ABSTRACT

Daniel G Strait. The Evaluation of Various Contro

Met hods for the Sol vent 2-ethoxyethanol in the Production

of Foam Pad Packaging. (Under The Advisenent of Dr. Parker

C. Reist).

Wrkers in a foam pad packagi ng area were exposed to
vapors of 2-ethoxyethanol, above the TLV of 5.0 ppm This
study investigated the nmethods to reduce this exposue
t hrough adm ni strative and engi neering controls. Sanpling
was done using charcoal tube and passive dosinmeters. Adm n-
I strative controls reduced exposures typically by 7035 or
nore. Sone areas required local ventilation to maintain
exposures |less than 5.0 ppm The met hods used acconpli shed

t hese goal s without great cost or affecting the plant

pr oducti on.
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I NTRODUCTI ON

Exposures of working popul ations are altered by new
process technologies at the workplace as well as by the

i nformation discovered by the scientific comunity that
adds to or |l essens the concern of the worker's environnent

on his health. The industrial hygienlst must be responsive
to the protection of the workforce in his charge. He nust
al so offer solutions that are practical for the conpany
whose processes are creating the exposure. These
constraints nmay either be operational and/or financial.
It is desirable that the solutions offered do not
significantly alter the intended production or be so costly
that they put a financial strain on the resources of the
conpany.

The purpose of this study was to investigate various
control practices in a foam pad production process. These
controls were instituted to reduce enpl oyee exposure to the
sol vent 2-ethoxyethanol to a |level of 5.0 ppmor |ess.
After the application of these controls at selected
production sites their effectiveness was eval uated by
personal nonitoring. These sanples quantified the
reductions so recomendations to the plant could be made.

The probl em under study was an eval uation of exposures
to workers contacting vapors of 2-ethoxyethanol. These
exposures were identified primarily at sites where foam
packing pads, used to package conponents of electronic
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equi pnent, were produced, at the point of distribution of
chemcals in the plant. The 2-ethoxyethanol was used to

keep clean the nozzle of the spray gun fromwhich the
reactive foam produci ng chem cals were sprayed.
| nhal ation of the 2-ethoxyethanol vapors by the

workers in these foamin-place (PIP) operations presented a
potential health hazard. This study determ ned what |evels
of solvent concentrations were encountered at the different
areas of foam pad production , conpared these levels to
currently accepted standards, and then eval uated any needs
to reduce exposures through adm nistrative or engineering
controls. During the tinme of evaluation, it was announced
that the 8-hour Tine Wighted Average (TWA) of the
Threshold Limt Value (TLV) for 2-ethoxyethanol as
recomended by the Anmerican Conference of CGovernnent al
| ndustrial Hygienists (ACAH was being reduced. This

i ncreased the concern to evaluate the existing exposures
and provide practical solutions for the plant and its |abor

force.

The resulting initial sanples indicated that there
were consistent values at several FIP sites exceeding the
proposed TLV concentration for 2-ethoxyethanol of 5.0 ppm
It was concluded that operating procedures should be
changed and engi neering controls added to reduce the
exposures. Recomended alterations to working habits, and
practices, and the introduction of additional engineering
controls were nmade that reduced the exposures. The effect
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of these changes were nonitored by taking sanples after the

controls were instituted, ensuring that exposures to the

sol vent 2-ethoxyet hanol had been reduced to safe |evels.
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I'l. THE HAZARDS AND CHARACTERI STI CS OF 2- ETHOXYETHANCL

The Chem cal and Physical Properties of 2-Ethoxvethano

2- Et hoxyet hanol iIs a colorless liquid at room
tenperature with a sweetish odor. Its chemcal fornmula is
c%qsocqzcg OH and is known by other synonyms, which are
Et hyl ene d ycol Monoet hyl - Et her and Cel | osol ve. It has an
OSHA perm ssi bl e exposure limt of 200 parts per mllion
(ppm or 740 ng/m. The action level is 100 ppm The
ACAE H had a recommended TLV of 50 ppmuntil the summer of
1982 mhen3it publ i shed an intended change down to 5 ppm or
18.5 ng/ mwith a skin notation.

2-Ethoxyethano|cpas a nol ecul ar wei ght of 90.12, a
boiling point of 135 C, specific gravity of 0.93 and, at
normal conditions, a vapor pressure of 3.7 mmHg at ZOiC
The sol vent has a flashpoint of 45 C and an autoignltion
t enperature of 2350C. It is inconpatible contacting strong
oxi di zers and may result in an expl osion. Fires involving
this solvent may produce toxic gases and vapors,

predom nantly carbon nonoxi de.

2- Et hoxyet hanol is easily soluble in water as well as
organic solvents. It Is widely used in industry for
paints, resins, lacquers, dyes, soaps and cosmetics. N OSH
has estimated in a 1972-1974 survey that 360,000 workers

were exposed to 2-ethoxyethanol on an occupational basis.
Estimates are that in 1978 100,000 tons of this chem cal
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were produced In the United States.

Toxi col ogy

2- Et hoxyet hanol may enter an | ndividual t hr ough
| ngestion, Inhalation and absorption through the skin.
Though there are no reports of events attributed to worker
exposures In industrial settings, its hazard potential has
| ong been recogni zed and st udi ed. The recogni zed effects
as noted in toxlcological studies have been lung, Iiver and
ki dney damage, and eye and lung irritation. It has caused
various effects on the blood characteristics in ani mals,
I ncl udi ng decreased | evels of Immature red blood cells.
Animal tests have concluded that the solvent can be
absorbed through the skin in |ethal amounts. These toxic
effects had resulted in the ACAH establishing a TLV of 50
ppm or 185 ng/mand a STEL of 100 ppm 370 ng/ m.

However, in the sumer of 1982, the ACGHIlisted a
notification that they were intending to change the TLV of
2- et hoxyet hanol to 5.0 ppmand 18.5 ng/n:. Two toxicol ogic
studies were major contributors to this decision. One by
Nagano et al. held that a significant Increase in
testicular atrophy and | eukopem a were observed at dosages
of 1000 and 2000 ng/Kg/day in mce on a 5 day/week for a 5-
week basi s. This was via Ingestion, but pointed to
I ncreased effect on the blood system at | ower
concentrations and a previously unrecognized reproductive
hazard.  The other report by F. D. Andrews et al. reveal ed

extreme enbryonortallty at concentrations of 617 and 767
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ppmin rats and rabbits. \Wile at concentrations of 160
and 202 ppmincreased incidences of growth retardation,
terata and again enbryonortality . These concentrations
were at or below the OSHA PEL, and were alarmng to the TLV
standards revi ew board who reduced the TLV to a new | evel
of 5.0 ppm

When the notice of intended change was published in the
annual booklet of TLVs, it was necessary to nodify
procedures and controls in the foam ng areas to conply
with the 5.0 ppm 8-hour TWA. The normal action |evel
policy for this plant was for an enpl oyee 8-hour tine-
wei ght ed exposure to be one quarter of the TLV, unless this
| evel was inpracticable for production process. The
corporation philosophy and policy was that the recomended
TLV was to be the ceiling limt of any enpl oyee exposure.
Any case of an excursion to the TLV fromthe normal action
| evel had to be justified.

Therefore, the plant needed to establish the exposure
|l evel s of its affected enpl oyees, anal yze these
concentration | evels, reduce these to | evels belowthe
TLV if needed, or reduce the exposures to the | owest
practical level by additional control techniques. After
the inplenentation of any controls, sanmpling neasurements
quantifying their effectiveness on reducing the exposures
of 2-ethoxyethanol were made. Finally, recommendations
were to be made so that use of the solvent in all foam pad
production areas mght be continued at the plant.
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|I'l. DESCRI PTION OF THE SCLVENT, | NDUSTRY AND PROCESSES STUDI ED

Sol vent

2- Et hoxyet hanol is utilized in the packagi ng
production process to elimnate the clogging of spray
I njection guns which emt two chem cals, polyurethane
resin and di phenyl net hane diisocyanate, in two liquid

streans. In a container or nolded form the chemi cal s

react, expand, and beconme a solid conpressible foam pad.

TABLE |

Characteristics of 2-Ethoxyethanol

For nul a: C2H50CH2CHOH

Mol ecul ar wei ght: 90. 12
Specific gravity: 0.93
Vapor pressure: 3.7 . (at 20*0)
oi ling point: 135°C
Fl ashpoi nt: 49*0
Aut oi gnition: 235**C

Since small anounts of the chemicals can remain in the

barrel of the spray nozzle after spraying, there is a need
to keep a foamplug fromdeveloping. To elimnate this
potential problem the gun's barrel is subnmerged in a tray
cont ai ner of 2-ethoxyethanol. The solvent prevents the
two foam ng conponents fromreacting and breaks down any
foamas it forms in the gun's barrel.

When the barrel was plugged by foam the operator used
the 2-ethoxyethanol, along with brushes and scrappers, to
remove the obstruction. This procedure required close
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| nspection by the worker who typically came within 18
i nches of the solvent-wetted gun, brushes, and probes.

The cl ose di stance the worker assuned to the sol vent
tray where the gun was positioned between injections caused
exposures during normal working procedures. Vapors were
al so generated due to excess solvent that dripped on the
tabl etop, floor, gloves, or protective clothing of the
wor ker when renoving or replacing the gun in the tray. Al
of these spills evaporated and added to the conti nual
vaporization fromthe tray container itself. The anount of
spilled solvent varied wth each worker due to their
personal techniques, but elimnation of sone exposure was
| npossi bl e. Because of the volune of pads produced in the
hi gh volune area, the solvent at times pooled and col |l ected
on the tray table and evaporated over a nuch |arger surface
area. Sol vent disposal and replacenent between trays,
safety cans, and solvent cabinets also resulted in worker
exposure to 2-ethoxyethanol vapors. The transfer of the
solvent into trays in unventilated areas and vapors noted
upon openi ng the solvent cabinets resulted in additional

contact to 2-ethoxyethanol vapors. This was experienced in

all of the plant areas sanpl ed.

Ceneral Descriptions of Plant Areas

The maj or products produced at the plant site were

conponent and final assenbly of high technol ogy electronic

data analysis and display equipment. Due to the fragile
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nature of the products made, proper and secure packaging to
prevent breakage of the products during transportation was
required. Since shock and direct inpact could destroy the
units, foam packing that conforned to the shape of the
specific product elimnated any shifting in the cardboard
box container protecting the products during shipnment. The
f oam pad arrangenents were made | n-house at operations
referred to as foamln-place (FIP) sites. Thirty-seven
FIP lines were in production throughout the plant. These
sites were usually located where final assenbly took place
prior shipped the product out of the plant. The sites
varied in the volunme of pads nade, since the itens they
protected were be produced in small or |arge nunbers.

The FIP sites were classified into two naj or
categories based on the nmethod of foamformation . These two
nmet hods were referred to as free foanm ng and nol ded foam

The nol ded foam pads were nmade in production areas
where | arge nunbers of a single product type were prepared
for shipment. Since the pads had identical configurations,

t he outside dinmensions of a pad could be nade rapidly in a
mol ded foamformprior to the product arriving for packaging.

The free foam ng type of packagi ng was specific or
customzed to a single product type when it arrived to be

packed for shipment. Wrk was virtually continuous during
the day at some nol ded foamsites, whereas fewer pads were

made in the free foamareas, as required by the variable

producti on rates.
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The Hi gh Vol une production area, in this study, was at
a nmezzanine |level 18 feet above the.nmain plant floor. The

area was 180 feet by 25 feet and had a 12-foot overhead.
There were four pairs of pad production sites, wth a
container retaining the 2-ethoxyethanol solvent at each
|ocation { see Figure 1). The container, which was 4
inches Dby 6- inches by 3-1/4 Inches, was fixed to a
tabl etop | ocated between the two ventilating hoods. The
table had a one-half inch lip along its upper |edge and was

accessible to the worker in an approximte 270 arc about
Its base. The table was 24 inches high, was 36 Inches

deep, and 25 inches across.

Behind each nold there was a slot hood for [ ocal
ventilation of heat, water vapor, and gases produced from
the reacting liquid chemcals that produced the foam
materi al . These hoods captured vapors, but were not
designed to renove the vapors emtted at the solvent
contai ner (see Figure 2). Any ventilation of the solvent
vapors was acconplished originally only by room
ventilation, which consisted of the normal air supplied
t hroughout the plant plus an additional HVAC vent directed
down toward the floor behind the work area, at a distance
of five feet. This ventilation was not intended to
transport the solvent vapors away fromthe workers, but
rather to cool the work area (the foamng areas in general
were 5-10 F warmer than the normal plant environment).

A higher relative humdity also was present in this

10
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departnment. These conditions resulted fromthe chem cal

reaction producing the pad material, limted air novenent,

and the elevated |l ocation. The air circulation In the high
volune area was restricted by walls and partitions. All

four sides were partially obstructed conpared to the other
production areas which were free fromobstructions. A few
of the partitions extended fromthe floor to ceiling.

These obstructions reduced air changes, stagnated vapors,

and el evated anbi ent tenperatures and hum dity.

The two Lower Vol une areas of pad production were on
the ground floor of the plant and located in two separate
bui | di ngs. The ceiling height of each building was 25 feet
and both areas were effectively free of walls or
obstructions that m ght constrain the dilution of the
sol vent vapors emtted in the work area. One of the Low
Vol une areas used nmolds , but a nmuch snall er nunber of
products passed through it during a work day.
Approximately 140 units In the H gh Volune area were
produced each day conpared to 30 to 40 in this Low Vol une
area. The other Lower Volume area was a free foam ng area
and did not use nolds because of the variety of products to
be packaged. The free foam ng production sites were al so
ventilated by a slotted hood intended only to renove vapors
resulting fromthe reaction of the foam ng chem cals. The
only ventilation for the vapors of 2-ethoxyethanol was the
general roomventilation of the plant floor.

The fourth pad production area studied, an Autonated

production area, was simlar with respect to the general

12
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area characteristics.

and free of walls and obstructions.

The ceiling was 25 feet in height

The uni que desi gn of

this production area, which limted the amount of solvent,

will be discussed in a later

TABLE 11

secti on.

Characteristics of the plant Areas Studied

Locati on

Hi gh

Vol iine Area

Low Vol une
Area |

Low Vol une
Area 11

Aut omat ed
System

Pr oducti on Process

Mol ded f oam pads

Mol ded f oam pads

Free foam ng pads

Mol ded f oam pads

Ventil ati on

restricted,
general pl ant

open,
gener al pl ant

open,
gener al pl ant

open,
general pl ant

Chem cal
Repackagi ng

Sol vent Tr ansfer hi gh vol une

room exchange

The chem cal repackaging area was an isol ated room
where chem cals used in the plant were subdivided into
safety cans from 55 gallon druns and retai ned used
chemcals for future disposal. The room was approxi mately
120 by 30 feet with a 25 foot ceiling. Due to the chem cal
storage, the roomwas vented wth rapid air exchanges.
Local ventilation was not available during the enmptying or

filling of the safety can containing the 2-ethoxyethanol
for distribution to the locations of use in the plant.

13
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The automat ed pad production area was a conveyor
configuration of nolds, periodically passing under jets
that « injected the chemcals that generated the foam The
jets were nechanically noved between their injection and
standby position, in a horizontal tray containing the 2-
et hoxyet hanol . Above this tray and the nol ds was an open-
face canopy hood | ocated to renove vapors generated by both
foam formation and the solvent held to soak the jets. The
workers spent tine in this area at a di stance which was
beyond potential exposure to the solvent vapors. At tines
cleaning a jet or replacing the solvent was necessary.
Simlar procedures were enpl oyed as described previously at
ot her locations. These actions did expose the worker to 2-
et hoxyet hanol vapors.

The chem cal repackagi ng area created exposures when
2- et hoxyet hanol was punped into 5 or 10-gal |l on safety cans
for future use in the plant or when used sol vent was
di scharged into waste barrels for tenporary storage.
Exposures took place in the exchange of punps from one
barrel to another or in holding a punp nozzle into a safety
can nout h.

Local ventilation was not used, but there was a rapid
air exchange in the room The exposures to workers in this
area were short-term exposures, usually 15-30 m nutes per
day.

Time and notion studies were subjectively determ ned
by observation at all the production areas. These studies

14
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wer e suppl enented with information provided by the workers
and managenent personnel at these lines. The studies were
designed to identify any abnormal contact, estimate its
frequency, and acquire sanples to neasure the exposures
t hroughout the plant. Since one of the goals was to
measure 8-hour TWA for workers, special work routines were
I ncl uded during sanpling, such as exposures from gun

cl eani ng and sol vent pouring. These observations and the

time and notion studies estimated the actual work tine
spent in potential contact with the solvent.

Si x and one-half hours (390 m nutes) was judged to be
representative of the tinme workers were exposed to 2-
et hoxyet hanol during a normal eight hour work shift. This
accounted for tinme spent at lunch, shift breaks and tine

spent in preparing for the next workday and housekeepi ng at
the end of the day.

Met hods of Control Prior to the Study

When this study began, various control procedures were
in place to reduce exposures to enployees and to limt
safety hazards to the physical plant facility. Based upon

previous routine sanples taken in the past ten years, the
controls in place to limt the worker exposures to 2-

et hoxyet hanol appeared adequate. These controls on the

foam ng locations are also sunmarized in Table Il

15
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TABLE 111

Exi sting Production Sites®and Their*Oriqginal Controls

Locati ons Contr ol s

H gh Vol une Protective cl ot hing
Sl otted side-hood at production site
Low Vol une Ventil ated sol vent cabi nets

(nol ded pads) Wor ker educati on
Protecti ve gl oves

Low Vol une Safety cans

(free foam ng) Posi tioning solvent tray/table
away from worker's normal |ocation
HVAC vented from behi nd t he worker

2- Et hoxyet hanol was stored and transported throughout
the plant in safe restrictive containers (safety cans).
These were effective in the elimnation of vapors fromthe
sol vent containers that may adversely effect human health
and potentially result in property damage through fire or
expl osion. The 55-gallon druns held in the chem cal
distribution area and the 5-and 10-gallon safety cans
I sol ated the solvent in safe and protected quantities.
Sol vent cabinets were used to store the safety cans at work
line | ocations, safety cans were stored inside the
cabi nets. Mst of the solvent cabinets in the plant were
ventilated to prevent inhalation of vapors that m ght
accunul ate by workers when the cabinet doors were opened.
Safety cans were used to contain both fresh and used
solvent at all the foam ng sites.

The sol vent was contained at the production areas (not
the automated area) in snmall containers placed on a rinmmed
t abl et op. Most drips and splashes of the solvent were

16


NEATPAGEINFO:id=9F6A6878-C4A0-4668-BB79-A392AF285103


confined to the tabletop. The pooling of the sol vent
produced additional vapors generated by the continual
evaporation of solvent fromthe solvent tray and tabl etop

Wor ker education by the Industrial Hygi ene Depart nent
was conducted for enployees prior to working in the foam
packagi ng areas in the plant. During these sessions,
wor kers were instructed on the various hazards that could
be encountered during normal operational procedures.
Cui del i nes expected to be carried out in handling, proper
care and use of the 2-ethoxyethanol solvent, and recognized
dangers were anounced. Wrkers were warned of skin
contact, its flamability and any unnecessary inhal ation of
sol vent vapors.

The workers were provided with personal protective
clothing to elimnate skin contact of 2-ethoxyethanol.
Foam ng spray gun operators were required to wear goggles,
a half-length snock, and gl oves. The snocks were nade of
Dupont Tyvek, and gl oves were nmade of Neoprene. These
materials give excellent protection against skin contact
and subsequent absorption through the skin. The substances
of the snock and gl oves gave the | ongest breakthrough
protection avail able. Each work area required new snocks
and gl oves to be exchanged tw ce a day.

As previously nentioned, the ventilation at all
manual |y operated foamng sites was initially limted to
general roomventilation and additional |ocal cooling
vented into the imedi ate area for tenperature confort.

This ventilation was not designed to [imt the potential

17
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exposure of the workers to the 2-ethoxyet hanol vapors. The
only local ventilation avail able was the sl ot hoods at each
site designed to renove the vapor produced in the foam pad-
generati ng process. The range of capture of these hoods
could not renbpve any vapors produced at the sol vent

contai ners. This was shown by snobke tube testing of the

area and hoods.

18
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I V. SAMPLI NG

Pr ocedur e

In this Investigation, 2-ethoxyethanol was sanpl ed
using the N OSH approved and recommended nethod, S-361.
Thi s net hod was sel ected because the neasurenents were to
be wused as a basis for deciding potential cour ses
controlling the solvent if exposure levels were excessive
and to docunent that the exposures were wthin OSHA and
conmpany guidelines. The nethod is easily performed to give
sensitive and reliable results to the concentrations
encountered in workplaces, and it is suitable to neasure
t he exposure of enployees wthin the breathing zone.
Sanpl es were al so obtained on a conparison basis by using
passi ve dosineters. The dosineters were sanpled within the
breat hi ng zone of the exposed enpl oyee. They served to
verify the values of the charcoal sanples and to provide an
actual test of the dosineters' accuracy for future sanpling
when routine nonitoring of work sites was required.

Method S-361 is valid within a range of 340-1460 ng/nf
(91-396 ppm. This range was not expected to be approached
during sanpling (in fact, t he highest single sanple
anal yzed was 61 ppm. The effective lower |imt was
established by the chem cal analysis, a gas chromatographic

procedure, and reportable down to a concentration of 0.1

ppm Validation for the method was done at tenperatures of

19
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o

23 to 23.5 C and atnospheric pressures of 757.1 to 770.3

mHg using a six liter sanple vol une. The actual sanples

o

were taken at a tenperature range of 21.1 to 26.7 C and an
at nospheric pressure range of between 745 to 765 mmHg. The
actual sanple volunes ranged from2.45 to 6.05 liters.
These vari ati ons about those of the tested NI OSH val i dati on
are not significant in altering the validity of the sanples
in this study.

Usi ng Method S-361, a known volune of air is drawen
t hrough an activated charcoal tube by nmeans of a sanpling
punp, absorbing the 2-ethoxyet hanol vapors upon the
charcoal. The charcoal is then renoved fromthe tube,
placed in a vial, and the solvent is desorbed into solution
for injection and anal ysis by gas chronmat ography. The
response of the gas chronmatograph to each sanple is
conpared to a calibration of standards and the anmount of 2-
et hoxyet hanol collected in the sanples is reported by
weight (ng). This value is then used to quantify the
concentration of the sanple period in parts per mllion
(ppm .

Al'l sanpling done for this study was acconplished by
usi ng personal sanmpling at the breathing zone of the
enpl oyee. Area sanpling was not representative of actual
exposures encountered by enployees in their normal work
practi ces and handling of 2-ethoxyethanol. The previous
description of the tine and notion studies of the enployees
I nvolved in these operations indicated a great variance in

time spent at sites where the solvent was present. Al so,
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t he enpl oyees were exposed to varying anounts of the
sol vent vapors because of their individual work practices.

Due to this non-uniformcharacteristic of the sol vent
exposure, area sanples were not taken. Personal sanples,

however, were used to nonitor the extent of enpl oyee
exposures on a real-time basis. This sanple type was used
to account for the variable volune of foam pads made at
different production lines and the tinme spent at the
sol vent containers where vapors were emtted. Personal

sanpl es al so addressed individual work practices with the
sol vent such as pouring, gun cleaning, or spillage in the
renoval and replacenent of the gun fromthe sol vent
container. This monitoring best eval uated any nodifications
to either work practices or new controls that may reduce
the level s of exposure. Since one of the points of concern
was whet her the reval ued 8-hour TLV could be net, the
personal nonitoring scheme docunented specific exposures
to a worker (or group of workers) and neasured the effect
of controls introduced for |ater conparison.

The personal sanpling punp was hung on the enpl oyee's
belt with the sanpling line run over the back and shoul der.
The charcoal tube was contained in a protective hol der and
clipped to the enployee's snock collar. Any duplicate
charcoal tube sanples or passive dosineters used were
attached in a simlar nmanner to the opposite smock collar.
The charcoal tubes were protected by plastic holders
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to allow the atnosphere to be drawn into the charcoal tube.
These tubes were hung in a vertical position to prevent a
channel i ng of the exposure atnosphere. Passive dosineters
were hung so the exposed open face was unobstructed.
| mredi at el y before beginning the sanpling, the glass ends
of the charcoal tubes to be used were broken off and the
protective facing over the passive dosineter was renoved.

During each sanpling day, a blank charcoal tube was
opened and capped, as was a passive dosineter blank. These
bl anks acconpani ed the actual sanples to which they
corresponded to offset any background response detected
that would be added in error to a reported exposure val ue
taken during a particular day. These bl anks were
I mredi ately capped and recei ved no exposure to the 2-
et hoxyet hanol .

The charcoal tubes were attached to the sanpling
i nes, and the punp's anal og counter nunber was recorded,
as was the sanple start tine. The punps were turned on
and the sanpling was observed. At the concl usion of
sanpling, the counter nunber and finish tine were noted,
the punp was turned off, and the sanples were sealed with
pl astic end caps. The passive dosineters were handled in a
simlar nmanner and nmatched wi th i ndividual charcoal tube
sanples. Initial and final sanple tines were recorded. The
passi ve dosineters were then capped with a manufacturer-
supplied cap imedi ately after the end of the sanpling. At
t he end of the day, all sanples were taken to a small

| aboratory freezer and stored until analysis was arranged.

22


NEATPAGEINFO:id=67C27332-3B53-40FE-9E8C-0D4AEE55BF0A


The sanples were never stored for nore than one week and
typically for only two or three days.

During sanpling, tenperature and psychonetric readings
were nmade to note tenperature and relative humdity. These
| evel s never exceeded 80(} or 653%, respectively. Each
sanpl e was given an individual sanple nunber to denote the
sequence in which it was taken, a date, and an operationa
ar ea. The specific foam ng areas within an operation were
recorded by the exhaust hood nunber at the site. Each
enpl oyee wused in sanpling was noted by a specific
I ndi vidual nunber so tine-weighted averages could be
cal cul at ed.

(bservati ons of the sanples were made so the
occurrence of any abnornalities affecting the enpl oyee's
exposure would be known. These observations al |l owed
notation of the work practices occurring during the
sanpling and, thus, indentifled sanples taken during high
exposure practices, such as solvent pours, gun cleanings,
and spills. Wen control procedures were begun, notes were

al so taken on whether the proceedures were followed and

their effecti veness eval uat ed.

Equi pnent and Its Use

The equi pnent used in the sanpling procedures for 2-
et hoxyet hanol conformed to the requirements of Method S
361. The use of passive dosineters followed the recommended
gui del i nes supplied by the manufacturer, the 3-M Conpany.

Two Sipen SP-15 nodel personal sanpling punps were
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used In this study. The performance characteristics of the
two punps did not substantially differ. The punps had
internal piston stroke counters and were fl ow conpensating.
They were powered by internal rechargeable batteries and
had an operational lifetime |longer than the uses of this
study. The nom nal calibration flowate of 0.050
liters/mnute was well within their Intended flow range of
0.005 to 0.3 liters/ m nute.

The SKC charcoal tubes were approximately 6 cm | ong
and had a 4-nmminner dianeter. They had a 100-ng front
section of charcoal separated by a small portion of
uret hane foamfroma rear section of charcoal containing 50
ng. The ends of each tube were plugged with glass wool .
The charcoal was 20/40 nesh activated coconut charcoal.
Three different lots of tubes were used for these sanples,
but the tubes fromdifferent |Iots were never ni xed.

A Bendi x battery powered psychroneter was used to
determ ne the relative htimdity at the sanple sites. It
was al so used to record the anbient tenperature at the
sites by reading the dry bulb thernoneter.

Passi ve dosineters were 3-M 3500 Organi ¢ Vapor
Monitors. Their effective sanpling rate determned for 2-
et hoxyet hanol of 0.032 liters/mnute, established by 3-M

Prior to and imediately after each day of sanpling,

t he punps used were calibrated to docunent their flow rates
and eval uate their perfornmance. The flowrate for each
sanple was an average of the two calibration flows.

Cal i brations were used with a charcoal tube in Iine,
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acquired fromthe sanme | ot used during the sanple taken
that day. The pressure drop across the tube was neasured
with a water nmanoneter. These val ues vari ed between 0.3
and O0.55 inches of water at a flow rate of 0, 05
l[iters/mnute. An NBS traceable 50 cc bubble flowreter was
used to neasure the volune a bubble traversed, tined by a
Chronus stopwatch accurate to one-hundredth of a second.
Three timngs of a 500-cc volunme were taken at each
calibration and averaged. This tine was divided into the
vol une neasured to obtain the flow rate. The tenperature
was recorded during calibrations, but volunes were not
corrected to a standard for tenperature and pressure since
the corrections proved insignificant.

During each of the three timngs, the initial and
final punp strokes, as indicated by the punp's internal
counter, were recorded. \Wen the nunber of strokes counted
was referenced to the tinme neasured, a back-up calibration
I n strokes per mnute was established in the event that a
punp tenporarily stopped and had to be restarted. Al the
condi ti ons observed and the val ues taken duri ng
calibration were recorded in a notebook pernmanently kept
for the plant.

Several nethods of quality control were used in the
cal i bration and sanpling processes. Miltiple timngs of
each calibration and calibrations prior to and after each
day's sanpling ensured that punp flowate val ues were

accurate and that the flows were constant during the
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sanpling periods. Flows varied by plus or mnus five
percent, but this variation did not invalidate any of the
sanpl es taken. On the one occasion when a punp stopped
during sanpling, the punp's internal counter was used to
calculate the volune of the sanple taken. Since the punp
| medi ately restarted when it was turned on and the
recalibrated flow rate approxi mated the previous rate, the
sanpl e was consi dered accurate and valid, and it was
anal yzed using the volunme cal cul ated by the strokes
count ed.

As previously discribed a blank charcoal tube and
passi ve dosinmeter were Included with each day's sanples
These bl anks were not identified to the |aboratory prior to
analysis, to verify that only actual sanples showed
significant concentrations of 2-ethoxyethanol. Al bl anks
were reported at undetectabl e val ues.

The observation of the sanples taken, estabished
another formof quality control. Abnormal exposures of the
sanpl es were noti ced and eval uated. The investi gator
observed the sanpling process greater than 959J of the
sanpling time during this study. Enpl oyee cooperation was
hi gh and al t hough several accidents invalidated sanples the
I nvestigator firmy believes that during the unobserved
peri ods, the enployees did nothing to jeopardi ze the
sanpl es.

The use of the 3-M 3500 organi c vapor passive
dosi meter was originally begun as a quality control check.

It was hoped that the concentration reported by the
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dosi meter would closely reflect those taken by the charcoal
t ubes. Two si de-by-side charcoal sanples were al so nade
to verify the accuracy of the entire sanpling procedure

t hrough the final |aboratory analysis.

Sanpl e Anal ysis

Two different outside |aboratories analyzed the
charcoal tube sanples and passive dosineters. Both | abs
wer e Al HA approved and the anal yses fol | owed requirenents
set forth in Method S-361. Hager Laboratories of Denver,
Col orado, analyzed the first four sanples taken. The
Research Triangle Institute (RTlI), Research Triangle Park,
North Carolina analyzed the remaining fifty-seven sanpl es.
This change in | aboratories was prinarily nade because of
the close proximty of RTI to the plant, which nmade it
possi ble to hand carry sanples to the lab, leaving themin
a frozen state fromthe storage at the plant to storage at
the | aboratory. Sanple integrity was thus maintained to a
greater extent.

Met hod S-361 requires analysis of the charcoal tube
sanpl es by gas chromatography, with a flane ionization
detector. Gas chromat ography is used to physically
separate a sanple into its chem cal conponents by passing
an injected aliquot through a colunmm. The col um
I ndi vi dual i zes the conponents on the basis of their
retention tinme as they nove through the colum. After
passing through the colum the conponents are burned in a

hydrogen flanme, ionizing each conponent.  These ions are
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then collected on an el ectrode. The response i s nmeasured on
a recorder that integrates the peak (resulting fromthe
response) area. Conparing that area to the areas of
standards to ascertain the anmount of the conponent in the
aliquot. The procedure is described in detail in N OSH
Met hod S-361.

The gas chromat ograph used to anal yze the sanpl es at
RTI was Hew ett-Packard HP-5880A Level - Four gas
chromat ograph, with auto-sanpler and internal calibration
capabilities progranmable to report val ues of the anal yses.
The 20-foot colum was 1/8-inch stainless steel packed with
| oas FFAP stationary phase on 100/ 120 nesh Supel coport. The
desor bi ng reagent was 5% net hanol in nethyl ene chloride.
Act ual desorbing coefficients were determ ned for each
day's sanpl es and anal yzed with respect to that days the
charcoal tube sanples. The stated manufacturer's desorbing
coefficient by 3-M Conpany was used when anal yzing the
passi ve dosi neter val ues.

The investigator reported to the | aboratory other
vapors in the atnosphere when the sanpl es were captured.
Vapors included freon, MD.I1., and dimethyl ethanol am ne.
These nmi ght show as potential interferences to the
anal ysi s. Approximate atnospheric pressure, tenperature,
and humdity were recorded for the lab's information. Any
abnormalities affecting the sanples were reported. The
anal ysis of charcoal tube sanples was nmade for both front

and rear sections of charcoal separately to determne if

28


NEATPAGEINFO:id=BA65F213-379B-4586-9A74-E09AD0F09F0B


t here had been any breakthrough in the front section and if

saturation of the sanple had occurred.

The | aboratory at RTlI calibrated the gas chromatograph
prior to each batch of sanples analyzed. The calibration
was acconplished by injections of three known standards
ranging from5 to 25 ppm The internal cali brator
extrapol ated the calibration curve above and bel ow t hese
| evel s for any sanples anal yzed at those | evels. Fresh
standards were prepared at the tinme of each batch anal yzed.
Standards were injected at the end of analysis to ensure
t hat the gas chronat ograph remai ned constant in its
reported val ues of the ambunt of 2-ethoxyethanol detected;
therefore, all sanples run between this and the original
cali bration were accurate neasures of the sanple injected
into the gas chromat ograph.

Typi cally, the anal yses done at the RTI | aboratory
were made within three days after receiving the sanpl es
fromthe investigator. As previously nmentioned, sanples
wer e kept cold during storage at the plant, hand
transported to the | aboratory (less than ten mnutes in
travel), and re-stored in a freezer until analysis was to
be perfornmed. This should have hei ghtened the accuracy by

elimnating the hazards of |ong distance transportation.
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V. CONTROL STRATEd ES

As the result of the analysis of the initial sanples
during the study, the plant sought new nethods to reduce
t he exposure |l evels below that of the new TLV (5.0 ppm.
This was attenpted fromtwo basic control strategies,
adm ni strative procedures and engi neering devi ces.

A third nmethod was under investigation during this
sanpling study, substitution of an Alternative solvent for
2- et hoxyet hanol. This nmethod was to be evaluated on the
basis of the substitute's effectiveness in the production
process (that is, did it keep the spray gun free of
obstructions) and any health and safety effects unique to
the solvent to be substituted.

The managenent of the plant desired to continue to use
t he sol vent 2-ethoxyet hanol because of its history of good
performance in the production area. It was expected that
mai ntai ning the exposures with the TLV reduced to 5.0 ppm
woul d be difficult, requiring greater care, although it
coul d be acconplished with perhaps |ess effort and expense
than switching to an alternative substance. Therefore, it
was necessary to devise various nmethods and conbi nations of
further controls that would effectively reduce the
exposures below the 5 ppm TWA and do so w t hout

significantly disrupting the production of foam pads or
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w t hout entailing great expense.

Adm nistrative controls were immediately tried to
reduce exposures. First, a review of the hazards to which
the workers were exposed to daily by this solvent was
conducted to spur careful work practices by the enpl oyees.
It was enphasized to the workers and nanagenent that care
in the handling of the solvent and use of any personal or
engi neered protection would be necessary in all future
operations in these areas. The nanagers of these
producti on areas were nmade aware of the revised controls,
because producti on nmanagers are the first |ine of
responsibility to enforce the health and safety procedures
required in the plant's structure of responsibilities.

Anot her adm nistrative control was a change in the
procedure for pouring solvent to or fromthe container and
a change in the proceedure for cleaning the foamng gun if
It becane clogged. Prior to this study, there were no
recommended | ocations for these tasks, subsequently,
| ocati ons were identified where |ocal ventil ati on hoods
m ght renove the extra vapors inhaled by the worker in
t hese types of operations. The top of the foamnolds wth
their slot hoods were the first areas denoted. Wen the
sol vent tables were vented, this area was prescribed.

Four measures were introduced to the H gh Vol une

production area to reduce the exposures by engi neered
controls. An automated foam pad nmachi ne was eval uated from

a health exposure prospective. The solvent cabinets used

to store 2-ethoxyethanol were actively vented. The sol vent
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tray tabl etops were drained so the sol vent could not
collect. The tray tabletops were ventilated with a slotted
vent to renpove vapors generated fromthe sol vent contai ner
or tabl etop.

For producti on purposes, the plant, was considering
the use of an automated foam pad produci ng machine. Wth
t he new concerns of sol vent exposures in the nanual
producti on process, the neasured exposures to personnel
operating the automated system nm ght increase the
attractiveness of this type of system Alimtation with
t he automated systemwas that it was practical only for
hi gh vol une areas where the pads could be nolded, and it
was not applicable to the free foam ng producti on areas.
Therefore, if the production of pads was successful froma
production and i nvestnent standpoint, the autonmated system
could relieve a significant portion of exposures if the
measur ed sol vent exposures at this prototype were
satisfactory too.

Sol vent cabinets in the H gh Volune area were actively
vented to pull any vapors of the solvent that m ght
acctinul ate and be inhal abl e when a worker opened the doors
of the cabinet. This action resulted in a noticeabl e
absence of the 2-ethoxyethanol odor that had previously
been detected by workers. This action elimnated only two
or three very short duration exposures to the workers, and

It had the added val ue of reducing the potential for fire

hazar ds.
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A sl ot hood ventilating the tray tabletop and sol vent
container was built at one production site in the Hi gh
Vol une area and used experinentally to attenpt to quantify
the levels of reductions that m ght be observed using this
met hod. The Hi gh Voliine area was picked because, if its
relatively higher exposure |evels could be reduced, the Low
Vol une areas woul d nmeasure exposure val ues that were at
| east as | ow as those in the high volumm areas.

The sl ot hood was 14 inches in length, with a 1.5 inch
slot pulling 1800 feet per mnute. Additional side panels
were placed down the sides of the tray tabletop to
constrict the flow and capture the vapors nore efficiently.
This slot hood was tested with snoke tubes to evaluate its
capture of vapors. It proved to be adequate in ventilation
of the entire table and contai ner arrangenent.

The rinms around the tray tabl etops caused the sol vent
to pool because of drips and spills that occurred. These
were drained with a half-inch hole approxi mately six inches
fromthe end of the Iongest |ength of the tabletop. The
top was also slanted to force the free-flow ng solvent to
the drainhole. A flexible |line connected this drain hole
to a safety can containing the waste solvent and elim nated
any further vaporization in the working area, as well as
safety or fire hazards.

Each control method was expected to result in sone
measur abl e reduction of exposure. Through a progression of
installation, neasurenent and conbination, a conplete

eval uation of control options was made.
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Vi . SAMPLI NG RESULTS

Sanpl e nmeasurenents were taken in the H gh Vol um
Area, the two Low Vol une Areas, and the chem cal storage
area, establishing the |evels of exposures to the workforce
prior to the inplinmentation of any controls to reduce
vapors and contact of the workers to the 2-ethoxyethanol.
Each area was sanpled to the extent representing the normal
enpl oyee exposure for the areas. Measurenments were then
made in specific working sites where controls had been
I npl enented singularly or in conbination to neasure
reductions in exposures (if any occurred).

The Chem cal Repackagi ng area was sanpl ed on August
23, using a single charcoal tube. This was a sixteen
m nute sanple taken during the entire tine that the
enpl oyee was exposed to the 2-ethoxyethanol solvent.

The enpl oyee noved the punp fromone 55-gallon drumto
another and filled six safety cans wth the 2-
et hoxyet hanol. This procedure was very representative of
normal enpl oyee duties in this area. The sanple
concentration was 0.67 ppm This area was judged an area
of short-termexposure. The standard STEL val ues permt a
maxi mum concentration of 10.0 ppm The level was |ess than

1035 the STEL and, therefore, no further sanpling was done,
surmsing that the exposures in this area were well bel ow

t he STEL under any normal circunstances.
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On May 27, the nol ded form Low Vol une producti on area
was sanpl ed usi ng charcoal tubes. Two sanpl es were acquired
sanpl i ng one enpl oyee's exposure to the solvent. The
sanpl es did not include either solvent pouring or gun
cl eani ng operations. The total sanmpling tine was 179
m nutes, representing one-half of an enpl oyee workday. The
two sanpl es were anal yzed to have concentrations of 4.8 ppm
and 7.1 ppm respectively. The 8-hour TWA for this
enpl oyee was 4.8 ppm

Sanpl i ng was conducted at the other Low Volune area in
the plant on August 2, 3, and 4. This was a free foam ng
site in of the plant's production area. Sanpl es were
acqui red using one enployee and a full eight hour sanple

was neasured. Both charcoal tubes and a passive dosineter

were used. Results are shown in Table IV
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TABLE |V

Low Vol une Free Foaming Area - Prior To Controls

Sanpl e Ti e Concentrati on
bat e type (min) (ppm bser vati ons
8/ 2 Char coal 97 2,7 pour
8/ 2 Char coal 85 2.1 pour
8/ 2 Dosi net er * 181 3 pour
8/ 3 Char coal 121 2.4 pour &
cl eaned
8/ 3 Dosi net er * 122 4 pour &

cl eaned

8/ 4 Dosi net er 113 4 nor mal
oper ati on

* Denotes passive dosineter sanples taken as

dupli cates

The dosi meter sanple of August 4 was used in devel oping the
enpl oyee 8-hour TWA because two charcoal tube sanples taken
t hat day were broken. Since the passive dosinmeter sanples
of August 2 and 3 were reflective of their correspondi ng
charcoal tube sanples, the dosineter sanple taken on August
4 was used in estimating the TWA exposure of the worker in
this area. Hs TWA was a concentration of 2.5 ppm

Sanpl es taken in the H gh Volune area were obtai ned
fromMy 29 to June 18. Sanpling was done with five
different enployees in this nolded foam area. These
sampling results are given in Table V. Note that duplicate

passive dosimeter results pairing with the corresponding
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charcoal tube sanpl e.

TABLE V

H gh Vol une Mol ded Foam Area -Prior to Controls

Sanpl e Ti me Concentrati on
Dat e type (min) (PPM Cbser vati on
5/ 29 Char coal 69 60. 3
5/ 29 Char coal 93 61. 0
6/ 1 Char coal 73 14. 0
6/ 1 Char coal 58 35. 0
6/ 15 Charcoal 86 37.0 pour
6/ 15 Dosi net er 85 49. 0 pour
6/ 15 Charcoal 81 34.0 pour
6/ 15 Dosi net er 83 21.0 pour
6/ 16 Char coal 120 27.0
6/ 16 Dosi net er 115 11.0
6/ 16 Char coal 119 13. 0
6/ 16 Dosi net er 125 22.0
6/ 17 Char coal 62 43. 0 gun
cl eaned
6/ 17 Dosi net er 62 19.0 gun
cl eaned
6/ 17 Char coal 49 35.0 gun
cl eaned
6/ 17 Dosi net er 49 32.0 gun
cl eaned
6/ 18 Char coal 94 32.0
6/ 18 Dosi net er 94 24. 0
6/ 18 Char coal 90 12.0
6/ 18 Dosi net er 90 7.7

The results of the uncontrolled exposures in the High

Vol ume area indicated two points. First, there were high
exposures, regularly in excess of the 5 ppm TLV. Second,

when enpl oyees either poured solvent (fresh or waste) or
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cl eaned the foam ng guns, they experienced significantly
hi gher exposures than during periods when only foam was
shot and cast into the nolded forns. The concentrations to
whi ch workers were exposed to were variable, from12.0 to
61.0 ppmfor the charcoal tube sanples. These were all well
above the 5.0 ppmlevel. Yet, both Low Vol une areas were
very near this TLV level. The only reasonabl e differences
found were that the workers in the Hi gh Volune area spent
nore tinme in close proximty to the solvent container and
that this working area in general was nore, confined with
restricted air novenent. 8-hour TWAs for the Hi gh Vol une
areas were 31.0 ppm 20.2 ppm and 23.2 ppm

The results in the H gh Volune area pronpted the need
to find solutions to reduce work exposures to 2-
et hoxyethanol. It was thought that, if solutions could be
found to reduce the exposures in the H gh Volune area, then
simlar steps taken at the | ow volunme areas would result in
| oner exposures as well. This would produce a margi n of
safety at all foam work places.

Sanpl es were taken on one enpl oyee naintaining the
prot ot ype automated foam ng machi ne process. The results

are shown in Table VI. Note that the sanples are listed in

pairs, show ng duplication neasurenents.
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TABLE VI

Aut omrat ed Foam Pr oducti on Area

Sanpl e Ti me Concentrati on
Dat e type (mn) (ppm Cbser vati on
7/ 28 Char coal 72 ND*
7/ 28 Dosi net er 83 ND*
7/ 29 Char coal 115 1.1 gun CI eaned
7/ 29 Dosi net er 114 2.6 gun Cl eaned
7/ 29 Char coal 74 ND*
7/ 29 Dosi net er 74 ND*

* Not detectable, < 0.1 ppm

The TWA for an 8-hour exposure to this worker was 0.3
ppm Again, it was apparent that exposures intensified
during cl ose manual contact with the solvent {gun
cl eaning). The | ow concentrations neasured in the
Aut omat ed area are shown using both sanpling techniques.
It is worth repeating that this autonated system was a
prototype and that the plant was determ ni ng whether the
quality of the pads it produced or it costs involved were
justifiable.

Sanpling with adm nistrative controls only were
conducted in the H gh Volune area to determ ne their

ef fectiveness. Sanples shown in the follow ng table were

made with only adm nistrative controls.
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TABLE VI 1

Hi gh Volune Area - with Adm nistrative Controls

Sampl e Ti nme Concentrat i on
Dat e type (mn) (ppmM Gbservati ons
9/ 15 Char coal 108 9.5 pour & clean
10/ 11 Char coal 106 6. 4 gun cl eaned
10/ 13 Char coal 83 1.7
10/ 13 Char coal 105 4.1

These controls were: (1) reenphasizing to the workers the
| mportance of care in their work practices and (2)
conducting sol vent pours or gun cleaning only in front of
ventilation. This was done at one fixed foamng site with
one enpl oyee participating in the nmeasurenents.

The TWA for the worker was 5.6 ppm |In general, the
results shown here, illustrate the |arge reduction nade
over the previous, uncontrolled conditions in the Hi gh
Vol une area, even wth only the application of
adm ni strative controls. The sanpl es again showed the
direct relationship between hi gher exposures obtai ned when
the foam gun was cl eaned or when solvent in the tray
cont ai ner was exchanged.

Measured results using the drained tabletop in
conjunction with adm ni strative controls were inconclusive

due to the lack of consistent tabletop drainage.
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TABLE VI I 1

Hi gh Volune Area - with Adm nistrative Controls
and a Drai ned Tabl e Top

Sampl e Ti e Concentrati on
Dat e type (min) (ppm Qoser vati ons
10/ 25 Char coal 117 14. 6 pour
11/ 1 Char coal 90 3. 6
11/ 3 Char coal 78 16.0 spill

Because of a drain bl ockage, the first and third sanples
were taken during a period when a small spill of 2-
et hoxyet hanol occurred, show ng unrepresentative high
val ues. The second sanple is believed to be valid, but
there are not enough data to evaluate this control
i ndependent | y.

The next set of sanples were collected after the
initiation of admnistrative controls and after a slot vent
was placed at the edge of the solvent table to reduce

wor ker exposure. Duplicate samples were arranged in pairs,

as shown in Table I X
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TABLE | X

H gh Vol une Area

wth Adm nistrati ve and Ventil ati on Control s

Sanpl e Ti e Concentrati on

Dat e t ype (mn) (ppm Gbservati ons
8/ 19 char coal 95 0.8 gun cl eaned
8/ 19 dosi net er 95 1.1 gun cl eaned
8/ 19 char coal 105 0.8 pour & clean
8/ 19 dosi net er 105 1.5 pour & clean
8/ 20 char coal 82 1.2 gun cl eaned
8/ 20 dosi net er 82 2.3 gun cl eaned
8/ 20 char coal 93 1.9 gun cl eaned
8/ 20 dosi net er 93 12. 9 gun cl eaned
9/ 8 char coal 77 1.8 gun cl eaned
o/ 8 char coal 77 1.1 gun cl eaned
9/ 17 char coal 58 1.4

9/ 17 char coal 58 1.1

9/ 20 char coal 81 2.0 gun cl eaned

Sanpl es were taken on three workers. TWA exposure
concentrations for 8-hours were 0.7 ppm 1.1 ppm and 1.4
ppm respectively, for these enpl oyees. The Septenber 8 and
17 duplicate charcoal tube sanples were very simlar in
values. Differences in concentration val ues, other than
experimental errors that are inherent, may be accounted for
by the position of the tube on opposite collars of the
enpl oyee's snock or by the fact that right-left hand

dom nance may result in vapors fromdrippings or spills on

one side of the worker.
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The last group of sanples in the H gh Volunme area were
taken using all three nethods of control: admnistrative
controls, draining of the solvent, table, and ventilation

of the tabletop as well as found in Table X

TABLE X

H gh Volunme Area - with Al Controls

Sanpl e Ti me Concentrati on
Dat e type (mn) (PPmM Qbser vati ons
10/ 11 char coal 110 0.9
10/ 13 char coal 67 0.7
10/ 13 char coal 97 ND* gun cl eaned
10/ 13 char coal 58 0.9

* Not detectable < 0.1 (ppm

One enpl oyee was sanpl ed during these neasurenents. No
dupli cate sanples were taken. The TWA exposure
concentrations for 8-hours was 0.5 ppm under these
conditions. The sanpl es taken represented the | owest
val ues sanpled, with the exception of the automated system
They were consistent in their neasured concentrations and
control |l ed exposures when the foam gun was al so cl eaned.
Conpari son of charcoal tube sanples with the dosineter
sanple results indicated two trends. The dosinmeter neasured
slightly higher concentrations when the exposures were in
the range of 0 to 10 ppm Hi gher exposures resulted in a
reversal of this relationship, with the dosineters usually

reporting |ower values than the charcoal tube sanples. This
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Is illustrated in G aphs One and Two. The differences
bet ween the sanple measurenents were not significant unti
the concentration was over 10 ppm when the |ower dosimeter
val ues were too |large to be acceptable. G aphs Three and
Four illustrate this point.

Variation of results was expected to sone extent
because the sanples were taken fromopposite sides of the
wor kers' shirt collars. Since the solvent tray and table
were positioned predom nantly to the workers' right or
left, this may account for sone of the differences noted.
Several investigators of passive dosineter perfornance have
noted, that in areas of high humdity, a decrease as nuch
as 10% occures. Tenperatures in the range of 5-35 degrees
Cel sius do not seemto present nore than a 596 positive
error and tenperture was not a factor in this study. Air
velocity, also appears to have no significant effect on the
dosi meters' performance. Field testing by Langhorst noted
t hat charcoal tube sanples were 7% hi gher in reported
val ues versus passive dosineters. Al of these conditions
do not account for the large error noted in the
concentrations above 10 ppm however, these contribute to
differences reported in this study.

The trend of higher reported val ues by dosinetry, at
exposures bel ow 10 ppm support the experiences of others'
field testing the badges. Dosineters generally |ose
sensitivity at |ow concentrations for short sanpling
durations.  Because of this tendancy the dosimeters should
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have better performance if sanpling tines are | engthened.

It should be noted that a 259S error between the two types

of sanpling would not be unusual.

It is curious that the results show a shift in the
error trends of the dosi neter versus charcoal tube
sanpl i ng, but the magnitude of the error does not defeat
the extent of the dosineter results. The dosi neter should
be used as a first cut in sanpling and the charcoal tube
sanpling taken to determ ne exposures for regul atory
docunent ati on. Conti nued sanpling and conpari si ons of the
two net hods may provide enough data to fix the limtations,

if any, of the dosineter sanpling for 2-ethoxyethanol.
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VI1. CONCLUSI ONS AND RECOMVENDATI ONS OF THI S STUDY

The results of the uncontrolled sanples in the Low
Vol une areas, prior to any controls, were below the TLV of
5.0 ppm However, they could becone higher if practices in
the work area or the volunme of foam pads produced
I ncreased. This would result in nore contact with the 2-
et hoxyet hanol . Levels neasured in the H gh Volune area
were well above the 5 ppm TLV and sone neans to reduce the
enpl oyees' exposures had to be developed if the use of 2-
Et hoxyet hanol was to conti nue.

The sanples taken in the H gh Volune area after
adm nistrative controls were instituted produced a marked
reduction in the 8-hour TWAs. These results showed a
reduced exposure of 75-80" of their previous val ues.
Despite this significant reduction, exposures were still
hi gher than the 5.0 ppm TLV. Two of the sanples fell bel ow

the TLV, but two others were over 5.0 ppm Engi neering
controls, at this point, were added to further reduce the

exposures. Since the Lower Vol une areas had neasured
concentrations just below the TLV of 5.0 ppm the
introduction of the admnistrative procedures used in the
H gh Vol ume area are expected reduce the exposures in the
Low Vol ume areas with a margin of safety.

The neasurenent results of the sanples taken with the

drained tabletop were inconclusive. The table's drain was
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easily plugged within 15-30 m nutes and pooling of the
sol vent resulted in neasured exposures that increased
significantly over previous values. The drain opening in
the tabl etop needed to be increased to a dianeter of about
three-quarters of an inch to allow the splashed sol vent and
smal | particles of foamto freely flush into the drain and
down into the safety can collecting the waste sol vent.
Because of this conplication, sanpled values taken with
both the drained tabletop and adm nistrative controls were
suspected as invalid.

The results on the use of adm nistrative controls
coupled with the local ventilation attached to the sol vent
tabl et op markedly reduced the TWAs encountered by the
workers in the Hi gh Volune area. |If these controls were
used in the Low Volune areas, it would be expected that
exposure |l evels would be at or bel ow t he hi ghest val ues
measured in the H gh Vol une area. The TWA was cut to
approximately 1.0 ppm a level that woul d provide the
margi n of safety the plant sought for its enpl oyees.

A |l arge reduction in the concentrati ons neasured
resulted fromusing all three controls: (1) the change of
wor k procedures, (2) venting of the tabletop, and (3)
adequat e draining of the tabletop. Wwen all three
procedures were used, the TWA was reduced to 0.5 ppm (from
1,0 ppm, indicated that, when the drain of the tabletop

was kept free and clear, a further reduction in 2-

et hoxyet hanol concentrations mght be expected. These
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results certainly furthered the opinion that 2-
et hoxyet hanol exposures in the H gh Volune area could be
reduced well below the 5.0 ppmlevel and that its
producti on use coul d be continued.
The Automated area sanpling neasurenments showed that,
i f the automated foam pad production nmachine that the plant
was testing could be successful froma production
viewpoint, its related enpl oyee exposures would be m ni nal
and well below the 5.0 ppm TLV. It shoul d be enphasi zed
that the autonated machine would be practical in areas only
of high vol unme foam production, |eaving many | ow vol une
sites through the plant in the need of control by other
Based upon this study, the investigator cites
several recommendations to the plant with respect to
enpl oyee exposures to 2-ethoxyet hanol .
The results of the sanples taken in an
uncontrol I ed condition, whether high or |ow vol unme
areas, require sone additional controls to ensure
that the 8-hour TWAs do not exceed 5.0 ppm

The exposures in the Chem cal Repacking area were

found to be sufficiently low, so that further control

I's not necessary. Periodical nonitoring on a sem -

annual basis would be prudent to ensure that ex-

posures continue to remain at this | ow concentrati on.

Shoul d the autonmated pad machine pass quality
standards set by manufacturing and production

managenent, the machine could replace high vol ume
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nol ded foam pad areas in the plant. This woul d
elimnate the vast majority of exposures that are

exceeding the 5.0 ppm TLV | evel, al though it

could not substitute for the | ow volunme sites or
sites where free foam ng occurs. The autonated

system may not be practical for all high vol une

areas of production either.

The first corrective control that should be
instituted is adm nistrative controls at all
I n-house foam ng sites. The results of the study
clearly show marked reductions are gai ned when
more care in work practices are taken. The cl eaning
of foam ng guns and the charging and di schargi ng of
sol vent contai ners, where ventilation exists to
carry vapors away fromthe workers, requires no
capital expense and little additional tine [ost by

ei ther workers or supervisory personnel. This

action alone could reduce the TWA concentrations in
t he Low Vol une areas bel ow the TLV with a
significant margin of safety, and reductions

in the high production areas by potentially 70" or

nore have been document ed.
The use of drainage tables should be studied
further. If the drain hole is sufficiently large so
that bl ockages are infrequent, |ess vaporized material
wi |l evolve. Since 2-ethoxyethanol is water sol uble,

the use of a squirt bottle to rinse the tabletop of
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spl ashed and dri pped sol vent m ght increase the
effectiveness of this control. Changing the tabl etop
would require little cost to inplenent, would
reduce sonme housekeepi ng, and i nprove safety
condi tions, preventing solvent spills. The
true values of this control is admttedly still

sonewhat unknown and neasurenents of its

ef fectiveness follow ng inplenentation should be
made.

The use of the slot vent at the solvent tray as an
engi neering control initially should only occur in
the H gh Vol ume production areas. |If the previously
suggested controls do not significantly reduce the
nmeasur ed exposures in the | ow volune areas, then
ventilation of the tabletops in these areas is also
recommended. The use of | ocal ventilation will
reduce the TWA exposures in the H gh Vol une areas
well belowthe 5.0 ppm Ievel. This control plus
adm nistrative controls are the m ni mum approach
needed to reduce exposures to an acceptable |evel
in these areas. Certainly the use of drained
t abl et ops woul d be hel pful.

The use of 2-ethoxyethanol in the foam pad production
areas of the plant may be continued under safe exposure
conditions with the inplenentation of reconmended controls.
Conti nued periodi c neasurenents should be nmade to ensure
and docunent the exposure |evels encountered in these areas

of the plant. Since the passive dosineter results
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refl ected charcoal tube sanple results at | ow
concentrations (presumably levels that wll be neasured
after controls are instituted throughout the plant), they
m ght be used to make first-cut assessnments of enpl oyee 8-
hour TWAs with the controls in place. This could reduce
the tine and costs of sanpling or, conmbined with charcoa
t ube sanpling, thoroughly establish plant conditions.
Charcoal tube sanples should be taken in areas where
exposures are critical or where accidental contact with the
sol vent m ght occur, invalidating the dosineter
measurenents. Passive dosineters may be used to sanple the
general work area or of worker transient through a foam
site location. To highten their sensitivity, sanpling
shoul d occur for periods of tinme in excess of 4 hours
unl ess saturation is anticipation.

Al t hough the plant can continue to use 2-ethoxyethanol
at production sites with confidence, a better and ultimate
solution mght be to investigate alternative solvents for
t he process. The substitution of another solvent that can
give the necessary production results with a | ower health
risk (via toxicology, vapor pressure, concentrations, etc.)
mght elimnate the need to proceed with or continue these
recommrended controls.

The conti nued use of 2-ethoxyethanol in this
production process will require both admnistrative and
engi neering controls. Al areas should require the workers

to carry out the admnistrative controls wused in this
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study. This will reduce exposures in the | ow vol une areas
bel ow the 5.0 ppm TWA. However, in order to maintain the
TWA in the H gh Volune area, a slot hood at each tray table
shoul d be constructed and in conjunction wth the
adm ni strative controls. This engineering control could be
acconpl i shed for | ess than $5,000. Both of these nethods
can be undertaken without alterations to the production

process and with a mininmum| oss of worker productivity.
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Appendi x A

2- Et hoxYet hanol

Anal yt e: 2- Et hoxyet hanol Met hod No. S361

Matri x: Air Range: 340- 1460 ng/cu m
OSHA St andard: 200 ppm (740 ng/cu m

Precision (CV ): 0.059
T
Procedure: Adsorption on charcoal, desorption with
met honal / net hyl ene chl oride GC-FID

Val i dati on Dat e: 3/ 17/ 78

1. Principle of the Method
1.1 A known volune of air is drawn through a charcoal

tube to trap the organic vapors present. The sanpling tube
consists of a front adsorbing section and a backup secti on.
1.2 The charcoal in each tube is transferred to a vi al
and the 2-ethoxyethanol is desorbed with a solution of 5%
nmet hanol in nethylene chloride and anal yzed by gas
chr onat ogr aphy.
1.3 The area of the resulting peak is determ ned and

conpared wth areas obtained fromthe injection of

st andar ds.
2, Range and Sensitivity

2.1 This nethod was validated over the range of 337-
1459 ng/cu mat atnospheric tenperatures of 23,5 and
23.0 C, and atnospheric pressures of 757.1 and 770.3 mm Hg
using a 6-liter sanple volume. This sanple volune is |ess
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than two-thirds of the 5% breakthrough capacity determ ned
at 905g relative hum dity when sanpling a test atnosphere at
2 times the OSHA standard. This nethod is capabl e of
measuring nmuch snaller amounts if the desorption efficiency
I's adequate. Desorption efficiency nust be determ ned over

t he range used.

2.2 The upper limt of the range of the nethod is
dependent on the adsorptive capacity of the charcoal tube.
This capacity varies with the concentrations of 2-
et hoxyet hanol and ot her substances in the air (see Section
5.2) .

3. I nterferences

3.1 Wien two or nore conpounds are known or suspected
to be present in the air, such information, including their
suspected identities, should be transmtted with the
sanpl e.

3.2 It nmust be enphasi zed that any conpound whi ch has

the sane retention tine as the analyte at the operating

conditions described in this nethod is an interference.
Retention time data on a single colum cannot be considered
as proof of chem cal identity.

3.3 If the possibility of interference exists,
separation conditions (colum packing, solvent conposition

etc.) nmust be changed to circunvent the problem
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4. Advant ages and Di sadvant ages

4.1 The Coefficient of Variation (CV ) for the total
anal ytical and sanpling method in the ragée of 337-1459
ng/ cu mwas 0.0593. This value corresponds to a 43.9 ng/cu

m st andard deviation at the OSHA st andard | evel .

Statistical informati on and details of the validation and

experimental test procedures can be found in References
11.1 and 11. 2.

4.2 On the average, the concentrations "found" at the
OSHA standard | evel using the overall sanpling and
anal ytical nmethod were 7.ias higher than the "true"
concentrations for a |limted nunber of | aboratory
experiments. Any difference between the two concentrations
does not represent a bias in the sanpling and anal yti cal
met hod, but rather a random vari ation fromthe
experinentally determ ned "true" concentration
5. Advant ages and Di sadvant ages

5.1 The sanpling device is small, portable, and
i nvolves no liquids. Interferences are mnimal, and nost
of those which do occur can be elimnated by altering
chromat ographi c conditions. The tubes are anal yzed by
means of a quick, instrunmental nethod.

5.2 One di sadvantage of the nmethod is that the anmount
of sanple which can be taken is Iimted by the nunber of
mlligrams that the tube will hold before overloading. The
sanpl e capacity of the charcoal tube is dependent on
hum dity. When an atnosphere at 9035 relative humdity

containing 1484 ng/cu mof 2-ethoxyethanol was sanpled at
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0.0425 liter per mnute, no breakthrough was observed after
240 m nutes, at which tine this test was concluded. The
capacity of the charcoal tube is at least 10.20 liters or
15. 14 ng under the conditions of this breakthrough

experi ment .

5.3 Wien the sanpl e val ue obtained for the backup
section of the sorbent tube exceeds 2535 of that found on
the front section, the possibility of sanple |oss exists.

5.4 The precision of the nethod is affected by the
reproducibility of the pressure drop across the tubes.
This drop will affect the flow rate and cause the volume to
be inprecise, because the punp is usually calibrated for
one tube only.
6. Appar at us

6.1 Sanpling Equi pnent

6.1.1 Sanpling Punp. A calibrated personal sanpling
punp whose flow can be determned within +5* at the
recommended flow rate (Reference 11.3).

6.1.2 Sanpling Tubes. The sanpling tube consists of a
gl ass tube, flane-sealed at both ends, 7-cmlong with a 6-
mm O.D. and a 4-mm|.D., packed with two sections of 20/40
mesh activated coconut charcoal. The two sections include
a front adsorbing
section containing 100 my of charcoal and a backup section
containing 50 ng. The two sections are separated by a 2-nm
portion of urethane foam A 3-nm portion of urethane foam
s placed between the outlet end of the tube and the backup
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section. A plug of sllylated glass wool is placed in
front of the adsorbing section. The pressure drop across
the tube nmust be | ess than one inch of mercury at a fl ow

rate of 1 liter per m nute.

6. 1. 3 Baroneter.
6.1.4 Ther nonet er.

6.1.5 Stopwatch.

6.2 Gas chromat ograph equi pped with a flanme ionization
det ect or .

6.3 Colum, 20-ft X 1/8-in stainless steel packed with
10* FFAP stationary phase on 100/ 120 mesh Supel coport.

6.4 An electronic integrator or sone other suitable
met hod for neasuring peak areas.

6.5 Sanple vials, 2-m with Teflon-lined caps.

6.6 Mcroliter syringes, 10- and 500-mcroliter and
ot her convenient sizes for preparing standards.

6.7 Pipettes, 1- and 5-m, both delivery type.

7. Reagent s

Al reagents nust be ACS reagent grade or better.

7.1 Met hanol .

7.2 Met hyl ene chl ori de.

7.3 2- Et hoxyet hanol, purifi ed.

7.4 Five percent nethanol in nethylene chloride.
Prepare by diluting 5 m of methanol to 100 mM wth

net hyl ene chloride. This solvent is used for naking

standard sol utions and as a desorption sol vent.
7.5 1-Heptanol, 999% grade, or other suitable internal

st andar d. The appropriate solution of the Internal
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standard |Is prepared In 5% nmethanol In nethylene chloride,

7.6 Nitrogen, purified.

7.7 Hydrogen, prepurlfl ed.

7.8 Air, filtered, conpressed.
8. Pr ocedur e

8.1 O eaning of Equipnent. Al glassware used for the
| aboratory anal ysis shoul d be detergent-washed and
thoroughly rinsed with tap water and distilled water.

8.2 Calibration of Personal Sanpling Punps. Each
personal sanpling punp nust be calibrated with a
representative sanpling tube in the line; the tube is

described in Section 6.1.2. This will mnimze the errors

associated with uncertainties In the sanple vol une
col | ect ed.

8.3 Coll ection and Shi ppi ng of Sanpl es

8.3.1 Imedi ately before sanpling, break the two ends
of the charcoal tube to provide an opening at |east one-
half the Internal dianeter of the tube (2-mm).

8.3.2 The section containing 50 ng of charcoal is used
as a backup and shoul d be positioned nearest the sanpling
punp.

8.3.3 The charcoal tube should be placed in a verti cal
direction during sanpling to mnimze channeling through
t he char coal

8.3.4 Alr being sanpl ed shoul d not be passed through
any hose or tubing before entering the charcoal tube.

8.3.5 A sanple size of 6 liters 1is recomended.
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Sanple at a flow rate between 0.05 and 0.01 liter per
m nute. The flow rate should be known with an accuracy of
at | east +57.

8.3.6 Record the anbient tenperature and pressure. |f

pressure reading is not available, record the el evation.
8. 3.7 The charcoal tube shoul d be | abel ed

appropriately and capped with the supplied plastic caps.
Under no circunstances should rubber caps be used.

8.3.8 Wth each batch of 10 sanples, submt one
charcoal tube which has been handled in the sane manner as
t he sanpl e tubes (break, seal and transport), except that
no air is sanpled through this tube. This tube should be
| abel ed as a bl ank.

8. 3.9 Unused, capped charcoal tubes shoul d acconpany
the sanples. These tubes are used in desorption efficiency
studies in conjunction with these sanpl es because
desorption efficiency may vary from one batch of charcoal
t o anot her. Record the batch nunber of the charcoal used.

8. 3. 10 Capped charcoal tubes should be packed tightly
and padded before they are shipped to nmnimze tube
br eakage during shi ppi ng.

8.4 Analysis of Sanples

8. 4.1 Preparation of Sanples. In preparation for
anal ysis, each charcoal tube is scored with a file in front
of the first section of charcoal and broken open. The
gl ass wool is renoved and di scarded. The charcoal in the
front 100-ng section is transferred to another vial. These

two sections are anal yzed separately.
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8.4.2 Desorption of Sanple. Prior to analysis, 1.0 m
of 5% net hanol in nethylene chloride is pipetted into each
2-m vial. The vial is capped i mmedi ately after sol vent
addition and then agitated. Desorption should be done for
30 mnutes. Tests indicate that this is adequate if the
sanple is agitated occasionally during this period.

8.4.3 GC Conditions. The typical operating conditions
for the gas chromat ograph are:

1. 30 M/mn (60 psig) nitrogen carrier gas fl ow

2. 30 M/mn (25 psig) hydrogen gas flow to detector

3. 300 M/mn (60 psig) air flow to detector

4. 200‘2 i njector tenperature

5. 225 2 mani fold tenperature (detector)

6. 140(E col um tenperature

The sol vent front appears after approximately 2.5
mnutes. Aretention tine of approxinately 6 mnutes is to
be expected for the analyte using these conditions and the

colum recomended in Section 6.3. The retention tine for

the internal standard, 1-heptanol, is approximately 14
m nut es.

8.4.4 Injection of Sanple. A 5-microliter aliquot of
the sanple solution is injected into the gas chromat ograph.
The sol vent flush nmethod or other suitable alternative such
as an automati c sanple injector can be used provided that
duplicate injections of a solution agree well. No nore
than a 3% difference in area is to be expected.

8.4.5 Measurenment of Area. The area of the sanple
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peak is neasured by an electronic integrator or sone other
suitable form of area neasurenent, and prelimnary results
are read froma standard curve prepared as discussed in
Secti on 9.
8.5 Determnation of Disorption Efficiency

8.5.1 Inportance of Determ nation. The desorption
efficiency of a particul ar conpound can vary from one
| aboratory to another and also fromone batch of charcoal
to another. Thus, it Is necessary to determ ne the
percent age of the specific conpound that is renoved in the
desorpti on process for the particul ar batch of charcoal
used for sanple collection and over the concentration range
of interest. The desorption efficiency must be at | east
75aj at a sanple |loading equivalent to a 6-liter collection
at the OSHA standard | evel

8.5.2 Preparation of Anal ytical Sanples for
Desorption Efficiency Determ nati on. The desorption
ef ficiency nust be determ ned over the sanple concentration
range of interest. In order to determ ne the sanple
concentration range which should be tested, the sanples are
anal yzed first and then the anal ytical sanples are prepared
based on the relative anount of 2-ethoxyethanol found in
t he sanples. The desorption efficiency nust be determ ned
for each concentration | evel of 2-ethoxyethanol found in
t he sanpl es anal yzed.

The anal ytical sanples are prepared as foll ows:
Activated charcoal (100 ng) is neasured into a 2-nL vial.

This charcoal nust be fromthe sane batch as that used in
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obtai ning the sanples. A known anount of 2-ethoxyethanol
Is injected directly into the charcoal by neans of a
mcroliter syringe. Adjust the concentration of the
spi king solution such that no nore then a 10 mcroliter

aliquot is used to prepare the anal ytical sanples.

For the validation studi es conducted to determn ne the

preci sion and accuracy of this nethod, six analytical
sanpl es at each of the three concentration levels (0.5, 1
and 2X the OSHA standard) were prepared by addi ng an anmount
of 2-ethoxyethanol equivalent to that present in a 6-liter
sanple at the selected level. This required the addition
of 2, 4, and 8 microliter of 2-ethoxyethanol to the
charcoal for 0.5, 1, and 2 of OSHA standard | evel. The
anal ytical sanples were allowed to stand at |east overnight
to assure conpl ete adsorption of the analyte onto the
charcoal. A parallel blank tube was treated in the sane
manner except that no sanple was added to it.

The procedure descri bed can be used to prepare the
anal yti cal sanples which are anal yzed to determ ne
desorption efficiency over the concentration range of
i nt er est.

8.5.3 Desorption and Anal ysis. Desorption and

anal ysis experinents are done on the anal ytical sanples as

described in Section 8.4. Calibrati on st andards are

prepared by addi ng the appropriate volune of spiking

solution to 1.0 nL of 5% nethanol in nmethylene chloride.

St andards shoul d be prepared and anal yzed at the same tine
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t he sanpl e analysis is done.
The desorption efficiency (D.E.) equals the weight in

ng recovered fromthe charcoal divided by the weight in ng

added to

t he charcoal or:

Wei ght (ng) recovered - Bl ank (ng)

Wei ght (ng) added

The desorption efficiency nay be dependent on the
anount of 2-ethoxyethanol collected on the charcoal. Pl ot
the desorption efficiency versus wei ght of 2-ethoxyethanol
found. This curve is used in Section 10.4 to correct for
adsorption losses. If the desorption efficiency is greater
t han 9535, no correction should
be appli ed.

9. Cal i brati on and St andar ds

9.1 Add 1.0 nmL of 5% nethanol in nmethylene chloride
to a 2-nL vial. Add aliquots of 2-ethoxyethanol as
described in Section 8. 5.2 to prepare calibration
standards. The concentration of standards can be expressed
In terms of ng of a-ethoxyethanol per nL of 5% nethanol in
net hyl ene chl ori de.

9.2 A series of standards, varying in concentration
over the range of interest, is prepared as descri bed above
and anal yzed under the sane GC conditions and during the
sane tine period as the unknown sanples. Curves are

est abl i shed by plotting concentration in ng/nL versus peak
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ar ea.

For the internal standard nethod, use 596 nethanol in
met hyl ene chl oride containing a predeterm ned anount of
i nternal standard. The internal standard concentration
used was approxi mately 7535 of the concentration at the OSHA
standard. The anal yte concentration in ng per nL is

plotted versus the area ratio of the analyte to that of the

i nternal standard.
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