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Abstract

Nanotechnology is regarded as a highly important technology today; it is
overwhelmingly affecting every aspect of our daily lives, from packaged consumer
goods to high-tech products. Nanotechnology is now being applied to a wide range of
fields; however, the potential risks associated with the use of nanoparticles (NPs) are
often neglected, especially in terms of their effects on occupational safety and health
in the workplace. Most of the literature that has been published so far about the health
impairment effects of NPs is concentrated on animal or cell culture studies, and only a
few epidemiological studies have been carried out. This study aims to address that
deficiency.

Over the past three years, this project collected information extracted from
questionnaires and the results of analyses of blood, urine, and exhaled breath
concentrate (EBC) samples using both both cross-sectional and longitudinal studies,
and used that information to to investigate the pulmonary function, oxidative stress,
inflammation response, cardiovascular disease (CVD), anti-oxidative enzyme activity,
adrenal steroid hormone homeostasis, and neural response of nanotech workers. Based
on the control banding theory proposed by Samuel Paik, the exposed group was
subdivided into S1 (score: 0-25) and S2 (score: 26-50) subgroups according to the
severity of nanomaterial (NM) contact and into P1 (score: 0-50) and P2 (score: 51-100)
subgroups according to the probability of exposure to NMs. Further, in consideration
of severity and probability, the entire exposed cohort was divided into three different
risk levels (RLs): RL1, RL2, and RL3. The RL3 subgroup contained too few people,
however, and so was merged it with the RL2 subgroup.

A total of 496 people from 15 different factories were recruited for this study,
which was carried out from 2009 to 2012. Of the total, 213 persons were in the control
group and the remainder in the exposed group (RL1: 150, RL2: 133; S1: 27, S2: 256;
P1: 138, P2: 145). According to demographic data, the exposed group had a higher
percentage of males and university graduates than the control group. Compared with
the control group, the RL2 and P2 subgroups had more people with smoking habits,
drinking habits, angina, and sudden pain in the chest which lasted for 15-30 minutes
and could not be alleviated by rest. Only people in the P2 subgroup had a higher

percentage of people with allergic contact dermatitis than did the control group.
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Using the generalized estimating equations (GEE) analysis strategy to trace the
health status of nanoparticle-manufacturing workers, we could not find any significant
variation in interaction terms between exposure level and time (frequency) that
complied with our expectations, whether in terms of risk level, severity, or probability
indexes. This indicates that the current exposure of nanotech workers has no influence
on their health.

Finally, we established an animal model based on mini-pigs to mimic the
exposure environment of workers, and by tracheal intubation the pigs were exposed to
nano-silver (n-Ag) solely by the route of inhalation. The accumulated silver
concentration reached its maximum 48 hours after a six-hour exposure, but the
concentration in the excretory urine of the pigs was relatively much lower. In further
evaluating the transfer of n-Ag from the lungs into the blood, it was found that the
transfer rate was 0.0013% at 4 hours, 0.122% at 48 hours, and 0.103% at 96 hours.
From the information gained by the acute exposure experiment, we gained a
preliminary understanding that NP can be transferred from the lungs into the blood;

however, the health effects of chronic exposure await further study.

Keywords * Epidemiology, Engineered nanoparticles manufacturing workers,
Oxidative stress, Inflammation response, Cardiovascular disease, Anti-oxidative

enzyme activity, Adrenal steroid hormone homeostasis.
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