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ABSTRACT

Because of the high potential for lead poisoning in the radiator repair industry and
the need for more complete exposure data, an assessment of worker exposures to lead
was conducted in a sample of radiator repair shops. Area and personal sampling for
airborne and surface lead was conducted in three Cincinnati radiator shops. A total of
129 air samples and 126 wipe samples were collected. The highest air concentrations
were found near the repair stations where mechanics work with molten lead-based soider.
The mean eight-hour TWA lead exposure for mechanics was 15.2 pg/m?* (SD=33.3) with
a range of 0.9 to 157 pg/ma. The two shops which used local exhaust ventilation
systems were found to have effectively controlled worker exposures to airbome lead.
Personal time-weighted exposures averaged less than one-fifth the OSHA PEL (50 ug/m3)
“in these shops. However, exposures in the third shop, in which there was no local
ventilation, were frequently above the PEL.

These survey resuits also indicate that sources of exposure other than airbome
lead, such as hand, facial, and work surface contamination, may make a significant
contribution to the total lead exposure. Lead contamination on work surfaces in these
shops was found as high as 500,000 ug/m?. Lead dust was also found in lunch areas,
on hands of workers (both before and after washing), on street shoes, and in personal
vehicles. As with airborne lead, the individual hand, facial. and surface lead levels varied
widely throughout the surveys.

These results are similar to those found in other studies of radiater repair shops and
confirm the potentiai for excessive lead exposures of radiator mechanics as well as their
families. Lead poisoning is entirely preventable--if actions are taken to eliminate
exposures to iead. These should include: the installation of an effective local exhaust
ventilation system; the mandatory use of protective equipment, such as respirators (until
exposures are below the PEL), and gloves and uniforms which are replaced dalily; a strict
adherencs to personal and environmental hygiene; an enforced prohibition of eating and
smoking in all lead-contaminated areas; the implemention of routine environmental and
medical monitoring programs; and training to increase the awareness of the problems
associated with lead use. Radiator shop owners should recognize and meet their
inherent obligation to protect not only their employees from lead poisoning but also the
employees' families.
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1.0 Introduction

While lead poisoning is usually considered one of the oldest recognized
occupational diseases, exposure to lead continues to occur in many industries. Recent
studies suggest that the use of solder for the assembly and repair of automotive radiators
is a common source of exposure to lead that has recsived little public recogniﬁon.’“"

There are an estimated 10,000 radiator repair shops in the United States, empioying
an average of four workers each.* Exposure to inorganic lead during radiator repair is
by the inhalation of lead fumes and lead oxide dusts generated Iby soldering, buming,
grinding, and brushing activities; accidental ingestion may also result from lead
contamination of work surfaces, food, and a worker’s hands, face, and clothing. Airborne
lead levels as high as 500 pg/m?® (10 times greater than the Occupational Safety and
Health Administration [OSHA] workplace limit) have been reparted in radiator shops.’
Evaluations by the National institute for Qccupational Safety and Health (NIOSH) from
1979 to 1990 in radiator shops indicated that 68% of the workers sampled had lead
exposures exceeding the OSHA standard.® Past studies also indicate that blood lead
levels (BLLs) of shop employees are substantial. For example, among 56 radiator repair
mechanics in the Boston area, 80% had BLLs greater than 30 micrograms per deciliter
(ug/dL), and 16% had BLLs greater than 50 ug/dL.?

To minimize health risks to workers exposed to lead, OSHA promuigated the Lead
Standard in 1978 which includes provisions for environmental sampling, biomonitoring,
medical removal, worker education, personal protection, and engineering controls.®
Howaver, radiator repair shops are generally small business operations with limited
resources, and owners and employees may be poorly informed about hazardous

substances, conditions in their shops, or occupational health guidelines. Further, the



tasks of assisting and inspecting small businesses are frequently not assigned a high
priority by regulatory agencies. For example, in California in 1986, only 1.4% of radiator
mechanics worked in shops where environmental monitoring was ever done; only 7.9%
of the shops surveyed performed any routine blood monitoring.”

Because of this high potential for lead poisoning in the radiator repair industry and
the need for more complete exposure data, an assessment of worker exposures to lead
was conducted in three radiator repair shops in the Cincinnati area. The results of these
descriptive investigations are reported herein.

2.0 Background
2.1 Toxicity ot Lead

Lead can enter the body in two ways. Lead can be inhaled (breathed) when lead
dust or fumes are in the air; inhalation of lead particles is generally the most important
source of lead exposure in the workplace. Lead can also be ingested (swallowed)
following hand-to-mouth contact with lead-contaminated skin, food, beverages, tobacco
products, or clothing.

Once lead enters the body, the frequency and severity of medical symptoms
increase with the concentration of lead in the blood, although the specific blood lead level
(BLL) associated with symptoms of lead toxicity varies from one person to another. Overt
symptoms of lead poisoning in adults generally begin at BLLs between 60 and 120
pg/dL. Neurologic, hematologic, and reproductive effects, however, may be detectable
at much lower levels, and the World Heatth Organization (WHOQ) has recommended an
upper limit of 40 ug/dL for occupationally exposed males.? The mean BLL for U.S. men
in 1976 through 1980 was 16 ug/dL; however, with the ubiquity of lead-free gasoline and

reduced lead in foods, the 1991 average BLL of U.S. men will probably drop below 9



ug/dL*"
2.1.1 Acute Effects

Common symptoms of acute lead poisoning are loss of appetite, metallic taste,
nausea, vomiting, stomach cramps, constipation, fatigue, insomnia, moodiness,
headache, joint or muscle aches, anemia, and loss of sexual drive. Severe health effects
of acute lead poisoning include damage to the nervous system, including wrist or foot
drop, tremors, and convulsions or seizures. The effects of lead on the nervous system
may not be reversible.®'!
2.1.2 Chronic Effects

Chronic exposure to lead results in an accumulation of lead in the body over time.
Lead accumulates primarily in the soft tissue and bones, with the highest accumulation
in the liver, kidneys, and cortical bone; elimination is slow. Stored lead may be released
into the blood gradually over time or rapidly following some physiological event such as
ilness or pregnancy. Chronic adverse effects include impaired heme synthesis,
hypertension, severe peripheral neuropathy with paralysis of the muscles of the wrists and
ankles, encephalopathy, proximal kidney tubule damage, decreased kidney function, and
chronic kidney disease. Long term exposure can also result in sterility in men and’
decreased fertility and abnormal menstrual cycles in women. There is equivocal evidence
of miscarriage, and stillbirth in women who were exposed 1o lead or whose husbands
were exposed. Lead can also penetrate the placental barrier, resulting in damage to the
developing fetus, children born of parents either of whom were exposed are more likely

to have birth defects, mental retardation, and behavioral disorders.® 1112

2.2 Evaluation Criteria and Regulations



2.21 OSHA

In 1978, OSHA promulgated a comprehensive standard regulating occupational
exposure to inorganic lead in general industry.® Under this standard, the permissible
exposure limit (PEL) is 50 ug/m® calculated as an eight-hour time-weighted average
(TWA); the action level (AL) is 30 ug/m®.

The OSHA Lead Standard requires that all lead-using companies conduct air
sampling at least oncs to establish baseline lead exposures.® The employer must collect
representative, full-shift personal samples for each job with potential lead exposure,
selecting the employee(s) judged to be at greatest risk of exposure. This ‘initial
determination® determines the degree of lead exposure and is the key to other
requirements in the Standard, such as blood-lead testing, further air monitoring, and
engineering controls. Air monitoring must be repeated any time there is a change in
production, process, control, or personnel, which may result in new or additional
exposures to lead. At a minimum, all lead-using companies must have a written record
of the resﬁns of the initial determination, and must maintain these records for at least 40
years.

If lead exposures are at or above the AL but below the PEL, the employer is
required to (a) notify their employees in writing of the air monitoring results; (b) repeat air
monitoring every six months until two consecutive measurements, taken seven or more
days apart, are below the AL, (c) establish a medical surveillance program if workers are
exposed at or above the AL for more than 30 days each year; and (d) provide empioyees
with information and training on the hazards of lead use and the general provisions of the
Lead Standard.

It worker exposures exceed the PEL, OSHA also requires the employer to (a) have



a written compliance program for controlling lead exposures; (b) reduce lead exposures
to below the PEL, by installing engineering controls, such as iocal exhaust ventilation; (b)
provide empioyees with respiratory protection, free of charge, and ensure its use until
exposures are reduced below the PEL; (¢) provide déan work clothing, change room,
showers, and a separate lunch room, all at no charge; (d) prohibit eating, drinking, and
smoking in areas where lead levels exceed the PEL; and require hand and face washing
before eating, drinking, smoking, or applying cosmetics. OSHA also requires that air
sampling be repeated every three months if air lead levels are above the PEL, or every
six menths if below the PEL but above the AL. Sampling must be repeated at these
frequencies until at lsast two consecutive sampies, taken at least seven days apart, are
below the AL, at which time the employer may discontinue air monitoring, unless a
process or personnel change occurs which may resuft in new or additional exposure to
lead.

Blood-lead testing is required for all employees working in any areas exceeding the
AL. The frequency of subsequent blood-testing and any medical removal provisions are
determined by an individual's BLL. In cases where the BLL exceeds 40 ug/dL of whole
blood, the employee must be notified in writing, provided a medical examination and
consuitation, and the BLL must be monitored every 2 months. Workers with a single BLL
exceeding 60 ug/dL or an average (of three tasts) BLL greater than 50 ug/dL must be
immediately removed from lead exposure until the BLL drohs below 40 pg/dL. The
employee must continue to receive full salary and benefits during this removal, for up to
18 months.®
2.22 NIOSH

The National Institute for Occupational Safety and Heaith (NIOSH) recommended



exposure limit (REL} for lead in air, initially established in 1978, is less than 100 ug/m3
as a TWA for up to 10 hours per day such that the worker's BLL remains bslow 60
ug/dL.'® NIOSH is presently reviewing the data on the health effects of lead to determine
whether the REL needs revision.
2.2.3 ACGIH

The American Conference of Governmental Industrial Hygienists (ACGIH)
recommends a Threshold Limit Value (TLV) of 150 ug/m?® as a time-weighted average for
a normal eight-hour workday. There is no short-terrn exposure limit (STEL) for lead. The
ACGIH Biological Exposure Index (BEI) for lead in blood in SC ug/dl. Both the TLV and
BEI for inorganic lead, last adopted in 1986 and 1987, respectively, are currently under
study for possible revision.'*
2.2.4 HUD

Presently, there are no Federal standards for sﬁﬂace contamination in occupational
environments but the U.S. Department of Housing and Urban Development (HUD) has
established interim regulations which require that surface lead contamination (as
measured by wipe sampling with commercial wipes pre-moeistened with non-alcohol
wetting agents) be iess than 200 ug/ft? (2,160 ug/m?) on fioors, 500 pg/ft? (5,400 pg/m?)
on window sills, and 800 ug/ft? (8,640 ug/m?) in window wells in residential housing
following removal of lead-based paint.'"> These guidelines were primarily based on
previous standards established in Massachusetts and Maryland to help prevent lead
poisoning of young children in residences. These criteria were not based on health risk
assessment, but were empirically established as feasible limits for clearance following
final cleanup during lead-paint abatement. However, HUD recommends the use of these

criteria until they are revised based on additional information.



it should be recognized that the length of exposure, the potantial for contact with
surface contamination, and the frequency of hand-to-mouth contact is probably much
greater in the residential environment than in the occupational workplace. Thersfore,
direct comparison between surface lead concentrations in the workptace and the HUD
standards may not be appropriate but should provide some reference for assessing the
degree of lead contamination.
2.3 Past Studies of Radiator Repair Workers

in general, BLLs in radiator repair mechanics are less than levels routinely found
in high risk occupations such as lead smelting, storage battery manufacturing, or metal
foundries (where levels occasionally exceed 100 ug/dL). They do, however, exceed
those found in aduit males in the general population (13 to 15 ug/dL), and more than
20% of radiator repair mechanics are estimated to have BLLs of 50 ug/dL or greater, the
level which triggers medical removal.*'®

Lussenhop et al., measured airborne and blood lead levels in 53 workers from 30
repair shops in the Minneapolis-St. Paul area in 1986." On average, each shop in the
study had 4 mechanics and repaired 36 radiators per week. The mean area lead
concentration was 40 pg/m? (standard deviation [SD]=60) and the mean personal air
lead concentration was 113 pg/m® (SD=20) averaged over 3 to 6 hours. The mean
blood lead level was 31.7 ug/dL (SD=12.6); 17 (32%) workers had leveis > 40 ug/dL.
No single job or worker characteristic was a good predictor. of elevated blood lead;
volume of radiator repair and shop age were associated with increased blood lead levels.
Environmental data did not correlate well with blood lead levels, according to the authors.
2

Goldman et al.,, surveyed radiator mechanics in 27 shops in Boston.

Environmental samples taken in 5 shops indicated mean personal air concentrations



ranging from 8 to 160 ug/m? (sampling duration not specified). Fifty-six mechanics had
a mean blood lead level of 37.1 ug/dL (SD=13.8); 39% of these mechanics had levels
higher than 40 uig/dL, and 7% were above 60 xg/dL. Regression analysis showed that
the number of repair stations (i.e., level of work activity) was the variable most
significantly associated with lnq'eased biocd lead tevels.

In 1988, B3 automotive repair workers with BLLs > 25 ug/dL were reported to state
health departments in seven states that collaborated with NIOSH in maintaining registries
of elevated BLLs in adults.3 In 22% of these persons, BLLs were > 50 yg/dl. Among
automotive repair workers for whom a job category was specified, radiator repair work
was the principal source of lead exposure. The authors further stated ‘in general,
environmental monitoring and medical surveillance for lead exposure in radiator repair
workers is inadequate.’

An analysis of air lead concentrations measured during OSHA inspections in
California radiator repair shops indicated 62% (23 of 37) samples exceeded 50 ug/m?;
lead exposures as high as 150 pg/m® were measured.'”'® The authors suggest that
exposure violations may occur in small businesses such as radiator shops largely
because of OSHA's higher priority to enforce compliance in more recognized high lead
industries such as lead smelters, battery manufacting plants, and brass foundries.

In establishing the PEL for lead, OSHA recognized that the barticle size distribution
of lead aerosols would affect the concentration of lead in the blood of expose‘d workers.?
A pharmacokinetics model adopted by OSHA to predict the air lead-blood lead
relationship included the assumption that inhaled lead aerosols deposit in different
regions of the respiratory tract, depending primarily on particle size (generaily, small

particles in the lungs and large particles in the gastrointestinal tract).'® Further, the site



of deposition would largely determine the subsequent degree of absorption and
metabolism of the particle. Using particle size information primarily collected from the
lead battery industry, the model assumed that “the first 12.5 ug/m?® of lead in the air of
lead battery plants is generally composed of small particles, but that as air lead
concentrations rise beyond that minimal level, ali additional air lead is present in large
particles." In the model, small particles were those less than 1 um aerodynamic
diameter.'® Although the empirical evidence was limited, OSHA considered this
distribution to be the best available and it was subsequently used in selecting a PEL
which was applicable in all lead-user industries. This distribution also came closest to
approximating the desired health goal of < 40 ug/dL for all workers and was also
considered to be feasible.’ (Interestingly, aithough OSHA recognized the need to
address particle size distribution in predicting blood lead levels, it did not incorporate
similar considerations into its requirements for environmental compliance, i.e., size-
selective sampling). Subsequent studies in various lead Iindustries have included particle
sizing with comparisons of measured particle size distributions to that assumed in the
OSHA model. 23!

Hodgkins et al., measured particle size distributions in different work areas of 2
battery manufacturing plants.®® Mass median diameters (MMDs) were all greater than 10
um (geometric standard deviations [GSDs] ranging from 2.2 to 5.2). In addition, this
Study presented empirical evidence that, within the lead battery industry, air lead
concentration above a certain level is indeed contributed to by particles with asrodynamic
diameters > 1 um, but at a lower concentration than used in the OSHA model (1.0 pfg/m3
versus 12.5 ug/m?. These results would substantially lower the blood lead levels

predicted for a given air lead concentration and therefore suggests that the OSHA PEL



is more conservative than needed tc achieve the targeted distribution of blood lead levels
in the lead industries.

Froines et al., investigated the particle size distribution of iead aerosols in a brass-
bronze foundry, as determined by general area samples.2' Large differences in aerosol
distributions were measured between different process areas (MMDs ranging from 2.1 to
12.5 um with GSDs varying from 2.4 {o 15.7). Using these particle size distributions, the
predicted proportion of workers with blood lead concentrations above 40 ug/dL was over
78% in some work areas, compared to only 50% when using the distribution assumed
inthe OSHA model. The authors therefore suggest that, because varying size distribution
will significantly affect blood level distribution, actual size distributions should be taken
into consideration whenever assessing worker protection.

While measurement of airborne lead concentrations is the primary procedure for
assessing worker exposures and employer compliance with the OSHA PEL, some
investigators have recognized that poor personal hygiene habits of industrial workers can
contribute to lead exposure through unintentional ingestion.** Contaminated food,
tobacco products, skin, and clothing may be potential contributors of iead absorption
through ingestion. In fact, the Lead Standard includes administrative and work practice
controls intended to reduce lead uptake by ingestion. However, the Standard offers no
strategy or procedure for the quantitative assessment of this route of exposure. The
measurement and evaluation of the potential sources of ingestion or dermal contact from
work surface and personal contamination, therefore, have been relatively ignored.

Chavalitnitikul performed a laboratory evaluation of wipe testing methods for lead
dust®2 Wipe materials included moistened filter paper, commercially-available pre-

moistened paper towels, adhesive tape, and adhesive paper labels. Results indicated
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that recoveries of up to 90% can be obtained with good repeatability using moist paper
on non-porous surfaces. Adhesive materials provided optimum recovery on porous
surfaces. An accurately defined sampling area was suggested to be critical for reliable
measurements.

Chavalitnitikul subsequently measured lead surface contamination (i.e., on workers’
hands, and face and on work surfaces) during a follow-up field survey in a iead battery
plant.? Personal contamination samples were taken using a commercially available
paper towel pre-moistened with benzalkcnium and alcchel. Each participant was
instructed to wipe his/her hands thoroughly; the investigator wiped each participant's
face. Hand measurements of plant workers were from 40 to 90 times greater than control
workers. Mean concentrations of facial measurements (not taken on control workers)
varied significantly by work area (i.e., "dustiness®). The highest values for facial and hand
wipes were 603 and 14,023 ug/sample, respectively.

Que Hee et al,, investigated various sample collection and analytical procedures
for optimizing recovery of iead from ¢contaminated surfaces and inhabitants in residential
housing.?* Several different wiping materials, rinse solutions, and ::ollection procedures
were used tc assess personal surface contamination. The authors concluded that
repetitive wipes by the investigator (versus the test subject) using a commercial "wet-
wipe® (Wash n' Dri™ Moist Towelettes) was the most efficient method after 5 wipes (89%
cumulative absolute efficiency) and that multiple wipes (>2) were necessary for precise
results. Also, battery-operated sampling pumps operafed at different flow rates with
various sampling trains were used to compare collection efficiencies for loosely-applied
house dusts from various surfaces. A sampler operated at 2.0 Liters per minute (Lpm)

with Tygon™ tubing at a 45° angle to the surface was the most efficient and reproducible
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method for collecting loose dusts from surfaces (=75% relative recovery after 2 passes).
However, the authors cautioned that this method is much less successful when sampling
surfaces with greasy dusts; handwiping materials and techniques were suggested in this
situation.

2.4 Description of a Radiator and the Repair Process

A radiator is a water-filled set of tubes commonly used in automobiles, trucks, or
industrial equipment to cool generated heat from engines. Water carries heat from the
engine to tubes in the radiator, where moving air cools it. An automotive radiator
consists of a series of copper or aluminum tubes (called the "core®), a header (with a
water-fill inlet) on top of the core which seals the core, tank(s) for storing water, and
brackets for attachment to the vehicle. Radiators may become damaged by corrosion,
excessive pressure, clogged tubes, or collision.

Damaged radiators are either removed from cars or trucks off-site and brought into
the shop for repair or a vehicle may be driven to the shop where the radiator is removed
by a radiator mechanic. Generally, the mechanic first cleans grease and dirt from the
radiator by submerging it into a tank containing a heated caustic solution angd/or spraying
it with water. The radiator is then usually mounted on a lift device that allows the
mechanic to raise, lower, and rotate the radiator while being repaired. The radiator lift is
positioned over a water-filled test tank into which the radiator (while pressurized) is
submerged to test for ieaks; the test tank also catches any excess solder during repairs.
Minor leaks in the core and tank(s) are generally patched with sclder (a standard 40% tin-
60% lead alloy) whereas larger repairs require the radiators to be disassembled (or “torn
down") by melting the solder joints between the tank, side brackets, and core using gas

(e.g., oxygen-acstylene or natural gas-oxygen) torches. Sometimes, a wire brush is used
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to clean solder from the joints during heating. The tank is then cleaned (generally by
abrasive blasting in an enclosed sand blaster), patched, or replaced. The tank and side
brackets are then reattached to the core with solder. Grinding may be necessary to
smooth metal parts and joints. The repaired radiator is than retested for any leaks.

The primary source of exposure to lead during radiator repair is generally
considered to be the inhalation of airborne lead fumes generated during burning and
soldering metal joints. Secondary sources include the inhalation and/or ingestion of lead
dusts resulting from grinding or wire brushing.

Radiator repair work is generally seasonal since most radiator problems manifest
when higher ambient temperatures require the engine cooling system to operate more
frequently and efficiently. -Repair shops therefore tend to be busiest during May through
September.

2.5 Study Objectives

Air lead concentrations in various industrial environments, including radiator repair
shops, vary with job, area, work volume, and control practices. Air concentrations are
often reported in excess of the OSHA PEL,13568161820212528  tiher the need for
determining particle size distributions in workplaces where lead exposures occur has
been suggested.'®®® While surface and personal contamination of lead have been
acknowledged, particuiarly inthe residential community, few studies have quantified these
possible sources of lead ingestion among among workers.2"®

This project was designed to be a descriptive study of lead exposures in a sample
ot radiator repair shops in the Cincinnati area. The specific objectives included: 1) to
determine the concentrations of inorganic lead as measured in the air, on workers' skin,

and on work surfaces in these shops; 2) to determine the particle size distributions of

13



lead aerosols; 3) to evaluate the degree of compliance with the OSHA exposure limits
and monitoring requirements specified under the OSHA Lead Standard (28 CFR
1910.1025); 4) to evaluate the feasibility of various field sampling methodologies; and
5) to assess the need for improvements in the level of exposure monitoring, medical
surveillance, work practices, control technology, and worker education. Additionally,
information from this study may be used by health professionals, lead-industries, and
others for determining the needs and direction of future research.
3.0 Methods
3.1 Sample Size

This was designed to be a descriptive study in which the primary criteria for
determining the number of shops surveyed were available resources and logistics.
Recognizing that repair work may be quite intermittent, the survey duration at any shop
was chosen such that periods of typical repair work would most likely be observed and
sampled. Therefore, four to five consecutive days of sampling were chosen for each
shop surveyed. With consideration to time, manpower and financial limitations, a sample
size of three radiator shops was subsequently judged to be feasible.
3.2 Facillty Selection

For this study, a radiator shop was defined as an establishment in which the
primary business was the repair of radiators. Radiator repair companies located within
' the greater Cincinnati area were identified from the 1990-91 Cincinnati and Hamilton
County Consumer Yellow Pages (Cincinnati Bell, Donnelley Directory). Fifty percent of
the 40 businesses listed under "Radiators-Automotive® were chosen by random selection
and these companies were then sent a letter of introduction explaining the study purpose,

benefits and survey logistics and requesting information about solder usage, repair
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volume, number of workers, engineering controls, and other shop information (see
Appendix A). A follow-up letter was sent to any non-respondents (Appendix B). From
those respondents which used lead solder and repaired radiators on a regular basis,
three shops were selected for field surveys based on the following criteria: highest
estimated work volume, greatest number of full-time repair mechanics, and geographic
location. This target group of shops was subsequently contacted by letter (Appendix C)
and by telephone to schedule a sampling survey.
3.3 Alr Sampling

Personal and area air samples were collected following NIOSH Sampling and
Analytical Method 7082 (collection on 37 mm diameter, 0.8 um pore size, mixed cellulose
ester (MCE) filters) using personal air samplers (Gillian®) calibrated at 2.0 liters per
minute (Lpm), and analyzed using flame atomic absorption spectrophotometry (AAS)(see
Appendix D).¥ The actual limit of detection (LOD) for different groups of sample filters
from this study ranged between 1.0 to 2.0 ug/filter; the limit of quantitation (LOQ) ranged
between 3.3 to 4.5 ug/filter. Any samples with non-detectable results using Method 7082
were reanalyzed using Method 7105 (graphite furnace atomic absorption
spectrophotometry) which has a higher analytical sensitivity (LODs ranged between .03
to .06 ug/filtter; LOQs between .09 to .19 ug/fitter) (see Appendix E}).Z

Personal breathing zone (PBZ) samples were collected on all radiator mechanics
at each shop. PBZ sampling on each mechanic started as soon as possible aﬁer he
arrived at the shop and ended immediately prior to his leéving (or, in a few cases, at the
end of radiator repair work if no further soldering was planned). Additicnally, some
short-term samples were obtained only for the duration of a single radiator repair. [n

addition, area samples were collected at each active radiator repair station, in the shop
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area away from the repair stations, in the shop office, in the lunch area (if separate from
the office), and in the ambient outdoor air. A minimum of four field blanks were also
collected each survey day.

3.4 Wipe Sampling

Wipe sampling was used to quantify lead contamination on work surfaces and
personnel. A commaercial "wet-wipe" (Wash-a-Bye Baby™ Moist Towelettes) was chosen
from three different wipe materials tested (including Wash n' Dri™ Towelettes and
Whatman Smeartabs™) based on its low ash content, high recovery, and its low level of
background lead, as determined by NIOSH laboratories.?® iIndividual wipes were put into
lead-free plastic specimen bottles in the iaboratory before taking into the field.

Work surfaces considered to be frequently contacted by workers and which were
relatively smooth and nonporous (therefore more conducive to efficienct dust removal)
were chosen for wipe sampling. These included workbenches, desk and table tops, door
knobs, restroom fixtures, and telephones. Additionally, the interiors of company and
personal vehicles were wiped (including armrests, dashboards, floor mats, and seats).
Cloth fabrics and carpeting were not sampled. If possible, a disposable, cardboard
template (pre-cut into various sizes and shapes) was placed on the test surface to permit
an accurate and consistant measure of sampled area. Otherwise, a defined surface area
was measured by a tape measure. With gloved hands, the wet-wipe was wiped across
the test surface in a series of horizontal strokes, then folded over and the area re-wiped
in a series of vertical strokes. As much as possible, care wasrtaken to use the same
wiping technique and pressure for each sample to reduce variation in collection
efficiency; also, the same person collected all the surface wipe samples.

Personal wipe samples were taken from workers’ hands and faces. At the end of
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each workshift, workers were given one wet-wipe from its open sample bottle and
instructed to thoroughly wipe both hands (including the palm, back of the hand, and each
finger/fingernail) for 30 seconds, removing as much visible contamination as possible.
At one shop, workers were then instructed to wash their hands in the restroom, as
normally done at the end of each work day, and then to repeat the hand-wiping with
another clean wipe to evaluate the effectiveness of their hand washing. All workers were
also asked to hold a rectangle cardboard template (with an open area of 25 em?) on their
forehead while an industrial hygienist wiped the exposed skin with a fresh wet-wipe using
a gloved hand (twice in each direction, then once in each direction after folding over the
wipe). In order to minimize the sample collection time and maximize cooperation, only
one wipe was used for each hands or forehead sample collected.

A minimum of four field blanks per survey day were collected. All wipe samples
were stored in their sample botties before analysis for lead content by AAS following
NIOSH Method 7082 (LOD = 3 to 9 ug/wipe; LOQ = 9.3 to 29 ug/wipe); sample results
below the LOD were reanalyzed by NIOSH Method 7105 (LOD = .03 to .10 ug/wipe;
LOQ = .11 to .34 ug/wipe).”

3.5 Particle Sizing

Samples for determining airborne particle-size distributions were collected using 6-
stage personal cascade impactors (SKC Series 225™) connected to air sampling pumps
(Gillian®) which were worn by radiator mechanics.?® A flow rate of 2.0 Lpm was used,
resulting in cut points, Dp, (particle size with 50% collection efficiency) of 0.5, 0.9, 1.6, 9.8,
14.8, and 21.3 um. Mylar™ filters and a polyvinyl chloride (PVC) backup filter were used
as collection substrates in all impactors; the Mylar™ filters were spray-coated with silicone

to minimize particle bounce during sampling. To minimize contamination, all impactors
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were _prepared and unloaded offsite; impactors were taken into the field in new plastic
bags each day. Foliowing sampling, the impactors were unicaded, cleaned with acetone
and dried before reloading. The lead content of each collection stage was determined
by AAS analysis following NIOSH Method 7082 (LOD = 0.9 to 2.0 ug/fitter; LOQ = 3.0
to 8.2 pg/filter); sample results below the LOD were reanalyzed by NIOSH Method 7105
(LOD = .02 to .08 ug/filter; LOQ = .07 to .28 ug/filter).

Full-shift impactor samples were collected on all radiator mechanics (personal
samples) and at their work stations {area samples) each day. One impactor was taken
to the shop each day but not used; the filters in this impactor were used as field blanks.
3.7 Quality Control

All air samples were collected using constant flow pumps calibrated prior to each
field survey using a primary calibration standard (i.e., a bubble meter). Fiow rates were
re-checked at the end of each survey using a bubble meter; if there was significant
variation (> 5%) between the pre- and post-survey values, the mid-point of the difference
was used to calculate the sample volumes.

All sample analyses were performed by DataChem, Inc., Salt Lake City, Utah, as
contracted by NIOSH for analytical services. Field and lab blanks for each sample type
(> 5% of the number of field samples, or a minimum of five) were submitted for analysis
after each survey. Spiked samples prepared by the NIOSH Measurement Research and
Support Branch, Quality Control Coordinator, were also analyzed to ensure analyses were
within laboratory quality assurance specifications.

3.8 Miscellaneous information
Local exhaust ventilation rates were measured using a VelociCalc™ thermo-

anemometer (Mcdel 8350, TSI, Inc). A battery-operated psychrometer (Model 566,

18



Belfort Instruments) was used for measuring temperature and humidity. All sampling and
survey information was recorded by industrial hygienists using standardized data
collection forms (see Appendix F-H).
3.2 Data Analysis
3.9.1 Alr and Surface Lead Concentrations

The quantity of lead (in micrograms, ug) measured by AAS analysis was divided
by the air volume (in cubic meters, m®) sampled to determine lead concentrations for
each air sample. For wipe samples, the measured lead quantity was divided by the
surface area (in m? wiped to determine surface concentrations. The areas of all wiped
surfaces (except hands) were measured directly or by using a pre-cut sized template; a
standard area of 820 cm? per pair of hands was used for all workers, as recommended
by the Environmental Protection Agency (EPA) when assessing skin exposures.®!
3.9.2 Time-Welghted Average Concentrations

Time-weighted average exposures over the actual sampling duration (TWAy, raion)
were calculated for each worker using either a single full-shift sample or the weighted

average of all partial-shift sarmples as follows:

TWA ation = CaTa * CpTp + . CT, /T, + Ty + .. T, (Equation 1)

Where:  C, is the concentration of lead in the first sample worn,;
T, is the sample duration of the first sample worn;
C, is the concentration of lead in the second sample worn;
T, is the sample duration of the second sample worn;
C,, is the concentration of lead in the nth sample warn;
T, is the sample duration of the nth sample worn.

Eight-hour TWA (TWA,) exposures were calculated to determine compliance with the PEL
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for airborne lead, as specified by OSHA.3 If the total sampling duration was greater than
or equal to 480 minutes, the TWA, was assurned to be the same as the actual-duration
TWA. If the total duration sampled was less than 480 minutes, a concentration of zero
was assumed (since no further lead exposure was observed) for that remaining duration

needed to total 480. The TWA; was calculated as follows:

TWA, = C T, + C, T, + ...C,T, / 480 (Equation 2)

Where: C, is the concentration of lead in the first sample worn;
T, is the sample duration of the first sample worn;
C,, is the concentration of lead in the second sample worn;
Ty is the sample duration of the second sample worn;
C,, Is the concentration of lead in the nth sample worn;
T, is the sample duration of the nth sample worn.

3.9.3 Particle Size Measurements

The mass median diameter (MMD) and geometric standard deviation (GSD) of lead
aerosols at each shop were determined from cascade impactor sample results by
graphically plotting the average (of all samples for a given location) cumulative
percentage concentration on log probability paper. The MMD is the particle size where
50% of the particle mass is borne by particles larger than the size and 50% of the mass
is borne by particles smalier than the size. The GSD is the ratio of the MMD to the Dp,,
where Dp,, is the particle size for which 16% of the mass is borne by particies smaller
than the size.®
3.9.4 Statistical Analyses

Point, variance and 95% confidence interval (Cl) estimates of mean lead

concentrations (including air lead, work surface lead, and personal surface lead) were

20



calculated using the Statgraphics® software package (Version 5, Statistical Graphics
Corporation). Any result below the LOD was assigned the LOD/¥2 value for computing
statistics.3® Descriptive statistics of lead ooncentrations were calculated by worker as well
as by categories such as job, wofk area, and shop.

4.0 Results

4.1 Participation Rate

Forty radiator shops were identified from the Cincinnati telephone directory. Of the
20 (50%) radiator shops which were sent the initial letter of introduction, nine companies
responded, either in writing or by telephone. Three additional companies responded after
the second letter was sent. The final response rate was therefore 60% (12 of 20 shops
contacted).

Of the 12 respondent shops, nine indicated that lead solder was regularly used for
repairing radiators. The other three indicated that radiator repair was no longer their
primary business activity. While four shops reported employing more than one full-time
radiator mechanic, two of these shops were owned by the same company (one shoh was
located in Covington, Kentucky and the other in Cincinnati). Therefore, all three
contacted shops located in Cincinnati which employed more than one radiator mechanic
were selected for sampling. All three owners agreed to participate in the field study.

Every full-time radiator mechanic at each shop was asked to wear air samplers and
to allow skin and facial wipe sampling; all (n=8 mechanics) agreed to participate.
Additionally, the only mechanic.helper employed in any of the shops participated in wipe
sampling (he spent greater than 50% of the work shift off-site to make air sampling
infeasible). All employee participants were male with between 3 months 1o 43 years

(average = 15 years) of radiator repair experience.
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4.2 Description of Survey Sites
4.2,1 Radiator Shop 1

Shop 1 is located in western Cincinnati and has been in operation since 1966. On
average, between B to 15 radiators are repaired each day; however, during the peak
season (summer months), up to 15 radiators are repaired dally. In addition to auto,
truck, and industrial radiator repairs, the business performs complete auto service
(including wheel alignments, brake and transmission service, and body work), towing,
and vehicle storage.

The radiator repair work is performed in a separéte section of a large building with
multiple drive-in bays, work, and storage areas (refer to diagram in Appendix [). The
radiator shop has separate entrances and is completely walled off, except for an access
door, from the rest of the building. Each of the shop's four radiator repair stations
includes a water-filled test tank, radiator lift, tool stand, and gas torch. Three of the repair
stations (# 1-#3) are equipped with local exhaust ventilation (LEV) consisting of a canopy-
shaped exhaust hood connected to a flexible duct and a ceiling-mounted exhaust blower
(Model ER-12, United Air Specialists, In¢c). The hood and ducting are connected to a
counter-balanced swing arm which permits the mechanic to easily position the capture
hood close to the actual work area. An electronic precipitator (SmogBuster™, Eltron Mfg,
Inc) designed to clean and recycle air is positioned above two adjacent repair stations
(#1 and #2). The shop also has a covered caustic cleaning vat and an enclosed sand
blaster with glove boxes (DryBlast™ Model EP-2, Trinity Tool Company).

A shop office for completing paperwork and ordering supplies is located in the
radiator shop but some shop business is also performed out of the main office located

in a separate building about 50 yards away. The only restroom and a lunchroom are also
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located in the main office building. Workers eat either offsite or in a separate lunchroom
in the main office building; the shop areas are vacated and closed between 12 to 1 pm.
According to company management, no eating, drinking or smoking is permitted in the
work areas, atthough these activﬁies were observed there during the survey.

Normally, the radiator shop employs two full-time radiator mechanics (ME and RJ).
Another employee (GW), however, works wherever needed in the auto service facility;
during the survey, he worked exclusively in the radiator shop. All radiator mechanics are
supplied and wear safety glasses, protective gloves (rubber with 12-inch gauntlets and
abrasive coating, Edmont Company), and commercially-laundered work pants and shirts
which are changed daily at the employee’s home. Disposable respirators {Comfort Mask,
Model 6985, 3M Company) were available but never observed to be worn when soldering
during the survey.

Blood lead testing was conducted, at no charge to the worker, in 19380 for one
mechanic (ME) and indicated a BLL of 19 ug/d!; the other two mechanics (RJ and GW)
had BLLs of 23 and 17 ug/dl, respectively, when tested in 1991. The company has never
monitored employee exposures o airborne lead.

4.2.2 Description of Shop 2

Shop 2 is located in central Cincinnati and has been in operation since 1980.
Generally, an average of 4-5 radiators are repaired each day, except during the summer
when up to 6 radiators are repaired daily. The shop mainly services auto and truck
radiators and fuel tanks.

This shop has three radiator repair stations (refer to diagram in Appendix J). Two.

“repair stations (#1 and #2) are adjacent to each other and have a water test tank,

radiator lift (tank #1 only), tool stand, and natural gas torch. Each of these two stations
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is equipped with LEV consisting of a non-flanged hood connected to a flexible duct and
exhaust blower (Fumerator® System, Americraft Company). The hood and ducting are
connected to a swing arm which permits the mechanic to easily position the hood close
to the work area. A wall fan is also positioned between repair stations #1 and #2. The
third repair station consists of a ventilated enclosure, resembling a laboratory hood on
top of a work table. The enclosure’s walls are made of sheet metal and a wall-mounted |
propeller fan is located at the top of the booth. Access is through a fixed 3-foot by 4-
foot opening in the front of the enclosure. This station is used mainly for “tearing down"
radiators. This shop also has an enclosed water spray tank connected to waste-water
recycling equipment, and an enclosed sand blaster with glove boxes (DryBlast™ Model
BP-2, Trinity Tool Company).

A shop office is located in a walled-off area within the same shop building; the
office door is normally left closed. The restroom is located about 15 feet across from
repair station #i. Workers generally eat lunch in the shop office. "Lead Work Area--No
Smoking or Eating" signs are posted at each repair station. No eating or drinking was
observed outside of the office during the survey; workers occasionally smoked when
away from the immediate repair areas.

Normally, the radiator shop employs two full-time radiator mechanics (DR and RR).
A third employee (GR) was hired as a temporary mechanic and mainly performs radiator
tear downs. Ancther worker is employed as a mechanic’s helper who generally picks up
and delivers radiators from customers. All employee's are supplied with commercially-
laundered work pants and shirts which are changed daily at the employee's home.
Disposable respirators (Dust and Sanding, Model 8560, 3M Company), and protective

goggles (1000 Series, North Company) were available but never observed to be worn
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when soldering during the survey.

Blood lead testing for the two regular mechanics (DR and RR) indicated BLLs of 35
and 24 yg/di. respectively, when lasted tested in 1990; testing was provided free of
charge to the employees. Air morﬁtoring for lead had never been performed at this shop.
4.2,3 Description of Shop 3

Shop 3 is located in eastern Cincinnati and has been in operation since 1887. On
average, 3 radiators are repaired each day (about 5 per day during the summer). In
addition to auto and truck radiator repairs, the business services automotive heaters, air
conditioners, and exhaust systems.

Radiator repairs are performed in a separate room of a large shop building with
multiple drive-in service bays, office, and storage areas (refer to diagram in Appendix K.
Entrance to the radiator repair area is either through a door adjacent to the main shop
and a door to the storage area. Each of the shop's two radiator repair stations includes
a water-filled test tank, radiator lift, tool stand, and propane-air torch. This was the only
shop surveyed in which a wire brush was routinely used to clean solder from the heated
joints when tearing down radiators. There is no local exhaust ventilation for either repair
station. An 18-inch waﬁ fan is located in the wall opposite the repair stations, about 15
feet away. A ceiling-mounted exhaust fan is located about 10 feet above each repair
station. The shop also has a covered caustic cleaning vat and an enclosed sand blaster
with glove boxes (DryBlast™ Model BP-2, Trinity Tool Company).

A shop office, restrooms, and customer waiting area are located at the opposite
end of the shop building. Workers generally eat at a table in the waiting area. No eating,
drinking or smoking is permitted in the radiator repair room, aftthough drinking was

observed therse during the survey.
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" Normally, the radiator shop employs two full-time radiator mechanics (DP and CC);
the owner (LP) also repairs radiators, if necessary. Each worker is supplied with
commercially-laundered work pants and shirts which are changed daily at the employee’s
home. Protective goggles (brand not available) were available but never observed to be
worn during the survey; no respirators were available.

Neither air lead sampling or blood lead testing had ever been performed at this
shop.
4.3 Radiator Shop Evaluations

All site visits were conducted between July and August, 1991. Four-day surveys
were conducted at Shops 1 and 2, while sampling was stopped after only three days at
Shop 3 due to lack of repair activity. Owners and employees were each sent written
reports of the air and wipe sampling results at their respective shops (see Appendices
I through K), which included specific recommendations for improving exposure conditions
at their shops. Overall sampling results, including particle size information, are discussed
in the following sections. |
4.3.1 Air Sampling

A total of 129 air samples were collected and analyzed for airborne lead (PbA);
individual sample results (blank-corrected) are presented in Appendix L. The relative
frequency distribution of all air lead concentrations (from both personal and area
samples) in all the shops is presented in Figure 1. Lead concentrations were generally
low; 90% of all air samples collected were below 20 ug/m?; the remaining 10% were at
or above 94 pg/m°.

Air concentrations for all samples collected are summarized by job/area in

Table 1. The air concentrations ranged from 0.1 to 810 ug/m?; none of the background
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air samples coliected were higher than the sampling LOD.

Fifty-five (43%) of the air samples were collected on radiator mechanics; the overall
arithmetic mean (or ‘average’) lead concentration for this group was 52.5 ug/m?®.
Variability within this group was high; the SD was 140 and the coefficient of variation (CV)
was 267 percent.

The highest area sampling results were found near the test tank (average of 26.7
pg/ma), the area where radiator tear-down and soldering were generally performed.
Figure 2 illustrates there were significant differences (p <.05) between the average air
concentrations found in the radiator repair area of each shop.

Table 2 summarizes air lead concentrations found at Shop 1. The average
concentration of 16 samples worn by radiator mechanics was 6.3 pg/m3. The highest
concentration (18.5 ug/m?) at this shop was found for a full-shift sample worn by a
mechanic while none of the other 15 personal samples exceeded 10.6 ug/m°. Two
short-term personal samples collected during continuous soldering (7 hinMes attesttank
#1 and 30 minutes at tank #2) had concentrations of 7.1 and 4.1 pug/m?®, respectively
(shown in Appendix J).

While the average air lead concentration in the shop office (2.9 ug/m?% was well
below the PEL, it is actually above the ambient outdoor lead concentration and indicates
possible migration between the repair areas and the office. The office door was
frequently left open during the workshift.

Results from Shop 2 are shown in Table 3. The average concentration for 26
mechanic samples was 3.0 ug /ma. The highest concentration (8.5 ug/m?) was found for
a partial-shift (165 minute duration) sample worn by a mechanic; none of the other

personal samples exceeded 6.0 ug/ms. The highest area concentration at this shop was

27



found at the face of the repair booth where radiators were torn down (2.0 pg/m’).

The air concentrations found at Shop 3 are presented in Table 4. The 13 samples
womn by radiator mechanics averaged 209 ug/m?® with a maximum value of 810 ug/m®
for a §6-minute personal sample worn while tearing down and resoldering a single
radiator. The highest area concentration was 180 pg/m® measured immediately adjacent
to the repair station most frequently used during the survey. None of the sample air lead
concentrations measured outside of the radiator repair room exceeded 2.0 pg/ma
suggesting no migration of airborne lead from the room Into the other areas of the
building.

Finally, all outdoor ambient air lead concentrations were below the limit of detection
indicating that lead concentrations generated inside the shops and released through
doors, windows, and exhaust vents did not have any measurable effect during the period
of study on the immediate environment. This also indicated that the outdoor ambient air
did not contribute to the lead concentrations found inside the shops.

4.3.2 Time-weighted Average Exposures

Time-weighted average (TWA) exposures were calculated over the actual sampling
duration (TWA_ o) @nd also over an eight-hour duration (TWA,) for comparison to the
OSHA PEL. The TWA each day was calculated f01; each mechanic resulting in a total 6f
28 TWA exposures {for both actual and eight-hour durations); results are shown in
Appendix M.

The relative frequency distribution of the 28 TWAg concentrations is presented in
Figure 3. Generally, exposures were very low; 82% of all TWA, exposures were below
10 ug/m®. Only 7% (2 samples) exceeded the OSHA PEL of 50 ug/m?; a total of 11%

(8 samples) were greater than the AL (40 pg/m‘”’); these high results were at Shop 3.
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The TWA, exposures for all eight radiator mechanics are summarized in Table 5.
The average TWA, exposure of all mechanics at each shop ranged from 3.0 ug/m? at
Shop 2 to 64.9 ug/m? at Shop 3, a twenty-fold differehce. The significant difference (p
<.05) in exposures between Shop 3 and the other two shops is also shown in Figure 4.

Figure 5 shows the mean TWA, exposures for each worker; the two highest means
(98.9 and 42.2 ug/m% were for the two mechanics at Shop 3. Figure 6 presents a plot
of the individual TWA, exposures further illustrating the magnitude of the exposures found
at Shop 3. As shown, all three of the TWA, exposures which exceeded the OSHA
exposure limits were measured at Shop 3; the maximum value was 157 ug/m?®, which is
more than three times the PEL. The highest TWA, exposure between the other two
shops was only 17 ug/m?®,
4.3.3 Wipe Sampling

A total of 126 samples were collected to assess surface iead (PbS) contamination;
individual sample results (blank-corrected) are presented in Appendix N. The areas of
all wiped surfaces (except hands) were measured directly or by using a pre-cut sized
template; a standard area of 820 cm? per pair of hands was used for all workers, as
recommended by the EPA when assessing skin exposures.?’

| The relative frequency distribution of all PbS samples is shown in Figure 7. Twenty-

nine percent (36 of 126) of the samples were greater than 10,000 ug/m2. When
compared to the HUD residential clearance standards, 64% were less than the guideline
for window wells (8,640 ug/m?) and only 37% were less than the more stringent limit for
floors (2,160 ug/mA).

A summary of surface lead concentrations in all three radiator shops is shown in

Table 6; results from each shop are summarized in Tables 7 through 9. The highest
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concentration found was 500,000 ug /m2 on the edge of a repair test tank. High sample
concentrations were also found in personal vehicles (96,000 pg/m"’). the shop office
(84,500 ug/m?), and on unwashed hands (78,050 pg/m?). Lead was found on every
surface wiped, including lunchroofn tables and washed hands. Extremely high variability
in sample concentrations is indicated by the large SDs (e.g., ranging from 498 to over
169,000 for data in Table 6).

The average PbS concentration by area is shown in Figure 8. Large differences in
the surface area wiped and in the sample frequency for each location make comparisons
of averages by location tenuous.

Table 10 summarizes PbS concentrations found on individual workers’ hands,
foreheads, shoes, and personal vehicles. The average iead concentrations ranged from
5,453 to 51,220 ug/m? on unwashed hands, 122 to 5,000 ug/m? on foreheads, 20,000
to 46,000 pg/m? on shoes, and 976 to 44,000 yg/m? in vehicles. Figure 9 further
illustrates the average PbS concentrations on the unwashed hands of shop workers.

As described above, hand wipe samples were collected both before and after
washing at Shop 2. The average concentrations ranged from 259 to 974 ug/m? on
washed hands (Table 10). The averages for "before® and "after® washing for each worker
at Shop 2 are plotted in Figure 10; in most cases, there was a significant difference (p
<.05) in means for unwashed and washed hands. Interestingly, an average of more than
970 ug/m? was found on one worker's washed hands (maximum value of over 2,400
pg/m?). Figure 11 shows the significant difference (p <.05) between the means of all

unwashed and washed hand samples.

4.3.4 Particle Sizing



Figures 12 through 14 show the aerosol size distributions, by shop, for the different
sampling locations (radiator mechanic and repair tank); Figure 15 shows the mean
distributions at the two different locations for all shops. In general, the distributions were
similar for both intra-and inter-shop Eomparisons. An exception was the much smaller
particle size measured from area samples near the repair tanks at Shop 1. Most of the
distributions, however, indicate a large peortion of the lead mass can be found in particle
sizes larger than 10 um. This is illustrated by data shown in Table 11 which presents the
mass median diameters (MMD) of lead aerosols from the samples collected on radiator
mechanics and at the repair stations. All the MMDs determined from personal samples
were equal 1o or greater than 10 um. The GSDs varied from 4 to 7 indicating a rather flat
distribution over the entire size range.

4.3.5 Ventilation Measurements

The results of ventilation measurements at each radiator shop are summarized in
Table 12. The velocities at the face of the hoods were all above 100 feet per minute
(fpm), which is the minimum capture velocity recommended by the ACGIH for
contaminants of low to moderate toxicity (eg. non-carcinogens) released at low velocity
into moderately still air.3* '

The surveys at these shops were all conducted during warm to hot weather (July
to August)} which generally led to most windows and doors being left open. Though not
measured, natural air breezes were observed using smoke tubes throughout the work
areas. While disturbing room air currents tend to interfere with the effectiveness of LEV
caplure, they also help dilute contaminant concentrations. The conditions during these
surveys may not be representative of those found during winter months when shops are

normally "closed-up® to protect against colder temperatures.
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5.0 Discusslion

All three surveys of radiator shops described in this report were conducted in
summer months during hot weather when radiator repair activity was near peak levels
compared to the rest of the year, according to shop personnel. While natural ventilation
through the shops may have been greater than during winter months when doors and
windows are left closed, the effects of disturbing air currents are largely unpredictable.
Therefore, while the results reported herein may be considered to represent worst case
exposures, this should be confirmed by winter surveys, when repair volume is generally
about one-quarter of that seen during the summer.

Of the three shops surveyed, only Shop 3 could be described as "small, dirty, and
poorly ventilated®, a description previously used to characterize many radiator shops in
other studies."? The other two shops were spacious, clean, and orderly, with effective
and well-maintained ventilation systems. Interestingly, Shop 3 was the newest of the
three shops, being buift only four years ago. |

Two primary factors are probably responsible for the major differences in lead
concentrations between Shop 3 and the other shops surveyed. First, only the radiator
mechanics at Shop 3 used a wire brush to clean solder from the soldered joints when
tearing down radiators. This not only generated a large amount of lead dusts, but
shortened the distance between the worker's breathing zone (where the sampler was
worn) and the radiator as he leaned over while brushing. This may also explain the larger
mean particle sizes seen at Shop 3, suggesting that there may be more exposure to
large-sized lead dusts at Shop 3 than to primarily smaller-sized lead fumes as seen at
Shops 1 and 2. This suggests that wire brushing of soidered parts may be a potential

source of lead exposure and demonstrates that such a work practice should be avoided.
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Second, the lack of effective engineering controls in Shop 3 contributed to
excessive airborne lead exposures. The use of a single wall-mounted and two roof-
mounted propeller fans was ineffective in reducing lead exposures below the OSHA PEL.
On the other hand, local exhaust ventilation at the other two shops where face velocities
of at least 100 fpm were maintained was found to effectively control airborne lead
exposures to well below the PEL. The adjustable-arm, flexible duct hoods in these shops
are large enough that the mechanic did not have to constantly reposition the hood as he
works on a radiator, and yet are easily movable when necessary. This ergonomic
consideration is important in predicting how frequently the worker will use the exhaust
hood and therefore how effectively exposures are controlled.

Because of the lack of engineering controls and the magnitude of airborne
exposures, appropriate NIOSH-approved respirators should be worn by all mechanics at
Shop 3 whenever tearing down or soldering radiators (see Appendix O for NIOSH
recommended respirators). However, respirators are not to be used instead of
engineering controls but rather only in the interim until a suitable LEV system can be
installed. In fact, respirators should rarely be required in radiator shops, based on recent
research by the NIOSH Division of Physical Sciences and Engineering which has resulted
in affordable (less than $1000) and effective ventilation control systems available to all
radiator shops, including those which may lack resources for purchasing expensive,
elaborate engineering controls.®

The highest surface lead concentrations in the three radiator shops were generally
found in the immediate area where radiators were being torn down and resoldered. This
finding might have been predictable since these activities are the primary sources of lead

contamination at the radiator shops. Less expected was the lead contamination shown
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to be pervasive throughout rest of the shop areas, especially at the high levels found in
the shop office. Furthermore, lead was not confined to the workplace as indicated by the
high levels measured in the personal vehicles of shop mechanics. These later findings
are particularly disturbing since lead was found in areas where workers frequently eat and
smoke and because it indicates that lead is being carried away from the workplace.
Therefore, workers, customers, and families are potentially being exposed to lead through
skin contact, and possibly resulting in the ingestion of lead.

Skin wipes indicated that mechanics’ hands and foreheads become highly
contaminated with lead during repair activities. Work gloves were supplied in only one
radiator shop (Shop 1}, mainly for protection from heat, but their use was observed to be
irregular. Also, one of the highest surface lead concentrations found during the survey
was on a wipe sample taken from the inside of a used glove {29,200 ug/m?. These
same gloves were used for the entife survey duration without replacement despite being
visibly contaminated.

While hand washing significantly reduced lead contamination, high levels (i.e.,
compared with the HUD clearance criteria) were still measured after washing in the one
shop in which before and after samples were collected (Shop 2). Although the washing
procedure used in this shop (using a liquid detergent and hot running water) is
appropriate for removing lead, cleaning habits are highly subjective and personal,
therefore quite difficult to assess and to control. Effective cleaning undoubtedly varies
greatly from one worker to the next and from one washing to the next. Another
explanation for the lead contamination found after washing hands is the potential for
recontaminating clean hands, which is suggested by some of the data from this shop.

For instance, high lead levels were found on the restroom lightswitch (18,180 ug/m?) and
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the toilet flusher (5263 ug/m?). Also, this shop used a cloth towel roll-type dispenser
rather than a paper towel single-sheet dispenser, which required the worker to push a
button and pull down a used section of towel before reaching a clean section. While the
amount of lead transferred to washed hands by this procedure is probably minimal (no
samples were taken on the machine), it does present the potential for cross
contamination and its continued use should be reconsidered.

The extremely high SDs and CVs for the wipe sampling results illustrate the high
variability in measured surface lead concentrations. While much of the observed
variability is due to actual differences in lead contamination on different surfaces, some
of this variability is probably due to the differences in collection efficiency for each sample
(due largely to inconsistent hand sizes and wiping techniques between participants and
between samples}. Others have noted also that a single wipe sample is not acceptably
efficient or precise, and at least three wipes may be necessary to achieve high recoveries
of surface lead dusts.?* While wipe sampling may therefore be considered only semi-
quantitative, these survey results do indicate the presence and relative magnitude of lead
on several surfaces likely to be contacted by workers.

The size distributions of sampled lead aeroscls were generally similar throughout
the locations and shops surveyad. The distributions indicate a large portion of the lead
mass can be found in particle sizes greater than 10 um. The narrow range of GSDs for
the aerosol distributions in radiator shops are sihilar to those found by Hodgkins in lead
battery plants but quite different than was found by Froines in a brass foundry.mz’ Like
the Hodgkins study, most samples coliected in this study were personal samples, which
may have contributed to the similarity in results; the small GSDs indicate that the

sampled workers are exposed to aerosols of similar size distributions. Froines, however,
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collected area samples and reported large GSDs (up to 15.7) for some of the areas
sampled indicating distinctly different size distributions from various work processes,
possibly due to differences in the physical nature of lead particles present (e.g. smaller
sized fumes versus larger sized dusts).

These results suggest that the knowledge of the size distributions of lead aerosols
found in lead industries, such as radiator shops, may be important in predicting PbB
levels. For instance, while air lead levels may be well below the PEL, determination of
panicle sizes may indicate a relatively large amount of lead in particle sizes less than,
say, 10 um, and therefore more likely to be respirable. This situation may be more
significant if workers are exposed to high concentrations of larger sized (eg. > 10 ym)
particles which are not as likely to be deposited in the alveolar region of the lung and
readily absorbed into the blcod. This may require different types of work practices and
ventilation control strategies for effectively controlling worker BLLs, depending on the
particle size of the lead aerosol exposure.

This project helps to emphasize several important public health issues. First,
radiator repair should be recognized as associated with increased risk of lead poisoning.
Recognizing and controlling sources of lead exposure are important, considering the
toxicity of lead.

Second, this project illustrates the dilemma of small businesses ¢oncerning health
and safety conditions. Frequently, owners may be poorly informed about hazardous
conditions in their shops and the applicable health and safety regulations for controlling
workplace exposures. Even if they are aware of conditions and requirements, they may
lack the information and financial resources to implement the regulations or correct

problems.



Third, ingested lead has received minor attention, compared to inhaled lead, as a
major route of entry for lead poisoning. However, the results from this survey indicate
that hand, facial, and work surface lead contamination may be significant sources which
potentially contribute to ingested lead by radiator mechanics. Further, radiator repair
work also presents a potential risk of lead poisoning to the families of mechanics, as
lllustrated by the high levels of lead carried home on their skin, shoes, and automobiles.

Many pravious studies have also indicated that lead may be carried home by
workers in lead-industries, resulting in potential exposure and lead poisoning of family
members.**' This is a particular problem where young children are involved since
national data indicate that children ages 6 months through 2 years are at highest risk of
lead poisoning.'”® Toddlers are especially liable to ingest lead in contaminated
environments because of normal mouthing behavior and increased hand contact with dirt
and dust.*? Children in this age group are also more susceptible than oider persons to
lead-related neurobehavioral toxicity.**** Growing evidence indicates that BLLs in the
range of 10 to 15 ug/dL and above affect cognitive development and behavior in young
chiidren.***  Finally, prenatal exposure to lead is associated with reduced gestational
age, birthweight, and early mental development at prenatal maternal BLLS as low as 10
to 15 ug/dL.¥’

Since inhaled lead has been primarily emphasized and considered the major route
of entry by occupational health authorities, most requirements for personal hygiene
facilities, ¢lothing changes, and housekeeping are predicated on airborne lead levels with
relatively minor consideration of surface lead contamination. For example, OSHA
recognizes wipe sampling results to be useful for identifying lead-contaminated areas but

has not yet established specific criteria for surface dust levels which can be used for
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determining the need for any corrective action. The results from this survey emphasize
the need for routine wipe sampling, pertinent comparison criteria and, where necessary,
for implementation and strict adherence to policies directed to personal and
environmental hygiene to minimize the potential of lead ingestion. Cleaning of frequently
contacted surfaces, especially desktops, telephones, restrooms, and lunch tables using
a high efficiency particulate (HEPA) filter vacuum and detergent solutions should be
performed daily. Shop rules which prohibit eating, drinking or smoking in any areas
which are not physically separated from the work areas, cleaned daily, and in which
unwashed workers are not allowed to enter should be implemented and strictly enforced.
This would effectively eliminate any eating or smoking in most shop offices.

Workers should be frequently reminded (eg., by posting signs) to thoroughly clean
their hands and face before any eating, drinking, or smoking. Workers should be
required to wear commercially-laundered work uniforms provided daily by the employer
and prohibited from taking dirty uniforms and workshoes from the workplace. (The
commercial laundry firm must be advised, in writing, of the lead contamination and of its
potentially harmful effects).

Conscientious personal hygiene practices must be emphasized whenever working
with or around lead. Showering should be required of all employees before leaving
radiator shops to further minimize possible contamination of cars and homes and prevent
secondary lead exposures to workers’ families. Finally, all shop employees (and their
family members, if feasible) should be educated regarding the hazards of lead, including
the potential for take-home contamination and the higher susceptibility to lead poisoning

in young children.



6.0 Summary

Area and personal sampling for airborne and surface lead was conducted in three
Cincinnati radiator repair shops. A total of 129 air samples and 126 wipe samples were
collected. The highest air concentrations were found near the repair stations where
mechanics work with moHlen lead-based solder. The mean eight-hour TWA lead
exposure for mechanics was 15.2 pg/m? (SD=33.3) with a range of 0.9 to 157 pg/m®.
The two shops which used local exhaust ventilation systems were found to have
effectively controlled worker exposures to airborne lead. Personal time-weighted
exposures averaged less than one-fith the OSHA PEL (50 ug/m? in these shops.
However, exposures in the third shop, in which there was no local ventilation, were
frequently above the PEL.

These survey results also indicate that sources of exposure other than airborne
lead, such hand, facial, and work surface contamination, may make a significant
contribution to the total lead exposure. Lead contamination on work surfaces in these
shops was found as high as 500,000 ug/m?®. Lead dust was also found in lunch areas,
on hands of workers (both before and after washing), on street shoes, and in personal
vehicles. As with airborne lead, the individual hand, facial, and surface lead levels varied
widely throughout the surveys.

These results are similar to those found in other studies of radiator repair shops and
confirm the potential for excessive lead exposures of radiator mechanics as well as their
families. Lead poisoning is entirely preventable--if actions are taken to eliminate
exposures to lead. These should include: the installation of an effective local exhaust
ventilation system; the mandatory use of protective equipment, such as respirators (until

exposures are below the PEL), and gloves and uniforms which are replaced daily; a strict
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adherence to personal and environmental hygiene; an enforced prohibition of eating and
smoking in all iead-contaminated areas; the implemention of routine environmental and
medical monitering programs; and training to increase the awareness of the problems
associated with lead use. Radiator shop owners should recognize and meet their
inherent cbligation to protect not only their employees from lead poisoning but also the

employees’ families.
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TABLE 1

SUMMARY OF AIR LEAD CONCENTRATIONS (yG/M)
AT RADIATOR REPAIR SHOPS #1-3

I JOB/AREA N GM GSD AVG sD SE Ccv MIN
Radlator mechanlo 55 8.2 6.4 525 140.0 18.9 267 03
“ Radlator repair: general area 17 14 48 7.7 290 5.7 298 0.1
"» : test tank 17 29 1.7 26.7 569 138 213 0.1
: repalr booth 3 R 2.1 1.3 08 04 58 0s
|| : office 7 1.5 19 19 1.7 0.6 90 08
Main office 6 04 28 05 0.4 02 144 0.1
Lunch area 10 0.5 28 0.7 05 0.2 a7 0.1
Qutside: lev exhaust 4 0.1 1.4 0.2 0.1 00 410 0.1
Background 10 0.1 0.0 0.1 00 0.0 0 o1
TOTAL 129 19| 79 272 6.4 85 ass 0.1

N«number of samples

GM ~geometric mean

G30 -geomatric standard deviaiion

AVQ =arfihmsiic mean

S0 = slandard devistion

SE - viandard enor

CV = cosfficient of vasiation

MIN =minimum valus

MAX « maximum waiue

94%NC1~03 p M confidence & ) ()t and UppeT values) on the AVG
(0) = calculated lower Cl value ts less than e




TABLE 2

SUMMARY OF AIR LEAD CONCENTRATIONS (uG/M)

AT RADIATOR REPAIR SHOP #1

I JOB/AREA N GM GSD AVG
Radlator mechanic; ME 8 5.1 21 8.7
‘R 5 56 13 5.7
Il GW 5 57 1.6 83
| Subtotal 16 5.4 1.7 6.3
Radiator repalr: general area 7| 113 20 16
l : test tank 7 23 15 25
: office 3 23 2.2 29
Main office 3 01 19 02
Lunch area 3 0.1 15 o1
Background 3 0.1 0.0 0.1
TOTAL 42 1.5 48 a3

5%Ci=08 p confid Interval (lower and upper valiues} on the AVG

47



TABLE 3

SUMMARY OF AIR LEAD CONCENTRATIONS (1G/M)
AT RADIATOR REPAIR SHOP #2

ey

JOB/AREA GM GSD AVG sD SE cv MIN MAX 9% C

— —

Radlator mechanic: DR 18 20 23 25 1.7 0.4 65 03 6.0 18 3.3

:GR 4 7 59 186 6.4 2.7 1.4 42?2 3.0 2.5 a7 20

: AR 4 18 14 16 0s 0.2 29 1.0 2.i 12 21

Subtotal 26 22 23 a0 22 04 75 03 9.5 29 39

Radiator repair: general area 4 a3 23 0.4 03 0.1 65 0.1 o7 02 07

: test tank 7 07 25 09 0.5 0.2 53 0.1 13 b.5 12

: tepair booth 3 1.1 20 13 08 04 58 0s 20 04 22

: office/lunch 4 1.1 1.2 1.2 03 01 22 09 15 09 1.4

Outside: tev dischargs 4 0.1 14 1.2 0.1 0.0 40 0.1 02 0.1 02

Background 4 0.1 00 0.1 0.0 00 0 0.1 0.1 0.1 0.1
E TOTAL 56 1.0 386 18 19 00 109 | 09 8.5 17 18 l

B5%L1 = 08 percen confidence inlerval lower and upper values) on the AVG
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TABLE 4

SUMMARY OF AIR LEAD CONCENTRATIONS (uG/M")

AT RADIATOR REPAIR SHOP #3
|| JOB/AREA N | GM GSD AVG ] So SE cv
Radiator mechanic: DP 8 97.8 8.7 288.2 302.3 123.4 105
: CC 7 30 16.1 140.4 139.1 528 99
Subtotal 13 55.3 19 2086 2316 64.2 11
Radiator repalir: general area 6 39 1.2 19.8 377 154 191
: tast {ank 3 141.4 1.2 143.7 321 186 22
Main office k| 08 1.2 a8 0.2 0.1 18 0.7 1.0 07 10
Lunch area 3 07 13 07 0.2 01 25 06 0.9
Background 3 01 0.0 0.1 0.0 0.0 0o 0.1 0.1
TOTAL N 86 19.1 105.4 176.6 ate 168 01 . §6100
N« number of samples
GM - geometric mean
asD devation

AVQ - -Mn-tl:m-lﬂ
SD = slandard deviation
SF = standard error

CV =cosfficient of variation

05%C1 + 08 percant confidence interval flower and upper valuea) on the AVA
{0} ~cakuiaied lows? CI value ls loma than Tero
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TABLE §

SUMMARY OF PERSONAL TIME-WEIGHTED AVERAGE, ,__, LEAD EXPOSURES (#G/M)
OF RADIATOR REPAIR MECHANICS AT SHOPS #1-3

SHOP | MECHANIC N GM GSO0 AVG S0 SE cv MIN MAX 5% Ct
1 ME 4 a9 23 68 60 34 102 28 170 00 138
Ry 4 51 13 5.2 14 07 28 43
GwW 4 46 1.8 5.1 24 12 a7 2.1
Shop total 12 49 1.7 57 40 1.1 70 21
2 OR 4 23 1.5 24 08 04 35 13
GR 3 S6 1.1 56 04 03 a 5.1
RR 4 15 15 16 0s 03 34 09
Shop total 11 25 19 30 18 os 62 09
3 oP 2 800 26 08,0 B2.2 58.1 83 408
cCc 3 215 a2 422 us | =7 105 9.0
Shop total 5 422 KX 649 60.3 270 93 90
TOTAL 28 55 a3 152 333 83 219 09

OSHA PERMISSIBLE EXPOSURE LIMIT = 50 ' ' - -
: OSHA ACTION LEVEL = 30

MAX « maximun value
B3%C1~65 percend confidence interval (lower and uppor velues) on the AVG
{0) - cakculated lower C1 value te lees than 1ero
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TABLE 6

SUMMARY OF SURFACE LEAD CONCENTRATIONS (#G/M)
AT RADIATOR REPAIR SHOPS #1-3

JOB/AREA N GM GSD AVG SD SE
AREA SAMPLES

Radiator repair area 10 29,001 46 88,791 169,929 53,738

Shop office 6 3.542 7.4 17,594 33,222 13,5683

Restroom 4 5.649 4.1 ©.388 7,818 3,909

Lunchroom 2 7 45 448 498 352

I Personal vehicle 12 8.679 58 25,745 32,750 9.454

} Shop vehicle 2 5,257 67 10,950 13,506 9,550

PERSONAL SAMPLES

Radiator mechanic: hands ® so| 7461 | 26| t11eos | 13832 | 19
[unwashed)

: forehead 20 370 52 1.162 1,741 389

| : strest shoes 2 30,332 18 3,200 18,385 13,000

HUD CLEARANCE CRITERIA (residontial housing): floors: 2,180

window sllls: 8,400
window wells: 8,640 -

*Area « 820 cm' based on EPA crfieria®’

N=rmumber of samplies
QM = geometric mean

QS0 = gromelric standard deviation

AVQ - arthrmetic mean
S0 - sandard devstion
£F - slsndard emrov

CV = coafficiert of veriation
M = Ao valae

MAX = maximom wiue

SRC = 90 percent corfidence inerval fower and upper values) on the AVG

) = cakculaled lower Ct vaiue 8 lass than rem
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TABLE 7

SUMMARY OF SURFACE LEAD CONCENTRATIONS (#G/M")
AT RADIATOR REPAIR SHOP #1

—_—

P N

Radlator repalr area

Shop office 3 11.004 9.0 33.448 44,740 25,831 134 1,067 84,500

Pestroom 1 13,300 00 13,300 0 - - -

Lunchroom 1 98 0.0 28 0 - - -

Personal vehicle k) 1.573 18 1,781 1125 649 83 976 3,068
PERSONAL SAMPLES

Radiator mechanic: hands® 21 11,011 18 13.209 9,601 2,095 73 4,950 41,413
{unwashed)

s 4 4
forehead —— 12- . 18 - 2 . l" - lm | 48 o4 ] I 7485 :
HUD CLEARANCE CRITERIA (residential housing): floors: 2,180 -
window wefls: 8,840 . .

*Area = 20 cm besed on EPA criterte"
N=rasmbet of samples

OM « geometic mean

GSD = geometric siandard deviation

AVO = arfthmetic mean

BD + standard dundasion

BE - slanderd ervor

CV = cosfficient of varistion

MIN = minimumn vakss

MAX = maximum vahse

S5NC) « 86 pa _ interval (lowss and uppes vaiues) on the AVG
) = calculntad 10wt O vidue 16 e than rero




TABLE 8

SUMMARY OF SURFACE LEAD CONCENTRATIONS (#G/M?)
AT RADIATOR REPAIR SHOP #2

JOB/AREA N GM GSD AVG so SE
AREA SAMPLES
RadIator repair area 1 18,750 00 18,750 - - - - - - . I
Shop oficelunch area 2 1,261 49 2,143 2,450 1,733 114 40 3875 ) 5,540 I
Restroom 2 9,782 24 11,722 9,134 6,459 78 5,283 18,180 ©) 24,382
| Personal vehicle 1 15,337 52 33733 34,457 11,4868 w0 700 96,000 11,220 56,245
Shop vehicle 2 5,357 67 10,950 13.506 9,550 123 1,400 20500 Q) 25,668
I PERSONAL SAMPLES
I Rad mechanic:hands * (unwashed) 26 4,908 23 6,788 56192 1.102 83 648 21,950 4628 8.948
: hands * {washed) 18 409 24 593 589 139 9 12 ' 2,439 A 888
: forshead 8 2,042 22 2650 1,994 105 75 800 6,000 1,268 4,02 I
: sirest shoss 2| 202| 18] 3300 |
. SEEry

HUD CLEARANCE CRITERIA (residential housing): floors: 2,160 -
window slils: 8,400
window wefle: 5,840

“Area = 820 cm! based on EPA crena?!
Ne=mumbe of samples

50 - slandard deviation
6F = slandard emmor

CV = cosfficient of wartation
AN = minimum valus
MAX = maximum vahue

B58%C1 » 05 percant confidence inenal flowst and upper values] on The AVO

) =calkculated lowst C) value |3 less Hhan rero




TABLE 9

SUMMARY OF SURFACE LEAD CONCENTRATIONS (uG/M)
AT RAIMATOR REPAIR SHOP #3

JOB/AREA

Radiaior repair srea 29.129
Shop office 1 933 00 933 0 -
Restroom 1 800 0.0 800 0 -
Lunchroom 1 800 00 800 0 -
PERSONAL SAMPLES
Radiator mechanic: hands® 3 18,497 85 43618 38,796 22,399 1,583 78.050 -204 87,520
| (unwashed) ]

HUD CLEARANCE CRITERIA {residential

housing): floors: 2,180
window allls: 5400

"Ares = 520 cm? based on EPA chierta’

N = rsmber of sampies

OM =geomairic mean

QS0 = geometric standard deviation

AVQ = srithenetic mean

SO -standerd deviation

SE =~ standard errce

CV = coeflicient of wariation

N = minkmum value

MAX = marimum wive

SSNCY =03 percent confidence inlenel {lower and uppe© values) on the AVO
1) = calcutaiod lower CI valus b less han B




SUMMARY OF SURFACE LEAD CONCENTRATIONS (wG/M?Y)

TABLE 10

ASSOCIATED WITH RADIATOR MECHANICS AT RADIATOR REPAIR SHOPS #1-3

SHOP | WORKER SURFACE N GM GSD AVG 8D SE cv MIN MAX
SAMPLED
P =:=‘—=
1 ME hands {unwashed) 7 1,159 13 1.355 1,850 699
forshead 4 K 151 27 216 200 100 92 o0 498
vahicle 1 3.068 00 3,066 0 . -
glove (inuide) 1 29,200 00 29,200 0 - - -
A hands {unwashed) 14 19,19% 18 22,007 12,208 4,652 58 9,220 1,413
forehead 4 101 21 122 ] 9 65 49 207
vehicle 1 | 1,300 00 1,300 1] - - -
LN Gw hands (unwashed) L4 718 15 10,264 3,460 1,308 3 4,050 14,585
© forehead 4 109 29 174 204 102 ur 49 478
vehicle 1 978 0.0 aré 0 - - -
I 2 DR hands {unwashad) 7 4823 1.7 5453 2,823 1,067 52 2,440 9512
hands (washed) 5 635 20 756 476 213 63 280 13401
forehoad 3 2,308 19 2667 1,047 1,066 69 1,600 4,600 579 4758
vehicle 4 35,655 20 44,000 27.125 13.862 63 19,000 68,000 18,620 71,170
streetshoes 1 20,000 0.0 20,000 0 . - - . -
GR hands (unwashed) 5 5,204 25 7.293 8317 2,825 a7 2,078 15,853 1.758 12,830
hands (washed} 4 590 33 974 1.039 519 107 159 2,438 43 1,991
forehead 2 4,899 1.3 5.000 1,414 1,000 28 4,000 6.000 3.040 6.960




TABLE 10
{continued)

SUMMARY OF SURFACE LEAD CONCENTRATIONS (#G/M)
- ASSOCIATED WITH RADIATOR MECHANICS AT RADIATOR REPAIR SHOPS #1-3

INCI =98 pertect confidence nierval flomet and upper values) on the AVG

{0) = calcuisted iovesr CI walus ls less than je10

WORKER SURFACE N GM GSD AVG S0 SE Ccv MIN MAX L -y X
SAMPLED
— = —

RA hands {unwashed) 7 3932 0 5,998 5,004 1,891 a3 648 13,415 2.292 0.704
hands (washed) 5 24 .7 259 L F7 54 47 12 414 153 s

forehead 3 1,008 15 1,067 462 27 43 800 1.600 44

wvehicle - 7,008 68 25,520 40,104 17,633 157 700 98,000 0533

strestshoos 1 46,000 00 46,000 0 - - - - -

SC* hands (unwashed) 7 8,869 24 8,553 8,080 3.054 o5 2,198 21980 2,587

hands (washed) 4 z7 2.4 429 20 160 s 133 730 113

3 DP hands (unwashed) 2 11,113 157 | 39,6817 54,070 38,234 138 1,583 78,050 ()

hands (unwashed) 1 51220 00 51220 0 - - - - .

HUD CLEARANCE CRITERIA (residential housing): floors: 2,180 - C :
© 7L window eilis: 3,400
© window wells: 8,040 : . :
w————— O e TEEXF



TABLE 11

PARTICLE SIZE OF LEAD AEROSOLS
AT RADIATOR REPAIR SHOPS #1-3

SHOP LOCATION N | MMD {m) GSD

1 Radiator Mechanic | 6 10 5
Rapair Area 7 1 6
2 Radistor Mechanic | 10 10 7
Repalr Arsa 4 6 7
3 Repalr Mechanic 3 15 4
" Repair Area 1 11 4
W =number of sempiee
MMD = mame median diametey
H™ = Micrometers
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SUMMARY OF LOCAL EXHAUST VENTILATION (LEV) DATA

TABLE 12

AT RADIATOR REPAIR SHOPS #1-3

SHoP REPAIR HOOD SHAPE OPENING N AVG AVG AYG CAPTURE VELOCITY
STATION SIZE FACE VELOCITY | HOOD AIRFLOW (fpm)

(fpm) {ctm) \J 12 ¢

1 t tapered canopy 20" X 24" 3 111 370 68 38 r

2 tapered canopy 20" X 247 3 101 337 53 38 23 n

3 tapered canopy 20" X 24° 2 348 1157 106 89 29

2 1 plain clrcular 14.24° 703 7”3 278 89 kL3

2 plain circular 14.25° 3 752 827 243 08 28

p 3 enclosing hood 48" X Ir 3 119 1450 na na na
! 3 {no local exhaust ventilation used) _

N =numnber of sampled
AV = gsinmetic mean
fpm - feet par minute

ofm =cubic feet per minule



Rulative Frequency

Figurs 1
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Figure 2. AIR LEAD CONCENTRATIONS

(Radiator Repair Area By Shop)
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Ralative Parcentage

Figure 3
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Figure 4. TIME-WEIGHTED AVERAGE (8-HR) EXPOSURES

(Radiator Repair Mechanics by Shop)
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Figure 5. TIME-WEIGHTED AVERAGE (8-HR) EXPOSURES
(ARITHMETIC MEANS BY WORKER)
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FIGURE 6. PLOT OF INDIVIDUAL TIME-WEIGHTED AVERAGE (8-HR) EXPOSURES
(BY SHOP BY WORKER BY DAY)
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Relative Freguerncy

Figurs 7
Freguansy Histogras: PbS Concentrations
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Figure 8. SURFACE LEAD CONTAMINATION
(All Radiator Shops by Area)
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Figure 9. LEAD CONTAMINATION OF WORKER'S HANDS
(Radiator Mechanics and Helpers*®* by Worker)
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Figure 10. LEAD CONTAMINATION OF HANDS: Before vs. After Washing
(Shop #2: Radiator Mechanics and Helpers" by Worker)
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Figure 11. LEAD CONTAMINATION OF HANDS: Before vs. After Washing

(Bhop #2. Al Radiator Mechanics and Helpers*)
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FIGURE 12. LEAD AEROSOL DISTRIBUTIONS

Radiator Repair Shop #1

AERODYNAMIC EQUIVALENT DIAMETER
MICROMETERS (um}

LOG

100

10

g1

7 1N

16 23 31 40 50 60 €69 77 B84 89 93 95 08
CUMURATIVE % LESS THAN STATED SIZE

79

=~ Mechanic ME n=3
=+ Mechanie RJ n=3
¥ All Mechanics n=8
% Repair Area nu7



FIGURE 13. LEAD AEROSOL DISTRIBUTIONS

Radlator Repair Shop #2
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FIGURE 14. LEAD AEROSOL DISTRIBUTIONS

Radiator Repair Shop #3
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FIGURE 15. LEAD AEROSOL DISTRIBUTIONS
All Radiator Repair Shops
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APPENDIX A Introductory Letter to Radiator Shop Owners
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introductory Letter to Radiator Shops (SAMPLE)

March 20, 1991

Radiator Shop Name
Street
City, State Zip

The National Institute for Occupational Safety and Health (NIOSH) with involvement from
the University of Cincinnati's Institute of Environmental Health is conducting a research
study of iead hazards in the radiator repair industry. The primary sources of lead
exposures in radiator shops include the inhalation of lead fumes during soldering and
burmning and the accidental ingestion of lead from contaminated surfaces. State and
Federal occupational health programs have identified radiator shops to have a high
incidence of over-exposures to lead and yet, as small businesses, to have limited
resources for hazard recognition, evaluation, and control (see enciosed article from the
Morbidity and Mortality Weekly Report, March 1, 1991).

The purpose of this study is to measure bworker exposures 10 lead and to evaluate
existing methods for reducing lead levels. Lead will be measured in radiator shops during
a five-day survey by collecting: 1) air samples worn by personnel and also placed in work
areas; and 2) wipe sampies from workers' hands and face and also from work surfaces.
The results of the survey will be reported to the participating shop and will include specific
recommendations for effective and practical methods to reduce exposures, if necessary.

The primary benefit of this survey to you as an employer is the evaluation of any lead
exposures in your shop. Lead is a serious health hazard which can cause damage to the
brain, biood, nerves, kidneys, and reproductive organs and may result in permanent
disability. The economic costs of lead problems are substantial (inciuding medical bills,
workers’ comp claims, lost work time, low productivity, and OSHA penalties). Therefore,
recognizing and controlling lead exposures are important for protecting workers' health
as weil as reducing business expenses. Our survey results will determine whether your
company has a lead problem and provide specific guidelines for better protecting your
workers. Previous NIOSH studies in radiator shops have been recognized by the National
Automotive Radiator Service Association (see Automotive Cooling Journal, May 1890).

Prior to selecting shops for field surveys, preliminary information is needed from radiator
shops in the greater Cincinnati area. Pleass complete the enciosed information form by
April 5, 1991 and return in the stamped, pre-addressed envelope. After this preliminary
information has been analyzed, a sample of 3-5 shops will be selected for an on-site visit
by industrial hygienists. If you are selected to be visited, | will contact you by telephone
to make arrangements for scheduling a five-day survey between June and Septsmber.

73



This survey is authorized by the Occupational Safety and Health Act of 1570. NIOSH
regards your participation 10 be essential and appreciates your prompt response to this
request. If you have any questions regarding this study, or would like to receive a copy

of the complete study protocol, please write or call me at (513) 841-4314. Thank you for
your cooperation, '

Sincerely,

Greg M. Piacitelli, CIH

Project Officer

Industrywide Studies Branch

Division of Surveillance, Hazard
Evaluations, and Field Studies



Attachment
NIOSH/UC Study of Lead in Radiatcr Repair Shops

Request for Information
Date: _/[_/

Company Name:

Strest:

City, State, Zip:

Phone:{ __ )

Company owner:

Street:

City, State, Zip:

Phone:| )

Name of person compieting this form:

Title:

Phone:{ )

If any workers at this company are represented by a labor union, compiete:

Union Name & Local #:

Street:

City, State, Zip:

Phone:[__ )

Union Representative:

= Do you solder radiators in your Shepd? crceone:  Yes NO
if yes, does the solder used contain any iead? Yes No ' Uncertain
Provide information on the solder (e.g9. supplier, product name, contents):

Hf no 10 either question, simply retum this Jage in the enciosed stamped enveiope. Thank you.
Otherwisa, please continue and compiete the following information.

77



1. Is radiator service your primary business?
if no, what other activities do you perform at your facility?

2. Number of radiator repair stations:

3. Number of radiator repair mechanics; (full-time)
(part-time)
4. Number of other employees: Job Title Number

5. Average number of radiators soldered per day, per week, or per month (be as
specific as possible): per (currently)
— per (during peak repair season)

6. Are any engineering controfs (such as ventilation hoods) used for controliing
lead? if so, describe what type(s):

7. Is personal protective equipment (such as respirators) provided to workers?
it so, describe what type(s):

/3



8. Have air samples for lead ever been collected at this shop?
if yes, complete the following:

when who
(example)_1988 QSHA

IIIIIHFE

8. Have blood lead levels ever been determined for employees at this shop?
if yes, complete the foliowing:

When who Records Available?
(example)_1990 —Biolab, Inc

[T

Other comments:

Thank you for your full cooperation. Please raturn this form in the enciosed stamped
envelope to:

Greg M. Piachtellii, CIH

NIOSH/DSHEFS /IWSB/IHS

MS R-14

4676 Columbla Parkway

Cincinnati, Ohio 45226
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APPENDIX B Follow-up Letter to Non-Respondent Radiator Shop Owners
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Foliow-up Letter to Non-Respondents (SAMPLE)

May 2, 1991

Radiator Shop Name
Street
City, State Zip

Recently, we requested your company’s participation in a mail survey about potential
exposures to lead. To date, we have not received your reply. We recognize that mail
delivery or your business schedule may have delayed your response and we have
therefore enciosed a duplicate of our original letter, dated March 20, 1991,

As the letter states, the data gathered from mail questionnaires will be used to assess the
extent of lead exposures in radiator shops in the Cincinnati area and to better pian a fieid
survey of a limited number of shops. Your completion of the information form does not
mean that your shop will or will not be chosen for a future sampling survey. However,
your cooperation will help ensure that a worthwhile study be conducted.

As explained in the original letter, this survey is authorized by the Occupational Safety and
Heaith Act of 1970. NIOSH prefers your voluntary participation but reserves the right
under this Act to issue and enforce administrative subpoenas for the information. Please
have the appropriate person complete the enclosed information form by May 17, 1991
and return in the stamped, pre-addressed enveiope. Your complete and prompt
rasponse to this raquest is greatly appreciated. If you have any questions regarding this
study, or would like to receive a copy of the complete study protocol, please write or call
me at (513) 841-4314. Thank you for your cooperation.

Sincerely,

Greg M. Piactelli, CIH

Project Officer

industrywide Studies Branch

Division of Surveillance, Hazard
Evaluations, and Field Studies



APPENDIX C Letter Arranging Site Visit Survey
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Letter for Arranging Site Visit (SAMPLE)

July 2, 1991

Radiator Shop Name
Street
City, State Zip

Thank you for your recent response to our request for information concerning lead usage
at your radiator repair shop. The information has been included with that from other
repair shops and is useful for describing the range of radiator repair businesses in the
Cincinnati area.

Based upon your estimated repair volume, degree of workplace controls, and previous
monitoring, your shop has been selected for an on-site study to determine exposures to
lead. Lead will be measured during a five-day survey by collecting: 1) air sampies wom
by personnel and also placed in work areas; and 2) wipe sampiles from workers' hands
and face and also from work surfaces.

As pointed out earlier, the primary benefit of this survey to you as an employer is the no-
cost evaluation of lead exposures in your shop. Since the economic costs of lead
problems are substantial, recognizing and controlling lead exposures are important for
protecting workers' health as well as reducing business expenses. Our survey results will
determine whether your company has a lead problem and provide specific guidslines for
better protecting your workers.

The survey at your facility has been tertatively scheduled for July 23-August 2. Prior to
conducting the actual survey, | would like to visit your shop to observe the repair activities
and to discuss the survey procedures. Therefore, | will be calling you soon to arrange
a meeting with you at your shop within the next couple of weeks.

it you have any questions, please fesl free to call me at (513) 841-4314. Your
cooperation in this project is greatly appreciated.

Sincerety,

Greg M. Piacitelli, CIH

Project Officer

Industrywide Studies Branch
Division of Surveiliance, Hazard
Evaluations, and Field Studies
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APPENDIX D NIOSH Sampling and Analytical Method 7082
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FORMULA: Pb LEAD
METHOD: 7082

RW.: 207.1% (Pb); 223.19 (FBD) JSSUED: 2715784
OSMA: 0.05 mg/m? PROPERTIES: soft metal;

NIOSH: 0.05 mg/m® [1) d 1.3 ¢/m®; W 321.5 °C;

ACGIH: 0.15 mg/m®; STEL D.45 my/m® valences «+2, +4 in salts

's'mm: vary depending upon the chamical form (elemental lead and lead compounds except aliyl
Tead); CAS #1317-36-8 (PbO); CAS £#7435-92-1 (Pb).

SANPL 1NG MEASUREMENT

SAPLER: FILTER 'TECHNIQUE: ATOMIC ABSORPTION, FLAE
{0.8-um cellulose ester mabrane) !

{ANALYTE: lead
FLOW RATE: | to 4 L/min !

!ASHING: conc. HNOy, 6 mi; 140 °C
)

VOL-MIN: 200 L @ 0.05 my/m?

SAX: 1200 L 'FINAL SOLUTION: 108 MOy, 10 &L
SHIPMENT: routine ' :FWE: air-acetylene, oxidizing
1
SAMPLE STABILITY: stable INAVELEMGTH: 283.3 nm
1
BLANKS: 2 to 10 field blanks per set 'mmcum CORRECTION: D, or M, law

_ ICALIBRATION: PB** in 108 HNO,
ACCURACY '

im: 10 to 200 ug per sample [3,B]
RANGE STUDIED: 0.13 to 0.4 my/m? [2]; H

0.15 to 1.7 mg/m® (fume) [3]  {ESTIMATED LOD: 2.6 ug per sample (9]

BIAS: not significant (2) ' {PRECISION (s,): 0.03 [2)
]
OVERALL PRECISION (s,.): ©.072 [2); !
0.068 (fume) (3] !

APPLICABILITY: The working range is 0.025 to 0.5 mg/m® for a 400-L air sampie. The method

is applicable to elemental lead, including Pb fume, and 411 other aerosols containing iead.
This is an elementa) analysis, not campound specific. Aliquots of the sasples can be analyred
separately for additiona) elements.

INTERFERENCES: Use Dy or Hy continuum background correction to control flame or molecular
absorption. High concentrations of calcium, suifate, carbonate, phosphate, lodide, fluoride, or
acetste can be corrected.

OTHER METHODS: This method camdines and replaces PSCAM 113 (B] and 5341 [1,9] for lead.
fethod 7300 (ICP-AES) is an alternate analytical method.Method 7505 is specific for lead
syifide. The follcwing have not been revised: the dithizone sethod, which appears in PSCAM

102 {4] and the lead criteria document {1]; PECAM 19) (ASY) [S); and FECAR 2)4 (graphite
furnsce-AS) [6].
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LEAD ‘ RETWOD: 7082

REAGENTS : EQUIPNENT :

1. witric acid, conc. 1. Sepler: Cellulose ester filtar, 0.8-\m pore

2. Nitric acid, 100 (w/v). Add size, 37-mm diameter; In cassatte filter holder,
100 m. conc. HNO3 to 500 mi 2. Persona) sampling pump, | to 4 L/min, with flexible
water; diltute to 1 L. connecting tubing.

3. Hydrogen peroxide, 30% Ha0p 3. Atanic Absorption Spectrophotameter with an
(w/w), reagent grade. air-acetylene burner head.

4. Calibration stock solution, 4. Lead hollow cathode lanp or electrode dischargeless
1000 pg Po/ml. Cowmercial standard lamp.

or dissolve 1.00 ¢ Pb metal in . Regulators, two-stage, for air and acetylene.
minisum volume of (1¢1) HC) and Baakers, Phillips, 125 e, or Griffin, 50 mL with
dilute to | L with 13 (v/v) HCI1. watchglass covers.*
Store in & polyethylene bottle. volumetric flasks, 10- and 100-ml.%*
Stable > one year. Assorted volumetric pipets as needed.*

S. Air, compressed, filtered. Hotplate, surface tamperatyre 140° C,

. Acatylene. . Bottles, polyethylene, 100-mt.

7. Distilled or deionized water.

o w

SCw®»~

o
-

*Clean a1l glassware with conc. nitric acid and
rinse thoroughly with distilled or deionized
water before use.

SPECIAL PRECAUTIONS: Perform all acid digestions in a fume hood,

SAWPLING :

1. Calibrate sach personal sampling pump with a representative sampler in line.
2. Sample at an accurately known fiow rate between | and 4 L/min for up to 8 hrs for TWA
measurgments. DO not exceed a filter loading of ca. 2 mg total dust.

SAMPLE PREPARATION:

WOTE: The following sample preparation gave quantitative recovery (see EVALUATION OF METHOD)
[9). Steps 4 through 9 of Method 7300 or other quantitative ashing technigues may be
substituted, especially if several meta)s are to be determined on a single Filter.

3. Open the cassette filter holders and transfer the samples and blanks to clean beakers.
4. Add 3 mL conc. HND3, and | mL 308 Hy0; and cover with a watchglass. Start reagent
blanks at this step.

NOTE: 1f PO, is not present in the sample, the 301 HyO» need not be sdded (2,9].

S. Heat or hotplate (140 "C) unti) most of the acid has evaporated.

6. Repeat two sore times using 2 el conc. HNO3 and 1 i 303 Hp0, each time.

1. Heat on 140 *C hotplate unti) a white ash appears.

8. When sapple is gry, rinse the watchglass and walis of the besker with 3 to S ml 10%

HNDy. Allow the solution to evaporate to drymess.

9. Cool sach beaker and dissolve the residues in 1 ml conc. HWO4.

10. Transfer the solution quantitatively to a 10-ml wolumetric flask and dilute to volume with

distilled water.

NOTE: If the concentration (M) of any of the following is expected to excesd the Tead
concentration (M) by 10-fold or sore, add ) mi ) B MaEDTA to each flask before
dilution to volume: COY, POR°, I, F~, CHaCOO=. If C3** or
SOY sre present in 10-fo)d excess, make a)l standards and saples 13 (ww) in
La* [8].



METHOD: 7082

CALIBRATION AMC QUALITY CONTROL :

1). Prepare a series of working standards covering the range 1 to 20 ug Pb/ml () to 200 ug
Pb per sample) by adding aliquots of calibration stock soliution to 100-m volumetric
flasks. Dilute to volume with 101 HNO3. Store the working standards in polyethyliene
bottles and prepare fresh weekly,

12. Analyze the working standards together with the blanks and samples (steps 17 and 18).

13. Prepare a calibration graph of absorbance vs. solution concentration (ug/mL).

14. Aspirate a standard for every 10 samples to check for instrument drift.

15. Check recoveries with at least one spiked media blank per 10 samples.

16. Use method of additions occasionally to check for interferences.

PEASUREMENT

17. Set spectrophotometer as specified by the manufacturer and to conditions on page 1082-1.
NOTE: An alternate wavelength is 217.0 rm [10]. Analyses at 217.0 rm have slightly greater
sensitivity, but poorer signal-to-noise ratio compared to 283.3 nm. Also, non-atomic
absorption is significantly greater at 217.0 nm, making the use of Dy or Wy
continuum background correction mandatory at that wavelength.
1B. Aspirate standards, samples, and blanks. Record absorbance readings.
NOTE: If the absorbance values for the samples are above the linear range of the standards,

dilute with 101 HNOy, reanalyze, and apply the appropriate dilution factor in the
caleulations,

CALQULATIONS :

19. Using the measured absorbances, calculate the corresponding concentrations (pg/mL) of
lead in the saple, Cg, and average media blank, G, from the calibration graph.

20. using the solution volumes (mL) of the sample, V¢, and media blanks, Vp, calculate the
concentration, C (mg/m?), of lead in the air volume sampled, V (L):

Cecsv_sa_%.v_b.' og/m?

EVALUATION OF METHOD:

Method 5241 [7] was issued on October 24, 1915, and validated over the range 0.13 to

C.4 mg/m? for a 180-L air sample, using generated stmospheres of lead nitrate [2]. Recovery
in the range 18 to 12 ug Pb per sample was 981, and collection efficiency of 0.B-um mixed
cellulose ester filters (Millipore Type AA) was 1003 for the aseroscis. Subsaquent studies on
analytical recovery of 200 pg Pb per sample gave the results [3,9]:

Species Digestion method Analytical Recovery, %
Pb meta) HNDy only 92 4+ 4
Pb metal HNOy & HaDo 103 « 3
PO HNO4 only 93 + 4
PpS HNOq only 93 45
PoO, HNOR only 82+ 3
P05 HNO3 + Ho0y 100 ¢ 1
P in paint* WDy only 95+ 6
P in paint* O3 + K07 95+ 6

wStandard Reference material #1579, U.S. National Bureau of Standards.
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LEAD METHOD: 1082

—

Additional collection efficiency studies were also done using Gelman GN-4 filters for the
collection of Pb fume, which had geametric mean diameter of 0.1 ym [3]. Rean collection
efficioncy for 24 sampling runs at flow rates between 0.15 and 4.0 L/min was >87 + Z73. Owerall
precision, s,, was 0.072 for lead nitrate serosol (2,7] and 0.068 for P> fuwe (3,9).

REFERENCES :
(1) Criteria for a Recommended Standard...Occupational Exposure to Inorganic Lead (Revised
Criteria), U.S. Department of Nealth, Education, and Weifare, Publ. (NIOSH) 78-158 (i978).
[2] Documentation of the NIOSH validation Tests, U.S. Department of Health, Education, and
Welfare, Publ. (NIOSH) 77.185 (1971).
{3] Heavy Meta] Aprosols: Collection and Dissolution Efficiencies, Fina) Report of NIOSH
Contract 210-79-0058, W. F. Gutknecht, M. H. Ranade, P. M. Grohse, A. Damle, and
D. O'Neal, Resesarch Triangle Institute; available as Order No. P8 B3-106740 from NTIS,
Springfield, VA 22161 (198)).
[4] NIOSH manual of Analytical methods, 2nd. ed., V. 1, PACAX 102, U.S. Deparument of Health,
Education, and welfare, Publ. (NIOSH) 77-157-A (1§1}).
£5) Ibid, PSCAM 191.
{6] Ibid, PSCAR 214.
(7] Ibid., v. 3, 5341, U.S. Department of Health, Education, and Welfare, Publ. (NIOSH)
11-152-C (1977).
[8] Ibid, v. 5. PSCAM 173, U.S. Oepartment of Health, Education, and Welfare, Publ. (NIOSH)
11-157-A (1979},
[9] Ibid, V. 7, $341 (revised 3/25/B1), U.S. Department of Health and Human Services, Publ.
(NI0SH) 82-100 (1982).
[10] Analytical Methods for Atamic Absorption Spectrophotametry, Perkin-Elmer (1976).

METHOD REVISED BY: Mark Millson and R. Delon Hul), NIOSH/DPSE; S34) originally validated under
N1OSH Contract CDC-94-74-45; additiona) studies under NIOSH Contract
210-79-0058.
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FORMULA: Pb

MW, : 207,19 (Pb): 223.19 (PBO)

L£AD

METHOD: 7105
ISSUED: 8/15/90

OSHA: 0.05 mg/m?
NIOSH: <0.1 mg/e [1)
ACGIN: 0.15 mg/m3

PROPERTIES: soft wetal:

¢ 11.3 g/cmd; WP 327.5 °C;
valences +2, +4 in salts

SYNONYMS: vary depending upen the chewmica) form (elemental leads and lead compounds except alky)
lead); CAS #7439-92-1 (Pb); CAS #1317-36-8 (PBO).

_SAMPLING

MEASUREMENT

SAMPLER: FILTER

(0.6 cellulose ester wembrane)

FLOW RATE: 1 to 4 L/min

VOL-MIN: 1 L @ 0.05 mg/m3
~MAX: 1500 L

SHIPMENT: routine
SAMPLE STABILITY: stable

FIELD BLANKS: 10% of samples

ACCURACY

RANGE STUDIED: not studied

BIAS: nmot significant {2)

OVERALL FRECISION (s.): not determined

'TECHNIQUE: ATOMIC ABSORPTION. GRAPHITE FURMNACE
'AMALYTE: lead

'ASHING: conc. HNO3, 3 sL; 30% Ho0y. ' mL: 140 *C

!FINAL SOLUTION: 10 sl 5% HNO4

{WMAVELENGTH: 283.3 na

!GRAPHITE TUBE: pyrolytic coated

’
v o

SINJECTION: 20 WL + 10 ML matrix wodifier,

! BRY: 110 *C, 70 sec:

! CHAR: 800 *C, 0 sec:

H ATOMIZE: 1800 °C, S sec.
1

!BACKGROUND CORRECTION: D;, My or Zeeman

3

ICALIBRATION: Pb** in 5X MNO,

[}

SRANGE: 0.05 to 1.0 ug per sample [2]

'ESTIMATED LOD: 0.01 pg per sample (2]

!PRECISION (5,): not determined

APPLICABILITY: The working range s 0.0002 to »1 ng/m3 for 3 200-L air sample. If high
concentrations are expected. the samples should be analyzed by flame AAS. The method 13
applicatle to eiementa) lead, including Pb fume, and all other aeroscls containing lsad. This

is an elgmental analysis, not compoundespecific,

for additional elements.

INTERFERENCES: Use D> or My continuum or Zeeman background correcticn to control molecular
absorption. High concentrations of calcium, suifate, carbonate, phosphate, iodide, fluoride. or
acetate can be offest by an additional sampis trsatment step.

OTHER METHODS: This revises and replaces PACAM 214 (3). Method 7300 (ICP-AES) is an alternate
anaiytical method. Method 7505 13 specific for lead sulfide. Method 7082 is o flame

AA method.
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LEAD_ METHOO: 7105

REAGENTS: EQUIPMENT:

1. Nitric acid, conc.” 1. Sampler: (ellulose ester membrane filter. 0.8~y

2. Nitric acid, 5% (v/v). Add 37-em, in 2-pisce cassatte.
50 mL conc. HNOq to 500 mL 2. Personal sampiing pump, | to 4 L/min, with flexible
water; dilute to 1 L. connecting tubing.

3. Hydrogen peroxide. 30T Ho0> © 3. Atomic absorptisn spectrophotometer with graphite
(w/w), rsagant grade.’ furnace atomizer and background corrsction.

4, Calibration stock solution, 4. Lead hollow cathode 1amp or electrode dischargeiess
1000 ug Pb/el. Cosmercial standard Tamp.
or dissolve 1.00 g Pb emeta) in 5. Regulators, twoestage, for Argon.
sinimm volume of HNO, and 6. Baakers, Phillips, 125-aL, or Griffin, SO-mL, with
dilute to | L with 1% (v/v) HNO3. watchglass covers.”"

Store in a polyethylene bottle.
5. Hatrix Modifier. Place 0.2 ¢

NHsH3PO, and 0.3 g MO(NO1)9

in a 100 el volumetric flask. Add

¢ mbL conc. HNO3 and bring to

. Volumetric flasks, 10- and 100-aL.""
Assorted volumetric pipets as needed.""
Hotplate, surfacea temperature 140* C.

. Bottles, polyethyiene, 100-mi.

—
O WO m -

voiume with disti)led or deianized "*Clean all glassware with c¢onc. nitric acid and
water. rinse thoroughly with distilled or devonized
6. Argon, prepurified. water before use.

7. Distilled or deionized water.

“sae SPECIAL PRECAUTIONS

SPECIAL PRECAUTIONS: Conc. nitric acid is an irritant gnd may burn skin. Perform all acid
digestiens in a fume hood.

SAMPL ING:
1. Calibrate edch personal sampling pump with a representative sampler in line,
2. Sampie at an accurately known flow rate between | and 4 L/min for up to 8 hrs for TWA
mpasuresants, Do not excaed & filter loading of ca. 2 mg total dust.

SAMPLE PREPARATION:

3. Open the cassette filter holders and transfer the samples and blanks to clean beakers.

4. Add 3 mL conc. HNOq, and | mL 30% Hy0, and cover with a watchglass. Start reagent
blanks at this step. ‘

5. Heat on 140 *C hotplate until volume '3 reduced to about 0.5 mL.

§. Rinse the watchglass and walls of the beaker with 3 to 5 mi 5% WNQ,. Allow the
solution to evaporate to 0.5 mL.

7. Cool each teaker.

. Transfer the solution quantitatively to a 10-mL voiumetric flask and dilute to voiume with

distilled water.

CALIBRATION AND QUALITY CONTROL:

11. Prepars 2 serres of working standards covering the range 0.005 to 0.1 ug Po/aL (0.05 to
1.0 ug Pb per sample) by adding aliquots of calibration stock salution ta 100-mL
volumetric flasks. Dilute to volume with 5% WNOy. Store the working standards in
eclyethylens bottles and prepare fresh weeily.

12, Analyze the working standards together with the blanks and samples (steps 17 through 19).

13. Prepare & calibration graph of absortance vi. solution concentration {ug/aL).

4. Analyze a standard for every 10 sampies Lo check for instrument drift.

15. Chack recoveries with at least one spiked medra blank per 10 samples.
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HETMQD: 710% LEAD

16. Ferforw & matrin spike of 8 sample occasionally to check for matrix interfersncer. If an

adequate recovery is not obtained (85 to 115X), an alternate method of analysis should be
used. such as flame AA or ICP.

MEASUREMENT ;

17. Set spectrophotometer as specified by the manufacturer ano to conditions on page 7105=1.
NOTE: An alternats wavelength is 217.0 mm [6]). Analyses ot 217.0 na have slightly greater
sensitivity, but peorsr signal-to=-noise ratio compared to Z81.3 nm. Also. nonatowic
shsorption is significantly greater at 217.0 nu, making the use of D, Wy
continuum, or Zeswan background correction mandatory at that wavelength.
18. Add matrix modifier to samples and standards in proper ratio of 2 to | (sample or standard
to matrix modifier).
19. Analyze standards, sampias, and blanks. Record abszortance readings.
NOTE: If the absorbance value for the sample iz above the 1inear range of the standards,

dilute w1th 5% HNO4, reanalyze. and apply the appropriate dilution factor 1n the
calculations.

CALCULATIONS :

20. Using the measured absorsances, calculate/the corresponding concentrations (ug/mL) of
Teag in the tample, C‘. and average media blank, C,, from the calibration graph.

21. Using the solution volumes (sL} of the sample, V., and media blanks. vy, calculate the
concontration, C (lgln3). of Taad in the air volume sampied. V {L):

CVe = GV
= .l_i_.t_iLﬂ

' 3
v ag/m.

EVALUATION OF METHOO:

Method $341 [S) was issuad on October 24, 1975, and validated over the range 0.13 to

0.4 mg/m3 for a 180-L air sample, using generated atmospheres of lead nitrate (2]. Recovery
in the range 18 to 72 Wg Pb per sample was 98%, and collection efficiency of 0.8-um mined
cellulose ester filters (Millipore Type AA) was 100X for the asrospls. Subsequent studies on
analytical recovery of 200 g P per sample using flame AAS gave the results [3):

5 - Y ion Met} Analyiical Recovery, &
Pb metal HNO, onty 92 ¢ 4
Pb meta) HH)3 - HzOz 103 ¢ 3
PBO HNOq only 93 ¢ 4
PbS HNO, only 93 + S
Pb0, HNG4y only 82 ¢ 13
Psz Hm3 - Hzoz 100 ¢ 1
Pb in pant” #N0y only 98 ¢ 6
Pb in paint® ANOy « Hy0s 95 ¢ &

*Standard Reference Materva! #1579, U.5. National Buresau of Standards.

Additiona) collection efficiency studies were also aone using Gelman GN—2 filters for the
collection of Pb fume, which had geometric mean diaseter of 0.) um [3]. Mean collection
efficiancy for 24 sampling runs at flow rates between 0,15 and 4.0 L/min was 397 ¢ 2%, Ovearall
precision, 5., was 0.072 for lead nitrate serosol (2,5) and 0.068 for Pb fume (3].
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LEAD METHOD: 710%

REFERENCES:
(7] NIOSH Recosmendations for Occupational Safety ana Heaith Stangards. NIOSH, Cincinngti, OH
(1988).
[2] Backup Dats Report for Method 7105 submitted to NIOSH by DataChew Laberstories, NIOSH
(Unpublished, Septemper, 19901,
(3] NIOSH Manual of Analytical Methods, Znd. ed., V. 1, PECAM 214, U.5. Department of Mealth,
Education, and Welfare, Publ. (NIOSH) 77-157-A (1977).

(4] Analytical Methods for Atomic Absorption Spectrophotometry, Perkin-Elmer Corparation
(1976).

METHOD REVISED BY: James 8. Perkins, Brent E. Stephens, and Michael P. Beesley, DataChem,
Laboratories, Salt Lake City, Utah. 5341 orginally validated under NIQSH
Contract COC-94-74-45; additional studies unoer NIOSH Contract 210-79=0058.
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NIOSH/UC Study of Lead in Radiator Repair Shops
Field Survey Information Sheet

Name of Shop: Date:
Address: Collected by:

Phone:{ )

Shop owner:
Address:

Phone: B

Survey Contact:
Title:
Phone: { )

Labor union:
Address:

Contact:
Phone:{ )

Employee Safety and/or Health Representative:
Name:
Title:

SIC:

Member of the National Automotive Radiator Service Association (NARSA)?




p—

~

(VY

. Are you aware of the existence of the OSHA Lead Standard?
If yes, how were you made aware?

Federal OSHA
State OSHA
State Health Dept

Trade Association ____
Other (specify)

. Is a copy of the OSHA Lead Standard available at the shop?

If yes, where is it kept?

. Are you familiar with specific requirements of the OSHA Lead Standard? ___

. Based on your understanding, do the OSHA air and blood lead monitoring
requirements apply to this facility?

If no, why not?
Use lead only in small gquantities
Use lead infrequently
Exposures to lead are too low
Too few employees expopsed to tead
Other (specify)

. Has this shop ever been inspected by OSHA?

If yes, when? Results:



["= TR - - B N

10.

11,

12.

13.

14,

In what year was this shop built?

. Number of radiator repair stations:

. Number of repair mechanics:

. Number of other employees: Job Title Number
Average number of radiators repaired: (per day)

(summer peak)

Types of radiators repaired: auto
truck
other specify:
Type and amount of solder(s) used: Type Amount (e.g. per shift)

Type of torch(es) used:
(eg. Amercian, National, etc)

Also, fuel mixture used:
(e9. natural gas-compressed air, propane-air, oxygen-acetylene, etc.)

Type of engineering controls: Control Rate
(inc. installation date) (example) local exhaust hood /87

Miscellaneous notes:

g7



15. Is health and safety training provided to new employees?
Is follow-up training provided {e.g. annual refresher)?

Description of training program:

16. Personal protective equipment provided: Job

Type
{exampie)_mechanic safety glasses. gloves

Specific product information (mfr, model, etc) for all PPE:

Miscellaneous infermation (inciuding frequency of cleaning, repair, etc):
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17. Have air samples for lead ever been collected?
If yes, compiete the following:

When ¥ho Records?
(example)06/25/89 —QSHA __ —available

How often are air sampies for lead collected?
Every _____ months
Periodically, but at no set interval ____
Only at employee request
Other:

Miscellaneous information (e.g., type of data included):
(Attach an example of record, if available)

18. Have blood lead leveis ever been determined?
1f yes, complete the following:

When ~ Who Collected* Jobs Sampled Regords?

(example)06/25/89 QSHA mechanic availaple

*Provide name and address of laboratory, if known.

How often are empioyee blood lead levels checked?
Every ____ months
Periodicaily, but at no set interval
Only at employee request
Other:

Miscellaneous information (e.g., type of data included):
(Attach an example of record, if availadble)
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Diagram of the facility:
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NIOSH/UC Study of Lead in Radiator Repair Shops
SAMPLING DATA SHEET

Employee Name: Shop Name:
Address:
Phone: { )
Job Title: Time in job:
Date Sample Pump On Off Total Flow Voiume Notes -
# # time rate

Number of radiators soldered during sampling:
Amount of time spent tearing down, repairing or recoring radiators:

Other activities during sampling:
Was PPE worn during sampling? If so, fullshift?

or, only during certain activities?

Describe equipment and wearing:

Did employee use tobacco/gum during sampling? If so, where & how often?

f cigarettes # cigars # chewing tobacco # chewing gum

Did employee eat in the work area? If so, did he wash hands prior?

Describe personal hygiene practices:

Does employee shower and change clothes before going home?
Does employee wear work shoes home?
Does employee bite his/her fingernails?_______

Describe other work practices which may affect exposure:
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NIOSH/UC SﬁUdy of Lead in Radiator Repair Shops
ENVIRONMENTAL DATA SHEET

Shop Name:

Date Time Location Dry Wet % Air 8aro Weather Notes
_bulb bylb RH speed press conditions

Comments:

DY



APPENDIX | Letter of Survey Results: Shop 1



January 2, 1992

Cinainnati, Ohio 45251

Dear Mr.

This letter is to inform you of the results of the NIOSH industrial hygiene survey
conducted at your radiator repair shop last July. As you know, air and wipe samples
were collected to assess occupational exposures to inorganic lead over a four-day period
during typical radiator repair work. The results from this survey are summarized in

Tables I-III; a diagram of your fauhty is enclosed to provide some reference to the
sampling locations.

Table I summarizes airborne lead concentrations found in your workplace. Samples
were collected and analyzed by graphite furnace atornic absorption spectrophotometry
following NIOSH Method 7105.! All of the sample resuits were well below both the
Occupational Safety and Health Administration (OSHA) Permissibie Exposure Limit
(PEL) of 50 rmcrograms of lead per cubic meter of air (xg/m’) and the Acnon Level
(AL) of 30 ug/m’, both expressed as an average over an 8-hour workshift.2 The highest
concentration (19 ug/m’) was found for a full-shift sample worn by a radiator mechanic;
none of the other 11 personal samples exceeded 10 ug/m®. Likewise, all area sampies
taken in various locations throughout the radiator shop and surrounding areas were quite
low. Two short-term samples collected during continuous soldering (7 minutes at test
tank #1 and 30 minutes at tank #2) had concentrations of 7.1 and

4.1 ug/m?, respectively (not shown in Table I}. A possible explanation for some of the
difference between these two sample concentrations was the proximity of the flexible

ventilation hood to the workstand during soldering, generally observed to be positioned
slightly closer at test tank #2.

Table II presents the results of wipe samples collected from workers’ hands, foreheads,
and personal automobiles. Each worker wiped their own hands for

30 seconds whereas foreheads and automobile interiors were wiped by a NIOSH
industrial hygienist; samples were collected on commercially-available,
pre-moistened towelettes prior to any washing. Results indicated that workers’ skin was
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Page 2 - Mr.

highly contaminated by lead, with concentrations as high as 23,000 ug/m? on hands and
6000 ug/m? on the forehead. The highest concentration found inside a worker’s car was
over 3000 ug/m* on the driver’s armrest, indicating that Jead contamination was not
confined to the work environmeant.

Table I summarizes the lead concentrations found on various surfaces which persons
are likely to contact. Although concentrations were predictably highest in the vicinity of
the test tanks where soldering is done, lead contamination was also found in the
restroom, shop office, and lunchroom.

Lead contamination was thus shown to be pervasive throughout the facility, and
therefore potentially exposing other workers and even customers to lead through skin
contact and possibly resulting in their ingestion of lead. Considering the low airborne
lead levels, surface contamination is most probably a result of an accumulation of lead
dust over prolonged periods, largely due to poor housekeeping.

Presently, there are no Federal criteria for surface contamination in occupational
environments but the U.S. Department of Housing and Urban Development (HUD)
recommends surface contamination be less than 200 ug/ft* (about 2160 ug/m?) on the
floors and less than 500 ug/m? (5400 ug/m?) on window sills in residential housing
following removal of lead-based paint.® These guidelines were primarily established with
the goal of preventing lead poisoning in housing occupants, particularly young children.
In the residential environment, the length of exposure, the potential for contact with
surface contamination, and the frequency of hand-to-mouth contact is generally
considered to be much greater than in the occupational environment. Therefore, direct
comparison between our results and the HUD level may not be applicable but shouid
provide some reference for assessing the degree of lead contamination.

Based on the results of the survey at your radiator shop, the following comments and
recommendations are made:

1. The local exhaust ventilation system used in this shop was found to effectively
control lead exposures during radiator repair activity. In general, the effectiveness
of the flexible duct exhaust system is dependent on the positioning of the hood
near the source of lead fumes. Workers should be encouraged to frequently mave
the hood, whenever necessary, to ensure the most efficient capture of lead fumes.

Because of the low airborne lead exposures in this shop, respirators are not
required and were not used.

2. Considering the high potential for surface contamination by lead, smoking and
eating in work areas, although observed during our survey, sbould not be allowed.
Incidently, considering the proximity to the test tanks and the measured

contamination in the area, the shop office should also be considered a work area
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Page 3 « Mr,

in which smoking and eating are not permitted. Daily clean-up of frequeatly
contacted surfaces, especially desktops, telephones, restrooms, and lunchrooms, is
highly encouraged. Cleanup should only be done using HEPA filter vacuum or
wet wash (eg. high-phosphate detergent solution) methods. Finally, workers

should be frequently reminded (e.g., by posting signs) to thoroughly clean their
hands and face before eating, drinking, or smoking.

3. Workers should be required to use the professionally-laundered work uniforms
(both pants and shirt) provided daily by the employer. Workers should remove
and leave dirty uniforms and workshoes and thoroughly clean their hands, arms,
and face (showering is preferable) before leaving the worksite to prevent possible
contamination of cars, homes, and families.

4. You are reminded that it is the employer’s responsibility to conduct the initial
determination of air concentrations in any workplace using lead. It is the air lead
levels which determine whether additional provisions of the OSHA Lead Standard
(such as periodic blood testing, warning signs, engineering controls, respirator
program, and medical removal) are required.? Although you had not conducted
any previous air sampling, the lead concentrations measured during this survey
were all below the OSHA Action Level of 30 xg/m>. Per a conversation with the
local OSHA office, the results of this NIOSH survey can be used to satisfy the
"initial determination” monitoring requirement.*

Therefore based on these results, your shop appears to be in general compliance and
exempt from all most provisions of the Lead Standard except those specified in
Appendices A and B to 29 CFR Section 1910.1025 which requires that empioyees be
informed of the hazards of lead use and of the key provisions of the Lead Standard.
You are strongly encouraged to thoroughly review the OSHA Lead Standard (a copy of

which was given to you during our survey) to ensure your compliance with the legal
requirements as an employer.

In summary, the sampling data from the NIOSH survey at your workplace indicate that
exposures to airborne lead are typically well below occupational exposure criteria.
However, high levels of surface contamination were found throughout the worksite and
conscientious efforts should be directed to regular cleaning of surfaces and skin to
minimize the potential for lead ingestion. Work clothing should not be taken home to
prevent secondary lead exposures to workers’ families.

I have enclosed several articles and pamphlets which provide guidance for safely working
with lead. In particular, the two NIOSH publications concerning lead in the construction
industry contain very pertinent and useful information for controlling lead exposures in
any industry where lead is used. Also, I recommend that you post this letter and keep
the articles in a general location readily seen by employees for their information.
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Page 4 - Mr.

If you have any questions or require further details on this survey, please call me at
(513) 841-4314. If any corrections to this letter are requested, please notify me in writing
by January 31, 1991. I'd like to thank you again for your participation and continued
interest in this study; the cooperation and assistance of you and your employees is
sincerely appreciated.

Sincerely yours,

Greg M. Piacitelli, CTH
Supervisory Industrial Hygienist
Industrial Hygiene Section
Industrywide Studies Branch
Division of Surveillance, Hazard
Evaluations. and Field Studies

8 Enclosures

GMPIACITELLIL:kIf:RmB22:Hamilton:CintiOH:
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Table I
FRBMARY OF FULL-SKIFT AIRBORNE LEAD SANPLING RESULTS
Radiator Shop
Cincinnati, oOhic
July 7-11, 1991

Personal Samples
Radiator mechanic (ME) 7.5 4 2.8-19,
Radiator mechanic (RJ) 6.2 4 4.6-8.1
Radiator mechanic (GW) 5.9 4 3.3-7.8
ALL 6.5 12 2.8-19.
| Area Samplss
Test tank #1 (ME work station) 3.3 3 2.0-4.4
Test tank #2 (RJ work station) 2.1 2 2.0-2.2
work bench (QW work station) 2.2 4 1.3-4.5
Radiator shop office 2,9 3 1.3-5.7
Tool stand bestween tsst tanks #]1 & #2 1.7 2 1.5-1.8
General area of shop (15’ from test tinks) .17 3 ,46-1,2
Main office .18 3 .10-.34
Lunchroom .14 3 .08~,22
nd (outdcors <,05 3 <,05-<,06
OSEA PERMISSIALE EIPOSURE LIMIT (PKL) s0
OfAA ACTION LINIT 30
T meweghtad Versgs (10 MUCTOpTAmS £ad POT CUOK DEIeT BTy

N = sumber of sxmpies



Table II
SUMMARY OF PERSONAL WIPE SAMPLING RESULTS
Radiator shop
Cincinnati, Ohio
July 7-11, 19%1

e
EKANDS® POREREAD" AUTO/TROCK
(armrest)
JOB Prelunch Postshift Postshift
Average Lead Concentration (ug/w’)

Radiator mechanic (ME) 8329 6628 6720 066

n=3 ned n=4 nwl

Radiator mechanic (RJ) 19866 23609 4000 1300

nel ned neg n=l

Radiator mechanic (GW) 11207 9555 5680 976

nel ne4 n=4d n=1

ALL 13134 13265 5440 1781

n=9 n=l2 n=l2 n=3

e B2 cm ca cntena
PArca = 25 e’ messured.

HUD clcarsncs critaria (resideatial hossingP:
floors 200 sg/PY (2160 sg/m®)
wiadow sili: 500 ag/ft? (3400 ug/m?)
window welis: 800 ng/ft! (8540 sg/m?)
Note: | g/t = 108 ug/m?



Table 11

SUIOARY OF ARERA WIPE EAMPLING RESULTS
Radiator Shop

Cinecinnati, Ohio

July 7=-11, 1991

houmngy
fioors: 200 xg/f (2160 ag/m?)
window gills: SO0 ug/M? (400 wg/m’)
window welis 800 ug/fr (8640 ag/m™)
Note: 1 g/t = 108 ug/m?

AREA SURFACE LEAD
‘ AREA “m-‘) 108
‘:I;:‘:’ (ug/
Test tank #1 (cuter sdge) 500 $00, 000
Test tank #1 LEV flanged hood (insida) 100 4,100,000
Test tank #2 impact wrench handls 100 15,600
Mechanic's used work glove (inside palm) 50 29,200
rorklift steering whesl 200 5,300
Shop tslephone handle 80 17,000
Shop officer desk top 225 1,066
Shop office: door knod 78 14,7717
Shop cffice: telsphons handle 80 84,500
Lunchroom tabletop 625 96
Restroos urinal handle 18 13,297
Htﬂydhuwu:cnunn(u-dumﬂ




el

BRAKES. ALIGNMENTS, ENGINE
SERVICE SHOP

RADIATOR
SHOP

BODY TRANSMISSION
SHOP SHOP

DIAGRAM OF - AUTO REPAIR SHOP
MAIN O{FICE

YK = SAMPLING LOCATION

* IBACRGROUSDY
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January 15, 1992

Cincinnati, Ohio 45225

Dear Mr.

This letter is to inform you of the results of the NIOSH industrial hygiene survey
conducted at your radiator repair shop last August. As you know, air and wipe sampies
were collected to assess occupatlona.l exposures to inorganic lead over a four-day pcriod

during typical radiator repair work. The results from this survey are summarized in
Tables I-IV.

Table I summarizes full-shift airborne lead concentrations found in your workplace.
Samples were collected and analyzed by graphite furnace atomic absorption
spectrophotometry following NIOSH Method 7105.! All of the sample results were well
below both the Occupational Safety and Health Administration (OSHA) Permissible
Exposure Limit (PEL) of 50 micrograms of lead per cubic meter of air (ug/m?) and the
Action Level (AL) of 30 ug/m’, both expressed as an average over an 8-hour workshift.2
The highest concentration (7.1 ug/m?®) was found for a full-shift sample worn by a
radiator mechanic; none of the other 11 personal samples exceeded 6.0 ug/m’. Likewise,
all area samples taken in various locations throughout the radiator shop and surrounding
areas were quite low, with none exceeding 2.0 ug/m’.

Table II presents the individual resuits of short-term samples taken from one radiator
mechanic (DR) over the last three days of the survey. The daily full-shift time-weighted
average concentration calculated from these samples is also shown. The amounts of lead
on those samples collected only when the mechanic soldered were all below the limit of
detection, suggesting that "peak” exposures to lead were quite low. Therefore, while it
was difficult to determine the actual lead exposure during soldering alone, results are
consistent with the long-term samples which indicated that exposures to airborne lead
were very low in your workplace.

Table III presents the results of wipe samples collected from workers’ hands, foreheads,
and personal vehicles. Each worker wiped their own hands for

30 seconds whereas foreheads and automobile interiors were wiped by a NIOSH
industrial hygienist; samples were collected on commercially-available, pre-moistened
towelettes prior to any washing. Sampling indicated that workers’ skin was highly

(RS
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contaminated by iead at the end of the workshift, with concentrations as high as 12,000
ug/m?* on hands and almost 5000 pg/m* on the forehead. Workers were then instructed
to wash their hands, in their usual manner, and wipe samples were again taken. These
results demonstrate that, although washing removed the majority of the lead from
workers’ hands, a substantial amount of lead remained on worker’s prior to leaving the
workplace. Further, lead concentrations over 19,000 ug/m? were found on the driver's

armrest in personal vehicles, indicating that lead contamination was not confined to the
work environment.

Table IV summarizes the lead concentrations found on various surfaces which persons
are likely to contact. Most notable were the samples indicating high leveis of lead
contamination in the restroom, office/lunchroom, workers' shoes, and personal vehicles.
Lead contamination was thus shown to be pervasive throughout the facility, therefore
potentially exposing all workers and even customers to lead through skin contact and
possibly resulting in their ingestion of lead. Considering the iow airborne lead levels,
surface contamination is most probably a result of an accumulation of lead dust over
prolonged periods largely due to poor housekeeping and/or to poor work practices.

Presently, there are no Federal criteria for surface contamination in occupational
environments but the U.S. Department of Housing and Urban Development (HUD)
recommends surface contamination be less than 200 ug/ft* (about 2160 xg/m?) on the
floors and less than 500 ug/ft* (5400 ug/m?) on window sills in residential housing
following removal of lead-based paint.’ These guidelines were primarily established with
the goal of preventing lead poisoning in housing occupants, particularly young children.
In the residential environment, the length of exposure, the potential for contact with
surface contamination, and the frequency of hand-to-mouth contact is generally
considered to be much greater than in the occupational environment. Therefore, direct
comparison between our results and the HUD level may not be applicable but should
provide some reference for assessing the degree of lead contamination.

Based on the results of the survey at your radiator shop, the following comments and
recommendations are made:

1. The local exhaust ventilation systems used in this shop were found 1o effectively
control lead exposures during radiator repair activity. In general, the effectiveness
of the flexible duct exhaust system is dependent on the positioning of the hood near
the source of lead fumes. Workers should be encouraged 10 frequently move the
hood, whenever necessary, to ensure the most efficient capture of lead fumes.

Because of the low airborne lead exposures in this shop, respirators are not
required and were not used.
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2. Coansidering the high potential for surface contamination by lead, smoking and
ecating in work areas, although observed during our survey, should not be allowed.

Incidently, considering the proximity to the test tanks and the measured
contamination in the area, the shop office should also be considered a work area in
which smoking and eating are not permitted. Daily clean-up of frequently
contacted surfaces, especially desk tops, telephones, restrooms, and lunchrooms, is
highly encouraged. Cleanup should only be done using HEPA filter vacuum or wet
wash (eg. high-phosphate detergent solution) methods. Finally, workers should be

frequently reminded (e.g., by posting signs) to thoroughly clean their hands and
face before eating, drinking, or smoking.

3. Workers should be required to use the professionally-laundered work uniforms
(both pants and shirt) provided daily by the employer. Workers should remove and
leave dirty uniforms and workshoes and thoroughly clean their hands, arms, and

face (showering is preferable) before leaving the worksite to prevent possible
contamination of cars, homes, and families.

4. You are reminded that it is the employer’s responsibility to conduct the initial
determination of air concentrations in any workplace using lead. It is the air lead
levels which determine whether additional provisions of the OSHA Lead Standard
(such as periodic blood testing, warning signs, engineering controls, respirator
program, and medical removal) are required.? Although you had not conducted
any previous air

sampling, the lead concentrations measured during this survey were all below the
OSHA Action Level of 30 ug/m’. Per a conversation with the local OSHA office,
the results of this NIOSH survey can be used to satisfy the "initial determination"
monitoring requirement.' Therefore, based on these results, your shop appears to
be in general compliance and exempt from all provisions of the Lead Standard
except those specified in Appendices A and B to 29 CFR Section 1910.1025 which
requires that employees be informed of the hazards of lead use and of the key
provisions of the Lead Standard. You are strongly encouraged to tharoughly
review the OSHA Lead Standard (a copy of which was given to you during our
survey) 1o ensure your compliance with the legal requirements as an employer.

In summary, the sampling data from the NIOSH survey at your workplace indicate that
exposures o airborne lead are typically well below occupational exposure criteria.
However, high leveis of surface contamination were found throughout the worksite and
conscientious efforts shouid be directed to regular cleaning of surfaces and skin to
minimize the potential for lead ingestion. Work clothing should not be taken home to
prevent secondary lead exposures to workers' families.
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I have enclosed several articles and pamphlets which provide guidance for safely working
with lead. In particular, the two NIOSH publications concerning lead in the construction
industry contain very pertinent and useful information for controlling lead exposures in
any industry where lead is used. Also, [ recommend that you post this letter and keep
the articles in a general location readily seen by employees for their information.

If you have any questions or require further details on this survey, please call me at
(513) 841-4314. If any corrections to this letter are requested, please notify me in writing
by January 31, 1992. I'd like to thank you again for your participation and continued

interest in this study; the cooperation and assistance of you and your employees is
sincerely appreciated.

Sincerely yours,

Greg M. Piacitelli, CTH

8 Enclosures

112



Table

SUMMARY OF FULL-SHIFT AIRBORNE LEAD SAMPLING RESULTS
Radiator Shop
Cincinnati, Ohio
July 29-August 1, 1991

JOB/AREA  AVBRAGE N RANGE
TWA
(ug/=)
Personal Samples
Radiator mechanic (DR) 3.0 4 1.2-4.9
Radiator mechanic (RR) - 4 1.0-2.1
Radiator mechanic (GR) 4.9 3 1.7=-7.1
ALL 3.0 11 1.0-7.1
Kron Samples
Test tank #1 (DR work station) 0.9 4 0.1-1.3
Test tank #2 (RR & GR work station) 0.8 3 0.5-1,2
Soldering booth (GR work station) 1.3 3 0.5-2.0
Shop (15' from tanks; next to bay door) 0.4 4 <.24-.71
Shep office/lunch area 1.2 4 0.9-1.5
Parking (5' below LEV discharge) .11 4 .08=-.17
i Background (outdoors) <.05 4 <.05=<.05
OBSHA PERMISSILLE EXPOSURE LINMIT (PEL) S0
OSHEA ACTION LIMIT 30

= limeae svenige (10 MKTOETAMS per cubic meter air).
N = number of sampies




Table II
SUMMARY OF BEORT-TERM AIRBORNE LEAD BSAMPLING RESULTS
Radiator Shop
Cincinnati, Ohio
July 29-August 1, 1991

DATE JOB SAMPLE SOLDERING LEAD
DURATION DURATION CONCENTRATION
(minutes) | (minutes) {pg/eh)
7/30/91 Rad mechanic (DR) 101 5 5.2
52 2 1.0
8 8 <3.1
7 7 <3.6
208 [+] 1.6
19 5 1.9
91 9 4.3
45 0 2.3
Tims-etnghing regs a n 17
7/31/91 Rad mechanic (DR) 55 8 2.5
158 25 1.7
63 10 <,41
113 0 1.4
72 0 <.36
Tisr-vegons svornge - o 12
8/1/61 Rad mechanic (DR) 195 5 3.4
6 6 <4.2
189 0 1.3
119 3 6.0
Timswmgues swrage = " 12
_
OSEA PERNISSIELE EXIPOSURE LINMIT (PEL) S0
OSHA ACTION LIMIT (AL) 10




Table III
SUMMARY OF PERSOMAL WIPR BAMPLING RESULTS
Radiator Shop
Cincinnati, Ohio
July 29-August 1, 1991

[ (————————————
' EANDS® Postshift rorzmEAD” | AvTO/TRUCK
(armrest)
JOB Pre-Wash Post~¥Wash Postshift
Average Lead Concantration (ug/w’)
Radiator mechanic (DR} 6,8%0 841 2,666 19,000
nmg n=4 n=3 n=1
Radiator mechanic (RR) 9,207 293 1,013 9,200
n=4 n=4 n=3 n=1
Radiator mechanic (GR) 10,163 460 4,940 no
n=3 n=3 n=2 samples
Shop helper {SC) 12,409 516 noe no
n=4 n=3 samplea samples
ALL 92,634 533 2,615 14,100
nuls n=l4 n=8 nu2
__ o

*Area = £20 cm? based on EPA criteria®
“Ares = 25 e’ measured.

HUD ciearance eritenis (retidential bousing):
floore 200 ug/fr = (2160 ug/m?)
window sille 500 ug/fi3 = (5400 ug/m?)
window wells: 800 ug/fi » (B640 ug/m?)
Note: 1 ug/fc® = (108 ug/m?)



Table IV
SUMMARY OF ARKA WIPE SANPLIRG RESULTS
Radiator Shop
Cincinnati, Ohic

July 29=-August 1, 1991

HUD ciearance cntena (residential housingy:
fioors: 200 ug/lt? = (2160 ug/m?)
window sills: 500 ug/ft! = (5400 ug/m®)
window wells: 800 ug/ft? = (8640 ug/m?)
Note: 1 ug/id = (108 ug/m?)

125

.
AREA SURFACE LEAD
AREAR eaum-’ ICN
WIPEKD (ng/e')
(eot)
Shop phone (recsiver) 80 18,750
Shop bathroom lightswitch plate 17 18,182
Shop bathroom toilet flush handle 18 5,855
0ffica phone (recsiver) 80 3,875
Shop truck: steering wheel 200 20,500
: driver's seat 100 1,400
Top of streetshoe (DR) 50 20,000
Top ¢f strestshos (RR) 50 46,000
Personal vehicle (RR): driver's seat B0 84,500
(Note: Vehicle ! arm rest 100 9,200
alsc wsed for 1 driver's f{loormat 100 9,600
shop busivess) ! passenger’s seat 1ce 2,100
:_gas pedal 50 19,600
Perscnal vehicle (DR)}: arm rest 100 19,000
: driver's floormat 100 : 68,000
! gas padal 50 68,000
:+ dashboard 100 21,000
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Januarv 24, 1992

Cincinnati, Ohio 45102

Dear Mr.

This letter is to inform vou of the results of the NIOSH industrial hygiene survey
conducted at your radiator repair shop last August. As vou know, air and wipe samples
were collected to assess occupational exposures to inorganic lead over a four-day period
during typical radiator repair work. The results from this survey are summarized in

Tables I-11I; a diagram of vour facility is also attached 1o provide some reference as 10
the sampling locations.

Table | summarizes personal airborne lead concentrations found in your workplace.
Samples were coilected and analvzed by graphite furnace atomic absorption
spectrophotometry following NIOSH Method 7105.! Several of the sample resuits were
well above both the Occupational Safery and Health Administration (OSHA) Action
Level (AL} of 30 micrograms of lead per cubic meter of air (ug/m®) and the Permissible
Exposure Limit (PEL) of SOug/m’. both expressed as an average over an 8-hour
workshift.© Many of the samples with high lead concentrations are vt short sampling
duration and are not appropnate for direct comparison to the OSHA criteria.
Theretore. the daily 8-hour time-weighted average (TWA,) exposure is calcuiated for
cach worker, assuming zero exposure to lead during anv unsampled work period. As
shown in Table I, two of the five TWA, exposures exceeded the OSHA PEL. another
exceeded the AL. The highest TWA, exposure was 157 ug/m’ or more than three times
the level OSHA considers acceptable. Also of immediate concern are the very high
“peak” concentrations of lead measured over shorter sampling durations (up to

310 ug/m’ over a one-hour period). These short-term samples were generally collected
between the time a mechanic started and stopped work on an individuai radiator,
indicating that tear down and/or soldering resuited in very high exposures to lead.
These data also indicate that excessive full-shift exposures 1o lead resulted despite the
observation that only relatively little ime was actually spent repairing radiators.

Fuil-shift area sampling results are presented in Table 1I. The highest concentration
measured was 180 ug/m’ immediately adjacent 1o the repair tank (Tank #1 in the

127



Page 2 - Mr.

diagram) most frequently used during the survey period. These sampling data indicate
that the high airborne lead concentrations at your facility are generaily confined to the

radiator repair room: none ot the sampies collected outside of the repair room exceeded
2.0 ug/m’.

Table [I1 presents the resuits of wipe samples collected from workers’ hands and from
various surfaces which persons are likely to contact. Each worker wiped their own hands
for 30 seconds (prior to anv washing) whereas surfaces were wiped by a NIOSH
industrial hygienist: all samples were coilected on commercially-avaiiable, pre-moistened
toweiertes. Sampling indicated that workers’ hands were highly contaminated by lead at
the end of the workshift. with average concentrations as high as 39.000 ug/m’. Of the
areu sampies. high levels ot lead contamination were found in the radiator repair room
and on a phone in close vicinity to that room. Though considerably lower, lead
contamination was also found in the office, men's restroom, and customer
waiting/employee break area. Lead contamination was thus shown to be pervasive
throughout the facility, therefore potentially exposing all workers and even customers to
lead through skin contact and possibly resulting in their ingestion of lead. Considering
the low airborne lead levels in some of these areas, surface contamination is probably a2
result of an accumulation of lead dust over prolonged periods largely due to poor
housekeeping and/or 10 poor work practices. In addition, the sertling of lead aerosol
most likely contributes to the lead found on surfaces in the radiator repair room.

Presently, there are no Federai criteria for surface contamination in occupational
environments but the U.S. Department of Housing and Urban Deveiopment (HUD)
recommends surface contamination be less than 200 ug/ft’ (about 2160 xg/m*) on the
floors and less than 500 ug/ft® (5400 ug/m°) on window sills in residential housing
following removal of lead-based paint.’” These guidelines were primarily esiablished with
the goal of preventing lead poisoning in housing occupants, particularly young children.
In the residential environment. the length of exposure, the potential for contact with
surface contamination, and the frequency of hand-to-mouth contact is generally
considered to be much greater than in the occupational environment. Therefore, direct
comparison between our results and the HUD level may not be appiicable but should
provide some reference for assessing the degree of lead contamination.

Based on the results of the survey at your radiator shop, the following comments and
recommendations are made:

1. You are reminded that it is the employer’s responsibility to conduct the initial
determination of air concentrations in any workplace using lead. It is the air iead
levels which determine whether additional provisions of the OSHA Lead Standard
(such as periodic blood testing, warning signs, engineering controls. respirator
program. and medical removal) are required.? Per a conversation with the local
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OSHA office, the results of this NIOSH survey can be used to satisfy the "initial
determination” monitoring requirement.! Therefore, based on these results, your
shop appears 1o be in non-compliance with many provisions of the Lead Standard,
including those specified in Appendices A and B to 29 CFR Section 1910.1025

which requires that employees be informed of the hazards of lead use and of the
key provisions of the Lead Standard.

2. Because worker exposures 1o lead exceeded the Permissible Exposure Limis of 50
ug/m®, OSHA requires the employer to (a) reduce lead exposures 10 below the
PEL. by installing engineering controls, such as an effective ventilation system; (b)
provide empioyees with respirators (an air-purifying type approved for use with
lead dust and fumes) and require use until expasures are reduced below the PEL;
(c) provide clean work clothing, showers, and separate lunch room; (d) provide
blood testing of exposed employees; (e) repeat air sampling within 3 months and
provide workers with written results; and (f) provide worker training on lead safety.

3. Blood-lead testing is required for all employees working in any areas exceeding
the Action Level (30 ug/m’). Blood-testing has the advantage over air sampling for
assessing exposures to lead since it detects lead poisoning caused by breathing lead
aerosol and/or by ingesting lead particulate. Initial blood-tests are typically less
than $50 per worker and readily available from most medical providers. The
frequency of subsequent blood-testing and any medical removal provisions are
determined by an individual's blood-lead levels. Based on the results of our survey,
vou are strongly advised to arrange biood-testing of your radiator mechanics
immediately. Please forward the results of these tests 1o me when avaialable.

4. OSHA requires that air sampling be repeated every three months if air iead
levels are above the PEL, or every six months if below the PEL but abave the AL.
Sampling must be repeated at these frequencies until at least two consecutive
samples, taken at least seven days apart, are below the AL, at which time the
emplover may discontinue air monitoring, unless a process or personnel change
occurs which may result in new or additional exposure to lead.

5. The ventilation system (a propelier fan in a remote wall and two ceiling fans)
used in this shop was found 1o be ineffective for controlling lead exposures during
rudiator renair activity. | recommend that you contact a professional firm
specializing in industrial ventilation systems for installing and monitoring the proper
operation of either an "elephant trunk” or a "back-draft booth" system, specifically
designed to control lead exposures in a radiator repair shop. An articie describing a
cost-effective ventilation system is included with this letter.
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6. Considering the high potential for surface contamunation by lead, smoking and
eanng in work areas, although observed during our survey, should not be aliowed.
Daily clean-up of frequently contacted surfaces, especially desktops, telephones,
restrooms, and lunchrooms, is highly encouraged. Cleanup should only be done
using HEPA filter vacuum or wet wash (eg. high-phosphate detergent solution)
methods. Finally, workers should be frequently reminded (e.g., verbally and by

posting signs) to thoroughly clean their hands and face before eating, drinking, or
smoking.

7. Workers should be required to use the professionally-laundered work uniforms
(both pants and shirt) provided daily by the empilover. Workers shouid remove and
leave dirty uniforms and workshoes and thoroughly clean their hands, arms, and

face (showering 1s preterable) before leaving the worksite to prevent possible
contamination of cars. homes, and famiiies.

In summary, the sampling data from the NIOSH survey at your workplace indicate that
exposures o airborne lead are well above occupational exposure criteria. Immediate
action should be taken 10 conduct blood-testing of all radiator mechanics, to install 8
new ventilation system to reduce airborne lead leveis, and to require respirators be worn
until exposures are below the PEL. In addition, surface contamination was found
throughout the worksite and conscientious efforts shouid be directed to regular cleaning
of surfaces and skin to minimize the potential for lead ingestion. To prevent secondary
lead exposures to workers’' families, work ciothing shauld not be taken home.

The requirements of the OSHA Lead Standard are quite specific and detailed. You are
strongly advised to thoroughlv review its key provisions (a copy of the Lead Standard and
a Lead Training manuai were given to vou during our survey) and to consult with the
local OSHA office (phone: 313 841-4312), if necessary, to ensure your compliance with
the legal requirements as an emplover. The state of Ohio's OSHA-supporied free
consultation program (phone: 614 644-2631) is also available 10 provide technical
assistance, particularly to high hazard small businesses.

I have enclosed several articles and pamphiets which provide some guidance for safely
working with lead. In parucular, the two NIOSH publications concerning iead in the
construction industry contain very pertinent and useful information for controiling lead
exposures in any industry where lead is used. Also, | request that you post this letter and
keep the arucles in a general location readily seen by employees for their information.

If vou have anv questuons or require further details on this surveyv, please call me at

(513) 8414314, If any corrections to this letter are requested, please notify me in writing
by February 15. 1992.
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I'd like to thank vou again for vour participation and continued interest in this study; the
cnoperation and assistance of you and vour empiovees is sincerely apprecrated.

Sincerely yours,

Greg M. Piacitelli, CIH
Supervisory Indusinal Hygienist
industrial Hygiene Section
Industrvwide Studies Branch
Diviston of Surveiliance. Hazard
Evaluations, and Field Studies

8 Enciosures

G MP[ACITELLI:klt:RmBZE;Hamillon:CimiOH:
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Table I

SUMMARY OF PERSONAL AIRBORNE LEAD SAMPLING RESULTS
Radiator shep

Cincinnati, Ohio
August 19-21, 1991
DATE Jap SAMPLE RADIATORS LEAD
DURATION REPAIRED CONCENTRATION
(minutes) (number) {ug/m?)
B/19/91 Rad mechanic (DP) 42 1 433.
404 0 3.42
TWA cmpang 446 1 43.9
TWA wy 480 1 40.8
£rz1/21 Rad mechanic (OP) 56 810.
19 2 261.
116 1 208.
54 0 13.5
THA. o 245 4 307.
TWA o 480 4 157.
B/19/91 Rad mechanic (CC) 34 1 352.
TWA, pmpep 34 1 352.
TWA...,. 480 1 24.9
8/20/91 Rad mechanic (CC) 42 1 94.5
3258 0 1.0
TWA mmng 367 1 11.7
TWAca., 480 1 9.0
8/21/91 Rad mechanic (CC) 18 2 104.
62 0 <0.48
118 1 309.
53 1 122.
THA g 248 4 180.
TWA. ... 480 4 92.1
OSHA PERMISSIBLE EXIPOSURE LIMIT (PEL) 50.
L QEEA ACTION LIMIT (AL) 30.
TWA mmey = timMe-welrghted average over tne sampled work period
tams T time-weighted average over the B-hour shift (assumes zerc lead

exposure during unsampled work period)




Table II
SUMNARY OF AREA FULL-SBIFT AIRBORNE LEAD SAMPLING RESULTS
Radiator Shop
Cincinnati, Ohio
August 19-21, 1991

JOB/AREA AVERAGE N RANGE
THA
(ug/m’)
Radiateor repair tank #£1 144. 3 119. - 180.
Radiator repair room (l1%° from tanks) 39.0 3 17. = 96.
Main shop (next to lifrt) 1.00 3 0.6 - 1.8
Shop office (on desktop) 0.8 3 0.8 - 0.7
Customer waiting area/lunch room 0.7 k] 0.6 - C.9
Background (outdoors) <.06 3 <.06- <.07
—— - ——  — — —__———

OSHA PERMISSIBLE EIPOSURE LIMIT (PEL) 50.
OSHA ACTION LIMIT 30.

===—=-=========
A e nme-we:ghl:i dverage (IN Micrograms icad wrﬁ}-lm, . .

N = nymber of samples



Table III
SUMMARY OF WIPE SAMPLING RESULTS
Radiator Shop
Cincinnati, Ohio
August 19-21, 1991

LOCATION SURFACE LEAD
AREA CONCENTRATION
WIPED (ug/m)
(em’)

e ——)

AREA (n=1 at each locaticn}

Walting/lunch area (tabletop) 50 882
Shop bathroom (Men's room; faucet knob) 50 722
Qffice (desktop) 75 948
Phone next to radiatcr repair (receiver) 80 7,625
Radjator repair room (door knob) 78 50,633

PERSONAL (n=Z at each location)

Rad mechanic (DP): hande (postshift) 820° 39,813

Rad mechanic (CC): hands (postshift) 820° 26,886

!I
|

*Arcz = 820 cm’ for both hands®

1IUD clearance entena (resigential housmg)’

Nloors: 200 wg/lté = (2160 uy/m?)
windew sills SO0 ug 1T = (5400 g/m?)
window wells' 800 ug/ft? = (R64G uy/m")

Note: ! ug/h" = (10.8 ug/mzj
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AIR LEAD CONCENTRATIONS

FilesAIRCON.

SAMPLE DATE SHOP JOQB/AREA DURATION CONC NOTES SUBJECT
# minutes ug/im3

Pb-1 07-08-91 1 RAD MECHANIC 221 2.2 ME

Pb-7 07-08-91 1 RAD MECHANIC 228 3.3 ME

Pb-51 07-09-91 1 RAD MECHANIC 442 18.5 ME

Pb-18 07-10-91 1 RAD MECHANIC 440 35 ME

Pb-40 07=-11=91 1 RAD MECHANIC 377 5.4 ME

Pb-6 07-08-91 1 RAD MECHANIC 483 5.1 RJ

Pb-52 07-09-91 1 RAD MECHANIC 430 8.1 RJ

Pb-26 07-10-81 1 RAD MECHANIC 451 4.6 RJ

Pb-42 07-11-91 1 RAD MECHANIC 302 6.8 RJ

Pb-3 07-08-91 1 RAD MECHANIC 212 4.8 GW

Pb-5 07-08-91 1 RAD MECHANIC 218 10.6 1£1%)

Pb-30 07-09-91 1 RAD MECHANIC 443 4.6 GW

Pb-28 07-10-91 1 RAD MECHANIC 434 8.0 GW

Pb-2 07-11-91 1 RAD MECHANIC 311 3.3 GW

Pb-21 07-08-891 1 RAD MECHANIC 7 71 s ME

Pb-48 07-11-99 1 RAD MECHANIC 30, 49 S RJ

Pb-8 07-08-91 1 RAD SHOP-general 323 1.6

Pb-17 07-09-91 1 RAD SHOP-general 40 1.3

Pb-38 07-10-91 1 RAD SHOP-general 444 4.5

Pb-41 07-11-91 1 RAD SHCP-general 452 1.3

Pb-12 07-09-91 1 RAD SHOP-tank 449 34 ME

Pb-29 07-10-91 1 RAD SHOP-tank 485 4.4 ME

Ph-48 07-11-91 1 RAD SHOP-~tank 505 2.0 ME

Pb-22 07-08-91 1 RAD SHOP-tank 451 2.2 RJ

Pb-47 07-11-91 1 RAD SHOP-tank 511 2.0 RJ

Pb-11 07-09-91 1 RAD SHOP-office 409 5.7

Pb-27 07-10-91 1 RAD SHOP-office 394 1.6

Pb-44 07-11-91 1 RAD SHOP-office 494 1.3

Pb-23 07-08-91 1 MAIN OFFICE 469 - 0.1

Pb-13 07=09-91 1 MAIN QFFICE 476 0.3

Pb-39 07-09-81 1 MAIN OFFICE 456 0.1

Pb-24 07-08-91 1 LUNCH AREA 469 0.2

Pb-4 07-09-81 1 LUNCH AREA 478 0.1

Pb-37 07-10-91 1 LUNCH AREA 456 0.1

Pb-45 07-11-91 1 RAD SHOP-tank 487 1.8 GW

Pb-38 07-11-91 1 RAD SHOP-tank 488 1.5 RJ

Pb-43 07-11-91 1 RAD SHOP-general 494 0.7

Pb-34 07-10-91 1 RAD SHOP—general 447 0.5

Pb-9 07-10-91 1 RAD SHOP-general 423 1.2

Pb-61 07-29-97 2 RAD MECHANIC 214 4.9 DR
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AIR LEAD CONCENTRATIONS

FilemAIRCON.
SAMPLE DATE SHOP JOB/AREA DURATION CONC NOTES SUBJECT
# minutes ug/m3
Pb-77 07-30-81 2 RAD MECHANIC 10 5.2 OR
Pb-75 07-30-91 2 RAD MECHANIC 52 1.0 DR
Pb-84 07-30-91 2 RAD MECHANIC 8 2.2 DR
Pb-90 07-30-91 2 RAD MECHANIC 7 <2.5 s DR
Pb-85 07-30-91 2 RAD MECHANIC 205 <1.6 5 DR
Pb-89 07-30-81 2 RAD MECHANIC " 19 1.9 DR
Pb-79 07-30-81 2 RAD MECHANIC 9 4.3 DR
Pb-83 07-30-91 2 RAD MECHANIC 45 2.3 OR
Pb-92 07-31-91 2 RAD MECHANIC 55 2.5 DR
Pb-100 07-31-91 2 RAD MECHANIC 158 1.7 PR
Pb-103 07-31-91 2 RAD MECHANIC 63 <0.3 DR
Pb-104 07-31-91 2 RAD MECHANIC 113 1.4 DR
Pb-89 07-31-91 2 RAD MECHANIC 72 <0.3 CR
Pb-112 08-01-91 2 RAD MECHANIC 195 3.4 DR
Pb-117 08-01-91 2 RAD MECHANIC ] <2.9 S DR
Pb-113 08-01-91 2 RAD MECHANIC 189 1.3 DR
Pb-118 08-01-891 2 RAD MECHANIC 118 6.0 DR
Pb-81 07-30-91 2 RAD MECHANIC 522 5.9 GR
Pb-96 07-31-91 2 RAD MECHANIC 388 71 GR
Pb-111 08-01-91 2 RAD MECHANIC 165 9.5 GR
Pb-116 08-01-91 2 RAD MECHANIC 348 3.0 GR
Pb-62 07-29-91 2 RAD MECHANIC 475 1.8 RR
Pb-76 07-30-91 2 RAD MECHANIC 522 21 RR
Pb-97 07-31-81 2 RAD MECHANIC 412 1.6 RR
Pb-110 08-01-91 2 RAD MECHANIC 413 1.0 RR
Pb-56 07-29-91 2 RAD SHOP-tank 491 1.0 DR
Pb-72 07-30-91 2 RAD SHOP-tank 546 0.1 DR
Pb-91 07-31-91 2 RAD SHOP-tank 521 1.3 DR
Pb-102 08-01-81 2 RAD SHOP-tank 511 1.3 DR
Pb-71  07-30-81 2 RAD SHOP-tank 539 0.7 RR
Pb-95 07-31-91 2 RAD SHOP-tank 517 0.5 RR
Pb-108 08-01-91 2 RAD SHOP-tank 508 1.2 AR
Pb-80 . 07-30-9t 2 RAD SHOP-booth 506 0.5 GR
Pb-86 07-31-81 2 RAD SHOP-booth 531 1.4 GR
Pb-101 08-01-91 2 RAD SHOP-booth 509 2.0 GR
Pb-60 07-29-81 2 RAD SHOP-general 103 <0.1
Pb=-73 07-30-91 2 RAD SHOP-general 550 0.3
Pb-94 07-31-91 2 RAD SHOP-general 529 0.5
Pb-105 08-01-91 2 RAD SHOP-general 507 0.7
Pb-55 07-29-91 2 RAD SHOP-office 50 .9
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AIR LEAD CONCENTRATIONS

File=AIRCON,

SAMPLE DATE SHOP JOB/AREA DURATION CONC NOQTES SUBJECT
# . minutes ug/m3

Pr-68 07-30-91 2 RAD SHOP-office 554 1.5

Pb-88 07-31-91 2 RAD SHOP-office 526 1.1

Pb-107 08-01-91 2 RAD SHOP-office 545 1.1

Pb-55 07-29-91 2 LUNCH AREA 501 0.9

Pb-68 07-30-91 2 LUNCH AREA 554 1.5

Pb-88 07-31-91 2 LUNCH AREA 528 1.1

Pb-107 08-01-91 2 LUNCH AREA 545 1.1

Pb-58 07-26-91 2 OQUTSIDE-lev exhaust 481 <0.1

Pb-69 07-30-81 2 OQUTSIDE-iev exhaust 548 0.1

Pb-93 07-31-91 2 OQUTSIDE-lev exhaust 526 0.2

Pb-106 08-01-91 2 OQUTSIDE-jev exhaust 525 0.1

Pb-70 07-29-81 2 BACKGROUND 501 <0.1

Pb-67 07-30-91 2 BACKGROUND 549 <0.1

Pb-87 07-31-81 2 BACKGROUND 528 <0.1

Pb-98 (08-01-91 2 BACKGROUND 525 <0.1

Pb-20 07-08-91 1 BACKGROQUND 460 <0.1

Pb-19  07-09-91 1 BACKGROUND 474 <0.1

Pb-35 07-10-91 1 BACKGROUND 453 <0.1

Pb-138 08-19-91 3 RAD MECHANIC 42 433.0 S bp

Pb-145 08-19-91 3 RAD MECHANIC . 404 3.4 DP

Pb-166 08-21-99 3 RAD MECHANIC 86 810.0 S DP

Pb-164 08-21-91 3 RAD MECHANIC 19  261.0 S DP

Pb-160 08-21-91 3 RAD MECHANIC 116 208.0 oP

Pb-172 08-21-91 3 RAD MECHANIC 54 13.5 op

Pb-152 08-19-91 3 RAD MECHANIC 34 3520 S cC

Pb-144 08-20-91 3 RAD MECHANIC 42 94.5 S cC

Pb-157 08-20-91 3 RAD MECHANIC 325 1.0 ccC

Pb-169 08-21-91 3 RAD MECHANIC 15  104.0 s CccC

Pb-168 08-21-81 3 RAD MECHANIC 62 <0.4 CcC

Pb-159 08-21-91 3 RAD MECHANIC 118 309.0 ccC

Pb-171 08-21-91 3 RAD MECHANIC 122 122.0 CccC

Pb-139 08-19-91 3 RAD SHOP-generat 463 0.7

Pb-153 08-20-91 3 RAD SHOP-general 472 0.6

Pb-161 08-21-91 3 RAD SHOP-general 467 1.8

Pb-154 08-20-91 3 RAD SHOP-tank 475 119.0

Pb-163 08-21-91 3 RAD SHOP-tank 466 180.0

Pb-167 08-21-91 3 RAD SHOP-tank 463 132.0

Pb-131 08~-19-91 3 RAD SHOP-general 459 16.8

Pb-143 08-20-91 3 RAD SHOP-general 484 3.0

Pb-158 08-21-91 3 RAD SHOP-general 469 95.6
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AIR LEAD CONCENTRATIONS

FllomAIRCON.
SAMPLE DATE SHOP JOR/AREA DURATION CONC NOTES SUBJECT
¥ minutes ug/m3
Pb-142 08-19-81 3 MAIN OFFICE 462 0.8
Pb-151 08-20-91 3 MAIN OFFICE 487 0.7
Pb-155 08-21-91 3 MAIN OFFICE 468 1.0
Pb-137 08-19-91 3 LUNCH AREA 465 0.9
Pb-135 08-20-91 3 LUNCH AREA 488 0.6
Pb-156 08-21-91 3 LUNCH AREA 471 0.6
Pb-134 08-19-91 3 BACKGROUND 464 <0.1
Pb-150 08-20-91 3 BACKGROUND 452 <0.1
Pb-162 08-21-91 3 BACKGROUND 487 <0.1

S= soidered entire sample duration

<= lass than limit of detection (LOD)

All sample concentrations are corrected for field blanks as follows:
Shop 1: .00 ug (Method 7082); .00 ug (Method 7105)
Shop 2: .00 ug (Method 7082);-.22 ug (Method 7105)
Shop 3:-.06 vg (Method 7105)(all samples analyzed by 7105)



APPENDIX M Sample Results: Time-Weighted Average Exposures
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TIME-WEIGHTED AVERAGE (TWA) AIR LEAD EXPOSURES (uG/M3)

File = TWAEXP.
DATE SHOP JOB DURATION TWA TWA
{minutes) (over (8-hr)
duration)
07108/91 1 RAD MECHANIC 449 2.8 2.6
07/09/91 1 RAD MECHANIC 442 18.5 17.0
07/10/91 1 RAD MECHANIC 440 3.5 3.2
07111191 1 RAD MECHANIC an 54 4.2
07/08/91 1 RAD MECHANIC 483 5.1 4.9
07/08/91 1 RAD MECHANIC 430 8.1 7.3
07/10/91 1 RAD MECHANIC 451 4.6 4.3
07111791 1 RAD MECHANIC 302 6.8 4.3
07/08/91 1 RAD MECHANIC 430 7.8 6.9
07/09/91 1 RAD MECHANIC 443 4.6 4.2
07/10/91 1 RAD MECHANIC 434 8.0 7.2
07/11/91 1 RAD MECHANIC 311 a3 2.1
07/29/91 2 RAD MECHANIC 214 4.9 2.2
07/30/91 2 RAD MECHANIC 528 2.8 2.8
07/31/91 2 RAD MECHANIC 461 1.3 1.3
08/01/91 2 RAD MECHKANIC 5098 3.2 3.2
07/30/91 2 RAD MECHANIC 522 5.9 5.9
07/31/91 2 RAD MECHANIC 388 7.1 5.8
08/01/91 2 RAD MECHANIC 513 51 5.1
07/29/91 2 RAD MECHANIC 478 1.8 1.8
07/30/91 2 RAD MECHANIC 522 2.1 2.1
07/31/91 2 RAD MECHANIC 412 1.8 1.4
08/01/91 2 RAD MECHANIC 413 1.0 0.9
08/19/91 3 RAD MECHANIC 446 43.9 40.8
08/21/91 3 RAD MECHANIC 245 307.0 157.0
08/19/91 3 RAD MECHANIC 34 352.0 249
08/20/91 3 RAD MECHANIC as7 11.7 8.0
08/21/91 3 RAD MECHANIC 248 180.0 92.7

143

SUBJECT

ME
ME
ME
ME
RJ
RJ
RJ
RJ
GW
GwW
GwW
GW
DR
DR
DR
DR
GR
GR
GR
RR
RR
RR
RR
DP
DP
cC
cC
cC



APPENDIX N Sample Results: Surface Lead Concentrations
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vl

File = PBWIPE.

SAMPLE DATE

WS-51
WS-23
WS-12
WS-35
w540
WS-38
ws-31
wS-38
wWS-49
WS-55
wS-41
wS-22
WS-01
WS-25
ws-93
WS-114
wWS-47
wS-03
wSs-98
WS-60
WS-15
W5-103
wS-52
wWS5-29

07-08-81
07-10-91
07-10-91
07-08-91
07-08-91
07-08-981
07-08-91
07-08-91
07-08-81
07-09-91
07-09-91
07-09-91
07-10-91
07-10-91
07-11-91
07-11-91
07-09-91
07-10-91
07-11-91
07-09-91
07-10-91
07-11-91
07-09-91
07-10-91

SHOP

- ek bk ek ek ok et b e ek bk ek ek e e b e b ek wh o e .

SURFACE LEAD CONCENTRATIONS

JOB/AREA

REPAIR TANK:sdge
REPAIR TANK:edge
REPAIR TANK:edge

SHOP OFFICE:deskiop
SHOP OFFICE:doorknob
RAD SHOP:gioves
RESTROOM:1ollat flusher
LUNCHROOM:tabletop
SHOP OFF:telephone
FORKLIFT:steering wheel
RAD SHOP:telephone

RAD SHOP:tool handle
PERSONAL VEHICLE:armrest
PERSONAL VEHICLE:seat
PERSONAL VEHICLE:armrest
IND HYGIENIST:hands
RAD MECH:hands{@lunch)
RAD MECH:hands{@Ilunch)
RAD MECH:hands(@lunch)
RAD MECH:hands{@Ilunch)
RAD MECH:hands{@Iunch)
RAD MECH:hands{@lunch)
RAD MECH:hands{@!unch)
RAD MECH:hands{@lunch)

AREA
{cm2)

500
200

80
225

79

50

19
625

80
200

80
100
300
625
300
820
820
820
820
820
820
820
820
820

AMT
FOUND

(vo}

25000
6279
72
24
118
146
25

6
676
108
138
156
39
61
92
456
1196
2596
1096
776
496
776
686
1196

CONC

{ug/m2)

500000
314800
8000
1067
14777
29200
13300
96
84500
5300
17000
15600
1300
876
3068
5560
14585
31659
13366
9463
6049
9463
8aas
14585

NOTES

Inside

drivet’s
driver’s
driver's

prewash
prewash
prewash
prewash
prewash
prewash
prewash
prewash

SUBJECT

ME

GwW
ME
GP

RJ
AJ
RJ
ME
ME
ME
GwW
GwW



A

File =« PBWIPE.

SAMPLE DATE

WS-91
WS-53
wS-59
ws-18
WS-20
WS-46
WS-26
ws-10
ws-11
WwSs-32
WS-04
WS-17
WS-09
wSs-37
wWS-13
ws-28
WS5-08
WS-39
WS-57
WS-24
Ws-21
WS-33
WS-27
WS-02

07-11-91
07-08-91
07-09-91
07-10-91
07-11-91
07-08-91
07-09-91
07-10-91
0r-11-91
07-08-91
07-09-91
07-10-91
07-11-81
07-08-81
07-09-M
07-10-91
07-11-91
07-08-91
07-00-91
07-10-91
07-11-91
07-08-91
07-09-91
07-10-91

SHOP

- ok wh ob b b wmbh wh b =k ok ok o et e o ok wh bk ek e ke -

SURFACE LEAD CONCENTRATIONS

JOBJ/AREA

RAD MECH:hands{@lunch)
RAD MECH:hands{@endshift)
RAD MECH:hands{@endshitt)
RAD MECH:hands{@andshit)
RAD MECH:hands{@endshitt)
RAD MECH:hands{@endshitt)
RAD MECH:hands{@endshitt)
RAD MECH:hands{®endshitt)
RAD MECH:hands{@endshift)
RAD MECH:hands(@sendshift)
RAD MECH:hands(@endshift)
RAD MECH:hands{@endshiit)
RAD MECH:hands(@endshift)
RAD MECH:forehead

RAD MECH:forehsad

RAD MECH:forehead

AAD MECH:torehead

RAD MECH:{orehead

RAD MECH:torehead

RAD MECH:forehead

RAAD MECH:forehead

RAD MECH:forehead

RAD MECH:forshead

RAD MECH:forehead

AREA

(cm2)

820
820
820
820
820
820
820
820
820
820
820
820
820
25
25
25
25
25
25
25
25
25
25
25

AMT
FOUND
(ug)

878
756
1096
3396
24986
736
486
516
4368
816
406
76
1198
17
14

5

4

20
40

5

6

39
10

4

CONC

(vg/m2)

10683
9220
13365
41415
30440
8975
5927
6293
S317
9950
4950
8730
14585
207
170
60

49
244
488
60

73
475
122
49

NOTES

prewash
prawash
prewash
prewash
prewash
prewash
prewash
prewash
prewash
prewash
prewash
prewash
prewash

SUBJECT

GW
RJ
RJ
RJ
RJ

ME

ME

ME

ME

GW

Gw

GW

GW
RJ
RJ
AJ
AJ
ME
ME
ME
ME

GW

GW

GW



Ly

File = PBWIPE.

SAMPLE
#

WS-08
W5-92
WS-160
WS-87
WS-142
WS-84
WS-157
WS-88
WS-145
WS-101
WS-155
WS5-82
WS-121
W5-152
WS-85
WS-124
WS-110
WS-75
WS-64
WS-148
WS-119
WS-77
WS-133
WS-150

DATE

07-11-91
07-29-91
07-30-91
07-31-91
08-01-91
07-29-91
07-30-91
07-31-91
08-01-91
07-29-91
07-30-91
07-31-91
08-01-91
07-30-91
07-31-91
08-01-9
07-29-91
07-30-91
07-31-91
08-01-91
07-29-91
07-30-91
07-31-91
08-01-91

SHOP

NMMRMNMNMNOMMMNRNMNMOMNOMNMRNMNDMNNMNMOMNRMMODMNNNNNNDNG =

SURFACE LEAD CONCENTRATIONS

JOB/AREA

RAD MECH:forehead

RAD MECH:hands({@Iunch)
RAD MECH:hands{@Ilunch)
RAD MECH:hands(@Ilunch)
RAD MECH:hands{@lunch)
RAD MECH:hands{@®Iunch)
RAD MECH:hands{@lunch)
RAD MECH:hands{@lunch)
RAD MECH:hands(@Ilunch)
RAD MECH:hands(@lunch)
RAD MECH:hands(@lunch)
RAD MECH:hands{@Ilunch)
AAD MECH:hands{@lunch)
RAD MECH:hands{@Ilunch)
RAD MECH:hands{@Iunch)
RAD MECH:hands(@lunch)
RAD MECH:hands(@endshift)
RAD MECH:hands{@endshift)
RAD MECH:hands{@andshift)
RAD MECH:hands(@andshift)
RAD MECH:hands{@sandshift)
RAD MECH:hands{@endshift)
RAD MECH:hands{@endshitl)
RAD MECH:hands{@endshlt)

AREA
(cm2)

25
820
820
820
820
820
820
820
820
820
820
820
820
820
820
820
820
820
820
820
820
820
820

AMT
FOUND

(ug)

4
130
53
240
10
330
330
180
14
210
460
200
3
320
170
26
1100
320
670
930
34
21
28
13

CONC

(ug/m2)

49
1585
648
2927
122
4024
4024
2195
170
2560
5610
2440
415
3900
2075
320
13415
3300
8170
11340
414
256
341
160

NOTES

prowash
prewash
prewash
postwash
prewash
prawash
prewash
postwash
prewash
prewash
prewash
postwash
prewash
prewash
postwash
prawash
prewash
prewash
prewash
postwash
postwash
postwash
postwash

SUBJECT

GW
RRA
RR
RR
AR
sC
sC
SC
sC
DR
DR
DR
DR
GR
GR
GR
RR
RR
RR
AR
AR
RR
AR
AR



A

SURFACE LEAD CONCENTRATIONS

File = PBWIPE.
SAMPLE DATE SHOP JOR/AREA AREA  AMT
’ FOUND
{cm2) (ug)
WS-120 07-29-91 2  RAD MECH:hands{@andshift) 820 1500
WS-87 07-30-91 2  RAD MECH:hands{@endshitt) 820 240
WS-90 07-31-91 2 RAD MECH:hands{@endshiti) 820 530
WS-123 08-01-91 2  RAD MECH:hands{@endshift) 820 1800
WS-76 07-30-91 2 RAD MECH:hands{(@endshift) 820 u
WS-139 07-31-91 2 RAD MECH:hands{@endshift) 820 60
WS-122 08-01-81 2  RAD MECH:hands(@endshif1) 820 56
WS-100 07-29-91 2 RAD MECH:hands{@endshift) 820 310
WS-81 07-30-81 2 RAD MECH:hands{@endshitt) 820 780
WS-72 07-31-81 2  RAD MECH:hands{@sendshift) 820 450
WS-137 08-01-91 2  RAD MECH:hands(@endshift) 820 720
WS-108 07-29-91 2  RAD MECH:hands{@endshift) 820 o7
WS-85 07-30-99 2 RAD MECH:hands{@endshift) 820 110
WS-141 07-31-81 2 RAD MECH:hands{@endshitt) 820 46
WS5-146 08-01-91 2 RAD MECH:hands{@endshift) B20 23
WS-70 07-30-81 2 RAD MECH:hands{@endshift) 820 1000
WS-868 07-31-91 2 RAD MECH:hands(@endshift) 820 200
WS-143 08-01-91 2 RAD MECH:hands(@endshifi) 820 1300
WS-62 07-30-91 2 RAD MECH:hands{@endshift) 820 13
WS-125 07-31-81 2  RAD MECH:hands{@sendshift) 820 8
WS-129 08-01-91 2  RAD MECH:hands(@endshift) 820 20
WS-106 07-29-91 2 RAD MECH:forehead 25 2
WS-81 07-30-91 2 RAD MECH:forehead 25 4
WS-131  07-31-91 2 RAD MECH:forehead 25 2

CONC

(ugim2)

18280
2930
6460

21950

135
730
680
3780
9512
5488
8780
1183
1341
561
280

12195
2440

1656853

159
978
2439
800
1600
800

NOTES

prewash
prewash
prewash
prewash
postwash
postwash
postwash
prewash
prewash
prewash
prewash
postwash
postwash
postwash
postwash
prewash
prewash
prewash
postwash
postwash
postwash

SUBJECT

SC
sC
SC
SC
SC
SC
SC
DR
DR
DR
DR
DA
DR
DR
DR
GR
GR
GR
GR
GR
GR
RR
RR
RR



évi

File = PBWIPE.

SAMPLE DATE

WS-112
W5-63

WS-126
WS-89

WS5-128
ws-117
WS-163
WS-169
WS-174
WS-171
WsS-177
WS-175
WS-180
WS-164
WS-170
WS-178
WS-181
wS-165
WS-172
WS-66

WS-179
wSs-79

WSs-84

WS-208

07-29-91
07-30-91
07-31-91
07-29-91
07-30-91
07-31-91
07-30-91
07-30-91
07-30-91
07-30-91
07-30-91
07-31-01
07-31-91
or-31-91
07-31-91
07-31-91
07-31-91
07-31-91
07-31-91
07-31-91
07-31-M
07-31-91
07-31-91
08-19-91

SHOP

NN NMNNNNNONMNRRNMNNMOMDMORDMODNONNDMNDODNDNDNDRD

SURFACE LEAD CONCENTRATIONS

JOB/AREA

RAD MECH:lorehead

RAD MECH:forehead

RAD MECH:forehead

RAD MECH:torehead

RAD MECH:forehead

RAD SHOP:telephone
RESTROOM:lightswitch
RESTROOM:tollet flusher
SHOP OFFICE:telephone
SHOP OFFICE:desktop

AAD MECH:streatshoes

RAD MECH:streetshoes
PERSONAL VEHICLE:seat
PERSONAL VEHICLE:armrest
PERSONAL VEHICLE:floormat
PERSONAL VEHICLE:saat
PERSONAL VEHICLE:gaspedal
PERSONAL VEHICLE:armrest
PERSONAL VEHICLE:floormat
PERSONAL VEHICLE:gaspedal
PERSONAL VEHICLE:dashboard
SHOP VEHICLE:steeringwheel
SHOP VEHICLE:seat

RAD MECH:hands{@endshitt)

AREA
(cm2)

25
25
25
25
25
80
77
19
80
100
50
50
100
100
100
100
50
100
100
50
100
200
100
820

AMT
FOUND

(ug)

4
12
4
10
15
150
140
10
31
4
100
230
7
92
960
21
98
190
680
340
210
410
14
130

CONC

(ug/m2)

1600
4800
1600
4000
€000
18750
18180
5263
3875
410
20000
46000
700
8200
896000
2100
19600
19000
68000
68000
21000
20500
1400
1583

NOTES

top

top

driver's
driver's
driver's
passanger’'s

driver's
diiver's

driver’s
prewash

SUBJECT

DR
DR
DR
GR
GR

DR
RR
RA
RR
AR
RR
AR
DR
DR
DR
DR

op



File = PBWIPE.

SAMPLE
!

WS-190
WS-184
wWS-188
WS-195
WS-210
WS-181
WS-202

DATE

08-21-91
08-21-91
08-19-91
08-19-91
08-19-91
08-19-81
08-21-91

SHOP

W WWwowowooww

SURFACE LEAD CONCENTRATIONS

JOB/AREA

RAD MECH:hands(@endshift)
RAD MECH:hands(@endshift)
LUNCHROOM:tabletop
RESTROOM:laucet

SHOP OFF:desktop

RAD SHOP:phone

RAD SHOP:doorknob

All concentrations are corracted for field blanks as follows:

Shop 1: —-4.0 ug (Method 7082); -0.2 ug (Method 7105)
Shop 2: 0.0 ug (Method 7082); -0.1 ug (Method 7105)
Shop 3: -.19 ug (Method 7105)(all samples were analyzed by 7105)

AREA
(cm2)

820
820
50
50
75
80

79

AMT
FOUND
(ug)

8400
4200
4

4

7
61
400

Note that all correction faciors were rounded off to the nearest whole ug

CONC

(ug/m2)

78050
51220
800
800
933
7625
50633

NOTES

prewash
prewash

SUBJECT

DP
cC



APPENDIX O NIOSH Recommended Respirators for Exposure to Lead



NIOSH—neommondod respiratory protection for workers sxposed to
inorganic lead

Minimum respiratory protsction’

0.5 mqlm"
(10 x PELYH

$1.25 mg/m®
(25 =« PEL)

.5 mﬂm’
(50 = PEL)

$50 mgim®
{1,000 x PEL)

$100 mg/m?
(2,000 x PEL)

Planned or emergency

entry into environments containing unknown
concentrations or concentrations above
100 mg/m? (2,000 = PEL)

Firefighting

Escape only

Any air-puritying raspirator with a high-s#ticlency
particuiate filter

Any powered, air-purifying respirator with a high-
officlancy particuiais filtsr, or

Any supplied-alr respirstor squipped with a hood or
heoimet and operated in a continuous-fiow made (Tor
sxampie, typs CE abrasive blasting respirators)

Any alr-purifying, tull-iacepiece respiraior with a high-
efficlency partiouiats fitsr, or

Any powered, alr-purifying respirator with a tight-fitting
facepisce and & high-efficiency partiouiate fiter

Any supplied-alr respirator equipped with a half-mask
and oparated in & pressure-gamand or other positive-
pressure mode

Any supplied-alr respirator squipped with a full tace-
pisce and operated in a pressurs-demand or other
poaltive-pressure mode

Any sslt-containad breathing Apparatus equipped with
afull facepisce and operatad in & prassure-demand or
other positive-prassurs mode, or

Any supplied-air respirator equipped with & hull face-
plece and opergied in & pressure-demand or other
poshive-pressure mode in combination with an
awdilary ssll-contained breathing apparatus operatad
in a pressure-demand or other positive-pressure mode

Any seli-contained brsathing apparatvs squipped with
& full lacepiece and operated in a pressurs-demand or
Other pOSitve-pressure mode

Any air-puritying, full-facepiece respirstor with a high-
efficiency partculate filter, or

Any appropriats escape-type, sall-containad breathing
Apparatus

‘Only NIOSH/MSHA-approved equipmant should be used.

TLess than or eaniai o 0.5 mg/m®.
$uttiple of the OSMA PEL for gensral industry.

Taken from: NIOSH Alert: Preventing Leading Poisoning in Construction Workers>
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