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INTRODUCTION
BACKGROUND FOR CONTRGL TECHNOLOGY STUDIES

The National Ionstitute for Occupational Safety and Health (NTIOSH) is the
primary Federal agency engaged In occupatiomal safety and health research.
Organizationally located in the Department of Health and Human Services
{formerly Health, BEducation, and Welfare), 1t was established by the
Occupaticonal Safety and Health Act of 1970, This legislation mandated that
NIGSH conduct a number of research and edurcation programs separate from the
standard setting and enforcement functions carried out by the Occupational
Safety and Health Administration (08HA) in the Department of Labor. An
Important area of NIOSH research deals with methods for controlling occupa-
tional exposure to potential chemical and physical hazards. The Eagianeering
Contral Technelogy Branch (ECTB} of the Divlsion of Physical Sciences and
Engineering has been given the lead within NHIOSH to study the engineering
aspects of health hazard preventicn and control.

Since 1976, ECI® has conducted a number of assessments of health hazard
control technology on the basis of industry, common JIndustrial process, or
specific control techniques. Examples of these completed studies include the
foundry industry; wvarious chemical manufacturing or processing operations]
spray painting; and the recirculation of exhaust air. The objective of each
of these studies has been to document and evaluate effective control tech-
nigues for potential health hazards in the industry or process of interest,
and to create a more general awareness of the need for or availabilicy of an
effective system of hazard contrel measures,

As in the past, currenk studies involve three phases, Initially, a series of
walk—-through surveys 1s conducted to select plants or processes with effective
and potentlally transferable control concepts or techniques. Next, in-depth
surveys are conducted to determine both the control parameters and the effec—
tiveness ofi these contrels. The reports from these in—depth surveys are used
as a basis for preparing tecihnical reports amd jourmal articles on effective
hazard control measures. Ultimately, the information from these research
activities is added to the data base of publicly available information on
hazard control techniques for use by health professlonals who are responsible
for preventing cccupational illness and injury.

BACKGROUND FOR THIS STUDY

Thls research study began as an assessment of occupational health hazard
controls associated with the i1ndustrial wuse of adhesives. Plants 1in the
agrospace, automotive, footwear, wood-products, and some other industries were
visited to observe the relation of the workers to the use of adhesives in the
manufacturing processes and the types of contrels being used. This prelim-
inary work identified hor-process wveneering with urea-formaldehyde resin
adhesives as the operation which could benefit most from contrel technology
research.

Formaldehyde, a commonly used substance in industry and the life sciences, has
long been recognized as a potential irritant of the syes, nose, and skin. Ia



the last few years, the results of some animal toxiclty studies have showm a
relationship between formaldehyde exposure and cancer 1n some laboratory
animals. It is not known how long it will be untill the risk of cancer for
humans exposed to formaldehyde 1s determined. In the meantime, as a prudent
public health wmeasure, plants should reduce occupational exposure ta formal-
dehyde as much as possgible with engineering comtrols and work practices.

In response to this need, the Engineering Control Technology Branch of NIGSH
is studying the control of formaldehyde emissions from hot-process veneering
operations which use a urea—formaldehyde resin adhesive. The goals of this
study are to evaluate a number of different approaches which some furniture
and wood-panel manufscturing firms have taken to centrol these emissions, and
then to disseminate useful Information and practicable recommendations on
effective methods for centrolling occupaticonal formaldehyde exposure.

BACKGROUND FOR THIS SURVEY

Early in the study, the Hillerest Veneer Plant was identified as one which
recently had undergone extensive engineering modifications to control formal-
dehyde emissions from hot-press wveneering ocoperations. The ventilation system
and environmental sampling data which showed low exposure levels were impres-
sive, In addition, this plant contained three types of hot-platen presses.
This in-depth survey of the Hillecrest Veneer Piant was conducted on September
20 - 24, 1982 to evaluate their operations and associated controls for formal-
dehyde exposure. This report documents the information pertinent to that
evaluation.



GENERAL INFORMATION ABOUT THE PLANT AND PROCESSES
INTRODUCTION

The Hillcrest Veneer Plant manufactures veneered panels for furniture made by
Burlington Industries, Inc. at other plants in this geographical area. This
plant employs from 100 to 150 people, approximately 90 percent of which are
hourly production workers. The bullding is a concrete and steel-frame struc-
ture originially bullt as a textile plant. This facility was hought “and
converted to a veneer plant by Burlington circa 1979. Ax that time, modifi-
cations were made to the heating, ventilatica, and air-conditioning (HVAC)
system. The HVAC system is currently configured with three chillers, totalling
over 1000 tons of ceoling capacity, three steam-coll heat exhangers, and a
dew-point controller to mix recirculated air with cutside air. Most of the
local exhaust ventilation system is new.

The layout of the plant is diagrammed in Figure 1. The hot presses are located
in a separate room, approximately 12,000 square feer in area with a 25-foot
ceiling, within the building. Particleboard and fiberboard panels are stored
in a warehouse on the south side of the building. Bundles of veneer pleces
are received at the west end of the plant. The facilities include a "fancy-
face” department which prepares sheets of vencer stock featuring decorative
veneer patterns. The adhesive-mixing and -spreading operations are located in
the center of the building, just west of the hot—press room. The cold-press
cperation is set up on the other side of the south wall of the hot-press
room. Offices in the northwest corner and both breakroom and yestryoom
facilities along the south side are separated from the main area of the plant
by a wall.

PROCESS

The simplest vencered panel consists of three plies, a face and a back veneer
glued to each side of a core. Additional plies may be added to make a panel
which 15 stronger and more stable dimensionally. An established way to achieve
a high rate of produvction is to reduce the glue-curing time by heating the
glue while pressure is being applied to the panels. One way to do this is to
heat the metal plates whick apply the pressure, penerally referred 1o as a
"hot—press™ process. Another way 1s to generate heat in the glue—lipe with
radio-frequency (R/F) radiation in much the same way that food is cooked in a
microwave oven. In this "R/F-press”™ process, the hydraullc press only applies
pressure. “Cold-press” processes, those for which pressure 1s applied while
the boards are maintained between 60° and 100°F, require much longer
periods of time for the glue to cure.

For most applications, the glue which currently provides the best performance
for the least cost is a urea—-formaldehyde (U/F) resin adhesive. The core may
be venecer, particleboarxd ("chip—core”), fiberboard, or a piece of edge-glued
solid-wood "lumber-core." Almost all particleboard and fiberboard are made
with formaldehyde resin binders, and a formeldehyde resin glue may be used to
assemble lumber—core. To improve the appearance of a panel, the core may be
"banded” with solid wood edges prior to veneering. Here again, the adhesive
may contain formaldehyde. A variety of hardwoods and softwcods, incluling
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oak, walaut, poplar, and pine, are used for veneer stock. Some plastic
laminates are being wsed for certain products; usuvally these panels are
cold-pressed.

The veneers are received 1in flitch form, thin strips bundled togecher as
they were cut from the log. The wveneer flitches are pressed, trimmed, and
jolned into sheets, which are then cut to the proper size for the panel
being produced. The large panels of particleboard and fiberboard are cut
intc pieces of the appropriate nominal size. The cores are then banded, if
necessary, and trimmed to the desired size. This plant does not have
facilities for manufacturing lumber—core.

Most of the flat panels produced use particleboard or fiberboard for the
core. Some lumber-core i1s used. Three—-ply panels, from all types of cores,
make up about 90% of the total production. Less than a f£ifth of the panels
praduce are coeld-pressed.

POTENTTAL HAZARDS

Formaldehyde is emitted whiie the boards are being pressed, alihough the
escape of vapors seems somewhat restricted by the closed press. Conse-—
guently, much formaldehyde vepor is released when the press opens. The
emlssion of foymaldehyde from the hot boards continues as the boards are
unloaded, stacked, and cooled. The primary route of exposure is inhalacion.

The cold resin does not give off much formaldehyde; thus the mixing and the
spreading of the giue and cold-press operations are not considered to be
significant sources. Edge-pluing operatioms for making lumber-core and for
banding, which are characterized by much smaller glue lines and more mechan—
ization, are alsc not consldered significant emitters of formaldehyde.
There is the potential for dermal exposure during the glue-mixing, panel
lay—up, and press loading operatioms.

Formaldehyde 1s a commonly used substance in many industries as well as in
medicine and biology. Those whe have been exposed te high concentrations of
airborne formaldehyde can attest to its ability to make the eyes water and
cduse & burning sensation in the nose and throat.

This peotential for irritation uecessitates that formaldehyde exposure be
limited to a few parts of the substance per million parts of air {ppm). The
0SHA permissible exposure limit is an 8-hour time-weighted average of 3 ppm
with a two-level celling limit for excursions above 3 ppm. However, from a
review of known health effects and exposure levels completed in 1976, NIOSH
determined that workers can still experience significant discomfort even
though these limits are adhered to. Based on these findings, the NIOSH
"Criteria Document: Recommendations For an Occupational Exposure Standard
for Formaldehyde" recommended that workers not be exposed to more than 1 ppm
in any 30-minute periecd.

In the past few years, the results of experiments conducted by Batrelle
Columbus Laboratories for the Chemical Industry Institute of Toxicology and
by New York Imiversity's Institute for Envirocmmental Medicine, each lasting



approximately 2 years, have linked formaldehyde to cancer in laboratory
animals, albeilt at exposure levels higher than those found in most plants.
NIOSH reported these findings in "Current Intelligence Bulletin 34," published
in April of 198i. In another recent study, conducted £for the Formaldehyde
Institute, no cancers ocecurred Iin animals exposed for & months to formaldehyde
at 3 ppm and below under different experiment parameters. There has been
considerable debate about the coaclusions which should be drawn from these
results. With all that has been learned, there 1s still much that is aot
known about how formaldehyde is related to cancer. !

But the fact remains that formaldehyde 1s a potent Iirritant; and, at this
point, it cannot be discounted as a potential carcinogen. For this reason,
NIOSH recommended in CIB 34 that, until the cancer risk to workers exposed to
various levels of formaldehyde is determined, as a prudent public health
neagure, occupational exposures should be contrelled to the lowest level
feasible sith engineering controls and good work practices.



METHODOLOGY,
Alr movement and alrborne formaldehyde concentretions were measured to eval-

uate the effectiveness of the contrels. Table 1 lists some of the major
pieces of equipment used.

Table I. Egulpment Used on Fleld Surveys.

Item Model Used for
Hot-wire anemometer Kurz model 441 Air velccity
Hot—wire anemometery TSI model 1650 Alr velocity
Pocket anemometer RKurz series 480 Afr Velocity
Pitot tube 5-ft = 5/16 ©OD Air velocity pressure
Pitct tube 2-ft % 3/16 OD Air velocity pressure
Incliped manometer Dwger 0 - 1 1n. Aly welocity pressure
Personal sampling pump MDA B0B personal twa® samples
Personal sampling pump DuFont P-200 area twa* samples
Organic vapor monitorx CEA-555 eontinuous monitoring
Detector tubes Ixrager 0.5a short—term samples

* time-weighted average

MEASUREMENT OF CONTROL PARAMETERS

The volumetric flow race through each of the three major HVAC ducts entering
the press room was wmeasured hy performing pitot—-tube traverses. The three
rectangular ducts were each divided into cvells, with approximately 6-inch
centers. For one of the ducts, there was no lecation sufficiently far away
from some tLype of disturbance, and due to the preseace of numerous outlet
grills on the dect and obstructions around the duct, only one site was pos—
gible. The airflow from the supply-alr system was checked by measuring the
velocity of the airstream from each of the cetlets with a hot-wire anemo-
meter. For each outlet, the average velocity was determined from a lo-point
traverse on approximately 5—inch centers.

The wolumetric flowrate through the local exhawst ventilation (LEV) system was
estimated by measuring the velocity of the alrsiream from the discharge ducts
on the roof. For each opening, two l0-poimt traverses, 90° apart, were
conducted with a hot—wire anemometer. The airflow into each LEV hood was
estimated by measuring the average velocity at the face of ezch slot with =a
hot—wire anemometer.



Alr movement at various points Im the vicinity of the LEV hoods and the work
stations, chrough the doorways into the press rocom, and at other selected
points in the press reoom was assessed by cbaserving the flow of smoke from a
smoke tube. Where there seemed to be a relatively steady airflow with a
measurable velocity, the average veloclity was determined using a hot-wire
anemometer.

Teo determine daily personal exposures and average concentrations at selected
points in the plant, personal and ares samples for formaldehyde were collected
using Supelco XAD-2 Formaldehyde BResin tubes and personal sampling pumps
calibrated for approximately 50 milliliters of air per minute (@l/min). The
solid sorbent tubes were analyzed for formaldehyde according to NIOSH method
P&CAM~154, a procedure involving desorption of a formaldehyde reacrion product
from the sorbent coating and analysis by caplillary—coluen gas chromatography
with flame ionization detection. The analysis was performed with the following
modifications: the desorption solution contained 0.25 ul/wml hexadecane as an
internal standard; the oven conditions were 8 minutes at 1609C, programmed
at 329C/minute to 200°C, A 25m x 0.20um ID flexible fused silica Carbowax
capillary column was used with a Hewlett—Packard Model 5711A gas chromatograph
wlth a flame ionization detector. Helium was used as the carrier gas in the
split mode of operation with a aplit ratio of 20 to 1. The limit of quanti-
fication for this methed is typically 5 micrograms of formaldehyde per tube.
Theoratically, saempling at the maximum rate (for this method) of 50 ml/min for
over & hours should detect concentrations less than 0.25 ppm.

All workers in the press room were sampied, including thoese responsible for
moving panels to be pressed into the press room and moving pressed panels to
the cooling/staging area. Some area samples were spaced throughout the press
room. One glue—-spreader crew and the glue-wmix man were sampied and an area
sample collected at each of the two locations. In the warehouse, two workers
were sampled and two area samples were collected. Five other area samples
were c¢ollected: one each in the lunch room, by the edge~gluing spray booth,
close to the ccld-press gperation, in the veneer inspectimg department, and in
the sanding area-—the latter two only on the last two days.

Upon first recelving the results from the lab, a definite bias in the reported
values was noticed, seemingly stemming from a wide difference in the background
levels of the different lots of tubes. The results used to asseas the controls
{tabulated in Appendix A.) have been corrected for the field blank walues of
egach lot to compensate for this background level difference; however, due to
an undetectable backgrowmd level ion four of the lots of sclid sorbent tubes,
this correction deserves some comment.

Essentially, the blank correction procedure involves shifting the calibration
curve representing the gross analyte signal to one representing the net analyte
signal with the zero point corresponding to the average field blank wvalue.
Mathematically, for each sample, the average field blank walue of 1lecs lot is
subtracted Zrom either the reported value of the sample or the limit of detec—
tion for the lot, whichever is greater. For the four lots for which the area
under the formaldehyde peak of the gas chromatograph response for each of the
blanks was below the Integrator threshold, this involved subtracting a nega—
tive value.



In accordance with guldelines published by the American Chemical Society, the
limit of detection is taken to be the walue which is three standard deviations
ebove the average field blank value for each lot. Since there are only two or
three field blanks for each lot, it is felt that a standard deviation calcu-
lated from these few samples would not be a good estimate of the field blank
variability. Therefore, the varfance of the pgross analyte signal has been
estimated by calculating a reot mean square error from a least squares regres—
slon of the calibration data. This yieldad the same limit of detection value
reported by the laboratory. Assuming that the variebility of the blank—-tube
background level for each lot of sample tubes is no greater than for the tubes
used to determine the calibration curve, this detection limit can he used for
all sample results. This assumption 1s supported by calculations of the
variability of the quality contrel samples run during the analysis of the two
groups of tube lots and of the variability of the blank background level for
the two lots (16 and 17) of tubes with detectable background levels on the
blank (umexposed) tubes.

The daily results for each location category were averaged to obtain the
results presented in Tables 3 - 8. For those samples which were reported to
be below the detection limit (BDL}, eicher the detecticn limit {the value in
parentheses in Tables A-l1 and A-2) or half this wvalue was used in computing
the average concentration. If more than 50 percent of the values to be aver-
aged were below the limit of detection, then the detection limit was used and
the average 1s preceded by a "less than" symbol in the table. Otherwise, a
value equal to half the detection limit was used as an estimate of the sample
councentration.

The air at various points around the presses was analyzed for formaldehyde
using a CEA-355 Organic Vapor Monitor to ascertain the order of magnitude of
representative short-term formaldehyde concentrations. The CEA-355 contin-—
uously analyzes a sampled airstream for formaldehyde, employing a colorimetrie
procedare. Thus, this method is appropriate for evaluating short—term and
ceiling exposures, but It has not yet been validated for determining compli-
ance with standards. Also, only area samples were taken with this instrumeat
on this survey. Therefore, these results should not be directly compared to
any OSHA standards.

The standard "CEA 555-F0: Formaldehyde ian Air” procedure was followed. The
full-scale calibration for the CEA~555 that day was 1 part formaldehyde per
million parts of air (ppm); the full-scale rise time for responding to the
calibration input was approximately 4 minutes.

Some short-term samples for formaldehyde were also taken with colorimetric gas
detector tubes. Some of these samples were taken c¢lose to the location of a
CEA sample, but not necessarily at the same time. The tubes (Draeger 0.5/a)
have a detection range of from 0.5 to 10 ppm. The manufacturer states that a
standard deviation of 30 cto 20 percent (relative to the mean, with the higher
value corresponding to the lower range of measurement) be associated with this
type of detector tube. Thus, this method only provides a rough estimate of
formaldehyde concentration, nob scceptable for evaluating compliance with any
OSHA standards. It i1s, however, an appropriate method to determine approx—
imate breathing-zone and area concentraticns for the purposes of this study.



CONTROL TECHNQOLOGY
INTRODUCTION: PRINCIPLES OF CONTROL

Cecupational exposures can be controlled by the application of a number of
well-known principles, including engineering measures, work practices, personal
protecticen, and monitoring. These principles may be applied at or near the
nazard source, to the general workplace environment, or at the point of occu-
pational exposure to individuzls. Controls azpplied at the source of ‘the
hazard, including engineering measures {material substitution, process and
equipment wodification, isolation or automation, local ventilation) and work
practices, are generaltly the preferred and wmost effective means of control in
terms of hoth ocecupational and eavironmental conceros. Controls which may be
applied to hezards that have esceped into the workplace environment include
dilution ventilation, dust suppression, and housekeeping. Coatrol wreasures
may also be applied near individual workers, including the use of remote
control rooms, d1sclation booths, supplied—-air c¢abs, work practices, and
perasonal protective equipment.

In general, a system comprised of more than one of the above control measures
may he required te provide worker protectlon under normal operating conditions
and also under conditions of process upset, failure and/or maintenance.
Process and workplace wmenitoring, personal exposure monitoring, and medical
monitoring may bhe used to provide feedback concerning the sffectiveness of the
controls in use. The maintenance of equipment and controls to insure proper
operating conditions and the education of and commitment from both workers and
menagement concerning occupational health are alse important ingredients of a
complete, effective, and durable control system. :
Not all principles apply te all situations, and their optimal application
varies from case—-to—case. The application of these principles at the Hillerest
Veneer Plant is discussed below.

PRESS ROOM
Description

A room has been constructed for the hot-press operation. Three concrete-block
walls were erected from floor to ceiling, enclosing a space {100 x 120 ft)
along the neorth wall of the bullding. Eighteen dcoorways of wvarious sizes
maintain an unimpeded movement of workers and materials, while reducing the
surface area for airflow between the press area and the rest of the plant by
85 percent to less than 400 square feet.

Hot—-press veneering is accomplished on one of four steam—heated platen presses,
operated at around 2509F. There are twe multiple—opening presses {(one ten-—
and one six-opening}, a shuttle press, and a feed-throngh press. 8tacks of
panels to be pressed are moved into the press room on roller conveyors by the
matexial handler, Afrer belng pressed, stacks of panels are moved on ancother
set of roller conveyers by the expeditor toe the staging area of the reoom to
cool and awalit further processing. Hot-press production was averaglng about
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40,000 square feet per day at the time of the survey, usually approximately
equally divided hetween the four presses.

Controls
Although the three types of presses are different, they each have similar

control systems. In addition to enclosures around each presa, the press room
features a well-enpgineered ventilation system, which is summarized in Table 2.

Table 2. Press—Room Ventilation Flow Rates.

Volumetric
Ventilation Category Flow Rate, cfm

Total Exhaust 93,000

Local Exhaust Ventilation 63,000

General Ventilation 30,000
Total Make-up Air 65,000

Functional Supply Air 18,0060

General Heating, Ventilation, & Adr—Conditioning 47,000

Local exhaust wentilation (LEV) hoods have been installed above each of the
press openings and above the area where the panels are stacked upon being
unloaded from the press. Approximately 63,000 cubic feet of air per minute
(fe3/min or cfm) is exhausted by the four press LEV systems combined.
Another 30,000 ¢fm 1is removed by the four fans installed in the press room
ceiling to exhaust vapors which have risen to the ceiling zone.

Supply-air outlets, each with a 3 square—foot opening, have been installed
above the location where each press worker stands most of the time while
working., The 16 outlets {4 at each press) blow a total of approximately
18,000 cfm of air into the press room through a press worker's breathing
zoneé. An additional 47,000 cfm of air is supplied to the room by cthe HVAC
system to replace mosr of rhe air removed by the exhaust ventilation system. A
large supply fan installed in the press room ceiling can be run to bring in
large quantities of outside air when heat in the press room is excessive. This
fan was not used during our survey, and its volumetric flow rate was not
reasured.

There is a net deficit of make—up air supplied to the room of spproximately
28,000 cfm which flows through the open doorways of the press room. Host of
this enters throvugh the eight docrways on the west side of the room. Some air
{(about a fourth of the amount than enters} flows out of the press room through
open doorways on the east and sourh sides of the room. The result is a mild
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alrflow across the press room from the west side to the south and east sides
averaging less than 20 ft/min.

Sampling Results

Although all time-welghted average conrcentrations were quite low (none exceeded
C.5 ppm averaged over the 3 days of sampling). Table 3 shows that the average
press-room formaldehyde concentrations were somewhat greater thamn the average
for the general plant--mot including the warchouse and the panel lay-up areas.
Table 4 shows chat the area concentrations for the west side of the press room
were hipher than for the glue—spreading/mixiag area on the other side of the
west wall, and the east-side coacentrations were higher than those for the
cold-press and sanding asctivities on the other side of the adjzcent press-room
walls.

Tahle 3. Press~Room and Plant Time-Weighred Average Area Concentrations.

Number of  Average Concentration Standard Deviation

Area Samples ppm ppm
General Plant 13 # £0.18 0.02
Press Room 23 1 G.25 0.07

3L . T

Table 4, Press-Room znd Adiacent Area Time—Weighted Average Concentrations.

Number of Average Concentraticn Standard Deviatien
Araa Samples ppm ppm

Glue Spreading

and Mixing 6 <0.19 0.02
Press Room ~ West 6 0.19 0.08
Press Room - Center 9 0.23 0.04
Press Room ~ East 9 0.30 c.09
Cold~Press/Finishing 5 ; %0.,19 0.02

.

Within the press room, measured area concentrations were higher on the east
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side than either the west or central regions., (Refer again to Table 4.) As a
group, the workers loading the presses were exposed ta half as much formalde—
hyde as the unloaders. In fact, as can be seen in Table 5, the average
exposure for the loaders was less than the average area concentration for the
west and central region of the press room. The average exzposure for the
unloaders, including both operators Ffor the shuttle press and the expeditor,
were somewhat gpreater than the average conceniration for the easi and central
reglons.

Table 5, Press—Room Time-Weighted Average Personal and Area Concentrations.

Number of Average Concentration Standard Deviation

Grouping Samples ppm pPpm
West and Central Areas 14 W DL21 0.06
Loaders= 13 v 0,17 0.06
Unloaders®*® 16 § 0.35 0.15
East and Central Areas 17 e 0L27 0.08
]
- 1 -)

* not including the shuttle-press west—side operator

%  including the shuttle-press east-slde operator and the expeditor

Digcussion

While it seems clear that the pressing cperations and the stacks of hot boards
are sipnificant sources of formaldehyde, the worker exposure at this plant was
low due to the excellent contrel of these emissions. In faet, the difference
in average concentration between the loading and unloading sides of the press
may have been accentuated by a slight ambient airflow from west to east within
the plant. This was mostly due to the large quantity of alr exhausted at the
far east eud of the plant by the dust comtrol systems on the sanderz and other
finishing equipment., This flow was not strong encugh to cause significant
cross—drafrts and did not seem to be otherwise detrimental to coatrol in the
press rToom,

The dadily level of production did not seem to have a major effect on the
ayerage concentratlons. This 1s consistent with the existence of an effective
contrel system. If the system were not able to handle the formaldehyde
emissions, additional emissions from increased production would show up as
greater measured concentrations.

Alrhough it is difficult to assess individually each of the four presses due
to their being situated so close together in the press room, there are some
unique aspects of controlling each press. These are discussed in the
following three sections.
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MULTIFLE-OPENING PRESSES
Description

The mulitiple-opening presses are characterized by a series of heated, thick,
metal plates, one ahove the other, which open for loading and unloading and
close to apply pressure. As is typical for this type of press, processing the
panels through the press is facilitated by sandwiching the panels te be pressed
between large, thin sheets of metal called caul plates. Each of the multiple-
openlng presses has an automated loading mechanism. Four workers are required
to operate each press: two Ilcaders and two umloaders.

While the previous load is heing pressed, the loaders prepare a stack of
triplets, each consisting of a caul plate, a layer of panels, and another caul
plate—-—one triplet for each opening of the press. When the press opens, one
worker pushes—out the Criplets of pressed panels. Then the next load is
incerted into the now-empty openings. After the press has been loaded and
activated, and informaticon about the current leoad of panels has been recorded
on the production log, they begin preparing the next load.

Meanwhile, the wunloaders are separating the pressed panels from the caul
plates, stacking the panels and standing the caul plates on edge on a wheeled
plate rack, Then they move the stack of panels on reller counveyors Lowards
the finishing area, push the rack of caul plates to the plate cooling area,
and wait for the next load.

The ten—opening press does not necessarily produce more panels than the six-
opening press by virtue of the greater number of openings because additional
time is needed to load and unload another four layers. In fact, during our
survey, the six-opening press produced a slightly greater square—footage each
day than the ten=opening press.

Controls

The sides of the presses were enclosed with sheet metal to reduce tha effact
of the steam and the heat. The enclosure featured doors to provide access for
maintenance. The Ccen-opening press was fitted with plastic curtains arcund
the unloading area.

The hood above each opening had a single 6~ by 96-inch slot with a £fiange
projecting 12 inches in front, 3 irches to the rear, and 9 Inches on each
side. Each of these hoods exhausted an average of 4500 cfm of air with an
average veloclty of 1100 feet per minute (ft/wmin) at the face of the hood. The
hood above the opening on the unloading side of each press was located Just
above the level of the top cpening. On the loading side, the hood must clear
the automated loading mechanism and, thus, was over 2 feet above the top
opening.

The bhoods above the stacks on the unloading side each had a single 9- by
60-inch slot and exhausted an average of 3500 cfm with an average face
velocity of 900 fe/min. Having to be high enough to clear a rack of plates
being pushed through the aisle, the hoods on the adjacent sides of the two
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presses were approximately 7 1/2 feet above the floor. On the other side of
each press, the hoods were only about 5 feet above the floor.

The supply—-air outlets for the unloaders of both presses and for the loaders
on the slx-oepening press were located roughly in line with the side edges of
the caul plates and approximately 2 feet heyond the cormer of the caul platasg
as they lay omn the locading or wnicading platiorm. For the lcaders of the
ten—opening press, the supply-air coutlets were approzimately 4 £feet beyond
this corner position. For the multiple-opening presses, volumetric flow rates
for the supply—air outlets ranpged from approximately 800 to 130C¢ cfm, with an
average exit velocity of 350 fr/min.

Sampling Results

Table 6 shows that the persomal and area time-weighted average concentrations
¢n the loading side were less than on the unloading side. Not shown in the
table is the fact that the daily average valuee for the ten-opening press were
slightly less than those for the siz-opening press.

Table 6, Multiple-Opening Press Time-Weighted Average Personal and Area
Comecentrations.

Number of Average Concentration Standard Deviation

Grouping Samples ppm Ppit
West and Central Areas B 0.22 .06
Loaders 11 0.17 0.06
Unloaders B D.31 0.16
East and Central Areas il 0.26 0.07

Continuous sampling at various areas arxound the multiple—opening presses
showed levels generally less than 1 ppm, except immedlately in front of the
input openings and around the unleading operatioms. Personal breathing-zone
detector-tube samples of cne loader on each multiple-opening press pushing-out
a locad of pressed panels (a potentially high—exposure activity) indicated
exposures less than I ppm, and this activity occupled less than 1 minute out
of every 20 for these workers.

The highest readings on the unloading side, those teken to assess the relative
source contribution above the stacks under the ventilation, were over 2 ppm.
Other comtinuous samples in this area were geperally less than and never much
greater than 1 ppm. BEBreathipg-=zone detector~tube samples for some of the
unloaders Iindicated short-term exposures between 1 and 3 ppn.
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Discugssion

Airfiow around the press and the werkers was well centrcolled ezrcept for the
ten—opening press loaders, who received omply about 50 fr/min airflow from
their supply—air outlets compared to 250 ft/min for their counterparts om the
six—opening press. This may be due to the fact that the ten-opening loaders
worked over 3 feet away from thelr supply-air outlets while supply—-air was
lntroduced almpst directly above the six-opening press loaders when they steod
at thelr work starions. ’

Afrfiow for each of the unloaders from the supply-air ocutlets was approxi-
mately 250 ft/min. For each press, the lower hood above the pressed panels
belng stacked captured the air above the stack better than the higher hood.
For both presses, the capture zone from the hood above the unloading opening
extended approximately 2 feet out from the press. The supply alr was effec-—
tive in improving control in the breathing-zone of the unloaders ir the area
from 3 to 6 feet ount from the press. The airflow to control ezposures in this
region for this type of press must be carefully directed s0 as to be minimally
interfered with by movement of the workers and the large metal caul plates.

SHUTTLE PRESS
Deseription

A two-level shuttie press is manned by two workers, one on each side (east and
west). Each worker loads panels to be pressed from & roller conveyor aleng
the north side of the press, onto the single tray which i1s out of the press on
his side. When that load goes into the press, the other tray comes out c¢i the
press. The worker goes around to the south side of the press and unloads the
pressed panels, then bhack arcund to the nerth side to start another load.

Controls

The control system for this press was similar to that for the multiple—ocpening
presses: hoods above the opening on each side (east and west) of the press,
hoods above the roller conveyor where the pressed panels are stacked upon
being unloaded from the press and supply—air outlets shove each work station
on both sides (north and south) of the press.

The hood above each press cpening had a 6~ hy 78-inch up-draft slot with a
flange extending 12 inches in front, 3 inches to the rear, and 2 inches on
each side, These hoeds were about 1 foot above the level of the plates. They
each exhausted abour 4000 c¢fm with an average face wvelocity of over 1300 cfm.
The heoods above the stacks each had a % by 60-inch side-draft slot with a
flange. They exhausted approximately 3000 cfm each with &an average face
velocity of 800 cfm,

Three of the supply-air outlets for this press were located roughly at the
corner of the plates at their full~out position. The supply-air outler for
the unlcading station (south gide) on the west side of the press was positioned
closer to the stack of newly pressed panels than to the press platfoerm. The
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supplied flow rates ranged from 600 to 1100 <fm with an average exit velocity
of 290 ft/min.

Sampling Results

Tazhle 7 shows that the average personal exposures for each operator on this
press are preater than the average concentrations for the area in which he
works. The continuous sampling showed levels around the press less than 1
ppm. A breathing-zone detector-tube sample for the worker wnloading on the
west side of the press indicated approximately 3 ppm.

Table 7. Shuttle-Press Time-Welghted Average Persconal aad Area
Concentrations.,

Number of Average Concentration  Standard Deviacion

Grouping Samples ppm Ppm
West and Central Areas 9 0.23 0.67
West—-side Cperator 2 0.31 0.01
East—side Oparator 2 0.39 0.17
East and Central Areas 12 0.28 0.07
Discussion

The time—weighted average exposures Ior the worker on the west side were
higher than those for the loaders on the other presses. (Compare Tables 4 and
7.) This indicates that the unlecading operation and the stack of hot panels
was a significant source of exposure.

The fact that the persomal and area time-weighted average concentrations on
the west side of the press were lower than theose on the east side 1Is probably
due mostly to the generally higher average concentrations for the east side of
the press room. Another factor may be that on the west side of the press,
there wag a mild amhient airflow diagonally across the platform towards both
the press opening and the stack of pressed panels. For the most part, this
airflow alded the local exhaust ventilation, which had a capture zone up to 2
feet from the sleot. However, on the other side, there was less air movement
beyond the capture zones of the hoods, and these zones seemed somewhat smaller.

Generally, the supplied airflow did not seem as effective as for the multiple-
opening presses. This is primarily due to the fact that the job tasks for
this type of press force the workers to spend most of their time working
outslde the airflow provided by the supply-zir outlets.
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FEED~-THROUGH PRESS
Degcription

A Wemhoner feed~through press is operated by two workers; & loader and an
unloader. The loader places the panels to be pressed onto the loading-platform
conveyor belt. When he has filled the proper area of the platform and the
load being pressed is finished, the new load 1s conveyed into the press as the
pressed panels are rolled out onto the unloadiag—platform conveyor belt.
Having only to press a foot pedal to move the conveyor belt, he is able te
work at the end of the platform approximetely 20 feet from the press opening.

The unloader activates the unloading-platform belt and hydraulically raises
the end of the platform, feeding the panels off the platform onte stacks being
formed against a back=-plate. She primarily monitors and controls the stacking
of the pressed panels. She spends most of her work-time at the end of the
placform, approximately 25 feet from the press exit opening.

Controls

The centrol sysitem for this press was aimilar in principle te the other ones:
hoods above the openings on each side of the press, a hood near the stacking
location, and four supply—alr outlets. The hood above the press input opening
had a 5~ by 80-inch up-draft slot with a flange extending 15 inches in front
and 1 inch to the rear. The one above the exit opening had a 6- by 80-inch
up—drafr slot with a flange extending 15 inches in fromt and & inches on each
gide., Each hood was less than 1 foot above the platform level. There was
only one hood above the stacking area, It had a 5~ by 80-inech side-draft slot
with a flange extending about 12 1nches above and 6 inches on each side. This
heod was positicned about 4 ieet abeove the platform, approximately Z feet in
from the stacking end, witk the slot on the stack side. These three hocds
each exhausted about 4000 cfm with an average face velocity of 1450 cfm.

The four supply—air ocutlets were posltioned at the outer corners of the press
platforms, aligned with the side of the platform about 5 feet from the end of
each platform. The volumetric flow rates ranged from %00 to 1500 cfm with an
average exit velacity of 410 ft/min.

Jampling Results

Table & shows that the personal snd area time-weighted average concentrations
on the east side of the press were higher than these on the west side. Short-
term continucus sampling at various locations around the press, including near
the press openings and at the work statioms, showed levels ranging from approx-
imately 0.5 ppm to slightly greater than 1 ppm. A detector-tube sample
collected in the unloader's breathing-zone while panels were being unloaded
indicated approximately 1 ppm.
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Table 8. Feed-Through Press Time—Welghted Average Personal and Area
Concentrations.

Number c¢f  Average Concentyation Standard Deviation

Grouplng Samples ppn ppm
West Area 3 0.20 0.11 !
Loader 2 G.13 0.07
Unlcader 3 0.35 0.23
East Area 3 0.34 0.09
Discussion

The hoods abeve the openings control the emissions from the ends of the press
and captured emissions at least 2 feet out from the openings. Except at the
loading end, the general room airflow from west to east was not as promloent
around the feed-through press. The loader stood in a mild flow from the panel
lay-up area just beyond the west wall of the press room. Some fresh alr was
provided by the supply-air outlets, but these were too high and teo far away
from his work area te contribute much airflow directly into his breathing-zone.

Due to the location of this press and cthe position of the work stations with
respect to the amhient airflow, the unloader was probably exposed to emissions
for the sghuttle press as well as from the hot panels being unloaded from the
feed-through press. The hood above the end of the unloading platform captured
much of the air rising from the stacks, but most of the air above the unloading
platform drifted upward and toward the center of the room. On this side, not
only were the supply-air outlets positicned away from the actual work station,
but z2lso the recently constructed stacking structure iInterfered somewhat with
the supply airflow.

OTHER AREAS OF THE FLANT
Description

In a warehouse on the south slde of the bullding, c¢ore—stock 1s stored and
inspected by one worker to ascertain that the dimensions are as specified in
the order. The core-stock warehouse, a room enclosing approxzimately 20,000
square feet, 1s mostly separated from the general plant by rooms along the
south wall of the plant except far a 40~ x 10-foot passageway opening.

In the west half of the plant, the veneer sheets are prepared for panel lay-up.
After the veneer strips have been trimmed, glue is applied to the edges by one
worker who sprays the side of a stack of the strips. This operation uses a
high-solids U/F adhesive, different from the glue used in laminating the
panels.
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In the panel lay—up area, the panels are prepared for pressiang by one of the
three glue-spreader crews. Three people are assigned to each glue spreader.
The appropriate layers are passed threugh the glue spreader, and the stack of
panels is bullt-up like a pile of sandwiches. The stack is moved to the
loading end of a press on roller conveyors.

On an elevated platform constructed over this area, glue for panel lamination
is mixed. One worker is responsible for mixing the U/F adhesive used for flat
panels. :

{ontrols

There are four wall fans and two ceiling fana for the warehouse. The wveneer
edge—giuve spraying is performed on a cart about 3 feet in fromt of a spray
booth, with the spray directed towards the booth. The other areas of the
plant have only the building HVAC system, except when equipment 1s fitted with
local exhaust ventilation for dust control,

Sampling Results

Personal and area Lime-weighted average concentratlons indicated that the
levels in these and prebably other general plant areas were very low, averaging
less than 0.2 ppm over the 3—day sampling period. In the ilunchk room and the
veneer inspecting departmwent, all samples were below the reported limit of
detection for the analytical procedure. A detector-tupe sample indicated less
than 0.5 ppe in the worker's breathing—zone while spraying the high-solids U/F
adhesive on the edges of weneer stips.
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CONCLUSIONS AND RECOMMENDATIONS

The control system at this plant is effective. All sampling results were low
compared Lo existing standards. Nene of the personal or area time-welghted
average concentrations e¢xceeded 0.5 ppm averaged over the 3-day sampling
period. More importantly, continuous and short-term sampling showed that peak
exposures were well controlled, none being measured in excess of 3 ppm. These
levels were achieved with a combipation of area and local exhaust ventilation,
exhausting a total of less than 100,000 cfm from the press room, and supply-air
ventilaticn, infusing approximately 18,000 cfm into the primary work area of
the press workers. Daily production during this period averaged about 10,000
square feet of panels per press.

There are a nunber of features which contribute to the success of this system.
In addition to the LEV, each press has some type of partial enclosure. The
building's HVAC system provides adequate rempered replacement ailr, some of
which 1s supplied into the breathing-zone area of each press work-station.

An operating press will emit formaldehyde on all feour sides. The mixture of
formaldehyde vapor, air, and steam given pff from the press will naturally
rise somewhat because initially it 1s hot. But the het wvapors can cool
quickly, and, even when rislog, they are easlly carried away by cross—drafts.
Encleosing the press blocks cross—drafts, channels the emission upward, and
retains some heat so the rising air leaves the top of the press with a higher
velocity carrying it up to the celling where the general area wveantilation can
remove it from the building. Doors in Lhe sheet-metal enclosure permit access
to the equipment for maintenance.

Placing flanged LEV hoods above the opening of each press controls emissions
ont the opening ends wichout obstruciing the openings. In this plant, the
slots were sized to draw an average face velocity of 1500 ft/min and to exhaust
at least 3500 cfm per foot of press-opening width. In fact, this configuration
draws alr from up to 2 feet from the edge of the slot, exhausting some of the
emissionas from the hot panels while they are still on the unicading platform.

The hoods above the stacks are potentially good for exhzusting much of the
formaldahyde given off by the hot panels wntil cthe stack of panels is moved to
the cooling and staging area at the back of the room. They alsc pravide some
additional ventilation for the wunleading area. These hoods exert better
control over alr around the stack when they are closer to the top of the stack.

The curtains around the pressed—-panel unloadng/stacking area of rthe ten-
opening press add to the effectiveness of the controls——although this cannot
be proven from the survey data due to the relatively hipgh wvariablilty of the
concentrations measured compared to the generally low levels and to the absence
of stromng cross—drafts in the press room. Not only do they block room air
currents which could carry emissions cut into the plant before they were
exhausted through one of the hoods, but they also reduce the area from which
the ventilation draws air, increasing the average wvelocity through the regions
vhere airflow is desired.
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The supply-air veontilation is an exemplary feature, The local exhaust venti-
lation cannot draw alr from all areas where formaldehyde is emitted. Uafortu-
nately, the breathing zones of the workers while performing their Jobs are
ugually among those areas difficult to control with any type of exhaust venti-
iztion. Supplying tempered alr from properly positioned outlets ahove the
workers cleanses their breathing-zone with fresh air and pushes ailr cowards
the local exhaust ventilatiom while reducing the heat stress from working
around the press.

RESEARCH RECOMMENDATIONS

It is possible that the supply—air outlets are not optimally configured. There
is little information available on the design of this type of system. 5Such a
system could be useful In many situations where the source covers a large area
and adequate local exhaust ventilation would interfere with the work. Research
is needed on the quantity of air to supply, the location of the cutlets with
respect to the worker amd the work station, the velocity and direction of flow
of the airstream, and the temperature and humidity of the supplied air.
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Appendix A. Survey Sampling Data

Table A-l1l. Personal Samples.

Date Sample Volume Duration Concentration
Worker mo/dy/yr Lot No. liters wminutes ppm
10-0 Press Loader N 09/21/82 17 B8 26.9 489 0.17
09/22/82 3 10 25,1 5333 0.17
09/23/82 10 33z 22.5 501 0.18
10-o Prese Loader 5 0%/21/82 17 %4  26.9 489 0.23
09/22/82 3 3 23.8 507 BDL*{0.17)
09/23/82 10 330 23.5 499 BDL{(.17)
10-o0 Press Unloader N 09/21/82 17 86 22.2 4RZ 0.48
G9/22/82 3 13 5.7 514 %
09/23/82 12 28 27.2 503 BDL{O.14}
i0-¢ Press Unloader § 09/21/82 17 93  24.4 487 0.21
0%/22/82 3 14 22.3 496 Q.38
09/23/82 i0 329 22.6 502 0.23
b—o Press Loader N 09/21/82 17 100  23.5 469 0.22
09/22/82 3 12 26.9 308 BDL{0.15)
09/23/82 10 334 16.0 445 R
B-o Press Loader § 00721782 17 95 22.0 469 0.23
09/22/82 3 17 24 .9 509 0.26
D9/23/82 12 26 23.4 503 .20
6—a Press Unloader N§ 09/21/82 17 99  21.5 467 0.55
09/22/82 3 15 21.0 524 ak
09/23/82 10 336 23.9 509 c.31
6~c Prass Unloader S 0%/21/82 3 21 10.5 310 sk
09/22/82 3 15 14.9 532 R
09/23/82 10 335 23.2 505 0.25
F-T Press Loader 09/21/82 17 89 3.4 479 ik
09/22/82 3 4 22.6 503 0.18
09/23/82 10 333 25.9 488 BDL{0.15)
F~T Press TUnloaderx 08/21/82 17 87 23.6 481 0.51
09/22/82 3 & 20,7 506 0.44
09/23/82 10 343 22.2 493 BDL(0.18)
Shuttle Press Operator W 09/21/82 17 %0 21,7 482 0.30
09/22/82 3 2 15.9 332 Wk
09723782 10 331 22.0 488 0.31
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Table A-l. Perscmal Samples {continued)
Date Sample  Yolume Duration Concentration
Worker mo/dy/yr Lot No. “liters minutes ppm
Shuttle Press Operator B 09/21/82 17 84 22.8 474 . 0.5L
09/22/82 3 3 3.0 188 *¥x s
09/23/82 10 341 19.7 492 0.27
Bxpeditor 09/21/82 17 9% 21.6 470 D.52
09/22/82 3 1 22.1 480 0.41
09/23/82 10 328 25,9 507 0.28
Material Handler 09/21/82 i7 92 21.5 447 BDL(0.18)
09/22/82 3 19 17.2 479 BDL(D.23)
09723782 12 30 24.8 460 BDL(0.16)
Glue—mix Workaer 09/21/82 17 81 18.1 541 BDL{C,22)
09/22/82 3 16 22.3 465 BDL({D.18)
09/23/82 10 344 17.5 460 o
Glue Spreader Worker A 09/21/82 17 85 19.7 440 0.26
09/22/82 2 305 25,4 470 BDL{Q.16)
09/23/82 12 31 19.9 462 BDL(D.20)
Glue Spreader Worker B 09/21/82 17 83 17.4 445 0.23
09/22/82 3 11 25.1 464 BDL(0.16)
09/23/82 12 27  22.1 460 BDL(0.18)
Glue Spreader Worker C 09/21/82 i7 82 21.3 443 0.26
09/22/82 3 7 21.1 469 EDL(0.19)
09/23/82 12 29 22.6 662 0.22
Forklift Driver 09/21/82 17 98 23.8 440 BDL{0.17)
09/22/82 3 8 25.8 496 BDL(0.15)
09/23/82 16 327 22.5 413 BDL{0.18)
Quality Control Inspector 09/21/82 17 91 21.0 447 G.20
0%/22/82 3 9 22.8 495 BDL(0.17)
09/23/82 10 326 24.0 490 BDL{0.16)

% Below Detection Limit (Limit of Detectlion 1s value in parentheses)

#% Problem with sample, resulting concentration not representative of a
full-shift time—welghted average.,
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Table A-2. Area Samples.

Date Sample  Volume Duration Concentratlion
Worker mo/dy/yr Lot HNo. litexs minutes ppm
Lunch Raom 09/21/82 18 53 20.2 420 BDL*(0.20)
D9/22/82 9 318 24.1 502 BDL(0.16)
09/23/82 12 42 24.0 500 BDL{0G.16)
Inspection Department 09/22/82 9 314 21.2 472 BDL(0.19)
09/23/82 12 40 25.3 496 BDL{{3.16)
Spray Booth 0%/21/82 16 52 18.9 420 BDL(0.21)
09/22/82 9 308 25.5 500 BDL{0.15}
09/23/82 12 &1 23.0 49% BDL(D.17)}
Glue—mix Placform 09/21/82 is 37 18.0 384 BDL{D.22)
09/22/82 9 303 21.7 £33 EDL{D.18)
09/23/82 16 73 22.5 468 RDL(0.18)
Glue Spreader Area 09/21/82 i6 65 19.3 378 BDL{D.21)
09/22/82 9 300 20.5 437 BOL(0.19)
09723/82 12 34 22.9 467 BRL{0.17)
Press Room Area 1 09/21/82 16 538 20.8 442 0.30
09/22/82 9 313 24 .4 AbLl n.22
09/23/82 16 74 25.2 514 BDL{0.16)
Press Rocm Area 2 09/21/82 15 54 18.8 401 BDL(0.21)
09/22/82 g 306 22.5 4499 0.20
09/23/82 12 38 23.8 506 G.24
Press Room Area 3 n9/21/82 16 59 23.0 434 0.23
D9/22/82 9 312 23.1 491 0.26
09/23/82 12 44 23.0 511 0,17
Press Room Area 4 p9/21/82 156 51 19.1 424 D.26
09/22/82 9 316 24.5 501 0.25
09/23/82 12 37 24,2 504 0.29
Press Room Area 5 09/21/82 16 &2 20.8 434 0.37
097227682 9 301 23.9 498 0.41
09/23/82 i2 43 25.5 509 g.23
Press Room Area 6 09/21/82 16 60 20.4 425 0.27
09/22/82 4 309 25.6 501 3.32
09/23/82 16 75 25.9 508 0.33
Press Room Area 7 09721/82 16 63 20.9 435 BDL{D.19)
09/22/82 9 315 23,5 501 0.33
09/23/82 12 Ja 26 .4 3049 0.33
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Table A~2. Area Samples {continued)

Date Sample Volume Duration Concentratio
n
Worker mo/dy/yr Lot No, 1liters minutes ppm
Press Room Area 8 09/21/82 16 69 10.3 205 L
09/22/82 9 317 240 499 0.19
00/23/82 i2 39 25.8 506 0.21
Sanding Room Area 09/22/82 2 310 22.1 480 0.22
09/23/82 12 45  23.1 492 BDL(0.17)
Cold Press Area 09/21/82 16 56 19.5 383 BDPL(0.20}
09722782 9 304 24.9 509 (.20
09/23/82 12 33 22.2 493 BDL(0.18)
Warehouse Area A 09/21/82 16 64  21.2 432 0.20
09/22/82 9 307 23.2 484 BDL{0.17)}
09/23/82 12 32 24.3 506 BDL{0.16)
Warehouse Area B 09/21/82 16 6l 20.8 434 BDL{0.19)
09/22782 9 302 23.5 439 BDL{0.17)
09/23/82 12 35 23.7 505 BDL(0.17)

* Below Detection Limit {(Limit of Detecticn is value in parentheses)

#% Problem with sample, vesulting concenttration not representative of a
full-shift time-weighted average.
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