sample s izes ,  showd less WPF var ia -  
b i l i t y  than  populations w i t h  lowrr ou t s ide  f i l ter  loadings, as 
indicated by their respect ive geometric standard deviat ions.  

This conclusion is supported 

Data ana lys i s  teChiniqu.8 which i d e n t i f y  when a s t rong correla-  
t i o n  betV88n WPF's and f i l ter  loadings appears t o  drop off can 
c l e a r l y  be appl ied a f t e r  studies arm comple td .  However, in 

doing so a large port ion of the data co1l.ct.d is l i k e l y  to be 

inval idated.  One way t o  increaso  tha o t f i c i m c y  o f  va l id  data 
c o l l e c t i o n  would b8 t o  estimate accaptable  outside f i l t e r  load-. 

ings based on the assigned-protection f a c t o r  for the r e s p i r a t o r  
t o  be tested. For example, the ANSI 288.2 subcarolittee recent- 
l y  suggested an AP1 of 1000 f o r  continuous flow, supplied a i r  

1s 



respirators with loose fitting hoods or hmlmats. N f O S H  ccrti- 

fication requirements, contained in 30 CFR 11.183-3, are sup- 

portive of this number. 

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 

typ8 tested here would be that it do88 not have the capability 

to provide a workplace protection factor o f  1000. In order to 

f a i r l y  assess this hypothesis, each %ample set collected should 
hav8 the capability t o  show a workplace protection factor wall 

above 1000. 

They require that supplied air res- 

Although variable ambient dust concentrations rnd field blank 
contamination can make it difFicult to prrdict  whan capability 

to show a WPF o f  1000 has been reached, a good rule of thumb 

would be to set sampling t b e r  so that  outride sample loading is 

e~3ct.d to be at lea8t 1000 tim8s greater than the analytical 

det8ction l i m i t .  Taking that one step fUZrther, where detect- 

able contamination is anticipated on Field blankrr, outside sam- 

ple loadings might reasonably ba targated 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, Id00 Zimes the mean field blank for the in- 
side samples (25 mm filters) corresponded to 220 micrograns. 

Only 17 of the 37 outride samples from sets with detectable in- 

16 



side .concentrations 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 
( > 1 O O O X  Blank) of the overall data base are included in Table 

I1 and prefsented in the form of a cumulative distribution plot 

in Figure 3. 

An alternate data analysis approach may be preferred by indi- 

viduals wishing to pr8dict 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 concmntrations, and workplace protection factors for 

each test subject. 

by dividing the sum of the filter weights by the sum of the cor= 

responding sample volumes. This allowed data from the sample 
sets 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 th8 over- 

all data bas8 would not be 8ignificantly aff8Ct.d. 

The TWA concentrations ware calculated by 

Th8 15 

sample sets from the bottom of Tabla I were assunrd to have 

WPF's equal to, rather than greater than the value8 listed. 

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

37 and 52 sanpl8 set data basarr. No significant differenc8 

was found betw8.n the two at a 951 confidenc8 interval (t- 

interral -0.207, 0.34).  

17 
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Use of averaging techniques helps reduce Concerns about varia- 

bility o f  sampling and analytical methods; however, it is still 

believed prudent to eliminate.sample sets which appear to be 

invalid from the working data base. 
formed on the data in Table I1 identified sample sets 30, 36, 51, 

55, and 68 as questionable data. Sets 30, 3 6 ,  51, and 68 were 

again identified as outliers when inside and outside filter 

weights and inside and outside concentrations w e r e  analyzed, 
and sets 30 and 36 were identified as outliers when WPF's for 

the 52 sample set data base were analyzed. Th-8 sets 30, 

36, Sl, 5 5 f  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 WPP's. 

The outlier analyses per- 

The averaging process war then taken on8 step furthar to deter- 
mine the TWA concentrations and WPP'r obtained by each test sub- 

ject over the course of the entire study. 

are summarized in Tab18 IV. 

calculations were from Subject 2/Pay 2 (set 3 0 ) f  Subject 3/Day 3 

(sets 5L and SS), Subject 4/Day 2 (set 3 6 ) ,  and Subject 4/ 

Day 4 (set 68). The small number o f  sampla 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 n u -  

ber o f  sample sets for this subject-obsener pairing. 

The resulting data 

The outliers removed prior to the 

18 
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Conclus ion  

NO matter how the data are analyzed, it is clear that measure- 

ment of representa t ive  performance of r e s p i r a t o r s  is not neces- 
s a r i l y  simple o r  straightforward. Workplace protect ion factors 

generated from sample sets with l i g h t  ou t s ide  d u s t  loadings sig- 

n i f i c a n t l y  underestimated r e s p i r a t o r  performance that might rea- 

sonably be predicted from sets w i t h  h igher  outs ide sample load- 

ings.  
loadings appeared t o  be less inf luenced by non-respirator v a r i a b l e s  
than data from sampla sets with lower lrvels of contamination. 

Thus, workplace protect ion f a c t o r  estimates derived from the data 

sub-sets with higher outs ide  f i l t e r  loadings are judged t o  provide 

a better ind ica t ion  of the performance c a p a b i l i t y  of the r e s p i r a t o r .  
The r e s u l t s  from the study are support ive of the assigned pro tec t ion  
f a c t o r  of 1000 proposed by the ANSI 288.2 subcommittee f o r  suppl ied 
a i r  r e s p i r a t o r s  w i t h  loose f i t t i n g  hoods o r  helmats. 

protec t ion  f a c t o r  of 2S suggested by NIOSB appears t o  be unncessar- 

i l y  r e s t r i c t i v e .  

Data obtained from the sample sets W i t h  the higher outside 
. 

.- 

The assigned 
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Table I 
Filter Weights, Sample Volumes and Workplace Protection Factors for Individual Sample Sets 

WPF Silicon Weight (,,g) Volume (LitM) 
outside Inside Outside InSMa Set IO 

30 
33 
14 
36 
7 
62 
38 
27 
65 
42 
s3 
68 
4 
3s 
54 
57 
4 
37 
3s 
1s 
1 

44 
43 
48 
6 
5 
49 
17 
11 
63 
47 
52 
59 
55 
64 
67 
51 
t 9  
2s 
10 
21 
58 
29 
31 
2s 
9 

50 
3 
13 
60 
41 
se 

10 
13 
20 
28 
03 
49 
49 
54 
58 
88 
90 
90 
94 

111 
127 
135 
152 
17S 
192 
21 4 
p2 
2m 
278 
294 
31 4 
a 
348 
u 3  
4s3 
485 
527 
558 
558 
102 m 
828 

1332 
11 
13 
1s 
31 
32 
33 
58 
62 
W 

locl 
lS8 
191 
a8 
258 
278 

0.30 
0.03 
0.04 
0.49 
0.10 
0.08 
0.06 
0.08 
027  
0.11 
0.09 
Ob1 
0.12 
0.04 
0.04 
0.04 
0.04 
0.05 
0.06 
0.01 
0.08 
0.02 
0.10 
0.04 
0.12 
0.07 
0.08 
0.06 
023 
0.14 
0.14 
0.03 
0.09 
0.03 
O S 4  
0.07 
4.04 
a.02 
a02 
a.02 
a02 
a.02 
a.02 
<0.02 
co.02 
a.02 
a02 
a02 
a.02 
a.02 
a.02 
<0.02 

n 
49 
23 
40 
60 
53 
85 
71 
16 
59 
40 
1s 
4a 
54 
48 
40 
03 
54 
96 
73 

111 
$0 
71 
51 
ti33 
102 
47 
48 
sa 
4 4  
$a 
$a 
$7 
42 
4? 
20 
% 
67 
72 

- 4 s  
6 

54 
lo0 
100 
78 
U 
49 
70 
42 

46 
.so 
n 

89 
as 
37 
49 
54 
62 
70 
74 
17 
63 
44 
12 
s2 
s6 
56 
44 
so 
60 
9s 
sa 
s1 
44 
71 
37 
93 
47 
51 
a 
a 
SI 

49 
5s 
58 
39 
27 
70 
53 
82 
61 
6 

64 
a1 
105 
70 
20 
511 m 
24 
44 
s1 
42 

m 

39 
387 
632 
61 

374 
680 
as7 
930 
231 
899 
1076 
1 47 
81 7 
2773 
3724 
3263 
a94 
3784 
32m 
14.m 

. 1619 
12132 

2784 
4680 
2455 
P12 
4786 
46s 
1W 
a90 
3626 
17,308 

963 
28.61 1 

1 1 8 4  
15.076 

429 
x27 
>?e 

>lo02 
>15W 
>1= 
>1 as 
>m48 
>a44 
>a003 
-1 
>?la 
M662 

>10.735 
>14.403 
>11,5to 
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Table I1 
Workplace Protection Factors Vse Out&da Filter Weights 

Outlien 
5th %(lie Removed 

(Set IO No.) 

- 
GJ xg out. mt, wt. xg - 

6 4  si) WPF Subset' n 

>lox 
>lOO% 
>2aoX 
>rooX 
>6ooX 
>BWX 
> t m x  
>1mx 

35 
33 
32 
26 
20 
19 
1s 
13 

184 
21 3 
a 4  
Z n  
330 
41 ? 
4s4 
a0 

21 43 
ps2 
2460 
3135 
41SO 
4243 
a76 
a23 

3.6 
3.5 
3.5 
25  
2.2 
2 9  
23 
22 

259 
292 
324 
673 

1167 
?26 

1038 
1096 

30 36 
36 

5s 68 
51 55 

51 SS 
51 55 

- 
I 

i 



Table 111 
Comparison of Worl<plaCS Protection facton for Respirators with Minimum or Makimum Airflow 

- - 
1-interval X 9  9596 

WPF CJ. N 0- AMOW 
S U b - S d  Icfm) 

(4.16,0.59) >iOOX 6lMk 6.4 7 2094 1-117 
14.4 2s 2107 199Q-pP 
6.4 

14.4 
6 

14 
431 7 
3906 

2841- 
(-0.38.0.29) 

I 



Table IV 
TimsWeighted Average (TWA) Workplace h t e d o n  Factors 

Subject - Day SanIpk Sets Combined TOW S q h  Average 'WPF - 
Time (minutas) Orib Ovcnll 

1.1 
1-2 
1 4  
2-1 
2-2 
2-3 

1 5 9 13 17 21 
2 5 2 9 3 3 3 7 4 1  U 
49535765  
6 10 14 
2 6 3 8 4 2 4 6  
5 0 5 4 5 0 6 2  

224 
204 
107 
110 
161 
132 

3.1 3 7 11 1s 19 168 
3.2 2731 3 5 3 9 4 3 4 7  2so 
34 59 63 en 23 
4 1  4 42 
4-2 4a 28 
4 4  5 2 5 6 6 0 6 4  129 

D d i y ~ W P F S t r t b t i o :  

nm12 Zg.2915 Ug-1.8 S t h % ~ - l m  

2801 
73% 2801 
1404 
2403 

2941 
2152 
3419 3688 
7042 
2664 
4um 27S4 
2726 

91 8 1763 



Figure 1. Log o f  Mean WPF Vs. Log of Mean Outside Filter Weight 
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Figure 2 .  Log of M8an WPF Vs. Log of Mean Outside Concentration 
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Figure 3 .  cumulative Distribution of workplace Protection Factors 
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COXPARATIVC STUDY ?OR Bf8PfRATOR PROTICTION FACTORS FOR 
CONTIbmOUS ?LOW BLASTING BtLKBTO 

TITLE 

AUTHOaS R o  h i g h t o n ,  M. Early, T o  Langa, Leighton Associates, 
Inc., 124 West 30th. S t . ,  S U i t a  21OA, New York, W 10001 

1.0 l[rSTIU)DUCTIOIO 

I n  1978 OSHA issued the Lead Standard f o r  General Indus t ry ,  29 CPR 
1910.1025. Within t h a t  standard OSHA provided protect ion f ac to r s  
fo r  various types of r e s p i r a t o r s  that  could bm used i f  engiheering 
and adminis t ra t ive con t ro l s  were not  s u f f i c i e n t  t o  reduce worker 

protect ion f ac to r  (PF) can be defined as the mul t ip l i e r  above the 
PEL tha t  a worker can be allowed t o  vork in while wearing the 
r e s p i r a t o r  and still not  be exposed t o  levmls above the PEL. That 
is, t h e  r e s p i r a t o r  w i l l  reduoe the exposure outs ide the  r e sp i r a to r  
by a f a c t o r  equal to the PP. Protection ?actors for various 
r e s p i r a t o r s  are given in the following tablo, which has been 
extracted from the  Lead Standard: 

exposure t o  wi th in  the  Permissible Exposura L i m i t  (PES).  A 

TYPE OF RESPIRATOR 

Half face,  a i r  purifying,  
negative pressure 

Ful l  face, a i r  purifying,  
negative pressure 

Powered, a i r  purifying 

Supplied a i r ,  ha l f  face, 
pos i t i ve  pressure 

Supplied a i r ,  f u l l  face,  
pos i t i ve  pressure 

PROTECT ION 

10 

so 
1,000 

FACTOR 

1,000 

2,000 

The b l a s t e r O r  helmet, which is a supplied air ,  f u l l  head 
r e s p i r a t o r ,  has been rout ihe ly  used for many yeam in t h e  abrasive 
b l a s t ing  industry.  I n d u r t r i a l  hygi8na professionals  have 
in te rpre ted  the blaster's h8laet a s  having the PP of 2,000 s i n c e  it 
8Jp,pii+ts a i r  to the worker and covers h i s  ent i re  bead. More 
recent ly ,  NIOSH issumd a heal th  hazard alert f o r  Uad Poisoning i n  
Construction Workers tha t  s p e c i f i c a l l y  ohrllenges the proqection' 
f a c t o r  of bla8ter0s helmets. C i t i n g  that conventional blrr8t.r'. 
helmets are not p o s i t i v e  pressure d8Vic.8 since th8y do not form a .  
t i g h t  s e a l  w i t h  th8 face,  NIOSH down-grrrded 8uch uni t8  a8 
continuous flow devices w i t h  a pro tec t ion  factor of only 25. 

This down-grading of the PF of conventional blaster0# helmet8 
presents  a major problem t o  the abrasiva blasting industry which 
has many of theso unit8 i n  ramice today. A t  8 time vhwr many 
paint ing cont rac tors  are t r y i n g  t o  comply vith OSHAOs new lead 
standard, t h i s  down-grading comes a t  a even mor8 d i f f i c u l t  time. 

l l i 1 i l  I I 1  I I l l  1 



200 WRPOSB OI STUDY 

The purpose of the proposed study wa8 to examine th- exposure level 
inside the conventional, "COntinUOUS flowii blaster8s 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, i2 any, between a professionally managed respirator 
program using new helmets, and a more typical program where rite 
personnel are responsible for the cleaning, storage, maintenance 
and inspection of in-service units. 

Actual field conditions were obtained during the uae of the 
helmets. After blasting, the units were cleaned, maintained and 
stored using one Of two procedures; eithrrr by an Industrial 
Hygienist according to the man~facturer~s instructions, or by the 
Contractor8s site personnel using the respirator maintenance 
program in effect at the work mite. The first three days of air 
sampling used the Contractor's respirator program and in-senrice 
helmets, whereas the second three day8 of air #ampling used new 
helmets and a IH-run maintenanae program. 

All air sampling was conduct8d under the supemision of I CIH, and 
all samples were analyzed by a hboratory accreditad by the 
American Industrial Hygiene Association using the NIOSH approved-' 
method for Lead, method 7082. 

Air samples were taken both inside and outside the blaster8s helmet 
using indu8trial hygiene Sampling pumps, and 37am mixed cellulose 
ester membrane filter*. Two pumps were positioned on each blaster; 
one serviced the filter on the inside of tho holmet, while the 
other pump sewiced the filter on the outsida of the helmet, 
attached to the outside of the blaster8s cape. 

The pumps were calibrated before and after oach day's w e  at 
approximately 2.0 liters per minute, and were worn by the b1alt.r 
during his entire 8hiZt. Pump8 used w8re thr GL1i.n InaWUmnt 
Corp., model Gil-Air S C. Calibrations will be aade u8ing a Giiian 
"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 
port8 were installed in the helmets to allow suaplinq in8ide the 
helmet without creating a leak. Two blasters weto 8ampled each day 
for s ix  day., for a total of eighteen sat8 of samples or thirty six 
air samples, plus a blank sample for lab calibr8tion for each day 
of sampling. On most days cassettes were changed at least once to 
prevent over loading of the cassettes. 

I 



OUTSIDE INSIDE PF DATE BLASTER D a T I O N  
ID # HELMET HELMET 

(UG/$) 
Existing Equipment/Operator Maintenance 

5/27/93 1 1025-1202 97,260. 

7/14/93 2 083 0-12 02 8,217. 

3 0830-1202 20,400. 
3 1244-1448 22,540. 

7/15/93 4 0905-1154 8,808. 

5 124 0-1525 27,330. 

2 1237-1415 17,830. 

4 124201528 27,040. 

New Equipment/IH Maintenance 

7/30/93 

8/3/93 

8/4/93 

2 1226-2011 13,080. 
3 122 2-1636 1,282. 
3 163 6-2 012 1,689. 

2 0914-1130 29,690. 
3 09 15-1127 43,850. 
3 1256-1555 26,8600 

2 0945-1156 17,090 . 
2 1254-1657 28,410. 
3 0944-1157 21,940. 
3 1255-1659 36,510. 

ND- Non-detectable for lead 

ND 

13 . 78 
ND 

596.3 

29.59 689.4 
ND 

ND 
ND 
ND 

ND 
ND 
ND 

ND 
ND 
ND 

ND 
ND 
ND 
ND 

I 
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5 0 DISCU88ION 

Of the eighteen -ir samples taken inside the helmets, only two 
samples detected any lead whatsoever. Considering that the air 
concentrations outside the helmets were as high as nearly 44,000 
ug/ms, this is quite good. This fact however results in a major 
limitation of the study. Sinee the lead aoncentration 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 o f  th8 inside-helmet air oampl+ 
than on the ability of the helmet to protect the worker. And since 
we switched filter cassettes two or mora tines per day to minimize 
overloading of the outside ca8sotte, 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. 

Therafora, w e  are left w i t h  tho qualitative conclusion that the 
continuous flow blaster's hellnot c.EI offar the worker axtremely 
good protection if the helmets are properly nrintained. Ala air 
samples taken inside the holmots nmintainad by the Industrial 
Hygienist had no detectable lead, and s i x  out of eight air 8ampler 
taken inside the operator-maintained helmet. also had no detectable 
lead. Only two air samplos OW of eightoan showed any 
contamination at all and thcwo amounts computod to Protection 
Factors well above the goverment racommondation of 25 times tho 
PEL. 

Recommendations for future study would include using Graphite 
Furnace Atomic Absorption inst8ad of Tlam. Ionization Atomic 
Absorption, and setting the inside-helmet pump$ at 3 liters/minute 
instead of 2 liters/minute, to docreaee the detoction limit of th8 
method. 



U.S. Department of Labor 

Ju 271994 

Occupational Safety and Health Adminiatration 
Washington, D.C. 20210 

Reply to the Attention of: 

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

FROM : 

SUBJECT: 

JOHN MILES 
Director 
Directorate of Compliance Programs 

CHARLES E. ADKINS, 
Acting Director 
Directorate of Technical Support 

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: 

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. 

measurement inside the loose-fitting hood be used to establish 
employee exposure? (The Industrial Hygiene Manual allowed 
sampling inside air-supplied hoods until February 1990; the new 
IHM doesn't address this issue.) 

0 Continuous-flow, loose-fitting respirators have proteation 

In the absence of a reliable assigned protection factor, can 

I I 1 1  1 1 ,  I i l  I I 1  I I l l ,  1 
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0 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 1/2,00Oth of the 
levels measured outside the hood. 

Can the " l e a d  standard approach" be app l i ed  t o  the other 
contaminants  t h a t  a r e  generated dur ing  abras i ve  b l a s t i n g ?  I s  
this approach v a l i d  for three t y p e s  of a b r a s i v e - b l a s t  
r e s p i r a t o r s ?  , 

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

Attachments 



DEPARTMENT OF THE NAW 
NAVY ENVIRONMENTAL HULTH C E m R  

2610 WMMER AVaNUf 
N O R W .  VIRCilNlA m13-2817 

6290 
Ser 33C1/ o l G ! ! l  

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. 
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)). 

Your 

We distributed this information to our field industrial 
hygienists and support the policy if the following conditions 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 operati9n 
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: 



. a. What sampling is required when doing abrasive blasting in 
an exhaust ventilation system when the bla8ter is wearing 
appropriate respiratory protection? 

b. What sampling is required when doing abrasive blasting 

What standard drives sampling requirements for blasting 

Should required samples be collected inside or outsidle 

operations that are not in exhaust ventilation systems? 

operations when there are multiple stressors? 

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 

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

c. 

d. 

( 4 ) .  

Sincerely, 

United States Navy 
Commanding Officer 

Encl : 
(1) My ltr 6290 Ser 3331/04262 of 17  Apr 9 1  
( 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) 

2 
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DEPARTMENT OF THE N A V Y  
NAVY ENVIRONMENTAL HEALTH CENTER 

251OWALMERAVENUE 
NORFOLK. VIRGINIA 235 I 3-26 1 7 

o m i  J v ~  6290 
Ser 3331/ 
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. 
the conversation that OSHA does not recommend nor require 
personal monitoring of abrasive blasting operations, regardless 
of the stressor involved, unless the intagrity and performance of 
the respirator (blasting hood) is i n  question. 

If our understanding is incorrect, we request that you clarify, 
in writing, the following issues so that we can dissaninatr the 
information to our field industrial hygienists; 

operations be sampled? 

breathing zone sample, especially w i t h  regard to sampling outside 
or inside the blasting respirator? 

blasting respirator, as is the policy w i t h  other stressors, how 
are the cassettes protected from the blast without affecting the 
validity of the sample? 

It is our understanding from 

a. Under what circumstances should abrasive blasting 

What procedure does OSHA recommend to collect a valid b. 
0 

c. If samples are to be collected outside the abrasive 

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

Sincerely, In 
W U ,  M.D., M.P.H. 
Scientific Director --- BY dI&ktion of the 
Commanding OfLicer 

Enclosure (1) 
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U.S. Department of Labor 

JUN 1 0 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 X r .  Wainless that the Department of the Navy’s conoern 
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. Howlever, 
if the integrity and performance of the rerpirator/blasting hood 
is in question then samplinu should be conducted inside the 
respirator/blasting hood. 

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

Sincerel& 

Director i 
Directorate of Technical Support 

I 
Enclosure ( 2 )  



I; J.S. Depar',mcnt of Labor I q c d l o n  Nwrul~cr: 109425330 
, iceupationid Safety and IIulth htlminhtration Impdon Dntar: 01112194 - 02/10/94 

knufiaDntet 02R2194 

.. 
2nntpnny Namc: US. Navy 
tupcdion Site I Naval Undersea Warfare Center, Keyport, W h  983454000 

I I- Type of Violation: Serious 

' 3 CFR 1910.~025(3)(G)(iii): Where the initial monitoring revealed &al enqdoym exposure b I d  was nhow 
le permissible exposure limit, monitorfry was not r-d 8t Imt quarterly and c c m ( W  at the iquired 

-9 CFR I910.t02!5(e)(3)(i): A written armplitncc pmpm wtll not cxtahlblwd md/m irnpiemcntd lo redn#a 
sid cxposurcs to or hclow the permissilrlc wpmre limit, and interim lev& were nppkablt, solely hy rnerlnr 

r f  enpinccring and work practice controls in accordance with the implementation tchalule in paragraph @)(I): 

(a) At Lhe Shot IJJasting Roam for slid repair in Building 820, employes 'were expsd lo lead at 
lcvcls cxceding the pcrmissikle e x p u n  h i t  for mre Lhan 30 drys per year, and IK) written 
compliance program wits impltmenkd. 

......... . ~ .~ .. 

Enclosure (3) 



From: 
To : 

Sub j : 

Ref: 

1. As 

DEPARTMENT OF THE NAVY 

moturnom 
NAVAL HOSPITAL 

BREMERTON. W A S H l N Q l P N  081 t 2- 1 OS0 

5104.1/00251 
Ser 061.2A1/01386 
30 Mar 94 

Commanding Officer, Naval Hospital, Bremerton 
Commanding Officer, Navy Environmental Health Center 
(Code 333) ,  2510 Walmer Avenue, Norfolk, VA 23513.2617 

CLARIFICATION OF GUIDELINES FOR BREATHING ZONE SAMPLING 
DURING ABRASIVE BLASTING OPERATIONS 

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

( 1 ; VFcLstia 2itazi;;i-i fsr Savai 'u'rdersea Warfare 

( 2 )  Naval Environmental Health Center ltr 6290 Ser 

( 3 )  U.S. Department of Labor ltr of 10 June 1 9 9 1  

Center, Reyport WA, Inspection X109425330 of 
22 Feb 94 

3331/04262 of 17 April 1991 

discussed (reference (a)), Naval Undersea Warfare Center 
Division, Keyport received an OSHA citation (enclosure (1)) for 
failing to monitor breathing mn.3 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 infomation from 
O S h s '  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 
suDmarine recycling and wouia like to expand to include removal 
of asbestos containing mastic. 

4. Before we advise our customers about routine breathing zone 
monitoring, specifically during blasting of lead and a$bestos 
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 f o r  specifics about the OSHA - -  

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

c i t a t i o n  i s  Mr. Mike Jackson, Industrial  Hygienist.  
reached at DSN 439-3286 or (206 )  476-3286. 

Both can be 

ByCdirection 

copy to: 
NAVSHIPYARD PUGET SOUND WA ( W 1 0 6 . 2  and 1 0 6 . 2 2 )  
NAWNSEAWARCENDIV KEYPORT WA (C/O4 Safety) 
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Captain P.D. Barry 
- Commanding Officer 

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

' Department of the Navy 

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. 
the Directorate of Technical Support, Office of Science and 
Technology Assessments (OSTA) for response. 

Your response was forwarded to 

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 



. Reference NO. 93-03-25 

Item: Cignatta, John V., et al., "Rotacting the Environmat lpb Workers at Indmtrial Lead 
Paint Projects," Datanet Engineering, Inc., March 25, 1993. 

Contents: Describes the new approach and tdinqus fa rornoVing l a d  based paint from 
industrial structufcs that are rcquind to meet both cnvironlneatal and worker safw rtqulations. 

Describes on page 12 the metbod d s u n p h g  inside tbtabWve bhating hspitatot e-- met which 
Identifies the manifold problems f i a d  by amtmmrs gim tlm new rrgulstory 

Bullard believes may contribute to f a h  high dust -Wion ndings on ths sampling 
equipment. However, the autbon do 80 odl to -be the m s ~ y  ways in which nq-respirator 
variabks d d  affect the rneasumd paoasction rirbrdal the uotkz1. h m e g  #E ficton 
mentioned arc efficacy of en- ccmtrds, worker adhama to tbe industrigl hygiaw 
program of the employer, inadequate apiipamt &-, oc & of the r tqbtor in tbe 
work environment. 
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Abstract 

PROTECTING THE ENVIRONMENT 
AND WORKERS AT INDUSTRIAL 

LEAD PAINT PROJECTS 

John V. CigMna, P.E. 

Daanet Engineering, Inc. 
Baltimore, Mruyland 

Tunathy M. D a ,  C- I. H* 

March25, 1993 

Lead paint can be removed from indusUhl st~cturcs  witbout Compromising protection 
of the public, the environment or the wnstructiOn workers. Means md methods to sueassfully 
accomplish these goals frequently are not undentood by project spcmfien 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 industrid coatings projeCtS hvollving the rcmuval of old 
lead pigmented paints is relatively straight forwud. The job-fitk is enclosed with impermeable 
tarps and a dust collector is employed to keep the inside of the tarpcd anckmrc at a negative 

clean air into the enclosure and proc#t the extuior environment from a dase of fine lead dust. 
This standard procedure is quite effective regardlets of the methods employed to minimize the 
generation of dust during surface preparation activities. 

prcssurc relative to aunospknc conditions. In this manncr, any hok in the tarps wil l  leak 

The small size of the lead dust parack has been justifiably a major cause for concern 
by environmental agencies. Lead oxide or red lead (PqO.) p i w t s  arc manufacwed with a 
typid diameter of only 1 to 2 microns (rm). Lad carbome of white Isd [2PbCQ-Pb(OHM 
is cvcn smaller with typical diameren ranging from 0.1 to 0.2 Fm. 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. 



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 settlxng or terminal velocities Of various size paruclej of lead 
pigments are depicted in Figure 1. Note that the smaller paracles under totally quiescent 
conditions (i.e., the complete absence of all winds or other dismbances to still air) eventually 
would accclaatc by gravity only to a tcnninal velocity of 0.027 ftrmin. This velocity. less than 
one third of an inch per minute, can only be measurrd (and occur) under labontory conditions. 
In the real world, these partlcles will be re-enaainsd continually by air movement inside the 
containment. 

The very small size of the lead pqmculate has causal many environmental omcills to 
have a falx wise of security when there were no visible 4ssions emanating from an mclosed 
industrial coaings project at a bridge, water tank or other structure. In rezlity, th4 visible 
emissions consist primarily of waste disporable rbratires, din and other innocuous d&#it. Due 
to Resource Conswabon and Recovery Act (RCRA) q u l l t p r t  (Sa 40 CFR 240 through 280j 
for disposal of hazardous wastes, many painting con6mctors and pmject designas have $witched 
to either recyclable abrasives made fiom steel or to power tool ckamng to bare metal fot surface 
preparation. (See SSPC-SP- 1 1 .) 

Reusable abrasives do not crumble like sand or slag rabtpJivts. Thus, the & a c e  of a 
tattle tail dust cloud does not always maan that the enrir0nmehtal oontrols arc properly cthpturing 
the toxic lead particles in a dust collector or that the l d  astl is safe Erom hazardous -me 
discharges of aerosols leaving the constmrction site. Rather, the proof of the adequacy of 
environmental controls can only be cstablirhed by numerous and rcpeatd air teso conducted 
immediately around, above, and beneath the project enclosure and accompymg supporting 
equipment . 

Another common earor is to pLaa a high volume PM-10 monitor downwind of B bridge 
or water tank to the adequacy of environmental controls in matting air quplity rmrictions 
on paruculate rckascd which is smaller than 10 pm in size. T)ke EPA has mandated in 140 CFR 
50.6 that the release of PM-10 can not e x a d  150 micrograms per cubic meter hg/d)i on a 24 
hour basis averaged over a 90 day period. For recyclable abnsivas and power tool opbations, 
the bulk of the emissions of particulate smaller than 10 pm mnnsts primarily of lead particla. 
The permissible level for lead r e l d  is far mom rest&t&c by two orders of dgnitllde 
(1 .5pg/m3 vs. 150 &m3) than fugitive dust due to the toxiCiry of this heavy metal. Awrding 

-2- 



to 40 CFR 50.12, the limit for lead is only 1.5 u g h '  again based upon a 24 hour period 
averaged across 90 days. Thus, any excessive re lea^ of lad dust from an enclosed painting 
project would fmt show up on a lead-in-air monitor long bcfort tbe PM-10 maximUm limits 
were exceeded during either abrasive blasting with recyclable abmives or power tool operations. 

There stil l  remains a problem of accomplishing lead-b-ak 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 u to where to position the air testing equipment. A rule of 
thumb such as "100 feet downwind i s  always a good stvthgjwh2" is frequently sug$estsd by 
someone who has nevu monitored the Winds around a compkx suucture iikc a bridge ar a water 
tank. Unlikc a tall and slender chimney, complicrtsd structures significantly sect local wind 
patterns. In fact, the wind beneath a bridge can be 180' diffkmt horn the wind directiDn above 
the strucnlre. 

Another problem with positioning the air samplers is that locating the unit at grade 
assumes that any lead dust escaping from an encbsure Wiu d e .  Due to its fine size, the 
aerosol of lead dust will diffuse in rll directions with little tuldrncy to d e  witb the exception 
of large, macroscopic and intlct jtajnt chips or agglomaatbd particles. Computer models for 
stationary emission sources (e.g., smoke stacks) and fi~gitive GmiuiDnr can predict where the 
dust from a given site wil l  touch dorm on the d. The luge cross section of tall brJdges and 
elevated water tanks makes current cumputcr mod& lllcaplfae of ukquatdy dcscrib*g either 
the complicated dispersion patterns from the multiple Ieahge point8 of an mclosurc m n d  these 
types of structures let alone the discharges of filtered air from dust cokton, Positive 
Displacement (PD) blowen or otha vacuum systems. 

To both overcome the limitations of sampling complex dispersions under significant 
mixing conditions as weu as guessing at the appropriuc locations for samplers, a VBnety of 
utilities and highway departments are using air tosting for lead alone by the NIO$H 7082 
protocol. These samplers arc located at a variety of points immediately adjacent to the 
enclosure, at the air discharges of dust collecton, urd near other equipment at the job Jte. (See 
also SSPC Guide 61 CON air testing Section 5.5.4.c Mahod D3.) The EPA is currently 
studying this problem but guidance is not yet available. 

As previously mentioned, the most critical parametcr of amcan from a project site 
involving the disturbance of lad based paints is the led itrdi. By using either s& AC or 
battery powered air sampling pumps and analyzing for lead done, an acelleM tracer material 
highlights both weaknesses in the environmentll oonttois w d l  as utposun to W public, 
w o r k s  and the environment. (A tracer is a specific matdal crmnrting from a singk source 
in high concentrations which can be readily idmtifisd h the aviKmmmt.) 

A typical specifications may require four to eight samples prr day around the ~lclosure 
during surface preparation activities and one sample h m  aach ah port for the f h t  
week of work. These same sampling points are used during subsequent weeks but at a reduced 
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schedule (e+, d y  four to five total tests per week.) Since there arc no nationally recognized 
standards for ushg this procedure of accomplishing environmental -.ronitoring with worker 
exposure monitoring protocols, the permissible limits are established by the project specifications 
writer in coordination with environmental officials. Frequently, the discharge limits for 
the dust collection equipment is the national ambient air q d t y  standard of 1.5 pg/m3 for lead. 
The air samplers around the other equipment and the enclosure ue usually set back either a 
minimum of 10 or 20 feet and then the OSHA Permissible Exposure Limit PEL) of 50 p g / d  
for lead is used. 

By establishing a ring of inexpwrsive AC or battery p o w d  air samplers around a 
project site, both an early warning of environmentpl control Wure fop invisible l e d  dust is 
provided and a defense for spurious lrwoUits is obtained. Some lawsuits have sought to dismiss 
data from one or two "downwind" EPA type hgh volume air samplers due to the effects of 
complex wind patterns. To further guard against such actions, inexpensive w o r k  exposure type 
air samplers for lead are also plocsd at esrtrerndy Sensitive exposure locales. At our project 
sites, these have included day care centers, schools, playgrounds md private reidonas. With 
effective containment systems, airborne laad levels do not exceed background readings during 
surface preparation activities. 

Before discussing problems with worker exposure at enclod project sites, a discussion' 
will first be presented on types of enclosw. 



Types Of Ventilated Enclosures 

Many project bid paclrages are quite indefmte or "bare bones' in simply mandabng that 
?dl su$acr prrprurztion acrivitirs shall be contoincrd. ' Again, ?he 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, operanon, etc. are provided for 
the Contractor. Further, it is very rare if any provision is made for the enpeering of 
ventilation for the enclosure. As a conssquence, the structure is enclosed and a dust ctollector 
is rented with little thought given to the interaction between the two. 

The most common enclosure is r&ferrsd to as a conventional enclosure which s&als up 
a major portron of a large s t n r c ~ .  The sides and ends of the work area whether it is a bridge, 
parlang garage, factory area, etc. are enclosed with a series of urps hanging down from the 
decking or flooring above the girders. In Figurc 2, a depiodon is provided of a mventional 
enclosure which is encompassing a series of parallel $&el girders on a bridge located 
approximately 20 feet from grade. The resulting enclosure is 20 ftct in height, 90 f a t  wide and 
120 feet long. The cross-sectional area of the containment stnrcturr is approximately 1,800 ft?. 

The large cross-sectional area can be quite signtficant 90 the health of the work& 
because the large area makes quick and Mom removal of air amtaminants difficult if not 
impossible. Fresh air drawn into the large enclosure tends mcrdy to dilute contamin)nts and 
not remove them. (Remember: The acmiol of very small l ed  pprticlcs behaves similar to a 
gas and thus does ppt settle in the large enclosure. These toxic pUticles are removed only by 
the action of a current of air transporting them through the enclosure and trapping thein 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 p&n- maacton. For a mmmon 
example, assume that a 20,000 ft'/min unit is used for the m e  convsntiond enclosure flepicted 
in Figure 2 with two painters abrasivdy blasting and dwt collectiion b removing lJtardous 
lead contamurano. Fresh air would be entering the large a m  enckxd by the tarps at the points 
of least resistance. Thus, snail holes in the tarps nearest the dust collector ducts could short 
circuit Sigrufiurnt amounts of air from walls near the ducts to tbe dust cullcctor with vtry little 
dilution effect upon the levels of accumulating lead dust in the mdn work ma. An e w p l e  of 
a conventid enclosure is provided as Photo 1 to illustrate this very common typc of 
containment st~cture. 

If one assumed that there were no leakages at s a n s  aad other irnpdkctiofis in the 
containment structure, then fresh air would be saldy introduced into an enclosure as a result of 
the action of a dust collector pulling contaminated air out. If the fnsh air could be cvddy and 
u n i f o d y  distributed across the entire cross section of the enclosure, then the air flaw could 
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be described by the following expression: 

Q = V A  
where: Q = quantity of air in ft3/min 

V = velocity of air in ftlmin 
A = cross sectional area of enclosure in ft2 

Referring back to the enclosure described in Figure 2, assume that quantity of air (Q) 
leaving the enclosure is again 20,OOO ftl/min and the cross-sectio~I area (A) is 1,800 f f .  The 
actual air flow passed the two workers will be fwtha reduced by both the air introduced by their 
nozzle (estimated at a combined flow of 600 fr'lmin) and any edge sed losses or dudt leaks 
downstram of them (assumed for this example to be relatively rninor at only 1,OOO f?/min.) 
Under such conditions, the menage flow passed the worken can be estimated by subtracting air 
introduced by the nozzles and edge seal losses as follows: 

SinceQ = VA, then Q = V  
A 

- 
Thus, ~ . o o O  @/mill - 600 ftva - 1 . m  = 1ofvmin 

1,800 ft2 

The word "average" was hghhghtad in the potvious sdllteslct for a very good W n .  
Avcmge conditions are as important to a blaster in an enclosure as the stream dcpth w* to the 
statistician who drowned while an avemge depth of only 2.0 feet! The 
point is that the only air flow men worhng in enclosures is ths actual 
velocity of fresh air flowing above example, the velocity passed the 
workers' helmets would be M o w  m to the combined effea~ of t h ~  small 
capaciry of the dust Collactor relative to the magnitude of the cross-sectional am of the 
enclosure and the area of high pressure caused by tbe 300 e/min nlcnrnl by each blast nozzle 
where the mezl arc working. 

whcn one takes into acxount the real world system losses at cntxance, edge seals (or lack 
thereof) and seams, the often chaotic p m s  of fresh air flowing througb an enclosure can be 
approximatad by the graphical depiction in Figure 3. The tachnicml o#m for such air patterns 
is that the air movement is unnstdcd.  Figure 4 illlustrates the same fresh air pa- when 
viewed from above. The two blasters in the enclosure are crating high pressure zones around 
themselves due to the &wts of their 110 lbdin' blasting nodes discharging 250 to 300 elmin 
of air. The low pressure zone of the dust co-r dnws air from a plethora of points. 
However, very little flushing effect for the removal of the fie led dust is wrpeaiencad in the 
immediate lirsplce around the blznas. Instead, lead dust usually lccumuiates 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 cnatcd by either abrasive blasting 
or power tool operations. It is important to note that the &St collector by preventing leakage 
of air contaminants from the enclosed area can acndy incnosr the dust concentrations and the 
corresponding hazard to the workers. 

After all surface preparation operations hove &, the hazardous airborne lead dust 
concentration within a large conventional anclosun will be g W W y  diluted down to safe levels. 
For each containment, a half-life mod Specific to the optation of the ventilation system will 
occur. As the time for each half-life puidd passu, lead dust concentrations will be raiuced by 
one half. The relatively large initial reduction occurring in the ht half-bk period wdl be 
followed by successively smaller reductions over subquent half-life ptriods. This halving of 
the concentrations allows dust to linger in the air long rfter s u r b  ppritt ion activities have 
d. The rate of dilution is a half-life exponentid decay function which behaves in the 
following manner. r 

Assuming a single chamber model of an enciosun, the quantity of fresh air 
entering into the enclosure [&(s)] at the time [tJ of initial peak conctntntions 
for maximum lead dust [Cmnx(tJ] equals themount of lir &Ping the enclosure 
to the dust collector at the SPRN time [Qovr(tJ). At that point, the pcrir 
concentration of lead dust suspended in the air h& 
preparation activities have ceased, this &mum value of l e d  dust will decrease 
in an exponential W o n  in relation to time [t] as 1- as no new dust is 
generated by renewal of abrasive blasting 00 power taol cleOning. 

Aftex surface .- 

The following relationships apply to the comtxations of led dust after surface 
preparation activities ceasc: 

Cmax(t,) = MAssr,, 
V O L h  

The concentration of lead dust wiU be cut in half when: 

It follows that one can solve for aha half-life time itw] when tbe maximurn lead 
dust concentration has dropped to one half of the pcak concentntiou as follows: 
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where y = am = 1  
VOI2NCLO. time 

(Note: The term y is sometimes referred to as a "flushing" coefficient since it 
describes the rate tu the e n c m e  is f l u w  free of . The 
complete solution of this problem requires a Laplace Transform.) 

It can further be extrapolated from the flushing coefficient model that the time far 
the dust mccnuation to be halved again from dilutian by fresh air brought in by 
the vacuuming action of the dust collector is repesloadly the amount of time for 
the fmt 50 percent reduction in lead dust. Continuing, the time for the next 50 
percent cut in lead dust is again t,,. 

This mathematical description is o h  misundentood by spufiers or hyiienists deciding 
that after fwo or three air changes, the enclosure s h d d  k safe to enter for inspection, painting 
or other non-blasting activities. (An air change bdng defined as the time for a volume of air 
equal in volume to that of the enclosure to be filur&d by the dust collector.) Nothing could be 
further from the truth during unrestrained air flow conditions Siace the air in the enclosure is 
never changed. Rather, the lud contaminated air is only being diluted by the addition of fksh 
air -- not replaced by it. 

. 

In Figure 5, the gradual exponential half-life daay curve for contaminants in a 
conventional enclosure being diluted to ever lower conantrations by the continued opeation of 
a dust collector after abrasive blasting operations or other mechanical surface preparation 
activities have ceased is presented. This curve is defined by the above equation on Ctt,). 

To provide improved worker protection from excusive lead dust levels, containment 
smctures have been employed to manage aimow 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 surfacc of s t a l  king prepmd for painting. 

Such containments ph referred to as miniarclosurc. ( S e  Figure 6.) Th~s smalkr cross- 
sectional UQ mtainment strucnur is usually a hght weight, lcnv wind loding mahlre that 
isolates just the area where a painter or painters CUI blast and @me the surface of a structure 
in one day. The attached Photo 2 shows the primary mini-cnclosure usal  for a water tank 
project. Photo 3 depicts a bridgeinini-enclosune. The common fmturcs are readily diJccrnabla 
in that vacuum floor troughs continually remove both spent abrasives and large paint chips. In 
each case, complex or awhvard lead painted stel sauctunl shapes have been scaled with very 
good integrity on edge s a l s  by "duct-like" shapes. "ducts" allow consbunt 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 addad 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 =ea, a directed or rpsznained flow of 
air is provided past the workers. The restrained flow of air rapidly moves contaminants away 
from the workers and purges fine pareieulate fram the enclosure to the dust collector. The 
confined area of the duct-like enclosure shape llso ovtfcomes the effects of both the abrasive 
blasting nozzles and other minor abermions to the air flow patttms. Cornen, inertid effects, 
and changes in cross-sectional area have c a u d  numerous problems in many conventional 
enclosures. The minicnclosure in Figure 7 depicts this restrained air flow pattern from above 
with two worken. 

The cross-sectional area in this example is minimized to only 70 square fa t .  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 minicnclosure to only 6 or 7 feet, thm the width of such an enclosure 
could be over 10 feet. Intentionally, no length is shown. The hgth of a mini-eplclosure with 
excellent edge seals is not a critical design paramefa. (One Unit bang fibricatbd fot %aw@ 
Corporation in Kittery, Maine by Hanim Indusaial Techncdogy far the Interstate 95 bridge 
between New Hampshire and Maine is over 120 feet long.) 

Mini-enclosurc design advantages over larger c o n v e n t i d  enclosures are obvious in that 
the same size dust collector achieves much higher vclocitks past the helmets of the workers. 
In the case of tlus example, the enclosure losses behind the workers are again assumed to be 
limited to 1,OOO ftl/min and their nozzles arc together introducing 600 ft)/min into the 
containment structure. 

Again, since Q - VA, then Q = V  
A 

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

- f?/& = 263 Wmin 
70 ft' 

There are a variety of engineering problems in achiwing the restrained air flow 
conditions which continuously puqe all contaminants from a suocessful minicnclosurc. These 
problems are =used by changes in direction of the air, changes in cross-sectional lrep of the 
enclosure and M o c h g e s  or disruptions of the airflow due to the shape or COnfiguiatiOn of the 



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. 



Worker Air Testing In Enclosures 

It must be understood that the air flow required in a mini-cnclosure is a consisent flow 
and not merely an average estimated condition. Local differences not reflected in average 
conditions can have profound adverse effects upon worker health. Thus, it is still pqssible in 
mini-enclosures to have small eddy currents or points of stagnation despite the much fjgher air 
flow velocities than are possible in a conventional enclosure. This is the reasan that am 
samples takm at various locations within an enclosure arc often of little value in Zssasing 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 area$ behnd 
obstructions within containments on bridges or other looations where the flow of air is 
significantly disrupted could show very high concentrations of l e d  dust. 

To find points in an enclosure where stagnation or recirculation occur, fog or smokt 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 cxmecud or avoided. As long as a 
worker is not going to be located at the point where lead du8t may accumulate, minimlal risk is 
imparted to those at the work site. However, sp&ciaJ attention wil l  have to be taken to ckqn 
such areas prior to the cessation of ventilation of the miniux%mare and loulizad crpture or 
ducted air input may be required to protect workers. 

To assess the exposure to workers within a containment, air testing must k p@formed 
to assure the adequacy of the respinton being employed. Far leod in air, the NIObH 7082 
protocol must be used. This involves the use of a 37 mm cassette with a 0.8 pm pore size filter 
composed of mixed cellulosc ester. Air is then drawn through the filter by use of 8 battery 
powered air pump. This vacuum pump is caiibrated for flows between 1 to 4 litus pu minute. 
By analyzing for the amount of elemental lead collected on the filter and dividing by the liters 
of air filtered, the txposwt in &m3 of lead in air is determined. 

The cassette is typically attached to the lapal of a wrkm apipped with a ha-face or 
full-face respirator to evaluate the air in his breathing zone. W o r k s  pcrfbmmg abrasive 
blasting must wear Typc-CE helmets as per OSHA rqulotiorrs. This NIOSWMSh rated 
respirator provides a continuous flow or curtain of mmpresml ah down across his fw. (Set 
Figure 8.) Since this type of respirator is equipped with a muff uound the neck and a cape 
above the waist, the lapel is no longer a suitable location for sampling the worker's breathing 
tone. 

Then is a current controversy as tQ the correct samp&rq point for Type-CE respirators. 
In this paper, no position as to the " ~ ~ "  sampling point will be suggested. Rather, the value 
of sampling both inside and outside of the respirator is off'. 



In the 1984 Field Operations Manual of OSHA, (See 1984 OSHA Instruction CPL 2- 
2.20A CH-I page II-11) the recommended sampling location is Within the helmet. Cunent 
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) docs 
specifically address the issue by agam recommending sampling w i h n  the helmet. The variance 
explains the following justification on page 46928: 

This appnmch is ju- @ the fact &at when supplied& respinaton 
with hoods are continuously worn, mwrtrnrnents made W e  the hood wi l l  give 
a mom accunrtr a p p m m n  of b e  enQleyer’s bnuhing wne cxposun levels 
than merrscmments of ambient levels in the phtingl booth... 

Then is insufficient space for the MZultr_ to be placed inside the helmet ncat the 
worker’s nose and lips. To overcome this lidtation, the cassette is usually lmatsd 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 simple from the inside of the helmet a n  provide some very vduable information. It 
establishes the adequacy of the engineering Oontds at the job site, the proper operation of the 
respirator, and the discipline of the worker in adhering to th;: indusnial hygiene program at tht 
job site. If excessive dust levels arc present in the cnclosur~, then the respimtor 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 helmet. 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 smohng or even private convertation with other workers. All 
of these conditions would be reflected by excessive lead dust levels (Le., above the PEL) 
measured within the helmet. 

Sampling outside of the helmet demons- the peak exposure of the worker without 
regard to respixatory protection cquipmen~. The PEL should mt be used in assessing the 
adequacy of engineering controls when compared to the air tests outside the helmet. The 
purpose of enpetring controls is not to repl;rco pcrs~nal protective equipment but to duct the 
exterior dust concentrations to the point that rcspixamrs will function properly m protecting the 
workers. 

Care should be taken when samplrng 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 hgde plastic assctte. One of the better 
locations for attaching the assettc is to the back of the worker’s belt, nus, the cassette is 
protected from the blast of the abrasives and most mechulicrl damage when ?he mker is 
moving through an enclosure. Behind the helmet is an altenrrae position. However, this 
location has many drawbacks due to works backing into girders, hatches and other 



obsvuctions. 

In conventional enclosures, high dust levels restrict the amount of time that cacl be used 
for sampling outside a worker’s helmet. Once the accumulated dust overlaads the fitter p a p  
in the cassette, the air flow and capture efficiency of the cassette becomes varialble. To 
overcome this limitation under high lead dust levels, the samphg pump must be operated at low 
flow rates for very short periods. In levels of 20,000 p g l d  of lead dust or lugher, 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 conductad for longer periqds. The 
amount of time is a function of the specific worker’s pith in the duct-like enclosudt relative 
to the other blasters. The worker nearest the of fresh air CUI be monitored for )rolonged 
periods. The w o r k  downstream of other blasten must again have a vesy limited sampling 
period to prevent the cassette from being overloaded. 



Enclosure Air Test Data 

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 ventilation system, a Respirable Auosol Monitor (RAM) was employed within 
a conventional enclosure on a bridge project in Michigan last fall. The bridle containment 
suucture was ventilated with a 20,000 fk?/min dust collector and a disposable abrasive was 
employed. 

The RAM provides an instantaneous repding on the levels of all dust smaller than 10pm 
at the location of the sampler. The results of me test arc provided as Figure 9. Note that the 
RAM test began in the large enclonrre ttvcnl minutes prior to the cessation of abnsive blasting 
operations involving three to four men loc?ted lpproaimately 60 feet away from the machine. 
There was not a constant dust level prior to cessItion of abrasive blasting operations. Rather, 
the generation rates of dust an always vvying as wastkers stop blasting on one section of stecl 
to move to another and air currents through the enclosure can vuy  greatly in both directfon and 
magnitude. - 

Fortunately, when lunch time was d c d ,  aU of the men who were blasting at that time 
stopped further work. This point is marked 1s time zero on the graph. After that point, the 
graph illusmtcs the drop in dust concmtxabns of particulate 10 pm and smaller as a hnction 
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 d w y  presentsd in Figure S. This data validates the 
mathematical model of dilution ventilation presented previously. 

Short duration lead in air testing acmmplished psrallel to the RAM testang is drepicted 
in Figure 10. While these tefu measured total lead instead of total pvticulue smaller than 10 
pm, the gmph again is quite similar to the exponcn?iai half-life decay of both Figures 5 and 9. 

One of the most important aspects of these tests is that after 50 minutes of ventilation, 
the levels of lead dust were still not Mow SoOfig/d. Using a PEL of 50 dm', the enclosure 
would still not be safe for state inspocton using only half-face dual artridge rrspirators to 
review the adequacy of the surface preparation one hour after b-g m o n s  d. (The 
protection factor provided by a half-face r#pirator is only tea 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 werc abrasively blasting the steel girders 

was stil l  present in of the bridge with disposable abdves. However, m w  
sufficient concentrations to poison a worker quipped with only a half-hcc respirator. 
Inspection person'nel at industrial projects involving cunventional enclosures should never use 
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a five minute rule or other non-empirid basis .for establishing when it is safe t~ enter a 
containment. Instead, very conservative proccdures should femprin in efftzt until such time as 
lead in air testing verifies the validity of sufficient air flow through an enclosure to achieve safe 
conditions for entrance as well as safe conditions for removal of the containment smcture. 

RAM tests were also accomplished on a mini-enclosun. The results are provided as 
Figure 11. Prior to the cessation of all abrasik blasting operafions at time zero, there are very 
significant variations (approximately 50% of peak) in the amount of very fine par~culate in the 
downstream restrained airflow past the blaster. These varWoll3 ue exp1;rined by the continuous 
and immediate purging of fine dust from the enclosure under mtrained ah flow. ihis purging 
action means that the volume of air in thc duct-like contlinmutt affords little buffering to the 
dust generation ram of each nozzle operating in the enclosure. 

When abrasive blasting ceased in the mini-enclotun, the dust concentration rapidly 
dropped to undetectable concentrations. (When complnns Figure 9 of the conventional 
enclosure and Figure 11 of the mini-enclosure, please note that similar scales were u s d  on the 
y-axis. The concenuations of fine dust vvied greatly between the suuctures 50 only percentages 
of average dust concentrations levds w e n  used.) - 

The rapid drop of the dust concentrations in the &-enclosure illustrates that dilution 
ventilation is not the mechanism of removal of the fine paSicdae. Rather, the purging action 
of the controIld air flow rapidly flushes the small dust pardcks to the dust colleclor. This 
principle has been demonstrated on a variety of rnini-enclotums ventilated in this manner. The 
time required to safely enter the enclosure without respiirrltoy prcrtecdoa has been drastically 
reduced. 

One poorly defined am remains the minimum air velocity required to achieve a 
continuous purging action of fine partxulate from the endowe under nstrainal airflow 
conditions. The velocity measured dum the testing of thc miniuxbsun depleted in Figure 
11 was only 33 ftlmin. This wiu produced by only 6,000 ft'lrnin of air drawn through an 
enclosure with a cross-sectional area of 180 e. (The o b  usai criteria of 100 Wmin is 
suggested for controllug visibility not toxic lad COncentntiOat.) At some of our OW project 
sites, purging action was demonstrated at air flows of 4S to 110 ftlmin. Further research is 
needed to establisb the actual relationship betwa+n minimum air flow velocities urd cross- 
sectional area of miniacloswes to achieve and maintain @e workmg environments. 

The lead exposure outside the worker's helmet is subject to several variables in a mini- 
enclosure. The two most important arc: 1) the position of the warhr  relative to other blasten 
in the duct-like enclosure; and, 2) the rate of dust geneatad by each worker. Water tanks 
typically have iarge flat surface areas which pumrts w o r k s  to remove morc Wt pOr unit of 
time than at a bridge. The amount of time that a worker lspcnrds moVing and npoSitiohg 
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scaffolding and safety lines in an enclosure further reducts the generation rates for lead dust. 

The first worker in the s t r a m  of Psesh air entering the enclosure often has exposures to 
l d  dust spanning from below the PEL to 300 p g l d .  The second worker in a line -tending 
towards the ducts leading to the dust collector may have an exposurt between 500 to 2,000 
pg/m3 of lead dust. If therc was another blaster beyond the first two men, then expbsurcs at 
some of our project sites have ban between 3,000 to 5,000 ccg/m’ of lead dust. In no case, 
have we found levels within a Type-CE respirator under a popcrly operated mhknclosurc to 
approach the PEL. Typical in-helmet values arc from below the detection limits of the test to 
10 pg/m3. Values approaching the PEL or greater would indicate an unsafe condition that must 
be rectified immediately. 
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Decontaminating Enclosures and Workers 

i 

One last area which is often misunderstood are the specific meaSures n@ed 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. 

Once a suucturc has been contained by an effective enclosure and ventilation sy$tem, the 
best method of removing the iuge particles is with either automatic or manual vacuum retrieval 
systems. In this manner, continuous rc.exposure of the workers by sweeping or Wvelmg 
actions is eliminated. 

Smaller fine dusts adhering to steel smctplres and tht enclosure system cao not be 
removed as easily as the larger particulate. Low humidity, electrostatic charges and the 
interstices and seals of the containment stfucturc o h  render repsatLd vacuuming actiDns quite 
futile. It must be understood that the parhclcs are not merely resting on tho steel, Concrete, 
plastic, and wooden surfaces. Under abrasive blasting conditions (and to a lesser e-t with 
power tool operations), the parhcles can be propellad at tmsonic vclocitieS and emba$ded onp 
the surface. In this high -gy environment, the amount of ~nergy  imparted by thelair bdirg 
sucked into a vacuuming device is insignificant in wmpiubn to tbc force impyoed $y a high 
pressure (100-150 Ibdin’) blast of air. (Note the use of caxnpmssd air for decmnUating the 
prepared substrate and the containment assumes the continued Opention of the minicnclosun 
ventilation system.) 

Concerns for reentrainment of contaminants by thc action of comprtsssd ab can be 
ignored. However, thm an a variety of precedents for the usc of compressed air for dislodging 
lead dust off surfaces and into a dust collection system. For exunple, the fslloWin# is taken 
from page 42456 of the new cadmium standard (Sa CFR Vol. 57, No. 178 Rules and 
Regulations of September 14, 1992) from OSHA for housck#pung under constnrCtio@: 

In some ways, it may be simpler to d y  think of decon tmimting the 
the enclosure with compressed air as bein8 a continuation of the rbrpJive blvting 
The first step involved blasting the surfiess .with compnsJsd Zir and abrasives. The sdcond step 
involved eliminating the flow of abrasives and blasting with high pnssm air a l a .  

-17- 



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

Unfortunately. Tpek suits m b l v  wit- the enexv en virbnmenf of 
abrasive blasting operations. Photo 5 illustrates the effects of only NO hours of abrasive 
blasting on a Tyvek suit. The legs of the worker's pants along with his socks and thirt were 
covered in fine dust. Only the poreions of the disposable Tpek 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 Phato 6. n e  worker 
is wearing a Tpek suit beneath lather blasting covltilus. He is also wesuing a disps+ble papcr 
dust mask (NIOSWMSHA approved) beneath his helmet. Widn this equipment at be end of 
several hours of blasting, the worker can decontaminate himself without simultaneously 
poisoning himself. 

This layering of protective clothing and r#pirptors requires some explana@on. The 
underside of the cape and the muff of the Type CE nspintOr along with the l@er/fibric 
coveralls will all become heavily contaminated by f i e  lead dust generated d u k e  abxasire 
blasting operations. Again, the fineness of the dust along With feme with which it w10 deposited 
defeats conventional vacuuming for decontamirrratiOn. By alhwhg the w0r)ttt to blow the dust 
off with a low pressure (<35 lbs/in2) strtou~l of compretscd air at the entraqce of the 
containment while still in the stream of vantiiation, a very high level of clevlliress of %IC worker 
and equipment can be assured. Specul emphasis in W g  pfqmns is requhred to @sure that 
workers the w w  b-. 
Also, the flow of air to the helmet must not be stupped until after the helmet is removed and 
cleaned. 

The worker then continues blowing the dust off the helmet once it is m o v e d  & n g  with 
the lather/fabric blasting coveralls and @aces them into a vllrhk plastic storage bag;. The bag 
can then be safely removed for storage outside the amtainment structure. In Photo 7, a worker 

after four hours bf abrasive can be seen removing his coveralls from atop 
blasting. 

. .  

The disposable papcr dust mask provides a protection flrctor of only five or tea times the 
PEL dependent upon the spscific mod& This miask prwirks sufficient protdon for QK worker 

of the air flow through the enclosure. The mask also provides a measure of final -8 @ation conmls in 
to decontaminate himself as well as his equipmart while he is still under engin 

normal use under the helmet and an emergency respirator in the event that air flow to1 the Type- 
CE respirator is ever intempted or lost. 

By keeping most of his body free of dust contaminadon with an intact Tyvek suit and 
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decontaminating his Cquipment and coveralls with Wmprzssed & while under ventilated 
containment, all that remains to decontaminate the worker as he departs the cnclosure 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 facdity so that the 
worker can see and adequately clean his face. The water is fitrnd by c o w  and fine cartridges 
(5 and 25 pm), tested for acceptable lead levels under local pmUeahnent 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 showas ye located at the project staging 
area. However, the critical time for a worker to clean his hands and f a  is immediut8Zy as he 
departs the enclosure and especially before he smokes or cats during a break. 

To illusate the efficacy of the cornbinad program pruentrbd herein for decontamhtion 
of both workers and the stnrcnue/containrnent, the blood lsgd dah ffom a Baltimore painting 
firm is provided as Figure 12. The dam was obtained d e  the course of two consecutive 
mini-enclosure projects on elevated water tanb employilg rscyclable StsJ abrasives and 
restrained air flow. The workers literally came to tk fint pr0jea site paivrnad by a previous 
conventional enclosure project using disposlblc abrasives. Witb the various aspcc@ of the 
industrial hygiene program, respiratory protection p b  and en- mntr01s describdd in this 
document, the overall blood lead levels dropped over a six month consuuction season to an 
average of less than 9 pgldl. 
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Closing Comments 

Thue are no simple solutions which will solve all of the environmental and worker 
protection problems at industrial and commercial coating pt4OCU involving lead paints. The 
classic approach of recognition, evaluation and control of hraatds in the workplace requires 
understanding the complexities of the problem as well as the hitations of the possible solutions. 

It is hoped that this paper provides a varkty of fa#ts of information and experience 
obtained from a variety of sources. Of partmhr note am the assistance of Mt. Leroy 
Mickelsen of NOSH, Mr. Ira Wainless of OSHA, Mr. Steve vlrrholpir of Seaway Painting, Inc. , 
Mr. John Harrison of Harrison Industrial Techndagies, Mt. Emgelos Kaliakoudas of K&K 
Painting, Inc. and a variety of other engineers, hygienists, painting conacton and vendors. 
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Figure 1. 
lead paint chip particles is depicted relative to increpsinl particle diameters in ft/min. 

Relationship of settling velocity under quiesoent d t b m  of vlllcous Size 
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Convent ionol Enclosure \ 

I 

Figure 2. Conventional enclosure with two mtcr~ abrasively b-4 the steel 
girder from pick boards suspended buneath the bdge. The enclosure shrouds a major 
portion of the bridge and a dust collection hose contiLIudusly pulls contami#kd air to 
a dust collector. 
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Convent iono I Enc I o w  e 
\ 

. ....-.--..---I e. 

, 

Figure 3. 
collector with two men abrasively blasting arc depicted. 

The air flow patterns through the convcntiorul d o s u r e  to the dust 
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Conventional Enclosure - (Top View) 

I 

Figure 4. 
from a top view with two men abrasively blasang. 

The air flow patterns througb a mventjonal large enclosure is depicted 
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in fresh air to dilute lingering lead con tambation levels. 
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Photo 2. 
water tank at a project near Annapolis, Maryland. 

A mini-enclosure contains the three-dimensional wes of a double toroid 



Photo 3. 
Rapids. Michigan. 

.A mici-cnclosm :x:zins a sec:ion oi' a girCer ST;..: brdpt i l l  Grand 
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Mini - Enclosure 

. 

Figure 6, A graphical depiction of d o w  thtough a minienclosve is depicted. 
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Mini - Enclosure (Top View) 

Figure 7. 
from above the bridge whiie two workers are abrasively blasting the st#i gmlen. 

The rcstmnd ' air flow tbrough a mini.enclosure is depicted if viewed 



Figure& 
document. 

Cross-section of a Typc-CE respintor is depicted from a NIOSH 
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Decay of Lead 
Dust Concentrations 
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. Figure 10. Results from simultaneous led-in-air tests BO the RAhd test of Figure 9 in 
a conventional enclosure as abrasive blasting operPriaar w e n  hltd for lunch. 
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Dust Decay 
Mini Containment w/ Ventilation 
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enciosk as the workers cease ibnsive m aperaaaolW. smaller than 10 pm are depictd far a mini- 
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Photo 4. 
to enter a conventional tnclosurt for aorasive biastizp of steel bridge girden, 

A work:: equipped with a Tyvek su! m C  a Type CE respintot prepares 
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.. Photo 5 .  
abrasives in a mini-ex!oscrt a k r  oniv twc hour: ~f abrzsi\.t 3kx:-; operations. 

The se\.crti> shredded Tyvek sui: :I:ilstiatts the e::$::i of ricochering 
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Photo 7. The worker after abrasive!y blasting for several hours cievls and removes 
both his coveralls and Typc CE respimor and sores them in a piask bag. Note the 
absence of rips or tears in his inuc: Twek suit. 
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Photo 8. 
Waste water IS stored in the fiberglass holding tank under the sink. 

A small sink is provided bcncacb a bridBt for washing of hands and face. 

I 1 1  i I I 1  I I l l  I 



5.0 

40 

10 

0 .  
March '92 April '$2 July '92 od. '92 

. Blood Lead Data 1992 
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Figure 12. The blood lead data for an atin painting company is depictdd for the 
1992 constmction season. Note that by the end of the tcuson, the a v q e  blood lead 
level was below 9 pgldl. 
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E.D. BULLARD COMPANY 
@INTEROFFICE MElMO@ 

DATE: March 8, 1993 

TO: Distribution 

FROM: Scott BI ue 

SURJECT: Leadstudy 

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 Connscticut that is attempting to address 
lead exposure in construction workers on infrastructure jobs. 

One of the most serious findings was the exposure levels of "bystmders" or ground worw.  One of 
the highest single exposures was found to be for a ground worlaer on a blasting/pSinting q*w. 
Additionally, "bystander" personnel were found to routinely enter contaminated ateas wi#out 
respiratory protection, perhaps from a false scnse of security. F4x example, a policeman Uirccting 
traffic under a bridge where they were cutting beams with a taacR WQS exposed to a very high &el 
of lead. -le &u@ 
or cutting operation could be equippcd with a CC20, FAMB, or M40/50 respirator. 

people warking in the vicinity of the blasting 

As well, the study shows that lead dust was found on vehicle intuiOn, changing facilities, and picnic 
coolers. These inadequacies present a tremendous health hazard and point to imptaper re$piratory 
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 rtspiratodinadequately stored 
> Respirators used inconsistently-Not always worn in contamhated area 
> Altered respirators eg., removing inner lens of blasting helmet 

Comct use, care and maintenance of their respirators is just one aspect of a proper nspihtory 
"program'! a company 
decontamination and disposal of waste, worker training, ensurhg that these is clam air, efficient and 
safe clean-up, are all important facets of any thorough, effecthe n d  successful nspiraWy prognm. 
While protecting workers, it also makes good business sense. Please call me if you have any 
questions. Thanks for your time. 

have in place. As is evident from the article, proper hygicnq 
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Research News 

Controllin k i d  Toxicity struction industry. Since 1988. they 
in Bridge h e r s *  have developed a multi-pronged re- 
Rtlimmuy Find6 s of the sponse that should limit lead expo- 

s u m  to workers by periodidly moni- 
toring blood lead levels and by Surveillance Project 

By 1112. Ma-, M.D- .- .. a~aypvid-ip# a methanism for industrid 
b t e r  of PuNk 4. - . hyrene intervention when elevated 
h o e  K o y i o  Smith; rod Muf R blood lead levels do ocbur. 
CQlko. M.D. - .. rp Connecticut Road Industry Sur- 
Coonccticut Road Industry L - 4  * WI Project or CRISP, funded by 
SurvrillMCe project =*the Nazfonrl Institute for O c ~ t j o n a l  

Safety and Health CNIOSH) in 1990, 
The risk of lead toxicity to constiu$ has been in operation in ConMctieut 
tion workers on bridge sites is well for 2 yean. Although it is  too arty to 
documented. k early as 1982, kndri- document major decreases in I@ tmi- 
gan and co-worked, studying a brldgi -- citF &?worken invdved in W e  re- 

Connecticut Road 6 durtiy 

&-painting project near-Bost&, 
showed that painters, blasters, and 
others were exposed to lead levels 
above those allowed by the Occupa- 
t i o ~ ]  Safety and Health Mministn- 
tion (OSHA) k;ld standard for general 
industry.* Subsequent authors havi 
confirmed that the work- of repairing 
and rehabilitating the nationls bridges, 
many of which are covered by Iead- 
based paint poses a Mow health risk 
to those who perform the repair and 
repainting works  

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

M t d i a l  prrtitioners at the Yale Oc- 
cupational and Environmental Medi- 
&e Clinic began to dhgnose ases of 
lead poisoning among workers in- 
volved in brit& repair urd rehabilita- 
tion in 1985. By 1989, more than 15 
bridge workers suffering from I d  poi- 
soning had been seen in this single?, 
ferral clinic. Because of the-clinj 
significance of lead poisoning and 
the increasing numbers of Iead-poi- 
soned workers seen at the clinic, 
sevid members of the clinic's s M  fo- 
cused their  efforts on solving this 
problem of lead poisoning in the em- 

palt-rard rahabilitatilon, CRISP has 
begun to -rate data better descrii 
ing the nature of axpoang on bridge 
sites, the blood lead levels in workers 
on certain of these rites, md the im- 
plrCt,&wious technol;ogia and equip 
'merit on lead exposum The p e m t  
Mtk 2hribes preliminary findings 
of the projet% 

Coaarctkut Rod Idusby 
s-mm 
CRISP reprutntr the focused eirorts d 
concerned individuals horn Connecti- 
cut's comtmction trade rarionq, road 
and bridge contracbon, state &pa- 
m a t s  of Health and Ttuuportation, 
and occupational medicine clinics. 
CRISPS avcnll god is to prcvrat krd 
poisonin# In bridge workers i m d w d  
in Connecticut's i n f m h d w e  tcnrw- 
a1 PW- 
To accomplish its g d ,  CRISP pro- 

vides formal, medical protocols to 
health un providtn in clinics ir Can- 
necticut. Physical examinations 
and blood lead level monitoring of 
brk&e repair workers are m n d W  at 
specified intewais using the mri- 
ate protocols. CRISP has organitrd 
a system of clinics across the state 

health a r e  providers are cdu- 
2 Z b O U t I  udpoisoningandwhm 
b e  b;iidge workers are seen Utilizing 
thrrcprotmlr. 

to thc CRISP 
database, a computerized databe of 
medical records located within the 
Connecticut State Department of 

Ewh clinic hu 

Health Services. Beauw each of the 
cliniu is linked thrwgh this d r h  
to dl the other cR1q clinics, individ- 
uals can be seen at various locations 
across the state without the loss of 
medical i n fmt ion .  . 

Elevated lead levels detected 
t h r m  the centrali)d d a w  trig- 
ger the CRfSP inte ntion system. 
This compoaent of C 6; SP u t i l i  a va- 
riety of i n tmnt iod  mechanisms, all 
carried out by the tRlSP industrial 
hygienist. "he rnajor p a l  of the indur- 
t ri a I hygiene act it4 ties conducted 
through CWSP is tq intennm on ac- 
tive bridge Jtcs b liwit lead toxicity in 
workcn. This goal iq ruchtd ovough 
the f d W g  dvitjb: 

following up on (Lies of elevated 

pwn and visiting sites-ta deter- 
mine the smree(s) 7 01L cxponnc; 

recommending tc) employers, em- 
ployees, and other4 ways to reduce 
acpoarnr; 

evaluating the e@& of work site 
chm@s on the worWr; and 

developing demowtration projects 
using newer techndogies to ucom- 
plish the same work at less risk to 
the worker. 

blood I d  h b  by fntrrvlcwiw m- 

-w- 
Eq0r.n nrta 
To date, infarmation been gathered 
largely in the first P utegories: the 
sources of lead e sures during 
bridge rehrbilitat r n and ways in 
which exposures ay be reduced. 
Prom November 1 s 0 through Sep- 
tcmber 1992, rir ,  bulk, and wipe 
samples were colle4ted at IS bridge 
sites where lead Pjrt was being re- 
moved by abrasive blasting or was 
disturbed by other  work processes 
such as n e d e  real@& arc gouging, 
torch CUttirqL and gwing .  In& 15 
individuals were W p l r d  using per- 
ronrl moniton rltuJcd at the cmplay- 
e ' s  cdlu ar inride the helmet in the 
WdthtWa8&& 

A ground warkcf on a blasting/ 
wng cmu and aq iron worker cut- 
ting rivets with 111 mdwnnic rod uu- 

1 I I 1  I l l  I i I I 1  I I l l  1 
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. Tlbk 1 Avenge Exposuns in 4 Job Chssificrtioas 

LroaWorbn 14 1 1  1319 11.9 

GmundWortcr 18 310 728 2.4 

1s 156 s3 0.6 

BI.rtCr(corlshg) 16 270 92 0.34 

I 
I 

tained the highest single exposures of 
all individuals sampled: 9,632 micro- 
grams per cubic meter (wd) of lcad 
in 262 minutes and 7,183 pgld in 51 
minutes, respectively, mll above the 
General Industry Pennissibk Exposure 
lrwl (PEL) of 50 w m 3  and the Con- 
struction Industry PEL of 200 W m 3  

Laad urporures in the major job cat- 
egories-iron work, blasting, needle 
d i n g ,  and ground work-v~ry widely 
in response to specific job conditions 
on the day of the sampling. However, 
when exposure averages u e  calculated 
mer several job sites, I hierarchy of 
job hazard can be infemd. Table 1 re- 
fleets the hierarchy developed by aver- 

over 8 b u n .  

ang utpolrurcs lctou a range d dif- 
ferent work sites. 

Workers not clausifud in the aatc- 
gories shown in Table Z sustain lead 
exposures at lower levels. Perhaps 
from A hlx ~ n s e  of security. inrpcc- 
tors, W c  controllers, project mm- 
agm, md other %ystulder" pe~s~)nne! 
routinely enter contaminated atear 
without rapintory prataction. For irf- 
stance. A poliacmur directing traffic on 
the road under A bridge where an iron 
worker was cutting with M oxyuxf\- 
Ienc torch was e m  to a concantra- 
tion of 70 w/m3 of lead in 76 minutes. 

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

conbnwd 

2 13 )mcrt 

Twtst Is, 
There's 
NO' Twist 
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bile and truck interiors, chanle and I 
storage trailers. picnic coolers. ind the 
inside of respirators and helmets. The 
curtains themselves had lead accumu- 
lations in the range of X percent to 2F 
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 pcrcent lead on 
a cloth hood. 

Reduein# 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 
with elevated blood lead levels. 

&$Wm ylr tk Rupimhw Dirty respiratq and improper storage 
Incarred respirator fit Respirator usekJ inconsistently, Le.. 
Worker not fit tested and not kKlwl- not always worn in a contaminated 

edgeable about self-fitting am 

AND LOCATE HIDDEN WSBONDEDCdAnNGS 
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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 

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

&pasum Via Equipmmt, Wor) . 
PhrClfcrJ, d pbar Hggiene 
Dry cleaning with brooms, shovels, 

and air hose instead of vacuuming 
with HEPA-filter equipment 
Dry cleaning and wearing an inade- 

quate respirator or no respirator 
Dirty equipment and re-entrainment 

of contaminants at the same site or a 
rww site 

Compressor air drawn from a conta- 
minated source 

Irregular maintenance of air supply 
filtration system 

Defective equipment, e.&, vacuum 
tmck hose with leaks 

Inappropriate protective clothing 
such as outer clothing with pockets. 
cuffs, and other crevices that collect 
l a d  dust 

Open windows in personal vehicles 
puked in contaminated areas 

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

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

Inadequate or absent chanee and 
clothing s t o w e  arcas 

cliakrl Findings lar 
Brilfr RepairWorhn 
"be 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- 
dustrid hygienist 

Data on blood lead levels are not 
available for all workers whose upo- 
sures were measured by the CRISP 
industrial hygienist. The data below 
on blood lead levels are divided 
into 2 large cohorts or g r o u p i w  
iron worker cohort and a blaster/ 
painter cohort. The ground worker 

category is included with the blaster/ 
painter grouping. 

BlasterIPainttr BIood b a d  && 
The blood lead levels presented in 
t a b l e  2 represent the level for each 
worker upon initial entry into an occu- 
pational medicine clinic. Most of these 

workers were followed periodically 
rusually mon!hly) with blood lead and 
zinc pro:opotphyriri levels. The iollow- 
up data are presented here. 

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

con(inued 

Another WOLE Solutlion,,, 
Decon 'hailers and 
Portable mwers 
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@ advanced lead 
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wed- OSHA requirements 
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or 3/4 ton pickup 
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sales, rental, lease 
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deciliter (dl). Six. or 40 percent. had 
b l d  lead levels greater than or equal 
to 25 pg/dl. and 4, or 2 i  percent, were 
greater than 40 pg/dl. The range 
of blood lead levels for this cohort was 
10 to 69 W d l ;  the mean blood lead 
level was 28 pg/dI; and the median 
was 24 Wdl. 

lmn Worker Blbod k a d  b i d s  
The iron worker group presented here 
was composed of 65 workers (Table 3). 
The mean blood lead level for this 
group was 24 Wdl: the median was 21 
vg/dl; and the range was 10 to  85 
Wdl. Of this group. 4.4 workers. or 68 
percent, had blood lead levels Iw than 

With EAGLE, Products 
Become Solutions 

With some companies you buy 
just a product, but with EAGLE 
you purchase solutions as well 
as products - proven ideas and 
designs; customized for your 
project, to protect workers and 
the environment during cleaning 
and painting operations. 

Wet# and Envlrorrm8ntrl 
Complrincc, Produets 

containment- -tic attachments and 

@sgtaynets dust cdlectorir 
ventilation fms pop-up showem and 
HEPA-fitted WCU- related compcments 
respirators W%tW booms 

1 =8OO-CONl'AlN 

23 WI. Twcnly-one, or 32 percent 
than or equal to 2: 

or approximatel) 
14 percent of thk cohort, had lead I N  
els greater than 10 Wdl. 

A subgroup 4 the iron worker co 
hort. oompose of 19 workers, wa: 
identifitd first #xi revealed that iror 
workers were at serious risk for l a c  
poisoning from tepair of the structura 
steel on bridges v a e d  with lud-hrrc 
paint. Of these +riginid 19 iron work 
en. 7 (37 pcrce# had blood lead Id: 
greater than 40lClgldl. and 3 (16 per 
cent) had lweb &cater than 60 udl. 

thdcoractivi pnctidbythcpar 
ticulu w o r k e r !  blood lead levels 

d ~orltan, crpckl- 
tht high end of the 

to uuse scriou 
medical i l l n w  in thee workers am 
should initiate r#ent actions by em 
ploycrr and ot ers responsible foi 
halthandsf onbridOcrquiruu 
nh;rbilhticm % si the indwtrirl hy 
acne nonitoriM data reflect. Jmwt 

E 

to incorpontt I le& Mth and =fa 
p t ~ g ~  into ntnct specifmtion: 

Connecticut SI recently begun i 
large k i d #  t re ovation project tha 

when lead 

will implernenti this lead health ah 
s a f e t y p g m  acontnctspccifia 
tion. The pnoj$t(is designed to u t i b  

M possible. 

thedronmtntandtheworker. 
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Reference No. 92-05-01 

Niemcicr, Richard W., "NOSH Responds to Comments on Rapiruom for Blaoting," jtournal 
1, my, 1992) p ~ .  85-86. 

. .  

Contents: Niemeicr is Director of NIOSH's Division of Standard Development and Technology 
Transfer. In responding to Miller's Letter (Ref. No. %"), he recites the puty l& about 
the hscarch done on loose-fitting fkcepiece mphtors as tk rationale for downgrading the 
protection factor rating of looso-fitting hood/helmet style rcspirarOn. 
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Letters 

gmt u 2,000 times the PEI, --:. . 
On the W ' d  fcIurth p e r f o d  

inthe 197QbytheInrAluMwSden- 
tific Labontoy (now Lor Alunar Na- 
tional laboratories), NIOSH originally 
crtimatedthatautppiicd-rirrrrpintot 
with a full bcrpicct, hood, or helmet 
operating in a continuous-flaw mode 
(such as the tvp CE .bnriuc blrrting 
respintor) would protect the w u c r  
where the concentration. of a hu- 
udour subrbner nRI as great as 2,000 
times the PEL? However, NIOSH low- 
e r e d t h i s ~ m 1 9 8 7 t o 2 5 ~  
the PEL as a result of more recent, 
published field ud Lbontory mearch 

studies conducted under idul w con- 
ditions, eruuring that the p r m  
of the respintor itself wu evaluated 
without confounding by factors such 
as appropriate use dthe respintor md 
appropriateworkcr * 

NIOSH hu recommended since 1987 
that use of a continuous-flow, sup- 
plied-rir, abrasive-biuting respintor 
be limited to concentmtims tht uc 

Based on the rek%%ed a 

. .I-  
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& co. 
7. W.R. Myen. MJ. P e x h  111. K. Cutrieht, w. 

Irhder .  -Field Tat d Pamcd Air-Purify- 
ins Rtspinton at a &my Mmdactmng 
Facility." loumol d htmtatkmat So&@ 
b? Raprmrorv htuth 1984. Vol. 4. No. 

8. S.W. Lenhm. D.L -1. %uigncd Pro. 
ttction Factors for hro Rupintor rypU 

1. pp. 6269. 

. 

.. 

ad ¶hipbum% hulnvitfhrdb this 
product because it +duces profile, 
eliminates hrdrlcr a d embedment 

\probkmr, and provi a consistent 
- * 'ss-;";x* --- -- & -e+ b--- - :r; . 

I .  .. 
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Reference No. 92-04-01 

Miller, Richard C., "Letters: On NIOSH's RacommeMdations for Rcspiatory Protection in Lead 
Jobs," Journal of Protective -, 
Contents: Bullard's position statement in response to the publication of the NIOSH ALERT (See 
Ref. No. 92-04-00). 

Apd, 1992, p ~ .  92-97. . .  
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Letters 
I 

On NIOSH’s 
Recommendations for 
Respintoy Protection 
in Lead Jo s 
The calls and letters we have received 
since fPCL 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 hoodhelmet style 
respirators (’&pe CE c lw)  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 h m  

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 tor the supplied-air 
hoodlhelrnet style respirators mort 
commonly used in abrasive bluting 
operations where air-borne lead may 
be present. The bub for this down- 
grading is somewhat unclear, but it ap- 
pears to be attributable to NIOSM’s 
grouping of supplied-air hoodheirnet 
respirators with loose fitting licepiece 
respirators (sometimes n f e m d  to u 
‘airhab”). The method of W i n g  the 
loose fitting respiratmn to the wearer 
is difirent from the method d sealing 
hoods or helm- The efficacy of sup- 
plied-air, loose fitting facepiece nspi- 
raton was called into question as a re- 

sult of studies done in the 1970s and 
early 19805. While the respirator seal- 
ing surface and purformanct of sup- 
plied-air hoodlhelrjwt respirators are 
quite different fronl loose fitting face- 
piece respirators, NIOSH has linked 
the 2 styles. 

Prevention of Iqad poisoning, like 
prevention of man occupational dis- 
eases, is largely infleenced by individu- 
al behavior. The id 1 respirator m o t  
protect a constru 7 tion worker from 
lead poiranin6 siljcosis, or my other 
respiratory ailmedt unless it b used 
properly On conjuhction with other 
safe work practices, 

It really comes 3 1t0 surprise,  the^, 
that researchers w d  high blood lead 
levels among manytoonstru&on work- 
ers employed in dr around abrasive 

antind 

Available in: Bulk Rail, Bulk Truck, Bulk Bags and 100 Pound Bags. 
For More Information on SHCQRPSHO’S” Ptoducts and Services 
Please Contact: MINERALS RESEARCH AND RECOVERY, INC. 

(213) 569-5618 Cdifmia 
(806) 528-7086 A ~ W M  



blasting operitions. In the 1960s 3nd 
197Os, occupational health profession- 
als in the automotive industry found 
high blood lead levels in some workers 
engaged in I t i d  disking operations. 
\.\bile extensive training and the latest 
in personal protective equipment (in- 
cluding respirators) lowered blood lead 

levels in most workers. a few contin- 
u?d to r e tu rn  tests with high blood 
lead leve!s. Subsequent investigation 
revealed that the affected workers 
smoked or ate without first wuhing 
their hands. or neglected to change 
clothes before leaving work. NIOSH re- 
searchers indicated to us that in some 

9-4 journal or Protective Corrtings L Linings Clrcle 189 on A o r b r  SoWkO 

I 1 ,  

of the Studies cited in their "Alert, 
workers removed respirators near t h e  
blasting site on11 seconds after blast- 
ing operations skpptd. Some worker: 
put CigWCtteS tb their mouths, thei: 
hands still coverqd with lead dust. 0th 
ers set their resbirators down on t h e  
ground, sometimes upside down in or 
near the blasting site. 

The rtcording Df unacceptable blooc 
lead levels JhoJld not result in the 
concluskn that #spintors do not pro- 
tect. NIOSH imdlicitly recognizes t h e  

and achcn th& manufacturr mpi-  
ntory ptotedion products to cry fou 
at NIOSH's teco c mtndations. Those 
expectations do Mt make the basis for 
our protest a n t  less true. While 
NfOSH's recombendations have nc 

industry do no' 
make policy dcci 

they are legall! 
required to foll NIOSHs directive 
Worse still is th  7 t the basis for thc 

is not found 

offer hi* levels id protection wher 
properly used +d maintained. f r  
1989, out computy perfomed a simu 
bted wbrlcplate p#tcction factor stud! 
on our akn ?LpcjCE respirator in ar 

wit! 

m c  
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protection factors of 12,500 to 53,000. mends a protection factor of 25. In 
We would expect similar results in a another example, the 1978 OSHA 
more extensive study and from com- Standard for &ad in General Indus- 
petitive respirators of the same basic try, 29 CFR 1910.I025, does no1 ex- 
design. This is a far cry from the mini- plicitly cover protection factors for 
mum assigned protection factor of 25 blasting hoodr; but it does &t a pro- 
given to this respirator class in tection &tor of 2,000 rbr CFS4R&ll 
NIOSH'S recommendation. 

Practical experience, existing stud- 
ies, and medical evidence all indicate 
that a properly used supplied-air 
hoodhelmet 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 hoodhelmet style res- 
pirators is included in the ANSI 288.2 
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 sh ip  
ping cartons. When respirators are the 
only feasible means of providing effcc- 
tive protection, we continue to recom- 
mend our  supplied-air, Type CE 
hoodhelmet style respirators with the 
full confidence that they provide high 
levels of protection to workers who 
wear and use them properly. 

Richard C. Miller, 
E.D. Bullad Comprmv 

Editor3 Note: The letter re fm to the 
protection hctor of 25, recommended 
by NKOSH for continuous now sup- 
plied air respirators ( C M )  for lLpr 
CE blasting. There am, horn, a h -  
native recommendations anti stan- 
dam3 regulatmg the ailoloable protec- 
tion factor. For example, like the 
NIOSH Alert. OSHA's 1992 proposed 
instruction CPU-2-201. Ch. 19, roc- 
ommends a protection factor of25 for 
CFSAR Constant Air Flow Blasting 
Hoods. However, in' contrast to the 
NIOSH Alert. OSHA's proposed in- 
struction recommends a protection 
factor of 1,000 for a CFSM blasting 
hood with minimum air flow of 8 din 
(230 literslminute). whereas for the 
same hood, the MOSHAkrt recom- 

Letters 
mtinued 

or with minimum air flow o f  6 cfm 
(1 70 litdminuteh 

Additional in fQ rma t ion is being 
sought fiam gouakment and industri; 
a! hygienists to he& clarify this hue. 

NIOSH is also preparing a response 
to Miller's letter fdr Publication m an 
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Reference No. 91-01-10 

Industrial Safety Equipment Association, "ISEA Panel hntation on Respirator Workplace 
Testing and Alternatives," presented at the MOSH Prorulemaking Technical Conference, 
Morgantown, WV, January 10, 1991.  

Contents: Three articles outlining the SEA'S position on 1) individual Assigned Protection 
Factors for resphtors, 2) Infdbility of Conducting Workplace Testing, and 3) Altemartives for 
Assigning Performance Levels. The first article on assigniag 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 nacessarily of the same opinion, but ncognizts many 
of the problems inherent with such an idea. The idea of rnodtl-spaxk ratings comes originally 
from NIOSH. 
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'INDIVIDUAL ASSXGWED 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". 
respirator performance and the lack of understanding of the 
variables that affect respirator performanco, ISEA does not 
believe that a meaningful rating system can be developed. 

With the current of technology to measure - 
There is precedence for government imposed individual 
performance ratings for products. 
rating system for automobile gas mileage. There is also  a 
rating system for wear, traction, and noise for automobile 
tires. 
of a noise reduction rating. 

EPA has implemented a 

EPA also rates hearing protector performance by use 

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

consequently they 

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 perforaanca of various 
makes and models of automobiles. 
considerably due to driving habits, geography, weather, 
fuels, etc. 

The actual mileage varies 

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 subj-ects. Consequently the ratings are not 
reproducible with data obtained from one teat subject to the 
next, from one laboratory to the next or evan for the same 
test subject and the same hearing protector from one test to 
the next. Since hearing protectors are safaty 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 protector 
packaging with instructions for calculating the theoretical 
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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. 
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. In spite of 
this variability, users continue to rely on the actual NRR 
ratings to determine which hearing protectors should be 
used. 

In fact OSHA has advised its 

All attempts to find more objective methods to test hearing 
protectors have failed. Furthermore, the perceived 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. 
example, a dynamic hearing protector cannot be tested by the 
current test protocol, yet the product is extremely 
innovative. We believe that this type o f  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. 

For 

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

There are 

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 fittest. The results of those 
tests were termed protection factors. In fact  the ANSI 
288.2 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. 
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. 

The actual performance of a respirator Will 

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 maaningless 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 prcrvide 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. 
respirator with a fit factor of 15 is in reality no 
different than a respirator with a fit factor of 2 0 ;  nor is 
there any difference between a respirator with a fit factor 
of 20,000 to one with a fit factor of 2S,OOO. 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. 

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. 

A 

\ - We believe that the respirator fit requirements for the 1 -  

1 I 

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. In 1980, I 
would estimate less than 52 of respirator users ever had any 
fit test performed on them. Today, I estimate more than 752 
of the respirator users are fit tested periodically. 

I I 1  1 I 1  I L ,  I I /  I I l l  1 
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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. 
N I O S H  wishes to improve respirator fit the best way would be 
to further encourage fit tasting of all certified 
respirators on all the users during the selection process 
and during periodic retraining. 

CONCLUSION 

If 

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 ratihg 
system. Other factors such as comfort, aase of use, ease of 
maintenance must be considered. The market considers the$e 
factor and will continue to do so. They will drive the 
progress toward respirators with better overall performance, 
not just higher fit factor ratings. 

I I I 1  I 1  I I1 I I /  I I l l  1 
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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. 
of laboratory performance tests 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 
equitable and impartial way and provide credible assurance 
that the respirator will provide the anticipated protection. 
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. 

They also verify the reliability and utility 

- 

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. 
have installed engineering controls to greatly reduce the 
level of contaminant present. 

Most employers 
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Likewise when the tests are run in these atmospheres 
containing metals it is common to find vastly different 
protection factors for each of the different metalipresent. 
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 
suitable for metals. What about all the other contaminants 
where there are no suitable methods? 
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. In 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 a~ssume that the chlorine 
came from body generated fluids. Much more work needs to be 
done in this area. 

mainly 

In the past several 

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. 
collecting only respirable dust on tho outside of the 
respirator while collecting total durt on hhe 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 facsseal 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. 

- 
Recent wark indicates t h t  

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 vorkplace 
protection factor for gas and vapor respirators. 
humidity and insensitivity of the analytical methods so far 
have precluded gas and vapor contaminant workplace testing. 

The high 

It is vel1 known and reported in the literaturo that the 
human body accumulates many gases from previous exposures 
and eliminates them subsequently through exhalation. 
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. 

This 
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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 haaards 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. 
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. 

The testing 

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. 
sites for testing. 

There simply would not be enough available 

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. 
factors add much variability to the measured values. 

These correction 

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. 

In summary, workplace testing of respirators as part of 
certification is technically not pos8ibl* and inadvisable as 
a regulatory policy. 
the concept of determining perfarmance of respirators in the 
workplace, years of research remain before the many problem 
and remaining questions on how to do it are resolved. 
continues to support the continued research in this area. 

While ISEA wholeheartedly agrees with 

IS= 
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PLTERNATI VES FOR ASSIGNING PERF ORKAMCE LEVE LS 

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. Our 
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 theoretical base in 
the laboratory and in the actual workplace. 
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. 
the workplace should continue. 
such testing is done more knowledge is gained that someday 
will lead to a better understanding of all the variables 
encountered during workplace testing. 

Is= 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. 
summarize those steps now. 

Many problems 

Testing of respirators in 
It appears that each tine - 

I will briefly 

1. 
u E &  

Tart r e s ~ i r a t o r s  i n  the  lrboratorv urinu uDQL)ded beace 

38 
? *  

4. 

Perform f i  t tes t r  on a ton ~otsma -om@ tr io  m a n e l . .  

Con* u c t  simulr tad WOtkDl8c@ tortinu urina t h  e members 0% 
above DaB.1. 

CQgduct S e l d  evaluation of all certUi.4 resaira tors 

Upgraded laboratory tests can be used to avaluats many of 
the problems that are being found in the workplace. 
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 propooed regulation NIOSEl has 
significantly upgraded the cergification requirements for 
particulate respirators. The proposed test methods use test 

In fact 
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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. 
these things in much more detail latter. 

John Xing will discuss many of 

A necessary part of simulated workplace testing is 
qualification of the subject through the use of a 
quantitative fit test. 
from an anthropometric panel. 
one person in each of the boxes of the Los Alamoe grid. 
John will discus details of this later. This will give 
assurance that certified respirators will fit a wide variety 
of people. 
qualified to wear the respirator. This would be typical of 
real use requirements. 
simulated workplace test would be the only fit test used in 
certification. 

The test subject# should be selected 
The panel wauld consist on 

Only subjects who have passed the test will be 

The quantitative fit prior to 
-- 

ISEA believes that the only meaningful fit tost is the fit 
test that will be performed on the actual Mearer of the 
respirator. 
on the actual wearer a condition of certification. ISEA 
believes this is the best way to im rove respirator fit. 
ISEA believes that a statement shou P d be place in the NIOSH 
limitations that the respirator wearer be initially and 
periodically retested as a condition of certified respirator 
use. 

NIOSH should make fit testing of the respirator 

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

The test 

We recognize the need of researchers to correlate the 
results of simulated workplace testing or various laboratory 
testing with workplace testing. 
enhance the confidence that can be placed an non workplace 
testing. While direct correlation is desir8ble and 

Such correlation will 
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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 thir understanding. Correlating 
one workplace study with another is not well understood let 
alone correlating a workplace study with any testing we 
would do in the laboratory. 

NIOSH should also require a workplace evaluation of 
respirators in a manner similar to that done in the UK. In 
this evaluation respirators 8re put to an appropriate use 
for a period of time in a workplace, then brought back int6 
the laboratory where the appropriate laboratory performance 
tests are then performed. Design weakneas, and defects cafi 
be found after a period of actual use wh8n 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 M e  respirator certification 
system. The additional steps that we have recommended above 
plus what John Xing will describe next will 8dd even more 
confidence. With these recoamendd 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. 
its members w i l l  continua support research end8avors to find 
answers to the many problems and questions aurrently 
shrouding our ability to perform meaningful workplace 
evaluations of respirators. 

ISEA and 
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L 11244-00001 

Re: Respirator Studies 

Dear Sheldon: 

As promised, enclored is the collection of articles 
my client E.D. Bullard Company believes will be helpful to 
your consideration oftthe pratection factor for hood/helmet 
style CF-ASARs. The papers Comprise thome indicated by 
Chin-tsen Bien in our meeting Tuesday, a8 -11 as some 
additional pieces we suspect you may not haw. 
Bullard has omitted two pieces, one an attarney-client 
communication, the other a private letter to a customer.) 
Most of the pieces are prefaced with a brief *digesta by 
Bullard. 

(On my advice, 

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 aover letter from 
Warren Myer indicates, the article was peer reviewed and has 
been accepted for publication. 



Mr. Sheldon Weiner 
June 23, 1994 
Page 2 

Rick Miller is continuing his search for other 
papers that may be helpful to you, which wa8 the cause of this 
brief delay. 
shortly. 

We will have any additional articles to you 

Thank you again for a highly constructive meeting. 
I look forward to hearing from you in the newt 2-3 weeks, and 
working toward a solution that  aids both user8 and 
manufacturers of these respirators. 

k-- 

cc: Richard M. Pfeffer, E s q .  (w/o enclosures) 



Reference No. 93-02-00 

Fix4iings of . .  
. .  mum, K.F., et d., "Controlling kad Toxicity in Bridge Workm: 

the COMCCtiCUt Road Industry Sur~eillance Roject," JournalstProrectin 
(February, 1993), pp. 3742. 

Contents: Researchers for the Coanectrcut Roed Iadustry slsvailtna Project (CRISe report 
on their preliminary conclusions. A pfauing summary of the M o d o n  is contained in the 
attached memorandum from Bullard Marlw w, Scott Blue. 
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RefennCe NO. 93-05-19 

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

Contents: The authors note that the MQSH assigned m o a  Eacbor of 25 for all loosetfitting 

of a loosefitting hood style airline reqhtor and obtahed a mam umkjhce protection €&tor 
of 2,290. The r#earchers amcludc by thotNIos"sassigndprotactionfacton 
beamaided to reflectthedifferwainpdhm~~~betwan 1maa-Citting f iapiecedcvi~ and 
loose-fitting hood devices. 

airline rcspiratorj was bas& [solely] ob wor@lacc prodaction firctor studies of lmse+fitting 
facepiecepoweredairpurifyingrespinton . T b e 8 u t h m e M k t a t a d ~ ~ ~ p a f o m n a n c e  

I 
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June 3, 1993 
I E.W. J 

Edward D. Bullard 
E.D. Bullard Company 
1898 Ssfety Way 
Cynthiana, KY 4103 1-9303 

Dear Mr. Bullard: 

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

Enclosed is a copy of the paper you requested. The paper, Workplrce Protection Factor 
Study on An &-Line Respirator with a Loose FMq Hood Aumg Furnace Tear Dawn, 
was presented at the AIHCE in Now Orieans, my 1993. 

- 

Ifyou have any questions, please feel flee to contact me. 

Sincerely, 

Craig E. Colton, CIH 
Technical Service Specialist 
3M Occupational Health & Environmental Safety Division 

CEC:llj/l63.7 
Enclosure 
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Reference No. -cc 
Item: 
Economic Evaluations Supporting Current ANSI Respirator Ratiqs, 

Industrial safety Equipment Association, "Assigned 

Contents: Executive summary supporting ANSI protection !$ctor schema and emnomi@ impact 
analysis of implementing NIOSH ~tcomrnended paotcction factors. Includes bibliogtaphy of 
articles supporting the Asociation's positiOn, many of which arc ccmtpinad in the Miller *@e. 
Thk k .ID important ~ullllllly of the rtLptptat hdustry'r pgfoon. Articles citgd in the 
Executive Summary haw bsen marked with Miller's Ref- Numbers for dpst of 
identification. 

I !  
8 .  
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e em Industrial Safety Equipment Association 

"ASSIGNED PROTECTION 
FACTORS: 

TECHNICAL AND ECONOMIC 
EVALUATIONS SUPPORTING .- 

CURRENT ANSI 
RESPIRATOR RATINGS" 

- '* 2 .  .e . 

1901 N. Moore Street, Arlington; VA 22209 Td. (709) S2S-1695 Fax (703) 528-2148 
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EXECUTI VE sub! MARY 

ISEA has reviewed all the recent studies on the subject cf 
workplace or simulated workplace respirator evaluat;” --ns a7.2 
has come to the following conclusions: 

ASSIGNED PROTECTTON FACrOM 

0 

0 

0 

0 

0 

ISEA strongly recommends that N I O S H  adopt the assigned 
protection factors in the ANSI 288 .2  1991 Standard for 
existing respirators. 

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

-Me8 fh8 Qistinetfon between loose fittjnq 
facepieces and loose fitting helmets and hoods and 
assign protection factors o f  25 and 1000 respectively. 

Scientifically valid studies found no difference 
the performance on the job betwaen disposable and noh 
disposable respirators. NIOSH should not distinguish 
in protection factor assignment or use restrictions f zr  
these two types o f  respirators. 

in 

NIOSH should distinguish between half facepiece and 
full facepiece for both the powered air purifying acd 
continuous flow air supplied respirators and assign a 
protection factor of SO for the half facepiece and 1CCO 
to the full facepiece. 

ECONOMIC I M P A ~  

ISEA has calculated the economic impact of a proposed 
reduction in the assigned protection factor for continuoug 
f l o w  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 econo=ic 
impact on employers. 

0 Reducing the assigned protection factor from 1000 to Z S  
for loose fitting helmets and hoods would cost 
enployers using them for abrasive blasting $673,900,000 
million a year. 

0 Assignment of unnecessarily low protection factors W i l l  
cost American industry billions of dollars a year. 
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SSlG NED P ROTECTIO N FACTO R S  

LYTROOL'ClYO N 

Much information on t h e  assignment of p r o t e c t i o n  f a c t o r s  for 
resp i ra tors  has been generated i n  t he  p a s t  s e v e r a l  years. 
Some of t h i s  information was presented  a t  t h e  NIOSH 
Prerulemaking t e c h n i c a l  conference on January 9-11, 1991.  
Much of it was considered by t h e  ANSI 2 8 8 . 2  P r a c t i c e s  f o r  
I n d u s t r i a l  Respi ra tory  P ro tec t ion  Committee when it 
devsloped its s t anda rd  which also addresses ass igned  
p r o t e c t i o n  f a c t o r s  fo r  r e s p i r a t o r s .  

The  ANSI 2 8 8 . 2  subcommittee is a d i v e r s e  group of 21 
i n d i v i d u a l s  w i t h  exper t ize  i n  r e s p i r a t o r y  p r o t e c t i o n  
stemming from v a r i e d  backgrounds. There  a r e  7 members i r i t h  
knowledge r e s u l t i n g  from government employment, 4 w i t h  
i n d u s t r i a l  r e s p i r a t o r  use  backgrounds, S wi th  knowledqe 
r e s u l t i n g  from r e s p i r a t o r  manufacturer employment, 2 serving 
a s  a pr iva te  c o n s u l t a n t s  f o r  r e s p i r a t o r y  p r o t a c t i o n ,  2 from 
n a t i o n a l  l a b o r a t o r i e s  and 1 from a u n i v e r s i t y .  Lawrence 
Livennore Nat ional  Laboratory sewas as S e c r e t a r i a t  t o  
a s s u r e  t h a t  t h 8  proper  procedures  a r e  used i n  a r r i v i n g  a t  a 
cons8nsuo s tandard.  

The subcommittee s p e n t  many weeks aver a p8riod of  5 yea r s  
reviewing and ana lyz ing  all the  information and d a t a  
a v a i l a b l e  on t h e  i s s u e  of ass igned  p r o t e c t i o n  f a c t o r s  before 
a r r i v i n g  a t  t h e  f i n a l  conclusion.  

I S E A  agrees w i t h  t h e  ANSI 288.2 1991 conclusions.  

ISEA submits  the  following summary of s t u d i e s  p e r t i n e n t  t o  
t h e  assignment of p r o t e c t i o n  factors i n  an e f f o r t  t o  a s s i s t  
NIOSH in proposing as8ign.d p r o t e c t i o n  factors fo r  var ious  
t y p e s  of e x i s t i n g  r e s p i r a t o r s .  

Through t h i s  summary, ISEA w i l l  u s e  t h e  terms f i t  f a c t o r ,  
assigned p r o t e c t i o n  factor ,  workplace p r o t e c t i o n  f a c t o r ,  and 
program p r o t e c t i o n  factor  as  de f ined  by t h e  American 
I n d u s t r i a l  Hygien8 Assoc ia t ion  Resp i r a to ry  P ro tec t ion  
Committee. 

storical B a c b o u d  
The popu la r  use of p r o t e c t i o n  factors for r e s p i r a t o r s  began 
i n  the e a r l y  1970's. A t  t h a t  tima, t h e  performance of a 
r e s p i r a t o r  was p r i n c i p a l l y  judg8d based on the r e s u l t s  of a 
q u a n t i t a t i v e  f i t  tes t .  I n  fact ,  what is commonly termed f i t  
f a c t o r  today was t h e n  called p r o t e c t i o n  f a c t o r .  Mostly a s  a 
r e s u l t  of t h i s  q u a n t i t a t i v e  f i t  t e s t i n g ,  t a b l e s  of 
p r o t e c t i o n  f a c t o r s  for  t h e  classes of r e s p i r a t o r s  w8re . 

I I I 1  I 1  I I I 1  I I l l  1 
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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. A t  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. 

NIOSH performed some of the earlier w rkplace protection 

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 NIO H and ANSI 288.2 1980 
standard. One of the early studies' also disclosed some 
design/quality problems with the units that may have lead to 
the unexpectedly low numbers. 

factor studies in a silica flour mill P and a lead smelter?. 

The silica flour mill shop study was carefully reviewed and 
discredited by both the ANSX 288.2 committee and by tha IbEA 
because of the quality/design problem that as 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 protaction 
factor of SO. 

-- 

Ayer performed a simulated workplace study in a silica du$t 
chamber using a half facepiece high affi iency particulatt 
filter powered air purifying respirator.' The study found 
very high simulated workplace protection factors which are 
consistent with an assigned protaction factor of 50. 

Both ISEA and ANSI agree with an assign8d protection factQr 
of SO for a half facepiece powered air purifying respirator. 

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-3t6 loose fitting 
facepiece powered air purifying respirators. 
concluded that an assigned protection factor of 25 would be 
appropriate for this class of respirators. 

This study 

Another study of this claas of reagirators was performed by 
NIOSH in a secondary lead smelter using the 3M W-344 and the 
Racal AH3 loose fitting facepiece powered air purifying 



r e sp i r a to r s .  
protect ion f a c t o r  of 2 5  was appropriate for t h e  respirators 
studied. 

T h i s  study a l so  concluded t h a t  an assigned 

Du Pont perform study on t h e  
3M W-316 Airhat" ; o ~ ~ ~ ; S ~ t ~ ~ ~ t ; : Z ~ ~ ~ e ~ ~ c ~ ~ ~ e r e d  a i r  
purifying res i r a t o r  i n  a workplace wi th  inorganic 
contaminants.' While t h i s  was a program pro tec t ion  factor 
study, t h e  r e s u l t s  were consis tent  w i t h  an assigned 
pro tec t ion  f ac to r  of 2 5  f o r  a loose f i t t i n g  facepiece 
r e sp i r a to r .  

3M conducted workplace protect ion f ac to r  s t u d i e s  i n  a brake 
manufacturing p l an t  f o r  protect ion aga ins t  asbes tos  u s i n g ,  
among o t h e r  r e sp i r a to r s ,  3 loose f i t t i n g  facepiece powered 
a i r  pur i fy ing  r e sp i r a to r .  The study reported a f i f t h  
pe rcen t i l e  protect ion f ac to r  of 3 1  which is cons i s t en t  w i t h  
an assigned pro tec t ion  f ac to r  of 2 5 .  

Gaboury and Burd conducted a workplace pro tec t ion  f a c t o r  
study of a loose f i t t i n g  facepiece powered a i r  purifying 
r e s p i r a t o r  i n  a primary a l u  inum smelter for  pro tec t ion  
aga ins t  benzo-alpha-pyran..' The study reported a f i f t h  
p e r c e n t i l e  workplace protect ion of 275 which is cons is ten t  
wi th  the  assigned protect ion f ac to r  of 25 fo r  a powered a i r  
pur i fy ing  r e s p i r a t o r  wi th  a loose f i t t i n g  facepiece.  

3M a lso  conducted a workplace protect ion f a c t o r  s t u d y  i n  a 
roofing granule  manufacturing p lan t  using a loose f i t t i n g  
facepiece power d a i r  purifying r e sp i r a to r  f o r  protec t ion  
aga ins t  si l ica. '  The study showed a f i f t h  p e r c e n t i l e  
workplace pro tec t ion  f a c t o r  of 53 which is cons i s t en t  w i t h  
t h e  assigned protect ion f ac to r  of 2 5 .  

Based on t h e  above s t u d i e s  I S E A  agrees with A N S I  t h a t  an 
assigned pro tec t ion  f a c t o r  of 25 is appropriate  for t h e  
loose f i t t i n g  facepiece devices tha t  were used i n  t h e  above 
s t u d i e s  

S A N D  HOODS 

ISEA, however, does not  agree w i t h  NIOSH when N I O S H  groups 
loose f i t t i n g  facepiece re irators w i t h  loose f i t t i n g  hoods 
and helmet  r e sp i r a to r s .  &bmlieves t h a t  t h e  s t u d i e s  show 
t h a t  an assigned pro tec t ion  factor of 1000 is appropr ia te  
fo r  hood and helmet type resp i ra tors .  

In  t h e  Stokes study' t h e  loose f i t t i n g  facepiece powered a i r  
pur i fy ing  r e s p i r a t o r  was also f i t t e d  and tested w i t h  a 
shroud tha t  covered t h e  loose f i t t i n g  facepiece r e s p i r a t o r  
and sealed around t h e  neck and shoulders. T h i s ,  by ANSI 
d e f i n i t i o n ,  would convert  t h e  device t o  a loose f i t t i n g  
helmet powered a i r  purifying resp i ra tor .  

I l l  I I I I l l  I I l l  1 
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The change in performance with the use of t h e  shroud was 
dramatic. 
environment the fifth percentile workplace p atectim factor 
went from 53 for the loose fitting facepiece to 1613 for the  
loose fitting helmet. An assigned protection facto:: of 1000 
would be consistent with the results found with the loose 
fitting helmet. 

With the same test subjects and same work7lace 

Johnston also performed a workplaC8 protection factar study 
in a shipyard with a loose fitting helmet abrasive flaf8ing 
supplied air respirator for protection against silica. 
The study reported a fifth percentile workplace protection 
factor of 1038 which is consistent with the ANSI ar.2 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 phanaaceutica 
against steroidal compounds. 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. 

~ r e c o m m e n d s  that NIOSH,  like ANSI, make the distinction 
betwaen loose fitting facepiroes and 10088 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. 

manufacturing for protection 

- 

ISEA also believes that N I O S H ,  like ANSI, should make the 
distinction between half facepiecm and full facepiece 
supplied air and powered a i r  purifying respirators. 

Colton performed a workplace protection factor study using a 
full facepiece powered air purifying respirator in 
secondary lead smaltar for protection against lead. f2 
study reported a fifth percentile workglacr protection 
factor of 1335 for the full facepiece powered air purifying 
respirator which is consistent with tha ANSI assigned 
protection factor of 1000 for supplied air and powered air 
purifying full facepiece respirators. 

The 

FACEPIECE NEGATIVE P-IRATOU 

Colton also performed a workplace protection factor study 
using a negative pressure f u l l  facepiece air purifying 
respirator at he same secondary lead smelter for protection 
against lead. l5 The study reported a fifth percentile 
workplace protection factor of 95 which is consistent with 
the ANSX recommendation. 



There have been numerous workplace tests g e r f o n e d  on 
d i s p o s a b l e  and non d i sposab le  h a l f  facepiece r e s p i r a t o r s  
w i t h i n  t h e  l a s t  t e n  years. 

Lenhart  performed a workplace p r o t e c t i o n  f a c t o r  study on a 
non d isposable  ha l f  mask r e s p i r a t o r  equipped w i t h  h i g h  
e f f i c i e n c y  f i  ters i n  a primary lead smelter for p r o t e c t i o n  
a g a i n s t  lead.’ The s tudy  concluded t h a t  a pro tec t ion  f a c t o r  
of io was appropr ia te  f o r  a ha l f  facepiece  negat ive p r e s s u r e  
r e s p i r a t o r .  

c-xon :nd Nelson also performed a workplace p ro tec t ion  
f a c t o r  s tudy  on a non d i sposab le  h a l f  facepiece r e s p i r a t o r  
equipped with high e f f i c i e f i cy  f i l t e r s  i n  a pigme 
manufacturing p l a n t  f o r  p r o t e c t i o n  a g a i n s t  lead.  
s tudy  concluded t h a t  t h e  workplace p r o t e c t i o n  f a c t o r  f a r  
exceeded the  assigned p r o t e c t i o n  f a c t o r  of 10.  

The 

Nelson and Dixon a l s o  performed workplace p ro tec t ion  f a c t o r  
s t u d i e s  on three d i sposab le  and three nen d isposable  h a l f  
f a c e p i e c e  r e s p i r a t o r s  i n  asb to8 r i p  o u t  opera t ions  for 
p r o t e c t i o n  aga ins t  asbes tos .  r3 For t h e  three d i sposab le  
d u s t  mist r e s p i r a t o r s  t h e  s tudy  found f i f t h  p e r c e n t i l e  
workplace p ro tec t ion  factors  of 2 0 ,  55,  and 5.  The results 
from the r e s p i r a t o r  with a workplace p r@tec t ion  f a c t o r  of 
f i v e  was inva l ida ted  by t h e  a u t h o r s  because most of t h e  
fibers found i n  t h a t  r e s p i r a t o r  were gl8ss fibers t h a t  came 
from the  r e s p i r a t o r  f i l t e r ,  bu t  i n  t h e  counting p rocess  were 
i n d i s t i n g u i s h a b l e  from asbes tos .  

For a non disposable  d u s t ,  m i s t  and fumq f i l t e r  h a l f  
f a c e p i e c e  r e s p i r a t o r  t h e  s tudy  found a f i f t h  p e r c e n t i l e  
p r o t e c t i o n  f a c t o r  of 12. For the non disposable high 
e f f i c i e n c y  f i l t e r  r e s p i r a t a r s ,  t h e  s tudy  found f i f t h  
p e r c e n t i l e  p ro tec t ion  f a c t o r s  of 16 and 11. The s tudy  
concluded t h a t  an assigned p r o t e c t i o n  f a c t o r  of 10 was 
a p p r o p r i a t e  f o r  d i sposab le  rnd non disposable half  f acep iece  
r e s p i r a t o r s .  

Gossalink a l s o  ran a workplace p r o t e c t i o n  f a c t o r  s tudy  i n  a 
brake manufacturing p l a n t  u s ing  disposable and non 
d i s p o s a b l e  half facepiece  negative preslune qir p u r i f y i n g  
r e s p i r a t o r s  f o r  p r o t e c t i o n  a g a i n s t  asba$tos. 
r e p o r t e d  f i f t h  p e r c e n t i l e  p r o t e c t i o n  fa9torr of 25 and 2 0  
for t w o  disposable  d u s t  and m i s t  half  facepiece  r e s p i r a t o r  
and a f i f t h  p e r c e n t i l e  workplace p r o t e c t i o n  f a c t o r  of 4 5  Cor 
a d u s t ,  fume and m i s t  d i s p o s a b l e  h a l f  facepiece  r e s p i r a t o r .  
The s t u d y  also repor ted  a f i f t h  percentile p r o t e c t i o n  f a c t o r  
of 28 f o r  a non d i sposab le  d u s t  and mist h a l f  facepiece  
r e s p i r a t o r  and a f i f t h  p e r c e n t i l r  p r o t e q t i o n  f a c t o r  of 3 1  
f o r  a high e f f i c i ency  non d i s p o s a b l e  h a l f  faca  r e s p i r a t o r .  
The  s t u d y  concluded t h a t  an a s s igned  p r e t e c t i o n  f a c t o r  of 1 0  

The s t u d y  
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was a p p r o p r i a t e  f o r  both d i sposab le  and non disposable  h a l f  
f a c e  p i e c e  r e s p i r a t o r s .  

Johnston and Mullins conducted a workplace p ro tec t ion  f a c t o r  
s tudy  in a aircraf t  metal f a b r i c a t i n g  f a c i l i t y  u s i n g  a 
disposable h a l f  facepiece  d u s t  fgd m i s t  r e s p i r a t o r  for 
p r o t e c t i o n  a g a i n s t  metal dusts. The s tudy found f i f t h  
p e r c e n t i l e  p r o t e c t i o n  f a c t o r s  of 32 f o r  aluminum, 2 4  f o r  
t i t an ium,  2 4  f o r  s i l i c o n  and greater than  2 4  f o r  lead. The 
s tudy  Concluded t h a t  an ass igned  p ro tec t ion  f a c t o r  of 10 was 
exceeded w i t h  t h i s  d i sposab le  d u s t  and m i s t  h a l f  facepiece  
r e s p i r a t o r .  

Gaboury and Burd conducted a workplace p ro tec t ion  f a c t o r  
s tudy  of two h a l f  f acep iece  negat ive pressure  a i r  p u r i f y i h g  
non disposable r e s p i r a t o r s  equipped with combination o rgah ic  
vapor/acid gas cartridges and d u s t  and wist o r  d u s t ,  fume 
and m i s t  p a r t i c u l a t e  filters i n  a primary tluminum smelter 
f o r  p r o t e c t i o n  a g a i n s t  benzo-alpha-pyrane. The study 
concluded t h a t  an ass igned  p r o t e c t i o n  frctor of 10 was 
a p p r o p r i a t e  f o r  t h e  two non disposable  r e s p i r a t o r s  s tud ied .  

Colton conducted a workplace p r o t e c t i o n  factor s tudy  i n  a 
primary aluminum smelter on a disposable  ha l f  facepiece  dust 
and mist r e s p i f q t o r  f o r  prOt8CtfOn against r e s p i r a b l e  
alumina d u s t s .  The s t u d y  found a f i f t h  p e r c e n t i l e  
workplace p r o t e c t i o n  factor o f  13 and concluded t h a t  an 
ass igned  p r o t e c t i o n  f a c t o r  of 10 was appropr i a t e  f o r  
d i s p o s a b l e  h a l f  f acep iece  r e s p i r a t o r s .  

Myers conducted a workplace p r o t e c t i o n  Lactor s tudy  i n  three 
b r a s s  foundr i e s  on three non d isposable  and one d isposable  
h a l f  f acep iece  r e s p i r a t o r s  equipped with du fume rnd  mist 
f i l t e r s  f o r  p r o t e c t i o n  against metal funer. The s tudy  
found no d i f f e r e n c e  between disposable and non d i sposab le  
r e s p i r a t o r s  and the workplace pro tec t ion  factors meamxed 
exceeded t h e  ass ignad  p r o t e c t i o n  f a c t o r  o f  10. 

- 

Colton conducted a workplaca p r o t e c t i o n  factor s tudy i n  a 
b r a s s  foundry on a d i s p o s a b l e  h a l f  facepiace  r e s p i r a t o r  
e q u i p p d  witP9high e f f i c i e n c y  f i l t e r  for  p r o t e c t i o n  rgain$t  
metal fumes. The s t u d y  found f i f t h  paraent i le  workplace) 
p r o t e c t i o n  f a c t o r s  of 36 fo r  l e a d  and 4 0  for  zinc.  The 
s tudy 'concluded  t h a t  10  was an appropr i a t e  p r o t e c t i o n  factor 
f o r  disposable ha l f  f acep iece  r e s p i r a t o r s .  

Galvin conducted a workplace p ro tec t ion  f a c t o r  s tudy  i n  a 
f iberglass  r e in fo rced  p roduc t s  manufacturing f a c i l i t y  on d 
non d i s p o s a b l e  h a l f  f a c e p i e m  r e s p i r a t o r  q u i p p a d  with 
o r g a n i c  vapor cartridges for p r o t e c t i o n  a g a i n s t  s ty rene .  
Analys is  of t h e  data contafrled i n  t h e  s tudy found a f i f t h  
p e r c e n t i l e  p r o t e c t i o n  factat o f  12, which is c o n s i s t e n t  w i t h  
an a s s igned  p r o t e c t i o n  factor  of 10. 

I 1 1 I 1 , i l i l  I I l l  I 
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A Chemical  Manufacturer Associat ion member conducted a 
workplace p r o t c c t i o n  f a c t o r  s tudy i n  a pigment production 
f a c i l i t y  u s i n g  a h a l f  facepiece d i sposab le  d u s t  and mist 
resp i ra tor  and h a l f  facepiece  non d isposabt?  h igh  e f f i c i e n c y  
r e s p i r a t o r  f o r  p ro tec t ion  a g a i n s t  cadmium. 
reported a f i f t h  percentile workplace p ro tec t ion  f a c t o r  of  
2 8  f o r  t h e  d isposable  and 2 2  f o r  t h e  non d isposable  
r e s p i r a t o r s  which is c o n s i s t e n t  w i t h  an assigned p r o t e c t i o n  
f a c t o r  of 10. 

The s t u d y  

Cohen performed a program p r o t e c t i o n  f a c t o r  study i n  a 
c h l o r i n e  manufacturing f a c i l i t y  us ing  a fion approved 
d i s p o s a b l e  h a l f  facepiece  r e s p i r a t o r  w i  
f i l t e r s  f o r  p r o t e c t i o n  againmt mercury. 49 The s tudy found a 
f i f t h  p e r c e n t i l e  workplace p r o t e c t i o n  f a c t o r  of 5 .  The 
r e s u l t s  of t h e  s tudy  have been i n v a l i d a t e d  because t h e  
respirator  wearers i n  t he  s tudy had n o t  been f i t  tested, the 
respirator tested is unapproved, and t h e  author acknwledgBd 
t e c h n i c a l  problems t h a t  were no t  addressed. Furthermore the 
s tudy  vas a program p r o t e c t i o n  f a c t o r  s tudy ,  no t  a workplace 
p r o t e c t i o n  f a c t o r  s tudy.  

mercury r e m v i n g  

Reed performed what he  repor ted  t o  be a workplace protection 
f a c t o r  s t u d y  i n  a sheltered workshop us ing  a disposable h a l f  
f a c e p i e c e  d u s t  a99 m i s t  r e s p i r a t o r  f o r  pco tec t ion  a g a i n s t  
p o r t l a n d  cement. The  s tudy  repor ted  a f i f t h  p e r c e n t i l e  
workplace p r o t e c t i o n  f a c t o r  of 3 f o r  nuipance dus t s .  Both 
t h e  ANSI 288.2 subcommittee and ISEA have found seveee 
t e c h n i c a l  problems with t h i s  s tudy which should e l imina te  
t h e  data  from cons ide ra t ion  i n  a s r i g n i n g  p ro tec t ion  f a c t o r s .  

.- 

F i r s t ,  a problem exis t s  with the  required f i t  tes t ing o f  t h e  
r e s p i r a t o r  p r i o r  t o  use  by the wearers i h  the test. The 
au tho r  s ta tes  t h a t  " Q u a n t i t a t i v e  f acep iece  f i t  t e s t i n g  was 
conducted us ing  a Dynatach F r o n t i e r  portsbla instrument 
p r io r  to t h e  s t a r t  of each Mork s h i f t  t o  check f o r  g r o s s  
leakages.@* I n  a memo t o  OS?U the  a u t h o r  states t h a t  a fit 
f a c t o r  of 250  was used a s  the minimal  accepted f i t  f a c t o r  i n  
t h e  fit test .  I t  is meaningless t o  perform a q u a n t i t a t i v e  
f i t  tes t  w i t h  t h i s  type of  aquipment on a dust and m i s t  
r e s p i r a t o r  because of t h e  extremely high f i l t e r  p e n e t r a t i o n  
( 5  t o  15%) that  would occur  due t o  t h e  small size of t h e  
t e s t  aerosol. A fit factor of 250 would be impossible t o  
ach ieve  w i t h  t h i s  type of equipment and a d u s t  and m i s t  
r e s p i r a t o r .  

Secondly,  g rav ime t r i c  a n a l y s i s  (weighing t h e  f i l ters  be fo re  
and a f t e r  use t o  determine how much dust was collected) 
simply is n o t  s p e c i f i c  or s e n s i t i v e  enough f o r  workpxace 
t e s t i n g .  Por t land  cement p i cks  up and perm8nently holds 3 
times its weight i n  water i n  a hydra t ion  and curing proceqs. 
The a t a o s p h e r e  i n s i d e  a r e s p i r a t o r  is vary humid wi th  much 
condensed water p re sen t .  Any por t l and  cement p re sen t  i n s i d e  
t h e  facepiece would have picked up three t ines  its weight i n  
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water vhich could not be removed in the desiccation process 
used. Gravimetric analysis is not Specific to any 
particular substance fit measures all particles present in 
the facepiece. Myers has shown that the mass o f  the  
particles generated by the test subject during t a l k i n g  and 
normal activity often exceed the mass o f  the contaminant of 
interest that may be present inside the facepiece. 
Gravimetric analysis is also insensitive. Fifteen of the 22 
valuer reported were below the stated analytical methods 
level of quantification but nonetheless were reported as 
real numbers instead of "less than" values. 

Finally the study was conducted in, a workplace which 
employed mentally handicapped people. 
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. In 
summary, due to potential training, fit testing and 
analytical problems, both ANSI and ISW found the study 
protocol inadequate with that for determining a workplace 
protection factor. 

A critical aspect of 

A simulate 
by da Ro5aP4 with subjects at elevated workrates wearing a 
tight fitting half facepiace powered air purifying 
respirator and two loose fitting facepiece powered air 
purifying respirators. The study concluded that loose 
fitting facepiece respirator should be in a different 
performance class than tight fitting facepieces anti should 
be assigned a lower protection factor. The factors found 
were consistent with the ANSI recommendations. 

workplace protection factor study vas performed 

Skaggs performed a simulated workplace study using 
temperature and humidity as variables using 7 different 
types of respirators consisting of 2 loose fitting facepidce 
powered air purifying respirators, 1 h a l f  facepiece powered 
air purifying respirator, 1 full facepiace pressure demand 
airline respirator, 1 loosa fitting hood continuous flow 
hood, 1 half facepiece negative prsssura air purifying 
respirator, and 1 full facepiece negative pressure a i r  
purifying respirator. 
protection factors far in excess of th8 ANSI assigned 
protection factors. The third phase of the study, comparing 
simulated workplace protection factors with workplace 
protection factors has not been undertaken. 

This study found simulated vorkplaoe 

cQswsKa 
Scientifically valid and credible studios have been 
performed on a wide variety of respirators in th8 rsorkplaae 
or simulated workplace environments. 

. 

Information derived 
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from these s t u d i e s  should provide b a s i s  f o r  t h e  assignment 
. of p r o t e c t i o n  f a c t o r s  t o  r e s p i r a t o r s .  

ISEA b e l i e v e s  t h e  s t u d i e s  included i n  this review reflect 
a l l  t h e  information a v a i l a b l e  and meaningful t o  NIOSH as it 
develops  a proposed rule on assigned p r o t e c t i o n  f a c t o r s  tor 
v a r i o u s  types of e x i s t i n g  r e s p i r a t o r s . .  

The data s t r o n g l y  suppor t  the assigned p r o t e c t i o n  factors, 
found i n  t h e  ANSI 2 8 8 . 2  1991 standard.  
t h a t  table t o  a s s i s t  you. 

We have a t tached  

ISEA urger NIOSH adopt  t h e  ANSI 288 .2  1991 assigned 
p r o t e c t i o n  f a c t o r s  i n  its proposed r e s p i r a t o r  c e r t i f i c a t i o n  
rule, 4 2  CFR 8 4 .  We b e l i e v e  t h i s  information l o g i c a l l y  
leads NIOSH t o  the  same conclusions reached by the ANSI 
288 .2  1991 Committee when it ass igned  p r o t e c t i o n  f a c t o r s .  

' 
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T a b 1 0  1. 
Arriqnod ?toteCthOn trctorr 

Type of Raspfrator Respiratory I n l e t  Coverrng 

Air P u r i f y i n g  

Atmosphere Supplying 

SCBA (demand) (b) 

A i r l i n e  (demand) ' 

Half Mask (a )  F u l l  Factpiece 

10 roo  

10 

10 

L O O  

100 

Type of Respi ra tor  Respi ra tor  I n l e t  Covering 

Xalf r u l l  Habet/  Loose F i t t i n g  
Mask Face Hood Facepiace -- 

2 s  1000 (cl 1000 (c) 50 Powered A i r  Purifying 

Atmosphere Supplying 
A i r l i n e  

Pressure  Demand 

A i r l i n e  
Continuous Flow 

0 50 1000 0 

50 1000 1000 

S e l f  Contained 
Breathing Apparatus 

Pressure  Demand - (d) 0 

Open/closed c i r c u i t  

25 

(a) Includos 1 / 4  mask, disposabla half nurkr and half  maSks w i t h  

(b) Demand SCBA s h a l l  not  be used for emorgency s i t u a t i o n s  tuch as 

e la s tomer i c  facepiecas .  

fire f i g h t i n g .  

(c) P ro tec t ion  f a c t o r s  l isted a r e  for  high e f f i c i e n c y  f i l g e r s  and 
sorbents (cartridges and c a n i s t e r s ) .  With du8t filters an assigned 
p r o t e c t i o n  f a c t o r  o f  100 i s  t o  be used due t o  the  l imi t a t ion3  of t h e  
f i l t e r .  

-2 1- 
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(d) Although p o s i t i v e  pressure r8SPi ra ta rs  are c u r r e n t l y  fcqatded 

as providing t h e  highest l e v e l  of raWLr3tory p ro tec t ion ,  a l imited 
number of recent simulated workplace rtudi.8 concluded rhat aL1 users 
may not achieve p ro tec t ion  f a c t o r s  O f  L0,300.  Based OP, z3 i s  l i a i ced  
da ta ,  a d e f i n i t i v e  assigned pratectfotl faCt6t could not be l i s ted  for 
p o s i t i v e  p r e s s u r e  SCBA's . tor emergency planning p'~:?osqs whetc  
hazardous concen t r a t ions  can be CStill\ated, an a s s igned  prbtect ion 
f a c t o r  of no higher than 10,000 should be used. 

Note: Assigned p r o t e c t i o n  f a c t o r s  a r e  net a p p l i c a b l e  f o r  escape 
r e s p i r a t o r s .  For combination r e s p i r a t o r s  r . g .  8 . a i r l i ac  tespirators 
equipped w i t h  an a i r  pur i fy ing  f i l t e r ,  the mode of opera t io@ i n  use 
will dictate the  assigned protect ion f r c t o r  to be appl ie4.  

6.3 Soloction o f  Rorp&r8tor8 cor AtSPo8Fhaser &aodibtoly 
D 8 a ~ ~ r o u r  t o  L i f o  or n.dtbi8 tor Uao in Coafiaod SprcW o r  
Roduced Prorrure Atororphor88. 

6.3.1 Atrorphoror Immediately D8aqorour to Lifo o r  
Ho81th. A l oca t ion  is considered ID= wheb: 

(1) I t  is an a tmosphere  known os s u s p e c t e d  to have 
concent ra t ions  above the  Z D U  lev8l ,  e t  

( 2 )  I t  is a confined space that contains  lass than  the norm81 
2 0 . 9 9  oxygen u n l e r s  tha source of the oxygen r educ t i en  i+ 
understood and cont ro l led ,  or 

( 3 )  Oxygon content  is belov 12.34 (9s  wnRq ppOt) a t  sea level 
atmospheric pressure,  o r  

( 4 )  It con ta ins  total atmospheric prerSure less than 4SO mHg 
( 8 . 6  PSI) e q u i v a l e n t  t o  14,000 f e 8 t  (4270 m) a l t i t v d e  011 any 
combination of reduced percentage of oxyqen o r  reduc8d pr*srura 
t h a t  leads to an oxygen p a r t i a l  pressure lerr than 95 ma3cIg. 

6.3.2 Rospir8tors f o r  u80 Uados IDLI C o a d S t i o m  at 
Normal Atrosphogic Ilta8$uro. The r e q u i r e d  r e s g i d a t o r y  
p r o t e c t i o n  f o r  IDLX cond i t ions  Caused by thm presence  of tox ic  
materials or a reduced parcantage o f  Oxygen, S e c t i o n  6 . 3 . 1 ,  
c o n d i t i o n s  l, 2, or  3 Fs 8 pOsiEivcr pressure  SCBA or combination 
supp l i ed  a i r  r e s p i r a t o r  w i t h  SCBA 

6.3.3 When r e s p i r a t o s a  8x8  worn und*r I D U  cond i t iods ,  a t  
l eas t  one s tandby peraon rhlll be presabt  b a safe a re4 .  The 
s tandby person shall  have the  prapec equippent availabte t o  assist 
t h e  r e s p i r a t o r  woarer i n  case o f  d i f i J i cuJ ty .  Comua icb t ions  
( v i s u a l ,  voice, s i g n a l  l i n e ,  telephone, radao o r  other suiitabla 
means) s h a l l  bo maintained betwe8n the standby pardon a6d t h e  
wearer. While wotking in t h e  ID= atncosphWe, t h e  weamr sMl l  be 
equipped  w i t h  s a f e t y  h a r n e s s  8nd s a f e t y  Lines t o  p a d t  h i s  
removal to a safe area, if necessary. Procrrisionr for  tescua  other 
t han  s a f e t y  harness  and l i n e s  may be used i f  equivalent .  

-22- 
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. ESTIMATED SOCIETAL COSTS OF REDUCING THE PROTECnON 
FACTOR FOR TYPE CE CONTINUOUS FLOW SUPPLIED-AIR 

RESPIRATORS FROM 1000 TO ZS 

OVERVIEW 

Even when subjecting the above to an extensive sensitivity anal is, the 
will result in an unacceptable CoSt to sodety. In pure thecxy, a r I increase &bng 

regulatory chanp in respirato technd 
s e q u e n t l w  sodetal cost in ex- of hun z eds of a"um= oru of d is even 
from an 

less acceptable. 

NIOSH's propoged reduction in the assi ed protection factor is consistentwith itb 
public mandate to develop mudmum 8 'veditsim upousociety 
and available technologies. However, rn this case, NI H has rpp P it, maximwn 
mandate after relyin upon insuffiaent scientific data. O?her data sourcesbduding the 
American National &dads Institute (ANSI), members of the Industrial Safety 
Equi rnent M a t i o n  (ISEA) and independent studies in the abrasive 
try Zmonstmte that the appropriate minimum a i  
continuous flow supplied au respirators should be P OOO. 
Not only would MOSHs recommendations result in 
cobts, but they will also result in the madated o b s o l - ~ p v e n  respka 

Instead of using T 
required to supply T ype CE pressure deman gP respirators. 

values 

Yindus- ptorection facbor for yptr CE 

societal 

nology for protecting America's workers in the abrasive #* and maw 
CE continuow flow su K e d 4  respirators, employem would 
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Cost Element 

&chase of new respiratom 

The remainder of this analysis describes in more detail the followin aspects of unnec- 
essarily converting from continuous flow supplied-air to pressure d emand tcspiraton: 

0 convenion costs 
0 on oing annual costs after conversion 
e ad d itionad cost implications 

Low cue+ High-* .- 

s127mm jiu5,oOom 

NECESSARY CONVERSION COSTS 

The unnecessary costs of converting from a continuow flow supplied-air to a prequre 
demand based rotective technology are estimated to be between 3243.8 million ahd 
$615 million. Zese costc will be incurred in the year the revised regulation is implle- 
mented. This cost will be imposed upon companies purchasiprg the services of abmive 
blasting and coatings services in the yean of conversion. In tutn, these costs will $e 

assed on to industrial and consumer customcn abng with a proportional markup. kus, the extended cost of the conversion will exceed these estmates. 

The components of the conversion costs are summarized in Table 2 below and dis- 
cussed in more detail in the following paragraphs: 
TABLE 2: One Time Convcnion Costs Aseod;ltcd with NlOSZTs Proposal , 

I Purchase of replacement parts and 
accessories inventory 1 I s58m,000 

Purchase of Ne w R e m  me N I a H  pro- w%Lquim employen to fiplaca ttwir Type a mntinuotls 
flow sup lied-au respirators wth pressure demand respirlbon costin approximabely 
!BSO ead! It is estimated there are between 15O,oo(bmd W,aK1 active f y used abrajive blasting respirators in the US. This range is based upon th following factors: 

0 an annual market of 30,000 reploclement respirators per year 
0 an average replacement rate of 5 bo 10 yew. 

Consequentl the purchase of new respirators will a t  employers between $1273 mil- 
lionand$25 Y milkon. 

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

Assumes there are 300,OoO respirators used in the abrasive blasting and 
. coatingsindustry 
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Replacement Respintors 

of Redacemutt Part and Ac-m Inven&y 

Lowcase Highcase Irmcast Hi@- 
$15.0 $21 .o ssoO*O $7004 

Current industry statisties show that sale of replacement parts and acressories e eed 
replacement respirator sales. It is estimated employers would destroy their obsol te in- 

costs of the respirator mnvenion i&?hese are the factors used in the low and high 
cases, respectively. W u r e  demand respirator arts are mota expensive than those of 
continuous flow mpplitd-air res iratoas. nus, tKe most ) i ~ y  outcome is r o t m ~ y  
doser to the high case of $255 rmE 'on rather than the low case of $63.75 mi lr ion. 

Fit Test Eadomm 
The conversion to prcpnve demand respirators will rdquire ~ n p l o p ~  to invest in,fit 
test equipment in order to corn ly with dnsensw standards and federal and state 'r 
dations. It is estimated that th e equipmat will cmt empbylrn at leut $7,000 each. t 
is also estimated that there are between 7,300 and 15,000 employem that wits be im+ 
pacted by the praposcd &an es. Themfore, the need to PurChipJe fit test equipment will 
cast employers between $52. s million and $105 million. 

ven tories and purchase replacement and accessories eqwl to So% to 100% o T the 

7- 

Fit Test Programs 

ongoing annual m6tS are the most expensive tomciety. They4nount to an annu 
between $32 million and Ess.9 arilliorr, NllhiSlg in a 
societal cost of capitalof39b pr annum These cme are slumumd 

aDbt 
t due cOdt to sodoty 

' inTIblc3be &a- 
between $10.6 billion d $30.6 Won disoowted to E- y e u  Ofcon~anton, w 
and the following paragraphs: 

s.4 $32 S 133 . $ 106 

TABLE 3 
h u d  Cost AfhacOnvcrsion Unda MOSlkCs Prom (Mloio nrofDdfus) 

I Annual cat I Present V d u t  at 3%. 1 

I Replacement parts 1 $15.0 I $31.5 ~ 1- m0.0 I $lma 1 

jtdacement - 

$tors have a market Currently available Type CE continuous flow supplied-& 
clearing price of apprmdmatel $250 e d t  to the employer. 
essary, a respirator meeting dki"' proposed requirements would cast d Thus, 

%Gi CrScknMall unnet- 

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

I ~ i I I i i i ~ I l i  I I I I I  
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the on oing incremental cost of replacing used and worn out respirators will in e w  
by per unit. Assuming an annual replacement market between 25,OOO and 5,000 
res iraton per year, the replacement c a t s  would ran e between $25 million and $21 

million at a 3 percent discount rate. 

3 
mi I! ion. This results in a discounted present value of te tween $500 million and $DlO 

Replacement Parts and Accessoriq 

As stated before, the ratio of sales of current annual r lacemant pare and accesspries 
is eater than sales of respirators. kpdnding upon x e year, this ratio range frdm 1 to 
1 .FApplying these ratioe to the high and low cases desoikd in the prevtous pa a- 

tween $15 million and $31.5 million, or a present value ktween SO0 million and $1,050 
million at a discount rate of 3 percent. 
graph results in additional annual costs for replacement parts and accessories of L 

ual Maintenance and Fit T-Cost;~ . 
Switching from constant-flow to emuredemand will add maintenance time of @ne- 

&,theEhangefromhoodstoti tr  ' g 
will necessitate annual fit testing of the respirators. lhis will ad tP another - lmn 15-60 facepioces nlinutes 
hour-per-year-per-unit in use. 

per year. 

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

TABLE 4 

- 

Increased Annual Maintenance, Fit Testing and Productivity Cmtr 
i 

ADDITIONAL COST IMPUCATIOh@ 

Some manufacturers feel that there will be a 545% decrease in roductivii if the 
&an e is made from corutanbflow to p r e s s u ~ a n d .  This i! due to the relative 

tin the switch from hood& to 
tight-fitting facepieces Althoush this is not inclu $"" ed in the above figures, it could ac- 
crease in heat stress and feeling of daustrbphobir 
count for another $238m#000 ut annual COS& to the user. 

comp ei exity of pressuredemand versus dnstant-flow, in addition to the posible bF 

Again, this technically unfounded mandate wouid cost tfw users in this one industry 
hundreds of millions of dollan. It is unn- and totdly unacceptable, given the 
proven level of protection being afforded wder the prosent system. 

4 

+ The estimated increase in mainknanqe time b 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 pet year BD $10.60 per 
hour using a range of 1 S O ~  to 300,000 unitrl. 



Reference No. 90-1 1-00 

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

Contents: King, Bullard's Technical Dir#ctor, conducted proracdon factor tests in a $mulatcd 
sandblasting environment where tkspinble coaarrtratims of dwt were 250 mdm3 (not 
250pg/m'!), substantially higher than the reports published oa w o r k p k ~  sfubiat At this 
much higher than normal dust concentration, Bullsrd respirrrtOn mted yielded pIotection facton 
of 12.500. 
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Introduction 
E. D.  Bullard Company has conducted several base-line slmulated workplace 
sandblasting respirator  t e s t s  using one of i ts  hard s h e l l ,  hood s t y l e  b l r s t ing  
resp i ra tors .  The blast ing media wed is procured from a loca l  (Ltxingtgn KY) 
blas t ing  supplies d i s t r ibu tor .  A special  t es t ing  c h d o r  has been consttucted 
from concrete blocks spec i f ica l ly  for  slmulated workplace tes t ing .  The inside 
dimensions of the chamber are  approximately 12 f e e t  wide, 15 f e e t  deep and 8 
f e e t  high. Standard rotat ing roof vent i la tors  i re  omployad to  provide a 
r e l a t ive ly  control led exhaust path for  the compressed air  being released by the 
b l a s t ing  nozzle and supplied a i r  respirators  whilo i n  use. A i r  sampling pumps 
and Milipore sample filters are  used 8nd i n  some cases cyclones are wed t o  
separate respir8ble  from t o t a l  dust samples. Lighting insido the test  chamber 
comes from four large side windows and incandescent ovorhead spot l igh ts .  Items 
b las ted  include used auto pa r t s ,  farm/tractor Implements and w o n  machinery 
par t s .  Due t o  the r e l a t ive ly  confinod space within the t a s t ing  c h d e r  an@ high 
r a t e s  of a i r b l a s t  media flow through th8 1/2 inch blasting nozzle, the test 
environment is considered severe as compared t o  mort b las t ing  environments. 

Two people en ter  the blast ing chamber a t  a time, orch w o a r i q  Bullrrd rugplied 
a i r  sandblast  hoods. One person is f i t t ed  with w o  sampling pmps UYI he car r ies  
out the b las t ing  activities. The other porson senms u helpor .ad obsdrver. 
One of the pumps samples ambient air jus t  outaid. tho hood noxt t o  t h m  lens while 
the other  pump extracts an air sample inside the respirator hood noxt eo tho  
wearer's mouth. A t h i rd  person semes as a holper outaid. the t o s t  ch-or. 
He wears an a i r  purifying f u l l  face pioce resp i ra tor  with high effidiency 
f i l t e r s .  His respons ib i l i t fes  lncludo tonding the sand pot md monitoridg the 
air  compressor a i r  qua l i ty  and points of a t t a c h n t  pressures f o r  the two 
r e sp i r a to r s  inside the tes t  chambor. 

When the work begins tha observor turns on the sampling puspr. Tho blas te r  
usual ly  keeps the b las t ing  nozzle t r igger  deptO88.d unti l  tho v i s i b i l i t y  is 
reduced so much that he can no longer see t o  continuo th. bl8r t ing  or u t a 1  the 
pa r t  being blasted requires repositioning. This occurs approximately evepy one 
t o  two minutes. After the dust s e t t l p s  upon r e loam of tho triggex t o  a point 
t ha t  v i s i b i l i t y  ha8 somewhat cleared, the b l u t o r  y a i n  depresses the tldigger 

abrasive sand s t r i k e s  a ferrous surface,  a bluish glow is given o f f ,  inpdoving 
v i s i b i l i t y .  The observer is responsible for  timing the -ration of the s 4 l i n g  
pumps. About every 15 minutes tho doors t o  tho chamber are opened, tha pumps 
turned of f  and the f loo r  is svept c l ea r  of debris.  

I fo r  the next cycle. Blasting i n  such poor conditionr is possible s ince,  49 the - 
Sample f i l t e r s  a r e  proweighed a f t e r  being desiccated using a micro balance. 
After exposure they i re  redesiccated and'roveighod. I n  8010 cases we hava sent 
the samples t o  the University of KentucQ f o r  evaluation as t o  pa r t i c l e  size 
d i s t r ibu t ion ,  percent s i l ica ,  etc.  
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About 50 of the dust created in sandblasting is respirable (below 10 
microns) according to a typical particle size distribution analysis. (see 
Exhibit 1) 

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

The 50- percentile concentration of respirable dust has been measuxmd at 
250 milligrams/cubic meter (Soe Exhibit 2). IE should be noted that this 
concentration is significantly greater than moat of those which have been 
reported in actual work place studies performed by others in twentyears. 
(This may be attributed to the severe conditions imposed by our procedure.) 

The 50th percentile concentration of total dust w u  8888Ur.d to be 3200 
milligrams/cubic meter (See Exhibit 3). This concentration is libtwise 
significantly greater than those typically reported in other studies. 

The ratio of respirable to total dust in tho sand bhsting enviranmmnt is 
then - .078, or about 88. This value is rmasonrbly close to th6 58 
value obtained in the particlo 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 Hm'. 

3200 - 

The measured inward leakage obtained during two, 2 hour work shifts (4 hours 
total) of total dust was in the rango of .06 

The ratio of respirable to total dust of the inward loduge is then 

above, this would tend to indicate a highor percmtage of the smaller 
particles seemingly penetrate the respiratory inlet covering. 

91 - .33 or about 308. In contrast to the 8% value stated in Item 5 
.06 

A typical total dust sample was an8lyzed and found to contain 83.6r SIO,. 

In order to capture enough sample inside the san#blaat hood for graviqetric 
analysis, the sampling pump must run about 4 hours at 2 LPH. N w e r o w  
attempts have been mado with durations up to on. hour, none of which 
resulted in any detectable contaminant crptured on the sampling filtters. 

On the other hand, running a swapling pvmp in exceas of 15 to 20 ntnutes 
to capture ambient dust results in puap shutdown due to sample dilter 
overload. 

Because of the conditions noted above, tchul rid. by side comparir 
inside and outside concentratiom (in real tiw) h8ve not been poss 

Ambient (outside respirator) concentrations inahighly controlled rimqlated 
work place setting of respirable dust resulted in Sa and 95t" percmtfle 
values of 5 Mg/M3 and 1000 Hg/M3 respectively. This amounts to a 206 fold 
data spread. 

I 1 I l l  I l l 1  I ,  I I 1  I I l l  I 
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50th Percentile 

concentration 
Ambient 

M g / M 3  

250 

Several of the tests which have been performed were discounted due to 
various reasons including pump failure, questionable sample filter prewaight 
measurement and sampling train leakage. 

Inward Protection 
Leakage Factor 

Concentration 
M g / n 3  

.02 12500 - 

None of the results has been corrected for sampling bias. 

Total Dust 

While it has not yet been validated with a statistically signifkcant 
quantity of accurate breathing zone samples, it appears, 8t this point, that 
inward leakage values do not seem to substantially fluctuate as do the 
ambient concentrations (as indicated in Exhibit 2). 

3200 .06 53000 I 

Using the inward leakage concentrotions listed above (Items 6 & 7) and the 
SOth percentile ambient concentrations takan from Exhibits 2 and 3 (plso 
listed in items 3 6 4 above), the following uncorrected protection factors 
are reported: 

Respirable Dust 

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 Cnto 
actual testing, preparation and analysis. At, say, $2S/tlour, this rnountt to 
approximately $25,000. Additionally, another $25,000 has boon spent on 
facilities and equipment procurement and/or rental. As ymt, the numbed of 
samples collected have been relatively few. Much mor. &u will ba requirot! to 
draw any meaningful conclusions. This preliminary &ta indicates that ambient 
concentrations substantually fluctuate or vary during actual work conditions even 
in a simulated or controlled environment. 

I 
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--L\ Department of industrial Engineering - .  _. - '. 
e 4 1 7 ?  -.. West _._-_ ---. -Virginia . - -. . - University - .  - 

' College of Engineering AprilZ, 1994 

Mr J. R. King 
Technical Director 
E. D. Baillard Co. 
1898 Safety Way 
Cynthiana, KY 41031-9303 

Reference: Manuscript Number X 1024 

'Deu Mr King, 

Your mMuscnpt submission to tht JoUrrrai of the InWnrtionai Socieg for 
Respiratory Protection entitled "Labsratoy P- Fodtrors Tarrs H E .  D. Brcillbni 
comprury 's SqppW-Air RLspirrrton " has been mhewed. Th6 aumrsciipt was fouM to 
be acceptable for pubtidon with moderate changes and 8 2d review by om of your 
reviewers. - 

I am enclosing the review comments for your attention. pieue c u e M y  consicier 
them in your revision. 

Return your revised manum@ to me a3 quicuy 8s pcpcrrible. In yoro *turn 
fesponsc please indicate how you rtspo#iad to u c h  ofthe review cornmcntc). This wiil 
facilitate the 2nd review. 

Thank you for favoring the Jounul of the btem&orrrl Society for Rcsphtot 
Protection with your submission. 

Enclosures 

I 1 '  1 I 1 1  I l l  I il 1 I /  I I l l  I 



Laboratory Protection Factor Tats of 
E.D. BullW Company's 
S~pplied-Air Respirators 
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MODEL 
2QT 
2mc 
2OMC 
2mcH 
pc/Cs90 
77 
88 
1093 
1095 
Bum 
M40 

TYPE 
HOOD 
HOOD 
HOOD 
HOOD 
HOOD 
HOOD 
HOOD 
HOOD 
HWD 
MASK 
MASK 
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Tabie 1. 
Tabk 2. 
Table 3. 

F!&luc 1. 
Figure 2. 
Figure 3. 

Figwe 5. 
Figure 4. 
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Figun 1. Methods of data reduction. 
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Monitoring Breathing Air at 
Lead Paint Removal Projects 
. 
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each shift or for the shift with the highest ex- 
posun lad" (29 CFR 1926.62 {d)(l)(iii). 

0th sections ofthe ntw OSHA 
rule further define requirements for botb ini- 
till and priodlc air samplin& Most of tMs in- 
formation is contained in 29 CFR 1926.62 

UKC with the 'Respiratory Prolcdion" wc- 
tion, 29 CFR 1926.62 (M2). Thr employur 
must conduct air s a m p l i ~  to wu~t tbat ' 
workm' respirators are wproprutc for their 
lead arpasun. 

ldN3h (61 and (7). 
Air sunpiing Is also crucial for compli- 

Thmare- bmbabra- 

by many tompania and is hmihr to mort 
workers (Fi 1). 

.Ihe hood trpe operated in positbe pres- 
sun mode wu dcvtlopcd for shipyards, w h  
worken had ditficulw mdng &tough thc 
wry restrictive space in double hull ships. 
The repiraton are IW bulb btcarw they 
hat no integral head protection fF7g 2) ami 
provide M e r  act= in ships. 

%e restrictions on the use of these fu- 
pintors an detailed in 29 CFR 1926.62 (a(2). 
T n e ~ r n b r r & w * W h  
c w w f l o s u  l-nod&cuII1oc hued whtn 
-upojun excce& IlasO pgh3  of 
lad. The koodSLpa-CErupitotw;@watad 

-dlqbdcIxcted 

Thotair-bornt lud limits tn to be 
measured oubidc the helmet Thzy come 
from a pndietlon about the h e 1  ol protec- 
tion afforded by tbe helmet or hood to keep a 
workefs breathing zone Inside the helm& 
below the hnnissible Exposure mt (PEL) 
o f s o ~ f o f l t b d .  

-o*fadm assiend.by*t 
NauonalJp.t;tucrfo~llrrRlltf6nr(~~d 
HdthWEWaa b&iw hclmettonb 
2LmLmvs- 5o.equ;rb 1350 
----in 

Ifr c l o d  of lead dust at a construction site is 
v i d i u d  it wodd m m  to bthrw like a 
c h d  or pufl d smokr moving thtouoh UI 
usi. (Remrmber that you haw to imaftine 

CE 
d In 
modt 
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the dust cloud because the most harardow 
form of lead dust is the smallest size particlu, 
which are too d l  to set.) Th: dwt in the 
cloud would typically move outward from the 
point OfgenmtiGn. Conctntratioru of dwt at 
any spdfic point would vary from moment to 
moment, increasing urd decreasing as the 
mattrial m o m  and diffuses through the air. 

Particles would be affected and moved 
by air currents, and, slowly, the putides 
wwld d e  to ehc floor, with the Iarger patti- 
cles settling much mon quickly than the 
smaller particle. Because dtht combiid ef- 
fects ofthut H o r n  dong with the Vuld 
opcratiorrr of the blaster or bbtm in an cn- 
closed project site, tbe 1 4  dust cloud is 
Ktually a setits d different, ContinWnuIy 
changing concentrations or exposures at 
different locations. 

Current r n e M  for monitoring air- 
borne lead do not measure each concmntm- 
tion in the series. Instcad current monitoring 
h~ethods yield average dust concurtrations 
over tht time period during which the 
sample is collected. 

To meuure the conctntration of lead 
dust inside a blasting containment, a sampler 
is attached to a worker inside the enclosure 
during the morning. It is rem& when the 
worker exits for lunch. Another sampler is at- 
tached to the same worker to asus atlemon 
cxposure in t h e  enclosurt. Figure 3 depicts a 
lead dust di~tribution arid shows the time pe. 
rid each sampler is operating u 'Sample #l" 
and "Sample X2' 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 
"be SPmpllng Rousr 
kad dust samples are bpically collected over 
several hours. Air is vacuumed at a specific air 
Oow rate into a plastic Qssettc holding a spc- 
cinl oiecr of Slter m e r .  The 1zu55 of lead en- 

. . ten$ w ~ t h  the ai;&ia with the concentra- 
tion in the sampling weit as the vacuum 
pump runs. More dust will be collected dur- 
ing periods of high comtratiorrr and less 
during lower dust concenhtioru. Depending 

. 

on etu worker's immediate activities, high 
a d  lm* conccntntion tim may list only a 
few minutes or may be rehtiwly constant 
throughout the ampling period. 

Lead collects in the ampli 
remains there until analyzed by a 3 boratory. 
The laboratory analysis can indicate only the 
total mount of lead dust in the w n p k  Di- 
vidw the total &y the volume d air sunpled 
0roih.h an a w e  umcentrrtivn for the 
time r id .  Tht tab cannot &tenaim 
Wh& r tht durt conccntntion remabedat 
this mRgt concantration or thtuat- 
ed grtatly dunno thr ample wriod. SsVcraI 
short duration mpb mart u a m t c l y  e+ 
Wbh km md high arncmtntion periods 
than do samples from k g e r  periods. 

device a d  

Ilk :wccpC d anra#irig the rcncentrrc 
tionr is criticah If a snort iiJh concentration 
war) followed by a Ioaer period d IOW con- 
centrations, the h@h concultration will be 
undetected since it is averaged into the longer 
low kMl concentrations. As rug@d by Fig. 
3, the nvmerous high and low spikes are not 
apparent frm the bratory anal)& of the 
sampling during periods one and b o .  Rather, 
only the avtrage lead concentration mer that 
time period is k m .  

S i w  the current methods of sampling 
cannot record peak exposuns, 2 robtans arc 

piing bme should be employed. and how 
those workers can k idrntificd who ate 
being expoJcd to intolerable p u k  concentra- 
tions W r e  their blood lead Ievcls indicate 
that tbey haw been poisoned by aw!srlw 
lead cxposure. 

The second qwtion is the easiest tom 
s"er. Exgosures rbwr: the PELat the worker's 

4 

confronted what specific metho i? and sun- 
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interior breathing m e  can be detected by 
monitoring inside thc hctmetr. Tutimg also 
idwtifits items such as w k w s  taking their 
helmets offinside the endowre, defective 
helmtts, and inadequate air flw to the he& 
met Howcver, tcatlnp inride the helmet must 
be wcomgIi&ted in dditbn to the mdatoty 
OSHA tests outskk I b l u t i  helmet. 

- -  . 

~n approad to the f~puestim is to 
accMnpl&h the t d n g  in eompkce with 

29 CFR 1926.62 (d)O), 
NlOSH Method 7082, 

a sound engineering basis for the szmplinp 
period. 

matirkcu "(9) Accurecy of mtlrsurtmsnt The 
employer shall wc a method of monitoring 
and analysis which has an accuracy (to a con- 
fidence level of 9546) of not less than plus or 
minus 25 percent for urbome concenttatiam 
of lead equal to or grater than 30 ps/m3." 

Beyond this statement of accuracy re- 
quired by OSHA, the MOSH M&od ?082 
provides some details on sampling The fob 
lowing NIOSH field proccdwt steps for sam- 
pling art described. 

Calibrate each sampfing pump with npre- 
sentative sampkr in Unc. . Sample at M lrceurately known flow rate 
between 1 and 4 Ymin for up to 8 houn for 
W A  mcasuremcntr. Do not exceed a fifkt 
loading of apprarrimrtefy2 mg of total dust. 

The MOW Method 7082 alsoddnr 
that the sampltr of filter paper must be 0.8 
pn in port s i m  and made from multiple d 
lulosc ester. The cassette Rltcr paper holder 

. mujt be the 37-millimeter size, and a fl& 
connecting tube can be used with the am- 

OSHA Instrwction CFL 23.208 CH-1 md 

The OSlfA lead-in-cnnstruction d e  
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2304:00, painting in containment, 

Each ofthc above sampling periods was 
selected to identifl the concentration of bad 
that would be pencrated by a specif'ily iden- 
tiflablc task nomulIy performed at a project 
site. If one sample were collected for the en- 
tire eight-hour period, the concentration re- 
ported by the labontorywdd be irrelevant 
to either reguktory compliance or good in- 
dustrial hygiene pradias because thc worker 
was probably wearing 3 different respbators 
during the work day. 

The optimum period d time for mod- 
toring workers who are blasting is the maxi- 
mum amount of the  between entrance 
and exlts from M endmure without overload. 
ing the ~assettc with mculate matter. At 
some project sites, even with sampling rater 
limited to only 1 t per minute, the cassette 
will be overloaded after more than 10 to 15 
minutes dblasting. 

15 -3. 

Effect of Sample 
Position 
Personal air samples on workers are 
collected in what is known u the worker's 
breathing zone. 

OSW definer the breathing zone in 
the previously referenced TecchnicaJ Manual in 
Paragraph LB.5 as follows 

uAttach the collection device (filter cas- 
sette, &arc& tube, ctc) to the shirt collar or 
as close as practical to the nose and mouth of 
the employee, i.c, in a hemisphere fornard of 
the shoulders with a ndiw ofapproximattly 
6 to 9 inches 115 to 23 centimeters]. "tic inlet 
should always be in a downward vertical posi- 
tion to avoid gross contamination Posltion 
the excess tubing so as not to interfere with 
the work of the employee." 

While many industrial hygienists are fa- 
miliar with this practice, thetc is  often confu- 
sion because a blaster maring a W - C E  res- 
pirator has the lapels covered by a blasting 
cape and a set of b l v t  cwedlr.  Since the 
typical lapels are not accessible, alternative 
attachment points to the worker arc frequent- 
'vemployed 

The l a d  point and alternatives to it .:. 
Il'be discussed in turn. 

+nn hpcl 
Thu area is a h  within 6 to 9 in. (15 to 23 
cm) ofthe workers me and muuth (Fig 41. 
It is the most common sampling loution for 
any worker umring a respirator, 

Furthemrt, this location usually pro- 
vides awry actufatc representation d tk 
concentratian of lead dust near the worker's 
face md h c r  an accurate kcription d the 
worker's upowre. 

However. the problems with the use of 
the lapci pition for sampling abrasive M a d -  
ing opentfons include the following: 

physical damage tfi t h ~  ravr!%.Ly the rice 
chet of abrasi\a; . direct entry d luge particles into the cas- 
sette again bv the action ofricochtts; 

rbux of the casette by the action of the 
high preswrc !1M to 125 Ibdin.2; 70310 to 
8i,888 k#rnzr strm of air (200 to 300 
ft3hin; 94.400 to I4 1,600 cmhecl flowing 
from the blast nozzle; 

destruction of t h e  casette by the action of 
safety linzs, harnsw5, and t i e 4  lanyardr; 

displacement of the cassette by movement 
of rhe worker through hatches. under struc- 
tural steel, and outt other obstructions: and 
* settled lead dust being wcurrrntd up by the 
SampIinQ mat off entrance tarps, floors, 
wills. and other area when the worker 
brushes up agdnst t)rese surfaces whilt 
goinff through airkxkr, tight spaces, and re- 
strictive pass@~. 

During &wive blasting, samples 
placed in the lapel area are frequently darn- 
aged by ricocheting abrasives. Mom impor- 
tant. c m e o u d  Lta can a h  be cbtained in 
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this lmtion sinct very we particles CM tic- 
ochrt directly into the srrnpling w e t &  
Since these large particks w e  not captured 
as a result of air movement into the casette 
input port (which simulates the nostrlls of a 
perm breathing), a v q  hgh, inaccurate 
reading is obtained. 

OSHA re luionr, HaMver, it h;ry be 

of sample cotkction in ttq baditional 
W k q  wult area, An O$HA bmhi  n- 
portad th& && technique it cwntb under 
micn, but no date wis gim fdr possible 
fdwming- on chis matter. 

ErhbdrbrBdt 
h cirolmthncs, workctl, constantly 
bit hi hrdr uld w r  body flu- move- 
ln#M(tnrrrthStlUCtUtd 

tsH yprt body will pmbaNy kr dislodged if 
8dt CJlStmuba during the COW of 1 worker's 
nmrrrljd¶maucl*~. 

To mwcomt tth problem at many 
p r W t  rites, thr wnpling position ir moved 

UWbb f kautc ofthe demgUtnted dilfi- 

the bdt tu represent wta samples, not per- 
WnJWapl# 

The cwnter-ar~mt ta this COR. 
t e n t h  b that conccntntion 
bamc lead puticlo hrvt not 
cd to be significant for &tan* of3 ft (1 m) 
-a WOWS body. mdlbr Oithcsc ar- 
gumcnts, siunple collection hop bdind the 
worker's kit m y  be lhe only Wy to get any 
nmpks dwohr rrposun in C g h  enclo- 
lute without the casettes be@ dtstraycd. 
UthWh this ~~ m y  nbt aQfy a local 
worbr protection compliance bffidd. it will 
provide wlwble dah 

Jrwld, tba Mmet 
As prtviousty mentioned samfles can cdn- 
currently be collected inside ttje worker's hcl- 
met to determine whatk lea4 dust is ]caking 
into the helmet 
cud by inrdeplute function of the air SUP- 
ply amoCring with t h~  helmet, or air- 
borne lead comrnvationr above the helmet's 

Air sample cassettes may be taped inside 
th helmet or fitted with a frorlt c d  txkn- 
sion tube Inab thc hchd v m h  
may be t a t  QdnMt bteawt 
affect the ovvrll cfRdency d 
adtiom dthe umpling 
nhur will p d d e  a wry &?OOd Indication of 
thc kvcl dkd dust reeping *to the helmet. 
Expsrun in the h e l d  shouldb we!! be lo^ 

OSHA requires the abrasive blasting 
helmet or hood hcause ricxheting abrasive 
c&! hurt the worker. The physid  risk to the 
outside oi L1,c k r h f  or ttood is not related to 
the concentration of lead dust in the air being 
sarrplcd by the cassette. No statistical proce- 
durc hat been established for subtracting the 
effect of large particle mechanicaily ricochet- 
ing into the -Re. For this reason. sam- 
pling is often performed in locadom other 

Behind the Neck 
The sampling B e t t e  a n  k protected from 
damage and the direct entrance of hi& vefoc- 
ity large particles by placing it artsidt an 
abrasive bluting helmet but immediately be- 
hind the head (Fig. 51 In this position, the 
sample will collect lead dust near the protection fistor. 
breathing zone but t h e  cassette will be pro- 
tected from the ricocheting abnsivc. It can be 
argued that a reasonably accurate evaluation 
of the worker's exposure wil! still be obtained 
since t h e  concefitration of air-bomr lead par- 
ticks (not high velocity ricocheting particles) 
cannot significantly vary from one side of the 
helmet to the ot!!et. 

the fapi position. 

6). w e  m4y be 

Again, this positicn is not specified in 
.--- - ----I_-- --e-. 

7 0 / J o ~ n d  ofProt#&~# C~4frmp & LiatctgB 
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the action Iml and mmdy below 10 pg’rn3. suit of sampling in this way, our pcnonml 
To date, our company his found that on have uncovered Incorrect size rirf’mes and 

a variety d bridge and water tank projects, other twipment malfunctions thlw were not 
sampljng inside the helmet has provided the obvicws in the coune of equipment inspec- 
most useful and relevant information for de- tior,, In fsct, a national real l  d r  buhy cape 
terrnining crnploycc exposure and diagnosing on a particular blastinf h c h t  wy initiated 

- - 
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problems specific to a given job site, As a re- i by an equipment mmtdacturer brad upon a --- --- 

I ,  
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materials problem dicovered as a result 
of such tests. 

The Lapel Pesloa wSth a Grit C u d  
lndustnrl hygima ptrsonncl at the Bath 
Iron Works in Maine havt takm another ap- 
proach to ovtrcomc the pFobiem of large pu- 
tides dabraoives and print ricodKting badc 
in to the sampling casette instead d being 
drawn by air into the unit. They are testin$ a 
r d l  metalguard to protact b e n d  dthe 

of machld  mdrl (fig. 7) shields the open- 
ing of the cusette frorn dcodut while 
all- finer lead dust to be drawn around 
the shield. 

sunplia port on tht casette. The mall piece 

b f g t  Urd hew PkCtS d &it 01 @- 
plomerated paint do not have enough kinetic 
energy to tnvel uwnd both corners or bt 
carried dorag by the air currents sntrring tht 
sample cassette. Air-hrM particulates are 
readily dram around the @mrd and into the 
port with almost insignificant vanations in 
static pressure IOU 

ed data to compare convmtronal and grit 
guard sampling. They have found very high 
corrdaticns bebuten the samples when tbe 
convmtioml samples had very iarge particu- 
late mttcr removed by a magnet. 
. Reviews or optnionr on this technique 

have not been published by OSHA or NIU105H 
However. it remains a sigpifiant advance in 
solving the pmt!Itrn ol placing the cassette in 
very close proximity to the worker's mouth 
yet minimizing the capture of very large par- 
ticles. Becaw the !are particles readily set- 

Bath Iron Works personnel haw w1fe.d- 

E m  in Sampling 
- Equipment 
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mended by many hygiene professionals aa an 
absolute minimum to provide aulwrtt urn- 
prig volumes. 

plow meter readingtReading the flow 
meter invohtes visual observadon d the mi- 
tlon of the ball or float position in tht flow 
tube while the pump is operating. Thi8 simple 
opention has scvctaI possible sources d 
error. Fur instance, reradinfl the flow mter 
ff oat while holding it at an angle will affect 
the position of the ball. Many angle awy 
from the true vertical, the float will indicate 
an inaccurak, higher flow than in a vfttical 
position..4dditionaIly, flow meter floats have 
different shapes, si=, and structures. Prom 
which pad of the float do you read the rate in 
litcn per minute? Optlons inctudc thc top, 
the bottom. and the middle. However, the 
correct m e r  is the method specified by the 
manuficturu of the flow meter. A good 
guldtlinc is that the flow is usually read from 
the widest portion of the floaL 

Entry Losses: As the air flows into the cas- 
sette, parti& d different sftei wiil move 
more or less readily in the air flow. Snuller 
particla will move the fastest and will l itml- 
ly be embedded on the filter paper in thc as- 
sette. Larger air-borne particfa 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. 

Laboratory Errors: Errors of accuracy or 
precision encompass the failure or inability of 
the laboratory to ucacrly measure the amount 
of lead collected, The terms 'accuracy" and 
"precision" are frequently misunderstmi to 
mean thz same thing. Accuracy is a measure 
of the tendency to vary or miss the target 
value. Precision b a gage of the tendtncy tc 
measure in the Same area repeatedly. 

lnboratoty measurements need to be 
accurate and precise. AJI laboratories will get 
slightly different numbers when malyzing the 
same sample. This slight whtion is called 
laboratory error. To control this deet, labon- 
torics participate in lnttr-laboratory quality 
control programs controlling errors by corn- 
paring restllb for similar ymples, 

False Low Read-% When the lead parti- 
cles are not stuck on the filter paper in the 
casette, understating of the actual lead con- 
centntion in air results. During tranrport 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, 
particles will k dis:ributed i w s  the innu 
walls of the us(rtte. 

Sl id the tvphl procedure for many 
&&rabrirr is :Q mtreiy up11 he cil:~ctfC 
and canfuftv lift Ihe filter pawr with a pnir of 
forceps, all of the fine powder on the wails 
and top oftha casette will be left behind 
Thus. M errormu low rtadw fw I d  con- 
centration wiil nult. To overcome this physi- 
cal limibtion of fine lead powdet the analyst 
mmly has to acid rinse the interior surisw 
of the uue#s into tht btaker holding the fid 
t e Y  Qaper. 

False High Rudings: Emmously and 
greatly increased kad concentration can re- 
sult if the sample c a s e t t e  accidentally vatu- 
oms any sttrled dust off the floor. shelf, ropes, 
or other surfaies in an enclosure. 

This error frtquently happens when 
the cassette and vacuum pump an handtd 
to a worker cnttriw M enclosure with in- 
stnrdim to el@ it anto himself rhcr he suits 
up with blast covenllr and blast h e l m  inride 
an enclaun. Usually, the penon collecting 
the samples has dnady turned on the pump 
and thedon tells the Fainter not to touch 
the switch 



The problem with such a technique is 
that the sampling pump and cassette haue to 
be placed somewhere while the worker is 
putting on coveralls, cape, helmet, and gloves. 
A n y  settled dust in an area where the am- 
pling equipment is laid will be readily sucked 
up into thc cassette. This L cspecidly 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-bornc lead dust wsptnded around the 
worker's breathing tone completely negates 
the validity of the ample. 

The best method d coUecting an air 
sample is to have a tcchnidan. insgector, hy- 
gienist, or other authorized person go into 
thz enclosure and attach the air sampler to 
the worker after he or she has donned all pro- 
tective equipment Only then is the a m p  
switchtd u? The pcm raponsibk for the 
samples should tnell ;c :n'.tr !he enclosure, 
witch off the pump. and retrieve the equip- 
ment before the worker rrmcnu any prokc- 
tive cauipment and preferably before any per- 

c m a l  decontamination. 

Conclusion 
Valid measurements of L e  air-borne lead dust 
are critical. Paise low readings provide good 
news on worker exposures until hi& b t d  
lead levels arc measured several months later. 
False high readings can needlessly disrupt 
construction projects u well as provide the 
euonmus bash for finas or lawsuits. 

Air testing techniques can provide a 
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Abstract 

of the public, the environment or the consuuabn workers. Mauls and msthods ta suuca$My 
accomplish thwc goals frequtntly an not undmtod by projsd specificrJ and painting 
contractors. This paper rcvicws ~hniquea proven to protect both wo&m and thc cn*nmmt 
irom the advcne efftcts of lead dust at large industrial coatings pmjecu. 

h a d  @lit catl be rtmoved hXYl hdm 8 W t l K W  -t WXXlpPO- pl 'O@Cb 

Protdng  The Environment 

~afcgwdhg the tnvifonmmt at industrial coatings projects involving the removal of old 
lead pigmented paints is rclarivdy straight forwkd. The job-site is sncloscd with im-le 
tarps and a dust c o b t o r  is tmphyed to keep the inside of the tarpal u ~ c l o s m  at a 
pressurer relative to atmospheric conditions. l[n this rnamr, any holes id the ta,rps 
clean ait into the enclosure and ptotect the txterior mvhmmeat from I release of &e 1 4  dust. 
 his S&W procedure is quite efftctivc fegardlas~ of the methods employed to minimize tht 
generat@ of dust during surface preparation activities. - 

I 

I 

e small size of the lead dust pa&lcs hu bemjurtifbbly 8 @or cause for coPcern 
by en onmental agencies. Lead oxide or md laad (PbO,) pipnan0 a18 mpnufacautd Jrith a 
typical 4 iametcr of only 1 to 2 microns (pm). L a d  arbmate ot whibb lad wbCO,-Pb(m 

of the pkment materials, the resulting fm d m  is relatively iavisbh if the binder (or vd?iclt) 
of the pint  along with the pigments L broken down by mechanical rctiOn. 

is even Lunauer with typicat diamacrs rall@lg from 0.1 to 0.2 pm. Bacause of the smlg size 

I 

I 

I I 1 1  / I /  1 I ,  1 I I  I I l l /  1 



c 

Occupational Safety and Health Administration 
Washington, D.C. 20210 

Reply to the Attention of: 

U.S. Department of Labor 

August 30,1995 

MEMORANDUM FOR: REGIONAL ADMINISTRATORS 

, Dinctor 
FROM: p::w ompliance Programs 

SUBJECT: Enf'orcememt Policy Churge fbr Respitrtory Protection Reqaired 
for Abrasive Blasthg Under the Interim Final Rule for Lead m 
Construction, 29 CFR 1926.62 

This memorandum provides specific enforcGmetrt policy for resphtory protection required in 
abrasive blasting operations under the berim Final Rule for L a d  in Construction, 29 CFR 
1926.62 (hereafter called the "Lead in ConstrUCtion Standard"). Three points arc 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 blaing that are 
manuhctured by the E.D. Bullard Company, Models 77 and 88. Third, the change is an inPxh 
one, pending a final determination by OSHA of the proper protection &or to be assigned to this 
class of respirators. 

Based upon the 1987 Respirator Decision Logic dwdoped by the National Institute of 
Ompational Safety and Health (WIOSH"), OSHA in the Lead m Construction Standard 
designated an APF of 25 times the permissible exposure limit ("PEL") fbr 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 -table 
for use only where airborne lead concentrations arc 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 Stxmtafy Joseph A. Dear, the E.D. Bullard Company 
indicated that it believed the Agency had d in USigninS an APF u low as 25 to these two 
models. B u k d  maintained that its re~pirators provide much grm$er pfotection and sou@ to 
have the APF in the Lead in Construction Standard elevated to 1OOO. 

OSHA agreed to provide Bullard with the relief sought only ifBullard contractd With an 
acceptable third party to design, monitor, and interpret the results of a simulated workplace study 

I 1 1 1 1 1 3 ~ '  I l l  HI11 



of these models under a test protocol approved by OSHA As a condition for granting that relie< 
the Agency required that the results of the study demonstrate that the abrasive blast respirators 
achieve, at a minimum, a protection fbctor rating of at least 20,000 and maintain positive pressure 
throughout the testing. 

Bullard contracted with Lawrence Livexmorc National Laboratory ("LLNL") which designbd, 
conducted, and interpreted the results of the simulated workplace study based on the OSHA- 
approved protocol. In that test the two Bultard abrasive blast rsspitators achieved 8 minh*rn 
protection factor of 40,000 and maintained positiVe pressun throughout the testing. 

Based upon the simulated workplace evid-, OSHA recognizes that a protection factor seater 
than 25 is appropriate for the Bullard abrasive blast nspiraton, Model 77 (TC-19C-84) and 
Model 88 (TC-19C-293). 

The simulated workplace study carried out by LLNL indicates that, ifusad properly, these 
respirators are acceptable for exposures to lead that are lers thaa or equal to lo00 times tha PEL 
(50,000 ugm3). However, other data and at least one field study indicate that in practice iii the 
workplace these respirators may provide umidarably less protection than indicated by the 
simulation study when they are used in wsys that do not conform to the madktwer's 
specifications (e.g., the air supply hose is too long, the hose diameter is incorrect and/or the 
manufactmn specified pressure is not m&abai) or in ways that do not comply with the 
requirements of paragraphs (b),(d), (e) and (f) of 1910.134 (e.g., the mphtor is not inSpeated 
fkequently enough for possiile deterioration), which are incorpOrated by refkencc in the Lead in 
Construction Standard, 1926.62 (f)(4). 

Respirators will provide less protection thrn they arc capable of when used improperly. Examples 
of improper respirator usage include the donning a& dafltins of rerpinrtors while still in 
containment or disconnectingthe air how priorto leaving the expoam area. What is unusual in 

construction activities. Typically, abrasiveblast r a q ~ b x ~  are usdd at vdly high levels of 
exposure (e.g., in the thousurds of or tau of thousds of ug/m3) md are subject to aubstartial 
and at times rapid deterioration due to damage cawed by the bigbspd, ab& material *sed in 
the blasting. Also, at times these respirators will be wbd near the limits Ogtheir protective 
capability. Consequently, workers w w  rhmc reaphtora m rbMw Wasting oparations may 
be subjected to acute toxic exposures ifthe respirators do not pcaform propdy. It is impez$tive, 
therefore, that these respitaton be propaiy wed. Pcrbormance ao~onant with the assigned 
protection firctor can only be assured when they are properly used. 

COMeCtion with these respirators is the cxtmrm txmditim uadetwhich thcy maybe used in 

For these reasons, OSHA will adopt a two-pronged approach in its enEofcement policy with 
regard to these respirators. 

First, the two Bullard modelswill t# treated by OSHAasifthey had an APF of l-. 
Effective immediately for abrasive b h i q  opsrabionr, m d  under the Intaim Fintl 
Rule for Lead in Construction, the Bullard TypbcE raphtors, Model 77 (TG19G84) 
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and Model 88 (TC-19C-293) are acceptable in abrasive blasting atmospheres where the 
airborne level does not exceed 50,OOO u g / d  (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 manufkcturer's speCitications and in accordance with the requiements 
of 1926.62. Refer to the attached Bullard Instruction Manual for the Model 77 and 88 
respirators. (During compliana activities, CsHO's shall dcsannine that Bullard 
respirators consist of the appropriate canpnents, 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 manuhturen spdcations and with 29 CFR 1926.62, 
CSHO's will dowment the respiratory deficiencies. Vidatioa related to documented 
deficiencies in the respirator will be cited. 

With the assistance of the Industrial Safety Equipment AssociatiOn (TSM"), other respirator 
madhcturers of Type-CE, continuous-flow, abrasive blast resphton covered by the Lea4 in 
Construction Standard have bear contacted to provide them with an aqusl opporhlnity to obtain 
the same relief that Bullard has been afforded by participating in a sidlar study. 

If you should have any further questions 00nCCtning thi~ matter, pleare feel fkee to contact the 
Office of Health Compliance Assistance at (202) 219-8036. 

Enclosure 
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