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Abstract 

To evaluate the effectiveness of personal hygiene (handwashing) amongst 
workers at industrial sites to remove lead from their hands, a retrospective 
analysis of hand wipe samples was conducted using data collected by two 
contractors from two bridge painting projects for total lead using method 
ASTM E-1979-17/EPA SW846 7000B. Exposures resulted from the removal 
of lead-based paint from the structure and trace elements of lead found in the 
abrasive blast media. In total, six work tasks were evaluated and sixty unique 
hand wipe samples were evaluated. Thirty samples were collected during the 
worker’s lunch break, after they had reportedly washed their hands with a 
further 30 collected at the end of the workday following the same protocol. 
To be included in this evaluation, the contractors were required to follow 
NIOSH Method 9105 (Lead in Dust Wipes-Dermal Surfaces) with subse-
quent analysis of samples for total lead by an American Industrial Hygiene 
Association (AIHA) accredited laboratory. All 60 samples contained detecta-
ble lead. The lead exposures ranged from 19.5 µg to 3420 µg. The geometric 
mean for the samples collected was 337 µg. These results indicate that current 
personal hygiene practices at the evaluated sites are not effective at removing 
lead from worker’s hands during and after the workday. They also suggest 
that the residual lead measured on the workers’ hands, at the end of the shift, 
is likely contributing to the elevated blood lead levels in this population. 
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1. Introduction 

It has been 26 years since the passage of the OSHA lead in construction standard 
[1] intended to control both inhalation and ingestion exposures. Despite ad-
vances in engineering controls and work practices, elevated blood lead levels 
(BLLs > 25 µg/dl) persist among workers within the industrial painting sector 
[2]. Given the poor health outcomes associated with the uptake of lead in hu-
mans [3], it is vital to understand why many workers exposed to lead in the con-
struction industry have BLLs trending upwards [4] [5]. OSHA’s construction 
lead standard [1] requires the employment of control methods to reduce em-
ployee exposures to inorganic lead for the primary exposure pathways, inhala-
tion and ingestion. Unlike the inhalation route of exposure that is controlled by 
a legally enforceable Permissible Exposure Limit (PEL), there is no dermal load-
ing exposure limit provided by OSHA in the lead in construction standard [1] 
for managing ingestion exposures. As a result, very little is known about the in-
tensity of worker lead dermal loading and the effectiveness of handwashing to 
remove lead from a worker’s hands after exposure. Lead dermal loading presents 
a health risk because of the potential for worker ingestion due to hand-to-mouth 
transfer [6]. To minimize lead ingestion exposures, a contractor must institute a 
control measure. Handwashing with soap and water before a worker eats, drinks 
or smokes is the principal exposure control method for reducing lead ingestion 
exposure [1]. 

The literature related to assessments of the efficacy of personal hygiene 
(handwashing) for workers exposed to lead is sparse, most likely due to the lack 
of a regulatory emphasis on this route of exposure. Some researchers have 
measured the efficacy of work practice controls (personal protective equipment 
(PPE) & handwashing) and their impact on the elevated blood lead levels. For 
instance, Rodrigues et al. [7] and Askin & Volkmann [8] both found an associa-
tion between lead dermal loading on the hands of workers and elevated blood 
lead levels. Several studies have also provided evidence to support the proper use 
of PPE and basic personal hygiene practices in having a measurable impact upon 
the uptake of lead among workers [7] [9] [10]. There is also a growing body of 
evidence related to residual lead levels on the hands of workers after washing 
them at the conclusion of the workday [7] [8] [11] [12]. 

The purpose of this study is to evaluate the effectiveness of personal hygiene 
(handwashing) amongst workers at industrial sites to remove lead from their 
hands. The results of this study provide much-needed information on the effi-
cacy of handwashing as an exposure control measure that can help painting 
contractors refine their personal hygiene practices to minimize worker exposure. 

2. Methods 
2.1. Study Population 

Retrospective hand wipe data were obtained from two industrial painting con-
tractors who assessed lead worker exposure by collecting hand wipe samples 
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from workers engaged in short-term bridge painting projects for risk manage-
ment purposes. Both painting contractors had a work crew that consisted of 15 
workers. The tasks that each worker undertook are detailed within Table 4 of 
the results. The sources of lead exposure by job task are detailed in Table 1. 

Each contractor reported the existing coating that was removed by abrasive 
blasting contained lead in the dry paint film. Both contracting firms used a slag 
(coal) bulk abrasive blast media during each hand wipe exposure assessment; 
analyses of this media also indicated trace amounts of lead. 

2.2. Hand Wipe Sample Collection Method and Analysis 

The contractors used Lead WipeTM sampling media for the collection of the 
wipe samples. This sample media meets the ASTM E1792 requirements for col-
lection and subsequent analysis of lead wipe samples as required by the EPA 
[13]. The analytical laboratory (Environmental Hazards Services, LLC Rich-
mond, Virginia) provided the hand wipe sample media. The contractor’s repre-
sentative put on a clean pair of latex gloves before handling each sample to pre-
vent cross-contamination. Each wipe sample was placed into a pre-cleaned for 
metals (50ml) centrifuge tube with a locking cap. The contractor submitted field 
blanks to the laboratory to ensure the handling, storage or shipment of samples 
was not the lead source measured on the sample media. The contractors selected 
for this study were required to follow NIOSH Method 9105, Lead in Dust Wipes 
for Dermal Surfaces [14], to ensure similar accuracy and precision in the sample 
collection method. The industrial contractors obtained wipe samples of their 
employee’s hands after exposure to lead at mid shift (N = 30) before allowing 
employees to eat or drink, and at the conclusion of the workday (N = 30) result-
ing in 60 total hand wipe samples available for evaluation. Environmental Ha-
zards Services analyzed the hand wipe samples and the field blanks in accor-
dance with ASTM-E-1979/EPA SW846 7000B. 
 
Table 1. Work process and lead exposure by job task. 

Work Process Exposure by Job Task 

Work platform and 
containment tarpaulins installation 

Abrasive Blaster 

Abrasive Blasting Abrasive Blaster and Equipment Operator 

Inspection of the steel structure after the 
abrasive blasting and before painting operations 

Quality Control Inspector, Quality control 
Supervisor and Supervisor 

Vacuuming of spent abrasive 
during and after abrasive blasting 

Abrasive Blaster 

Painting and inspection of the 
paint system after it is applied 

Painter, Quality Control Inspector, Quality 
Control Supervisor and Supervisor 

Dismantling of containment and platform Abrasive Blaster 
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2.3. Exposure Measurement (Dermal Loading) 

Dermal loading for this evaluation is defined as the lead concentration measured 
on the total surface area of workers’ hands by a single ASTM E1792 hand wipe. 
Traditional industrial hygiene practice involves the evaluation of the workplace 
by obtaining field measurements and comparing the exposure concentrations to 
established occupational exposure limits (OELs). The exposure measurement is 
often compared to an American Industrial Hygiene Association (AIHA) rating 
guideline [15] to measure the efficacy of the controls in place. Measuring the ef-
fectiveness of handwashing as an exposure control is hampered by the lack of an 
established inorganic lead dermal OEL as a basis for comparison. To address this 
shortcoming, a modified dermal exposure screening approach was used to clas-
sify the lead dermal loading on worker’s hands, as illustrated below in Table 2 
[16]. The classification system consisted of three dermal loading exposure tiers 
(low, medium, high). The tiers of dermal loading do not represent safe or unsafe 
concentrations of lead; instead, they were used to assess how effective the control 
(handwashing) is at reducing lead from the workers’ hands. 

Adapted from Energy & Building Research Center (EBRC), Kuwait Institute 
for Scientific Research (August 2007). Human Health Risk Assessment Guidance 
for Metal: Fact Sheet No. 1. 

2.4. Handwashing Evaluation Decision Logic 

After the collection and analysis of the handwipe samples, the geometric mean 
lead exposure for each work classification was compared to the dermal loading 
tiers using the decision rules established below to assess the effectiveness of the 
contractor’s personal hygiene program and to determine what if any corrective 
action was necessary (Table 3). 

2.5. Data Analysis 

The data were analyzed by using the American Industrial Hygiene Association’s 
Multilingual IHSTAT + MS Excel application [17]. This application is used to 
compare the measured industrial hygiene exposure data to an OEL to properly 
characterize the exposure. However, as there is no OEL for lead dermal loading, 
the upper bound of the Tier 1 dermal loading classification (5 µg) was used to 
interpret the wipe sampling data. A Shapiro-Wilk test of the exposure data was 
conducted and found that the mid-shift and end-of-the shift data sets for all 
classifications were log-normally distributed. 
 
Table 2. Dermal loading (hands)—exposure tiers. 

Tier (µg Pb/hand wipe) Dermal Loading 

1 0 - 5 Low 

2 6 - 50 Medium 

3 >50 High 
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Table 3. Evaluation decision logic. 

Decision Rule Decision/Action 

1. If the geometric mean lead 
concentration is <6 µg/handwipe 

Conclude that the handwashing program is effective 
at reducing ingestion exposure. 
No further action is required. 

2. If the geometric mean lead 
concentration is ≥6 µg/handwipe 
and ≤50 µg/handwipe 

Conclude the handwashing program needs improvement. 
An evaluation of the program to see what steps can be 
taken to improve handwashing practices is necessary. 
Conduct training centered on effective handwashing 
practices for all affected employees. Follow up wipe 
sampling should be conducted after a training session 
has been held. 

3. If the geometric mean lead 
concentration is >50 µg/handwipe 

Conclude that the handwashing program is not effective at 
preventing lead exposures through the ingestion pathway. 
A thorough evaluation of the program is warranted to 
determine the root causes of the high dermal loading. 
Conduct training centered on effective handwashing 
practices for all affected employees. Follow up wipe sampling 
should be conducted after a training session has been held. 

 
The geometric mean for classifying dermal exposure loading was selected for 

two reasons: 1) the geometric mean is the most appropriate metric in this case 
for characterizing typical exposures levels [18]; and, 2) previous research on lead 
dermal loading evaluated by hand wipe sampling employed this same measure 
for assessing the effect of dermal exposure on internal dose [7].  

3. Results and Discussion 
3.1. Results 

In total, 30 workers were included in the study. Table 4 details the number of 
workers in each project, and the tasks they undertook, by project site. 

The geometric mean (GM) lead exposures and geometric standard deviations 
(GSD) for all work tasks evaluated by hand wipes are summarized below in Ta-
ble 5. There were elevated levels of lead measured on workers’ hands for every 
evaluated work task at the conclusion of the workday after handwashing. All 60 
hand wipe samples contained detectable lead. The concentration of lead meas-
ured on the worker’s hands for this study ranged from 19.5 µg to 3420 µg. There 
was no reportable lead measured in the wipe sample field blanks. For all work 
tasks combined, when comparing the geometric means, there was a 10% reduc-
tion of lead dermal (hand) loading from the mid-shift to the end of shift. The 
painters experienced the most intense lead exposure, but they also had the 
greatest reduction in lead levels between the mid-shift and the end of shift. 

Exposures were greater at the end of the shift in two of the six work groups 
evaluated. Inspectors had the largest differential at 4.9 times greater lead con-
centration at the end of shift dermal exposure compared with the mid-shift ex-
posure. 
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Table 4. Job tasks evaluated. 

Job Task Project 1 (n = 15) Project 2 (n = 15) 

Abrasive Blaster 8 9 

Painter 3 3 

Inspector/Paint Inspector 1 1 

Superintendent 1 1 

Equipment Operator Quality Control 1 0 

Supervisor 1 1 

 
Table 5. Dermal (hand) lead exposures. 

Dermal Exposure (ug/hand wipe) N = 60 

Work Tasks GM GSD Min Max Tier Samples 

All (Mid-Shift) 342.0 3.5 24.6 3420 3 30 

All (End-Shift 306.8 4.0 19.5 2400 3 30 

Abrasive Blasters (Mid-Shift) 363.0 2.5 51.5 2450 3 17 

Abrasive Blasters (End-Shift) 353.5 3.6 25.7 1570 3 17 

Painters (Mid-Shift) 900.1 3.0 164 3420 3 6 

Painters (End-Shift) 476.3 3.7 78 2400 3 6 

QC Supervisor (Mid Shift) 53.2 1.5 39.4 71.9 3 2 

QC Supervisor (End Shift) 21.4 1.1 19.5 23.4 2 2 

Inspector (Mid Shift) 37.0 1.8 24.6 55.7 2 2 

Inspector (End Shift) 183.6 4.3 65.2 517 3 2 

Superintendent (Mid Shift) 445.4 4.4 155 1280 3 2 

Superintendent (End Shift) 588.6 3.9 225 1540 3 2 

Equipment Operator (Mid Shift) - - - 771 - 1 

Equipment Operator (End Shift) -   308 - 1 

Note: GM = Geometric Mean, GSD = Geometric Standard Deviation. 

3.2. Discussion 

The current study sought to use hand wipe sampling data collected by contrac-
tors from two projects to evaluate lead levels on workers’ hands in the industrial 
painting sector after handwashing. Exposures evaluated in the all work tasks 
category were classified as Tier 3 for mid shift and the end of the shift. These 
exposure results represent the upper bound of dermal loading on worker’s hands 
suggesting that the evaluated hand washing programs are not effective at con-
trolling ingestion lead exposures. If this retrospective data is representative of 
the industrial painting industry, it is likely poor personal hygiene is contributing 
to the worker’s lead body burden, which in turn may explain why elevated blood 
lead levels have remained constant in the target population. The results of this 
study support the findings of many other researchers who also found residual 
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lead on workers’ hands after handwashing at the conclusion of the workday [7] 
[8] [11] [12]. Furthermore, the findings of this study support the need for im-
proved work practice controls to manage lead exposures. 

These results have several associated limitations. The lead removal efficacy of 
the hand wipe sampling method used in this study is unknown. Previous re-
search by Boeniger [19] found less than 76% collection efficiency for lead using 
four consecutive dermal wipes as the exposure assessment method. Worker ex-
posures are likely greater than what were measured during this sampling cam-
paign. Likewise, the lead removal efficacy of the soap used for worker hand-
washing during this study is also unknown. Esswein & Boeniger [20] found that 
standard soap and water does a poor job of removing lead from the skin. This is 
a plausible reason why residual lead has been found in several studies on work-
ers’ hands after handwashing. 

Another limitation of this study is the lead concentration in the paint and in 
the abrasive blasting media was not reported. Other work sites could have a 
higher lead concentration in the existing coating system and the abrasive blast 
media resulting in potential higher dermal loading.  

We used a non-parametric decision logic adapted from Hewett [21] for eva-
luating the contractor’s handwashing program, conservatively classifying expo-
sure measurements in tier 3 as representative of an ineffective exposure control 
and the tier 2 exposures as representative of an exposure control that needs im-
provement to account for the likely underestimation of exposure due to the poor 
collection efficiency associated with the dermal wipe sampling method. 

A hand dermal loading exposure limit would be useful to measure compliance 
with existing lead paint removal written program requirements and (indirectly) 
more effectively manage ingestion exposures. However, the probability that 
OSHA will develop an OEL for hand dermal loading for lead or any other chem-
ical agent is low due to toxicological quantification limitations [22]. 

Additional research is warranted based on these results. Active hand wipe 
sampling and observations of employer instituted work practice controls on a 
lead paint removal project with a tiered dermal loading exposure limit approach 
could provide many valuable insights into effective ways to reduce lead ingestion 
exposures. 

4. Conclusions 

The results of the current study indicate that residual lead dust remained on 
worker’s hands even after handwashing. This is troubling, as elevated dermal 
lead loading represents serious health consequences for the exposed employees. 
Contractors might seek to re-evaluate their personal protective equipment ha-
zard evaluation processes to include dermal loading as a significant risk factor 
for lead exposure and thus monitor and control ingestion exposure. 

These results will be useful in raising awareness in the industrial painting in-
dustry that personal hygiene practices, and broader practices which protect 
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against lead exposure, must be improved to prevent the uptake of lead during 
the removal of lead-based paint. 
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