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1. INTRODUCTION

BACKGROUND FOR CONIROL TECHNQOLCGY STUDIES

The National Institute for Gceupational Safery and Health (NIOSH) ia the
primary Federal agency engaged 1in occupational safety and health research.
Located in the Department of Heslth and Human Services (fommerly DHEW), it waa
established by the Qccupational Safety and Health Act of 1970, This
legislatilon mandated NIOSH to conduct a numbar of research and education
programs separate €rom the standard setting and enforcement functions carried
out by the Occupational Safety and Health Administration (0SHA) in the
Department of Labor. An ipmportant area of NIOSH research deals with methods
for contralling accupational exposure to patential chemical and physical
hazards. The Engineering Control Techmology Branch (ECTB) of the Division of
Physical Sclences and Engineering has been given the lead within KIOSH to
study the engineering aspects of health hazard prevention and control,

Since 1976, ECTE has conducted a mumber of assesasments of health hazard
control technology on the basis of industry, common industrial process, or
specifie control technlques. Exanples of these completed studies include the
foundry industry; various chemical manufacturing or procegsing operations;
spray painting; and the recirculation of exhaust air. The abjective of each
of these studies has been to document and evaluate effective contrel
techniques for potential health hszards In the Industry or pracess of
interest, and to ereate a more general awareness of the need for or

availabllity of an effective aystem of hazard control measures.

In thepe studies, an attenpt is made to evalnate both the "effectiveness” and
the "efflciency” of the control systems. Effectivenegss may be defined az “the
capability of the system to maintaln work expogures at or below a stated
hygienic standard or design exposura level,” Thus, it iz a function both of
the control system and the hazard potential of the material being contrelled,
For example, a specific control system may be "effective” in controlling one

type of nufsaace dust (e.g., PVC or acrylfic resin dusts); whereas, it may be
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"ineffective” in controlling a more hazardous type of dust {e.g., cadmlum or
cobalt salts).

"Control efficiency,” howaver, may be defined am "the proportion of the dust
removed from the environment by the control system relative to the total dust
potentially emitted by the system,” Qur evaluaticns of "control efficiency”
normally are indirect, approximate, and relative, since it ia usually not
feasible to measure the total amount of a potential emission scurce without
major digruption of the control system and/or produckion operations. A
contrel system may be highly "efficient” in contrelling a dust source (e.g.,
95% efficient); yet, it may be, at the same time, "fneffective,” 1f that 52
emission results In exposures in excess of the hyglenic standard. Conversely,
a system may be of a low control efficlency (e.g., 50-80%); yet, 1t may be
"effective,” 1f the dust is relatively non-hazardous or the potential emission

rate is low.

In this study, we define a term of "relative control efficiency index” as:

Cp
Er-___..
Cs

where Cb is the area or background dust concentratlen and Cs la the duat
concentration at the potentlal source. As the source concentration, CB,

approaches the background concentration, (Gb),

Cp
— %1 and Ep-» 1 or 100,
CB

Convergely, as Cs greatly exceeds Cb’

Cy
— )

Ca

or the relative control efficiency index appreaches zero.



L.

These studies involve a number of steps or phases, Initially, several
walk-through surveys are conducted to select plants or processes with
effective and potentially transferable control copcepts or techniques, Next,
ln—depth surveys are conducted to determine both the control parameters and
the effectiveneas of these controls, The reports from these in—depth surveys
ara then used as a baslg for preparing technical reports and Journal articles
on effective hazard control peasureg, Ultimately, the dnformation from these
research activities builds the data base of publicly available information on
hazard control techniques for use by health professionals who are responsible

for preventing occupational illness and injury.
BACKGROUND FOR THE SURVEY

The purpose of this in-depth survey was to evaluate the control of exposures
to alrborne dusts, genersted during the opening, emptying, and dispasal of
bags and drims during the production of KYDEX®, an ecrylic polyvinyl chlovide
alloy. A preliminary survey of this plant in 1983 Iindicated that dust control
procedures, during manual bag and drum handling operatfions, were effeccive in
maintaining low dust exposures. Those procedures included: good housekeeping
techniques, good work practices, effective engineering comtrols, the
enforcement of a good respiratory protection program, and a verification of

the controls by envircnmental and medical menitoring progranms.

Industrial hygiene studies, conducted by Rolm and Haas over the past several
years, have determined that personal exposures to total dusts, mainly
polyvinyl chloride {PVC) and acryllec resing, have been reduced from
approximately 160 mg/m3, in 1974, to approximately 2 mgme in 1979,

Dutring the gsame period, average exposures to cadmium dust have been reduced

(1)

from approximately 1 mg/m3 to the 0,01 mgfm3 level. Baged on these
Company data, and 2 review of the instituted dust control procedures, a

decision was made to conduct thia in~depth survey of dust controel procedures,



II. PLANT AND PRCCESS DESCRIFTION

PLANT DESCRIEFTION

Rohnm and Haas Delaware Valley, Inc., a Division of the Rohm and Heas Company,
is a major producer of chemicals, fucluding Agriculture Chemicals, Industrial
Chewmicals, Plastics, Polymers, Resing, and Menomera, The main plant facility
was constructed in 1919. The plant population of approximately 1,300
employees includes approximately %00 production and maiptenznce, 200 research,

and I00 engireering employees.

In the KYDEX® Departuwent, Bulldimg 46 of this plant (Figure A), the product
KYDEX®, an aerylic—polyvinyl chloride alloy, is produced. This wmaterial, in
the form of an acrylic-PVC sheet, i3 used to make thermoformed plastic parts,
such as computer housings, and wall coverings. Thils Department opetrates Five
days per week, three shifts {24 hours) per day, with a six-persci crew on each
shift. Operations and processes are carriled out in two wala areas, the Mix
Area and the Extruder Area., The MixX Arca conslists of three subareas: (a) the
KYDEX® (Natural) Mix Room, Figure B; {b) the Pigment Mix Room, Figure C; and
{c) the Pigments Weighing Area (a4 Binks Weigh Booth). This survey is
concerned malnly with the bag/drum dumping, mixing, and disposal operations in
the two Mix Rooms.

KYDEX® (Natural) Mix Room — Figure B

The KYDEX® Mix Room, located 1n the scuthwest cormer of the building, is
approximately 20 feet in length, by 20 feet in width, and 16 feet in height
{room volume approximarely 6,400 cubic feet)., In this reom, batches of
{(Natural) mix are formulated prior to polymerization. Raw wmaterials for a
natural mix batch consist of PYC powder (major ingredient), acrylic resins
(butyl and ethyl acrylates), stabilizers, such as barlum-calcium stearate, &nd
lubricants, such as polyethylene~type waxes. PVC 15 fed froem 2z 90,000-pound
gilo, through a weigh hopper, to the mixer. 3ome of the raw pateriala, such

ag acrylic resins in 50-pound bagse, are manually fed into the mixer,
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(Bhotograph 1}, via a door, to a ventilated, hoodesd, feed hepper. Other
ingredients in drums, (preweighed in the Pigment Welghing Area), such as
bariym cadmium stearate, are mechanically emptied inte the feed hopper via an
automatic drum inverter feed (Photograph 2). Dust emissions of this hopper
feed opening are also controlled by local exhaust ventilation during drum
enptying.

Eppty bags are compressed {usually within the confines of the loading hood)
and then placed in a plastic bag or drum, which is positioned either adjacent
to the mixer (Photograpin 3) or at the southeast cormer of the room. The
filled plastic bags are then transported by fork rruck to a controiled
landfill.

Potential dust emissions from the wmixer are controlled with local exhaust
ventilation, which 1s directed to a Mikro-D-Pulse air collector. Normally,
cne man conducts tne mixer operations. Four or five batches are formulared
per shift and each batching operation requires from 15 to 30 minutes for
completion. Since each shift crew consists of siz operators, these operations

are rotated dally to a different operator.

Pigment Mix Roem —~ Figure C

In the adjacent Pigment Mix Room, color pigment master batches are formulated
and mixed in 3 blender, for subsequent addition to the Natural Mix waterials
{without pigment). This room measures approximately 19 feet in length, 13
feet in width, and 16 feet in height {room volume approximately 4,000 cubic
feet), Batches of pigment, consisting of varyiog proporticns of titanium
dioxide, carben black, and cadmium and cobalt-based salts, are hlended and

stored in drums to be added to Natural Batches as needed.

Basic ingredients, ilan bage on pallets, are brought, by fork truck, to the
Pigment Mix Room and ralsed to an elevated platform. They are then manually
carried to the blender, opened, and emptied inte the loading hatch of the
blender. A semicircular glot exhaust hood i3 placed around the leading hatch,
during bag dumping, to control dust emissiona. Afrer the pigment batch is

mixed, it is stored in drums or portable bins.



Photograph 1 Photograph 2

Manual Feed Into Mixer Automatic Drum Inverter

Photograph 3a Photezraph Ib

Disposal of Empty Bags Disposal of Empty Bags



Normally, four batches of Natural Mix (withoutr pigment) are prepared for every
two batches of pigmented mix. This operation is also conducted by onte crew
member, whose agsignment io rotated dally.
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IIT. POTENTIAL HAZARDS

KYDEAI® Mix Room

In the KYDEX® Mix Room, exposures to three types of particulates are possible:

1.

Polyvinyl chloride (PVC) = Neithar CSHA, NIOSH, nmor ACGIH has proposed
a hyglenic standard for PVC dust. Although PVC is generally
congsidered to be a "nuisance”™ type duat, recent epldemioclogical dara,
case bistaries, and animal.atudies(zqg) indfcate that, at the
"nuisance” dust level (TLV for Tetal Dust = 10 mgfm3J, PVC exhibits

a weak blological reactivity, It may be the eticlogic agent in a

(%

peculiar type of fibrosis, or pneumoconiosis,{3) with slight

regstrictive respiratory function impsirment,

Acrylic resins (polymers of hutyl and ethyl acrylates} — Theae are
also considered to be "Nulsgance Type” dusts, with a TLV of 10 mgfm3
for Total Dust.(lo)

Barium-Cadmium Stearate — This ie a heavy metal salt, which has a
TLV(IOJ, and Rolm and Haas "wotking limit"™, of 0.03 mgfmj, as
cadmium, The OSHA Permissible Exposure Limit (PEL) for cadmium du=st
1s 0.2 mg/ma (11), and the NIOSH Recommeaded Limir (RL) is

0.04 mg/ms <ll).

Pigment Mix Room

In the Pigment Mix Room, exposures {o the following are considersed possible in

addition to the above particulates:

1. Carbon black — TLV of 3.5 mgfm3

2. Cobalt pigment - TLV of 0.05 mgfm3 (Intended Change for 1983-4)

3, Titumium dioxide (Nuiszoce Dust) - TLV of 10 mgfma

11



4, Other cadmium aaglts - TLV of 0.43 mgimS.

Lo recent years, NIOSH, OSHA, apd othera, lpcluding cthe Rehm and Haas
industrizl hygiene staff, have investipated the possibility of exposure to
vinyl chloride mopomer {a recognized carcinogemn) as a resldual vapor in PVC
granules, Thie gas continues to be monitored yearly by the Rohm and Haas
industrial hygiene staff.

,
Since noise 18 also a possible health hazard in this department, a Hearing
Conservation Program has been instituted. This program includes monitoring of
personnel and aread for nolse exposures and audlometric testing for poasible
effects of nolse on workers' hearing., Heat stress exposures have also heen
evaluated by the Rohm and Haas staff.

12



IV, GONTROL OF HAZARDS

At Rohm and Haas, contral of hazarda, including expoasures to toxic dusta

during bag handling operations, is accompliched by the application of several

well established procedures. These procedures include engineering controls;

good work practices, such as housekeeping; use of personal protection
equlpment; envitoommental and medicel wonitoring; and adoinietrative contrels.

A.

Engineering Controls

General Flant Layout

The plant layout was designed to permlt effectlve wash down of
contaminated surfaces and fleors {(Photographs 4a and b). Additienslly,
specific areas in the plant were constructed as lunchrooms, washrooms, and

showering facilities, where two lockers are provided for each employee,

KYDEX® Mix Room

In the Mix Room, dust dispersion has been teduced over the past L0 years
by several equirment modifications and lnstallatioms. These changes
include: (1) the mixer was installed in 1974; (2) improved pneweatic
conveyance of mix was accomplished in 1974 and 1975; (3) feed of PVC waa
changed frowm manual bag icading te bulk loading from a etorage hopper; (4)
a# local exhaust hood wae placed over the mixer (designed for 2 hood face
velocity of 100 fpm) (Photograph 5); (5) a central vacuum SysStem was
installed throughout the Department to improve the clean—up of spilled
dust; and (6) general Toom ventilation is also provided by a 24=inch wall

fan.

Pigment Mix Room

In the Pigment roowm, a dust control hood was iastalled over the plgment

mixaer in 1977 and the ceatral air vacuum system was extended to this area.

13



3

Photograph 4a Photograph 4b

Water Washdown of Roome Water Washdown of Equipment

Photograph 5a Photograph 5b
Exhaust Hood over Mixer Exhaust Hood over Mixer
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Work Practices

1.

Hyglene practices include: dally ghowers are required {15 minutes of
pald overtime are allowed for showering); no smoking i3 allowed in
work area; eating iz permitted only in designated and maintained lunch

ropoms; and washing prior to lunch is emcouraged.

No incentive pay program is offered to encourage accelerated
productlion rates. Although this procedure has mixed effects 1n
different wotk sitvationa, genevally, incentive pay programs tead to

encourage short—cut work hablts that may lead tc unsafe work practices.

Two 10-minute work break periods per day (im addition to a lumch

break) provide a reduction of sttess and safer work practices.

A daily clean-up (housekeeping} period is provided for operators to
clean ap epills in their wark areas. Since operator rotation oceurs,
all operators are responsible for housekeeping. Spillls and other
coptapinations are either washed down (by water hose) of vatuum
cleaned (Photographs 4a and b), In the Pigment Room, clean up is done

at least two times per day.

"Scheduled Maintenance” is provided for the olling of production
equipment. A "breakdown maintenance” schedule is followed for other
typea of malntenance. General ventllation syatems are monltored
annually, while laboratory hoode Aad other local exhaust ventilation

syetemg are mgnitored quarterly.

Personal Protective Bqulpment

A strlet Personal Protection Frogram requires all workers {(and viaitors)

0 weaT Tespiratory protection at all times in the KYDEX® Mix Room and the

Pigment Mix Room {Photographs %a anmd b). This 18 raquired, even though

recent envirommental and medicsl monitoring dara indicate thar exposuras

to PYC, acrylic rvesing and cadmium—-containing dusts are well below

15



Photograph 6a Photograph 6h

Use of Respiratory Protection Use of Respiratory Preotection

Photograph 7a Photograph 7h
Use of RAM~1 Dust Monitor VUse of RAM-1 Dust Monitor
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recommended hyglenic astandards. Willscn R2 redpirators, with HEPA (High
Efficiency Particulate plr) filter cariridges, are used.

Workers are also provided with safety shoes and clean cleothes dally,
inclpding under-shorts, shirts, trousers, and work gloves. Each worker is
provided with a one-week supply of clean clothing, which he stores in his

“clean” locker.

Monitoring Control

Envirommental Monitoring

Environmental wonitoring has been conducted at this facility for at lemst
11 vears. Both Short term {S) and Full Shift {T) Personal (P) and Area
(A) samples have been ccllected and analyzed for Tetal Dust {essentially
acrylates and PV(C), Cadmium salts, carbon black, and several other

chemical and physical agents.

Company industrizl nygiene data have shown that sipniflcanr reductlons of
Total Dust and Cadmium Dust have been z2chleved in the Mix Area as shown in
Table 1.(1) for example, in the Mix Room, alt coocentrations of Total
Duat in 1974 averaged (geometrically) 160 mghn3 {range: less than 6 to
1480 mg/m3); in 1979, full shift personal samples, in both mix rooms,
averaged 1.3 mgims (range: 0.6 tc 4.8 mg{ma}. Additionally, a single
measurgment of cadmium dust level, in 1974, vielded a result of

1.2 mg/ms. In 1979, it was reduced to an average of 0.013 mg./m3

(range: less than .0l to 9.02 mg!m3). Thase reductlons were achieved

by the above mentloned engineering control modifications, Monitoring data
for carbon black, vinyl chloride mcnomer, hydrogen chloride, butyl aond

ethyl acrylates, and other chemicals also show good dust and vapor control.
Noise levels in some areas have hasn zbove the QSHA Standard of 904BA.

Therefore, an active Hearing Concentrationm Program, including periodic

audlometric testlng and environmentazl monitering, 1s in effect.

17



Table 1

Total Dust and Cadmium Dust Concentrations(1)
in KYDEI® Department - (Average Concentratigas)

(prior teo 1984)

Dust Loncentrati

ons{2) - wg/m3

Total Dust Cadmium Dust
Short-Term | Full-3hift Short-Term  Full-Shifc
Personal amd Personal |Petrsonal and Personal
Location/Qperaticn Year [Area Samples Samples |Area Samples Samples
1. Figment weighing 1972 2.2
area welghing 1973 5.3
pigments 1974 1.2
2. KYDEX® (Natural) 1974 384
wix room, dumping 1976 39 0.48 0,05
bags of PVC and 1977 3.3 g.03
acrylates in miger 197§ 0.8 0.03
1979 1.3 0.01
3. Plgment mix 1974 160
rocom, filling P-K 1977 2.1 0.03 0.02
mlxer
hygiene Standard or
Threshold Limit Value 10(3) 0.05(%)

1) Source:

1} Geometric mean conceutrations
3) Assumed to be "Nuimance Dust™ elassification of ACGIH - 1984

4) TLV of ACGIH - 19B84-1985.

Industrial Hyglene Data of Rohm and Haas Delaware Valley, Ioc.

18




A.

V. METHODOLOGY OF THE IN-DEPTH SURVEY

Dust Sampling Frocedures

Atmospheric dust levels ware measurad Iin the plant to svaluate the
following questions:

1. Are the existing controls effective in maintaining safe working
enviromwments by reduclog dust exposures to {or below) the applicable
hyglenic standards?

2. To what degree, do the operations of bag opening, emptylng, storage,
and disposal contribute to the general air contamination level of the
KYDEX® Department, or, coaversely, what 1s the efficlency of control

of the potemtial dust emigslon sources?

Control Effectiveneas

The effectivenesas of the controls was evaluated by monltoring the workers’
dust exposures during normal work operations, over two complete wark
ghifte, and comparing these exposures with the hyglenic standard listed in
Section IV. Personal, area, and source atmospheric samples were collacted
in the two mix rooms and analyzed for Total Dust and metallic salts.
Sampling and analytical procedures are described 1o Appendix A, Persenal
(Breathing Zone) samplers were clipped to the workers' shirt collar, and
pamples were collected for the period of their activity in these mix
areas. Area samples were collected in the genersl work arcas of the
rooms, away from potential emimsion sources, to estimatre general levels of
dust exposure. Potentlal source samples were collected during periods of
active bag opening, dumping, and dispoaszl, as close to the potemtial dust
emisslon polnts as possible, to estimate levels of dust emisaion, In the
Pigment Mik Room, one perschal sample, one ares (background) aample, and
two source samples were collected, during one work shift, In the KYDEX®
mix raom, a total of two personal samples, two background samples, and six
potential source samples were collected over the course of two work shifta.

19



Control Efficiency

The efficiency of the control systems {or the contribution of dust by the
work operations to total atmospheric dust levels) was estimated by
evaluation of combinations of perscnal, area, and gource sample results.
The hypothesis {null) was presented that, if the dust controla (for the
bag opening, emptying, and disposal operations) were both effective and
completely efficient (100%), there would be no dust emission at these

opatrations, and no inctrease of dust concentration (above background) aear

these locations: or C =€ =, where:
o 5 b

Cw = dust concentraticn at Worker's Breathing Zone
CB = dust concentration at the potentlal dust source
Cb = dust concentration of generzl aresa or background,

The absolute control efficiency, E;, Tequires a measurement of the total
dust patentially emitted, Ct; a measurcment of the total dust captured
by the control system, Cc; and/or a measurement of the total dust

escaping to the work environment, Ce. In thls situation:
ﬂt - Cc + CE

and the abasclute control efficlency,

As Ce—i a, Ed_? 1; and as Gé—} C E;—? 0.

tl
Since it 1s not feazible to measure the total dust potentially emitted by
a soutee or the dust collected by the control syatems, without turniog off
the controls or using a tracer dust, a "relative control 2fficiency

index,” Er’ was estimated ag:

20



B,

so that, as the conceptration of duat at a scurce approached the
background dust concentration, the relative control efficilency index
approached 1 {or 100%}.

In addition tc measuring dust comcentrations by collecticon on filters,
real-time respirable dust concentratione were estimated and recorded with
a GCA Real Time Aerosol Manitor (RAM) Model 1 (Photographs 7a and b}, at
locations shown in Figures B and C. The RAM probes were used to monfitor
"instantaneous” dust levels before, during, and after specific bag
handling operations., At each location, the RAM measurements were used to
test the "null hypothesis” that dust concentrations did not increase when
bag opening and disposal operations were performed.

Ventilation Control Measurements

Ventilation measurements and airflow patterns were made to evaluate the
operation, effectiveness, and efficlency of the local exhaust and genmeral
ventilation systems. A TSI Air Velocity Meter, Model 1650, and Gastec
Smoke Tesgter Tubes were used for quantitative and qualitative
evaluations. Measurements were made of: two local exhaust hoods in the
FYDEZ® Mix Room; two exhaust hoods (a flexible hose and a eirculatr slot
hood} in the Pigment Mix Room; and a wzll fan in the KYDEX® Mix Room.

Additional Centroal Procedures

The effectiveness of other dust control procedures were evaluaced
qualitatively, These lncliuded: the central vacuum system; enclosures on
product handling equipment; work practices; monitoring programs; and
personal protectlive equipment programs.

21



VI, STIUDY RESULTS AND DISCUSSION

Evaluations of atmospheric dust concentrations and ventilation systems in the
KYDEX® Mix Room and the Pigment Mfx Room are shown ip Tables 2 and 3.

A, FKYDEX® Mix Room

1.

Armospheric dust exposureg

As showm In Figure B, and Table 2, all dust exposures, including Total
Polymer Dusts, and Cadnium S5altse Dusts were effectively controlled to
well below their respective Bygienic Standards. Background levels of
Total Dust {location E} averaged approximately 0,6 mgfm3, while the
mixing operations were in progress. The operator's breathing zone
exposure level {locaton H) averaged approximately 1.4 mg!m3; amd no
detectable exposures (less than 0,01 mgme} to cadmium salts were
found durisg three mormal runs. Total Duat Exposures averaged
approximately 1.6 mg/ma, above and below the twe ventilated hood
openings, during mamual dumping of bags and auromariec dumping of drums
{locations F and I[). Slightly higher exposure leveis of Total Dust
were produced at the disposal station for empty bags (location G).
Exposures ranged from 1.6 to 4.8 mg.fm3 and averaged 2.8 mg}m3.

Figure D indicates the fluctuations of respirable dust concentrations
at locaticn G (near the bag disposal station) as measured by the GCA
Real Time Aerosol Monitor. Although the mapnitude of these readings
has not been accurately calibrated, they indicate that short, peak
exposures, lasting approximately one minute, may exceed background
Ievels by an order of magnitude (from approximately 0.15 to 1.3

mgfm3 of respirable dust.) Sloce most of the dusts being handled in
this room are consldered tc be "non—toxic” (see discussion of PVC dust
toxicity as a potential ecause of weak pulmonary ecffects, Section IV),
and since the use of respiratory protection is mandatory at all times
ie this room, the englaeering and work pra¢tices controls are

“effective” in maintaining exposures to a safe level.
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2.

Dust contral systems

An evaluaction of the efficiency of the dust control systems, 1s shown
fn Table 3 and Pigure E, During the manual duaping of 50-pound bags
of acrylic resins and cans of lubricants, fugltive dust emissions are
controlled by the use of a local exhaust ventilation hood attached to
the front of the mixer (Figure E and Photograph 5a). According to the
ACGIR, the recommended control velocity for binm and hopper ventilation
{(for manual bag loading) is 150 fpm (150 cfa/sq.ft. of

upening).(lsj Alr velocities at this heood averaged 140 fpm {ranging
from 60 ta 190 fpm). Thus, under normal operating conditions of
enptying of Iintact bags, dust control should be both effective and
efficient, This hypothesis Is wverified by the air sampling results io
Table 3, which showed "relative control efficiency indices” of 45 to
100% during Runs No, 1 and 2. When a broken bag was handled, however,
dust emigsion control was less efficient, as shown in Run Ne. 3, with
a relative control efficiency index of about 20%.

Duriog the automatic dumping of drums of stabilizers into the side
door of the mixer, dust control was also bath effective and
efficient. Although the observed average control velocity of 1253 fpm
{range 100 to 160 fpm), Figure E, was less than the recommended{l3)
contTal velocity of 150 fpm, "relative contrpl efficlency indices”
were excellent, as shown in Table 3, location I. During both
"normal” Rune, No. 1 and 2, dust levels at this potential source were
less than background levels, indicating complete dust ecomntrol {or
Relative Contrael Efficlency Index of approximately 100%). Again,
during the handling of a brokem bag, Run No. 3, high dust exposures

were observed at this location.

Control of dust was relaiively inefficient, however, during the
compression and disposal of empty bags in a plastic disposal bag at
the northeast corner of the room, location G. The average "Relative
Control Efficiency Index” of 20X (range from 9 to 50%), was very
dependent upon the work practices involved in handling empty bags. As
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shown ia Figure D, short time dust exposures of about one minute
duration, are created during the compression of the bags away from the
exhaust hood of the mizer. This uncontrolled dust source is probably
the most significant contribution to the overall dust load in this
room. The operations of bag slitting, dumping, compressicn and
placing in a disposal container should be performed as cleae to the
local exhaust system ams possible t¢ capture potential fugitive dust

emisaions,

B. Pigment Mix Room

1,

Atmospheric dust exposures

As shown in Figure C and Table 4, Total Dust exposutes are effectiwvely
countrolled in all areas of the Pigment Mix Room. All Total Dust
exposure levels were helow the hygienic standard of 10 mglma.

However, the exposure level of cadmium dust, collected at the
operator’s breathing zome, was slightly excessive, 0.21 mgme. This
sample was taken during a 13-minute period, as he manually moved bags
from a loaded pallet to the feed hatch of the mixer, Figure F, also
indicates, semi-quantitatively, that instantaneous levels of dust
fluctuate widely at the operator's breathing zone, as he opens and
moves bags from the pallet to the blender. Peak exposurss, of
approximataly 2 minute duration, also are approximately an srder of
magnitude higher than background lavels, They contribute
significantly to the worker's total exposure. Since the operator was
required to wear respitatory protection at all times in this Toom, and
since the total periad of operation was short, the operators absorbed

dose was probably low.
Dusat control syetems
Ventilation control of dust in this room consists of a 6~inch circular

flexible hose at the lower level of the mixer, which i1s used during
the emptying of mix batches; and a semi-e¢ircular slot exhaust, which

pa ]
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]

iz poeitioned around the loading hatch of the mixer during batch
loading.

These two exhaust ducts are wvery efficient in capturing fugiclve dust
emissions during the loading and unloading of the mixer, as showm in
Table 5, locations € and D and Figure F. Dust levela at these twa
potential source pointe were of the same magnitude (or lower) as
background dust levels, However, a sample collected at the operators
breathing zone, location B and Figure F, as he moved between the
pallart and the hatech dumping station, showed very paor coatrol
efficiency (about 4%), Baga of pigment are opened away from the
exhaudt hood. Therefore, exposures to cadmium dust must be controlled
by the mandatory use of respirators, ag shown in Photograph 5. The
total control system {short exposure time, use of respiratory

protection and engineering controls) was effective.

Additional atmespherie dust dispersicn is minimized by routine
cleaning of all surfaces at least two times per shift, with a water

hose or with the central exhaust ventilation system Photographs 4a

and 4b.

C. Additionmal Dust Control Systems

1.

A centralized, 10 H,P, Spencer house vacuum syStem was installed in
1267, This system included 25 inlet ports strateglcally located
throughout the KYDEX® Department, This system is used for routine,
scheduled clean~up of dust spills, and for general plant housekeeping.

The dust collection gystem, for the manual dump cperations in the
EYDEX® (natural) Mix Room, consists of a DCF-70 SEMCO Fan Assembly,
which was designed to move 5360 cfm. This fe artached to a DOV-85
Automatic Dust Collector which contains 85 aquare feet of polyslichk
filter media.
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On the west wall of the KYDEX Mix Room, at the south corner of the
room, a 24—1inch wall fan ¢ontinuously exhausta ailr from this room.
The measured air movement by this fan was 4,700 cfm. Since the reom
volume 15 approximately 6,400 cubic feet, this fan provides
approximately 44 air changes per hour.
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B.

C.

0.

VII. GENERAL OBSERVATIONS, CONCLUSIONS, AND RECOMMENDATIONS

Effective control during manual operations of bag emptying is achieved at
this plant by a combination of procedures locluding:

1, Engineering controls, such as process enclosures and local exhaust

ventilation.

2, Good work practices including housekeeping and personal hygienme.

3. An effective repiratory protection program; and

4, An effective medical and environmental monitoring preogram,

As dust emissions are reduced from point sources, it normally follows that
levels of personal exposuras are also proportionally reduced. In general,
dust exposurea are maintained at a safe level in this plant.

A firm commitment to implemént and use good envivonmental <ontrol and
cccupational health programs is eassential to thelr success. Both

nanagement and workers at this plant demomstrated their commitment.

Enginearing controls to reduce exposures im the KYDEX® Mix and Pigment Mix
Rocms included:

1., Plant layout and design
a) Floors and walls were designed to permit effective wash down of
contaminated surfaces,
b) Personal hygiene is emphasized or apeclfic areas were comstructed
in the plant or lunch rooms and showering facilities, where two
lockers are provided for emplovees.

2. Equipment modifications

a) 1In 1974 and 1975, the ingtallation of the pneumatic conveyance

system for mix materials greatly reduced emission sources.
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b)

The fead of PVC to the mixer was changed from manual bag loading
ta automatlic bulk feed loading.

Exhauat veantllation syatema

a}

v)

c)

4}

In the KYDEX® Mix Room, a local exhaust hood was placed over the
Nauta Mixer, with a deslgned face velecity of 100 FPM.

In the Pigment Mix Room, 3 6 inch clrcular flex nhose (lower level
for batch emptying) and a seml-ecircular slet (upper level, for
mizer loading) provide local exhaust ventllation at these
potential dust sources,

A coutrol vacuum system was installed, with 23 strateglically
located inlet ports, to provide for genaral plant housekeeping and
routipne clean—up of spilla.

General venkllation in the KYDEX® Mix Room was augmented by a 24
inch wall fan, moving 4700 CFM. Tnls provides approximately 44
air charges per hour,

Goad work practices, which alsp are effective In reducing dust

exposures, include:

1) Personal hygiene hablits are encouraged such as required dailly
showers (15 siinutes of paid overtime are allowed for
showering); no smoking Iis permitted in work areas, earing 18
permitted only in designated areas and the lunch room; and

washing prior to lunch break is encouraged.

2) No incentive pay program ia in effect to encoursge accelerated
production rakes, Although this procedure has wmixed effects
in different work smituations, generally incentive pay programs
tend to encourage short cut work hshits that may lead to

unsafe work practices,.
3} Two, ll-winute dbreak periods per day {in additlon to the lunch

break) provide for a reduction of stress and safer work

practices,
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E.

4) A daily housekeeping period 18 provided for the operators to
clean up spills in the work area, Since operator rotationm
oceurs, all operators gre responsible for housekeeping,
Spills and other contaminates ara either washed down by hose

or vacuum cledaners at least two times per day.

5) Scheduled maintenance ia provided for the oiling of
equipment. General ventilaticon systems are monitored

annually, while laboratory hoods are monitored quarterly,

Personal Protective Equipment

A zstrict reapiratory protecticn program requires all workera (and
viaitors} to wear respiratory protection at all times in the Mix Room and
the Pigment Reom. This is required, even though recent envitonmental and
unedical monitoring data indicate that exposures to PVC, acrylic resine and
cadmium - ¢ontaining dusts are well below recommended hygienic standards,
Willson B2 respirators, with HEPA (High Efficiepey Partlculate Air) flltex

cartridges, are used,

Workers are also provided with safety shoes and clean clothes daily,
including undershorts, shirts, trousers, and work gloves. Fach worker ia
provided with a weekly supply of clothing, which he stores in his "clean”
locker.

Several work practices were observed, however, that significantly
contributed to the dust exposures. These should be modified to reduce
dust dispersion.

1. Although the breaking of bage, during unloadimg from pallets, transfer
and opening, has been minimized by careful bag handling, improper
disposal of broken bgge can be a majer source of alr contaminatien.
During Run 3 in the EYDEX® Mix Room, a broken bag raised dust levels
around the dump atatlon to approximately 4 times the dust level during



normal operatlons, FProvislon of a separate area for disposagl of dirty

or broken bags would minimize this dust source.

The practice ¢of compressing empty bags for disposal away from the
influence of the exhausted feed hood (at the northeast corner of the
KYDEX® Mix Room, location G), nullified the effectiveness of the
exhaust hood. All of the operations of bag handling-slitring,
dumping, compressicn and placing 1n s disposal container should be
performed as close to the exhaust hood as posslble to capture

potential dual emisslons.

G. The overall effectiveness of the dust control systems was verified by the

Company's environmental and medical moniroring programs.

l.

2.

Environmental monitoring

Environmental monitoring has been conducted at this facility for at
least 11 years. 3Short tarm (5}, Full Shift {(T), Persomal (F) and Areca
{A) samples have been collected and analyzed for Totel Dust
{eagentially acrylates and FV(), Cadmium salts, carbom black, and
geveral other chemical and physlcal agents.

Exposures ko PVC dust and cadmium containing dusts have been
continvocuely reduced to gafe levels, according to rhe company’s

hygiene monitoring records.
Medical Monitoring

An effective medical management program including scheduled physicals
and biological monitoring, 1s carrled out by the Medical Staff under
the direction of David Spratt, D.0. The effectivencss of the
envirommental cantrol program haa been verified by the sioultaneous
reduction in urinary cadmium levels among exposed workers, according

to a letier from DPr. I. Rosenthal, Corporate Director of Health and
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Safety to Dr. Anthony Robbins, Director of NIOSH, dated September 20,
1979, (1%
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