Applied Occupational and Environmenial Hygiens, 18: 506-512, 2003
Copysight © Applied Industial Hygieas
1SSN: 1047-322X print / 1521-0898 caline

DOL: 10.1080710473220350192881

M AT

An Asbestos Job Exposure Matrix to Characterize
Fiber Type, Length, and Relative Exposure Intensity

Carol Rice! and Ellen F. Heineman?

"iniversity of Cincinnati College of Medicine, Cincinnati, Ohio; 2Occupational and Environmental
Epidemiology Branch, Epidemiology and Biostatistics Program, Division of Cancer Epidemiology and
Genetics, National Cancer Institute, National Institutes of Health, Department of Health and Human

Services, Bethesda, Maryland

The relationship between asbestos exposure and disease
has been well documented, although questions persist as to
variation in risk by the type and length of fiber. For a series
of jobs with potential asbestos exposure, the primary fiber
type (e.g., amosite, anthophylite, chrysotile, crocidolite, or
tremolite) and fiber length were idenfified and the relative
exposure intensity was estimated. The resulting job expo-

- sure matrix may be useful in epidemiological stadies where
asbestos is an exposure of interest.
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Exposure to ashestos has been associated with an increased
tisk of adverse health effects in a number of populations es-
pecially since the early 1960s.%9 In addition to employment as
an insulator or shipyard workér,®% exposure may occnr in a
widerange of other industries. 7 Nicholson et al. ®® provided
a deteiled listing of occupations where workers may be exposed
to asbestos. Work activities and jobs reposted to involve ashestos
exposure incjnde a range of duties, such as laborer, supervisor,
and handymen that may be conducted in indunstrial and non-
industrial settings.“*-2%

Evidence from some reports suggests that the risk of disease
and the latency may vary depending upon the type of asbestos
fiber exposure and length.*39 In animal experiments, diam-
eter and length of inhaled fibers have been shown to be im-
portant determinants of the site of deposition and subsequent
translocation, #5370
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No job exposure matrix (JEM) was identified that included
information on exposure intensity and asbestos fiber type and
length, Thus the work presented was undertaken toprovide a link
between job title or activity reported in a work history and the
type and length of asbestos fibers that could present a potential
for exposure. The JEM was developed for exposure assessment
for an epidemiologic study.

METHODS

Potential asbestos exposure situations were grouped broadly

into primary or secondary ‘use in product manufacture, ship-
related octupations, mining and milling, and end-user/
maintenance activities. (') Industries or jobs associated with po-
tential asbestos exposure were listed within each of these groups.
Primary or secondary manofacturing industries cover a gamut
of products, including friction products, paints and sealants, and
clectrical appliances. Among ship-related occupations, several
groupings are relevant. First are those jobs with potential for
direct contact with asbestos, for example, welder or electrician.
Bystander occupations, in which employees might receive ex-
posure as & result of the work conducted by tradesmen using
asbestos-containing materials can also be identified.®5* One
group of bystanders inchides occupations that work routinely
on or neaf the ship, for example, riggers. The second bystander

group includes employees who might periodically go to the ship -

constraction area, bat work routinely in office areas adjacent
the yard. :

A major compongnt of the end-user/maintenance group is the
building construction trades thatare identified by craft; for sxam-

'ple, carpenter, painter, tiler, Other end-user and maintenance job

titles include activities that may bring a worker in contact with
asbestos-containing producis; these include elevator manufac-
ture, instailation, or repair; power generation; steam locomotive
repairfoverhal, and brake manufacture or repair. Exposure may
occur during other types of work activities, such as ingpecting
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‘uildings, fire fighting, or diamond cutting. Exposure gy also
occur through the use of products potentially contaminated with
asbestos (e.g., industrial use of talc).

Literature sources were reviewed to identify the hkely fiber
types used for various applications and the relative lengths of the
fibexs.10:40-43) The type of fiber was characterized as amosite,
anthophylite, chrysotile, crocidolite, or remolite. Many uses
of asbestos invclve more than one fiber type; for example,
thermal pipe insulation frequently contains amosite and chry-
sotile fibers while reinforced plastic may comtain chrysotile,
crocidolite, and amosits. Thus, the JEM was constructed to in-
clude muitiple types of fibers, as appropriate.

The type and length of fiber were inferred for operations in

which products containing asbestos were used. For example, -

from the documented use of chrysotile and amosite in building
construction and pipe insulation, the potential for exposure to
these fibers during biilding demolition was inferred. Similarly
for buitdiog renovation activities, potential exposure to tremo-
lite and anthophyllite was inferred because of the presence of
these fibers in drywall materials. When potential exposure re-
sulted from use of a product containing asbestos, fiber length
was assumed to be equal to that in the original prodact.

For intensity during the period of exposure, a four-level scale
was developed: very low, low, moderate, high. Very low was

"considered below the limt of detection using phase-contrast

microscopy;®® low was assigned for exposures Tikely to be
above the limit of detection but below 2 fibers/cc (ffcc);
medium, 2-7.9 f/ce; and high, 8 or more ffcc, during the mea-
surement period. The extensive compendivm of exposure levels
reviewed by Nicholson et al."®) was used as benchmark values.
The inclusion of a category for very low—-exposure Jobs/actwmes
allows evalnation of the potentiai effects of work in many occu-
pations that might otherwise be excluded, such as building in-
spection and sale of asbestes-containing materials such as floor
coverings, where cutting would be unlikely to resultin detectable

concentrations of airborne fibers. For these low-exposure jobs,

potential contaci with an asbestos-containing material was
irad., . ‘ ,

RESULTS _

Jobs with potential asbestos exposure included in this JEM,
and fiber types and lengths are shown in Table I. Definitions for
the abbreviations and symbols are given in the key at the end

shown as grade, with Grade 3 being the longest and Grade 7 the
shortest. Amosite and crocidolite are characterized as extra long,
long, medium, or short. No Iength data were found for tremolite
or anthophylite.

The four-point scale for relative exposure intensity is shown
as 1 {very Iow) to 4 (high) for most jobs; for a smail number of
jobs, the letter D is listed, indicating that the duties perforied by
3 person with this job title could result 'in exposure from none
to high, depending upon the activities conducted. For exam-

. of the table and summarized here. Fiber length for chrysotile is

ple, construction work not-otherwise-classified (NOC) wonld
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be used for a project manager. If the work involved purchasing
of material at distribution cesters, the job would be assigned to
catsgory 1 (low); if the job imvolved cnsite oversight of overhaul
of an insulation-clad botler in 1955, exposure would be assigned
to category 3 (medium).

A wide variety of industries and operations associated with
potential exposure are listed. The majority of jobs were incladed
in the a priori list; those added during the review of the work
records from the epidemiology study were milling or other use
of telc, shipyard painter, shipyard mechanic/machinist, tran en-
gineer, uilding inspector, longshoreman, renovation, use of as- .
bestos products NOC, sale of asbestos products NOC, and iron-
worker. Examples of jobs associated with the “use of asbestos
products, NOC” included laboratory technician and household
appliance repair; the category “sale of asbestos products, NOC”
included workers in hardware, plumbing supply, automotive
supply, and flooring businesses. For these activities, the fiber

‘type is listed as “variable” to allow for assignment using more

specific information in the work history; forexample, the specific
product used, sold, or repaired might be available in the history.

DISCUSSION
Calendar dates were not included in the JEM; however, use
Tequires some historical perspective. The nunthers of employees

' ineach of these industry sectars has changed over the years as the

use of asbestos rose and fell. Approximately 66,000 metric tons
were used in the United States in 1910, increasing to 300,000
metric tons in 1940 and, by 1950, use had more than doubled
to 700,000 metric tons, in part reflecting shipyard use.“? Use
peaked in about 1970, and has subsequently declined. A number

- of key dates are useful in evaluating the potential for asbestos ex-

posure, For example, insulation work was an established skilled.
trade in the early part of the century, when a New York local
joined others to form the Asbestos Workers Union.® The years
of spray application as a fireproofing materiat on structural steel
are 1958-1972.9% During the 1950s, the change from steam to

diesel Jocomotives decreased the numbers of persons exposed

during roundhouse repair operations.9® The dates of specialized
usesof asbestos such as in cigarette filters can be documented. %

This JEM was developed for use with occupations held
through the early 1980s reported by subjects in an epidemiology

‘study; therefore, it does not inclnde all possible jobs or exposure

scenarios. Application to later dates should follow a review of .
the relative exposure intensities for relevance to the time period.

- Additional jobs or activities might be added to reflect chang-

ing uses of asbestos-containing materials. For example, asbestos
abatement work tasks are not included here.
Theexpommmmmrdauvemegonesandareset
arbitrarily. An exposure of 2 f/cc was recommended as the
American Conferenoe of Governmental Industnal Hygienists
(ACGIH) Threshold Limit Value (TLV) for chrysotile in
1979.%Y Quantitative exposure assessment studies in the as-
bestos textile industry showed that quadrupling the endpoints
of an exposnre group resulted in statistically different means for
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' I?roductmanuﬁaemred or Jo‘b wlthpownual asbestos exposwe, ]engthof pnmaryﬁbertype(s)kand:elanvetxposmt mtensny
Manufacnmngsmﬂ S : T Rela.uveexposure
. .. podctorjob . . . . . . Uss . ﬁbertweﬂmgth* mtewty”
anaryorsepondarymam:factunngmdusmgs Co - - ‘
*+ Frictiof products ‘ Cluwhttransmlssmn, '- G.mdp‘?C' 3
: L brakes o B
Pipe Chﬂmcalprmssmpe T GmadedC. .3
- Water supply’ . . LG - o
o ) _ Cmdumforeleamealwue LTt
; Textiles " Roofing materials - . Grade3C . 3
L Fxrelheat-protc_cnve clothing Coe EE
Dryerfélts
'Elwmcaiwmnmdplpamsn]anon
Tiles Ofﬁce.commmal,and ' i GraszIGG = 3
D : . resxdmwhpphcamns : :MA : o v
Rooﬁng felts Roofing felts ° Gradeé(ﬁ-’?}c 3
Oﬂmbuﬂdmgmawuals Roof coatings Grade 576 C 3
Roofpatnhmgcompeunds T '
Pmnts]coanngsfsealants Autoftruck body coating =~ Grade 7C 3
ST Roof coating/patching compounds
Remforcedplasucs Elégtric motor eomponeénts” Gﬁde3C '3
Hl«strength molded companents LG :
i . "SA
[ GaSkets paclangandseaﬁng Valve,ﬂangepumptankassembly : -Grade 3C 3
Buﬂdmgpaperlboard . Paper: ducts; pads/mats’ : GradeSlGC 3
- : Undelay for fioor I.JMJSA
Be\remgcﬁlm )
Apphunoe}elactmmsulauon
Gaskets
Hmtlﬁrepmwcuve
Board hoods/vétits
(Zhenucaltanks )
Restdenhallcnmmerﬁall
" indfustrial buildings :
Moltenmcm]handhngequ@ment
Flrepmtecuon
Insulation
Small apphancelelecme motor compunems,
. L Labfmmtwe cqolmgwwers -
™ Heating boiless, domestic Grade3 C '3
furnaces, burners EL/L/SA ; |
Boiler shops Grade3C - 4 -
. EL/LISA - .
i Indusuialfnmaces]ovens Gride3C 3
EL/L/S A B
Electnchousewaresandfans "Grade3C ., 2
C:garetteﬁlter L ELLG - ' 2

(Copti_nyeﬁ .on next page)
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: TABIE 1.
Product manufacmredor job with potennal asbestos exposure, length ﬁf  primary fibér type(s), and relauve exposure mtensity
) ' Ll Comnued) o ) _
Manufactunng sectar/ Relative expostre
. _product orjob Uses, . Fiber typell:_sngﬂi“__ " intensity®
Ship-related occupations S
Shipbuilding and repair, NOC ELE/SA 3
| Grade3 C
Fumnace/boiler maker ' 4
‘Welder/cutter/bumer 4
Blectrician 4
Plumbing 4
Mechanic/machinist 4
Bystander Group 1 3
Joiners
Riggers
Sandblasters
Fitters .
Shipwrist
Painters
Bystander Group 2 2
Draftsmen .
Handymen A
Engineers
Estimators
Ship operation, NOC EL/A/S A .2
Grade 3 C
“~  Engine room 3
Marine engineer 3
™ Mining and Milling - :
Mining, asbestos Grade5C 2
. T '
Milling, asbestos Grade3C 4
T
© Tale T, An (short) 4
End users/maintenance/asbestos as a contaminant
Construction, NOC D
General coniractors Grade 5/6 C 2
ELLS A '
T, An
‘Water, sewer, pipe Grade 4 C 2
: CtM
Welding/metal cutting Grade3 C 2
ELLLIS A
Plumbing/heating (except electric) and cooling Grade3 C 3
EL/LSA
Electrician Grade 3 C 3
ELAS A
Carpenter/flooring Grade3 C 2
ELLS A
- Paint/paperhang/decorating Grade 5/6 C 3
T, An
Tile/floor/terrazzo Grade3C 1
' {Continued on next page}
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TABLEI
Product manufactured or job with potential asbestos exposure, lengthofpnmmyﬁbertype(s), andrelauveuposmemtensny
{Continued)
Manufacturing sector/ Relative exposure
product or job- Uses Fiber type/length® intensity®
T Grads 5/6.C
Elevator, NOC Grade 5/6 C D
- L/MSA
Manufacture 1
Instalirepair : 2
Power generation, NOC Grade3C D
’ ‘ EL/L/SA
Stationary engineer . ' Grade 3 C 2
Maintenance , ELASS A 4
Fire fighter 4
Electric, gas, and combination utilities Grade3C 2
o ' EL/AS A
Train engineers Grade 3 C o
Steam locomotive repairfoverhaul ' Grade3C ' 4
Brakes, NOC _ Grade 3,7C 3
Mannfactare 3
Vehicle repair/maintenance 2
Talc use T, An (short) ‘D
Skilled trades/maintenance, NOC Grade3C D
_ | : . ELLSSA
s Building demolition Grade 5/6 € 3
- ' : ELAS A ,
Renovation Grade 5/6 C 3
: : EL/LISA
: Use of asbestos products, NOC Variable 2
Sales of asbestos products, NOC Variable 1
B Tronworkers’ Grade 5/6 C D
F EL/L/S A , .
X Longshoremen Grade 3 C 2
I Building inspection - Grade 5/6 C : 1
- _ ELAS A ‘
E Sheetmetal , Grade 5/6 C : 4
1 ELALS A |
| b Roofing/siding Grade 5/6 C 2
i ---Glass and glazmg Grade 5/6 C : G A
£ Jewelry soldamgldlamond cutting | Grade 5/6C 2
B Fire fighter Grade 5/6C 1
G A =
-  Other, NOC , able D
Note:; The letter designation that follows is s the wsual fiber type (C = chrysotile, A = amosite, T = tremolite, An = aathophyllite, Cr =
crogidolite).

“GmderefmtotheusualImgﬂ:fmchwsoﬁk,BmlongesLTmshmtAmomcmdmdnhtemdmgmmdby EL=extralong: L=
. long, M = Medium, S = short. See references,
PRange = 1(verylaw)to4(hxgh) D indicates that exposure levels aredwersemdavalue:sasmgmdaﬁermewofﬂmworkmord Extended
i %" as described elsewhere.0% .
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AN ASBEESTOS JOB EXPOSURE MATRIX

adjacent groups. mWhﬂenomeanofﬁmmtegonasmﬂnsJEM
can be calculated, the guidance regarding seiting endpoints is a
useful template; therefore, the value of 8 f/ec, or four times the
exposure of the lower group, was used as the lower bound of the
high exposure group.

Investigators who have quantitative data for some jobs held
by subjects should compare those data with the categories pro-
vided here for the sampling period and adjust as appropriate.
Because of the extensive sampling of asbestos exposures, if is
‘likely that valnes outside the ranges cited here will be identified;
higher or lower estimates should be incorporated according to
the professional judgment of the uses, It is also noted that the

nser must provide an exposare intensity estimate for jobs cat-.
[~egorized as *D.” For example, the end user category “skilled

trades/maintenance, NOC” would include gasket removal ac-
tivities by pipe fitters and machinists, Here literature would be
used to document the intensity of exposure, depending upon
the methods used for removal.#%5%3%) The assignment ‘'of fiber
type (chrysotile) and length (long) inferred from the listing for
gaskets, packing and sealing, in the primary orsecondarymm
ufacturing industries in the first part of the Table is consistent
w:thdataﬁ‘omMﬂlemetaL(”’whorepondlfﬁcuhymcharac-
terizing the long, thin chrysotile ﬁhersbyelectronnncmscopy

. e Thesummzryofﬁbettypesandlmg&wshownaﬂowscons:d-

eration of these exposure characteristics in analyses of gpidemi-
ologic data. For example, if sufficient subjects were ayzilable,
one could compare risk of disease between those exposed to
chrysotile ard 2 mixture of chrysotile and amosite. Diff

mriskduemﬁberlquthmayalsobeinvesﬁgateq%thmc
datapresmted.Whminsuﬁcimtnumhmsofsmdygsubjects
are available for separate type or length analyses, dogumenta-
uunoftherangeofﬁhertypesandlmgﬂzscmﬂdass‘zstmm-
terpreting study results and in comparing results mth;]plmous
reports. The listing of types of fibers is general, and exceptions
could be identified by other investigators forspeclalngd appli-
cations. The lengths given are for initial production, gad some

shonenmgmayoccmduxmuse,compansmsbetweenthese :

generalized lengths and published studies may be useful for a
particular application, especially in characterizing sxposures to
end-users.

Based on our experience with using the system, several chan-
pes might be considered that would increase its usefulness. The
detail for types of exposure settings conld be expanded, if the in-
formation were gvailable from theworkhxstorymtemqws For
example, construction trades such as plumbers might Bg sepa-
rated into those engaged in new construction and those providing
renovation or remodeling services. Mining and milling activities
could be expanded to inclade other commercial minerals where

- asbestos is either & by-product or a contaminant.

CONCLUSIONS
We present JEM for asbestos developed to categorize ex-

, posure situations ‘Teporied I work histories collected for an epi-
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demiological study. The combination of asbestos type, length,
and relative exposure intensity have not previously been avail- -
able in a single JEM., When used during review of work histories
by individuals experienced in ational epidemiol -

SuIe ey,
‘may be useful in exposure reconstruction.

ocetipational epidemiology expo-
ion, this characterization of asbestos fiber exposure
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