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Abstract — With the development of nanotechnology, nano-consumer products have been popularized. For the past 10
years, potential risk of nanomaterials to human and environment have been raised carefully. Especially, workers, who
directly handle nanomaterials in laboratories and manfacturers, will lead to direct exposure of nanomaterials. Therefore,
direct exposure assessment and field monitoring of nanomaterials are required to assess and manage the nanomaterial
exposure to human and environment. In this work, two nano-manufacturing companies, which had plasma and sol-gel
processes, were selected to analyze the main exposure source and process with in-situ SMPS (scanning mobility particle
sizer) and ex-situ TEM (transmission electron microscopy). The results showed that the colloidal nanoparticle in liquid
phase was easily evaporated and monitored by SMPS. Most serious thing is that the workers does not know about the
potential risk of nanomaterials, and thus they are not taking proper protection activities, such as PPE (personal protec-
tive equipment). Therefore, exposure assessment for nanomaterial handling facilities should be additionally carried out,
and nano-safety management protocols are also provided.
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Table 1. Environmental exposure level for nanomaterials

Environmental exposure level (suggested by NIER)

Level Time weighted average (TWA) LD50 Cytotoxicity
4 Above TWA Above LD50 0.5% >4
3 TWA 50~100% LD50 0.3~0.5% 3
2 TWA 10~50% LD50 0.1~0.3% 2
1 Under TWA 10% Under LD50 0.1% <1
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Table 2. Health effect by exposure of nanomaterials
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Health effect (suggested by NIER)

Level - P
Skin exposure Eye exposure Respiration
4 Irreversible and permanent effect(destruction of skin tissue, blindness, continuous dyspnea, and death)
3 Adsorption at skin tissue Inflammation Respiratory distress
2 Skin rash Bloodshot Inflammation (mouth and nose)
1 Skin trouble Ocular irritation Slight pain
0 Recoverable and temporary effect (or no effect)
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Table 3. Sheet for safety management of nanomaterials manufacturer (plasma process)

Potential risk of  Priority for information

ID Title Process Hazard Exposure Health effect Uncertainty human health collection
A Operator Production Powder 1 3 2 3 6

B Operator Regeneration Aggregate 3 1 1 3 3

C Worker Packaging Powder 3 3 2 9 18

D Worker Cleaning Aggregate/powder 2 2 1 4 4

E Director Management Final product 1 1 1 1 1
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Table 4. Sheet for safety management of nanomaterials manufacturer (sol-gel process)

Potential risk of  Priority for information

ID Title Process Hazard Exposure Health effect ~Uncertainty human health collection
A Operator Production Nanoparticle 2 2 2 4 8
B Operator Dehydration Nanoparticle 2 2 2 4 8
C Operator Recovery Nanoparticle 1 2 1 2 2
D Worker Mixing Aggregate 2 2 2 4 8
E Worker Destruction Aggregate 3 2 2 6 12
F Worker Cleaning Aggregate 2 2 2 4 8
G Director Management Nanoparticle 1 2 1 2 2
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Fig. 1. SMPS sampling data with plasma process operation (Inset:
TEM image of nanoparticle collected from SMPS sampler,
scale bar=200 nm).
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Fig. 2. SMPS sampling data with sol-gel process operation (Inset:
TEM image of nanoparticle collected from SMPS sampler,
scale bar=50 nm).
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