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Development and Validation of Exposure Models for Construction Industry
Tier 1 Model
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ABSTRACT

Objectives: The major objective of this study was to develop and validate a tier 1 exposure model utilizing worker exposure
monitoring data and characteristics of worker activities routinely performed at construction sites, in order to estimate worker
exposures without sampling.

Methods: The Registration, Evaluation, Authorization and Restriction of Chemicals(REACH) system of the European Union(EU)
allows the usage of exposure models for anticipating chemical exposure of manufacturing workers and consumers. Several
exposure models have been developed such as Advanced REACH Tools(ART). The ART model is based on structured subjective
assessment model. Using the same framework, a tier 1 exposure model has been developed. Worker activities at construction sites
have been analyzed and modifying factors have been assigned for each activity. Korean Occupational Safety and Health
Agency(KOSHA) accrued work exposure monitoring data for the last 10 years, which were retrieved and converted into exposure
scores. A separate set of sampling data were collected to validate the developed exposure model. These algorithm have been
realized on Excel spreadsheet for convenience and easy access.

Results: The correlation coefficient of the developed model between exposure scores and monitoring data was 0.36, which is
smaller than those of EU models(0.6~0.7). One of the main reasons explaining the discrepancy is poor description on worker
activities in KOSHA database.

Conclusions: The developed tier 1 exposure model can help industrial hygienists judge whether or not air sampling is required or not.
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Table 1. Description of principal modifying factors(MF) (Tielemans

et al., 2008)
Principal modifying o
factor(MF) Description
Substance Determines the intrinsic emission potential

emission potential  of a substance(e.g. dustiness for particulate
(E) agents and volatility for liquids).

Describes the potential of the activity
to generate exposure and is determined

Activi ; e
| Actvity by the following characteristics: type
emission potential
(H) and amount of energy transfer, scale

(e.g. amount product used), and product-
to-air interface(e.g. level of containment).

Control measures in close proximity of
the source intended to remove emissions
(e.g. LEV, wet suppression techniques).

Localized controls
(LC)

Isolation of sources from the work

Segregation environment without containment of the

(Seg) source itself(e.g. separate drying room).
Natural and mechanical ventilation

Dispersion characteristics, determining the dilution
(dilution) of air contaminants through the room,

i.e. between NF - FF zone and FF outside.

Providing a worker with a personal
enclosure within a work environment
(e.g. air conditioned cabin).

Personal enclosure
(separation, Sep)

Emission related to release of deposited
contaminants on surrounding surfaces
(including worker clothing) due to
natural means or general workplace
activities(e.g. moving equipment/vehicles)
and unintended and unpredictable leaks
from process equipment.

Surface
contamination and
fugitive emissions

(Su)
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Figure 1. Flow diagram of the ART mechanistic model(Fransman et al., 2011)
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Table 2. Overview of categories for modelling of ‘substance
emission potential’(Tongeren et al., 2011)

Categories for modelling

substance emission Type of product Type of
. exposure
potential
Handling solid objects
resulting in dust Solid objects Dust
exposure
Handh_n 8 Powders Powders, granules, or
resulting in dust . . Dust
pelletized material
exposure
Handling liquids Volatile liquids
resulting in vapour Vapour
(vapour pressure .10 Pa)
exposure
Handling liquid resulting  Low-volatile liquids Mist

in mist exposure (vapour pressure 10 Pa)
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Table 3. The effect of moisture content on dustiness of powdered,
granular, or pelletized products and solid objects

Powders,
granules,
or pellets

1.0

Solid

Category objects

Dry product(,5% moisture content) 1.0
5-10% moisture content

>10% moisture content
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Figure 2. Correlation of exposure score(C;) and Measured data(Y;) with =0.36
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