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Worker Lead Exposures During Renovation 
of Homes with Lead-Based Paint 

Aaron Sussell, Janie Gittleman, and Mitchell Singal 

National Institute for Occupational Safety and Health, 4676 Columbia Parkway, Cincinnati, Ohio 45226 

~~~ ~ 

We evaluated lead exposures among full-time home renovators and 
par-time volunteers working primarily in pre-1960 homes with lead- 
based paint. Potentially hazardous lead exposures were measured 
during two tasks: exterior dry scraping and wet scraping. Maximum 
exposures were 120 and 63 pg/m3, respectively. Exposures during 
other tasks, including general repair, weatherization, exterior scrap- 
ing/painting (mostly applying new paint), window replacement, 
demolition, and plumbing, were low (range: 0.1 to 16 pg/m3), as 
were all 13 full-shift personal exposures [geometric mean (GM) = 3.6 
pg/m3; range: 0.2 to 12 pg/m3]. Blood lead levels for full-time 
workers ranged up to 17.5 pg/dl, with a GM of 5.2 pg/& the GM 
for volunteers was 3.2 pg/dl. All of the paint samples collected &om 
work surfaces had detectable amounts oflead (GM = 1.05%), with 65 
percent (32) of the work surfaces tested having an average lead con- 
centration of >0.5 percent. Paired sampling results indicate that 
chemical spot test kits, when used by industrial hygienists, are highly 
sensitive (100% positive) in screening for high levels (29%) of lead in 
painted work surfaces, and somewhat less so (88% positive) for lower 
lead levels (>0.5%). Mean paint lead concentrations were well cor- 
related with mean worker exposures during renovation, both by 
house (r = 0.875) and by work surface (r = 0.898). Average surface 
lead loadings measured on floors in homes undergoing renovation 
(2045 pg/ff) and in full-time workers’ vehicles (GM = 310 pg/ff) 
were potentially hazardous to young children. SWSEU, A.; GITUMAN, J.; 
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itle X of the Residential Lead-Based Paint Hazard Re- T duction Act of 1992 directed federal agencies to protect 
workers and occupants from lead hazards during lead abate- 
ment and renovation work in pre-1978 housing.(’) As a result, 
the Occupational Safety and Health Administration (OSHA) 
promulgated an interim lead standard in 1993 to increase the 
protection required for construction workers, especially those 
in very high risk jobs such as maintaining bridges and other 
steel structures, However, since little exposure monitoring for 
home renovators had been done, there was uncertainty about 
the lead hazards during home renovation. The management of 
a nonprofit organization requested a National Institute for 
Occupational Safety and Health (NIOSH) evaluation of 
worker lead exposures during home renovation in homes with 
lead-based paint (LBP). The organization provides home re- 
pair and weatherization services to low income homeowners 

in Cincinnati, Ohio, primarily in pre-1960 homes. At the time 
of the NIOSH study the organization had 95 full-time em- 
ployees, about 75 of whom were field personnel. The orga- 
nization also had a program in which community volunteers 
participated in two annual home repair events a few days per 
year. A home “paint-a-thon,” an event for repainting occu- 
pied homes with deteriorated exteriors, was included in this 
study. Figure 1 shows a typical activity which took place 
during this event: exterior dry scraping. The organization had 
a safety manager and provided training in safe work practices 
and lead hazards to its full-time employees; volunteers were 
not provided training. 

The primary purpose of the NIOSH study was to charac- 
terize worker lead exposures during home renovation in 
homes with LBP. Secondary objectives were to: (1) determine 
the concentrations of lead in painted surfaces, (2) evaluate the 
usefulness of chemical spot test kits for screening for lead in 
paint, (3) determine the correlation (if any) between paint lead 
concentrations and worker air lead exposures, and (4) deter- 
mine the potential for lead exposures among occupant and 
workers’ families from surface lead contamination. 

The field study was conducted in 1993 and 1994. The 
results of this study were initially presented in 1995 at the 
American Industrial Hygiene Conference and Exposition, 
Kansas City, Missouri, and at the Lead Tech ’95 Conference 
and Exhibition, Arlington, Virginia. 

Methods 
All of the home renovation tasks performed by the organiza- 
tion were initially reviewed and categorized with respect to the 
potential for worker lead exposure. Activities selected for 
environmental monitoring were those expected to have the 
highest potential for lead exposures due to dsturbance of 
lead-containing paint or plumbing. Figures 2 and 3 show 
selected activities, manual demolition and general repair, re- 
spectively. 

All employees, and volunteers who worked a few days in an 
annual paint-a-thon, were invited to participate in the evalu- 
ation. We observed work practices and measured the lead 
exposures of both full-time home renovators and part-time 
volunteers at 18 Cincinnati homes. A self-administered ques- 
tionnaire was used to collect information about the workers’ 
work histories, hygiene practices, and potential lead-related 
symptoms. Blood samples were collected for tests of blood lead 
level (BLL), zinc protoporphyrin, hemoglobin, hematocrit, 
erythrocyte count and indices, creatinine, urea nitrogen, and 
uric acid. Informed written consent was obtained from all 
participants. 

Personal breathing zone and area air samples, surface wipes, 
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FIGURE 1. Worker dry scraping exterior paint during home painting 
event. 

FIGURE 3. Workers repairing a painted porch floor. 

periods (range: 12 to 504 minutes) sometimes included on-site 
work breaks. Area air samples were located in areas represen- 
tative of the exposures of nearby workers and bystanders. Air 
samples were collected at the rate of 2.0 L/min with personal 
sampling pumps that had been calibrated immediately before 

and bulk paint chip samples were collected during renovation 
projects. The personal air monitoring included both full-shift 
and task-based sampling, with emphasis on the latter; sampling 

sampling.-Air samples were prepared and analyzed by NIOSH 
Method 7082 (flame atomic absorption spectrophotometry), 
and if no lead was detected, the samples were subsequently 
analyzed by NIOSH Method 7105 (graphite furnace atomic 
absorption spectrophotometry), which can detect quantities of 
lead about two orders of magnitude lower than Method 
7082.(2) When no lead was detected in an environmental 
sample, one half the respective limit of detection (LOD) was 
used to calculate a numerical value.(3) These estimated lead 
concentrations were used in the data analyses. 

Blood lead analyses were performed a t  the Centers for 
Disease Control and Prevention‘s National Center for Envi- 
ronmental Health by graphite furnace atomic absorption.(4) 
The other tests were done by a commercial laboratory. 

Paint chip samples were collected at 15 of the 18 homes 
evaluated. One to six samples per surface were collected by 
donning clean vinyl gloves and using a stainless steel paint 
scraper to remove approximately 2 X 2 cm of the paint layers 
to bare wood. The paint chip samples were stored in sealable 
plastic bags or glass vials. Samples were analyzed for percent 
lead by weight using NIOSH Method 7082, modified for 
microwave digestion of paint.(*) In cases where multiple paint 
chip samples were collected for a work surface, the mean value 
was used for data analyses. Field chemical spot tests for lead 
(Lead Checkm Swabs, HybriVet Systems, Inc., Natick, Mas- 
sachusetts) were performed on 41 painted surfaces immediately 
adjacent to the surfaces tiom which paint chip samples were 
collected. The participating NIOSH industrial hygienists were 
instructed to expose all paint layers on the substrates by making 
a V-shaped cut with a stainless steel knife before applying the 
spot test solution. 

Surface wipe samples were collected in renovated homes 
and in workers’ vehicles during renovation. Hard-surface 
floors and window wells were sampled in homes. Samples 
were collected &om the center of the driver’s side floor in 
vehicles owned by 20 full-time workers and 11 part-time 
volunteers. For ease of sampling, we used the wipe method for 

FIGURE 2. Workers manually demolishing a deteriorated plaster ceil- 
ing. 
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TABLE 1.  Task-Based Personal Air Sampling Results 

Task 

Lead 
Concentration 

(Ccg/m3) 

No. of Samples GM Range 
~~ ~~ 

Dry scraping (exterior) 
Wet scraping (exterior) 
Demolition 
Window replacement 
Plumbing 
OtheP 
General repair 
Scraping/painting (exterior) 
Weatherization 
Total 

~~ 

15 
7 
4 
8 
6 

11 
10 
9 
7 

77 

9.1 
6.7 
6.0 
5.6 
1.5 
0.4 
0.5 
0.4 
0.2 

~ ~~~ 

0.2-120 
0.7-63 
3.5-11 

2-16 
0.04411 
0.03*-2.7 
0.144.7 

0.04L14 
0.05L2.1 

*None detected results for which one half the LOD was used to calculate 
numerical values. 
BDrilling holes, power washing, sweeping, sawing boards. 

sampling all vehicle floor surfaces, including both carpets and 
rubber mats. We considered, but did not use, an alternative 
microvacuum method to sample dust on carpets. Recently the 
results of the two dust sampling methods have been found to 
be statistically ~orrelated.(~) Wipe samples were collected and 
analyzed according to NIOSH Method 9100.(2) All samples 
were collected with premoistened towelettes (Wash’n Dri@, 
Softsoap Enterprises, Inc., Chaksa, Minnesota), which have 
been found to be free of lead contamination and result in good 
analytical recoveries of lead dust.(6) Disposable sampling tem- 
plates cut from 8.5 X 11-inch plastic transparencies were used 
to define 10 X 10-cm surface areas for sampling; a new 
template was used for each sample. 

Results 
Results of 77 task-based personal air samples are summarized in 
Table 1. Potentially hazardous lead exposures were measured 
during exterior dry scraping and wet scraping of LBP, with 
maximum exposures of 120 and 63 pg/m3, respectively. The 
geometric means (GMs) for exposures during exterior dry and 

TABLE 2. Full-Shift Personal Air Sampling Results 

wet scraping tasks were low: 9.1 and 6.7 pg/m3. Exposures 
during all the other tasks, including general repair, weather- 
ization, exterior scraping/painting (mostly applying new 
paint), window replacement, demolition, and plumbing, were 
low (range: 0.03 to 16 pg/m3). Results for 13 full-shift (greater 
than 360 minutes) personal samples, which included break 
periods, initial setup, and cleanup, were low (GM = 3.2 
pg/m3; range: 0.05 to 12 pg/m3; see Table 2). Results for 37 
area air samples were lower than the corresponding personal 
sample results for each task (overall GM = 0.6; range: 0.1 to 25 
pg/m3); the highest was during exterior dry scraping of LBP. 

Sixty-eight (72%) of the full-time employees participated in 
the medical evaluation. On the basis of their questionnaire 
responses, we determined that 47 (63%) of the participants 
were field personnel. Fifty-three employees, 39 of whom were 
field personnel, had a blood lead test. Ten persons, all field 
personnel, had a BLL of 10 pg/dl or greater. This represents 19 
percent of all tested employees and 26 percent of the field 
personnel. Four employees (8% of all tested employees, 10% of 
field personnel) had BLLs of 15 pg/dl or greater; the highest 
was 17.5 pg/dl. GM BLL for all full-time workers tested was 
5.2 pg/&, of these employees, the GM was 6.3 pg/dl for field 
personnel and 2.7 pg/dl for ofice personnel. The distribution 
of BLLs indicates that the field workers had somewhat more 
lead exposure than the general U.S. adult population (<7% 
with BLLs 2 10 pg/dl, <2% with 2 15 pg/dl, and GM <4 
pg/dl),O but none of the BLLs exceeded any current occu- 
pational exposure criterion. Since none of the BLLs were in 
the range that would account for either symptoms or abnor- 
malities in the other blood tests, neither the results of those 
tests nor the questionnaires were analyzed for this report. 

Thirty-three paint-a-thon volunteers participated in the 
evaluation. We offered both preshift and postshift blood lead 
testing to the volunteers because we thought it was possible, 
since they were not provided respirators by the organization, 
that they could receive enough exposure to show an increase 
over the workday. Fourteen volunteers participated in both 
preshift and postshift testing, and six others who missed the 
preshift testing were tested during the shift. Cross-shift change 
in BLL ranged from a decrease of 3.5 pg/dl to an increase of 
5.3 pg/dl. The mean change was +0.4 pg/dl, which is not 

Job Title Primary Task Time (min) Lead Concentration (pg/m3) 

Volunteer 
Volunteer 
Repair technician 
Volunteer 
Volunteer 
Volunteer 
Generalist 2 
Volunteer 
Crew leader 
Installer 
Repair technician 
Volunteer 
Volunteer 

Wet scraping (exterior) 
Wet scraping (exterior) 
Demolition 
Scraping (exterior) 
Scraping/painting (exterior) 
Scraping (exterior) 
Demolition 
Scraping/painting (exterior) 
Demolition 
Weatherization 
Demolition 
Scraping (exterior) 
Wet scraping (exterior) 

504 
502 
465 
437 
417 
412 
41 1 
41 1 
409 
407 
390 
386 
361 

0.9 
3.3 
3.7 

10.0 
12.0 
1.5 

11.1 
4.3 
9.0 
0.05* 
3.5 
2.0 

12.0 

ANone detected result for which one half the LOD was used to calculate numerical value. 
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FIGURE 4. Spot test versus laboratory results for paint lead. 

significantly different from zero (t = 0.59, p > 0.5). The 
largest change was from 18.8 to 24.1 pg/dl. This occurred in 
a person whose current occupation (at the time of the survey) 
and history of volunteer work for the organization could not 
be ascertained from his questionnaire because of incomplete 
and contradictory information. The other 19 volunteers tested 
had BLLs (using the highest where there were two) that ranged 
from 1.6 to 13.7 pg/dl, with all but one being less than 10 
pg/dl. The GM BLL among the 20 volunteers (using the 
average value if there were both preshifi and postshifi results) 
was 3.2 pg/dl. Thus, although one volunteer had an elevated 
(by general population standards) BLL, the overall distribution 
of the volunteers’ BLLs was consistent with that of the general 
U.S. adult population, and there was no cross-shift pattern 
demonstrating substantial worksite exposure to lead. 

A total of 126 paint chip samples were collected fi-om 49 
painted work surfaces in 15 homes; all had detectable amounts 
of lead (GM = 1.05; range: 0.0022 to 58% lead). Sixty-five 
percent (32) of the work surfaces tested had an average lead 
concentration of 20.5 percent. Chemical spot tests on imme- 
diately adjacent areas were performed for 41 (84%) of these 
work surfaces; the results (positive or negative) are compared 
to the average paint lead concentrations obtained by laboratory 
analysis in Figure 4. Spot test results were 100 percent positive 
(22 of 22) for surfaces with 2 9  percent lead and 88 percent 
positive (30 of 34) for surfaces with >0.5% lead. One of seven 
samples with results <0.5 percent lead had a positive spot test 
result. Mean paint lead concentrations were well correlated 
with mean worker exposures by house (R2 = 0.766; see 
Figure 5) and by work surface (R2 = 0.794; see Figure 6). 

Results for wipe samples are presented in Table 3. Twelve 
surface dust samples, collected on floors in six homes during 
renovation, on average had high lead loadings (average for 
floor samples = 2045 pg/fi2),  and both window wells sampled 
had very high loadings (69,000 and 120,000 pg/fi2). Accord- 
ing to the criteria of the U.S. Department of Housing and 
Urban Development (HUD), these surface lead levels were a 
lead hazard to occupant children.(8) Young children were 
present in the homes undergoing renovation, but the number 

’O t 

0 10 20 30 40 50 
Mew Paint Pb (%) 

FIGURE 5. Correlation between surface and air lead for 15 houses. 

potentially exposed to surface lead contamination was not 
determined. Lead levels in full-time workers’ vehicles (aver- 
age = 310 pg/fi2) were higher than those in volunteers’ 
vehicles (average = 140 pg/fiz) ,  although the difference nar- 
rowly missed statistical significance (p = 0.06, Student’s t-test, 
one tail). 

Discussion 
This study indcated that workers renovating pre-1960 Cin- 
cinnati homes have a high risk of encountering LBP. The 
majority of the painted work surfaces measured had lead con- 
centrations greater than the federal definition of LBP (0.5% 
lead), and all of the work surfaces tested had detectable 
amounts of lead, a condition that triggers the requirements of 
the OSHA construction lead standard. These results are con- 
sistent with a HUD national survey, which found that 74 
percent of housing built before 1980 has LBP somewhere in 
the building.c9) 

% s o  
P - 
! 
n 
0 6 0  

1 4 0  

m 

0 
10 20 30 40 60 

Mean Paint Pb (%) 

FIGURE 6. Correlation between surface and air lead for ten work 
surfaces. 
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TABLE 3. Surface SamDlina Results for Vehicles and Homes 

Lead Concentration (pg/ft*) 
Surfaces Sampled No. of Samples Mean Range 

Floors in volunteers' vehicles 11 140 5L490 
Floors in workers' vehicles 20 310 4A-1900 
Floors in homesB 12 2045 14A-14,000 
Window wells in homesB 2 - 69,000-120,000 

ANone detected results for which one half the LOD was used to calculate numerical values. 
=Samples collected during renovation work. 

This study suggests that although the organizations' workers 
generally have low lead exposures during home renovation 
tasks, both exterior wet scraping (surfaces are misted with 
water during scraping) and dry scraping are potentially hazard- 
ous. The exterior paint scraping was performed only by part- 
time volunteers, so we could not determine if the 111-time 
workers would have had similar exposures for these tasks. 
However, a recent study found similar average exposures 
among workers performing exterior surface preparation activ- 
ities, and much higher exposures during interior surface prep- 
aration.('') After the results were obtained, we informed the 
organization that surface preparation work performed by vol- 
unteers was potentially hazardous and recommended that vol- 
unteers be provided training on lead hazards and proper hy- 
giene practices, as well as appropriate respirators and protective 
work coveralls. Based on this information, the management 
decided to discontinue home painting in their volunteer pro- 
gram. Lead exposures measured during other home renovation 
tasks, including sweeping debris, power washing, drilling, gen- 
eral repair, demolition, plumbing, and window replacement, 
were low, but the study size was inadequate to conclude that 
hazardous exposures could never occur during these tasks. 
Blood lead testing indicated some occupational lead exposure 
among full-time workers, but their BLLs were below current 
occupational exposure criteria. Prior to the study, we consid- 
ered the possibility that volunteers who were not ordmarily 
occupationally exposed to lead might receive sufficient expo- 
sure after only 1 day to show an increase in BLL. This, 
however, proved not to be the case; overall, their lead expo- 
sures were relatively low. (The reason for the relatively high 
preshift BLL in one volunteer was not determined.) 

Worker lead exposures in the group studied were mitigated 
by three factors: (1) all paint scraping was on building exteriors; 
(2) paint scraping was performed very infrequently; and (3) no 
abrasive power tools were used to remove LBP. In buildings 
with LBP, interior scraping and paint removal with abrasive 
power tools or heat guns generate substantial amounts of 
lead-containing dust.(' ',12) However, the worker exposures 
NIOSH has measured during lead abatement work are gener- 
ally similar to those measured for this group of home renova- 
tors.('2) 

Paint lead levels appeared to be correlated with worker lead 
exposures, both by house and by work surface. However, the 
results should be interpreted with caution. In contrast to the 
results here, two previous NIOSH studies of worker exposures 
during residential LBP abatement found only very weak cor- 
relations between paint lead concentrations and personal lead 
exposures.(l l,I2) In this study, the correlation may appear 

stronger than it really is because of the regression line being 
anchored by data points at the ends of the distribution. For 
example, the correlation coefficient (R2) for the data in Figure 
5 is 0.766; without the highest data point the coefficient drops 
to 0.241. In both cases (Figures 5 and 6), there are relatively 
few data points in the middle concentration ranges. 

This study showed that chemical spot test kits, when used by 
industrial hygienists, are highly sensitive in screening for high 
levels (29%) of lead in painted work surfaces. However, a 
previous NIOSH study found that potentially hazardous 
worker exposures can occur during paint scraping indoors 
even when average paint lead levels are less than 0.5 percent 
lead.(") NIOSH currently recommends quantitative labora- 
tory or field analysis for accurately determining lead concen- 
trations in paint. 

Average surface lead levels measured in homes undergoing 
renovation and in full-time workers' vehicles were potentially 
hazardous to young children. Lead contamination in the work- 
ers' vehicles may have resulted from ineffective hygiene prac- 
tices at the work sites. Contamination tracked into workers' 
cars or homes can pose a potential threat to workers' young 
children, as shown by a NIOSH study of New Jersey con- 
struction workers, which found that children of lead-exposed 
construction workers are more likely to have elevated BLLs 
than those of neighbor children.(13) 

Home renovation and remodeling can also put occupant 
children at risk for childhood lead poisoning.('4) Since this 
study did not determine if the surface lead levels in homes were 
preexisting or if they were caused by the ongoing renovation 
work, no conclusions can be drawn about the increased risk to 
occupant children during or following remodeling. Further 
study is needed to better assess the prevalence and degree of 
childhood lead exposure caused by renovation and remodeling 
work in homes with LBP. 

Recommendations 
The following recommendations were offered to assist the 
organization in protecting workers and occupants during ren- 
ovation in homes with LBP: 

1. 

2. 

Due to the relatively high prevalence of LBP in homes built 
before 1978, painted surfaces should be assumed to contain 
LBP unless quantitative analysis shows otherwise. 
To protect themselves, occupants, and their own families, 
renovators working in homes with LBP should follow the 
requirements and recommendations of OSHA, HUD, and 
the U.S. Environmental Protection Agency for safe work 
practices in residences with LBP, including (1) isolating 
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areas where work is performed from other areas of the 
house; (2) prohibiting occupants and bystanders from en- 
tering the work area; and (3) performing speciahzed daily 
and final cleanup of work areas and tools.(*J5) 

3. A high efficiency particulate air (HEPA) vacuum should be 
available for cleaning at all job sites where paint is disturbed. 
Additionally, for these jobs workers should be expected to 
wear disposable shoe covers which are left on site, or clean 
off their shoes before leaving the site using disposable wipes 
(baby wipes). Workers should be instructed to clean their 
personal vehicles regularly with HEPA vacuums. 

4. The organization should send some field personnel to state- 
certified training courses required for lead abatement work- 
ers and supervisors to learn about safe work practices for 
worker and occupant protection. 

5. The organization should provide additional training and 
protective measures to all volunteers who will be scraping 
paint, even though their exposures on average were rela- 
tively low. The volunteers should be provided appropriate 
respirators, coveralls, and a brief training session at the 
beginning of each day they volunteer. The training should 
include information about health effects of lead exposure, 
approved work practices, and hygiene practices to prevent 
ingestion or take-home of lead contamination. These pre- 
cautions should protect all volunteers, including pregnant 
and breastfeeding women. (After receiving our interim 
report and discussing the volunteers' exposures, the orga- 
nization decided to discontinue home painting by volun- 
teers.) 
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