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DEPARTMENT OF HEALTH SERVICES @

QCCUPATIONAL HEALTH SUAVEILLANCE
AND EVALUATION PROGARAM (OHSEP)

2151 SERKELRY WAY, ROOM 304

BERKELIY. CA 94704

(4193 548 2143

August 22, 1988

YA FACSIMILE

Roger 8ernstein
Director of State Government

Affairs
Society of the Plastics Industry, Inc.
1278 K Street, NW Suite 400
Washington, DC 20005

Bear Mr. Berhstein:

Enclosed is the revised protocol for the Plastic Pipe Worker Exposurs Study.
This draft (#3) of the protocol includes changes agreed upon by aill parties at
our August 10th meeting. A1l changes made since draft #2, distributed August
.10th, are marked. - :

- At the August 10th meeting, all parties agreed that. the proposed revisions had. S
‘been addressed satisfactarily. - In addition, all agreed that monttoring would - -
begin: as soon as- the accepted revisions had been'incorﬁortted'into the study -
protocol and reviewed by the California Department of Housing and Community

T Development, tha California Pipe Triades Council, and the Society of the W T
-7 PYasties Industry, Inc. Consequently, we intend to begin monitoring at plastic :

p1Ee installation sites on Thursday, August 25th, unless we are notified of

substantial discrepancies between the current protocol” and the agreemants
reached on August 10th. We must receive any such notification by 3:00 p.m., L

Wednesday, August 24th.

"Following is a brief summary of revisions to the protocol made between draft 2
(8/10/88) and draft #3(8/22/88). Page raferances ara to draft #3.

p?ﬁ, para 2 Work practices for installation of CPVC and PYC are similar only
when similar-sized pipes are compared.

p 5, para 2 Evaluation of CPVC exposures may be done at out-of-state sites.

p 6, para 2 Installation of PYC waste 1ines will not be used to assess
installation of CPVC water-supply piping.

p 6, para 4 Most monitoring will be done in the ten California counties with
the most new residential construction in 1986. Both hot days and
cooler days are very 1ikely to be included in the monitoring. No
additional steps will be taken to target hot days for monitoring.
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7,

8,

13,

' tlst

216,

. 16,

16,

17,

17,

20,

-2-

para 2 Installation of PVC waste lines may be monitored to assess the
exposures that could arise when CPVC water lines are installed
concurrently.

para 3 Bulk samples of each primer and cement used at each site will be
go]Iegtgd. Products not 1isted by NSF for potable water use will
e noted.

para 4 Samples will be kept cooled to minimize any possible changes to
tha substances of interest.

para 5 Photographs of working conditions will be taken.

para 2 When necessary for logistical reasons, monitoring for DMF and for
the oxygenated solvents MEK, THF, and cyclohexanone will be split
between workers or between sampling days. ~

para & Urinary DMF will be measured as an index of contamination.

para 3 ?urther explanation and justification of the sampling scheme for
MEK, THF, and cyclohexanone.

para 2 For category [IIb exposures, there will be no 1imit on the number
of samples to be collectad per worker-day. When siX or more
periods of category IIIb exposure are anticipated, avery-othar
pertod will be monitored. o

‘para 4 For GC/MS analysis of P8 decomposition products, EPA Priority

Pollutants and ten additfonal substances will ba identified.

para ! For 6C/MS analysis of flux decomposition products, a madium
capable of collecting particulates will .be used. EPA Priority
Pollutants and ten additional substances will be identified.

para 2 Lead (Pb) will be included in monitoring of solder fumes.

para 5-Laboratory quality assurance will be done for solvent samplas
only. For-MEX, THF, and cyclohexanone, samples will be spiked
with all three substances. :

para 1-3 Exposure 1imits are now included in the protocol, as Table 2.
A1l exposura 1imits are taken from accepted values established by
other agencies. The exposure 1imit for antimony may not protect
against 1ts possible carcinogenicity.

para 4 lARC category 2B carcinogens included in 1ist of aexposures that
could trigger recommendations for follow-up study.

para 7 For MEK, THF, and cyclohexanone, the distribution of 15-minute
exposures will be characterized and the percentage of days in

which any short-term exposure 1imit is exceeded will be estimated.
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page 23 Raferences addad.

The issue of monitoring exhaled breath for presence of solvents was again
raised by the California Pipe Tradas Council in a letter we received on August
15, 1988. After careful reconsideration, we have again decided that monitoring
of exhaled breath would not be appropriate for this study. This decision

was made in consultation with Jon Rosenberg, M.D. (member of ACGIH BEI
committea), Stephen Rappaport, Ph.D. (actively engaged in exhaled-breath
monitorin? research), and Mitch Singal, M.D., Chief, Medical Section, Division
of Surveillance, Hazard Evaluation and Field Studies, NIOSH. The princtpal
reasons for this decision are as follows: .

1. Lack of Pharmacokinetic Information

There 1s limited information on exhaled air monitoring for MEK; there is none
for cyclohexanone and THF. Minimal information nacessary for biological
monitoring includes human pharmacokinetics {(relationship between external and
biological levels) and/or toxicodynamics (relationship between sysiemic
toxicity and biological levels). There is limited information on the human
pharmacokinetics of MEK; there is none for cyclohexanona and THF. There is no
information on the toxicodynamics for any of the three.

The Timited information on pharmacokinetics for MEK 1s based on inhalation
axposure only. Dermal kinetics, particularly the time course of dermal
absorption, are unknown® for MEK {as well as THF and cyclohexanone). For many
chemicals a significant delay occurs between exposure to the skin and _
absorption and appearance in blood and axhaled air. The aepropriate time to
sample exhaled air following a “short-term dermal exposure" has not been
established by any field or laboratory studies. Short-term exposure 1limits for
ambient air have been astablished for some substances, and short-term exposure
.manitoring 1is- appropriate to assess such aexposures.

: z;p.tlck_éf Toxicological Sigmificanca

The TLY and STEL for MEK are based on its strong and objectionable ador and
irritant properties. These are contact effects and are not directly related to
ahsorption and systemic effects. Although data are extremely limited, MEK
seems to be much less potent as a general anasthetic (nervous system
depressant) than as an odorant/irritant. This is-particularly true for
short-term exposuras. It seems axtraordinarily unlikely for CNS deprassion to
occur as a result of short-term dermal exposure. Comparing short-tarm dermal
exposure levels gained from exhaled air monitoring to the STEL would be
inappropriate since the STEL 1s based on odor and on aye, nose and throat
trritation, which do not occur as a result of dermal absorption. In fact, the
BEl Committee has been questioned for recommending BEIs for any substance whose
TLVY is based on irritation. '

Even lass 1s known about the toxicological significance of dermal absorption of
cyclohexanone and THF. Exhaled air concentrations of cyclohexanone and THF '
could neither be used to measure absorbed dosa or to estimate risk of any
health effects from short-term exposures.

In his Tetter of August 12, 1988 Dr. Cox stated that "air and urine sampling
will underestimate ghe ser;ousness and extent of dermai exposure to MEK, THF

BFG12920

g0BTETZ



P823/1988 @9:31 ESSS PANAFAX UF-6@@ ook 415 54@ 2903 P.04
-4-

and cyclohexanone." Whila it is possible that air and urine sampling may
underestimate the extent of dermal exposure in some situations, we %e'lieve
that exhaled breath monitoring would add 1ittle to our knowledge of the risk
from those exposures.

3, Feasibility of Measurement

Exhaled breath monitoring has significant potential as an exposure assessment
tool, but accurate, reliable testing methods have not yet been established.

For most chemicals, including MEK, THF, and cyclohexanone, further research 1is
necessary before axhaled breath monitoring could be used for field studies of
workplace exposures. For example, Or. Cox has recommended the method developed
by Dr. Michael Morgan. Unfortunataly, the published report by Dr. Morgan
describes laboratory studies only, with no reference to field monitoring.
Further, only exposures to toluene, not MEK, THF, or cyclohexanona were
monitored in Dr. Morgan’s.study. Collection of MEK, THF, and cyclohexanone
from humid exhaled breath samples posss additional preblems.

From laboratory to field is a large leap, and the validity of a test system
must ba established with detailed workplace studies bafore the test can be
apn11ed to routine field monitoring. Such validation has not been done for
exhaled breath monitoring of MEK, THF, or cyclohexanane.

4. Reference to BEls

ODv. Cox’s letter stated that the study team has misinterpratad the ACGIH BEI
Committee. Dr. Rosenberg, a member of the study team, is a founding member of’
-that committes, along with Dr. Thomas and Or. Lowry, with whom Dr, Cox
discussed these issues. Or. Cox citeas Dr. Thomas as explaining that "testing
both- is prefarable to testing only one. While it is often true that two tests
are: better than one, assuming both are valid, the issues remain: [s there

~sufficient information to make exhaled air a valid measure of axposure? And
does performing these tests add sufficient information to justify the effort?
To the first, the answer is maybe for MEK, no for cyclohexanone and THF, and to
the sacond no for all three solvents.

Dr. Cox stated. that "the Committee did not wish to discourage other types of
monitoring.” The BEI Committme neither ancourages nor discourages any type of
biological monitoring. The activities of the Committee are confined to

- reviewing available information to support a refarence value to be used for
monitoring, and to recommend such values., The lack of a BEI for a substance is
based on a detsrmination that the information available i1s insufficient to
support a recommended value. When there is insufficient informattion to
recommend a value, this means that the results of monitoring cannot be compared
to a reference value. In other words, the monitoring could produce results,
but those results could not be adequataly interpreted.

In summary, in reviewing the available information on MEK, cyclohexanone, and -
THF, the study team determined that there was limited information on the
kinatics of exhaled air for MEK and nona for cyclohexanone and THF. There is
no toxicological basis to support bfological monitoring for any of these
substances, although a decision was made to perform end-of-shift urine
monitoring on the basis of the BEI for MEK. In reviewing the available
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information, we determined that the amount of additional information gained

from axhaled air monitoring for MEK would be extremely limited and did not
Justify its inclusion in the protocol.

Thank you for considering these revisions to tha study protocol; we believe
that it addressas all substantive concerns that have besn rafsed. Please

415 S4@ 2988 2 P.OS

contact Mr. Ballows immediately if you have any questions about tha protocol or

the current revisions,

o, Lk R

nda Rudolph, M.D., M.P. H.,

Jim 8allows, M.P.H.
Industrial) Hygienist

LR/J8:mk

cc: Bi11 Holliman
Robert Hinderer, Ph.D.
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DRAFTCS

for discussion

urposes oni
Protocol: Plastic Pipe Worker Exposurs Study purp Y

SUMMARY

To evaluate tho exposures to potentially hazardous substances
axperienced by plumbers during installation of chlorinated
polyvinylchloride (CPVC), polybutylene (PB3), and coppex pipes for
potable water supply, workplace air monitoring and biological monitoring
will be conducted at represencative construction sites. Installation of
CEVC for watar gupply is rare in California, so monitoring will also he
conducted during installation of similar CPVC or polyvinylchloride (PVC)
Piping systems,.

Exposures associazted with ingtallacion of CEVGC/FVC pipe will bs
monitered during at least 18 work days at a minimum of twelve . . cree e
construction sitas. Exposures. ta dimethyl formamide (M) mr.hyl eﬁtyl.."'“"“"" e T
ketone (MEK), tatrahydrofuran (THF), and cyclohexanone will be assessed
for each worker installing CPVC/FVC pipe at each- sits,-if possible; - =7 5=l .70
approximately 32 worker-days of monitoring are anticipated. Exposures
to vapors of MEK, THP, and cyclohexanone will be characterized dy
analyzing approximately five represencative l35-minute air sanples per
shift for each worker monitored, with high-exposure: periods monitored —-= ™-¥imurmsis.n
more frequently than lw-oxposuu periods. Dstailed . records of work e
<= *i. .o activities throughout the day will be maintained, and during sach:dS--. v -ivaesiaveiens
T T ‘miTite alr sempling paried, factore that may affect SXDOSUTETCIUCH AR, LTRSS
temperature and air flow--will be assessed. Jtandard statistical :
.. techniques will bs used to estimate .the pexrcentages of l3-minute expoeuxe... . .- . .. .-
- periods in which the short-tarm exposure limit:. Lz likely to be exceeded. ... . LeEn
" for each substance and for the additive effacts of ths three substancesg. - "7 ™7 ...
Factors that contribute significantly te high exposure levels will be .- . e cinme
fdentified. The average 8-hour tima-weightad averags (TWA) exposurs . .- . _._ -
lavel associated with ingtallation of CPVC/PVC pipe will be calculaced : . . . 7. .-
. for aach substance, based on the l3-minute monicoring data and work
- activity records; the percentage of exposures likely to: exceed the. 8-
hour TWA exposure limits will alszo be calculated. This method is
believed to provide the best uti.zut:u of expoaurq levels under a wide .

range of working conditions.

B e g t— -

At CPVC/PVC installation sites where tha primers and cewments used .
contain DMP, additional air monitoring and biological monitoring will be
included. Full-shift air samples will be used to evaluate sxposure to
airborne DMP. End-of-shift urine samples will be collected to evaluace
total exposurs (from both inhalation and dermal absorption) and to
asaass the importance of. skin contact with DMP-containing products. The
and-of-shift urine samplas--together with 4-hour MEK samples for these
workerg--will also be used to avaluate total exposure and the
contribution of dermal absorption for MEK.

In oxder to evnluu:o any cunulative effects of installing both
CPVC/PVC and acrylonitrile-butadisne-styrene (ABS) pipe during a single
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DRAFT #3; Augustc 22, 1988

work day or week, exposures to MEK, THF, cyclohexanone, and DMF will
algo be monicored at five ABS installacion sites, using similar methods.

For CPVC/PVC worksites at which pre-fabricated sssemblies are used,

axposures to CPVC/PVC dust at the prefabrication areas will be
gvaluated.

For PB pipes held together with crimped mechanical joints, no
potential for exposure to toxic substances during installation was
identified during walk-through inspections of two worksites; therefore,
no monitoring is planned. For PB pipes joined by thermal fusion, tha
potential for significant exposure seemed low during one walk-through
inspection. No systematic sampling fs planned, but air samples will bas
collectsd at a minimum of two sites, and the ten subsctances present in
highest concentration will be identified forx onch.

To evaluate the exposuras that occur during 1n8tlllation of coppexr .. e
pipe, monitoring will be conductesd- during at least 10 days at a minimum - S el
of 8 sites. Full-shift air samples will be collected forx several
"~ . worksrs at each site (a toral of approximately 30 samples),. and-analyzed. .... ..._ ..

for presence of antimony, tin, copper, silver, and other metals which

may be released during brazing. Using standard statistical techniques,

the average exposure lavel and the percentage of work days dhrfni”whlcﬁ“""‘"""'”'““"“
- overexposurs is likely to-vceur will be calculated for:.sach:subatatricad = i:raifreee-i
To avaluate exposures that may be produced by thermal dscomposition of - :
- common. animal-fat fluxes,:sir samples. will be: collacted at:a.minimunm of.- S aelel
- two-sttes and the ten substancams pressnt im highest-consentration swill. n: o il o0
. be identified.
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DRAFT #3: Augusc 22, 1988

INTRODUGTION

Newly-bullt housing units currently have as many as six separate
piping systems installed. Tha two systems common to every unit are
potable water supply and drain, waste, and vent (DWV). Other plumbing
systens may be also be raquired by the developer or buyer, or by local
ordinance; these systems are for: natural gas, draining air conditioners
and clothea-washer overflow, firs sprinklers, and garden sprinklers.

The State of California is currently considering regulatory changes that
would allow use of plastic pipe made from CPVC or PB for distribution of
watsr within homes; currently, copper pipe is tha only approved,
commonly-used material. Galvanizad steel pipa, while approved for water
supply, is rarsly usad in new construction.

The goal of this study is to assess the work-related health hazards
associated with installation of three types of watar-supply pipe: CPVC,
PB, and copper. Although the hazards associated other piping materials . _._
and with other piping systems are not themselves the focus-of-this -+ v we=ws®en .
study, installation of some other systems will also be evaluated for two
reasons: First, a pluaber who inatalls water supply on.one day. is -
likely te be assigned to work on DWV or other piping on subsequent days,
so considsration must be given to cumulative exposurss. Second, because
CEVC is not approved or installed for water supply 'in mose of" oo mmmemmem e
California, an adsquatsa nusber of construction sites is. not-avallable
for monitoring; therefors, information about pattsrns of exposurs in
.similar installations will.be used.to help.characterize. the. eXpOSUTSBS - ~:iiimm e eini i
sxpected due to CPVC work. ~For axampla, selected installatiomns-ofi- . .ii . g-d il . .
- small-diameter PVC pipes may be monitored because similar materials and =~ -~
_work. practices are usad. - o . e

. The rasulets of the monitoring conducted in this study.will:be used to .. .. .
‘characterize the exposurs associated with installation of CEVC/PVC,. -PB, ._.__. 'L _
and: copper pipe, and could be used to assess the likslihood that workers:  -.= "~
-will experience any associated adverse hsalth effeccs from these T
exposures. However, no assessment of health status or health.effects

will be performed.
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SITR SELECTION

The fundamental goal of any selection scheme 18 to direct monitoring
to sites that ars both representative of normal working cenditions and--
at the gsame time--diverass enough to include a byoad yange of conditions.
In addition, a balance must be struck betwaen using the available
monitoring period to monitor a largs number of sites, or to return
repaatedly to a smaller number of sites, gathering i{nformation about tha
variability of exposures that occurs day-to-day at e single site. Forx
this study, saveral characteristics of the construction industxy impose
limitations on the methods that can feasibly be used to select
monitoring sites. The best available selection methods are desscribed
below, for each type of site to be evaluated.

In this protocol, the term "site” refers to a construction site at
which a given type of installation Lls monitored. At a single ’
construation site, more than one type of installation may bs monitored .
(for example, both copper water—supply and ABS wascc'linal), and’ would -~ —=- - .-
be congidered as 2 separate site for esach type of installation.. .

For aach day at each sitem, ths exposurss of all workeras engaged in
the type of installation salected will be monitored, if feasible. The
average number of workers monitored at each CPVC/PVC installation site
is sxpected to be approximately two; the uverage number of plumbers to - - °-
be monitorsd at sach coppar 1nltallat£on site is expected to be .

S apptouinucnly threa., i.rawi=r oLt . "j”:“ﬁ'* -

The minimum numbay of sites ta be -onitorod and cho .pproximaee :
number. of samples of each. typaAthAc are to. ba.colleccod, are. yumnarized. e e
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Table 1. Minimum number of gsites and site-days to be monitored, end
the approximate numbexr of samples to be collected, for each type of pipe
ingtallation.

Inasallatign Situg/3ite-days Samples
CPYG PIPE

GPVC/PVE sltas

water supply 2/ &
oLher 10212
total 12/16
Samples by type: DMF, full-shift 20
other solvents, short-term ... 13Q- ... : .- ., . . . -
urine samplesg for DMF, MEX - -.23 e e
MEX, &4-<hour 23
CPYC/PVG dust 8
| 483 slces | 5/ 3 JE
Samples by type: DMF, full-shift T . T U
ST other solvents, shoxrt-term - : 30: = 7w o woreess DA
o - urine samples for DMF, MEK - & . do.= . me et
MEK, 4-hour L
. ' BEWEE
7T PB thermal. fusion 2/ 2 2 : =
' COPPER PIPE o B0 e T
Sampler Ly type: goldsr fumes .- 30 o
- flux fumes 2 o : -
.COVO/PVC Sites - ) Ca e
The fact that CPVC is not currently approved for potable-watar
daistribugion by the State of California makes difficult the- ... . If' ~e e
1)

identification of CPVC wacar-supply installations to be mitoreid.
the planning of this study, plumbing inspectors (or other building
department officials) from over 50 California citiss were contasted. - - -~
All reported that CPVC water-supply pipe is either not approved or not
installed {n their areas, although ssveral raecallsd that it had been

installed saveral years in the past., Thus, much of the evaluation of.
CPVGC-related exposures will done at sites in other statss or ac sites

OTOBTETZ
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where CPVC or PVC pipe 1is being installed for uses other than potable
water. Specifically, the sitas selacted for monitoring may include:

- installation of PVC garden sprinkler systems, which is
aubstantially similar to installation of under-floor CPVC water-
aupply plumbing;

- installation of CPVC fira sprinkler systems or i{nstallaction of PVC
condensate-drain [ines, which are substantially similar to top-off
of GPVC water-supply plumbing;

- plumb‘i.n; (especially finish work) in CPVC-plumbed mobile homes,
which {3 subsatantially similar to plumbing in non-mobile CPVC-
plumbed homes;

- prsfabricacion of any CPVC oxr PVC components; and

- any other site where GPVC or PVC is being installed under - -
conditions that are analogous to any phase of CEVC home plumbing.

Sites other than CPVC water-supply installation will be considered
substantially similar to water-supply installation only if pipes of 1.23
inch dismetex or less are being installed, using work practices Ain!.ln:' e
to. those used in residential constructiow. This restriatlon ™ e, &a0
intentionally sxcludes monitoring of larger-dliameter FVC waste pipe. toz

g .svaluation of the eXposuras.. axpocted during i.mulhtim‘r of tGPVG-'\uw--.-s.w

. minizwum. of two sites of actual CEVC water-gupply installacion;- the- .-.A,‘,..--==‘ Rt
. . remaindey may be other sites as described above., For at ledst twa of - v s
- the sites, including one CPVC water-supply installstion, monitoring. wﬂ.l‘l

“|--mupply- systems. : L TR Ee Ll

-t‘ . —

PR T

T gImers

Monitoring will be conductad et a minimum of 12 aites, 1nolud1n5 L SO

also bs conducted on two subsequent days (for the sans workérs. if -

possible), for a total of at lsast 16 monitoring days (approxiutoly 32.‘

" worker-days). Of the workar-days monitorad, approximately 30% will be

- representative of top-aoff plunbing (at installations as daseribed -~ ...~ .. ° .

above), 30% will ba represancativa of undar-floor work, 108-will be.
finish work, and 108 will be prefabrication. Thuse percentsges. reflect.
the approximate proportion of CPVC/FVC mullacion tine |ponc in:. esach -
phass- during residential constructiom.

Bacause of the difficulty of identifying appropriate u.tu, any C¥VC

or PVC site identified by any means will be considersd a oandidatsfor.« ‘wuw.o. “.::.

monitoring. Suitability for monitoring vwill be detsrmined by similaricy
of work praotices to those used in residential water-supply plumbing,
without regard to perceived exposure lsvels. The search for CPVC/PVC
sites will be focussed on the ten California counties thaz had the moat
new construction activity in 1966 (Los Angeles, Orange, San Diego, San
Betnardino, Riverside, Contra Costa, Sacramento, Santa Clara, Alameda, -
and Venrura); theas counties are sxpectad to have, during the sampling
period, a large number of hot days that are typical of California duxing
the construction season.net-be-limited-te-any-parsieular-geegraphic-area
of-the-sgace-or The saarch will not be limited ro either union or non-
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DRAFT #3; August 22, 1988

union contractors. 3Both single-family homes and multiple rssidences
will be included, and at least one custom home.

Exposures assoclated with installaction of plastic (gsnerally ABS butr
sometimes PVC) DWV systems will be assessed at & minimum of five sites,
in order to account for possible cumulative axposures when installation
of DWV and of CPVC water supply occurs on successive daye. If DWV
installacion Lis done concurrently with CPVC/PVC water-supply
ingtallation at any of the CPVC/PVC gites monitored, then DYV
insctallation will be monitorsd at that site, to account for additive
exposures when Ilnstallation of both occurs on the same day.

Because many plumbers work in both residential and i{ndustrial ,
construction during their carears, one or more industrial sites may also
be evaluatsd to give limited information about possible cumulative
lifetima exposures to the substances used in plastic pipe inrtallation.

. Polybuctylene Sitos

.PB pipe Joints are made with two different mathods: crimged
mechanical fittings and thermally fused joints. In neither case ars
caments or othsr substances used to form the jointa. Based on
observations during inf{tial walk-through inspsctions, no axpogures to~
toxic substances are -believed to result from mechanical crimping: -To-ur ir.:®ias.-r
datermine whether thermal fusion joining creates potentially harmful ‘

. exposurss, air monitoring. will. be- conducted at.a minimm. of oune-site...-s. -i-.a.c-;aa.-,_ r
-Thermal fusion of PB is uncommon for: water-supply systems in Californisy <=+ =

"so installation of fire sprinklers is likely to be selected for’

monitoring, The substances released during fire sprinkler hutallat:.on_ .

. ats: believed to be the same. as. those released during: wac.:-aupvly e
iut:al.lati.cm. even if the concentrations are di.f.fctont. - CT TR e

" Cbppor S.I.tu .

"“For evaluation of exposures during installation of copper pipe,
" monitoring will be conducted at a minimum of 8 sites.. For ac lsast one- - -., ..
of the eites, monitoring will also ba conducted on two subsequent days,.. - - -
for a cotal of at least 10 monitoring days (approximately 30 worker- - -
days). It addition, an attempt will be mads to monitor at least: one
site at which sxtensive rework in enclosad spaces i3 required, if. such
work is not includsd in the sitas specified above. Of the plumbex-days .
" monitored, spproximately 60% will be top-off plumbing, 30% will'be RN
under- floor work, and 108 will be prefabrication., These percentages ... < i3
reflact the approximate proportion of copper pipo installation time
spent in each phass.

The sites selected for monitoring will include various geographic

areas, both single-family and mulciple units, end at least one custom xS
home. At least 358 of the sites will be union sités and at least 358 t"-;; -
non-union.
ba
&
BFG12929
Page 7

Protocol: Plagstic Pipe Worker Exposure Sctudy

T



08/2371988 09:43  E5355 PANAFAX LF-620 »%omk 415 548 2508  P.oq

DRAFT #3; August 22, 1988

EXPOSURE MONITORING

General

For each site at which monitoring i{s conducted, the following
information about the site will be collectad: the number of homes to be
built, the size of the homes, the number of plumbers on ths site and
theixr jobs, and the approximate amount of time required to complete aach
phase of the plumbing, A form for recording this information will ba
developed.

Workers whose exposures are monitored will be interviawed to

determine: their training, usual work practices, usual job assignments,

use of parsonal protective equipment, any health effects experienced

during the day of monitoring, and any observations about unugual

conditions on the day of monitoring. Workers' age, sex, and English

proficiency will also be determined. Workers not monitorsd may also be . . ._ . _
interviewed. A form for racording the information will be developed: - - -~ =
Job task data, such as the numbsr of joints glued in a day and the
"number glued in enclosed spaces, will also be collectad for.the =~
individuals monitored.

A record will be made of all materials usaed in the installation
monitored, and of the various piping materials used on the-sita, - For-
sites at which CPVC/PVC or ABS installations ars monitored, sach primer © e
+ and- cement usad will be noted, .and information about: produst: formulation.. . ./m i t-di
will.be obtained from the. manufacturexr or from the National Sandtmtiom ... :iisiw: s
Foundation (NSF). Use of primers or cements that are not listed with Co
. NSF for potable water will noted. Bulk samples of each. primer and . o e
. coment used at. sach site. will:be: collected.. The nost componly used-it. . . it swi-s
.. productsmay-be-cellestedy-sndswill be- analyzed to determine the . -7
. concentrations of major conscituants. Manufacturers work prxctice . - "~
* ‘vecommendations will be noted. from product containiers. - - T T

T amtte .
P S L

Flow rates of pumps used to collect air samples will be calibrated _
periodically to ensure accurate knowledge of sample volume. For Iowflow: ' .:
punps with stroke counters, calibration will be checkad at lsast once ... = . . .
per waek against a primary standard. Other air sampling.equipment- .- - -
including high-flow pumps and flow regulators--will be calibrated at
least at the begiming and end of each sample collectionm period with a 8
calibrated rotametexr. Each full-ghift air sample will bs collected over.

a period of at least sevan hours or will i{nclude sll expaosuve periods.. . .
for the day; work pariods will be accepted as no-exposure-periads-only . -~ .. .:
i1f worker activities are directly observed by a member of the study
teanm. Air samples to be analyzed for organic solvents will ba fzozen as
soon. as pogsible after collaction, shipped on ice to ths laboratory, and
kept frozen until they are analyzad., Urine samples will also bs kept
refrigerated or frozen,

[

Whenever possible, photographa will bs taken to document the working
conditions at the sites monitored. In particular, circumstances such as
spills, enclosed spaces, and unusual work practices will be
photographed, Eaoh monitoring days’ naximum temperature will be

measursd (in the shade) between 2;00 and 4:00 pnm.
BFG12930
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Chlorinated Polyvinylchloride Pipe

Several potential sxposures have been identififed by previcus studies
of plumbers instzlling PVC pipe, using muterials and work practices
similar to those requirad for CPVG. The most significant exposures are:
DMF, the oxygenated solvents MEK, THF, and cyclohexanone, and dusts of
the saved polymer. Residual vinyl chloride monomer and phthalatae
plasticizers have not basen detected during exposure monitoring of
plumbers i{nstalling FPVC pipa, and are not included in this study.

Sample collection and analytical methods to be ussd for esach gubstance
are desoribed below,

At sites where worker exposures to both DMF and the oxygenated
solvents MEK, THF, and cyclohexanone are to be monitored, and where four
or more workers are perforning the installation of interest,
approximately half the woerkers will be monitored for DMP exposure while
the others are monitored for sxposure to the oxygenated solvents. At

sitas whers three or fewer workers are performing the iustallation of A

interest, then monitoring for DMF and the oxygenated solventz may be

conducted on sepaxats days. {f simultaneous monitoring for both proves to~

be impractical.
Dimathyl formamide

At esach site gslected for monitoring. CPVG, FVC, or ABS installation,
prasence of DMF in any of the cements or primexs to-be used will-be :

“ﬂhlhbtd by msasuring the DMP vapor concentracion. in thl.‘h:nldgp‘c.-:.off":'“ .

a can {mmediately after opening. The measurement will be nade with a

DMF detegtor tube (Drasger 10/b) with a detection limit of 10 ppm;. DMF e

: cmontracions in the cement as low as 1% by weig,ht: mld ptod\u:- vapor* et
" concentracions detectabla by this method.! ) e -

P

“TAt sach site where DMF fs detected in any of tha mtortah to bo

. used, DMF exposure will be asgessed for each worker included.in: the-
study. In addition, DMF exposure will be assessed for at least three

-workers using materials with no detected DMF. Exposure to. airborne DMP.
will be measured with full-shift air samplas according to NIOSH Method -
2004, with collection on silica..gel and analysis by gas chromatography.?
Because DMF is readily absorbed through the skin, air concentrations
alone may not adsquately teflect total exposures. Tharefore, total

exposure (inhalation plus skin absorption) will be .assessed by measuring .

monomethyl formamide (MMF) in urine. Urine will be collected and. MMF
analyzsd according to methods specified in the ACGIH Biologf.gal Exposure

Index (BRI) for DMF; urine oreatinine will also be measured. >
Urmstabolized DMF in urine will also be determined am a measure of gross ¢
contamination of the urine samples, since this substance is present only -
at vexry low levels even in highly exposed workers.® The time of
previous vaid before urine collection will be noted. S
The minimum number of samples to be collected cannot be Jdetermined in &
advance, since the proportion of worksites with DMF present is not ©
known, Monitoring for DMF may be discontinued after air and urine =
samples have been collacted for 20 worker-days. st
o8
BEG12931
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For each worker included in biological monitoring, the extent of
contact between workers’ skin and the primers and cements used will be
qualitatively asgessed, and ranked on a thraes-level scale:

Lovel Definition

Light skin contact less than 25 cm? (approximately one finger) at
any time,

oR
skin contact less than 10 times par day

Heavy skin contact 25-100 cm?, more than 10 times pex day,

OR
skin contact greater zhan 100 cm® (whols hand, one side) ac

any timas

Gloves cotton or leacher gloves worn during at. least 508 of Jointa
glued.

Because DMF is primarily a systemic toxicant, short-term levala of
DMF exposura will not be measured.

-Omygenated Solvents -

" Qensral Approach P R N
For the oxygenated solvents MEK, THF, and cyclohexanone, currsnt e
NIOSH and ACGIH exposure limits are. set to prevent acute irrication. In. ......_..

animal studies, chronic toxicity has been observad only atr lewels:™ = w07 "o

substantially above those which most people find objaetiombh, T

previous studies of exposura to MEK, THF, and cyclohexanons during '

_ plastic pipe installation, . short-term sxposures have been muck cionr to?
their respective short-term sxposure limits than full-shift exposuxaes.. - Iz <.

have besen to their 3-heur TWA exposure limits. Therefore, monitoring '

- will focus on short-torm {15 minuts) exposure muuronont:o. . “

I-‘or sach workex whosc exposurss to CEVC/PVC are .monitorsd, several . ... ..
15-ainuts air samples will be collected during.tha work day and analyzed . - L
for MEK, THF, and oyclohexanona, Detailed records of work activities -
throughout the day will be .kept. The resulting data will be used i{n two
ways: first, to characterize the distribution of short-term exposuxss,

and second, to estimates the msan and variance of 8-hour TWA-exposurss

associatad with CPVC/EVC installation. In order to maximize the
precision of exposurs estimates derived from the short-term monitoring

' data, monitoring will ba concentrated during the highest exposure
periods. ) .

This method of characterizing the distribution of 8-hour TWA
exposures has two lmportant advantagea--for this study--over the mors
traditional method of collecting full-shift samplos only:

1) Data collected at CPVG/PVC sites other than actual CPVC water-
supply inscallations can validly be used by this mechod tvo

ST06TET2
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caloulate the exposures expected during CPVC water-supply
fnscallation and the factors affacting thogse exposures, even
though the full.shift expoaures may not be comparables. This is
becauss tha axposures that occur during various tasks are beliaved
to be comparable among installations, but the time devoted to
various- tasks differs among installactions. In calculating the
exposure expected during CRVC water-supply installation, the
periods spent in each task or sxposure catsgory will Le based on
the pericde spent in those categories during water-supply
installation only.

2) The data collacted will be sufficient not only to astimate 8-hour
TWA exposuxes but also to analyze the factors that affect those
exposures. Knowledge of thess factors could then be used te
calculate escinmates of 8-hour TWA exposures under conditions that
did not happen to occur at any of the sites monitored. For

example, knowing the separats affects of amblent tempezature and . __
of prolonged work in enclosed spaces, the 8-hour TWA exposure of a- -

worker spending 3 houra working under a fleor and 3 hours above
che floor--in 100® F heat--could be calculated.. The methods used -
to assess these factors ars described in the data analysis

gectionm.

h AT p)
L] - e .

A stratified random sampling scheme, such as that dsscribed hexe, is ™ - - -~

the beat available mathod for characterizing the distribution of 13-

..minute sxposures, inclnding the percentage:that exceed the alioret-term: - ~riLidy
_ exposure limit.* Information about the maan and. variance. of -15-mirmute. ; = [

exposures can then be used to calculate the distribution of exposure

levels for any other averaging pariod of interest, including 8-hour TWA . .. . . .

exposures.® The calculation. methods, including upper and 1cwar—b6i.indn"-'.'~° e -

on the variance of 8-hour TWA exposures, have bsan described elsevhere..

_ Moat importantly, ths mean exposure level is identical for. all averaging:.'::
times. For work activities in which the amount of time spent . in various— - .= 5 -
exposure categories can be determined, an estimate of the averags 8-hour-: -

TWA derived by this method may have sven lesa uncertainty with it than
does a similar sstimats based on 8-hour TWA samples taksn for the same .

number of worker-days.’

MEK, THF, and cyclohexanone are all volatile solvents. The main
variable factors expected to affect their air concentrations are, in
order of descending lmportance: concentration in products used,
vantilation, number of joints to bs glued in a given period, and :
temperature. 3Jkin contact has bean suggested as an additional factor
that contributes to total exposure, but its effect s not known.
Information om each.of these factors will be collected during each 13-

ainuts monitoring period. :

The basic steps of water-aupply inatallation (prefabricatiom, under-
floor, topping-off, and finish work) involve many similar tasks. The
tasks can bs grouped into five exposure categories, based on two major
factors that can be determined at the time of monitoring: the number of
joints per unit time, and the presence or absance of strustures
enclosing the work space. These categories of exposure are shown below:

Protocol: Plagcle Plpe Worker Exposure Study
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I. No joints glued in 135 minute pariod

IIa. Space NOT encleosed; 1-7 joints pex 15 minutes
IIb. Space NOT enclosed; >7 joints per 13 minutas
I1la. Enclésod space; 1-7 jqintn per 15 minuces
IIIb. Enclosed space; >7 joints per 15 minutes

Baged on existing exposure data, the categorias above are lisced in
ascending ordex of likely axposure level. Each type of plumbing work
can ba characterized by various pariods of exposure in the above
categories. For axample, under-floox water-supply work often involvas
many l5-minute periods in category 1la while joints are rvapidly cemented
in place, but scarcely any work in categories IIIa or IIIb, becauss no
encloasd spaces ars involved, . Top-off typically features pany. reriods. ...
in either 1Ja or IIIa, dapondin; on the house plan and.on the whetherx.~ e
exterior sheathing has been applied. Top-off may a&lso include periods
of category IIIb exposure whensver the under-floor plumbing needs to be
repaired ox redone. Finish plumbing 1s characterized by a faw periods
of category IIla or IIIb exposure when plumbers work in cabinets

connacting __ﬁ_.xturu .

s

For this categorization, enclosed cnd uncnclosed space- will

i.nc-l'mh- th.’ following: - - em ‘_Wi“

. . Y ress e
.

- - inside a house where air flow is blocked-by oxtortor walls. (or. -

sheathing), windows, and doors e SRR

.o attlae, with roof covering on,
i~ 'between joists or closely spaced beans which are. eovoro& above,
inside cabinet or in enclosed soffet,
under floor level, with floor in placs, ox
wovker’s broaching zona in trench;

l’li

Unemcicsads -
- inside a housn. before extarior walls, windows, and doorl havo

~ been installed,
«~ outidoors, except in trcnch or
-« pipe in trench, but breathing zons out of txench du:ih. 51uin3;

Por this eatogotizucion, & workers’' breathing zome will: be connidated
co be in a trench or between joists or under the floor only if the nose
itself {s in the space desoribed. Exposure category will be dacermined
by thtuvo:ktng conditions during the majority of sach 13-minuts period.

Aly Honﬁtotins

A systematic sampling schems will be used to ensure that the highest
exposure categories are monitored most frequently, but that within each
axposurs category, the periods selectad will be xapresentative. For
cach exposure category, the pattern for determining which 13-minute

BFG12934 Page 12
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periods are to be monitored during each plumber-day, and the approximate
total number of air samples to be collected, {s as follows:

Category Freguency Total
1 one-half of all site-days 8
IIa once per plumber-day 32
Im every-other period in category 64
I1Ya evary-other period in category 64
IIIb avery period in category 32

A coin flip at the beginning of the day will ba used to determine
. whethaxr category I monitoring will be dome and whether the.category IIb er . S,
and IIIa periods monitorsd will bs the odd or avan periocds, ‘according to - Rhanti
their order during the day. The maximum aumbar of samples to be
collected £er-any- in category I through IIIa for any workexr-day is
thres. If six or more periods in category IIIb are anticipated for any
worker-day, then every-other such period, rather than every period, will _
be monitored. Monitoring periods will be selacted according to the
working conditions anticipatred during the upcoming l5-minute period. 1If
the working conditions are not as anticipacted, then the exposurs _
category of the period monitored will be reclasstfied according tosthe: e Tyl fue

. condftions. that actually occurred, If a schadulsd momnitoring,perfod Ls. 7T 7" /"7 ::"w

missed, the next period in the same exposure category will be monitored
lnlt:ond ] ' el

Por each 15-minmite momitoring period, information abouct. the nuaberx -of
joints glued and the air tamparature and average air flow 'In:the ' - ,
workar's breathing zone will be recorded. The pattern of exposures w111“3'f"i“ -
- be recorded as accurately as possible throughout the work day .(not.omly .. .:..... .

durtng mouitortn; perlods) according to the five-catsgoxry scheme above.

Houitotin; of all-three oxygenated solvents siuulcanaounly is
important so that additive exposures can be evaluated; unfortunataly;
this will tequire use of two different media side-by-side. Monicoring
For MEK and cyclohexanons will be conducted according to NIOSH Method
2500, with cullcction on Ambersorb XE-347 and analysis by gas.
chromatography.’ This 1s the standaxd mecthod for MEK but not for
cyclohexanone; however, previocus laboratory studies have indicated that:
Anbersorb may be a dbetter sorbent for cyclohexanons than is charceal.
Monitoxring for THF will be conducted accvording to NIOSH Method 1609,
wicth colloecion on activated charcocal and analyeis by gas
chromatography.’® For st least 10 samples, all thres components will be
analyzed in both the Ambersorb and charcoal samples collected side-by-
side. If the weighted averags discrepancy bstween the two methods for
each subztance is 20% or less, furchsr monitoring will be done wich only
one monitoring medium. If the weighted average discrepancy is more than
208 for any substance, both sampling media will be used for the
remainder of sampling, but analyses will be done for each substance only
for air samples collected on the buttar medium.

8T06TETZ
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Biological Menitoring

Of the oxygenated solvents, MEK in particular is believed to be
raadily absorbed through the skin, so biological monitoring is
considered an important adjunct to air monitoring. The ACGIH has
adopted a BEI.for MEK, based on measurement of MEK in end-of-shift urine
samples. Sufficient information is not prasencly available to assess
oxposures to THF or cyclohexanons using urine or exhaled-air indices.

For each participating worker for whom & urine sample is collected
for DMF monitoring, MEK will be measured in the same sample. To obtain
¢orresponding long-term TWA exposurs information, airborne MEK will be
monitored during the last 4 hours of the shift, using collaction on
activated charcoal passive monitors (3M) and analysis by gas
chromatography. This collection mesthod was selected for two reasons; 1)
all three previous studies establishing the correlation between airborme
MER exposure and urine MEK concentration have based that correlatton om . _ . = _.
air samples collected with charcoal passive dosimetérs during-the last" - — —— _
four hours of ths work shift,!33%:33 45 this collection method must be
uged for the data collected in this study to Le compared with previous
results; and 2) MEK is eliminated rapidly from the body (ty,3 < 2 ),
80 exposures early in the day make little contribution to the amount of
MEK in end-of-ashift uxine.

At least 20 plumber-days will be included in the biological

- monitoring for MEK. If necessary, this monitoring will: imecluda some .--..- G0 - .0
workaxs who are not using DMP-containing products., . Extent of skiwm, . = = = “7 77 .07
contact during the four-hour monitoring period will be assessed ' ,

‘ageording to the three-level scale dasscribed above.

. ‘Although BEIs are not established for THF and cyclohexanons, these:- . - -
" will. also be measured in the urine and 4-hour samplee collectwd. The . ..- . . .
resulting data will be used to gsnerate hypotheses about patterms of. - - . "
axposure or the contribution of skin absorption, as described.below. “

- - Continuous exposurs profiles ) .- oty

Continuous, moment-by-moment exposure profiles will be recorded fox-
at least ten worksxs, pscforming the basic operations--prefabrication,
under-flooxr, top-off, and finish, A total of a least two hours,
including typical tasks, will be profiled for each worker, Measuraments
will be made with a photoionization mecer (H-Nu or eguivalent); such an
instrument gives an approximate measure of the total airborme
concentration of photoionizable organic molecules. MEK, THF, and
cyclohexanone all have very similar photoionization sensitivites, so
variations in the relative proportions of the three substances will not
substancially affect dacta collectad by this method. S5ince previous
atudies of plastic pipe installation have found cthat the vapors present
in highest concentracion were THF and MEK, the moment-by-momant profile
is expected to reflect predominantly the concentrations of these two
solvents. The toxicology of these two substances (and of DMF and
cyclohexanone) suggests that assessment of combined exposure is
biologically meaningful, since the two are likely to have an addicive
effect in producing irritation or CNS depression. - The information

6T06TETZ
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gained will be semi.quantitative, and will be used only to provide
detalled charactarizations of exposure patterns wichin various l3-minute

periods.
CRVC/EVC Dust

On construetion sites, CPVC/PVC pipe ls most often cut with a knifs-
adged manual tool--eithar clippers or a rolling-wheel tubing cutter--
that creates no dust. Portable reciprocating saws ars used
infrequently, and are expected to create little dusc, especially in the
respirable sicge range., The operation most likely co produce CPVC/PVC
dust {s cutting with a high-spead circular cut-off saw during
prefabrication. If thias task is performed for any of the sites
nonitored, full-shift monitering for CPVC/FVC dust will be conducted in
the prefabrication area. Full-sghift CPVG/PVC dust monitoring will also
be conducted if high-spead sawing of FVC pipe is dons at any of the
construction sites monitored. If no high-speed sawing of CFVC/FVC is. ... .
dons for any of the sites selected, no monitoring for. CEVC/PVC’ dust will - T

be done.

For each site monitored, measurement of exposure to total
particulates (or total inspirable particulates) and total respirable
particulates will be mads by collection of personal or area air samplas
on pre-waighed 37 mm -Teflon filters, with gravimstxic mlynh. ‘Cyclome ~~ "7
preselectors meeting the. ACGIH criteria for raspirable dust!* will be
used. in collecting the respirable. dust samples. 'Filtexrs will be A
retained for ons year for analysis by a more spacific technique: 1£‘nudh BRTTI
a technique becomes available. Such analysis is not a part of this
. study,

. .. 4 -

..
-8

- _?01ybut71¢uc 2ipa

In- -order to assess qualitatively the ptoduntion of any doeanpoli:ion
products during thermal fusion, at least two air samsples will be
collected with suitable media and analyzed by gas chromavography-mass
spectrometry. In previous srudies, various aldeshydes and oxgsnic acids
have been the principal conpononcs produced by oxidative thermal .
decompositition of polyolefins;’® the collection media used will be
capabls of retaining thess:substances. The presence of any substances
on the EPA Prioxity Pollutant list will be identified. The tan
add{tional subetances substances present In highest conconcracion will
also be identified. , o

Copper Pipe

While soldaring copper pipe joints, plumbers ars most likely co be
‘exposed to solder fumes and to flux fumes and dacomposition products.
California plumbers curxently use fluxes composed primerily of animal
fats. Because animal fat fluxes are believed to have less toxicity than
a0id fluxes or fluoride fluxes, and bevauss the thermal decomposition
products are not known, no systematic exposure measursuents will be
made. In order to assess qualitatively cthe production of flux
decomposition products during brazing, at least two air samples will bde
collected on suitable media and analyzed by gas chromatography-mass

QZO6eTETZ
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spactronetry (GC-MS). As for PB decomposition products, the media will
be capable of collecting aldehydas and organic acids. Because flux
decomposition produces particulate as well as vaporized substances, a
gecond medium capable of collecting aerossls will be used. Tha prasence
of any substances on the EPA Priority Pollutant list will be identified.
The ten additional substances presant in highest concentration will be

identified.

Solder fumes will be monitored according to NIOSH Method 7300, with
collection of full-ehifet air samples on 37 mm ceilulose estexr filters
and analysis by inductively coupled plasma spectroscopy or by acomic
absorption spectxophotometry. The principal constituents of currently
allowable solders (tin, copper, silver, and antimony) can all be
measured with this method. The same methods will be ussd to measure
lead fumes, zince plumbars at soms worksites use 508-lead soldar for
{installation of copper DWV linas, and may somstimes improperly use that
soldar for water-supply installation as well. At least 20 plumber-days.
will be sampled, including both.undar-floor and top-off work, and
prefabrication 1f any is done for the sites sampled.

No biological monitoring for exposure to metal fumes will be
conducted, because lead i{s no longer allowable in solders used for
potable water systems, and no biological indices of exposurs are
presently available for antimony (Sb), copper (Cu), silver (Ag), or tin .

(8n).
Othar exposures

At gone construction sites, plumbers may have exposures in addition
to those listed above, which could.oceur during:.-ingctallation of any type.: - - ..
of pipe. The most common of these. are sexposure to noise and to silica. .
The industrisl hygienists may elact. to measurs. these exposures as. .
appropriate, using standard-techniques.

. _Qﬁ‘ltty assurance

: To provide information about the integrity of the.sample handling
mathods and laboratory analyses to be used; a limited quality assurance . -
program will be inacludad. .For sach of the major types of solvent .. .
saaples to be collected. (full-shift aixy samples for DMF-and-seider

fumes, 4-hour air sanples for MEK, 15-minute air samples for MEK, THF,

and cyolohexsnone, and urine samples for DMF, MMP, and MEK) a:minimum of
three spiked samples will be prepared by the laboratories perforaing the
analyses, dalivered to CPiIF, and returned blind to the laboratory for
analysis along with actual field samples. For MEK, THF, and
cyclohexanone, all three substances will be mixed and spiked onto a

singla sanple, and the nmixture analyzed blind.

For sach type of sample listed above, field blanks will alsc be P
submitted blind for analysis. The number of field blanks for each type —
of sample will be at least 10% of the total number of samples, up to 10 W
field blanks of each Lype, g

N
[N
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EVAILUATION CRITERIA

Unless-srthar-data-becoms-Kknown-to-us-between-davolopment-of-this
protecel-and-final-reperving;-evailnacion-erivreria-fox-bMF; -NEK;-THF,
eyelohoxanenss-Sh;-Cu;-Ag;-and-Sn-will-be-hased-en-established-AGCIH-and
NIGSH-eriteriar-as-shown-in-Table-2;--fA-texisity-evaluation-of-these
subsxanees-has-noes-yet-besn-cemplatad;-so-Table-2-is-not-tineiudad-with
ehis-drafr-ef-the-sampling-protesels--A-conplore-ser-ef-svalvation
eriveria-wili-ve-diseriburcd-by-Auguet-157-1988}--Any-subssancos
moasured-in-the-sanples-buk-noe-shown-fn-Table-2-will-be-judgad
aceording-to-the-relovanc-NIV§H-Recommended-Ixpasuro-Linis;-if-anys-ox
AGGIH-TAVr--1f-the-cstimate-of-the-9Sth-percontile-af-che-exposura
distribukion-exeeeds-the-ralovant-expesure-linmit-for-any-substancey
resemmendstions-may-be-mude-for-fellew-up-invesrigation-ox-for-nmedieal
suxveillance-of-health-effeots-rolated-te-cthe-axposurer

Tha expoaure limits ¢o be used for evaluation of exposures to DMF,
MER, THF, cyclohexanone, Sb, Cu, Ag, Pb, and Sn ara shown in. Tablae 2.
Thess exposure limits are taken from-values. establishaed by.U.S. OSHA"
comprehensiva standards, NIOSH Recommended Exposure Limits, and ACGIH
TLVs, listed in order of preferanca. For antimony, animal avidence--.
supported by limited spidemiologic data--suggesta thav it {a
carcinogenic, but it has not been avaluated by IARC; the oxposuro- limie
listed in Table 2 may not protect against carcinogenicicy.
substances measured in the- air- samples butr not shown in 'rnblo 2 will be
evaluated according to tha rolevant. exposure limits established by the
same agencles. Concentrations of MMP and MEK im urine will be evaluated.-
according to their established ACGIH.BEls of 40 ng/g, ‘and 2 mg/L, . o
respectively. If new data become availablae indicacin; “that t-any of these
exposurs limits are not sufficiently protecctive- of  worker health, .
revised svaluation cri:oriarwill bc usod and. a:- full juscification. of chq
ravisions provided. : :

If the estimate of the 95th percentile of the exposure distribution.
sxceeds the relevant exposure limit for any substance, recommendations::..- .
may be made for follow-up investigation or for medical aurvoulmco of
health effects related o the axpoaure.

For the samples of volatilizsd organic compounds.collected during.PB -. ..
thermal fusion and during copper/flux soldering, further study may be. T
tecommended {f any of the tem principal components identified by GC-MS

is classified by the Intarnational Agency for Research on Cancer-IARC as- . -
a Category 1, 2A, or 28 carcinogen. ,gz;;f;

2Z06IETZ
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Tabls 2. Exposura limits to be used for evaluation of worker

sxpogures nessured.

Substance
DMF
MEK
THP

cyclohexanona

at-u:inony
copp.or

- laad.
s 1.14-:

[tta

‘ s Dl l-

—EXPOSURE_LIMIT SOURGE . ..

§-lour TWA 13-Minute 8:Houx J13-Miguca

10 ppm none A0 .-

200 ppm 300 ppn N,A,0 A

200 ppm 250 ppm A,0 A

25 ppm @ N,A A(excursion >
limie)

0.3 ng/u’ ¥ Tnomne N,A,0 ve

0.2 mg/uw’ none A --

0.05 ng/m® none 0. -

0.01 mg/w’ nons 0 .

2 ng/m3 none A,0. SRR

N = NIOSH Recommanded Expolurn Li.nits. as listed in. Horbid!.t:y md
Mortality Weekly Raport 1986;33(1s):1s-33s. o

A= American Conference of Governmental Industrial Hyg!.ani)cl ' e
Thrashold Limit Values and Bioclogical Exposure Indicn for 1987-

1988.

0 ~ US OSHA Regulations;29- CFR 1910.

*Do.l not addrass the potential carcinogenic risk of mtihonyﬂ____“ PSS

Protocol: Plastic Pipe Workaer Exposure Study
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DATA ANALYSIS

Ganaral

For each substance and type of installatlon monitored, appropriate
statistical methods will be used to estimate the mean exposures level and
to avaluate the variability of axposure lsvels.

For any individual exposures that sxceed the sxposure limit cited in
the Evaluation Criteria section, the conditions associated with those
overaxposures will be tabulated. When sufficient data are available,
the proportion of total variability thaz occurs among 9ites, among
workers in a single site, and day-to-day for individual workers will bes
svaluated. Foxr exposures to DMF, MEK, THF, and cyclohexanone, the
relative contributions of the various factors affecting exposure levels
(such as air flow, temperaturs, or skin contact) will be assessed.

For sach subatance and sach exposure catagory, exposure levels will
be assumed to be lognormally distributed, unless the data indicatse that
such an assumption is unwarranted. The parameters of a lognormal
distribution (geomatric mean and geomscric standard deviation) will be
used to dascribe the data and to calculats arithmetic means and == __ =~
variances. .

For substances present in individual air samples at.levels helow the

- analytical limit of quantitatiomn (LOQ), a value .of one-half..the LOQ- will
""be-assigned: Sample values which. seem. to reflect extracrdiharfly highi -

or low concentrations will be assessed with a standard test for

. homogenaity of data. Values unlikely to have originaced.from. the same-. .....-..
‘undarlying data set az the rest of the sample group (with a- confldlnc-’ LR
of 0.99), and with no apparent contributing factors, will be rsjectad. ..~

- For each-air sample collected, sample volume will be calculated.from: . . ....: SRS
.the: sample duration and the calibration flow rates, assuaing that.any..”  .... . ...
changes in flow rate between calih:;tions have been linear during
- periods of pump operation. ’

Unless otherwise npccifiad. s confidence level of 0,95 will be used
for all statistical tests. For each average exposure level and sach
estimate of the fraction of sxposures likely to excead the relevant
exposurs limit, the 958 confidence interval will also be roported, it
sufficient data are available,

Dimethyl formamide

Monitoring for DMF will produce two types of data for esach worker
sampled: concentrations of DMF {n full-shift air samples and
concentrations of DMP in end-of-shift urine, as well as information
about working conditions during the days monitoraed and the extent of
skin contact with primers and cements.

Estimates will be calculatad of the average 8-hour TWA sxposure
level, the variance of exposure levels, and the fraction of exposures
likely to exceed the 8-hour exposure limit. Standard multiple

VZOBTETZ
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regression techniques will ba used to assess the strength of associacion
between airborne exposura to DMF and several job factors which may
affect sxposure levels: the number of joints glued, the daily high
texperature, the concentration of DMF in the products used, and the
amount of time spent gluing in enclosed spaces.

Escimates will be calculated of the average urinary MMP
concentration, the variance of MNF concentrations, and the percentage of
workdays for which the end-of-shift urinary MMF concentration is likely
to exceed the BEI. Analysis of covariance techniques will be used to
assess the diffarances in adjusted mean urinary MMF levels among the
three skin-contact groups, and the associlation between urinary MMF lavel
and concentration of DMF in the products used, independent of airborme
DMF levels. The correlation between airborne DMF and urinary MMF will
be compared to that found in previous studies.

~

MBX, THF, and cyclohexanone

Monitoring for MER, THF, and cyclohexanone will produce data of four
types: 15-minute exposure lavals and the amount of time spent i{n each
axposure category (I-IIIb) for all worksrs monitored, and urine
concentrations and 4-hour exposure levels for workers included in
biological monitoring, Accompanying data on working conditions duiing
the monitoring periods and on axtent of skin comtact will also be o

available. -

" 'The cut-off for periods of concentratad gluing was set at.sevem.. . .. .- =7 . .~
joints per 13 minutes based vn field obgervations during walk-through
inspections. During a typical day, 3-10 such pariods ars anticipated.. N
. If the cut-off proves to put too many or too few exposure:periods in-. ... .
cavegories IIb and IIIb.(and. thus impedes data analysis by putting too -~ .

few of the measurements in any of the categories) then a new cut-off may
be selected to better balance the number of measuremsnts in each

category. -

For each 15-minute air sample, the additive dose of the three
solvents will be calculated as:

Dyy = Ouy/STEL gy N Ouy/STBLyyy + Ceye/STELy

where D,, is the additive dose for the 15-minute peried; cyuy, Cpgmys
and Coye BTO the air concentrations of MBEK, THF, and cyclohexancus; and

STELygy+ » and STEL,,. aTe the short-tsrm exposure limits for MEX,
THF, nnds:y'ezﬁ‘umm.. as shown in Table 2.

Exposure levels measured.in 15-minute air samples will be grouped by
‘the axposurs category, I-IIIb. Within each sxposurs category, the
average exposure level, variance, and parcentage of 1l3-minuce periods
likaly to exceed the ghort-term exposure limit will be calculated for

sach substance and for the additive doae. )
Based on the distribution of exposures in the five categories and on ES
che amount of time spent working in each category during CPVC water- b
supply installation, the average 15-minute exposure level will be 0
g

Page 20
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estimated for all periods throughouc che day, for sach substance and for
addicive dosa, The variancs of the 15-minuce exposure levels and the
pexcentage of all 15-minute exposures that exceed the relevant short-
term expoaure limits will also ba estimated. The percentage of worker-
days in which any of the short-term axposure limits will be exceedsd
during any 15-minute period will be estimated.

For sach sxposure category, analysis of covariance techniques will be
used to assess the strength of assoclation between airbornes exposura
levels for each substance and several job factors which may affect
exposure lsvels: the numbar of joints glued, the breathing-zone
tamperature, the breathing-zons air flow rate, and cthe concentration of
each substance in the products used. Differences in adjusted means
between the exposurs categories will also be assessad.

The average 8-hour TWA exposures sxpacted for workers installing CPVC
water-supply systems will be estimated from the short-tarm monitoring
data for each subatance as:

S = (tg°Cr + T30 'Crpy + Trn'Crm + G177 °Crzze + Srrme Cram? /32 -

where o, is the average 8-hour TWA exposurs expected during CFVC
w:tor-luppiy installation; t -t,, are the number of l3-minute periods
spent in each exposure eat:egory%'y workers monitored during CPVC water-
supply installation only; C,-C, ;s AYe tha average 15-minute
concentrations for each cntegory among all types of CPVGC/PV(C.-~ - :
installations; and 32 1s the number of 15-minuce periods. fh.am. 8-h¢ur
day. Individual 8-hour TWA exposures will not be reported, because they

carmot be reliably calculated from the data to be colloccnd,.. Tha. e g e
a.v-rago 8-hour additive dose will be calculated as: - - , S
= Ay *+ dpyg + doy
vhare D is the 8-hour additive dose; and dm‘ dm and. . are the

estimated nvu'ago 8-hour TWA exposure lavolo to the three substances
divided by their 8-hour TWA exposurs limits (as shown in Table:2).

When suffient data are availasble, the variance of expected 8-hour TWA
exposures and the fraction.exceeding the 8-hour TWA exposure limit will .
be calculated foxr each substance and for 8-hour additfive dose.

For workezs Involved in biological monitoring, the average urinary
MEK concentration, variance, and percentage of workdays for which
urinary MEK is likely to exceed the BEI will be calculated. Analysis of
covariance techniques will be uged to assess the differences in adjusted
mean urinary MEK levels among the threa skin-contact groups and the
association between urinary MEK level and concentration of MEK in the
products uged, independent of 4-hour airborne MEK levels., The
correlation betwesn sirborne and urinary MEK will be compared to that
found in previous studies. The average MEK exposure as measursd by the
4-hour samples will be comparaed with the average estimated 8-hour TWA

value derived from short-term sampling data.

BFG12943 Page 21
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CPVC duse

Results’ reported will include the percentags of housing construction
sites monitored for which CPVC/PVC was prefabricated (with sawing),
estimates of the mean exposure levels to CPVC/FVC dust and respirable
CPVC/PVC dust, and the variance of these exposure lavels.

Polybutylene thermal fusion by-produccs

For each sampla, the most likely chamical identities will be reportad
for the tan compounds present at highest concentration, along with
approximate concentration data. Becauses of the sampling uncertainties
involved, exact chemical idemtities and concentrations may not be
available.

Solder fumes

For each elament detacted in solder fumes, estimates will bae: .. © . _. _-
calculated of the average, exposure level, the variance of exposure
levals, and the percentage of exposures likely to axceesd the sxposure
limita. The various factors that might affect exposure levels to soldsr
fumes will not be specifically assessed; rather each will bs considered
to contribute to overall varifabilicy. B

- F!uxtfunccj

For aack sampla, the most likely chemical fdentities .will be. reported .. "' .. -7 . .
for tha ten compounds present at highest concentration, along with T
" approximata concentration data. Because of the sampling uncertainties.
involved, exact chemical identities and concentrations may not. b
availabls. - .

LZO6TETS
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