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INTRODUCTION

The National Institute for Occupational Safety and Health (NIOSH), a federal
agency located 1n the Centers for Disease Control and Prevention under the
Department of Health and Human Services, was established by the Ocecupational
Safety and Health Act of 1970 7This legislation mandated NIOSH to conduct
research and education programs separate from the standard setting and
enforcement functions conducted by the CGccupational Safety and Health
Administration (0OSHA) in the Department of Labor  An important area of NIOSH
research deals with methods for controlling oecupational exposure to potential
biological, chemical, and physical hazards

The Enpimeering GContrel Technology Branch (ECTB) of the Division of Physical
Sciences and Enginszering has been given the lead within NIOSH te study rhe
englneering aspects relevant to the control of these hazards in the workplace
Since 1976, the ECTB has conducted assessments of control technolegy methods
used Ln industry on the basis of controls used within a selescted industry,
controls used for common industriml processes, or specific control technlques
The objective of these ctudies has been to document and evaluate effective
control techmnigques (e g , iselation or the use of local wventilation) that
minimize risk of potential health hazards and to create an awareness of the
need for and the availabilicy of effective hazard centrol measures

Because of increased reports of lead poisoning and silicosis among workers in
the steel structures palnting industry, researchers from ECTE developed a
project to evaluate engineering controls in this industry * A basic need for
nearly all steel structures 1s protectien from corrosion Historically, lead-
contalning coating systems were used hecause they were low cost, aesthetically
appealing, and corrosion resistant Lead coatings have low surface enargles
and propertles that suppress galvanie cerreosion, lead coatings can be used
over surfaces with little or ne surface preparation ? Although correct
surface preparation 1s bensficial when using lead-based coatings, 1t 1s the
primary and most 1mportant requirement for satisfactory application of
alternative protective coatings for steel structures * Without a properly
cleaned surface, even the most expensive alternative coatlngs will fail teo
adhere to or prevent rusting of the steel substrate ® The old coating and
m1ll scale (a relatively thaick laver of irom oxade formed during the steel
fabrication process) must be removed from the steel surface  Additionally, an
anchor pattern (a rough surface profile) imparted to the steel surface will
increase the adhesive character of any new coating system  The cleaning
process has traditionally been achieved by abrasive blasting  Abrasive blast
devices are designed to deliver a high-velocity stream of abrasive to remove
the ceoating and mill scale, as well as 1mpart an anchor pattern on the metal
surface The workers direct the blasting nozzles at the surface te be

cleaned As the paint 18 removed, small particles of lead paint, silica (1f
silica 1s contained in the sbrasive), and other debris become airborne, and
the used abragsive becomes contaminated with lead-contalning paint particles
Lead poisoning and s$ilicosls are not uncommon among workers who remove
lead=-based paints from bridges and other steel structures

Twe environmental requirements have been the driving force for contractors to
contain paint chips, dust, and used abrasive during paint removal processes
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The Resource Conservatlon and Recovery act (RCRA} regquires that waste material
must be collected, tested, and classified as hazardous cr not hazardous °
Secondly, the Clean Air Act limits levels of particles with an aerodynamilc
diameter less than or equal to a nominal 10 micrometers (PM10) to a maximum of
150 pp/m® averapge concentration over a 24-hour period ® The Clean Air Act
also limits the amount of lead to 1 5 wg/m®, evaluated as a maximum arithmetic
mean averaged over a calendar quarter * The contailnment structures used to
collact waste materials and control emissions has increased workers' risk of
occupational exposure to lead and other waste materials, by increasing the
concentration of these agents in and arcund the paint removal contalnment
structures

Supporc personnel as well as workers doing abrasive blasting are at risk of
high exposures to waste materlals  Automated waste recovery systems used 1n
conjunction with contalnment structures are not completaly effective,
requiring manual swesping, shoveling, or vacuuming  Support personnel may
also receive exposure when containment structures {which may contain or be
contaminated with residual lead particles) are disassembled and moved  High
exposures have becen observed for auxiliary eguipment cperators and for those
clesning up the site after paint removal has been completed 8

A zurvey was conducted on September 23-25, 1992, at the BP 011 Refinery in
Lima, Ohio, where lead-based paint was removed from a amall process tank

The engineering controls used during this evaluation consisted of containment,
ventilation, and low silica abrasive blasting In addition to this survey,
other existing and developing engineering controls for this industry will be
evaluated A final report will summarize the engineering controls evaluated
from all of the surveys

PLANT AND SITE DESCRIPTION

BP 011 1s a major refiper of petreoleum products and wmanufacturer of chemical
intermediates and products They are attempting to reduce occupatlonal
exposure to lead by replacing failing coatings with nonlead containing paints
Previously, BF 01l used open abrasive blasting to remove deteriorated coatings
before repainting the structures They have now instituted procedures to
prevent occupational exposure to lead dust, fume, and vapor generated by the
removal of lead-based coatings and by the heating or cutting of metals
protected by lead-based coatings

Curing this study, lead-based paint was removed from the Treated Gas Knock-out
Tank (TGKO) 1n the Sulfur Recovery Unit The tank was about 4 5 feet 1in
diameter and 11 73 feet tall It was mounted on a concrete 2-foot high,
cctagonal base, the top of the tank was about 20 5 feet above grade

(Figure 1) Abrasive blasting with Starblast® XL (DuPont Gompany), a
stauralite sand typically containing less than 1 percent quartz, was used
inside a ventilated contaimment  The Sour Gas Knock-out Tank (3GKC) was
adjacent to the TGKO and similar i1n size  Paint had been removed from this
tank previously, but a brush-off blasting was needed to remove the rust prior
to painting BP 011 persommel erected an aluminum scaffeld approximately
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17 feet long, 9 feet wide, and 21 feet high around the two tanks A scaffold
extension approxilmately 6 feet long and 3 feet wide was added on the west side
to provide room for a ladder to access two platforms which were constructed
approximataly B and 15 feet from the ground Perscnnel from the painting
contractor, Mack & Mack Tank Service, constructed the centainment by enclosing
the scaffold with 6-mil nylon-reinforced polyethylene, a double flap entry was
provided in the extension A work area about 20 ft x 30 ft was taped off
around the containment te limit access and to reduce the risk of contamination
of adjacent areas Lead exposure warnlng S1gns were posted

The enclosure was exhausted through high efficiency particulate air (HEPA}
filrers by means of prneumatic driven blowers attached to 12-Iinch wire-
reinforced, polyethylene ducts i1nstalled in the east, nerth, and west sides of
the contaimment The ducts on the east and west were preceded by a 2-foot
square prefilter inside the enclosure  Each blower was rated at 2000 cubic
feet per minute (cfm) when driven by 90 psi air Fresh air entered at the top
of the enclosure aleong the north and scuth sides through 6-inch diameter
polyvinyl chloride (FVC) drailm pipe with 0 5-inch perforations to provide
distribution of the make-up air

Blasting was conducted from 10 13 te 13 40 with several interruptions

Staurite was added te the blast pots at 12 G5 (5 min}), 12 35 (7 min), 13 10 {7
min) and 13 30 {5 mim) The prefilters i1in the containment and also those in
the blower units were changed at 11 20 (30 min) and again at 12 50 (15 min)
Blowdown was started at abeut 13 00 and finished at 15 35

The contractor provided a change trailler with shower facilities and separate
areas for dirty and clean clothing, however, 1t was uscd only for the purposc
of donning or removing work clothing At the request of the refinery,
sanitary services were actually provided in the refinaery change room located
about 100 vyards from the tank repainting site The workers showered at the
completion of each days work  All contract personnel working in the refinery
are required to attend a mandatory half-day safety training session and to
wear hard hats and fire retardant Nomex® caveralls In addition, the paint
removal workers wore Tyvek® coveralls over the Nomex and used foam type ear
plugs and s half-face respirator with particulate filters when entering the
designated (taped off) work area However, to reduce the peotential for heat
axhaustion, the blaster did not wear the Nomex ceveralls while blasting, but
instead, wore Tyvek coveralls over his cotton work clothimg and blasting cape
He used a new type CE, cantimueus-flow, air-supplied blasting respirator
(Clemco Industries Corp , Washington, MO} Whenever the blaster exited the
contalnment, the foreman i1mmediately vacuumed the blaster’s Tyvek coveralls
and respirator hood

HEALTH EFFECTS
LEAD
Common symptoms of acute lead poisoning are loss of appetite, nausea,
vomiting, stomach cramps, constrpation, difficulty in sleeping, fatipue,

moodiness, headache, joint or muscle aches, anemia, and decreased sexual
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drive  Severe health effects of acute lead exposure include damage to the
nervous system, including wrist or feot drop, tremors, and convulsions or
serzures  Acute lead polsoning from uncontrolled occupational expesures has
resulted 1n fatalities ’° The frequercy and severity of medical symptoms
inctrease with the concentration of lead In the bloed Many adults with a
blood lead level (BLL) of 80 micrograms per deciliter of whole blood (ug/dl)
or greater have symptoms or signs of acute lead poisoning, although in some
individuals, symptoms may be sc mild that they are overloocked %919

Chronic lead poisoning may result after lead has accumulated i1n the body over
time, mestly in the bone Long after exposure has ceased, some physiological
event such as 1llness or pregnancy may release this stored lead from the bone
and produce health effects such as impaired heme synthesls, alteration of the
central and peripheral mervous systems, effects on male and female
reproduction, hypertension, and damage to the developing fetus 1! These
health effects may occur at BLLs below 50 upg/dl

SILICA

Inhalacion of crystalline silica dust has been associated waith the development
of s1licesis In 1ts earliest stage, silicosis can be seen on chest x-rays as
scarring on the lungs without physical symptoms As the disease progresses,
the symptoms include frequent dry coughing, shortness of breath, wheezing,
increased tiredness, and cyanosis {bluish skin), 1t may often be misdiagnosed
as pulmonary edema (fluid in the lungs), pneumonia, or tuberculosas These
symptoms become worse 1n the advanced stages until death results from
respiratory failure, heart failure, pneumcnia, or ¢other complications  Severe
mycobacterial or fungal infections often complicate s1licosis and may be fatal
in many cases 12,13.14

A worker may develop any of three types of silicesis, depending on the
airborne concentration of crystalline si1lica 1} Chronie silicosis, which
usually cccurs after 10 or more vears of exposure to crystalline silica at
relatively low concentrations, 2) Accelerated silicosis, which results from
exposure to high concentrations of crystalline silica and develops 5 to 10
years after 1nitzal exposure, and 3) Acute silicosis, which ccecurs where
exposure concentratiens are the highest and can cause symptoms to develop
within a few weeks toc 4 to 5 years after the initial exposure 1%4:13

KOISE

Noirse-1nduced hearing loss 1s a senserineural condition caused by irreversible
damage to nerve cells of the inner ear (cochlea) that progresses with exposure
and cannot he treated medically  Hearing ability normally declines with age
{presbycusis) 1n all populations, however, exposure to excessive nolse
produces hearing loss greater than that vesulting from the aging process

OCGUPATIONAL EXFOSURE CRITERIA
The primaty scources of environmental evaluatlon €¢rilterla Ln the United States
that can be used for the workplace are NIOSH Recommended Exposure Limits

(RELs)'® and the U 5 Department of Labar {OSHA) Permissible Exposure Limits
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(PELs) *"''® The OSHA PELs are required to consider the feasibility of
contrelling exposures 1n various industries where the agents are used, the
NIOSH RELs, by contrast, are based primarily on concerns relating ta the
prevention of occupational disease

LEAD

At the time of this study the 0SHA PEL was 200 pg/m? for the construction
industry '®* Recently, OSHA has promulgated a final interim lead standard for
construction which took effect June 3, 1993 ® The O3HA PEL for exposure to
wnorganic lead i1s now 50 mlcreograms of lead per cubic meter of arr {pg/m*) as
an B-hr time-weighted average (TWA), equal to the PEL for general industry
The new standard requires monitoring of BLL for employees exposed to alrborne
lead at or above the Action Level of 30 pg{m3 {8-hr TWA), specifies medical
removal of employees whose average BLL 1s 50 pg/dl or greater, and provides
economic protection for medically removed workers  The NIOSH REL for lead is
less than 100 ug/w® as & TWA for up to 10 hours This REL 1s an ailr
concentration to be maintalned so worker blood lead remains below

60 ug/l00 grams of whole blood  NIOSH is presently reviewing literature on
the health effects of lead and may reevaluate 1ts REL  The 0SHA PEL for lead
1s currently recommended by the NIOSH 1nvestigators as a4 more protective
criterila

SILICA

The current OSHA PEL for respirable crystalline silica (quartz} is 100 ug/m’
as an 8-hr TWA The NIOSH REL for respirable crystalline silica is 50 ug/m?
as a TWA for up te 10-hr/day during a 40-hr werk week  This REL 1s intended
to prevent silicosis  However, evidence indicates that crystalline silica 1s
a potential occupational carcinogen and NIOSH is reviewing the data on
CArclnogeniclty

NOISE

The A-weipghted decibel (dBA)} 1s the preferred umit for measuring sound levels
The unit is dimensionless and represents the logarithmic relationship of the
measured sound pressure level to an arbitrary reference sound pressure

(20 micropascals, the normal threshcold of human hearing at 100 Hertz) The
dBA scale 1s welghted to approximate the sensory response of the human ear

The 0SHA =standard for occupational exposure to noise speclfies a PEL of 90 dBa
{slow response) for a duration of 8 hours per day The regulation, 1n
calculating the PEL, used a 5 dBA time/intensity trading relatlionship This
means that in order for a person to be exposed to noise levels of 95 dBA, the
ampunt of time allowed at this exposure must be cut im half in order to be
within the FPEL Conversely, a person exposed te 85 dBa is allowed twice as
mech time at this level (16 hours) to be within the daily PEL

The QSHA regulation has an additional Action Level (AL) of 85 dBA which
stipulates that an employer shall administer a continuing, effective hearing
conservation program when the TWA walue exceeds the AL The program must
include monitoring, employee notification, observation, hearing protectors,
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traluing programs, and record-keeplng requirements The OSHA noise standard
also states that when workers are exposed to nolse levels in excess of the PEL
of 90 dBa, feasible engineering oxr administrative controls shall be
1mplemented to reduce the worker's exposure levals

The NIOSH REL and the ACGIH TLV for noise specify an exposure limit of 33 dBA
for 8 hours, 5 dB less than the 0OSHA standard These criteria also use a 5 dB
fime/intensity trading relationship in calculating exposure limits

EVALUATICN METHODS

Personal hreathing =zensz {PBZ} samples for both the blaater and the foreman
were collected on 37-millimeter (mm), O 8-micrometer {um) pore sizZe, cellulose
ester membrane filterzs 1in clesed-face cassettes The cassetbes Were connected
via Tygon® tubing to SKC Model 224-PCER3 {SKC Inc , Eighty Four, PA) battery-
cperated sampling pumps adjusted to a flow rate of approximately

2 0 liters/minute (L/m), the pumps were calibrated prioy to and after

sampling The samplas were collected in the breathing zone (at the shirt
collar} of the foreman  For the blaster, palred samples were taken both
1nside and cutside the blasting helmet The inside-the-helmet sampling filter
cassette was placed next to the worker's face using a special cassette holder
{SEC Inc , Eighty Four, PA) and connected to a belt-mounted sampling pump via
Tygon® tubing which passed through the elastic neck collar of the helmet The
outside-the-helmet sampling cassette was placed at the back of the blaster’s
neck, to reduce sample loss from direct contact with the high-velecity
abrasive blast, and connected to a second belt-mounted pump

Five side-by-side arsa samples were taken inside the centalument (Area I} in
the northwest corner and midway between the two platforms (about 12 ft from
grade) These samples were for the determination of total lead, respirable
s1lica, inhalable particulate, total particulate, and particle size  Total
lead samples were taken with equipment and media described above for the
personal samples  Samples for respirable silica were collected on pre-weighed
37-mm, 5 D-pm pore si1ze, PVC filterzs in clozsed-face cassettes preceded by a
MSA nylon cyclone (MSA Inec, Pittsburgh, PA) at a flow rate of 1 7 L/m The
total particulate samples were collected using similar PVC filters in closed
face cassettes, but at a flow rate of 2 0 L/m The inhalable particulate was
collected using a sampler developed by the Institute of Occupational Medicine
of Edinburgh (IOM) The ICM zampler {(SKEC Ine , Eighty Four, PA) operated at
a flow rate of 2 L/m, 1s designed ta ccllect particles with equivalent
diameters of up to approximately 100 um The collection medium was a 25-mm
diameter, 0 5-um pore size, PVC filter The sampler cassette contalning a
filter 1s pre-welrghed The determination of particle #izZe was attempted using
a2 s1x-stage Marple Personal Cascade Impactor Kit, Model 290 (Anderson 2000
Inc , Atlanta, GA) at a rate of 2 0 L/m The collection substrates were
unceated, 34-mm diamerer, mixed eellulose ester Also i1ncluded in the
sampling array were a Quest M-27 Hoise Logging Dosimeter (Quest Electronics,
Oconomowac, WI) to record scund levels and a direct reading Respirable Air
Monitor {(RAMY} (MIE Inc , Billerica, MA) Output of the RAM was recorded by a
Rustrak Ranger Data Logger (Gulton Inc , East Greenwich, RI)



Analyses for lead and major metals were made according to NICSH Method 7300
using inductively coupled argon plasma, atomlc emlission spectrometry, Wwhen the
lead results were below the limit of detection, samples were then analyzed
using flame atomic absorption spectroscopy (NIOUSH Method 7105) 20-2% giliea
analyses were made In accerdance with NIOSH Method 7500 using x-ray
diffraction ** Total particulate and invhalable particulate analyses were

made using NIOSH Method 0500 2?

Area samples were also taken outside the contalmment (see Figure 2) A
sampling array (A), located about 20 feet west of the containment entry,
included all of the sampling devices that were used inside the containment
except for the RAM and the Marple Persomal Cascade Impacter Sampling for
lead only was conducted (B) about 20 feet southwest of the southwest corner of
the contaimment, (C) 10 feet north of the northwest corner, 4 feet from the
effluent of a HEPA-filtered blower, and (D) 18 feet northeast of the northeast
corner, 6 feet from the effluant of another HEPA-filtered blower A sampling
array (E}), consisting of respirable silica, total particulate, and total lead
samplers, was located 5 feet east of the scutheast corner of the contsinment
The prevailing wind, gusting te approximately 1% miles per hour, was generally
from the east, however, the preoximity of cother refinery processing towers and
equipment created eddy currents of varying velocity and direction

Bulk samples of the dereriorated paint from the process tank (TGKO) were
obtained by scraping the surface of the tank with a steel wood chisel One
sample of the paint was obtained at a preliminary visit, another sample and a
portion of the peeling top coat were obtained during the in-depth study A
bulk sample of fresh abrasive was abtained while the abrasive pot was being
filled Several samples of used abrasive were cbtained from different areas
at the bottom of the contaimment and cembined for analys:is

RESULTS AND DISCUSSICN

VERTILATION

The enclosure and exhaust ventilation system appeared adequate to contain the
particulate except on a few cccasions when the blasting nozzle was directed at
the entry flaps or at a weak seal 1n the contailrment, at these times visible
emlssions were observed If the air flow of 6000 cfm 13 assumed to be
dastributed evenly over the cross-sectional area of the contalmment (130 ft?),
the average velocity would be about 46 feet per minute {fpm)} However, the
platforms restricted the air flow, therefore, higher velecities occurred in
the vicinlty of the i1rregular openings in the platforms that surrounded the
tanks Veloclty measurements made with a Series 400 Hot—wire Anemonmeter (Kurz
Instruments Inc , Monterey, CA) ranged from 60 te 120 fpm (av = 80) at the
opening 1n the top platform and ranged from 20 to 100 fpm (av = 60) at the
opening 1n the bottom platform The velocity was dependant upon the distance
of the gap between the edge of the platform and the tank

After about 29 minutes of operation there was a tendency for the wire-
reinforced polyethylene fabric ducts to crimp or collapse, thereby reducing
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exhaust ventilation by an unknown amount  Several slits were cub 1nte Che TOD
of the containment in an attempt to increase the supply air inte the
enclosure, however, it did not prevent the ducts from collapsing

LEAD

Table 1 shows the results of analyses for major metals of the paint samples
and of samples of new and used abrasive The total paint samples contained
approXimately 25 percent lead, mostly in the undercoat  The lead content
increased from 15 parts per million (ppm) in the unused abrasive ta 3800 ppm
in the used abrasive, however, the analysis was made from a grab sample and
may not be representative of the total used abrasive

Tahle 1  Major Elements i1n Bulk Samples (ppm by weight)

; Samples analyzed using NIOSH Method 7300

i Paint Abrasive
Eiement Totalw Total Topcoat Kew Used
Lead 260,000 230,000 30,000 15 3,800
Celcium 21,000 29,0040 46,000 a0 2,200
Iron 11,000 17,000 11,000 140 1,600
Magnesium 3,400 3,400 1,600 5 31
Aluminum 1,000 2,400 3,800 330 400
Titanium 840 1,300 1,100 170 220
Zinc 80 70 530 9 40
#*Sample taken during preliminary visit

The results of sampling for airborne lead are shown i1n Table 2 Although
accasionally visible emissions were observed escaping the enclosure, the
peripheral area sampling indicated that very little lead escaped the

enclosure  The hipghest lead concentraticn was found 1n the Area C sample
which was nearest to the containment entry This may indicate that the double
baffle was not a completely effective seal, but may be sufficient for this
application The foreman entered the containment briefly several times during
the blasting and blowdown periods and this may have resulted in some
contaminant escape

Inside the contaimnment, area samples {(during blasting and during blowdown
after the hlasting was completed) i1ndicated a concentration of about

10,000 pg/m® The perscomnal exposure sample outside the helmet of the blaster
was about twice that, 22,000 pg/m’ and 1s consistent with the area result 1n
that the personal sampler was closer to the blasting process The NIOSH
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Table 2 Area and Personal Breathing Zone Air Sampling for Lead

Samplain | TWA Based on 8-hr
Distance from E Sampling TWA
lLacation contalnment Activity Time Time (pg/m®)
(min) (ug/m)
Area A 207 west 390 a1 <01
Area B 20" southwest 380 g1 <0 1
Area C 1 northwest 380 4 3
Area D 13* northeast 385 a4 03
Area E 5' aast 390 g 2 0 2
Area 1 Inside Containment Blasting 3048 10,000 6,440
Area T Inside Contailnment Blowdown 61 9,800 1,250
Area I Insi1de Containment Combined 369 10,000 7,690
Person
Foreman Outside Gontaimment | Blasting 220 276% 126%
Foreman Outside Containment Blowdown 110 30k 158%
Feoreman Outside Containment Comb ined 330 4144 285%
Blaster Inside Respirator Blaating 215 2 1
Blaster Dutside Respirater Blasting 215 22,000 9,900
*The exposure of the foreman 1s elevated because he entered the containment
briefly several times to gilve orders and to assist the blaster

assigned protection factor for the type CE blast hood respirater 1s 25, thus
the maximum allowable lead concentration outside the respirator should be
1250 pg/m* to comply with the 0SHA general industry PEL  However, the lead
concentration inside the respirator was determined te be only 2 pg/m® during
the period that abrasive blasting was performed The calculated program
pratection factor (FPF} hased on this one data set, 10,000, was remarksbly
high  The blaster donned a mew, type CE supplied-air blasting helmet before
entering the enclosure and did not remove it until after leaving the
anclosure He also used very good work practices

AIRBORNE PARTICULATE

The results of sampling for inhalable, toral, and respirable particulate are
shown in Tables 3, 4, and 5, respectively  Area sampling showed that
apparently very little particulate escaped the contalmment, which confirms the
results of sampling for lead Particulate concentrations inside the
contsinment were very high  The sampling devices used were designed for use
under 1sckinetiec conditions, where the air flow rate 1nto the sampler is
similar to ambient flow near the sampler In the very turbulent conditions
which occur during blasting and blowdown i1t 1s quite likely that large
particles may be propelled into the sampler and thus bilas the results
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Tahle 3  Area Air Sampling for INHALABLE PARTIGULATE
Sampling | TWA Based on 8-hr
Distance from Time Sampling Time TWA
Location containment Activity (min} (mg/m*) (mg/m%)
Area A 20' west 180 < 0 03 <
Area I Inside Blasting 3i0 3,900 ¢ 03
Area 1 Containment Blowdown 59 5,400 2,520
Area T Inside Comb 1ned 3869 4,130
Conteinment 630
Ingide
Containment 3150
J
—1
‘ Table 4  Area Air Sampling for TOTAL PARTICGULATE
Sampling TWA Based an
Distance from Time Sampling 8-hr Twa
Locatilon contalmment Actavity (min) Time (mg/m®) {mg/m*)
Area A 20’ west 390 < 0 063 <
Area E 5' east 390 Q 04 0 D3
Area 1 Inside Blasting 211 1,030 G 03
Area 1 Containment Blowdown 58 333 669
Area T Inside Combined 3649 az2 &40
Contalnment 702
Inside
Contalnment
Table 5  Area Alr Sampling for RESPIRAELE PARTICULATE |
Sampling | TWA Based an 8-hr
Digrtance from Time Sampling WA
Location cantalnment Activity (min} Time (mg/m*) (ng/m?)
Area A 20" west 3990 ¢ 09
Area E 5' past 320 0 06 0 07
Area 1 Inside Contaimment | Blasting 31z 9
Area 1 Inside Containment | Blowdown 57 49 0 05
Area I Inside Containment | Combined 369 &1 25




Although the results cobtained may lack the accuracy normally asscociated with
this type of sampling, they are indicative of the relative concentrations of
contamination

The particulate matter collected in the Marple sample overloaded the early
stages and large particles of abrasive and paint chips were found in the air
passages leading to the third and fourth stages The respirable particulate
samples are preceded by a eyclone separator and thus may be more reliable
The concentration measured was 6 times the OSHA PEL of 5 mg/m’ for respirable
particles net otherwise classified (nuisance dust}

Dust concentrations inside the containment were also monitored with the direct
reading respirable aerosol moniter (RAM) Gutput from this instrument 1s
qualitative 1n nature, providing only relative measures of respirable dust
concentrations The wariation of relative concentrations was similar te the
sound level (see Figure 3) The dust levels decayed rapidly when blastimg
ceased, dropping B0 to 90 percent in the flrst two or three minutes and
reachaing minimum levels in 5 to 10 minutes

SILICA

Personal sampling for silica was not conducted The results of area sampling
for free si1lica are shown in Table 6 The Material Safety Data Sheet for
Starblast XL indicated the guartz concentration to be typically <1 percent
However, the B-hr TWA concentration for silica inside the contalnment was over
1200 pg/m®, 24 times the OSHA PEL of 100 ug/m’ This shows that, even though
a2 low-s1ilica abrasive 1s used, excesslve S1llca expoesure can result becsuse of
the quantity of abrasive releascd during blasting within the contalnment

Note that this analysls was made on the same sample collected to determine the
respirable particulate for the 8-hr TWa (31000 pg/m*) shown in Table 5, this
would indicate that 4 percent of the respirable particulate was silica

Table 6 Area Alrr Sampling for FREE SILICA
Sampling Sampling

Distance from Time Time TWA 8-hr

Location containment Activity (min) (pg/m?) TVA
(ug/m*)

Area A 20" west 390 < 15% < 15
Area E 5' east 390 < 15 < 15
Area I Inside Containment | Blasting 312 1,530 9o
Area I Inside Containment | Blowdown 37 1,880 220
Area I Inside Containment | Combined 369 1,580 1210
#Value 1s less than the Limit of Detection
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NOISE

Areaa noise levels measured are summarized i1n Table 7 Apparently the
contalnment provided attenuation of the noise coming from nearby equipment,
the average sound level over the & § hour period momitored was £0 dBA i1n the
contalioment and B7 dBA ocutside The minimum noise inside during rest periods
was 60 dBA, but about 84 dBA outside The highest peak i1nside the
containment, 116 dBaA, occurred during blowdown, 1t was attenuated to 99 dBA at
the outside sampler The inside containment sound levels were measured in a
corner of the enclosure, aince scund levels are attenuated by distance, the
sound levels in the i1mmediate vicinity of the blaster were likely to be
higher, possibly approaching the maximum levels recorded  Becauss of the
noise from nearby process equipment, noise levels measured outside the
contaioment exceeded the NIOSH REL of 85 dBA, but were below the OSHA PEL of
90 dBA  Measurement of the sound levels provided additional data high noise
levels were recorded during blasting, this made 1t possible to track the timss
of blasting without an observer being 1n the contalnment

T Tabkle 7 Nerse Levels (dBA) During Paint Remowval
Overall During Blasting During Blowdown
Containment Inside Cutsids Inside | Outside Inside Outside
Max 1mum 11n g9 106 97 116 29
M1n1mim 60 B4 &7 84 70 84
Average BO 87 85 87 BY 59
Time (min) 380 3g0 200 200 70 70

CONCLUSIONS AND RECOMMEMDATIONS

The containment used at this site was adeguate to prevent contamination of the
surrounding atmosphere with dust created by the abrasive blasting of lead-
based paint from the tank surfaces Visible emissions were observed at
infrequent intervals, however, area samples (Table 2} taken outside the
contaloment indicated negligible dust and lead concentratiens Although the
exhaust ventilation provided for rapid decay of dust levels when blasting
ceased, 1t was insufficient to control airborne dust and lead concentrations
within the containment during abrasive blasting and blowdown  Airborne lead
concentrations measured by the PBZ sampler wern by the blaster inside the
containment (22,000 pg/m*} pgreatly exceeded the 0SHA PEL, however, basad on
the i1nside-the-respirator lead concentracionr (2 pg/m®), the blaster was
adequately protected by the type CE respirator he was wearing The
resplrator, unused before this work, and rhe excellent work practices used
were obviously very effective i1n reducing the lead exposure of the abrasive
blaster
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Because of equipment and set-up costs, it may not be economically feasible to
ventllate contaimment structures sufficiently to reduce concentrations of
alrborne lead and particulate to below the OSHA PELs when abrasive blasting is

used for small jobs such as this Under these conditions workers must rely on
good work practices, including pexsonal bygiene, snd superior respiratory

protection ar use other metheds, It is recommended that research be conducted
to determine the significant facvors affecting the protection factors of
supplied-air, blastling hooda, and other posalble resplratory protectlion

Alternative methods for lead-based paint removal such as vacuwn blasting, wet
blasting, or chemical removal, may effectively reduce lead exposure
cancentrations but each removal method has limitations

Shortly after the exhaust blowers were started, the light gape, wire-
reinforced polyethylene ducts tended to collapse It 1s recommended that
srturdy materials be used to connect exhaust blowers to the contaimment Where
possible, 22-gage minimum {preferably 18-gage) long radius (2 or more duct
diameters} sheet metal elbows sheould be used when changes of direction are
necessary

Even though the blasting media contained typically less than 1 percent quartz,
the airborne silica concentration Inside the containment exceeded the CGS5HA
PEL Based on the measured protectiocn provided by the CE respirater for lead,
the blaster should not have been endangered by this concentration  Other
commercially avallable abrasives, ccontaining less silica, should be used when
blasting is performed inside containment

Noise levels were at approximately the NIOSH REL (85 dBA) 1n the location
where they were measured  Because distance attenuates noise, 1t is probable
that noise lewvels at the hlaster exceeded the OSHA PEL  Workers inside the
contalnment wore hearing protectlon, it iz recommended that thiz practice be
contlnued

REFERENCES

1 NIOSH [1991)] NIOSH Alert Request for assistance 1n preventing lead
polsoning in construction workers Cincimmati, OH U 5 Department of
Health and Human Services, Public Health Service, Centers for Disease
Control, National Institute for Qccupational Safety and Health, DHHS
(NTIOSH} Publication No 91-11l6

2 Spangenberg WG, Stoner H [1989] Histery of lead containing coatings and
Plgments In Appleman BR, Rex J, eds Proceedings of the Steel
Structures Painting Ceuncil, Lead Paint Removal Gonference  Arlington,
VA  Steel Structures FPainting Councll, pp 6-9

3 McGannon HE [1970Q] The making, shaping and treating of steel 9th ed
Pittsburgh, PA  The United States Steel Coryporation, Herdick and Held
Publaishers, p 986

16



4

10

11

12

13

14

15

16

GCFR [40 CFR 2860 (1990)] Code of Federal Repgulations  Washington, DC
U 5 Government Printing Office, Office of the Federal Register

CFR [40 CFR 50 (1990)] Code of Federal Repgulations Washington, DC
U 8 Government Printing Office, Office of the Federal Register

GCONSAD Besearch GCorporation [1992] Lead in construction - site visit
#11  Research performed for the U 8 Department of Labor, Occupational
Safety and Health Administration, Office of Repulatory Analysis,
Contract J-9-F-0011, Maxch 10

Hayhurst, ER [1915] A survey of industrial health-hazards and
occupational diseases im Chio  Golumbus, OH  Ohio Board of Health, p
357,

ATSDR [1990) Toxlcological profile for lead Prepared by Syracuse
Research Corp , NY , under Contract Ho EPA-68-CE-0004 Prepared for
fpency for Toxic Substances and Diseasze Registry, U § Department of
Health and Human Services, Fublie Health Service In collaboration with
U 5 Environmental Agency (EPA} ATSDR/TP-BB/17

NIOSH [1978] NIOSH criteria for a recommended standard  occupational
exposure to lead (rev eriteria —— 1978) Cineinnati, OH U s
Department of Health, Education, and Welfare, Public Health Sarvice,
Genter for Disease Contrel, Natiomal Institute for Deccupational Safety
and Health, DHEW (NIOSH) Publicatien No 78-158

Rosenstock L, Cullen MR [1984] Clinieal oceupational medicine
Philadelphia, PA W B Saunders Company, p 7

Landrigan PJ [1989] Toxicity aof lead at low dose  Bx J Ind Med
46 593-596

Ziskind M, Jones RN, Wei1ll H [197&) S1licosis e Pev Respir Das
113 R43-665

Owensg MW, EKinasewitz GT, Gonzalez E [1988] Case report sandblaaster’'s
lung with mycobacterial infection Am J Med Sci 295(8) 554-557

Bailey WC, Brown M, Buechner HA, Weill H, Ichinose H, Ziskind M [1974]
S1licomycobacterial disesse 1n sand blasters  An Rev Respir Dis
110 115-125

Peters JHM [|1986] S1licesls In Merchant JA, Boehlecke Bi, Taylor G,
Pickett-Harner M, eds Occupatlonal resplratory diliseases Cincinnata,
CH U S Department of Health and Human Services, Centers for Disesase
Control, National Institute for Dccupational Safety and Healch, DHHS
(NIOSH) Publication Neo 86-102, pp 219-237

NTOSH [19%2] NICGSH recommendations for occupational safety and health

compendium of policy documents and statements Cincinnati, CH U §
Department of Health and Human Services, Public Health Service, Centers

17



17

18

1%

20

21

2

23

for Disease Centrol and Prevention National Institute for Occupational
Safety and Health, DHHS (NIOSH) Publication 92-10¢

CFR [2% CFR 1910 1000 (19%0}] Code of Federal regulations Washington,
BC U § Covermment Printing Office, Office of the Federal Register

CFR [29 CFR 1926 (1990} Code of Federal Regulations Washington, DC
U 5 Government Printing Office, Office of Federal Regulations

CFR [29 CFR 1926 62 (1991)] Code of Federal Repulations Washington,
DG U S Govermment Printing Office, O0ffice of Federal Regulations
Federal Register, Vol 58, No 84 (May 4, 1993), pp 26590ff

MNIOSH [14987] Elements (ICP) Method 7300 In Eller, PM, ed NIOSH
manual of analytical methoeds, 3rd rev ed Cincinnati, DH U 8§
Department of Health and Human Services, Publie Health Service, CGenters
for Disease Control, National Institute for Occupational Safety and
Health, DHHS (NIOSH} Publication 87-116

NIOSH [1987] Lead {Flameless AAS) Method 7105 In Eller, MM, ed
NIOSH manusl of analytical methods, 3rd rev ed Cinecinnati, OH U S
Department of Health and Human Services, Public Health Service, Centers
for Disease Contreol, National Institute for Occupaticnal Safety and
Health, DHHS (MIOSH) Publication 87-116

NIOSH [1987] 51lica, Crystalline, Respirable Method 7500 In Eller,
EM, &d NIOSH manual of analytical methods, 3rd rev ed Cincinnati,

OH U 8§ Department of Health and Human Services, Public Health Service,
Centers for Disease Control, National Institute for Occupaticnal Safety
and Health, DHHS (NIOSH) Publication 87-11é6

NIGSH [1987] Nuisance Dust, Total Method 0500 In Eller, BM, ed
NT08H manual of analytical methods, 3rd rev ed Cincirmati, OH U S
Department of Health and Human Services, Publie Health Sexrvice, Centers
for Disease Control, National Institute for Occupational Safety and
Health, DHHS (NIO3H) Publication 87-116

18





