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Abstract

Engineering controls are often compared outdoors using
randomized pairs to determine if a new control design
reduces  worker exposure to airborne hazardous
contaminants when compared to an uncontrolled work
environment. A common occurrence is that the ratio of
means of controlled to uncontrolled work environments
depends upon concentration. When the uncontrolled
environment is at its highest concentrations, the
engineering control has greatest impact and the ratio is
smallest (reduction is largest). Such interaction may arise
outdoors because of wind and other natural conditions that
vary contaminant concentrations. The following
approaches to model this interaction are compared (all on
natural log scale): 1) model estimates reduction separately
for upper 25% of uncontrolled samples and for lower
75%; 2) model is based on Tukey’s one degree of
freedom model for interaction, equivalent to regression of
control differences on pair means; 3)model regresses
control differences on control-off values. Results based on
lognormality indicate that for many situations model 3)
may better describe the interaction than model 2). Since
model 3) has greater power than model 1), model 3) may
be preferable.

1) Introduction

The data considered are outdoor data, for which the
comparison of interest is an uncontrolled to a controlled
environment. A common result is that the reduction in
contaminant is greatest when the uncontrolled environment
(referred to as “control-off”) is highest. This may make
sense, in that the highest control-off measurements may
occur when environmental factors such as wind have the
leastimpact. The example data here are air measurements
of organic compounds on a highway paving machine. The
control ventilation system draws contaminant from the
source at the auger, and discharges it out of the workers’
breathing zones through a vertical stack above the paver
and the paver driver.

2) Example Data

Since the control could be switched on or off, changing
between the two control settings was very simple. In

Exhaust Stack
for Control

these studies data were collected in randomized pairs of
( control-off, control-on), each trial in each pair lasting at
leastoneand a half minutes. The pairs were collected over
five days of sampling. The data consisted of organic
compound concentrations averaged over four second
intervals. Medians were computed for each trial because
medians are much less correlated than individual readings.
Deletion of data collected near transitions in paving status
also reduced correlation. (For example, half a minute of
data was deleted in trials which were either preceded or
succeeded by a period of no paving that lasted for at least
25 seconds.)

The measure of control effectiveness used is the fraction
reduction of airborne organic compound concentrations,
defined as:

Fraction Reduction

= ]- (control-on median)/(control-off median).
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Figure 1: Fraction Reduction in Airborne Organic
Concentration
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