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Case Studies -1 I 
Lead Contamination in Radiator Repair Shops 

Dawn Tharr, Column Editor 

Reported by Greg M. Piacitelli and exposure limit (PEL) of 50 pg/m3] have random selection and contacted to re- 
Carol Rice been reported in radiator  shop^.(^,^) quest information about solder usage, 

Evaluations by NIOSH from 1979 to repair volume, number of workers, and 
Introduction 1990 in radiator shops indicated that 68 engineering controls. Three shops 

During July to August 1991, the Na- 
tional Institute for Occupational Safety 
and Health (NIOSH) evaluated em- 
ployee exposures to lead in three radi- 
ator repair shops in the Cincinnati area. 
These surveys were prompted by 
previous reports which had described 
excessive lead poisoning in the radia- 
tor repair industry and suggested the 
need for more complete exposure in- 
formation. This study included mea- 
surements of airborne and surface lead 
concentrations in these shops to esti- 
mate the personal airborne lead expo- 
sures for eight radiator mechanics. The 
results of these investigations are re- 
ported below 

Background 

While lead poisoning is one of the 
oldest recognized occupational dis- 
eases, exposure to lead continues to 
occur in many industries. Recent stud- 
iessuggest that the use ofsolder forthe 
assembly and repair of automotive ra- 
diators is a common source of expo- 
sure to lead that has received little pub- 
lic recognition.@-3) 

There are an estimated 10,000 radia- 
tor repair shops in the United States, 
employing an average of four workers 
each.@) Exposure to inorganic lead 
during radiator repair is by the inha- 
lation of lead fumes and lead oxide 
dusts generated by soldering, burning, 
grinding, and brushing activities; acci- 
dental ingestion may also result from 
lead contamination of work surfaces, 
food, and a worker’s hands, face, and 
clothing. Airborne lead (PbA) levels as 
high as 500 pg/m3[lO times greater than 
the Occupational Safety and Health 
Administration (OSHA) permissible 

percent of the workers sampled had 
airborne lead exposures exceeding 
the OSHA standard.@ Past studies also 
indicate that blood lead levels (BLLs) of 
shop employees are substantial. For ex- 
ample, among 56 radiator repair me- 
chanics in the Boston area, 80 percent 
had BLLs greater than 30 pg/dL, and 16 
percent had BLLs greater than 50 pg/ 
dL.@ OSHA requires that any worker 
with a BLL exceeding 60 pg/dL or an 
average (ofthree tests) BLLgreater than 
50 pg/dL be removed from lead ex- 
posure until the BLL drops below 40 

Inhalation is considered the major 
route of entry of lead in the work envi- 
ronment; therefore, measurement of 
airborne lead concentrations is the pri- 
mary procedure for assessing worker 
exposures and employer compliance 
with the OSHAPEL. However, some re- 
searchers have also recognized that 
surface contamination and poor per- 
sonal hygiene habits of industrial 
workers can contribute to lead ex- 
posure through unintentional ingest- 
i0n.V-9) Contaminated food, tobacco 
products, skin, and clothing may be po- 
tential contributors of lead absorption 
through ingestion. While the OSHA 
Lead StandardC6) includes adminis- 
trative and work practice controls in- 
tended to reduce lead uptake by inges- 
tion, the measurement and evaluation 
of the potential sources of ingestion 
or dermal contact from work surfaces 
and personal contamination generally 
have been ignored. 

Study Design 
Twenty of the 40 radiator repair 

companies listed in a 1991 Cincinnati 
telephone directory were chosen by 

pg/dL. 

were then selected for field surveys 
based on the following criteria: highest 
estimated work volume; greatest num- 
ber of full-time repair mechanics; and 
level of engineering controls. 

Of the three shops surveyed, only 
Shop C could be described as “small, 
dirty and poorly ventilated,” a descrip- 
tion previously used to characterize 
many radiator shops in other stud- 
ies.m The other two shops were 
spacious, clean, and orderly with effec- 
tive and well-maintained ventilation 
systems. Shop C, the newest of the 
three shops, was 4 years old, whereas 
the other two shops were at least 12 
years old. 

During the study the average num- 
ber of radiators repaired daily ranged 
from 5 to 15 in the three shopsselected. 
Shops Aand B each employed two full- 
time and one part-time radiator me- 
chanics while Shop C employed two 
full-time mechanics. The three repair 
stations at Shop A were equipped with 
local exhaust ventilation (LEV) con- 
sisting of a canopy-shaped exhaust 
hood connected to a flexible duct and 
a ceiling-mounted exhaust blower. In 
addition, an electronic precipitator was 
positioned above two of the repair sta- 
tions. Two of the three repair stations 
at Shop B were equipped with LEV 
consisting of a nonflanged hood con- 
nected to a flexible duct and exhaust 
blower; a wall fan was positioned be- 
tween these stations. The third station 
at Shop B was a ventilated enclosure, 
resembling a laboratory hood, with a 
wall-mounted propeller fan at the top 
of the enclosure. There was no LEV 
system used at Shop C; a single wall fan 
was located 15 feet opposite from the 
two repair stations and a ceiling. 
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mountedexhaust fan was 10 feet above 
each station. 

Employee BLLs in Shop A ranged 
from 24 to 35 pg/dL and from 17 to 23 
pg/dL in Shop B when last tested in 
1990. Employee bloodlead testing had 
never been conducted in Shop C. None 
of the radiator shop operators had ever 
monitored employee exposures to air- 
borne lead. While all three company 
owners stated that they were aware of 
the OSHA Lead Standard, none knew 
of its specific requirements or had a 
copy available. 

Evaluation Methods 

Surveys lasting 4 days each were 
conducted at Shops A and B, while 
sampling was stopped after only3 days 
at Shop C due to lack of repair activity; 
all three shops operated only one shift 
per day All eight radiator mechanics 
from these three shops agreed to wear 
air samplersand toallow skin and facial 
wipe sampling. 

Personal breathing zone and area air 
samples for lead were collected follow- 
ing NIOSH Sampling and Analytical 
Method 7105 (flameless atomic ab- 
sorption spectroscopy). Wipe samples 
were collected using a commercial 
“wet-wipe” (Wash-a-Bye Babym Moist 
Towelettes) and analyzed by Method 
7105. 

Results and Discussion 

Air Sampling 

A total of 129 air samples were col- 
lected and analyzed for PbA. Ninety 
percent of the individual sample con- 
centrations were below 20 pg/m3; 
however, the remaining 10 percent 
were at or above 94 ,ugh?. The LEV 
systems used in Shops A and B were ef- 
fective in controlling PbA concentra- 
tions; the highest concentration mea- 
sured during a brief period of continu- 
ous soldering (a worse-case situation) 
was only 7.1 p g / d .  However, the re- 
sults were considerably different at 
Shop C, where no LEV was used. The 13 
personal samples in this shop averaged 
209 p g / d ;  a maximum value of 810 
p g / d  was measured for a %minute 
sample worn while tearing down and 
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resoldering a single radiator. 
Similarly all but one of the &hour 

time-weighted average (TW&) per- 
sonal exposures in Shops Aand B were 
below 10 p g / d  (the other was 17 pg/ 
d). The five exposures measured at 
Shop C all exceeded the Action Level 
(AL) of 40 pg/m3, with two also greater 
than the PEL. 

All three surveys of radiator shops 
described in this report were con- 

ducted in summer months during hot 
weather when radiator repair activity 
was near peak levels compared to the 
rest of the year and when doors and 
windows are commonly left open, ac- 
cording to shop personnel. Therefore, 
while the results reported here may be 
considered to represent worst-case ex- 
posures, this should be confirmed by 
winter surveys when repair volume is 
generally about 25 percent of that seen 
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during the summer but when the 
buildings are not as open. 

Two primary factors are probablyre- 
sponsible for the major differences in 
air lead concentrations between Shop 
C and the other shops surveyed. First, 
only the radiator mechanics at Shop C 
routinely 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 also shortened the distance be- 
tween the worker’s breathing zone 
(where the sampler was worn) and the 
radiator as he leaned over while brush- 
ing. 

Second, the lack of effective engi- 
neering controls in Shop C certainly 
contributed to excessive PbA expo- 
sures. The use of a single wall-mounted 
and two roofmounted propeller fans 
was ineffective in reducing breathing 
zone lead exposures below the PEL. On 
the other hand, local exhaust ventila- 
tion at Shops A and B, where face ve- 

locities of at least 100 fpm were main- 
tained, was found to effectively con- 
trol PbA exposures to well below the 
PEL. The adjustable-arm, flexible duct 
hoods in these shops were large 
enough that the mechanic did not have 
to constantly reposition the hood as he 
workedonaradiator, and yet theywere 
easily movable when necessary This 
ergonomic consideration may be im- 
portant in predicting how frequently 
the worker will use the exhaust hood 
and, therefore, how effectively expo- 
sures are controlled. 

Wipe Sampling 

A total of 126 samples were collected 
to assess surface lead (PbS) contamina- 
tion on surfaces likely to be contacted 
by workers. Of these samples, 29 per- 
cent were greater than 10,000 pg/m2. 
While wipe sampling may be consid- 
ered only semiquantitative, these re- 
sults do indicate the presence and rela- 

tive magnitude of lead on sampled sur- 
faces. The highest PbS concentrations 
were generally found in the immediate 
area where radiators were being torn 
down and resoldered (maximum value 
over 500,000 pg/m2). This finding is not 
unexpected because these activities 
are the primary sources of lead con- 
tamination at the radiator shops. Less 
expected was the lead contamination 
found to be pervasive throughout the 
rest of the shop, especially the shop of- 
fice (up to 84,500 pg/m2). Furthermore, 
lead was not confined to work sur- 
faces, as indicated by the levels found 
in the cars of workers (96,000 pg/m2 
maximum) and on mechanics’ un- 
washed hands (78,050 pg/m2) and fore- 
heads (6,000 pg/m2). These findings 
are particularly disturbing since lead 
was found in areas where workers fre- 
quently 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, possibly result- 
ing in their ingestion of lead. 

Washing with liquid detergent and 
water was effective in removing lead 
from workers’ hands, with a significant 
difference (p < .05) between PbS aver- 
age concentrations before (6788 pg/ 
m2) and after (593 pg/m2) washing. In- 
terestingly a concentration of 2439 pg/ 
m2 was found on one worker’s hands 
after washing. This suggests that per- 
sonal hygiene is highly variable and 
may be difficult to control. 

Presently there are no federal cri- 
teria for surface contamination in oc- 
cupational environments. The U.S. 
Department of Housing and Urban De- 
velopment (HUD) recommends the 
following limits for surface contamina- 
tion in residential housing following 
removal of lead-based paint 200 pg/ft2 
(2160 pg/m2) on floors; 500 pg/ft2 (5400 
pg/m2) on window sills; and 800 pg/ft2 
(8640 pg/m2) in window wells.(3) These 
guidelines were established with the 
goal of preventing lead poisoning in 
housing occupants, especially young 
children. In the residential environ- 
ment, the length of exposure, the po- 
tential for contact with surface con- 
tamination, and the frequency of 
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hand-to-mouth contact is generally 
considered to be much greater than in 
the occupational environment. There- 
fore, direct comparison between our 
results and the HUD levels may not be 
pertinent but should provide some ref- 
erence for assessing the degree of lead 
contamination. In this context, 64 per- 
cent of the wipe samples were less 
than the least conservative HUD 
guideline (8,640 p g / d )  and only 37 
percent were less than the most strin- 
gent limit (2,160 pg/d). 

Conclusions 

This study helps to emphasize sev- 
eral important public health issues. 
First, radiator repair work needs to 
be recognized, particularly by shop 
owners, employees, and health per- 
sonnel, as associated with an increased 
risk of lead poisoning. Educating 
workers and controlling sources of 
lead exposure should be a high priority 
in this industry, considering the toxic- 
ity of lead, the potential magnitude of 
exposures, and the potential to carry 
exposures away from the workplace. 

Second, this study illustrates the 
dilemma of small businesses concern- 
ing health and safety conditions. Fre- 
quently, owners may be poorly in- 
formed about hazardous conditions in 
their shops, the applicable health and 
safety regulations, and the methods to 
control workplace exposures. Even if 
they are aware of conditions and re- 
quirements, they may lack the informa- 
tion and resources to implement the 
regulations or correct problems. In- 
dustry associations and government 
agencies should focus on disseminat- 
ing practical information concerning 
lead usage and hazards in trade jour- 
nals, newsletters, and product litera- 
ture. 

Third, ingested lead has received 
minor attention, compared to inhaled 
lead, as a major contributer to lead ab- 
sorption. However, the results from 
this survey indicate that hand, facial, 
and work surface lead contamination 
may be significant sources which po- 
tentially contribute to ingestion of lead 
by radiator mechanics. Further, radia- 
tor repair work also presents a poten- 
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tial risk of lead poisoning to the fami- 
lies of mechanics, as illustrated by the 
high levels of lead carried home on 
skin and clothing and in automobiles. 

Since inhalation has been consid- 
ered the primary route of lead entry by 
most occupational health agencies, 
most requirements for personal and 
environmental hygiene are predicated 
on PbA levels, with relatively minor 
consideration of PbS contamination. 
For example, OSHA recognizes wipe 
sampling results as useful in identify- 
ing lead-contaminated areas but has 
not yet established specific criteria for 
surface dust levels that can be used for 
determining the need for any correc- 
tive action. The resultsfrom thissurvey 
emphasize the need for routine wipe 
sampling and for pertinent compari- 
son criteria that can be used to assess 
the need for specific actions directed 
to personal, occupational, and envi- 
ronmental hygiene. 
. These survey results are similar to 

those found in other studies of radiator 
shops and confirm the potential for ex- 
cessive lead exposures of radiator me- 
chanics as well as the success of local 
ventilation in reducing exposures. Re- 
cent research by the NIOSH Division of 
Physical Sciences and Engineering has 
resulted in the design of affordable 
(less than $1000) and effective ventila- 
tion control systems that could be used 
in all radiator shops, including those 
where limited resources preclude pur- 
chasing expensive, elaborate engi- 
neering controls@ Other actions rec- 
ommended to eliminate exposures to 
lead include: the mandatory use of 
protective equipment, such as respira- 
tors (until exposures are below the 
PEL) and gloves and uniforms which 
are replaced or cleaned daily; a strict 
adherence to personal and environ- 
mental hygiene; an enforced restric- 
tion on eating and smoking in all lead- 
contaminated areas; the implementa- 
tion of routine environmental and 
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medical monitoring programs; and 
training to increase the awareness of 
the problems associated with lead use. 

References 

1. Lussenhop, D.; Parker D.L.; Barklind, A.; 
McJilton, C.: Lead Exposure and Radiator 
Repair Work. Am. J. Pub. Health 79:1558- 
1560 (1989). 

2. Goldman, R.H.; Baker, E.L.; Hannan, M.; 
Kamerow, D.B.: Lead Poisoning in Auto- 
mobile Radiator Mechanics. N. Engl. J. 
Med. 317:214-218 (1987). 

3. Centers for Disease Control: Control of Ex- 
cessive Lead Exposure in Radiator Repair 
Workers. Morbidity and Mortality Weekly 
Report 40:139-141 (1991). 

4. Goldfield, J.; Sheehy, J.W.; Gunter, B.J.; 
Daniels, W.J.: Cost-Effective Radiator Re- 

DON’T WAIT - ORDER TODAY 

Call 1-800-348-8882 
VISA, MC, Po’s. Prepay 

$8.00 s/h - $16.00 international 
Specify disk size 

MA residents add %5 tax 

................ 

Datachem 
181 Ruggles Street 

OMPJIER SVSTEM R E Q J  REMEhTS PC/XI/AT PS2 or IM)% compafiDi< 
2mpJter runnng DOS 3 3 or higner w rh 512k ram. a monitor ana < 
x a  ar ve w rh at easr  2 4 megaoytes free Solnuare comes n eitne 
25’ or 3 5’ asks wdh a ,set manual ana can oe operarea w In c 

pair Ventilation Control. Appl. Occup. En- 
viron. Hyg. 6959-965 (1991). 

5. Gunter, B.J.; Payor, P.D.: Health Hazard 
Evaluation Report No. HETA 80-089-723, 
Denver Radiator and Shutter Service, 
Denver, CO. NTIS Pub. No. PB-81-171-100. 
National Technical Information Service, 
Springfield, VA (1980). 

6. U.S. Department of Labor, Occupational 
Safety and Health Administration: 29 CFR 
Part 1910.102, Occupational Exposure to 
Lead; Final Standard. USDL/OSHA, Wash- 
ington, DC (1978). 

7. Chavalitnitikul, C.; Levin, L.: A Laboratory 
Evaluation of Wipe Testing Based on Lead 
Oxide Surface Contamination. Am. Ind. 

8. Chavalitnitikul, C.; Levin, L.; Chen, L.C.: 
Study and Models of Total Lead Exposures 
of Battery Workers. Am. Ind. Hyg. Assoc. J. 
45:802-808 (1984). 

Hyg. ASSOC. J .  45:802-808 (1984). 

9. Que Hee, S.S.; Peace, B.; Clark, C.S.; et al.: 
Evolution of Efficient Methods to Sample 
Lead Sources, Such as House Dust and 
Hand Dust, in the Homes of Children. En- 
viron. Res. 38:77-95 (1985). 

EditorialNote: Greg Piacitelli is with 
the Industrywide Studies Branch of 
NIOSH, and Carol Rice is with the 
University of C i nc inna t i Medical 
Center. More detailed information 
on this study is contained in IWSB 
Report 1 8 2 . 5 ,  available through 
Mr. Piacitelli, NIOSH, Industrywide 
Studies Branch, Mail Stop R14,4676 
Clumbia Parkway, Cincinnati, OH 
45226. 

438 APPL. OCCUP. ENVIRON HYG. 8(5) MAY 1993 


