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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 solder.

The mean eight-hour TWA lead exposure for mechanics was 15.2pg/m3 (50=33.3) with

a range of 0.9 to 157 pg/m3
. 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-fifth the OSHA PEL (50pg/m3)

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 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 pg/m2• 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--jf 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 dally; a strict

adherence 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 IntroduetJon

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 received little public recognition. ' -3

There are an estimated 10.000 radiator repair shops in the United States. employing

an average of four workers each.4 Exposure to inorganic lead during radiator repair is

by th~ inhalation of lead fumes and lead oxide dusts generated by soldering, burning.

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/m3 (10 times greater than the Occupational Safety and

Health Administration [OSHA] workplace limit) have been reported in radiator shops.s

Evaluations by the National Institute for Occupational 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.3 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

~g/dL}. and 16% had BLLs greater than 50 pg/dL2

To minimize health risks to workers exposed to lead. OSHA promulgated the Lead

Standard in 1978 which includes provisions for environmental sampling. biomonitoring.

medical removal. worker education, personal protection. and engineering controls.s

However. 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
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tasks of assisting and inspecting small businesses are frequently not assigned a high

priority by regulatory agencies. For example, in Califomia 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 of 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

~g/dL Neurologic, hematologic, and reproductive effects, however, may be detectable

at much lower levels, and the World Health Organization (WHO) has recommended an

upper limit of 40 ~g/dL for occupationally exposed males.8 The mean BLL for U.S. men

in 1976 through 1980 was 16 ~g/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
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~g/dLe.10

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.6,11

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

illness 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 to lead or whose husbands

were exposed. Lead can also penetrate the placental barrier, resulting in damage to the

developing fetus; children bom of parents either of whom were exposed are more likely

to have birth defects, mental retardation, and behavioral disorders.6,11,12

2.2 Evaluation Criteria and Regulations
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2.2.1 OSHA

In 1978, OSHA promulgated a comprehensive standard regulating occupational

exposure to inorganic lead in general Industry.s Under this standard, the permissible

exposure limit (PEL) is 50 IJg/m3 calculated as an eight-hour time-weighted average

(TWA); the action level (AL) is 30 IJg/m3.

The OSHA Lead Standard requires that all lead-using companies conduct air

sampling at least once to establish baseline lead exposures.8 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 results 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 employees

with information and training on the hazards of lead use and the general provisions of the

Lead Standard.

If worker exposures exceed the PEL, OSHA also requires the employer to (a) have
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a written compliance program for controlling lead exposures; (b) reduce lead exposures

to below the PEL, by installing engineering controls, such as local exhaust ventilation; (b)

provide employees with respiratory protection, free of charge, and ensure its use until

exposures are reduced below the PEL; (c) provide clean 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 months if below the PEL but above 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 employer may discontinue air monitoring, unless a

process or personnel change occurs which may result 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 J,lg/dL of whole

blood, the employee must be notified in writing, provided a medical examination and

consultation, and the BLL must be monitored every 2 months. Workers with a single BLL

exceeding 60 J,lg/dL or an average (of three tests) BLL greater than 50 J,lg/dL must be

immediately removed from lead exposure until the BLL drops below 40 J,lg/dL The

employee must continue to receive full salary and benefits during this removal, for up to

18 months.s

2.2.2 NIOSH

The National Institute for Occupational Safety and Health (NIOSH) recommended
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exposure limit (REL) for lead in air, initially established in 1978, is less than 100 IJg/m3

as a TWA for up to 10 hours per day such that the worker's BLl remains below 60

IJg/dL13 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 Umit Value (TLV) of 150IJg/m3 as a time-weighted average for

a normal eight-hour workday. There is no short-term exposure limit (STEL) for lead. The

ACGIH Biological Exposure Index (BEl) for lead in blood in 50 IJg/dL Both the TLVand

BEl for inorganic lead, last adopted In 1986 and 1987, respectively, are currently under

study for possible revision. 14

2.2.4 HUD

Presently, there are no Federal standards for surface 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-moistened with non-alcohol

wetting agents) be less than 200 IJg/tt2 (2,160 pg/m~ on floors, 500 pg/tt2 (5,400pg/m~

on window sills, and 800 pg/tt2 (8,640 pg/m~ in window wells in residential housing

following removal of lead-based paint. 15 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.
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tt should be recognized that the length of exposure, the potential 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. Therefore,

direct comparison between surface lead concentrations in the workplace and the HUO

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 smetting, storage battery manufacturing, or metal

foundries (where levels occasionally exceed 100 JIgjdL). They do, however, exceed

those found in adutt males in the general population (13 to 15 JIgjdL), and more than

20% of radiator repair mechanics are estimated to have BLLs of 50 JIgjdL or greater, the

level which triggers medical removal. 3,113

Lussenhop et aI., measured airborne and blood lead levels in 53 workers from 30

repair shops in the Minneapolis-5t. 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 JIgjm3 (standard deviation [SO] =60) and the mean personal air

lead concentration was 113 JIg/m3 (50=20) averaged over 3 to 6 hours. The mean

blood lead level was 31.7 JIgjdL (50= 12.6); 17 (32%) workers had levels ~ 40 JIg/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.

Goldman et al., surveyed radiator mechanics in 27 shops in Boston.2

Environmental samples taken in 5 shops indicated mean personal air concentrations
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ranging from 8 to 160 Ilgjm3 (sampling duration not specified). Fifty-six mechanics had

a mean blood lead level of 37.1 IlgjdL (50= 13.8); 39% of these mechanics had levels

higher than 40 IlgjdL, and 7% were above 60 Ilg/dL Regression analysis showed that

the number of repair stations ~.e., level of work activity) was the variable most

significanUy associated with Increased blood lead levels.

In 1988, 83 automotive repair workers with BLls > 25llg/dL were reported to state

heatth 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 Ilg/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 Ilg/m3;

lead exposures as high as 150 pg/m3 were measured. 17,18 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 particle size distribution

of lead aerosols would affect the concentration of lead In the blood of exposed workers.S

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 (generally. small

particles in the lungs and large particles In the gastrointestinal tract).18 Further, the site
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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 -u,e first 12.5 IJg/m3 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, all additional air lead Is present In large

partlcles.- In the model, small particles were those less than 1 IJm 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 IJg/dL for all workers and was also

considered to be feasible.6 (Interestingly I although 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 Industries have included particle

sizing with comparisons of measured particle size distributions to that assumed In the

OSHA model.20.21

Hodgkins et aL, measured particle size distributions in different work areas of 2

battery manufacturing plants.20 Mass median diameters (MMOs) were all greater than 10

IJm (geometric standard deviations [GSOs] 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 aerodynamic

diameters.2.,1 IJm, but at a lower concentration than used In the OSHA model (1.0 IJg/m3

versus 12.5 JJg/m;. These results would substantially lower the blood lead levels

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

9



is more conservative than needed to achieve the targeted distribution of blood lead levels

in the lead industries.

Froines et aI., Investigated the particle size distribution of lead aerosols in a brass­

bronze foundry, as determined by general area samples.21 Large differences in aerosol

distributions were measured between different process areas (MMDs ranging from 2.1 to

12.5 J.lm with GSDs varying from 2.4 to 15.7). Using these particle size distributions, the

predicted proportion of workers with blood lead concentrations above 40 J.lg/dL was over

78% in some work areas, compared to only 50% when using the distribution assumed

in the 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.22•24 Contaminated food,

tobacco prOducts, skin, and clothing may be potential contributors of lead 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.22 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 O.e., on workers'

hands, and face and on work surfaces) during a follow-up field survey in a lead battery

plant.23 Personal contamination samples were taken using a commercially available

paper towel pre-moistened with benzalkonium and alcohol. 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 (Le., "dustiness"). The highest values for facial and hand

wipes were 603 and 14,023 pg/sample, respectively.

Que Hee et al., investigated various sample collection and analytical procedures

for optimizing recovery of lead from contaminated surfaces and inhabitants in residential
,

housing.24 Several different wiping materials, rinse solutions, and collection procedures

were used to assess personal surface contamination. The authors concluded that

repetitive wipes by the investigator (versus the test subject) using a commercial "wet·

wipe" (Wash n' DriN 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 operated 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 Uters per minute (Lpm)

with TygonN tubing at a 450 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 and/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 leaks; the test tank also catches any excess solder during repairs.

Minor leaks in the core and tank(s) are generally patched with solder (a standard 40% tin­

60% lead alloy) whereas larger repairs require the radiators to be disassembled (or 'orn

down") by melting the solder joints between the tank, side brackets, and core using gas

(e.g., oxygen-acetylene or natural gas-oxygen) torches. Sometimes, a wire brush is used

12



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 then 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.1-3,5,6,16-18.20.21,25,26 Further, the need for

determining particle size distributions in workplaces where lead exposures occur has

been suggested.1
9-2O While surface and personal contamination of lead have been

acknowledged, particularly in the residential community, few studies have quantified these

possible sources of lead ingestion among among workers.21
•23

This project was designed to be a descriptive study of lead exposures in a sample

of 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
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lead aerosols; 3) to evaluate the degree of compliance with the OSHA exposure limits

and monitoring requirements specified under the OSHA Lead Standard (29 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 Mure 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. Wrth consideration to time, manpower and financial limitations, a sample

size of three radiator shops was subsequently judged to be feasible.

3.2 Facility 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 Air Sampling

Personal and area air samples were collected following NIOSH Sampling and

Analytical Method 7082 (collection on 37 mm diameter, 0.81Jm pore size, mixed cellulose

ester (MCE) filters) using personal air samplers (Gilliane) calibrated at 2.0 liters per

minute (Lpm), and analyzed using flame atomic absorption spectrophotometry (AAS) (see

Appendix 0).27 The actual limit of detection (LOD) for different groups of sample filters

from this study ranged between 1.0 to 2.0 IJg/filter; the limit of quantitation (LOO) ranged

between 3.3 to 4.5IJg/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 IJg/filter; LOOs between .09 to .19 IJg/filter) (see Appendix E).27

Personal breathing zone (PBZ) samples were collected on all radiator mechanics

at each shop. PBZ sampling on each mechanic started as soon as possible after he

arrived at the shop and ended Immediately prior to his leaving (or, in a few cases, at the

end of radiator repair work if no further soldering was planned). Additionally, some

short-term samples were obtained only for the duration of a single radiator repair. In

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 (11 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 commercial-Wet-wipe" (Wash-a-Bye Baby'" Moist Towelettes) was chosen

from three different wipe materials tested Oncluding Wash n' Drj'TM Towelettes and

Whatman Smeartabs™) based on its low ash content, high recovery, and its low level of

background lead, as determined by NIOSH laboratories.28 Individual wipes were put into

lead-free plastic specimen bottles in the laboratory 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 consistent 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 was taken 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 Oncluding the palm, back of the hand, and each

finger/fingernaiQ 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 cm~ 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 bottles before analysis for lead content by AAS following

NIOSH Method 7082 (LOD =3 to 9 pg/wipe; LOa =9.3 to 29 pg/wipe); sample results

below the LOD were reanalyzed by NIOSH Method 7105 (LOD = .03 to .10 pg/wipe;

LOa = .11 to .34 pg/wipe).27

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

(Gilliane) which were worn by radiator mechanics.29 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 21.3IJm. 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. Following sampling, the impactors were unloaded, 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 IJg/filter; LOa = 3.0

to 8.2IJg/filter); sample results below the LOD were reanalyzed by NIOSH Method 7105

(LOD = .02 to .08 IJg/filter; LOa = .07 to .28 IJg/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 (Le., a bubble meter). Flow 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 VeiociCalc1ltll thermo­

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

3.9 Data Analysis

3.9.1 Air and Surface Lead Concentrations

The quantity of lead (in micrograms, IJg) measured by AAS analysis was divided

by the air volume ~n 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 ~n 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 cm2 per pair of hands was used for all workers, as recommended

by the Environmental Protection Agency (EPA) when assessing skin exposures.31

3.9.2 nme-Welghted Average Concentrations

Time-weighted average exposures over the actual sampling duration (TW~uratio,J

were calculated for each worker using either a single full-shift sample or the weighted

average of all partial-shift samples as follows:

(Equation 1)

Where: C. is the concentration of lead in the first sample worn;

T. is the sample duration of the first sample worn;

Cb Is the concentration of lead in the second sample worn;

Tb Is the sample duration of the second sample worn;

Cn Is the concentration of lead in the nth sample worn;

Tn is the sample duration of the nth sample worn.

Eight-hour TWA (TWAe) exposures were calculated to determine compliance with the PEL
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for airborne lead, as specified by OSHA.32 If the total sampling duration was greater than

or equal to 480 minutes, the TWA" was assumed 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:

(Equation 2)

Where: C. is the concentration of lead in the first sample worn;

T. is the sample duration of the first sample worn;

Cb is the concentration of lead in the second sample worn;

Tb is the sample duration of the second sample worn;

Cn Is the concentration of lead in the nth sample worn;

Tn 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 smaller than the size. The GSD is the ratio of the MMD to the DP16'

where DP16 is the particle size for which 16% of the mass is borne by particles smaller

than the size.29

3.9.4 Statistical Analyses

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

concentrations Oncluding air lead, work surface lead, and personal surface lead) were
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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.33 Descriptive statistics of lead concentrations were calculated by worker as well

as by categories such as job, work 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 shop 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=B 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 to 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 8 to 15 radiators are repaired each day; however, during the peak

season (summer months), up to 15 radiators are repaired daily. In addition to auto,

truck, and industrial radiator repairs, the business performs complete auto service

Oncluding wheel alignments, brake and transmission service, and body work), towing.

and vehicle storage.

The radiator repair work is performed in a separate section of a large bUilding with

multiple drive-in bays, work, and storage areas (refer to diagram in Appendix I). 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, Inc). 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.BP-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, although these activities were observed there during the survey.

Normally, the radiator shop employs two full·time radiator mechanics (ME and RJ).

Another employee (G'N), 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 1990 for one

mechanic (ME) and indicated a Bll of 19 J.lgjdl; the other two mechanics (RJ and G'N)

had BlLs of 23 and 17 J.lgjdl, respectively I when tested in 1991. The company has never

monitored employee exposures to 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 (Fumerato" 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 ~earing 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'N 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 #1. 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. Another 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 IJg/dl, respectively, when lasted tested in 1990; testing was provided free of

charge to the employees. Air monitoring 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 1987. 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 do~n radiators. There is no local exhaust ventilation for either repair

station. An 18-inch wall 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 (DryBlastlM 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, although drinking was

observed there during the survey.
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· Normally, the radiator shop employs two full-time radiator mechanics (DP and eC);

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

Shpp 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) I 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 IJg/m3; the remaining 10% were at

or above 94 IJg/m3
.

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

Table 1. The air concentrations ranged from 0.1 to 810 IJg/m3
; none of the background
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air samples collected were higher than the sampling LOO.

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 Ilgjm3.

Variability within this group was high; the SO 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

Ilgjm~, 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 Ilgjm3. The highest

concentration (18.5 JJg/m'i at this shop was found for a full-shift sample worn by a

mechanic while none of the other 15 personal samples exceeded 10.6JJg/m3. Two

short-term personal samples collected during continuous soldering rr minutes at test tank

#1 and 30 minutes at tank #2) had concentrations of 7.1 and 4.1 JJg/m3
, respectively

(shown in AppendiX J).

While the average air lead concentration in the shop office (2.9 Ilg/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 JJg/m3
• The highest concentration (9.5 JJgjm~ was found for

a partial-shift (165 minute duration) sample worn by a mechanic; none of the other

personal samples exceeded 6.0 JJg/m3
. The highest area concentration at this shop was
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found at the face of the repair booth where radiators were torn down (2.0 JJg/m1.

The air concentrations found at Shop 3 are presented in Table 4. The 13 samples

worn by radiator mechanics averaged 209 JJg/m3 with a maximum value of 810 JJg/m3

for a 56-minute personal sample worn while tearing down and resoldering a single

radiator. The highest area concentration was 180JJg/m3 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 JJg/m3

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 rrvvA) exposures were calculated over the actual sampling

duration rrvv~uration) and also over an eight-hour duration rrvvA~ for comparison to the

OSHA PEL. The TWA each day was calculated for each mechanic resulting in a total of

28 TWA exposures (for both actual and eight-hour durations); results are shown in

Appendix M.

The relative frequency distribution of the 28 TWA" co,:\centrations is presented in

Figure 3. Generally, exposures were very low; 82% of all TWA" exposures were below

10 JJg/m3. Only 7% (2 samples) exceeded the OSHA PEL of 50 JJg/m3; a total of 11%

(3 samples) were greater than the AL (40 pg/m1; these high results were at Shop 3.
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The TWAs exposures for all eight radiator mechanics are summarized in Table 5.

The average TWAs exposure of all mechanics at each shop ranged from 3.0 J1g/m3 at

Shop 2 to 64.9 J1g/m3 at Shop 3, a twenty-fold difference. 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 TWAs exposures for each worker; the two highest means

(98.9 and 42.2 J1g/m; were for the two mechanics at Shop 3. Figure 6 presents a plot

of the individual TWAs exposures further illustrating the magnitude of the exposures found

at Shop 3. As shown, all three of the TWAs exposures which exceeded the OSHA

exposure limits were measured at Shop 3; the maximum value was 157 J1Q/m3
, which is

more than three times the PEL. The highest TWAs exposure between the other two

shops was only 17 J1g/m3.

4.3.3 Wipe Sampling

A total of 126 samples were collected to assess surface lead (PbS) contamination;

individual sample resul1s (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 cm2 per pair of hands was used for all workers, as

recommended by the EPA when assessing skin exposures.31

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 pg/m2
• When

compared to the HUD residential clearance standards, 64% were less than the guideline

for window wells (8,640 pg/m'i and only 37% were less than the more stringent limit for

floors (2,160 pg/m1.

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 IJg/m2 on the edge of a repair test tank. High sample

concentrations were also found in personal vehicles (96,000 IJg/m~, the shop office

(84,500 IJg/m~, and on unwashed hands (78,050 IJg/m~. Lead was found on every

surface wiped, including lunchroom tables and washed hands. Extremely high variability

in sample concentrations is indicated by the large SOs (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 lead concentrations ranged from

5,453 to 51,220 IJg/m2 on unwashed hands, 122 to 5,000 IJg/m2 on foreheads, 20,000

to 46,000 IJg/m2 on shoes, and 976 to 44,000 IJg/m2 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 IJg/m2 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 IJg/m2 was found on one worker's washed hands (maximum value of over 2,400

IJg/m~. Figure 11 shows the significant difference (p < .05) between the means of all

unwashed and washed hand samples.

4.3.4 Particle Sizing

30



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 comparisons. 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 portion of the lead mass can be found in particle

sizes larger than 10 11m. 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 to or greater than 10 11m. 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.34

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

capture, 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 Discussion

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.1
,2 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 built 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 soldered 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 0 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.3

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 IJg/m~. These

same gloves were used for the entire survey duration without replacement despite being

visibly contaminated.

While hand washing significantly reduced lead contamination, high levels (Le.,

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 Iightswitch (18,180 IJg/m~ and
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the toilet flusher (5263 pg/m1. Also, this shop used a cloth towel rOil-type dispenser

rather than a paper towel single-sheet dispenser, which required the worker to push a

button and pull down 8 used section of towel before reaching 8 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 SOs and evs 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.24 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 aerosols were generally similar throughout

the locations and shops surveyed. The distributions indicate a large portion of the lead

mass can be found in particle sizes greater than 10 pm. The narrow range of GSDs for

the aerosol distributions in radiator shops are similar to those found by Hodgkins in lead

battery plants but quite different than was found by Froines in a brass foundry. 20,21 Uke

the Hodgkins study, most samples collected 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, howeverI
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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 PbS

levels. For instance, while air lead levels may be well below the PEL. determination of

particle sizes may indicate a relatively large amount of lead in particle sizes less than,

say, 10 11m, 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 11m)

particles which are not as likely to be deposited in the alveolar region of the lung and

readily absorbed into the blood. This may require different types of work practices and

ventilation control strategies for effectively controlling worker BUs, 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 concerning 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.
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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

illustrated by the high levels of lead carried home on their skin, shoes, and automobiles.

Many previous 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.36-41 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.16 Toddlers are especially liable to ingest lead in contaminated

environments because of normal mouthing behavior and increased hand contact with dirt

and dust.42 Children in this age group are also more susceptible than older persons to

lead-related neurobehavioral toxicity.43-44 Growing evidence indicates that BLLs in the

range of 10 to 15 pg/dl and above affect cognitive development and behavior in young

children.4J.46 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 pg/dL47

Since inhaled lead has been primarily emphasized and considered the major route

of entry by occupational health authorities, most requirements for personal hygiene

facilities, clothing 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.
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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 molten lead·based solder. The mean eight-hour TWA lead

exposure for mechanics was 15.2IJg/m3 (50=33.3) with a range of 0.9 to 157 IJg/m3.

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·fifth the OSHA PEL (SO IJg/m1 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 IJg/m2• 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

39



adherence 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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TABLE 1

SUMMARY OF AIR LEAD CONCENTRAnONS (pG/M'
AT RADIATOR REPAIR SHOPS #1-3

JOB/AREA N GM GSD AVO SD SE CV MIN MAX ~a

Radiator mechanlo 55 6.2 6.4 52.5 140.0 18.9 267 0.3 810.0 15.5 81.5

Radiator repair: general aAla 17 1.4 4.8 7.7 22.9 5.7 298 0.1 95.6 (0) 19.0

: test tank 17 2.9 7.7 26.7 56.9 13.8 213 0.1 180.0 (0) 53.8

: repair booth 3 1.1 2.1 1.3 0.8 0.4 58 0.5 2.0 0.4 2.2

: office 7 1.5 1.9 1.9 1.7 0.6 90 0.9 5.7 0.8 3.1

Main office 6 0.4 2.8 0.5 0.4 0.2 n 0.1 1.0 0.2 0.1

Lunch area 10 0.5 2.8 0.7 0.5 0.2 67 0.1 1.5 0.4 1.0

Outside: lev exhaust 4 0.1 1.4 0.2 0.1 0.0 40 0.1 0.2 0.1 0.2

Background 10 0.1 0.0 0.1 0.0 0.0 0 0.1 0.1 0.1 0.1

TOTAL 129 1.9 7.9 27.2 96.4 8.5 355 0.1 810.0 10.5 43.1
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AIIO ....hmellc _

SO·1WMIn cIN8llon
SE·Il8ndn ......
CV·....mctenl fII..-non
MIN • minimum ......
UAll·..-lmum ......
85~.85 pefCenl -""*- ..-... and u_* .....,on !he AVO
lOI·calculmecl "-' 0 ........ lea INn I ....

~.

'.0
o;;;;:t"



TABLE 2

SUMMARY OF AIR LEAD CONCENmAllONS (pG/M'
AT RADIATOR REPAIR SHOP #1

JOB/AREA N GM GSD AVG SD SE CV MIN MAX 15% CI

Radiator mechanic: ME 6 5.1 2.1 6.7 6.1 2.5 91 2.2 18.5 1.8 11.5

:RJ 5 5.6 1.3 5.7 1.7 0.7 29 4.1 8.1 4.3 7.2

:GW 5 5.7 1.6 6.3 3.0 1.3 48 3.3 10.6 3.7 U

Subtotal 16 5.4 1.7 6.3 3.9 1.0 63 2.2 18.5 4.3 8.2

Radiator repair: general area 7 ') 1.3 2.0 1.6 1.3 0.5 85 0.5 4.5 o.e 2.8

: test tank 7 2.3 1.5 2.5 1.0 0.4 42 1.5 4.4 1.7 3.2

: office 3 2.3 2.2 2.9 2.5 1.4 86 1.3 5.7 0.1 5.7

Main office 3 0.1 1.9 0.2 0.1 0.1 70 0.1 0.3 0.0 0.3

Lunch area 3 0.1 1.5 0.1 0.1 0.0 43 0.1 0.2 0.1 0.2

Background 3 0.1 0.0 0.1 0.0 0.0 0 0.1 0.1 0.1 0.1

TOTAL 42 1.5 4.6 3.3 3.6 0.6 108 0.1 18.5 2.2 4.4

N • number d""'"
GM.~_

Gso·e--trlc -.dMI~
AVO·artIhmeIIc ..-.
so·-.dMI doMIdlon
SE·1landenI _
CI/ • ....mc_d.........
MIN·mInImum ......
MAX· ......
85.0.85 petanl CClI'IIIct.nc:e Inl..... CI<-r and u-, ......, on ,he AVO

l."--­
"<;j-
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TABLE 3

SUMMARY OF AIR lEAD CONCENmAllONS fllGfM'
AT RADIATOR REPAIR SHOP #2

JOB/AREA N GM GSD AVG SD SE CV MIN MAX ~CI

Radiator mechanic: DR 18 2.0 2.3 2.5 1.7 0.4 65 0.3 6.0 1.8 3.3

:GR 4 5.9 1.6 6.4 2.7 1.4 42 3.0 9.5 3.7 D.O

:RR 4, 1.6 1.4 1.6 0.5 0.2 29 1.0 2.1 1.2 2.1

Subtotal 26 2.2 2.3 3.0 2.2 0.4 15 0.3 9.5 2.1 3.8

Radiator repair: general area 4 0.3 2.3 0.4 0.3 0.1 65 0.1 0.1 0.2 0.7

: test tank 1 0.7 2.5 0.9 0.5 0.2 53 0.1 1.3 0.5 1.2

: repair booth 3 1.1 2.0 1.3 0.8 0.4 58 0.5 2.0 0.4 2.2

: otfIoe/lunch 4 1.1 1.2 1.2 0.3 0.1 22 0.9 1.5 0.9 1.4

Outside: lev discharge 4 0.1 1.4 1.2 0.1 0.0 40 0.1 0.2 0.1 0.2

Background 4 0.1 0.0 0.1 0.0 0.0 0 0.1 0.1 0.1 0.1

TOTAL 56 1.0 3.6 1.8 1.9 0.0 109 0.1 9.5 1.7 1.8

N-nurnber til .......
GU-georNIIIc _

GSO-georNIIIc -.t.Id~
AIIO·ertlI'l.....lc_
SO·UndMI~

SE·1IandenI .....
C\I·.....me-d ........
MIN· .....
MAX ·motmum .....
95,.a-95~~ .......... (\clwef and u_ -'.-oj on !he AIIO
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TABLE 4

SUMMARY OF AIR l.£AD CONCENTRAnONS (pG/M'
AT RADIATOR REPAIR SHOP #3

JOB/AREA N GM GSD AVG SD SE ev MIN MAX ~CI

Radiator mechanic: DP 6 97.8 8.7 288.2 302.3 123.4 105 3.4 810.0 48.3 530.1

:CC 7 34.0 16.1 140.4 139.1 52.6 99 0.4 352.0 37.4 243.4

Subtotal 13 55.3 11.9 208.6 231.6 64.2 111 0.4 810.0 82.7 334.5

Radiator repair: general area 6 3.9 7.2 19.8 37.7 15.4 191 0.6 95.6 (0) 49.9

: test tank 3 141.4 1.2 143.7 32.1 18.6 22 119.0 180.0 107.3 180.0

Main office 3 0.8 1.2 0.8 0.2 0.1 18 0.7 1.0 0.7 1.0

lunch area 3 0.7 1.3 0.7 0.2 0.1 25 0.6 0.9 0.5 0.9

BackgrOUnd 3 0.1 0.0 0.1 0.0 0.0 0 0.1 0.1 0.1 0.1

TOTAl.. 31 8.6 19.1 105.4 176.9 31.8 168 0.1 810.0 43.1 167.8

N·.......... "' ........
OI..·~""....."
OSD.ge<IftlOIllIc ..--.. .-.on
AIIO·~_

so -111111den1~Ion
SE ·111111den1 ."."

cv·co-IIlclenl '" ..wtIon
MIN-minimum __

MAX· m&IdI7oum .....
w.!'O-lI!l~~ -'Ik-r end uppet valuesl on ,he AIIO
(OI-caJc:ulIded _ 0 __ III _!han rem
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TABLE 5

SUMMARY OF PERSONAL TIME-WEIGHTED AVERAGE..... LEAD EXPOSURES fpG/M'
OF RADIATOR REPAIR MECHANICS AT SHOPS '1-3

SHOP MECHANIC N GM GSO AVG SO SE CV MIN MAX I5%CI

1 ME 4 4.9 2.3 6.8 8.9 3.4 102 2.8 17.0 0.0 13.5

RJ 4 5.1 1.3 5.2 1.4 0.1 28 4.3 1.3 3.8 e.e

GW 4 4.6 1.8 5.1 2.4 1.2 41 2.1 1.2 2.1 7.5

Shop Iotal 12 4.9 1.7 5.7 4.0 1.1 70 2.1 11.0 3.5 7.0

2 DR 4 2.3 1.5 2.4 0.8 0.4 35 1.3 3.2 1.e 3.2

GR 3 5.6 1.1 5.6 0.4 0.3 8 5.1 5.9 5. , e.'

RR 4 1.5 1.5 '.6 0.5 0.3 34 0.9 2.1 1.0 2.1

Shop lotal 11 2.5 1.9 3.0 1.8 0.8 62 0.9 5.9 t.9 4.0

3 DP 2 80.0 2.8 98.9' 82.2 58.1 83 40.8 151.0 (0) 212.8

cc 3 21.5 3.2 42.2 44.5 25.7 105 9.0 92.7 (0) 92.5

Shop Iotal 5 42.2 3.1 64.9 60.3 21.0 93 9.0 151.0 12.0 111.1

TOTAl.. 28 5.5 3.3 15.2 33.3 e.3 219 0.9 151.0 2.9 21.5

OSHA PERMI"SsIBLE ExPoSURE liMiT .. so
OSHA ACTlON LEVEL • 30

N·.........GI--.
OM.~_

050·.,..,........ .....sard ....1on
AW·........... _

SO • .....sard.-.on
5(.-.." .....
cv ·coeIIIc d_1on
UIN .....Imum waJue

MAX-ma.1mUfl1 wah.-
1I!l'lO-lI!l peIC_ conIIdenc.lnl.."., power.nd upper ".,...., on !he AIIG
lOI-caJcul.led -. a.-Jue .. Inl ,..." ,"ro
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TABLE •

SUMMARY OF SURFACE LEAD CONCEN1RAl1ONS fllGJII'
AT RADIATOR REPAIR SHOPS #1-3

JOB/AREA N GM GSD AYO SD SE CY MIN MAX Iln' CI

AREA SAMPLES

A8dle1or repair area 10 29.001 ".6 96.791 169.929 53.736 176 5.300 500.000 (0) 210.845·

Shop office 6 3.542 7." 17.594 33.222 13.563 189 ..10 84.500 (0) 44,177

Restroom .. 5.649 ".1 9.388 7,818 3.909 84 110O 18,180 1,n.. 17,0"8

Lunchroom 2 ZT7 ".5 448 ..98 352 111 96 800 (0) 8.110

Personal vehicle 12 8.679 5.8 25.7"5 32,7!SO 9."54 127 700 96.000 1,215 44,275

Shop vehicle 2 5.357 6.7 10.950 13.!506 9.550 123 1."00 20!500 (0) 21M_

PERSONAl SAMPLES

A8dlatof mechenlc: hends· !SO 7,"61 2.6 11.695 13.632 1.956 U8 64e 78.050 7,881 15.521
(unwashed)

: forehead 20 370 5.2 1,162 1.741 389 150 49 6.000 400 1.924

: Itreet shan 2 30.332 1.8 3.300 18,385 13.000 56 20,000 46.000 1.520 58.480

HUD ClEARANCE CRITERIA (,..Ict~1housing): noon: 2,1.
window .....: 11,400

window wella: .,MO

0_.GO ern' ....., on EPA erIl..."

N·_d.........
OY.e-w--
OSO·,-,-" -.s.nI dNlllon
AIIO·~_

SO·1landwd -"'"
SE- • ..-.s_CV·...mc_cf__
UIol·...-......_WIAX·..-__
~·IIIpe.-nI-.ncs-c. ......... ..-. _ u_ -.1.-01 on lite AIIO
A ·caIc.....ed _ 0 ..... 10 _than rem
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TABlE 7

SUMMARY OF SURFACE LEAD CONCEN1RA11ONS fpG/II'
AT RADIATOR REPAIR SHOP #1

JOB/AREA N GM GSO AVO SO SE CV MIN MAX "" CI

AREA SAMPLES

RIldlatOf repeJr are. 7 34.497 5.8 127,271 UM.833 75.152 158 5.300 500.000 tl) 274,!58l1

Shop offkle 3 11.004 9.0 33.448 44.740 25.831 t34 1.087 84.500 tl) 84.007

RlItroom 1 t3.300 0.0 13,300 0 . . - . . .
Lunchroom 1 96 0.0 lie 0 . - . . . .
PwIonai vehJde 3 1.513 1.8 1,781 1,125 649 63 978 3.068 !509 3.053

PERSONAL SAMPlES

Radiator mechanic:: hands· 21 11.011 1.8 13.209 9.601 2.095 73 4,950 41,415 9,103 17,315
(unwashed)

: forehead 12 118 2.4 171 160 48 84 49 488 " 281

HUO CU!AAAHCE'CAnUlA (.................): ttoOte: 2e1~?"'
.

window ella: 50400 ."•.
wIndoW wena: 1,840 ..

'AIM • GO~ EPA crII...."
H·_til .......
ou•.....-.c­
om·,"",*"" ......, .....Ian111/0-..-..-_
ID·....-..t ........BE·_.....
cv·~tII_1an
MIN· _

MAX· ......
1lIw;:a.1lI peftlM't~ lk-o__ weJue-I onlho AIIO
R·ceInlIoIecI _ 0 ...... II loa .....
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TABLJ: •

SUMMARY OF SURFACE LEAD CONCENmAnONS fpGjII'
AT RADIATOR REPAIR SHOP #2

JOB/AREA N GM GSO AVG SO SE CV MIN MAX 1ft, CI

AREA SAMPLES

Radiator repair area 1 18.750 0.0 18,150 . . . . . . .
Shop offioe!1unc:h area 2 1.261 4.9 2.143 2,450 1,733 114 40 3,875 ~) 5.540

Reltroom 2 9,782 2.4 11,122 9,134 6.459 18 5,263 18,180 ~) 24.382

Pel'lOnal vehicle 9 15,337 5.2 33,733 34.457 11.486 102 100 96.000 11,220 56.248

Shop vehicle 2 5.357 6.7 10.950 13.506 9,550 123 1.400 20500 ~) 29,6Ili8

PERSONAl.. SAMPlES

Rad mechanlc:handl· (unwashed) 28 4,906 2.3 8.788 5,6192 1.102 83 646 21.950 4.828 8,948

; handI • (washed) 18 409 2.4 593 589 139 99 122 2,439 321 -: forehead 8 2.042 2.2 2.650 1,994 105 15 800 6,000 1,. 4,032

: atree1 Ihoet 2 30.332 1.8 3,300 18,385 13,000 56 20.000 48,000 1,520 58,480

HUO ClEARANCE CRITERIA (reeldentlal housing): ftoon: 2,1.
window ....: 1,400

wlndow .....:.'-"O

·AIM • 120 em' on EPA CII~'
N·..-al ........
OU·pom.tIlc _
OSO.geom.IItc__Ion

AVO·-.c_SD·__1on
SE·__

cv· oil_ion...._......
MAIl- ......
115.a·1I5~ -""*-....- _ u_ ......1on lhe AIIQ
R ·cM:ula'ed _ a -.. .. _ rem
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TABLE.

SUMMARY OF SURFACE LEAD CONCENTRAllONS (pGJII'
AT RADIATOR REPAIR SHOP 113

JOB/AREA N GM GSO AVG SO SE CV MIN MAX IWCI

AREA SAMPLES

Radiator repair area 2 19.649 3.8 29.129 30.411 21.!504 104 7.625 50.633 ~) 71,277

Shop offIce 1 933 0.0 933 0 - - · · · .
Restroom , 800 0.0 800 0 - - · · · -
I.Jlnchroom 1 800 0.0 800 0 - - · · · .

PERSONAL SAMPlES

Radiator mechanic: hande· 3 18.497 8.5 43.818 38.796 22.399 89 1.583 78.050 ·284 87,520
(unwashed)

HUo ClEAAAHCE CRITERIA (Nalclential houaIng):' noon: 2,1M
window aIIIl: 5.400

wtndow well.: "640"

"ArM - 120 em'~ ... EPA crll_"
N·......... d-.....
o.. -e-o-rIc .....
OSD-e-o-rlc oUndW choladlon
AI/O·.......Ic_
SO--.-.cI--.
SE--.-.cI_
01/.COIIIIIdenI d .....Ion......................
MAll-..................
lMIO·lIlI,.......,.~ 1Io-< _ u_....-oj ... I... AI/O

R ·ulc.....ed - a 1Nn Nrc>
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TABLE 10

SUMMARY OF SURFACE LEAD CONCENlRAnONS fllGfM'
ASSOCIAtED WITH RADIATOR MECHANICS AT RADIATOR REPAIR SHOPS #1-3

SHOP WORKER SURFACE N GM GSO AVG SO SE CV MIN MAX IWCI
SAMPlED

1 ME hand. (unwashed) 7 7,159 1.3 7.355 1.850 699 254 5.317 9.463 5.985 8.725
,

'cx.heed 4 151 2.7 216 200 100 92 60 488 20 412

vehlde 1 3.066 0.0 3.066 0 · · · · - ·
glow (Inllde) 1 29.200 0.0 29.200 0 - · · · · ·

fU hand. (unwashed) 7 19.191 1.8 22.007 12.308 4.652 56 9.220 41.415 12•• 31.125

tor.head 4 101 2.1 122 79 39 65 49 2C17 48 198

vehlde 1 1.300 0.0 1.300 0 · · · · · ·
GW hand. (unwashed) 7 9,718 1.5 10.264 3.48> 1.308 34 4.91!50 14.585 7.7'00 12.828

foreh.ad 4 109 2.9 174 204 102 117 49 475 fa) 374

vehicle 1 976 0.0 976 0 · · · - · ·
2 DR hand. (unwashed) 7 4,823 1.7 5.453 2.823 1.007 52 2.440 1f,512 3.382 7.544

hands (washed) 5 635 2.0 756 476 213 53 280 1.341 339 1.174

'orehead 3 2.308 1.9 2.661 1.847 1.066 69 1.600 4.800 578 4,758

vehicle 4 36.855 2.0 ....000 27.725 13.862 53 19.000 68.000 18.830 71.170

Itr..1Shoe1 1 20,000 0.0 20.000 0 · - - · · ·
GR hands (unwashed) 5 5,204 2.5 7,293 8.317 2,825 87 2.075 15.853 1.758 12.830

hands (washed) 4 590 3.3 974 1.039 519 107 159 2.439 ~3 1.991

lor.head 2 4.899 1.3 5.000 1.414 1.1XXJ 28 4.000 6.1XXJ 3,040 8.960
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TABlE 1.
(comlnued)

SUMMARY OF SURFACE LEAD CONCEN1RA11OHS (paJII'
. ASSOCIAl£D wmt RADIATOR MECHANICS AT RADIATOR REPAIR SHOPS #1-3

SHOP WORKER SURFACE N GM GSD AVG SO SE cv MIN MAX Ift.Ct
SAMPLED

RR hand. (unwuhecl) 7 3.932 3.0 5.998 5,004 1.891 83 S4e 13.415 2.292 8,704

hand. (wIIshed) 5 234 1.7 259 122 54 47 122 414 153 385

forehead 3 1,008 1.5 1,067 462 ~ 43 800 1,800 544 1,590

vehicle 5 7,808 6.8 25.520 40,104 17,935 157 700 118,000 -9833 eo,8T3

11J..1Ihoe. 1 48.000 0.0 48,000 0 - - . . - .

sc· hand. (unwuhecl) 7 5.989 2.4 8,553 1.080 3,054 95 2,195 21,geO 2,l587 14,538

hand. (wished) 4 3Z7 2.4 429 320 160 75 135 730 115 743

3 OP hand. (unwashed) 2 11,115 15.7 .39,817 54,070 38.234 136 1,583 78,050 (0) 114.755

ce hind. (unwuhecl) 1 51,220 0.0 51,220 0 . - - . . -
HUD Cl£ARANCE CRITERIA (NSIcIentIaI hauling): noon: 201io

window aI...: 1,400
, window well.: 1.840 .

.8Q1Itor helper
N........~ ........

O"-e--ta-
080·.................. deoleIIon
AIIO-..--.o_
80·......... -....SE-.......,_
cv·.-.......~_..............--UAIl· __

lI!!>'IlCJ-lI!!>~ --"'*- po.. and u_....... on !he AIIO
fOI-calcullded _ Cl _"'an ...0



TABLE 11

PARnCLE SIZE OF~ AEROSOLS
AT RADIATOR REPAIR SHOPS #1-3

SHOP LOCATION N MMD (pm) GSD

1 Radiator Mechanic 6 10 5

Repair In. 7 1 6

2 Radiator Mechanic 10 10 7

Repair At.. 4 6 7

3 Repair Mechanic 3 15 4

Repair At•• 1 11 4

""'.......,.....

57
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TABLE 12

SUMMARY OF LOCAL EXHAUST VEN11LAlION (lEV) DATA
AT RADIATOR REPAIR SHOPS #1-3

SHOP REPAIR HOOD SHAPE OPENING N AVO AVO AVO CAPTURE VELOCnv
STAnON SIZE FACE VELOCITY HOOD AIRFLOW (fpmt

(fpmt (cfmt e· 12" 2..•

1 1 lapered canopy 20- X 24- 3 111 370 68 38 32

2 lapered canopy 20- X 24- 3 101 337 53 38 23

3 tapered canopy 20- X 24- 2 348 1157 198 89 29

2 1 plain circular 14.24- 3 703 n3 278 99 35

2 plain circular 14.25- 3 752 827 243 98 28

3 endoslng hood 48- X 3r 3 119 1460 na na na

3 Ino local e.haust venlllalion used)

N ·""",ber rtI MmpIet
AIIO·..._Ic .....

!pm -1MI per min"'.
eIm·cubic __ mlnul.
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Figure 2. AIR LEAD CONCENTRATIONS
(Radiator Repair Area By Shop)
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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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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 Ys. After Washing
(Shop #2: Radiator Mechanica and Helpe,..- by Woricer)
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Figure 11. LEAD CONTAMINATION OF HANDS: Berore vs. After Wishing
(8I'1oP IlI'2: AI RIIdlator Mectlanica and He",.-)
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FIGURE 12. LEAD AEROSOL DISTRIBUTIONS
Radiator Repair Shop #1
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FIGURE 13. LEAD AEROSOL DISTRIBUTIONS
Radiator 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

LOG
100

-R-, Yeolw*a n-ll~

+R~aItArM n-12

0.11-....-------------------
2 4 7 11 115 23 31 40 so eo 159 n 84 8Q liK3 96 98

CUMULATIVE ~ LESS THAN STATED SIZE

73



APPENDIX A Introductory Letter to Radiator Shop Owners
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Introductory letter to Radiator Shops (SAMPLE)

Marctl20, 1991

Radiator Shop Name
Street
City, State Zip

The National Institute for Occupational Ssfety and Health (NIOSH) with involvement from
the University of Cincinnati's Institute of Environmental Health is conducting a research
study of lead hazards in the radiator repair indUstry. The primary sources of lead
exposures in radiator shops include the inhalation of lead fumes during soldering and
buming 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 enclosed article from the
Morbidity and Mortality Weekty Report, March 1, 1991).

The purpose of this study is to measure \worKer exposures to 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 samples 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 andpraeticaJ 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, blood, nerves, kidneys, and reproductive organs and may result in permanent
disability. The economic costs of lead problems are substantial Qncluding medical bills,
workers' comp claims, lost work time, low productivity, and OSHA penalties). lher8fore,
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 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 1990).

Prior to selecting shops for field surveys, preliminary information Is needed from radiator
shops in the greater Cincinnati area. Please complete the enclosed Information form by
AprilS, 1991 and retum in the stamped, pre-addressed envelope. After this preliminary
information has been anatyzed, a sample of 3-S shops will be selected for an on-site visit
by industrial hygienists. If you are selected to be visited, I will contact you by telephone
to make arrangements for scheduling a five.day survey between June and september.
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This survey is authorized by the OCCupational S8f8ty and Heatth Ad of 1970. NIOSH
regards your participation to be essential and appreciates your prompt response to this
request. If you have any questions regarding this study, or would like to receive B copy
of the complete study protOCOl, please write or call me at (513) 841-4314. Thank you for
your cooperation.

Sincerely,

Greg M. Piscitelli, CIH
Project Officer
Industrywide Studies Branch
Division of Surveillance, Hazard

Evaluations, and Field Studies
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Attachment
NIOSH/UC Study of Lead in Radiator Repair Shops

Request for Information
Date: I I

Company Name: _

Street _

City, State. Zip: _

Phone:....(_...) _

Company owner: _

Street _

City. State, Zip: _

Phone:..( _""-- _

Name of person completing this form: _

Title:------------
Phone:.L-'_ ...) _

If any workers at this company are represented by a labor union. complete:

Union Name & Local #: _

Street _

City, State, Zip: _

Phone:4.-'---01)1....- _

Union Representative: _

• Do you solder radiators in your shC':J? (clra. one: Yes No
If yes, does the solder used contain any lead? Yes No Uncertain

PrOVide information on the solder (e.g. supplier. product name. contents):

If no to etlher question, stmpIy return this ~ge In the enaosed stamped envelope. ThInk you.
Otherwtse, please conllnue and complete the following InfCll'TMlIon.
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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 controls (such as ventilation hoods) used for controlling
lead? __ If so, describe what type(s):

7. Is personal protective equipment (such as respirators) provided to workers? __
If so, describe what type(s):
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8. Have air samples for lead ever been collected at this shop?__
11 yes, complete the following:

Wbm
(example) 1988

~
OSHA

Records Available?
yes

9. Have blood lead levels ever been determined for employees at this shop?_
If yes, complete the following:

~
(example) 1990

Other comments:

WhQ.
Bjolab, Inc

Records Ayailable?
yes

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

Greg M. Placlleili. CIH
NIOSH/DSHEFS/IWSB/IHS
MS R·14
4676 Columbia Partcway
ClnclnnatI. Ohio 45226
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Follow-up Letter to Non-Respondents (SAMPLE)

May 2, 1991

Radiator Shop Name
Street
CityI State Zip

Recentty, 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 enctosed 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 plan a field
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
HeaJth 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 envelope. Your complete and prompt
response to this request is greatty 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. Piscitelli, CIH
PrOject Officer
Industrywide Studies Branch
Division of Surveillance, Hazard

Evaluations, and Fteld Studies
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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 tor 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 coUecting: 1) air samples worn
by personnel and also placed in work areas; and 2) wipe samples from workers' hands
and face and also from work surfaces.

As pointed out ear1ier, the primary benefit of this survey to you as an employer is the nc>
cost evaluation of lead exposures in your shop. Since the economic costs of lead
problems are substantial, recognizing and controlling lead exposures are Important tor
protecting workers' heaJth as well 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.

The survey at your facility has been tentatiYeIy scheduled for July 29-August 2. Prior to
conducting the aetual survey, I would like to visit your shop to observe the repair activities
and to discuss the survey procedures. Therefore, I will be calling you soon to arrange
a meeting with you at your shop within the next coupie of weeks.

If you have any questions, please feel free to call me at (513) 841~14. Your
cooperation in thiS project is greatly appreciated.

Sincerety,

Greg M. Piscitelli, CIH
Project Officer
Industrywide Studies Branch
Division of Surveillance, Hazard
Evaluations, and Field Studies
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FOfIU.A:Pb

R.W.: 207.19 (Pb); 223.19 (PbO)

OSK\: 0.05 ..1

.IOSH: 0.05 ..I [1]
ACliIH: 0.15 ••• i STEL O.CS ...

LEAD
fIE1lQ): 7082
ISSlED: 2J ISJla

PADPEATIES: soft _~l;
d 11.3 gte-I; "' 327.5 ·Ci
valences +2, .. in salts

SYIDn'RS: Vlry dependi~ upon the cn.ic.l fo". (.l.ental lead ancl lead~ uc.c>t alkyl
l..d) i CAS I1317-36~ (PbO) i CAS 17Q9-92-1 (Pb).

SNPLING

SNPLER: FILTER
(0.8-.,. cellulose ester ....rane)

FL~ RATE: 1 to • Vllin

VOL~IN: 200 L , 0.05 mgtlll

~: 1200 L

SHIMNT: f"ClUt i ne

SNPLE STABILITY: stable

BLANKS: 2 to 10 field blanks per set

RANGE SHillED: 0.13 to 0 .• 1lgI_1 [2];
0.15 to 1.7 891.1 (f~) [3]

lIAS: not slgniflc.nt [2]

OVERALL PRECISION (sr): 0.072 [2];
0.068 (f~) [3]

!TEQlfIo.£: ATC.IIIC ABSCltPlION, FL»JE

!MALYTE: lead

!ASHING: cone. tItO]. 6 Ill; l~·C

!
!FINAL SOLUTION: l~~. 10 ...
!
!FL»JE: air-acetyl... , Glldizing
I

! IWXGRCUI) c:aARECT ION: ~ or ~ 1~

!CALIBRATION: Pb++ in l~ ~

!
!RANGE: 10 to 200 "e per SIqIle [3,Bl

!ESTIMTED LCIl: 2.6 "e per ~le [9]

!PRECISION (sr): 0.03 [2]

APPLICABILITY: The taiclng range is 0.025 to 0.5 ••1 for a ~l air ~le. The .tltOd
;s appllc.ble to .l-.ntal lMd, includ;~ fib f~, and all other ..rosols containing lMd.
This is an el-.nul II\Ilysh. not~ specific. AHcp)ts of the YIlIIP'es c.n be InIlyzed
!!pIratelx for additional .'~ts.
INTERFEItEJCES: use 02 or ~ conti~ blckgraund correction to control fl_ or 1I)1ecular
~tlon. High concentrations of c.lch., sulfate, c.rtlClnate, phosphite, iodide, f1~ide, or
~tate c.n be corrected.
OTtO f£JlCX)S: This .ttlod cam;nes and replaces NCM 173 [8] and S30tl [7,9] for lHd.
_thad 7300 (ICP-AE~) is an alternlte anlly\Ic.l .thod._thod 7505 ts specific for lMd
sulfide. The following have not been revised: the dithizone _thod, lIIhidl 1PPHr5 In P&C:M
102 [.] and the lead criteria~t [1]; NCM 191 (ASV) (5); and P&C:M 21. (grapMte
furnace-AAS) [6].
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LEAD

IIEAGEJITS:
1. Nitric acid, cone.
2. Nitric acid, I~ (-'v). Add

100 III cone. ~ to SOC III
~t.r; dilute to 1 L.

3. H)'dr'09f'l pel"Ql Ide, m ~
(-'w), ,...gent Vide.

•. calibration stock solution,
1000 119 ~. C relll standArd
or dissolve 1.00 9 Pb _tal in
• 'n'_ vol.,. of (1.1) HCl Ind
dilute to I Lwith " (v/y) Hel.
Store in I pol~thyl... bottle.
SUbl. ~ one )'Hr.

S. Air, camp"tlsed, filt.red.
6. Acetylene.
7. Distillecl or deionlzecl ~ter.

RrnCI): lOB2

EqJIPf£NT:
1. ~l.r: cellulose nter fUter', 0."" pew-.

sin, 37411 di_ter; 'n ClSsette fnter tGI....
2. "r"SOnIl ~llng puIf), I to • L/IIin, with nuibl.

connect i ng tubi ng .
3. Atallc Absorption 5pectrqlhou-ter with an

lir-acetylene burner hHd.
•. LHd hol1011 cathode l~ or .'ectrode dilChl""llSs

1~.

S. ~lltor"S, two-stage, for lir Ind aCiltylene.
6. INIr.rs, P9li1lips, 125 ill, or Griffin, SO III with

watchgllss covers.*
7. VOl-.tric nasks, 10- and 100«..*
8. Assorted vol\lllttric pipets as .-decI.*
9. Hotpllte, SUrflce ~rlt.".. I~ C.

10. Bottles, pol~thylene, lDO-IIl.

*C1Nn III gllSSlMre with cone. nitric lcid and
rinse thoroughly with distillec1 or deionized
~ter before use.

SPECIAL PRECALIUCltS: Perfor. III acid digestions in A f... haod.

SNFLING:
1. CAllbr.te Nch personll ~llng~ with I representative Ylll»ler in line.
2. ~l••t an Iccurltely Irnown nOlI rite betWNn I And. L/.in for 'Cl to 8 hrs for M

...su..-nts. Do not exceed I filter lOAding of ca. 2 IIll total CSIst.

SNFlE PAEPARATlCIt:
MOTE: The fol1011ing SilllPle PNPlrAtion gave ~titatlve reccl'lMry (see EYAl~TlCIt fE fEneJD)

[9]. Steps. thl"'OUgh 9 of ...thod 7300 or other ~ntitative Ashing techni~ .y be
Substhuted, especl.lly if sev.r.' _tals are to be det.".InecI on A single filter.

3. Open the cassette filter holders And trAnsf.r the ~ln and blinks to clNn bellr.rs .
•. Add 3 III cone. ~, and I III _ ~ and cover with a watchgll". StArt ,...gent

blAnkS At this step.
MOTE: If~ Is not prnent in the ~le, the _ ~ need not be addId [3,9].

S. HNt on hotplAte o.a ·C) until IIKt of the Kid ....s evaporAted.
6. RepNt two II)t"f U.s using 2 III cone. t4NOa and 1 III _ ~ Nell ti•.
7. HNt on l.a ·C hotplAte until I white Ash IPPMrs.
8. "*' ~Ie is dry, rinse the watchgl<lSS And walls of the beAlr.r with 3 to S .. l~

~ . A11011 the so1ut Ion to "'<IPO"'Ate to dryness.
9. Cool Nch bIIlrer And dissolve the "tIius in 1 III cone. ~.

10. Tr<lftsf.r the solution .,.ntitatively to I 10«. vol...tric nulr and «tUute to vol-. with
distilled MAter.
IOTE: If the c:ancentrAtiOl'l (!!) of A~ of the following h uplCted to uc.d the I.

concentrltion (!!) by 10-fold or .".., add I III 1 !! MazEDTA to MCh fllst before
dilution to vol..: aJ!, POt I , 1-, f-,~. If caM or
SOl .re present in 10-fold UCIISS, .Ir. III standlrds pet ~les 11 (-'w) in
U ... [8].
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f£1l«ID: 1082

CALIBRATION AND~In CDCTIlOl:
11. Prepare I series of 'IOrtdng sundards covering the rlnge 1 to 20 )19 Pb/lli (1 to 200 )lg

Pb per ~le) by IdcUng llicp)ts of ~Hbrltion stodl solution to 100« vol ....tric
flASh. Dilute to voluae 'lith l~~. Store the MOI"tring stAndards in pol~thy1ene

bottles Ind p~re fresh "'y.
12. AnAlyze the MOI"tring StAndards together 'lith the blinkS Ind ~les (steps 11 Ind 18).
13. Preplre I ~librltion graph of Ibsortlolnce vs. solution concentrltion ()lg/IIL).
1C. Aspi rite I sundard for every 10 ~les to checIr for inst~t drHt.
15. a-K1r recoveries 'lith It lent one Sl)ilred -.dil blink per 10 SMlP1es.
16. use IIfthad of Idditions oc~siOfll11y to cheeIr for interferences.

LEAD

~I£NT:

17. set ~tr'q)hotClleter IS spKified by the ..nuflcturer Ind to tondi t ions on PAge 7082-1.
NOTE: A1111teM\lte ....velength is 217.0,. [10). AnAlyses It 217.0 .. hive slightly ....ter

sensitivity, but poorer signll-~ise rltio CClllPlred to 283.3... Also, non-.Iu.ic
Absorption is signifi~ntly grNter It 217.0 11II, IIlIlring the uw of ~ or ~
continullll biclrgraund correction IMndatory It that ....velength.

18. Aspirlte stAndirds, ~les. and blinks. Recorcl absorbance r"Ndin~.

NOT~: If the Ibso~nc:e values for the ~les Ire Ibove the linear rlnge of the sundlrds.
dilute ..ith 10\ ~. reanalyze. Ind APP'y the tppr'q)rilte dilution flctor in the
~lculltions.

CAlQJlAllONS :
19. using the ..sured Ibsort>anc:es, ~lc:ulate the c:orrnponcling concentrations ()l91l1lL) of

l..d in the ~le. Cs. Ind Iverlge -.dil blink. ~. frail the ~1ibration graph.
20. using the solut ion voluaes (lIll) of the ~le. VS • and -.dia blinkS. Vb. ~lcu1lte the

concentrltlon, C (JllglIIl'>. of 1Hd in the air vo1\111! ~led, V (L):

---------------------------------EVALUAHON CF 1£1l«ID:
Method 5241 (7) ....s issued on OttClber 2C, 1915. and validated over the range 0.13 to
0.4 IlgIm' for I 19O-L air ~le, using generated ItIIIOSpheres of 1Hd nitrite [2]. RlCOVery
in the rlnge 18 to 72 "g Pb per ~le ...s 98\, and collection efficiency of 0.8-lft lIiud
cellulose ester filters (fIIillipore lype NI) ....s 100\ for the aerosols. Swsequent studies on
analyti~l rKClYery of 200 "9 Pb per ~le gave the results n.9]:

Pb IIftal
Pb IIl!ta1
PbO
PbS

PbOoz
PbOoz
Pb in p.aint'*
Pb In p.aint'*

Digestion "'thad

~ only
~.~
~only

~ only
~ only
~. H202
~ only
~. "202

Ana1yt i ca 1 RKovery. \

92 ~ "
103 ~ 3
93 ~"
93 ~ 5
82 ~ 3

100 ~ 1
95 t 6
95 t 6

-StAndard Referenee Mlterill 11579. u.s. NltiOfllI Bureau of Sundards.
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LEAD f£TJII): 7QB2

Additionll collection efficiency studies ..ere also done using Gel-.n CII~ filters for tM
collection of Pb f~. which hid geaaetric ..n di_ter of 0.1 .. [3]. ....n collection
.fftcienq for 2C ~1ing rvns at f1C1l11 rat.s e-twen 0.15 and C.O LIIIin lIMS >97 • 21. Owerall
precision. sr. lIMS 0.072 for lNd nitrate Hrosol [2.7] and 0.068 for Pb f~ U,9].

REFERENCES :
[1] Criteria for a RNcuwnded SUndlrcI...OCcupitionll Exposure to IftOl"9lnic LHd (Revised

Criteri.). U.S. Deplr*"t of Mellth. E~Cltion. and ..If.re. ~L (NJ~) 78-158 (1978).
[2] Doc~U1tion of the NJOSH V.1idltion Tests. U.S. Deplrant of HHlttl. Edualtion. Md

..1fare, Publ. (NI~) 77-185 (1977).
[3] Heny"'tll Aerosols: Collection and Dissolution Effic;enc;es. FiMl Report of NIOSH

COntract 210-79~. W. F. Gutknecht .... H. RiMae. P. II. Grohse. A. 0-1•• Ind
D. 0· ....1. ResHrch Triangle Institute; avai1l1ble IS Order No. PI 83-1067CO fr"CII lITIS,
Springfield. YA 22161 (1981).

[C] NJ~ l'lnull of AnllytiCil _them, 2nd. ed .• Y. 1. P&CM 102. U.S. DIpIrtnnt of HN1U1,
E~Cltion. and ..,f.re. Publ. (NJOSH) 77-1S7~ (1977).

[5] Ibid. P~ 191.
[6] Ibid, P~ 21C.
[7] Ibid .• Y. 3. S304l. U.S. Deplr*"t of HNlth. Edualtion. and "lfare. Pub1. (NJ~)

n-1S7~ (1977).
[8] Ibid. Y. S. NCM 173. U.S. DIpIrtnnt of HNlttl. E~tion, and ..".re, PubL (..rOSH)

n-1S7-A (1979).
(9) Ibid. Y. 7. S3Cl (revised 3125181). U.S . .DepIrwnt of HHlttl and ....n services. Publ.

(NJOSH) 82-100 (1982).
[10] AnllytiCil llethods for AtCllic Ab~tion SpKU'ClJ)hotelletry, Perlrin.(l.r (1976).

II£TKXI REVJSED BY: I'Irk fIIillson and R. DeLon Hull. NJOSHIDPSE; S3Cl origi,.,l1y va1tdlted under
NJOSH Contr.ct COC-9C-74-CS; additional studies under NIOSH Contr.ct
210-79-0058.
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F'ORMJLA: Pb

".W.: 207.19 (Pbl: 223.19 (PbQ)

OSHA: o. as -t/.3
NIOSH: <0. 1 ~/m3 [1]
ACGIH: 0.15 -V/aJ

LEAp
ItETHOD: 7105
ISSUED: 11/15/90

PROPERTIES: loft ..tal:
d 11.3 ,/a-3: "' 327.5 ·C;
val.nC.1 .2 ... 1n laltl

SYNONYMS: va~y d.,.nding upon th. ch..ical fOnl (.l ...ntal l.ad and l.ad ca-poundl ••c.pt alt,l
1.adl: CAS 17439-92-1 (Pbl; CAS '1317-36-8 (PbOl.

$A"PLING

SA"PLEIl: f'I LTEll
(0.8-~ c.llulol••st.r ...oran.l

VOL-.UN: 1 L (I 0.05 "9/113
-IWt: 1500 L

SHIPMENT: routin.

SAMPLE STABILITY: Itabl.

F'IELD BLANKS: lal of l.-pl.s

ACCURACY

RANGE STUDIED: not Itudi.d

BIAS: not signifieant [ZJ

OVERALL PRECISION (sr): not d.t,rmln,d

W$UREH£NT

~TECHNIOUE: ATO"IC ABSORPTION. GRAPHITE F'uaNACE

!FINAL SOLUTION: 10.L 51 HMO]

lWAVELENGTH: 283.3 ~

lGRAPHITE TUBE: p,rol,tie coat.d

lINJECTION: 20 ~L • 10 ~L ..t~i. -odifi.~,

DRY: 110 ·C, 70 I.e;
CHAR: 800 ·C, 30 s.e:
ATOMIZE: 1800 ·C. 5 I.e.

! BACKGROIMD CORRECTION: DZ' HZ 0 ~ Z....n

!CALIBRATION: Pb" in 51 HMO]

!lANGE: 0.05 to 1.0 ~g p,r s..pl. [21

!ESTI",TED LaD: 0,01 ~g p,~ s..pl. [2)

!PRECISION (s~): not dlt.r-in,d
I,

APPLICABILITY: nl' ttO~king ~.nq. IS 0.0002 to )1 119/113 fo~ a 2oo-L .i~ IUIfII •. If Iligh
eone.nt~atlon, .~, ••p,et.d. til. s.-,l.s should b. an,lyz.d by f1.-. US. Til• ..-thod I'
Ipplieabl. to .l..-ntll I.'d, including Pb f~, Ind III oth.~ ,.rosols eontaininq l.ad.
i, an .l ...ntal ,n,lysis. not e~ound-s,.eific. Aliquot' of th. ,-.,1...y b. ,n,lyz.d
fo~ additional .l,..nts.

INTEIlF'ERENCES: Us. 0z o~ HZ continu~ o~ 2....n background co~r.etlon to control .ol.eul,r
absorption. High conc.ntrations of calei~. lulflt•• carDonat., phosphlt., iodid., fluo~id•. or
le.tlt. ean b. offllt by an ,ddition,l s... l. trea~nt It.P.

OTHER ~THOOS: This r.vis.S Ind r.pIIC" P'~ 214 (31. Ntthod 7300 (ICP-AESI is In ,It.mlt.
Inalytlcal ..thod. "'thad 7505 is so.eifie fo~ l.ad lulf1d.. Ntthad 7082 is I fl~

AA ..thod.
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I FAR

IlEAGENTS:
I. Nitr;c .c;d, conc.·
2. Nitr;c .c;d. SI lvlvl. Add

SO .l conc. HMO) to SOD al
w.tlr: dilutl to I l.

3. Hydrogln ,.ro.;dl. Jal HZOZ
(w/wl. rl."nt gr.dl.

4. CIlibrlt;on ItOCt lolut;on.
1000 ~,Pb/al. C~rc;.l Itand.rd
Dr dillOlvl 1.00 9 Pb ..tIl in
ain;~ vol~ of t1HO) Ind
dilutl to I L with IS lv/vl HNO).
Stor' in I polYlthyllne Dottl,.

S. "-tr'K Modifi.~. Pllel 0.2 9
NH4HZPOd .nd 0.3 9 Kg(NO~)Z

in I 100 el volueetr,c fllik. Add
2 _l conc. HNO~ Ind bring to
volu-e with dist;ll.d or d.,oniZld
w.tlr.

6. Argon. prepur,fild.
Z. Diltilled o~ dl;oniZld wlter.

·s.e SPECIAL PRECAUTIONS

t1nHOp' ZIpS

EQUIPMENT:
1. S..,llr: Cilluloll .It.r ....r.n. filter. O.~

37.... in 2-.iec. CIII.ttl.
2. Plrsonal 1..,l1n9 p~. I to • l/ain. with n••ible

connlet;ng tubing.
3. Atoe;c Iblorption IPictrophot...t.r with graphite

furnac••toeiz.r and background correction.
•• l.ad hollow cathodl 1.., or Ilectrod. dilcharttle.1

l.-p.
5. lI.gulator•• two-1tatt. for Arvon.
6. a.akers. Phil1;p•• IZ5-el. or Griffin. 5G-el. with

watchgla'i covlr•. ••
Z. Volueetric fl.sks. 10- Ind 100__L.··
B. ASlortld vol~tr;e p,petl al nllded.··
9. Hotolltl. surflCI t.-perlturl 140· C.

10. 80ttllS, P01YIthyllnl, 100"L.

··Cllln 111 gllsswlrl .ith cone. n'trie Ic;d Ind
~,nse thoroughly .,th distillld or dl,onizld
.Itl~ blfore USI.

SPECIAL PIIECAUTIONS: Conc. nitric Ic;d il .n i~rit.nt Ind ..y burn skin. Plrfo~ III Icid
diglstions in I fuee hood.

SAt1PLING:
1. Cilibrite I.eh plrsonll s..pling puep with. represlntltivl laeollr in linl.
Z. Sa-pll It .n ICcurltlly known flow r.t, blt.len lind 4 l/.in for up to 8 h~s for TWA

...Iur...nts. Do not ,.cI,d I filter 10ld,ng of CI. 2 ag total dust.

SAt1PL[ PREPARATION:
3. Open thl el"ltte filte~ holders and trlnsf,r th, s..pl,s and blInks to ellan b'lkers.
d. Add 3 aL cone. HNO~ .•nd I _L 3DS H202 Ind cov.r with I.,tchgla,s. Stlrt r'lgent

bl.nks It this step.
S. H.lt on 140 ·C hotplat, until voluee 's ~educed to Ibout O.S al.
6. Rins. the .ltchgl,SS Ind .llls of the blll.r with 3 to S eL SI HNO~. Allow the

solut,on to ,vlPO~lt' to 0.5 el.
,. Cool 'Ieh bilker.
B. T~.nsf,r th, solut,on Qulntitativ,ly to I lO__l volueetric flalk Ind dilut, to vol~ .,th

di st i11,d wat.r.

CALIBIIATION ANO DUALITY CONTROL:
11. P~eplrl I "r'I' of working ,tlnd.rd' COYlr;ng the ~.ng, 0.005 to O. I ~g Pb/.l 10.05 to

1.0 ~9 Pb p.r 1... le) by Idding IliQuots of Cllibr.t;on stock lolut;on to IOD-eL
volu-etr,c fl.lks. Dilute to yoluae with 51 HN03' Store thl working ltandlrds in
polyethylen, bottles Ind p~,pare fre.h ",Ily.

12. AnIIY.I the working standlrds together WIth the bllnkl Ind •..,lel (itepi 17 through 191.
13. Prl,.re a cilibrat;on g~aph of Iblo~nce VI. lolut;on conClntration 1~9/.L).

14. An.ly.e I standard for IYe~, 10 1...11. to CftlCI for ;nltru-lftt drift.
15. Check rec..er1el with It lealt OAt I.iked "';a blank per 10 , ...11'.
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16. P,riO"l I ..tri. Ipik. of I s..,l. occisionlll, to ch.ct for ..tri. int,rf.r.nc.s. If In
,d-.uat. r.cov.ry is not obt,in" 185 to 11511. ,n ,1t.rn,t, ..thod of Inllysis Ihoul, b.
used. such .s fl ... AA or ICP.

'€ASUlEM£NT:
17. S.t spectrophota-et.r .s Ip,cifi" by th, ..nuf.ctur.r Ind to con,itions on p.g, 7105-1.

NOTE: An .1t.mlt. w.v,l.ngth is 217.0 nI [6]. An.1yS.I.t 217.0 ~ h.v. slightly gr.lt.r
I.nlitivity. but poor.r li9",l-to-noil. ratio c~,rtd to 283.3~. Allo. nonate-ic
.blor,tion il liqnificlntl, ,r.at.r It 217.0 ~...kin9 the us. of 02' H2
continuua. Dr Z....n b.ckgroun' corr.ction ..n'ltory It thlt wlv.l.n9th.

18. Add ..tri. -o'ifi.r to I..,l.s In' st,n'.rds in prop.r rltio of 2 to I (s~l, or standlrd
to ..tri. -odifi.rl.

19. An.1YI' stlndlrds. s..,l.s. In' blanks. R.cord Ibsorb,nc, r'ldings.
NOTE: If tn. IbsO~lnc, vllu. for the 1..,1, is .bov, tn. lin.ar rlnq. of tn, stlndlrds.

'ilut. w,th SI HN03' r.lnllyz,. In' Ipply th, IPpropr'lt, dilution factor ,n tne
cllculltlons.

CALCULATIONS:
20. Using the ..Isur,d Ibsorblnc,s. Cilcul,te/tn, correSDonding concentrltions (~gtmLI of

l'ld in th, s~I•. C~. ,nd ,v.r,g, ..dil blink. Cb• from th, Cllibr,tlon grlph.
21. Using the solution volu-.s I-LI of the s..,l" Vs ' In' "'il bl.nks. Vb' cilcul,t, tne

conc.ntrltion. C (~t~l. of 1", in the lir volu-. s..,l.'. V (LI:

EVALUAHON or METHOD:
Method 5341 [51 .IS issu.d on Octob.r 24, 1975. ,nd v,lid,ted over tne rlnge 0.13 to
0.4 -V/~ for I 180-L ,ir s..,l" using "n,rlted It.osph,res of l'ld nitrlt, [21. R.cov,ry
in tn. ring. 18 to 72 ~g Pb p,r s..,l, .,S 981. Ind coll.ction ,ffici,ncy of 0.8-~ .l ••d
c,11ulol' ,st.r filt.rs ("illipor. Typ. AAI W'I lOai for tn. I.rosols. SuDI.qu,nt studi.s on
,nllytiCII r.cov.ry of 200 ~g Pb p.r s..,l. using fl ... AAS g,v. the r.sults [3J:

$pt,j'$ Qjp"tipD ",thAd An·lyti,al Recoyery, .
II

Pb ..ul HNO) only 92 2: 4
Pb ..ul HHO) • HZ02 103 2: 3
POO HNOJ onl., 93 2: 4
PbS HNO) onl., 93 2: 5
POO2 HNOJ only 82 % 3
POO2 HN03 • HZ02 100 % I

Pb in Ol,nt- HNOJ only 95 2: 6

Pb in pl,nt- 'iNO) • HZ02 95 2: 6

Additionll col1.ction .ffici.nc, studi.s Wlr. 11so don. us,ng Gll..n GH-4 fill.rs for the
col1.ction of Pb fu-.. -"lch hid geo-ttric "In di t.r of 0.1 ~ [Jl. Meln coll.clion
.ffici.nc, for 24 s..,ling runs ,t flow rlt,s b.t n 0.15 Ind 4.0 Lt.in w.s )97 % ZS. Ov.rlll
pr.cision. sr' .11 0.072 for 1.ld nilrlt. I.rosol [2.5] Ind 0.068 for Pb fu-. (J].
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NIOSH/UC Study of lead in Radiator Repa;r Shops
Field Survey Information Sheet

Name of Shop: _
Address: _

Phone :.,L(_-J- _

Shop owner: _
Address : _

Phone :.,L'_ ....... _

Survey Contact: __

Title:~-~----------Phone: ..' _ ....... _

labor union : _
Address : _

Contact : _
Phone :..(_....J- _

Employee Safety and/or Health Representative:
Name:T1tle:--------------

SIC: _

Date: _
Collected by: _

Member of the National Automotive Radiator Service Association (NARSA)? __
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1. 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)

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

If yes, where is it kept? ___

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

4. 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 quantities
Use lead infrequently
Exposures to lead are too low
Too few employees expopsed to lead
Other (specify)

5. Has this shop ever been inspected by OSHA? ___

If yes, when? __ Results:
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6. In what yelr was this shop built? __

7. Number of radiator repair stations: ___

8. Number of repair mechanics: _

9. Number of other employees: Job Title Number

10. Average number of radiators repaired: (per day)
(summer peak) __

11. Types of radiators repaired: auto _
truck. _
other _ specify:

12. Type and amount of solder(s) used: ~T~y&D~e Amoynt (e.g. per shift)

13. Type of torch(es) used: ___
(eg. Amercian, Nat10nal, etc)

Also, fuel m1xture used:
(eg. natural gas-compressed a1r, propane-air, oxygen-acetylene, etc.)

14. Type of engineering controls: Control
(inc. installation date) (example)__~l~o~c~a~l~e~x~h~a~us~t~h~o~od~ __

Miscellaneous notes:
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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: JQ!2
(example) mechanic

1m
safety glasses. gloves

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

Miscellaneous information (including frequency of cleaning, repair, etc):
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17. Have air samples for lead ever been collected? __
If yes. complete the following:

}Uwl
(example)06/2S/89

~
OSHA

Records?
avail abl e

How often are air samples 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 levels ever been determined? ____
If yes. complete the following:

~
(example)06/2S/89

Who Collected· Jobs Sampled
OSHA mechanic

Records?
ava i Jab) e

*Provide name and address of laboratory, if known.

How often are employee blood lead levels checked?
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)
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Diagram of the facility:
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APPENDIX G Sampling Data Sheet
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Shop NlIIIe : _

NIOSH/UC Study of Lead in Radiator Repair Shops
SAMPLING DATA SHEET

Emp1oyee Name:
Address:

Phone:
Job Title: .-......------------ Time in job: _

Date Sample, Pump, On Off Total
time

Flow Volume
rate

Notes

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?

'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:

.r- '-fD-{}:.--)
'------,



APPENDIX H Environmental Data Sheet
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NIOSH/UC Study of lead in Radiator Repair Shops
ENVIRONMENTAL DATA SHEET

Shop Name: _

Date Time Location

Coments:

Dry Wet \ Air Baro Weather Notes
bulb bulb RH sDeed press conditions

ID4-



APPENDIX I Letter of Survey Results: Shop 1
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January 2, 1992

Cincinnati, 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-ill; a diagram of your facility 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 atomic absorption spectrophotometry
following NlOSH Method 7105.1 All of the sample results were well below both the
Occupational Safety and Health Administration (OSHA) Permissible Exposure Limit
(PEL) of SO micrograms of lead per cubic meter of air (p.g/m3

) and the Action Level
(AL) of 30 jJ.g/m3

, both expressed as an average over an 8-hour workshift.2 The highest
concentration (19 IJ.g/m3) was found for a full-shift sample worn by a radiator mechanic;
none of the other 11 personal samples exceeded 10 jJ.g/m3• Likewise. all area samples
taken in various locations throughout the radiator shop and surrounding areas were quite
low. Two shon-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 IJ.g/m3, 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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highly contaminated by lead, with concentrations as high as 23,000 ,."g/m2 on bands and
6000 ,."g/m% on the forehead. The highest concentration found inside a worker's car was
over 3000 ,."g/m1 on the driver's armrest, indicating that lead contamination was not
confined to the work environment.

Table ill 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. Depanment of Housing and Urban Development (HUD)
recommends surface contamination be less than 200 ,."glft (about 2160 ,."g/m%) on the
floors and less than 500 ,."g/m2 (5400 ,."g/m2) on window sills in residential housing
following removal of lead-based paint.3 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-ta-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 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 tbe positioning of the bood
near the source of lead fumes. Workers sbould be encouraged to frequently move
tbe hood, whenever necessary, to ensure tbe 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, 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
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in which smoking and eating are not permined. Daily clean-up of frequently
contacted surfac:es, especially desktops, telephones. restrooms, and lunchrooms, is
highly encouraged. Oeanup should only be done using HEPA filter vacuum or
wet wash (eg. high-phosphate detergent solution) methods. FiDally, 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 shin) 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 employers 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.2 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 IJ.g/m3• Per a conversation with the
local OSHA office, the results of this NlOSH 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 employees 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 emplorer.

In summuy, the sampUnl data from the NlOSH suney at your workplace indicate that
exposures to airborne lead are typically weU below occupational exposure criteria.
HOweftr, bIgb Ieftls or surflce contamlDltlon were round throughout the worksite and
conscientlou. dom should be directed to repJu cleaning of surfaces and skin to
minimize the potential for lead iDgestion. Work clotbiDg should not be taken home to
prevent secondary lead exposures to "Orbn' families.

I have enclosed several ankles and pamphlets which provide guidance for safely working
with lead. In panicu1ar, the two NlOSH publications concerning lead in the construction
industry contain very penment and useful information for controlling lead exposures in
am 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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If you have any questions or require funher details on this survey, please call me at
(513) 841-t314. U any corrections to this letter are requested, please notify me in writing
by January 31, 1991. rd 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, ern
Supervisory Industrial Hygienist
Industrial Hygiene Section
Industrywide Studies Branch
Division of Surveillance, Hazard
Eva1uatio~ and Field Studies

8 Enclosures

GMPIACITEW:lclf:RmB22:Hamilton:CintiOH:
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'hItl. I
~1' or ruu.-nlP'l' AI..... LBAD IlAllPLDIO USULft

Radiator Shop
Cincinnati, Ohio
July 7-11, 1991

o7OII/ADa a..... • a&Jola•
ft&

(,./~)

Per.onal Sampl••

Radiator mechanic (1m) 7.5 4 2.8-19.

Radiator mechanic (AJ) 6.2 4 4.6-8.1

Radiator mechanic (OW) 5.9 4 3.3-7.8

ALL 6.5 12 2.8-19.

Ar.a Sampl••

'l'••t tank 11 (HI work .tation) 3.3 3 2.0-4.4

'1'e.t tank 12 (AJ work .tation) 2.1 2 2.0-2.2

Work bench (OW work .tat1on) 2.2 4 1.3-4.5

Rad1ator .hapofflce 2.9 3 1.3-5.7

'1'001 .tand between t ••t tank8 11 , 12 1.7 2 1.5-1.8

General area of .hop (15' frClal t ••t tank.) .77 3 .46-1. 2

Main office .18 3 .10-.34

LunchrOCllll .14 3 .08-.22

Backqround (outdoor.) <.05 3 <.05-<.06

o.D PDIIJ••~ KDO~ l.Da'1' (ra.) 50
ORA acne. 1.I1rI'1' 3D

WA. I
~

-... (1II11111:1'ClpU111 lAG per C'IOIC IDCICf au).
N • .....,01.....
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'l'abl. II
~1' or .D8owaL WI•• aAllPLIIIG U~

Radiator Shop
Clnclnnati, Ohl0
July 7-11, 1991

IIUIDr PO....I~ AIr.l'OI ft1JCZ
(armr.atl

,JOB Prelunch Poat.hift Po.t.hilt

a••rap Lead CODc_~n~ioD (~/~)

Radiator mechanic (MB) 8329 6628 6720 3066
"-3 "-4 "-4 "-1

Radiator mechanic (lUI 19866 23609 4000 1300
"-3 "-4 "-4 "-1

Radiator mechanic (GW) 11207 9555 5680 976
n-3 "-4 "-4 "-1

ALL 13134 13265 5440 1781
n-9 "-12 "-12 n-3

'AftA • lUll em' _ ClD I:rA CI1lC1'1L

HUD~aiI8N(" "1 "'I~
tIaon: 200 tIfIrrJ (2160 tIfIlD,>

..... 1iQI: 5lIO -elrrJ (5400 -.,lID,>
....weill: 100 -elrrJ (I60IO III/ID,>

NoIc: 1 III/tr • lo.a III/m~
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~le III
lI'DJGGay or AaIIA WI" IAllPLJIRI Usm.ft

Radiator Shop
C1Dcinnati, Ohio
July 7-11, 1991

UBA BVUACB LU.D
U&A c:c.~10JI

WlPD (1II/r)
(ar)

Te.t tank #1 (outer edQe) SOD SOO,OOO

Te.t tank Ii LEV flanqed hood (1n.lde) 100 4,100,000

Te.t tank #2 1IDpaC't wrench handle 100 15,600

Mechanic'. u.ed work crlove f 1n.ide oalJD) 50 29.200

rorkl1ft .t..rinq "h..l 200 5.300

Shop telephone handle 80 17.000

Shop off1ce. deek top 225 1.066

Shop off1ce, door Jcnob 78 14,777

Shop office. telephone handle 80 84,500

Lunchroom tabletop 625 96

"e.troom ur1nal handle 18 13,297
iUU c:IcaI'Um alieN ~:
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1. OS Departeenc of H••lth and Buaan S.rvic•• , Public H••lth S.rvic.,
cent.r. for Di••••• COntrol, N.tional In.titut. for OCcupational Saf.cy
and He.lth. 1987. M.ny.l pt An.1YSis.l MP;bpd', Third Edition.
CizlciDft&ti, OR.

2. OS D.partment of Labor, OCcupation.l S.f.ty .nd H••lth Adminiltr.tion.
1978. OCcupational Ixpolun to Le.d--Pin.l Standard. cn 43154353­
54616.

3. OS ~nt of Hou.in; aDd Orban Degelopment, Offic. of Public and
Indian Hou'inq. 1990. Le.d-B.aed p.int. Int.rim Guid.lin., for H.alrd
Id.ntific.tion and Abat...nt in Public and Indian Hou'ing. ROD-00S6.6.

4. T.lephon. COnYer••tion with Dick Gilchri.t, complianc. Offic.r,
occupation.l S.f.ty and H.alth Adminiltr.tion, Cincinn.ti Offic. (513)
841-4312, on Dec..ber 20, 1991.
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January 15, 1992

Cincinnati, Ohio 45225

Dear Mr.

This letter is to inform you of the results of the NlOSH industrial hygiene survey
conducted at your radiator repair shop last August. 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 i'l
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 7105.1 All of the sample results were well
below both the Occupational Safety and Health Administration (OSHA) Permissible
Exposure LimiJ (PEL) of SO micrograms of lead per cubic meter of air ()J.g/mJ) and the
Action Level (AL) of 30 Il-g/mJ, both expressed as an average over aD B-hour workshift.2

The highest concentration (7.1Il-g/mJ) was found for a full-shift sample worn by a
radiator mechanic; none of the other 11 personal samples exceeded 6.0 Il-g/mJ. Ukewise,
all area samples taken in various locations throughout the radiator shop and surrounding
areas were quite low, with none exceeding 2.0 IJ.g/mJ.

Table II presents the individual results 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 aauallead 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 vehic:les. Each worker wiped their own hands for
30 seconds whereas foreheads and automobile interiors were wiped by a NlOSH
industrial hygienist; samples were collected on commercially-available, pre-moistened
lowelettes prior to any washing. Sampling indicated that workers' skin was highly
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contaminated by lead at the end of the workshift. with concenuations as high as 12,000
IJ.g/m1. on hands and almost 5000 IJ.g/m" on the forehead. Workers were then instructed
to wash their hands. in their usual manner, and wipe samples were again taken. These
results demonsuate that, although washing removed the majority of the lead from
workers' hands, a substantial amoUDt of lead remained on worker's prior to leaving the
workplace. Funber. lead concentrations over 19,000 IJ.g/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 concenuations found on various surfaces which persons
are likely to contact. Most notable were the samples indicating high levels 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 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 and/or to poor work practices.

Presently, there are no Federal criteria for surface contamination in occupational
environments but the U.S. Depanment of Housing and Urban Development (HUD)
recommends surface contamination be less than 200 ",g/ft" (about 2160 IJ.g/m") on the
floors and less than 500 IJ.g/ft1. (5400 ",g/m") on window sills in residential housing
following removal of lead-based paint3 These guidelines were primarily established with
the goal of preventing lead poisoning in housing occupants, panicularly 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 to effectively
control lead exposures during radiator repair activity. In general. the effectiveness
of the flexible duet exhaust system is dependent on the positioning of the hood near
the source of lead fumes. Workers should be encouraged to 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. Considering the high potential for surface contamination by lead. smoking and
eating 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
contaeted surfaces, especially desk tops, telephones, restrooms, and lunchrooms.. is
highly encouraged. Ceanup 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 worksboes 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.z 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 p.g/mJ• Per a conversation with the local OSHA office,
the results of this NIOSH survey can be used to satisfy the "initial detennination"
monitoring requiremenL4 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 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, tbe umpUng data from tbe NlOSH s1ll"Yey at )'Our workplace indicate that
exposures to airbone lead are typically well below OCCUpatiOllal apolUre criteria.
Howeia, bJgb leftls of Imace C:OlltamillaUon were foulld tbroupout the workslte and
consdeadoul EfrOrtl lhould be dl.ree&ed to regular cleoiDl of nrfaces and skin to
minimize cbe poteaUal for lead iDRatloll. Work clothinl sbould Dot be taken home Co
prnent seeGDdary lead exposures to workers' families.
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I have enclosed several anicles and pamphlets which provide guidance for safely working
with lead. In panicuiar, the two NlOSH publications concerning lead in the coDStt'Ucbon
industry contain very pertinent and useful information for controlling lead exposures in
am industry where lead is used. Also, I recommend that you post this letter and keep
the anicles in a general location readily seen by employees for their information.

If you have any questions or require funher details on this survey, please call me at
(513) 841-4314. U any correctioDS to this letter are requested, please notify me in writing
by January 31, 1992. I'd lilce 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. CIH

8 Enclosures
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~ule I
SUlDlaaY or PULL-.BIrr AIaBO... LaAD aAlCPLIIIG ..~

Radiator Shop
Cincinnati, Ohio

July 29-Auqu.t 1, 1991

JOB/UBA AVDAG. N RAIla.
TWA

(lJ9/aJ)

Per.onal Sample.

Radiator mechanic (DR) 3.0 4 1. 2-4.9

Radiator mechanic (1Ut) 1.6 4 1.0-2.1

Radiator mechanic (GR) 4.9 3 1. 7-7.1

ALL 3.0 11 1.0-7.1

Area Sample.

Te.t tank 11 (DR work .tation) 0.9 4 0.1-1.3

Test tank 12 (1Ut , GR work station) 0.8 3 0.5-1.2

Soldering boOth (GR work .tation) 1.3 3 0.5-2.0

Shop (15' from tank., next to bay door) 0.4 4 <.24-.71

Shop office/lunch are. 1.2 4 0.9-1.5

Parking (5' below LEV di.charge) .11 4 .05-.17

Background (outdoors) <.05 4 <.05-<.05

OIBA P...I ••IBLB .DOSUU I.I.I~ (PBI.) 50
OIBA AerIa. I.I.I~ 30

IWA • lI_.plCG_~ liD auaopuIIIlCACS per CIIOIC IrtClcr &If).

N • nulllbcr 01 umpla
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'rabl. II
SUlDGa1' or ••O~-'l'DM AlaBO... LBAD IlAMPLI1IO U8ULor1

Radiator Shop
Cincinnati, Ohio

Jllly 29-Allqu.t 1,1991

DAD .JOB ~ wm.DDIIIG L&AD
~IOII DUU%IOII c:aaCUt~IOIr

(IUnllt•• ) (minllt•• ) (1I9/rrr' )

7/30/91 Rad mechanic (DR) 101 6 5.2

52 2 1.0

8 8 <3.1

7 7 <3.6

205 0 1.6

19 5 1.9

91 9 4.3

45 0 2.3

'"- - SII J1 2.7

7/31/91 Rad mechanic (DR) 55 8 2.5

158 25 1.7

63 10 <.41

113 0 1.4

72 0 <.36

n. ... 06. 03 IJ

8/1/91 Rad mechanic (DR) 195 5 3.4

6 6 <4.2

189 0 1.3

119 3 6.0

". ....- • •• u

08D PDJlIIIIm.. BDO... l.I11I'r (PBL) 50
OIU AC'rIOlf l.IMI'r (AI.) 3D
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'l'able III
~r or PIDl80DL WIP. IAlCPLI.G RZStJL'1'8

Radiator Shop
Cincinnati, Ohio

July 29-Auguet 1, 1991

IlAllDr PoetehUt POWWUut' AU'l'O/ftUCK
(armren)

JOB Pre-Wa.h Poet-Waeh PoetehUt

A.erage Lead CoDceD~ra~ioD (1SlJ/~)

Radiator mechanic (DR) 6,890 841 2,666 19,000
n-4 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 samtlles

Shop helper (SC) 12,409 516 no no
n-4 n-3 .lUIn:Jl•• samtll••

ALL 9,634 533 2,615 14,100
n-15 n-14 n-8 n-2

"Area • Il3l C1112 b...s 011 EPA n1ICria.'
bArea • 15 carl --.reel.

Hue dcarucc cri1cril (raidcntial bOuIi...~:
l1oon: 20J I4/tr • (2160 l&IIlII~

wiIIdaw Ii.III: 500 I4/rl2 • (SQl "1I111~
WIlldcIw -.:11a: llOJ I4/rl2 • (lI6W l&IIm~

Nou: 1 I4/rrZ • (lO.a l&IIm~
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~abl. IV
IlUlClGaY or U&A WIP. 8AlCPLING ..~

Radi.tor Shop
Cincinn.ti, Ohio

July 29-Auqu.t 1. 1991

U&A SUU'ACB I.UJ)

UD e:e-~10Jf

WIPKD (1I9/~)
(~)

Shoo ohon. (r.c.iver) 80 18,750

Shop bathroom light.witch plate 77 18,182

Shop b.throom toilet flu.h handle 18 5,555

Office phon. (r.c.iver) 80 3,875

Shop truck: .t_rinc; wh_l 200 20,500
: driver' •••at 100 1,400

Top of .tr_t.hoe (DR) 50 20,000

Top of .trest.hoe (U) 50 46,000

P.r.~n.l vehicl. (U) s driv.r' ••••t 80 84,500
(NoIc: Vclliac I arm r ••t 100 9,200
allo IIMd for I driv.r·. floormat 100 9,600
1IIap---) I p••••n9.r· ••••t 100 2,100

I aa. oedal 50 19,600

Pereonal vehicle (DR) I arm re.t 100 19,000
: driver'S floormat 100 68,000
I 9" pedal 50 68,000
I d••hbo.rd 100 21.000

HUD cIc.arucI mimi (raidcalial bcNaialt.
noon: 200 I&IIrrl • (2160 I&IIIII~

wiIIcIcJw Iilll: 500 I&IIfl~ • (5400 I&IIIII~

wiftdclwo _III: IIlXIl&llrrl • (Il61O I&IIIII~

Note: 141frJ. (10.8 I&IIm~
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Cincinnati, OH.
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January 24, 1992

Cincinnati. Ohio 4S 102

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 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 facility is also attached to provide some reference as to
the sampling locations.

Table I summarizes personal airborne lead concentrations found in your workplace.
Samples were collected and :malyzed by graphite furnace atomic ::lbsorption
spectrophotometry following NIOSH Method 7105. 1 Several of the s::lmple results were
well above both the Occupational Safety and Health Administration (OSHA) Action
Lel'el fALl of 30 microgram~ of lead per cubic meter of air (~g/mJ) and the Permissible
[:cpo.wre Limit (PEL) of 50~g/m~. both expressed as an average over an 8-hour
workshift.; \1any of the samples with high lead concentr::ltlons are of short sampling
duration and ::lre not appropriate for direct comparison to the OSHA criteria.
Therefore. the daily H-hour time-weighted average (TW~) exposure is calculated for
each worker. assuming zero exposure to lead during any unsampled work period. As
shown in Table I. two of the five TW~ exposures exceeded the OSHA PEL another
exceeded the AL The highest TWA! exposure was 157 ~g/mJ or more than three times
the level OSHA considers acceptable. Also of immediate concern are the very high
"peak" concentrations of lead measured over shoner sampling dur::ltions (up to
S 10 ~g/m~ over a one-hour period). These shon-term samples were generally collected
hetween the time a mechanic ~tarted and stopped work on an individual radiator,
indicating that tear down and/or soldering resulted in very high exposures to lead.
These data also indicate that excessive full-shift exposures to lead resulted despite the
ohservatlon that only relative Iv little time was actually spent repairing radiators.

pull-shift area sampling results are presented in Table II. The highest concentration
measured was 180 ~g/mJ immediately adjacent to the repair tank (Tank II 1 in the
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uiagram) most frequently useu during the survey period. These sampling data indicate
that the high airborne lead concentrations at your facility are generally confined to the
radiator repair room: none or' the samples collected outside of the repair room exceeded
2.0 IJ.g/mJ

.

Table III presents the results oi 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 any washing) whereas surfaces were wiped by a NIOSH
industrial hygienist: all samples were collected on commercially-available. pre-moistened
lowelenes. Sampling indicateu that workers' hands were highly contaminated by lead at
I he end of the workshift. with average concentrations as high as 39.000 IJ.g/m:. or the
;Irea samples. high levels or' leau contamination were found in the radiator repair room
;jnu on a phone in close Vicinity to that room. Though considerably lower. lead
contamination was also founu 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 anu possibly resulting in their ingestion of lead. Considering
the low airborne lead levels in some of these areas., surface contamination is probably a
result of an accumulation of lead dust over prolonged periods largely due to poor
housekeeping and/or to poor work practices. In addition. the settling of lead aerosol
most likely contributes to the lead found on surfaces in the radiator repair room.

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 p.gjft2 (about 2160 IJ.g/m~) on the
noors and less than 500 IJ.g/ft~ (5400 IJ.g/m~) on window sills in residential housing
following removal of lead-baseu paint.J These guidelines were primarily established with
the goal of preventing lead poisoning in housing occupants. particularly young children.
In the residential ~nvironment. the length of exposure. the potential for contact with
surface contamination. and the frequency of hand-to-mouth contact is generally
consiuered 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.

[Jaseu on the results oi the survey at your radiator shop. the following comments and
recommendations are made:

I. 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 periouic bloou testing. warning signs. engineering controls. respirator
program. and medical removal) are required.2 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.4 Therefore. based on these results, your
shop appears to be in non-eompliance 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 to lead exceeded the Permissible Exposure Limit of 50
/oLg/m3, OSHA requires the employer to (a) reduce le3d exposures to below the
PEL, by installing engineering controls, such as an effective ventilation system; (b)
provide employees with respirators (an air-purifying type approved for use with
lead dust and fumes) and require use until exposures are reduced below the PEL;
(c) provide clean work clothing. showers, and separate lunch room; (d) provide
hlood 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 /oLg/m3). 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 hy ingesting lead particulate. Initial blood-tests are typically less
than $50 per worker and readily available from most medical providers. The
frequency of subsequent hlood-testing and any medical removal provisions are
determined by an individual's blood-lead levels. Based on the results of our survey.
you are strongly advised to arrange blood-testing of your radiator mechanics
immediately. Please forward the results of these tests to me when avaialable.

4. OSHA requires that air sampling be repeated every three months if air lead
levels are above the PEL, or every six months if below the PEL but above 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
employer may discontinue air monitoring, unless a process or personnel change
occurs which may result in new or additional exposure to lead.

~. The ventilation system (a propeller fan in a remote wall and two ceiling fans)
IIsed in this shop was found to he ineffective for controlling lead exposures during
radiator re~air activity. I 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 article describing a
cost-effective ventilation system is included with this letter.
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n. Considering the high pOtential for surface contamination by lead. smoking and
eating in work areas. although observed during our survey. should not be allowed.
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 he 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. <lrms. and
face (showering is preferahle) before le<lving the worksite to prevent possible
cont:lmination of cars. homes. <lnd families.

In summary, the sampling dala from Ihe NIOSH survey al your workplace indicate that
exposures 10 airborne lead are well above occupational exposure criteria. Immediate
action should be taken to conduct blood-testing of aU radiator mechanics, to install a
new venlilation system to reduce airborne lead levels, and to require respirators be worn
unlil exposures are below Ihe PEL In addition, surface contamination was found
throughout the worksile and conscientious effons should be directed to regular deaning
of surfaces and skin 10 minimize Ihe potential for lead ingestion. To prevent secondary
lead exposures to workers' families, work dothing should not be taken home.

The requirements of the OSHA Le<ld Standard are quite specific and detailed. You are
strongly i.ldvised to thoroughly review its key provisions (a copy or" the Lead Standard and
J Le:1(j Training manu;"d were given to you during our survey) and to consult with the
local OSHA office (phone: 5\3 84\-4312), if necessary. to ensure your compliance with
the legal requirements as an employer. The state of Ohio's OSHA-supported free
consultation program (phone: h14 644-2631) is also available to provide technical
assistance. particul:Hly to high hazard small businesses.

I have enclosecJ several articles and pamphlets which provide some guid:lnce for safely
working with lead. In partlcul<lr. 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 request that you pOSt this letter and
keep the :micles 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
(5\3) M41-4314. If :lny corrections to this letter are requested. please notify me in writing
hy Fehruary 15. 1992.
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I'll like to thank you again for your participation and continued interest in this study; the
cooperation and assist::lnce of you and your employees is sincerely appreciated.

Sincerely yours.

Greg M. Piacitelli. CIH
Supervisory Industrial Hygienist
Industrial Hygiene Section
Industrvwide Studies Branch
Division of Surveillance. Hazard

Evaluations. and Field Studies

~ Enclosures
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Table I
SUMMARY OF PERSONAL AIRBORHE LEA%) SAMPLING RESULTS

Radiator Shop
Cincinnati, Ohio

August 19-21, 1991

~~-.-, - t~me-welghted average over the sampled work per~od

TWA,.-. = time-welghted average over the B-hour shift (assumes zero lead
exposure durlng unsampled work period)

c:J .10B SAMPLE RADIATORS LEAD
DURATION REPAIRED CONCENTRATION
(minutes) (number) ( ~g/mJ)

8/19/91 Rad mechanic (DP) 42 1 433.

404 0 3.42

TWA,~",,,,,,, 446 1 43.9

1W'A. ",,"' 480 1 40.8

8 1 21/91 Rad mechanlC (:JPI 56 1 810.

19 2 261.

116 1 208.

54 0 13.5

TWA.......... 245 4 307.

TWA,.-. 4BO 4 157.

8/19/91 RoSd mechanic (CC) 34 1 352.

TWA."'''''IIIIIlII. 34 1 352.

~A''''''I'' 480 1 24.9

8/20/91 Rad mechanlc (CC) 42 1 94.5

325 0 1.0

I 1W'A........". 367 1 11.7

TWA ..... ..." 480 1 9.0

8/21/91 Rad mechanic (CC) 15 2 104.

62 0 <0.48

118 1 J09.

53 1 122.

".,A 1"''''1''. 248 4 180.

TWA._. 480 4 92.7

OSIlA PERMISSIBLE EZPOSURE LIMIT (PEL) 50.
OSHA ACTION LIMIT (AL) 30.

-
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Table II
SUMMARY OF AREA FULL-SBIrT AIIlBOIUfB LEAD SAMPl.ING RESUL'l'S

Radiator Shop
Cincinnati, Ohio

August 19-21, 1991

JOB/AREA AVERAGE N RAHOI!:
'!'WI.

(1J9/ aJ )

Radiator repair tank 11 144. 3 ll9. - 180.

Radiator repair r-oom (15' fr-om tanks) 39.0 3 17. - 96.

Main shop (next to 1 i ft ) LOO 3 0.6 - L8

Shoo office (on desktop) 0.8 3 0.8 - 0.7

Customer- waiting area/lunch r-oom 0.7 3 0.6 - 0.9

Backqr-ound (outdoors) <.06 3 <.06- <.07

OSIIA PERMISSIBLE EXPOSURE LIMI'l' (PEL) 50.
OSHA AC'l'ION l.IMI'l' 30.

"'1\ • IIme·welg!llcll lYe~gc lin micrograms leall per cubic melcr Ilr).
" • numbcr o( Slmplcs

7Z
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'1'&1I1e III
SUMMARY OF WIPE SAMPLING RESUL'1'S

Radiat.or Shop
Cincinnati, Ohio

August 19-21, 1991

LOCA'1' I ON SURP'ACE LEAD
AREA CONCENTRA'1' I ON

WIPED (~9/ml)
(cml )

1\RE1\ (n=l at each locat.ion)

Waitinc/lunch area (tabletop) 50 882

Shop bathroom (Men'S room; faucet knob) 50 722

Office (desktop) 75 948

Phone next to radiator repair (receiver) 80 7,625

Radiator repair room (door knob) 78 50,633

PERSON1\L (n=2 at each location)

Rad mechanic (DP) : hands (postshift) 820" 39,813

Rad mechanic (ec) : hands (post shift) 820" 26,886

""rca' R20 cm' (or bOth hand~

IICD clearance cnlena (re~ldenlial hou~lng))

noon;' ~oo ~gjrr' = (~1(,(J ",,1m')
"""dn",, sill' ~('t) ~i:, I': = (5~(XJ "gjm')

""ndOlll wells' SOO l'g/fl' = (AA40 u~/m;)

NOle: lug/h; = (IO.8u,,/m')
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AIR LEAD CONCENTRATIONS

File-AIRCON.

SAMPLE DATE SHOP JOB/AREA DURATION CONC NOTES SUBJECT
/I minutes uglm3

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 3.5 ME
Pb-40 07-11-91 1 RAD MECHANIC 3n 5.4 ME
Pb-6 07-08-91 1 RAD MECHANIC 463 5.1 RJ
Pb-52 07-09-91 1 RAD MECHANIC 430 8.1 RJ
Pb-26 07-10-91 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 GW
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 07-09-91 1 RAD MECHANIC 7 7.1 S ME
Pb-46 07-11-91 1 RAD MECHANIC 30 4.1 S RJ
Pb-8 07-08-91 1 RAD SHOP-general 323 1.6
Pb-17 07-09-91 1 RAD SHOP-general 401 1.3
Pb-36 07-10-91 1 RAD SHOP-general 444 4.5
Pb-41 07-11-91 1 RAD SHOP-general 492 1.3
Pb-12 07-09-91 1 RAD SHOP-tank 449 3.4 ME
Pb-29 07-10-91 1 RAD SHOP-tank 455 4.4 ME
Pb-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-offlce 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 OFFICE 476 0.3
Pb-39 07-09-91 1 MAIN OFFICE 456 0.1
Pb-24 07-08-91 1 LUNCH AREA 469 0.2
Pb-4 07-09-91 1 LUNCH AREA 479 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 07-29-91 2 RAD MECHANIC 214 4.9 DR
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AIR LEAD CONCENTRATIONS

File-AIRCON.

SAMPLE DATE SHOP JOB/AREA DURATION CONC NOTES SUBJECT
if minutes uglm3

Pb-n 07-30-91 2 RAO MECHANIC 101 5.2 OR
Pb-75 07-30-91 2 RAO MECHANIC 52 1.0 OR
Pb-84 07-30-91 2 RAO MECHANIC 8 2.2 OR
Pb-90 07-30-91 2 RAO MECHANIC 7 <2.5 S OR
Pb-85 07-30-91 2 RAO MECHANIC 205 <1.6 S OR
Pb-89 07-30-91 2 RAO MECHANIC 19 1.9 OR
Pb-79 07-30-91 2 RAO MECHANIC 91 4.3 OR
Pb-83 07-30-91 2 RAO MECHANIC 45 2.3 OR
Pb-92 07-31-91 2 RAO MECHANIC 55 2.5 OR
Pb-100 07-31-91 2 RAO MECHANIC 158 1.7 OR
Pb-103 07-31-91 2 RAO MECHANIC 63 <0.3 OR
Pb-104 07-31-91 2 RAO MECHANIC 113 1.4 OR
Pb-99 07-31-91 2 RAO MECHANIC 72 <0.3 OR
Pb-112 08-01-91 2 RAO MECHANIC 195 3.4 OR
Pb-117 08-01-91 2 RAO MECHANIC 6 <2.9 S OR
Pb-113 08-01-91 2 RAO MECHANIC 189 1.3 OR
Pb-118 08-01-91 2 RAO MECHANIC 119 6.0 OR
Pb-81 07-30-91 2 RAO MECHANIC 522 5.9 GR
Pb-96 07-31-91 2 RAO MECHANIC 388 7.1 GR
Pb-111 08-01-91 2 RAO MECHANIC 165 9.5 GR
Pb-116 08-01-91 2 RAO MECHANIC 348 3.0 GR
Pb-62 07-29-91 2 RAO MECHANIC 475 1.8 RR
Pb-76 07-30-91 2 RAO MECHANIC 522 2.1 RR
Pb-97 07-31-91 2 RAO MECHANIC 412 1.6 RR
Pb-110 08-01-91 2 RAO MECHANIC 413 1.0 RR
Pb-56 07-29-91 2 RAO SHOP-tank 491 1.0 OR
Pb-72 07-30-91 2 RAO SHOP-tank 546 0.1 OR
Pb-91 07-31-91 2 RAO SHOP-tank 521 1.3 OR
Pb-102 08-01-91 2 RAO SHOP-tank 511 1.3 OR
Pb-71 07-30-91 2 RAO SHOP-tank 539 0.7 RR
Pb-95 07-31-91 2 RAO SHOP-tank 517 0.5 RR
Pb-108 08-01-91 2 RAO SHOP-tank 508 1.2 RR
Pb-80 07-30-91 2 RAO SHOP-booth 506 0.5 GR
Pb-86 07-31-91 2 RAO SHOP-booth 531 1.4 GR
Pb-101 08-01-91 2 RAO SHOP-booth 509 2.0 GR
Pb-60 07-29-91 2 RAO SHOP-general 103 <0.1
Pb-73 07-30-91 2 RAO SHOP-general 550 0.3
Pb-94 07-31-91 2 RAO SHOP-general 529 0.5
Pb-105 08-01-91 2 RAO SHOP-general 507 0.7
Pb-55 07-29-91 2 RAO SHOp-onice 501 0.9
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AIR LEAD CONCENTRATIONS

File-AIRCON.

SAMPLE DATE SHOP JOB/AREA DURATION CONC NOTES SUBJECT, minutes uglm3

Pb-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-offlce 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 526 1.1
Pb-107 08-01-91 2 LUNCH AREA 545 1.1
Pb-58 07-29-91 2 OUTSIDE-lev exhaust 481 <0.1
Pb-69 07-30-91 2 OUTSIDE-lev exhaust 548 0.1
Pb-93 07-31-91 2 OUTSIDE-lev exhaust 526 0.2
Pb-106 08-01-91 2 OUTSIDE-lev exhaust 525 0.1
Pb-70 07-29-91 2 BACKGROUND 501 <0.1
Pb-67 07-30-91 2 BACKGROUND 549 <0.1
Pb-87 07-31-91 2 BACKGROUND 528 <0.1
Pb-98 08-01-91 2 BACKGROUND 525 <0.1
Pb-20 07-08-91 1 BACKGROUND 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 DP
Pb-145 08-19-91 3 RAD MECHANIC 404 3.4 DP
Pb-166 08-21-91 3 RAD MECHANIC 56 810.0 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 DP
Pb-172 08-21-91 3 RAD MECHANIC 54 13.5 DP
Pb-152 08-19-91 3 RAD MECHANIC 34 352.0 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 CC
Pb-169 08-21-91 3 RAD MECHANIC 15 104.0 S CC
Pb-168 08-21-91 3 RAD MECHANIC 62 <0.4 CC
Pb-159 08-21-91 3 RAD MECHANIC 118 309.0 CC
Pb-171 08-21-91 3 RAD MECHANIC 122 122.0 CC
Pb-139 08-19-91 3 RAD SHOP;lEIneral 463 0.7
Pb-153 08-20-91 3 RAD SHOP;lEIneral 472 0.6
Pb-161 08-21-91 3 RAD SHOP;lEIneral 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 RAe SHOP;lEIneral 459 16.8
Pb-143 08-20-91 3 RAD SHOP;lEIneral 484 3.0
Pb-158 08-21-91 3 RAe SHOP;lEIneral 469 95.6
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AIR lEAD CONCENTRATIONS

F1le.AIRCON.

SAMPLE DATE SHOP JOB/AREA DURATION CONC NOTES SUBJECT
/I minutes uglm3

Pb-142 08-19-91 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 467 <0.1

S-lOIdered entire sample duraUon
<- less than limit of detection (LOD)
All sample concentraUons 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 ug (Method 7105)(all samples analyzed by 7105)
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APPENDIX M Sample Results: Time-Weighted Average Exposures
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TIME-WEIGHTED AVERAGE (TWA) AIR LEAD EXPOSURES (uGlM3)

File. TWAEXP.

DATE SHOP JOB DURATION TWA TWA SUBJECT
(minutes) (over (8-hr)

duration)
07/08/91 1 RAD MECHANIC 449 2.8 2.6 ME
07/09/91 1 RAD MECHANIC 442 18.5 17.0 ME
07110191 1 RAD MECHANIC 440 3.5 3.2 ME
07111191 1 RAD MECHANIC 3n 5.4 4.2 ME
07108191 1 RAe MECHANIC 463 5.1 4.9 RJ
07109191 1 RAD MECHANIC 430 8.1 7.3 RJ
07/10191 1 RAD MECHANIC 451 4.6 4.3 RJ
07/11191 1 RAD MECHANIC 302 6.8 4.3 RJ
07/08191 1 RAD MECHANIC 430 7.8 6.9 GW
07/09/91 1 RAD MECHANIC 443 4.6 4.2 GW
07/10/91 1 RAD MECHANIC 434 8.0 7.2 GW
07/11/91 1 RAD MECHANIC 311 3.3 2.1 GW
07/29/91 2 RAD MECHANIC 214 4.9 2.2 OR
07/30/91 2 RAD MECHANIC 528 2.8 2.8 OR
07/31/91 2 RAD MECHANIC 461 1.3 1.3 OR
08101191 2 RAD MECHANIC 509 3.2 3.2 OR
07/30/91 2 RAD MECHANIC 522 5.9 5.9 GR
07131/91 2 RAD MECHANIC 388 7.1 5.8 GR
08101/91 2 RAD MECHANIC 513 5.1 5.1 GR
07/29191 2 RAD MECHANIC 475 1.8 1.8 RR
07/30191 2 RAD MECHANIC 522 2.1 2.1 RR
07/31191 2 RAD MECHANIC 412 1.6 1.4 RR
08101/91 2 RAD MECHANIC 413 1.0 0.9 RR
08/19/91 3 RAD MECHANIC 446 43.9 40.8 DP
08121191 3 RAD MECHANIC 245 307.0 157.0 DP
08119/91 3 RAD MECHANIC 34 352.0 24.9 CC
06120/91 3 RAD MECHANIC 367 11.7 9.0 CC
08/21191 3 RAO MECHANIC 248 180.0 92.7 CC

l' 43



APPENDIX N Sample Results: Surface Lead Concentrations
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SURFACE LEAD CONCENTRATIONS

Ale. PBWIPE.

SAMPLE DATE SHOP JOB/AREA AREA AMT CONC NOTES SUBJECT, FOUND
(cm2) (ug) (uglm2)

WS-51 07-0&-91 1 REPAIR TANK:edge 500 ' 25000 500000

WS-23 07-10-91 1 REPAIR TANK:edge 200 6279 314800

WS-12 07-10-91 1 REPAIR TANK:edge 80 72 9000

WS-35 01-08-91 1 SHOP OFFICE:desktop 225 24 1067

W8-40 07-08-91 1 SHOP OFFICE:doorknob 79 116 14171

WS-36 01-08-91 1 RAD SHOP:gloves 50 146 29200 Inside ME

WS-31 07-08-91 1 RESTROOM:tollet ftusher 19 25 13300

WS-38 07-08-91 1 LUNCHROOM:tabletop 625 6 96
~ WS-49 01-08-91 1 SHOP OFF:telephone 80 676 84500

..f:::>. WS-55 07-09-91 1 FORKLlFT:Sleering wheel 200 106 5300
U"l W8-41 01-09-91 1 RAD SHOP:telephone 80 136 17000

WS-22 07-09-91 1 RAD SHOP:tool handle 100 156 15600

WS-01 07-10-91 1 PERSONAL VEHICLE:armrest 300 39 1300 drlve,'s RJ

WS-25 07-10-91 1 PERSONAL VEHICLE:S8at 625 61 976 driver's GW

WS-93 07-11-91 1 PERSONAL VEHICLE:armrest 300 92 3066 driver's ME

WS-114 01-11-91 1 IND HYGIENIST:hands 820 456 5560 GP

Ws-47 01-09-91 1 RAD MECH:hands(@lunch) 820 1196 14585 prewash RJ

WS-G3 01-10-91 1 RAD MECH:hands(@lunch) 820 2596 31659 prewash RJ

WS-98 07-11-91 1 RAD MECH:hands(@lunch) 820 1096 13366 prewash RJ

WS-60 01-09-91 1 RAD MECH:hands(@lunch) 820 n6 9463 prewash ME

WS-15 07-10-91 1 RAD MECH:hands(@lunch) 820 496 6049 prewash ME

WS-103 07-11-91 1 RAD MECH:hands(@lunch) 820 n6 9463 prewash ME

WS-52 07-09-91 1 RAD MECH:hands(@lunch) 820 686 8366 prewash GW

WS-29 01-10-91 1 RAD MECH:hands(@lunch) 820 1196 14585 prewash GW



SURFACE LEAD CONCENTRATIONS

Ale. PBWIPE.

SAMPLE DATE SHOP JOB/AREA AREA AMT CONC NOTES SUBJECT, FOUND
(an2) (ug) (uglm2)

W8-91 07-11-91 1 RAD MECH:hands(@lunch) 820 878 10683 prewash GW

WS-53 07-08-91 1 RAD MECH:hands(@endshlft) 820 758 9220 prewash RJ

WS-59 07-09-91 1 RAD MECH:hands(@endshlft) 820 1096 13385 prewash RJ

W8-18 07-10-91 1 RAD MECH:hands(@endshlft) 820 3398 41415 prewash RJ

WS-2O 07-11-91 1 RAD MECH:hands(@endshlfl) 820 2498 30440 prewash RJ

W5-48 07-08-91 1 RAD MECH:hands(@endshlfl) 820 738 8975 prewash ME

WS-28 07-09-91 1 RAD MECH:hands(@endshlft) 820 488 5927 prewash ME

WS-l0 07-10-91 1 RAD MECH:hands(@endshlft) 820 516 6293 prewash ME
--... W8-11 07-11-91 1 RAD MECH:hands(Oendshlft) 820 436 5317 prewash ME
~ WS-32 07-08-91 1 RAD MECH:hands(@endshlft) 820 818 9950 prewash GW
a,

WS-04 07-09-91 1 RAD MECH:hands(@endshlft) 820 406 4950 prewash GW

W8-17 07-10-91 1 RAD MECH:hands(@endshlft) 820 716 8730 prewash GW

WS-09 07-11-91 1 RAD MECH:hands(@endshlft) 820 1196 14585 prewash GW

WS-37 07-08-91 1 RAD MECH:lorehead 25 17 207 RJ

WS-13 07-09-91 1 RAD MECH:lorehead 25 14 170 RJ

WS-28 07-10-91 1 RAD MECH:lorehead 25 5 60 RJ

WS-oe 07-11-91 1 RAD MECH:lorehead 25 4 49 RJ

WS-39 07-08-91 1 RAD MECH:lorehead 25 20 244 ME

WS-57 07-09-91 1 RAD MECH:'orehead 25 40 488 ME

WS-24 07-10-91 1 RAD MECH:'orehead 25 5 60 ME

WS-21 07-11-91 1 RAD MECH:lorehead 25 6 73 ME

WS-33 07-08-91 1 RAD MECH:'orehead 25 39 475 GW

WS-27 07-09-91 1 RAD MECH:'orehead 25 10 122 GW

WS-02 07-10-91 1 RAD MECH:'orehead 25 4 49 GW



SURFACE LEAD CONCENTRATIONS

File. PBWIPE.

SAMPLE DATE SHOP JOB/AREA AREA AMT CONC NOTES SUBJECT, FOUND
(cm2) (ug) (uglm2)

Ws-oa 07-11-91 1 RAD MECH:'orehead 25 4 49 GW

WS-92 07-29-91 2 RAD MECH:hands(@lunch) 820 130 1585 prewash RR

WS-180 07-30-91 2 RAD MECH:hands(@lunch) 820 53 648 prewash RR

W5-87 07-31-91 2 RAD MECH:hands(@lunch) 820 240 2927 prewash RR

WS-142 08-01-91 2 RAD MECH:hands(@lunch) 820 10 122 postwash RR

WS-94 07-29-91 2 RAD MECH:hands(@lunch) 820 330 4024 prewash SC

WS-157 07-30-91 2 RAD MECH:hands(@lunch) 820 330 4024 prewash SC

---.., WS-88 07-31-91 2 RAD MECH:hands(@llunch) 820 180 2195 prewash SC

~ WS-145 08-01-91 2 RAD MECH:hands(@lunch) 820 14 170 postwash SC

-...,l WS-101 07-29-91 2 RAD MECH:hands(@llunch) 820 210 2560 prewash DR

WS-155 07-30-91 2 RAD MECH:hands(@lunch) 820 460 5610 prewash DR

W5-82 07-31-91 2 RAD MECH:hands(@lunch) 820 200 2440 prewash DR

WS-121 08-01-91 2 RAD MECH:hands(@llunch) 820 34 415 postwash DR

WS-152 07-30-91 2 RAD MECH:hands(@lunch) 820 320 3900 prewash GR

WS-85 07-31-91 2 RAD MECH:hands(@lunch) 820 170 2075 prewash GR

WS-124 08-01-91 2 RAD MECH:hands(@llunch) 820 26 320 postwash GR

WS-110 07-29-91 2 RAD MECH:hands(@endshlft) 820 1100 13415 prewash RR

WS-75 07-30-91 2 RAD MECH:hands(@endshlft) 820 320 3900 prewash RR

WS-64 07-31-91 2 RAD MECH:hands(@endshlft) 820 870 8170 prewash RR

WS-148 08-01-91 2 RAD MECH:hands(@endshlh) 820 930 11340 prewash RR

WS-119 07-29-91 2 RAD MECH:hands(@endshlft) 820 34 414 postwash RR

ws-n 07-30-91 2 RAD MECH:hands(@endshlh) 820 21 258 postwash RR

WS-133 07-31-91 2 RAD MECH:hands(@endshlft) 820 28 341 postwash RR

WS-150 08-01-91 2 RAD MECH:hands(@endshlft) 820 13 180 postwash RR



SURFACE LEAD CONCENTRATIONS

File. PBWIPE.

SAMPLE DATE SHOP JOB/AREA AREA AMT CONC NOTES SUBJECT, FOUND
(cm2) (ug) (uglm2)

W8-120 07-29-91 2 RAD MECH:hands(@endshUt) 820 1500 18290 prewash SC

W8-67 07-30-91 2 RAD MECH:hands(@endshlh) 820 240 2930 prewash SC

WS-90 07-31-91 2 RAD MECH:hands(@endshUt) 820 530 6460 prewash SC

WS-123 08-01-91 2 RAD MECH:hands(@endshlh) 820 1800 21950 prewash SC

WS-76 07-30-91 2 RAD MECH:hands(@endshUt) 820 11 135 postwash SC

WS-139 07-31-91 2 RAD MECH:hands(@endshlh) 820 60 730 postwash SC

WS-122 08-01-91 2 RAD MECH:hands(@endshlh) 820 56 680 postwash SC

WS-100 07-29-91 2 RAD MECH:hands(@endshlh) 820 310 3780 prewash DR

WS-61 07-30-91 2 RAD MECH:hands(@endshlh) 820 780 9512 prewash DR
~ WS-72 07-31-91 2 RAD MECH:hands(@endshlh) 820 450 5488 prewash DR
~ W8-137 08-01-91 2 RAD MECH:hands(@endshlh) 820 720 8780 prewash DR
OJ

WS-108 07-29-91 2 RAD MECH:hands(@endshlh) 820 97 1183 postwash DR

WS-65 07-30-91 2 RAD MECH:hands(@endshlh) 820 110 1341 postwash DR

WS-141 07-31-91 2 RAD MECH:hands(@endshlh) 820 46 581 postwash DR

WS-148 08-01-91 2 RAD MECH:hands(@endshlh) 820 23 280 postwash DR

WS-70 07-30-91 2 RAD MECH:hands(@endshlh) 820 1000 12195 prewash GR

WS-88 07-31-91 2 RAD MECH:hands(@endshlh) 820 200 2440 prewash GR

WS-143 08-01-91 2 RAD MECH:hands(@endshlft) 820 1300 15853 prewash GR

WS-62 07-30-91 2 RAD MECH:hands(@endshlh) 820 13 159 postwash GR

WS-125 07-31-91 2 RAD MECH:hands(@endshlh) 820 8 978 postw8sh GR

WS-129 08-01-91 2 RAD MECH:hands(@endshlh) 820 20 2439 postw8sh GR

WS-106 07-29-91 2 RAD MECH:forehead 25 2 800 RR

WS-81 07-30-91 2 RAD MECH:forehead 25 4 1600 RR

WS-131 07-31-91 2 RAD MECH:foreh9sd 25 2 800 AR

,/' .



SURFACE LEAD CONCENTRATIONS

File. PBWIPE.

SAMPLE DATE SHOP JOB/AREA AREA AMT CONC NOTES SUBJECT, FOUND
(cm2) (ug) (uglm2)

WS-112 01-29-91 2 RAD MECH:'orehesd 25 4 1600 DR

WS-63 07-30-91 2 RAD MECH:lorehesd 25 12 4800 OR

WS-126 07-31-91 2 RAD MECH:lorehesd 25 4 1600 DR

WS-69 07-29-91 2 RAD MECH:lorehesd 25 10 4000 GR

WS-128 07-30-91 2 RAD MECH:lorehesd 25 15 6000 GR

WS-117 07-31-91 2 RAD SHOP:telephone 80 150 18750

WS-163 07-3(,-91 2 RESTROOM:lightswltch n 140 18180

'- WS-169 07-30-91 2 RESTROOM:tollet flusher 19 10 5263

~ WS-174 07-30-91 2 SHOP OFACE:telephone 80 31 3875

'-0 WS-171 07-30-91 2 SHOP OFFICE:desklop 100 4 410

WS-1n 07-30-91 2 RAD MECH:streetshoes 50 100 20000 top DR

WS-175 01-31-91 2 RAD MECH:slreelshoes 50 230 46000 lOP RR

WS-180 01-31-91 2 PERSONAL VEHICLE:l8sl 100 7 700 drlve,'s RR

WS-164 07-31-91 2 PERSONAL VEHIClE:armreS1 100 92 9200 driver's RR

WS-170 07-31-91 2 PERSONAL VEHIClE:floormat 100 960 96000 driver's RR

WS-178 07-31-91 2 PERSONAL VEHIClE:l8at 100 21 2100 passenge,'s RR

WS-161 07-31-91 2 PERSONAL VEHIClE:gaspadal 50 98 19600 RR

WS-165 07-31-91 2 PERSONAL VEHIClE:armreS1 100 190 19000 driver's DR

WS-172 07-31-91 2 PERSONAL VEHIClE:f1oormat 100 680 68000 driver's DR

WS-66 07-31-91 2 PERSONAL VEHIClE:gaspedal 50 340 68000 OR

WS-179 07-31-91 2 PERSONAL VEHIClE:dashboard 100 210 21000 DR

WS-19 07-31-91 2 SHOP VEHICLE:sleerlngwheel 200 410 20500

WS-84 07-31-91 2 SHOP VEHIClE:S8al 100 14 1400 driver's

WS-208 08-19-91 3 RAD MECH:hands(@endshlfl) 820 130 1583 prewash OP



SURFACE LEAD CONCENTRATIONS

File. PBWIPE.

SAMPLE DATE SHOP JOB/AREA AREA AMT CONC, FOUND
(cm2) (ug) (uglm2)

WS-190 08-21-91 3 RAD MECH:hands(@endshlft) 820 6400 78050
WS-194 08-21-91 3 RAD MECH:hands(@endshlft) 820 4200 51220
WS-188 08-19-91 3 LUNCHROOM:tabletop 50 4 800
WS-195 08-19-91 3 RESTROOM:'aucet 50 4 800
WS-21 0 08-19-91 3 SHOP OFF:desktop 75 7 933
WS-181 08-19-91 3 RAD SHOP:phone 80 61 7625
WS-202 08-21-91 3 RAD SHOP:doorknob 79 400 50633

All concentrations are corrected 'or field blanks a8 'ollows:
-e Shop 1: -4.0 ug (Method 7082); -0.2 ug (Method 7105)
Ul Shop 2: 0.0 ug (Method 7082); -0.1 ug (Me1hod 7105)
o Shop 3: -.19 ug (Method 7105)(all samples were analyzed by 7105)

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

NOTES SUBJECT

prewash DP
prewash CC



APPENDIX 0 NIOSH Recommended Respirators for Exposure to Lead
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NIOSH-recommended ....pl,.tory protection for worke,. exposed to
lnorglnlo leed

SO.5rn;Jmn
(10. PEI.~

S1.2S rn;Jm"
(25. PEl.)

$2.5 rn;Jm"
(SO. PEl.)

SSO rng/m"
(1,000 • PEL)

Afty alr·purlfylng re.plr.1or wI1h • hlgh..trldency

partie:uIaW -
Any powered, a1t~purifyl", rnplrator with a hl9h­

etrIcMncy panlcuta1e _, or

My ~aIr ,..pIra1Dr~ wtIh a hood or
"*"* and operated In • c:on1lnuoua.fto mode (for
exan'lf)le, type CE abrutw bla1Ing reaplralCn)

My aJr-pwttylng, tuI-I~ ,....., wtltI • hIgho
tIfIicIIency panIcuIaI8 ftIt8r, or

My~, u.purttytng ...... wtIh .1Igh1.ftt11ng
I~ and • h1gh-etrldency pc1IcUaSe on.

My~_~~ wtIh. haI-muIc
and opela1lldIn.~orOlMr~
....... rnOde

S100 rn;Jm3
(2,000 • PEl.)

Ptanned or emervencY
entry Into enYlronmenti con1aJnlng unknown
concentration. or concentr.tlon••bove
100 mwm" (2,000. PEL)

/Int .,..................Il.d ..... fUll-.
p6eoe and~ In •~ or oct.
~mode

My Mlf<Onlalned btN!Nno appard.Ia equipped wIII'l
• lui laceplece ancl.,a18d In a~ or
OCher~ mode. or

My -lIlplled4lr ,..... ..... wIIh • fUI lac.
p6eoe and opereled In • prill·n damand or oct.
polttlve·pr•••ure mOCl. In oombtnatlon wI1h an
auxIIIaIy ...-a.....,. tlr'eIlII'q ..,.,. opaidlld
1n.~orOCherpoa'Uw.......mode

My ...~ tnaIlIng appnIUI equipped wtIh
• full.c.pl.ClI and opIl8lecl1n.~ or
OCher~ modi

My aJr1Uf'Ylr'g, ruI-f~ ........ wtIh a high­
aftIcIency panIcuaalIe 1IIter, or

My~ ...,..,rype, ...<onIaIned tna1hIng
appataIU8

"Only NIOSH/MSHA·~~ IhclUtltle uucl.
'l... f\an or ._100.5 rn;Jm".
'UulIIple alb OSHA PEL lor~ JnduItrY.

Taken tram: NIOSH AJert: Preventing L.e8ding PoIIonIng In ConstructIon Workers)O

152



...50272AUiio.u:;;·-~101L... --.,. """"r" "T"""':"-----

REPORT DOCUMENTATION 11. REPORT NO. 2. 31 PB93-1S8Z09
PAGE ~ l,

I
)

4. Title and Subtitle An Assessment of Lead
Repair Shops

7. Author(s) Piacitelli, G. M.

Exposures in Three Radiator 5. Report Date
1992/06/10

8.

8. Performing Organization Rept. No.
IWSB-182-5

9. Performing Organization Name and Address Division of Surveillance,
Evaluations, and Field Studies, NIOSH, Cincinnati, Ohio

12. Sponsoring Organization Name and Address

15. Supplementary Notes_
(-- '-

Hazard to. ProlectfTasklWork Unit No.

11. Contract (C) or Grant(G) No.
(C)

(G)

13. Type of Report & Period Covered

14.

!'."-./'::-----------'-,--~------------------------------------------1
18.Abstract(L1mlt:200woid~)'):In an attempt to determine worker exposure to lead (7439921) in radiator
repair shops, area and personal sampling was performed at three locations in Cincinnati, Ohio.
Altogether, 129 air samples and 126 wipe samples were collected. The highest air
concentrations were near the repair stations where mechanics work with molten lead based
solder. Two shops used local. exhaust ventilation and had effectively controlled worker
exposure to airborne lead. Exposures in a third shop where there was no local ventilation
were frequently above the permissible exposure limit (S'O micrograms/cubic meter). Lead
contamination on work surfaces was as high as ,500,000 micrograms/,square meter. Lead was also
found in lunch areas, on the hands of workers before and after washing, on street shoes and
in personal vehicles. The author recommended steps to be taken to reduce this contamination
level, including the installation of an effective local exhaust ve.ntilation system, the
mandatory use of protective equipment, a strict adherence to personal and environmental
hygiene, an enforced prohibition of eating and smoking in all lead contaminated areas, the
implementation of routine environmental and medical monitoring programs, and training to
increase the awareness of the problems associated with using lead. ;-?_~'-"-~"-~ _

~, . - -

17. Document Analysis a. Descriptors

b. Identifiers/Open-Ended Terms NIOSH-Publication, NIOSH-Author, Heavy-metals, IWSB-182-5, Region-5,
NIOSH-Survey, Field-Study, Skin-exposure, Environmental-contamination, Metal-dusts,
Dust-inhalation, Automobile-repair-shops, Occupational-exposure

c. COSATI Field/Group
18. Availability Statement

(See ANSI-Z39.18)

19. Security Class (This Report)

22. Security Class (This Page)

See Instrucl/ops on Retlerse

21. No. of PagesC--=l
22. Price

OPTIONAL FORM 272(4-77)
(Formerly NTlS-35)
Department of Commerce




