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Construction

Development of a Hazard Surveillance Methodology
for Residential Construction

Paul Becker, Column Editor

Reported by John McKernan

Introduction
Currently, there are between six and

eight million workers employed in the
U. S. construction industry.(1) When co-
mpared to all other goods-producing
industries, construction leads in the
number of occupational injuries and
illnesses.(2) This industry consists pri-
marily of small contractors, each em-
ploying fewer than 10 workers. Small
contractors employ 30 percent of all con-
struction workers, and represent 82 per-
cent of the total number of construction
establishments. (3) Small contractors are
not subject to the Occupational Safety
and Health Administration’s (OSHA) in-
jury and illness reporting requirements,
which are mandatory for employers
with more than 10 employees. Con-
sidering that small establishments rep-
resent such a large segment of con-
struction employers, it is likely that the
injury and illness statistics for the in-
dustry are underestimated. Recent ar-
ticles have identi� ed potential chemi-
cal and physical hazard exposures in
construction environments.(4,5,6) Specif-
ically identi� ed are exposures to haz-
ardous solvents, wood dusts, noise,
vibration, and temperature extremes,
which are more common in construc-
tion than in other more traditional work
environments.(5,6)

Beginning in January and continu-
ing in May through July 1999, the Na-
tional Institute for Occupational Safety
and Health (NIOSH) investigators and
their contractors conducted pilot stud-
ies in Columbus, Ohio and Denver,
Colorado. The studies were conducted
during different phases of residential

construction performed by six general
contracting companies and their sub-
contracted tradesmen. Investigators vis-
ited 20 residential construction sites (i.e.,
lots), consisting of different house � oor
plans. This surveillance research effort
was initiated to develop a methodol-
ogy for the identi� cation and quanti� -
cation of chemical and physical hazards
in residential construction, an industry
with a high percentage of small contrac-
tors. This report is intended to inform
the reader of the chemical and physical
hazard evaluation methodology devel-
oped by NIOSH for use on residential
construction sites, and how it has been
successfully applied within the recently
completed pilot studies.

Methods/Results
Unlike many other industries, res-

idential construction is very dynamic.
Work sites can change daily, even many
times daily. The diversity in tools,
tasks, materials, workers, and work-
places makes chemical and physical haz-
ard evaluations challenging in this work
environment. Evaluation methods used
in this industry need to re� ect the � ex-
ibility and mobility of the workforce.
Therefore, the NIOSH pilot studies uti-
lized a task-based exposure assessment
model (T-BEAM).(7) T-BEAM incorpo-
rates the idea that each occupation is
potentially exposed to a unique combi-
nation of chemical and physical hazards
that are inseparably associated with a de-
� ned task. The elements of the method-
ology developed within the T-BEAM
include: (1) performing preliminary
walk-through surveys, (2) investigating
the frequency and magnitude of the iden-
ti� ed or potential hazards, and (3)quanti-
fying the identi� ed or potential hazards.

Preliminary walk-through surveys
were conducted on 20 residential con-
struction sites encompassing different
phases of construction. The walk-
through surveys provided valuable infor-
mation on:

1. Types and quantities of potential
chemical and physical hazards by
task,

2. Speci� c information on all prod-
ucts present on work sites
(MSDSs, product labels),

3. Identi� cation of exposed groups
and personal work practices,

4. Length of time needed to complete
tasks and how often that task was
repeated, and

5. Whether any controls were in
place to reduce or eliminate expo-
sure to potential hazards.

Information gathered during the pre-
liminary walk-through surveys was used
to select speci� c potential hazards for
further evaluation. This selection was
based on the recognized health effect as-
sociated with the hazard(8,9) and the fre-
quency of use or quantity of the hazard.
From this selection process, a prelimi-
nary list of potential hazards by occupa-
tion and task was developed.

A sampling strategy was then devel-
oped to evaluate these potential hazards
at the 20 residential construction sites.
Collection of personal and area air sam-
ples, noise dosimetry and observational
ergonomic and vibration risk factor data
was planned for those occupations and
tasks that exposed workers to the iden-
ti� ed chemical and physical hazards. To
quantify hazards more ef� ciently, they
were grouped into four categories: sol-
vents, particulates, noise, and ergonomic
and vibration risk factors.
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CONSTRUCTION 891

Solvents
Methods for sampling and analyz-

ing solvents were identi� ed using the
NIOSH Manual of Analytical Meth-
ods (NMAM). To minimize the num-
ber of samples collected, the analytical
laboratory was consulted to determine
which methods could be combined or
modi� ed to enable the quanti� cation of
several solvents from a single sample.
Table I lists those NMAM methods that
were “combined” into a single method,
which could then be used for quanti-
fying multiple analytes from the same
sample.

Other factors were considered before
analyzing personal samples collected for
a given occupation and task. These in-
cluded estimates of the concentration of
chemical contaminants in the work en-
vironment and the suspected presence
of analytes based on MSDS informa-
tion and survey observations. To help in
making decisions about sample analysis,
thermal desorption (TD) tubes were col-
lected in the vicinity of workers sampled
for solvents. The TD tube, using NMAM
2549, allowed for the identi� cation of
volatile organic compounds (VOCs) up
to a molecular weight of 350. The TD
tube analysis provided semiquantitative
data on the concentration of VOCs in the
sampled air to assist in selecting the most
appropriate analysis methods for the
personal samples collected. Compounds
detected on the TD tube were also com-
pared to the list of identi� ed or poten-
tial chemical agents prepared during the
walk-through surveys. This comparison
ensured that chemical hazards were not
overlookedwhenanalyzing samples, and

TABLE I
Combined analytical methods for solvents

NMAM methods Analytes

1403, 1450, 1500, Butyl cellosolve, isobutyl acetate, isobutyl
1501, 1550 isobutyrate, stoddard solvent, toluene, xylene

1300, 1301, 1500, 1609 Acetone, tetrahydrofuran, toluene, cyclohexanone
1500, 1501, 1550 Toluene, xylene, stoddard solvent, trimethylbenzene
1400, 1401 Ethyl, tert-butyl, isopropyl, and isobutyl alcohol
1300, 1609 Cyclohexanone, tetrahydrofuran

was useful in determining the presence of
hazardous chemicals in the workplace,
especially when MSDSs or product la-
bels lacked this information. A � ow chart
detailing the methodology for sampling
chemical agents is provided in Figure 1.

Particulates
When performing walk-through sur-

veys, tasks that had the potential to gen-
erate dusts were identi� ed, especially
those that generated visible particulate
“plumes.” A real-time particle-sizing in-
strument (Grimm Technologies, Model
1.100) was used to determine the mass
and size ranges of particulates generated
for each task before selecting a sampling
method to quantify personal exposures.
The proper particulate sampling method
(i.e., respirable or total) was selected us-
ing the mass and size range data from the
real-time instrument. When the mass me-
dian diameter (MMD) for sampled par-
ticulates using the real-time instrument
was 4 l m or less, respirable sampling us-
inga 10-mm cyclone (NMAM 0600)was
conducted.(10,11) If particle size ranges
exceeded a MMD of 4 l m or could not
be narrowly characterized, total partic-
ulate sampling (NMAM 0500) was uti-
lized. On worksites where speci� c types
of particulate matter, such as diesel ex-
haust or crystalline silica, were known or
suspected to be present, the speci� c col-
lection and analytical methods (NMAM
5040 and 7500, respectively) were
used.

Noise
Construction tasks have been found to

generate sound pressure levels (SPLs) in

excess of 85 decibels (dBA) with peak
SPLs of 130 dBA reported for certain
tasks.(12) For this reason, noise expo-
sure evaluations were included in the
T-BEAM evaluation. During the walk-
through surveys, a sound level meter was
used to measure SPLs near workers per-
forming noise-generating tasks. Work-
ers performing tasks with SPLs above
85 dBA were subsequently sampled for
the duration of the task using personal
noise dosimeters. Workers monitored for
noise exposure included those using im-
pact tools, saws or cutting tools, com-
pressed air, and combustion-powered
equipment.

Ergonomic and Vibration Risk
Factors

Ergonomic and vibration risk factors
by occupation and/or tasks were also
recorded in the NIOSH surveys. All oc-
cupations were evaluated for work pos-
tures, limb manipulation and transport
movements, lifting postures, and vibra-
tion. No data on applied force or num-
ber of repetitions were collected. Data
collection was limited to onsite obser-
vations, and questionnaires were admin-
istered while workers performed their
tasks. As ergonomic hazard data were
collected, it was differentiated into nine
categories:(13)

1. Passive postures—stationary
standing or sitting;

2. Awkward postures—bending,
contorting, or deviating limbs of
the body for prolonged periods to
perform a work task;

3. Lifting postures—frequent bend-
ing of the torso or back to lift ma-
terials;

4. Arm transport movements—
moving small or light objects with
the arms;

5. Shoulder transport movements—
similar to arm transport, except
force from the torso is involved;

6. Hand and wrist manipulation—
using the hand and wrist primarily
to perform tasks;
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892 J. MCKERNAN

FIGURE 1
Methodology for sampling chemical agents.

7. Finger manipulation—using the
� ngers primarily to perform tasks;

8. Whole body vibration—whole
body is exposed to vibration;

9. Segmental vibration—parts of the
body (i.e., hands and arms) are
exposed to vibration.

These categories were selected be-
cause they provide a simple, yet com-
prehensive pro� le of ergonomic and vi-
bration hazards for subsequent evalua-
tion by an ergonomist. Since vibration
measurements were not taken, a ques-
tionnaire was administered to residential
construction workers exposed to vibrat-
ing tools and equipment to determine the
scope of reported health effects. Infor-
mation from the questionnaire was used
to help discern if reported health effects

may have been from exposure to vibra-
tion or other physical factors.

Based on the 20 worksites visited,
a listing of the identi� ed chemical and
physical hazards by task is presented in
Table II.

Discussion and Conclusions
Conducting chemical and physical

hazard evaluations on any construction
site is uniquely different from other
workplace evaluations. The diversity in
tools, tasks, materials, workplaces, and
the mobility of the workers makes haz-
ard evaluations challenging in this work
environment. This hazard surveillance
research effort was initiated to develop
a methodology for the identi� cation and
quanti� cation of chemical and physi-

cal hazards in the residential construc-
tion industry. This research allowed for
the creation of a dynamic methodol-
ogy, which permits evaluation of a wide
range of workplace and environmental
contaminants. Classi� cation of contam-
inants into four categories allowed for
a more rapid evaluation of chemical and
physical hazards on residential construc-
tion sites. Selection of the categories
was based on observations made dur-
ing the NIOSH pilot studies. The use of
the categories may not be appropriate for
all residential construction sites. Speci� c
chemical and physical hazards were se-
lected by site, based on the frequency and
magnitude of the hazard posed by each
contaminant present.

Evaluation methods used on spe-
ci� c sites should re� ect the chemical
and physical hazards identi� ed. The
T-BEAM was utilized for the NIOSH
pilot studies because most tasks were
short-duration and workers were often
unavailable for sampling (i.e., at another
job site) once the task was completed.
Site evaluations to identify and evalu-
ate hazards should be performed by a
health and safety professional, such as
an industrial hygienist, who is familiar
with construction activities. It has been
observed that many occupational haz-
ards exist for the residential construction
workforce including crystalline silica,
mixed solvents, noise, and ergonomic
and vibration risk factors, and that, if un-
controlled, can make construction work
excessively hazardous. Presently, infor-
mation gaps exist in the identi� cation
and quanti� cation of exposures among
construction workers, which undersco-
res the need to continue performing che-
mical and physical hazard evaluations of
residential construction work sites.

Currently, NIOSH is analyzing res-
idential construction hazard evaluation
data from the pilot studies conducted
in Ohio and Colorado. Once analy-
ses are complete, � ndings from the
T-BEAM data collected will be dissemi-
nated. For further information on topics
of interest in construction, NIOSH re-
ports and other publications may be ob-
tained by accessing the NIOSH web site
at http://www.cdc.gov/niosh/pubs.html
or calling 1-800-35-NIOSH .
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