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Introduction

Risk is defined as the probability that the exposure
to a hazard will lead to adverse health effect. In work en-
vironment, indoor air may contain pollution from various
sources which potential toxicities may differ significantly.
Such exposure scenario may occur in production and use
of engineered nanomaterials (ENMs). This is because
ENMs have been shown to be potentially more toxic for
human health than for example incidentally emitted back-
ground particles (BPs). Thus, in risk assessment, exposure
should be examined separately for ENMs and BPs.

Methods

We measured ENM exposure concentrations and
defined inhaled doses in three different workplaces: NP
synthesis (Koivisto et al., 2012a), packing of nanoscale ti-
tanium dioxide (Koivisto et al., 2012b), and handling of
nanodiamonds (to be published). Risk was estimated by
using recommended occupational exposure limits (RELs)
for nanomaterials and by using inhaled dose and ex-
trapolated dose-biological response from mice to humans
(Reagan-Shaw et al., 2008).

Results

Figure 1 shows an example how a worker was ex-
posed in TiO2 ENM in packing process. During pour-
ing processes, the TiO2 concentration was 450 cm−3 and
1.5 mg m−3. The calculated inhaled TiO2 dose during 10
minute exposure was 36× 106 particles with a mass dose
of 310 µg. Calculated estimate showed that 89% of the
TiO2 particles were deposited in head-airways.

The RELs for TiO2 ENM is either 40 000 cm−3

(IFA 2012) or 0.3 mg m−3 (NIOSH 2011) as time-
weighted average concentrations for up to 10 h per day
during a 40-h work week. Thus, here the RELs in mass
concentration was exceeded only momentarily. Lindberg
et al (2012) showed that TiO2 particles do not cause geno-
toxic effects at retained dose of 84 µg in mice, which
human equivalent dose would be 20 mg in human lungs.
Thus, there should not be a risk for genotoxic effects in
this case.

Discussion and conclusions

This study shows an example how to estimate the
risk from measured exposure concentrations and doses re-
spectively by using RELs or dose-biological responses.

Figure 1: Particle concentrations during jet milling and
packing of TiO2: (a) shows the particle and mass concen-
tration time series, (b) shows the particle size distribution
time series, and (c) shows the selected particle size dis-
tributions which are plotted with the respective line color
and style in (b).
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