ABSTRACT

JEFETIEY L. KING Application of an ANOVA Mdel To Eval uate Cccupationa
Eﬁpgéyre to Fornmal dehyde. (Under the Direction of Stephen M Rappaport,
Qccupational exposure to formal dehyde was eval uated at a | arge chem ca
facility. OF particular interest was the validity of so-called Homogeneous
Exposure Goups (HEGs) in which it is assumed that all individuals are exposed
on average, to the same level of contamnant. As a prelimnary step a field study
was conducted conparing the use of diffusion monitors to sorbent tubes for
personal air sampling. Results from 26 matched pairs showed the two nethods to
be conparable [nean difference (badge - tube) = 0.03 ppm nean (badge) = 0.17
ppm. Six HEGs were forned based on job tasks and | ocation. Using a
random zed design, nultiple full-shift sanples were collected (wth nonitors) from
representative workers in each HEG (127 measurements from 44 workers).
Application of an analysis of variance (ANOVA) nodel indicated that the tota
variation in exposure across the entire sample popul ation was partitioned as
fol l ows: 79% wi t hi n-worker, 8% between-worker (within HEG, and 13%
between HEG Thus, assignment of HEGs in this case had only a marginal inpact
(13% reduction in variance) on the exposure assessment and substantial effort

coul d have been avoi ded by randomy sanpling the entire popul ation prior to

groupi ng.
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I NTRODUCTI ON

ne of the primary duties of an occupational hygienist is monitoring the
work environnment to determine |evels of exposure to airborne contaninants.
Sanpling canpaigns are undertaken for a variety of reasons: to ensure
conpliance with governmental occupational exposure limts (CELs), to establish
baseline levels of exposure, to evaluate the effectiveness of engineering controls,
and to provide exposure information for future epidem ol ogical investigations
Regardl ess of the reason for monitoring, it is inportant for the hygienist to collect
sanpl es which accurately reflect the [evel of exposure and which are sufficiently
representative to allow neaningful decisions to be made regarding the exposures.
Mich progress has been made in the last fifty years to inprove the accuracy and
precision of environnental sanpling methods. However, the issue of
representative sanpling in the field of occupational health has nuch room for
i mprovement. Wile the idea of representative sanpling is nothing new nor
conceptual Iy difficult, the howto and application of a method of representative
sanpling still presents difficulties for the occupational hygieni st

The problemis two-fold: usually not every worker can be nonitored at al
times, and there exists a great deal of variability in the level of exposure across a
popul ation of workers in a given work environment. Furthermore, occupationa
hygi enists have a limted amount of time and resources to devote to workplace
monitoring. Thus it is inportant to structure the monitoring programsuch that a
maxi mum amount of information regarding exposures can be obtained froma
m ni num nunber of sanples, while maintaining an acceptabl e degree of

representativeness. To help realize this objective, occupational hygienists have
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devel oped the concept of classifying workers into discrete exposure groups
sometimes ternmed honogeneous exposure groups (HEGs), where it is assumed

that all workers within a group are exposed, on average, to the sane |evel of

cont am nant .

Defining an HEG

The Anerican Industrial Hygiene Association's (Al HA) Exposure

Assessment Strategies Conmttee (1991) defines an HEG as fol | ows:

"A group of enployees who experience agent exposures simlar enough
that monitoring agent exposures of any worker in the group provides data
useful for predicting exposures of the remaining workers. Such groups are
used in stratified sanpling of workplace exposures, thereby inproving the
power of statistical decision tools. The categorization of workers into such
groups often involves categorization by process, job description, and
agents, although finer separation can be attained by further dividing on

the basis of task analysis."

While this definition provides a useful qualitative description of an HEG it gives
the reader no guidance in terns of a quantitative description of such a group. In
fact, even though the word "statistical" appears in the definition, to date this
group, nor any other consensus group in the field of occupational health, has
specifically dealt with the defining attributes of an HEG froma statistica

Vi ewpoi nt .

Rappaport (1991) addresses the issue of defining discrete exposure groups
froma statistical viewpoint by defining two other terms. First, the author defines
a 'mononorphic' group as "a collection of individuals whose mean exposures can
be adequately described by a single |og-normal distribution (between-persons)."

A "uniformy exposed group of workers is then defined as "a monomorphic group

in which 95% of the individual mean exposures lie within a factor of 2." Wile
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this definition of a uniforny exposed group is arbitrary and possibly too
restrictive, it does provide a quantitative framework with which to assess the
homogeneity of a given EGEG A netric based on this definition is denoted by the
author as R0.95, b ™ is presented in an upcomng section

There are essentially two approaches one can use to establish HEGs. (One
involves classification of workers a priori, based on observational techniques.
The ot her nethod groups workers subsequent to random sanpling of exposures,
and is hence considered a ;7<95fenon (Rappaport, 1991).

An a priori classification of workers into discrete groups called "exposure
zones" was described by Comand Esmen (1979).  The concept invol ves
prospective assignment based on task, agent, and work process simlarities. A
randomy sel ected sub-group of workers within each exposure zone is
subsequent |y sanpled and assumed to represent the level of exposure for the

entire group.

Pur pose

This study was initiated to evaluate occupational exposure to
formal dehyde at a chenical manufacturing facility using HEGs based on an
observational approach. O particular interest is the uniformty of exposures to
workers within such an established HEG To address this issue, several HEGs
were formed a priori using information on occupational title, job tasks, and work
location. Miultiple full-shift, breathing zone sanples were subsequently collected
using a random zed design froma representative sub-group of workers within
each HEG The honmogeneity of the data is evaluated statistically by neans of an
anal ysis of variance (ANOVA) nodel, whereby the total variance in exposures is

partitioned into three conponents: the within-worker, the between-worker, and
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the between-group (HEG (Kromhout et al, 1987; Rappaport, 1991). The
analysis allows a judgment to be made regarding the success of the observationa
approach in this case, and provides val uable information on the distribution of
exposures at this facility, to help guide future monitoring prograns.

The work for this report was conducted during a ten week industria
hygi ene internship served at this facility. Gven the [imted time and resources
avail able, and the research nature of the project, it was not intended to be a
conprehensi ve assessment of all exposures at this facility. The focus of the study
was limted to potential formaldehyde exposure for a segnent of the workforce
albeit that segment which was deemed to have the greatest potential.

First, results are presented froma field study conparing two methods of
I')ersonal sanpling for airborne formaldehyde. The prelimnary study was initiated
to denonstrate the efficacy of passive nonitors relative to the punmp-sorbent tube
met hod, which traditionally had been the standard formal dehyde sanpling
met hod used by this corporation. The use of passive nonitors for the random
sanpling of HEGs significantly increased the nunber of measurenents possible

by lowering the cost and | abor associated with each sanple.
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VETHODS and MATERI ALS

Facility - Process Review

The workpl ace nmonitored for this project is a mediumsized chemca
facility located in western New York State. The plant produces phenolic resin
(approxi mately 30 mllion Ibs./year) and phenolic nolding conpound
(approximately 50 mllion Ibs./year). The production of both materials involves
bat ch-type operations, with the ability to produce hundreds of different
formul ations depending on the specific application. These resins are used, for
exanpl e, in the aerospace industry as thermal barriers, in the abrasives industry as
adhesives, and in the coatings industry as ingredients in paints and varnishes
Mol di ng conpounds are utilized extensively in the automotive industry as brake
parts, pulleys, notor frames, and ashtrays

The plant consists of about 40 buildings spanning 66 acres of |and, though
only a feware actively involved in production. Phenolic resin is produced in two
separate buildings, while nolding compound is produced in one building. The
facility enploys 120 salaried and 240 hourly personnel

Phenolic resins, in general, are the polymerization product of a
condensation reaction involving phenol and an al dehyde. The vast mgjority of
phenolic resins consist of the phenol-formal dehyde variety, which is the type
made at this facility. In particular, this plant produces two types of phenol -
formal dehyde resin: a one-stage resole, and a two-stage novol ac.

A resole is produced by reacting phenol and excess formal dehyde (50%

formalin solution) in the presence of an alkaline catalyst in a resin kettle, which
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hol ds approximately 5000 gallons. It is a one-stage resin because the kettle is
charged with all reactants needed for the final polymer; specifically, enough
formal dehyde is added to make the resin thermosetting, or infusible once heated
to a certain tenperature. Production of a novolac, on the other hand, involves a
two- stage process where an acid catalyst and a portion of the necessary

formal dehyde (80% are reacted with phenol. The first stage forns partially
reacted, |ow nolecular weight linear polymers. At this point the resinis

consi dered thermoplastic, or fusible since application of heat will not chemcally
alter the material. The remainder of the formal dehyde necessary for final cure is
added at a later time during the second stage, typically in the form of
hexanet hyl enet etram ne, which deconposes in the presence of heat and noisture
to forml dehyde and ammonia. The latter acts as a catalyst.

Once a kettle is charged with the reactants it is generally heated to a hoi
and refluxed for an amount of time determned by the given formulation. Upon
reaching a desired end-point (e.g. viscosity or percent free formal dehyde
remaining), the kettle is rapidly cooled and dehydrated to renove water and
unreacted phenol, which prevents the resin fromadvancing beyond the desired
stage. The cycle time for resin production at this facility ranges fromsevera
hours to several days, depending on the specific resin. Upon conpletion, the
molten resin is transferred fromthe kettle and my or may not undergo further
processing, again depending on the specific resin and custoner specifications. |f
it issoldasaliquidresin it wll either be packed-out in 55 gallon drums, or
transferred directly to a tank wagon for transport. It may also be transferred to a
tank farmfor storage as a liquid.

Alternatively, the resin can be converted to a solid formvia additional
cooling and/or dehydration. Solid resin can take two forms: pul verized or flake

resin. Resin to be pulverized is typically dropped into large pans to cool and
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solidify. The solid mass is pulverized using a crusher and hamer nill. Once
pul verized, it may be packed-out into boxes or bags, or used to make mol ding
conpound. Flake resin is formed using either a drumdryer or a belt flaker,
depending on the type of resin (novolac or resole). Once formed, it toois either
packed out or used for nolding compound production

The other primary manufacturing process at this facility is the production
of phenolic nolding compound. In this process, pulverized resinis mxed with
various fillers, lubricants, and plasticizers in large ribbon blenders. The resulting
mxture is fed onto a set of counter-rotating heated rolls, where the material is
transformed into a thernosetting compound. Fromthere the material goes
through a grinder, a sifter, and another blender prior to pack-out in drums, boxes
or bags. Figure 1 depicts the process, fromresin production to molding
conpound production

Finally, there are a nultitude of other support activities performed by
personnel at this facility. Aquality control lab provides analytical services for
raw materials and resins in various stages of production. Mintenance operations
include a welding shop, an electrical shop, and a metal fabrication shop
Additional ancillary activities include shipping and receiving, raw materials and
product storage, engineering services, hoiler house operation, and clerica

support.
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Figure 1. Diagramof the Production Process
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Job Title - Task Review

An anal ysis of job tides and associated tasks was performed, focussing on
those which were judged to have the highest potential for formaldehyde
exposure. Information on job titles was obtained froma 'weekly locator," which
listed all personnel (hy job tide) and their weekly shift assignment, and from
interviews with personnel. Job task information was ascertained through
observation and interviews with personnel. Table 1 provides a sunmary of the
job tides and tasks included in the study.
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Table 1. Job Titles and Associated Operation/ Tasks

Job Title Qper at i on/ Tasks Locati on
Head Rol| Qperator e« Ml ding compound production Bl dg. 88
(HRO) « Qperate rolls fromadjacent station

- monitor roll tenperature, feed rate
- clean roll knives

¢ Change sifter screens

+ Qear Airveyor lines, grinders

"A Ketde Qperator * Resin production (nostly resole) Bl dg. 19/57,
( AKO « (perate kettle fromplatfonu station Tank Farm

- monitor tenperature, pressure Loadi ng

- obtain process sanples Platform

- charge with reactants, catalysts
« Clean and prep drumdryer
« Qperate drumdryer
- monitor feed rate, tenperature
- oversee flake packout conveyor
system
« Liquid resin drum packout
* Dress filter press
o Transfer resin to tank farm
« (tain resin sanples fromtank farm
+ Load tank wagon with resin

"A Hoorman (AF) ¢ Load tank wagon with resin Bl dg. 19/57
 Liquid resin drum packout (nmost 1y
« Dress filter press groundf | oor).
o Transfer resin to tank fann Tank Farm
« (otain resin sanples fromtank fanii Loadi ng
* Collect seal-water sanples from Platform

vacuum punps
¢+ Punmp wastewater from dikes
+ Assenbl e wood packout boxes
« Supply raw materials to kettle platform
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Job Title

"A Kettle Qperator

Lift Truck/ Conveyor
Qperator (LTO

Control Lab Specialist
(SFI)

HEG For nati on

Oper ati on/ Tasks

+ Resin production (mosdy novol ac)

« Qperate kettle fromplatfonu station
- nonitor tenperature, pressure
- obtain process sanples
- charge with reactants, catalysts

« Clean and prep belt or dramflaker

* Qperate belt or dramflaker

* Flake resin dram box/bag packout

¢« Liquid resin dram packout

* Liquid resin pan job

« Dress filter press

+ Load tank wagon with resin

« (Qperate ift track - material transport

« Clean and prep belt or dramflaker

* Qperate belt or dramflaker

+ Rake resin dram box/bag packout

« Liquid resin dram packout

« Liquid resin pan job

« Dress filter press

+ Load tank wagons with resin

* Run routine anal yses on raw materials

and resins

- cures, titrations, pH freeze point
viscosity, refractive index, etc

Locati on

Bl dg. 3/12

Bldg. 3/12
(nmostiy
groundf | oor)

Control Lab

After obtaining information on job title, task, and |ocation, workers were

assigned to HEGs. In devel oping these groups, consideration was given to the

10
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fol lowing four defining attributes of exposure zones (HEGs), as descrihbed by
Com and Esmen (1979):

1. Work simlarity - workers in each HEG must performsimlar job
tasks

2. Hazardous agent simlarity - workers in each HEG nust share
potential exposure to the sane agent(s).

3. Environment simlarity - workers must performjob duties in simlar
environments, such that exposures are influenced by simlar controls
and processes.

4, ldentifiability - there shoul d exist a means of identifying workers
within an HEG to facilitate any future tracking efforts.

Based on these criteria, six HEGs were established, as presented in Table 2

Table 2; Summary of Formal dehyde HEGs

HEG No. Job C assification Locati on No. of Workers
1 Head Rol | QOperator Bl dg. 88 6
2 A Kettle Qperator Bldg. 3/12 12
3 A Ket de Operat or Bl dg. 19/57 28
4 Lift Truck/ Conveyor Operator Bl dg. 3/12 4
5 AFIl oor man Bl dg. 19/57
6 Control Lab Specialist Control Lab 12
Tot al 68

Each HEG represents a group of workers perceived to have a unique
potential for exposure to formaldehyde, given the job functions performed in the
specific work environment. In this case, each HEG represents a different job title
or, for HEG 2 and 3, a different work location. It was not possible to further
define HEGS within job classifications based on job tasks, because of task

rotation at this facility. That is, within a given job classification all workers
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performed the same tasks based on a daily rotation procedure. Wrkers were not
"pigeon-hol ed" into performng specific tasks every shift; all tasks were rotated.
Therefore, it was assumed that all workers in a given job classification (and work
environment) over time were uniforny exposed and hence represented by a
di screte HEG

HEG 1 is conprised of Head Rol| Qperators for Building 88, which
produces mol di ng conpound (see Appendix A for floor plan). It was estimated
that workers in this job classification are the only ones in the conpound building
to have any significant potential for formaldehyde exposure. Formal dehyde, as a
raw product, is not present in this building. The job of a Roll Cperator is to
mnitor a set of differential rolls froman adjacent work station. Exposure may
occur as free-formal dehyde (unreacted) is vaporized during the heating of
pul veri zed phenolic resin as it is applied to the hot rolls. The amount of free-
formal dehyde present in a resin varies based on the given resin formlation and
the particular batch. Estimates of the percent of free-formaldehyde in resins
produced at this facility were as high as 14% though the mgjority fall inthe 0.5 to
5.0%range. Formal dehyde exposure for this job classification was also
dependant on the efficacy of the local exhaust ventilation (LEV) systemfor this
operation, which, it was noted, varied day to day. There were several factors
which seemed to influence its ability to remove generated contamnants. One
Was process equi pment operation, which itself was dependent on many factors,
such as the relative proportion of resinto fillers, the tenperature of the rolls, the
relative humdity, and the feed rate. If conditions were not optimal, the process
generated contam nants in excess of what the LEV systemcoul d handle, resulting
inreleases to the work environnment. The other factor which influenced the LEV
systemwas the presence of air-flow disturbances, primrily cross-drafts fromlarge

floor fans aimed at the platformto cool workers.

12
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HEGs 2 and 3 are made up of Kettle Operators. Their job is to produce
phenolic resins. This facility has two separate resin production buildings, each of
which tends to make a different type of resin. Building 3/12 makes nostiy two-
step novol ac resins, while Building 19/57 produces mostly one-step resoles (see
Appendi x A for floor plans). Gven the different work |ocations and the fact that
each building makes a different type of resin, two separate HEGs were forned,
one for the Kettle Qperators in each building. Because formal dehyde is one of
two primary raw materials used in the production of phenolic resins, this job
invol ves a number of exposure opportunities, even though it is primarily a closed
system For exanple, charging kettles with formal dehyde can result in releases to
the work environnent when the manway is opened to make a visual check or, as
a result of minor leaks during transfer of the charge fromthe facility hol ding
systemto the weigh case or pressurized charge tank. Another task that may
involve significant release to the work environment is when a kettle is charged
with formal dehyde in solid form (paraformal dehyde). This requires addition
through an open manway and hence nore direct contact. Collecting raw materia
or process sanples presents another opportunity for exposure. Kettle Cperators
in Building 19/57 al'so risk exposure while operating a drumdryer, which
converts liquid resininto flake formthrough a dehydration process. Qther tasks
involving potential exposure opportunities include liquid resin packout and
cleaning filter presses. The exposures relating to most of these tasks are
influenced to some degree by LEV. However, the effectiveness of these systens
I s dependent upon the sane factors mentioned previously for the LEV systemin
the conpound bui | di ng.

Lift Truck/ Conveyor Qperators in Building 3/12 make up HEG 4. This job
requires operating a lift truck on the ground level of Building 3/12, as well as resin

packout duties involving a resin drumflaker and a belt flaker. There are severa

13
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exposure opportunities associated with this job, though not as nunerous as for
Kettle Operators. Tasks with the highest potential for exposure include cleaning
the filter press and the belt flaker, liquid resin packout into druns, and liquid resin
pan jobs. Also, these workers risk exposure sinply by working on the ground
floor of this resin production building

HEG 5 is conprised of A Floormen in Building 19/57. This job is roughly
anal ogous to the Lift Truck/Conveyor Qperators in Building 3/12. It involves
packout duties on the ground floor of Building 19/57, supplying raw materials to
the kettle platform and | oading tank wagons with liquid resin. The main
difference is that these workers spend significantly nore time outside |oading
tankwagons and transferring resins to and fromthe tank farm

Finally, HEG 6 includes Control Lab Specialists who work in the Contro
Lab in Building 21 (see Appendix A for floor plan). These workers conduct
specification analyses on resin sanples fromBuildings 3/12 and 19/57. Sanpl es
taken fromkettles at various production stages may arrive at the lab at high
reaction tenperatures, resulting in potential exposures for workers. Certain
anal ytical procedures, such as cure tests, also involve potential formaldehyde

exposure.

Random Sel ection of Wrkers and Sanpl e Days

In order to make valid estimates of the distribution of formaldehyde
exposures at this facility and to conply with assunptions inherent to the
statistical model used for data analysis, random zation was incorporated into the
sanpling canpaign. That is, workers to be sanpled from each HEG were sel ected
at random as were the days on which to sanple each worker. To ensure

adequat e representativeness, approximately two-thirds of the workers from each

14
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HEG were selected, with the goal of collecting three measurenents from each (see

Tabl es).

Tabl e 3. Nunber of Randomy Selected Wrkers From Each HEG

HEG Total No. Wrkers No. Selected
—m - —m
p— —maa — =
a2 = == . =
—m —m, m——
-_— - —
6 12 8
_Total 68 44

The popul ation of workers' exposures to he sanpled fromwas defined as
fol | ow ng:

« Day shift (8 amto 4 pn;

« Monday through Friday;

« July 15 through August 14, 1991
The selection of workers was acconplished by first assigning a unique one or two
digit nunber to each of the workers. The pre-determned nunber of workers from
each HEG was then selected using the random nunber function on a Hew ett
Packard 21S cal cul ator. Once workers were selected, it was determned on which
of the twenty-one sanple days each given worker woul d be available for
sanpling (i.e. working tiie day-shift). Based on the total number of possible days
three were selected at random Appendix B presents the results of the

randomi zation process; Appendix C shows each sanple day by date. In the
event a primry selection was not available, alternate workers were also selected

for sonme HEGs.

15
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Field Study Conparing Sanpling Methods for Airborne Fornal dehyde

Prior to the random sanpling of HEGs, a preUm nary field study was
conducted to conpare two personal sanpling nethods for airborne
formal dehyde. The study incorporated a matched-pair design and was initiated to
denonstrate the efficacy of passive diffusion monitors relative to the punp-
sor bent tube method.

The passive nonitors utilized for this study were manufactured by Air
Qual ity Research (AQR), nodel PF - 20 (PEL). This device uses a dry proprietary
col l ector which converts formal dehyde to a stable internediate, prior to
regeneration and anal ysis by the chronotropic acid nethod. It is designed to
noni tor exposures for intervals ranging fromone to eight hours.  The nonitors
were conpared to sorbent tubes manufactured by SKC, nmodel XAD - 2 (Treated).
These tubes al so enploy a dry collection media, but require the use of personal
sanpling punps to draw air through the device at a uniformrate. Sanpling
punps used were G lian Personal Air Sanplers with Constant Low Fl ow
Mdul es. Nom nal sanpling rate for 4-hour sanples was 100 cc/mn, and 50
cc/mn for 8-hour sanples. Punps were calibrated before and after each sanple
interval with a Mni-Buck Calibrator (Mdel M5), and were checked periodically
inthe field with a precision lowflowrotometer. Two field blanks of each type
were prepared each day and all sanples were stored at 40-45°F. Soft bristle
brushes were used to remove any visible dust fromouter menbrane on diffusion
monitors prior to sealing. AQR monitors were anal yzed by the manufacturer at
their facility in Research Triangle Park, North Carolina, while the SKC sorbent
tubes were anal yzed by NATLSCO Environmental Sciences Laboratory |ocated

in Long Gove, Illinois.

16
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Simul t aneous personal measurements were col lected froma group
consi sting of mosdy Kettle Operators. Both devices were placed in the breathing
zone of the worker on the same side of the body. A deliberate attenpt was made
to sanple during "worst case" conditions, to ensure that formal dehyde air
concentrations were high enough for detection for both devices. Atotal of 50
si de-by-side nmeasurenents were nmade: thirty-eight 4-hour and twelve 8-hour
measurenents. In spite of the attenpt to sanple during "worst case" conditions
24 of the 50 sanple pairs were excluded fromthe conparison analysis due to
anal ytical results belowthe [imt of detection for either device. Hence, 26
mat ched pairs were considered valid for comparison purposes.

Data fromthe field study are presented in Appendix D along with the

statistical analysis. Table 5 and Figure 2 summarize the results

MMesSmesmnamSmmmm%%mn%%mwsmzzamng

Met hod Mean Cone, (ppm Yo Confi dence | nterval
AQR PF-20 (PEL) 0.17 0.13,0.20
) KC Treated XAD-2 0.14 0.10,0.18
Di fference 0.03 0. 005, 0. 055

Paired Sanple t-Test of Differences: p = 0.046
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Figure 2. Linear Regression Conparing Sanpling Methods
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As the results in Table 5 indicate, the two methods conpare reasonably

wel |, though a paired sanple t-test on the distribution of differences does show

marginal significance (p = 0.046). Figure 2 presents a linear regression analysis
on the data. The fitted regression line is SKC=0.73(AQR) + 0.0195, with a

coefficient of determnation (R') equal to 0.65 and a correlation coefficient (r) of

0.81. These results reveal a strong correlation between the methods and indicate

that the diffusion nonitors are good linear predictors of these sorbent tubes

Note the decision to use the diffusion monitors as the independent variable for

the regression analysis was arbitrary.

field study, the mrginal difference was interpreted to mean that the two methods

were conparabl e and, because of the convenience of use, worker acceptance, and

Since the "true" concentration of formaldehyde was not known for this

| ower cost, the diffusion nonitor was employed for the remainder of the study.
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Statistical Evaluation of Sanpling Data

Sanpling results were evaluated statistically with SAS software by means
of an analysis of variance (ANOVA) based on the random effects nodel. This
nodel can be used to determne nmeans and variance conmponents for a given
variabl e based on repeated observations froma factor across numerous |evels.
For exanple, estimting average exposures within and across groups of workers
based on repeated neasurements fromeach worker. For this study, two versions
of the nodel are used: a one-way classification, and a two-way nested
classification.

The one-way classification ANOVA was used to eval uate the exposure
variability within and between workers in each HEG The equation for the model
is,

Yij =|I-HA-FE]J.
The termYy represents the |og-transformed exposure concentration received by
the ith worker during the jth sanple interval (shift). The synbol \i is the mean
exposure for the popul ation of workers, where Al is the difference in nean
exposure of the ith worker fromthat of the population as a whole and ey is the
difference between each individuals' nean exposure (jij) and the exposure
received by that individual on any given day. The terms A and ey are both
assunmed to be normally distributed with a mean of zero and variance 5§:an623A
respectively, and are considered independent. Thus oa represents the between-
wor ker conponent of variation, and (Nithe wi t hi n-worker conponent. It is also

assumed that)!, is normally distributed with a mean \i and variance Or, and that
the within-worker variance is uniformacross all workers in the popul ation
Anot her assunption inherent to this nodel is that each observation is a random

sanple fromthe popul ation of interest.

19
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The basic data layout for the one-way classification randomeffects nodel

applied to the data fromthis study is shown in Table 6.

Tabl e 6. Data Layout for One-\iy Classification (within an HEG

Gbs.  Worker 1 Worker 2 S Worker 1 =k
j = A1 Yi i Y21 . . . Yij i
] = 2 Y12 Y222 - - - Yi 2
J =" Yi n? Y2n2 ... A
% % A %

The tern1n.1refers to the total nunber of measurenents collected for the ith

worker and k is the total number of workers monitored. The general |ayout of the

one-way classification ANOVA for a set of log-transformed repeated exposure

measurenents is presented in Table 7.

Table 7. One-\Way O assification ANOVA

Source of df SSy MBy Par anet er Esti mat ed
Vari ation
Bet ween- wor ker (k-1) gSSy (UkSS])-/) ()<2v + noOj
W t hi n- wor ker (N-K) WSSy WSSy
(N-K)

k = nunber of workers

N = total number of exposure measurencnus

9SSy = sumof squares of between-worker distribution
ASSy = sumof squares of within-worker distribution

MBSy = mean square

Hg = weighted nunber of measurements per worker

As Table 7 indicates, the ANOVA provides estimtes for the two
parameters of interest, aw and Cb. The estimator of awis derived as fol | ows:
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ey - WhBy - (N- K

The quantity.

is the estimated mean of the i-th worker's log-transformed exposure ,
megsTepERns S ThENANOIOEAt attiorefor the other conponent of variance, as, is

computed fromthe fol | owi ng equation

sk S8 0S]]

The termno= N - (ﬁnﬁl\l) and represents the weighted number of neasurenents

Ber worker. Finally, because the total variance is sinply the sumof the within and
etween conponents, an estimate of the total variance is.

CRRE T

The two-way nested classification for the randomeffects nodel is used to
assess exposure variability not only within and between workers in a group, but
al so between groups or, in this case, HEGs. The randomeffects nodel is
unchanged except for one additional term

Yhij =i + Bnh + Ani-H £hij.

For this model, Yhij is the [og-transforned exposure concentration received by the
ith worker fromthe hth HEG during the jth sanple interval. Again, the term\i is
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the mean across the entire group, but Bh represents random deviations of the

mean of the hth HEG about the grand mean and is normally distributed with mean
zero and variance anEG As with the first model, the Ahi termcorresponds to

bet ween-worker deviations and £hij to within-worker deviations, and both are
normally distributed with a mean of zero and variance as and aﬁ respectively.
Finally, each termis assumed to be an independent variable and al| measurenents

are collected randomy. Table 8 displays the data |ayout for the two-way

classification.

a=l,-,n) Yhi. Yh,

Table 8. Data Layout for Two-\iay Nested O assification
HE% \\or ker, " Ln Cone, Yhy
|

(hl o) (i=l,... k) N
L0 Yirn, ., Yini (ZYhii)h.i=l

i Yiki, Yikai ) (S ik S(YREL)i ki

Yaiiv., Yaini (2)Yhi])h=a.i=la

V- Ve (D Dheizke N )ist Sk a

The term Yhi. is the sumof the [og-transformed exposure concentrations received
by the ith worker fromthe hth HEG while Yh.. refers to the sumof every workers'
Yhi. for a given HEG Finally, Y... is the sumof each Yy., or sinply the sumof all

log-transformed concentrations for the entire sanple popul ation. Table 9 displays
the ANOVA for the nested classification, which partitions the variance into three

conponents: between-group (HEG, between-worker, and within-worker.
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Tabl e 9. ANOVA for Two-VWay Nested C assification

Sour ce of dn NSy VSy Par anet er Esti mat ed
Vari ation
HEc SSy A A
HEG (a_ 1) HECSSy (a_ 1) <Mt mag + kO"bC] p,
sSS
Bet ween-worker  g(ko-1) sSSy a( ko _y 1) (% + noQy
v el

Wthin-worker ako(no -1)  wSSy ako(no - 1)

Wher e,
o
_ aknA 2NN
V\/SSy-)%ZiI rj]II '"J no

UL [P | 9

The termko refers to the average number of workers per HEG For an

unbal anced data set (i.e. unequal nunber of workers in each HEG and unequal

measurenents per worker), Ug and ko are estimted as fol | ows:
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Were, Kis the total nunber of workers sanpled for the entire population, and A
|s the total number of HEGS sampled. Thus, estimates of each conponent of

vari ance are:

W67 = WGy = ajjnji),

2 fi MBy-
Bh = 'ng "

2 HEpVBY - By - npeSy
HECSy DAY " e

Finally, the total variance q=wil+ ETﬁ%g» hen652f§y252%8§;f:98y t k%iﬁi.

To assess the degree of exposure homogeneity between workers within
HEGs and across the total group, a metric described by Rappaport (1991) was
used. The metric defines a "unifornty exposed' group of monomorphic workers as
a group in which 95%of the individual mean exposures are within a factor of 2,

This inplies that the ratio of the 97,5th percentile to the 2,5th percentile, denoted
by bRo.95. is not greater than 2, Were,

bRo. 95 = exp [3.92 ag],

and Gy is the standard deviation of the between-worker distribution of the |og-
transformed exposures. In this study, the true value of Gy was not known so the
estimte of bRo.95 (designated g R0.95) was used as the neasure of uniformty

This estimate,

BRo_95=exp[ 3. 92ySB] ,

24
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wher e yS§ i's the between-person conponent of variance obtained fromthe
random ef fects ANOVA on the | og-transformed neasurenments.

Clearly, the assunption that the exposure concentrations are |ognormally
distributed is an inportant one. To verify the validity of this assunption, a form
goodness-of-fit test was used, in addition to a less rigorous qualitative method
The goodness-of-fit test enployed for this study was the Shapiro-WIk Wtest,
which is considered to be a statistically powerful and superior omibus test of the
fit to the lognormal nodel (\Mters, et al, 1991). AWstatistic and corresponding
p-val ue was conmputed for each HEG and for the popul ation as a whol e,

A visual representation of the fit was also made by means of a | og-
probability plot, where the cunulative probabilities are plotted against the
correspondi ng geonetric mean exposure concentration for each worker across
the entire sanple popul ation. Each workers' cunulative probability was derived
from[i [ (k +1)], where i is the rank fromlowto high of each mean fromthe
bet ween-wor ker distribution of k workers (Rappaport, 1992). Only bal anced
data were used, that is, only cases with three neasurements per worker. Due to

smal | sanple sizes, plots were not generated for each HEG
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RESULTS

Results fromthe random sanpling of the six HEGS are displayed in Figure

3and are presented in tabular formin Appendix E Each sanple represents a full-
shift, 8hour tine-weighted average (TWA) concentration.

Figure 3. Exposure Measurenents for Total Sanple Population
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Atotal of 130 measurenents were made, two |ess than the desired number.
Table 10 accounts for the actual number obtained per HEG versus the nunber

desi red.

Tabl e 10. Measurenents Col | ected Per HEG

HEG No. Desired No. Collected
A B A m
— — —u — —u
1 _— —u _— =
—u — —
L A —= BN G
6 24 24
Tot al 132 130

For HEG 1, two of the four workers selected for monitoring were transferred to a
differentjobafter one measurement was made on each. Three sanples were
subsequent |y col [ected for the alternate, as well as for the other two workers
originally selected.  For HEG 3, a fourth measurenent was made for one
previously selected worker, when a no-show fromHEG 5 nade available an extra
monitor on that day. Likew se, one other worker fromHEG 5 did not show on
their scheduled day, resulting in atotal of two neasurements |ess than desired for
this group. It should also be noted that alternate workers, which were selected at
random were used for HEGs 2 and 6. Finally, the sanples froma worker

bel onging to HEG 6 were excluded fromthe analysis because their job during the
sanple interval was inalocation different fromthat of the other workers in this
group. A tenporary laboratory had been setup in one of the resin buildings.

Hence, the total number of measurements included in the analysis was 127, which
were obtained from44 workers at this facility.
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Tests of Lognormality

Table 11 presents the results of the Shapiro-Wlk Wtest on the goodness-
of-fit of the data to the lognormal nodel

Table 11. Results of Shapiro-Wlk WTest for Lognormality
HEG kK W St ati stic P Vval ue

1 3 0. 8787 0. 3207
2 8 0. 9328 0. 5462
3 18 0. 9226 0. 1472
4 2 1.0 1.0
5 2 1.0 1.0
6 7 0.9776 0. 9458
Total Popul ation 40 0.9137 0.5827

At an alpha level of 0.05, the null hypothesis of lognornality was not rejected for

any group. Clearly the test results for groups 1, 4, and 5 are without meaning
given the smll sanple sizes. The degree of non-significance for the total group
however, does indicate that the assunption of [ognormality was reasonable, at
|east for the total hetween-worker distribution of exposures. Further evidence
that the total group was mononorphic can be seen in Figure 4, which shows a
| og-probability plot of the between-worker distribution for the total group. It
appears to be approximately linear. Finally, the results for groups 2, 3, and 6
indicate that the assumption of lognormality was reasonable, thus each can be
consi dered a monomor phi ¢ group.

28
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Flgure 4. Log-Probability Plot for Total Between-Vorker Distribution
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ANQVA Results

Complete results fromthe analyses of variance performed on the exposure
measurenents for these groups are presented in Tables 13-20. First, Table 12
provides a sumary of the results. Atotal of seven one-vay ANOVAS were
compl eted, one for each HEG and one for the total population, in addition toa
nested two-way anal ysis using HEGs as the primary factor. The one-vay
classifications partition the variance into estinates of the within and between
conponents for each group and the popul ation as a whole, allowing for an
assessnent of homogeneity of exposures for each case. The two- way
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classification reveals any reduction in between-vorker variability as a result of

the grouping scheme, and is used to gauge the success of the process for
popul ati on.

Table 12, Summary Statistics from One-Way O assification ANOVAS

HEG N k X (# sd) y TA
[ ppm
1 1 5  0.24 (+0.38) -2.08 1.129
2 248 0.12(+0.17) -2.82 1.226
3 55 18 (.11 (#0.17) -2.66  0.685
4 6 2 004 (+0.02 -3.50 0.431
5 104 0.09(+0.04 -2.56 0.381
6 21 7 0.05(+0.03) -3.28 0.439
Total 127 44 0,11 (+0.18) -2.77 0.841
N = nunber of exposure measurenents per group
k = nunber of woricers monitored
= arithmetic mean
sd = sanpl e standard deviation
= nmean of |og-transforned data
k = total variance of log-transformed data
wr = Wi thin-worker variance conponent
By = between-worker variance conponent

yf Sy
(%of Total)

0.712 (58.8)

1.215 (99.0)

0.714 (100.0)

0.369 (78.3)

0.241 (58.4)

0.308 (67.8
(

)
0.691 (81.9)

(% of Total)

0.498 (41.2)
0.012 (1.0)

- 0.030 (0.0

)
0.102 (21.7)
0.171 (41.6)
0.146 (32.2)
0.152(18.1)

8%0.95 - estimted ratio of 97.5% and 2.5°*' percentile ftomthe between-worker distribution

Tabl e 13. One-Way Random Effects ANOVA for HEG 1

Vari ance Source df
Bet ween- Wor ker 4
W t hi n- Wr ker 6

Tot al 10

S

7.0173
4.2743

11. 2916

(\V( S

Vari ance

Conponent

1. 7543
0.7124
1.1292

0. 4983
0.7124
1. 2107

this

B 70.95

1.5
1.0
3.5
5.1
4.5

4.6

Per cent of
Tot al

41. 16
58. 84
100. 00
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Tabl e 14. One-\Way Random Ef fects ANOVA for HEG 2

Vari ance Source df Ss (VS Vari ance
Conponent
Bet ween- Wor ker 7 8. 7534 1. 2505 0.0119
W t hi n- Vr ker 16 19. 4364 1.2148 1.2148
Tot al 23 28.1898 1. 2256 1. 2267
Tabl e 15. One- WAy Random Ef fects ANOVA for HEG 3
Vari ance Source df SS (\V/ S Vari ance
Conponent
Bet ween- Wor ker 17 10. 5860 0.6227 - 0. 0300
W t hi n- Vr ker 37 26. 4253 0.7142 0.7142
Tot al 54 37.0113 0. 6854 0.7142
Tabl e 16. One-\Way Random Effects ANOVA for HEG 4
Variance Source df SS \V/ S Vari ance
Conponent
Bet ween- Wor ker 1 0.6766 0. 6766 0. 1024
W t hi n- Wor ker 4 1. 4774 0. 3694 0. 3694
Tot al 5 2. 1540 0.4308 0.4718
Table 17. (One-Way Random Effects ANOVA for HEG 5
Variance Source df SS VS Vari ance
Conponent
Bet ween- Wor ker 3 1. 9882 0. 6627 0.1711
W t hi n- Wor ker 6 1. 4438 0. 2406 0. 2406
Tot al 9 3. 4320 0. 3813 0.4117

31

Percent of
Tot al

0.97
99. 03
100. 00

Percent of
Tot al

0.00
100. 00
100. 00

Percent of
Tot al

21.71
78. 29
100. 00

Percent of
Tot al

41.56
58. 44
100. 00
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Tabl e 18. One-Way Random Effects ANOVA for HEG 6

Variance Source df SS \V/ S Vari ance
Conponent
Bet ween- Wor ker 6 4. 4789 0. 7465 0. 1462
W t hi n-Wor ker 14 4.3092 0. 3078 0. 3078
Tot al 20 8. 7881 0. 4394 0. 4540

Tabl e 19. One-Way Random Effects ANOVA for Total Popul ation

Vari ance Source df SS \V/ S Vari ance
Conponent
Bet ween- Wor ker 43 48. 6258 1.1308 0. 1524
W t hi n- Wor ker 83 57. 3663 0. 6912 0. 6912
Tot al 126 105. 9921 0. 8412 0. 8436
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Per cent of
Tot al

32.21
67.79
100. 00

Per cent of
Tot al

18. 07
81.93
100. 00

Tabl e 20. Two- My Nested Random Effects ANOJA for Total P0£u| ation

Variance Source Vari ance ~Percent of
Component Tot al
HEG 5 15. 1253 3. 0251 0. 1151 13. 20
Bet ween- Vor ker 38 33.5005 0.8816 0. 0660 7.56
W t hi n- ior ker 83 57. 3663 0.6912 0.6912 79. 24

Tot al 126 105. 9921 0. 8412 0.8723
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DI SCUSSI ON

The sanpling results clearly indicate that the vast mgjority of
formal dehyde exposures at this facility are well belowthe OSHA PEL of 1.0
ppmas an 8-hour TWA In fact, out of 127 measurenents, only two were above
the CEL (Figure 3, Appendix E). The mean exposure across the entire sanple
popul ation was 0.11 ppmwith a standard deviation of 0.18 ppm

Tabl e 12 shows that the Head Rol| Cperators (HRGs) in HEG 1 had the
hi ghest nean exposure of all six groups (0.24 ppm, while HEG 4 had the |owest
(0.04 ppm. The anal yses of variance reveal that for nost groups and the
popul ation as a whole, the total variation in exposures was predomnantly within-
Worker, that is, day-to-day. Estimates of the percent of total variation belonging
to the within-worker component ranged fromb58.4%to 100.0 % The |ow
degree of between-worker variation indicates relatively homogeneous exposure
conditions at this facility. However, using the definition of a uniformy exposed
group described earlier (i.e. g Ry 9 *2), only two of the six groups would be
consi dered uniforny exposed: HEG 2 and 3. Gven the extrenely smal|
components of between-worker variation for each of these groups, accounting
for 1.0%and 0.0% respectively, of the total variation, this result is not
surprising. Compared to the total population, witha g R095 of 4.6, the rouping
schenme reduced the ¢ Ry 95 and the between-worker variation in four of the
HEGs. Yet, for groups 1, 4, and 5, with the total nunber of samples collected
equaling 11, 6, and 10, respectively, the results nust be considered sonewhat

t enuous.
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These results also indicate that the between-worker variation across the

entire sample popul ation was relatively low In fact. Tables 12 and 19 show that
bet ween-worker variance accounted for less than 20%of the total variance. This
inplies that the subclassification of workers into discrete exposure groups, in an
effort to reduce variability between workers, would have [imted effect for this

popul ation since a "perfect” grouping would only account for about 20%of the

total variation across the popul ation. Hence, a 20%reduction in exposure

variability i's the most that coul d have been achieved through the use of HEGs.

As the nested ANOVA in Table 20 reveals, this effort was able to account for
roughly 13%of the total variation or two-thirds of the 20%which coul d be dealt
with in this manner.

Inaddition to providing information on the homogeneity of exposures, the
anal yses of variance also offer insight on the nature of exposures at this facility.
Specifically, since the total variation in exposure across the entire population,
and for each HEG was predom nant|y within-worker, exposures are governed
mostly by production processes or environmental conditions which are comon
to the entire group. This inplies that in general, individual jobs or work tasks
are not contributing to wide fluctuations in exposure to fornal dehyde between
workers at this facility. Gven the practice of rotating tasks within job classes,
this is, perhaps, to be expected.

However, the results indicating such a large degree of w thin-worker
variation (accounting for 99.0%and 100.0%of the total, respectively) for HEGs
2 and 3 was surprising. At first glance, the sanpling results displayed in
Appendi x E for these two groups do not appear to support this finding. Yet,
upon closer inspection, the fact remains that there were indeed very large
differences in levels of exposure fromday to day for individual workers. These
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wi thin-person differences were so large that for the statistical analysis,
di fferences between the neans of individual workers were obscured.

So, the relevant question is why were day to day fluctuations in exposure
S0 great. One contributory factor may relate to the type of processes invol ved
with the production of resin at this facility, specifically the intermttent nature of
the operation. Vhen resin undergoes production, kettles are charged, sanples
are collected and analyzed, and product is processed; there is opportunity for
exposure. |f kettles are not producing resin, there is mnimal opportunity for
exposure. Clearly, exposures will fluctuate hased on the production of resin.
Anot her factor which accounts for day to day variability is certain job tasks
performed fairly infrequently, but which can inpact the level of exposure for
workers in an entire building. In particular, the task of charging a kettle with
paraf or mal dehye is not performed every day, but [eads to higher exposures for
the majority of workers present in the building on those days when it is
performed. For exanple, on the July 30, Wrker 1 fromHEG 2 started the shift
that day by finishing the task of charging Kettle 323 widi paraformal dehyde (see
Appendi x E). This operators' exposure on this day was 0.53 ppm significantly
hi gher than the other measurements made for this worker on other days. In
addition, note that on this same day two other operators were nonitored
(Wrkers 2 and 3), and their exposures were al so higher than those received on
subsequent sanple days. The end result is that this intermttent task contributed
greatly to the within-worker variation for each operator, yet did not confer a
| arge degree of between-worker variation

Anot her factor which may have contributed to within-worker variance, by
way of reducing between-worker variance, is overlapping job tasks between
HEGs. In particular, it was not unconmon for Kettle Qperators in both resin

buildings to performtasks simlar to those performed by Lift Truck Cperators
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and Fl oormen, fromBuildings 3/12 and 19/57, respectively. However, the
converse did not occur. That is. Lift Truck Qperators or Floornen never
performed tasks directly related to kettle operation. In any case, a potentia
consequence of task overlap is a reduction in between-worker variation, since
performng simlar tasks generally involves simlar potential for exposure
Finally, the fact that Head Rol| Operators in HEG 1 received the highest
exposures, on average, was unexpected, given that formaldehyde as a raw
product is not present in Building 88. Formal dehyde is released, as described
previously, during the heating of pulverized phenolic resinas it is applied to the
nip of the heated rolls. Apparently, the process is capable of releasing nore
formal dehyde than the author thought possible, and the engineering controls are
not adequately removing all of the contamnant generated. A brief investigation
of the circumstances involved with the single exposure above the CEL received
by a worker fromthis job class, revealed that the operator did experience
difficulties with the process on that day. The other possibility which m ght
account for the higher than expected results for this group i s contam nation of
the monitor with resin dust, which is very prevalent for this process. It is
possi bl e that dust trapped in the outer menbrane of the nmonitor after it is sealed
continues to off-gas any free formal dehyde which was present in the dust.
However, there are two reasons why this possibility is thought to be unlikely.
For one, measures were taken to remove all visible dust fromthe outer
menbrane of the nonitor before sealing. Furthernore, if formaldehyde did
continue to off-gas fromtrapped resin dust, one woul d expect to obtain results

many orders of magnitude higher than the results which were obtained.
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CONCLUSI ONS

For this study, the use of diffusion monitors for full-shift persona
sanpling of formaldehyde exposure provided results comparable to sorbent
tubes. Even though the monitors tended to read marginally higher conpared to
the sorbent tubes, the benefits outweigh any loss in accuracy, if it actually exists.
The monitors require less labor, are more readily acceptable to workers, and are
more cost efficient. The end result is an increased nunber of sanples, which
leads to a more accurate characterization of the distribution of exposures.

The observational approach used to assign workers to HEGs in this case
was only marginally effective. Interms of reducing between-worker variability
In exposures, the a priori groupings were successful for one-half of the groups
based on an anal ysi s of variance of sanpling results. However, the nost
significant finding of this study was the fact that between-worker variability
accounted for only 20%of the total variation for the popul ation. Between-
worker variation was obscured by the large degree of within-worker variation
or fluctuations day to day, which was |ikely a result of the batch nature of the
operation and task overlap between groups.

Gven the relatively uniformexposure conditions between workers within
groups and across groups, much effort coul d have been avoided if the entire
popul ation had been randomy sanpled prior to the assignment of workers into
exposure groups whi ch were perceived to be discrete. This illustrates the benefit
of an a posteriori approach to assessing exposures across a popul ation of

wor ker s.


NEATPAGEINFO:id=49B541B1-161E-4A6A-999F-888ECA30C615


Cl TED REFERENCES

Anmerican Industrial Hygiene Association, A Strategy for Cccupational Exposure

Assessment AlHA, Akron, OH 1991, p. 160.

Com M, and Esmen, N.A, "Wrkplace Exposure Zones for Classification of

Enpl oyee Exposures to Physical and Chemcal Agents," American Industrial

Hygi ene Association Journal. Vol. 40, Jan. 1979, pp. 47-57.

Kromhout, H, et ai, "Agreement Between Qualitative Exposure Estinates and
Quantitative Exposure Measurenments,” American Journal of Industrial Medicine.

Vol . 12,1987, pp. 551-562.

Rappaport, S.M, "Assessnent of Long- Term Exposures to Toxic Substances in

Air," Annal's of Qccupational Hygiene. Vol. 35 No. 1,1991, pp. 61-121.

Rappaport, S.M, "Interpreting Levels of Exposures to Chemical Agents," Patty's
Industrial Hygiene and Toxicology. Vol. I1IA 3rd Edition, In Publication.

Vaters, MA, Selvin, S., and Rappaport, S.M, "A Measure of Goodness-of-Fit for
the Lognornmal Mdel Applied to Cccupational Exposures,” American Industrial
Hygi ene Association Journal. Vol. 52, Nov. 1991, pp. 493-502.


NEATPAGEINFO:id=A523879C-8832-4BB9-BFBD-C40CD6990481


GENERAL REFERENCES

Billmeyer, F.W, Textbook of Polymer Science. Wley, New York, 1962.

Brown, B.W, and Hollander, M, Statistics: A Biomedical Introduction. Wey,
New York, 1977.

Searle, SR, Linear Mdels for Unbalanced Data. Wley, New York, 1987

Snedecor, GW, and Cochran, WG, Statistical Mthods. lowa State Univ. Press,
Ames, | A 19809.

Wl ker, J.F., Formaldehyde. Krieger Publishing, Huntington, NY, 1964.

Wol son, RF. Statistical Methods for the Analysis of Biomedical Data. Wley,
New York, 1987.


NEATPAGEINFO:id=23832846-A7F1-409C-9FF7-E73CEEB6E345


APPENDI X A
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Building 3/12 Floorplan - Platform Level
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Bui I ding 19/57 Floorplan - Platform Level
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Bui I ding 88 Floorplan - Gound Level
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Buil ding 88 Floorplan - Upper Level
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APPENDI X B

Randomi zati on Procedure
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Appendix B Random Sel ection of Wrkers and Sanple Days; Number of Samples Collected

Per \Worker

HEG Wor ker Shift Selected Sanpl e Days Randomn y Actual No.
I D No. (V) on Day Shift Selected Sanple Sampl es
Days Col | ected
1 1 e 10-13 " 11, 12,13 3
2 1
3 2 Vv 1-5,14-18 3,16, 17 3
4 2 V(A't) 14-18 16,17, 18 3
5 3 k/ 6-9, 19-21 6,9, 20 1
6 3 6-9, 19-21 8, 19, 20 1
2 @ 01 1 vV -~ 10-13 a 10, 11, 12 3
2 02 1 i 10-13 10, 12, 13 3
5 03 1 I 10-13 10,11, 13 3
2 04 1 V 10- 13 11,12,13 3
2 05 2
2 06 2 \ 1-5, 14-18 4,5,14 3
2 07 2 \Y 1-5, 14-18 2,3,17 3
2 08 2
2 09 3 \Y 6-9,19-21 7,8,9 3
2 10 3 V(At)  6-9,19-21 9,19,21 3
2 11 3 '
2 12 3 6-9,19-21 6,9, 19 0
3 @ 01 V(Nt1 1-5,19-21 1,5, 20
3 02
3 03 | 1-5,19-21 2,4,19 3
3 04 | 1-5,19-21 3,5,19 3
3 05 I 1-5,19-21 1,5,19 3
3 06 I 1-5,19-21 1,4,20 3
3 07 | 1-5,19-21 1,520 3
3 08 K \ 14-18 14,15,16 (17*) 4
3 09 K V(A't2) 14- 18 15, 16, 18
3 10 K \% 14-18 15,17, 18 3
3 11 K
3 12 K \Y 14- 18 14, 15, 17 3
3 13 K
3 14 K | 14- 18 14,15, 16 3
3 15 L k‘/ 6-9 7,8,9 3
3 16 L 6-9 6,7,8 3
3 17 L A 6-9 6,7,9 3
3 18 L Vv 6-9 7,8,9 3
3 19 L
3 20 L
3 21 L
3 22 M
3 23 M \ 10-13 10, 11, 12 3
3 24 M \% 10-13 10, 11, 13 3
3 25 M V 10-13 10, 11,12 3
3 26 M V 10-13 10, 11, 12 3
3 27 M V 10-13 10, 11, 13 3
3 28 M
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"HE(r worker shift  Selected Sanple Days Random y Actual No.

At

I D No. (V) on Day Shift Selected Sanple Sanpl es
Days Col | ect ed

4 1 1
4 2 2 \% 1-5,14-18 3,14, 16 3
4 3 3 \% 6-919- 21 19, 20, 21 3
4 4 3
5 1 J V. " 1-5/19-21 3,4,19 2
5 2 K \Y 14-18 14, 16, 17 2
5 3 K
5 4 L \ 6-9 6,7,9 3
5 5 M \Y 10-13 10,12, 13 3
5 6 M
6 01 J "
6 02 J \Y 1-5,19-21 1,3,21 0
6 03 J V(Nt1l 1-5,19-21 4,5, 20 3
6 04 K \ 14- 18 14, 15, 17 3
6 05 K
6 06 K \Y 14- 18 15,17, 18 3
6 07 L | 6-9 6,7,8 3
6 08 L I 6-9 6,8,9 3
6 09 L {/ 6-9 6,7,8 3
6 10 M 10-13 10, 12, 13 3
6 11 Mo V(At2) 10- 13 11,12, 13
6 12 M V 10-13 11,12,13 3

Alternate in the event any selected worker was not available .
Indi cates day on which 4th sanple was col lected; worker was randonly selected to wear nonitor after
Fl oonnan schedul ed for that day did not show

>
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APPENDI X C

Sanpl e Day By Date
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Appendi x C Sanpl e Day by Date

Sanpl e Day
1

© 00 N oo 0o b»~h w N

NN P P P R PR b e e
P O © ©® N o Ol n w N O

July

August

15
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APPE" T DI XD

Field Study Data and Analysis
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Appendi x D Data from Sanpling Methods Field Study and Statistical Analysis

AQR PF-20 (PEL) Cone. SKC Treated XAD-2 Cone. Difference [AQR - SKC|
(ppm (ppm (ppm
0.09 0.04 0.05
0.14 0.11 0.03
0.18 0.25 -0.07
0.08 0.05 0.03
0.17 0.13 0. 04
0.13 0. 10 0.03
0.25 0.10 0.15
0.13 0.07 0.06
0.16 0.10 0.06
0.30 0.19 0.11
0. 40 0.40 0. 00
0.29 0.26 0. 03
0.07 0.09 -0.02
0. 07 0.03 oM
0. 43 0. 30 0.13
0.22 0.15 0.07
0.16 0.19 -0.03
0.28 0.28 0.00
0.17 0.15 0.02
0.12 0. 06 0. 06
0.21 0.16 0. 05
0.05 0.05 0. 00
0.09 0.08 0.01
0.05 0.22 -0.17
0. 06 0.07 -0.01

0. 06 0. 06 0.00
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n = 26 Matched Pairs

Sanmpl e Mean:
AQR=: 0. 17ppm
SKC = 0. 14 ppm
Difference (d) = 0.026 ppm

Sanpl e Standard Deviati on:
AQR = 0.10 ppm
SKC = 0.09 ppm
Difference (s*) = 0.062

Paired Sanple t-Test on Differences:

d-ix,
t = ——where |J.0 = 0 under the null hypothesis

t = 2.105
Probability that 11| > 2.105 = 0.046

Result: At a 0.05 [evel of significance, borderline rejection of the null hypothesis
of no significant difference between the two nethods.
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APPENDI X E

HEG Sanpl i ng Data
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HEG

L T e T e Y S Gy B Y

N N NN N NN N DN DNMDNDNDDNDNDNDNDDNNDN

Worker ID

5

o o B2 B N oW W o P

NN o 00 NDDAM®W®WNNNE - -

8-H TWA Job Title

Dat e

CpPprm
073191 0.13
080191 0. 05
080291 0.11
071791 0.29
080791 0.11
080891 0.05
080791 0.24
080891 0.20
080991 1.34
072591 0.04
072491 0.04
073091 0.53
073191 0.04
080191 0.08
073091 0.22
080191 0.03
080291 0.02
073091 0.14
073191 0. 06
080291 0.03
073191 0.02
080191 0.03
080291 0.03
071891 0. 65
071991 0.15
080591 0.03
071691 0. 05
071791 0. 06

HRO
HRO
HRO
HRO
HRO
HRO
HRO
HRO
HRO
HRO
HRO

AKO
AKO
AKO
AKO
AKO
AKO
AKO
AKO
AKO
AKO
AKO
AKO
AKO
AKO
AKO
AKO
AKO

PF-20 1D
No
1090359
1090371
1090383
1090288
1090415
1090425
1090416
1090424
1090431
1090337
1090327

1090347
1090360
1090380
1090354
1090372
1090384
1090348
1090367
1090385
1090361
1090373
1090386
1090295
1090303
1090395
1090286
1090289

Locati on
(Bldg.)
88
88
88
88
88
88
88
88
88
88
88

3Me
3112
3Me
3Me
3Me
?Me
3\12
3Me
3112
3Me
3Me
3Me
3Me
3Me
3Vi2
3Me
3U2

Operation/ Job Task

Downstairs Rolls

Downstairs Rolls/General O eanup
O eaned Pul verizers/ General C eanup/Downstairs Rolls
Upstairs Rolls/Cleaned Sifters
Upstairs Rolls
Upstairs Rolls
Main Floor Materials Handling/Downstairs Rolls

Downstairs Rolls
Downstairs Rolls

General O eanupAlpstairs Rolls
Packout Ehities

K323- Fi ni shed Charging Wth Paraform
Pan Job on Gelled Resin

K323
K301 - Charged Wth Phenol and Sul furic Acid
Drained T344 into Pans/ K301
K323/ Rel i eved Drum Fl aker Packout
K314
K323
K312
K301
Draned T344 into Pans/ K312
K312- Causti ¢ Wash
K323- Charged Wth Paraform
K301
K323

K312- Phenol Boa/ K301- Charged Wth Xyl ene
Belt Flaker Packout/C eaned Roof Dust Collector
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oo

HEG

N NN NN NN

W W W W W W W W W W W W W W W W W W W W w

Wor ker 1D

No .

© © ©

0 QO © © ~N N N OO0 o0 oo NN DN DN woww

= e
o o

8-H TWA

Dat e

CpPpPpMmM
080891 0.03
072391 0.42
072491 0.10
072591 0.02
072591 0.01
081291 0. 06
081491 0.03
071691 0.11
071891 0.12
081291 0.09
071791 0.08
071991 0.21
081291 0.03
071591 0.09
071991 0.20
081291 0.04
071591 0.09
071891 0.22
081391 0. 06
071591 0.08
071991 0.17
081391 0. 06
080591 0.09
080691 0. 03
080791 0.01
080891 1.18
080691 0.03
080891 0.08

Job Title

AKO
AKO
AKO
AKO
AKO
AKO
AKO

AKO
AKO
AKO
AKO
AKO
AKO
AKO
AKO
AKO
AKO
AKO
AKO
AKO
AKO
AKO
AKO
AKO
AKO
AKO
AKO
AKO

PF-20 I D
No
1090419
1090324
1090334
1090338
1090339
1090434
1090446

1090285
1090296
1090435
1090290
1090305
1090436
1090281
1090306
1090437
1090282
1090297
1090438
1090283
1090304
1090441
1090394
1090403
1090411
1090422
1090404
1090420

Location

3112
3Me
3\12
3me
3\J2
3112
3112

19\ 57
19\ 57
19\ 57
19\ 57
19\ 57
19\ 57
19X57
19857
19\ 57
19\ 57
19X57
19\ 57
19857
19\ 57
19X57
19X57
19X57
19X57
19X57
19\ 57
19X57

Operation/Job Task

K312-TransfeiiEd Resin to Tankwagon
K314-Charged Wth Formalin Via Pressiirized T341
K323-Charged Wtli Formalin Via Pressurized T341

Ground Floor-Transferred Acid Rework to Druns
K314
K301

K314- Fini shed Charging Wth Formalin/Belt Flaker Packout

K5706/ Rel i eved on Drum Dryer
Lig. Resin Packout Gound Floor/K5709-Started Charging w Fornalin
Qperated Drum Dryer
5715- Charged w Phenol and Caustic
Qperated Drum Dyrer/K5706
K1912/ K1914
K5715
K5709/Li g. Resin Packout
Transferred Resin to Tankwagon/ Supplied Raw Materials to Platform
K5706- Charged w Phenol and Formalin/Relieved on Drum Dryer
K1912- Charged w Caustic, Sanpled Continuosly
Transferred Resin to Storage Tank/K5708- Prepped and Charged w Formalin
K1914- Setup and Recircul ated Through Filter Press
K5708/ Hel ped Charge K5715 w/ Paraform
K5715- Conpl eted, Transferred to Storage Tank/Hel ped Drop K5713 Britae
Lig. Resin Packout/C eaned and Prepped Drum Dryer
K5708- Charged w Phenol and Formalin
K5709- Charged w Phenol and Formalin
K1912- Char ged w/ Par af orm
General C eanup Duties/Relieved K5713 and K1914
K5708/ Rel i eved K5709 and K5715


NEATPAGEINFO:id=487C7D09-4001-4F8D-91ED-D118D80BB678


HEG Worker I D Dat e 8-Hr TWA Job Title PF-20 ID Location Q)erati on/ Job Task

No. No.
3 10 080991 0.04 AKO 1090429 19\ 57 K5709- Setup and Circul ated Resin Through Filter Press
3 12 080591 0.04 AKO 1090396 19\57 K1912- Causti ¢ Boi |
3 12 080691 0.05 AKO 1090405 19\57 K5713/ Rel i evedK5715
3 12 080891 0.08 AKO 1090421 19\ 57 Qperated Drum Dryer
3 14 080591 0.05 AKO 1090397 19"*57 C eaned and Prepped Drum Dryer
3 14 080691 0.04 AKO 1090406 19\57 K1914
3 14 080791 0.03 AKO 1090412 1957 K5708/ Rei i eved K5709/ Prepped For Lig. Resin Packout
3 15 072391 0. 06 AKO 1090317 19\ 57 K5715- Charged w Phenol and Fornalin
3 15 072491 0.04 AKO 1090328 19\57 K5713/ Rel i evedK5715
3 15 072591 0.03 AKO 1090340 19\57 Drummred Off Caustic Wash From K5713
3 16 072291 0.05 AKO 1090309 19N57 K5708/ General Ol eanup Ehities
3 16 072391 0.06 AKO 1090318 19\57 K5709
3 16 072491 0.14 AKO 1090329 19\ 57 K1912- Charged w Phenol and Formalin
3 17 072291 0.16 AKO 1090310 19\57 K1914-Transferred to Storage Tank/C eaned Dike
3 17 072391 0.08 AKO 1090319 19\57 General O eanup Duties/Hel ped Load Tankwagon w Resin
3 17 072591 0.01 AKO 1090341 19157 K5709- Dehydrating Caustic Sol ution/Relieved K5708
3 18 072391 0.46 AKO 1090320 19\57 Lig. Resin Packout/General C eanup Duties
3 18 072491 0.51 AKO 1090330 19857 C eaned and Redressed Filter Press
3 18 072591 0.08 AKO 1090342 19\ 57 K5708
3 23 073091 0. 04 AKO 1090349 19\ 57 K1912
3 23 073191 0.05 AKO 1090362 19\ 57 K1914/ Rel i evedK1912
3 23 080191 0.05 AKO 1090376 19\57 K5715
3 24 073091 0.10 AKO 1090350 19\ 57 K1914-Transferred Resin to Storage Tank/Charged w Phenol and Fomal m
3 24 073191 0.05 AKO 1090363 19157 K5715-Transferred Resin to Storage Tank/Vashed and Rinsed Kettle
3 24 080291 0.07 AKO 1090388 19N\57 C eaned and Propped Drum Dryer/Relieved on Drum Dryer
3 25 073091 0.10 AKO 1090351 19157 K5706- Charged w Phenol and Formalin/Relieved on Drum Dryer
3 25 073191 0.05 AKO 1090364 19\57 K5708/ Rel i eved K5709
3 25 080191 0. 05 AKO 1090374 19\57 Lig. Resin Packout
3 26 073091 0. 07 AKO 1090352 19\ 57 Operated Drum Dryer
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HEG Vrker ID Date 8-Hr TWA Job Title PF-20 ID Location Operation/Job Tasit

No. (Ppm No. (Bldg.)

26 073191 0.05 AKO 1090365 19\ 57 O eaned and Prepped Drum Dryer/Relieved On Drum Dryer

26 080191 0.04 AKO 1090375 19157 Lig. Resin Packout/K5708- Caustic Wash and Rinse

27 073091 0.09 AKO 1090353 19\ 57 K5715- Caustic Wash and Rinse/ Rel i eved K5709

27 073191 0.08 AKO 1090366 19N57 O eaned and Prepped Drum Dryer/Cperated Drum Dryer

27 080291 0.04 AKO 1090387 19\57 ____ Kb708-Charged w Phenol and Formalin___
071791 0. 05 LTO 1090291 3\12 Belt Flaker PackoutyC eaned Roof Dust Collector
080591 0.01 LTO 1090398 3U2 Drum Fl aker Packout/C eaned Belt Flaker
080791 0.02 LTO 1090413 3\12 O eaned and Prepped Belt Flaker/Cperated Belt Fl aker
081291 0.03 LTO 1090439 3112 Chi pped Gel I ed Resin For Drum Di sposal
081391 0.05 LTO 1090443 3112 Belt Flaker Packout/General C eanup Duties
081491 0.05 LTO 1090448 3112 Bel t Flaker Packout

1 071791 0.18 AF 1090292 19\57 Liq. Resin Packout/ General C eanup Duties

1 071891 0.11 AF 1090298 19S57 Transferred Acid Wash to Rail car/Loaded Tankwagon w Resin
2 080591 0. 02 AF 1090399 19N57 Punped D ke/ Loaded Tankwagon w Resi n

2 080791 0.08 AF 1090414 19\57 Supplied Raw Materials to Platfornf Loaded 2 Tankwagons w Resin
4 072291 0.11 AF 1090311 19S57 Supplied Materials For Packout/General C eanup Duties

4 072391 0. 08 AF 1090321 19\ 57 Loaded Tankwagon w Resi n

4 072591 0. 12 AF 1090343 19\ 57 Loaded 2 Tankwagons w Resi n

5 073091 0.08 AF 1090355 19\ 57 Loaded 2 Tankwagons w Resin/ Relieved on Drum Dryer

5 080191 0. 07 AF 1090377 19\ 57 Loaded 2 Tankwagons w Resi n

mmmmmmmmmmmmmmmmmbbbaab

5 080291 0.04 __ AF 1090389 19\57 Supplied Raw Material s/Loaded Tankwagon w \Mste Viéter/Drum Dryer Packout
3 071891 0.05 SPT 1090299 Control Lab Conduct ed Routine Lab Anal yses
3 071991 0.06 SPT 1090302 Control Lab Conduct ed Routine Lab Anal yses
3 081391 0.04 SPT 1090442 Control Lab Conduct ed Routine Lab Anal yses
4 080591 0.03 SPT 1090400 Control Lab Conduct ed Routine Lab Anal yses
4 080691 0.02 SPT 1090407 Control Lab Conduct ed Routi ne Lab Apal yses
4 080891 0.01 SPT 1090426 Control Lab Conduct ed Routine Lab Anal yses
6 080691 0.03 SPT 1090408 Control Lab Conduct ed Routine Lab Anal yses
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HEG \Worker ID Date 8-Hr TWA Job Title PF-20 ID Location Operation/Job Task

No. (ppm No. (BIdR)
6 6 080891 0.01 SPT 1090423 Control Lab Conduct ed Routine Lab Anal yses
6 6 080991 0.07 SPT 1090430 Control Lab Conduct ed Routine Lab Anal yses
6 7 072291 0.06 SPT 1090312  19N57 Lab Conduct ed Routine Lab Anal yses/Spent Tine On Kettle Platform
6 7 072391 0.55 SPT 1090322  19\57 Lab Conduct ed Routine Lab Anal yses/Spent Tine On Kettle Platform
6 7 072491 0. 06 SPT 1090331  19\57 Lab Conducted Routine Lab Analyses/Spent Tine On Kettle Platform
6 8 072291 0.05 SPT 1090313 Control Laba Conduct ed Routine Lab Anal yses
6 8 072491 0.11 SPT 1090332 Control Lab Conduct ed Routine Lab Anal yses
6 8 072591 0.09 SPT 1090344 Control Lab Conduct ed Routine Lab Anal yses
6 9 072291 0.04 SPT 1090314 Control Lab Conduct ed Routine Lab Anal yses
6 9 072391 0.05 SPT 1090323 Control Lab Conduct ed Routine Lab Anal yses
6 9 072491 0.08 SPT 1090333 Control Lab Conduct ed Routine Lab Anal yses
6 10 073091 0.05 SPT 1090356 Control Lab Conduct ed Routine Lab Anal yses
6 10 080191 0.05 SPT 1090378 Control Lab Conduct ed Routine Lab Anal yses
6 10 080291 0.02 SPT 1090390 Control Lab Conduct ed Routine Lab Anal yses
6 12 073191 0.05 SPT 1090368 Control Lab Conduct ed Routine Lab Anal yses
6 12 080191 0.02 SPT 1090379 Control Lab Conduct ed Routine Lab Anal yses
6 12 080291 0.02 SPT 1090391 Control Lab Conduct ed Routine Lab Anal yses
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