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DDESPITE EFFORTS TO CREATE SAFER and healthier workplaces, 
construction workers in the U.S. still experience a noticeably 
high rate of fatal and nonfatal injuries and illnesses. The 
construction industry has experienced a fatality rate of 10.2 
per 100,000 full-time employees, approximately three times 
higher than all other industries’ average (CPWR, 2018). These 
fatalities are, to a large extent, attributed to acute safety inci-
dents or exposure to hazardous substances and materials on 
construction jobsites. However, approximately 95,000 workers 
died in 2017 from chronic occupational diseases (AFL-CIO, 
2019), and up to 50% of occupational cancer deaths are at-
tributed to exposures in the construction industry (Hutchings 
& Rushton, 2012). National Occupational Research Agenda 
(NORA) Construction Sector Council (2018) has identified 
silica, welding fumes, noise and lead as research priorities in 
the construction industry.

Silica causes a number of chronic illnesses and fatalities 
among construction workers. OSHA (2019) reported that about 
two million construction workers are exposed to hazardous lev-
els of silica dust every year. OSHA promulgated a comprehen-
sive silica standard in 2016 in an effort to reduce construction 
worker exposure to hazardous levels of silica dust. 

Lead is a persistent health hazard in construction. To reduce 
construction worker exposure to lead, OSHA released a com-
prehensive standard in 1993. However, NIOSH has reported 
that about 32 of 100,000 construction workers still have elevat-
ed levels of lead in their blood, defined as 10 μg/dL or higher 
(CPWR, 2018). This concerning fact calls for more robust pre-
ventive solutions. 

Noise and welding fumes are also responsible for a sig-
nificant number of work-related injuries and illnesses in 

the construction industry. CDC (2015) reports that about 
20% of construction workers complain about some level of 
hearing loss. The only industry with a higher prevalence of 
hearing loss is mining (CPWR, 2018). Based on a report by 
National Center for O*NET Development (2015), about 52% 
of welders are also exposed to hazardous conditions caused 
by welding fumes at work.

Without conducting personal exposure monitoring, deter-
mining worker exposure to airborne hazards and noise is diffi-
cult, and construction employers will have little information on 
how to effectively control health hazards. Engineering controls 
are one of the most effective means of reducing worker expo-
sures to these hazards. However, the variability of construction 
tasks and the dynamic nature of construction work sites can 
complicate the process of selecting and implementing the most 
appropriate engineering controls at the outset of a project. As 
a potential solution, a database of exposure measurements 
associated with specific variables such as task, material and 
available controls has been suggested as the basis for reasonable 
working assumptions to implement protective procedures (Susi 
& Schneider, 1995). Despite its importance, the construction 
industry has lacked such a system for many years. 

Construction safety and health scholars have developed large 
exposure data sets for selected hazards over the past 20 years, 
but these data sets are mainly for the purpose of statistical and 
epidemiological analyses (Beaudry, Lavoué, Sauvé, et al., 2013; 
Burstyn, Kromhout, Cruise, et al., 2000; Lehnert, Hoffmeyer, 
Gawrych, et al., 2015). These data sets are of limited utility to 
construction practitioners, as the data are either not readily 
available, limited to one hazard, or in a format that is difficult 
and time-consuming to interpret and apply. In response to 
these limitations, some groups have developed databases to 
make their data more accessible by incorporating search inter-
faces. Nonetheless, reducing usage of such databases has been 
limited to either specific workplaces or geographic regions, 
designated as member-only, or restricted by a paywall (Con-
struction Employers Association, 2016; Ng & Davies, 2016; Van 
Dyke, LaMontagne, Martyny, et al., 2001). 

These factors highlight the need for a more comprehensive, 
intuitive and publicly available system to estimate the probable 
exposure levels to common health hazards so practitioners can 
select and use the most effective measures to protect workers. 
Benefits of such a system would be significant for small and 
mid-sized contractors that have limited resources for employ-
ing full-time safety and health personnel. Approximately 91% 
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of all construction employers in the U.S. employ fewer than 20 
workers, but experience fatalities at a disproportionately high 
rate (CPWR, 2018). To bridge this gap, CPWR—The Center for 
Construction Research and Training developed the Exposure 
Control Database (ECD) for four priority health hazards: silica, 
welding fumes, noise and lead. This article describes the ECD’s 
development, functionality and utility. 

Background
Several exposure databases have been developed in response 

to the construction industry’s need for health hazard character-
ization. These databases aim to help prac-
titioners select and implement effective 
protections for workers. 

CPWR developed a database that 
contains exposure measurements from 
welding operations and uses major cat-
egories of variables including project 
type, trade, process, materials, task 
and environment to characterize ex-
posure (Susi, Goldberg, Barnes, et al., 
2000). It was developed based on the 
task-based exposure assessment model 
(T-BEAM), which emphasizes task as 
a key predictor of exposure in the con-
struction industry (Susi & Schneider, 
1995). Following a similar approach, 
other scholars developed exposure da-
tabases for additional hazards in the 
construction industry. For example, 
Flanagan, Seixas, Becker, et al. (2006), 
created a database for silica using mul-
tiple data sources including CPWR, regulatory agencies, 
universities and the private sector. Scarselli, Corfiati and 
Di Marzio (2016) analyzed hexavalent chromium data from 
the Italian Information System on Occupational Exposure 
to Carcinogens (SIREP), a database populated by employ-
er exposure data reported to the Italian national workers’ 
compensation authority. Beaudry, et al. (2013), developed a 
database of silica exposures, which was the first to provide 
broad public access. However, none of these databases are 
equipped with a mechanism to enable users to search or fil-
ter data for a given working condition. This may limit their 
utility for contractors or practitioners who want to char-
acterize specific work environments for the purpose of se-

lecting the most effective respirator or engineering control. 
This issue has been addressed in recent years by incorpo-
rating features into the databases that enable users to sort 
and filter measurements by task, tool and other relevant 
determinants of exposure. Unfortunately, these systems are 
only available to policyholders or members (Construction 
Employers Association, 2016; Ng & Davies, 2016). 

Although all of the aforementioned databases have limita-
tions to use and availability, they have laid the foundation for 
building a more comprehensive system.

Methods
Industry Advisory Group 

An industry advisory group was con-
vened to review the structure, design 
and functionality of the ECD at various 
development stages and provide feedback 
through an iterative process. This advi-
sory group, known as the Engineering 
Controls Workgroup, comprises 25 sub-
ject-matter experts in industrial hygiene, 
safety and engineering. It was originally 
established in 1993 by NIOSH and CPWR 
to identify, implement and evaluate engi-
neering controls in construction. 

Exposure Predictors 
In existing occupational exposure da-

tabases, measurements are most useful 
when accompanied by a set of predic-
tors of exposure (Beaudry, et al., 2013; 
Swuste & Hale, 1994). To determine 

the most relevant predictors for the hazards in the ECD, 
three steps were taken: 1) a literature review; 2) a balloting 
process; and 3) an iterative review process by the advisory 
group. A literature review was performed for each hazard, 
which identified a preliminary list of predictors. Advisory 
group members ranked the importance of these predictors 
through a balloting process. Three face-to-face meetings and 
two conference calls were held with the panel to finalize pre-
dictors for each hazard: 

•silica: task, tool/equipment, material, control method, envi-
ronment and project type;

•welding fumes: type of hot work, consumable (if applicable), 
base metal, control method and environment;

N
ach to Estimating Exposure

These factors highlight 
the need for a more 

comprehensive, intuitive 
and publicly available 
system to estimate 

the probable exposure 
levels to common health 
hazards so practitioners 
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•noise: tool, manufacturer, model, material and task duration;
•lead: task, tool, environment, project type and control method.
Finalizing the list of predictors for silica also involved con-

sideration of OSHA’s Table 1, a compliance option in the new 
silica standard in construction (OSHA, 2019). Predictors for 
noise were also informed by NIOSH’s Buy Quiet initiative, 
which encourages contractors to focus on hearing loss preven-
tion by investing in quieter tool models (Beamer, McCleery & 
Hayden, 2016). 

Data Properties & Sources 
To provide a closer representation of real-world working con-

ditions, all exposure measurements entered into the ECD were 
collected on active jobsites, except for noise. Due to the spec-
ificity of noise variables (e.g., manufacturer, model) and data 
availability, all noise measurements were taken in a lab setting. 
No industrial hygiene sampling was conducted by the authors, 
and all measurements included in the ECD were pulled from 
peer-reviewed literature, government reports or received di-
rectly from partners in industry. Data sources were considered 
if they were published in 1990 or later to avoid describing his-
torical exposures (Beaudry, et al., 2013). 

To be considered for inclusion in the ECD, all predictors 
listed above had to be specified for each measurement. Addi-
tionally, samples had to be collected and analyzed according 
to validated NIOSH or OSHA methods, taken in the person-
al breathing zone, and recorded as time-weighted averages 
(TWA) for time sampled. No assumptions were made about 
exposure during un-sampled periods to calculate an 8-hour 

TWA. Measurements were entirely task-based and were ex-
cluded if more than one tool, control method or other vari-
able was used during the sampling period (Susi & Schneider, 
1995; Susi, et al., 2000). Measurements explicitly described 
as “worst case” were also excluded. Worst-case measure-
ments are defined as measurements taken under special con-
ditions where exposure is expected to be much higher than 
usual (Greim, 2002).

When measurements were small enough to fall below the 
analytical limit of detection (LOD), a procedure described by 
Hornung and Reed (1990) was used to impute a numeric value. 
This procedure defines the imputed value as the product of 
LOD/2, or LOD/√2, depending on the geometric standard de-
viation and percentage of measurements below the LOD. When 
measurements fell below the limit of quantitation, the same 
procedure was used.

Database Design & Structure 
The goal of this project was to develop an intuitive system 

so that users with varying levels of computer literacy and 
technical expertise could use and understand the results. 
After the advisory group performed multiple iterations and 
reviews, a three-step, linear process was designed that allows 
the user to select the hazard of interest and predictors, then 
view results (Figure 1).

After choosing a hazard, the user can select each predictor 
in a drop-down menu. Menus are dynamic rather than pre-
populated, pulling entries directly from the database in real 
time. This ensures that only predictors associated with available 

FIGURE 2
USABILITY TESTING RESULTS

FIGURE 1
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data are selected. The user is then navigated to the results page, 
which displays the requested data alongside metrics identified 
as most meaningful to practitioners. For silica, welding fumes 
and lead measurements, these metrics include 1) geometric 
mean; 2) existing occupational exposure limits (OELs); 3) range 
(minimum to maximum); and 4) number and distribution of 
measurements for each working condition. Geometric mean 
was selected over arithmetic mean because it is robust to outli-
ers and represents the middle-most value in sets of occupation-
al exposure measurements, which tend to follow a lognormal 
distribution (Flynn, 2004; Jin, Hein, Dedden, et al., 2011; U.S. 
EPA, 1994). Because geometric mean alone does not illustrate 
the range of data, the ability to view the data distribution and 
possible outliers lend additional confidence in the results. 
Research suggests that summary statistics of occupational 
exposure measurements are not meaningful unless there are a 
minimum of six data points (Hawkins, Norwood & Rock, 1991; 
Patty, 1981). Thus, when a search yields five measurements or 
fewer, the measurements are displayed individually and geo-
metric mean is not presented. 

Construction contractors in the U.S. have a legal ob-
ligation to keep exposures below the OSHA permissible 
exposure limit (PEL) and enact certain protections when 
exposures reach the OSHA action level (AL) or PEL. For 
that reason, these two OELs are displayed as the most rele-
vant reference points, and the estimated exposure is plotted 
against these values. However, PELs and ALs are not avail-
able for every hazard, and they are not always comparable 
to a TWA. For example, there is no OSHA PEL for welding 
fumes total particulate, and the PEL for manganese is only 
available as a ceiling limit. Thus, in similar conditions, the 
American Conference of Governmental Industrial Hygien-
ists threshold limit value, the NIOSH recommended expo-
sure limit and the California OSHA PEL were substituted. 
The “ECD Use Case Example” sidebar demonstrates how the 
ECD can be used in a practical application. 

Development Process 
The structure, functionalities and initial design of the ECD 

interface were reviewed by the advisory group through three 
iterations, and necessary refinements were made accordingly. 
Once the final design was approved, the functional specifica-
tions and requirements of the database were drafted and the 
programming phase was initiated.

Usability Testing & Public Release 
Before the public release of the database, usability testing was 

conducted to evaluate and refine its design and functionality 
from the perspective of potential users. Two scenario-based 
questionnaires were developed to enable participants to exam-
ine the database on four major categories:

•functionality: usefulness and system performance;
•user interface: page design and layout, readability, and 

ease of use;
•content: instruction, understandability and credibility; 
•overall assessment: whether the database is recommended 

for use in the construction industry. 
Participants were recruited through industry partners and 

five representatives from construction contractors volunteered 
to perform the test. The questionnaires were sent to partici-
pants, who were instructed to read through the testing scenari-
os, use the database to solve the problem, then score each factor 

using a 1 to 5 Likert scale and provide their feedback. Figure 2 
illustrates the mean score of each testing factor, even though 
the goal of this usability testing was to obtain feedback and not 
to draw any statistical inferences. After implementing recom-
mended improvements into the system, the ECD (http://ecd 
.cpwrconstructionsolutions.org) was officially released to the 
public on Aug. 30, 2018. 

Discussion & Conclusion
The ECD was developed in response to the demand in 

the construction industry for a system to estimate the 
probable exposure levels to health hazards so practitioners 
can select and implement the most effective controls to 
protect workers. Unlike other existing databases that are 
typically for a single hazard, the ECD addresses four major 
hazards on a single platform. More importantly, this in-
tuitive, interactive system is available to the public free of 
charge. This should be of significant benefit to small- and 
mid-sized contractors with limited resources to employ 
full-time safety and health personnel.

The ECD currently contains a total of 1,013 measure-
ments: 550 for silica, 182 for welding fumes, 203 for noise 
and 78 for lead. Since its public release, users from a wide 
variety of organizations such as contractors, universities, 
nonprofits, labor unions and government agencies have 
accessed the ECD, and an average of 148 users have visited 
the website each month. Of the 3,241 inquiries run by users 
to date, approximately 68% are related to silica. This usage 
pattern, to a large extent, can be attributed to the concurrent 
release of the ECD and OSHA’s updated silica standard for 
construction, which offers contractors an additional option 
to comply by using objective data to assess worker exposure. 
However, note that the ECD was not developed for compli-
ance purposes. 

Populating the ECD with a large number of high-qual-
ity measurements is an ongoing process that is critical to 
enhancing its predictive power. However, identifying reli-
able sources of data has been one of the major challenges 
throughout the development process. The investigators have 
been heavily reliant on published sources including peer-re-
viewed articles and government reports, which limits the 

To renovate the columns of a concrete bridge, a contractor plans to 
perform wet abrasive blasting with silica sand to remove a deteriorated 
coating. To ensure that wet blasting is sufficient to prevent exposure to 
hazardous levels of silica, the contractor uses the ECD to estimate the 
probable exposure level. Selecting the ECD’s silica tab from the home 
page, the user then selects the following entries for each predictor from 
the drop-down menus:

Task: abrasive blasting with silica sand
Tool/equipment: abrasive blasting equipment
Material: concrete
Control method: wet method
Environment: outdoor
Project type: renovation
The database has 16 measurements matching this condition, which 

yields an estimated exposure of 161 μg/m3. This is about three times 
the current PEL of 50 μg/m3 and requires implementing additional 
protective measures.

ECD USE CASE EXAMPLE
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size of the database. In addition, out of 351 total published 
sources examined at this stage, only 22% contained usable 
measurements that met the defined criteria for inclusion 
in the database. This was largely due to 1) the practice of 
reporting summary statistics instead of individual mea-
surements; 2) lack of sufficient information on one or more 
required predictors; or 3) multiple tasks, tools or control 
methods used during the sampling period.

Lack of consistency in air sampling procedures and report-
ing is another major issue that limits the usability of existing 
measurements. To standardize data reporting practices and 
streamline the data sharing process, two forms were initially 
developed for silica and noise, and made available to the public 
through the ECD. A small number of industry partners have 
used these forms and shared data with the authors. However, 
only 45% of the measurements provided by partners met all of 
the requirements for inclusion in the ECD. This emphasizes the 
need for a greater number of construction industry stakehold-
ers to contribute data in a standardized format to continuously 
improve the process. This will help the construction industry 
more effectively reduce worker exposure to these debilitating 
and deadly health hazards.  PSJ
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