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Decernber 28, 2010

Dolorss Nuncz Studier
Ford Motor Company
One American Road
Suite 410-A2
Dearborn, MI 48126

Re:  Ford Billing Rates - Proposal from ChemRisk for 2011
Dear Dolores:

When we met in July in your office in Detroit, and again when I met with Craig and
others in September, [ asked if we could revisit our billing arrangements. You indicatcd
in July and Craig indicated in the September meeting that we should set up a time to meet
before the end of the year to address this matter.

Alas, we began to try o get on your calendar beginning in mid-November and have been
told that you were not available until mid-January. This was unfortunate as I had hoped
to beg.n the rate change effective Jan. 1, 2011, which would be plausible if we can reach
agreeraent before we send our January invoices (usually issued by us around Feb. 12).
Hopeiully, Pam Chapman or | will have sceured a time on your calendar this weel.

As you are well aware, ChemRisk has had a long standing relationship with Ford. 1 have
expressed to you on numerous occasions that we are hugely appreciative of your support.
Based on what you have indicated to me, you have been generally pleased with our
performance on behalf of Ford, Over the past 8 or more years, Brent Finley and | have
worke:l closely with Darrell, John and others to understand and further the science of
asbestos while providing sound technical expertise both in and out of the courtrocin.

Our Problem

As you are aware, our history goes back to 2002 when [ was originally approached by
Darrell. As we discussed in July and then later in September with Craig, we are currently
working under the 2004 billing rate structure for Ford. While the auto industry was irn
financ al turmoil, it made sense for us to accommodate the needs of each firmi to control
costs.

As T went over with Craig, in some detail, the internal problems generated for our firm

have been difficult, but some nuances have now moved to the near ridiculous. | kaow Jill
is aware of some of the issues.
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‘Not only are our billing rates nearly 7 years “out of date”, our approved Ford rales ure 1ot
consistent with current job titles for our employees. For example, in 2004, Meg
Mclinley had a Senior Associate Health Scientist title and a $145 hourly bill vate. s of
January 1%, she is a Senior Health Scientist with an hourly bill rate of $220, yet she is
“locked at the 2004, $145 bill rate on all Ford cases. She, like many other early o imid
career scientists have seen a 50% pay raise during that time period so, our profit margin
on her vork for you is virtually zero. This is true for many staff who have been working
on your projects.

For those persons who do work on Yord cases and who are locked into the 2004 ratzs, our
mulfiple (base salary and borus vs. their hourly Ford billing rate) does not equal 2.1

The U.S. government contracts “giart” at multiples of 2.8 because they assume it is not
possible to stay in business below this level in the professional services industry.

personzlly, 1 am wildly happy with the fantastic tum around in Ford’s profitability its
stock price, and the quality of its products. It is a tribute to American ingenuity ard
discipline. The recent article in the Economist must make everyone at Ford very happy.
I am asking that since we have done our share in helping you control costs for the Hast 7
years that you can help us out. Jn spite of what outside counsel has been telling us for
ihe past 4 years, that Is, “every expert’s rates have been frozen,” that is not the case. In
fact, nearly all of your smaller shop or individual providers have enjoyed annual pay
increasss if they asked for them. 1 recognize that our total invoices far exceed theirs but
for good reasomn. )

Beyond the obvious problems of a 7 year freeze, there are other vagarics of your billing
systern that simply appear 1o be illogical and have nothing to do with conirolling ¢osts.
For example, a number of our full time BS, MS and PhD consultants are “locked in™ at
the rates we billed them as summer interns. For example, we have a couple employecs
who b 1l you at §75/hr (a rate from when they were still in school) and every other client
at $130/hr.

And there are other bureaucratic problems which is making it difficult for us 1o serve you.
Specifically, we are unable to get many new timekeepers approved. This significantly
hampers our ability to handle the current case load, and it is impacting our ability to
accep last munutc “emergency” requests from local counsel. These requests have becoine
more requent and 1 assume this, 100, is 10 control costs. Craig agreed that we should not
be having this problem, but it has beern the case for more than 12 months.

Aty request, our accounting department did a rough estimate comparing our Ford
revere loss using outdated and inaccurate rates. We can document that in 2009. we had
2 $600,000 “shortfall” based on using 2004 versus 2009 rates. In 2010, the shorifall was
approximately $525,000 (based on using 2004 versus 2010 rates). This was in lange
measure because we had to assign our most junior staff to many of your cases in order to
be financially viable. :
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Hisiorically, as you know, beyond the “old rate” shortfalls, the time to payment has been
the worst of our more than 200 clients. Although the transition to the Collaborati ¢-
billing system has significantly improved payments, prior (o this transition, we payed the
bank about $100,000 annually in interest to cover the difference between when w had to
pay our coployecs vs. when we received payment from Ford.

Some case studies regarding most persons who are assigned to Ford projects

To illustrate some of the problems we are having with your account, [ have selecred a few
consultants as examples. Thesc persons are key members of the team who know the
science of asbestos and brake wear debris, who therefore operate with consideratle
efficiedcy, who can serve well your talented (and not inexpensive) outside counscl, and
for thaose reasons, who like them to perform the majority of the Ford work.

As yo 1 will see, the salary increases alone (not to mention the increasing overhead and
health care benefit costs) are creating billing structures that are no longer profitable for
us.

o Name: Pam Chapman, MPH
Current Friction bill rate: $180.00 per/hr
Current Friction title: Managing Health Scientist

Actual 2011 bill rate: $255.00 per/hr
Actual 2011 title: Managing Health Scientist

Differcnce in bill rates $75.00 per/hr or a 42% discount / loss
Consultant’s percentage increase in salary (only) since 2004 of 49%.
Cousultant’s percent increase in total compensation since 2004 was 70%.

o  Wame: Brent Finley, PhD
Current Friction bill rate: $375.00 per/hr
Current Friction title: Managing Principal

Actual 2011 bill rate: $475.00 per/hr
Actual 2011 title: Principal Health Scientist and VP

Difference in bill rates $100.00 per/hr or a 27% discount / loss
Consuliant’s percentage increase in salary (only) since 2004 of 100%.
Consultant’s pereent increase in total compensation since 2004 was 200%.

Note: This is currently what it takes to retain a super senior and well resp scted
consultant within a firm like Exponent or ChemRisk since they could easily work
out of their house and make more money if we were not able to compensaie
aggressively when they become relatively famous testifying witnesses. [ um
certain Brent is “far less” expensive to Ford working within our firm than if he
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were to be an independent consultant like a Pat Hessel, Roy Balzer, Mort Corn, or
David Garabrant.

v Name: Meg McKinley, MPH
Current Friction bill rate: $145.00 per/hr
Current Friction title: Associate Health Scientist

Actual 2011 bill rate: $220.00 per/hr
Actual 2011 title: Senior Health Scientist

Ditference in bill rates $75.00 per/hr or a 52% discount / loss
Consultant’s percentage increase in salary (only) since 2005 of 35%.
Consultant’s percent increase in total compensation since 2005 was 50%.

v Name: Dennis Paustenbach, PhD, DABT, CIH
Current Friction bill rate: $425.00 per/hr
Current Friction title: Chief Principal

Actual 2011 bill rate: $575.00 per/hr
Actual 2011 title: President and Founder

Difference in bill rates $150.00 per/hr or a 35% discount / loss

o Name: Amanda Phelka, PhD
Current Friction bill rate: $155.00 per/hr
Current Friction title: Senior Health Scientist.

Actual 2011 bill rate: $220.00 per/hr
Actual 2011 title: Senior Health Scientist

Difference in bill rates $65.00 per/hr or a 42% digcount / loss
Consultant’s percentage increase in salary (only) since 2004 of 27%.
Consultant’s percent increase in total compensation since 2005 was 45%.

o Name: Sam Serrano, BS
Current Friction bill rate $75.00 per/hr (Intern rate from 3 years ago)
Current Friction title: Research Associate 11

Actual 2011 bill rate: $110.00 per/hr
Actual 2011 title: Assistant Health Scicentist |

Difference in bill rates $35.00 per/hr or a 47% discount / loss
Consultant’s percentage increase in salary (only) since 2009 of 17%.
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Another way for vou to understand our problem

Another way to understand our predicament is to evaluate this issue on a “per case basis”.
To estimate a per case “average loss” (what you might call a discount), we selected 10
cases from 2010.

Billings would
Actual Billings  have been if we
for cases at FRIC  were on 2010 ChemRisk Yo

cuyrent rates rates loss change

IRIC 929 40,784.56 53,059.00 ~12,274.44 -23%
FRIC 923 12,229.50 15,746.50 -3,517.00 -22%
FRIC 914 14,715.50 19,277.00 -4,561.50 =24%
FRIC 911 16,906.50 21,847.00 -4,940.50 -23%
FRIC 904 11,055.00 14,593.00 -3,538.00 -24%
FRIC 888 11,154.75 T 14,626.75 -3,472.00 -24%
FRIC 878 16,022.50 21,116.25 -5,093.75 -24%
FRIC 873 35,485.50 46,592.00 -11,106.50 ~24%
FRIC 872 13,171.25 16,887.50 -3,716.25 -22%
FRIC 871 27,534.25 36,475.50 -8,941.25 -25%
Average -24%

My proposal

Dolorzs, currently, you arc among our largest clicnts. And, Ford has certainly been a
loyal supporter. The Big 3 were the foundation of the {irm during our formative years,
and for this reason, | have tried to go the extra mile to try to satisfy your needs.

Because of the nature of our industry, we have not had to discount our other worl: for
other clients (other than, arguably, the government) for several years. Beyond that, it is
never sven requested because of the pressure to retain scientists who know asbesios and
toxic tort litigation. As you are aware, for many of your toxicology or medical
consu:tants, they have more work than they can do, and I know that some of ther have
chosen not to always be availablerto you in light of the billing difficulties they believe
that they have experienced.

I would hope you agree that it is an appropriate time to set up a different compensation
arrang ement with us for 2011,



December 28, 2010
Page 6

Along those lines, and because your calendar has been t0o crowded for us to have 4 “lace
to face” discussion and resolution, for 2011, T am proposing that we adopt one cf the two
following approaches:

Iy Tmplement 2011 rates at current titles and increase PO approval amounts.

I. Currently, 2a approval is case dependent but averages approximaccly
$14,500. We recommend increasing this io $18,125.

2. Similarly, 2b (deposition) is approximately $4.500. We recommend a
comparable (25%) increase to $5,625.

3. Finally, Trial approval averages $50k per case. We will need this
increased to $62k.

2, Goto 2011 rates and back 1o a flat fee arrangement of $24k per case to cover both
phases 2a and 2b. Trial approvals will be for $62k.

Brent and I, as well as the entire ChemRisk friction team, hope that we can reach
agreernent in early January on our billing arrangements for 2011. [ have asked that Pasm
Chaprnan be available to meet with you as soon as a date can be identified. I am led to
believe that this can occur before Jan. 15", She is the closest person to the financials for
your projects.

Closir.g Thoushis

I'believe you can assure your management that you have been “the good steward” of
Ford rzsources over the past 8 years in your dealings with our firm. To be specif ¢,
during this time period, when we were generally not “discounting” any of our invoices,
Ford received approximately $4,000,000 in professional courtesies (which incluces wiite-
offs, discounts on rates, and the intercst on monies borrowed while waiting for payment).
1 think you would agree that for a firm of our size, this is a remarkable loss in income.

Let me close with another issue which the two of us have not discussed previously, and §
am no: sure that outside counsel has brought this to your atiention. Over the past 5 years,
[ have personally spent (in hard or soft dollars) a little more than $3M in profits (which
would have been distributed to me or the staff) in asbestos related research which resuled
in publications which have been enormously illuminating to the courts and juries. 1 did
this because | believe that the courts deserve to have all the scientific information that can
be brought to the table when reaching conclusions. In my view, these papers hav:
changed the scientific playing field in the courtroom. You know this better than anyone
as you have scen the number of plaintiff verdicts decrease and the cost of sctilement go
down cver time.

As | am constantly reminded by the 1-14 person shops who work for Ford as experts
(including Exponent, Veritox, and a host of industrial hygienists), all of them basc: ihe
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background of their testimony on our published papers. We know this because of the dog
fight we just went through on the Bankhead case. The Kazan firm successfully argued
that even if Paustenbach and Ford were no longer in the case, everyone else was relying
our published work so they were entitled to the basis for our conclusions.

[will bring to your attention (attached) our recent paper on bystander exposure to
asbestos. From what [ can determine, it has been used in perhaps 30 “friction” cascs over
the pust 90 days since it was published. This was a ChemRisk funded paper which
required no less than $300,000 in effort.

[ wisli you the best this holiday season and look forward to seeing you in the month of
January.

sincerely,

Dennis Paustenbach, PhD, DABT
Presicent and CEQ .

CC:  C.Halseth
J. Plensdorf
J. Henderson
M. Garavaglia
D. Grams
P. Lankford
P. Chapman
P. Barnette

Hrelosures: Donovan et al, 2010
2004 ChemRisk Raie Sheet
2010 ChemRisk Rate Sheet
2011 ChemRisk Rate Sheet
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REVIEW ARTICLE

Pvatuation of bystander exposures to asbestos in
oceupational settings: A review of the literature and
application of a simple eddy diffusion model

Ellen P. Dorovan, Brooke L. Donovan®, Jennifer Sahmel?, Paul X. Scott?, and Dennis ] Paustenbach!

\ChemBisk, L..C., San Francisco, California, USA, *ChemRisk, L.1.C., Boulder, Colorado, USA, und *ChoemRisk, 1.0,
Pittsburgh, PA USA

Abstract .

This article presents a review of the publicly available information as it relates to airborne asbestos concentrations
at varying distances from a source in an occupational environment, Personal and area samples collected 5-75
feet from the primary worker from workplace surveys conducted in the 15705 and area sarples collecied 5-50
feet from the ptimary worker during more recent simulation studies were identified, compiled, and analyzed. As
exnected, airborne ashestos concentrations generally decreased with distance from the worker who performed
a qiven task. Based on this review, however, the authors found that no systematic research o quantitatively relate
fiker concentration with distance from the sourcé {including consideration of fiber length, dilution ventilztion, and
inifial momentum of the particle) has been conducted to date. A simple mathematical madel was there ore used,
ard the results were considered, along with available published data compating exposure data for both workers
ard persons/areas near workers. From this analysis, the authors offer guidance for estimating airborne asbestos
concentrations at distance fram a source. Based on the available data and our modeling results, th2 autho's
propose the following approach as a rule of thumb: for persons 1-5 feet from the source, 2irborne asbestos con-
centrations can be roughly approximated at 50% of the source concentration; 35% at >5-10 feet, 10% fcr >10-20
foct, and less than 1% at distanices greater than 30 feet, This approach should be helpful for bracketing :he rance
of ikely exposures to bystanders being evaluated in ashestos-related dose-reconstruction analyses.
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Dinntroduction

Because of its unique physical and chemical properties,
asbestos has historically been used as a hot surface expo-
sure preveniivs, as a filler for certain molded materials
{and building materials), and as a flame retardant (Maines,
2005). In the Ut .ted States, asbestos began to be used around
the end of the 19th century, and its overall consumption
increased subsiantlially during World War I due to its use in
shiphuilding and repair (Balzer and Cooper, 1968; NIOSI],
1972). In later y2ars, it was used mostly in the building and
construction industry, which accounted for more than two-
thirds of the to:al asbestos demand in the United States by
the, 1980s (US 3PA, 1988). Thousands of commercial and
industrial products and applications have contained asbes-
tos, including (* ).insulaiion or filler, (2) blocks and pipe sec-
tions, (3) gaskets and packing, (4) cement sheets and paper,
5) textiles, (6) blankets or felts, (7) friction materials, and
(8) other heat-resistant materials, such as phenolic resins,
floor tiles, ceilirng tiles, coatings, mastics, cloth, and gloves
(Lindell, 1973).

Historically, ‘hree types of asbestos have been used most
frequently. Chrsotile (a member of the serpentine mineral
farnily} was predominantly used thirough the 1930s, although
during World Wr I, amosite (an amphibole) was uised exten-
sively in the US shipyard industry (Bowles and Stoddard, 1933;
Bowles and Bar-igian, 1951; Balzer and Cooper, 1968; Virta,
2005). Around tae mid-1950s or early 1960s, chrysotile fiber
comprised the vast majority of asbestos used in the United
States for a nuriber of reasons, including the introduction
of molded products in the marketplace and increased use
int various builcing materials, including sealants (mastics,
asphalt coatingy, etc.). Starting in the 1970s, chrysotile was
sometimes mixed with other forms of asbestos (such as cro-
cidolite and amasite) for use in insulation and a very small
fraction of gaskets (NIOSH, 1972; Mangold et al, 2006).
Because of its widespread use, ashestos presented nuumer-
aus exposure opportunities for workers producing, handling,
ot using asbestus-containing materials in the manufactur-
ing, construciio.s, maritime, and other industries (Maines,
2005). :

Knowledge regarding the health hazards posed by
asbestos evolved. considerably throughout the 20th century
(Paustenbach, 2004). In 1930, Merewether and Price con-
ducted the first epidemiology study in an asbestos textile
plant, after which they concluded that a clear risk existed
for developing a unique lung discase from inhaling asbestos
dust (i.e., asbestosis). They also noted that exposure duration
and amount of cust inhaled were key factors for predicting

s

disease (Merewether and Price, 1930). With few excepticns,
the workers evaluated in the studies conducred throughout
the 1930s performed activities in manufacturing settings
(i.c., among the dustiest environments). At ihe tme, the

scientific and industrial hygiene comrmuaities believed t
asbestos exposure could be significanty lessered by using
engineering or administrative controls 1y reach acceptable
airborne concentrations. By the mid-194s, focus expended
to include individuals who used, rathzr than produced,
asbestos-containing materials, Some of tae major studies of
this era were conducted in the shipbuild:ng industry, where
asbestos was heavily used in pipe covering and insulation
(Fleischer et al, 1946). Because of the confined spaces and
lack of ventilation inside the ships, as well as the large vol-
ume of asbestos-containing materials used, exposuses i
this industry could be quite substantial Mary, 1964).

By, 1955, it was clear that sufficient exposure to asbestos
could increase the risk of lung cancer (Dioll, 1955). In 1860,
Wagner et al. reported a causal link between mesothe do:
and crocidolite exposure (Wagner et al., 1960). Recognitior,
of the hazards of insulation work in the shipyard incustry
eventually broadened to include other tre des in which insu
lation use was also commionplace, such as canstruction. {r.
the 1960s, for example, Dr. Irving Selikoif and his colleagues
conducted a large scale study of over 1000 union insulaicrs
in the New York-New Jersey area (Selikof et al., 1965a). They
reported anincreased risk of both lung cancer and mesotie-
liomia in this cohort, which included active workers as well
as deceased or retired individuals, many of whemn hac over
20 vears of asbestos exposure (Selikoff et al., 1964, Selikol?
etal, 1965D).

As more was learned about the hazard: of asbestos, by the
late 1960s, concern about the hazards regarding the exposurt
of "bystanders” began to grow. Historically this terin has been
used to describe persons who are in the inmediate vicinity o:
a worker handling asbestos-containing products. The dura-
tion and extent of bystander exposures ca1vary consideralily
(usually due to the magnitude of the exposure of the primary
worker and the bystander’s distance frorn ‘hat person). The
have been some anecdotal reports of possible hazard to
bystanders in the scientific literature; however, much of the
historical concern and exposure estimates revolve around
less than five studies (which were not inended o quantily
concentration at a distznice from the source). Although iz was
notuntil 1979 that the term “bystander” was used in the peer-
reviewed literature {(Lilis et al., 1979), simiiar terms have be
used over the years, such as “indirect exposure” or “nearby
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workers” In 1954, for example, Selikoff et al. first noted that
“ashestos exposure in industry will not be limited 10 the
particular crafi that utilizes the material. The floating fibers
do not respect job classificadon. Thus, for example, insula-
rion workers undoubtedly share their exposure with their
workmates in other ades; infimate contact with asbestos
is possible for electrictans, plumbers, sheet-metal workers,
and forernen...” (Selikoff etal,, 1964, p. 146}, Initially, the con-
cern for bystanders focused more frequently on persons who
were near workers who handted relatively large quantities of
raw fibers (e.p., asbestos mining or manufacturing). Later,
concern was expressed regarding craftsmen who ight be
working in the vieinity of insulators (especially during initial
construction o tear-down). Examples of typical work settings
iry which asbes(os was used in the early years are provided in
Figures 1 and 2 indicating how some activities had the poten-
tial to generar. very dusty environments in the immediate
area near the voork task.

in the late 1960s, several studies in British shipyards
reported that significant airborne concentations (up to
200 f/ce) could occur during the application of sprayed-on
crocidolite asbestos insulation (Harrles, 1968, 1971a, 1971b).
These findings were not surprising, given the method of
application ami lack of engineering controls. These airborne
concentrations were higher than what had been reported for
non-shipvard settings or for shipyards in the United States,
which also difiered with respect to the asbestos fiber type
present in the insulation and the method of application
(Mangold et al., 1970}, The Harries studies alerted the indus-
trial hygiene community that although the primary worker,
such as the spray insulator, might be protected because he
used a supplicd-air respirator, those within 100 feet of the
sryrayer usually did notwear regpiratory protection and thus
may not be as yrofected. Indeed, the shipyard industry was
among the firsy in which increased awareness existed regard-
ing the potential for exposure o asbestos ofworkers in cloge
proximmity to insulation work (specilic precautions for “neigh-
bourhood workers,” defined as workers not directly in contact
with asbestos, but employed near ot with asbestos workers,
were actually described in Harries, 1971b). The potential for
high exposure (i.e., airborne asbestos concentratons well
over 100 f/ce d wing some activities) in this industry was pri-
roarily due 1o tae quantity of insulation used, confined work
areas, inability to have high-quality local exhaust vendlation,
and the use of amphibole asbestos during shipbuitding and
repait. In the shipyard studies, bystander exposuyes were dis-
cussed penera y, rather than quantiiatively, and they lacked
a complete description regarding the concentrations with
raspect to distzhces from a source {Le., an insulator). In his
1971 testimony before Congress, Selikoff noted that “asbestos
diseases were found not only in men directly working with
the material, bat [in] other people in the same industries as,
{or example, nctonly the insulation worker in a shipyard, but
the electrician in the shipyard, the steamifitter, the shipfit-
ter, the plumbes et cetera, because they were in the same
arrnosphete, on the saine ship with the men aciually using
the material” (Selikoff, 1971, pp. 28-29).

Bvaluation of bystander exposues to asbesioy Et

e

i vy . ) . s ’
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Lxhaust Ventiletion was npplied sedly
(Y coyrtery of irftish Belting wal Asbeon, Lidl

Figure 2. Asbestos carding plant. From Huater, 1955 [p. 875}

Reitze ef al. {1966) conducted orne of the first studies nut-
side of the shipbuilding industry to evaluare e exposiue
of workers who sprayed asbestos insulition, and they uie¢
evaluated the exposure of bystanders (Reitze et al, 197
They weré the first to provide quantitative information seg:
ing airhorne concentrations measured at a disranice i
the spraying activity. They noted that taey were interest d
in evaluating exposwes among the woikmen who actively
applied the insulation materials, as well as othex workers Wi
were on the site during or shortly after the applicaiion Teiie
et al., 1972). In the vears that followed, additonal studics 9!
craftspersons other than nsulators were conducted (Ferris
et al,, 1971; HIM Pactory Inspectorate, 1973; INHIOSH, 1975
Rohl er al., 1975; Bell, 1976; Linkanen ¢! al, 1878; chbeirn
et al., 1979; Verma and Middleton, 1930; MoeMillan, 1883
Baker et al., 1985; Sprince et al., 1985, Zoloth and Michaels
1985; Drucker et al,, 1087; Verma er al., 2003). The poleniial
for bystander exposure to insulation work was recogn
among these crafis, but it was also aclknowledged that
workers often handled asbestos- contairing materials i the
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course of their own duties. A comprehensive review published
by Williams et al. (2007) summarized the available asbestos
alr monitorin,; data tor these craftspersons. Although the
majority of the available air samples were collected during
Insulation work, the data were inadequate for estimating
bystander exposures among the other craftspersons. Tt was
noted by the aathors that “the available data and our profes-
sional expericace indicate that bystander exposures to most
airborne particles were usually no greater than one-tenth the
concenrralion measured in the primary worker’s breathing
zone” (Willians et al,, 2007, p. 372).

Over the lest 10 years, there have been an increased
number of court cases involving bystanders or passers-by
that have been termed “premises cases” The potential
foy exposure 10 bystanders in proximity to work involving
asbesios has not been well characterized to date. Much of
the available ¢ata were collected 30 or more years ago, and
were not intended to quanttatively characterize bystander
exposure, yet this inforraation is often extrapolated to more
recent exposures, which are, in general, considerably lower
{Paustenbach, 2004). The purpose of this analysis, then, is to
teview the published literature to characterize the evolution of
knowledge regarding bystander exposure (o asbes(os. Nearly
100 published studies describing persons worling with orin
the vicinity of asbestos were evaluated and ranked based on
whether they contained sampling results and information
regarding distunce from the source. The scientific literature
was also revie ved to determine whether any mathematical
models specifiz to fibers could be used to estimate airborne
concentrations al various distances from a source, Belevant
published data were assembled and coupled with results
from a simple mathematical model to derive some general
puidelines for 2stimating ranges of airborne concentrations
for bystanders within 50 feet of a hypothetical source.

Wethods

Literaiure review

& comprehensive search of publicly available documents
that directly or indirectly addressed bystander exposure to
asbestos was conducted. The search included studies cover-
ing industrial and shipyard settings, but excluded studies that
presented data collected during asbestos abaternent wouk.
Several datab:se search engines (e.g., TOXNET, PubMed)
were used to identify potentially relevant conference pro-
ceedings or publicatons in the peer-reviewed literature.
Government Jdocunents, such as National Institute for
Oceupational Safety and Health (NTOSH) Human Health
Gvalvation (FHE) reports, and industrial hygiene text-
books were also considered. Although there are studies in
the published literature relating to asbestos exposure to
building occupants during routine maintenance activi-
ties (often corsidered a type of bystander exposure), these
were also escladed from s review, as they rarely included
precise meastrements of distance from the source, and
such work is often similar to abatement work. Nearly a
dozen search -erms were used in an attempt to capiure the

various ways that bystander exposure has historically
described, including: “bystander” “indirect” "
“onlooker;” “ditfuse;” “non-oceupational,” "viewar” “wiiness)”
“spectator,’ "eyewitness,’ as well as “tradesmen exposure”
and "personal-versus-area sampling”

The approsimately 100 articles identified in the initial
search were ranked based on the following criteria: (1) spe-
cific reference to bystanders (or cquivaient termy), (2] avail-
ability of quantitative data, and (3} availebility of nioumadon
regarding the distance {rom the primary exposuie source or
timne elapsed after worlc involving asbestos was completed by
the primary worker. Because many earlier studies relied on
area samples to characterize “nearby” =xposures, no effort
was rnade 1o restrict the scarch based on sample type {.e..
personal or arca sampling) or the analyticalmethod used {i.c.
phase-contrast microscopy [PCM] or transmission electror
microscopy [TEM]}. Similarly, there were no inciugion criterie
for sample duration.

Air monitoring data from swudies that included samoles
considered representative of “bystanders,” as well as those
providing information regarding the distance from the jpri-
mary source or time elapsed following the promary worker
activity, were compiled and surnmarized. These studies coutd
be broadly categorized as either (1) workplace surveys o (2}
simulation studies. The workplace surveys were conducied
in several different industries during the 1970s, and included
area samples collecied anywhere from 5 to 75 feet froir the
worker. Data collected during simulatior studies, which Lypi-
cally contained more detailed quantitative asbesios exposure
data for both the primary worker and bystanders, wete wlso
considered. In the context of this review and anaiysis, &
“siraudation study” is defined as a controlled exposure study
in which a worker performs a series of tusks and air samiples
are collected simultaneously to measuse airborne asbestos
concentrations. Many of the simulation studies included aree
samples that were collecied al a known digtance and loca
tion relative to the primary worker in ¢rder (o characrerize
exposures for a hypothetical bystander. In total, 12 simulurion
studies were identified as relevant,

To facilitate data analysis, the availablz air samnpling resules
from the studies that presented individ sal sanipling result
were assembled into Excel spreadshests (one per study).
When possible, PCM measurermerts wei e adjusted for asbes-
tos fiber content according to the method outined in NIGSE:
Method 7402, in which the PCM fiber concentration s raul
tiplied by the ratio of asbestos fibers to rotal fibers observec
in the TEM analysis. In cases where e PCM result was
below the analytical sensitivity limit, but asbestos fibers were
detected in the corresponding TEM measurermznt, a vilue o
one-half the PCM analytical sensitivity limit was multiplicd
by the ratio of ashestos fibers to total fibers observed byl
If tlie PCM measurement was above the analytical ser.sivivin
lirnit, but asbestos fibers were not detected by TEM, a value
of “0” wus used for the PCM-adjusted concentration in any
calculations.

Bach study was evaluated in deail to identify possibic
bystander samples and link them rc the corresponding
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wotker sample(s). A varizble for the distance from the
primary worker was assigned to cach bystander sample. In
rmost cases, the distance frora the worker was reported in the
original study, and that value was included in our analysis.
“There were several cases, though, in which the authors af the
original study reported that the worl ocaurred in an adjacent
area, bui did vot provide specific distance measurements. In
these instanecss, the distances between the bystander and
the worker we re estimated based on professional judgment.
if the distance: from the worker was reported as a range by
the aurhors, “he midpoint of that range was used in this
analysis.

After each bystander sample was linked with the appro-
priate primacy worker sample and a variable for distance
frorn the source was added, the ratio between the airborne
asbestos congentration for each bystander sample and the
correspondin:; worker sample was calculated. 'This step also
served to ‘normalize” the bystander samples to allow for
corparison across different studies (or activities within a sin-
gle study). The analysis was limited to worker-bystander pairs
i which there were detectable concentrations of asbestos in
the worker sarnple. It should also be noted that in several of
the swdies (Prustenbach et al,, 2006; jiang et al., 2008; Mad]
ctal, 2008), sa mpleq were collecied separately on the leftand
right lapels of the worker and/or in time series (two succes-
sive 15-minuis samples) and averaged to arrive at a single
vatue for analvsis. In instances in which one or more of the
individual samples were below analytical sensitivity limits,
the samples raported as “non-detect” were included in the
caleulation of an average value using a value of one-half of
the limit of devection (LOD).

As part of u preliminary data anatysis, the percent redue-
tion in mean airborne asbestos concentrations at varying
distances fromn the source was calculated for the various
tasks thar were evaluated in each study. If individual sam-
pling results were available, a Student's ¢ rest was used to
devermine whether there was a significant difference in
the airborne :shestos concentrations of the bystander and
worker sarnples. Variance between sample sets was assessed
using Bxcel's "FTEST” function; based on these results,
the Student’s ¢-test was performed assuming unequal
vartance.

The data from the individual studies were also pooled
into a single cata set for further analysis. An x-y scatter plot
was generated in order to evaluate whether there was a rela-
tionship between the ratio of bystander to worker airborne
asbestos concentrations and distance. Box plots were gener-
ated in order o determine whetlier there appeared to be a
relationship vith distance when all the available data were
nooled. Secondary box plots and x-y scatter plots were also
zenerated using a bystander: worker ratio cutoff of 1 (i.e, for
any bystande :worker ratios greater than 1, a value of 1 was
wsed) in an sxtewnpt o reduce some of the variability that
was due to the bigh number of ratios based on bystander
sarnples with <LOD results; this phenomenon occurred
almost exclucively in the simulation studies. Samples were
grouped by listance from the source/ worker into the

Evaluation of bystander exposures to asbesivs G

following categories; 1-5, »5-10, > 10-3¢, and gre arer
fect (Figure 3). [t was assumed that the "source” Do!nl, rig
distance of 01 foot. Distances greater than 50 fu
considered too great to be significanty \.n‘rmauud by the
single point source where the pritsary vorker was engayed
Often, at distances greater than 50 feet, ImrLyunn d
centrations of asbestos, room ventilaticn, and other neird
activities would have more impact than the source i
‘Jhe mean hystander:worker ratios wers calowated for cach
category of distance.

d‘vd\’ e

eil,

WMuathematice! modeling of aivhorne aibestos
concentraiion with distance
As will be discussed in greater detail, there was consider-
able variability in the available published duta. ased ov
the preliminary analyses, there wag a gene val decvense in
airborne asbastas concentrations at incveasing distances
from the source, but there were many 1Consistent
data, and no clear trends for bystander exposurs
An additional literature review was therefore conducted (o
identify any mathematical models that could be used o
predict concenirations of airborne fibers i the work
Initially, the focus of this addivional yeview was on those
studiee that compared modeled estimates (0 meastre
fiber.concentrations. As noted previously, however, a fairly
limited number of studies were found that repo: ber
concentrations over time or at specilic distances frow o
source.

Because of e irtherent variability asgociated wit: Cotii
ing bystander to worker air concentrations o sigula i
studies and workplace surveys, an indcor air eddy d.tusion

CEWELS o
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enne entration
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Figure 3. Proposed guidelines for estimating alr 201ne aspesios £
tion at various distances from a point gource,

F N R T I A S N



<

For personal use on

aded from informahealthcare.com by Ms. Carrie Kahn un 09/23/10

Critical Reviews in Toxicology Downlo

6 E. B Donovan et al.

analytical model for particulate ernissions was applied for a
sirnplified scenario to provide a point of compatison to the
bystanderworker ratios derived from the published data.
Atthough a4 mere complicated model, cuch as the Markov
Chain Model (Nicas, 2001), could have been used, the level of
input data requ.‘ed for such models is more suited to evaluate
specific emissicn scenarios (i.e., a particular emission activity
in a specific location), rather than the generic assuxnptions
used in this annlysis. Because of the variability in activities,
source characteristics, and types of indoor locations assoct-
ated with the s mulation study and workplace survey data
to which the model results were to be compared, the eddy
diffusion modcls (which require a lower level of source and
location input lata) were considered more suitable for this
application.

Specifically, the indoor air eddy diffusion models devel-
oped by Drjva: et al. (1996) and Keil (2000) for particulate
ernissions were used to estimate the airborne concentrations
over time for & one tme, point source release of particles
(in this case, fivers). These models are based on the same
equations, except that the Drivas et al. (1996) model also
accounts for surface deposition and reflection off of room
walls, As such, the Drivas et al. (1996) model was considered
{0 be more renresentative of a typical work environment,
but bystander:worker rados were also gencratcd based on
the Keil {20001 model, which does not consider removal
from these wansport and loss mechanisms, 1o provide upper
bound concenlrations.

A scenario of a “source” performing maintenance work
aear the midc.e.of a wall in a 100 x 100 x 20-foot room was
evaluated. This scenario was meant o represent typical
emissions tha: might be caused by a worker worldng with
asbestos cont:ining materials (e.g., insulation). The emis-
sion source was assumed (o emit 9,290,000 Occupation
Safety and Health Administation (OSHA) filiers (greater
than & io Longth with an aspect ratio of at least 3:1) over
a4 15-minutc veriod of worker activity. This assumption
essentially igrores the mass build-up during the activity,
and treats it 23 an instantaneous release at the end of the
15 minutes, ¢:uivalent to 2 peak worker air concentration
of 5 f/ce, al a “eight of 6 feet. Air concentrations were estl-
mated every 15 minutes after the emissions occurred for
the worker {0 -1 foot), and for bystanders who were 1-75
feet in a straight line distance from the source. All air con-
centration esiimates were for a breathing zone height of
6 feel. For both the worker and bystanders, a 15-minute
firme-weightel average asbestos alr concentration and the
ratio of the worker and bystander air concentrations werc
calculated. Bucause the sampling duration for the simula-
tion study and workplace survey data varied, a {5-minute
fime-weighte:l average fiber conceniration was estimated
in order to provide a value that would be representative of a
short-term air sample that may have been collected imme-
diately aftcr tne exposure activity in a manner sitnilar to a
simulation study:

“the propos2d scenario is based on a single release of fibers
into the air. Ac described in detail in Keil (2000), the equation

-

that can be used when there is an instaataneous or “puii
release of a pollutant is:

r!
LM 2

B(m“Ut)1 ’

~rt

where M is the number of fibers instandy released; Cig lne
concentration (fibers/mé); [ is eddy diffusion coelficieln
(m?s); tis time [rom start ol generatior. (s); ris the radial
distance from source (m).

To account for additional transport ar.d loss raechanisyas
such as surface deposition and reflectior off rocimn walls, the
following equations from Drivas et al. (1996) were used:

Q ;

* ot

A
Cloyat)= ’ﬂ‘ul"T“ BORR, ()
(477[)[’)2

where ¢{xy,z1) is the indoor conceniration (Jibers/m*) at
position x,y,z at time fin the room and Q,, , is the total amount
of fibers released at the source position (x, 2.

The R, It, and R, terms in Equation 2, which specify the
wall reflection terrns, are defined as follows for i rectangler
roon:

0

= (;c+2iL—x0)2 (x‘+21'[,~xu)2

= ,-EA Le o 4Dt res ‘*"'ZEJ & ! L)

o[ (prziw—y) (AW -y

Ry:?-i e T abe (4
- i (Z - 2iH —zo)2 ‘ (z+gl}‘ _5”)7“\ .
T \1 (3)

lzi‘“ L

where L is the room length (m), Wis the zoom width (m), anc
H s the roorn height (m).

To account for differences in the particle geomelry
between the standard spherical particls and tae cylindrical
asbestos fiber, a fiber settling velocity was caloulated vsing
the method presenied by Spengler et al. (2001). To estinate
a settling velocity that would be characteristic of the ranze
of possible shapes associated with OSH& fibers, seulioy
velocities were calculated for different combinations ol
pariicle density (2.4 or 2.6gfom?), fiber diameter (0.2, 0.5,
or 0.4um), and fiber length (5 or 10 um). Lhe calzulatec
settling velocities for the 12 different ¢ombinations ol pz
ticle characteristice ranged from 0.0011 1o 0005 m/s, and
the average setiling velocity of 0.0028 /s was used ir the
Drivas et al. (1996) model to be charactrristic of QSIA fbery
Because the effective eddy ditffusion rate and venglation rate
are correlated with each other, the reported midpoint of the
effective diffusion rate of 0.45 m”/imin and room verntilevion
rate of five air changes/hour for a 180x 120 20-foat roors

: (IR I S A
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were used. These values were based on effective diffusion
rates that were measured and reported from several other
studies (summarized and presented in Keil, 2000). The fixed
inpur values used in the mode! are presented in Table L.

Generation oj a “ride of thumb” to estimaie bystander
exposure ab specific disiances from a source

[ addition ¢ presenting the results from the analysis of
the published literature and modeling results, an exercise
was also conc.ucted to see how the results from each type
of available bystander data (simulation study results, worle
place survey results, and the modeling results for a simplistic
work scenario] aligned at specific distances [rom the source.
The purpose cf this exercise was to develop a rough “rule of
thumb” for several bystander distance categories. The specific
distance categories were driven in large part by the distances
for which dat: were available in the published studies. For
example, many of the simulation studies collected samples
at a distance of 5 feet to characterize bystander exposures,
50 there are a .arge number of samples at 5 feet, but only a
handful that were collected at shorter distances ranging from
1 to 4 feet. As such, it was difficult to provide 111ea;1ingful com-
parisons al, sav, 2 feet from the source, given that there may
have been only one or two samples al this distance.

The initial distance categories of 1-5, »5-10, >10-30, and
greater than 30 feet were developed based on the frequency
distribution of bystander:worker ratios that were gencrated
for the pooled data set where all the sarples that could not
be analyzed (i.2., worker samples with airborne asbestos con-
centrations reported as below the 1.0D) had been excluded.
Jior each of these categories, the bystander:worker ratios were
averaged for any distances that were within the range (i.c.,
ratios reported at 6, 9, and 10 feet would have been averaged
together (o generate a single ratio for >6-10 feet category).
Initially, this averaging was done separately for each type of

‘Evaluation of bysturnder exposures 1o ushesio; i

bystander data. The modeling results besed on Urivas et al.
(1996) were usced as the stardng point decause this model
was considered to be more representativz of an oceupational
serting; the average values from the other types of dara were
then evaluated, and, if necessary, used to adjustine proposed
rule of thumb for each distance group. ‘he factors by wiich
the concentration reductions predicted by this model veeve
adjusted differed within each distance category dasec on
the similavity of results across the other types of data. Ir: all
cases, the adjustments of the initial estimates were based on
professional judgment. The limitations of this approach aud
the uncertainties in the underlying dat:. are discussed .are
innmore detail.

Resulis

Based on the literature review, nearly 100 potentially relevant
studies were identified. Only, 19 studies were identified i e
published literature, however, that met cur inclusion criteric
(sce Table 3). All air samples reported i the various studies
measured OSHA fibers, defined as beir.g greater thai b jum
in length with an agpect ratio of at leag. 3:1. The studies are
described rmore specifically by activity below.

Workplace surveys (1970s)

Seven of the 19 studies included in this analysis were wors-
place surveys conducted in the 1970s (Reiize et al, 19725
Rohl et al., 1975, 1976; Barnes, 1976; Lorirmer et al, 1976;
Fischbein et al, 1979; Verma and Mildleton, 1950). The
available sampling data from these surveys are prese:
in Table 2. The first study to specificaliy measure airborne
ashestos concentrations at fixed distances from the sour:e
was published by Reitze et al. in 1972, and examined workers
who applied spray-on asbestos insulation. During this proc
ess, 2 worker holds a hose from which asbestos ing.dation

ol

Fabie {. Paramessrs used in the Drivas ot al., (1996) and Keil (2000) air dispersion models to predict airborae fiber concenuaions at variows ¢istences

from the point spurce.

Parameter Value Units Norves B o
Number of fibers emitted from source, Q. 9.29E+06 fibers . Source located at (0 ft, 0, 6 70); 5 t/cc in breathing zone
Length of emission, Temit 900 H
Fresh air venlilat.on, a 0.0014 l/s 4 air changes per hour
Fiber Jength, Fl 5,10 pn Range of fiber lengths asswned for asoestos fbers
Fiber diamerer, Fil 0.2,0.3,0.4 pm Range of fiber diameters assumed for asbestos fibers
Particle density, p 2.4, 2.6 g/con’ Range of particle densities for synthet.c vitreons fibees o
. Spengler et al. (2001)
Deposition rate, vwd 2.776-03 m/s Deposition rate for particle density of 2.4-2.6 p/ce dizameter ol
0.2-0.4 um; length of 5-10 pm
Length of the room, L 30.5 m 100 ft % 100 ft « 20 ft room
‘Width of the roar, W 30.5 m <100 ft 100 ft % 20 fi room
Height of the roor, H 6.10 m 100 ft x 100 ftx 20 ft room
Surface area for deposition, A 029 mn* - Area of room floor (100 ft x 100 f)
ltoom volume, V 5663 m? Volume of 100 ftx 100 fr 20 ft coom
Effective indoor ¢iffusion coefficient, D 0.0075 nit/s 0.45 m?/min for 160 x 120 x 20 frroom
Rauo of surface area and volume, A/V 0.164
X coordinate for cource, X, 0 m
Y coordinare for source, Y 0 m
Z coordinate for source, 2, 1.8 m Source located at breathing height of 5t -

B0 WY L b
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Tuble 2. Aitborne Joncentrations of Asbestos Fibers (Greater than in Length) Measured al Various Distances from o Worlier Performing a Task

(1972-1980).

Number of Sample

Sample time Pointsource sample  Bystander sarnple

Distence from poiat

Activity samples  type {(minures) concentration (f/cey* concentradon (f/ecy®  source (feeg)™ Reference
E’«}prznj sulation stindies B
Application of sprayed NR Area NR 80 5 20 Barnes, 1978
insulation
Application of spraved 1 Arca NR 52 (24-B5) 71 10 Reitee ctal, 1972
insulavdon®
1 Area NR 61(32-100) 70 10
| Ares MR 96.75 (94.5-99) 17 15
1 Area NR 35.2 (20-49) 66 20
1 Area NR 376 20
1 Aren NE 10 35
1 Arca NR 46 75
1 Area NR 112 30tmin lapse
1 Area NR 1.55 30ynin lapse
1 Area NR 101 30 min lapse
1 Area NR 4.22 30 min lapse
1 Arcd NR 0.55 60 min lapsc
1 Area NK 0.51 60 min japse
1 Area NR 0.28 60 1nin lapse
1 Area NR 0.76 60 min lapsc
i Area NR 0.26 60min lapse
Studies of consumer spackling, patching, and taping corapounds
Pole sanding 3 Personal 1h 10 (1.2-19.3) 8.6 (3.5-19.8) 8 Robl et al., 1975;
Vischbein et
1979; Verma
et al., 19680
2 Personal Lh 4.8 {0.7-8.8)" 25
Hand sanding 2 Personal 1h 5.3(1.3-16.9) 2.3 (2.1-2.5) g
2 Personal ih 4.3 (1.5-7.1)" 15
Dryinixing 3 Personal 1h 47.2 (35.4-59) 5.8(0.5-13.1) 101020
2 Personal ih 2,6 (2.1-3.1)* 161035
Awtornotive and beavy truck studies
Blowing dust fran brake 3 Personal 308 16 (6.6-29.8) 1.3(2.0-4.2) 510 10 Ropleral, 1975;
drums Lodmeretal.
(using compressed air) 2 Personal 3to8 2.6 (0.4-4.8) 101020
1 Arca NR 0.3 10
1 Area NR 0.8 20
1 Area NR 0.2 12 (5rnin tapse)
1 Arca NR 0.1 50 (Fminlapse)
1 Area NR 0.1 65 (7min lapse}
1 Area NR 0.1 75 (14 min lapse)
Grinding used linicgs 1 Ares NR 3.75(1.7-7.0) 1.2 10
(heavy truck brake service) 1 Area NR 1.7 10
1 Area NK 1 25
1 Area NR 0.6 25
1 Area NR 0.2 60
Beveling new brake inings 1 Area NR 37.3(23.7-72.0) 0.6 8
(heavy truck brake service) 1 Area NR 0.5 12
1 Arca NR 0.3 12
1 Area NR 0.3 30

R = Not reported.

#hean congentration presented if multiple sample resulis available. Reported ranges are in parentheses.
“*Time lapse from activity of primary worker (source) alsa considered a type of bystander sarnple.

“The authors did notindicate haw gamples collecred atvarying distances from spray operations correlated with the fowr reported worker samples. 1 wis
also noted that venilation conditions varied throughout the study.
"samples collected in adjacent rogm.
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Table 3. Coutinuud.

Study Distance from the source

Paustenbach ezl 2006
systeins containing asbestos gaskers

Jiang etal., 2008

Samples collected 2-4 ft from removal of automobile exhaust

Sarnples collected on either side of worker, 5ft from handling,

Sumpletype  Sampleiite

unpacking and repacking of clutch discs, cleanup and clothes

handling

Samiples collected 50 ft from handling, unpacking and repacking of

clutch discs, cleanup and clothes handling

wadl et al., 2008
unpacking brake shoe and pad boxes

Sarnples collected 25-30 ft rom packing and unpacking brake shoe

and pad boxes

Paustenbachetel, 2004
adhesives

Samples collected 6 ft from spill clean up of mastics, coatings and

adhesives

Samples callected 6 ft from removal of mastics, coatings and

adhesives

Samples collected 6 ft {rom sweep clean up of mastics, coatings and

adhesives

Mowatetal, 2005
molding material

Samples collected on four sides, 8ft from belt sanding of phenolic

molding material

Samples collected on four sides, 6t from press drilling phenolic

molding material

Sarnples collected on four sides, 6t from sweep cleanup during saw-

ing, sanding and drilling
Cohen and Van Urden, 2008

moiive clutches
Fowler, 2000
Longo eval., 2007

Samples collected on four sides of worker, 5 ft from packing and

Samples collected 6 ft from application of mastics, coatings and

Sarnples collected an four sides, 6ff from band sawing of phenolic

Samplas collected on four sides, 5-10 fi from the removal of auto-

Samnples collected 2-3 fi fror bandsawing sheet gasket material
Samnples collected on four sides, approximately 7 ft from scraping

and hand wire brushing large flange assemblies

Samples collected on four sides, approximately 7 ft from power wire

brusing of large flange assembly
Livkonen and Weit, 2005

Samples collected 3 fi* from disassembly of a diesel engine

Samnples collected 10 ft frora disassernbly of a diesel engine

Area Bys ander
Area Bysiander
Area Rerr ote area
Area Bys.ander
Arca Rerote ares
Area Arc

Area Arec

Area Are:

Arca Ace

Area Are

Area Ares

Area Are:

Arca Are:

Area Arev

Axea Are:

Area Bystander
Area Bysiander
Area Arei
Personal Obs rver

Distance from p:int source is estimated.

is shot out of the nozzle and projected over distances of 30
feet or grealer. Area samples were collected ai 10-75 leet from
the spray noz-le during application, as well as at 30 and 60
winutes after spray operations had ccased. As expected,
airborne fiber concentrations decreased with tire at 30 and
60 minuies aler spraying stopped. The samples collected
at increasing Cistances during spray applications, however,
did not follow an obvious pattern with regards to distance,
which was noted by the authors to be “because of changes
in on-site venuilation.” In addition to the Reitze et al. (1972)
study, a 1976 survey of asbestos spray operations in Sydney,
Australia, also reported an airborne fiber concentration of 5
i/cc at flooy level, 20 feet below the spray point during the
application process, which was approximately 6% that of
the spray operator (Barnes, 1976). Because spray insulation
is such an untsual circumstance and the samples were col-
lected “below” the operator (literally on the floor below scaf-
folding where a worker was applying the ¢pray insulation),
these data are 1ot very informarive.

Indirect exposuwre to asbestos was also studied among
workers using several types of construction materials,

including spackling, patching, and taping compouncs. A
total of 14 personal samnples were collucled at vavyiag dis-
tances during mixing of the materials (rior to application)
and during sanding (either by hand or using a pole) afier
application. Of these sarmples, eight wese collecied bettween
8 and 20 feet from the primary activity, end the remaining six
were collecied in an adjacent room at distances ranging iroa:
15 to 35 feet from the warker These data are presented in
three different publications (Rohl etal,, 1975; Fischbein etal.
1979; Verma and Middleton, 1980). Measured airborrie cou-
centrations were slightly lower as distance from the worker
increased, although the magnitude of this difference veriec
across the tasks that were studied. For the pole and har ¢
sanding bystander samples, which were collected 8 feet 2w

17

from the sander, this difference rangec from 50% to 0% ot

the concentrations at the worker. Por the dry mixing samples,
the airborne concentrations ranged from approximately 5%
to (0% (at 10-20 feet and 16-35 feet In an adjacent room,
respectively) of that of the worker.

Brake repaiv maintenance workers ir: New York Clty west
also monitored during a variety of tasks, including bilowing
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out dust from drum brakes, renewing used brake linings by
grinding, and beveling new linings (Lorimer et al., 1976; Rohl
¢t al., 1976). Personal samples collected 5- 10 fect away from
the primary a:tivity (3-8 minutes) were 20% the value for
ihe worker performing brake blowouts (16 {/cc). The aver-
age concentra:on for samples collected 10-20 feet from the
primary worker was approximately 15% the value reported
for the worker Arca saraples collected between 10 and 75
feet from the worker were significantly lower (0.1-0.8 f/cc);
however, samypile duration was not reported, and four of the
six sarmples were collected between 5 and 14 minutes after
the worker corapleted the blowouts, making direct compari-
son difficult. Curing grinding of used brake linings, airborne
concentrations in area samples were approximately 33% to
20% to 5% thar of the worker during grinding of used brake
linings at distances of 10, 25, and 60 feet, respectively. During
beveling of new linings, samples collected at distances of 8,
12, and 30 feet had airborne asbestos concentrations that
were approxirately 2%, 1.3%, and 0.6% that of the worker,
respectvely.

Siypadesion studies (2000s)

Twelve of the 9 studies that met the criteria of this review
were simulaticn studies conducted in the 2000s. The majority
of the available data were collected to characterize exposures
associated with using products in which the asbestos fibers
were encapsu. ated (that is, the asbestos was often embed-
ded in a polymer or tar-like substance). As such, the airborme
concentrations of OSHA fibers were orders of magnitude
lower than what was reported in the workplace surveys of
the, 1970s. A snmmary of the concentrations measured for
workers and bystanders in the simulation studies is presented
in Table 4.

Raw data v.ere available for approximately half of ihe
simulation stuidies, whereas average values were presenied
in the others. Tn miany cases, the reported results had been
converted to 8 hour time-weighted average (TWA] values for
purposes of cconparison to occupational exposure limits. In
some of these -tudies, “bystander” or remote samples (usu-
ally area sainp es) were collected at more than one distance
from the worker, and the authors conducted statistical analy-
ses o determine whether concentrations were significantly
ditferent at greiter distances. Wherever possible, these results
are presented.

Removal and manipulation of gaskers

A number of simulation studies have evaluated the removal,
manipulation, and iastallation of asbestos-cantaining
gaskets. Three of these studies assessed airborne asbestos
concentrations associated with changing gaskets on flanges
or valves. The work was performed in enclosed, veniilated
chambers in tv70 of the studies (Fowler, 2000; Longo et al,,
2002), but not in the third (Mangold et al., 2006). 'The results
reported by Mangold et al. (2008) weve collected over
nearly a 10-year period, and were intended to characterize
a maximally exposed worker (i.e., one who handles gaskets
and packing all day). Personal and area samples were taken

[

Lvaluation of bystander exposures Lo asbesios

over an 8-hour workday as workers performed vmouu sls
with packing and gasket materials. Beciuse all PO
(worker and bystander alike) were less than ().01 i, e and
did not differ significantly from background, this study wes
of limited use.

The two studies that collected short-term samples (=20
minutes) in ventilated enclosures reported higher alrborne
asbestos concentrations than what was found by Mangold
et al. (2006). Specifically, Longo etal. {2002) collected per-
sonal and area samples (15-30 minutes) during scray,
and hand-wire brushing of {our 1 ﬁrge flange gaskets and
during power-wire brushing of a large flange assen:bly,
Area samples were located in four uy.udlstdnt quadranis
ata distance of 2.1 m (approximately 7 fect) rom the work
bench during the activities. Because a: average value was
not reported for the area samples, it \was not possibie w0
directly compare worker and “bystan:der” values for this
activity; however, the minimum and maximum vaides
reported for the area samples were approximately 23
to 33% of those reported for the worker. Bystander area

samnples collected during power-wire brushing were
approximately 50% of what was repor-ed among the cot
responding worker samples. Similar ritios were observid
among personal and area saruples collected during o sima
lation study involving band sawing of asbestos shgu gaskel
materials (Fowler, 2000). It should be mentioned lhdL fhere
were several analytical and study design issues with {
Fowler (2000) and Longo et al. {2002 studies, which
discussed in more detail in Madl et al, {2008). The
of concentrations between the bystander and worker s&
ples, however, were fairly consistent with values veporied
in other simulation studies.

Other gasket studies included in this analysis involved
installing and/or removing gaskets in automobiles. in
2006, Paustenbach et al. published their findings regard.
ing persunal and bystander exposures Lo asbestos durity
the removal of automobile exhaust systems containivg
asbestos gaskets. In this study, a considerable porrion of
the available samples were below analytical sensitivity lic-
its. In total, for workers, 17/23 (74%) of PCM resulis and
18/29 (62%) of TEM results were belcw analydeal linize
and were reported as undetectable, whereas 29/38 (76%) ol
bystander PCM results and 35/41 (85%} of bystander
results were below analytical limits. The lack of detectab ¢
ashestos concentrations in the bystand 2r samples wus nlso
noted in the Blake et al. study, in whick area samples weve
collected from nine locations at distznces ranging from
less than 1 fool to 50 feet from the test area {Blake ev ar,
2006). Of the 43 area samples, asbestas fibers were ony
detected in 8. Further, the average concentralions repre-
senl 4 combination of activities, and it was aoi possinle to
quantitatively characterize the degree to which airborne
concentrations decreased with increasing digrance from
the wotlcer. ‘The authors noted, however, thai the highest
reported sample result occurred in nne of the cormers
of the shop, and not in the immediate work area Blake
et al., 2006). All but two of the samples collected in a gasket
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Table 4. Semples collected to characterize bystander exposuies w asbestos Abers (greater than Sum in lengih) dur

Numbercf{ Sample

ol 2 T R AT D

Pointsource sample

Activity samples  tpe Sample tirne (minutes) concentration (f/cc)*
Automaebtle studies (gackets)
Removal of antomobile exhaust 6 Area 30-50 0.018 (0.002-0.04)
systems contining asbestus
gaskets in four single and two
double exhaustengines
Automabtle studies {clutcheg)
Handling, unpacking, and 40 Area 30 0.044 (0.000-0.366)
repacking boxes of autamohile
clutch discs
Stacking clutch boxes 2 Area 30 0.2125(0.180-0.245}
Cleanup 6 Area 30 0.002 (0.000-0.006)
Clothies handling 2 Arca 30 0.0015 (0.000-0.005)
Handling, unpacking. and 20 Arca 30 .044 (0.000-0.366)
repacking boxes of automobile
clutch discs
Stacking clutch Boxes 1 Area 30 0.2125(0.180-0.245)
Cileanup 3 frca 30 0.002 (0.000-0.006)
Clothes handling 1 Arca 30 0.0015 (0.000-0.005)
Removal ofautomotive clutches 58 Area 26-161 0.047 (0.015-0.13)
Automobile studies (brakes)
Filing of brake shoes 4 Area Associated worker 0.0356

2 Area samples ranged from
tHand sanding brake shoes 4 Area 3010 107 min; sarmpie 0:0684

’ 1 Ares du:at‘ionA not reported”
; ren for individual area
samples

arc grinding I 4 Arca 0.4358

1 Area

2 Area
Arc grinding 11 4 Area 0.1734

1 Avea

2 Area
Cleaning 4 Area 0.0000

1 Area

2 Ared

28 Area 30 0.2974 (0.008-1.180)
LG Arca 30 .0646(0.021-0.183)

shoes
Cleanup after packing and 2 Area e 0.004 (0.002-0.008}
unpacking act
Cluthes 2 } Arca 30 0.0 {L0D-0.0158

endun dop zenvit
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ing simulation studies (2000 2008).

Bystander sample Distance from source
concentration (f/cc)™ (£ Reference
0.008 (0.0008-0.015) 24 Paustenbach et al,, 2006¢
0.0025 (0.000-0.019) 3 fiang ctal., 2008
0.010 (0.003-0.016) 5
0.000 (0.000-0.000) 3
0.000 (0.000-0.000) 5
0.000 (0.000-0.003) 50
0.000 (0.000-0.000) a0
0.000 {0.000-0.000) 50
0.000 (0.000-0.000) 50
0.013 (<0.002-0.03) 5-10 Cohen and Van Orden,
2008
0.0128 <10 Blake ct al,, 2003
0.0087 >10
0.0087 <10
0.0091 10
0.0092 >10
0.0266 <10
0.0828 j3¢]
0.0389 >10
0.0186 <1@
0.0372 10
0.0154 10
0.06000 <10
0.0000 10
0.0000 =10
0.0166 (0.001-0.076) 5 Nadletal., 2008¢

0.085 (€.002-C.038)

5,002 (0.001-6.004

(¢4
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Number of Sample Point saurce sample Bystander sample Distance from sodrce
Activity samples  type Sample time {minutes) concentration {f/ce)* concentadon (f/ec)® (ft.) Reference
packing eud unpacking brake 13 Area NE 0.2974 (0.008-1.190) 0.0082 {0.003-.017) 25-30
pads
Packing and unpacking brake 5 Area NR 0.0646 (0.021-0.193}) 0.001 {0.001-0.002) 25-30
shoes
Cleanup after packing and 3 Arca NR 0.004 (0.002-0.006) 0.003 (0.001-0.006) 25-30
unpacking activities
Clothes handling afeer packing i Arca NR 0.011 (0.007-0.015) 0.002 25-30
and unpacking activities
Gasket Studies
Disagssemblvand assembly of 12 Area 4h? 0.004-0.005 0.003 {0.002-0.004) {opposite end of Mangold etal., 2005°
flanges 3x3x3m enclosure)
Cutting gaskets using circular 8 Area 8h <0.005 0.003 (0.002-0.006) 5.0-10.0
cutter
Cutting gaskets using hand 8 Arca gh <0.005 0.004 (<0.003-0.036) 5.0-10.0
shears
Cutting gaskets using ball peen 8 Area | ah 0.005 0.006 {0.004-0.007) 5.0-10.0
hammer
Shaping gaskets using scribe 8 Area &h <0.005 0.003 (0.002-0.004) 5.0-10.0
Gasket removal g8 Area 8h <0.008 0.002 (<0.001-0.002) 5.0-10.0
Flange face cleaning using putty 0 Area 8h <0.005 0.001 (<0.003-0.002) 5.0-10.0
knife
Flange face cleaning using hand g Arca Sh 0.007 0.0032 (0.002.0.005) 5.0-10.0
wire brush
Tlange face cleaning using power 8 Area 8h 0.009 0.001 {<0.001) 5.0 -10.0
wire brush ’ . )
Packing removal and installation 1 - Personal 4.5 <C.011 <0.003 NR*
Packing removal and installation 8 Area 4.5 <0.011 0.004 {0.002-0.006 5.0-10.0
Band sawing sheet gasket 1 Area 25 2.2-2.1 0.75-0.88 ~2-% (60-90cm) Fawley, 2000°
material
1 Area 5 3.1-4.8 1.8-2.3 ~2-3 (60-80cm)
Screping and hand wire brush- 24 Area 15-30 9.3-24.0 2.1-8.4 ~7{2.1m) Longoetal., 2002®
ing lerge flenge assemblies
Power wire brusing of large 16 Area 15-30 14.9-31 7.6-15.7 ~7(2.1m)
flange assembly
Gasket removal i Area 148 0.0035 0.0017 3 Blake et al, 2006°
Aree 1517 0.0035 G.0013 15
1 Ares 148¢ 0.0038 0.0011 18
1 Arca 151 0.0035 0.0025 1y
1 Avea 148° 0.0035 0.0017 au
L Area 151 0.0035 0.0007 2
i ea 1200 0.0004 .0009 B
Day 1 Disassembly of & medium i ATCE 28-69 <(0,028-<0.048 <0.021-<0.022 190 nen: and Wedr,
dut clengine — Remaoval

of gaskevs

Table 4, coniilined i Bkl goge

5015250 07 Sa0m1stidxn sapunsAq fo wonon oy

[



I S 4 [ 0

P

™

Takle 4. Cominued.

Critical Reviews in Toxicology Downloaded from informahealthcare.com by Ms. Carrie Kahn on 09/23/10

For personial use only

Activity

Number of Sample

Pointsource sample

Bystander sample

Distance rom source

sanding and drilling

samples  type Sample time {minutes) corcentration (f/cc)™ concentration (f/cc)* (&) Reference

Day 2: Disassembly of a medium 6 Area 11-64 <0.021-<0.12 <0.02-<0.118 10
dury diesel engine — Removal
of gaskets and cleaning of gasket

1 Personal 11¢ <0.02i-<0.12 <0.113 -5
Day 3: Disassembly of 2 medium P Area 8-19 0.012- <0.023 <0.007-<0.034 10
duty dicsel engine — Cleaning of
gasket and other surfaces

2 Personal 38-192 0.012-<0.023 <0.008-<0.035 2-5
Mastic studies
Application of Lagtone 31-95 12 Area NR ND 0.0082 {ND-0.15) 6 Paustenbach et al., 2004°
coaling
Application of Sealfas 41-96 8 Area NR ND 0.0092 (ND-0.012) G
Application of C.I Mastic 60-25 12 Area NR ND 0.0055 {(ND-0.0083) 6
Application of fibrous adhesive 4 Area NR N 0.01 (ND-0.011) 6
81-27
Spill élean up of Lagtone 31-35 3 Area NR 0.068 0.014 (ND-0.031} ]
Spill cican up of Scalfas 41-96 36 Area NR ND 0.01 (ND-0.012) 6
Spill clean up of C.1. Mastic 60-25 36 Area NR ND 0.01 (ND-0.018) 4]
Spill clean up of Fibrous 36 Area NR ND 0.012 (ND-0.018} 6
adhesive 81-27
Sanding of Lagtone 31-35 12 Arca NR ND 0.015 (ND-0.021) 6
Sanding of Sealfas 41-96 12 Area NR ND 0.911 (ND-0.014) 6
C.1. Mastic 60-25 4 Area NR ND 0.011 {ND-0.011) &
Removal of Lagtone 31-85 12 Area NR ND 0.013 (ND-0.018) 6
Removal of Sealfas $1-96 12 Area NR ND £.012 (ND-0.018) 6.

" Sweep cleaning of Lagtone 21-35 12 Area NR 0.080 0.041 (meaxof0.062) 6

Sweep cleaning of Sealfas 41-96 12 Area NR ND 0.011 (IND-0.014) 6
Phenelic Melding Stuides
Band sawing of phenolic mold- L2 Area 30 0.11 (<0.04-0.21) 0.07 («0.03-0.32) 6 Mowatetal,, 2005
ing material
Belt sanding of phenclic mcld- 16 Area 30 0.03{<0.03-0.05) 0.04 {<0.02-0.08) 6
ing material
Press drilling phenclicmolding 16 Area 30 <0.01 {<0.01) 0.01 (<0.003-0.02) G
material
Sweep cleanup during sawing, 36 Area 30 0.02 (<0.61-0.08} Q.01 («<0.603-0.03) G

*Mean concentration presznted if muliiple sample results available. Reported ranges are in parentheses. Results presented as PCh-adjusted for asbestas conteny, unless atherwise noted.

Sample tesults reporied as PCM results, not PCM adjusted.

55

HC e e bove yumen ramAariad Arlbos
Sarmpleswere reparted only v

A perscual sample was taken only durin

Not detected.

ND=

NGLrepothed.

slhie sainple s

rtod nn 8 hr TWA:

Distance rom point seurce is estimated.
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study conducted by Liukonen and Weir in 2005 were less
than the analvtical lmit of detection (Liukonen and Weir,
2005). This study did not provide any useful data for this
analysis,

Wark with friction producis {clutches and brakes)

In 2008, two studies were published that characterized
airborne asbestos concentrations associated with handling
clutches. The iirst of these, by Cohen and Van Orden (Cohen
and Van Orden, 2008), assessed bystander exposures using
area samples taken in four different directions 6-10 feet
from where :he mechanic disassembled and removed
manual clutcies from a variety of vehicle types. Although
this study did not present area sample results separately by
distance (5 versus 10 feet from the mechanic), the authors
noted that the area samples “were significantly lower than
those obtaine 1 from the mechanic” (p value not provided).
'the average concentration reported for the bystander (area)
sarnples was cpproximately 30% the average concentration
reporied for the worker.

The second cluich study (Jiang et al., 2008) evaluated air-
borne asbestis concenirations associated with handling of
clutch parts (stacking, unpacking/repacking of boxes con-
taining clutches), as well as cleanup and clothing handling.
Worker samples were collected as two sets: two 15-minute
consecutive samples (r=4, left and right lapels) and onc
60-minute semple (n=2, left and right lapels). During
sach sampling event, 30-minuie bystander samples were
collected at vwo locations 5 feet from the main activity, as
well as at a rernote locaton (50 feet). For purposes of this
analysis, ihe two 15-minute consecutive samples were aver-
aged and con:pared to the 30-minute bysiander arca sam-
ples. The autaors noted that airborne concentrations for
the workers were considerably higher in the first of the two
consecutive samples; however, because the corresponding
bystander sanples were 30 minutes, it was not possible to
directly comy.are the worker and bystander concentrations
for the shorter sample duration. Bystander samples were

~10% that o’ the primary worker during these activities.
Just over half '27/50) of the bystander (5 feet) samples were
non-dertects, whereas nearly all (24/23) of the remote back-
pround (50 feet) samples were reported as such. This study
also reported that airborne asbestos concentrations differed
significantly between {1) workers and bystanders & feet
away (p<.00:), (2) workers and bystanders 50 feet away
(p<.005), anw. (3) bystanders 5 feet away and bystanders
50 feet away {p <.05).

in a similer study involving brakes, Madl et al. (2008)
measured airborne asbestos concentrations during the
unpacking ar.d repacking of brake pads and shocs. Again,
fwo consecutive 15-minute worker samples, as well as one
30-minute worker sample (collected concurrently with the
fwo 15-minuce samples), were obtained. Four area sam-
ples were collected at breathing zone height at distances
of 1.5 m (5 feet) and between 7.6 and 9.1 m (25-30 feet)
from the worier; these were 30-minute samples that cor-
responded to the two consecutive 15-minute samples. Like

Fualuation of bystander exposures to asbestos 15

the Jiang et al. (2008) study, bystander asbestos concenlra
tions were approximately 4-10% that of the primary woskcr
this differcnce was statistically signilicant (p< .05), as was
a comparison between the worker anc remote (25-30 leen)

samples,

The second brake study (Blake et af., 2003) presented datu
collected during six complete (fou wheel) brake ¢ ldllguu
involving sanding, arc grinding, and :leaning oper
one cleaning test was also performed. Alihough indivi
sampling resulis were not available for the area samples that
were representative of bystanders, the cuthors report (e hat
there was not a statistically significant d:fference between the
samples in close proximity to the worl and those cellected
at the opposite ends of the shop. Individual resulis
available for area samples collected approsimately 4w {10
feet) from the primary worker (three sexnples were refer
to as “bench” by the authors, and presumably represets
an adjacent workhench). Area samples during the various
activities were approximately, 20-25% the values reportad
for the primary worker.

W

ed
|

Qccupational use of coativigs, mistics and adiesives, Qi
phenolic maolding compound

‘Two simulation studies involving the applicarion, remov:,
manipulation, and cleanup of several materials that con-
tained - encapsulated ashestos were considered i s
review. ‘The first of these, published in 2004 by Paustenvach
et al., evaluated airborne asbestos concentrations during
a variety of tasks involving asbestos-containing coatinge,
rastics, and adhesives. This study was of limiled use in
this analysis, primarily because only € of 452 samples had
detectable levels of asbestos fibers 1 Panstenbach el <L,
2004).

In 2005, Mowat et al. measured airt orne asbestos expo-
sures during band sawing, belt sanding, drili press sperai-
ing, and phenolic molding material (Bukelite) cleanp. fos
each acdvity (performed in four 30-minute replicates), fous
area samples were collected simultaneously at breathing
zone height at a distance of approxirnately 1.8 m (6 feet)
frorn the center of the work surface. Of the bystander (e
samples, just over half (57%) were belcw the znalytic alse
sitivity limit. A similar proportion of ncn-detects (60%
noted among the corresponding worser samples [
et al., 2005). Average asbestos concentrations duxinw:i e
various activites were similar for the byswander {area)
and worker {personal) samples, regariless of whether the
samples reported as less than the it of detection wers
analyzed using a value of one-half the lirnit of detecucn o7
the full limit of detection.

0]“’“

Ratio of bystander:worker ashestos cOncenirarions

n additon to comparisons of bystander o worker .-
b()rne asbhestos concenlrations within the individeal
studies, the results were compiled irto & single datz sel.
As noted previously, worker bystander pairs in which
thie worker sample had a result below the LOL wers
excluded from further analysis. No discernable wrends
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were evident when bystander:worker ratios were plotted
independently against distance from the primary worker
(Figures 4 and 5). Similarly, the box plots by disiance
groups (1-5, »5-10, >10-30, and >30 feet) did not follow a

linear pattern (Figure 6).

Within eacl- distance group, the average bystander:worker
ratios were as follows: 1-5 feet, 0.08 (range =0-1, 6 =0.17);

Distance from primary worker (feat)

For personal use ealy.
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Distance from primary warker (feet)

Eystanderwarker exposure ratio

>5-10 feet, 0.61 {range=0.01-1, 0 =0.33); >10-30 feey,
0.11 {range=0-1, 5=0.05); and »30 feet, 0.10 (range =
0=0.09). It should be noted that the bys-ander:worker rarics
al the >5-10 feet distance group were much higher than

Ny

the other three groups. Nearly all of these samples were
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from the Mowat et al. {2005) study, which had a significant
number of samples less than the LOD.

Figuire 4. X.¥ scatter plot for published dara. bystander:worker ratios of airbone asbegtos concentrations at distance yom a sonrce

Figere 5. XY scatrer plotfor bystander:worker vatios of airborne asbestos conceritrations with all vatios »1 replaced by 1.

Tigure 6. Bux plot by distance groupings for bystander:worker ratios of airborne asbestos concerrations with all vatios =1 replaced by 1.
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Summary of available literature relevant to
mathenalicol modeling of airborne ashestos
concentration with distance

Because the available published data could not provide
resolution o1 the relationship between airborne asbestos
concentratiors with distance from a source, an additional
literature review was conducted to determine whether
mathematica. models could be used. Although there are no
commonly applied models that directly address asbestas
fiber concentrations in air, there are several that have been
developed in an attemnpt to understand the characteristics of
airborne particles, including their movement in air and the
rate and distance at which they are likely to settle out of air
(Timbrell, 19065). Some of the basic asswumptions set forth in
general particle movementmodels include the idea that fluid
orairis incompressible, that there are 110 walls or other parti-
cles nearby, that motion is constant, that the particle is a rigid
sphere (or spt erical equivalent), and that the fluid velocity of
air at the particle’s surface is zero (Hinds, 1999).

Other authors have also explored the effects of forces out-
side of settliny velocity on the removal of particulates from
air. Reist indicated that in more turbulent airflows, such as
what would be expected in a typical workplace, particles
may be removed from the air by mechanisms other than set-
tling, includirg impaction on other bodies, centrifugation,
agglomeraiior, Brownian motion, and diffusion (Reist, 1975).
According to Drinker and Hatch (1954), diffusion is the pri-
mary method by which micron-sized particles are removed
from the air. 1t is also importani to note that dynamic projec-
tior of sinall particles (i.e., adding kinetic energy of velocity)
doesnotappe.r to significantly change the distance that they
ravel. For exa:nple, a L0-pm round unit density particle with
an initial veloity of 5000 crn/s will be significantly affected
by the viscous forces of air, and, despite its initial velocity,
will travel only approximately 4 cin before stopping. Likewise,
a 1-um round unit density particle will travel only approxi-
rnately 0.4 after being projecied at the sarme initial veloc-
ity. As Drinker and Hatch note, this finding is important to the
study of dust dlispersion in industry because it indicates that
the extension or reach of microscopic pardcles in the work
environment i not dependent on the kinetic energy of the
particles or the energy with which they are released into the
environment. ather, the small size of these particles causes
thern to be affected by the viscous forces of air, and signifi-
cantly reduces the distance that they are able to travel.

In situatiors where a clear generation source of a con-
tarninant exisis in an enclosed space, a multizone model
approach has been used to characterize the differences in
contarninant conceniration in different areas of the space
with increasing distance from the source. In the transient
two-zone model, a localized box or space that contains and
surrounds the zeneration source of a contaminant is typically
defined as the “near field,” whereas the rest of the room or
work space is cefined as the “far field” The near field is most
cornrmonly defined as a sphere or hemisphere with a radius
of approximately arm’s length, or 0.78 m (2.5 feet). This defini-
tiolr is consistent with the conventional industrial hygiene
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definition of the breathing zonc, as well as other publish
studies that have used the transient tv/o-zone raodsl [Kejt
2000; Nicas et al., 2006; Keil et al., 2009). The two zone mode:
has been used to predict chemical or panicidate expos:
for a diverse range of published exposure scemarios (Keil and
Murphy, 2006; Vernez et al., 2006; Armsirong a1d Hazs, 2(
Gaffney et al,, 2008). A model with three or more zones car
also be used to further differentiate the space if needed (S
EPA, 1997), but the improvement in precision is ofren ol
worth the effort, since differences between the second aad
third zones may be small (Sahmel et al |, 2009).

Particle models can be adapted to characterize airborne
fibers. Because asbestos [ibers are not spheres, a correction
factor such as the dynamic shape factor (defined as ihe razio
of the actual resistance force of the noxnspherical pariicle o
the resistance force of a sphere having the same volume and
velocity, referred to as the aerodynan.ic diaweter) can oz
applied (Reist, 1975; Hinds, 1999). The asbesios fiber cliu-
acteristic of a very consistent diameter along the lengih of «
fiber has led some researchers to atternpt to estimate air con
centrations and movermnent of fibers ueing a cylinder shaps
for aerodynamic purposes (Bragg et al.. 1974; Assuncac and
Corn, 1975).

Beginning in the 1970s, the scientif ¢ cormmunity be
to look at modeling asbestos exposures (Bragg ei al., 1974;
Sawyer and Spooner, 1978; Committee on Indoor Poliurarits
Board on Toxicology and Environmer.tal Health Hazards,
1981). For example, the National Research Councils
Commirtee on Indoor Pollutants reported thar fiber set
tling velocity depends far more heavily on fiber dinseeer
than on fiber length, and estimated thar in still air in a roorm
with a height of 3 m, a fiber with dimensions 5 pm loag by
1 pm in diameter would rermain airbormne for approximatety
4 hours. The comunittee further estimated that a fibar of
the same length with a 0.1 diameier would rernain air-
borne for closer to 20 hours. 1978, the US Bnvironuieatal
Protection Agency (EPA) also evaluated the speed with
which asbestos fibers may settle out of air (US EPA, 1976},
They estimated that setiling velocity was more slrongly
dependent on fiber diamerer than on length, and deter
mined that settling velocities for fiber: that were 5,
I umin length with a 5:1 aspect ratio would require 4, 2.
and 80 hours, respectively, to setile out of still aiv from &
height of 9 feet. They further estimatec that air turbuleace
would prolong the settling and cause reenzaincuent of
fallen fibers. According 1o these reports, OSYIA {ibers -.e,
those equal to or longer than 5pm) wnd to have sharies
settling times than shorter fibers, and the fiber aspectranc
has an important influence on the concantration vs. setding
time relationship. There was no discussion in “hese repor:s
of the relationship of concentration decrease with distance
versus particle or fiber length.

Despite these calculated estimates of the tine required
for ashestos fibers to setile out of air, both laboratory cnd
field studies have shown that asbestos fibers appear o
remain airborne for shorter time perinds than would te
expected based on such modeling. i a study conducied
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by Moorcraft and Duggan in which airborne asbestos con-
centrations wers measured in a room with no rmechanical
ventilation after vigorous dust disturbance, for examnple, the
athors found that the asbestos fibers settled out of air more
quickly than was expected based on their settling velocity
calculations (MMoorcroft and Duggan, 1964). Specifically,
ihe duration for which the disturbed fibers remained air-
botie was less than 1 hour. It was postulated that additional
fiber removal e schanisms other than gravitational settling
were at work in the study space, including interception
and impaction on surfaces, or possible electrification of
the fibers and subsequent rernoval from the air by electri-
cal forces. The ~uthors indicated that less than 25% of the
fibers counted 1ad a diameter of greater than 1 um, and
almost all fibers had aspect ratios of greater than 10 (o 1.
Similarly, limite d measurements by Corn et al. (1966) found
thal few particles above 6 pm in size remained suspended
i air, despite (afculations that showed that room air cur-
rente could theoretically keep particles up to 90 1m in size
sirborne. The authors hypothesized that this finding could
be due to one or more of three factors: (1) effects of the
slow-moving air boundary layer that adjoins the surfaces
of objects and s.ows the speed of particles fraveling close to
these surfaces | therefore reducing the ability of particles to
be pulled back i1to room air currents once they enter this aix
boundary layer ); (2) the likelihood of air currents to deposit
patticles as frequently as they remove them from surfaces;
or (3) the inertia of particles in motion resulting in rapid
deposition by impaction on surfaces.

To evaluate the potential for reentrainment of dust once
it has settled out of air, Corn and Stein (1966) also evaluated
the forces by which particles adhere to surfaces, including
[nechanical, electrical, and air drag forces. Based on calcula-
tions using experimental data for the adherence of particles
less than 80 pm in size, they estirated that particles in this
size range were unlikely to encounter mechanical, electrical,
or velocity forces alone in the typical occupational environ-
ment that were sufficient to break the adhesive forces of
particles on su:faces. They concluded that active disruption
of particles froro human activity would be required to cause
reenirainment.

In summary, based on our literature review, there
were nio widely used mathematical models that could be
applied to estimate airborne fiher concentrations at varying
distances fron. a source. Much of the work that has been
conducted thus far has involved applying a correction fac-
tor 1o particle models to account for differences in fiber
characteristics. The available information about particle or
fiber behavior in air indicates that multiple forces, such as
setiling velociy, intercepiion and impaciion on surfaces,
and possible ¢ lectrification of the fibers may all play arole
in removing fivers from the air, which is consistent with the
assumptions ¢et forth by Drivas et al, (1996). As noted pre-
viously, we coasidered the bystander estimates generated
using this model to be based on a more accurate represer-
tavion of workplace conditions, whereas the the Keil (2000)
model was used to provide an upper bound concentration

il reflection and deposition did not occur. Qur review of the
available particle and fiber literature apptars (0 suppost
this approach.

Resulis of mathematical modeling developed to estiynaic
airborne ashestos concertiyation with disiance

The hystander:worker ratios generated by the eddy diffision
models with and without deposition and reflection are pre
sented in Table 5. Under the Drivas et al. (1996) mode! that
includes reflection and deposition, the predicted bystander
concentrations relative to the airborne concentration at
the source, were 37% at 3 feet, 2% at 10 foer, and 0.3% at 15
feet. The ratio increased significantly at a distance of 20 feetl
(0.03%), and all calculated ratios at 25 feet ot greater were
less than 0.0001%.

Using the Keil (2000) model without reflecrion and depo-
sition, the decrease in predicted airborns ashestos concen
trations with distance from the source was less Gramatic. 2.
noted previously, the purpose of this model is w provide oo
“upper bound” on the expected concentr ation relationships
between a bystander and worker. Undey this second ser of
conditions, this model assumes that the cnly mechanism by
which particles are removed from the air is dilution by 1oL
ventilation, an assumption that would tend 1o over predict ine
actual field concentration of the fibets. Tinder ihese condi-
tions, the predicted bystander concentrazions, relative to tie
airborne concentration at the source wers 83% at 3 feet, 380
at 10 feet, 14% at 15 feet, 7% at 20 feet, ind 0.8% at 30 feet.
For distances greater than 50 feet, the ritios were less than
0.0001%; in other words, there is virtually no irapact of the
asbestos emitted from a point sousce, for OSHA Tibers, atcig-
rances greater than 50 feet. This finding is entirely consistent
with what has been predicted by both the: theories described
above and most field studies.

Proposed “rule of thumi” {0 esttimate Bystander exposirt
ar specific distances from a source

In this analysis, the calculated o modeled bystandersworkes
ratios differed at specific distances from 1 1e source. Howeves
based on our understanding of the inc vidual studics, we
felt that it would sall be a worthwhile exercise fo consider
the data together for purposes of developing @ rough “rule
of thwib” for evaluating bystander exposure with listance
fom a source. As described previousty, the results based
on the Drivas et al. {1996) model were ¢ snsidered a starting
point, and any adjustments to the modeled values were based
on professional judgment. A suminary of the vatues vsed (o
derive the rule of thumb is provided i “able 6.

For persons between 1 and & feet from the wotlker, it s
expected that the aitborne asbestos concentrations would
be approximately 50% of that measure:l at the source. This
estimate is based primarily on the Drivas et al. [199€) raod-
eling results, and is conservative in comparison (o the average
bystander:worker ratio reported for the various sirmulaticn
siudies for which data were available {8.2%4). However
because there were no workplace survey data {(which nec
higher initial airborne asbestos concenirations) in this
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Tabie 5. Model preicted relationship between the airborne concentration of asbestos fibers (greatec than 5pn i length) and the concentaton st vari-

ous distanses {concentrations are based on 15 minutes of possible emigsions at the source).

Model with Reflection and Depasiton (Based on Drivas etal, 1996)  Model without Reflection and Deposition{Based on Keil, 2

15 min time averaged
concentration (f/cc)

Distarce from
souree {ft)

Ratio of bystander:worker
airborne ashestos concentration

snder:

. 15 min time averaged Ratio of bys

concentration {f/cc)

&

0 0.43 1.0000 0.028 1.0000
1 0.38 0.6840 0.028 0.9414
2 0.27 0.6229 0.026 0.9298
3 0.16 0.3748 0.024 0.8555
4 0.094 0.2182 0.022 07710
5 0.060 0.1383 0.019 0.6864
6 0.041 0.0959 0.017 0.6077
7 0.029 0.0684 0.015 0.5367
g 0.021 0.0481 0.013 0.4730
Y 0.014 0.0332 0.012 0.4152
10 0.0097 0.0224 0.010 0.36273
11 0.0065 0.0150 0.0088 0.3139
12 0.0043 0.0100 0.0076 02699
13 0.0029 0.0067 0.0065 0.2404
14 0.0019 0.0044 0.0055 0.1953
15 0.0013 0.0029 0.0046 0.1645
16 0.00082 0.0019 0.0039 0.1379
17 0.00054 0.0012 0.0032 0.1150
13 0.00034 0.0008 0.0027 0.0956
19 0.00022 0,0005 0.0022 0.0791
20 ’ 0.00014 0.0003 0.0018 0.0653
25 <0.0001 <0.00001 0.00067 0.0237
30 <0.0001 .+ <0.00001 0.00022 0.0077
35 <0.0001 <0.00001 <0.0001 0.0022
40 <0.0001 <0.00001 . <0.0001 0.0006
45 <0.0001 <0.00001 <(.0001 0.0001
50 <0.0001 <0.00001 <0.0001 0.0000
55 <0.0001 <0.00001 <0.0001 <0.00001
60 <0.0001 <0.00001 <0.0001 <0.00001
65 <0.0001 <0.00001 <0.0001 <0.00001
70 <0.0001 <0.00001 <0.0001 <0.00001
75 <0.0001 <0.00001 <0.0001 <.0000L

‘Yable 6. Summary of data used to derive “rule of thumb” for bounding bystander exposure estimates.

Model with reflection and deposition
(based on Drivas et al. 1996)

Model without reflection and depo-

Combined data set based on published

sition (based on Keil 2000) simulation studies a1d warkplace surveys

airtborne asbestos concentration

{Hstance from sour.e N Mean bystander: worker ratio N Mean bystander: warker raiio N Mean bysia wder: worker vaio
154 6 0.54 [ 0.87 121 (.08

5510 1 > 0.07 5 0.44 51 .61

>10-30 ft 12 0.004 12 0.14 30 (1L

=30 fi 8 <0.00001 8 0.00 34 .10 o ’

#Eor modeling resuts, N is the number of distances for which bystander concenwrations were estimated. See Table 5 for dava that weie used in

calculation.

disiance category, we did not feel that we could justity low-
ering the proposed reduction. Thus, because the Drivas et al.
{1996) estimate «.f 50% was close to the rnidpoint of the upper
bound average of 87% based on Keil (2000) andthe average
reported for the published data (8.2%), we chose to keep this
number as the proposed value for this distance category.

Al distances of >5-10 feet, the results based on Drivas ctal.
(1996) decrease frorn 9.6% at 6 feet to 2.2% at 10 feet (average
value is 6%), whereas the corresponding values based on the
ieil (2000) moceal range from 60.8% at 6 feet 10 36.2% at 10

fect (average value is 47.9%). The average bystanderworker
ratio based on the published data is 61%. !t should be noted,
however, that of the 51 samples from the published dara set
that comprise this group, 44 are from the owal et al. (2005)
study, which had a very high proportion of samples Lelow
the LOD. Because the samples in this pasticular study were
collected in groups of two or four and averaged together
it was often the case that one to three of those individual
sample results were legs than the LOD, but included in cur
analysis because at least one of the other sarples used o
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calculaie the =verage value had a deteciible result. The aic-
borne asbestas concentrations measured in this study were
extreraely low in both the worker and bystander samples, so
the higher bys ander:worker ratio calculated in this analysis
for the Mowat et al. (2005) study should be interpreted with
caution. The re maining seven samples were also from simula-
tion studies with lower asbestos concentrations; the average
bystander:wor <er ratio among these samples was 37.9%. For
this distance group, a value of 35% was sclected for the rule
of thumb.

Between »13 and 30 feet, the Drivas et al, (1996} model
predicted reductions from 1.5% at 11 feet to 0.001% at 30 feet
(average reduction was 0.4%), whereas the corresponding
Keil (2000} values were 31.39% at 11 feet and 0.77% at 30 feet
{average reduciion was 14%). There are relatively few simu-
tation study results for this distance range; notably, nearly
all available data correspond to very low airborne asbestos
concentrations (<0.01 {/cc) at the source. For the workplace
surveys, the wetker to bystander ratios vary considerably by
source/activity from 81% during hand sanding of patching
compounds at 15 feet to 5% during a brake blowout at 20 fect.
It should be ncted that the data generated during sanding
of patching ar.d spackling compounds (described previ-
ously) reflect fairly similar airborne asbestos concentrations
between the scurce and nearly all distances for which air
samples were collected, The average reduction based on the
published studivs at »10-30 feet was 12%. For this distance
group, avalue o7 10% was selected for the rule of thumb,

Lastly, a factor of 1% was selected for distances of 30 feet
or greater. At 30 feet, estimates from both models are below
0.1%. The average value for the published data was higher
at Y.1%, but, aguin, the data were doninated by simulation
study results with very low airbornie ashestos concentrations,
Ihe simulation studies considered in this review included
“remote area” sumiples at 50 feet, and the reported concen-
trations among ~hese samples were less than 1% of those
measured for the worker. Although it is possible that smaller
libers (those less than 5 pm) could “drife” longer distances,
there are numeraous factors that indicate that such drifting is
unusual, and even when it does occuy, the actual concentra-
tion (by mass) is very small. ’

Discwussion

Based on this rev.ew, two primary sets of data for character-
1zing bystander xposure to asbestos were identified. 1 he
first inchuded short-term peak (task-based) samples col-
lected during werkplace surveys conducted in the 1970s
involving activitics in which airborne concentrations could
be appreciable (particularly during spray-on asbestos opera-
tions). The sccond set was comprised of simulation study
resulis. Unlike the field studies, the simulation studies were
designed to obtain a general understanding of bystander
aposure, and, jusi as i_trlp()rianlly, beneflited from very low
limits of detectior: and data with very good quality control.
Airborue asbestos concentrations in the workplace surveys
were orders of magnitude higher than what was observed in

the simuolation studies involving ashesto - coutaining, enca
sulated products. Despite the obvious d [ferences in the .
sets, airborne asbestos concentrations in bystazder samples
were, as expected, nearly always lower than rhe correspord-
ing worker samples. The magnitude of this difference vuried
considerably among the field studies, vhich hampered our
ability to make meaningful COMpPArison:.

Nonetheless, the topic of pariicle physics and particie
dynarnics has enjoyed a considerable a:nount of study over
the past 40 years, and it would be erroneous to suggest thar,
at least for general estimation purpose:, the airborne cor -

centration in the typical workplace carnoi be predicted if

there is some knowledge of ihe particle size distribuiin.a
(aerodynamic mean diameter) and the magnitude of the
point sowrce. To that end, a simple mathematical raadel
was incorporated inlo this analysis to claracterize the rela-
tionship between breathing zone concentration at a o cce
and distance; as expected, the predicted airborne asbesios
concentrations decreased with distance from the soluce.
It should be noted, however, that this model is refatively
simplistic, in that it is based on a single worker in a sinole
room with typical room ventilation (dilution ven tlation). Wwe
did perform one exercise where net advective airflow vy
included in the models (data not show n), but the irpact
varied widely depending on where the ventilation sousce
was placed relative to the bystander (i, directly upwind
or along an axis perpendicular to the bystander, creating
a crosswind) (Keil et al., 2009). It was deterrained that for
purposes of this assessment, a simpler model as preferable.
As such, the models used in this analysis are not be able o
account for situations in which there may be local exhanst
ventilation, open windows, large body ccoling fns, or hizh
dilution ventilation (such as in sore hot workplaces, Tor
example ship boiler rooms or steel mills).

Baged on the available published lteraiure and (e
modeling results, we have proposed general puidelines o
estinating bystander exposures 1o airborne asbestos if e
airborne concentration for the worker is kaown, and if the
distance from the source is less than 50 fect. We also propose
that, going forward (for future published papers), there be
agreement that the term “bystander” shal! describe pErsons
working 3 to 10 feel from the primary worker, as it is more
likely that these individuals may be working on their awn
tasks, handing the primary worker tools, or sireply stand-
ing guard (as seen with welding or clean-up duty), and ot
directly assisting the primary worker. This distance is gener
ally consistent with what has been conside-ed in the sirnula-
tion studies to be representative of bystand 2r exposure (5-10
feet), and, infact, the term “hystander” has ulten besn used 1o
characterize samples at these distances in 1 large fraction of
published studies. For distances less than @ feet, we propose
that the term “coworker” or “assistant” be used. Because
coworker may be in very close proximitv to the primary
worker it s possible that (his person may acrually be assisg
ing the worker in performing the task at hand. For persons:
working at distances 1 1-30 feet from the prmary worker, we
suggest the term “rerrnote bystandey”
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‘There are several sources of uncertainty in this analysis,
riost of which stern from the variability of exposure scenarios
and asbestos products that were evatuated in the individual
studies and issues in the various data sets used to arrive at
a single factor for each distance group. First, there were few
workplace studies in the published literature that provide
afr sampling desa at known distances from a source. lhe
1970s studies ircluded in this analysis span a wide variety
of workplace cc aditions, and are not directly comparable.
41l of these studies were conducted more than 30 years ago,
and none were mtended to answer the questions raised in
this paper. Shortcomings of thege early studles were that
insufficient samples were collected, and that fiber lengih or
diameter analyses were not rigorously evaluated. Had these
shortcomings bren addressed, the differences in the ability
of very small fibers (shorter than 5 pm), OSHA fibers (longer
than 5pum and cften less than 40 pm), and very long fibers
(those greater than 40 pm) to wavel specific distances could
have been berter characterized. Analytical procedures and
quality conirol vwere less rigorous at that time, although this
is probably not « large source of uncertainty, given the mag-
nitude of the airl:orme concentrations. Later studies included
craftgpersons wl-o were likely bystanders to insulation work,
but often also personally handled asbestos in the course of
their own worl, making it nearly impossible to make infer-
ences about the soint source to distance relationship.

Second, the 110re recent simulation studies included in
this analysis were conducted during activities resulting in air-
borne ashestos concentrafions that were orders of magnitude
fower than the 19705 workplace studies. In some tases, half or
more of ihe sarmles (worker and bystander alike) were below
analytical deteciion limits, limiting their utility to aid in this
assessraent. In our analysis, we excluded worker-bystander
pairs in which tae worker sample (or pair of samples, such
ag lefrand right "apels) was below the LOD. We did, however,
include bystanc sr samples thatr were less than the LOD by
using a value of one-half the LOD in the calculation of the
bystander:worker ratio. This inclusion could have served to
underestimate € e reduction in airborne asbestos concentra-
tion with distanc s because a value was used when, in fact, the
asbestos fibers -nay have already settled out of the air. "lhe
basic compariscis (i.e., percent reduction) of rean airborne
asbestos concentrations among workers and bystanders may
have also been impacted by the preponderance of samples
below the LOD, as most of the mean values reported in the
simulation stud-2s included sorne results that were less than
the LOD. Had there been higher concentrations at the point
source, or had it been possible to have a lower limit of detec-
tion for samples taken at specific distances from the source,
more could have been learned from these studies. Madl etal.
(2008) reporied a statistically significant difference between
worker and bystander (5 feet) airborne asbestos concentra-
tions, as well as detween the samples for the bystander at 5
feet and the bysvander at 50 feet. Itis possible tha this differ-
ence was observed most clearly in this study because a larger
pumber of samp.es were collecied, thus allowing for genuine
differences in concentration to be measured.

Evaluation of bystander exposures to ashestos 2

Lastly, as we have indicaied, there is o lerate uncertaingy
regarding the precision of our estirnated rule of thumb, but iv
should be acknowledged that the universe of poteatial values
for estimating the airborne concentration ¢f OSHA fibers, ata
distance, is limited because of particle physics, as well as tae
matter of mass balance. For example, itis known thavthe vest
majority of the targer particles or fibers deposit fairly close
to the source, only a lesser amnount is lef: and available for
transport to much longer distances. Witk respect to uiicer
tainty regarding the relationship between airborne asbestos
concentrations and distance from a source, we considered
offering up a range for each distance, bur, given the vaganes
of air movement and deposition (and agglemeradon) thavcan
occur in the workplace environment, additional precision is
probably not necessary. For example, even when the fef: and
right lapels of aworker doing a particular tagk are samipiec, it
is not uncornmon for the values to be diffsrent by a lactor of
2 at low concentrations (e.g., 1 versus 2ppin).

'The purpose of the rule of thumb is 1o help the exposure
or Lisk assessor develop an understanding of the Ukely reduc-
tionts that will occur in asbestos concertratons based o
increasing distances from the source, as well as fiber-speciic
properties including diameter and lengti. thas, given that
there is currentdy no guidance offered for extimating histor
exposures of workers in the typical “open industrial envis
ment” we believe that providing this anclysis of both T
data and current dispersion models will be helpiul to those
involved in estimating asbestos concentrations in workplaces
for which no quantitative exposure data exist, such as in I
torical exposure reconstruction efforts, If for exaraple, one
were inferested in determining whether respiratory protec
tion would be needed for potential bystanders in an active
workplace, use of the proposed rule of thumb would be 1o
uncertain given that there is the option of collecting quanic
tive exposure data such as air samples tha are specific to e
workplace of interest.

‘This review of the literature indicates that rouch mnore
research is needed ro quaniitatively inderstand the relation-
ship between the airborne concentraiions ot the source versus
the concentrations at a distance, especially for fibers betwesn
5 and 20 pm and those greater than 20 prr (i.e. those o7 bio-
logical significance). We suggest that future studies incorpo-
rate air sample collection at numerous fixed distances fres
a source (north, south, east, west), along with consideratin:
of fiber length and aspect ratio. Ultmately, such studies will
help fine hune existing mathematical modzls for patticuiats.
Such studies would also greatly advance the developrentof
new models that more accurately characteize the moverment
of ashestos {ibers in the aix Given the increased interest bt
conducting dose-reconstruction studies ir: an altempt (o pro
vide dose components in epidemiology studies, this work,
then, appears to be worthwhile.

i

Declaration of interest

A small portion of the research associared with this work
was originally done in preparation for litigation and was

BRI ol Y L

Pl



are.com by Ms. Carrie Kahn on 09/23/10

Critical Reviews in Toxicology Downloaded from informahealth:

ersonal use only

i

Fol

22 E B Donovarn et al.

supported by a number of companies that have been, and
axe, involved i asbestos-related litigation. The authors were
ot compensuted for most of the work of compiling the
information for this article, or for preparing it. One of the
authors (D.J.R) has served as an expert in asbestos-related
litigation.

References

Avmstrong TW, Haes CN. (2007), Quantitative microbial risk assessment model
for Legionnaires’ disease: Assessment of human exposures far selected
spaoutbreaks. ] Occup Boviron Hyg 4:634-646.

Assuncao J, Corn M. (1975). The effects of milling on diameters and lengths
of fibrous glass add chrysotile ashostos fibers, Am Ind Ilyg Assoc |

‘the significance of asbestos-ussociated pleural diseuse among sheet metsl
workers. | Occup Med 27:483-489,

Balzer JL, Cooper W, (1968). The work environnient ofinsulating workers. Am
ind Hyg Assoc [29:222.027

Barnes R. (1976). Asdestos spraying, an oceupational and environmental haz-
ard, Med J Aust 2:599-602. .

Bell A, (1976). Indus rial hygiene and occupational health studies in Australian
(New South Wales) shipyards, Enviran Res 11:198-212.

Blake CL, Van Orden DR, et al. (2003). Airtbome asbestos concentration from
brake changiny; does not exceed penmissible exposure limie. Kegul Toxicol
Pharmacol 38::8-70,

Blake CL, Dotson GY, et al. (2006). Assessraent of airborne asbestos exposure
during the servicing and handling of automobile asbestos-containing
gaskets. Regul Toxicol Pharmacol 45:214-222.

Bowles O, Barsigian M. (1951). In: McGann PW, ed. Minerals Yearbook: 1951,
Washingtou DC: US Deparunent of the Interior, Bureau of Mines.

Bowles O, Stoddard BH. (1933). In: Kiessling OF, ed. Minerals Yearbook:
1932-1933. Was hington DC: US Department of Cornmerce, Bureatt of
Mines.

Bragy GM, van Zuiden L, etal. (1974). The free fall cf eylinders atintermediate
Reynold’s numt ers. Atos Environ 8:755-764.

Colen HJ, Van Ocdern: DR. (2008). Asbestos exposures of mechanics performing
clutch service o1 motor vehicles, ] Occup Environ Hyg 5:148-156.

Commitice on Indoor Polluranis Board on Taxicology and Environmental
Health Hazards, A. 0. L. S, N. R. C. (1981). Indoor Pollutais. Washington,
DC: National Academy Press.

Corn M., Stein E (19:8). Mechanisms of dust redispersion. In “B.R. Fish (ed.)
Surtace Contan:ination. London, Yergamon Pregs, pp. 45-54.

Doll R. (1955). Mort:_ ity from lung cancer in asbestos workers. Br | Ind Med
12:81-86.

Drinker P, Hurch 1. (1654), Indusirial Dust: Hypienic Significance, Measurement,
and Control. 2nc ed. New York: McGraw- (111,

Drucker B, Nagin D, ot al. (1987). Exposure of sheet-metal workers to ashes-
tos during the construction and renovation of commercial bulldings
in New York Ciry. A case soudy in social medicine. Ann N Y Acad Sci
502:230-244.

Ferris BG Jr, Panadive MV, et al. (1971). Prevalence of chronic respiratory
discase. Asbest:sis in ship repair workers. Arch Environ Health 23
220-225. -

Fischbein &, Roh! AN, etal. (1979). Drywall construction and asbestos expo-
sure. Am Ind Hy,; Assoc ] 40:402-407.

Fleischer WE, Viles Ff etal. (1946). A health survey of pipe covering operations
in constineting naval vessels. | Ind Hyg Toxicol 28:9-16.

Fowler DP.(2000). Fxposures to asbestos arishng from bandsawing gasket mate-
rial. Appl Occup Inviron Hyg 15:404-408.

Gaflney §, Moudy L, e: al. (2008). Worker exposure to methanol vapors during
cleaning of sem conducior wafers in a manufacturing setting. | Occup
Environ Hyg 5:313-324.

Harries PG. (1968). Asbestos hazards in naval dockyards. Ann Occup Hyg
11:135-145.

Harries PG.(1971a). Azaestos dust concemrations in ship repairing: A pracidcal
approach to improving asbestos hygiene in naval dockyards. Ann Occup
Hyy 14:241-054.

Harries PG, (1971b), A omparison ofraass and fibre concentrations of asbestos
dust in shipyard insulation processes. Ann Occup Hyg 14:235-240,

Hinds WC. (1999). Aercsol Technology: Propetties, Behavior, and Measuremient
of Airborite Pardcles. New York: John Wiley & Sons.

HM Faclory Inspectorate. (1973). Probable Asbesios Dust Concentr:
at Conseruction Processes. London: Deparorent of Employnying,
Majesty’s Factory Inspectorate,

Jlang GC, Madl AK, et al. (2008). A study of airborie chirysodle concentracons
assoctated with handling, unpacking, and repacking buxes ol auton, biie
clutch discs. Regu! Toxicol Pharmacol 51:87-97

Keil C. (2000). Matheratical Models for Estirnatin g Gecupational Expesure
to Chemdeals. Fairfax, VA: American Indust ial Hygiere Associntion,
Bxposwre Assessment Strategies Cornmitee,

Kell €, Murphy R. (2008). An application of exposi e modeling in exposure
assessments for a university chemistry teacl ing laborawey. | Qoeup
Environ Hyg 3:99-106,

Kell CB, Simmons CE, et al. (2009). Madiematici | Models for Estigiing
Occupatondl Exposure to Chemicals. 2nd el Fairfas, VA: American
[ndustrial Hygicne Association (AHIA).

Lilis R, Daum S, et al. (1979). Asbestos disease in maintenance worlers of the
chemical industry. Ann N Y Acad Sci 330:127-135,

Lindell K. (1973). Industedal Uses of Asbestos. I Bogovsx: B Irimibrell Y
Gilson JO, Wagner JC, eds. Biological Effects nf Asbestos, Proc
of & Working Countference Held ac the International Ageney for
on Cancer. Lyon, France: International Agenc. for Research o
(1ARC). Scientific Publication No. 8, 323-328.

Livkonen L, Stll KR, et al. (1978). Asbestos Exposure from Gasket Opecavin e
Bremerton, WA: Industraial Hygiene Brauch, Occupavionzl wnd
Environmental Health Service, Nuval Regional *fedical Center.

Liukonen LE, Weir FW. (2005), Asbestos exposure fror. gaskots during di
bly of a medium duty diescl engine. Regul Toxical Pharmacol 41011

ey

Longe WE; Egeland W8, et al. (2002). Fiber release during the removal of

asbestos-conraining gaskets: A work practice siciulation. Appl Cevup
Environ Hyg 17:55-62.

Lorimer WV, Rohl AN, et al. (1976). Asbestos exposut: of brake: repais vior
in the United States. Mt Sinai ] Med 43:207-218.

Madl AK, Scott YL, et al. (2008). Exposure to chrysotile asbestos ;
unpacking and repacking boxes of autormobile b ake pads and shovs. A
Oceup Hyg 52:463-479.

Maines R. (2005), Asbestos and Fire: Techoological Tradestls aud te tody a1
Risk. Piscataway, NJ: Rutgers University Press.

Mangold C, Beckeit R, et al. (1970). Asbestos Expos.ire and Corurol al Puger
Sound Naval Shipayard. Bremerton, WA: Industiial Hygiene Division,
Medical Deparoment, Puget Sound Naval Shipyard.

Mangold C, Clark K, et al. (2006). An exposure study of bystunders and we k-
ers during the installation and removal of asbesios gaskes and pucki
J Oceup Environ Hyg 3:07-98.

Marr WT. (1964). Asbestos exposure during naval vess:l overhaul, Al Ind Liya
AsS0¢ ] 25:264-268.

MeMillan GH. (1983). the health of welders in nava dockyards. The risk of
asbestas-related diseases occurring in welders Qecap Med 25727758

Merewether ERA, Price CW. (1930). Report on Effects of Asbestos Dust or
the Lungs and Dust Suppression in the Asbestos Industry. Par: [ and {1,
London: His Majesty’s Stationery office, 1-34,

Moorcroft JS, Duggan M. (1964). Rate of decline of asbestos fibre conceniralion
in toom ait Ann Occup Hyg 28:453-457.

Mowat ¥, Bono M, et al. (2005). Occupadonal expostre tw airborne ashes s
from phenolic molding maverial (Bakelite) durir sanding, drilt
related activities. | Occup Environ Hyg 2:497-507

Nicas M. (2001). Modeling turbulent diffusion and adv: ction of induor air con-
taminants by Markov chains. ATHAY 62:149-158.

Nicas M, Plisko M], et al. (2008). Estimating benzene exnosure ara salvent parts
washer, } Oceup Environ Hyg 3:284-291.

NIOSH. (1972). Criteria [or a Recommended Standard: Dceupational Exposure
10 Asbestos. Cincinnati, OH: US Department of Health, Educution, and
Welfare, Public Health Service, Health Servicis and Menml |
Adrinistration, National Institute for Occupatic nal Safery and He
(NIOSH).

NIOSH. (1975). Study of Shect Metal Workers. Cincinnatl, OH: National Iosticuce
for Occupational Safety and Health, HSM.-099-71 .55,

Paustenbach D), Finley BL, et al. (2004). Environmental and GECUPALONILT
healdy hazards associated with the presence of asbestos in brule Hitings
and pads (1960 to present): A state-of-the-urt o jew. | Toxicol Enviroq
Health B Crit Rev 7:33-110.

Paustenbach 1], Madi AK, er al. (2006). Chirysotile asbes:os expostire assoc
with reroval of automobile exhaust systems (ca. 1945-197%) by mechr
Results of a simulation study. | Expo Sci Environ Epidemiol 16:154

Paustenbach D, Sage A, etal. (2004). Occupatonal exposure to airborne
tos from coatings, mastics, and adhesives. J Expo Anal Enviran Epidemiv
14:234--244.

.

g, and

b
th

F I (A I N R



mloaded from informahealthcare.com by Ws. Carric Kahn on 09/23/10

Critical Reviews in Loxicology Dow

nal use anly.

For perso

Reist PC. (1975). Counting asbestos fibers by the most probable number
method. Am [nl Hyg Assoc ] 36(5):379-384.

Reite WB, Nicholson W1, et al. (1872). Application of sprayed inorganic fiber
containing asbustos: Gecupadonal health hazards, Am Ind Hyg Assoc |
3%3:178-19).

fohl AN, Langer AM et al. (1975). Exposure (o asbestos in the use of consumer
spackling, pate:ting, and taping compounds. Science 189:551 -553.

rohl AN, Langer AM, étal. (1976). Asbestos exposwre during brake tining main-
tertance and reair. Environ Res 12:110-128.

Salumel §, Unice K, et al. (2003). The use of multizone models Lo estimate an airc-
Yorne chemica. contaminant generation and decay profite: Occupational
expusutes of filrdressers w vinyl chioride in hairspray during the 1960
arud 1970s. Risk Anal 29:1699-1725.

Sawyer RN, Spoone: CM. (1974). Sprayed Asbestos-Containing Material in
Buildings. A Guidance Document. Part 2, Research Triangle Park, NC:
United States Favironmental Protection Agency.

Selikoff If. (1971). 1. Selikofi Testimony before the Chicago City Council,
Chicago, (1.

Selikoff 1], Chury J, et al. {1964). Asbestos exposure and neoplasia. JAMA
188:22-26.

Selikoif1], Churg J e al. (1965a). The occarrence of asbestosis among insulation
workevs in the (nited States. Ann N ¥ Acad Scl 132:139-155.

Selikoff I, Chuyg J, ¢t al. (1965b). Relation between. cxposuxe 1o asbestos and
wesotheliora, N Engl ] Maed 272:560-565.

spengler I, Samet J. ot al. (2001). Indoor Al Quality Handbook. New York:
McGraw-Hill Frofessional.

Sprince NY, Oliver L, et al. (1985}, Asbestos-related disease o pluinbers and
pipefitters eraployed in building construction. ] Occup Med 27:771-775.

Lvaluation of bystander exposures io Asbesios 23

Tienbrell V. (1965). ‘The inhalation of fibrous dusts. Ann Ny Acad Sci 332
255-273.

US £pA. (1978). Sprayed ACM in Buildings: A Guidar.ze Docunent. Re 1
Triangle Park, NC: US taviroamental Protectic n Agency (BPA), Ofice
of Air and Waste Management, Office of Alv Quality Plas g and
Standards.

US EPA. (1988). Asbestos Exposure Assessment. Washiagion, DC: United, Stes
Envirammenta Protection Agency, Chemical Engineering Branch. Otfice
of Pesticides and Toxic Substances.

Us EPA. (1997), Exposure Eactors Haundbook (Final Repert), Washiapea, bC
United States Environmental Protection Agency

Verma DK, Middieton CG. (1880). Octupartional expasure to asbestos in 1he
drywall @aping process. Am Ind Hyg Assoc | 41:2:34-269,

Verma DK, Kuriz LA, etal. (2003), Current chemical ¢posures among Onario
construction workers. Appl Oceup Environ Hyg (81031-1047,

Vernez D, Bruzzi R, et al. (2006). Acute respiratory syndrome after inha
wulCrmeﬁng sprays: A posteri()ri exXpOosure-res J0N5e asnessment in i0k
cases. | Oceup Environ Hyy 3:250-261.

virta Bl. (2005). Mineral Commuodity Profiles—Asestos. Boulder, CO0 U
Geological Survey. Circular 1255-KK.

wagner JC, Sleggs CA, et al. (1960). Diffuse plearal mesothelioma sad
asbestos exposure in the North Western Cape Province. Br ) Tl faned
17:260-271.

williarns PR, Phella AD, etal. (2007). Areview of histucical exposures to asbos.
tos among skilled craftsmen (1940-2006). J Toxicol Environ Heale
Rev 10:319-377.

7oloth S, Michacls D, (1985). Asbestos discase in shoer ructal workess: e
results of a proportional mortality analysis. A Mnd dMed 7:315-521

ladien of

o BT - G S L A



ChemRisk

20104 Rate Sheet

Hourly Rate

Title Health Scientist Epidemioloyist
Chief Principal 5 425 425
Managing Principal 5 375 385
Supervising Principal S 300 310
Principal & 250 260
Senior Managing $ 225 235
Managing $ 195 205
Supervising S 180 190
Senior S 170 180
Scientist/Epidemiologist 5 155 165
Senior Associate $ 145 155
Associate $ 115 125
Research Associate, 1 $ 105 105
Regearch Associate, | $ 75 85
Administrative $ 60 60
Qtner Direct Costs
Direct Project Costs*® $ . 8/hour 8/hour
Subeontractor Markup 20% 20%
Expense Markup 20% 20%

“Diect project costs include PC, copy jobs <100 pages, telephone and fax.

Note: Oustanding balances over 45 days are subject to 18% APR.



Chem isk

2010 Rate Sheet

Title Hourly Rate
Chief Principal $ 575
Managing Principal $ 450
Supervising Principal 5 380
Senior Principal $ 360
Consulting Physician $ 350
Principal $ 310
Senior Managing $ 300
Managing $ 245
Supervising b 225
Senior $ 210
ScientistEpidemiologist $ 190
Sanior Associate | - 11 $ 160 - 175
Associate 1 -1l % 125 - 145
Assistant | - 1] 5 100 - 120
Resgearch Associate | - 11 $ 85 - 115
Administrative 3 70
Other Direct Costs
Direct Project Costs™ 3 8/hour
Subcontractor Markup 20%
Expense Markup 20%

*Direct project costs include PC, copy jobs <100 pages, telephone and fax.
Note: Outstanding balances over 45 days ave subject to 18% APR.



ChemRisk, LLC

2011 Rate Shest

Title Hourly Rate
Chief Principal $ ' 575
Managing Principal $ 475

N anaging Principal 1H $ 425
Consulting Physician $ 425
Sanior Principal b 375
Frincipal $ 350
Senior Managing % 310
fanaging $ 255
Superviging $ 235
Senior (Industrial Hygienist) $ 2201230
Scientist/Epidemiologist $ 200
Senior Associate | - |l $ 165-180
Associate | - 1 % 130-150
Assistant [ - 11 $ 110-130
Fesearch Associate | - 1 $ 50-120
Administrative $ 70
Cther Direct Costs

Cirect Project Expense* $ 8/hour
Subcontractor Markup ’ 20%
Expense Markup 20%

“Expenses associated with the allocation of internal administrative costs such as telephone, fax, copy jobs
less than 400 pages, postage, administrative suppont, ete. that are too small to track and allocate individual'y.

Note: Ouistanding balances over 45 days are subject to 9% APR.



