
 
 
General rights 
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright 
owners and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights. 
 

 Users may download and print one copy of any publication from the public portal for the purpose of private study or research. 

 You may not further distribute the material or use it for any profit-making activity or commercial gain 

 You may freely distribute the URL identifying the publication in the public portal 
 
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately 
and investigate your claim. 
  
 

   

 

 

Downloaded from orbit.dtu.dk on: May 23, 2023

NanoSafer vs. 1.1 - Nanomaterial risk assessment using first order modeling

Jensen, Keld A.; Saber, Anne T.; Kristensen, Henrik V.; Koponen, Ismo K.; Liguori, Biase; Wallin, Håkan

Published in:
6th International Symposium on Nanotechnology, Occupational and Environmental Health

Publication date:
2013

Document Version
Publisher's PDF, also known as Version of record

Link back to DTU Orbit

Citation (APA):
Jensen, K. A., Saber, A. T., Kristensen, H. V., Koponen, I. K., Liguori, B., & Wallin, H. (2013). NanoSafer vs. 1.1
- Nanomaterial risk assessment using first order modeling. In 6th International Symposium on Nanotechnology,
Occupational and Environmental Health: Program/Abstract (pp. 120). http://square.umin.ac.jp/nanoeh6/

https://orbit.dtu.dk/en/publications/b3ad5a95-8f92-4d2d-8bf9-6fa5bb18753b
http://square.umin.ac.jp/nanoeh6/


2

WELCOME

Dear friends and colleagues,

Welcome to Japan!

It is with great pleasure that we can host all participants and guests to the 6th International Symposium 

on Nanotechnology, Occupational and Environmental Health (NanOEH) on October 28 to 31, 2013, 

at the Nagoya Congress Center in Nagoya. This symposium provides a forum for discussing the latest 

research on occupational and environmental health issues related to nanotechnology.

Nanotechnology is already a component of several industries but we expect it to spread to other fields 

in the future. To achieve this goal, there is a need to further evaluate the impact of nanotechnology 

on the environment and health, and ensure its safety. During the last decade, we have established an 

international network, for environmental, health and safety (EHS) issues, regarding this new technology. 

The Japanese organizers, as well as the planning committee for the NanOEH6 have been established 

through this network.

A large part of the papers presented in the 2013 International Symposium on NanOEH is on engineered 

nanomaterials, which form the front stage of the nanotechnology today. However, nanotechnology is 

not limited to technology related to engineered nanomaterials alone. No doubt, the risks associated 

with other fields of nanotechnology will be explored in the future.

Even with recent advances in EHS research on engineered nanomaterials, there are still fundamental 

questions on the safety of nanomaterials that need to be answered. 

• Can we design safer nanomaterials? 

• Can we ensure the safety of workers with the currently limited data on the safety of nanomaterials? 

• What is the most appropriate dose-metric(s) for setting the safety standards in the workplace?

No doubt these issues will greatly influence any regulatory policy and enterprise. Their solutions will 

form the basis for sustainable innovation in nanotechnology. 

We hope you will enjoy the discussions during this Symposium. We also hope that the deliberations and 

interaction taking place here will be helpful in promoting cooperative research and collaboration and 

strengthening further our international network.

Sincerely,

Gaku Ichihara

Chairperson, The 6th International Symposium on Nanotechnology, 

Occupational and Environmental Health
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DAILY PROGRAM - CONTINUING EDUCATION COURSES 

Monday, October 28

Room A (141+142)

Continuing Education Courses

Course A1 9:30–10:30

NanOEHS Overview
Gaku Ichihara, Nagoya University, Japan
Yoshinori Hasegawa, Nagoya University, Japan

Course A2 11:00–12:00

Characterization
Kun’ichi Miyazawa, NIMS, Japan

Course A3 13:00–14:00

Exposure Assessment and Worker Protection
Mitsutoshi Takaya, JNIOSH, Japan
Toshihiko Myojo, University of Occupational and Environmental Health, Japan

Course A4 14:30–15:30

Exposure Assessment and Epidemiology
Michael Riediker, Institute for Work and Health, Lausanne, Switzerland & IOM Singapore

Course A5 16:00–17:00

Oxidative Stress and Biological Response
Shinya Toyokuni, Nagoya University, Japan

6th International Symposium on Nanotechnology, Occupational and Environmental Health

Plenary Lecture (Keynote 1) 17:40–18:20

Carbon Nanotubes～ Safe innovation and promise for the future～
Morinobu Endo, Shinshu University, Japan
Chair: Gaku Ichihara, Nagoya University, Japan 

Room B (131+132)

Continuing Education Courses

Course B2 11:00–12:00

Toxicological Study Methodology 1
Shoji Fukushima, Bioassay Research Center, Japan

Course B3 13:00–14:00

Toxicological Study Methodology 2
Hiroyuki Tsuda, Nagoya City University, Japan

Course B4 14:30–15:30

Fiber Toxicology
Takahiro Kobayashi, AIRIES, Japan
Shuichi Adachi, Sagami Women’s University, Japan

Course B5 16:00–17:00

Inhalation study and Respiratory Toxicology
Seishiro Hirano, NIES, Japan

DAILY PROGRAM - DAY 1

Tuesday, October 29

Room A (141+142)
Plenary Lecture (Keynote 2)… 8:30–9:10

Predicting Hazards and Risks of Engineered Nanomaterials
Kai Savolainen, Finnish Institute of Occupational Health, Finland
Chair: Lang Tran, Institute of Occupational Medicine, UK

Lecture from Organizer 1… 9:10–9:40

Nanotoxicology-its chronic aspects
Jun Kanno, NIHS, Japan
Chair: Kai Savolainen, Finnish Institute of Occupational Health, Finland

Health Effects and Toxicity - Nanocarbon 1 (MWCNT)… 10:10–11:25

Chair: Jun Kanno, NIHS, Japan

O-29-A-01… Length- and time-dependent signalling responses to asbestos and carbon nanotubes in the pleura
Fiona A Murphy1), Tatyana Chernova1), Anja Schinwald2), Edward Bampton1), Stefano Grosso1), Xiao Ming Sun1), Martin Bushell1), Ken Donaldson2), 
Anne Willis1), Marion MacFarlane1)

1)MRC Toxicology Unit, UK, 2)University of Edinburgh, UK

O-29-A-02… Critical factors in multi-walled carbon nanotubes for mesothelial carcinogenesis
Shinya Toyokuni, Hirotaka Nagai, Yasumasa Okazaki, Shan Hwu Chew, Shinya Akatsuka, Li Jiang, Gaku Ichihara
Nagoya University Graduate School of Medicine, Japan

O-29-A-03… Correlation between tumor incidence and early changes in rats administered fibrous nanomaterials
Shuichi Adachi1), Miho Mizoi1), Sei-ichi Omura3), Takahiro Kobayashi2), Okio Hino4)

1)Sagami Women’s University, Japan, 2)Association of International Research Initiatives for Environmental Studies, Japan, 3)Tokyo Institute of Technology, 
Japan, 4)Juntendo University, Japan

O-29-A-04… In vivo genotoxicity evaluation of lung cells from Fischer 344 rats following 28 days of inhalation
Jin Sik Kim1), Jae Hyuck Sung1), Byung Gil Choi1), Hyun Ryol Ryu1), Kyung Seuk Song1), Jae Hoon Shin2), Jong Seong Lee2), Joo Hwan Hwang2), Ji Hyun 
Lee4), Gun Ho Lee3), Kisoo Jeon3), Kangho Ahn3), Il Je Yu4)

1)Korea Conformity Laboratories, Korea, 2)Occupational Lung Diseases Institute, Korea Workers Compensation Welfare Service, Ansan, Korea, 
3)Department of Mechanical Engineering, Hanyang University, Ansan, Korea, 4)Institute of Nanoproduct Safety Research, Hoseo University, Asan, Korea

O-29-A-05… MWCNT translocate from the lung to the pleural cavity and cause mesothelial proliferation
Hiroyuki Tsuda1), Jiegou Xu1), David B. Alexander1), Masumi Suzui2), Mitsuru Futakuchi2), Jun Kanno3), Akihiko Hirose4), Kazuyoshi Yanagihara5), Dai 
Nakae6), Toyonori Omori7)

1)Nagoya City University, Japan, 2)Molecular Toxicology, Nagoya City University Graduate School of Medical Sciences, Japan, 3)Division of Cellular and 
Molecular Toxicology, National Institute of Health Sciences, Japan, 4)Division of Risk Assessment, National Institute of Health Sciences, Japan, 5)Division 
of Genetics, National Cancer Center Research Institute, Japan, 6)Department of Pharmaceutical and Environmental Sciences, Tokyo Metropolitan 
Institute of Public Health, Japan, 7)Air Environment Division, Ministry of the Environment, Japan

Health Effects and Toxicity - Nanocarbon 2… 11:25–12:25

Chair: Shinya Toyokuni, Nagoya University Graduate School of Medicine, Japan

Invited Lecture 1  Nano carbon material safety 11:25–11:55
Ulla Vogel, NR Jacobsen, Anne T Saber, Ismo Koponen, Per Axel Clausen, Søren T Larsen, Zdenka Kyjovska, Petra Jackson, Karin Sørig Hougaard, Keld 
A Jensen, Håkan Wallin
Danish Centre for Nanosafety, National Research Centre for the Working Environment, DK-2100 Copenhagen, Denmark

O-29-A-06… Inflammatory effects of carbon nanotubes on the rat lung at 2 and 52 weeks after instillation
Masumi Suzui, Shuhei Ikenaga, Takamasa Numano, Yasuaki Isoda, Mitsuru Futakuchi, Katsumi Fukamachi
Nagoya City University Graduate School of Medical Sciences and Medicai School, Japan

O-29-A-07… The role of endothelial progenitor cells in SWCNT-induced pulmonary fibrosis
Chih-Ching Chang1), Meng-Chen Lee1), Chin-Yu Chen2), Ming-Yie Liu1)

1)National Cheng Kung Univeristy, Taiwan R.O.C., 2)Center for Micro/Nano Science and Technology, National Cheng Kung University, Taiwan R.O.C.
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Luncheon Seminar 1  Sponsored…by…Harlan…Laboratories…Ltd.… 12:35–13:35

Aerosol Generation System Used for Inhalation Toxicity Assessment
Brian Thomas Anderson, Harlan Laboratories, Switzerland
Chair: Yoshiro Shibasaki, Harlan Laboratories, UK

Inhalation Studies… 13:45–15:15

Chair: Hiroyuki Tsuda, Nagoya City University Graduate School of Pharmaceutical Sciences, Japan

O-29-A-08… An Improved Dispersion Method of MWCNT for Whole Body Inhalation Exposure System
Yuhji Taquahashi, Yukio Ogawa, Atsuya Takagi, Masaki Tsuji, Koichi Morita, Jun Kanno
National Institute of Health Sciences, Japan

O-29-A-09… A novel human exposure system for nanoparticle tracking and oxidative stress assessment
Halshka Graczyk, Nastassja Lewinski, Jean Jacques Sauvain, Brigitta Danuser, Michael Riediker
Institute for Work and Health, University of Lausanne, Switzerland

O-29-A-10… Preparation of nano-sized aerosol particles by a spray-drying technique with breaking up of droplets
Masaru Kubo1), Manabu Shimada1), Masanori Horie2), Yasuo Morimoto2), Takeshi Sasaki3)

1)Hiroshima University, Japan, 2)University of Occupational and Environmental Health, Japan, 3)National Institute of Advanced Industrial Science and 
Technology, Japan

O-29-A-11… Pulmonary and extrapulmonary responses to acute inhalation of multi-walled carbon nanotubes in mice
Akiko Furuyama, Yuji Fujitani, Seishiro Hirano
National Institute for Environmental Studies, Japan

O-29-A-12… Comparison of dose-response relations between 4-week inhalation and intratracheal instillation
Toshihiko Myojo1), Yohei Mizuguchi1), Takako Oyabu1), Masayoshi Hashiba 1), Byeong Woo Lee1), Makoto Yamamoto1), Motoi Todoroki1), Kenichiro 
Nishi1), Chiakara Kadoya1), Akira Ogami1), Yasuo Morimoto1), Isamu Tanaka1), Manabu Shimada2), Kunio Uchida3), Shigehisa Endoh3), Junko Nakanishi3)

1)University of Occupational and Environmental Health, Japan, 2)Hiroshima University, Hiroshima, Japan, 3)National Institute of Advanced Industrial 
Science and Technology, Tsukuba, Japan

O-29-A-13… Correlation between Catalytic Activity and ROS Production for Palladium Nano-Aerosols
Nicole Neubauer1), Jaana Palomaeki2), Harri Alenius2), Gerhard Kasper1)

1)Karlsruhe Institute of Technology (KIT), Germany, 2)Finnish Institute of Occupational Health (FIOH), Finland

Health Effects and Toxicity - Immune System… 15:45–17:00

Chair: Takemi Otsuki, Kawasaki Medical University, Japan

Invited Lecture 2  Inflammasome Activation in Nanoparticle-Induced Lung Inflammation 15:45–16:15
Andrij Holian, Center for Environmental Health Science, University of Montana, USA

O-29-A-14… Dysregulation of autoimmunity and chronic activation of T cells caused by silica exposure
Takemi Otsuki1), Hiroaki Hayashi2), Megumi Maeda3), Suni Lee1), Hidenori Mastuzaki1), Naoko Kumagai-Takei1), Wataru Fujimoto2), Yasumitsu 
Nishimura1)

1)Kawasaki Medical School, 2)Department of Dermatology, Kawasaki Medical School, Kurashiki, Japan, 3)Department of Biofunctional Chemistry, 
Division of Bioscience, Okayama University Graduate School of Natural Science and Technology, Okayama, Japan

O-29-A-15… Intraarticular reaction and secretion of inflammatory chemokines to Multi wall carbon nanotubes
Hiroki Nomura, Hisao Haniu, Seiji Takanashi, Shinsuke Kobayashi, Kaoru Aoki, Kayo Maruyama, Yuki Usui, Naoto Saito
Shinshu University, Japan

O-29-A-16… Study of interaction between nanoparticles and cells via toll-like receptors
Akiyoshi Taniguchi1), Peng Chen1,2), Sharmy Saimon Mano1,2)

1)National Institute for Materials Science, Japan, 2)Graduate School of Advanced Science and Engineering, Waseda University, Japan

Room B (131+132)
Exposure Assessment 1… 10:10–11:25

Chair: Toshihiko Myojo, University of Occupational and Environmental Health, Japan

O-29-B-01… Development of a Nano Exposure and Contextual Information Database (NECID)
Markus G. M. Berges1), Wouter Fransman2), WiHo Stöppelmann1), Christian Schumacher1), Derk Brouwer2), Ismo Koponen3), Delphine Bard4), Olivier 
Witschger5), Elzbieta Jankowska6), Tomi Kanerva7)

1)German Social Accident Insurance (DGUV), Germany, 2)TNO, The Netherlands, 3)NRCWE, Denmark, 4)HSL, UK, 5)INRS, France, 6)CIOP, Poland, 7)FIOH, 
Finland

O-29-B-02… Nanomaterials release from nanocomposites during reworking process
Ismo K Koponen, Kirsten I Lieke, Marcus E Levin, Keld A Jense
National Research Centre for the Working Environment, Denmark

O-29-B-03… Nanoparticle exposures at two nanoparticles producer plants in Québec (Canada)
Maximilien Debia1), Claude Ostiguy1,2), Serge Kouassi1), Olivier Mudaheranwa1), Brigitte Roberge2)

1)Université de Montréal, Canada, 2)Institut de recherche Robert-Sauvé en santé et en sécurité du travail (IRSST), Canada

O-29-B-04… Potential release of manufactured nano-objects during sanding of surface coating
Wouter Fransman, Pim Duis, Cindy Bekker, Derk Brouwer, Netherlands
TNO, Netherlands

O-29-B-05… Background Issues for the Assessment In Workspace of Occupational Exposure to Nanoparticles
Eric ZIMMERMANN, Sébastien ARTOUS, Dominique LOCATELLI, Pierre NOBILE, Samir DERROUGH, Catherine DURAND
CEA, France

Exposure Assessment 2… 11:25–12:25

Chair: Candace Tsai, Purdue University, USA

O-29-B-06… Potential Exposure Assessments of Airport’s Workers to Combustion Nanoaerosols
Eric ZIMMERMANN1), Sébastien ARTOUS1), Samir DERROUGH1), Dominique LOCATELLI1), Pierre NOBILE1), Léa TOURI2), Nicolas MOLINARI3), Pascal 
CHANEZ4), Michel KLERLEIN5), Catherine DURAND1)

1)CEA, France, 2)Occupational health doctor, Laboratoire d’immunologie INSERM CNRSU1067, UMR7733, Aix-Marseille Université, France, 3)UMR729, 
service DIM, CHRU de Montpellier, FR-34091 Montpellier, France, 4)Département des maladies respiratoires APHM et Laboratoire d’immunologie 
INSERM CNRSU1067, UMR7733, Aix-Marseille Université, France. U 600, France, 5)Air France, Corporate Occupational Health Coordinator, Aéroport 
Roissy Charles de Gaulle, France

O-29-B-07… Assessment of occupational exposure to AuNPs during their synthesis in a research and development laboratory
Xolani A Masoka1), Muriel N Mogane2), Lebogang M Ntlailane2), Millicent Magogotya1), Gopolang Sekobe2), Mary Gulumian1,3)

1)National Institute for Occupational Health, South Africa, 2)Occupational Hygiene, NIOH, South Africa, 3)Haematology and Molecular Medicine 
Department, University of the Witwatersrand, South Africa

O-29-B-08… Brake wear dust sample analysis
Jiayuan Zhao, Nastassja Lewinski , Michael Riediker
Institute for Work and Health, University of Lausanne, Switzerland

O-29-B-09… Exposure Assessment of Workers in Printed Electronics Workplace
Ji Hyun Lee1), Eun Kyung Sohn1), Jin Soo Ahn2), Kangho Ahn3), Keun Soo Kim1), Jong Hwan Lee4), Taek Min Lee5), Il Je Yu1)

1)Hoseo University, Asan, Korea, 2)Myungji Safety and Hygiene Laboratory, Nonsan, Korea, 3)Department of Mechanical Engineering, Hanyang 
University, Ansan, Korea, 4)Chemical Safety & Health Research Institute, Korean Occupational Safety & Health Agenc, Korea, 5)Korea Institute of 
Machinery and Materials, Daejeon, Korea

Exposure Assessment 3 - CNT and Dustiness… 13:45–15:15

Chair: Olivier Witschger, INRS Laboratoire de Métrologie des Aérosols, Flance

O-29-B-10… Exposure Assessment of MWCNT by Size Distribution and Oxidation Temperature of Elemental Carbon
Mariko Ono-Ogasawara1), Toshihiko Myojo2)

1)Japan National Institute of Occupational Safety and Health, Japan, 2)University of Occupational and Environmental Health, Japan

O-29-B-11… Intensive Monitoring of Nanoaerosols in a Multi-walled Carbon Nanotube Workplace
Gwi-Nam Bae, Jun Ho Ji, Jong Bum Kim, Daekwang Woo
Korea Institute of Science and Technology, Korea
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O-29-B-12… DUSTINANO: a pre-normative research project to harmonize the nanomaterials dustiness testing
Olivier Witschger1), Derk Brouwer2), Keld A Jensen3), Elzbieta Jankowska4), Dirk Dahmann5), Gary Burdett6), Delphine Bard6)

1)Institut National de Recherche et de Sécurité (INRS), France, 2)TNO, Netherlands, 3)NRCWE, Denmark, 4)CIOP-PIB, Poland, 5)IGF, Germany, 6)HSL, UK

O-29-B-13… Dustiness of inorganic nanopowders - Influence of humidity and physical loading during storage
Marcus Levin1.2), Kirsten I. Lieke2), Ismo K. Koponen2), Keld A. Jensen2)

1)Danish Technical University, Denmark, 2)National Research Center for Working Environment, Denmark

O-29-B-14… Evaluation of dustiness results of nanopowders using single-drop system
Shu-An Lee, Ching-Fen Chang, Wei-Hsiang Ko, Yung-Chun Teng
Feng Chia University, Taiwan R.O.C.

O-29-B-15… Characteristics of released particles by opening of a container and a bag containing nanomaterials
Kuniaki Gotoh1), Chiho Ohashi1), Mikio Yoshida1), Jun Oshitani1), Isamu Ogura2)

1)Okayama University, Japan, 2)National Institute of Advanced Industrial Science and Technology, Japan

ADME… 15:45–16:45

Chair: Akihiko Hirose, National Institute of Health Sciences, Japan

O-29-B-16… Dose-dependent Clearance Kinetics of Intratracheally Administered TiO2 Nanoparticles
Naohide Shinohara1), Yutaka Oshima2), Toshiro Kobayasi2), Nobuya Imatanaka2), Makoto Nakai2), Takayuki Ichinose3), Takeshi Sasaki1), Guihua Zhang1), 
Hiroko Fukui1), Kazumasa Honda1), Masashi Gamo1)

1)National Institute of Advanced Industrial Science and Technology (AIST), Japan, 2)Chemicals Evaluation and Research Institute (CERI), Japan, 3)Toray 
Research Center, Inc., Japan

O-29-B-17… Nanomaterial Pharmacokinetics and Biodistribution: Can In Vitro Data Quantitatively Predict In Vivo?
Jim E. Riviere1), Nancy A. Monteiro-Riviere2)

1)Kansas State University, USA, 2)Nanotechnology Innovation Center of Kansas State, Kansas State University, Manhattan, KS, USA

O-29-B-18… Biocompatibility and biodistribution of several micro-/nano-sized inorganic particles
Shigeaki ABE1), Atsushi Hyono2), Yuusaku Hamba1), Nobuki Iadera1), Shuuichi Yamagata1), Fumio Watari3), Tsukasa Akasaka1), Yasutaka Yawaka1), Jun-
ichiro Iida1), Tetsu Yonezawa2)

1)Hokkaido University, Japan, 2)Graduate School of Dental Medicine, Faculty of Engineering, Hokkaido University, Japan, 3)Faculty of Dental Medicine, 
Hokkaido University, Japan

O-29-B-19… Internalization of SiO2 and TiO2 nanoparticles by lung epithelial cells
Sandra Vranic, Francelyne Marano, Armelle Baeza-Squiban, Sonja Boland
University Paris Diderot - Paris 7, France

Room C (133+134)
Environmental Toxicity… 10:10–11:10

Chair: Superb K Misra, University of Birmingham, UK

O-29-C-01… Suitability of OECD TG 216 as an indicator test for toxic effects of nano-Ag on soil microflora
Kerstin Hund-Rinke, Karsten Schlich
Fraunhofer Institute for Molecular Biology and Applied Ecology, Germany

O-29-C-02… Differential Effect of Solar Light in Enhancing the EcoToxic Potential of Ag and TiO2 nanoparticles
Saji George1), Hannah Gardner1), Jeffrey Seng Eng Khuan1), Mark Richards1), Hengky Chang1), Khiong Woon Chan2)

1)Nanyang Polytechnic, Singapore, 2)Department of Biological Sciences, National University of Singapore, Singapore

O-29-C-03… Improving the selective reduction of nitrate to nitrogen in  aqueous solution using nZVI-based trime
yingyote Lubphoo1), Nurak Grisdanurak1,3), Jih-Ming Chyan2), Chih-Hsiang Liao2)

1)Thammasat University, Thailand, 2)Department of Environmental Resources Management, Chia Nan University of Pharmacy and Science Tainan 
71710, Taiwan R.O.C., 3)National Center of Excellence for Environmental and Hazardous Waste Management, Thammasat University, Pathumthani 
12121, Thailand

O-29-C-04… Environmental Protection of Public Health for Manufactured Nanomaterials: Europe Speaks with Two Voices
Ilise L Feitshans1,2,3,4)

1)Institute for Work and Health University of Lausanne, Switzerland, 2)Institute universitaire romand de santé au travail University of Lausanne, 
Switzerland, 3)Geneva School of Diplomacy, Switzerland, 4)Work Health and Survival Project, Switzerland

Material Processing & Characterization 1… 11:25–12:25

Chair: Kun’ichi Miyazawa, National Institute for Materials Science, Japan

O-29-C-05… Synthesis of C60-C70 two-component fullerene nanowhiskers by LLIP method
Kun’ichi Miyazawa1), Chika Hirata1), Toshio Konno1), Takatsugu Wakahara1), Ryosuke Kano2), Masaru Tachibana2)

1)National Institute for Materials Science (NIMS), Japan, 2)Yokohama City University, Japan

O-29-C-06… Graphene oxide sheets modulated Ag@AgX@Graphene (X=Cl, Br) photocatalysts
Yanqing Wang, Bunshi Fugetsu
Hokkaido University, Japan

O-29-C-07… A Central Data Repository for Nanomaterial Data - The Nanomaterial Registry
Michele L. Ostraat, Kimberly A. Guzan, Karmann C. Mills
RTI International, USA

O-29-C-08… Size, surface area and chemical analyses of nanomaterials: Lessons from NANOGENOTOX
Keld A Jensen1,2), Jan Mast3), Boris Shivachev4), Olivier Spalla5), Davy Rousset6), Charles Motzkus7), P. Lee Ferguson8), Kirsten Rasmussen9), Nathalie 
Thieret10)

1)National Research Centre for the Working Environment, Denmark, 2)Danish NanoSafety Centre, Copenhagen, Denmark, 3)Veterinary and 
Agrochemical Research Centre, Brussel, Belgium, 4)Bulgarian Academy of Sciences, Institute of Mineralogy and Crystallography, Sofia, Bulgaria, 
5)Commissariatà l’énergie atomique et aux énergies alternatives - Sacley, Gif-sur Yvette, France, 6)Institut National de Recherche et de Securite, 
Vandoeuvre-lès-Nancy Cedex, France, 7)Laboratoire National de Métrologie et d’Essais, Paris, France, 8)Duke University, Durham, North Carolina, USA,
9)Joint Research Centre, Ispra, Italy, 10)Agence nationale de sécurité sanitaire de l’alimentation, de l’environnement et du travail, Paris, France

Material Processing & Characterization 2… 13:45–15:00

Chair: Michael Ellenbecker, University of Massachusetts Lowell, USA

O-29-C-09… Physical and Transport Properties of Aerosolized Nanomaterials: Their Relation to Morphology
Bon Ki Ku, Pramod Kulkarni
National Institute for Occupational Safety and Health (NIOSH), USA

O-29-C-10… Development of an system to test the stability of airborne nanoparticle agglomerates
Yaobo Ding, Michael Riediker
Institute for Work and Health, University of Lausanne, Switzerland

O-29-C-11… Enhanced Nanoparticle Diffusion Loss due to Recirculation Flow in the Aerosol Particle Mass Analyzer
Bo Xi Liao1), Guan Yu Lin1), Neng Chium Zeng1), Chun-Wan Chen2), Chuen Jinn Tsai1)

1)Institute of Environmental Engineering, National Chiao Thung University, Hshinchu, Taiwan, 2)Institute of Occupational Safety and Health, Council of 
Labor Affairs, Executive Yuan, Taiwan

O-29-C-12… Study of Different Experimental Methods to Determine if a Substance is a Nanoparticulate Substance
Sébastien ARTOUS, Eric ZIMMERMANN, Dominique LOCATELLI, Pierre NOBILE, Samir DERROUGH, Catherine DURAND 
CEA, France

O-29-C-13… The Dynamic Shape Factor of Silver Nanoparticle Agglomerates
Hanh H. Vu, Jinn C. Tsai
National Chiao Tung University, Taiwan R.O.C.

Material Processing & Application… 15:45–16:45

Chair: Chuen-Jinn Tsai, National Chiao Tung University, Taiwan R.O.C. 

O-29-C-14… Isotopically modified nanoparticles for enhanced detection in bioaccumulation studies
Superb K Misra1,2), Agnieszka D Dybowska2), Marie Noele-Croteau3), Samuel N Luoma3), Eugenia Valsami-Jones1,2)

1)University of Birmingham, UK, 2)Natural History Museum, Mineralogy, Cromwell Road, London SW7 5BD, UK, 3)US Geological Survey, Menlo Park, 
California, USA

O-29-C-15… A Study of Removing Bioaerosols in the Indoor Air Using Antibacterial Zeolites
Chu-Chin Hsieh, Yu-Chieh Weng, Yu-Shan Huang
National Yunlin University of Science and Technology, Taiwan R.O.C.

O-29-C-16… Fullerene nanotubes as potential carriers for drug delivery
Kun’ichi Miyazawa1), Lang Tran2)

1)National Institute for Materials Science (NIMS), Japan, 2)Institute of Occupational Medicine (IOM), UK
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O-29-C-17… Drug delivery system by carbon nanotubes for sarcoma cells
Kaoru Aoki1), Hisao Haniu1), Masayuki Shimizu1), Seiji Takanashi1), Masanori Okamoto1), Shinsuke Kobayashi1), Hiroki Nomura1), Yuki Usui2), Naoto 
Saito3)

1)Shinshu University, Japan, 2)Faculty of Engineering, Shinshu University, Japan, 3)Department of Applied Physical Therapy, Shinshu University School of 
Health Sciences, Japan

Wednesday, October 30

Room A (141+142)
Lecture from Organizer 2… 8:30–9:00

Hisanori Shinohara, Nagoya University, Japan
Chair: Shinya Toyokuni, Nagoya University, Japan

Health Effects and Toxicity - In Vitro 1… 9:35–10:35

Chair: Harald Krug, EMPA, Switzerland

O-30-A-17… Biosensing tools based on enhanced absorbance to assess the impact of nanomaterials on health
Guillaume Suarez1), Christian Santschi2), Nastassja Lewinski1), Olivier J. F. Martin2), Michael Riediker1)

1)Institute for Work and Health, University of Lausanne, Switzerland, 2)EPFL STI IMT NAM / Ecole Polytechnique Fédérale de Lausanne, Lausanne / 
Switzerland

O-30-A-18… Hydrochemical reactivity and biodurability of nanomaterials in cell media and synthetic lung fluids
Keld A Jensen1,2), Yahia Kembouche1,2), Signe H Nielsen1,2), Kirsten I Lieke1,2), Sergio E Moya3)

1)National Research Centre for the Working Environment, Denmark, 2)Danish NanoSafety Centre, Copenhagen, Denmark, 3)Centre for Cooperative 
Research in Biomaterials, San Sebastian, Spain

O-30-A-19… Solubility, dissolution, biodurability: important parameters in occupational health of nanoparticles
Mary Gulumian1,2), Wells Utembe1)

1)National Institute for Occupational Health, South Africa, 2)Haematology and Molecular Medicine Department, University of the Witwatersrand, 
Johannesburg, South Africa

O-30-A-20… Chemically inert and biologically reactive nature of nanoparticles through their size effect
FUMIO WATARI1), Bunshi Fugetsu2)

1)Graduate School of Dental Medicine, Hokkaido University, Japan, 2)Graduate School of Environmental Science, Hokkaido University, Sapporo, Japan

Collaboration Session with Asia Nano Forum - Asia Nano Safe… 11:00–12:15

Chair: Paul Wright, RMIT University, Co-ordinator of Asia Nano-Safe, Australia

O-30-A-21… Asia Nano Safe: A new international nanosafety research network
Paul Wright1,2)

1)RMIT University, Australia, 2)Co-ordinator of Asia Nano Safe, Australia

O-30-A-22… Assessment of Radiation Exposure from Inhaled Particles in Waste Incineration Plants
Yosuke Koyama, Yasuto Matsui, Junpei Shioga, Kazuhisa Nishioka, Yoko Shimada, Masaki Takaoka, Minoru Yoneda
Kyoto University, Japan

O-30-A-23… Prussian blue caged in alginate/calcium beads for removal of cesium and strontium ions from water
Vipin Adavan Kiliyankil, Baiyang Hu, Bunshi Fugetsu
Hokkaido University, Japan

O-30-A-24… Subacute pulmonary toxicity induced by intra-tracheal instillation nano TiO2 in rats
xuhong chang1), yanxin xie1,2), meng tang1), bei wang1,2)

1)Key Laboratory of Environmental Medicine and Engineering; Ministry of Education, School of Public Health, Southeast University, China, 
2)Department of Epidemiology and Health Statistics, School of Public Health, Southeast University

O-30-A-25… Zinc oxide particles induced migration and adhesion of monocytes and increased macrophage cholestero
Yuka Suzuki1), Saeko Tada-Oikawa1), Gaku Ichihara2), Kiyoshi Sakai3), Masayuki Yabata1), Kiyora Izuoka1), Sahoko Ichihara1)

1)Mie University, Japan, 2)Nagoya Univeristy Graduate School of Medicine, Japan, 3)Nagoya City Public Health Research Institute, Japan

Luncheon Seminar 2  Sponsored…by…Eli…Lilly…Japan…K.K.… 12:25–13:25

Malignant Pleural Mesothelioma - The current situation of diagnosis and therapy
Kazuyoshi Imaizumi 
Professor, Division of Respiratory Medicine and Clinical Allergy, Department of Internal Medicine, Fujita Health University, Toyoake, Japan
Chair: Yoshinori Hasegawa, Professor, Department of Respiratory Medicine, Nagoya University Graduate School of Medicine, Japan

DAILY PROGRAM - DAY 2
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Occupational Health Topics for the Risk Assessment of CNT

Symposium Co-sponsored by J-NIOSH 1
Topics for the Risk Assessment of CNT 13:35–15:05

Chair: Jun Kanno, NIHS, Japan

NIOSH Sub-acute Inhalation Studies with Multi-walled Carbon Nanotubes (MWCNT)
Vincent Castranova, NIOSH, USA
Development of a new MWCNT aerosol generator and 13-week whole body inhalation study using rats
Tatsuya KASAI, Kaoru GOTOH, Toshiaki SASAKI, Arata SAITO, Taku KATAGIRI, Yumi UMEDA, Makoto OHNISHI, Hitomi KONDO, Michiharu 
MATSUMOTO, Shigetoshi AISO, Tomoshi NISHIZAWA and Shoji FUKUSHIMA
Japan Bioassay Research Center, Japan Industrial Safety & Health Association, Japan

Symposium Co-sponsored by J-NIOSH 2
Topics for Exposure Assessment of CNT… 15:30–17:00

Chair: Toshihiko Myojo, University of Occupational and Environmental Health, Japan

Occupational Exposure to Carbon Nanotubes and Nanofibers: Progress and Current State from US NIOSH
Charles Geraci, NIOSH, USA
Striving for exposure assessment of MWCNTs by Particle Size and Oxidation Temperature of EC
Mariko Ono-Ogasawara, NIOSH, Japan

Room B (131+132)
Worker Protection… 9:05–10:05

Chair: Michael Ellenbecker, University of Massachusetts Lowell, USA

O-30-B-20… Training the Nanotechnology Workforce: A Case Study from the United States
Kristen Kulinowski1), Bruce Lippy2)

1)IDA Science and Technology Policy Institute, USA, 2)The Lippy Group, USA

O-30-B-21… Measurements of aerosol penetration through particulate protective clothing
Chih-Chieh Chen1), Sheng-Hsiu Huang1), Chih-Wei Lin1), Jung-Chun Cho1), Nian Cih Wu1), Chun-Wan Chen2), Yu-Mei Kuo3)

1)National Taiwan University, Taiwan R.O.C., 2)Institute of Occupational Safety and Health, Council of Labor Affairs, Taiwan R.O.C., 3)Department of 
Occupational Safety and Health, Chung Hwa University of Medical Technology, Taiwan R.O.C.

O-30-B-22… Use of tracer gas and nanoparticle methods to evaluate a new nano containment hood
Kevin H. Dunn1), Candace S-J Tsai2), Susan R. Woskie3), James S. Bennett1), Alberto Garcia1), Michael J. Ellenbecker3)

1)U.S. National Institute for Occupational Safety and Health, USA, 2)Purdue University, 3)University of Massachusetts Lowell, USA

O-30-B-23… Filter Testing Using Technetium-99m Labeled Airborne Particles
Tsz Yan Ling, Lin Li, Kai Xiao, Shigeru Kimoto, David Y. H. Pui
University of Minnesota (Twins Cities), USA

Exposure Assessment 4 - Life Cycle Assessment… 10:05–12:00

Chair: Kristen Kulinowski, Rice University, USA

Invited Lecture 3 Fate of Nanomaterials During Life Cycle of Polymer Nanocomposites 10:05–10:35
Tinh Nguyen, National Institute of Standards and Technology, USA

O-30-B-24… Are carbon nanotubes released during failure-testing of heat-treated Portland cement nanocomposites
Keld A Jensen1,2), Elin A Jensen3), Nabil Grace3)

1)National Research Centre for the Working Environment, Denmark, 2)Danish NanoSafety Centre, Denmark, 3)Lawrence Technical University, Southfield, 
Michigan, USA

O-30-B-25… Exposure Assessment on Consumer Products Including Nanomaterials During Use and Disposal Process
Yasuto Matsui, Kenji Shiota, Nobumitsu Sakai, Yosuke Koyama, Kazuhisa Nishioka, Minoru Yoneda
Kyoto University, Japan

O-30-B-26… Super-accelerated weathering test of external wall material furnished by paint contained silica nano
Kenichi Otsuka1), Hitoshi Morishita1), Yasunobu Iiduka1), Nobushige Numa2), Naruhiko Mizutani3), Tsutomu Mizutani3)

1)JFE Techno-Research Corp., Japan, 2)Japan Paint Manufacturer Assoc., Japan, 3)Mizutani Paint Co. LTD, Japan

O-30-B-27… A broad-scale survey measuring exposure to MNO at different workplaces across the life cycle
Cindy Bekker1,2), Wouter Fransman2), Roel Engel3), Eelco Kuijpers2)

1)Utrecht University, Netherlands, 2)TNO, Netherlands, 3)TNO Triskelion, Netherlands

Exposure Assessment 5 - Instrument… 13:35–15:05

Chair: Candace Tsai, Purdue University, USA

O-30-B-28… Quality Control in Nanoparticle Aerosol Exposure Measurements -The Nano Test Center
Dirk Dahmann1), Christian Monz1), Christian Monsé2), Christof Asbach3), Heinz Kaminski3)

1)BG RCI, Germany, 2)IPA, Bochum, Germany, 3)IUTA, Duisburg, Germany

O-30-B-29… Development and Evaluation of an ESP type ALI(Air-Liquid Interface) Cell Exposure System
Ta-Chih Hsiao1), Ya Chien Chang Chien1), Wei Cheng Fang1), Chun Wan Chen2)

1)National Central University, Taiwan R.O.C., 2)Institute of Occupational Safety & Health, Taipei, Taiwan R.O.C.

O-30-B-30… Characterization of Airborne Nanoparticle Loss in Sampling Tubing
Su-Jung (Candace) Tsai1), Michael Ellenbecker2)

1)Purdue University, USA, 2)NSF Center for High-rate Nanomanufacturing (CHN), University of Massachusetts Lowell, One University Avenue, Lowell, 
Massachusetts 01854, USA

O-30-B-31… Development of Non-Invasive Tools to Assess Occupational Exposure to Engineered Nanoparticles
Caroline Desvergne, Muriel Dubosson, Véronique Mossuz
CEA Grenoble, France

O-30-B-32… Field and laboratory use of the Aerotrak 9000 surface area aerosol monitor
Delphine Bard, Garry Burdett, Andrew Thorpe
Health and Safety Laboratory (HSL), UK

O-30-B-33… Proposed structure for information recording of electron microscopy analysis for the NECID database
Delphine Bard1), Garry Burdett1), Markus Mattenklott 2), Peter C Tromp3), Timo Tuomi 4), Tomi Kanerva 4), Johannes Pelzer2), Wiho Stöppelmann 2), 
Christian Schumacher2), Wouter Fransman 3), Derk Brouwer 3), Ismo Koponen 5), Arto Säämänen 4), Olivier Witschger6), Elzbieta Jankowska7), Markus 
Berges2)

1)Health and Safety Laboratory (HSL), UK, 2)IFA, Germany, 3)TNO, The Netherlands, 4)FIOH, Finland, 5)NRCWE, Denmark, 6)INRS, France, 7)CIOP, Poland

Health Effects and Toxicity - In Vivo… 15:30–17:00

Chairs: Enrico Bergamaschi, University of Parma, Italy and Lang Tran, Institute of Occupational Medicine, UK

O-30-B-34… Bottom-up Evaluation Model for Central Nerve Nanotoxicology
Kouki Fujioka1), Sanshiro Hanada2), Yuriko Inoue3), Kouichi Shiraishi1), Yoshinobu Manome1), Fumihide Kanaya2)

1)The Jikei University School of Medicine, Japan, 2)National Center for Global Health and Medicine, Japan, 3)Toho University, Japan

O-30-B-35… Particle and noise exposure of highway maintenance workers: cardiovascular short term health effects
Reto Meier1), Wayne E Cascio3), Andrew J Ghio3), Pascal Wild4), Brigitta Danuser1), Michael Riediker1,2)

1)Institute for Work and Health, University of Lausanne, Switzerland, 2)IOM Singapore, Singapore, 3)Environmental Public Health Division, US EPA, NC, 
USA, 4)Institute for Research and Safety, France

O-30-B-36… Effects on Respiratory and Cardiovascular Systems in Workers Handling Titanium Dioxide Particles
Sahoko Ichihara1), Weihua Li2), Seiichi Omura3), Yuji Fujitani4), Ying Liu2), Qiangyi Wang2), Yusuke Hiraku5), Naomi Hisanaga6), Xuncheng Ding2), Takahiro 
Kobayashi3), Gaku Ichihara7)

1)Mie University, Japan, 2)Shanghai Institute of Planned Parenthood Research, China, 3)Tokyo Institute of Technology, Japan, 4)National Institute for 
Environmental Studies, Japan, 5)Mie University Graduate School of Medicine, Japan, 6)Aichi University of Education, Japan, 7)Nagoya University 
Graduate School of Medicine, Japan

O-30-B-37… Effect of Prenatal Exposure to Titanium Dioxide Nanoparticle on microRNA Expression in Mouse Embryo
Ken Tachibana1,2), Toshifumi Kojima1), Noriko Kuroiwa1), Tamae Yuasa1), Masakazu Umezawa1,2), Ken Takeda1,2)

1)Tokyo University of Science, Japan, 2)The Center for Environmental Health Science for the Next Generation, Research Institution for Science and 
Technology, Tokyo University of Science, Japan

O-30-B-38… Skin Exposure to Nanomaterials: Should We Be Concerned?
Nancy A. Monteiro-Riviere1), Jim E. Riviere2)

1)Kansas State University, USA, 2)Institute of Computational Comparative Medicine, Kansas State University, Manhattan, KS, USA
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O-30-B-39… Biologic effect of fullerene nanowhiskers
Ilmari Pyykkö1), Jing Zou2), Kun’ichi Miyazawa3)

1)University of Tampere, Finland, 2)Univeristy of Tampere, Hearing and Balance Reseach Unit, Finland, 3)National Institute for Materials Science, Tsukuba, 
Japan

Room C (133+134)
Collaboration Session with ICOH Scientific Committee on Nanomaterial Workers’ Health  
“Medical Surveillance“… 9:05–10:05

Chair: Paul A. Schulte, National Institute for Occupational Safety and Health, USA

O-30-C-18… Medical and epidemiological surveillance of nanomaterial workers:
Paul A. Schulte1,2,3), Ivo Iavicoli2,3)

1)National Institute for Occupational Safety and Health, USA, 2)Universita Cattolica del Sacro Cuore, Italy, 3)ICOH Scientific Committee on Nanomaterial 
Workers’ Health, USA

O-30-C-19… Exposure to Indium Tin Oxide and health effects among  Indium Tin Oxide Manufacturing Workers
Ching-Huang Lai1), Saou-Hsing Liou2), Yu-Ju Wang1)

1)National Defense Medical Center, Taiwan R.O.C., 2)Division of Environmental Health and Occupational Medicine, National Health Research Institutes, 
Miaoli, , Taiwan R.O.C.

O-30-C-20… Identification of study populations for epidemiological surveys of MNMs in the Netherlands
Anjoeka Pronk, Cindy Bekker, Eelco Kuipers, Wouter Fransman, Derk Brouwer
TNO, The Netherlands

O-30-C-21… The new incidence rate of allergic disease in tonner manufacturing factory.
Koichi Hata, Masayuki Hasegawa, Mitsuhito Mizuno, Hiroko Kitamura, Akira Ogami, Toshiaki Higashi
UNIVERSITY OF OCCUPATIONAL AND ENVIRONMENTAL HEALTH, Japan

Risk Assessment… 11:00–11:45

Chair: Michael Riediker, Institute for Work and Health, Lausanne, Switerland

O-30-C-22… Public health aspects of non-medical use of nanosilver in everyday products
Hans-Peter Hutter1,2), Marion Jaros3), Andrea Schnattinger3), Janie Shelton1), Michael Kundi1), Peter Wallner2,4)

1)Medical University Vienna, Austria, 2)International Society of Doctors for the Environment, Austrian section, Austria, 3)Vienna Ombuds-Office for 
Environmental Protection, Austria, 4)Medicine and Environmental Protection, Vienna, Austria

O-30-C-23… LCA- incorporated Human Health Risk Assessment: A potential tool for evaluation of nano-products
Derk H Brouwer, Harrie Buist, Eelco Kuijpers, Wouter Fransman, Ester Zondervan
TNO, Netherlands

O-30-C-24… Qualitative risk assessment and control in engineered nanoparticles occupational exposure
Francisco Silva1,2), Pedro Arezes1), Swuste Paul3)

1)University of Minho, Portugal, 2)Technological Centre for Ceramic and Glass, 3)Delft University of Technology, Netherlands

Risk Management and Risk Governance… 12:00–12:15

Chair: Michael Riediker, Institute for Work and Health, University of Lausanne, Switzerland

O-30-C-25… NANO-PREVENTOX. Actualization of official Good Manual Practice for Argentina
Maximo Rafael Ricci1,3), Cecilia Colautti2,3)

1)EST. National Army University for Argentine, Argentina, 2)SMTBA. Sociedad de Medicina del Trabajo de la Provincia de Buenos Aires en Argentina., 
Argentina, 3)ICOH. SC. Nanomaterial Workers’ Health

Risk Management and Risk Governance (Continued)… 13:35–15:05

Chair: Michael Riediker, Institute for Work and Health, University of Lausanne, Switzerland

O-30-C-26… The German NanoDialogue
Cornelia Leuschner
German Ministry for the Environment, Germany

O-30-C-27… Nanotechnologies and risks in the work environment in Brazil: challenges for the legal regulation
Wilson Engelmann1), Tania Elias Magno Da Silva2), Raquel von Hohendorff1)

1)Unisinos, Brasil 2)UFS

O-30-C-28… Accelerating NanoSafety Research through a New Model of Collaboration
Sally Tinkle, Sally Tinkle
Science and Technology Policy Institute, USA

O-30-C-29… Establishing the quality management systems from using computed tomography equipments in Kenya
Jeska S Wambani1), Geoffrey K Korir2), Ian K Korir3)

1)Kenyatta National Hospital, Kenya, 2)University of Massachusetts Lowell, USA, 3)National Nuclear Regulator, South Africa

O-30-C-30… A value chain approach to reach optimal exposure protection for nanomaterial workers
Michael Riediker, Robert J Aitken
IOM Singapore, Singapore

O-30-C-31… New Recommended Exposure Limit and Guidance for Carbon Nanotubes
Paul A. Schulte, Charles L. Geraci, Ralph Zumwalde, Eileen D Kuempel, Douglas Trout, Vincent Castranova, Eileen Birch
National Institute for Occupational Safety and Health, USA

Health Effects and Toxicity - In Vitro 2… 15:30–17:00

Chair: Sehyun Shin, Korean University, Korea

O-30-C-32… Importance of Intracellular Dissolution to the Cytotoxicity of Zinc Oxide Nanoparticles
Paul F.A. Wright1,2,3), Bryce N. Feltis1,3,4), Cenchao Shen1,3), Simon A. James5), Terence W. Turney3,4)

1)RMIT University, Australia, 2)Co-ordinator of Asia Nano Safe, Australia, 3)Nanosafe Australia (www.rmit.edu.au/nanosafe/), Australia, 4)School of 
Chemistry and Department of Materials Engineering, Monash University, Clayton VIC 3800, Australia, 5)Australian Synchrotron, Clayton VIC 3800, 
Australia

O-30-C-33… Cytotoxicity induced by carbon black and TiO2 nanoparticles: similar outcomes but distinct pathways
Salik Hussain, Armelle Baeza-Squiban, Ioana Ferecatu, Karine Andreau, Francelyne Marano, Sonja Boland
Univ Paris Diderot (Sorbonne Paris Cité), France

O-30-C-34… Effect of nanoparticle morphology on toxicity: Comparative study using CuO spheres, rods, and spindles
Superb K Misra1,2), Agnieszka Dybowska2), Samir Nuseibeh3), Teresa D Tetley3), Eugenia Valsami-Jones1,2)

1)University of Birmingham, UK, 2)Earth Sciences, Natural History Museum, Cromwell Road, London SW7 5BD, UK, 3)Lung Cell Biology, National Heart 
& Lung Institute, Imperial College London, London, UK

O-30-C-35… Cytotoxicity Effect of Iron Oxide nanoparticles Coated by Dextran on 3T3 and GC-1spg Cell Lines
Somayeh Jafarinejad1), Mahmoud Ghazi-Khansari 1), Ali Beitollahi2)

1)Tehran University of Medical Sciences, Iran, 2)Center of Advanced Materials Processing, School of Metallurgy and Materials Eng., Iran University of 
Science and Technology (IUST), Iran

O-30-C-36… In vitro cytotoxicity assay of TiO2 nanoparticles in pulmonary epithelial and macrophage-like cells
Kokoro IWASAWA, Takuya AOYAMA, Yasuyuki SAKAI
The University of Tokyo, Japan

O-30-C-37… Toxic effects of nano- and micrometer sized fumed silica particles using two in vitro approaches
Anjoeka Pronk, Christa Klaassen, Marcel Alblas, Mariska Gröllers-Mulderij, Eric Schoen, Birgit van Duuren-Stuurman, Wouter Fransman, Ingeborg 
Kooter
TNO, Netherlands
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Thursday, October 31

Room A (141+142)
Plenary Lecture (Keynote 3)… 8:30–9:10

Comparative Risk Assessment of Airborne Nanomaterials: Analyzing Exposure-Dose-Response Relationships
Günter Oberdörster, University of Rochester, USA
Chair: Seishiro Hirano, National Institute for Environmental Studies, Japan

Plenary Lecture (Keynote 4)… 9:10–9:50

Occupational exposure-relevant nanotoxicology
IlJe Yu, Institute of Nanoproduct Safety Research, Hoseo University, Korea
Chair: Naomi Hisanaga, Aichi University of Education, Japan

Plenary Lecture (Keynote 5)… 10:20–10:50

Nanotoxicology – a new Discipline or a Hype?
Harald Krug, EMPA, Switzerland
Chair: Kun’ichi Miyazawa, National Institute for Materials Science, Japan

Wrap-up Meeting… 10:50–11:50

Presentations by…Host…Candidates…for…the…7th…NanOEH… 11:50–12:50

Satellite Symposium:  
organized…by…Japan…Committee…for…6th…NanOEH,…NIMS,…MARINA…and…Asia…Nano…Forum-Asia…Nano…Safe 14:00–17:00

Opening Remark: Kun’ichi Miyazawa, NIMS, Japan

[Keynote Lecture 1] 
Framing Atherosclerosis as a Nanotoxicology Problem
Lang Tran, IOM, UK
Chair: Gaku Ichihara, Nagoya University, Japan

[Keynote Lecture 2]
Ilmari Pyykkö, Tampere University, Finland
Chair: Kun’ichi Miyazawa, National Institute for Materials Science, Japan

[Panel Discussion on International Collaboration]
Facilitator: Lang Tran, Institute of Occupational Medicine, UK
Panelists:  Vincent Castranova, NIOSH, USA
 Gaku Ichihara, Nagoya University, Japan
 Jun Kanno, NIHS, Japan
 Lang Tran, IOM, UK
 Paul Wright, RMIT University, Australia

Closing Remark: Masahiro Takemura, NIMS, Japan

DAILY PROGRAM - DAY 3

Material Processing & Characterization
P-01-001 Photo-catalytic degradation of dimethyl-sulfide under visible light with S-doped TiO2 photo-catalyst
Hsin Chu1), Yi-Hsing Lin2), Mei-Chin Chen3), Ting-Ke Tseng4)

1)National Cheng Kung University, Korea, 2)Department of Environmental Engineering, National Cheng Kung University, Korea, 3)Research Center for 
Energy Technology and Strategy, National Cheng Kung University, Korea, 4)Research Center for Energy Technology and Strategy, National Cheng Kung 
University, Korea

P-01-002 Successive and large-scale synthesis of non-toxic quantum dots in a flow reactor
Chang-Soo Han, Jun Lee, Ju Yeon Woo
Korea University, Korea

P-01-004 Novel route for the synthesis of nanostructured hydroxyapatite crystals
Masahiro Okada1), Yuko Omori2), Naoyuki Matsumoto2), Shoji Takeda 1), Tsutomu Furuzono3)

1)Osaka Dental University, Japan, 2)Department of Orthodontics, Osaka Dental University, Japan, 3)Department of Biomedical Engineering, School of 
Biology-Oriented Science and Technology,  Kinki University, Japan

P-01-005 Optimized sample preparation of nanosized titanium dioxide for in vivo toxicological studies
Kenichi Kobayashi, Yasuko Hasegawa-Baba, Hisayo Kubota, Muneyuki Miyagawa
National Institute of Occupational Safety and Health, Japan

P-01-006 Characterization of Nanomaterials for the Assessment of NanoEHS
Daisuke Fujita1), Mingsheng Xu2)

1)National Institute for Materials Science, Japan, 2)Zhejiang University, China

P-01-007 Preparation of silver nanoparticles using sodium alginate for photocatalyst
Saki Hirota, Bunshi Fugetsu
Hokkaido University, Japan

P-01-008 Dispersion method for safety research on manufactured nanomaterials
Wenting Wu1), Gaku Ichihara1), Yuka Suzuki2), Kiyora Izuoka2), Saeko Oikawa-Tada2), Jie Chang2), Kiyoshi Sakai3), Kun’ichi Miyazawa4), Dale Porter5), 
Vincent Castranova5), Masami Kawaguchi 6), Sahoko Ichihara2)

1)Nagoya University Graduate School of Medicine, Japan, 2)Graduate School of Regional Innovation Studies, Mie University, Japan, 3)Nagoya City Public 
Health Research Institute, Japan, 4)National Institute for Materials Science, Japan, 5)National Institute for Occupational Safety and Health, USA, 
6)Department of Chemistry for Materials, Faculty of Engineering, Japan

P-01-009 Detection and Characterization of Airborne Carbon Nanotubes Using Hyperspectral Imaging
Samuel M. Lawrence1), James Beach2)

1)CytoViva Inc., USA, 2)Technology Development, Cytoviva, Inc., USA

P-01-010 Aerosol-assisted fabrication of mesoporous silica supported bimetallic Ce/Al catalysts for acetone oxidation
Liangyi Lin, Hsunling Bai
Institute of Environmental Engineering, National Chiao Tung University, Taiwan R.O.C

P-01-011 Effect of extraction conditions on rice husk ash derived mesoporous silicas for CO2 adsorption
Wanting Zeng, Hsunling Bai
Institute of Environmental Engineering, National Chiao Tung University, Taiwan R.O.C

P-01-012 Results from an Inter-Laboratory Study to Measure Nanoparticle Size by TEM
Aleksandr Byron Stefaniak, M. Abbas Virji
National Institute for Occupational Safety and Health, Division of Respiratory Disease Studies, USA

P-01-013 Removal of Arsenic by Nano Iron Modified Syntetic Zeolite
Rabeah Menhaje-Bena, Mahmood Ghazi-Khansari, Babak Akbari
Department of Pharmacology, School of Medicine,Tehran University of Medical Sciences, Iran

P-01-014 Separation of nanoparticles using surface acoustic wave in a microfluidic system
Wenliang Yao, Yujin Heo, Junghun Nam, Sehyun Shin
School of Mechanical Engineering, Korea University, Anam-dong, Seoul, Korea

POSTER PRESENTATION
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P-01-015 The analysis of functional groups and quantification of individual ligands from the surface of multi-functionalized gold 
nanoparticles using Fourier Transform Infrared Spectroscopy
Thingahangwi Madzihandila1), Tlotleng Nonhlanhla2,3), Xolani Masoka1), Sekobe Gopolang1,2), Mary Gulumian1,2)

1)Occupational and Hygiene Section, National Institute for occupational health, South Africa, 2)Department of Molecular Medicine and Haematology, 
School of Pathology, University of the Wiwatersrand, South Africa, 3)Toxicology and Biochemistry Section, National institute for occupational health, 
South Africa

P-01-130 Characteristics of Potential Nanoscale Arosols Generated During Processing of Ion Ore Mines
Eun-Kyo Chung1), Huynh T. B.2), Gurumurthy Ramachandran2)

1)Occupational Safety and Health Research Institute, Korea Occupational Safety and Health Agency (KOSHA), Korea, 2)Division of Environmental Health 
Sciences, School of Public Health, University of Minnesota, Minneapolis, USA

Health Effects and Toxicity - In Vivo
P-02-016 Maternal exposure to titanium dioxide nanoparticle affects gene expression in the brain development
Masakazu Umezawa1,2), Midori Shimizu1), Hitoshi Tainaka2), Ken Takeda1,2)

1)Tokyo University of Science, Japan, 2)The Center for Environmental Health Science for the Next Generation, Research Institute for Science and 
Technology, Tokyo University of Science, Japan

P-02-017 Maternal exposure to carbon black nanoparticle affects perivascular cells in the brain of offspring
Atsuto Onoda1,2), Masakazu Umezawa1,3), Ken Takeda1,3), Tomomi Ihara2), Masao Sugamata2)

1)Tokyo University of Science, Japan, 2)Department of Pathology, Tochigi Institute of Clinical Pathology, Japan, 3)The Center for Environmental Health 
Science for the Next Generation, Research Institute for Science and Technology, Tokyo University of Science, Japan

P-02-018 Effect of treatment of pregnant mice with carbon black nanoparticle on the neonatal immune system
Saki Okamoto1), Masakazu Umezawa1,2), Ryuhei Shimizu1), Atsuto Onoda1), Mariko Uchiyama1), Shiho Watanabe3), Shuhei Ogawa2,3), Ryo Abe3), Ken 
Takeda1,2)

1)Tokyo University of Science, Japan, 2)The Center for Environmental Health Science for the Next Generation, Research Institute for Science and 
Technology, Tokyo University of Science, Japan, 3)Research Institute for Biomedical Sciences, Tokyo University of Science, Japan

P-02-019 The effects of exposure to zinc oxide nanoparticles on bleomycin-induced pulmonary fibrosis in mice
Wenting Wu1,2), Gaku Ichihara1), Saeko Tada-Oikawa2), Yuka Suzuki2), Jie Chang1,2), Naozumi Hashimoto3), Yoshinori Hasegawa3), Corina Gabazza4), 
Esteban Gabazza4), Sahoko Ichihara2)

1)Nagoya University Graduate School of Medicine, Japan, 2)Graduate School of Regional Innovation Studies, Mie University, Japan, 3)Department of 
Respiratory Medicine, Nagoya University Graduate School of Medicine, Japan, 4)Cellular and Molecular Immunology, Mie University Graduate School 
of Medicine, Japan

P-02-020 Pulmonary responses of P25 and other TiO2 nanoparticles following intratracheal instillation in rats
Takami Okada, Akira Ogami, Byeong Woo Lee, Takako Oyabu, Toshihiko Myojo
Institute of Industrial Ecological Sciences, Japan

P-02-021 Pulmonary toxicity of copper indium gallium diselenide particles in rats
Akiyo Tanaka1), Miyuki Hirata1), Kazunori Koga2), Nobuya Hayashi3), Masaharu Shiratani2), Yutaka Kiyohara1)

1)Kyushu University, Japan, 2)Department of Electronics, Graduate School of Information Science and Electrical Engineering, Kyushu University, Japan,
 3)Interdisciplinary Graduate School of Engineering Sciences, Kyushu University, Japan

P-02-022 Acute Inhalation Toxicity of Graphene oxide
Jae Hoon Shin1), Jin Kwon Kim2), Joo Hwan Hwang1), Jong Seong Lee1), Tae Gyu Lee2), Il Je Yu2)

1)KCOMWEL, Korea 2)Institute of Nano Products Safety Research, Hoseo University, Asan, Korea

P-02-023 Thirteen-Week Toxicity of Multi-Walled Carbon Nanotubes by Whole-Body Inhalation Exposure in Rats
Yumi Umeda, Tatsuya Kasai, Hitomi Kondo, Tadao Toya, Hirokazu Okuda, Shigetoshi Aiso, Tomoshi Nishizawa, Shoji Fukushima
Japan Bioassay Research Center, Japan Industrial Safety & Health Association, Japan

P-02-024 Development of a MWCNTs aerosol generation system for inhalation toxicity studies
Tatsuya Kasai, Kaoru Gotoh, Tomoshi Nishizawa, Toshiaki Sasaki, Arata Saito, Taku Katagiri, Makoto Ohnishi, Yumi Umeda, Hitomi Kondo, Shoji 
Fukushima
Japan Bioassay Research Center, Japan Industrial Safety & Health Association, Japan

P-02-025 Analysis of the Genotoxic Effect of Nanosized TiO2 as Intravenously Administered in Mice
Rui-Sheng Wang, Tetsuya Suzuki, Yukie Yanagiba, Rieko Hojo, Nobuhiko Miura, Megumi Suda, Muneyuki Miyagawa
National Institute of Occupational Safety and Health, Japan

P-02-026 Magnetite nanoparticles induce genotoxicity in the lung of mice via inflammatory response
Yukari Totsula1), Kousuke Ishino1), Yukie Tada2), Dai Nakae2,3), Masatoshi Watanabe4), Keiji Wakabayashi5)

1)National Cancer Center Research Institute, Japan, 2)Department of Pharmaceutical and Environmental Sciences, Tokyo Metropolitan Institute of Public 
Health, Japan, 3)Tokyo University of Agriculture, Japan, 4)Division of Materials Science and Engineering, Graduate School of Engineering, Yokohama 
National University, Japan, 5)Graduate Division of Nutritional and Environmental Sciences, University of Shizuoka, Japan

P-02-027 In vivo effect of multi-wall carbon nanotubes on immune system
Koichi Yamada1), Akihiko Iwasa1), Tomoyuki Kondo1), Mie Kurosawa1), Rieko Arakaki1), Akiko Yamada1), Yasusei Kudo1), Yuhji Taquahashi2), Atsuya 
Takagi2), Jun Kanno2), Naozumi Ishimaru1)

1)Institute of Health Biosciences The University of Tokushima Graduate School, Japan, 2)National Institute of Health Sciences, Division of Cellular and 
Molecular Toxicology, Japan

P-02-028 Influence of nano-size polystyrene particles in mice with cisplatin, paraquat or acetaminophen
Katsuhiro Isoda, Tetsuji Nishimura, Masakatsu Tezuka, Isao Ishida
Teikyo Heisei University, Japan

P-02-029 Acute Inhalation Toxicity of Graphene oxide
Jae Hoon Shin1), Jin Kwon Kim2), Joo Hwan Hwang1), Jong Seong Lee1), Tae Gyu Kim2), Il Je Yu2)

1)KCOMWEL, Korea, 2)Institute of Nano Products Safety Research, Hoseo University, Korea

P-02-030  In vivo  genotoxicity to lung cells from rats following 28 days of inhalation of MWCNTs
Jin Sik Kim1), Jae Hyuck Sung1), Byung Gil Choi1), Hyun Ryol Ryu1), Kyung Seuk Song1), Jae Hoon Shin2), Jong Seong Lee2), Joo Hwan Hwang2), Ji Hyun 
Lee4), Gun Ho Lee3), Kisoo Jeon3), Kangho Ahn3), Il Je Yu4)

1)Korea Conformity Laboratories, Korea, 2)Diseases Institute, Korea Workers’ Compensation Welfare Service, Korea, 3)Department of Mechanical 
Engineering, Hanyang University, Korea, 4)Institute of Nanoproduct Safety Research, Hoseo University, Korea

P-02-031 Toxicity of silver nanoparticles and their routes of exposures
Victoria Firstova1), Olga Kalmantaeva1), Ekatherina Zyrina1), Tatiana Zavistyaeva2), Vasilyi Potapov1)

1)State Research Center for Applied Microbiology & Biotechnology, Russia, 2)Federal service on customers’ rights Protection and human well-being sur-
veillance, Russia

P-02-032 Allergenicity and toxicology of inhaled silver nanoparticles in allergen provocation mice models
Tsun-Jen Cheng1), Hsiao-Chi Chuang2), Ta-Chih Hsiao3), Cheng-Kuan Wu4), Hui-Hsien Chang4)

1)National Taiwan University, Taiwan R.O.C., 2)School of Respiratory Therapy, College of Medicine, Taipei Medical University, Taipei,
Taiwan, Taiwan R.O.C., 3)Graduate Institute of Environmental Engineering, National Central University, Taoyuan, Taiwan, Taiwan R.O.C., 4)Institute of
Environmental Health, College of Public Health, National Taiwan University, Taipei, Taiwan R.O.C.

P-02-033 Carcinogenicity evaluation of carbon nanotube in rasH2 mice
Seiji Takanashi1), Hisao Haniu1), Yuki Usui2), Kaoru Aoki1), Norio Ishigaki1), Masayuki Shimizu1), Masanori Okamoto1), Shinsuke Kobayashi1), Hiroki 
Nomura1), Hiroyuki Kato1), Naoto Saito3)

1)Shinshu University School of Medicine, Japan, 2)Department of Reserch Center for Exotic Nanocarbons, Shinshu University School of Engineering, 
Japan, 3)Department of Applied Physical Therapy, Shinshu University School of Health Sciences, Japan

P-02-034 Effects of nanosized titanium dioxide particles after repeated intravenous injections in adult rats.
Hisayo Kubota, Yasuko Hasegawa-Baba, Kenichi Kobayashi, Muneyuki Miyagawa
National Institute of Occupational Safety and Health, Japan

P-02-035 Developmental toxicity by intratracheal instillation of multi-wall carbon nanotubes in pregnant mice
Akihiko Hirose1), Norihiro Kobayashi1), Mayumi Kawabe2), Hironao Nakashima2), Takamasa Numano2,3), Reiji Kubota1), Yoshiaki Ikarashi1)

1)National Institute of Health Sciences, Japan, 2)DIMS Institute of Medical Science Inc., Japan, 3)Nagoya City University Graduate School of Medical 
Sciences, Japan

P-02-036 Toxicogenomics of manufactured zinc oxide nanoparticles (NPs) in the nematode Caenorhabditis elegans
Natasa Polak, Stephen R Sturzenbaum, Frank J Kellly, David J Spurgeon, Daniel S Read, Kerstin Jurkschat
King’s College London, UK

P-02-037 Effects of nanosized TiO2 after repeated intravenous injections in pregnant rats
Yasuko Hasegawa-Baba, Hisayo Kubota, Kenichi Kobayashi, Muneyuki Miyagawa
National Institute of Occupational Safety and Health, Japan

P-02-038 Investigation of adverse effect of nanosized titanium dioxide on testicular function in mice
Nobuhiko Miura, Katsumi Ohtani, Tetsuya Suzuki, Yukie Yanagiba, Rieko Hojo, Megumi Suda, Muneyuki Miyagawa, Rui-Sheng Wang
Japan National Institute of Occupational Safety and Health, Japan
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P-02-039 The effects of metal oxide nanoparticles on angiogenesis in transgenic zebrafish
Jie Chang1,2), Gaku Ichihara1), Saeko Tada-Oikawa2), Kiyora Izuoka2), Toshio Tanaka3), Yasuhito Shimada3), Sahoko Ichihara1,4)

1)Department of Occupational and Environmental Health, Nagoya University Graduate School of Medicine, Nagoya, Japan, 2)Graduate School of 
Regional Innovation Studies, Mie University, Tsu, Japan, 3)Department of Molecular and Environmental Medicine, Mie University Graduate School of 
Medicine, Tsu, Japan, 4)Department of Human Functional Genomics, Life Science Research Center, Mie University, Tsu, Japan

P-02-040 Involvement of Nrf-2 in ZnO NP-induced pulmonary inflammation
Radwa Ibrahim Sehsah1,6), Wenting Wu1), Sahoko Ichihara2), Naozumi Hashimoto3), Yoshinori Hasegawa3), Ken Ito4), Masayuki Yamamoto5), Emily 
Kamel6), Gaku Ichihara1)

1)Department of Occupational and Environmental Health, Nagoya University Graduate School of Medicine, Japan, 2)Mie University Graduate School of 
Regional Innovation Studies, Japan, 3)Department of Respiratory Medicine, Nagoya University Graduate School of Medicine, Japan, 4)Department of 
Stress Response Medicine, Hirosaki University Graduate School of Medicine, Japan, 5)Department of Medical Biochemistry, Tohoku University Gradute 
School of Medicine, Japan, 6)Department of Public Health and Community Medicine, Mansoura Faculty of Medicine, Egypt

P-02-041 Dissolution of nano-ZnO is responsible for reversible epithelial hyperplasia of terminal bronchioles
Jiegou Xu1), Mitsuru Futakuchi2), David B. Alexander1), Katsumi Fukamachi2), Masumi Suzui2), Jun Kanno3), Akihiko Hirose4), Hiroyuki Tsuda1)
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Medical Sciences, Japan, 3)Division of Cellular and Molecular Toxicology, National Insitute of Health Sciences, Japan, 4)Division of Risk Assessment, 
National Insitute of Health Sciences, Japan

P-02-042 Pulmonary toxicity of several nano TiO2 by intratracheal administration in rats
Yasuhiro Tsubokura1), Yutaka Oshima1), Junichi Kikuchi1), Yasuhiro Tsubokura1), Naoki Hashizume1), Makoto Nakai1), Shozo Ajimi1), Nobuya Imatanaka2), 
Kotaro Furukawa1)

1)CERI Hita, Chemicals Evaluation and Research Institute, Japan, 2)Chemicals Assessment and Research Center, Chemicals Evaluation and Research 
Institute, Japan

P-02-043 Effect of study conditions on the toxicity by intratracheal administration of nano TiO2 in rats
Toshio Kobayashi1), Yutaka Oshima1), Junichi Kikuchi1), Yasuhiro Tsubokura1), Naoki Hashizume1), Makoto Nakai1), Shozo Ajimi1), Nobuya Imatanaka2), 
Kotaro Furukawa1)

1)CERI Hita, Chemicals Evaluation and Research Institute, Japan, 2)Chemicals Assessment and Research Center, Chemicals Evaluation and Research 
Institute, Japan

P-02-044 The Effects of Engineered Nanoparticles on Endothelial Cells and Zebrafish Embryos
Narges Bayat1), Lasse Jensen2), Susana Cristobal3,4)

1)Department of Biochemistry and Biophysics, Stockholm University, Stockholm, Sweden, 2)Division of Cardiovascular Medicine Department of Medical 
and Health Sciences Farmacology Faculty of Health Sciences, Linköping University, Linköping, Sweden, 3)Department of Clinical and Experimental 
Medicine, Cell biology, Faculty of Health Science Linköping University, Linköping, Sweden, 4)Department of Physiology, Faculty of Medicine and 
Dentistry, IKERBASQUE, Basque Foundation for Science, Bilbao, Spain, Basque Conutry Medical, Bilbao, Spain

P-02-045 Toxicogenomic analysis of livers from Sprague-Dawley rats following 12-week inhalation exposure to silver nanoparticles
Jung Duck Park1), Jin Sik Kim2), Jae Hyuck Sung2), Kyung Seuk Song2), Mi Sook Dong3), Il Je Yu4)

1)College of Medicine, Chung-Ang University, Korea, 2)KCL, Incheon, Korea, 3)Korea University, Seoul, Korea, 4)Institute of Nanoproduct Safety 
Research, Hoseo University, Asan, Korea

P-02-046 Institute of Nanoproduct Safety Research, Hoseo University
Ji Hyun Lee, Il Je Yu
Institute of Nanoproduct Safety Research, Hoseo University, Korea

P-02-047 Single-wall or double-wall carbon nanotubes induce atherosclerosis progression in ApoE null mice
Yuka Suzuki1), Gaku Ichihara2), Yuka Suzuki 1), Kiyora Izuoka1), Kiyoshi Sakai3), Sahoko Ichihara1)

1)Graduate School of Regional Innovation Studies, Mie University, Japan, 2)Department of Occupational and Environmental Health, Nagoya Univeristy 
Graduate School of Medicine, Japan

Health Effects and Toxicity - In Vitro
P-03-048 Nanoparticle and protein interactions depended on surface charge
Hsiao-Chi Chuang1,2), Kai-Jen Chuang 3,4), Tzu-Tao Chen 2), Wen-Te Liu 1,2), Chii-Hong Lee5), Tsun-Jen Cheng 6,7)

1)Taipei Medical University Taiwan R.O.C, 2)Division of Pulmonary Medicine, Department of Internal Medicine, Shuang Ho Hospital, Taipei Medical 
University, Taipei, Taiwan R.O.C, 3)Department of Public Health, School of Medicine, College of Medicine, Taipei Medical University, Taipei, Taiwan R.O.C, 
4)School of Public Health, College of Public Health and Nutrition, Taipei Medical University, Taipei, Taiwan R.O.C, 5)Department of Pathology, Shuang 
Ho Hospital, Taipei Medical University, Taipei, Taiwan R.O.C, 6)Institute of Occupational Medicine and Industrial Hygiene, College of Public Health, 
National Taiwan University, Taipei, Taiwan R.O.C, 7)Department of Public Health, College of Public Health, National Taiwan University, Taipei, Taiwan 
R.O.C

P-03-049 Cell-based BBB Model to measure permeability of nanoparticles into brain
Sanshiro Hanada1), Kouki Fujioka2), Fumihide Kanaya1), Yuriko Inoue3), Yoshinobu Manome2), Kenji Yamamoto1)

1)National Center for Global Health and Medicine, Japan 2)Jikei University, Japan, 3)Toho University, Japan

P-03-050 Determinations of PAMAM particles in culture media using SPM techniques
Hideko Sone1), Masashi Yamazaki2), Hiroko Nansai1), Yang Zeng1), Yoshika Kurokawa1), Tin-Tin Win-Shwe1), Seishiro Hirano1)

1)National Institute for Environmental Studies, Japan, 2)National Institute of Advanced Industrial Science and Technology, Japan

P-03-051 Effect of PAMAM dendrimers on differentiation of hNPCs: A study of morphological analysis
Yang Zeng1), Tin Tin Win-Shwe1), Qin Zeng1), Yoshika Kurokawa1), Seishiro Hirano1), Zhen Ya Zhang2), Hideko Sone1)

1)National Institute for Environmental Studies, Japan, 2)The University of Tsukuba, Japan

P-03-052 The in vitro toxicity of stably dispersed and large agglomerated titanium dioxide nanoparticles
Tetsuya Suzuki, Muneyuki Miyagawa, Rui-Sheng Wang
National Institute of Occupational Safety and Health, Japan

P-03-053 In vivo and in vitro biological effects and biodistribution of PAMAM-NH2 dendrimers
Tin Tin Win Shwe, Yoshika Kurokawa, Yang Zeng, Hiroshi Nitta, Seishiro Hirano, Hideko Sone
National Institute for Environmental Studies, Japan

P-03-054 Cellular distribution of AgNPs and behavior of metallothionein in human bronchial epithelial cells
Takamitsu Miyayama1), Yuta Arai2), Noriyuki Suzuki2), Seishiro Hirano1,2)

1)National Institute for Environmental Studies, Japan, 2)Graduate School of Pharmaceutical Sciences, Chiba University, Japan

P-03-055 Long-term exposure of asbestos affects cell cycle and cell death in Treg model cell line MT-2
Suni Lee1), Hidenori Matsuzaki1), Megumi Maeda2), Naoko Kumagai-Takei1), Yasumitsu Nishimura1), Takemi Otsuki1)
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Environmental and Life Science, Okayama University, Japan

P-03-056 Effect of PAMAM dendrimers on differentiation of hNPCs: A study of morphological analysis
Yang Zeng1,2), Tin-Tin Win-Shwe1), Qin Zeng1), Yoshika Kurokawa1), Seishiro Hirano1), Zhenya Zhang2), Hideko Sone1)

1)National Institute for Environmental Studies, Japan, 2)University of Tsukuba, Japan

P-03-057 Hemorheological Toxicity of Silver Nanomaterials
Yujin Heo, Minjung Kim, HeeJae Jeon, SeokHeung Song, Sehyun Shin, Korea
Korea University, Korea

P-03-058 SiO2 NP translocation across four different in vitro models of human bronchial epithelial monolayers
Isabelle GEORGE, Sandra Vranic, Sonja Boland, Armelle Baeza-Squiban
Université Paris Diderot, France

P-03-059 Down-regulation of FoxO1 in MT-2 cells induced by long-term exposure to asbestos
Hidenori Matsuzaki1), Suni Lee1), Megumi Maeda2), Naoko Kumagai-Takei1), Yasumitsu Nishimura1), Takemi Otsuki1)

1)Kawasaki Medical School, Japan, 2)Department of Biofunctional Chemistry, Division of Bioscience, Okayama University Graduate School of Natural 
Science and Technology, Japan

P-03-060 Intracellular distribution of PAMAM dendrimers in cultured human cells
Yoshika Kurokawa, Tin-Tin Win Shwe, Qin Zeng, Seishiro Hirano, Hideko Sone
National Institute for Environmental Studies, Japan

P-03-061 Interaction of Titanium Dioxide Nanoparticles with Human Red Blood Cells and Their Membrane Proteins
Donald Wilson, Susumu Ueno
University of Occupational and Environmental Health, Japan

P-03-062 Granzyme B and perforin levels of CD8+ lymphocytes in patients with pleural plaque or mesothelioma
Naoko Kumagai-Takei1), Yasumitsu Nishimura1), Megumi Maeda2), Hidenori Matsuzaki 1), Suni Lee1), Takumi Kishimoto3), Kazuya Fukuoka4), Takashi 
Nakano4), Takemi Otsuki1)

1)Kawasaki Medical School, Japan, 2)Department of Biofunctional Chemistry, Graduate School of Natural Science and Technology, Okayama University, 
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P-03-063 Suppressive effects of exposure to multi-walled carbon nanotubes and asbestos on NK cell function
Yasumitsu Nishimura, Naoko Kumagai-Takei, Hidenori Matsuzaki, Suni Lee, Takemi Otsuki
Kawasaki Medical School, Japan
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P-03-064 Determination of nanoparticle deposition efficiency in the air-liquid interface cell exposure system
Yuji Fujitani1), Yutaka Sugaya1), Masanori Hashiguchi2), Akiko Furuyama1), Seishiro Hirano1), Akinori Takami1)

1)National Institute for Environmental Studies, Japan, 2)Keisoku Engineering System Co., Ltd, Japan

P-03-065 Gold nanoparticles regulating cell cycle can sensitize radiotherapeutic  response for glioblastoma
Jen-Kun Chen, Jui-Ping Li, Jiun-Yu Chen, Chia-Hwa Chen, Nai-Chun Huang, Chung-Shi Yang
National Health Research Institutes, Taiwan R.O.C.

P-03-066 Role of epithelial cells and macrophages in lung inflammation induced by silica nanoparticles
Mathilde Delaval1), Ignacio Garcia-Verdugo2,3,4), Sandra Vranic1), Jean-Michel Sallenave2,3,4), Armelle Baeza-Squiban1), Sonja Boland1)
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P-03-067 MWCNT-induced DNA damage and cell death from ROS generation in PHA-stimulated Hn lymphocytes
Jin Sik Kim1), Kyung Seuk Song1), Jin Kyu Lee1), Il Je Yu2)
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P-03-069 Influence of dispersant chemicals on cellular oxidative stress induced by SWCNT
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P-03-070 Nitrative DNA damage in lung epithelial cells exposed to  multi-walled carbon nanotube
Yusuke Hiraku1), Feiye Guo1), Ning Ma2), Shosuke Kawanishi3), Mariko Murata1)

1)Mie University Graduate School of Medicine, Japan, 2)Faculty of Health Science, Suzuka University of Medical Science, Japan, 3)Faculty of 
Pharmaceutical Sciences, Suzuka University of Medical Science, Japan

P-03-071 Influence of C60 Fullerene on Differentiation of Mouse ES cells
Koichi Imai1), Fumio Watari2), Tsukasa Akasaka3), Akito Tanoue4), Kazuaki Nakamura4), Shoji Takeda1)
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P-03-072 A New Screening System for Neurotoxicity Produced by Silver Nanoparticles in vitro
Masami Ishido, Seishiro Hirano
National Institute for Environmental Studies, Japan

P-03-073 Endocytosis of MWCNT in BEAS-2B cells are affected by the culture medium type
Hisao Haniu1), Naoto Saito2), Yoshikazu Matsuda3), Kayo Maruyama2), Tamotsu Tsukahara1), Yuki Usui4), Kaoru Aoki1), Seiji Takanashi1), Shinsuke 
Kobayashi1), Hiroki Nomura1), Masanori Okamoto1), Masayuki Shimizu1), Hiroyuki Kato1)

1)Shinshu University School of Medicine, Japan, 2)Shinshu University School of Health Sciences, Japan, 3)Nihon Pharmaceutical University, Japan,
4)Research Center for Exotic Nanocarbons, Shinshu University, Japan

P-03-074 MWCNT-induced DNA damage and cell death from ROS generation in human lymphocytes
Jin Sik Kim1), Kyung Seuk Song1), Jin Kyu Lee1), Il Je Yu2)

1)Korea Conformity Laboratories, Korea, 2)Institute of Nanoproduct Safety Research, Hoseo University, Korea

P-03-075 SWCNTs induced cytotoxicity and genotoxicity by ROS generation in human lymphocytes
Jin Sik Kim1), Il Je Yu2)

1)Korea Conformity Laboratories, Korea, 2)Institute of Nanoproduct Safety Research, Hoseo University, Korea

P-03-076 Cyto/genotoxicity of different sizes and crystalline structure TiO2 particles in human lymphocytes
Flavia Barone1), Andrea Zijno1), Cristina Andreoli1), Isabella De Angelis1), Maria Alessandrelli2), Maria L. Polci2), Barbara De Berardis1)
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P-03-077 Toxicity of long multi-wall carbon nanotubes in mesothelical cells in vitro
Min Yu, Junqiang Chen, Riping Chen, Xing Zhang
Institute of Hygiene, Zhejiang Academy of Medical Sciences, China

P-03-078 Effects of doping ZnO nanoparticles with iron or manganese on dissolution, ROS generation and cytotoxicity
Hong Yin, Philp S. Casey
Commonwealth Scientific and Industrial Research Organisation, Division of Materials Science and Engineering, Private
Bag 33 Clayton, Victoria 3169, Australia

P-03-079 Zinc oxide nanoparticles induce cytotoxicity and apoptosis in human endothelial colony-forming cells
Saeko Tada-Oikawa1), Gaku Ichihara2), Yuka Suzuki 1), Kiyora Izuoka1), Sahoko Ichihara1)

1)Graduate School of Regional Innovation Studies, Mie University, Japan, 2)Department of Occupational and Environmental Health, Nagoya Univeristy 
Graduate School of Medicine, Japan, 3)Nagoya City Public Health Institute, Japan

P-03-080 Cytotoxicity induced by nano-sized TiO2 in human monocytic leukemia cells and colon cancer cells
Saeko Tada-Oikawa1), Gaku Ichihara2), Yuka Suzuki 1), Kiyora Izuoka1), Sahoko Ichihara1)

1)Graduate School of Regional Innovation Studies, Mie University, Japan, 2)Department of Occupational and Environmental Health, Nagoya Univeristy 
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P-03-129 Oxidant generating capacity as a metric to allow grouping of nanomaterials and prediction of human health effects
T.A.J. Kuhlbusch1,2), B. Hellack1), C. Asbach1), S. Boland3), A. Baeza-Squiban3), C. Albrecht4), R.P.F. Schins4)
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ADME
P-04-081 Detection mechanism of silver ions using microcantilevered oscillator
Sungsoo Na, Jinsung Park, Kuewhan Jang
Korea University, Korea

P-04-082 Comparative Study of Distribution of Intravenously Administered TiO2 Nanomaterials in Rats
Masashi Gamo1), Nobuko Danno2), Makoto Kouno2), Takayuki Ichinose3), Takeshi Sasaki1), Hiroko Fukui1), Kazumasa Honda1), Naohide Shinohara1)

1)National Institute of Advanced Industrial Science and Technology (AIST), Japan, 2)Kamakura Techno-Science, Inc., Japan, 3)Toray Research Center, Inc, 
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P-04-083 Evaluation of colorimetric ligand toward silver nanoparticles
Sujittra Srisung1), Nootcharin Wasukan1), Kornphimol Kulthong2), Rawiwan Maniratanachote2)

1)Srinakharinwirot University, Thailand, 2)National Nanotechnology Center, National Science and Technology Development Agency, Thailand

P-04-084 Selective colorimetric detection of silver nanoparticles (AgNPs) in aqueous media using dithizone
Nootcharin Wasukan1), Sujittra Srisung1), Kornphimol Kulthong2), Rawiwan Maniratanachote2)
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P-04-085 Influences of Adsorption of Phthalate Esters on Dispersivity and Cytotoxicity of MWCNTs
Chu-Ching Lin, Wei-Ling Wu, Mu-Fan Chi, Ching-Ju M Chin
National Central University, Taiwan R.O.C

P-04-086  Evaluation of pulmonary localization of TiO2 nanoparticles in rats
Zhang Guihua1),  Shinohara Naohide1),  Kano Hirokazu2),  Senoh Hideki2),  Suzuki Masaaki2),  Sasaki Takeshi1),  Fukui Hiroko1),  Fukushima Shoji2),  
Honda Kazumasa1),  Gamo Masashi1)
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P-04-087 Size dependent clearance of gold nanoparticles from lungs of Sprague-Dawley rats after short-term ex
Jong Seong Lee1), Kangho Ahn2), Yong Soon Kim3), Jin Kwon Kim4), Jae Hoon Shin1), Ji Hyun Lee4), Kisoo Jeon2), Wab Seob Cho5), Mary Gulumian6), Il Je 
Yu4)
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Services, National Institute for Occupational Health, Johannesburg, South Africa

P-04-088 Kinetics of Nanoparticles in Rats Using SPECT/CT Imaging
Koyuru Nagao1), Yasuto Matsui1), Hiroyuki Kimura2), Minoru Yoneda1)

1)Kyoto University, Japan, 2)Kyoto University Department of Pharmaceutical Sciences, Japan

P-04-089 An innovative method to evaluate biodistribution and kinetics of carbon nanotubes using CNT peapods
Shinsuke Kobayashi1), Shuji Tsuruoka2), Yuki Usui2), Hisao Haniu1), Kaoru Aoki1), Norio Ishigaki1), Masayuki Shimizu1), Seiji Takanashi1), Masanori 
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P-04-090 Size dependent clearance of gold nanoparticles from lungs of rats after short-term exposure
Jong Seong Lee1), Kangho Ahn2), Yong Soon Kim3), Jin Kwon Kim4), Jae Hoon Shin1), Ji Hyun Lee4), Ki Soo Jeon2), Wan Seob Cho5), Mary Gulumian6), Il 
Je Yu4)
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Occupational Health, Johannesburg, South Africa

P-04-091 Assessing biodurability of cellulose microcrystals and nanocrystals using x-ray diffraction
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Environmental Toxicity
P-05-092 Silver nano-colloidal ion penetrates through medaka egg chorion and exhibits embryonic toxicities
Chisato Kataoka, Seiji Nagasaka, Hideo Kawaguchi, Shosaku Kashiwada
Toyo University, Japan

P-05-093 Comparison of aquatic toxicity between silver nanoparticles and silver nanowires
Eun Kyung Sohn, Tae Gyu Kim, Jin Kwon Kim, Ji Hyun Lee, Il Je Yu
Hoseo University, Korea

P-05-094 Comparison of aquatic toxicity between silver nanoparticles and silver nanowires
Eun Kyung Son1), Tae Gyu Kim1), Jin Kwon Kim1), JI Hyun Lee1), Il Je Yu1)

1)Hoseo University, Korea, 2)Hoseo University, Korea

P-05-096 Phytotoxicity of MWCNT on red spinach and role of ascorbic acid as an antioxident
Parvin Begum, Bunshi Fugetsu , Fumio Watari 
Hokkaido University, Japan

P-05-097 Aquatic toxicity of sing-walled carbon nanotubes (SWCNTs)
Eun Kyung Sohn1), Tae Kyu Kim1), Ji Hyun Lee1), Jin Kuon Kim2), Seah Min2), Il Je Yu1)
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Eun Kyung Sohn1), Tae Kyu Kim1), Ji Hyun Lee1), Jin Kuon Kim2), Seah Min2), Il Je Yu1)

1)Institute of Nanoproduct Safety Research, Hoseo University, 2)Bishop George Ahr High School, Edison, NJ, 08817, USA

Exposure Assessment
P-06-099 Concentrations of  particle-bound PAHs in ambient air at an international airport
Chia-hsiang Lai, Kuen-Yuan Chuang
Central Taiwan University of Science and Technology, Taiwan R.O.C

P-06-100 Using modified EAD (MEAD) to determine emission rate and emission factor of fume nanoparticle emission factor
Ying Fang Wang1), Perng Jy Tsai1,2)

1)College of Public Health, China Medical University and Hospital, Taiwan R.O.C, 2)National Cheng Kung University, Taiwan R.O.C

P-06-101 The thermal characteristics of and nanoparticle emission from plastics materials during thermal decomposition
J. M. Tseng1), J. Z. Lin1), J. J. Wang1), C. P. Lin2), H. H. Yang3), C. J. Tsai4)

1)Central Taiwan University of Science and Technology, Taiwan R.O.C, 2)Department of Health and Nutrition Biotechnology, Asia University, Taichung, 
Taiwan R.O.C., 3)Department of Environmental Engineering and Management, Chaoyang University of Technology, Taichung ,Taiwan, R.O.C., 
4)Institute of Environmental Engineering, National Chiao Tung University, Hsinchu, Taiwan R.O.C.

P-06-102 Evaluation of vortex shaker method as nanomaterial aerosol generator for long hours
Maromu Yamada1), Mitsutoshi Takaya1), Isamu Ogura2)

1)National Institute of Occupational Safety and Health, Japan, 2)National Institute of Advanced Industrial Science and Technology, Japan

P-06-103 Potential exposure to nanoplates during blending Nanomer I.34MN powder
Elżbieta Jankowska, Joanna Łukaszewska, Wojciech Zatorski
Central Institute for Labour Protection - National Research Institute, Poland

P-06-104 Dustiness of nanomaterials tested by vortex shaker method
Elżbieta Jankowska1), Piotr Sobiech1), Joanna Łukaszewska1), Olivier Witschger2), Sebastian Bau2), Bernard Bianchi2)

1)Central Institute for Labour Protection - National Research Institute (CIOP-PIB), Poland, 2)Laboratoire de Métrologie des Aérosols, Institut National de 
Recherche et de Sécurité (INRS), F-54519, Vandoeuvre, France

P-06-105 Airborne Endotoxin in School Children’s Houses in Kaohsiung, Taiwan
SHIUAN-WEN CHEN, PEI-JUN YEN, PEI-SHIH* CHEN
Kaohsiung Medical University, Taiwan R.O.C.

P-06-106 Airborne House Dust Mite Allergen in School Children’s House in Kaohsiung City
Yeh Chen-Ling, Chen Yi-Jie, Chen Pei-Shih*
Kaohsiung Medical University, Taiwan R.O.C.

P-06-107 The effects of air pollution on schoolchildren’s lung function in Kaohsiung, Taiwan
Wang Mei-Chi, Ke Yu-Ju, Chen Pei-Shih* 
Kaohsiung Medical University, Taiwan R.O.C.

P-06-108 Comparison of direct reading instruments for particle measurements
Marcus Levin1), Ismo K. Koponen2), Keld A. Jensen2)

1)Danish Technical University, Denmark, 2)National Research Center for Working Environment, Denmark

P-06-109 Practical methods for measuring airborne CNTs in workplaces
Isamu Ogura1,2), Naomi Hashimoto1), Mari Kotake1), Atsuo Kishimoto1,2), Kazumasa Honda1,2)

1)Technology Research Association for Single Wall Carbon Nanotubes (TASC), Japan, 2)National Institute of Advanced Industrial Science and Technology 
(AIST), Japan

P-06-110 Evaluating responses of portable aerosol measuring instruments for measuring airborne CNTs
Naomi Hashimoto1), Isamu Ogura1,2), Mari Kotake1), Atsuo Kishimoto1,2), Kazumasa Honda1,2)

1)Technology Research Association for Single Wall Carbon Nanotubes (TASC), Japan, 2)National Institute of Advanced Industrial Science and Technology 
(AIST), Japan

P-06-111 Assessment of individual exposure to manufactured nanomaterials
Christof Asbach1), Thomas A.J. Kuhlbusch2), Sabine Plitzko3), Martie Van Tongeren4), Martin Fierz5), Dirk Dahmann6), Ivo Iavicoli7), Simon Clavaguera8)

1)Institute of Energy and Environmental Technology e. V. (IUTA), Germany, 2)Institute of Energy and Environmental Technology e.V. (IUTA), Air Quality 
& Sustainable Nanotechnology, Duisburg, Germany, 3)Federal Institute of Occupational Safety and Health (BAuA), Berlin, Germany, 4)Institute of 
Occupational Medicine (IOM), Edinburgh, UK, 5)University of Applied Science Northwestern Switzerland, Windisch, Switzerland, 6)Institute for the 
Research on Hazardous Substances (IGF), Bochum, Germany, 7)Catholic University of the Sacred Heart, Rome, Italy, 8)CEA, Nanomaterials Chemistry 
and Safety Laboratory, Grenoble, France

P-06-112 Association of Household Indoor Air and Lung Function of Allergic Children and Non-allergic Children
Yanc-Che Lin, Wei-Che Hong, Pei-Shih Chen
Kaohsiung Medical University, Taiwan R.O.C.

P-06-113 Environmental transformation and biological fate of fresh and aged cerium oxide nanoparticles
Masako Morishita1), Ethan Eagle1), James Barres1), Margaret Wooldridge1), James Wagner2), Dingsheng Li1), Claude Emond3), Olivier Jolliet1)

1)University of Michigan, USA, 2)Michigan State University, USA, 3)University of Montreal, Canada

P-06-114 Workplace exposure to nanoparticle from gas metal arc welding process
Meibian Zhang
Zhejiang Provincial Center for Disease Control and Prevention, China

P-06-115 Airborne particle size distribution of nano-TiO2 powder during actual and simulated handling process
Mitsutoshi Takaya, Mariko Ono-Ogasawara, Yasushi Shinohara, Masayoshi Hagiwara, Shigeki Koda
Japan Nathional Institute of Occupatinal Safety and Health, Japan

P-06-116 Relationship between cellular uptake of Nanoparticles and physicochemical characters
Kazuhisa Nishioka1), Yasuto Matsui1), Hiroyuki Kimura2), Hideo Saji2), Minoru Yoneda1)

1)Kyoto University, Japan, 2)Graduate school of pharmaceutical sciences, Kyoto university, Japan

P-06-117 Exposure Assessment of Workers in Printed Electronics Workplace
Ji Hyun Lee1), Eun Kyung Son1), Jin Soon Ahn2), Kangho Ahn3), Keun Soo Kim1), Jong Hwan Lee4), Taek Min Lee5), Il Je Yu1)

1)Hoseo University, Korea, 2)Myungji Safety and Hygiene Laboratory, Korea, 3)Department of Mechanical Engineering, Hanyang University, Korea, 
4)Chemical Safety & Health Research Institute, Korean Occupational Safety & Health Agency, Korea, 5)Korea Institute of Machinery and Materials, 
Korea
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P-06-118 Control banding approach and exposure assessment in process handling indium tin oxide nanopowder
Naroo Lee, Gwang Yong Yi, Jiwoon Kwon, Jung Ho Ahn
Occupational Safety and Health Research Institute, Korea Occupational Safety and Health Aagency, Korea

P-06-119 Black Carbon Nanoparticle Concentration in a Classroom
Jeonghoon Lee
School of Mechanical Engineering, Korea University of Technology and Education, Korea

P-06-120 Occupational exposure assessment of metal oxide nanomaterials during their synthesis in research laboratories
Mogane NM1,3), Voyi K3), Sekobe G1), Gulumian M2,4)

1)Occupational Hygiene Section, National Institute for Occupational Health, 25 Hospital Street, JHB, South Africa, 2)Toxicology and Biochemistry, 
National Institute for Occupational Health, 25 Hospital Street, JHB, South Africa, 3)School of Health Systems and Public Health, University of Pretoria, 
South Africa, 4)Haematology Molecular and Medicine Department, University of the Witwatersrand, South Africa

Risk Assessment
P-07-121 Life cycle approach and human risk impact assessment and risk/benefit communication of nanomaterials
Wouter Fransman1), Bernd Nowack2), Toon van Harmelen1), Harrie Buist1), Claudia Som2), Eelco Kuijpers1), Dominic Notter2), Esther Zondervan1), Roland 
Hischier2), Tom Lighthart1), Gregor Schneider3), Arjan van Horssen1), Derk Brouwer1)

1)TNO, Netherlands, 2)EMPA, Switzerland, 3)RAS, Netherlands

P-07-122 NanoSafer vs. 1.1 - Nanomaterial risk assessment using first order modeling
Keld A Jensen1,4), Anne T Saber1,4), Henrik V Kristensen2,4), Ismo K Koponen1,4), Biase Liguori3,4), Håkan Wallin1,4)

1)National Research Centre for the Working Environment, Denmark, 2)Danish Technological Institute, Høje Taastrup, Denmark, 3)Technological 
University of Denmark, Lyngby, Denmark, 4)Danish NanoSafety Centre, Copenhagen, Denmark

Risk Management and Risk Governance
P-08-123 Opportunities or Uncertainties? A Critical Review of nanoMark in Taiwan
Yi-Ping Lin, Meng-Chi Lin
National Yang-Ming University, Taiwan R.O.C.

Outreach
P-09-124 DANA - Knowledge Base Nanomaterials
Harald F. Krug1), Dana Kühnel2), Björn Mathes3), Katja Nau4), Clarissa Marquardt4), Christoph Steinbach3)

1)Empa - Federal Laboratorieas for Materials Science and Technology, Switzerland 2)UFZ - Helmholtz-Center for Environmental Research, Leipzig, 
Germany, 3)DECHEMA e.V., Frankfurt a.M., Germany, 4)Karlsruhe Institute of Technology, Germany

Worker Protection
P-10-125 Performance evaluation of a bag-filter type dust collector in decorative boards cutting operations
Kuen-Yuan Chuang, Chia-Hsiang Lai, Jin-Wei Chang, Jo-Ming Tseng
Central Taiwan University of Science and Technology, Taiwan R.O.C.

P-10-126 Dust explosion of nano metal powders tested by standard 20-liter sphere
C. S. Kao1), J. Z. Lin2), S. T. Huang2), J. M. Tseng2), H. C. Wu3), Y. S. Duh1)

1)National United University, Taiwan R.O.C., 2)Central Taiwan University of Science and Technology, Institute of Safety and Disaster Prevention, Taiwan 
R.O.C., 3)Executive Yuan Council of Labor Affairs, Institute of Occupational Safety and Health, Taiwan R.O.C.

P-10-127 Nanostructured materials and The Workers Lack of Knowledge
Arline Sydneia Abel Arcuri1), Alexandre Custódio Pinto1), Valéria Ramos Soares Pinto1), Maria de Fátima Torres Faria Viegas1), Maria Gricia Lourdes 
Grossi1), Luís Renato Balbão Andrade1), Mey Rose de Melo Pereira Rink1), Vanda Delli de Sousa Pereira1), Clóvis Eduardo Meirelles1), Fernanda de Freitas 
Ventura1), Glaucia Nacimento de Souza1), Patricia Moura Dias1), Paula Peixoto Monteiro1), Thomaz Ferreira Jensen2), Leila Nadim Zidan3), Paulo Roberto 
Martins3), Ana Yara Paulino2), Sebastião Lopes Neto4), William Waissmann5), Eduardo Bonfim da Silva6)

1)FUNDACENTRO, Brazil, 2)DIEESE- Departamento Intersindical de Estatística e Estudos Socioeconômicos, Brazil, 3)RENANOSOMA - Rede de Pesquisa 
em Nanotecnologia, Sociedade e Meio Ambiente, Brazil, 4)IIEP - Intercâmbio, Informações, Estudos e Pesquisa, Brazil, 5)FIOCRUZ - Fundação Oswaldo 
Cruz, Brazil, 6)DIESAT - Departamento Intersindical de Estudos e Pesquisas de Saúde e dos Ambientes de Trabalho, Brazil

P-10-128 Safety protocols development for handling nanomaterials at colombia university
Homero F. Pastrana1), Felipe Munoz2), Alba G. Ávila3,4)

1)Universidad de Los Andes, Colombia, 2)Chemical Engineering Department, Universidad de Los Andes, Colombia, 3)Department of Electrical and 
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Plenary Lecture 
(Keynote 1)

Carbon Nanotubes 
～ Safe innovation and promise for the future ～

Morinobu Endo
Shinshu University Nagano-shi, Japan

Nanotechnology has been expected for a green innovation in the 21st Century, and carbon nanotubes 
(CNTs) carry a vital role as one of leading materials. CNT exhibits excellent properties due to the nano-sized 
and one-dimensional nature intrinsically1). As of today, CNTs have been proceeded the first mountain of 
science, the second mountain of technology and the third mountain of economy by the successful 
development in science and achieving a reasonable production cost. At present, we are striving to climb the 
fourth mountain of the public engagement. For the purpose of achieving the objectives, CNT-related material 
technology should be investigated and developed based on a concept of "safe innovation" and "responsible 
production and use" by appropriate risk control. As reported in Takagi's2) and Poland's3) papers, malignant 
mesothelioma was induced in mice to which CNTs were intraperitoneally administered. A lot of efforts has 
been made to understand the toxicity of the CNT4,5) since then, and we must pay a special attention to all of 
the processes related to CNT until socially acceptable risk control protocols are established.  Those 
accumulating knowledge on CNTs' safety and toxicity evaluation tell us that we should make a paradigm 
shift to "design safe CNTs as nanotech". We can move forward in order and make it possible to have the 
green and safe innovation with CNTs as an ideal model for new material development in the 21st century.

References
1. M. Endo, Japanese Journal of Applied Physics 51, 040001 (2012)
2. A. Takagi et al., J. Toxicol. Sci. 33, 105 (2008).
3. C. A. Poland et al., Nature Nanotechnology  3, 423 (2008).
4. EPA: Nanotechnology White Paper (February 2007).
5. J. Nakanishi, Risk Assessment of Manufactured Nanomaterials: "Approaches"- Overview of Approaches and 
Results -. Final report issued on August 17, 2011. NEDO project (P06041) "Research and Development of 
Nanoparticle Characterization Methods.

Plenary Lecture 
(Keynote 2)

Predicting Hazards and Risks of Engineered Nanomaterials 

Kai Savolainen
Finnish Insitute of Occupational Health, Finland

The use of engineered nanomaterials (ENM) grows rapidly. Today, about six million workers are exposed to 
ENM at workplaces, and the number will be about 15-20 million by 2020. In parallel, exposure of consumers 
and the environment is also on an increase. This emphasizes the importance of reliable and predictive 
assessment of exposure to and hazards of ENM; it is a prerequisite for reliable risk assessment and 
management. In fact, only very few ENM have been systematically studied for hazards and exposure in a way 
that would allow ENM-related knowledge-based risk assessment and management. Several experimental 
studies have though increased our understanding on the toxicity mechanisms of ENM, but toxicity and 
exposure data on ENM supporting regulations and regulatory decision making is scanty. An additional 
challenge is that there is not yet a consensus on the metrics of ENM to be used in assessing exposure of 
defining dose for toxicity studies. However, both pieces of ENM-related information are required for reliable 
and predictive risk assessment of ENM. Current risk assessment is based on the more than 30 year's old risk 
assessment paradigm, or its modifications, that include 1) hazard identification; 2) hazard assessment; 3) 
exposure assessment; and 4) risk assessment. This concept is laborious and too expensive to enable risk 
assessment of ENM on the market and entering the market. In the future, the utilization of omics 
technologies, systems biology approaches and bioinformatics are increasingly important. Supported by EU 
Commission Grant CP-IP 211464-2 (NANODEVICE).
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Plenary Lecture 
(Keynote 3)

Comparative Risk Assessment of Airborne Nanomaterials: 
Analyzing Exposure-Dose-Response Relationships

Günter Oberdörster
University of Rochester, Department of Environmental Medicine

A major route of exposure for nanoparticles occurs by inhalation, and serious concerns have been voiced 
that such exposure has deleterious consequences with respect to acute and long-term health effects not only 
in the respiratory tract but also in secondary organs.  Indeed, numerous studies in laboratory animals using 
different types of nanomaterials report alarming effects, ranging from, inflammatory, fibrotic to carcinogenic 
outcomes.  However, because many of these studies have limitations regarding their use for characterizing a 
specific risk, their relevance to real-world conditions in terms of realistic exposures, dose levels and 
nanomaterial characteristics have to be questioned.  Even carbon black and TiO2 nanoparticles - considered 
to be rather benign - have induced lung tumors in rats in chronic inhalation studies at very high 
concentrations. This contrasts with findings of inflammatory, granulomatous and mesotheliogenic effects of 
multi-walled carbon nanotubes (MWCNT) in mice following high dose bolus injections.  Despite the 
unphysiologic dosing, this caused great concern about asbestos-like long-term toxicity and carcinogenicity of 
fiber-shaped nanomaterials, although three-month subchronic multi-dose rat inhalation studies with MWCNT 
did not induce carcinogenicity. This concern is substantiated by new evidence quantitating translocation of 
inhaled MWCNT to pleural tissues and to other extrapulmonary sites, which raises the need for a longer-term 
chronic inhalation study.  Lacking respective results, data of three-month subchronic inhalation studies of 
fibrous carbon nanoparticles can serve to demonstrate a concept of assessing nanomaterial safety based on 
a comparison to results of positive and negative benchmark materials observed in subchronic inhalation 
studies.  The comparative risk assessment concept emphasizes the importance of using full exposure-dose-
response relationships and using different dosemetrics for identifying and ranking a hazard and characterizing 
risks for deriving occupational exposure levels.

Plenary Lecture 
(Keynote 4)

Occupational exposure-relevant nanotoxicology 

Il Je Yu
Institute of Nanoproduct Safety Research, Hoseo University, Asan, Korea

Occupational exposure information from workplaces where nanomaterials are manufactured and handled, 
including the actual exposure concentrations in terms of the mass or number, sizes, and shapes of the 
nanomaterials, can provide useful information for designing toxicological experiments to assess the risk of 
nanomaterials. Dosimetry relevant to actual exposure can help provide the dose range for nanomaterial 
toxicity experiments, while the nanomaterial shapes can give information on the form of nanoparticle 
exposure in the workplace atmosphere. Moreover, the internal dose levels and workplace ambient 
concentrations for workers who have been exposed to nanomaterials can offer valuable information for both 
nanomaterial toxicity studies and nanomaterial risk assessment. Various inhalation toxicological studies of 
nanomaterials have already provided useful information on the hazards related to nanomaterial exposure, 
especially in the case of occupational exposure. However, actual occupational exposure information will 
allow to design improvements to the nanoparticle aerosol generation used in such inhalation toxicity studies, 
while the results can be more effective for managing the risk of nanomaterial exposure. The present authors 
already used workplace-based nanomaterial exposure to test the inhalation toxicity of several nanomaterials, 
including silver nanoparticles, multi-walled carbon nanotubes (MWCNTs), and gold nanoparticles, and the 
results are expected to provide a more effective tool for managing the risks of nanomaterial exposure.



3

Plenary Lecture 
(Keynote 5)

Nanotoxicology - a new Discipline or a Hype? 

Harald. F. Krug
Empa - Swiss Federal Laboratories for Materials Science and Technology

Nanosafety considerations become a substantial part of many funding programs, international conferences, 
and regulatory activities worldwide. Since the term "Nanotoxicology" appeared the first time within a title of 
a publication in 2004 confusion about its implementation and the objectives starts. One year later, the 
relationship to the former research on ultrafine particles has been highlighted and the "new discipline" started 
its success story. Whereas the number of publications regarding nanotoxicological issues from that time 
increases dramatically each year (from around 150 in 2004 to nearly 2000 in 2012) clarity about possible 
risks dropped.
Besides the fact that the number of products containing nanoparticles (NP) is steadily increasing and thus all 
these have to be tested to be safe for the customer there is no general opinion how to approach this target. 
Whereas most of the OECD-guidelines can be used for testing nanomaterials, it has been demonstrated that 
biological screening methods are not all adapted for NP and therefore the results are often false-positive or 
false-negative. Not only we could demonstrate the interference of NP with the assay systems which often is 
neglected, solvent problems have not been addressed carefully and the appropriate controls are frequently 
missing as well as the needed characterization of the materials tested.
Taking all these critical points into account especially nanotoxicology has to establish a new strategy in the 
future as has been postulated last year. Recently, we made some very important recommendations which 
should lead to more detailed and reliable information about the biological activity of specific nanomaterials 
and we started with international round robins to establish a testing platform for nanomaterials.

Invited 
Lecture1

Nano carbon material safety 

Ulla Vogel, NR Jacobsen, Anne T Saber, Ismo Koponen, Per Axel Clausen, Søren T Larsen, 
Zdenka Kyjovska, Petra Jackson, Karin Sørig Hougaard, Keld A Jensen, Håkan Wallin
Danish Centre for Nanosafety, National Research Centre for the Working Environment, DK-2100 Copenhagen, Denmark

Carbon-based nanomaterials constitute a large new group of nanomaterials with potential widespread use. There is now amble 
evidence that free, insoluble nanoparticles are generally more harmful to human health than the corresponding bulk chemicals, 
especially when airborne particles are inhaled. 
We have focused our research on industrially relevant high volume materials including carbon black nanoparticles and carbon 
nanotubes. We assess toxicity using intratracheal instillation of nanomaterial and assess the toxicity using delineation of global 
gene expression in combination with biomarkers of inflammation and DNA damage. 
Both carbon black and carbon nanotubes are efficient producers of reactive oxygen species (ROS)(1) . Furthermore, we have shown 
that carbon black nanoparticles are mutagenic in vitro and that the mutation spectrum indicates that ROS are the likely cause of 
the mutations (2). Pulmonary exposure studies in mice suggest that pulmonary exposure to nanosized carbon black at current 
Danish occupational exposure limits (3.5 mg/m3) causes DNA stand breaks and inflammation in lung and liver tissues (3;4). 
Similarly, pulmonary exposure to carbon nanotubes induce adverse effects at low exposure doses (5-7). On the other hand, the 
limited available literature on embedded nanoparticles suggest that nanoparticle toxicity is reduced in dust from composite 
materials that contain nanoparticles (8-11). 
The adverse outcomes that may be relevant in relation to inhalation of carbon nanoparticles include cancer (12), cardiovascular 
disease (13;14),  fertility (15) and reprotoxic effects (16). The results suggest that exposure to airborne nanoparticles should be 
regulated especially in the working environment. 
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1. Jacobsen, N. R., Pojana, G., White, P., Moller, P., Cohn, C. A., Korsholm, K. S., Vogel, U., Marcomini, A., Loft, S., and Wallin, H. (2008) Environ. Mol. Mutagen. 49, 476-487
2. Jacobsen, N. R., White, P. A., Gingerich, J., Moller, P., Saber, A. T., Douglas, G. R., Vogel, U., and Wallin, H. (2011) Environ. Mol. Mutagen. 52, 331-337
3. Bourdon, J. A., Saber, A. T., Jacobsen, N. R., Jensen, K. A., Madsen, A. M., Lamson, J. S., Wallin, H., Moller, P., Loft, S., Yauk, C. L., and Vogel, U. B. (2012) Part Fibre Toxicol. 9, 5
4. Saber, A. T., Bornholdt, J., Dybdahl, M., Sharma, A. K., Loft, S., Vogel, U., and Wallin, H. (2005) Arch Toxicol 79, 177-182
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Invited 
Lecture2

Inflammasome Activation in Nanoparticle-Induced Lung Inflammation 

Andrij Holian
Center for Environmental Health Sciences, University of Montana, USA

Surface characteristics and physical properties of engineered nanomaterials (ENM) are important in 
inflammation and pathology in the respiratory system.  However, the precise mechanisms responsible for 
ENM-induced pro-inflammatory activity remain to be elucidated.  Increasing evidence supports the notion 
that alveolar macrophages (AM) contribute to ENM-induced lung inflammation and pathology through 
activation of the NLRP3 Inflammasome in a similar manner as has been implicated for a number of "danger" 
crystals in a process sometimes referred to as sterile inflammation.  In order to characterize mechanisms 
involved in ENM inflammation studies have been conducted in vitro using THP-1 and NLRP3 KO cells and 
primary AM from mice and humans, as well as in vivo studies using murine models.  Two key steps regulate 
this process: 1) ENM-induced phagolysosomal membrane permeability (LMP) leading to the release of 
cathepsin B into the cytoplasm, which has been linked to NLRP3 Inflammasome assembly and Caspase-1 
activation necessary for IL-1  to be cleaved from its pro-form, and 2) elimination of the NLRP3 Inflammasome 
complex by autophagy.  The precise steps leading to LMP have not been defined, although generation of 
reactive oxygen species and/or some other property of ENM have been implicated.  Acidification of 
lysosomes is necessary for LMP since imipramine and chloroquine can block NLRP3 Inflammasome activation 
and downstream inflammation.  ENM length and surface characteristics of ENM are important factors in LMP.  
Increasing the aspect ratio and/or rigidity of ENM increases bioactivity, while carboxylation of ENM surfaces 
decreases bioactivity.  Furthermore, while ENM induce autophagy, increasing autophagic flux can block IL-1  
release from macrophages.  Finally, comparing the outcomes from in vitro and in vivo studies suggest that 
IL-1  production from THP-1 cells can be used to predict in vivo outcomes and serve to prioritize in vivo 
studies.

Invited 
Lecture3

Fate of Nanomaterials During Life Cycle of Polymer Nanocomposites 

Tinh Nguyen
National Institute of Standards and Technology

Under environmental and mechanical stresses, nanomaterials may be released from the nanocomposites, 
potentially having a negative impact on the environment and human health. NIST has investigated the fates 
of nanomaterials during nanocomposites' life cycles. This talk will 1) cover various routes in which 
nanomaterials may be released during life cycle of nanocomposites, 2) review current studies on release of 
nanomaterials from nanocomposites by mechanical and environmental stresses, and 3) present NIST 
research on nanomaterial release during life cycle of polymer nanocomposites. Specimens were exposed to 
a NIST integrating SPHERE UV chamber where radiation intensity, temperature, and relative humidity are well 
controlled. Nanocomposite specimens irradiated at various UV doses were characterized for chemical 
degradation, surface morphological changes, nanomaterial accumulation on nanocomposite surface, and 
amounts of nanomaterial release. The quantities of nanomaterial release were measured by inductively 
coupled plasma-optical emission spectrometry (ICP-OES). Photodegradation of the matrix caused an increase 
of nanomaterials on the nanocomposite surfaces. Silica nanoparticles released to the environment (Figure 1), 
but MWCNTs formed an entangled network on the nanocomposite surface (Figure 2), with no evidence of 
release. Mechanisms for silica nanoparticle release and MWCNT network formation on sample surface during 
UV irradiation of nanocomposites will be presented.
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Lecture from 
Organaizer 1

Nanotoxicology - its chronic aspects 

Jun Kanno, Yuhji Taquahashi, Atsuya Takagi, Masaki Tsuji, Koichi Morita, Yukio Ogawa
National Institute of Health Sciences

Asbestos (biopersistent fiber; mesothelioma/lung carcinoma) and Thorotrast (3-10 nm-sized biopersistent 
thorium dioxide particles; reticuloendothelial system (RES) deposition with in vivo half life of over 20 years) 
are the human examples of chronic Particulate Matter Toxicity. Some multi-wall carbon nanotubes are 10 to 
20 micrometers long and we have reported that such material induces mesothelioma in a dose-dependent 
manner when administered intraperitoneally to p53 heterozygous mice. Findings from the low dose groups 
and from an additional study using well-dispersed sample suggested that non-granulomatous chronic 
inflammatory microlesions are primarily related to the induction of atypical mesothelial proliferation. Singular 
fibers are also found in various organs including renal glomeruli and choroid plexus. Fullerene molecules form 
micrometer-sized aggregates by van der Waals force. Phagocytic cells seem to "digested" the aggregates 
down to sub-micrometer granules and bring them to RES. Toxic effects of such systemic translocation and/or 
to RES are unclear and needs further observation. Currently, those phenomena are the initial keys to design 
the chronic toxicity studies of a new nanomaterial. In general, acute response is not a predictor of chronic 
toxicity of biopersistent nanoparticles. Pathology of chronic effects, possibly submicroscopic, should be 
studied in a case-by-case approach at least for a while. Timely transfer of information on the chronic toxicity 
of the new nanomaterials or the nanoproducts to the manufacturers would be of great importance to keep 
sound development of nanotechnology and safety of users and environment. (Supported by Grants from 
MHLW, Japan.)

Symposium1 NIOSH Sub-acute Inhalation Studies with Multi-walled Carbon 
Nanotubes (MWCNT)

Vincent Castranova
National Institute for Occupational Safety and Health (NIOSH)Morgantown, West Virginia, USA

NIOSH conducted inhalation exposures of mice (whole body) for 3 weeks and monitored alveolar interstitial 
fibrosis, translocation of MWCNT from the lung to extra-pulmonary sites, and development of lung tumors 
from 11-17 months post-exposure.  Mitsui-7 MWCNT (49 nm wide, 3.9 µm long) were aerosolized using a 
computer-controlled acoustical generator.  Mice were exposed to 5 mg/m3 of MWCNT, 5h/day, for 12-15 
days.  For fibrotic and translocation endpoints, mice were exposed for 12 days (lung burden = 28 µg/mouse) 
and sacrificed 1-336 days post-exposure.  Clearance of MWCNT from the alveolar region of the lung was 
slow (T ½ > 500 days).  Lung inflammation and injury increased 1 day post-exposure and returned toward 
control levels over 336 days.  Alveolar interstitial fibrosis (alveolar wall collagen) increased 14 days post-
exposure and progressed through 336 days to 1.98 fold above control.  Enhanced darkfield microscopy 
demonstrated that singlet MWCNT migrated from the lung to the lymphatics, chest wall, diaphragm, liver, 
kidney, heart, and brain at 1 day post-exposure, with tissue levels increasing further after 336 days.  To 
evaluate lung tumors, mice were pretreated with corn oil (ip) or an initiator of DNA damage, 
methylcholantrene (MCA, 10 µg/gbw, ip), 1 week prior to inhalation of MWCNT (5mg/m3, 5 h/day, for 15 
days:  lung burden = 31 µg/mouse) and sacrificed 17 months post-exposure.  MCA alone caused lung tumors 
in 52% of the mice, while MWCNT alone did not induce lung tumors above control.  However, MCA + 
MWCNT increased tumor incidence to 91%, enhanced multiplicity 2.3 fold above MCA alone, and caused a 
2.3 fold increase in adenocarcinomas compared to MCA alone.  Thus MWCNT act as a strong promoter of 
lung cancer.  The relevance of these results to worker exposures will be discussed.
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Symposium1 Development of a new MWCNT aerosol generator and 13-week 
whole body inhalation study using rats

Tatsuya KASAI, Kaoru GOTOH, Toshiaki SASAKI, Arata SAITO, Taku KATAGIRI, Yumi UMEDA, 
Makoto OHNISHI, Hitomi KONDO, Michiharu MATSUMOTO, Shigetoshi AISO, Tomoshi NISHIZAWA, 
Shoji FUKUSHIMA
Japan Bioassay Research Center, Japan Industrial Safety & Health Association

Because the primary route of human exposure to multi-walled carbon nanotubes (MWCNTs) is via inhalation, 
we have developed a dry MWCNT aerosol generation and exposure system for whole-body inhalation 
studies using a cyclone and sieve. We tested the system for its operational performance at 0.2, 1, and 5 mg/
m3 without animals and confirmed that our system could consistently generate and provide aerosols suitable 
for our purpose at all the target exposure concentrations. As a performance test, we treated rats with 
MWCNT aerosol by exposure for six hours at 5 mg/m3 and revealed that large amounts of MWCNTs were 
inhaled into the lung, resulting in inflammatory responses, with increased BALF LDH and albumin levels, and 
granulomatous changes. The results strongly indicated that our aerosol generation and exposure system is 
useful for whole-body inhalation studies of MWCNT using rats. Then, we examined prolonged utility of our 
system and subchronic toxicity by exposing F344 rats to MWCNT aerosol for 6 h/day, 5 days/week, and 13 
weeks at 0, 0.2, 1 and 5 mg/m3. We verified the performance of the system throughout the 13-week period 
and evaluated the toxic effects of MWCNTs on the lung by conventional methods. The performance 
verification ensured that the system utilizing cyclone sieve method is suitable for subchronic inhalation 
toxicity studies of rats. The toxicity evaluation demonstrated dose-dependent MWCNT-induced pathological 
changes in the respiratory. The low-observed-adverse-effect level (LOAEL) was estimated to be 0.2 mg/m3 
with the endpoints of granulomatous changes and BALF parameters. (The present study was conducted and 
supported by the Ministry of Health, Labour and Welfare, Japan)

Symposium2 Occupational Exposure to Carbon Nanotubes and Nanofibers: 
Progress and Current State from US NIOSH

Charles L. Geraci
Coordinator, Nanotechnology Research Center 
US National Institute for Occupational Safety and Health

US NIOSH recently published a recommended exposure limit (REL) for Carbon Nanotubes and Nanofibers 
(CNT/CNF). The REL and recommendations to minimize exposures have intensified the need to conduct 
quantitative exposure assessments. These measurements are viral for comparison to the REL, for evaluation 
of effectiveness of controls, and for accurate risk characterization. In the US, NIOSH has been involved in the 
evaluation of workplace CNT/CNF emissions and worker exposures starting early research laboratory 
exposure studies in 2001 and proceeding to the present. Over that span of time, a number of changes and 
refinements have been made in the techniques and strategies used to evaluate worker exposures. The 
various approaches used have included direct-reading instruments; measuring CNT/CNF catalyst as a marker; 
measurement of elemental carbon, versus organic carbon; transmission electron microscopy; and preliminary 
investigations into complimentary measurement techniques, such as dark-field based hyper spectral imaging 
microscopy. The exposure assessment strategy used by NIOSH now includes full-shift, respirable fraction 
samples for worker exposure assessment; and a combination of direct-reading instrument measurements and 
various types of airborne filter samples to evaluate process emissions and effectiveness of engineering 
controls. This presentation will summarize progress by NIOSH in the area of CNT/CNF exposure assessment.
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Symposium2 Striving for Exposure Assessment of MWCNTs by Particle Size and 
Oxidation Temperature of EC

Mariko Ono-Ogasawara
Japan National Institute of Occupational Safety and Health

According to the risk assessment of CNTs, probable occupational exposure limits of CNTs are calculated 
below 50 g/m3 for respirable particles. This level is close to the mass concentration of PM2.5. Even if 
applying measurement of elemental carbon (EC), the detected EC is affected by EC in the environment air. In 
supply chains, downstream users also need methods to assess if MWCNT is released by their processes and 
how MWCNT-containing particles are present in the air. Therefore, we proposed a determination method of 
MWCNTs by taking account of size distribution and oxidation temperature of EC. 
In this method, EC is gradually oxidized at three steps of oven temperature. Each oxidized fraction was 
assigned EC1(at 550° C), EC2(at 700 ℃ ) and EC3(at 920 ℃ ). Generally, MWCNTs are observed as EC2 and 
EC3. When MWCNT aerosol are collected on five stages (2.5, 1.0, 0.5, 0.25 m) by a Sioutas cascade 
impactor, MWCNTs are observed as micron size particles, and EC2 contained in ambient particulate matter 
(APM) is mainly observed in fine particles. Therefore, the size and EC fractions are good parameters to 
distinguish MWCNTs from other particles, especially APM. This method can be applied for the exposure 
assessment of MWCNT-containing particles by modifying the oxidation temperature of EC measurement.
Exposure assessment of MWCNT can be conducted as follows: 1) Collect size-segregated particles, and 
analyze ECs at appropriate oxidation temperatures; 2) Confirm the presence of MWCNT by EC fractions and 
by electron microscopy observation; 3) Determine MWCNT by the amount of EC2 and EC3 in respirable 
particles. 
This research was supported by a Grant-in-Aid for Scientific Research (No. 23615014) of the Japan Society 
for the Promotion of Science.

Satellite 
Symposium

Framing Atherosclerosis as a Nanotoxicology Problem 

Lang Tran1), Helinor Johnston2)

1)Institute of Occupational Medicine, Edinburgh (UK), 2)Heriot Watt University (UK)

With the combination of poor diet, inactivity and aging population in the developed world, cardiovascular 
disease is the major disease leading to morbidity and mortality. Central to this is     atherosclerosis and the 
role it plays in instigating myocardial infarction and strokes in a high proportion of individuals. Current 
measures directed at atherosclerosis (and subsequently myocardial infarction and strokes) are either 
preventative such as controlling blood cholesterol level with drugs such as statins or surgical such as 
angioplasty to combat stenosis of the arteries and peripheral blood vessels or by-pass surgery.  However by 
taking a different approach to viewing the pathogenesis of atherosclerosis it becomes evident that it is a 
toxicological problem driven by exposure to a biological, endogenous ‘nanoparticle’.  It is well established 
that Low Density Lipoproteins (LDL) is the crucial driver of atherosclerosis and indeed treatment with statins 
is aimed at reducing blood concentration levels of LDL. It is also known that LDL is a nanoparticle with a 
diameter of 20-25nm, placing atherosclerosis into the toxicological paradigm of exposure leading to dose 
leading to a response. Thus, it becomes clear where the broad targets of therapies lie. Statins and changes in 
diet seek to control exposure by reducing blood borne LDL levels whilst mitigating endothelium dysfunction 
(e.g. due to high blood pressure using drugs such as beta blockers) helps reduce the dose of LDL and 
accumulation of inflammatory cells in the arterial wall which again may help ameliorate a response. However 
whilst these therapeutic interventions can have a significant improvement in clinical outcome, they are 
typically long term therapies associated with limiting progressions of the disease yet there remains the need 
to be able to stabilize and/or regress the disease by targeting the atherosclerotic plaques directly.  
In this presentation, the processes leading to Atherosclerosis will be described as a Nanotoxicology problem 
and the potential development of Nano Delivery Systems (NDS) to target the plaques, for identification and 
therapy, will be discussed.
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Luncheon 
Seminar 1

Aerosol Generation System Used for Inhalation Toxicity Assessment 

Brian Thomas Anderson
Harlan Laboratories, Swizerland

Harlan laboratories Ltd, located in Itingen, Switzerland is one of the leading laboratories in the field of 
Inhalation toxicology. This summary presentation aims to review the methods commonly used for test 
aerosol generation for routine safety evaluation of inhaled materials and how some of these procedures can 
be adapted to allow satisfactory use with specialist materials such as carbon nanotubes and other nano 
particles.  The presentation will also introduce some advantages and disadvantages of commonly used 
devices that are used in the industry for test aerosol generation such as dust dispersion systems and different 
exposure systems and will indicate some of the approaches taken at Harlan Laboratories to resolve these 
issues.

Luncheon 
Seminar 2

Malignant Pleural Mesothelioma - The current situation of diagnosis 
and therapy

Kazuyoshi Imaizumi
Division of Respiratory Medicine and Clinical Allergy, Department of Internal Medicine, Fujita Health University, 
Toyoake, Japan

Malignant pleural mesothelioma (MPM) is an aggressive type of tumor that arises from pleural mesothelium. 
Despite continuous endeavors to improve survival rate, MPM is still one of the most refractory cancers 
worldwide. It is well known that the tumor is highly related to asbestos exposure. As the Japanese 
Government did not fully ban asbestos until 2004, there is concern the number of MPM cases will increase 
over the coming twenty years. There are some difficulties in detecting and diagnosing the early stage of MPM. 
Diagnostic imaging, including chest CT and PET (positron emission tomography), is essential to the diagnosis, 
assessment, and monitoring of this disease. Pleuroscopy (medical thoracoscopy using a semi-rigid fiberscope 
in an endoscopic suite) is widely used for the pathological diagnosis of MPM.  Endoscopic findings of this 
disease are very valuable. However, it should be noted that a sufficient amount of tissue samples would be 
needed for precise histological diagnosis. A panel of immunohistochemical staining approaches is also 
necessary to ascertain the diagnosis. Although the treatment options for MPM, which include chemotherapy, 
radiotherapy, and surgery, have been refined during the past two decades, the overall survival rate is still 
poor. The combination of pemetrexed and cisplatin is the mainstay of the chemotherapy at the moment with 
limited benefit. Intensity modulated radiotherapy (IMRT) is also considered to be a feasible therapeutic 
option. Trimodality therapy involving extrapleural pneumonectomy with neoadjuvant or adjuvant 
chemotherapy and adjuvant radiotherapy is a treatment option for selected patients. Effective pain 
management constitutes an essential part of care for the patients at an advanced stage. Recent progress on 
understanding the molecular and immunological pathogenesis of MPM has provided promising information 
on genetic and cellular alterations responsible for the progression of malignant mesothelioma. The new 
knowledge based on these findings might be applied to the development of new therapies for this intractable 
disease.
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O-29-A-01 Length- and time-dependent signalling responses to asbestos and 
carbon nanotubes in the pleura

Fiona A Murphy1), Tatyana Chernova1), Anja Schinwald2), Edward Bampton1), Stefano Grosso1), 
Xiao Ming Sun1), Martin Bushell1), Ken Donaldson2), Anne Willis1), Marion MacFarlane1)

1)MRC Toxicology Unit, UK, 2)University of Edinburgh, UK

Exposure to asbestos fibres causes profound pathological changes in the pleural cavity and can result in the 
development of a fatal tumour, malignant mesothelioma (MM). Due to their structural similarities there is 
rising concern that carbon nanotubes (CNTs) may present a similar inhalation hazard. However the underlying 
mechanisms leading to fibre-mediated mesothelioma development are not yet fully understood. To 
investigate the molecular changes which occur at the mesothelium as a consequence of direct exposure to 
fibres, short and long asbestos fibres (SFA and LFA) and short and long CNTs (NTS and NTL) were instilled 
directly into the pleural cavity in mice and responses examined at 1, 4 and 12 weeks post treatment. 
Exposure to fibres resulted in responses that were dependent upon the length of the fibres and the time of 
exposure but not on fibre type. In response to NTL and LFA there was acute inflammation and fibrosis on the 
parietal pleura; no inflammatory changes were detected histologically after exposure to SFA and NTS. 
Kinome profiling and immunostaining were performed to assess the activation of various signalling pathways.  
Exposure to SFA and NTS produced only an acute response after 1 week, which involved activation of 
MSK1/2, Akt, RSK1/2/3, p53 and p27. The changes observed in LFA and NTL were similar, but in addition, 
there was sustained activation (up to 12 weeks post injection) of ERK1/2, mTOR, SFK and STAT3 with 
specific signalling pathways activated in different cells types within the lesions. The molecular mechanisms 
that are activated at very early stages along the mesothelium in response to long fibres are currently being 
examined in later endpoints (up to 6 months) which may further our understanding of the pleural fibre 
hazard.

O-29-A-02 Critical factors in multi-walled carbon nanotubes for mesothelial 
carcinogenesis

Shinya Toyokuni, Hirotaka Nagai, Yasumasa Okazaki, Shan Hwu Chew, Shinya Akatsuka, Li Jiang, 
Gaku Ichihara
Nagoya University Graduate School of Medicine, Japan

Multi-walled carbon nanotubes (MWCNTs) have potential for widespread applications in engineering and 
materials science. However, due to their needle-like, nanoscale shape and high durability, concerns have 
been raised that MWCNTs of certain characteristics may induce asbestos-like pathogenicity. Even though 
recent studies have demonstrated various types of reactivities induced by MWCNTs, the physicochemical 
features of MWCNTs that determine or trigger the cytotoxicity and carcinogenicity in mesothelial cells remain 
unclear. In the present study we show that the deleterious effects of non-functionalised MWCNTs on human 
mesothelial cells are associated with their diameter-dependent piercing of the cell membrane. Thin MWCNTs 
with high crystallinity showed mesothelial cell piercing and cytotoxicity in vitro and subsequent 
mesotheliomagenicity in vivo. In contrast, thick or tangled MWCNTs were much less toxic and carcinogenic, 
whereas all MWCNTs affected macrophages similarly. Furthermore, we show that the target genes for 
MWCNT-induced mesothelial carcinogenesis were the same as those by asbestos. Our results suggest that 
control of the diameter of MWCNTs may contribute to reduce the risks to human health. The final results of 
carcinogenesis study will be shown.
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O-29-A-03 Correlation between tumor incidence and early changes in rats 
administered fibrous nanomaterials

Shuichi Adachi1), Miho Mizoi1), Sei-ichi Omura3), Takahiro Kobayashi2), Okio Hino4)

1)Sagami Women's University, Japan, 2)Association of International Research Initiatives for Environmental Studies, 
3)Tokyo Institute of Technology, Japan, 4)Juntendo University, Japan

A large number of fibrous materials including nanofibers have been developed and used not only as asbestos 
substitutes, but also in various advanced technologies. Some of these fibers, particularly those with high 
durability and specific dimensions, have the potential to result in the development of mesothelioma in 
experimental animals. A systematized protocol to evaluate the carcinogenicity of new fibrous materials 
should be established to prevent mesothelioma cases caused by environmental exposures to hazardous 
fibrous dusts.
Methods: We examined plasma N-fragment of expressed in renal carcinoma (N-ERC)/mesothelin levels in 
female F344 rats after intraperitoneal injection or intratracheal instillation of seven different types of fibrous 
materials. At 1, 3, 5 days and 1, 2, 4, 10 and 20 weeks after administration, 30 µL of blood was collected 
from the tail vein. Test materials were multi-wall carbon nanotube (MWCNT), spherical TiO2 (P), fibrous TiO2 
(FT100, FT400), silicon carbide whisker (SiC), potassium titanate whisker (KT), and chrysotile asbestos (Chr). 
Mesothelioma induction has previously been observed after intraperitoneal injection of MWCNT, SiC, KT and 
Chr.
Results: Plasma N-ERC levels of rats administered MWCNT, SiC, KT or chrysotile asbestos were continuously 
higher even at 10 weeks after i.p. than the other non-carcinogenic materials (P, FT100 and FT400). Since 
plasma N-ERC levels of rats with intraperitoneal injection of fibrous dusts showed a good correlation with 
carcinogenicity, particularly at 10 weeks after injection, this short-term animal experiment provides useful 
data for evaluating the mesothelioma risk of newly developed fibrous materials.

O-29-A-04 In vivo genotoxicity evaluation of lung cells from Fischer 344 rats 
following 28 days of inhalation

Jin Sik Kim1), Jae Hyuck Sung1), Byung Gil Choi1), Hyun Ryol Ryu1), Kyung Seuk Song1), Jae Hoon Shin2), 
Jong Seong Lee2), Joo Hwan Hwang2), Ji Hyun Lee4), Gun Ho Lee3), Kisoo Jeon3), Kangho Ahn3), Il Je Yu4)

1)Korea Conformity Laboratories, Korea, 2)Occupational Lung Diseases Institute, Korea Workers' Compensation Welfare 
Service, Ansan, Korea, 3)Department of Mechanical Engineering, Hanyang University, Ansan, Korea, 4)Institute of 
Nanoproduct Safety Research, Hoseo University, Asan, Korea

To evaluate the toxic and genotoxic effect of multi-wall carbon nanotubes (MWCNTs) on lung cells in vivo, 
eight-week-old rats were divided into four groups (each group consisted of 15 male and 10 female rats), a 
fresh air control (0 mg/m3), low (0.17 mg/m3), middle (0.49 mg/m3), and high (0.96 mg/m3) dose group, 
and exposed to MWCNTs via nose-only inhalation 6 hrs per day, 5 days per week for 28 days. Lung cells 
were isolated from five male and five female rats in each group on day 0, day 28 (only from males), and day 
90 following the 28-day exposure. To determine the genotoxicity of the MWCNTs, a single cell gel 
electrophoresis assay (Comet assay) was conducted on the rat lung cells. As a result, the olive tail moments 
were found to be significantly higher (p<0.05) in the male and female rats from all the exposed groups when 
compared with the fresh air control. Plus, the high-dose exposed male and middle and high-dose exposed 
female rats maintained DNA damage, even 90 days post-exposure (p<0.05). To investigate the mode of 
genotoxicity, the intracellular ROS levels and inflammatory cytokine levels were also measured. For the male 
rats, the H2O2 levels were significantly higher in the middle (0 days post-exposure) and high (0 days and 28 
days post-exposure) dose groups (p<0.05). Conversely, the female rats showed no changes in the H2O2 
levels. Interestingly, the short-length MWCNTs deposited in the lung cells were persistent at 90 days post-
exposure. Exposing lung cells to MWCNTs with a short tube length may induce both primary genotoxicity, 
which is genetic damage by particles in the absence of oxidative stress and pulmonary inflammation, and 
secondary genotoxicity.
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O-29-A-05 MWCNT translocate from the lung to the pleural cavity and cause 
mesothelial proliferation

Hiroyuki Tsuda1), Jiegou Xu1), David B. Alexander1), Masumi Suzui2), Mitsuru Futakuchi2), Jun Kanno3), 
Akihiko Hirose4), Kazuyoshi Yanagihara5), Dai Nakae6), Toyonori Omori7)
1)Nagoya City University, Japan, 2)Molecular Toxicology, Nagoya City University Graduate School of Medical Sciences, 
Japan, 3)Division of Cellular and Molecular Toxicology, National Institute of Health Sciences, Japan, 4)Division of Risk 
Assessment, National Institute of Health Sciences, Japan, 5)Division of Genetics, National Cancer Center Research 
Institute, Japan, 6)Department of Pharmaceutical and Environmental Sciences, Tokyo Metropolitan Institute of Public 
Health, Japan, 7)Air Environment Division, Ministry of the Environment, Japan

We investigated whether multi-walled carbon nanotubes (MWCNT), like asbestos, administered into the lung 
translocate to the pleural cavity and induce mesothelial lesions.
Methods: Male F344 rats were treated with 0.5 mL of 500 mg/mL-saline suspensions of MWCNTs or 
crocidolite (CRO) five times over a 9-day period by intrapulmonary spraying. The lung, pleural wall, and 
pleural cavity lavage and lavage cell pellets were examined. Tissues and pleural cavity lavage cell pellets 
were fixed in 4% paraformaldehyde, embedded in paraffin, and processed for histological examination. 
Conditioned cell culture medium of alveolar macrophages and pleural cavity lavage supernatants were 
examined for cell proliferation activity in vitro.
Results: Aggregates of MWNT and CRO fibers were found mainly in macrophages in the alveoli and 
mediastinum lymph nodes. Importantly, fibers were also found in macrophages in the pleural cavity lavage 
cell pellets. Some free MWCNTs were also located on the surface or piercing the mesothelial tissue; 
although, penetration of MWCNT through the mesothelial tissue was not observed. Intrapulmonary spraying 
of MWCNT or CRO induced hyperplastic proliferative lesions of the visceral mesothelium with a 10-fold 
increase in PCNA indices over the control. Conditioned macrophage culture medium and pleural cavity 
lavage supernatants induced human mesothelial cell proliferation in vitro.
Conclusions: MWCNT, like CRO, induced mesothelial proliferation potentially associated with mesothelioma 
development. The pleural lavage fluid contains factors, as yet unidentified, secreted from macrophages 
phagocytosing MWCNTs or CRO that causes mesothelial proliferation. Intrapulmonary spraying is a useful 
tool for studying hazardous effects of MWCNT in the pleural cavity.

O-29-A-06 Inflammatory effects of carbon nanotubes on the rat lung at 2 and 
52 weeks after instillation

Masumi Suzui, Shuhei Ikenaga, Takamasa Numano, Yasuaki Isoda, Mitsuru Futakuchi, Katsumi Fukamachi
Nagoya City University Graduate School of Medical Sciences and Medicai School, Japan

High length to diameter aspect ratio, a characteristic shared with asbestos fibers, has led to concern that 
environmental or occupational exposure to multiwall carbon nanotubes (MWCNTs) may cause asbestos-like 
pulmonary diseases including carcinoma.  We examined whether MWCNTs cause pulmonary toxicity 
including inflammation, fibrosis, hyperplasia, and carcinoma in 2- and 52-week experimental protocol.  
MWCNTs were separated into three fractions; the remaining (R, diameter was not measurable due to tangled 
up condition), flow through (FT, 2.6 µm in diameter), and whole (W, 4.2 µm in diameter).  Male F344 rats 
received each fraction of MWCNTs (1.0 mg per rat) by the intrapulmonary spraying method.  The rats were 
euthanized at 2 and 52 weeks after instillation.  In 2-week study, MWCNTs were found mainly in 
granulomatous lesions in the alveoli and in alveolar macrophages.  Inflammatory cell infiltration and 
granuloma formation were seen in each group.  Mean area of inflammatory cell infiltration was significantly 
increased in the FT fraction treatment group as compared to the other two groups and control group.  In 52-
week study, MWCNTs remained in granulomatous/fibrous lesions in the alveoli and in alveolar macrophages, 
and alveolar epithelial hyperplasia was found.  In the lung tissue of 2-week study, protein expression levels of 
Csf3, IL6, Cxcl2, and Ccl4, which were highly expressed in a microarray analysis in primary cultured 
macrophages, were upregulated.  No tumors were found in either alveolar epithelial tissues or mesothelium.  
Taken together, MWCNT causes inflammatory effects on the rat lung at 2 and 52 weeks after instillation.  
The initial hypothesis of a carcinogenic activity of instilled MWCNT could not be verified in a 52-week 
bioassay system.
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O-29-A-07 The role of endothelial progenitor cells in SWCNT-induced 
pulmonary fibrosis

Chih-Ching Chang1), Meng-Chen Lee1), Chin-Yu Chen2), Ming-Yie Liu1)

1)National Cheng Kung Univeristy, Taiwan R.O.C., 2)Center for Micro/Nano Science and Technology, National Cheng 
Kung University, Taiwan R.O.C.

Single-walled carbon nanotube (SWCNT) causes pulmonary injury, granulomatous changes and fibrosis. 
Recent studies indicated that endothelial progenitor cells (EPCs) contribute to vascular reepithelialization and 
vascular remodeling, and may transition to fibroblasts. In this study, we investigates whether EPCs contribute 
to the expansion of pulmonary fibroblast pool during SWCNT-induced pulmonary fibrosis. Female C57BL6 
mice were oropharyngeally aspirated with 20, 40, 80µg SWCNT for up to 6wks. We characterized the kinetic 
production of cytokines, involved in progenitor cell recruitment and proliferation, and phenotyped CD34/
CD133/VEGFR2-positive EPCs by flow cytometry analysis. Immuno・Vorescence staining was used to 
investigate pulmonary infiltration of EPCs to fibrotic regions. The results demonstrate that pulmonary CXCL1/
CXCL7 and VEGF were immediately increased at 1d post-exposure to 80µg SWCNT. Flow cytometry analysis 
demonstrates that CD34+/CD133+/VEGFR2+ EPCs infiltrated the lung starting at 1d post-exposure, peaking 
at 42d. Importantly, EPCs were localized to the fibrotic regions. 19.1% of Fibroblast-Specific Protein-1 (FSP-
1)+ fibroblasts were derived from EPCs at 42d post-exposure, and the activation of TGF- , p-Smad2, and Ras 
signaling was noted in these cells, indicating the occurrence of EPC-mesenchymal transition. Moreover, 13.5±
0.82% and 8.66±0.28% of a-SMA+ cells and Col I+ cells, respectively, were positively for CD34/CD133/
VEGFR2 at 42d, suggesting EPC-derived fibroblasts were functional. The inhibitory study reveals that VEFG 
inhibitor SU5416 significantly reduced pulmonary EPCs, and pulmonary fibrosis. In summary, EPC infiltration 
contributes to pulmonary fibroblast expansion and plays a significant role in SWCNT-induced pulmonary 
fibrosis.

O-29-A-08 An Improved Dispersion Method of MWCNT for Whole Body 
Inhalation Exposure System

Yuhji Taquahashi, Yukio Ogawa, Atsuya Takagi, Masaki Tsuji, Koichi Morita, Jun Kanno
National Institute of Health Sciences, Japan

The main route of exposure of nanomaterials for humans is the inhalation and therefore the whole body 
inhalation exposure experiments are the most important for the toxicity testing. Multi-wall carbon nanotube 
(MWCNT) such as Mitsui MWNT-7 is a mixture of singular fibers of various length and width, their 
agglomerates and aggregates. And yet, human exposure would result in alveolar lesions by singular fibers; 
the aggregate/agglomerate will sediment fast in the ambient air and will be filtered out effectively by human 
upper respiratory tracts. In contrast, bulk MWCNT in mouse lung often show bronchitis/bronchiolitis with 
granuloma evoked by aggregate/agglomerate. The objective of this study was to develop whole body 
inhalation exposure system to expose small laboratory animals with highly-dispersed, aggregate/
agglomerate-eliminated MWCNT. We have developed a method to effectively remove the aggregate/
agglomerates and disperse MWNT-7 into dry singular fibers without dispersant and changes in fiber length 
and width (Taquann Method). The MWNT-7 was suspended in Tert-butyl alcohol, freeze-and-thawed, filtered 
by a vibrating 25 um mesh Metallic Sieve, snap-frozen by liquid nitrogen, and vacuum-sublimated in order to 
avoid re-aggregation of the singular fibers by surface tension. An aerosol generation system was developed 
for Taquann-dispersed MWCNT (T-CNT). T-CNT was loaded in a newly designed cylindrical cartridge case 
and ejected into the chamber by pulses of compressed air. Aerosol in the chamber was composed mostly of 
well-dispersed singular fibers. (Supported by the Health and Labour Sciences Research Grant, MHLW, Japan)
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O-29-A-09 A novel human exposure system for nanoparticle tracking and 
oxidative stress assessment

Halshka Graczyk, Nastassja Lewinski, Jean Jacques Sauvain, Brigitta Danuser, Michael Riediker
Institute for Work and Health, University of Lausanne, Switzerland

Inhaled NPs can affect health by direct interaction with lung cells and through transfer to other organs. 
Negative effects are expected from catalytically active NPs that can generate oxidative stress, which can 
damage cells and launch a cascade of effects, contributing to acute and chronic diseases. The aims of our 
current study are 1) to better understand the extent inhaled NPs translocate into the circulation and are 
excreted into urine and 2) the potential of these NPs to induce oxidative stress markers in the lung lining 
fluid, followed by an increase in such markers in circulation and urine.  We will use an open label, controlled, 
randomized human volunteer study. Subjects will be assigned to one of two exposure groups, each 
consisting of 10 healthy volunteers. Volunteers will inhale, during 40 minute exposure durations, either 
aerosolized medical-grade superparamagnetic iron oxide nanoparticles (SPIONs), or reactive tobacco-smoke 
NPs as a positive control for the oxidative stress response. Each volunteer will participate in three 
experiments; each at a different exposure level. Biological liquids (exhaled breath condensate, blood and 
urine) will be collected at several time points before after the exposure. This study will be the first ever 
controlled human inhalation study to aerosolized medical iron oxide nanoparticles. Due to the uncertainty 
that remains in regards to the kinetics of oxidative stress response of inhaled iron oxide nanoparticles, 
matched with widespread occupational exposure to these particles, this study will provide salient safety 
information for workers worldwide. The developed methodology will further allow for a non-invasive 
evaluation of the inhaled NPs target dose and will assess the pathways for circulatory translocation of inhaled 
NPs.

O-29-A-10 Preparation of nano-sized aerosol particles by a spray-drying 
technique with breaking up of droplets

Masaru Kubo1), Manabu Shimada1), Masanori Horie2), Yasuo Morimoto2), Takeshi Sasaki3)
1)Hiroshima University, Japan, 2)University of Occupational and Environmental Health, Japan, 3)National Institute of 
Advanced Industrial Science and Technology, Japan

Inhalation experiments for the risk assessment of nanoparticles require preparation of airborne test particles 
at a designated mass concentration. Spray-drying is a useful technique that can aerosolize existing 
nanoparticles to be tested by generating and drying the droplets of an aqueous suspension of them. 
However, the aerosol particles prepared with this technique are usually agglomerates which tend to become 
larger as a higher aerosol concentration is targeted. Since this is due to the one-droplet-to-one-particle 
mechanism, a high concentration and a small size can be attained at the same time if the size of the droplets 
are decreased. We considered that breaking up of a droplet into many smaller ones by the Coulomb 
explosion would be effective. In our experiments, sprayed droplets were electrically charged by airborne 
unipolar ions. When the droplets reach the Rayleigh limit as they shrink due to evaporation, they are 
expected to undergo the Coulomb explosion to release smaller droplets. The effectiveness of this method 
was examined by measuring the size distribution of the obtained aerosol particles. Agglomerates of 100-200 
nm in airborne size were prepared from a suspension of metal oxide nanoparticles of about 10-30 nm in the 
absence of the droplet charging. In contrast, aerosol particles below 100 nm were prepared in the presence 
of charging. The particles consisted partially of single nanoparticles.
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O-29-A-11 Pulmonary and extrapulmonary responses to acute inhalation of 
multi-walled carbon nanotubes in mice

Akiko Furuyama, Yuji Fujitani, Seishiro Hirano
National Institute for Environmental Studies, Japan

Inhalation exposure to nanoparticles may lead to extrapulmonary responses as well as lung injury. We 
investigated both pulmonary and extrapulmonary responses following acute inhalation exposure to multi-
walled carbon nanotubes (MWCNTs) in mice.
 Specific pathogen free male C57BL/6 mice of 6-7 weeks old were used. MWCNTs were provided by Bussan 
Nanotech Research (Ibaraki, Japan). MWCNTs aerosols were generated using previously reported acute 
nose-only exposure system (Fujitani et al., 2009). The average width and length of aerosolized MWCNTs 
were 80 nm and 3.7 µm, respectively with an aerodynamic diameter of 260-381 nm. Mice were exposed to 
filtered air or MWCNTs (1.47 ± 0.15 mg/m3) for five consecutive days (2 h/day).
 Inhalation exposure to MWCNTs caused limited pulmonary damage. Total protein content and lactate 
dehydrogenase activity in bronchoalveolar lavage fluids (BALF) were slightly increased 24 hours and 1 week 
after exposure. Polymorphonuclear leukocytes (PMN) were not increased in BALF. However, vacuolated 
hepatocytes and infiltration of inflammatory cells in the distended liver were observed 24 hours after 
exposure. Real time RT-PCR analysis revealed that mRNA levels of metallothionein II in the heart and liver, 
angiotensin-converting enzyme in the lung and the kidney, and monocyte chemoattractant protein-1 in the 
kidney were increased 4-weeks after exposure. These results indicate that exposure to low concentration of 
MWCNTs may change functions of extrapulmonary organs.

O-29-A-12 Comparison of dose-response relations between 4-week inhalation 
and intratracheal instillation

Toshihiko Myojo1), Yohei Mizuguchi1), Takako Oyabu1), Masayoshi Hashiba1), Byeong Woo Lee1), 
Makoto Yamamoto1), Motoi Todoroki1), Kenichiro Nishi1), Chiakara Kadoya1), Akira Ogami1), 
Yasuo Morimoto1), Isamu Tanaka1), Manabu Shimada2), Kunio Uchida3), Shigehisa Endoh3), Junko Nakanishi3)
1)University of Occupational and Environmental Health, Japan, 2)Hiroshima University, Hiroshima, Japan, 3)National 
Institute of Advanced Industrial Science and Technology, Tsukuba, Japan

Nanomaterials, consisting of nano-objects measuring less than 100nm, have been increasingly used in many 
industrial sectors.  Along with the development of many kinds of nanomaterials, their biological effects are 
also a matter of concern.  Evaluation of the pulmonary toxicity of airborne nanomaterials involves exposing 
animals to them by inhalation (OECD Test Guideline 412, 413).  Many institutes are unable to easily conduct 
tests as required by the OECD guidelines each time products are modified or newly developed. Intratracheal 
instillation is a technique appropriate for evaluating possible nanomaterial hazards, but less appropriate for 
deriving threshold values and quantitatively assessing risk. 
 
In the present study, four kinds of NiO suspension samples with different specific surface areas were singly 
injected via the tracheas of the rats.  The relationship between the instilled doses and response of 
polymorphonuclear neutrophils (PMNs) in the bronchoalveolar lavage fluid (BALF) in rat lungs was examined 
3 days and one month after the instillation.  In parallel, 4-week inhalation studies, using two of the 
suspensions, were conducted for aerosols generated by a pressurized nebulizer. 

NiO nanoparticles used in this study induced reactions of PMNs 3 days after intratracheal instillation in a 
dose-dependent response on a surface area basis rather than mass basis. When the same NiO samples were 
used in intratracheal instillation and 4-week inhalation tests, a comparable response of PMNs at three days 
after was observed in both tests at a pulmonary deposition amount equivalent to one tenth of the 
intratracheal instillation dose.  
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O-29-A-13 Correlation between Catalytic Activity and ROS Production for 
Palladium Nano-Aerosols

Nicole Neubauer1), Jaana Palomaeki2), Harri Alenius2), Gerhard Kasper1)
1)Karlsruhe Institute of Technology (KIT), Germany, 2)Finnish Institute of Occupational Health (FIOH), Finland

Catalysts are widely used in industry, and the relationship between particle structure and catalytic 
functionality of engineered nano-materials is a major research topic. Yet very little is known whether the 
catalytic activity of such particles has any correlation with the magnitude of their effects on human health 
and biological systems. This study makes a systematic step in this direction by comparing the ROS production 
capability, a key toxicity indicator, with classical measures of catalytic activity for well-defined palladium 
nanoparticles.
Structurally well defined, pure palladium aerosols were generated by spark discharge and conditioned to 
vary the median primary particle sizes between 3 and 30 nm in a defined and reproducible way. Their 
catalytic activity was determined via a catalyst specific chemical reaction (hydrogenation of ethene) using a 
very sensitive quasi-real-time device called Catalytic Activity Aerosol Monitor, CAAM (Neubauer et al., 2013). 
The generation of ROS was measured via the DCF method, both in a cell-free environment and with THP-1 
cells.
The catalytic activity of the palladium aerosols showed a pronounced dependence on the primary particle 
size, with a sharp maximum at 6 nm. The ROS production showed an equally strong size dependence with a 
maximum at the same size as the catalytic activity. This remarkable coincidence points to a direct link 
between the biological and catalytic activities of palladium nanoparticles. 

At present, these investigations are being extended to other materials, so that more data may be available 
by the time of the conference.

Neubauer N, Seipenbusch M and Kasper G (2013) Annals of Occupational Hygiene, doi:10.1093/annhyg/
met007

O-29-A-14 Dysregulation of autoimmunity and chronic activation of T cells 
caused by silica exposure

Takemi Otsuki1), Hiroaki Hayashi2), Megumi Maeda3), Suni Lee1), Hidenori Mastuzaki1), 
Naoko Kumagai-Takei1), Wataru Fujimoto2), Yasumitsu Nishimura1)

1)Kawasaki Medical School, Japan, 2)Department of Dermatology, Kawasaki Medical School, Kurashiki, Japan, 
3)Department of Biofunctional Chemistry, Division of Bioscience, Okayama University Graduate School of Natural 
Science and Technology, Okayama, Japan

Autoimmune disorders are induced by various environmental and occupational substances.  Among the most 
typical factors involving these substances, it is well known that silica exposure causes not only pulmonary 
fibrosis known as silicosis, but also induces autoimmune diseases such as rheumatoid arthritis known as 
Caplan's syndrome, systemic sclerosis, systemic lupus erythematosus, and anti-neutrophil cytoplasmic 
autoantibody (ANCA)-related vasculitis/nephritis.  To investigate the immunological effects of silica, a focus 
on the occurrence of autoimmune dysfunction may clarify these autoimmune diseases and develop effective 
tools for observing silicosis patients (SIL).  In this review, our investigation concerns the autoantibodies found 
in SIL, alteration of CD95/Fas and related molecules in SIL, case-oriented and in vitro analyses of silica-
induced activation of responder and regulatory T cells, and supposed mechanisms of reduction of 
CD4+25+FoxP3+ regulatory T cells (Treg) in SIL.  Further studies are required to investigate Th17 and the 
interaction with Treg in SIL to understand the cellular and molecular mechanisms of environmental and 
occupational autoimmune disorders.
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O-29-A-15 Intraarticular reaction and secretion of inflammatory chemokines to 
Multi wall carbon nanotubes

Hiroki Nomura, Hisao Haniu, Seiji Takanashi, Shinsuke Kobayashi, Kaoru Aoki, Kayo Maruyama, Yuki Usui, 
Naoto Saito
Shinshu University, Japan

(Purpose)Ultra high molecular weight polyethylene has been used for artificial joints.But implants often 
require replacement,because the prosthetic components become loosened by osteolysis caused by wear 
particles that stimulate the inflammatory Macrophages and Osteoclasts.We have been developing stronger 
and less wear polyethylene by combination with Multi-wall carbon nanotubes(MWCNT).We evaluated 
intraarticular reaction and secretion of chemokines to MWCNT.(Material and Methods)100µl(0.2mg/ml and 
2mg/ml) MWCNT in polysorbate was injected in Wister Rat's knee joint and were euthanized at 2day,1,4,12 
weeks after surgery,and tissue of the knee joint was harvested and stained with hematoxylin and eosin. 
Tatoo ink carbon black(TCB) which are used on large numbers of people and considered good 
biocompatibility were injected as negative controls.Secretion of several chemokines were measured at 
24hours after exposure by ELISA method.(Results)Histological evaluation revealed that both MWCNT and 
TCB were attached with surface of membrane synovialis at 2day after surgery.The majority of the MWCNT 
were incorporated in membrane synovialis at 1 week after surgery,while TCB were attached at surface of 
membrane synovialis yet.At 4 weeks,Both MWCNT and TCB were incorporated in membrane synovialis and 
inflammatory reaction was already suppressed.Both groups showed a similar tissue reaction at 12 weeks.
Secretion of chemokines were not increased significiantly.(Conclusion)The inflammatory reaction of 
membrane synovialis to MWCNT was slightly stronger at short time,but were suppressed at 4 weeks.
Secretion of chemokines were not increased.We believe that the biocompatibility of MWCNT to membrane 
synovialis is good.

O-29-A-16 Study of interaction between nanoparticles and cells via toll-like 
receptors

Akiyoshi Taniguchi1), Peng Chen1,2), Sharmy Saimon Mano1,2)

1)National Institute for Materials Science, Japan, 2)Graduate School of Advanced Science and Engineering, Waseda 
University, Japan

Research on the on nanotoxicology showed that the accumulation and deposition of nanomaterials lead to 
the development of variety of health related issues. However the studies on nanotoxicology on cells and 
animal models indicated that nanoparticles (NPs) induced deleterious effects such as reactive oxygen species 
generation and inflammation. These effects could be solved by understanding the interaction between NPs 
and cells at molecular level. However, little information is available regarding the molecular mechanism 
involved in the interaction of NPs to the cells. 
To overcome the above mentioned problems; we have proposed several approaches. They are : 1) to 
understand the effects of NPs on the cells, 2) to understand the role of cellular receptors in the interaction 
between NPs and cells, 3) to understand the molecular mechanism involved in the interaction of NPs with 
receptors, 4) how to avoid the interaction of NPs with receptor for the safety usage of NPs. In this study, we 
focused on the solution to reduce the cytotoxicity and NPs interaction with receptor, such as toll-like 
receptors (TLRs). This has been achieved by modifying NPs by poly ethylene glycol (PEG). TLRs involved in the 
interaction of NPs and cells have been identified and those interactions have been avoided by PEG 
modification. TLRs enhance the interaction between nanomaterials and cells. However this interaction 
induced several negative impacts on the cells. 
Reference: 1) Mano, S. S., et al., (2013) SAM in press. 2) Chen,P, Kanihira,K, Taniguchi,A (2013) STAM in 
press. 3) Chen, P, Taniguchi, A (2012) J. Biosense. Bioelec. 3, 5. 4) Chen,P, et al., (2012) Biotechnol.Bioeng, 
109, 3112-3118. 5) Mano, S. S., et al., (2012) Int. J. Mol. Sci., 13, 3703- 3717.
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O-29-B-01 Development of a Nano Exposure and Contextual Information 
Database (NECID)

Markus G. M. Berges1), Wouter Fransman2), WiHo Stöppelmann1), Christian Schumacher1), Derk Brouwer2), 
Ismo Koponen3), Delphine Bard4), Olivier Witschger5), Elzbieta Jankowska6), Tomi Kanerva7)

1)German Social Accident Insurance (DGUV), Germany, 2)TNO, The Netherlands, 3)NRCWE, Denmark, 4)HSL, UK, 5)INRS, 
France, 6)CIOP, Poland, 7)FIOH, Finland

For future research in studying exposure to nanoparticles, there is a need for an occupational exposure 
database [1]. Amongst a working group of PEROSH institutes, IFA and TNO are leading the development of a 
database called NECID (Nano Exposure and Contextual Information Database). NECID is a nanomaterial 
specific exposure database which permits the systematic and uniform gathering and documentation of data 
on operating conditions and measurement data of individual instruments and methods to enable a 
harmonized nanomaterial exposure assessment.
The database will facilitate the future comparing and sharing of nano exposure data, because the exposure 
data of different research institutes are collected and stored in a uniform and harmonized way. The PEROSH 
institutes have developed databases for hazardous substances in the past and demonstrated the know-how 
to maintain those for decades. The new nano exposure database will be based on the characteristics of 
existing databases and the NANOSH dataset. As nano-sized materials have distinctive characteristics, 
additional variables are introduced and the structure of NECID differs significantly from the existing 
databases. The proposed structure of the future database covers a set of contextual core information 
variables in the database, which should be collected with each set of measurements based on Rajan et al. [2] 
and Tielemans et al. [3]. The development of the database is aligned with the ongoing process of the 
harmonization of data collection, analysis, reporting and storage [1].
[1] Derk Brouwer, Berges, M., Abbas, M. et al. 2011, Ann. Occup Hyg; p.1-9, doi:10.1093/annhyg/mer099
[2] B. Rajan et al. 1997, Appl Occup Environ Hyg; 12: 31-9.
[3] Tielemans E, 2002 Ann Occup Hyg; 46: 287-97.

O-29-B-02 Nanomaterials release from nanocomposites during reworking 
process

Ismo K Koponen, Kirsten I Lieke, Marcus E Levin, Keld A Jense
National Research Centre for the Working Environment, Denmark

Manufacturing, finishing and repair of composite materials may involve abrasive activities such as sawing and 
grinding. These activities may result in inhalable particle exposure to mixtures of composite matrix and 
manufactured nanomaterials applied to the product. In this work, we measured the personal exposure and 
the near- and far-field work-place particle concentrations released during sanding with two different types of 
sanding papers and cutting a carbon (nano)fibre-reinforced composite. We also investigated the effects of 
local exhaust ventilation on the work-place particle concentration levels. All abrasion tools were powered by 
pressurized air, which eliminates machine-generated particle emissions.
Particle number concentrations and size distribution spectra were measured with a CPC3007 and a FMPS 
Model 3091 plus an ELPI+, respectively. Near- and far-field and personal respirable dust samples were 
collected using Triplex 1.106 cyclones. We also used a Dekati DGI high volume sampler to determine 
activity-related mass size-distributions.  TEM samples were collected using a 2 stage micro-inertial impactor 
(upper cut off 0.89 µm and lower cut off 0.047 µm). The near- and far-field measurements were done next to 
the activity (90 cm) and ca. 5 meters away, respectively. The far-field location was used to asses the 
influence of particles from the background to the exposure and dispersion of the process-particles in the 
working environment. 
Analyses are in progress showing that the particle emissions were dominated by particles smaller than 100 
nm. Both matrix-embedded and free carbon fibres of various dimensions were observed in the dust samples. 
Importantly, use of local exhaust ventilation attached to power tools may reduce particle emissions 
dramatically.
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O-29-B-03 Nanoparticle exposures at two nanoparticles producer plants in 
Québec (Canada)

Maximilien Debia1), Claude Ostiguy1,2), Serge Kouassi1), Olivier Mudaheranwa1), Brigitte Roberge2)

1)Université de Montréal, Canada, 2)Institut de recherche Robert-Sauvé en santé et en sécurité du travail (IRSST), 
Canada

Background. Research efforts to develop engineered nanoparticles (NP) have been rapidly increasing. Since 
several questions remain with respect to the toxicity of these particles, it is important to understand potential 
occupational exposures. However, there is currently no consensus concerning NP exposure assessment 
measurements and several devices can be used to assess various parameters.
Objective. To monitor NP concentrations at two NP producer plants and to examine the overall capabilities 
for assessing occupational NP exposures.
Method. Assessment monitoring was conducted in two NP workplaces: 1) single wall carbon nanotubes 
producer and, 2) metallic nanopowders producer. Quasi-personal monitoring were performed using a 
condensation nucleus counter, an optical particles counter, a laser photometer, a diffusion charging monitor, 
an electrical mobility analyser and a cascading impactor. In addition to the direct reading instruments (DRI), 
aerosols were collected on copper grids, and analysed by Scanning Electron Microscopy and Transmission 
Electron Microscopy.
Results. NP releases were found in the two workplaces by DRI during manual cleaning operations. Few single 
particles lower than 100 nm were monitored above background and the average particle diameters were 
500 nm and 180 nm for the workplaces 1 and 2, respectively. These data were confirmed by the 
identification of NP agglomerates and the determination of their different forms and sizes by electron 
microscopy. 
Conclusions. NP exposures occur at the two NP producer plants. Combination of several DRI appears to be a 
good monitoring strategy. Since there is large spatial-temporal variability of particle concentrations, the quasi-
personal monitoring also appears to be a good monitoring strategy.

O-29-B-04 Potential release of manufactured nano-objects during sanding of 
surface coating

Wouter Fransman, Pim Duis, Cindy Bekker, Derk Brouwer
TNO, Netherlands

In this study the potential release of nano-objects due to sanding of two types of MNO containing coating 
was examined and compared to untreated hardwood. This allowed us to evaluate the influence of the 
chemical composition on the release of particles. Furthermore, the speed of sanding and the grit size of the 
sanding paper were varied in order to assess their influence on the release of particles.
Measurements were conducted in a gas tight chamber with a volume of 19.5 m3 in which ventilation was 
minimized during experiments. Particle size distributions were assessed by SMPS, APS and ELPI. Furthermore, 
aerosol number concentrations (Nanotracer), active surface area (LQ1) and fractionated mass (Cascade 
Impactor) were measured before, during and after sanding. SEM/EDX-analysis was performed to adequately 
characterize the morphology and size of released particles.
SEM/EDX indicated that sanding surfaces treated with MNO containing coating did not release the 
designated MNO's as free primary particles. In both coatings, clusters of MNO's were perceived on the 
surface and throughout micro-sized wood particles created by sanding the coated surface. A substantial 
increase in nano-sized and a slight increase in micro-sized particles was perceived as the rotation speed of 
the sander increased. No effect of the grit size on the release of particles was detected.  
From this study it can be concluded that exposure to manufactured nano-objects can occur from sanding 
MNO coated surfaces as MNO's are present on the surface of micro-sized wood particles, but not as primary 
free particles. The airborne concentration of MNO's differed between coatings and increased with higher 
rotation speed of the sanding machine.
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O-29-B-05 Background Issues for the Assessment in Workspace of Occupational 
Exposure to Nanoparticles

Eric ZIMMERMANN, Sébastien ARTOUS, Dominique LOCATELLI, Pierre NOBILE, Samir DERROUGH, 
Catherine DURAND
CEA, France

The assessment of the potential exposure of workers to nanoparticles requires number of measurements in 
the workspace. The aim of such a work is to succeed in bringing out a significant signal of the sought 
nanoparticles, emerging from the background. In fact, background can be differentiated into two types. The 
first one, internal, is due to the equipment itself. It can hardly be reduced but is known and steady, in good 
conditions. The second one is external, due to the nanoparticles in the environment. It can be distributed on 
a large scale of concentrations, and may vary rapidly in an unexpected manner. Indeed, except in some 
industry or laboratories, the level and the stability of the concentration of aerosol are not controlled.

This study is a compilation of situations, amongst the 250 measurement campaigns performed by our 
NanoSafety Platform at workplaces since 2009, where background was a cause of disruption. This study 
presents also our approach to enhance chances to reach valid conclusions when a potential emission of 
nanoparticles is met. Typical equipment used are condensation particle counters (CPC), fast mobility particle 
sizer (FMPS), scanning mobility particle sizer (SMPS), and electrical low pressure impactor (ELPI). The particles 
are sampled using collection membranes placed on the ELPIs stages. The samples were analyzed with an 
SEM-EDS to provide information including size, shape, agglomeration state, and the chemical composition of 
the particles.

O-29-B-06 PotentiaL Exposure Assessments of Airport's Workers to Combustion 
Nanoaerosols

Eric ZIMMERMANN1), Sébastien ARTOUS1), Samir DERROUGH1), Dominique LOCATELLI1), Pierre NOBILE1), 
Léa TOURI2), Nicolas MOLINARI3), Pascal CHANEZ4), Michel KLERLEIN5), Catherine DURAND1)

1)CEA, France, 2)Occupational health doctor, Laboratoire d'immunologie INSERM CNRSU1067, UMR7733, Aix-Marseille 
Université, France, 3)UMR729, service DIM, CHRU de Montpellier, FR-34091 Montpellier, France, 4)Département des 
maladies respiratoires APHM et Laboratoire d'immunologie INSERM CNRSU1067, UMR7733, Aix-Marseille Université, 
France. U 600, France, 5)Air France, Corporate Occupational Health Coordinator, Aéroport Roissy Charles de Gaulle, 
France

People working in airports are exposed to combustion nanoaerosols produced by aircrafts, trucks, or generators. 
This study was conducted, in 2012, in two French airports, Marignane near Marseille, and Roissy near Paris, and 
aimed to assess the characteristics of nanoparticles potentially inhaled by workers directly or not-directly exposed 
to these sources of ultrafine particles (UFP).

These results are included in a larger study conducted by the medicine and occupational health service of Aix-
Marseille University, and occupational health service of Air-France that aim to evaluate the effect of worker's 
exposure on their respiratory function.

The characterization of aerosols includes measurements of the concentration using condensation particle counters 
and measurements of the size distribution using fast mobility particle sizer (FMPS), scanning mobility particle sizer 
(SMPS), and electrical low pressure impactor (ELPI). Particles were sampled using collection membranes placed on 
the ELPI's stages. The samples were analyzed with an SEM-EDS to provide information including size, shape, 
agglomeration state, and the chemical composition of the particles.

Measurements were performed day and night, on the tarmac near aircrafts, inside the airport, and in aircrafts' 
maintenance area.

The results show that the concentrations exceed most of the time 100,000 particles per cm3 on the tarmac. The 
maximum of the size distribution, in number of particles, is usually lower than 20nm. Inside the airport, the particles 
were similar to those sampled outside, with concentrations sometimes reaching 100,000 particles per cm3.
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O-29-B-07 Assessment of occupational exposure to AuNPs during their 
synthesis in a research and development laboratory

Xolani A Masoka1), Muriel N Mogane2), Lebogang M Ntlailane2), Millicent Magogotya1), Gopolang Sekobe2), 
Mary Gulumian1,3)

1)National Institute for Occupational Health, South Africa, 2)Occupational Hygiene, NIOH, South Africa, 3)Haematology 
and Molecular Medicine Department, University of the Witwatersrand, South Africa

The synthesis and subsequent use of nanoparticles in a wide variety of applications is one of the rapidly 
expanding research areas in South Africa. This in turn has led to an increasing likelihood of occupational 
exposure to these nanoparticles in research and development laboratories in the country. The aim of this 
survey was to perform an exposure assessment during the synthesis of AuNPs using the citrate reduction 
method. 

The exposure assessment survey was conducted during the synthesis of an 80L of 14nm AuNPs using a 
citrate reduction method of chloroauric acid. A combination of particle number concentration measurement 
was used including filter based (personal and area) sampling and a Nano ID Select to collect airborne 
particles for further characterization. Real-time particle concentration was measured before and after 
synthesis. 
 
Preliminary results indicate that nanomaterial particle number did not increase appreciably during the tasks 
monitored. Only after 30 minutes after the addition of the citrate solution was there an increase in the 
number of nanomaterials measured by the SMPS (7-298nm). The observed increase was almost twice the 
calculated local particle reference value. Transmission Electron Microscopy (TEM) was used for particle size 
distribution determination, Energy Dispersive X-ray Spectroscopy (SEM-EDS) and Inductively Coupled Plasma 
Mass Spectrometry (ICP-MS) for elemental analysis of particles collected in air and personal samples.  These 
results are subsequently used to determine exposure to AuNPs during their synthesis in a research 
laboratory.

O-29-B-08 Brake wear dust sample analysis

Jiayuan Zhao, Nastassja Lewinski, Michael Riediker
Institute for Work and Health, University of Lausanne, Switzerland

Brake wear dust is one essential component from traffic emission and could contribute substantially to air 
pollution. In a previous study, we showed strong oxidative stress caused by freshly generated brake wear 
dust. Here, we were interested in residues of dust present in brake drums. We analyzed seven brake wear 
samples from small passenger vehicles. They were characterized by scanning electron microscopy 
techniques, Energy Dispersive X-ray (EDX), carbon and metal analysis. Moreover, the oxidative stress 
generation potential was characterized using both cellular and acellular approaches. We found these 
residual brake wear particles to be heterogeneous particle mixtures. Opposite to the freshly generated 
particles, only few nanoparticles were detected. The particles consisted of metal and few other elements. 
High oxygen concentrations in EDX-spectra suggested that the metals were strongly oxidized. The shapes 
and forms of the particles suggested that some were generated from heat transformation while others 
showed abrasion marks. Small amounts of reactive oxygen species were generated in the cell free fluorescent 
test while the cells were not dramatically activated by the concentrations used. In conclusion, not too much 
reactive oxygen species were produced by this type of brake wear dust that was retrieved from brake drums. 
This may be related to the high oxidation state of the particles, or the larger average size and thus smaller 
surface as compared to freshly generated nanosized brake wear particles. Current work practice 
recommendations that include normal ventilation, washing brake drums, and avoiding pressurized air seems 
to be sufficient to protect people servicing brake drums in garages.
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O-29-B-09 Exposure Assessment of Workers in Printed Electronics Workplace

Ji Hyun Lee1), Eun Kyung Sohn1), Jin Soo Ahn2), Kangho Ahn3), Keun Soo Kim1), Jong Hwan Lee4), 
Taek Min Lee5), Il Je Yu1)

1)Hoseo University, Asan, Korea, 2)Myungji Safety and Hygiene Laboratory, Nonsan, Korea, 3)Department of Mechanical 
Engineering, Hanyang University, Ansan, Korea, 4)Chemical Safety & Health Research Institute, Korean Occupational 
Safety & Health Agenc, 5)Korea Institute of Machinery and Materials, Daejeon, Korea

Printed electronics uses converging technologies, such as printing, fine mechanics, nanotechnology, 
electronics, and other new technologies. Consequently, printed electronics raises additional health and 
safety concerns to those experienced in the traditional printing industry. This study investigated two printed 
electronics workplaces based on a walk-through survey and personal and area sampling. All the printed 
electronics operations were conducted in a cleanroom. The exposure to conductive nanoparticles, such as 
silver nanoparticles and CNTs (Carbon nanotubes), and organic solvents was lower than current occupational 
exposure limits, yet there was a lack of engineering controls, such as local exhaust ventilation, correct 
enclosure, and duct connection. There was also an insufficient quantity of personal protective equipment. 
Some organic solvents not described in the SDS (safety data sheets) were detected in the air samples. 
Cleaning work, a major emission operation, was not conducted within a hood, and waste from the cleaning 
work was not properly disposed of. Therefore, the present results found that the future printed electronics 
industry should take note of the occupational safety and health risks and hazards already experienced by the 
traditional printing industry, along with new risks and hazards originating from converging technologies such 
as nanotechnology.

O-29-B-10 Exposure Assessment of MWCNT by Size Distribution and Oxidation 
Temperature of Elemental Carbon

Mariko Ono-Ogasawara1), Toshihiko Myojo2)

1)Japan National Institute of Occupational Safety and Health, Japan, 2)University of Occupational and Environmental 
Health, Japan

As Multi-walled carbon nanotubes(MWCNTs) are fibrous and show various appearances, counting the 
number of MWCNTs is not feasible for exposure assessment. According to the risk assessment of MWCNTs, 
probable occupational exposure limits of MWCNTs may be calculated below 50 µg/m3 for respirable 
particles. This level is almost the same as the mass concentration of ambient particulate matter(APM). Even if 
applying measurement of elemental carbon(EC), the detected EC is affected by the EC in ambient air. 
Therefore, we propose a determination method of MWCNTs by taking into account of size distribution and 
oxidation temperature of EC. 

MWCNTs were oxidized at three steps of oven temperature in the carbon analysis. Each oxidized fraction 
was assigned EC1(at 550℃ ), EC2(at 700℃ ) and EC3(at 920℃ ). MWCNTs were observed as EC2 and EC3. 
Aerosol samples were collected on five stages (50% cut-points: 2.5, 1.0, 0.5 and 0.25 µm) by a Sioutas 
cascade impactor. As MWCNTs aggregate/agglomerate easily, they were observed as micron size particles. 
EC2 contained in APM is mainly observed in fine particles, <1 µm. Therefore, the size and EC1-3 are good 
parameters to distinguish MWCNTs from other carbonaceous particles, especially APM. 

Exposure assessment of MWCNT can be conducted as follows: 1) Collect size-segregated particles, the 
fractions of respirable micron-size and smaller than 1.0 µm particles are necessary, and analyze ECs at three 
temperature steps; 2) Confirm the presence of MWCNT by EC pattern and SEM; 3) Determine MWCNT by 
subtracting EC2 in fine particles from EC2 and EC3 in respirable particles. 

This research was supported in part by a Grant-in-Aid for Scientific Research (No. 23615014) of the Japan 
Society for the Promotion of Science.
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O-29-B-11 Intensive Monitoring of Nanoaerosols in a Multi-walled Carbon 
Nanotube Workplace

Gwi-Nam Bae, Jun Ho Ji, Jong Bum Kim, Daekwang Woo
Korea Institute of Science and Technology, Korea

Recently, multi-walled carbon nanotubes (MWCNTs) are more widely used in many applications, particularly 
nanocomposite products. As the market is growing, safety data for nanomaterials are required. In vitro and in 
vivo toxicity test data are primarily needed. In addition, necessity of exposure assessment data is increasing 
to protect health of workers in workplaces. Furthermore, some people are trying to set occupational 
exposure limit for MWCNT workplaces. MWCNT is of concern among various nanomaterials.
In this work, we investigated nanoaerosol pollution in the MWCNT synthesis workplace using various real-
time aerosol monitors. A scanning mobility particle sizer and two dust monitors were used to measure 
number size distribution of particles ranging from 10 to 600 nm and larger than 250 nm in diameter, 
respectively. Two nanoparticle aerosol monitors were utilized to monitor total surface area of particles 
smaller than 1000 nm. An aethalometer was also used to detect carbon particles because MWCNTs 
contained carbon species. 
Intensive monitoring was made for four consecutive days. To differentiate effect of diurnal variation of 
nanoaerosols caused by infiltration of outdoor air, the aerosol monitoring was simultaneously done at two 
different locations: one was close to MWCNT synthesis equipment and the other was next to outdoor. 
We observed high concentrations of particles both two locations. However, concentration level was higher at 
the location close to the MWCNT synthesis equipment. Particularly, black carbon concentration measured by 
aethalometers increased up to ～ 20 ug/m3. We also observed some of MWCNTs by TEM-grid sampling and 
image analysis. 
This field monitoring data will contribute to understand exposure pattern in the MWCNT production 
workplaces.

O-29-B-12 DUSTINANO: a pre-normative research project to harmonize the 
nanomaterials dustiness testing

Olivier Witschger1), Derk Brouwer2), Keld A Jensen3), Elzbieta Jankowska4), Dirk Dahmann5), Gary Burdett6), 
Delphine Bard6)

1)Institut National de Recherche et de Sécurité (INRS), France, 2)TNO, Netherlands, 3)NRCWE, Denmark, 4)CIOP-PIB, 
Poland, 5)IGF, Germany, 6)HSL, UK

The propensity of bulk nanomaterials powders to be released as particles, the so called dustiness, is an 
important consideration for worker exposure and the design and operation of many industrial or research 
processes. OECD considers that dustiness is one of the endpoints to take into account as it contributes to a 
proper risk assessment of the nanomaterials. Also, the RIP-oN 2 project on the key aspects of the 
implementation of REACH considers as advantageous to have accurate information on dustiness as part of 
the Integrated Testing Strategy for properties relevant for nanomaterials. These last years, few studies have 
been performed in adapting the two methods described in the EN 15051 standard for nanomaterials (i.e. the 
rotating drum and the continuous drop systems), while new approaches have also been proposed based on 
a small rotating drum and a vortex shaker. These four methods are different in their concept of agitation (and 
energy input). However, the absence of a harmonized approach concerning the measurement strategies and 
techniques, metrics and size ranges and the procedures of data analysis and reporting limits the comparison 
of these different dustiness methods. In response to this need, a pre-normative research project has been 
launched under the mandate 461 between the European Commission and CEN. The objectives of this joint 
research effort are: (1) Develop a harmonized approach for evaluating dustiness for nanopowders taking into 
account the different existing concepts and test apparatus; (2) Assess the comparability and the repeatability 
for a given test system using the develop approach and (3) Evaluate how similar is the dustiness ranking of a 
selection of nanopowders using the different test system and approach develop within the project.
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O-29-B-13 Dustiness of inorganic nanopowders - Influence of humidity and 
physical loading during storage

Marcus Levin1,2), Kirsten I. Lieke2), Ismo K. Koponen2), Keld A. Jensen2)

1)Danish Technical University, Denmark, 2)National Research Center for Working Environment, Denmark

Powder handling is currently the most common occupational activity with manufactured nanomaterials (MN) 
and is also expected to be so in the near-future. Handling of powders is prone to generate dust and may also 
be the activity that causes the highest risk of MN inhalation exposure. Storage conditions such as relative 
humidity (RH) and compaction pressure may affect the dustiness of powders. Dustiness tests, using a down-
scaled EN15051 rotating drum, were performed to investigate the potential role of RH and physical loading 
using standard incubation at atmospheric pressure at 50% RH as benchmark. The experiments were done on 
6 metal oxide nanopowders incubated for 7 days with 30, 50 and 70 %RH room temperature air, 
respectively, with/without uniaxial pressure of 160 kg/m2. In addition to the standard filter-based 
gravimetrical test of dustiness index, particle sizes were measured using a FMPS and an APS.
The gravimetrical data show a high material-dependent response to compaction and incubation under 
different RH. Generally a decrease in dustiness index was observed with an increase in RH and with an added 
compaction of the powder. As the most extreme effect, 400 times increase in dustiness index was observed 
when lowering the RH from 50 to 30% for a TiO2 sample incubated at ambient pressure. The highest 
decrease in dustiness index due to compaction was tenfold and was observed for an Al2O3 sample. Notable 
effects of both RH and compaction were also observed in the particle size-distributions; both in terms of 
mean modal diameters and modal concentration. The findings have implications as to how dustiness indexes 
measured at standard conditions may be used to predict occupational exposure where powders may have 
been stored under differing conditions.

O-29-B-14 Evaluation of dustiness results of nanopowders using single-drop 
system

Shu-An Lee, Ching-Fen Chang, Wei-Hsiang Ko, Yung-Chun Teng
Feng Chia University, Taiwan R.O.C.

With the development of nanotechnology, the artificial nanomaterials have been extensively used, and 
increased the human exposure to nanoparticles. In order to properly assess and control the exposure in the 
workplace, single-drop system was employed to examine the nanopowders' dispersion and three types of 
powders (Al2O3: 10-30 nm, 0.5-1 µm, 8-10 µm; SiO2: 10-30 nm, 0.8-1.2 µm, 8-10 µm; 30-50 nm ZnO: ball and 
needle shape) were investigated. The dustiness results were compared with those obtained for submicron 
and micron powders. The results show that the dustiness values for nanopowders were higher than those for 
submicron and micron powders. Surprisingly, the dustiness values for micron powders were greater than 
those for submicron powders. The dustiness values for 10-30nm SiO2 nanopowers were greater than those 
for 10-30 nm Al2O3 and 30-50 nm ZnO nanopowders. The airborne emission of nano, submicron, and micron 
powders was mostly presented in the micron size range, except that 10-30 nm and 8-10 µm SiO2 powders 
appeared in the submicron size range when they were airborne. Increasing the powder dropping height 
increased the dustiness values. The duration of powders staying in the single-drop system didn't have a 
significant effect on dustiness values between 4 and 8 hours (p=0.727). Moreover, we found that the 
sedimentation rate positively correlated with the apparent density for 616 nm, 952 nm, and 1610 nm 
airborne particles, indicating that the heavier the powders, the greater the sedimentation rate. Therefore, in 
order to assess and control the exposure to nanopowders in the workplaces, the type, size, and density of 
nanopowders need to be considered.
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O-29-B-15 Characteristics of released particles by opening of a container and a 
bag containing nanomaterials

Kuniaki Gotoh1), Chiho Ohashi1), Mikio Yoshida1), Jun Oshitani1), Isamu Ogura2)

1)Okayama University, Japan, 2)National Institute of Advanced Industrial Science and Technology, Japan

We investigated the characteristics of particles released during the opening of a cylindrical container and a 
plastic bag containing nanomaterials. In this study, we focused on the effect of the operating conditions on 
the total number and the size distribution of the released particles. The operating conditions for the 
cylindrical container opening were the ascending velocity and the initial depth of the lid of the container, 
while those for the bag opening were the opening velocity and the height of the particle layer. The particle 
release experiments were carried out with SiO2 nanoparticles, TiO2 nanoparticles, and multiwall carbon 
nanotubes (CNTs).
Particle release experiments of the container opening showed that the total number of released particles 
increased with increasing ascending velocity and the initial depth of the lid. These total numbers of released 
particles were correlated with the maximum negative pressure in the container that developed just before 
the lid opening.
The total numbers of particles released from the bag also increased with the opening velocity. However, the 
opening of the bag did not generate a negative pressure inside the bag. The number of released particles 
increased with decrease in the height of the particle layer in the bag. Therefore, it can be assumed that the 
number of particles released is controlled by the volumetric expansion rate of the space in the bag.
It was also found that the conditions had no effect on the size distributions of particles released from either 
the container or the bag. In addition, the distribution of the particles released from the container and the bag 
were almost the same. This fact implies that the mechanism of the particle release from the container and 
the bag are similar.

O-29-B-16 Dose-dependent Clearance Kinetics of Intratracheally Administered 
TiO2 Nanoparticles

Naohide Shinohara1), Yutaka Oshima2), Toshiro Kobayasi2), Nobuya Imatanaka2), Makoto Nakai2), 
Takayuki Ichinose3), Takeshi Sasaki1), Guihua Zhang1), Hiroko Fukui1), Kazumasa Honda1), Masashi Gamo1)

1)National Institute of Advanced Industrial Science and Technology (AIST), Japan, 2)Chemicals Evaluation and Research 
Institute (CERI), Japan, 3)Toray Research Center, Inc., Japan

In this study, AEROSIL® P25 titanium dioxide (TiO2) nanoparticles (NPs)  dispersed in 0.2% disodium 
phosphate (DSP) solution were intratracheally administered to male F344 rats at doses of 0 (control), 0.375, 
0.75, 1.5, 3.0 and 6.0 mg/kg.  The rats were sacrificed under anesthesia at 1 and 3 days and 1, 4, 13, and 26 
weeks after administration.  At 1 day after administration, 60-80% of the dose administered was found in the 
lungs for all the doses.  At 13 weeks after administration, 14.4-15.4% of the dose administered was found in 
the lungs for the rats that had been administered doses of 0.375, 0.75, and 1.5 mg/kg, and 23% and 32% of 
the dose administered was found for the rats that had been administered doses of 3.0 and 6.0 mg/kg, 
respectively.  At 26 weeks after administration, 6.1-8.6% of the TiO2 administered had been retained for the 
0.375, 0.75, and 1.5 mg/kg doses, and 13% and 31% of the TiO2 administered had been retained for the 3.0 
and 6.0 mg/kg doses, respectively.  The half-life and 90% decay period were much longer in the 3.0 and 6.0 
mg/kg administration groups than in the other groups.  The TiO2 in BALF decreased with time in all the 
groups that had been administered TiO2 NPs, that is, 3.5%-4.9% of the amount administered was seen at 1 
day, 1.0%-2.1% at 4 weeks, and 0.3%-0.4% at 26 weeks after administration.  In contrast, the TiO2 in the 
parathymic lymph nodes increased with time (0.001%-0.003% at 1, 0-0.01% at 4 weeks, and 0.02-1.0% at 26 
weeks after administration).  This work is part of the research program Development of innovative 
methodology for safety assessment of industrial nanomaterials" supported by the Ministry of Economy, Trade 
and Industry (METI) of Japan."
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O-29-B-17 Nanomaterial Pharmacokinetics and Biodistribution: Can In Vitro 
Data Quantitatively Predict In Vivo?

Jim E. Riviere1), Nancy A. Monteiro-Riviere2)

1)Kansas State University, USA, 2)Nanotechnology Innovation Center of Kansas State, Kansas State University, 
Manhattan, KS  USA, USA

A proper risk assessment of nanomaterials requires that in vitro hazard and exposure data generated from in 
vitro systems reflect processes that occur in vivo. Recent research has suggested that nanoparticles (NP) 
interact with numerous biomolecules to form stable biomolecule-NP complexes, such as protein coronas, 
that provide colloidal stability in aqueous biological systems. It is in this form that NP interact with tissues to 
exert biological activity. In contrast, most in vitro studies and characterization metrics are related to the 
native NP, and not the biomolecule-NP complex seen in vivo. The importance of this phenomenon is clearly 
demonstrated in a human epidermal keratinocyte uptake study using a series of silver NP pre-incubated with 
different proteins (albumin, transferrin, IgG). Patterns of cellular uptake were protein, size and surface-
chemistry specific. How can this gap be bridged to insure reliable in vivo predictions are made?  To begin to 
address this issue, we have developed two tools; the biological surface adsorption index (BSAI) metric that 
characterizes the biomolecular surfaces of NP in terms of five interaction forces as they exist in aqueous 
biological systems, and a computational model to describe the dynamics of NP-protein corona formation to 
assess proper design of in vitro and in vivo studies. We will present how this NP interaction fingerprint is 
determined, and explore how the BSAI metric as well as protein corona dynamics, could be incorporated 
into quantitative NP pharmacokinetic models.

O-29-B-18 Biocompatibility and biodistribution of several micro-/nano-sized 
inorganic particles

Shigeaki ABE1), Atsushi Hyono2), Yuusaku Hamba1), Nobuki Iadera1), Shuuichi Yamagata1), Fumio Watari3), 
Tsukasa Akasaka1), Yasutaka Yawaka1), Jun-ichiro Iida1), Tetsu Yonezawa2)

1)Hokkaido University, Japan, 2)Graduate School of Dental Medicine, Faculty of Engineering, Hokkaido University, Japan, 
3)Faculty of Dental Medicine, Hokkaido University, Japan

With recent developments in nanotechnology, nano-sized materials have received much attention for their 
several applications and their biocompatibility. From both viewpoints, understanding the biodistribution of 
administered nano-materials is very important. In a previous study, we suggested that even biocompatible 
materials such as Ti and TiO2 cause inflammation as their particle size decreases. Therefore, it is important 
to understand the distribution of particles in the body of the materials and to elucidate their biotoxicity. In 
this study, we estimated the cytocompatibility of micro-/nano-sized inorganic particles. When these particles 
were exposed to osteoblastic cells, they had good biocompatibility, except for CuO. To improve the 
biocompatibility of nanomaterials including cupper, we synthesized biopolymer-coated Cu or CuO 
nanoparticles. Compared with bear CuO nanoparticles, the compatibility was drastically increased. In 
addition, we succeeded in visualizing the biodistribution of administered micro-/nano-sized inorganic particles 
and quantitative observation. We observed that the administered nano-particles accumulated in the liver, 
lung and spleen of mice. Though some particles remained in mice more than 4 weeks, they did not show 
serious toxicity without some nanoparticles.
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O-29-B-19 Internalization of SiO2 and TiO2 nanoparticles by lung epithelial 
cells

Sandra Vranic, Francelyne Marano, Armelle Baeza-Squiban, Sonja Boland
University Paris Diderot - Paris 7, France

In a view of the considerable development of nanotechnologies it is important to evaluate their potential risk 
for human health. We studied the endocytosis of nanoparticles (NPs) [fluorescently labeled silicium dioxide 
(SiO2) and non fluorescent titanium dioxide TiO2 NPs] by human lung epithelial cells (NCI-H292).
We evaluated quantitatively (flow cytometry) and qualitatively (confocal microscopy) the endocytosis of NPs. 
To accurately quantify the uptake we developed a new technique to exclude NPs adsorbed on the cell 
surface and to analyze only the internalized NPs. Using Imagestream, a flow cytometer coupled to a high 
resolution microscope, we studied the uptake of NPs labeled with fluorochromes that could not be quenched 
by classic quenchers and even of non fluorescent NPs.
We showed that the uptake is dose, time, NP size and energy dependent, but that a passive diffusion of NPs 
could also occur.
To determine which endocytotic pathway (clathrin, caveolin dependent or macropinocytosis) is involved in 
the uptake of NPs we used inhibitors for each pathway and a more specific siRNA approach. Furthermore, 
we determined the colocalization of fluorescent NPs with molecules characteristic for each pathway.
Using these different approaches we concluded that SiO2 NPs are predominantly taken up by 
macropinocytosis.
This work was supported by:  EC FP7 228789 (ENPRA), "Nanotrans" and Anses EST-2010 2 079.
Reference: Deciphering the mechanisms of cellular uptake of engineered nanoparticles by accurate 
evaluation of internalization using imaging flow cytometry, S.Vranic, N.Boggetto, V.Contremoulins, S.Mornet, 
N.Reinhardt, F.Marano, A.Baeza-Squiban, S.Boland, Particle and Fibre Toxicology 2013, 10:2 
doi:10.1186/1743-8977-10-2.

O-29-C-01 Suitability of OECD TG 216 as an indicator test for toxic effects of 
nano-Ag on soil microflora

Kerstin Hund-Rinke, Karsten Schlich
Fraunhofer Institute for Molecular Biology and Applied Ecology, Germany

Effects of silver nanoparticles (NPs) were studied on N- and C-transformation according to the test guidelines 
(TG) OECD 216 and 217, respectively. Two NPs, differing in size and shape, were studied. The small spherical 
NP revealed a higher toxicity for C-transformation than the rod-shaped NP, whereas no toxicity for both NPs 
was observed for N-transformation. The lower toxicity for N-transformation compared to C-transformation is 
unusual as the microbial population responsible for N-transformation is comparably small and usually a very 
sensitive indicator for terrestrial ecotoxicity of chemicals on soil microorganisms. Under ISO 15685, high 
toxicity of the NPs is indicated by ammonium oxidation as a sign of N-transformation. A possible explanation 
for the differing results is the addition of an organic nitrogen source to the soil when performing the test 
under OECD 216, in contrast to OECD 217 and ISO 15685. Using NH4SO4 as a different nitrogen source in 
the OECD test on N-transformation resulted in higher toxicity effects on soil microflora. The environmental 
relevance of the results was validated by simulating the agricultural use of sewage sludge as fertilizer 
contaminated with Ag-NPs. No toxicity of the NPs on nitrifiers was observed after fresh application of sewage 
sludge. However degradation of the sewage sludge resulted in significant effects. We conclude that the 
released ions absorb to the organic material causing the potential ecotoxicity of ion-releasing silver to be 
underestimated when OECD 216 with an organic nitrogen source is used. Selection of the nitrogen source 
(organic or inorganic) must be considered and perhaps included as a modification to OECD 216, based on 
the tested NPs (ion releasing vs. stable) with respect to a correct hazard assessment.
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O-29-C-02 Differential Effect of Solar Light in Enhancing the EcoToxic Potential 
of Ag and TiO2 nanoparticles

Saji George1), Hannah Gardner1), Jeffrey Seng Eng Khuan1), Mark Richards1), Hengky Chang1), 
Khiong Woon Chan2)

1)Nanyang Polytechnic, Singapore, 2)Department of Biological Sciences, National University of Singapore, Singapore

We investigated the potential (eco)toxicity of Ag and TiO2 NPs using in vitro (BF2- Bluegill fin fibroblast cell 
line) and in vivo (zebrafish embryo) models under ambient and simulated solar light conditions. Ag NPs 
showed a dose-dependent toxicity, in both in vitro and in vivo models under ambient test conditions, which 
was significantly increased by exposure to simulated solar light while toxicity of TiO2 NPs was evident only 
upon exposure to simulated solar light. In comparison to TiO2 NPs, Ag NPs generated negligible amount of 
hydroxyl radicals when exposed to stimulated solar light under abiotic conditions. However, in cells, both 
TiO2 and Ag NPs induced mitochondrial superoxide generation when co-exposed to NPs and simulated solar 
light and the cytotoxicity was revoked when the cells were treated with N-acetyl cysteine (NAC), suggesting 
the role of oxidative stress in inducing toxicity. Elemental analysis in BF2 cells revealed that light exposure 
could enhance the bioavailability of Ag NPs. Thus, while reactive oxygen species generation leading to 
oxidative stress could explain the mechanism of phototoxicity of TiO2 NPs, the increased toxicity of Ag NPs 
under light exposure was due to increased bioavailability of silver. In summary, our studies suggest that, solar 
light could enhance the toxic potential of nanomaterials and toxicity testing conducted under ambient 
laboratory conditions may underestimate the real hazard potential of nanomaterials to environmental life-
forms.

O-29-C-03 Improving the selective reduction of nitrate to nitrogen in  aqueous 
solution using nZVI-based trime

yingyote Lubphoo1), Nurak Grisdanurak1,3), Jih-Ming Chyan2), Chih-Hsiang Liao2)

1)Thammasat University, Thailand, 2)Department of Environmental Resources Management, Chia Nan University of 
Pharmacy and Science Tainan 71710, Taiwan R.O.C., 3)National Center of Excellence for Environmental and Hazardous 
Waste Management, Thammasat University, Pathumthani 12121, Thailand

Nanoscale zero-valent iron (nZVI) predominantly converts nitrate to ammonium ions, a toxic substance to 
aquatic ecosystem at elevated concentration. However, slight modification of nZVI would enable the 
selectivity of reducing nitrate into nitrogen gas which is the desired harmless end-product. The improvement 
of nitrate conversion to nitrogen gas was investigated in this study by the doped nZVI. Trimetal such as nZVI 
doped with nanometallic catalysts Cu and Pd, Cu(promoting metal)-Fe0(reducing metal)-Pd(noble metal), 
was used to enhance nitrogen gas formation, with various weight percent of Pd and Cu. The results show 
that the most nitrogen gas selectivity of around 25% occurred when 1% Pd and 4% Cu were applied, and the 
maximum nitrate removal is 90%.
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O-29-C-04 Environmental Protection of Public Health for Manufactured 
Nanomaterials: Europe Speaks with Two Voices

Ilise L Feitshans1,2,3,4)
1)Institute for Work and Health, University of Lausanne, Switzerland, 2)Institute universitaire romand de santé au travail 
University of Lausanne, 3)Geneva School of Diplomacy, Switzerland, 4)Work Health and Survival Project, Switzerland

In 2012, the Council of Europe   (CoE) Parliamentary Assembly began the first steps towards nanotechnology 
regulation with a view to respecting the scientific precautionary principles.  T CoE is the health and human 
rights vanguard for law governing the right to health, public health and consumer protection throughout 
Europe , and its human rights court has remained a leading model for jurisprudence throughout the world. 
The CoE has 47 (forty seven) Member nations. Its jurisdiction therefore embraces 800 million people The 
human rights voice of the Council of Europe differs in its emphasis and force from the European Union.  What 
is the content of their proposed initiatives, and what should Europe do in those areas where the content is 
conflicting, not the same? 
            The CoE commissioned an expertreport, "Nanotechnology: balancing benefits and risks to public 
health and the environment" prepared by author of this presentation. http://www.assembly.coe.int/
Communication/Asocdoc27rev_2012.pdf  
The report is an essential part of understanding the future public discourse concerning nanotechnology 
safety and the regulation of nanotechnology in commerce for 3 reasons: 
1. praised because of its excellent synthesis of leading issues in nanotechnology regulation about 
environmental impact 2. CoE is using the report as one of several resources for determining which path it will 
follow regarding possible treaties or international agreements governing the use and monitoring of 
nanotechnology, in its view correcting what EU regulations ignore. 3. CoE legal instruments frequently are the 
basis of juridical determinations in the Court of Human rights and serve as influential models for the world.

O-29-C-05 Synthesis of C60-C70 two-component fullerene nanowhiskers by LLIP 
method

Kun'ichi Miyazawa1), Chika Hirata1), Toshio Konno1), Takatsugu Wakahara1), Ryosuke Kano2), 
Masaru Tachibana2)

1)National Institute for Materials Science (NIMS), Japan, 2)Yokohama City University, Japan

Fullerene nanowhiskers (FNWs) are the fine-needle like crystals that are composed of fullerene molecules 
such as C60, C70, Sc3N@C80, C60[C(COOC2H5)2], and so forth. FNWs have two typical morphologies, i.e., 
non-tubular structure and tubular structure. Tubular FNWs are specially named fullerene nanotubes [1]. The 
liquid-liquid interfacial precipitation (LLIP) method is a powerful tool to synthesize FNWs, where a liquid-
liquid interface is formed between a fullerene-saturated good solvent solution and a poor solvent of fullerene, 
followed by the diffusion of the two solutions. Since C60 and C70 have similar molecular sizes, they can form 
solid solutions, and hence the physical and chemical properties of C60 nanowhiskers (C60NWs) are 
expected to be variously changed by dissolving C70 molecules into the matrices of C60NWs. The first 
synthesis of the C60-C70 two-component nanowhiskers (C60-C70NWs) was performed in 2004 by using 
m-xylene solutions of fullerenes [2]. On the other hand, the size control of FNWs is necessary for their 
practical application. The growth of C60NWs is influenced by temperature, the wavelength of light, the 
composition and concentration of solution, the impurity water concentration and the growth time. Recently, 
we found that the growth of C60-C70NWs are markedly influenced by the relative composition of C60 and 
C70. For example, the length of C60-C70NWs takes the minimum value at C60-11.4mass%C70 in the 
composition range of C60-0 ～ 25mass%C70. In the presentation, the structural characteristics and growth 
mechanism for the C60-C70NWs will be shown.
[1]K. Miyazawa, J. Nanosci. Nanotechnol., 9 (2009)41
[2]  K .  Miyazawa et  a l . ,  Proc .  SP IE 5648,  Smart  Mater ia ls  I I I ,  P .224 (February 16,  2004, 
doi:10.1117/12.581307).
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O-29-C-06 Graphene oxide sheets modulated Ag@AgX@Graphene (X=Cl, Br) 
photocatalysts

Yanqing Wang, Bunshi Fugetsu
Hokkaido University, Japan

Unique cubic Ag@AgCl and quasi-cubic Ag@AgBr nanomaterials encapsulated by gauze-like graphene sheets 
network in Ag@AgX@Graphene (X=Cl, Br) are facilely manipulated by means of a graphene oxide (GO) 
sheets-assisted assembly protocol, where GO sheets act as unconventional amphiphilic template 
physicochemically for in situ growth of AgX nanoparticles. The reduction of GO sheets and generation of 
metallic Ag nanocrystals on the surface of cubic-like AgX occur simultaneously by photoreduction. We have 
shown that thus-produced Ag@AgX@Graphene nanocomposites could be employed as stable plasmonic 
photocatalysts for the decomposition of AO pollutant under sunlight irradiation, where morphology 
dependent and enhanced photocatalytic activity could be realized. Compared with the bare spherical Ag@
AgX nanomaterials, cubic-like Ag@AgX@Graphene nanocomposites display distinctly enhanced 
photocatalytic decomposition performance. GO plays a vital surfactant-like role in the morphology 
transformation of Ag@AgX nanomaterials. The hybridization of Ag@AgX with graphene sheets network causes 
the nice adsorptive capacity of Ag@AgX@Graphene nanocomposites to AO molecules, the smaller size of 
cubic Ag@AgX nanomaterials in Ag@AgX@Graphene, the reinforced charge transfer through the restored 
conductive graphene sheets network, the interfacial contract between Ag@AgX and graphene sheets 
components. It is suggested that these multifactors, resulting from the hybridization of graphene sheets, 
contribute to the enhancement of the photocatalytic performance. This investigation provides new 
possibilities for the development of structure-controlled plasmonic photocatalysts with morphology 
dependent catalytic performance and facilitates their practical application in environmental issues.

O-29-C-07 A Central Data Repository for Nanomaterial Data - The Nanomaterial 
Registry

Michele L. Ostraat, Kimberly A. Guzan, Karmann C. Mills
RTI International, USA

The wealth of data being generated on nanomaterials cannot be effectively integrated or utilized by the 
community. The conventional method used to archive or share data is publishing those data deemed useful 
in answering specific research questions. Other valuable information, including null results, remain in other 
forms, such as instrument data files, spreadsheets, and laboratory notebooks, and are not accessible to the 
community. Data archived in publications are generally summaries and remain isolated from other studies. 
The Nanomaterial Registry provides researchers, manufacturers, regulatory agencies, and standards 
organizations with a central, curated repository for nanomaterial characterization data and information on 
the environmental and biological studies in which those nanomaterials were investigated (http://www.
nanomaterialregistry.org). The aim of this  repository is to accelerate the community's understanding of 
nanomaterial implications by harmonizing data from disparate sources across multiple stakeholder groups. 
Data are curated using a controlled vocabulary and a Minimal Information about Nanomaterials (MIAN) in 
order to facilitate this data harmony. The controlled vocabulary incorporates standardized terms, such as 
those published by the International Organization for Standarization (ISO). The MIAN was built through 
community consensus, and leverages previous efforts. The Nanomaterial Registry is an evergreen tool and 
has the flexibility to modify its vocabulary, etc. to reflect community developments and standards. Through 
the publicly available website, nanomaterial data can be accessed via browsing and searching.  The 
Nanomaterial Registry also provides compliance ratings to illustrate the quantity and quality of data curated.
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O-29-C-08 Size, surface area and chemical analyses of nanomaterials: Lessons 
from NANOGENOTOX

Keld A Jensen1,2), Jan Mast3), Boris Shivachev4), Olivier Spalla5), Davy Rousset6), Charles Motzkus7), 
P. Lee Ferguson8), Kirsten Rasmussen9), Nathalie Thieret10)
1)National Research Centre for the Working Environment, Denmark, 2)Danish NanoSafety Centre, Copenhagen, 
Denmark, 3)Veterinary and Agrochemical Research Centre, Brussel, Belgium, 4)Bulgarian Academy of Sciences, Institute 
of Mineralogy and Crystallography, Sofia, Bulgaria, 5)Commissariatà l'énergie atomique et aux énergies alternatives 
- Sacley, Gif-sur Yvette, France, 6)Institut National de Recherche et de Securite, Vandoeuvre-lès-Nancy Cedex, France, 
7)Laboratoire National de Métrologie et d'Essais, Paris, France, 8)Duke University, Durham, North Carolina, USA, 9)Joint 
Research Centre, Ispra, Italy, 10)Agence nationale de sécurité sanitaire de l'alimentation, de l'environnement et du 
travail, Paris, France

There is an urgent need to identify suitable methods and standard operation procedures for reliable 
characterization of manufactured nanomaterials (MN). A specific need of methods for MN size-distribution 
and specific surface area (SSA) measurement has been sparked by the EU regulatory definition of a MN, 
which has moved the measurement paradigm from mass- to number-weighed size-distribution of the 
minimum dimensions of nano-objects and the volume-SSA. In the Joint Actions project, NANOGENOTOX, we 
made a first order comparison between different procedures for size and specific surface area analyses of six 
TiO2, five amorphous silica, and six MWCNT MN (15 MN from the OECD WPMNM). Size analyses were 
made using X-ray diffraction, transmission electron microscopy, small-angle X-ray scattering, and dynamic 
light scattering. There was generally high comparability between sizes obtained by different methods, 
identification of possible limitations and procedures resulting in odd results. SSA was determined by the BET 
adsorption method and small-angle X-ray scattering. SSA results showed an overall good linear correlation. 
Variability may be due to SAXS models used, material properties and the actual surface measured by the 
different techniques. A small study was initiated to investigate the comparability of elemental analysis of MN 
for substance identification and quantification of impurities. The results showed surprisingly big differences in 
the elemental composition of MWCNT using different procedures for inductive coupled plasma mass 
spectrometry or optical emission spectrometry. These differences may be due to different extraction 
efficiencies of the different methods and sample inhomogeneity. The work is continued in the new large-scale 
EU FP7 project, NANoREG.

O-29-C-09 Physical and Transport Properties of Aerosolized Nanomaterials: 
Their Relation to Morphology

Bon Ki Ku, Pramod Kulkarni
National Institute for Occupational Safety and Health (NIOSH), USA

Respiratory deposition of airborne nanomaterials following exposure to them during manufacturing and 
handling in the workplace is of high concern. Different types of airborne engineered nanomaterials, including 
multi-walled carbon nanotubes (MWCNTs), functionalized MWCNTs, graphene, fullerene, and silver 
nanorods, were characterized to obtain their airborne transport properties and understand their lung 
deposition characteristics. These nanomaterials were aerosolized from liquid suspensions or bulk powder 
using different generation methods such as electrospray, pneumatic atomization, and dry aerosolization 
techniques so as to span a range of morphologies of workplace aerosols. Laboratory experiments were 
conducted to directly measure mobility diameter and mass of the airborne particles using tandem mobility-
mass measurements. Physical and transport properties such as mass scaling factors, aerodynamic diameters 
and effective densities of mobility-classified particles were obtained from the measured particle mass and 
mobility diameter. Microscopy analysis using Transmission Electron Microscopy (TEM) was performed to 
obtain morphological descriptors and their relation to the airborne transport properties, such as envelop 
diameter, porosity, aspect ratio, and projected area diameter. The morphological information from the TEM 
was compared with measured aerodynamic and diffusion diameters of the particles. The results showed that 
aerodynamic diameter is smaller than mobility diameter below 500 nm by a factor of 2 to 4 for all 
nanomaterials except silver nanorods. The normalized volume equivalent diameter of the aerosol particles 
tested in this study was smaller than that of volume equivalent spherical particles.
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O-29-C-10 Development of an system to test the stability of airborne 
nanoparticle agglomerates

Yaobo Ding, Michael Riediker
Institute for Work and Health, University of Lausanne, Switzerland

The stability of nanomaterial agglomerates is an important parameter for toxicological studies and for 
estimating the particle size of airborne nanomaterials. The aim of this study is to develop a system that 
effectively determines the potential of different type of nanomaterials to deagglomerate within a wide range 
of applied energies. 

The aerosolization is achieved by fluidic agitation of nanopowders. Humidity controlled air can be introduced 
to allow studying the humidity dependence of aerosol stability. The pressure change and air speed is 
carefully controlled to ensure a range of shear forces can be applied onto the particles in a critical orifice. 
The aerosol is measured in a stabilization chamber by the SMPS for particle size distribution and is collected 
on the TEM grids for morphology analysis.

Stable generations of silica aerosol were successfully obtained. The particle number and size distribution 
showed associations with the air flow supplied. Thus the flow rate needs to be carefully controlled owing to 
the "flow-dependant" nature of this system. Different air speeds were generated to activate the powder in 
order to study the deagglomeration potential at the moment the aerosol is generated. The initial experiments 
indicate that the particle size is reduced if high speed air flow impacts the powder, but this has to be verified 
with further tests.

The preliminary results suggest that we are able to generate stable aerosols for later treatments under 
different conditions. Next, different orifices will be employed to apply shear forces onto the agglomerates. 
Various humidity conditions (30%-70%) will allow insights of aerosol stability related to this factor. In 
addition, different nanopowders will be tested to assess the robustness of the system.

O-29-C-11 Enhanced Nanoparticle Diffusion Loss due to Recirculation Flow in 
the Aerosol Particle Mass Analyzer

BO Xi Liao1), Guan Yu Lin1), Neng Chium Zeng1), Chun-Wan Chen2), Chuen Jinn Tsai1)
1)Institute of Environmental Engineering, National Chiao Tung University, Hshinchu, Taiwan R.O.C., 2)Institute of 
Occupational Safety and Health, Council of Labor Affairs, Executive Yuan, Taiwan R.O.C.

The aerosol particle mass analyzer (APM) is used to measure the density and mass distribution of aerosol 
particles based on their mass-to-charge ratio. The theoretical response spectra of the APM model 3600 
agree well with the experimental data for submicron particles larger than 100 nm in electrical mobility 
diameter but not nanoparticles (Tajima et al., 2011). The diffusion loss of nanoparticles in the APM was 
suggested to be the cause of over-estimation in the peak values of the spectra. To resolve this issue, this 
study used 2-D numerical model to predict the transfer function of the APM based on the detailed simulation 
of the flow and particle concentration fields. It is found that flow recirculation occurs inside the annular 
classification region created by the tangential flow, which leads to an enhanced diffusion loss of 
nanoparticles compared with non flow recirculation consideration. The simulated transfer functions fit well 
both in shape and peak values with the experimental response spectra shown in Tajima et al. (2011) for 
both nanoparticles and submicron particles. For example, for the classification performance parameter ﾎｻ of 
0.22, the peak values in the theoretical transfer functions are 6.9 and 2.0 %, higher than those in the 
experimental response spectra for 29 and 48 nm PSL particles, respectively, which is a substantial 
improvement from the large overestimation of  37.1 and 34.1 %, respectively, if the parabolic flow profile is 
assumed. Since the flow recirculation only enhances the diffusion loss of nanoparticles, commonly assumed 
parabolic flow profile in the annular region is also able to result in a very good agreement between the 
simulated transfer functions and the experimental data for submicron particles larger than 100 nm.
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O-29-C-12 Study of Different Experimental Methods to Determine if a Substance 
is a Nanoparticulate Substance

Sébastien ARTOUS, Eric ZIMMERMANN, Dominique LOCATELLI, Pierre NOBILE, Samir DERROUGH, 
Catherine DURAND
CEA, France

During the last decade, advances in nanotechnology have product potential new risks. The evolution of the 
society requires that these risks are taken into account before the scientific community estimates by a 
consensus a danger.

 In this context, French government has decided to build a database of nano-substances. Manufacturers, 
importers and distributors have the obligation to declare their activity if it involves a quantity of 100g or more 
of a nanoparticulate substance. A nanoparticulate substance is defined by a minimum of 50% by number of 
particles having one dimension lower than 100nm. This definition includes the nanoparticles aggregated or 
agglomerated. The declarant has to indicate different properties amongst which: particle size, particle size 
distribution in number, state of aggregation and agglomeration, state form and physical state.
The CEA - NanoSafety Platform (NSP) located in Grenoble works on various issues of safety and security 
related to the handling of nanomaterials and develops various research topics. One subject is to develop 
and compare different experimental methods to determine if a substance as to be considered as 
nanoparticulate or not, according to the regulation described above.

 This study presents the comparison of the main results obtained with different classical methods of 
characterization (FMPS, SMPS,...) and with the access to the NanoCharacterization Platform of Minatec, with 
an extensive choice of characterization instruments (SEM, image processing).

O-29-C-13 The Dynamic Shape Factor of Silver Nanoparticle Agglomerates

Hanh H. Vu, Jinn C. Tsai
National Chiao Tung University, Taiwan R.O.C.

In this study, the dynamic shape factor of nano-silver agglomerates is determined as the ratio of the drag 
force acting on the agglomerate and that on the equal volume sphere. The volume equivalent diameter of 
the agglomerates was obtained based on the TEM images of the fully sintered agglomerates. Results show 
that the dynamic shape factor of the silver agglomerates (electrical mobility diameter dm=30-300 nm) ranges 
from 2.0 to 4.8, which agrees well with the theoretical values calculated based on the work of Shin et al. 
(2011).  It was also found that the primary particle diameter (dp) increased slightly from 10.7 to 13.3 nm as 
the dm of the agglomerate was increased from 30 to 300 nm. The average dp is 12.0 nm for all agglomerate 
sizes. For large agglomerates, the theoretical dynamic shape factors considering dm-dependent dp agreed 
better with the experimental data compared to the case when the average dp was used. For smaller 
agglomerates (dm=30 to 150 nm), whether average dp or dm-dependent dp does not make differences in the 
theoretical dynamic shape factors.
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O-29-C-14 Isotopically modified nanoparticles for enhanced detection in 
bioaccumulation studies

Superb K Misra1,2), Agnieszka D Dybowska2), Marie Noele-Croteau3), Samuel N Luoma3), 
Eugenia Valsami-Jones1,2)
1)University of Birmingham, UK, 2)Natural History Museum, Mineralogy, Cromwell Road, London SW7 5BD, UK, 
3)US Geological Survey, Menlo Park, California, USA

Differentiating between the background metal concentration and the newly accumulated metal resulting 
from exposure to nanoparticles at environmentally realistic exposure concentration has become a pivotal 
point in the field of nanosafety. Therefore, we propose the use of an enriched stable isotope technique, 
which provides a powerful and reliable alternative for detection and quantification of engineered 
nanoparticles following exposures even at low concentrations. 65CuO nanoparticles with up to 99% 65Cu 
enrichment were synthesized as spheres and rods. The stability of the particle suspension in different media 
(simulated environmental and cell culture media) and under the changing effect of pH and temperature was 
also measured. Solubility studies showed the shape of the nanoparticles to play a critical role in key solubility 
parameters. To prove the efficacy of the stable isotope technique, freshwater snails (Lymnaea stagnalis) were 
exposed through waterborne exposure route to different concentrations of 65CuO NPs in moderately hard 
water. Use of isotopically enriched nanoparticles enhanced the detection sensitivity down to environmentally 
relevant concentrations and circumvented the effect of the high background Cu concentration in L. stagnalis. 
The use of isotopically modified NPs not only provides the ability to detect but also to quantify the 
bioaccumulation of these NPs inside an organism, which can be an asset for biological studies and in the 
field of biodistribution/nanomedicine. The results from this study also demonstrate a robust synthesis 
method allowing the preparation of spherical and rod shaped 65CuO NPs with different reactivity and 
solubility.

O-29-C-15 A Study of Removing Bioaerosols in the Indoor Air Using 
Antibacterial Zeolites

Chu-Chin Hsieh, Yu-Chieh Weng, Yu-Shan Huang
National Yunlin University of Science and Technology, Taiwan R.O.C.

More attentions have been paid to the issue of bioaerosols such as bacteria and fungi in indoor air quality 
(IAQ) of hospitals exceeding standards. In order to resolve this issue, this study developed the antibacterial 
catalytic materials which can effectively control the bioaerosols problem in indoor air. This study developed 
the granular and honeycomb zeolites (ZG and ZH) as carriers, improved antibacterial materials using 
impregnated antiseptics (Ag and I2), and assembled the antibacterial equipment inside the hospitals. The 
microstructure feature analyses applied on the antibacterial materials included SEM, XRD, TGA, etc.
Through 8 hours of continuous testing, the antibacterial effects of the 4 antibacterial materials were 
evaluated. The results showed that the antibacterial effects with both granular and honeycomb structures 
were good in the case of bacterium. For funguses, the granular structure was better. The reason could be the 
breeding methods and the structures of the strains. The antibacterial rate (CFU/g-hr) of the Ag-ZH was the 
best, which was 618±111, followed by that of the I2-ZH, which was 598±90. And as for the anti-fungus rates 
(CFU/g-hr), those of I2-ZG and Ag-ZG were better, which were 715±148 and 550±123, respectively. 
According to the testing results, the antibacterial effects of both Ag-Z and I2-Z were good, with that of Ag-Z 
being the best. In addition, after two months of long-term testing of antibacterial effects, it was found that the 
long-term antibacterial rate was  336±180 (CFU/g-hr) and the anti-fungus rate was 623±389 (CFU/g-hr). This 
study showed that the developed antibacterial materials were very effective in the long run. The 
accomplishments of this project can be applied in hospital to removal bioaerosols effectively.
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O-29-C-16 Fullerene nanotubes as potential carriers for drug delivery

Kun'ichi Miyazawa1), Lang Tran2)

1)National Institute for Materials Science (NIMS), Japan, 2)Institute of Occupational Medicine (IOM), UK

Fullerene nanofibers are the needle-like crystals that are composed of various fullerene molecules such as 
C60, C70, C60[C(COOC2H5)2], and so forth [1]. Among them, the fullerene nanowhiskers are the non-
tubular fullerene nanofibers, while the fullerene nanotubes are the tubular fullerene nanofibers. "C60 
nanotubes" are the tubular single crystals composed of C60 molecules. C60 nanotubes can be synthesized 
by the LLIP method (liquid-liquid interfacial precipitation method) using a C60-saturated pyridine solution and 
isopropyl alcohol (IPA). A C60-saturated pyridine solution is poured into a glass bottle and IPA is gently 
added to the solution to form a liquid-liquid interface in a bath of iced water at about 5 ℃ . This glass bottle 
is ultrasonically stirred  and stored in an incubator at a temperature of about 10 ℃.  C60 nanotubes nucleate 
at the bottom of glass bottle and grow into long fibers with lengths greater than several millimeters. The 
solvents contained in the C60 nanotubes can be removed by heating at a high temperature above 100 ℃ , 
maintaining their original tubular structure. The C60 nanotubes are water-wettable and can incorporate 
various chemical substances such as PtCl4 and DNA [2]. C60 nanotubes are expected to be unstable in 
solutions containing water and biodegradable like C60 nanowhiskers [3]. In the presentation, we will show 
the synthetic procedure of C60 nanotubes and their mechanical and chemical properties, and discuss their 
potential as the carrier for drug delivery. 
[1] K.Miyazawa, J. Nanosci. Nanotechnol. 9 (2009)41.
[2] K.Miyazawa, S.Cha, C.Ringor, J.Okuda, A.Taniguchi, M.Watanabe, M.Tachibana and J.Minato,  NANO 3 
(2008) 335.
[3] K. Miyazawa and K. Hotta, J. Nanopart. Res.13(2011) 5739.

O-29-C-17 Drug delivery system by carbon nanotubes for sarcoma cells

Kaoru Aoki1), Hisao Haniu1), Masayuki Shimizu1), Seiji Takanashi1), Masanori Okamoto1), 
Shinsuke Kobayashi1), Hiroki Nomura1), Yuki Usui2), Naoto Saito3)

1)Shinshu University, Japan, 2)Faculty of Engineering, Shinshu University, Japan, 3)Department of Applied Physical 
Therapy, Shinshu University School of Health Sciences, Japan

Sarcomas such as osteosarcoma are treated with surgery and chemotherapy by anticancer drugs. The 
anticancer drugs cause various severe side effects, and prospective enough effects may not be obtained. So-
called nano-particles smaller than cells have a property to enter cells and they are expected as drug delivery 
system (DDS). We heretofore reported biocompatibility and safety of the carbon nanotubes (CNT). We 
report potential as DDS for chemotherapy to osteosarcoma cells with CNTs. 
The 143B cells (human osteosarcoma cell line) were seeded at 5.0 × 105 cells/10cm culture plate. After 24 
hours, the culture medium was renewed to the medium contained 1 µg/ml or 10 µg/ml multi-walled CNT 
(MWCNT). Doxorubicin hydrochloride (DOX) was used as positive control. After more 24 hours, we observed 
the cells with light microscope and counted the number of 143B cells of each plate. 
In the light microscope images of the 143B cells that we added MWCNTs, the MWCNTs were taken in the 
cells. In the MWCNT 10 µg/ml group, much MWCNTs were taken in the 143B cells than the 1 µg/ml group. 
The cell number after 24 hours culture was 23.3 × 105  cells/plate in control, 1.03 × 105 cells/plate in DOX 
0.1 µM, 5.6 × 105 cells/plate in DOX 1.0 µM, 2.8 × 105 cells/plate in DOX 5.0 µM, 21.3 × 105 cells/plate 
MWCNT 1 µg/ml and 16.3 × 105 cells/plate MWCNT 10 µg/ml.
When the MWCNTs are added to the osteosarcoma cell line; 143B cells, the MWCNTs are taken into the 
cells and inhibited a cellular proliferation in concentration-dependency. By adhering anticancer drugs to the 
MWCNTs, we expect to improve invasive efficiency to sarcoma cells of the anticancer drugs, to enhance the 
chemotherapeutic effect.
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O-30-A-17 Biosensing tools based on enhanced absorbance to assess the 
impact of nanomaterials on health

Guillaume Suarez1), Christian Santschi2), Nastassja Lewinski1), Olivier J. F. Martin2), Michael Riediker1)
1)Institute for Work and Health, University of Lausanne, Switzerland, 2)EPFL STI IMT NAM / Ecole Polytechnique 
Fédérale de Lausanne / Lausanne / Switzerand

Hydrogen peroxide (H2O2) is a major reactive oxygen species known to play a key role in the oxidative 
stress paradigm. Considering the production/use of nanomaterials at an industrial scale, there is a noticeable 
need for sensitive analytical tools providing quantitative information on H2O2 levels present in human fluids, 
or excreted by exposed cultured cells, or catalytically produced by reactive nanomaterials (exogeneous 
origin) in order to evaluate/predict their potential effect on health. The biosensing strategy presented here 
enables the development of a series of optical tools for H2O2 detection which are highly sensitive, cheap 
and versatile. The detection principle relies on enhanced absorbance generated by the elongation of the 
optical path of an incident light propagating in a highly scattering medium loaded with an absorber. In 
practice, a hemoprotein is immobilized into a scattering structure such as light pathway modifying insert or 
hydrogel. A first configuration is adapted to 96-wells microplates in which enzyme-modified light pathway 
modifying inserts are placed in the bottom of each well and the change in absorbance at specific wavelength 
after sample addition is amplified by one order of magnitude in comparison to measurements in solution. 
Further increase is observed when the sample is forced to flow through the sensitive membrane using 
pierced wells. In another version adapted to in vitro toxicology, cells are grown on a 6-wells transwell 
microplate and the lower compartment is modified with a H2O2-sensitive film made of alginate doped with 
hemoprotein. Such biosensing approaches might be particularly suitable to analyse H2O2 content in exhaled 
breath condensate or provide real-time information on endogeneous H2O2 being excreted by stimulated 
cells.

O-30-A-18 Hydrochemical reactivity and biodurability of nanomaterials in cell 
media and synthetic lung fluids

Keld A Jensen1,2), Yahia Kembouche1,2), Signe H Nielsen1,2), Kirsten I Lieke1,2), Sergio E Moya3)

1)National Research Centre for the Working Environment, Denmark, 2)Danish NanoSafety Centre, Copenhagen, 
Denmark, 3)Centre for Cooperative Research in Biomaterials, San Sebastian, Spain

Understanding manufactured nanomaterial (MN) toxicity may require better understanding on how MNs 
react and dissolve in specific cell media and biological fluids. A 24-well SDR (Sensor Dish Reader) system was 
used for screening the 24-hour pH and O2 reactivity and dissolution of MNs in various cell media and 
Gambles solution (GS); a synthetic lung lining fluid. A cell incubator was used to maintain the SDR test 
conditions (5% CO2, 37C). A Temperature-pH-controlled Stirred flow-cell Batch Reactor (ATempH SBR) with 
online pH-control and monitoring of redox potential was used tests at fixed lung lining (pH 7.4) and 
phagolysosomal (pH 4.5) pH conditions. The test conditions in the reactor were maintained by a thermostat 
(37C) and bubbling of CO2 adjusted air into the suspension. ATempH SBR tests were only made using GS 
and synthetic phagolysosomal fluid (PSF). Test MNs included (Al2O3, synthetic amorphous silica, TiO2, 
Fe2O3, ZnO, Ag, CeO, and Multi-Walled Carbon Nanotubes) of which 17 MNs were from the OECD Working 
Party on Manufactured Nanomaterials (OECD WPMNM). Most MNs have weak causticity, but in SDR tests, 
the pH levels may vary at least 2 pH units due to whole-test system variations. Considerable effects on O2 
and the redox-potential were observed for several MN. Some MWCNT were among the most reactive. The 
dissolution of MN varies considerably with MN type, test media and pH-conditions. Al2O3. TiO2 has very low 
solubility, but coatings may dissolve in all media. Ag, amorphous silica, and ZnO show large variations in 
solubility depending on the test media and pH. Generally, the solubility is highest in the low pH PSF. 
Transition metal catalyst particles in MWCNT were found to be partially dissolved and may behave differently 
from the MWCNT.
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O-30-A-19 Solubility, dissolution, biodurability: important parameters in 
occupational health of nanoparticles

Mary Gulumian1,2), Wells Utembe1)

1)National Institute for Occupational Health, South Africa, 2)Haematology and Molecular Medicine Department, 
University of the Witwatersrand, Johannesburg, South Africa

In the literature, metal and metal oxide nanoparticles are usually classified as "soluble" and "non-soluble" 
nanoparticles.  As per definition that "solubility is the process of mixing of two or more phases with the 
formation of one new homogeneous phase", when sodium chloride salt is added to water, it will result in the 
disintegration of its framework with the Na+ and Cl- ions to be surrounded by the polar water molecules. A 
similar assumption will not hold for the so-called "soluble" nanoparticles as their solubility is not 
instantaneous as is the case with sodium chloride. This is for the fact that for ionizable molecules the 
disassociation (or ionization) constant, pKa is of relevance in determining their solubility while for the 
"soluble" nanoparticles, the dissolution rate, k is of importance in determining their "solubility". In both cases, 
the published literature have emphasized the importance of the composition of the solvent, the presence or 
absence of oxygen as well as the temperature in the calculation of both the pKa and the k values. In 
nanotoxicology, although the determination of short-term toxicity of particles is of importance, the 
determination of their long-term effects should be more of a concern. This is for the fact that for larger 
particles, those who were biodurable had very low dissolution rate (k) values. Hence the calculation of the 
dissolution rate of "soluble" nanoparticles in different biological and environmental media will be a better 
predictor for their biodurability and hence for their long-term toxicity. As such, in occupational health, in 
addition to mass, surface area, or particles number, it may be more so of importance to determine their 
dissolution rate for nanoparticles.

O-30-A-20 Chemically inert and biologically reactive nature of nanoparticles 
through their size effect

FUMIO WATARI1), Bunshi Fugetsu2)

1)Graduate School of Dental Medicine, Hokkaido University, Japan, 2)Graduate School of Environmental Science, 
Hokkaido University, Sapporo, Japan

As downsizing of materials to micro/nano size, chemical effect by dissolved ions is enhanced due to the 
increase of surface area.  Cells also start to recognize materials as physical object and critical sizes arise to 
induce the transition in the behavior to particles. For larger than about 100 µm they behave as macroscopic 
objects and for below, start to behave with the characteristics as particles. Below about 10 µm, average cell 
size, particles induce phagocytosis to cells and inflammation in tissue with the striking increase of stimulus. 
Biological process to make interaction with cells/tissue causes the conversion of functions of materials where 
the functions different from those in macroscopic appear such as from biocompatible to toxic, cell non-
adhesive to adhesive, bone non-substitute to substitute. For less than 200 nm, the immunological defense 
system works less. Particles may invade directly into the internal body through the respiratory or digestive 
system and diffuse into the whole body. This also leads to the problem whether they pass through blood 
brain barrier, placental barrier and cell nuclear membrane, which may affect on brain control, fetus, embryo 
or offspring. Nanoparticles are thus characterized as biointeractive since their size and existence themselves 
induce the bioreaction of cells and tissue independently of material kinds. The bioreactive nature to work in 
either way of merit (bioactive) or demerit (toxic) also gives the basis for remodeling of hard tissue and 
carcinogenicity of asbestos. 
[1] F.Watari et al.: Material nanosizing effect on living organism, J.Roy.Soc.Interface 6, S371-388, 2009
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O-30-A-21 Asia Nano Safe: A new international nanosafety research network

Paul Wright1,2)
1)RMIT University, Australia, 2)Co-ordinator of Asia Nano Safe, Australia

Nanosafety has a major role in the sustainable development of nanotechnology. Smart development of 
nanotechnology is needed in order to harness the potential benefits of nano-enabled applications for 
providing a greener, healthier lifestyle. This value-adding process for nanoproducts involves: the safety-by-
design approach for their whole life-cycle; built-in recycling options; and re-engineering nanomaterials to 
reduce potential hazard. There is clear evidence within the Asian economies of a long history and extensive 
expertise in nanosafety research, with considerable resources and support. There has also been extensive 
Asian involvement in nano-specific procedures being introduced by international and local regulatory 
authorities, including development of ISO standards and the nanosafety testing program of the OECD 
Working Party on Manufactured Nanomaterials (WPMN). To facilitate nanosafety research and capability in 
the Asian region, the new research network of Asia Nano Safe was established during Nano Tech 2013 in 
Tokyo, under the auspices of the Asia Nano Forum (ANF). The network includes academic and industry R&D 
players and government regulatory bodies, linked through local nanosafety champions representing ANF's 15 
member economies: Australia, China, Hong Kong, India, Indonesia, Iran, Japan, Malaysia, New Zealand, 
Singapore, South Korea, Taiwan, Thailand, UAE & Vietnam. Asia Nano Safe will assist in: co-ordinating 
nanosafety activities in the Asian region that are currently fragmented, to minimise unnecessary duplication 
of effort; providing a co-ordinated response for community concerns and engagement; and harmonization of 
nanosafety training and the safety-by-design approach to nanotechnology development and translational 
nanoresearch to the marketplace.

O-30-A-22 Assessment of Radiation Exposure from Inhaled Particles in Waste 
Incineration Plants

Yosuke Koyama, Yasuto Matsui, Junpei Shioga, Kazuhisa Nishioka, Yoko Shimada, Masaki Takaoka, 
Minoru Yoneda
Kyoto University, Japan

Two years have passed since the nuclear power plant accident by the Great East Japan Earthquake caused 
large scale radioactive contamination. The risk of radiation exposure for people living in the disaster area has 
decreased by decontamination works. On the other hand, large amount of wastes has been generated by 
the decontamination works and the volume needs to be reduced by incineration. In this incineration process, 
radiocesium contained in the wastes reaches a high concentration, and it is known that radiocesium is 
especially condensed to fly ash rather than main ash. In the working environment of incinerators, generation 
of particulates including nanoparticles is assumed, and radiocesium contained in particles is taken into the 
inside of the body by inhalation and causes internal exposure. Therefore, the risk assessment of waste 
incineration plant workers is important. In this paper, assessment methods of external exposure and internal 
exposure by inhalation in waste incineration plants were proposed, and data for the risk assessment were 
collected in actual incineration plants of disaster areas. From the measurement result of the number 
concentration and particle size distribution of nanoparticles, some workplaces had high particle 
concentration compared with the outdoors. However, it was expected that since the exposed dose from 
inhaled particles was low, the risk of radiation exposure was low. Although the air dose rates in the plants 
were also measured for examination of external exposure, the value was lower than the outdoors. As a 
result, in the present incineration process, which is treating general waste, the contamination level in 
incineration plants was lower than the outdoor environment, and the risk from radiation exposure is thought 
to be very low.
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O-30-A-23 Prussian blue caged in alginate/calcium beads for removal of cesium 
and strontium ions from water

Vipin Adavan Kiliyankil, Baiyang Hu, Bunshi Fugetsu
Hokkaido University, Japan

Radioactive cesium and strontium are the two principle fission products responsible for most of the 
radioactivity of spent fuel after several years of cooling. Insoluble Prussian blue (PB) encapsulated alginate 
beads reinforced with highly dispersed carbon nanotubes were prepared for the safe removal of cesium and 
strontium ions from aqueous solutions. The composite adsorbent showed high physicochemical stability in 
solutions with high ionic strength. Batch equilibrium and kinetic studies were carried out to understand 
removal capability as well as sorption mechanism. From different isothermal analyses the goodness of 
mathematical fitting of the experimental data were in the order Langmuir > Freundlich, and that of the kinetic 
models were in the order of pseudo second order > pseudo first order. The beads showed remarkable 
adsorption capacity. In addition, from the studies on the effect of pH and ionic competition, we could 
understand that the adsorption ability remain unaffected in a wide range of values. Fixed bed adsorption 
column analysis showed that the beads could be appropriate for industrial scale treatment of cesium and 
strontium contaminated water. Therefore, the new composite beads should be a promising material for the 
contemporary environmental problems associated with radioactive contamination.

O-30-A-24 Subacute pulmonary toxicity induced by intra-tracheal instillation 
nano TiO2 in rats

xuhong chang1), yanxin xie1,2), meng tang1), bei wang1,2)

1)Key Laboratory of Environmental Medicine and Engineering; Ministry of Education, School of Public Health, Southeast 
University, China, 2)Department of Epidemiology and Health Statistics, School of Public Health, Southeast University

Objective: To evaluate the subacute pulmonary toxicity induced by titanium dioxide nanoparticles via intra-
tracheal instillation in rats.
Materials and methods: Rats were randomly divided control group and four experimental groups. 
Experimental groups were instilled with nano TiO2 (0.5, 4, and 32 mg/kg BW) and micro TiO2 (32 mg/kg 
BW) twice a week for four weeks, respectively. The control group was treated with 0.9%NaCl. After the 
treatment, the subacute pulmonary toxicity is assessed with the hematological parameters, enzyme activities 
in pulmonary tissues, inflammatory cytokines in serum and pathological examination.
Results: The body weight decreased significantly in the nano TiO2 32mg/kg group compared with the 
0.9%NaCl and micro TiO2 32mg/kg group and the body weight decreased with the dose increases. The 
hematological parameters didn't change throughout the experimental period. There is a significant difference 
in CAT and SOD activities between the experimental groups and control group. Histopathological 
examination showed that inflammation was present and massive particulate deposition existed in gaps and 
the alveolar cavity of lung tissue in 4 and 32mg/kg nano TiO2 groups.
Conclusion: Nano TiO2 could induce the change of enzyme activities, inflammation and massive particulate 
deposition in pulmonary tissues.
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O-30-A-25 Zinc oxide particles induced migration and adhesion of monocytes 
and increased macrophage cholestero

Yuka Suzuki1), Saeko Tada-Oikawa1), Gaku Ichihara2), Kiyoshi Sakai3), Masayuki Yabata1), Kiyora Izuoka1), 
Sahoko Ichihara1)

1)Mie University, Japan, 2)Nagoya Univeristy Graduate School of Medicine, Japan, 3)Nagoya City Public Health Research 
Institute, Japan

Background: Metal oxide nanoparticles have been widely used in industry, cosmetics, as well as biomedicine. 
However, the correlation between exposure to metal oxide nanoparticles and the increased incidence of 
cardiovascular disease remains unknown. The present study investigated the migration and adhesion of 
monocytes and macrophage cholesterol uptake, that are essential processes for atherosclerotic progression, 
induced by nano-sized metal oxide particles.
Methods and Results: Human umbilical vein endothelial cells (HUVECs) were cultured and exposed to nano-
sized TiO2 and ZnO particles. The 21 hours exposure to ZnO increased the level of monocyte chemotactic 
protein-1 (MCP-1) and cell migration mediated by MCP-1 was observed using human monocytic leukemia 
(THP-1). We also investigated the effect of nano-sized TiO2 and ZnO particles on cholesterol uptake in THP-1 
macrophages after stimulation with acetylated-LDL. The exposure to ZnO up-regulated the expression of 
membrane scavenger receptors of modified LDL particles and increased cholesterol uptake whereas there 
were no changes by the exposure to TiO2.
Conclusions: The exposure to ZnO induced THP-1 cell migration and increased macrophage cholesterol 
uptake. The study indicates that nano-sized ZnO particles accelerate foam cell formation in THP-1 
macrophages.

O-30-B-20 Training the Nanotechnology Workforce: A Case Study from the 
United States

Kristen Kulinowski1), Bruce Lippy2)

1)IDA Science and Technology Policy Institute, USA, 2)The Lippy Group, USA

The emergence of nanotechnology over the past decade has resulted in the creation or alteration of an 
indeterminate number of jobs. While the nanotechnology workforce has proven difficult to quantify, getting a 
handle on who the workers are and under what condition they're working is essential for ensuring that 
workers are not unduly exposed to potentially harmful materials. Research of direct relevance to 
occupational safety, in contrast with that investigating basic toxicology, is in short supply and of little 
relevance to human health. This talk will review the current status of occupationally focused nano material 
research and focus on pathways and obstacles between this research and regulatory or industrial decision 
making. Results of a focus group held with factory workers in the nano material workplace will be presented 
and recent examples of voluntary and regulatory activity will be highlighted to discuss the ways in which 
governmental and nongovernmental actors can address potential occupational risks of nanoscale materials.
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O-30-B-21 Measurements of aerosol penetration through particulate protective 
clothing

Chih-Chieh Chen1), Sheng-Hsiu Huang1), Chih-Wei Lin1), Jung-Chun Cho1), Nian Cih Wu1), Chun-Wan Chen2), 
Yu-Mei Kuo3)

1)National Taiwan University, Taiwan R.O.C., 2)Institute of Occupational Safety and Health, Council of Labor Affairs, 
Taiwan R.O.C., 3)Department of Occupational Safety and Health, Chung Hwa University of Medical Technology, Taiwan 
R.O.C.

Personal protective clothing is designed to protect workers against hazardous substances that might come 
into contact with the skin. Several widely accepted test methods are available to measure barrier properties 
of protective clothing against liquid and/or vapor assaults, but there is no officially accepted test method for 
particulate protective clothing. Therefore, three test methods were developed to determine the aerosol 
penetration through particulate protective clothing materials: Active sampling, Closed-return sampling, and 
Fluorescent aerosol. A variety of protective garments, currently used in health care industry, were tested. A 
constant output atomizer and an ultrasonic atomizing nozzle were used to generate polydisperse sub-
micrometer-sized and micrometer-sized particles, respectively. The aerosol output was neutralized and then 
introduced into the mixing chamber. Two different particle size spectrometers (SMPS and APS) were used to 
measure the aerosol concentrations and size distributions upstream and downstream of the filters. Both 
active sampling method and closed return sampling train method showed that the aerosol penetration 
through clothing with seam was much higher than that of clothing without seam. The approaching velocity 
played an important role pushing aerosols through particulate protective clothing. However, this effect 
diminished as the velocity decreased or the air resistance of the clothing material increased. In general, the 
aerosol penetration measured by active sampling method (filtration velocity in the proximity of 0.01 cm/sec) 
was about 10 times higher than that of closed return sampling train method. The aerosol penetration 
determined by fluorescent aerosol method decreased by a factor of 100 when compared to active sampling 
method.

O-30-B-22 Use of tracer gas and nanoparticle methods to evaluate a new nano 
containment hood

Kevin H. Dunn1), Candace S-J Tsai2), Susan R. Woskie3), James S. Bennett1), Alberto Garcia1), 
Michael J. Ellenbecker3)
1)U.S. National Institute for Occupational Safety and Health, USA, 2)Purdue University, USA, 3)University of 
Massachusetts Lowell, USA

Studies have shown that significant releases of nanoparticles can occur when materials are handled inside 
fume hoods.  This study evaluated the performance of a new nano fume hood using three different test 
protocols. Tracer gas, tracer nanoparticle and nanoparticle handling protocols were used to evaluate the 
hood.  A static test procedure using tracer gas (sulfur hexafluoride) and nanoparticles as well as an active 
test using an operator handling nanoalumina were conducted.  A commercially available particle generator 
was used to produce sodium chloride tracer nanoparticles. Containment effectiveness was evaluated by 
sampling both in the breathing zone (BZ) of a mannequin and operator as well as across the hood opening.  
These containment tests were conducted across a range of hood face velocities (0.30, 0.41 and 0.49 m/s) 
and with the room ventilation system turned off and on. For the tracer gas and tracer nanoparticle tests, 
leakage was much more prominent on the left side of the hood (closest to the room supply air diffuser).  
During the tracer gas and tracer nanoparticle tests, leakage was primarily noted when the room air 
conditioner was on for both the low and medium hood exhaust air flows.  When the room air conditioner 
was turned off, the static tracer gas tests showed good containment across most test conditions. The tracer 
gas and nanoparticle test results were well-correlated showing hood leakage under the same conditions and 
at the same sample locations.  However, the nanoparticle method was more sensitive than the tracer gas 
test showing leakage in situations not indicated by the tracer gas tests. The impact of a room air conditioner 
was demonstrated with containment being adversely impacted during the use of room air ventilation.
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O-30-B-23 Filter Testing Using Technetium-99m Labeled Airborne Particles

Tsz Yan Ling, Lin Li, Kai Xiao, Shigeru Kimoto, David Y. H. Pui
University of Minnesota (Twins Cities), USA

Respirators are considered as an effective protection equipment against airborne particles, including 
radioactive particles. However, there is a lack of studies relating the performance of respirators against 
radioactive and non-radioactive particles. In this study, we reported a method to determine a suitable metric, 
namely number, area or mass, to represent the radiation penetration of filter media. A microfiberglass medim 
was tested with Technetium-99m (Tc-99m) labeled polydisperse particles with two different size distributions. 
The radiation penetration, when represented by the number median diameter of the polydisperse particles, 
was found to correlate better to the penetration obtained with monodisperse sodium chloride (NaCl) 
particles. This can be explained by the small fraction of the Tc-99m molecules contained in the test particles. 
The procedure demonstrated in this study will allow one to estimate radiation penetration from the 
measurements made by non-radioactive surrogate particles.

O-30-B-24 Are carbon nanotubes released during failure-testing of heat-treated 
Portland cement nanocomposites

Keld A Jensen1,2), Elin A Jensen3), Nabil Grace3)

1)National Research Centre for the Working Environment, Denmark, 2)Danish NanoSafety Centre, 3)Lawrence Technical 
University, Southfield, Michigan, USA

Carbon-nanotubes (CNTs) are highly potential candidates for nanocomposite materials, but their use is also 
associated with significant health concerns. The aim of this study was to investigate the emissions and 
especially whether CNTs (carbon nanotubes) are liberated during compressive strength testing of CNT 
reenforced PCC (portland cement cubes) exposed to different thermal stress-levels. PCC (ASTM C305) were 
doped with 0, 0.15 and 0.30vol% 10-30 &my;m long and 8-15nm O.D. multi-walled CNT (MWCNT; >95% 
purity). Curing was 1 week. Heat-treatments were made at 40, 105, 200, 350, 450 and 600C. Compression 
strength tests (ASTM C109) were conducted using seating bearing blocks. The test bench was encased in a 
HEPA-filtered sampling chamber of plexi-glas with two fans mounted for immediate mixing of dust. Particle 
number size-distributions were measured using a TSI FMPS Model 3091 and an APS Model 3321. Inhalable 
dust was sampled for SEM analysis using a Conical Inhalable Sampler. The experiments showed increase 
strength already at 0.15vol% MWCNT. Relatively the strength increased with increased thermal stress 
reaching a maximum 450C. Data from on-line measurements showed that a high number of both nm- and 
µm-size particles were released during fracturing of the PCC. Addition of CNT increased the concentrations of 
both nm- and µm-size particles during fracturing. Tentatively, the number of released particles correlated well 
with the released fracture energy. Scanning electron microcopy analyses revealed numerous particles, 
including free CNT in the emissions. In conclusion, the use of CNT in PCC is likely to be associated with 
exposure to free CNT during testing, mechanical failure and demolition.
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O-30-B-25 Exposure Assessment on Consumer Products Including Nanomaterials 
During Use and Disposal Process

Yasuto Matsui, Kenji Shiota, Nobumitsu Sakai, Yosuke Koyama, Kazuhisa Nishioka, Minoru Yoneda
Kyoto University, Japan

With the development of nanotechnology, the market of nanotechnology-based consumer products is rapidly 
expanding. The toxicity of nanomaterials have already been studied and reported. However, the potential for 
consumer exposure to nanomaterials emitted from nanotechnology-based products has been addressed to 
only a limited degree. The objective of this study was to investigate the emission of nanomaterials from 
several widely used nanotechnology-based consumer products during their use and disposal process for 
estimating the emission of nanomaterials to the environment. The results indicated that Ag naomaterials 
emitted from mist during use mist. In addition, after cleansing TiO2 nanomaterials emitted from sunscreen 
and foundation as aggregated and agglomerated, and embedded in a matrix. And in this study, the 
concentration of TiO2 nanoparticles (< 100 nm) in cleansing liquid of two kinds of sunscreen and foundation 
were 2.14 mg/g, 4.38 mg/g, 3.44 mg/g , 2.60 mg/g respectively. Moreover, TiO2 nanomaterials were easy to 
emit from products after exposure to Weather Meter for 100 hour.

O-30-B-26 Super-accelerated weathering test of external wall material 
furnished by paint contained silica nano

Kenichi Otsuka1), Hitoshi Morishita1), Yasunobu Iiduka1), Nobushige Numa2), Naruhiko Mizutani3), 
Tsutomu Mizutani3)
1)JFE Techno-Research Corp., Japan, 2)Japan Paint Manufacturer Assoc., Japan, 3)Mizutani Paint Co. LTD, Japan

For protective coating of exterior wall, paint containing silica nanoparticles is being used. Emission 
from the coating was investigated using super acceleration weathering chamber. Water emulsion of silica 
nanoparticle (20-30nm) coated with acryl-silicone resin (50-60nm), coloring pigment (TiO2 
micron size), extender pigment, UV absorbing materials were applied on the colored galvanized 
steel plate with the thickness of about 100µm. Painted plates (30 × 50mm) were placed in the 
weathering chamber for 24, 72, 168, 336 and 500 hr. The testing cycle was radiation by metal 
halide lamp (1000 W/m2) for 4 hrs with spraying of pure water during 5 seconds for every 18 
minutes and keeping for 4 hrs in the darkness. After exposure, gross retention, color-difference and weight of 
the specimens were measured and surfaces of the coating were observed by SEM/TEM.
The gross retention and weight were decreased largely during initial stage of exposure ( ～ 72 hr) 
and then decreased slowly but constantly. The reduction of thickness of painted film was estimated to be 
about 10 µm from the weight loss after 500 hr exposure. 120 ～ 40 hrs exposure in the 
chamber of metal halide lamp was reported to be comparable to 4 years outdoor exposure. 
This test result means that the paint decrease its thickness at the rate of about 0.6 µm/year, 
showing good weather-resistance. The mode of degradation was studied by observation of the surfaces using 
SEM/TEM. At initial surface of the painted film, there were thin "clear layer" consisting of only resin. After 
diminishing the layer, silica nanoparticles coated acryl-silicone resin mostly agglomerated each other 
appeared at the surface.
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O-30-B-27 A broad-scale survey measuring exposure to MNO at different 
workplaces across the life cycle

Cindy Bekker1,2), Wouter Fransman2), Roel Engel3), Eelco Kuijpers2)
1)Utrecht University, Netherlands, 2)TNO, Netherlands, 3)TNO Triskelion, Netherlands

There is a great paucity of exposure information for worker exposure scenarios to manufactured nano-
objects (MNO). Only very rough exposure estimates are available that do not cover all processes across the 
life-cycle of MNO and determinants of exposure. Hence, there is a need for exposure surveys to provide good 
insight into potential exposure scenarios and levels of exposure across the life-cycle of MNO and thus 
provide clues for prioritization of control measures. Accordingly, exposure models are urgently needed to 
estimate worker exposure to MNO.
In 2011, a large collaborative project (NanoNextNL) was initiated in the Netherlands, of which one project 
part aims to provide more insight into occupational exposure to MNO across the life cycle. Particle number 
concentration and size distribution was measured during a broad range of activities/exposure scenarios 
within various industries. In addition, characterization of samples with SEM/EDX was performed to 
qualitatively identify MNO in the workroom air. The project will finish in 2015 and a large set of 
measurements has already been collected in the last two years. 
This broad-scale exposure survey has resulted in systematic collected, high qualitative workplace exposure 
data which provides insight into the potential MNO-exposure scenarios and levels of exposure covering over 
40 activities, different types of MNO, and good practices in various industries. The results of this survey will 
be presented. Together with results from experimental studies, that are conducted under controlled 
conditions to identify determinants of exposure, the characterization of exposure to MNO will improve and 
exposure assessment models will be further developed.

O-30-B-28 Quality Control in Nanoparticle Aerosol Exposure Measurements 
-The Nano Test Center

Dirk Dahmann1), Christian Monz1), Christian Monsé2), Christof Asbach3), Heinz Kaminski3)
1)BG RCI, Germany, 2)IPA, Bochum, Germany, 3)IUTA, Duisburg, Germany

The accurate description of quality parameters for specific measurement techniques is of paramount 
importance for the acceptance of the results of these measurements for all purposes. For gaseous 
components or aerosols in the respirable or inhalable particle range this has been the topic of investigations 
for a very long time. However, for nanoparticle aerosol measurements the generation of these types of 
quality data is difficult as due to the lack of particle concentration standards, the preparation of suitable test 
aerosols has been quite a challenge.
Within the European 7th framework program Nanodevice and the German BMBF NanoGEM project the 
Nano Test Center of IGF has been constructed, continually improved and used as a facility to generate 
nanoparticle aerosols, stable for several hours and with very high homogeneity. The test aerosols can be 
produced within narrow and well described particle concentration, size, and morphology ranges. The facility 
can be used to simultaneously compare more than 40 different devices on a parallel base. Up to now 
isotropic NaCl or DEHS droplet aerosols, as well as carbonaceous nanoparticles (combustion engine or spark 
generated), and metal and metal oxide nanoparticles (spark or burner generated) have been generated.
In these round robin tests aerosols with modal values of between 10 and 250 nm have been prepared. The 
particle number concentrations cover several orders of magnitude. It is possible to generate the nanoparticle 
aerosols in addition to or without urban background aerosol.
The Center will be further used for quality control and will be made available for the general market of 
providing services to institutions active in the field of exposure concentration measurement.
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O-30-B-29 Development and Evaluation of an ESP type ALI(Air-Liquid Interface) 
Cell Exposure System

Ta-Chih Hsiao1), Ya Chien Chang Chien1), Wei Cheng Fang1), Chun Wan Chen2)

1)National Central University, Taiwan R.O.C., 2)Institute of Occupational Safety & Health, Taipei, Taiwan, Taiwan R.O.C.

In recent years, the air-liquid direct/air-liquid interface (ALI) exposure method is considered as a more 
realistic experimental scheme for in vitro cell exposure to airborne particles. In this study, a newly-designed 
ESP-type ALI exposure chamber was constructed, and its collection efficiency of nano-particles was evaluated 
experimentally and numerically. The new design of ESP-type ALI exposure chamber was proposed to improve 
the nanoparticle collection efficiency on the air-liquid exposure interface. The nanoparticle penetration tests 
were performed to validate the new design of ALI chamber. Furthermore, we have proposed a semi-empirical 
equation to predict the particle collection efficiency under different operation conditions, which can be 
applied to estimate the exposure dose. The numerical simulation results and experimental data fairly agree 
with each other, and the numerical simulation predicted the exposure surface is the major surface for 
collecting particle when suitable voltage was applied. The preliminary results demonstrated the ALI chamber 
/system designed in this study is a promising and feasible method for in vitro cell exposure to airborne Sub-
micron and Nano-particles.

O-30-B-30 Characterization of Airborne Nanoparticle Loss in Sampling Tubing

Su-Jung (Candace) Tsai1), Michael Ellenbecker2)
1)Purdue University, USA, 2)NSF Center for High-rate Nanomanufacturing (CHN), University of Massachusetts Lowell, 
One University Avenue, Lowell, Massachusetts 01854, USA

Objective: Airborne nanoparticle concentrations are routinely measured using real-time instruments, which 
typically require the use of sampling tubing. Theoretically, particle loss to the tubing walls increases as 
particles become smaller; such losses can affect measurement accuracy.  This study used real-time 
measurements to characterize nanoparticle losses. 
Methods: Particle concentrations were measured with an FMPS. Electrically conductive and Tygon sampling 
tubes 7.7 mm I.D. and 2.0, 4.90, 7.0 and 8.4 m long were used to analyze particle losses while sampling 
background and salt aerosols. 
Results: For the conductive tubing, the reduction in total particle number concentration was proportional to 
tube length, as predicted by theory. The maximum loss (30%) was found for the longest tube length and the 
smallest particle size, again consistent with theory. Losses were low for particles from 40 to 400 nm.  
The maximum loss of nanoparticles in the Tygon tubing was also found for the smallest particles. However, 
the particle penetration through the Tygon tubing was greater than for the conductive tube at each length, a 
result not predicted by theory. Particle loss increased more rapidly with tube length for both tube types 
when using salt aerosol. 
Conclusions: Results for both type of tubing show a general agreement between theory and experiment, 
although the particle losses for the smallest particles were somewhat greater than predicted by theory. Using 
conductive tubing did not reduce particle losses. Particle losses were low for particles larger than 40 nm, and 
for all particle sizes when the tube length was relatively short. Tube losses must be accounted for when 
using tubing longer than 5 m and performing particle measurements below 50 nm.
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O-30-B-31 Development of Non-Invasive Tools to Assess Occupational Exposure 
to Engineered Nanoparticles

Caroline Desvergne, Muriel Dubosson, Véronique Mossuz
CEA Grenoble, France

In the context of increasing use of engineered nanoparticles (NP), it seems of high importance to evaluate NP 
exposure of individuals, especially at work places where exposure might be elevated. Biomonitoring is the 
only way to take into account the use of protective devices and individual variability, but toxicokinetics data 
tend to prove that very few NP would be found in blood or urine following inhalation. This is why other 
methods have to be explored. Non-invasive tools such as exhaled breath condensate (EBC) and nasal paper 
flag are evaluated for inhalation exposure assessment. EBC contains a small part of non-volatils compounds 
which emanate from the respiratory tract. NP might be found in EBC following inhalation and used as 
biomarkers of exposure, even if standardization issues are not fully controlled yet. Nasal paper flag could 
represent an inhalation indicator at work place. To allow specific identification of NP, inductively coupled 
mass spectrometry (ICP-MS), dynamic light scattering (DLS), and scanning electron microscopy coupled to 
energy-dispersive X-ray spectroscopy are used. About 500 EBC have been collected using the RTube device 
in non-exposed to NP individuals assimilated to active general population and analyzed with ICP-MS for basal 
concentrations of 17 elements of interest, and DLS for basal granulometric signals. Based on such results, 
EBC are to be collected on workers handling NP to determine whether specific NP could be found as 
biomarkers of exposure. Concerning nasal paper flag, the method has been developed for ZnO and is being 
improved in terms of sensitivity using ICP-MS. The on-going projects should help determine whether such 
non-invasive tools might be useful to assess individual exposure to NP for occupational health.

O-30-B-32 Field and laboratory use of the Aerotrak 9000 surface area aerosol 
monitor

Delphine Bard, Garry Burdett, Andrew Thorpe
Health and Safety Laboratory (HSL), UK

The large increases in the number concentration and surface area of engineered nanoparticles (ENP) are 
thought to be critical parameters for their potential toxicity.  While the measurement of particle number 
concentration and size distribution is familiar to many scientists monitoring airborne ENPs, the monitoring 
and use of surface area data is much less common. Recent in-house results and field experience from studies 
with the Aerotrak 9000 are discussed.

The Aerotrak 9000 measures aerosol lung-deposited surface area exposure in the particle size range 10-
1000 nm. The response of this instrument was compared under laboratory conditions using a sodium 
chloride aerosol to another surface area monitor the Matter LQ1-DC, which measures the total active surface 
area of airborne particles.

The comparative results showed that both instruments gave a similar response to the aerosol generated with 
time but as expected the alveolar mode for the Aerotrak gave a consistently  lower surface area value (lower 
by 38%) than the LQ1-DC. 

The Aerotrak 9000 was used as part of a sampling strategy to monitor airborne emissions from the use of 
nanomaterials in the workplace. The other real-time aerosol instruments used included P-traks for particle 
number concentration measurements in the range 20-1000 nm and a Met One HHP6 hand-held optical 
particle counter which monitors particles between 300 to >10000 nm. The sensitivity and performance of 
the Aerotrak 9000 compared well with the other real-time instruments and proved to be an extremely useful 
addition to the monitoring strategy. The results obtained demonstrated the performance, usefulness and 
usability of the Aerotrak 9000 for assessing emissions of airborne ENPs in the workplace. 

© British Crown Copyright (2013)
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O-30-B-33 Proposed structure for information recording of electron microscopy 
analysis for the NECID database

Delphine Bard1), Garry Burdett1), Markus Mattenklott2), Peter C Tromp3), Timo Tuomi4), Tomi Kanerva4), 
Johannes Pelzer2), Wiho Stöppelmann2), Christian Schumacher2), Wouter Fransman3), Derk Brouwer3), 
Ismo Koponen5), Arto Säämänen4), Olivier Witschger6), Elzbieta Jankowska7), Markus Berges2)
1)Health and Safety Laboratory (HSL), UK, 2)IFA, Germany, 3)TNO, The Netherlands, 4)FIOH, Finland, 5)NRCWE, Denmark, 
6)INRS, France, 7)CIOP, Poland

A working group of PEROSH institutes are leading the development of a database called NECID (Nano 
Exposure and Contextual Information Database). NECID is a nanomaterial specific exposure database which 
permits the systematic and uniform gathering and documentation of data on operating conditions and 
measurement data of individual instruments and methods to enable a harmonized nanomaterial exposure 
assessment. 

An important part of this database will be the analytical electron microscopy (AEM) analysis of field air 
samples taken alongside real time monitors. AEM is the only method that can unambiguously identify which 
types of nanoparticles are present and give information on whether the real time measurements correspond 
to emissions of the engineered nanoparticles of concern or are from other incidental or background sources. 

Given the range of AEM imaging (e.g. backscattered and/or secondary electron scanning, transmission, and 
scanning transmission etc.) and analysis methods (energy dispersive  x- ray analysis, Ferret diameters, 
projected area etc.) it is vital that the database can both accommodate and differentiate between the types 
of information available. Even more important is that the database can influence and help standardise the 
way data is collected, analysed and recorded so that meaningful comparisons between different 
measurement sites and scenarios can be made.

A consensus building approach is being used and the wider the international awareness and co-operation, 
the more useful the NECID database will be for the nanoparticle research community.

© British Crown Copyright (2013)

O-30-B-34 Bottom-up Evaluation Model for Central Nerve Nanotoxicology

Kouki Fujioka1), Sanshiro Hanada2), Yuriko Inoue3), Kouichi Shiraishi1), Yoshinobu Manome1), 
Fumihide Kanaya2)

1)The Jikei University School of Medicine, Japan, 2)National Center for Global Health and Medicine, Japan, 3)Toho 
University, Japan

This study aims to develop easier assessment tools of nanoparticle's toxicological effects to the central 
nerves. In future, the methods utilizing blood-brain barrier (BBB) models and cells may improve accuracy in 
forecasting nanotoxic effects in the central nervous systems (CNS) of animals.

At first, BBB models (rat central nervous cells) showed that the size and surface modification of the 
nanoparticle regulated its membrane permeability. These results not only were parallel with in vivo post-
administration works of nanoparticles to the animals, but also suggested that the toxicity itself would be 
modifiable by engineering sizes and surfaces of the particle.

Secondly, our group investigated cell-based evaluation models, using strains of human neural stem cell line 
or primary cultures of mouse cerebral cortex cells. A silica particle's co-culture system detected 
concentration-dependent abnormalities in cell morphology. 

In this presentation, we discuss the utility of these combined evaluation models and the efficacy of the 
experimental results of the cell-based assessment methods.

Acknowledgment: 
This study was supported by Health and Labour Sciences Research Grants from the Ministry of Health, Labour 
and Welfare of Japan (H22-chemical-young-009).
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O-30-B-35 Particle and noise exposure of highway maintenance workers: 
cardiovascular short term health effects

Reto Meier1), Wayne E Cascio3), Andrew J Ghio3), Pascal Wild4), Brigitta Danuser1), Michael Riediker1,2)
1)Institute for Work and Health, University of Lausanne, Switzerland, 2)IOM Singapore, Singapore, 3)Environmental Public 
Health Division, US EPA, NC, USA, 4)Institute for Research and Safety, France

Highway maintenance workers are constantly exposed to traffic-related particle and noise emissions that 
both have been linked to increased cardiovascular morbidity and mortality. To investigate particle and noise 
related short term health effects we monitored 18 maintenance workers, each for up to 5 times, during a 
total of 50 observation days. We measured their exposure to fine particulate matter (PM2.5), ultrafine 
particles and noise and assessed cardiopulmonary health endpoints. Blood pressure, pro-inflammatory and 
pro-thrombotic markers in the blood as well as lung function and fractional exhaled nitric oxide (FeNO) were 
measured approximately 15 hours post work, heart rate variability was assessed for a sleep period 
approximately 10 hours post work. PM2.5 exposure was related to increased C-reactive Protein and Serum 
Amyloid A levels and a decrease of TNF . No significant effect could be observed on von Willebrand and 
Tissue Factor. PM2.5 and noise exposure during work were both related to an increase in heart rate 
variability. Increased high frequency power indicated a stronger parasympathetic influence on the heart. 
Blood pressure increased as a consequence of elevated noise levels during recreational time after work and 
we could see a trend towards higher blood pressure in relation to particle exposure. No effects could be 
observed on lung function and FeNO. Our results show that combined exposure to particles and noise during 
highway maintenance work poses a cardiovascular health risk. Actions to reduce these exposures could lead 
to a better health of this worker population.

This abstract does not necessarily represent US EPA policy.

O-30-B-36 Effects on Respiratory and Cardiovascular Systems in Workers 
Handling Titanium Dioxide Particles

Sahoko Ichihara1), Weihua Li2), Seiichi Omura3), Yuji Fujitani4), Ying Liu2), Qiangyi Wang2), Yusuke Hiraku5), 
Naomi Hisanaga6), Xuncheng Ding2), Takahiro Kobayashi3), Gaku Ichihara7)

1)Mie University, Japan, 2)Shanghai Institute of Planned Parenthood Research, China, 3)Tokyo Institute of Technology, 
Japan, 4)National Institute for Environmental Studies, Japan, 5)Mie University Graduate School of Medicine, Japan, 
6)Aichi University of Education, Japan, 7)Nagoya University Graduate School of Medicine, Japan

Titanium dioxide (TiO2) is widely used as pigment, sunscreen, and photocatalyst. The present study assessed 
exposure levels in a factory handling TiO2 particles and the effects of such exposure on respiratory and 
cardiovascular systems. The diameter of primary particles collected on filters set in TiO2-handling factory in 
China was measured using scanning electron microscopy. Real time size-dependent particle number 
concentration was monitored and Holter monitors were attached to four workers before and during work. 
Health examination focusing on the respiratory and cardiovascular systems was conducted in the workers. 
The primary particle diameter ranged from 46 to 560 nm. The number concentration of particles with a 
diameter of more than 10, 5 to less than 10, 3 to less than 5, and 1 to less than 3 µm correlated negatively 
with the number concentration of nano-scaled particles. Multiple regression analysis showed that nano-
scaled particle number and age correlated significantly with the ratio of low frequency to high frequency 
heart rate variability, a parameter of sympathetic function. One worker showed pleural thickening on chest 
X-ray, but its association with exposure to TiO2 particles was not clear. The present study did not show clear 
abnormality in respiratory function in individuals who had worked for 10 months to 13 years in a factory with 
ambient mass concentration of TiO2 particles of 10-30 mg/m3. The study generated the hypothesis that 
aggregation of particles might reduce nano-scaled particles by absorption mechanism and that exposure to 
particles might affect sympathetic function in elderly workers.
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O-30-B-37 Effect of Prenatal Exposure to Titanium Dioxide Nanoparticle on 
microRNA Expression in Mouse Embryo

Ken Tachibana1,2), Toshifumi Kojima1), Noriko Kuroiwa1), Tamae Yuasa1), Masakazu Umezawa1,2), 
Ken Takeda1,2)

1)Tokyo University of Science, Japan, 2)The Center for Environmental Health Science for the Next Generation, Research 
Institution for Science and Technology, Tokyo University of Science, Japan

Titanium dioxide (TiO2) nanoparticle (NP) is widely used in cosmetics, sunscreen and as a photocatalyst. 
However, little is known about the biological effect of TiO2 NP. We previously demonstrated that TiO2 NP, 
administered to pregnant mice, was transferred to the offspring and affected the reproductive and central 
nervous system of male offspring. Recent studies suggested that the regulation of microRNA (miRNA) 
expression is involved in the embryonic development and several diseases. We investigated the effect of 
prenatal exposure to TiO2 NP on the miRNA expression levels in mouse embryo. 
Intrapulmonary administration of TiO2 NP to the pregnant mice (100 µg/mouse) was carried out at 
gestational day (GD) 10.5 and then the fetuses on GD 14.5 were analyzed. The sex ratio and body weight of 
fetuses were not significantly altered between the vehicle-treated group and the TiO2-treated group. MiRNA 
expression levels of fetuses were analyzed using miRNA microarray. We found that the expression levels of 
some miRNAs were altered by prenatal TiO2 exposure. Candidate target of the miRNAs were searched by 
miRNA target prediction software. The functions of candidate target proteins were categorized into "neuronal 
cell" and "in utero embryonic development" which seems to be related to some previous reports on health 
effect of prenatal exposure to TiO2 NP. The miRNA expression data may give clues as to the mechanisms that 
underlie the effect of prenatal NP exposure on the embryonic development. 
The present study suggested that the health effects caused by prenatal TiO2 NP exposure might be 
associated with the disruption of miRNA expression during fetal period.

O-30-B-38 Skin Exposure to Nanomaterials: Should We Be Concerned?

Nancy A. Monteiro-Riviere1), Jim E. Riviere2)

1)Kansas State University, USA, 2)Institute of Computational Comparative Medicine, Kansas State University, Manhattan, 
KS  USA

Exposure of skin to nanoparticles (NP) often occurs in environmental and occupational settings. There are 
two phases to assessing hazard and risk after exposure: penetration and toxicity to cellular elements of the 
skin. This presentation will review skin penetration and potential adverse toxicological effects of topically 
applied fullerenes, quantum dots, titanium dioxide, zinc oxide, silver and aluminum NP and their subsequent 
effects on in vitro human keratinocytes as well as on rodent, porcine and human skin. The effects of 
physicochemical parameters such as size, shape, surface coatings, and charge on skin penetration will be 
presented; as will the effect of mechanical stress via flexing and abrasion, two factors that are crucial in 
assessing occupational exposure. The effect of concomitant exposure to organic vehicles and chemical 
enhancers on NP penetration into the stratum corneum (SC) will be presented. Modulation of skin 
penetration of four sunscreen formulations after exposure to ultraviolet (UV) radiation sunburn damaged skin 
were analyzed by time-of-flight secondary ion mass spectrometry, inductively coupled plasma mass 
spectrometry, and transmission electron microscopy. UVB-damaged skin did not enhance the penetration of 
titanium or zinc NP. Studies with 20, 50, and 80nm silver NP topically applied to skin for 14 days detected 
silver only in the superficial layers of the SC. These results suggest that dermal absorption with subsequent 
systemic exposure is minimal to nonexistent for many NP although penetration into the SC occurs. These 
studies begin to define the hazard of topical skin exposure to NP and underline common issues to be 
considered for proper experimental design and interpretation of NP studies.
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O-30-B-39 Biologic effect of fullerene nanowhiskers

Ilmari Pyykkö1), Jing Zou2), Kunichi Miyazawa3)

1)University of Tampere, Finland, 2)Univeristy of Tampere, Hearing and Balance Reseach Unit, Finland, 3)National 
Institute for Materials Science, Tsukuba, Japan

Aim: C60 nanowhiskers (C60NWs), "are synthetized by self-assembly and classified into the category the 
single crystalline fibres composed of C60, "and can be made to hexagonal micro tube. The NWs have low 
resistivity and can be used in nanoscale devices. The NWs are soluble into alcohol and allow incorporation 
of drugs or material into its walls or lumen. However the data on biological effects of NWs is limited in vitro 
and in vivo.  
Material and methods: We performed in vitro study with BJ-fibroblast and NIH3T3 cell lines by exposing the 
cell culture (in 10,000 cells/well in 96 well plates) into various concentrations of NWs. Responses of NWs 
were evaluated by MTT assay and ATP test. The nuclear membrane permeability was analysed using 
propidium iodide tests. In FACS the reading was made at 550nm or 570 nm. Inner ear was used as a 
multifunctional model to evaluate biocompatibility, membrane penetration and distribution of NWs. Imaging 
was done with 4.7 T MRI in rats. 
Results: In cell culture NWs disrupted cellular metabolism evaluated by MTT. However, NWs did not cause 
significant cell toxicity in comparison to the same concentration of ethanol and the change was less 
prominent than that induced by ethanol control. In MRI of the inner ear NWs (in 50% ethanol) induced 
permeability change of biological barrier in the neural system. As a control 50% ethanol caused similar 
changes to that of NWs. 
Conclusions: Nanowhisker (in 50% ethanol) induced cell toxicity and permeability change of biological barrier 
in the neural system using ear as a multifunctional model. As a control 50% ethanol caused similar changes 
to that of NWs.  We therefore assume that NWs are significantly less toxic in vivo and in vitro than ethanol 
used as solvent.

O-30-C-18 Medical and epidemiological surveillance of nanomaterial workers:

Paul A. Schulte1,2,3), Ivo Iavicoli2,3)
1)National Institute for Occupational Safety and Health, USA, 2)Universita Cattolica del Sacro Cuore, Italy, 3)ICOH 
Scientific Committee on Nanomaterial Workers' Health, USA

Identifying what medical and epidemiological surveillance is appropriate for nanomaterial workers is an 
important issue in the responsible development of nanotechnology.  Medical surveillance involving individual 
worker medical screening or increased incidence of untoward effects in groups of workers is a well-
established component of any occupational safety and health program, and therefore, should be considered 
for nanomaterial workers.  The difficulty in applying medical surveillance for nanomaterial workers is that 
there are a vast number of nanomaterials that can have a broad range of potential toxicities.  Few of these 
materials have been studied extensively and it is not clear what health effects to monitor.  Early guidance 
called for including nanomaterial workers in "standard health"・surveillance programs.  More recent efforts 
have involved recommendations for exposure registries, and in some cases, monitoring for specific adverse 
effects.  While the production and use of nanomaterials is relatively new, there currently exists a range of 
approaches from nonspecific to specific, for medical surveillance.  In this presentation, the state-of-the art of 
medical surveillance will be reviewed.  Driving medical surveillance is knowledge about hazard.  Thus far, 
most knowledge of the hazards of nanomaterials has been derived from animal studies.  However, there is a 
growing workforce producing and using nanomaterials.  The risks of those workers need to be assessed in 
epidemiological studies.  Most current epidemiologic studies of nanomaterial workers are cross-sectional and 
involve biologic markers as dependent variables.  This presentation will also review the state-of-the art of 
those studies and those that are pending.



50

O-30-C-19 Exposure to Indium Tin Oxide and health effects among  Indium Tin 
Oxide Manufacturing Workers

Ching-Huang Lai1), Saou-Hsing Liou2), Yu-Ju Wang1)

1)National Defense Medical Center, Taiwan R.O.C., 2)Division of Environmental Health and Occupational Medicine, 
National Health Research Institutes, Miaoli, Taiwan R.O.C.

Indium Tin Oxide (ITO) is widely used in many kinds of touch panels nowadays. Workers could expose to 
ITO particles from sintering granules, splashing, pulverization, cutting, and grinding processes. This study 
aimed to assess the relationship between ITO nanoparticle exposure and lung inflammation and oxidative 
damage in ITO workers.
We recruited 148 manufacturing workers and 38 office workers from an ITO manufacturing plant in Taiwan. 
Indium in serum (S-In) and urine(U-In) was determined as biomarkers of exposure. Exposed group was further 
divided as high (S-In > 3 µg/L and low exposed groups (S-In 3 µg/L) Plasma 8-hydroxy-2-deoxyguanosine (8-
OHdG) and serum Clara cell secretory protein, nitric oxide in exhaled breath and were also measured as 
oxidative damage and health effects, respectively.
The mean S-In level and U-In level in high exposed group were 8.01 ppb and 3.45 ppb, respectively. The 
mean levels of S-In and U-In in high exposed group were significantly higher than that of low exposed and 
reference groups. The mean levels of CC16 and plasma 8-OHdG were significantly higher than that of low 
exposed and reference groups as well. After adjusting potential confounders,  dose-response relations were 
found between S-In and CC16 (p=0.020) and between S-In and urinary 8-OHdG (p=0.027), respectively. We 
concluded Indium particles exposure may induce lung inflammation and DNA oxidative damage.

O-30-C-20 Identification of study populations for epidemiological surveys of 
MNMs in the Netherlands

Anjoeka Pronk, Cindy Bekker, Eelco Kuipers, Wouter Fransman, Derk Brouwer
TNO, The Netherlands

Epidemiological studies are needed to ensure the health of workers exposed to manufactured nanomaterials 
(MNMs) as well as to assess exposure-response associations. Epidemiological studies are hampered by a 
lack of knowledge on study populations with adequate size, homogeneous exposure type and sufficient 
contrast in exposure level. A step-wise process is described in which potentially relevant populations for 
epidemiological studies are identified in the Netherlands.
As a first step we performed a literature review and telephone surveys to obtain an overview of the potential 
relevant exposure scenarios and associated industrial sectors as well as the number of workers potentially 
exposed to MNMs in the Netherlands. Based on this survey relevant exposure scenarios and industrial 
sectors across the life-cycle of MNOs were selected in which exposure assessment studies are currently 
ongoing in a large collaborative project in the Netherlands (NanoNextNL). Potentially relevant populations 
for epidemiological studies will be identified based on these results. 
Results show a considerable market penetration (>5% of companies contacted) of nano-end products in 
shoe repair shops, automotive-, construction-, paint-, metal-, and textile cleaning industry. The total number 
of workers potentially exposed to MNMs during the production or application of nano-end products was 
estimated at approximately 3.000 workers in the Netherlands. Preliminary results from the exposure studies 
show that highest exposure levels occur during dumping of powders and dispersion of liquids. The 
applicability of using the identified populations in epidemiological surveys will be discussed in the light of 
measured exposure levels, exposure homogeneity, population size, and potential co-exposures.
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O-30-C-21 The new incidence rate of allergic disease in tonner manufacturing 
factory.

Koichi Hata, Masayuki Hasegawa, Mitsuhito Mizuno, Hiroko Kitamura, Akira Ogami, Toshiaki Higashi
UNIVERSITY OF OCCUPATIONAL AND ENVIRONMENTAL HEALTH, Japan

【Background】: Nanomaterials are used as external additives in toner for copiers and printers. It has reported 
that toner dust may cause allergic disease in these days. We have conducted the longitudinal study in toner 
manufacturing company. We reported the new incidence rate of allergic disease by using self-administrated 
questionnaire in tonner manufacturing factory. 
【Subjects】Subjects are Japanese 105 employees in toner manufacturing company. Their ages are from 21 
to 51 at 2004. 
【Methods】We tried to obtained the new incidence of allergic disease, including "Asthma", "allergic rhinitis" 
and "allergic dermatitis" annually from 2004 to 2011 by using self-administrated questionnaire. We calculated 
person-year and new incidence rate of "Asthma", "allergic rhinitis" and "allergic dermatitis" with or without 
toner handling. And we examined the incidence of "Asthma", "allergic rhinitis" and "allergic dermatitis" by 
using Cox proportional hazards model. 
【Results】The Total number of new incidence of allergic diseases were 7 /100 (Asthma), 5/57 (allergic 
rhinitis) and 9/83 (allergic dermatitis) for 7 years. Hazard ratio of new incidence of "Asthma", "allergic rhinitis" 
and "allergic dermatitis" in toner handling employees were 3.29（95%CI:0.47 -23.36), 3.11（95%CI:0.25-38.2）
and 3.38（95％ CI:0.28 -40.5), respectively. Each hazard ratios of new incidence of allergic diseases between 
toner dust work and non-toner dust work were not significantly difference. 
【Conclusion】We tried to examined the difference of new incidence of allergic disease with or without toner 
handling work for 7years. But we couldn't find the significantly difference.

O-30-C-22 Public health aspects of non-medical use of nanosilver in everyday 
products

Hans-Peter Hutter1,2), Marion Jaros3), Andrea Schnattinger3), Janie Shelton1), Michael Kundi1), 
Peter Wallner2,4)
1)Medical University Vienna, Austria, 2)International Society of Doctors for the Environment, Austrian section, Austria, 
3)Vienna Ombuds-Office for Environmental Protection, Austria, 4)Medicine and Environmental Protection, Vienna, Austria

Background: Since ancient times silver and its compounds have been used as antimicrobial agents in 
medicine. Today, along with the development of nanoscale applications in many everyday applications, a 
wide variety of consumer products are now coated with nanosilver to make use of its antimicrobial activity. 
The widespread use has sparked concern in Austria, and a campaign was launched by the City of Vienna. 
Here we review the scientific literature on nanosilver exposure.
Method: A systematic search was conducted using Pubmed, EMBASE, and TOXLINE databases. Peer-
reviewed publications regarding exposure and health effects from nanosilver were included. 
Results: Much of the current literature on nanosilver toxicology is based on in vitro studies and animal 
experiments. Findings indicate size-dependent effects of silver particles, with higher toxicity in the nanoscale 
range (e.g. generation of reactive oxygen species). In human cell lines cytotoxic and genotoxic effects were 
observed.
Discussion: At this stage, inadequate information is available for risk assessment of health and environmental 
effects. Due to nano-specific characteristics (e.g. larger surface) risk assessment must not be restricted to 
traditional toxicological aspects. Among several areas where gaps have been identified, the dose-response 
characteristics and the behavior of nanosilver in the environment including silver resistance in pathogens are 
major issues.
Conclusions: Due to knowledge gaps in human risk assessment of nanosilver, its application in everyday 
products is highly questionable. Additionally, toxic effects on the aqueous ecosystem must be considered. 
Consumer awareness of the potential hazards of nanosilver must be developed. Recommendations for the 
public and producers are needed.
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O-30-C-23 LCA- incorporated Human Health Risk Assessment: A potential tool 
for evaluation of nano-products

Derk H Brouwer, Harrie Buist, Eelco Kuijpers, Wouter Fransman, Ester Zondervan
TNO, Netherlands

The major  characteristics of regulatory risk assessment (RA) are its substance- and population specificity, 
that it is focusing on only two stages of the product life cycle (LC), i.e. workers and consumers, and it usually 
neglects exposure of man via the environment. The human health RA within Life Cycle Assessment (LCA), 
aggregates all substances emitted to an environmental compartment, however, it neglects exposure during 
production and use of products. The most important difference, however, is the metrics used to indicate the 
risk. Regulatory RA results in risk characterization ratios to demonstrate (un)safety, whereas LCA expresses 
risk rates, e.g. health end-points per unit of product or functionality. The latter enables comparison of the 
impact of different products. 
The LICARA projects aims to develop methods to aggregate risks across the entire LC of the product in 
combination with 'conventional' LCA assessment and its impact parameters. Therefore, workers and 
consumers exposure should be integrated in the LCA approach. 
The concepts of such a LCA-'integrated' RA' which consists of a basic level RA for all LC-stages, have been 
developed. It should aggregate RA over life cycle stages and include indoor exposures. The major challenge 
is to test the feasibility of the concepts and more specifically the metric of the RA outcome, e.g. DALY/ kg or 
unit of functionality, which should be aligned with LCA to enable comparison. The testing of the proof of 
principle will take place in several case studies, which are currently being prepared by the SME-partners of 
LICARA to compare the human RA within LCA of  nano-enabled products with their non-nano counterparts. 
The concepts of this RA approach and interim results of the case studies will be presented

O-30-C-24 Qualitative risk assessment and control in engineered nanoparticles 
occupational exposure

Francisco Silva1,2), Pedro Arezes1), Swuste Paul3)
1)University of Minho, Portugal, 2)Technological Centre for Ceramic and Glass, 3)Delft University of Technology, 
Netherlands

The huge research effort and common use of nanomaterials, being an opportunity for economic growth, pose 
health and safety problems. The research on the nanoparticles health effects performed during the last 
decade shows the possible harmfulness of several nanoparticles, including those already present in everyday 
use products. Although the increasing knowledge in the nanotoxicology field, and also the occupational 
hygiene responses in order to develop quantitative methods to evaluate nanoparticles exposure risk, there is 
an uncertainty climate. The use of qualitative risk assessment methods appears as a suitable way to deal 
with the uncertainties and to support decisions leading to the risk control. Among these methods, those 
based in control banding, such as the CB Nanotool and the Stoffenmanager Nano, seems to become applied 
more frequently. Furthermore, the design approach to safety can be a valuable way to establish the strategy 
to protect the workers' health focusing in the production process in order to define the most effective 
measures to control the exposure risk. Applying the bow-tie model to the nanoparticles occupational 
exposure we verify that the focus should be in reducing emission of nanoparticles rather than in applying 
protection measures. The systematic design approach, dividing the production process in three levels of 
decision, production function, production principle and production form, allows to identify the suitable 
barriers to reduce risks arising from different emission and exposure scenarios during work with 
nanomaterials.
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O-30-C-25 NANO-PREVENTOX. Actualization of official Good Manual Practice 
for Argentina

Maximo Rafael Ricci1,3), Cecilia Colautti2,3)
1)EST. National Army University for Argentine, 2)SMTBA. Sociedad de Medicina del Trabajo de la Provincia de Buenos 
Aires en Argentina., 3)ICOH. SC. Nanomaterial Workers' Health

There in Argentina, a manual of best practices on the first contact with exposed workers and health 
surveillance. This manual officially used by insurance companies risk work is called: PREVENTOX. Based on 
updated information on toxicology, collected internationally, we have upgraded specialized nanotechnology 
processes thereof call: NANO-PREVENTOX. Simultaneously we are conducting a validation of this manual, 
using prospective methodology (method Delphy). This paper proposes and substantiates the criteria for 
continuous updating of this manual (and similar manuals).

O-30-C-26 The German NanoDialogue

Cornelia Leuschner
German Ministry for the Environment, Germany

The German Ministry of the Environment, Nature Conservation and Nuclear Safety (BMU) organizes 
stakeholder workshops in the field of Nanotechnology science and regulation. Approximately 25 
representatives of different stakeholder groups, ministries and authorities are invited to each of the events. 
The results of the discussion are published as part of a thematic report of each theme by BMU.
The discussion is therefore focused on a few relevant aspects and will be finalized at the end of the meeting. 
The emphasis of the dialogue workshops is on the societal context of the respective topics and the main aim 
is to facilitate the exchange of views among the stakeholders.
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O-30-C-27 Nanotechnologies and risks in the work environment in Brazil: 
challenges for the legal regulation

Wilson Engelmann1), Tania Elias Magno Da Silva2), Raquel von Hohendorff1)

1)Unisinos, Brazil, 2)UFS

Currently the expanded use of nanotechnologies is one of the major innovations that have occurred, bringing 
together a number of concerns about the risks to health and the environment. The development of these 
technologies raises ethical, legal and social issues, also related to the precautionary principle, information 
and the impact on labor relations and employment. Thus, we start from the presentation of issues relating to 
nanotechnology through a brief demonstration of the concept and practical application coming to the 
uncertainties about the risks generated by this technology. Then, from the risks and the precautionary 
principle, for after presenting the most risk issues related to work environment. At the end, we propose an 
alternative solution for the application of the precautionary principle in decisions concerning risks of 
nanotechnologies, passing ethics, aiming to protect human dignity, and dialogue between the different 
sources of law, always pervade, as a filter, for a Brazilian control of Constitutionality and Conventionality. 
This is the context in which it is projected the emergence of a new concept of innovation, built through the 
arrangement of four helices: University, Industry, State and Human Rights. With this model, the quadruple 
helix, and the dialogue between the sources of the law, we intend to bring one more human perspective for 
the decisions about nanotechnological innovation, trying to make a technological development with healthy 
conditions for a dignified life in a community. This will be the path to building a sustainable development 
through the careful deployment of nanotechnologies.

O-30-C-28 Accelerating NanoSafety Research through a New Model of 
Collaboration

Sally Tinkle
Science and Technology Policy Institute, USA

The nanotechnology environmental, health, and safety (EHS) research community is challenged to provide 
timely research data for risk assessment and management so that the benefits of nanotechnology are 
realized for society. The heightened need to create jobs and fuel industrial growth during a time of economic 
constraint compounds this challenge. Recognizing the relationship of risk research and policies to market 
uncertainty and the adoption of new technologies, the US agencies participating in the National 
Nanotechnology Initiative and the European Commission's Directorate General for Research and Innovation 
Nanosafety group utilized the well-established Communities of Practice model to establish a new platform 
for nanoEHS collaboration, the US-EU Communities of Research (CORs).  The goal is to accelerate research 
for risk assessment and risk management through ongoing dialogue that will identify and resolve issues that 
impede scientific progress. The CORs are formed around three elements: a shared interest, a community that 
comes together periodically, and a shared repertoire of resources. They are self-directed, have a US and EU 
co-chair, and utilize social media tools for communications between annual or semi-annual face-to-face 
workshops. Six CORs were established in 2012 to reflect key research areas across the nanomaterials 
product pipeline and include human and environmental impact, databases and predictive modeling, 
exposure, risk assessment and risk management. Initial experiences and current plans and products for each 
of the CORs suggest that this model would benefit the nanoOEH community- either through participation in 
the US-EU CORs or development of an international OEH COR.
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O-30-C-29 Establishing the quality management systems from using computed 
tomography equipments in Kenya

Jeska S Wambani1), Geoffrey K Korir2), Ian K Korir3)
1)Kenyatta National Hospital, Kenya, 2)University of Massachusetts Lowell, USA, 3)National Nuclear Regulator, South 
Africa

Objective: To assess the national quality management level in Computed Tomography facilities in Kenya. 
Design: A quality assurance inspection, physical image quality and patient dose assessment criteria in 
eighteen representative computed tomography facilities in Kenya. 
Setting: The study involved eighteen computed tomography facilities distributed countrywide.
Subjects: A quantitative method was developed and used to score the results obtained from the physical 
image quality measurements using the American Association of Physicists in Medicine (AAPM) water phantom 
and patient dose from head and body phantoms. Inspection was done in order to establish the level of 
compliance with internationally recognized standards such as those stipulated in the European Guidelines 
Quality Criteria for Computed Tomography and the International Basic Safety Standards for Protection against 
Ionizing Radiation. 
Results: The overall findings placed the national quality management performance level at 57 ± 2% while 
patient dose, image quality and quality assurance administration performance levels were 71 ± 4%, 61 ± 3% 
and 40 ± 2%, respectively.
Conclusion: The quality assurance assessment benchmarked the country's level of quality management 
system compliance in diagnostic radiology.  During accreditation appraisal, the scrutiny of scores from each 
stage in the medical imaging chain per facility will encourage continuous quality improvement process. The 
study provides a systematic evidence based approach relevant to researchers and practitioners in 
nanotechnology.

O-30-C-30 A value chain approach to reach optimal exposure protection for 
nanomaterial workers

Michael Riediker, Robert J Aitken
IOM Singapore, Singapore

Nanomaterials have an enormous economic potential. As their hazards are not yet fully understood, it is 
important to protect workers from exposure. Current information is limited regarding the exposure of workers 
to nanomaterials during the manufacture, integration into advanced materials and products, and the use of 
these products. Relevant questions include: what is the potential release of nanomaterials arising from 
various types of processes, how effective are control approaches, what levels are people actually exposed 
to, how should these levels be assessed, what information about physico-chemical characteristics is 
important, what measurement approaches are available to measure these characteristics and to ensure 
effective control, and how product stewardship could look like. However, no study looked so far at the 
question how exposure could be controlled along the value chain and whether currently employed 
protection strategies are effective from an overall perspective.

Here, we propose a novel approach that is inspired by the concept of value-chain optimisation, which is 
successfully applied for economic optimisation purposes. The challenge is to optimise the positive impact of 
protection strategies along a chain of companies. The different actors in this chain have different interests, 
risks and benefits. However, they all need to get involved and motivated to work together. The ones carrying 
the risk might be not the ones having the benefits and individual monetary benefit maximization might yield 
different outcomes than health or environmental benefit optimization. A particular challenge lies in the many 
knowledge gaps and the multidisciplinarity required to tackle the issues. We will lay out the challenges and 
propose strategies how they can be addressed.
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O-30-C-31 New Recommended Exposure Limit and Guidance for Carbon 
Nanotubes

Paul A. Schulte, Charles L. Geraci, Ralph Zumwalde, Eileen D Kuempel, Douglas Trout, 
Vincent Castranova, Eileen Birch
National Institute for Occupational Safety and Health, USA

Based on a thorough review of 54 laboratory animal studies, the U.S. National Institute for Occupational 
Safety and Health (NIOSH) recently issued a recommended exposure limit (REL) for carbon nanotubes and 
nanofibers (CNTs, CNFs).  Many of the 54 studies indicated that CNTs could cause adverse pulmonary effects 
including inflammation (44/54), granulomas (27/54), and pulmonary fibrosis (23/54).  These findings were 
deemed significant enough to warrant protective action.  A quantitative assessment of risk was conducted on 
the nonmalignant pulmonary data from short-term and subchronic animal studies. In these studies lung 
exposures to various types of CNT were observed to cause early-stage (slight or mild) adverse lung effects 
including pulmonary inflammation and fibrosis. Human-equivalent risk estimates were derived from the animal 
dose-response data. Based on the risk analysis and an estimate of the lowest concentration that can be 
quantified by NIOSH Method 5040, NIOSH issued a REL of 1 µg/m3 respirable elemental carbon as an 8-hr 
time-weighted average.  Because of some excess risk at the REL (0.5%-16%, upper confidence limit 
estimates), NIOSH recommended that exposures be kept below 1 µg/m3.  The studied CNT and CNF only 
represent a fraction of the types of CNT and CNF in commerce and it is anticipated that materials with 
different physical and chemical parameters could have different toxicities.  However, given the relative 
consistency of findings across the various studied CNT and CNF, NIOSH recommended that all types be 
controlled below 1 µg/m3.  Additionally, NIOSH recommended that employers institute medical surveillance, 
worker training, and use of personal protective equipment.

O-30-C-32 Importance of Intracellular Dissolution to the Cytotoxicity of Zinc 
Oxide Nanoparticles

Paul F.A. Wright1,2,3), Bryce N. Feltis1,3,4), Cenchao Shen1,3), Simon A. James5), Terence W. Turney3,4)

1)RMIT University, Australia, 2)Co-ordinator of Asia Nano Safe, Australia, 3)Nanosafe Australia (www.rmit.edu.au/
nanosafe/), Australia, 4)School of Chemistry and Department of Materials Engineering, Monash University, Clayton VIC 
3800, Australia, 5)Australian Synchrotron, Clayton VIC 3800, Australia

Zinc oxide nanoparticles (ZnO NPs) are used in sunscreens as a highly effective broad spectrum UV-filter 
with low allergenicity and a clear appearance on skin. In spite of the limited evidence of transdermal 
penetration of ZnO NPs through human skin, concerns about their safety remain. Of particular concern are 
exposure routes, such as via inhalation or damaged skin, where NPs can potentially come into contact with 
living cells and cause inflammation. The mechanisms involved in cell damage by ZnO particulates have been 
generally related to both particle dissolution and generation of reactive oxygen species (ROS), but several 
questions remain. That is, the requirement for intracellular versus extracellular dissolution of NPs is still 
unclear, and whether the ROS generation is as a direct result of NP exposure or a downstream effect of 
cellular damage. In this study, we used flow cytometry to measure the in vitro cytotoxic profile of ZnO NPs in 
human immune cells concurrently with the available intracellular zinc ion concentration, and two 
independent measures of ROS generation. We also assessed the effects of co-exposure with two antioxidants 
on these parameters. We have examined the requirement for direct NP-to-cell contact and also observed NP 
dissolution in progress inside these cells using the high-resolution x-ray fluorescence microscopy beamline at 
the Australian Synchrotron. From our findings we conclude that: ZnO NPs, like zinc chloride, causes 
cytotoxicity at relatively high doses; intracellular (and not extracellular) dissolution is a requirement for 
cytotoxicity from ZnO NPs; increases in intracellular zinc ions strongly correlates to both cytotoxicity and ROS 
levels; and the ROS generation is both induced by ZnO NPs, and also as a result of cellular damage.
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O-30-C-33 Cytotoxicity induced by carbon black and TiO2 nanoparticles: 
similar outcomes but distinct pathways

Salik Hussain, Armelle Baeza-Squiban, Ioana Ferecatu, Karine Andreau, Francelyne Marano, Sonja Boland
Univ Paris Diderot (Sorbonne Paris Cité), France

Although there is a rapid transfer of technical research to consumer products in the sector of nanotechnology 
the understanding of occupational and environmental health effects of nanoparticles (NPs) is still a neglected 
field.
We studied the cytotoxicity of well characterized carbon black (CB) and titanium dioxide (TiO2) NPs of 
different sizes in human bronchial epithelial cells (primary cells and 16HBE14O- cell line). We demonstrated 
that both, CB and TiO2 NPs, induce cytotoxicity through apoptosis induction. Cells exhibit decrease in cell 
size, peripheral chromatin condensation, caspase activation and DNA fragmentation. A decrease in 
mitochondrial membrane potential, activation of Bax and release of cytochrome c from mitochondria were 
only observed in case of CB NPs whereas lysosomal membrane destabilization, lipid peroxidation and release 
of cathepsin B was only observed for TiO2 NPs. Furthermore, reactive oxygen species (ROS) production was 
observed after exposure to CB and TiO2 in a size and dose dependent manner and is highly correlated to 
the surface area of the NPs. However, H2O2 was only implicated in apoptosis induction by CB NPs. Thus, 
although the final outcome might be the same, the molecular pathways activated by NPs differ depending 
upon the chemical nature of the NPs. CB NPs induce apoptosis by a ROS dependent mitochondrial pathway 
whereas TiO2 NPs undergo cell death through lipid peroxidation and lysosomal membrane destabilization.
Our findings demonstrate the significance of physicochemical characteristics and emphasize the need of 
studying the molecular pathways induced by NPs rather than only monitoring the final outcome after 
exposure.
Supported by ANR grant 0599-5 SET024-01 and FP7 projects N°-201335 (NanoTest) and  N°-228789 
(ENPRA).

O-30-C-34 Effect of nanoparticle morphology on toxicity: Comparative study 
using CuO spheres, rods, and spindles

Superb K Misra1,2), Agnieszka Dybowska2), Samir Nuseibeh3), Teresa D Tetley3), Eugenia Valsami-Jones1,2)
1)University of Birmingham, UK, 2)Earth Sciences, Natural History Museum, Cromwell Road, London SW7 5BD, UK, 3)Lung 
Cell Biology, National Heart & Lung Institute, Imperial College London, London, UK

Copper oxide nanoparticles with different morphologies (spheres, rods and spindle shaped platelets) were 
used to examine the effect of shape on the various physicochemical properties (reactivity, aggregation, 
suspension stability) and to examine the mechanism by which CuO nanomaterials induce a biological 
response from alveolar type-I cells. In vitro dissolution studies (7 days) in 1mM NaNO3 matrix showed a 
marked difference in dissolved Cu release between the nanoparticles. However, in serum-free cell culture 
media (exposure media to cells) the particles' dissolution was found to be significantly enhanced with close 
to complete dissolution reported for all particle types. Biological studies showed both shape and size of the 
CuO nanoparticles tested to have a significant effect on TT-1 cell viability and release of pro-inflammatory 
cytokines; IL-6 and IL-8. This study shows a complex interplay between particulate and dissolved species 
triggering the biological response. Upon immediate exposure of CuO nanoparticles of different shapes, the 
particulate form contributes towards the toxicity. However, for any biological response observed over and 
beyond a period of 24 hrs the dissolved fraction becomes significant. There was a significant difference in 
toxicity based on the shape of the nanoparticles.
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O-30-C-35 Cytotoxicity Effect of Iron Oxide nanoparticles Coated by Dextran on 
3T3 and GC-1spg Cell Lines

Somayeh Jafarinejad1), Mahmoud Ghazi-Khansari1), Ali Beitollahi2)
1)Tehran University of Medical Sciences, Iran, 2)Center of Advanced Materials Processing, School of Metallurgy and 
Materials Eng., Iran University of Science and Technology (IUST), Iran

In recent years a broad diversity of nanoparticles with magnetic properties has been produced, which are 
different in size and type of surface coating. Superparamagnetic iron oxide nanoparticles with Dextran can 
increase their systemic blood circulation time and also by entering in lymph node macrophages they can 
change their magnetic properties which can be detected by MRI.  In this study, dextran coated iron oxide 
nanoparticles with co-precipitation  was synthesized and characterized. The X-ray diffraction (XRD) showed 
the presence of magnetite phase with the crystallite size of 9 nm, which corresponded to TEM results, 
although the formation of maghemite phase was probable. The Attenuated Total Reflectance (ATR) spectra 
verified the surface modification of magnetite nanoparticles with dextran, and the average hydrodynamic 
diameter of particles was reported as 50 nm by dynamic light scattering (DLS). Then the cytotoxicity of iron 
oxide nanoparticles was investigated in three kind of cell lines divided into four groups: the first group was 
the control group, the second group was exposed to different concentration of iron oxide nanoparticles 
(3.3375, 6.675, 13.35 uM), the third group was given different concentration of iron oxide (3.3375, 6.675, 
13.35 uM) and the final group was exposed to various concentration of dextran (1880, 940, 470 uM). We 
also measured Lactate dehydrogenase enzyme (LDH) activity and cell attachment ability. The results showed 
no cytotoxicity effect of iron oxide nanoparticles coated with dextran on these cell lines as compared to 
other groups. Our results also indicated that Lactate dehydrogenase enzyme (LDH) activity and cell 
attachment ability did not change when iron oxide nanoparticles had been used.

O-30-C-36 In vitro cytotoxicity assay of TiO2 nanoparticles in pulmonary 
epithelial and macrophage-like cells

Kokoro IWASAWA, Takuya AOYAMA, Yasuyuki SAKAI
The University of Tokyo, Japan

Recent advances in nanotechnology have increased the development and production of many new 
nanomaterials, and this raises concerns about possible health risk. Due to protection of animals and 
physiological relevance to humans, wide uses of cultured human cell-based assays are strongly expected. To 
establish the human cell-based assays in this research, alveolar epithelial cells line (A549) is used to form 
cell monolayer as the surface of alveoli in vivo, or cultured at a low density to allow them grow as generally 
used in the toxicity assay. Moreover, macrophage-like cells differentiated from THP-1 are co-cultured on the 
A549 cell monolayer. These cells were exposed to the culture medium containing 0.002-0.200 mg/ml TiO 2 
or SiO 2 particles for 24, 48 and 72 hours, and the cell viability were measured by the WST-8 assay. Viability 
of A549 cells cultured confluently showed less change than A549 cells cultured in low density for 72 hours, 
and macrophage co-cultured cells showed slight viability change even high concentration particles are 
loaded. These results indicate that those particles have no acute toxicity to alveolus epithelium in 72 hours. 
The macrophage-like cells were observed to phagocytize the particles distributed on the A549 cell 
monolayer, and few particles are phagocytized in A549 cells. Meanwhile, most of A549 cells cultured in low 
density actively engulfed particles. These results indicate that the viability depend on the particle 
phagocytosis of A549 cells, and translocation and the cell damage are possible to predict by observing the 
particle localization around the pulmonary alveoli. Cellular responses in terms of release of various 
inflammatory cytokine are now under study to get further information of biological responses.
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O-30-C-37 Toxic effects of nano- and micrometer sized fumed silica particles 
using two in vitro approaches

Anjoeka Pronk, Christa Klaassen, Marcel Alblas, Mariska Gröllers-Mulderij, Eric Schoen, 
Birgit van Duuren-Stuurman, Wouter Fransman, Ingeborg Kooter
TNO, Netherlands

In vitro nanotoxicity is often tested by exposing cells via medium. The aim of this study was to assess the 
toxicity of nano- and micro-sized silica particles in a simulated workplace scenario by exposing human lung 
epithelial carcinoma cell line A549 via air in a CULTEX system.  
The workplace scenario dumping of nano (diameter: 10-20 nm) and micro (diameter 0,5-10 µm) sized 
amorphous silicon dioxide (SiO2) was simulated in a gas-free room using a mechanical feeder. A549 cells at 
the air-liquid interface were directly exposed to the particles for 10, 35 and 60 minutes  or dry medical air 
using a CULTEX system. Particle exposure was assessed by SMPS and APS. In addition A549 cells were 
exposed via medium at 83-333 µg/cm2 for 24h. Cell membrane integrity (leakage of LDH), oxidative damage 
(GSH and HO-1 in cell lysates), and release of IL-8 were determined.
Results show that for the workplace scenario cellular responses on the air-liquid interface were relatively 
low. LDH response was higher for nano-SiO2 as compared with exposure to micro-SiO2. In contrast, when 
exposing cells via medium, micro-SiO2 showed a stronger effect on LDH and IL-8 compared to nano-SiO2.
Our results suggest that the method of administering particle exposure may have an effect on cellular effects 
observed. This is of importance since workplace situations greatly differ from the laboratory conditions under 
which in vitro experiments are often carried out. This pilot study is a first step towards assessing cellular 
effects of nanoparticles in a workplace situation.
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P-01-001 Photo-catalytic degradation of dimethyl-sulfide under visible light 
with S-doped TiO2 photo-catalyst

Hsin Chu1), Yi-Hsing Lin2), Mei-Chin Chen3), Ting-Ke Tseng4)

1)National Cheng Kung University, Korea, 2)Department of Environmental Engineering, National Cheng Kung University, 
Korea, 3)Research Center for Energy Technology and Strategy, National Cheng Kung University, Korea, 4)Research 
Center for Energy Technology and Strategy, National Cheng Kung University, Korea

Dimethyl-sulfide (DMS) is one of the sulfur-containing volatile organic compounds (VOCs) indoors, and its 
sources can be natural or anthropogenic emissions. It is easy to be detected from cooking of certain 
vegetablesbeetroot, and seafood in kitchens and some industrial plants. Photo-catalytic oxidation (PCO), with 
its fast oxidation rate and simple procedures, now has become one of low energy technologies to degrade 
VOCs and has been applied widely in related researches. Normally, a UV light has to be provided to activate 
the photo-catalysts. However, the energy may be further reduced if a building fluorescent lamp can be used 
instead. The PCO rate of DMS under visible light was expected to increase by sulfur doping. In this study, 
TiO2 and sulfur doped TiO2 were prepared by a sol-gel method. To analyze the physical and chemical 
characteristics of photo-catalysts we used TGA, XRD, and XPS, respectively. The results indicate that doped S 
can reduce crystalline size and all photo-catalysts are of anatase structures. The results of XPS show that 
sulfur doping onto the TiO2 lattice exists as S6+ on the surface crystal lattices. Photo-catalytic oxidation 
experiments were conducted in a continuous photo-reactor with various sulfur doping ratios (0-25 mol%), 
relative humidities (10-80%), DMS concentrations (55-100 ppm), and temperatures (25-45 ℃ ). The results 
show that the photo-catalyst with S/TiO2= 5 mol% exhibits the best activity under visible light. By fitting with 
a Langmuir-Hinshelwood model, the results show that Ki is larger than Koi, i.e., the adsorption ability of DMS 
on S-TiO2 is larger than H2O.

P-01-002 Successive and large-scale synthesis of non-toxic quantum dots in a 
flow reactor

Chang-Soo Han, Jun Lee, Ju Yeon Woo
Korea University, Korea

Semiconducting nanocrystals, or quantum dots (QDs), have attracted much attention over the last decade 
due to their outstanding optical properties, including low scattering, tunable bandwidth, high brightness, 
long-term stability, and nm scale size. These materials have proven to be promising candidates for use in 
various applications, from solar cells and light-emitting diodes (LEDs) to sensors and other electronic devices. 
To date, large-scale production and toxicity of high-quality QDs have been regarded as the major challenges. 
While batch types of synthetic methods using flask-type reactors can usually be scaled up, product quality 
would be often inversely proportional to the reactor size because of chemical inhomogeneity and 
temperature non-uniformity in a reactor. In addition, Cd based QD has been appreared toxic to natural eco-
system including human. So Cd free QD like InP has been actively studied nowadays. 
In this presentation, we will show the successive and mass producible synthesis of quuantum dot based on 
flow reactor not microfluidic chip. Moreover, the sucessfully synthesized high quality QDs were Cd free 
materials like InP/ZnS and CuInS/ZnS. Furthermore, using the sunthesized QDs, we fabricated the LED device 
by using QDs as a color converting material.
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P-01-004 Novel route for the synthesis of nanostructured hydroxyapatite 
crystals

Masahiro Okada1), Yuko Omori2), Naoyuki Matsumoto2), Shoji Takeda1), Tsutomu Furuzono3)

1)Osaka Dental University, Japan, 2)Department of Orthodontics, Osaka Dental University, Japan, 3)Department of 
Biomedical Engineering, School of Biology-Oriented Science and Technology,  Kinki University, Japan

Hydroxyapatite (HAp) exhibits excellent adhesion for not only hard tissue but also soft tissues due to its 
favorable adsorption capacity for bioactive substances. In general, nanoparticles offer improved performances 
compared with conventional-sized materials due to large surface-to-volume ratios. When low-crystallinity 
HAp nanoparticles prepared via general wet chemical processes are calcined to increase their thermal and 
chemical stabilities, the nanoparticles typically sinter into large agglomerates consisting of polycrystals. 
Therefore, there are strong needs for developing a novel methodology to synthesize nanosized crystals of 
calcined HAp. 
Herein we report the synthesis of agglomerate-free HAp nanocrystals by a unique calcination method with an 
anti-sintering agent. The HAp nanocrystals synthesized were applied as a coating agent to improve cell 
adhesion properties of medical polymers.

P-01-005 Optimized sample preparation of nanosized titanium dioxide for in 
vivo toxicological studies

Kenichi Kobayashi, Yasuko Hasegawa-Baba, Hisayo Kubota, Muneyuki Miyagawa
National Institute of Occupational Safety and Health, Japan

Nanosized titanium dioxide (TiO2) has been widely manufactured and applied for consumer, medical, and 
industrial products in various fields, however the magnitude of toxicity and potential health effects of TiO2 
remain to be clarified to date. It is known that nanoparticles tend to aggregate into larger particles. Hence, 
the present study was conducted to establish a versatile and practical protocol to disperse TiO2 in 
appropriate medium for assessing the adverse effects of nanosized TiO2 with laboratory animals after 
systemic exposure. Three types of TiO2 particles : nanosized titanium (IV) oxide (AEROXIDE P25; Sigma), 
titanium (IV) oxide, anatase (Sigma), and titanium (IV) oxide rutile (Sigma) were mixed in the following 
dispersants at concentration of 0.2 mg/ml: ultrapure water (UPW), 0.2% disodium hydrogenphosphate (DSP), 
Dulbecco's phosphate buffered saline (DPBS), 0.9% saline (S), or 0.9% saline containing 0.05% Tween 20 (ST). 
These TiO2 dispersions were sonicated for 30 min, and then centrifuged at 1,000g for 60 min. The 
supernatant was collected to use for toxicity tests. The average particle sizes in these preparations were 
analyzed by dynamic light scattering method. All types of the TiO2 particles in UPW and DSP were properly 
dispersed, and the average diameter of the particles (agglomerates/aggregates) was observed at 
approximately 60-80 nm. TiO2 particles in DPBS, S, or ST were not dispersed properly. These findings 
indicated that UPW and DSP were thought to be appropriate for TiO2 nanoparticle dispersion. Further studies 
are needed to examine the improved sample preparation and its stability for other nanoparticles.
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P-01-006 Characterization of Nanomaterials for the Assessment of NanoEHS

Daisuke Fujita1), Mingsheng Xu2)

1)National Institute for Materials Science, Japan, 2)Zhejiang University, China

Functional nanomaterials are playing key roles for various innovations in nanotechnologies. The increased 
presence of functional nanomaterials in industry raises concerns about potential adverse effects on 
environment, health and society (nanoEHS, or nanorisk), which has given birth to the new discipline to study 
the potential risk of functional nanomaterials. Key to the long-term sustainability of nanomaterials is to 
establish the confidence that the engineered nanomaterials are safe. However, current toxicity evaluation of 
functional nanomaterials, such as carbon nanotubes (CNT), has produced conflicting results. The discrepancy 
is mainly caused by incomplete characterization of nanomaterials, such as size, aggregation/agglomeration, 
and other physico-chemical properties in a dry form or in a cell culture medium. Therefore, to address the 
mechanism of toxicity and to elucidate the nano-biological interactions, it is crucial that nanotoxicity study is 
performed on multidisciplinary stages with collaboration between materials scientists and biologists. We are 
developing novel integrated approach to assessing engineered nanomaterials risk. Here, we present such a 
study with emphasis on establishment of reliable nanocharacterization methodology for assessing cytotoxicity 
of nanomaterials. The technologies allow us to characterize the physicochemical effects of nanomaterials on 
cytotoxicity. Fully understanding the physicochemical properties of nanomaterials could lead us to identifying 
the key material characteristics responsible for the observed toxicity and establishing theoretical basis 
needed to design safe nanomaterials.

P-01-007 Preparation of silver nanoparticles using sodium alginate for 
photocatalyst

Saki Hirota, Bunshi Fugetsu
Hokkaido University, Japan

1.Purpose
 The current photocalyst, TiO2, generally needs the ultraviolet light to work. Silver (Ag) nanoparticles work 
by the light ranging from ultraviolet to visible light. In this sense, they are superior as photocalyst than TiO2 
in their operability. However they often use an organic solvent, toluene, as dispersed agent for preparation. It 
costs expensive and also causes bad influence on health and environment. Sodium alginate is one of the 
natural polymer materials, contained in the seaweed such as kelp and wakame. It is inexpensive and 
ecological.In this study, using sodium alginate as dispersing agent, Ag nanoparticles were prepared and the 
photocatalystic properties were measured.
2.Method
AgNO3 was dropwised and stirred in the 50mL solution containing 1wt% ascorbic acid as reductant and 
sodium alginate as dispersing agent. The Ag nanoparticles were recovered from the solution by centrifugal 
method, washed and dried. Observation and elemental analysis was done using SEM, TEM and EDS. Particle 
size distribution was measured by AFM. To study the interaction of Ag with sodium alginate, FT-IR was also 
measured. The efficiency as photocatalyst was evaluated by the degradation of methylene blue
3.Results
Ag nanoparticles could be prepared by increasing the concentration of sodium alginate. They worked well as 
photocatalyst in the result of methylene blue degradation. The present method can be inexpensive and 
ecological for preparation of Ag nanoparticles for photocatalyst.
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P-01-008 Dispersion method for safety research on manufactured 
nanomaterials

Wenting Wu1), Gaku Ichihara1), Yuka Suzuki2), Kiyora Izuoka2), Saeko Oikawa-Tada2), Jie Chang2), 
Kiyoshi Sakai3), Kunichi Miyazawa4), Dale Porter5), Vincent Castranova5), Masami Kawaguchi6), 
Sahoko Ichihara2)

1)Nagoya University Graduate School of Medicine, Japan, 2)Graduate School of Regional Innovation Studies, Mie 
University, 3)Nagoya City Public Health Research Institute, Japan, 4)National Institute for Materials Science, Japan, 
5)National Institute for Occupational Safety and Health, Japan, 6)Department of Chemistry for Materials, Faculty of 
Engineering, Japan

The present study searched for suitable dispersion methods for the preparation of nanomaterial suspensions. 
Titanium dioxide (TiO2) and zinc oxide (ZnO) nanoparticles were dispersed in a biocompatible dispersion 
medium by direct probe-type sonicator and indirect cup-type sonicator, while size characterization was 
completed using dynamic light scattering and transmission electron microscopy. Microscopic contamination 
of metal titanium that broke away from the tip of the probe into the suspension was found when it was 
operated at 220 W for 30 min. Size of agglomerated TiO2 nanoparticles decreased with increase in 
sonication time or output power. The size distribution of TiO2 nanoparticles deflected toward a larger size in 
higher particle concentration, while a small difference in size was noted between different concentrations of 
ZnO nanoparticles. Agglomerated TiO2 nanoparticles were dispersed into 371.8±12.5 nm when cooled by 
circulating 30% ethanol kept at -10℃ , but 154.5±4.7 nm at 5℃ . A practical protocol was then selected and 
used. The average size of well-dispersed nanoparticles using the selected protocol increased by less than 8% 
at 7 days after sonication. Multi-walled carbon nanotubes were also well dispersed by the same protocol. 
The study suggests that temperature plays an important role in nanomaterial dispersion in terms of both size 
distribution and suspension stability. Dispersion concentration should also be taken into consideration when 
specific particles are dispersed at different concentrations. The cup-type sonicator might be a useful 
alternative to the traditional bath-type sonicator of probe-type sonicator based on its effective energy 
delivery and assurance of suspension purity.

P-01-009 Detection and Characterization of Airborne Carbon Nanotubes Using 
Hyperspectral Imaging

Samuel M. Lawrence1), James Beach1)

1)CytoViva Inc., USA, 2)Technology Development, CytoViva, Inc, USA

Detection and characterization of engineered nanomaterials is being accomplished with a variety of analytical 
techniques. Hyperspectral microscopy is a technique that has been adopted for nanomaterial detection and 
characterization measurements in a wide range of environmental conditions. A novel hyperspectral 
microscopy technique provided by CytoViva, Inc. utilizes patented enhanced-darkfield microscopy with 
integrated diffraction grating hyperspectral imaging technology. This integrated optical imaging and spectral 
characterization system has been established as a reliable and effective method for observation and spectral 
characterization of nanomaterials in a wide range of biological environments. This includes whole animal 
organisms, mammalian cell culture, soils and complex fluids. The technique enables observation, spectral 
characterization and mapping of noble metal, metal oxide and carbon based nanomaterials in these 
biological environments.

Inhalation exposure of certain airborne nanomaterials has been determined as potentially harmful to humans 
and animals. As a result, recommended exposure limits to airborne carbon nanotubes have been established 
by NIOSH USA. This has driven a need to develop methods to quickly and accurately detect and characterize 
the presence of airborne carbon nanotubes and other nanomaterials. In this oral presentation, images and 
data outlining the efficacy of the CytoViva hyperspectral microscopy system as a potential method for 
detecting and characterizing airborne carbon nanotubes and other nanomaterials aerosoled on air filter 
matrixes will be illustrated.
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P-01-010 Aerosol-assisted fabrication of mesoporous silica supported 
bimetallic Ce/Al catalysts for acetone oxidation

Liangyi Lin, Hsunling Bai
Institute of Environmental Engineering, National Chiao Tung University, Taiwan R.O.C.

A series of bimetallic Ce/Al catalysts supported on mesoporous silica were prepared through a facile salt-
templated aerosol process in this study. Alkali-extracted opto-electronic industrial waste silicate was 
employed as the sodium silicate precursor. The inorganic salt, which is in-situ formed during the silicate 
acidification process, is driven to replace traditional organic surfactants as an effective and low-cost template, 
and it can be readily removed by water washing at room temperature. The Ce/Al-SiO2 catalysts were 
fabricated under various aerosol-spraying temperatures, and the temperature effect on the structural and 
surface properties was investigated by powder XRD, nitrogen physisorption measurement, SEM/TEM, ICP-MS, 
27Al MAS-NMR, UV-vis spectra, H2-TPR and NH3-TPD analyses. The catalytic behavior was further evaluated in 
terms of acetone oxidation. The results revealed that the catalytic oxidation of acetone is mainly governed 
by the surface redox property, along with the acidity of the resulting catalyst. The Ce/Al-SiO2-300, with high 
surface acidity and strong surface reducibility, appeared to have the best acetone catalytic performance at 
the temperatures of 100 to 300 oC and its T90 was at 165 oC under acetone inlet concentration of 1,000 
ppmv and GHSV of 15,000 h-1. Furthermore, compared with literature data which obtained by catalysts 
prepared using sols of commercial silicon source and traditional organic surfactant templates, Ce/Al-SiO2-300 
showed a better catalytic performance, indicating the great potential application of Ce/Al-SiO2 composite for 
the catalytic oxidation of acetone.

P-01-011 Effect of extraction conditions on rice husk ash derived mesoporous 
silicas for CO2 adsorption

Wanting Zeng, Hsunling Bai
Institute of Environmental Engineering, National Chiao Tung  University, Taiwan R.O.C.

In this study, the mesoporous silica material was developed using sodium silicate extracted from rice husk 
ash (RHA) agriculture waste. The effect of fusion and hydrothermal temperature on the physico-chemical 
properties of obtained mesoporous silica materials was investigated by the X-ray diffraction measurement, N2 
adsorption-desorption and transmission electron microscopy. The synthesized silica materials from rice husk 
ash under various hydrothermal temperatures of ambient temperature (AT), 40, 70, 105 and 140oC was 
named MS-AT, MS-40, MS-70, MS-105 and MS-140, respectively. The N2 adsorption-desorption results 
showed the mesoporous silica materials possessed high specific surface areas (484, 945, 1095, 1063 and 
1033 m2/g), large pore volumes (1.92, 0.97, 1.04, 1.00 and 1.02 cm3/g), and narrow pore size distribution 
(with average pore diameter of 14.4, 4.4, 3.4, 3.4 and 3.3nm). From powder XRD results, MS-AT showed a 
broad peaks centering at 22o, which could be ascribed to the presence of amorphous SiO2 as extra-
framework particles. The other MS samples revealed typical pattern of well-arranged hexagonal mesoporous 
structure. The obtained MS materials were applied as the support of adsorbent for CO2 capture. The 
breakthrough tests clearly revealed that the tetraethylenepentamine (TEPA)-modified MS-AT materials could 
achieve CO2 adsorption capacity of 158 mg/g under 15% CO2 at 60 ℃ , which was superior to other MS 
materials and MCM-41 (117 mg/g) under the same test conditions. This can help to reduce both the energy 
penalty of the manufacture process of silica adsorbents as well as the solid waste production rate. The 
mesoporous silica materials synthesized from agricultural waste with high adsorption performance could be 
considered as potential adsorbents for CO2 capture.
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P-01-012 Results from an Inter-Laboratory Study to Measure Nanoparticle Size 
by TEM

Aleksandr Byron Stefaniak, M. Abbas Virji
National Institute for Occupational Safety and Health, Division of Respiratory Disease Studies, USA

Standardized protocols for sample preparation and analysis of particle size are critical for process quality 
control, exposure monitoring, and toxicology studies. Inter-laboratory studies (ILS) are an effective means to 
establish the validity of a protocol. We conducted an ILS that involved seven participants (A - F) from 
academia, commercial analytical laboratories, and government facilities (excluding metrology institutes).  
Participants followed a sample preparation protocol that prescribed the use of colloidal gold reference 
materials (RM) with nominal sizes of 10, 30, and 60 nm and amine-functionalized microscopy grids. 
Transmission electron microscopy was used for image collection and the freely available ImageJ software 
program for image processing. Over 10,800 individual measurements were reported by the participants. At 
10 nm, only the average size measured by participant B did not differ from the assigned RM value. At 30 nm, 
the average size measured by five of the seven participants (A, B, C, D, and G) did not differ from the RM 
value. At 60 nm, the average size measured by four of the seven participants (A, C, D, and G) did not differ 
from the RM value. We conclude that accuracy of particle size measurement increases as particle size 
increases in the nanoscale.

P-01-013 Removal of Arsenic by Nano Iron Modified Syntetic Zeolite

Rabeah Menhaje-Bena, Mahmood Ghazi-Khansari, Babak Akbari
Department of Pharmacology, School of Medicine,Tehran University of Medical Sciences, Iran

The main objective of this study was to find a relatively inexpensive method for removal of aresnic from 
drinking water. Characterization and uptake capability of nano iron modified synthetic zeolite P from natural 
clinoptilolite was investigated toward inorganic arsenic. Results obtained from sorption experiments, using a 
batch (static) technique showed that this modified nano-pore was the most selective sorbent for removal of 
arsenate. 
The changes after modification were characterized. The basic properties specifying the porous structure of 
investigated samples were determined.The synthesized iron oxide particles were prepared without zeolite to 
understand their contribution to the changes in surface and porous properties of modified zeolite. The 
scanning electron microscopy (SEM), EDX Multi- Element Mapping and X-Ray Diffraction data showes that we 
successfully make dispersed Fe2O3 nanoparticles within P zeolite.
Percent of absorption of the arsenic (V) on different samples were calculated from the concentration of initial 
and resulting solution, C0 and C. The obtained results of kinetic experiments show high tendency for arsenate 
90%.
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P-01-014 Separation of nanoparticles using surface acoustic wave in a 
microfluidic system

Wenliang Yao, Yujin Heo, Junghun Nam, Sehyun Shin
School of Mechanical Engineering, Korea University, Anam-dong, Seoul, Korea

A surface acoustic wave (SAW)-based separation method was further developed for separation of 
nanoparticles in a microfluidic system. Two interdigitized transducers (IDTs) were fabricated on the 
piezoelectric substrate and a long serpentine microchannel was located between the two IDTs. The 
serpentine microchannel, which was comprised of 10 serpentine periods, was fabricated with 
polydimethylsiloxane (PDMS). When electric voltage was applied on the piezoelectric substrate via IDTs, 
then two surface acoustic waves were generated, encountered each other, and formed standing surface 
acoustic wave (SSAW). With a careful design and alignment of microchannel, we can locate the PNs along 
the microchannel walls in the horizontal direction. In vertical channels, there were multiple PNs located along 
the channel. In the horizontal microchannel, relatively large particles were easily pushed to the two side 
walls and flowed along the slowest streamline in the parabolic velocity profile, while small particles kept 
flowing along the centerline at the highest velocity. In the vertical microchannel, particles aligned at the side 
walls, were trapped at multiple pressure nodes. With a fixed electric power, particles were trapped in the 
size-dependent manner at different locations of the serpentine microchannel. When the electric power 
decreased, the smallest particles (0.2 µm) which were trapped in the downstream tend to flow through 
outlet. With gradual decreasing the electric voltage, 0.5 µm particles and 1 µm particles tend to flow and 
were detected in the outlet in a size-dependent order.
Keywords: Separation, nanoparticles, surface acoustic wave

P-01-015 The analysis of functional groups and quantification of individual 
ligands from the surface of multi-functionalized gold nanoparticles 
using Fourier Transform Infrared Spectroscopy

Thingahangwi Madzihandila1), Tlotleng Nonhlanhla2,3), Xolani Masoka1), Sekobe Gopolang1,2), 
Mary Gulumian1,2)

1)Occupational and Hygiene Section, National Institute for occupational health, South Africa, 2)Department of Molecular 
Medicine and Haematology, School of Pathology, University of the Wiwatersrand, South Africa, 3)Toxicology and 
Biochemistry Section, National institute for occupational health, South Africa

Multi functionalized gold nanoparticles have become indispensable tools for applied medical technology 
because of their tunable properties.  Multiple chemical modifications on the surface of gold nanoparticles 
confer them with the abilities to selectively target diseased cells, enhance blood circulation time and 
solubility, evade immune systems, and enable therapy and biocompatibility simultaneously.  The 
characterization of functional ligands and functional groups on gold nanoparticle surfaces is significant for the 
integrity of correlating cellular response to the surface chemistry of the nanoparticles.  In this study, the 
Fourier Infrared Transform (FT-IR) absorption spectroscopy was used characterize the success of 
functionalization on gold nanoparticle surfaces in the infrared, near infrared and the far infrared spectrum.  
PEG coated gold colloids presenting the hydroxy, carboxyl, azide and biotin functional groups were 
characterized with the Universal ATR spectrometer.  The FTIR spectrum identified the various functional 
groups at absorbance of 2300- 4000 cm-1.  The long alkyl bands of the PEG chains were identifies at 3030-
2845 cm-1.
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P-01-130 Characteristics of Potential Nanoscale Arosols Generated During 
Processing of Ion Ore Mines

Eun-Kyo Chung1), Huynh T. B.2), Gurumurthy Ramachandran2)

1)Occupational Safety and Health Research Institute, Korea Occupational Safety and Health Agency (KOSHA), Korea, 
2)Division of Environmental Health Sciences, School of Public Health, University of Minnesota, USA

Objective: The purposes of this study are (1) to investigate potential emission of nanoscale aerosols generated during 
processing of ion ore and (2) to assess aerosols concentration by similarly exposed groups (SEG) at ion ore mines. 
Methods: The following instrumentation has been employed to evaluate the workplaces. Nanoparticle Aerosol Monitor 
(particle size range 10-1000 nm, unit: µm2/cc, TSI-9000, USA), DustTrak Air Monitors (PM10,PM2.5,PM1.0;TSI Inc, Model 8520, 
USA), the condensation particle counter; Ultrafine Particle Counter (range;20-1000nm,P-Trak,TSI, Model 8525, USA), Optical 
Particle Counter(particle number by size range 0.3-25 µm, Aerotrak 9306, TSI, USA).
All tasks and possible influential factors on airborne particles concentration were asked to the manager and workers. During 
sampling, observed the activities of the workers and wrote in a time-activity diary (TAD) to record contextual information, 
which was matched with the concentration profiles obtained by real-time measurement devices. Total of six mines, three 
incidental aerosols(ultrafine, fine, coarse) particles related processes(crushing, concentrating, and pelletizing) and seventeen 
SEG, were evaluated. 
Results: Each concentrations of SEGs were log-normally distributed. The number particle concentration (GM) of the workers 
according to their SEGs was the highest for furnace operator (168.53 #/m3), followed by pelletizing maintenance (165.44 #/
m3), balling drum operator (131.73 #/m3), and other SEGs. High group were furnace operator, pelletizing maintenance, balling 
drum operator, and electrician, middle group were automechnic, concentrator maintenance, concentrator operator, crusher 
maintenance, crusher operator, dockman, lab analyst, maintenance technician, pelletizing operator, and warehouse technician, 
low group were control room operator and office staff. The geometric means for airborne concentration of exposed samples 
in each mines were A 7.08(1.91), B 4.27(1.44), C 4.35(2.42), D 5.44(2.64), E 7.77(1.59), F 10.00(1.82) mm2/m3 at AeroTrak, A 
87.89(1.81), B 42.98(1.71), C 55.61(2.01), D 58.84(2.58), E 75.87(1.89), F 100.49(1.61) #/m3 at PTrak, and A 0.03(3.18), 
0.12(2.75), B 0.02(1.83), 0.07(1.47), C 0.02(1.71), 0.09(1.73), D 0.03(3.15), 0.11(3.00), E 0.02(3.09), 0.11(3.02), F 0.03(3.89), 
0.10(2.46) mg/m3 at PM2.5 and RPM of DustTrack, respectively. Surface area and number particle and mass concentrations of 
airborne particles according to measurement metrics(AeroTrak9000, Ptrak, DustTrak). It shows that surface area and particle 
count concentration of A and F mines is higher than those of other mines. However, mass concentration of all mines were not 
difference between PM2.5 and RPM. It was differences of number fraction/um by particle size between wet work of 
concentrator workers and dry work of other SEGs of all mines in OPC, it was statistically significant(p<0.05). 
Conclusions: The SEGs in this study was one of the most significant factors assessing exposures of airborne concentrations at 
worksites. The most high airborne concentration among SEGs was furnace operator and pelletizing maintenance in number 
particle and surface area, but it was not high at mass concentration. The most low airborne concentration among SEGs was 
control room operator and office staff in number particle and surface area, but it was not almost difference at mass 
concentration.

P-02-016 Maternal exposure to titanium dioxide nanoparticle affects gene 
expression in the brain development

Masakazu Umezawa1,2), Midori Shimizu1), Hitoshi Tainaka2), Ken Takeda1,2)

1)Tokyo University of Science, Japan, 2)The Center for Environmental Health Science for the Next Generation, Research 
Institute for Science and Technology, Tokyo University of Science, Japan

Objectives: We previously reported that nanoparticulate titanium dioxide (nano-TiO2) can transfer from 
pregnant mouse to the brain tissue of offspring. The aim of the present study was to investigate the effects of 
administration of nano-TiO2 to pregnant mice on gene expression in the brain during the developmental 
period.
Methods: Pregnant ICR mice were treated with a suspension of anatase nano-TiO2 (100 µg/time) by 
subcutaneous injection, four times on gestational days 6, 9, 12, and 15. Brains were collected from fetuses 
offspring mice at embryonic day 16 and postnatal days 2, 7, 14, and 21. Gene expression in the brain was 
analyzed by cDNA microarray combined with Gene Ontology (GO) and Medical Subject Headings (MeSH) 
terms information.
Results: Analysis of gene expression using GO and MeSH indicated that expression levels of genes associated 
with apoptosis and brain development were altered in the brain of newborn pups (starting from early stage). 
The genes associated with neurotransmitters were changed in the brains of 2 and 3 weeks old mice (later 
stage). MeSH analysis indicated that the genes dysregulated by nano-TiO2 were enriched in the function 
related to striatum during the prenatal period, and in dopamine neuron system and prefrontal region in the 
later infantile period.
Conclusion: There results were consistent with the phenotypic alteration reported previously, and also 
contained additional insight into the developmental toxicity of nano-TiO2. Microarray analysis using GO and 
MeSH gave us clues as to the mechanisms that underlie the effect of maternal nano-TiO2 exposure on the 
brain development of offspring.
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P-02-017 Maternal exposure to carbon black nanoparticle affects perivascular 
cells in the brain of offspring

Atsuto Onoda1,2), Masakazu Umezawa1,3), Ken Takeda1,3), Tomomi Ihara2), Masao Sugamata2)

1)Tokyo University of Science, Japan, 2)Department of Pathology, Tochigi Institute of Clinical Pathology, Japan, 3)The 
Center for Environmental Health Science for the Next Generation, Research Institute for Science and Technology, 
Tokyo University of Science, Japan

Background: We previously reported that diesel exhaust particle, containing nano-sized particles, affected 
ultrastructure of perivascular macrophage (PVM) and astrocytes in the brain of offspring. Nanoparticles can 
transfer from pregnant body to the offspring, and may reach and damage the central nervous system during 
the developmental period.
Objective: The aim of the present study was to investigate the effects of maternal exposure to carbon black 
nanoparticle (CB-NP) on perivascular regions, especially PVM and astrocytes close to the blood vessels, in 
the brain of offspring.
Methods: Pregnant ICR mice were treated with a suspension of CB-NP by intranasal instillation 
(approximately 20 µg/kg/time), twice, on gestational days 5 and 9 or by intratracheal  instillation (100 µg/
time), twice, on gestational days 7 and 14. Brains were collected from offspring mice at 6 and 12 weeks 
post-partum. Brain tissue sections were provided to analysis using PAS staining and immunohistochemistry 
for light microscopy and ultrastructural analysis using transmission electron microscope (TEM).
Results: In the maternally CB-NP-treated groups, 1) PAS-positive PVMs were decreased in a wide area of 
brain; 2) PAS-positive granules of PVMs were enlarged; 3) expression of glial fibrillary acidic protein (GFAP) in 
astrocytes in the perivascular region, especially surrounding PVM with enlarged granules, was increased. TEM 
analysis showed that the granules of some PVMs had honeycomb-like form and the astrocytic end-feet was 
swollen in the maternal CB-NP exposure group.
Conclusion: Exposure of pregnant mothers to CB-NP denatured PVMs and cerebrovascular and activated 
astrocytes to repair the cerebrovascular injury in offspring mice.

P-02-018 Effect of treatment of pregnant mice with carbon black nanoparticle 
on the neonatal immune system

Saki Okamoto1), Masakazu Umezawa1,2), Ryuhei Shimizu1), Atsuto Onoda1), Mariko Uchiyama1), 
Shiho Watanabe3), Shuhei Ogawa2,3), Ryo Abe3), Ken Takeda1,2)

1)Tokyo University of Science, Japan, 2)The Center for Environmental Health Science for the Next Generation, Research 
Institute for Science and Technology, Tokyo University of Science, Japan, 3)Research Institute for Biomedical Sciences, 
Tokyo University of Science, Japan

Background: Maternal exposure to environmental factors is implicated as a major factor in the development 
of the immune system in newborns. Newborns are more susceptible to microbial infection because their 
immune system is immature. Development of lymphocytes reflects an innate program of lymphocyte 
proliferation.
Objectives: The aim of this study was to investigate the effects of administration of carbon black nanoparticle 
(CB-NP) to pregnant mice on the development of lymphoid tissues in infantile mice.
Methods: Pregnant ICR mice were treated with a suspension of CB-NP (approximately 20 µg/kg/time) by 
intranasal instillation, twice, on gestational days 5 and 9. Spleen and thymus were collected from offspring 
mice at 1, 3, 5, and 14 days post-partum. Splenocyte and thymocyte phenotypes were examined by 
investigating the pattern of surface molecules using flow cytometry. Gene expression in the spleen was 
examined by microarray and quantitative RT-PCR.
Results: Maturation of CD8+ thymocytes tended to be suppressed at 1 day post-partum, and T cells in the 
spleen were decreased in 5-day-old offspring in the treated group. Expression levels of IL-15, CCR7, and 
CCL19 were significantly increased in the spleen of 5-day-old offspring in the treated group. The decrease in 
T cells in the treated group recovered at 14 days after birth.
Conclusion: Treatment of pregnant mothers by CB-NP partially suppressed the development of the immune 
system and induced a phenotype similar to immunosuppression in newborn mice.
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P-02-019 The effects of exposure to zinc oxide nanoparticles on bleomycin-
induced pulmonary fibrosis in mice

Wenting Wu1,2), Gaku Ichihara1), Saeko Tada-Oikawa2), Yuka Suzuki2), Jie Chang1,2), Naozumi Hashimoto3), 
Yoshinori Hasegawa3), Corina Gabazza4), Esteban Gabazza4), Sahoko Ichihara2)

1)Nagoya University Graduate School of Medicine, Japan, 2)Graduate School of Regional Innovation Studies, Mie 
University, Japan, 3)Department of Respiratory Medicine, Nagoya University Graduate School of Medicine, Japan, 
4)Cellular and Molecular Immunology, Mie University Graduate School of Medicine, Japan

Zinc oxide (ZnO) nanoparticles are widely used in cosmetics and electronics industries. Oxidative stress and 
apoptosis were found after exposure to ZnO nanoparticles. Pulmonary inflammation and fibrosis were also 
reported in rats. The present study investigated underlying mechanism of pulmonary fibrosis caused by 
exposure to ZnO nanoparticles, in a mouse model of pulmonary fibrosis induced by bleomycin (BLM).The 
mouse model was completed by constant subcutaneous infusion of 100 mg/kg bleomycin sulphate using 
osmotic mini-pumps. Female C57BL/6Jcl mice were divided into bleomycin and non-bleomycin groups. In 
each group, Two doses (10, 30 µg/mouse) of ZnO nanoparticles with primary diameter of 20 nm were 
delivered into the lungs through pharyngeal aspiration. Bronchoalveolar lavage (BAL) and the lungs were 
collected 10 days after administration before dissection. The weight of the lungs increased in a dose-
dependent manner in non-bleomycin group. With regard to the lung histopathology, similar changes were 
showed in bleomycin and non-bleomycin groups. Mild and severe interstitial thickening were observed in 
peri-bronchial areas in low dose and high dose group, respectively. Fibroblasts proliferation, collagen 
deposition, lymphocytes accumulation, bronchiectasis and lung structure damage were identified. Ashcroft 
fibrosis score suggested dose-dependent elevation in the grade of fibrosis. Total cell count in BAL fluid 
showed the same pattern of up-regulation as the grade of fibrosis. Infiltration of inflammatory cells was 
indicated by the risen amount of macrophages, neutrophils, and lymphocytes especially. This study 
demonstrated that ZnO nanoparticles not only accelerated pulmonary fibrosis in BLM mouse model, but 
induced pulmonary fibrosis in wide type mice as well.

P-02-020 Pulmonary responses of P25 and other TiO2 nanoparticles following 
intratracheal instillation in rats

Takami Okada, Akira Ogami, Byeong Woo Lee, Takako Oyabu, Toshihiko Myojo
Institute of Industrial Ecological Sciences, Japan

Introduction: Titanium dioxide nanoparticles (primary particle diameter < 100nm) is widely used as 
sunscreen, cosmetic, photocatalyst, etc. The possible toxic health effects of nanoparticles associated with 
human exposure are still unknown. In this study, we evaluated pulmonary responses of various TiO2 
nanoparticles.

Methods: We used 4 kinds of TiO2 nanoparticles. (P25, Anatase, Rutile and Amorphous; 53.8, 102, 102 and 
110 m2/g for BET surface area, respectively.) Each TiO2 suspended in distilled water (2.5mg/mL) was 
intratracheally instilled to male Wistar rats at the dose of 1mg per rat. At 3days, 1month, and 6 months after 
instillation, the five rats per group were sacrificed and 50ml of bronchoalveolar lavage fluid (BALF) was 
collected from the right lung. The number of inflammatory cells in the collected BALF was determined by an 
automatic cell counter and the neutrophil fraction was counted from cytospin sample. The left lung tissue 
was used histopathological examination. We quantified pulmonary inflammation and extent of fibrosis using 
the point counting method.

Results: In P25 group and in Amorphous group, total cell counts and PMN counts in BALF raised significantly 
with control group at 3days. In P25 group, inflammation rate raised significantly with control at 3days, 
collagen deposition rate at alveolar duct raised significantly with control unitil 6months, and collagen 
deposition rate at pleura raised significant with control at 3days. In Anatase group and Rutile group, slight 
increases of collagen deposition rate at alveolar duct were detected also.

Conclusion: Although TiO2 nanoparticles used in this study have similar BET surface area, fairly different 
pulmonary responses were detected at the rats administered those nanoparticles.
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P-02-021 Pulmonary toxicity of copper indium gallium diselenide particles in rats

Akiyo Tanaka1), Miyuki Hirata1), Kazunori Koga2), Nobuya Hayashi3), Masaharu Shiratani2), Yutaka Kiyohara1)

1)Kyushu University, Japan, 2)Department of Electronics, Graduate School of Information Science and Electrical 
Engineering, Kyushu University, Japan, 3)Interdisciplinary Graduate School of Engineering Sciences, Kyushu University, 
Japan

The aim of this study was to clarify the pulmonary toxicological effects of copper indium gallium diselenide 
(CIGS) solar cell materials in 128 8-wk-old rats. 

A constitution ratio of CIGS particles, 0.1 µm of mean diameter, is 24 mol% of copper (Cu), 18 mol% of 
indium (In), 8 mol% of gallium (Ga) and 50 mol% of selenium (Se). Male Wistar rats were given 3, 10 or 30 
mg/kg of CIGS particles intratracheally, twice a week for 2 wk. Control rats were given vehicle, distilled 
water, only. These rats were euthanized 0, 1, 4 or 12 wk after the final instillation serially, and toxicological 
effects were examined [1]. 

The serum In levels increased with the passage of time in all the CIGS-treated groups dose-dependently, 
whereas serum Ga levels decreased in all the CIGS groups from 0 to 12 wk gradually. The serum Cu and Se 
concentrations were not almost influenced by the instillation of CIGS particles at each time point. The 
content of each metal in the lung increased with the dose instilled. Both the content of each metal in the 
lung and CIGS particles decreased from 0 to 12 wk. The biological half time of CIGS in the lung was 12.8 wk 
in the CIGS 3 mg and 10 mg groups and 8.5 wk in the CIGS 30 mg group from 1 wk to 12 wk. 
Histopathologically, foci of slight to severe pulmonary inflammatory response were observed among the all 
CIGS-treated groups, and the severity of these lesions worsened with the passage of time. 

The present results clearly demonstrate that CIGS particles cause pulmonary toxicity when repeated 
intratracheal instillations are given to rats. 

Reference

[1] Tanaka A. et al. Subacute Pulmonary Toxicity of Copper Indium Gallium Diselenide Following Intratracheal 
Instillations into the Lungs of Rats. J Occup Health 2012; 54; 187-195.

P-02-022 Acute Inhalation Toxicity of Graphene oxide

Jae Hoon Shin1), Jin Kwon Kim2), Joo Hwan Hwang1), Jong Seong Lee1), Tae Gyu Lee2), Il Je Yu2)

1)KCOMWEL, Korea, 2)Institute of Nano Products Safety Research, Hoseo University, Asan, Korea

Recently graphene has increased attention in many applications such as semiconductor, drug delivery and 
medical imaging due to its unique electronic and chemical properties. However, relatively little is known 
about the hazard graphene exposure to human health. Acute pulmonary toxic effect of graphene oxide was 
evaluated via nose-only inhalation for 6 hours to experimental animals. Male Sprague-Dawley rats were 
divided into 3 groups (4 rats in each group), the fresh air control (0 mg/m3), low (0.46 ± 0.06 mg/m3), and 
high (3.76 ± 0.24 mg/m3) dose group, respectively. Lactate dehydrogenase (LDH), microprotein (mP), and 
microalbumin (mALB) levels were evaluated from the bronchoalveolar lavage (BAL) fluid on day 1, 7, and 14 
after 6 hours exposure to graphene oxide. To evaluate the biopersistence of graphene oxide in the lungs, the 
ingestion of graphene oxide in the alveolar macrophages was evaluated. There was no statistical significant 
difference in average concentrations of LDH, mP, and mALB in the exposed groups when comparing with the 
unexposed control in all post-exposure groups (1, 7, and 14 days). The ingestion of graphene oxide in the 
alveolar macrophages was observed in all post exposure groups of the high dose group, but it was difficult to 
observe the graphene oxide in the control and low concentration group. Graphene oxide did not induce 
acute pulmonary toxic effect in the lungs of experimental animals.
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P-02-023 Thirteen-Week Toxicity of Multi-Walled Carbon Nanotubes by 
Whole-Body Inhalation Exposure in Rats

Yumi Umeda, Tatsuya Kasai, Hitomi Kondo, Tadao Toya, Hirokazu Okuda, Shigetoshi Aiso, 
Tomoshi Nishizawa, Shoji Fukushima
Japan Bioassay Research Center, Japan Industrial Safety & Health Association, Japan

Thirteen-week inhalation toxicity of multi-walled carbon nanotubes (MWCNTs) was examined for evaluation 
of pulmonary toxicity. F344 rats of both sexes were exposed by inhalation to MWCNT aerosol for 6 h/day, 5 
day/week and 13 weeks at 0.2, 1 or 5 mg/m3. The mass concentration in the inhalation chambers of 
MWCNT-exposed groups was controlled to the each target concentration throughout 13 week exposure 
period. There was no growth retardation of a greater than 10% in any group exposed to MWCNT for 13 
week as compared with the growth rate in the respective control. Lung weights increased in the rats exposed 
to 1 and 5 mg/m3. Histopathologically, granulomatous changes were observed in all MWCNT-exposed males 
and in 1 and 5 mg/m3 exposed females. Localized fibrosis of the alveolar wall was found in male and female 
rats exposed to 1 and 5 mg/m3. MWCNTs deposited in the lung of male and female rats in the all MWCNT-
exposed group. Goblet cell hyperplasia in the nasal cavity was observed in the 1 and 5 mg/m3 exposed rats. 
In cytological analyses of bronchoalveolar lavage fluid (BALF), the number of neutrophils and lymphocytes 
increased in the 1 and 5 mg/m3 exposed male and female rats. In biochemical analyses of BALF, significant 
increases in ALP and LDH activity and total protein and albumin concentrations occurred in a concentration-
related manner in all the MWCNT-exposed rats.  Based on the histopathological and BALF findings, no-
observed-adverse-effect level (NOAEL) was not determined. (The present study was conducted and 
supported by the Ministry of Health, Labour and Welfare, Japan)

P-02-024 Development of a MWCNTs aerosol generation system for inhalation 
toxicity studies

Tatsuya Kasai, Kaoru Gotoh, Tomoshi Nishizawa, Toshiaki Sasaki, Arata Saito, Taku Katagiri, 
Makoto Ohnishi, Yumi Umeda, Hitomi Kondo, Shoji Fukushima
Japan Bioassay Research Center, Japan Industrial Safety & Health Association, Japan

Because the primary route of human exposure to multi-walled carbon nanotubes (MWCNTs) is via inhalation, 
we have developed a dry MWCNT aerosol generation and exposure system for whole-body inhalation 
exposure using a cyclone and sieve. The system was tested for its operational performance at 0.2, 1, and 5 
mg/m3. Additionally, we examined whether this system can be employed in animal whole-body inhalation 
studies by treating rats with MWCNT aerosol by exposure for six hours at 5 mg/m3. Our system could 
consistently provide aerosols with a similar particle size distribution and configuration at all the target 
exposure concentrations. Almost all MWCNTs were fibrous, and the presence of many well-dispersed, nano-
sized particles was confirmed. Additionally, the animal study revealed that large amounts of MWCNTs were 
inhaled into the lung, resulting in inflammatory responses, with increased LDH and albumin levels, and 
granulomatous changes. Moreover, lung analysis suggested that about half of the MWCNTs inhaled into the 
lung were cleared on the day after the exposure. Thus, the results strongly indicated that our aerosol 
generation and exposure system is useful for MWCNT inhalation studies using rats.
(The present study was conducted and supported by the Ministry of Health, Labour and Welfare, Japan)
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P-02-025 Analysis of the Genotoxic Effect of Nanosized TiO2 as Intravenously 
Administered in Mice

Rui-Sheng Wang, Tetsuya Suzuki, Yukie Yanagiba, Rieko Hojo, Nobuhiko Miura, Megumi Suda, 
Muneyuki Miyagawa
National Institute of Occupational Safety and Health, Japan

Nanosized titanium dioxide (TiO2) is increasingly utilized in many industrial applications. A few in vivo studies 
about its genotoxicity have been reported, but the results are inconsistent. TiO2 has been observed to 
induce micronuclei (MN) and DNA damage in mice, and lung cancer in rats. There are also reports showing 
no genotoxic effect in animals. In this study, we examined both the clastogenic and mutagenic effects of TiO2 
nanoparticles, systematically in blood as well as locally in liver, in which TiO2 is mostly accumulated after i.v. 
administration.

Male gpt delta transgenic mice were used to detect any point mutation in target tissues. TiO2 (Aeroxide P25) 
were evenly dispersed in disodium phosphate solution by sonication as reported. Mice were administered i.v. 
with TiO2 at 0, 2, 10 and 50 mg/kg body weight, once per week, for 4 weeks, and sacrificed 9 days after the 
last treatment. MN frequency in both the reticulocytes and mature erythrocytes, Pig-a  assay in erythrocytes 
and gpt  mutation analysis in liver were conducted.

TiO2 content was dose-dependently increased in liver as predicted. There was no significant change in 
parameters of hematology and hepatology with TiO2 treatment. MN frequency in either the reticulocytes or 
erythrocytes was not affected at any TiO2 dose. Pig-a mutation, an indicator of mutagenesis in the 
hematopoietic stem cells, was not elevated by TiO2 treatment. Significant increase in mutation in liver, as 
shown by the gpt assay, was not detected either. 

These results suggested that, although TiO2 is accumulated in liver, it does not induce mutation in the tissue, 
and has no systematic genotoxicity under the current conditions.

P-02-026 Magnetite nanoparticles induce genotoxicity in the lung of mice via 
inflammatory response

Yukari Totsula1), Kousuke Ishino1), Yukie Tada2), Dai Nakae2,3), Masatoshi Watanabe4), Keiji Wakabayashi5)
1)National Cancer Center Research Institute, Japan, 2)Department of Pharmaceutical and Environmental Sciences, Tokyo 
Metropolitan Institute of Public Health, Japan, 3)Tokyo University of Agriculture, Japan, 4)Division of Materials Science 
and Engineering, Graduate School of Engineering, Yokohama National University, Japan, 5)Graduate Division of 
Nutritional and Environmental Sciences, University of Shizuoka, Japan

Nanomaterials are useful for their characteristic properties, and are commonly used in various fields. 
Nanosized-magnetite (MGT) is widely utilized in medicinal and industrial fields, whereas their toxicological 
properties are not well documented. A safety assessment is thus urgently demanded for MGT, and the 
genotoxicity is one of the most serious concerns. In this context, the present study examined genotoxic 
effects of MGT using mice. The DNA damage level analyzed by a comet assay in the lung of ICR mice 
intratracheally instilled with a single dose of 0.05 or 0.2 mg/animal of MGT was approximately 2-3 times 
higher than that of vehicle-control animals. Furthermoer, in gpt delta transgenic mice, the gpt mutant 
frequency in the lung of the high dose group was significantly i higher than that of the control group. Mutation 
spectra analysis showed that base substitutions were predominantly induced by MGT, among which G:C to 
A:T transition and G:C to T:A transversion were the most significant. Diffuse expression of inflammation 
marker, nitrotyrosine, was immunohistochemically observed in the lung of mice exposed to MGT. A LC-MS/
MS analysis for DNA adduct formation revealed that the levels of oxidative stress-related DNA adducts, such 
as 8-oxo-2'-deoxyguanosine and heptanone etheno-deoxycytidine, were higher in MGT-treated mice than the 
vehicle-control animals. In accordance with these results, a comprehensive DNA adduct analysis (DNA 
adductome) revealed that most of the DNA adducts diagnosed as the major contributors observed in the 
MGT-exposed group could be derived from oxidative stress and inflammation. Based on these findings, it is 
suggested that inflammatory responses are probably involved in the genotoxicity induced by MGT in the lung 
of mice.
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P-02-027 In vivo effect of multi-wall carbon nanotubes on immune system

Koichi Yamada1), Akihiko Iwasa1), Tomoyuki Kondo1), Mie Kurosawa1), Rieko Arakaki1), Akiko Yamada1), 
Yasusei Kudo1), Yuhji Taquahashi2), Atsuya Takagi2), Jun Kanno2), Naozumi Ishimaru1)

1)Institute of Health Biosciences The University of Tokushima Graduate School, Japan, 2)National Institute of Health 
Sciences, Division of Cellular and Molecular Toxicology, Japan

Multi-wall carbon nanotubes (MWCNT) have been suggested to provoke inflammatory response similar to 
asbestos fibers. In addition, it is reported that pulmonary toxicity by exposure to MWCNT is triggered by the 
dysfunction of alveolar macrophages. However, the precise in vivo effect of MWCNT on immune system has 
been still unclear. In this study, we analyzed in vivo effect of administration of MWCNT on the function and 
regulation of various immune cells to evaluate immune toxicity of MWCNT. 0, 1, and 10 µg MWCNT 
(MWNT7, Mitsui) per a mouse were used for intraperitoneal administration in female C57BL/6 mice (1 month 
of age). After injection, cytokines of sera, and surface or intracellular molecules of peripheral blood 
mononuclear cells were monthly analyzed by multiplex or flow cytometry until 12 months of age. Moreover, 
we investigated the effect of MWCNT administration on autoimmune responses of female MRL/lpr mice, an 
autoimmune-prone strain. At 4 and 5 months after the injection, significantly decreased proportions of CD4+ 
and CD8+ T cells were observed in 10 µg MWCNT-injected mice compared with control mice although the 
proportion of MWCNT-injected mice was not changed after 6 months. In addition, Th17 cell differentiation of 
peripheral CD4+ T cells in MWCNT-injected mice was more promoted compared with that of control mice. 
Serum levels of IL-15, MCP-1, and IL-1  were enhanced by administration of MWCNT. In summary, in vivo 
exposure to MWCNT may influence T cell activation or differentiation through a biased shift of cytokines. 
Furthermore, we are analyzing the effect of MWCNT administration on autoimmunity with MRL/lpr mice.

P-02-028 Influence of nano-size polystyrene particles in mice with cisplatin, 
paraquat or acetaminophen

Katsuhiro Isoda, Tetsuji Nishimura, Masakatsu Tezuka, Isao Ishida
Teikyo Heisei University, Japan

The scientific, medical, and technical applications of nanomaterials have recently increased significantly. 
Nanomaterials are frequently used in microelectronics, cosmetics and sunscreens, and their potential use in 
drug-delivery systems is being investigated.  Polystyrene nanoparticles have been used in diagnostic products, 
cosmetics, and electronic industry materials.  However, the toxicity of nanomaterials has yet to be fully 
investigated. In particular, the interactions between nanomaterials and therapeutic drugs require further 
study. We investigated whether nano-sized polystyrene particles affect drug-induced toxicity. The particles, 
which are widely used industrially, had diameters of 50 (NPP50), 200 (NPP200) or 1000 (NPP1000) nm. The 
toxic chemicals tested were cisplatin (a popular anti-tumor agent), and a widely used herbicide, paraquat, 
and acetaminophen. Mice were treated intraperitoneally with either cisplatin (100mol/kg), paraquat (50mg/
kg) or acetaminophen (500mg/kg), with or without intravenous administration of polystyrene particles. All 
treatments in the absence of the nanoparticles were non-lethal and did not result in severe toxicity. However, 
when mice were injected with paraquat or cisplatin together with polystyrene particles, synergistic, enhanced 
toxicity was observed in mice injected with NPP50. These synergic effects were not observed in mice co-
injected with NPP200 or NPP1000. These findings suggest that further evaluation of the interactions between 
polystyrene nano-particles and drugs is a critical prerequisite to the pharmaceutical application of 
nanotechnology.
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P-02-029 Acute Inhalation Toxicity of Graphene oxide

Jae Hoon Shin1), Jin Kwon Kim2), Joo Hwan Hwang1), Jong Seong Lee1), Tae Gyu Kim2), Il Je Yu2)

1)KCOMWEL, Korea, 2)Institute of Nano Products Safety Research, Hoseo University, Korea

Recently graphene has increased attention in many applications such as semiconductor, drug delivery and 
medical imaging due to its unique electronic and chemical properties. However, relatively little is known 
about the hazard graphene exposure to human health. Acute pulmonary toxic effect of graphene oxide was 
evaluated via nose-only inhalation for 6 hours to experimental animals. Male Sprague-Dawley rats were 
divided into 3 groups (4 rats in each group), the fresh air control (0 mg/m3), low (0.46±0.06 mg/m3), and 
high (3.76±0.24 mg/m3) dose group, respectively. Lactate dehydrogenase (LDH), microprotein (mP), and 
microalbumin (mALB) levels were evaluated from the bronchoalveolar lavage (BAL) fluid on day 1, 7, and 14 
after 6 hours exposure to graphene oxide. To evaluate the biopersistence of graphene oxide in the lungs, the 
ingestion of graphene oxide in the alveolar macrophages was evaluated. There was no statistical significant 
difference in average concentrations of LDH, mP, and mALB in the exposed groups when comparing with the 
unexposed control in all post-exposure groups (1, 7, and 14 days). The ingestion of graphene oxide in the 
alveolar macrophages was observed in all post exposure groups of the high dose group, but it was difficult to 
observe the graphene oxide in the control and low concentration group. Graphene oxide did not induce 
acute pulmonary toxic effect in the lungs of experimental animals.

P-02-030 In vivo  genotoxicity to lung cells from rats following 28 days of 
inhalation of MWCNTs

Jin Sik Kim1), Jae Hyuck Sung1), Byung Gil Choi1), Hyun Ryol Ryu1), Kyung Seuk Song1), Jae Hoon Shin2), 
Jong Seong Lee2), Joo Hwan Hwang2), Ji Hyun Lee4), Gun Ho Lee3), Kisoo Jeon3), Kangho Ahn3), Il Je Yu4)

1)Korea Conformity Laboratories, Korea, 2)Diseases Institute, Korea Workers' Compensation Welfare Service, Korea, 
3)Department of Mechanical Engineering, Hanyang University, Korea, 4)Institute of Nanoproduct Safety Research, Hoseo 
University, Korea

Despite their useful physico-chemical properties, carbon nanotubes (CNTs) continue to raise concern over 
occupational and human health due to their structural similarity to asbestos. To evaluate the toxic and 
genotoxic effect of multi-wall carbon nanotubes (MWCNTs) on lung cells in vivo, eight-week-old rats were 
divided into four groups (each group consisted of 15 male and 10 female rats), a fresh air control (0 mg/m3), 
low (0.17 mg/m3), middle (0.49 mg/m3), and high (0.96 mg/m3) dose group, and exposed to MWCNTs via 
nose-only inhalation 6 hrs per day, 5 days per week for 28 days. The count median length and geometric 
standard deviation for the MWCNTs determined by TEM were 330.18 nm and 1.72, respectively. Lung cells 
were isolated from five male and five female rats in each group on day 0, day 28 (only from males), and day 
90 following the 28-day exposure. To determine the genotoxicity of the MWCNTs, a single cell gel 
electrophoresis assay (Comet assay) was conducted on the rat lung cells. As a result, the olive tail moments 
were found to be significantly higher (p<0.05) in the male and female rats from all the exposed groups when 
compared with the fresh air control. Plus, the high-dose exposed male and middle and high-dose exposed 
female rats maintained DNA damage, even 90 days post-exposure (p<0.05). To investigate the mode of 
genotoxicity, the intracellular ROS levels and inflammatory cytokine levels were also measured. For the male 
rats, the H2O2 levels were significantly higher in the middle (0 days post-exposure) and high (0 days and 28 
days post-exposure) dose groups (p<0.05). Conversely, the female rats showed no changes in the
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P-02-031 Toxicity of silver nanoparticles and their routes of exposures

Victoria Firstova1), Olga Kalmantaeva1), Ekatherina Zyrina1), Tatiana Zavistyaeva2), Vasilyi Potapov1)
1)State Research Center for Applied Microbiology & Biotechnology, Russia, 2)Federal service on customers' rights 
Protection and human well-being surveillance, Russia

Silver nanoparticles are one of the most prevalent nanomaterials in consumer products. Nanosilver is used 
for treatments of wounds, burns, water or air disinfection, or as coatings on various textiles. 
The aim of this study was to assess the potential toxic effects of silver nanoparticles.
Mice were exposed to silver nanoparticles (40-50 nm primary size) aerosolically (15 min/day), endogastrically 
or subcutaneously (20 mkg per mice)  during  28 days. Toxicity was assessed by enumeration and phenotypic 
analyses of lymphocyte subsets (FACSCalibur, BD), determination of TNF-  in blood serum and in 
bronchoalveolar lavage fluid, determination of total protein in bronchoalveolar lavage fluid. Lungs, spleen, 
lymph nodes and liver were evaluated for histopathologic changes.
Our results indicated that there were no significant differences in TNF-  concentration in blood or 
bronchoalveolar lavage fluid, total protein in bronchoalveolar lavage fluid between exposed and control 
groups.There was no significant difference in the proportions of T-lymphocyte subsets and B-cells quantity in 
the mice group had been injected with nanosilver endogastrically or  subcutaneously when compared to the 
control group, but the proportions of CD3+CD4+ T-lymphocyte subset in the aerosolical exposed to 
nanosilver group was higher than those in the control group. Histopathological analyses of lung, spleen, 
lymph node and liver tissues revealed that pulmonary, endogastric or  subcutaneous exposures to nanosilver 
produced no significant adverse effects when compared to the PBS-exposed controls.
Toxicity studies of silver nanoparticles  showed no toxicity effect at endogastrically or  subcutaneously  rout 
administration and minimal pulmonary inflammation following short-term expoures.

P-02-032 Allergenicity and toxicology of inhaled silver nanoparticles in 
allergen provocation mice models

Tsun-Jen Cheng1), Hsiao-Chi Chuang2), Ta-Chih Hsiao3), Cheng-Kuan Wu4), Hui-Hsien Chang4)

1)National Taiwan University, Taiwan R.O.C., 2)School of Respiratory Therapy, College of Medicine, Taipei Medical 
University, Taipei, Taiwan R.O.C., 3)Graduate Institute of Environmental Engineering, National Central University, 
Taoyuan, Taiwan R.O.C., 4)Institute of Environmental Health, College of Public Health, National Taiwan University, 
Taipei, Taiwan R.O.C.

BACKGROUND: The allergenicity and toxicology of AgNPs in healthy and susceptible individuals are unclear.
OBJECTIVE: We investigated the pathophysiological responses to AgNP inhalation in a murine model of 
asthma.
METHODS: For 7 consecutive days (6 h/day), ovalbumin (OVA)-sensitised BALB/c mice inhaled AgNPs 
generated using an evaporation-condensation method and were analysed for airway hyperresponsiveness 
(AHR), serology, bronchoalveolar lavage and histology.
RESULTS: Continuous and stable levels of 33 nm AgNPs were generated at 3.3 mg/m3 during the 
experimental period. The AgNP exposure concomitant with OVA challenge activated AHR in the control and 
allergic groups. The AgNPs evoked neutrophil, lymphocyte and eosinophil infiltration into the airways and 
elevated the levels of allergic markers [immunoglobulin E (IgE) and leukotriene E4 (LTE4)], type 2 T helper 
(Th2) cytokine [interleukin-13 (IL-13)] and oxidative stress [8-hydroxy-2' deoxyguanosine (8-OHdG)] in the 
control and allergic mice. After inhalation, the AgNPs accumulated predominantly in the lungs, and trivial 
amounts of AgNPs were excreted in the urine and faeces.
CONCLUSION: The inhalation of AgNPs may present safety concerns in healthy and susceptible individuals.
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P-02-033 Carcinogenicity evaluation of carbon nanotube in rasH2 mice

Seiji Takanashi1), Hisao Haniu1), Yuki Usui2), Kaoru Aoki1), Norio Ishigaki1), Masayuki Shimizu1), 
Masanori Okamoto1), Shinsuke Kobayashi1), Hiroki Nomura1), Hiroyuki Kato1), Naoto Saito3)

1)Shinshu University School of Medicine, Japan, 2)Department of Reserch Center for Exotic Nanocarbons, Shinshu 
University School of Engineering, Japan, 3)Department of Applied Physical Therapy, Shinshu University School of Health 
Sciences, Japan

The application of carbon nanotube (CNT) as biomaterials is of wide interest. Biological safety is the most 
important factor when considering the clinical application of CNT as biomaterials. Carcinogenicity should be 
evaluated with the highest priority. We examined CNT safety by analysis involving subcutaneous implantation 
in rasH2 mice, which have the c-Ha-ras proto-oncogene derived from humans. The CNT mixture was created 
by sonicating a physiological saline solution containing 0.1 vol% Tween 80(surfactant) and 3 mg/mL CNT for 
30 min by ultrasonic dispersion. The negative control mixture was created from carbon black (3 mg/mL) by 
using the same procedure. A positive control solution with known tissue toxicity was prepared by mixing 
MNU with Tween 80 to obtain a 3 mg/mL solution. 7-week-old male rasH2 mice were anesthetized, and 
550ml of substances mixture (approximately 75 mg/kg) was injected into each mouse. Each group consisted 
of 15 mice. Mice were euthanized after 26 weeks and dissected. Subjects that died before 26 weeks were 
dissected at the time of death. Visual inspection of tumor onset was performed during dissection. Each organ 
was fixed separately, embedded, and cut into thin sections before being stained with hematoxylin and eosin; 
subsequently, they were placed on a slide and observed using an optical microscope. At 26 weeks after 
receiving the injection, 13 mice were alive in the solvent group. 12 mice were alive in the CNT group. All 
mice were alive in the carbon black group. 3 mice were alive in the MNU group. Histological examination 
showed some masses in the CNT group. However, there is no specific mass and no excess development of 
mass. CNT showed no carcinogenicity in rasH2 mice. This data assists the clinical application of CNT as 
biomaterials.

P-02-034 Effects of nanosized titanium dioxide particles after repeated 
intravenous injections in adult rats.

Hisayo Kubota, Yasuko Hasegawa-Baba, Kenichi Kobayashi, Muneyuki Miyagawa
National Institute of Occupational Safety and Health, Japan

We investigated the toxicity of nanosized titanium dioxide particles (TiO2) after repeated intravenous 
injections in adult rats. Dispersion technique is very important for toxicological studies for manufactured 
nano-materials, thus we applied the preparation protocol recommended by NEDO as the appropriate 
method to achieve nanosized diameters of the aggregates of the test materials in the preparation. TiO2 
(AEROXIDE P25; Sigma) was mixed with 0.2% disodium hydrogenphosphate, and dispersed by sonication for 
30 min and then centrifuged. The supernatant was adjusted to 1.5 mg/ml for injections. The average 
diameters of the TiO2 aggregates in the preparation was approximately 70-80 nm. Nine-week-old male and 
female Crl;CD(SD) rats were dosed three times a week for 4 weeks with injections of 4.5 mg TiO2/kg BW. 
Rats were euthanized and sacrificed for blood sampling and pathological examinations either 6 hours or 7 
days after the final dosing. Significant increases in serum ALT and AST in male rats were observed 6 hours 
after final injection; significant increases in serum AST were observed in female rats both 6 hours and 7 days 
after final injection. Swelling of the lymph nodes was found in both sexes in the gross observation. The 
results suggest that repeated intravenous injections of TiO2 may affect hepatic functions and that the injected 
particles were distributed into lymph node. In order to confirm further details of the observed effects, 
histopathological examination is currently being carried out.
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P-02-035 Developmental toxicity by intratracheal instillation of multi-wall 
carbon nanotubes in pregnant mice

Akihiko Hirose1), Norihiro Kobayashi1), Mayumi Kawabe2), Hironao Nakashima2), Takamasa Numano2,3), 
Reiji Kubota1), Yoshiaki Ikarashi1)
1)National Institute of Health Sciences, Japan, 2)DIMS Institute of Medical Science Inc., 3)Nagoya City University 
Graduate School of Medical Sciences, Japan

In order to evaluate the developmental toxicity of multi-wall carbon nanotubes (MWCNTs) via inhalation 
exposure, we conducted an intratracheal instillation study in pregnant mice. MWCNTs (MWNT-7) dispersions 
in two different media (mouse serum and 2% of sodium carboxymethyl cellose (CMC-Na) solution) were 
prepared by ultrasonication using an ultrasonic bath for 30 min. The MWCNT dispersions in mouse serum 
were administered to pregnant Crlj:CD1(ICR) mice on gestation day 9 at dosage of 0, 3.0, 5.0 and 7.0 mg/kg 
bw. The MWCNT dispersions in CMC-Na solution was administered at dosage of 5.0 mg/kg bw. Ten 
pregnant mice per group were evaluated and dissected on gestation day 17. Decreased body weights in all 
MWCNT exposed pregnant mice were observed, although there are no clear dose-dependent changes. No 
statistically significant difference was observed between the control group and MWCNT exposed groups in 
the numbers of corpora lutea, dead fetuses (early or late resorption), and live fetuses, or sex ratio. Body 
weight of fetuses and placental weights were significantly decreased in the most MWCNT exposed groups, 
although no clear dose-dependency was observed. Furthermore, external malformations (i.e., oligodactyly, 
extensive contracture, kinked tail, cleft lip, and cleft palate) were observed in all MWCNT exposed groups. 
The fetuses with external malformations were derived from the same litters. The equivocal dose-dependent 
effects may be due to a litter dependent toxic mechanism. These results suggested the intratracheal 
exposure of MWCNT caused teratogenic effects in mice in spite of different dispersion media. Further 
examinations are needed to clarify the mechanism of the developmental toxicity by MWCNTs.

P-02-036 Toxicogenomics of manufactured zinc oxide nanoparticles (NPs) in 
the nematode Caenorhabditis elegans

Natasa Polak, Stephen R Sturzenbaum, Frank J Kellly, David J Spurgeon, Daniel S Read, Kerstin Jurkschat
King`s College London, UK

The field of nanotechnology is progressing rapidly, however little is known about the mechanistic pathways 
and toxicological effects of zinc oxide nanoparticle (ZnONP) exposure. Here we demonstrate that a small 
free living nematode  Caenorhabditis elegans  can serve as a useful model organism to study the 
toxicogenomics of metal oxide nanoparticles. We exposed wild-type and metal sensitive triple knockout 
mutant ( mtl-1;mtl-2;pcs-1  (zs2)) nematodes to ZnONPs (0-50 mg/L) to study exposure and strain specific 
effects on transcription, radical oxidative species (ROS) generation, the biomolecular phenotype (measured 
by Raman microspectroscopy) and  key endpoints of the nematode life cycle.  The analyses provided 
evidence of transcriptional up-regulation of metallochelator transcripts ( mtl-1,  mtl-2 ,  pcs-1 ) in the wild-type 
worms and an apoptotic marker ( cep-1 ) in both wild-type and mutants. The DCFH-DA assay demonstrated 
that ZnONPs increase ROS levels in the nematodes. In addition, Raman spectroscopy highlighted that the 
change in biomolecular phenotype is statistically significantly different in the metal sensitive knockout worm 
upon ZnONPs exposure, suggesting that these metallochelators exert an essential role in providing 
protection against cytotoxic damage. Finally, ZnONPs exposure was shown to decrease growth and 
development, fecundity, and lifespan of the worm, effects that were more severe in the triple-knockout strain. 
To conclude, toxicogenomic and spectroscopic strategies identified the importance of metallochelators in 
the protection from ZnONPs induced toxicity. We suggest that individuals carrying mutations in key 
metallochelator genes are more susceptible to ZnONP toxicosis.
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P-02-037 Effects of nanosized TiO2 after repeated intravenous injections in 
pregnant rats

Yasuko Hasegawa-Baba, Hisayo Kubota, Kenichi Kobayashi, Muneyuki Miyagawa
National Institute of Occupational Safety and Health, Japan

We examined the toxicity of nanosized titanium dioxide particles (TiO2) after repeated intravenous injections 
in pregnant rats. Dispersion technique is very important for the toxicological study of manufactured nano-
materials, thus we applied the protocol recommended by NEDO to achieve nanosized diameters of the test 
materials in the preparation. TiO2 (AEROXIDE P25; Sigma) was mixed with 0.2% disodium 
hydrogenphosphate, dispersed by sonication for 30 min, and then centrifuged. The concentration of the 
supernatant was adjusted to 1.5 mg/ml for injections. The average diameter of the TiO2 particles 
(agglomerates/aggregates) in the preparation was approximately 70-80 nm. Pregnant Crl;CD(SD) rats were 
received intravenous injections of 4.5 mg TiO2/kg on day 15, 17 and 19 of gestation. Rats were euthanized 
and sacrificed for blood sampling and pathological examination on gestation day 20 (GD20) or postnatal day 
5 (PND5). Significant increases were observed in the weight of the placenta and the fetus in both sexes at 
GD20. The weight of offspring in both sexes showed a tendency to increase on PND5. These results suggest 
some effects of TiO2 on the placenta, the fetus, and the offspring, thus further studies are needed. 
Histopathological examinations are currently being carried out.

P-02-038 Investigation of adverse effect of nanosized titanium dioxide on 
testicular function in mice

Nobuhiko Miura, Katsumi Ohtani, Tetsuya Suzuki, Yukie Yanagiba, Rieko Hojo, Megumi Suda, 
Muneyuki Miyagawa, Rui-Sheng Wang
Japan National Institute of Occupational Safety and Health, Japan

Nanosized titanium dioxide (TiO2) is manufactured worldwide in large quantities for use in a broad range of 
applications such as cosmetics, pigments, and antibacterial agent. Although many in vitro studies have been 
performed to examine its toxicity, only a few in vivo studies are reported especially on its testicular toxicity. 
Several studies reported that TiO2 taken up by mouse Leydig cells reduced the viability and proliferation of 
these cells; further, titanium compounds (titanocene dichloride) disrupted the mouse blood-testis barrier. In 
this study, we examined the effect of TiO2 on testicular function using mice. TiO2 (Aeroxide P25) were evenly 
dispersed in disodium phosphate solution by sonication. Male C57BL/6J mice were treated intravenously 
with TiO2 at 0, 2, 10 and 50 mg/kg body weight, once per week, for 4 weeks, and sacrificed 3 days after the 
last treatment. To evaluate the testicular function, sperm suspension got from the right cauda epididymis was 
loaded into a capillary microslide followed by analyzing the sperm motility with the system of computer-
assisted sperm analysis (CASA) using HTM-IVOS. Two sperm motion parameters, motile percent (MP) and 
progressive percent (PP), were evaluated in each sample. TiO2 had no significant effect on the parameters of 
hematology and hepatology. However, TiO2 significantly reduced both MP and PP at 10 mg/kg and 50 mg/kg 
treatment. The analyses of sperm head numbers and titaniumu content in testis are in progress. These results 
indicated that nanosized TiO2 possesses adverse effect on testicular function in mice.
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P-02-039 The effects of metal oxide nanoparticles on angiogenesis in 
transgenic zebrafish

Jie Chang1,2), Gaku Ichihara1), Saeko Tada-Oikawa2), Kiyora Izuoka2), Toshio Tanaka3), Yasuhito Shimada3), 
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Environmental Medicine, Mie University Graduate School of Medicine, Tsu, Japan, 4)Department of Human Functional 
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Metal oxide nanoparticles are now widely used in the cosmetics and, electronics. Previous studies 
investigated pulmonary effects of metal oxide nanoparticles, but their effects on cardiovascular system 
remain elusive. The present study investigated the effects of exposure to metal oxide nanoparticles on the 
angiogenesis using transgenic zebrafish and human umbilical vein endothelial cells (HUVECs). The study also 
examined the potential mechanisms and signaling pathways that may be involved in those effects. We used 
fli1: eGFP Zebrafish (Danio rerio) transgenic zebrafish and exposed to nano-sized titanium dioxide (TiO2), 
silica dioxide (SiO2), and copper oxide (CuO) at the concentration of 1 and 100 miucrogram/ml from 1 dpf 
(day-after-fertilization) to 5 dpf. Angiogenesis were evaluated at the end of the exposure (after 5dpf) by 
ImageXpress Microscope and then endothelial cells were separated by FACS (Fluorescence Activated Cell 
Sorter). Exposure to CuO reduced angiogenesis in the ventral vessels of transgenic zebrafish. HUVECs were 
cultured and exposed to metal oxide nanoparticles for 24 hours. MTS assay was performed to assess cell 
viability. The exposure to CuO reduced the cell viability in a dose-dependent manner. Moreover, we analyzed 
the expression of vascular endothelial growth factor (VEGF) and VEGF receptors in the endothelial cells of 
zebrafish and HUVECs by RT-PCR. The results showed the significant different expression of VEGF and 
VEGFR1. Our result suggests that the nano-sized CuO might inhibit the angiogenesis in zebrafish and 
HUVECs.

P-02-040 Involvement of Nrf-2 in ZnO NP-induced pulmonary inflammation

Radwa Ibrahim Sehsah1,6), Wenting Wu1), Sahoko Ichihara2), Naozumi Hashimoto3), Yoshinori Hasegawa3), 
Ken Ito4), Masayuki Yamamoto5), Emily Kamel6), Gaku Ichihara1)

1)Department of Occupational and Environmental Health, Nagoya University Graduate School of Medicine, Japan, 2)Mie 
University Graduate School of Regional Innovation Studies, 3)Department of Respiratory Medicine, Nagoya University 
Graduate School of Medicine, 4)Department of Stress Response Medicine, Hirosaki University Graduate School of 
Medicine, 5)Department of Medical Biochemistry, Tohoku University Gradute School of Medicine, 6)Department of 
Public Health and Community Medicine, Mansoura Faculty of Medicine, Egypt

Zinc oxide nanoparticles (ZnONP) are widely used in industry and consumer products but there are concerns 
with a potential risk of ZnONP in occupational settings. Although studies have reported that pulmonary 
exposure to ZnONP induces both acute and chronic pulmonary inflammatory responses, the exact 
mechanisms underlying these responses remain elusive. In vitro studies suggested that oxidative stress is a 
potential mechanism of ZnONP-induced inflammation.
This study investigates the role of oxidative stress in ZnONP-induced pulmonary inflammation using nuclear 
factor erythroid 2-related factor (Nrf2) null mice.
ZnONP were dispersed in a medium with dipalmitoylphosphatidylcholine and albumin. Z-Average of 
aggregated particles was 146 nm, measured by dynamic light scattering instrument. Fifty four C57BL/6 wild 
mice and the same number of Nrf2 null mice were divided into three groups exposed once to ZnONP by 
pharyngeal aspiration. Groups were; control group (dispersion medium), low dose group (10µg ZnONP/
mouse) and high dose group (30µg ZnONP/mouse). Bronchoalveolar lavage (BAL) was collected 14 days 
after administration for evaluation of pulmonary inflammation.
Exposure to ZnONP increased total and differential cell counts, in collected BAL from wild mice and Nrf2 null 
mice. The degrees of the increase in total cell, macrophage and neutrophil counts were significantly larger, in 
Nrf2 null mice compared to wild mice at the high dose exposure level while eosinophil counts were 
significantly larger, in Nrf2 null mice compared to wild mice at the low dose exposure level. The study 
suggested that Nrf-2 null mice are more susceptible to exposure to ZnONP than the wild mice, and Nrf2 
might be involved in the pulmonary inflammation induced by ZnONP.
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P-02-041 Dissolution of nano-ZnO is responsible for reversible epithelial 
hyperplasia of terminal bronchioles

Jiegou Xu1), Mitsuru Futakuchi2), David B. Alexander1), Katsumi Fukamachi2), Masumi Suzui2), Jun Kanno3), 
Akihiko Hirose4), Hiroyuki Tsuda1)

1)Laboratory of Nanotoxicology, Nagoya City University, Japan, 2)Department of Molecular Toxicology, Nagoya City 
University Graduate School of Medical Sciences, Japan, 3)Division of Cellular and Molecular Toxicology, National 
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Inhalation of Zinc oxide particles (ZnO) is known to induce metal fever in humans, and inflammation, 
oxidative stress and terminal bronchiolar epithelial hyperplasia in animals, raising concerns that like other 
metal oxide particles, ZnO nano-particles (ZnO-NP) might lead to chronic inflammation, fibrosis and cancer 
in the lung. We studied the tumor promoting activity of ZnO-NP by an initiation-promotion protocol using 
human c-Ha-ras proto-oncogene transgenic rats (Hras128 rats). The rats were given 0.2% N-nitrosobis(2-
hydroxypropyl)amine (DHPN) in the drinking water for 2 weeks and then treated with 0.5 ml of 250 or 500 
g/ml ZnO-NP (primary diameter 25 nm) suspension by transtracheal intra-pulmonary spraying (TIPS) once 
every 2 weeks for a total of 7 times. Treatment with ZnO-NP did not promote DHPN-induced lung 
carcinogenesis. However, ZnO-NP dose-dependently caused epithelial hyperplasia of terminal bronchioles 
(EHTB) and fibrosis-associated interstitial pneumonitis (FAIP) that were independent of DHPN treatment. 
Tracing the fate of EHTB and FAIP lesions in wild-type rats indicated that the lesions almost completely 
disappeared within 12 weeks after the last ZnO-NP treatment. No ZnO-NP were found in the lung by 
polarized light microscopy or transmission electron microscopy; Zn2+ content in the lung tissue was positively 
correlated with multiplicity of EHTB; and ZnCl2 solution induced similar lung lesions and gene expression 
profiles. Thus, the observed lesions were most likely caused by dissolved Zn2+. In summary, ZnO-NP did not 
promote carcinogenesis in the lung, and induced EHTB and FAIP lesions that regressed rapidly, probably due 
to clearance of surplus Zn2+ from the lung.

P-02-042 Pulmonary toxicity of several nano TiO2 by intratracheal 
administration in rats

Yasuhiro Tsubokura1), Yutaka Oshima1), Toshio Kobayashi1), Junichi Kikuchi1), Naoki Hashizume1), 
Makoto Nakai1), Shozo Ajimi1), Nobuya Imatanaka2), Kotaro Furukawa1)

1)CERI Hita, Chemicals Evaluation and Research Institute, Japan, 2)Chemicals Assessment and Research Center, 
Chemicals Evaluation and Research Institute, Japan

Nano-sized titanium dioxides (nano TiO2) are widely manufactured for various applications. These nano TiO2 
have different physicochemical properties which might lead to different severity for pulmonary toxicity. In this 
study, relationship between the acute/subchronic pulmonary toxicity of nano TiO2 and its physicochemical 
properties was investigated by single intratracheal administration using seven different types of nano TiO2 in 
F344 rats. The physicochemical properties of the nano TiO2 were shown by primary particle size, crystal 
phase, shape and surface modification. Disodium phosphate solution (DSP) was used for the vehicle, and 
secondary particle size of nano TiO2 in DSP was measured. Dosing levels of nano TiO2 were up to 6 mg/kg 
body weight. Rats were euthanized at 3, 28 days and 13 weeks after administration. The effects on lung were 
assessed by bronchoalveolar lavage fluid (BALF) and pathological examinations. In the BALF examination at 3 
days after administration, parameters which relate to the pulmonary inflammation, such as white blood cell 
count, were increased in the 6 mg/kg treated groups compared with the respective control groups. When 
focusing on physicochemical properties, the secondary particle size seems to correlative to inflammations, 
which the smaller secondary particle sizes show the stronger inflammations. Persistent inflammations were 
observed in the BALF examination at 28 days and 13 weeks after administration of surface-coated TiO2 with 
Al(OH)3, while no inflammation was observed in the uncoated TiO2. The results suggest that secondary 
particle size and surface modification might affect the severity and persistence for pulmonary toxicity of nano 
TiO2.
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administration of nano TiO2 in rats

Toshio Kobayashi1), Yutaka Oshima1), Junichi Kikuchi1), Yasuhiro Tsubokura1), Naoki Hashizume1), 
Makoto Nakai1), Shozo Ajimi1), Nobuya Imatanaka2), Kotaro Furukawa1)

1)CERI Hita, Chemicals Evaluation and Research Institute, Japan, 2)Chemicals Assessment and Research Center, 
Chemicals Evaluation and Research Institute, Japan

Pulmonary toxicity of nanoparticle have recently assessed by intratracheal administration. However, the 
standard guideline for the intratracheal administration toxicity study has not been established up to now, and 
the effects of the various study conditions on the study results are unclear. Here, to find the appropriate test 
conditions for intratracheal administration of nano particle in rats, we investigated the effects of the dosing 
volume and the different administration device. The typical administration devices, i.e. sonde needle and 
intratracheal microsprayer were used in this study. The nano titanium dioxide (TiO2), which is used for various 
applications, was suspended in disodium phosphate solution and administered once using the two devices 
at a dosage of 3.0 mg/kg body weight. Three different dosing volumes, 0.5, 1.0 and 2.0 ml/kg, were used for 
the TiO2 suspension of 6.0, 3.0 and 1.5 mg/ml, respectively. Five male F344 rats (12 weeks old) were used in 
each group. After three days of the dosing, animals were euthanized and inflammatory parameters in 
bronchoalveolar lavage fluid were examined. As a result, when comparing the dosing volume within the 
administration device, lung inflammatory responses in each volume group showed similar degree. On the 
other hand, when comparing the administration device, lung inflammatory responses of two different dosing 
devices at 0.5 and 1.0 ml/kg showed similar degree, while in 2.0 ml/kg of microsprayer group showed less 
inflammation compare to that of sonde needle group. The result in this study suggested that the pulmonary 
toxicity of nano TiO2 might be altered by the administration device or with dosing volume, and therefore it is 
important to assess the toxicity using appropriate device and dosing volume.

P-02-044 The Effects of Engineered Nanoparticles on Endothelial Cells and 
Zebrafish Embryos

Narges Bayat1), Lasse Jensen2), Susana Cristobal3,4)
1)Department of Biochemistry and Biophysics, Stockholm University, Stockholm, Sweden, 2)Division of Cardiovascular 
Medicine Department of Medical and Health Sciences Farmacology Faculty of Health Sciences, Linköping University, 
Linköping, Sweden, 3)Department of Clinical and Experimental Medicine, Cell biology, Faculty of Health Science 
Linköping University, Linköping, Sweden, 4)IKERBASQUE, Basque Foundation for Science, Bilbao, Spain, Basque Country 
Medical, Bilbao, Spain

The study of the effects of nanoparticles (NPs) on the vascular system as a key route of exposure is still in its 
infancy. The aim of our study is to investigate the cardiovascular toxicity of TiO2-NPs (1-3 and 30 nm), and 
Single Walled Carbon Nanotubes (SWCNTs) in vitro, on human dermal microvascular endothelial cells, and in 
vivo, on Zebrafish embryos (Danio rerio), at different levels of complexity: tissue, cellular, and molecular.

We deliver a correlation between the physicochemical properties of the NPs and the biological effects 
observed. Cyto- and genotoxicity as well as oxidative potential of the NPs were evaluated. The effects of NPs 
on angiogenesis were analysed in vivo and quantitatively in vitro. In addition, the changes in the cellular 
ultrastructure was analysed by TEM. Finally the identification of S-nitrosylated proteins caused by exposure 
to NPs was performed using a biotin switch assay. Additional endpoints such as hatching rate, malformation, 
blood vessel growth and possible translocation of NPs to organs through the vascular system were also 
studied in the Zebrafish embryos in order to better understand the effects of NPs in a vertebrate animal 
model. Preliminary data indicate the cyto and genotoxicity of the NPs and our TEM images also showed the 
uptake and localization of the NPs inside the cells in vesicles after 24 hours. Yet interestingly the NPs did not 
affect the tube formation ability of the endothelial cells negatively and the pro-angiogenic effect of TiO2-NPs 
(1-3 nm) was evident. This is an ongoing project and the most recent results will be presented.
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P-02-045 Toxicogenomic analysis of livers from Sprague-Dawley rats following 
12-week inhalation exposure to silver nanoparticles

Jung Duck Park1), Jin Sik Kim2), Jae Hyuck Sung2), Kyung Seuk Song2), Mi sook Dong3), Il Je Yu4)

1)College of Medicine, Chung-Ang University, Korea, 2)KCL, Incheon, Korea, 3)Korea University, Seoul, Korea, 4)Institute of 
Nanoproduct Safety Research, Hoseo University, Asan, Korea

Silver nanoparticles (AgNPs) are extensively applied to many industrial and biomedical fields due to their 
antibacterial effect. However, this large number of applications has also raised some concerns as to health 
and environmental safety. Research has already established that AgNPs induce reactive oxygen species (ROS) 
production, cytotoxicity, pro-inflammatory effects, DNA damage, cell cycle disruption, necrosis, and 
apoptosis. Several studies have also conducted microarray tests of AgNPs in various cell types. However, 
there has been no previous AgNP toxicogenomic study of liver cells and tissue. Therefore, this study 
performed an in vivo toxicogenomic study of AgNP inhalation-exposed liver tissue. After subjecting Sprague-
Dawley rats to 12 weeks of AgNP inhalation exposure, the silver concentration was measured in the liver 
tissue and a toxicogenomic analysis conducted. As a result, it was found that the liver silver concentration 
increased dose-dependently in the male and female rats, yet no gender-different accumulation was observed. 
In the toxicogenomic study, 109 and 150 genes were significantly up- and down-regulated following the 
AgNP inhalation exposure of the male and female rats, respectively. The genes with significant expression 
changes in the male rats were involved in 54 biological pathways that are typically related with diabetes and 
metabolism. Meanwhile, the genes with significant expression changes in the female rats were involved in 89 
biological pathways that are mainly connected with metabolism and cell signaling. Plus, gender-dependent 
gene expression changes of more than 2 fold were linked to 240 genes, with 114 genes in the male rat livers 
and 126 genes in the female rat livers. These genes are related to steroid and xenobiotic metabolism 
pathways.

P-02-046 ISO TR 13329: Preparation of Nanomaterial Safety Data Sheet (SDS)

Ji Hyun Lee, Il Je Yu
Institute of Nanoproduct Safety Research, Hoseo University, Korea

Safety data sheets (SDSs) and labelling are the basic hazard communication tools for hazardous chemicals as 
regards their manufacture, storage, transport and other handling activities. Many of the nanomaterial SDSs 
lacked significant information on health and environmental effects, exposure control, emergency and 
firefighting measures, and regulatory information. Recognizing the insufficiency of the information included in 
nanomaterial SDSs and the need for an instrument to promote the provision of comprehensive information in 
nanomaterial SDSs, ISO TR 13329 "Preparation of nanomaterial SDS" has been developed in the ISO TC 229 
(Nanotechnology). The scope of TR (technical report) is to create a consistent standard when providing 
information on safety, health and environmental matters for manufactured nanomaterial-containing products. 
It also provides supplemental guidance for the preparation of nanomaterial-specific SDSs in accordance with 
GHS, including both nanomaterials and mixtures of nanomaterials with conventional non-nanoscale materials. 
The additional physicochemical properties of nanomaterials, as recommended by ISO TR 13329 include the 
particle size (average and range), size distribution, aggregation/agglomeration state, shape and aspect ratio, 
crystallinity, specific surface area, dispersibility and dustiness, The technical report also recommends the 
inclusion of additional toxicological and ecotoxicological information, such as the biopersistence and 
biodurability, neither of which are included in the GHS. The technical report will include a list of analytical 
methods for defining the additional physicochemical properties of nanomaterials. Surely, such international 
collaborative efforts will help to build the reliability of nanomaterial SDSs and provide more useful information 
for protecting worker health and safety.
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P-02-047 Single-wall or double-wall carbon nanotubes induce atherosclerosis 
progression in ApoE null mice

Yuka Suzuki1), Gaku Ichihara2), Cai Zong2), Saeko Tada-Oikawa1), Kiyora Izuoka1), Sahoko Ichihara1)

1)Graduate School of Regional Innovation Studies, Mie University, Japan, 2)Department of Occupational and 
Environmental Health, Nagoya Univeristy Graduate School of Medicine, Japan

Background: Recently, the use of carbon nanotubes has been increasing rapidly in a variety of fields. 
However, cardiovascular effect of exposure to carbon nanotubes remains elusive. The present study 
investigated the effects of pulmonary exposure to single-wall carbon nanotubes (SWCNT) or double-wall 
carbon nanotubes (DWCNT) on atherosclerosis progression in apolipoprotein E (ApoE) null mice, a widely 
used model for human atherosclerosis.

Methods and results: ApoE null mice were exposed by pharyngeal aspiration to SWCNT or DWCNT (10 or 
40 µg/mouse) once every other week for 10 weeks. At the end of exposure, the thoracic aorta was dissected 
out and fixed with 4% paraformaldehyde for histopathological examinations. Oil red O staining showed 
increase in the plaque areas of the aorta in ApoE null mice exposed to SWCNT or DWCNT compared with 
the vehicle-treated ApoE null mice. Since it is known that the endothelial progenitor cells (EPCs) are 
mobilized from bone marrow into the circulation and subsequently migrate to the site of endothelial damage 
and repair, we isolated the EPCs from bone marrow of exposed mice and analyzed their ex vivo function. 
Seven days after the end of exposure, colony-forming units and migration assays were performed. Exposure 
to SWCNT or DWCNT at high dose reduced colony-forming units. Moreover, exposure to SWCNT at high 
dose decreased the number of migration cells.

Conclusion: The study suggested that SWCNT and DWCNT induced atherosclerosis progression and reduced 
the function of EPCs in an animal model of atherosclerosis.

P-03-048 Nanoparticle and protein interactions depended on surface charge

Hsiao-Chi Chuang1,2), Kai-Jen Chuang3,4), Tzu-Tao Chen2), Wen-Te Liu1,2), Chii-Hong Lee5), Tsun-Jen Cheng6,7)

1)Taipei Medical University, Taiwan R.O.C., 2)Division of Pulmonary Medicine, Department of Internal Medicine, Shuang 
Ho Hospital, Taipei Medical University, Taipei, Taiwan R.O.C., 3)Department of Public Health, School of Medicine, 
College of Medicine, Taipei Medical University, Taipei, Taiwan R.O.C., 4)School of Public Health, College of Public 
Health and Nutrition, Taipei Medical University, Taipei, Taiwan R.O.C., 5)Department of Pathology, Shuang Ho Hospital, 
Taipei Medical University, Taipei, Taiwan R.O.C., 6)Institute of Occupational Medicine and Industrial Hygiene, College of 
Public Health, National Taiwan University, Taipei, Taiwan R.O.C., 7)Department of Public Health, College of Public 
Health, National Taiwan University, Taipei, Taiwan R.O.C.

BACKGROUND: Nano-scaled materials are produced to make them useful for biological and medical 
applications, but the production process confers harmful effects to nano-scaled materials.
OBJECTIVE: To investigate the mechanisms underlying these interactions, particularly as they relate to human 
health.
METHODS: Using bovine serum albumin and mice bronchoalveolar lavage fluid as models for protein-particle 
conjugates, we characterised the physicochemical modifications of four types of hydrophobic carbon-based 
nanoparticles after protein treatment. Adsorbed proteins were quantified and identified by pathways, 
biological analyses and protein classification.
RESULTS: Significant modifications of the physicochemistry of nanoparticles were induced by the addition of 
serum protein, and a significant correlation was observed between the particle surface charge and protein 
bondability. Enzyme modulators and hydrolase predominately interacted with nanoparticles, with protein-to-
particle interactions that were associated with the coagulation pathways. Additionally, our results revealed 
that an acute-phase response could be activated by these proteins.
CONCLUSION: With regard to human health, the present study revealed that these hydrophobic carbon-
based nanoparticles can react with proteins after inhalation and may modify the functional structures of lung 
proteins, leading to the activation of acute-inflammatory responses in the lungs.
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P-03-049 Cell-based BBB Model to measure permeability of nanoparticles into 
brain

Sanshiro Hanada1), Kouki Fujioka2), Fumihide Kanaya1), Yuriko Inoue3), Yoshinobu Manome2), 
Kenji Yamamoto1)

1)National Center for Global Health and Medicine, Japan, 2)Jikei University, Japan, 3)Toho University, Japan

One of the recent toxicological issues in nanoparticles is wheather nanoparticles uptake to central nerve 
system or not. A report in vivo experiment showed that 70 nm silica accumulated brain endothelial cells, 
some of nanoparticles passed through the blood-brain-barrier (BBB), and stayed in brain parenchyma.
 In our study, we applied cell-based BBB model to quantify the permeability of nanoparticles. The 
commercially available in vitro BBB model (PharmaCo-Cell Company Ltd, Japan) is reconstructed with 
culturing both primary rat brain endothelial cells and pericytes separated by isopore membrane, which are 
pre-cultured with astrocytes to support the tight junctions of endothelial cells.
 We examined the size-dependency of the BBB permeability, using fluorescent silica nanoparticles (30, 100, 
400, 1500 nm) in various measuring periods(30, 60, 120 min) and exposure concentrations(0.1-1.0 mg/mL). 
Permeability of nanoparticles is evaluated by permeability coefficient (Papp).
 The size-dependency results found the 30 nm silica transports through BBB model and the Papp is the level 
of drugs known slightly passable through the BBB model, while the nanoparticles with the size of 100 nm or 
larger hardly passed through the BBB model. The fluorescence of the nanoparticles confirmed only 30 nm 
nanoparticles accumulated in the both sides of layers with endothelial cells and pericytes. The 30 nm 
nanoparticles were passable at high concentration and there is no difference of the Papp between different 
measuring periods.
 In conclusion, we showed the in vitro BBB model is a method to measure brain permeability of 
nanoparticles, which, in future, could be quick, quantitative and equivalent to in vivo experiment.

P-03-050 Determinations of PAMAM particles in culture media using SPM 
techniques

Hideko Sone1), Masashi Yamazaki2), Hiroko Nansai1), Yang Zeng1), Yoshika Kurokawa1), Tin-Tin Win-Shwe1), 
Seishiro Hirano1)

1)National Institute for Environmental Studies, Japan, 2)National Institute of Advanced Industrial Science and 
Technology, Japan

Dendrimers are at the forefront of research in nanotechnology due to the many interesting properties of 
macromolecular systems including their precise architecture, high uniformity and purity, high loading capacity, 
and high shear resistance. They have shown a great deal of versatility with applications in numerous areas 
such as drug delivery, medical therapy, electrochemistry, metal recovery, and sensors. However, dendrimers 
are not fully understood behavior in the liquid/solid interface to prepare test chemicals in toxicological 
studies. In this study, polyamidoamine (PAMAM) dendrimers as a model dendrimer investigated in situ using 
scanning probe microscopy (SPM) in culture media, Dulbecco's Modified Eagle Medium (DMEM) and mica 
solid surface. Sizes of three kind of G4 generation PAMAM with surface moieties including -NH2, PEGylated 
and Alexa488-labeled at the concentration of 50µg/ml were analyzed using SPM (SPM-9700, Shimazu). The 
results showed that the order of size of secondary aggregates are PAMAM-NH2 < PEGylated < Alexa488-
labeled and increased during observations for 5 days. Their sizes reached about 250-400 nm diameters on 
the 5th day of observation.  SPM images of G4 generation PAMAM dendrimers at DMEM liquid/mica interface 
reveal additional features interpreted as large three-dimensional aggregates.
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P-03-051 Effect of PAMAM dendrimers on differentiation of hNPCs: A study of 
morphological analysis

Yang Zeng1), Tin Tin Win-Shwe1), Qin Zeng1), Yoshika Kurokawa1), Seishiro Hirano1), Zhen Ya Zhang2), 
Hideko Sone1)

1)National Institute for Environmental Studies, Japan, 2)The University of Tsukuba, Japan

Polyamidoamine (PAMAM) dendrimers, which are highly branched polymers with low polydispersity and high 
functionality, are widely used in nanotechnology for co nstruction of effective drug carriers, gene transfer 
devices and imaging of bio logical systems. However, before Polyamidoamine dendrimers can be safely 
applie d in a clinical setting, their cytotoxicity needs to be assessed. In this work,  high content morphological 
analysis were used to evaluate effects of PAMAM exp osure on hNPCs . PAMAM from generation G0-G7 
which have amine surface groups and other four different surface groups of generation G4 were exposed for 
72h on hNPCs during neuronal differentiation. After fixation , cells were stained and examined the 
morphological changes such as nucleus form factor, neurite length and nerve area using confocal laser 
microscopy. We found that neurite length and nerve area were significantly decreased after PAMAM 
exposure. Our results suggest that PAMAM dendrimers may influence neuronal differentiation derived from 
human neuronal progenitor cells.

P-03-052 The in vitro toxicity of stably dispersed and large agglomerated 
titanium dioxide nanoparticles

Tetsuya Suzuki, Muneyuki Miyagawa, Rui-Sheng Wang
National Institute of Occupational Safety and Health, Japan

There are a number of reports examining the toxic effects on cultured cells of titanium dioxide nanoparticles 
(TiO2 NPs). However, the published results on TiO2 NPs are often conflicting and therefore further studies are 
needed.
In this study, I focused on the secondary particle size of TiO2 NPs and examined the toxic effects of stably 
dispersed and agglomerated TiO2 NPs. TiO2 (size about 25 nm, Aeroxide P25) was suspended in DMEM 
containing 10% FBS or PBS to prepare stably dispersed or agglomerated TiO2 NPs. The Z-averages of TiO2 
NPs in the resultant dispersions were about 200 and 2000 d.nm, respectively. The human lung A549 cells 
and monocyte THP-1 cells were exposed to these TiO2 dispersions. Cytotoxicity, generation of reactive 
oxygen species (ROS) and release of interleukin-8 (IL-8) were examined in these cells. Genotoxicity were 
analyzed by comet and cytokinesis block micronucleus (MN) assays in A549 cells.
The level of DNA damage as shown in comet assay was dose-dependently increased in the cells exposed to 
both states of TiO2 NPs. In contrast, MN incidence was increased only in the cells exposed to the dispersed 
TiO2 NPs. However, cytotoxicity, generation of ROS and release of IL-8 in A549 cells were not significantly 
increased by either dispesion. The agglomerated TiO2 NPs displayed cytotoxic effect in THP-1 cells. However, 
increase in the generation of ROS and release of IL-8 was not found.
These results suggest that the dispersed and agglomerated TiO2 NPs may induce genetic damage and 
cytotoxicity in cultured cells under the current conditions, and the secondary size of agglomerates may 
influence these effects.
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P-03-053 In vivo and in vitro biological effects and biodistribution of PAMAM-
NH2 dendrimers

Tin Tin Win Shwe, Yoshika Kurokawa, Yang Zeng, Hiroshi Nitta, Seishiro Hirano, Hideko Sone
National Institute for Environmental Studies, Japan

Dendrimers are highly branched spherical nanomaterials and widely used in nanotechnology. We 
investigated the biological effects and biodistribution of polyamidoamine (PAMAM) dendrimers in the mice 
brain and human ES cell-derived neurons. A single dose of 30 microL of Alexa 488-labeled PAMAM 
dendrimers was intranasally administered to 8-week old male BALB/c mice. Twenty-four hours after 
intranasal instillation, brains were collected and potential biomarkers in the blood and brain were examined 
using a hematological analysis, real-time RT-PCR, and a microarray analysis. The biodistribution of PAMAM 
dendrimers was examined using confocal laser microscopy. Fluorescent signals thought to represent 
dendrimers were observed in the hippocampus. No remarkable changes in biomarkers were observed in the 
blood or brain. Brain derived-neurotrophic factor mRNA was up-regulated in the hippocampus and cerebral 
cortex in mice treated with dendrimers. A microarray analysis showed the up-regulation of the expression 
levels of genes related to blood coagulation cascade, peroxisome proliferator-activated receptor signaling, 
and neurotransmitter monoamine pathway. For in vitro study, the effect of PAMAM dendrimers on 
differentiation process and distribution were determined using human embryonic stem cells. We exposed 
different PAMAM dendrimers four consecutive days during embryoid body formation. Although it was not 
affected number and size of neuron, A488-PAMAM-NH2 was detected 3 weeks after exposure. We suggest 
that PAMAM dendrimers may reach the brain via the systemic circulation or an olfactory nerve route. Our 
present findings indicate that PAMAM-NH2 dendrimers may potentially exert neurotoxic effects by modulating 
the gene expressions of neurologically related biomarkers.

P-03-054 Cellular distribution of AgNPs and behavior of metallothionein in 
human bronchial epithelial cells

Takamitsu Miyayama1), Yuta Arai2), Noriyuki Suzuki2), Seishiro Hirano1,2)

1)National Institute for Environmental Studies, Japan, 2)Graduate School of Pharmaceutical Sciences, Chiba University, 
Japan

Silver nanoparticles (AgNPs) are commercially used as antibacterial reagents. However, the mechanisms 
underlying Ag toxicity in mammals are not fully understood. In the present study, we assessed distribution 
and toxicity of AgNPs and silver nitrite (AgNO3) in human bronchial epithelial cell (BEAS-2B) focusing on 
behavior of metallothionein (MT). The cells were exposed to 0 - 500 µg Ag/mL AgNPs or 0 - 100 µmol/L 
AgNO3 for up to 24 h. The cytotoxicity was assayed by a modified MTT method. The cellular concentration 
and distribution of Ag were evaluated by ICP-MS and laser scanning microscopy, respectively. Distribution of 
Ag to MT and other proteins was determined using HPLC-ICP-MS. Ag was distributed to MT in AgNPs-
exposed cells in a time-dependent manner, suggesting that soluble As was released from AgNPs. On the 
other hand, cellular Ag concentration and Ag-bound MT (Ag-MT) were sharply increased up to 3 h and then 
decreased in AgNO3-exposed cells. The agglomerated AgNPs were found in lysosomes at 24 h after 
exposure. ROS generation occurred in the mitochondria following treatment with AgNO3. The effect of Ag on 
respiration in rat liver mitochondria was assessed by measuring O2 consumption. Exposure to AgNO3 resulted 
in a dose-dependent decrease in mitochondrial oxygen consumption as AgNO3 inhibited the electron 
transport chain enzymes associated with complexes I-IV in mitochondria. ROS production appeared to cause 
relocation of Ag-MT to mitochondria, which evoked inhibition of electron transport chain. These results 
suggest that the difference in cytotoxicity between AgNP and AgNO3 is probably due to the stability of Ag-
MT and degradation of Ag-MT may lead to cell damage.
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P-03-055 Long-term exposure of asbestos affects cell cycle and cell death in 
Treg model cell line MT-2

Suni Lee1), Hidenori Matsuzaki1), Megumi Maeda2), Naoko Kumagai-Takei1), Yasumitsu Nishimura1), 
Takemi Otsuki1)
1)Kawasaki medical school, Japan, 2)Department of Biofunctional Chemistry, Division of Agricultural and Life Science, 
Graduate School of Environmental and Life Science, Okayama University, Japan

Asbestos is a silicate mineral that causes serious illness such as malignant mesothelioma and lung cancer. 
Regulatory T cells (Treg), are known as a suppressor of immune activity and cause a less anti tumor immunity. 
We have hypothesized that asbestos causes less immune reaction including tumor immunity through the 
enhancement of Treg function. Here we used MT-2 cell line, an HTLV-transformed human FoxP3 positive Treg 
model cell line, and established 7 sub-cell lines from original MT-2. They were exposed to 3 kinds of 
asbestos (Chrysotile A, Chrysotile B and Crocidolite) at low concentration (10 µg/ml or 25 µg/ml) for long 
term (more than 8 months). Microarray analysis revealed that transcriptional factor FoxO1 was remarkably 
decreased in these all of sub-cell lines. Since FoxO1 regulates expression of several cell cycle regulatory 
molecules, in this study we focused on the cell cycle regulation in these sub-cell lines. Real time PCR analysis 
showed cyclin dependent kinase (CDK) inhibitors, p21Cip1, p57Kip2, p18Ink4c, p19Ink4d were decreased 
and CyclinD1 was remarkably increased in these sub-cell lines. Western blot analysis also showed us 
p21Cip1 was decreased and CyclinD1 was increased in these sub-cell lines. Annexin V/PI staining showed 
some sub-line cells contained more living cells than original MT-2. We detected significantly less Fas-ligand 
mRNA expression in all sub-cell lines. These results suggested that long-term exposure of asbestos might 
accelerate cell cycle progression, and decrease cell death, and conduct them increase. Abnormal 
proliferation of Treg may down regulate tumor immunity. Further study is required to elucidate whether the 
down regulation of FoxO1 is implicated cell cycle progression in these sub-cell lines.

P-03-056 Effect of PAMAM dendrimers on differentiation of hNPCs: A study of 
morphological analysis

Yang Zeng1,2), Tin-Tin Win-Shwe1), Qin Zeng1), Yoshika Kurokawa1), Seishiro Hirano1), Zhenya Zhang2), 
Hideko Sone1)

1)National Institute for Environmental Studies, Japan, 2)University of Tsukuba, Japan

Polyamidoamine (PAMAM) dendrimers, which are highly branched polymers with low polydispersity and high 
functionality, are widely used in nanotechnology for construction of effective drug carriers, gene transfer 
devices and imaging of biological systems. However, before Polyamidoamine dendrimers can be safely 
applied in a clinical setting, their cytotoxicity needs to be assessed. In this work, high content morphological 
analysis were used to evaluate effects of PAMAM exposure on hNPCs . PAMAM from generation G0-G7 
which have amine surface groups and other four different surface groups of generation G4 were exposed for 
72h on hNPCs during neuronal differentiation. After fixation , cells were stained and examined the 
morphological changes such as nucleus form factor, neurite length and nerve area using confocal laser 
microscopy. We found that neurite length and nerve area were significantly decreased after PAMAM 
exposure. Our results suggest that PAMAM dendrimers may influence neuronal differentiation derived from 
human neuronal progenitor cells.
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P-03-057 Hemorheological Toxicity of Silver Nanomaterials

Yujin Heo, Minjung Kim, HeeJae Jeon, SeokHeung Song, Sehyun Shin
Korea University, Korea

We investigated the effect of Ag-NMs on rheological characteristics of human blood, including hemolysis, 
erythrocyte deformability and aggregation, membrane topography. The interactions of Ag-NMs of different 
particle sizes and aspect ratios with human red blood cells (RBCs) were investigated by laser diffractometry, 
aggregometry, and various microscopic techniques.
Small Ag-NP (d ～ 30 nm) were found to rapidly alter the hemorheological properties of RBCs. RBC 
deformability decreased with Ag-NP concentration and exposure time, whereas RBC aggregation decreased 
with Ag-NP concentration but did not show independence of exposure time. In contrast, large Ag-NP (d ～
100 nm) and Ag-NW (d ～ 40 nm, l ～ 2 µm) to RBCs induced relatively weak decreases in RBC deformability 
and aggregation. Even, reduction in RBC deformability reached asymptotical saturation at high 
concentrations. 
These hemorheological findings provide a better understanding of the mechanisms of RBCs and Ag-MNs 
interaction and will assist in the risk assessment of Ag-NMs in living being's blood.

P-03-058 SiO2 NP translocation across four different in vitro models of human 
bronchial epithelial monolayers

Isabelle GEORGE, Sandra Vranic, Sonja Boland, Armelle Baeza-Squiban
Université Paris Diderot, France

Currently there is evidence of the ability of nanoparticles to cross bronchial epithelial barrier and to reach 
secondary organs. Our aim was to study the translocation of silica NPs of three different sizes across different 
in vitro models of human lung epithelia. 
Here we tested three different cell lines, NCI H292, Calu 3 and A549 cells, and by measurement of the TEER 
values Calu 3 cells are the best choice for our experiments. We used also primary cell cultures of NHBE cells 
witch are able to develop three different types of differentiation, a normal, mucociliary, or two pathological, 
squamous and mucosal.
Fluorescently labelled SiO2 NPs are required to quantify NP translocation. They are proved to be non 
cytotoxic and did not induce a pro inflammatory response in Calu 3 cell line. Yet, they were shown to induce 
a dose-dependent increase in the expression of the specific bronchial mucin, MUC5AC. By contrast, NHBE 
cells exposed for 2 hours to NPs released GM CSF in increasing amount when NP size increased 24 hours 
after the NP treatment. 
NP translocation across the Calu 3 monolayer was size dependent. NP translocation was higher for NCI H292 
and A549 cells that did not form tight monolayers. Only morphological studies by confocal microscopy were 
performed only for the NHBE cells. These observations have shown a NP retention that was differentiation-
dependent with a very important retention inside the mucosal epithelium after 6 weeks in culture.
In conclusion, SiO2 FITC NPs can cross the bronchial epithelial barrier in a low percentage without inducing 
cellular inflammation and affecting epithelial integrity.

This work was supported by grants from Anses project, by Région Ile de France for I. George PhD funding 
and FP7 project ENPRA for S. Vranic PhD funding.
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P-03-059 Down-regulation of FoxO1 in MT-2 cells induced by long-term 
exposure to asbestos

Hidenori Matsuzaki1), Suni Lee1), Megumi Maeda2), Naoko Kumagai-Takei1), Yasumitsu Nishimura1), 
Takemi Otsuki1)
1)Kawasaki Medical School, Japan, 2)Department of Biofunctional Chemistry, Division of Bioscience, Okayama University 
Graduate School of Natural Science and Technology, Japan

Asbestos is known to cause mesothelioma and lung cancer.  It is considered that asbestos induces DNA 
damage and transformation of normal cells through reactive oxygen species production.  On the other hand, 
we previously reported that asbestos affects not only mesothelial and lung epitheial cells, but also anti-tumor 
immune system.  Regulatory T cells, Treg, produce inhibitory cytokines to suppress anti-tumor immune 
system.  MT-2 cells were cultured with asbestos for 8 months and employed as Treg model exposed to 
asbestos.  MT-2 cells exposed to asbestos showed higher viability than original MT-2 cells after acute 
treatment with high concentration of asbestos, and was designated as MT-2Rst.  Microarray analysis revealed 
that up-regulation of 84 genes and down-regulation of 55 genes in MT-2Rst.  FoxO1, forkhead transcription 
factor, was found as down-regulated genes.  FoxO1 is known to regulate various cellular processes such as 
survival, proliferation and stress response.  Namely, treatment with asbestos induced transcription of FoxO1 
target gene GADD45 in MT-2 cells.  We generate FoxO1 knock-down MT-2 cells with shRNA.  FoxO1 shRNA 
reduced population of apoptotic cells after treatment with asbestos.  These results suggest that FoxO1 
regulates asbestos-induced apoptosis, and down-regulation of FoxO1 in MT-2Rst is involved in its resistance 
to asbestos.

P-03-060 Intracellular distribution of PAMAM dendrimers in cultured human 
cells

Yoshika Kurokawa, Tin-Tin Win Shwe, Qin Zeng, Seishiro Hirano, Hideko Sone
National Institute for Environmental Studies, Japan

Dendrimers have been considered to be widely applicable nanomaterials owing to their unique properties 
such as spherical shape, having internal space, and wide variation in branch number or surface radicals. 
Dendrimer particles, when come in contact with living cells in vivo, are supposed to easily cross 
biomembrane and enter into cell body, but detail kinetics and its mechanism remain unclear. In this study, 
we aimed to clarify the fate of the particles accessing the surface of human cells and to investigate the time 
course of its phenomenon in vitro. We prepared particles of polyamidoamine (PAMAM) dendrimer 
(generation 4, amine-surface) conjugated with molecules of Alexa Fluor 488 or 546, and added the labeled 
particles into media culturing various human cells. Under confocal laser-scan microscopy, fluorescence 
signals were detected around nuclei of cultured pulmonary artery endothelial cells three days after adding 
the particles. In case of human ES cell-derived neuronal cells, fluorescence signals were observed in mixing 
with the signals derived from lysosomal vesicles which were labeled by LysoTracker one day after addition of 
dendrimers. Our findings indicate that PAMAM dendrimers suspended in culture media with human cells may 
cross cell membrane and may be trapped by cytosomal endosome/lysosome system within a day.
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P-03-061 Interaction of Titanium Dioxide Nanoparticles with Human Red Blood 
Cells and Their Membrane Proteins

Donald Wilson, Susumu Ueno
University of Occupational and Environmental Health, Japan

Objective: When exposed to human red blood cells (RBCs), we found that titanium dioxide (TiO2) 
nanoparticles (NPs) caused hemolysis in a dose-dependent manner. In an attempt to explain the mechanism 
of this hemolysis, we examined the effects of the NPs on human RBCs and RBC membrane proteins. 

Methods: Two TiO2 NPs of different hydrodynamic diameters (P25= 56nm; P90= 14nm) were exposed to 
human RBCs and their hemolytic potency was measured. To determine any involvement of oxidative stress, 
glutathione oxidation and lipid peroxidation were investigated. To examine effects on proteins, erythrocyte 
membranes were exposed to TiO2 NPs and their proteins subsequently separated by SDS/PAGE and 
detected by Western blotting. 

Results: Based on the potential of particles to hemolyze 50% of red cells (EC50), P90 was 1.8 times more 
potent than P25 (EC50 of 1.75mg/ml vs 0.86mg/ml, respectively). Both kinds of TiO2 had no effect on the 
erythrocyte glutathione levels while they both induced lipid peroxidation, significantly higher by P90, the 
smaller of the two nanoparticles. We also examined the effect of both NPs on erythrocyte membrane 
proteins and found a particular effect of both NPs on the 21kDa protein, Cofilin, and observed NP dose-
dependent band thickening on Western blots. Differential effects of both NPs on other RBC membrane 
proteins appear plausible, and are currently being investigated.  

Conclusion: TiO2 NPs induce hemolysis in human RBCs and although their effects on reduced glutathione and 
lipid peroxidation are inconclusive of involvement of oxidative stress in this hemolysis, NP-differential effects 
on erythrocyte membrane proteins such as Cofilin, may provide an answer to the mechanism of TiO2-
induced hemolysis.

P-03-062 Granzyme B and perforin levels of CD8+ lymphocytes in patients 
with pleural plaque or mesothelioma

Naoko Kumagai-Takei1), Yasumitsu Nishimura1), Megumi Maeda2), Hidenori Matsuzaki1), Suni Lee1), 
Takumi Kishimoto3), Kazuya Fukuoka4), Takashi Nakano4), Takemi Otsuki1)
1)Kawasaki Medical School, Japan, 2)Department of Biofunctional Chemistry, Graduate School of Natural Science and 
Technology, Okayama University, Japan, 3)Okayama Rosai Hospital, 4)Division of Respiratory Medicine, Department of 
Internal Medicine, Hyogo College of Medicine, Japan

The tumorigenicity of asbestos, which is thought to cause mesothelioma, has been clarified, whereas its 
effect on anti-tumor immunity remains unclear. Previously, we reported that asbestos exposure suppressed 
the induction of human CTL during MLR (Kumagai-Takei, et al., Am J Respir Cell Mol Biol, in press). In the 
present study, the functional properties of CD8+ lymphocytes in PBMCs of patients with pleural plaque (PL) 
or malignant mesothelioma (MM) were examined by flow cytometry. CD3+CD8+ cells in PL and MM groups 
showed lower number than those of healthy volunteers (HV). There was no difference in %CD107a+ and IFN-
ﾎｳ + cells in stimulated CD8+ lymphocytes among three groups. Although %granzyme B+ cells in fresh CD8+ 
lymphocytes did not differ among three groups, PL and MM groups showed higher percentages of perforin+ 
cells and CD45RA- cells than those of HV. PL group showed higher percentages of granzyme B+ and perforin+ 
cells in stimulated CD8+ cells than those of HV. MM group showed the enhanced decrease in % perforin+ 
cells of stimulated CD8+ cells, compared with PL group. Those results suggest the decrease in stimulation-
induced cytotoxicity in MM patients. The high percentages of CD45RA- and perforin+ cells in PL and MM 
groups, which mean an increase in effector memory CD8+ T cells, suggest an existence of immunological 
effect of asbestos. Contrary to expectation based on the findings obtained from our in vitro study, CD8+ T 
cells in PL patients might be in an activated status resulting in adequate performance of antitumor immunity.
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P-03-063 Suppressive effects of exposure to multi-walled carbon nanotubes 
and asbestos on NK cell function

Yasumitsu Nishimura, Naoko Kumagai-Takei, Hidenori Matsuzaki, Suni Lee, Takemi Otsuki
Kawasaki Medical School, Japan

Our previous studies have demonstrated immunological effect of asbestos exposure on NK cells, in which 
decreased cytotoxicity of NK cells with altered expression of activating receptors was shown NK cells in 
asbestos-exposed culture and in patients with mesothelioma. Carbon nanotubes (CNTs) are hopeful 
materials, but have characteristics similar to asbestos, long and thin. CNTs-induced malignant mesothelioma 
in animals has been reported. Therefore, we examined the effect of multi-walled CNTs (MWCNTs) on 
cytotoxicity of NK cells, compared with asbestos. MWCNTs, given by Dr Hirano in National Institute for 
Environmental Studies, were suspended in Pluronic F68 and dispersed by sonication. chrysotile B (CB) 
asbestos or MWCNTs were added at 1 or 5 µg/ml into IL-2-supplemented media, in which human PBMCs, 
CD3-CD56+ NK cells or others were cultured. FACSCalibur was used to assay cell surface expression of 
NKG2D, NKp44, NKp46 activation receptors, percentage of apoptotic cells and cytotoxicity of NK cells. NK, 
Th cells and CD14+ monocytes were sorted by MACS or FACSAria. Cell growth was assayed by WST-1 
method. NK cells in PBMCs cultured upon exposure to CB or MWCNTs for 7 days showed decreases in 
expression of NKp46 and NKp44. NKG2D as well as NKp46 and NKp44 decreased in NK cells freshly sorted 
and then cultured upon exposure to MWCNTs, but not to CB. Both of NK cells sorted form PBMC exposed to 
CNT and CB exhibited decreased cytotoxicity for NKp46-dependent targets. The apoptotic cells in CD14+ 
monocytes increased by CB exposure, whereas MWCNTs caused both apoptosis of monocytes and NK cells. 
The cell growth of NK decreased upon exposure to MWCNTs, but not to CB. These findings indicate that 
MWCNTs have a potential to impair cytotoxicity of NK cells similar to asbestos.

P-03-064 Determination of nanoparticle deposition efficiency in the air-liquid 
interface cell exposure system

Yuji Fujitani1), Yutaka Sugaya1), Masanori Hashiguchi2), Akiko Furuyama1), Seishiro Hirano1), 
Akinori Takami1)
1)National Institute for Environmental Studies, Japan, 2)Keisoku Engineering System Co., Ltd, Japan

The air-liquid interface (ALI) cell exposure system is one of the useful tools for in vitro studies to assess the 
toxicity of airborne engineered nanomaterials and atmospheric particulate matter. The determination of 
deposition efficiency of particles to cells in the ALI in vitro exposure system is required to obtain dose-
response relationship. In this study we determined deposition efficiencies for particle sizes between 30 and 
1000 nm for 8 sizes by two ways; deposited particle number was counted by transmission electron 
microscope (TEM) and was simulated by computational fluid dynamics.
For TEM experiment, we aerosolized mono-disperse non-electrically charged polystyrene latex particles by 
atomizer or electrospray and they exposed to TEM grid in the ALI in vitro exposure system, then we counted 
the number of deposited particles using TEM. For computational simulation, we simulated particle trajectory 
in the ALI in vitro exposure system using COMSOL Multiphysics and Fortran code, which is accounted for 
Brownian diffusion and sedimentation by gravity. Deposition efficiencies were validated separately and the 
results derived from both methods were consistent.
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P-03-065 Gold nanoparticles regulating cell cycle can sensitize 
radiotherapeutic  response for glioblastoma

Jen-Kun Chen, Jui-Ping Li, Jiun-Yu Chen, Chia-Hwa Chen, Nai-Chun Huang, Chung-Shi Yang
National Health Research Institutes, Taiwan R.O.C.

Nanotechnology is a critical breakthrough to improve physical, chemical and biological properties for not 
only emerging but classical materials. Gold nanoparticles (GNPs) have been a very poplar nanomaterial for 
developing medical testing reagents, sensor devices and drug carriers since GNPs are believed as 
biocompatible as bulk gold element. In this study, we observe a critically biological alteration caused by the 
exposure of GNPs. The population of G2/M phase raise to 20.7% for exposure group versus 11.1% for 
control group, which may be a risky factor for normal cells according to the viewpoint of nano-toxicity. For 
cells treated with GNPs in culture medium, regulation of marker proteins relevant to G2/M arrest is similar to 
that induced by chemical treatment. To study the mechanism of GNPs-induced G2/M accumulation, 
proteomic analysis was employed to explore the dynamics of protein profiles. We demonstrate several 
biological responses resulting from the treatment of GNPs, which can be a niche to sensitize radiotherapy for 
the radio-resistant glioblastoma. This result could be a good news to benefit patients having high grade brain 
tumor in near future.

P-03-066 Role of epithelial cells and macrophages in lung inflammation 
induced by silica nanoparticles

Mathilde Delaval1), Ignacio Garcia-Verdugo2,3,4), Sandra Vranic1), Jean-Michel Sallenave2,3,4), 
Armelle Baeza-Squiban1), Sonja Boland1)

1)University Paris Diderot, France, 2)Unité de Défense Innée et Inflammation, Institut Pasteur,Paris, France, 3)INSERM 
U874, Paris, France, 4)Université Paris Diderot, Sorbonne Paris Cité, cellule Pasteur, 75015 Paris, France

Silica nanoparticles (SiO2-NPs) have many applications and are used in various commercial products. Thus it 
is essential to evaluate the health effects of SiO2-NPs, especially on the respiratory system. In this study, we 
investigated the immune response in mice instilled with 15 nm SiO2-NPs. To understand the cell types and 
mechanisms involved in the response, we studied the internalization and effects of these NPs in vitro on 
macrophages and airway epithelial cells. 
SiO2-NPs of 15nm were synthesized and their physico-chemical properties were characterized. To study the 
acute pulmonary effects of SiO2-NPs in vivo, C57Bl/6j mice were intranasally instilled with 5mg/kg of SiO2-
NPs. The cellularity of the bronchoalveolar lavage (BAL) and pro-inflammatory cytokine secretion (KC, G-CSF, 
IL-6 and TNF- ) were analyzed 20 hours after instillation. The human alveolar epithelial cell line A549 and 
THP-1 cells differentiated into macrophages were exposed for 4 or 24 hours to fluorescently labelled SiO2-
NPs and observed by confocal microscopy. The internalization was quantified by flow cytometry and imaging 
flow cytometry. The pro-inflammatory response was evaluated in vitro on macrophages and epithelial cells 
by measuring by ELISA the secretion of the chemokine IL-8. 
Our results show that SiO2-NPs are taken up by alveolar epithelial cells and macrophages in vitro and in vivo. 
SiO2-NPs induce pulmonary inflammation in vivo characterized by a moderate neutrophil infiltration and an 
increase of cytokine levels in the BAL of treated mice. An increase of the IL-8 secretion is also observed in 
vitro in response to SiO2-NPs. 
In conclusion, 15 nm SiO2-NPs are internalized by lung epithelial cells and macrophages and trigger a pro-
inflammatory response in vitro and in vivo.
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P-03-067 MWCNT-induced DNA damage and cell death from ROS generation 
in PHA-stimulated Hn lymphocytes

Jin Sik Kim1), Kyung Seuk Song1), Jin Kyu Lee1), Il Je Yu2)

1)Korea Conformity Laboratories, Korea, 2)Institute of Nanoproduct Safety Research, Hoseo University, Asan, Korea

Multi-wall carbon nanotubes (MWCNTs) are known as effective transports for biological macromolecules and 
drugs to target cells and tissues, thereby attracting the attention of the biomedical industry. Administrating 
MWCNTs for medical application invariably involves intravenous administration and ultimate contact with 
human blood cells, yet toxicological studies on the effect of MWCNTs on human blood cells are still lacking. 
Accordingly, this study evaluated the cytotoxic and genotoxic effect of MWCNTs on healthy male human 
peripheral blood lymphocytes. Healthy male human peripheral blood cells were treated with MWCNTs at 3 
different concentrations (12.5, 25, and 50 µg/ml) for 48 hrs. Under these conditions, the MWCNTs induced 
significant cell growth retardation, DNA damage, and spontaneous cell death. The MWCNT-treated human 
blood cells also exhibited an increased intracellular reactive oxygen species (ROS) level during the 
experimental period, which leads to cell damage and death, proliferation inhibition, DNA damage, and an 
inflammatory response.

P-03-069 Influence of dispersant chemicals on cellular oxidative stress induced 
by SWCNT

Masanori Horie1), Katsuhide Fujita2), Haruhisa Kato2), Shigehisa Endoh3), Yasuo Morimoto1)

1)University of Occupational and Environmental Health, Japan, 2)National Institute of Advanced Industrial Science and 
Technology (AIST), Japan, 3)Technology Research Association for Single Wall Carbon Nanotubes (TASC), Japan

Recently, there are many investigations about cytotoxicity of carbon nanotube (CNT). Some investigations 
have suggested that the CNT caused induction of oxidative stress in cells. In order to examine the cytotoxicity 
of CNT, some chemical and biological reagents are usually used for dispersants. However, some chemicals 
used as dispersant show cytotoxic activity. In stable CNT medium dispersion, the dispersants are adsorbed 
onto the surface of CNT. The cellular influences of CNT may be caused by complex of CNT and dispersants 
and the cellular influences of CNT may depend on the dispersant. Thus evaluation of cellular influences of 
CNT-dispersant complex is important.
In the present study, the cellular influences of 4 kinds of chemical or biological reagents used as dispersants 
were examined. Pluronic F-127, DPPC, bovine serum albumin (BSA) and Tween 80 were used in the 
preparation of CNT-medium dispersants. And induction of oxidative stress on cells by CNT-dispersant 
complex was examined. The influences of each reagent on cell viability in human lung carcinoma A549 cells 
were small. However, Pluronic F-127, DPPC and Tween 80 induced an increase of intracellular reactive 
oxygen species (ROS) level. CNT-medium dispersions were prepared, using each reagent as a dispersant and 
applied to A549 cells. The cellular influences depended on the kind of dispersant. Induction of intracellular 
ROS level was observed in cells exposed to CNT dispersion including each reagent except BSA. These results 
suggest that the adsorbed dispersant reagents on the surface of the CNT affect its cellular influences, 
particularly the induction of oxidative stress.
The selection of the dispersant according to the purpose is important in the evaluation of cellular influence of 
CNT.
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P-03-070 Nitrative DNA damage in lung epithelial cells exposed to  multi-
walled carbon nanotube

Yusuke Hiraku1), Feiye Guo1), Ning Ma2), Shosuke Kawanishi3), Mariko Murata1)

1)Mie University Graduate School of Medicine, Japan, 2)Faculty of Health Science, Suzuka University of Medical Science, 
Japan, 3)Faculty of Pharmaceutical Sciences, Suzuka University of Medical Science, Japan

Carbon nanotube (CNT) has been used for industrial and medical purposes, because of its unique 
physicochemical properties, such as high electrical conductivity and excellent strength.  However, several 
studies demonstrated that CNT induces mesothelioma and genotoxicity in experimental animals.  CNT can 
cause chronic inflammation in respiratory systems, under which reactive oxygen/nitrogen species are 
generated from inflammatory and epithelial cells, and resulting DNA damage may contribute to 
carcinogenesis.  8-Nitroguanine (8-nitroG) is a mutagenic DNA lesion formed during inflammation.  In this 
study, we performed immunocytochemistry to examine 8-nitroG formation in A549 human lung epithelial 
cells treated with multi-walled CNT (MWCNT) with a length of 1-2 µm (CNT-S) or 5-15 µm (CNT-L) and a 
diameter of 20-40 nm.  CNT-L induced 8-nitroG formation in a dose-dependent manner up to 1 µg/ml and its 
intensity was significantly stronger than that induced by CNT-S at 8 h.  MWCNT also induced the expression 
of inducible NO synthase (iNOS) in the cells and increased NO products in the culture supernatant.  However, 
the generation of reactive oxygen species was not increased by MWCNT under the conditions used.  
Inhibitors of caveolae- and clathrin-mediated endocytosis reduced MWCNT-induced 8-nitroG formation.  
These results suggest that MWCNT is internalized into lung epithelial cells and then induces inflammatory 
reactions and nitrative DNA damage, which may participate in carcinogenesis.  In addition, 8-nitroG may be a 
sensitive marker to evaluate the genotoxicity of nanomaterials.

P-03-071 Influence of C60 Fullerene on Differentiation of Mouse ES cells

Koichi Imai1), Fumio Watari2), Tsukasa Akasaka3), Akito Tanoue4), Kazuaki Nakamura4), Shoji Takeda1)

1)Osaka Dental University, Japan, 2)Professor Emeritus, Hokkaido University, Japan, 3)Graduate School of Dental 
Medicine, Hokkaido University, Japan, 4)National Research Institute for Child Health and Development, Japan

We have elucidated the relationship between developmental toxicity, which has effects over several 
generations, and chemicals in a biological safety study using in vitro embryotoxicity screening according to 
the Embryonic Stem Cell Test (EST) protocol. We examined the differentiation capacity of mouse embryonic 
stem (ES) cells cultured on C60 fullerene, as well as cell viability effects, employing a cellular differentiation 
technique for the EST test protocol. 50 µg of C60 fullerene was dissolved in medium for ES-D3 and 3T3 cells. 
Subsequently, two 24-well dishes were used for every test solution. Each of the embryoid bodies (EBs) 
formed were placed in the well, and the EBs were cultured statically for five days. The presence of beating 
myocardial cells in each well was examined under an inverted phase contrast microscope. The results 
demonstrated minor effects on differentiation assay, beating myocardial rate of the dispersed solution was 
noted in 72% of the control. In addition, there was no influence on cell viability. In this study, the C60 
fullerene did not influence the differentiation of ES-D3 cells and non embryotoxicity". We here investigated 
C60 fullerene dispersed in a medium. We expected a result of natural dispersion of C60 fullerene into the 
medium by agitation as possible. Fullerene particles should be sufficiently dispersed in media. In the future, 
the biological safety should be comprehensively examined by improving dispersion in medium."
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P-03-072 A New Screening System for Neurotoxicity Produced by Silver 
Nanoparticles in vitro

Masami Ishido, Seishiro Hirano
National Institute for Environmental Studies, Japan

It has been largely unknown if silver nanoparticles exert their effects on neuronal functions, particularly 
neuronal development.  Here we examined the in vitro effects of silver nanoparticles on neural stem cells, 
derived from the rat fetus mesencephalon (E16).  After 1 week in culture, neurospheres were appeared and 
cultured in the presence of  EGF and bFGF on the uncoated glass dishes.  The cells were identified as neural 
stem cells by immunocytostaining with antibodies for nestin, microtubule-associated proteins,  glial fibrillary 
acidic protein, or oligodendrocytes.  They could also retain to differentiate.    For the assay, neurospheres 
were seeded in a coated glass-bottomed dish.  After 4 h, the plated cells were then treated with various 
concentrations of silver nanoparticles for 16-42 h.  The migration distance of the cells was measured from 
the edge of the neurospheres using NIH Image J 1.38x public domain software.  Cells emerged from the 
neurospheres and migrated along the radial axis.  The migrating populations comprised cells that were 
positive for nestin,  Exposure to silver nanoparticles (10 nm) inhibited cell migration in a dose-dependent 
manner, and increased the number of terminal deoxynucleotidyl transferase-mediated dUTP nick-end labeling 
(TUNEL)-positive cells.  Quantitative analysis revealed a linear function between the inhibition of migration 
and the nanoparticles concentration.  Thus, we showed that silver nanoparticles exert inhibitory effects on 
the migration of neural stem cells in vitro.

P-03-073 Endocytosis of MWCNT in BEAS-2B cells are affected by the culture 
medium type

Hisao Haniu1), Naoto Saito2), Yoshikazu Matsuda3), Kayo Maruyama2), Tamotsu Tsukahara1), Yuki Usui4), 
Kaoru Aoki1), Seiji Takanashi1), Shinsuke Kobayashi1), Hiroki Nomura1), Masanori Okamoto1), 
Masayuki Shimizu1), Hiroyuki Kato1)

1)Shinshu University School of Medicine, Japan, 2)Shinshu University School of Health Sciences, Japan, 3)Nihon 
Pharmaceutical University, Japan, 4)Research Center for Exotic Nanocarbons, Shinshu University, Japan

To date, many studies have used the human bronchial epithelial cell line BEAS-2B to evaluate nanomaterials, 
particularly for the safety evaluation of multi-walled carbon nanotubes (MWCNTs). However, conflicting 
results have been obtained, possibly because different types of culture medium were used, particularly those 
containing or not containing serum. Therefore, we examined the cytotoxicity of MWCNTs and the resulting 
cytokine secretion in BEAS-2B cells or normal human bronchial epithelial cells (HBEpCs) in 2 types of culture 
media (Ham's F12 containing 10% fetal bovine serum [Ham's F12] and serum-free growth medium [SFGM]). 
Cellular uptake of MWCNT was observed by fluorescent microscopy and analyzed using flow cytometry. 
Moreover, we evaluated whether MWCNT uptake was suppressed by 2 types of endocytosis inhibitors. We 
found that BEAS-2B cells cultured in Ham's F12 and HBEpCs cultured in SFGM showed similar biological 
responses, but BEAS-2B cells cultured in SFGM did not internalize MWCNTs, and the 50% inhibitory 
concentration value, i.e., the cytotoxicity, was increased by more than 10-fold. MWCNT uptake was 
suppressed by a clathrin-mediated endocytosis inhibitor and a caveolae-mediated endocytosis inhibitor in 
BEAS-2B cells cultured in Ham's F12 and HBEpCs cultured in SFGM. In conclusion, we suggest that BEAS-2B 
cells cultured in a medium containing serum should be used for the safety evaluation of nanomaterials as a 
model of normal human bronchial epithelial cells. However, the culture medium composition (serum-free or 
not) may affect the proteins that are expressed on the cytoplasmic membrane, which may influence the 
biological response to MWCNTs.
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P-03-074 MWCNT-induced DNA damage and cell death from ROS generation 
in human lymphocytes

Jin Sik Kim1), Kyung Seuk Song1), Jin Kyu Lee1), Il Je Yu2)

1)Korea Conformity Laboratories, Korea, 2)Institute of Nanoproduct Safety Research, Hoseo University, Korea

Multi-wall carbon nanotubes (MWCNTs) are known as effective transports for biological macromolecules and 
drugs to target cells and tissues, thereby attracting the attention of the biomedical industry. Administrating 
MWCNTs for medical application invariably involves intravenous administration and ultimate contact with 
human blood cells, yet toxicological studies on the effect of MWCNTs on human blood cells are still lacking. 
Accordingly, this study evaluated the cytotoxic and genotoxic effect of MWCNTs on healthy male human 
peripheral blood lymphocytes. Healthy male human peripheral blood cells were treated with MWCNTs at 3 
different concentrations (12.5, 25, and 50 µg/ml) for 48 hrs. Under these conditions, the MWCNTs induced 
significant cell growth retardation, DNA damage, and spontaneous cell death. The MWCNT-treated human 
blood cells also exhibited an increased intracellular reactive oxygen species (ROS) level during the 
experimental period, which leads to cell damage and death, proliferation inhibition, DNA damage, and an 
inflammatory response.

P-03-075 SWCNTs induced cytotoxicity and genotoxicity by ROS generation in 
human lymphocytes

Jin Sik Kim1), Il Je Yu2)

1)Korea Conformity Laboratories, Korea, 2)Institute of Nanoproduct Safety Research,, Hoseo University, Korea

Single-wall carbon nanotubes (SWCNTs) have a small size, large surface area, and high reactivity, which 
allow them to cross the cytoplasm or nucleus membrane and attach to biological molecules, and this has 
attracted significant attention from the biotechnology and biomedical fields. For medical applications, 
SWNCTs are usually administered intravenously, which increases the chances of interaction with blood. Yet 
despite this exposure possibility, safety evaluation studies of SWCNTs focusing on human blood are still 
lacking. Therefore, this study evaluated the cytotoxicity, genotoxicity, and pro-inflammatory response caused 
by SWCNT treatment of phytohemagglutinin (PHA)-stimulated healthy male human peripheral blood 
lymphocytes. As a result, the SWCNTs were found to induce inhibited cell growth, DNA breakage, and 
micronuclei formation via reactive oxygen species (ROS) generation. Interestingly, the addition of 
N-acetylcysteine (NAC), a cell-permeable antioxidant, decreased the ROS generation, cytotoxicity, and 
genotoxicity caused by the SWCNT treatment. In addition, the SWCNTs induced TNF-  release after 24 hrs, 
yet this phenomenon was not related to the ROS generation caused by the SWCNT treatment, as antioxidant 
treatment did not reduce the increased pro-inflammatory cytokine level in the phytohemagglutinin (PHA)-
stimulated healthy male human peripheral blood lymphocytes.
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P-03-076 Cyto/genotoxicity of different sizes and crystalline structure TiO2 
particles in human lymphocytes

Flavia Barone1), Andrea Zijno1), Cristina Andreoli1), Isabella De Angelis1), Maria Alessandrelli2), 
Maria L. Polci2), Barbara De Berardis1)
1)Istituto Superiore di Sanità, Italy, 2)Istituto Superiore di Sanità - National Centre for Chemical Substances, Italy

The EC suggests the use of specific and suitable methods to evaluate the toxicological properties of particles 
in nano-form. In particular, the use of in vitro systems and/or alternative methods is strongly recommended 
to investigate in depth toxicity mechanisms of nanomaterials (NMs). TiO2 nanoparticles (NPs) are widely used 
in many consumer products as well as in biomedical application. For this purpose a project (cap.4145) was 
granted by Italian Ministry of Health to assess and compare the toxicity of TiO2 particles of different sizes and 
crystalline structure: anatase in micro- and nano-form; rutile in micro- and nano-form; mix rutile/anatase in 
nano-form. 
The characterization of particles in culture medium, with or without FCS, was performed by Scanning Electron 
Microscopy (SEM) and Transmission Electron Microscopy (TEM) equipped with EDX analysis (OECD TG110, 
ISO 16700:2004, ISO 22309:2006). Primary size, size distribution, agglomeration state and chemical 
composition were determined. The cytotoxicity was evaluated by MTS assay on human lymphocytes, 
exposed for 6, 24 and 48 hours to 10, 50, 100 and 200 µg/mL of particles. The genotoxic properties of TiO2 
particles were investigated by the Comet assay and the Micronucleus test (OECD TG 487) on unstimulated 
or stimulated lymphocytes, respectively. For the evaluation of oxidative DNA damage human lymphocytes 
were treated with different concentrations of particles and the basal levels of 8-oxodG were measured by 
HPLC/EC. 
The obtained results will be described taking into account the main problems related to the selected 
methods for the evaluation of toxicity of nanoparticles and the possible application of these methods in a 
regulatory context to assess safety of NMs.

P-03-077 Toxicity of long multi-wall carbon nanotubes in mesothelical cells in 
vitro

Min Yu, Junqiang Chen, Riping Chen, Xing Zhang
Institute of Hygiene, Zhejiang Academy of Medical Sciences, China

Carbon nanotubes are expected to be applied in many fields, due to their unique physicochemical 
characteristics. Despite its promising use, carbon nanotubes with the structural resemblance to asbestos may 
pose adverse health effects. Therefore, the aim of this study was to assess the toxic potential of Multi-Walled 
Carbon Nanotubes (MWCNTs, 110-170 nm × 5-9µm) in Met-5A cells. MWCNTs induced dose and time-
dependent cytotoxicity in Met-5A cells as demonstrated by CellTiter-Glo® Luminescent cell viability assays. 
The abnormal morphological changes of treated Met-5A were evident as observed by TEM, and visible rapid 
growth of treated Met-5A was illustrated in soft agar. However, there was no significant G2/M arrest in 
treated Met-5A as determined by cell cycle analysis. Further, p53 and Mad 2 expression were higher in 
treated cells as examined by western blotting. These preliminary results showed that MWCNTs could disrupt 
the intact of Met-5A cells accompanied with morphological and biological change.
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P-03-078 Effects of doping ZnO nanoparticles with iron or manganese on 
dissolution, ROS generation and cytotoxicity

Hong Yin, Philip S. Casey
Commonwealth Scientific and Industrial Research Organisation, Division of Materials Science and Engineering, Private 
Bag 33 Clayton, Victoria 3169, Australia

Cytotoxicity from ZnO nanoparticles (NPs) has primarily been attributed to particle dissolution and 
generation of reactive oxygen species (ROS). In order to design safer ZnO NPs, the strategy of incorporating 
dopants in the ZnO lattice has been used to reduce their solubility. We prepared ZnO NPs doped with iron, 
and with manganese, and characterised them together with undoped ZnO NPs for their crystalline phase, 
near-and long-range structural perturbations, morphology, size and size distributions, surface chemistry, 
surface charge, dissolution in cell culture medium, intracellular ROS generation, and toxicity to WIL2-NS 
human lymphoblastoid cells.  Doping with Fe reduced the solubility of ZnO NPs in cell culture medium, but 
also generated more intracellular ROS, resulting in little difference in cytotoxicity at 24h, compared with 
undoped NPs. Doping with Mn had little impact on solubility, but significantly increased ROS levels, resulting 
in greater cytotoxicity at 24h compared with undoped NPs. Our results suggest that any modifications to 
ZnO NPs designed to reduce their cytotoxicity should aim to simultaneously minimise dissolution and ROS 
generation.

P-03-079 Zinc oxide nanoparticles induce cytotoxicity and apoptosis in human 
endothelial colony-forming cells

Saeko Tada-Oikawa1), Gaku Ichihara2), Yuka Suzuki1), Kiyora Izuoka1), Kiyoshi Sakai3), Sahoko Ichihara1)

1)Graduate School of Regional Innovation Studies, Mie University, Japan, 2)Department of Occupational and 
Environmental Health, Nagoya Univeristy Graduate School of Medicine, Japan, 3)Nagoya City Public Health Institute, 
Japan

[Background]  Metal oxide nanoparticles have been widely used in industry, cosmetics, as well as 
biomedicine. However, cardiovascular effect of exposure to metal oxide nanoparticles remains elusive. It is 
known that the endothelial progenitor cells (EPCs) contribute to postnatal endothelial repair and 
regeneration. Although recent studies indicated that, in humans and mice, the number of EPCs is decreased 
by exposure to PM2.5, the effect of metal oxide nanoparticle on EPCs remains unclear at the cellular level. The 
present study investigated the cytotoxicity, apoptosis and the tube formation induced by nano-sized zinc 
oxide (ZnO) particles using human endothelial colony forming cells (ECFCs), that participate in postnatal 
vasculogenesis.

[Method]  ECFCs were exposed to nano-sized and macro-sized ZnO for 24 hours. Cellular viability was 
determined by the MTS assay, which measures the reduction of {3-(4,5-dimethylthiazol-2-yl)-5-(3-
carboxymethoxyphenyl)-2-(4-sulfophenyl)-2H-tetrazolium} (MTS) to formazan in viable cells. Apoptotic cells 
were counted by flow cytometry using Annexin V-FITC to stain apoptotic cells. For capillary-like tube 
formation assay, ECFCs were placed in 24-well plates pre-coated with solidified Matrigel Matrix and cultured 
for 24 hours. Capillary-like tubular structures were photographed, and the number of incorporated ECFCs in 
tubules was determined.

[Results and Discussion]  The 24-hour exposure to nano- and macro-sized ZnO reduced the cellular viability 
in a dose-dependent manner and increased apoptotic cells in ECFCs. The functional capacity for tube 
formation of ECFCs on Matrix gel was reduced in the cells exposed to nano- and macro-sized ZnO particles 
compared with the control cells. The study indicates that exposure to nano- and macro-sized ZnO particles 
may attenuate function of vasculogenesis in ECFCs.
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P-03-080 Cytotoxicity induced by nano-sized TiO2 in human monocytic 
leukemia cells and colon cancer cells

Saeko Tada-Oikawa1), Gaku Ichihara2), Yuka Suzuki1), Kiyora Izuoka1), Sahoko Ichihara1)

1)Graduate School of Regional Innovation Studies, Mie University, Japan, 2)Department of Occupational and 
Environmental Health, Nagoya Univeristy Graduate School of Medicine, Japan

[Background] Nano-titanium dioxide (nano-TiO2) particles are used in paints, cosmetics, sunscreens, as well 
as foods as artificial coloring. However, their influence on human health remains elusive. Given that it has 
been reported that nano-particles are internalized by microfold cells (M cells) of the Peyer's patch, which 
plays an important role in intestinal immune system, nano-particles concern us for possibility of increasing 
the inflammatory responses in the digestive tract. The present study investigated the cytotoxicity and the 
production of reactive oxygen species (ROS) induced by exposure to nano-TiO2 particles using human 
monocytic leukemia cells (THP-1) and human colon cancer cells (Caco-2).

[Method] The THP-1 was differentiated into a macrophage-like phenotype by incubation with phorbol-12-
myristate-13-acetate (PMA). THP-1 macrophages and Caco-2 cells were exposed to anatase or rutile TiO2 
(primary particle size 21 - 250 nm) for 24 hours. Cellular viability was determined by the MTS assay. Cellular 
H2O2 production that is triggered by TiO2 particles-induced cellular injury was assayed by the cellular staining 
with 5-(and-6)-chloromethyl-2’,7’-dichlorodihydro fluorescein diacetate, acetyl ester (CM-H2DCFDA) and 
the performance of flow cytometry.

[Results and Discussion] The 24-hour exposure to anatase TiO2 (50 and 100 nm) reduced the cellular 
viability in a dose-dependent manner in THP-1 macrophages, not in Caco-2 cells. However, the 72-hour 
exposure to anatase TiO2 (50 and 100 nm) reduced the cellular viability in a dose-dependent manner in 
Caco-2 cells. The production of ROS showed a tendency to be increased by all types of TiO2 particles. The 
study indicates that nano-TiO2 particles may be toxic to THP-1 macrophages through accumulation of ROS.

P-03-129 Oxidant generating capacity as a metric to allow grouping of 
nanomaterials and prediction of human health effects

T.A.J. Kuhlbusch1,2), B. Hellack1), C. Asbach1), S. Boland3), A. Baeza-Squiban3), C. Albrecht4), R.P.F. Schins4)
1)Institute of Energy and Environmental Technology (IUTA) e.V., Air Quality & Sustainable Nanotechnology Unit, 
Duisburg, Germany, 2)Center for Nanointegration Duisburg-Essen (Cenide), University Duisburg-Essen, Duisburg, 
Germany, 3)University Paris Diderot (UPD) (Sorbonne Paris Cité), Unit of Functional and Adaptive Biology, Paris, France, 
4)Leibniz Research Institute for Environmental Medicine (IUF) gGmbH, Particles, inflammation and genome integrity Unit, 
Düsseldorf, Germany

The surface of nanomaterials (NMs) and their ability to form oxidants, e.g. reactive oxygen species (ROS) are 
promising metrics to predict their toxicological potency as was shown in recent studies. An evaluation and 
testing of this hypothesis, with the aim to allow grouping of NMs based on their potential risk, will be 
pursued in the project nanOxiMet. Thus the focus of the investigation is on the physical properties of 
different NMs, their surface (re-)activity and toxicological responses in lung cells. Briefly summarized, the 
surface area and ROS generation potency of selected NMs will be analysed in liquids with four different 
methods in addition to standard NM characterizations e.g. size distribution and morphology. The 
toxicological studies will focus on the induction of oxidative stress and different stages of oxidative cellular 
responses on lung cells. Additional studies include a) the determination of oxidative damage to relevant 
macromolecules (e.g. proteins, genomic DNA), b) the investigation of oxidative cellular responses by 
activation of specific signalling pathways according to the level of oxidative stress for a full description of the 
target cells sensitivity to different NMs, and c) a systematic investigation of NMs with a broad range of 
reactivity using a large panel of biological endpoints ranging from initial intracellular ROS production to 
hierarchical oxidative stress responses and oxidative damages. The physical characteristics and toxicological 
results will be combined and evaluated in view of possible grouping based on the potency of the NMs 
induced adverse health effects. The grouping may then lead to a simplified development and market 
placement of new NMs.
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P-04-081 Detection mechanism of silver ions using microcantilevered oscillator

Sungsoo Na, Jinsung Park, Kuewhan Jang
Korea University, Korea

Due to the rapid growth of nanoscale research and industrial appliances, nanotoxicity is one of the 
noticeable issues related to the human health and environmental problems. In this study the label-free and 
highly sensitive detection of Ag+, which is a typical nano-toxic material, by using a silver-specific nucleotides 
coated oscillator is reported. Specifically, the detection is based on the measurement of resonant frequency 
shift arising from constitution of the cytosine-Ag+-cytosine bonding. Moreover, we amplify the resonant 
frequency shift by using single cytosine molecules. It is shown that the silver-specific DNA immobilized 
oscillator enables the capturing of silver ions below 1 nM.

P-04-082 Comparative Study of Distribution of Intravenously Administered 
TiO2 Nanomaterials in Rats

Masashi Gamo1), Nobuko Danno2), Makoto Kouno2), Takayuki Ichinose3), Takeshi Sasaki1), Hiroko Fukui1), 
Kazumasa Honda1), Naohide Shinohara1)

1)National Institute of Advanced Industrial Science and Technology (AIST), Japan, 2)Kamakura Techno-Science, Inc, 
3)Toray Research Center, Inc, Japan

ADME (absorption, distribution, metabolism, and excretion) information is important for understanding the 
health effects of nanomaterials. The difference in health effects of different nanomaterials would be explained 
in part by the difference in ADME characteristics. In this study, we compared the tissue distribution and 
clearance of five kinds of titanium dioxide nanomaterials (TiO2 NMs) after intravenous administration. The 
TiO2 NMs applied were chosen among the commercially available ones so that they could cover a range of 
size and shape of nanomaterials. These TiO2 NMs, which were dispersed in DSP solution, were administered 
into male F344 rats via tail vein at a dose of approximately 1 mg/kg. It was found that all the TiO2 NMs were 
cleared from blood quickly within 48 hours after administration, and that they were distributed in liver at a 
high rate and did not show almost no clearance until 30 days after administration. Three TiO2 NMs with 
primary particle size of several tens of nanometers showed a similar trend of tissue distribution and clearance 
regardless of the difference of shape, that is, spherical shape, spindle shape, or reed shape. A spherical TiO2 
NMs with primary particle size of several hundreds of nanometers particles and a needle-shape TiO2 NM with 
approximately a hundred nanometer diameter showed faster and slower clearance from blood than the 
above three TiO2 NMs, respectively, and showed different tissue distribution pattern. (This work is part of the 
research program "Development of innovative methodology for safety assessment of industrial nanomaterials" 
supported by the Ministry of Economy, Trade and Industry (METI) of Japan. )
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P-04-083 Evaluation of colorimetric ligand toward silver nanoparticles

Sujittra Srisung1), Nootcharin Wasukan1), Kornphimol Kulthong2), Rawiwan Maniratanachote2)

1)Srinakharinwirot University, Thailand, 2)National Nanotechnology Center, National Science and Technology 
Development Agency, Thailand

Silver, both in the nano- as well as in other forms, is used in many applications which the risks associated 
with human or environmental exposure to an engineered nanomaterial are chiefly determined in part by the 
release and transformation. Silver nanoparticles (AgNPs) are increasing utilization in commercial products 
due to its antibacterial effect causing the industrial concern has raised to environment. For these problem 
solutions, a wide range of scientific approach in physics, chemistry are related sciences is involved. Dithizone 
(H2Dz) is known to be one of the effective chelating reagents for a lot of metal ions. This ligand is a very 
important color development reagent in trace metal analyses, as may be noted form numerous related 
published annually. Sensitive qualitative assessment of binding strengths in a metal-ionophore complex is 
necessary for useful comparisons of binding ligand. The proton dissociation constants of the ligands and the 
stability constant of their complexes with Ag+  and AgNPs have been determined potentiometrically as well 
as the stoichiometry of complex were determined spectrophotochemically. The selectivity towards silver 
compared with the other heavy metal ions (M2+) were investigated and the data reveal that the 
stoichiomteric for all complexes were prepared in molar ratio (1:1) and (1:2) (M:L). Therefore, this method 
can be useful to qualify the behavior of silver in both form.

P-04-084 Selective colorimetric detection of silver nanoparticles (AgNPs) in 
aqueous media using dithizone

Nootcharin Wasukan1), Sujittra Srisung1), Kornphimol Kulthong2), Rawiwan Maniratanachote2)

1)Srinakharinwirot University, Thailand, 2)National Nanotechnology Center, National Science and Technology 
Development Agency, Thailand

Recently, a simplicity, rapidity, high sensitivity and selectivity colorimetric sensors are widely investigating for 
heavy metal ions on aquatic environment. Silver nanoparticles (AgNPs) are increasing utilization in 
commercial products due to its antibacterial effect causing the industrial concern  has raised to environment. 
Dithizone is one of the most considered effective chelating reagents for metal ions with the stable complexes 
and intensity color. This ligand has been developed to be sensors for widely use. Therefore, the detection of 
AgNPs using dithizone ligand has been interested in this study. The ligand are blue in color with the intensity 
spectra absorption band of two peaks around 443 nm and 597 nm. The color of the dithizone immediately 
changes in the presence of AgNPs to be orange color in the naked eye. The selectivity towards AgNPs 
compared with the other metal ions ( Na+, K+, Cu2+, Mg2+, Ba2+, Mn2+, Fe2+, Co2+, Ni2+, Cu2+, Ag+, Zn2+, Cd2+, 
Hg2+ and Pb2+ ) were investigated with  the concentration of 1.951 x 10-3 M  metal ion. In addition, pH 
dependence of AgNPs-dithizone complexes were studied which above pH 6, the color changes from blue to 
orange color has been found. This results have been confirmed by UV-Vis spectroscopy technique. The 
detection limit of AgNPs was investigated to be 0.02 mg/ml with the lowest still reported for the colorimetric 
detection of AgNPs. Therefore, a remarkable feature of this method can be applied to the determination of 
AgNPs in the environment water samples.
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P-04-085 Influences of Adsorption of Phthalate Esters on Dispersivity and 
Cytotoxicity of MWCNTs

Chu-Ching Lin, Wei-Ling Wu, Mu-Fan Chi, Ching-Ju M Chin
National Central University, Taiwan R.O.C.

While novel engineered nano-sized materials hold great promises in potential applications in environmental 
pollution remediation, currently the impacts of these nanomaterials on the environment and ecosystem 
health are still unclear and thus being actively investigated.  In this study, we conducted laboratory 
experiments to investigate the effect of adsorption of different phthalate esters (PAEs) on the dispersivity and 
microbial toxicity of multi-walled carbon nanotubes (MWCNTs) after surface modification through chemical 
oxidation.  These PAEs included dimethyl phthalate (DMP), diethyl phthalate (DEP), di-n-butyl phthlate 
(DnBP), and benzyl butyl phthalate (BBP).  Results from isotherm experiments showed that adsorption of 
PAEs stabilized the dispersion of MWCNTs in solution, presumably due to electrostatic and steric 
obstructions among particles.  The degree to which MWCNTs to remain suspended was associated with the 
chemical properties of PAEs, such as carbon chain-length, molecular weight, and hydrophobicity.  Dispersivity 
of MWCNTs was also dependent on the level of adsorbed PAEs, as evidenced by a trend showing that an 
increase of PAEs on MWCNTs resulted in an initial increase of suspended MWCNTS, followed by a decrease 
in suspension when the concentration of adsorbed PAEs was elevated. Compared to uncovered MWCNTs, 
toxicity of MWCNTs covered with PAEs to bacterial cells was lower despite the increase in dispersivity.  
These results indicate that the fate, transport and toxicity of MWCNTs are greatly influenced by their surface 
chemistry, and thus a better understanding of their interactions with pollutants is pivotal for future 
environmental management.

P-04-086 Evaluation of pulmonary localization of TiO2 nanoparticles in rats

Zhang Guihua1), Shinohara Naohide1), Kano Hirokazu2), Senoh Hideki2), Suzuki Masaaki2), Sasaki Takeshi1), 
Fukui Hiroko1), Fukushima Shoji2), Honda Kazumasa1), Gamo Masashi1)
1)National Institute of Advanced Industrial Science and Technology (AIST), Japan, 2)Japan Bioassay Research Center, 
Hadano, Kanagawa, Japan

The aim of this study was to develop the method for quantifying the localization of nanoparticles (NPs) in 
tissues. We plotted five different known concentrations of titanium solution onto the surface of lung sections 
from the rats that were not instilled by NPs, and the intensity values of titanium in dried sections were 
determined by X-ray fluorescence (XRF) spectrometry. The linear relationship (R2=0.9998) was obtained 
between the intensity values and titanium content. Moreover, AEROSIL® P25 TiO2 NPs suspensions were 
administered intratracheally to the male F344 rats by 1, 2, 3, or 4 doses with the total dosage of 10 mg/kg 
body weight. Subsequently, the rats were sacrificed under anesthesia on the following day after the last 
administration. The intensity values of titanium in three-micrometer-thick lung sections, were analyzed by XRF 
(beam size, 100 micrometer), and the localization of titanium every mesh (0.01 mm2) was quantified using 
the calibration curve of titanium obtained. The average amounts of TiO2 in left lung sections were 0.115±
0.288, 0.093±0.214, 0.076±0.165 or 0.055±0.117 ng/mesh respectively for 1, 2, 3 or 4 doses. These lung 
sections were also used for histopathological examination using light microscopy. The accumulation of 
inflammatory cells was observed in the region where titanium localized. It is concluded that we have 
developed a method to quantify the localization of TiO2 NPs. This method could be applied to the studies for 
evaluating the toxicity of nanoparticles. This work is part of the research program "Development of innovative 
methodology for safety assessment of industrial nanomaterials" supported by the Ministry of Economy, Trade 
and Industry (METI) of Japan.



103

P-04-087 Size dependent clearance of gold nanoparticles from lungs of 
Sprague-Dawley rats after short-term ex

Jong Seong Lee1), Kangho Ahn2), Yong Soon Kim3), Jin Kwon Kim4), Jae Hoon Shin1), Ji Hyun Lee4), 
Kisoo Jeon2), Wab Seob Cho5), Mary Gulumian6), Il Je Yu4)

1)KCOMWEL, Korea, 2)Department of Mechanical Engineering, Hanyang University, Ansan, Korea, 3)KT&G, Daejeon, 
Korea, 4)Institute of Nanoproduct Safety Research, Hoseo University, Asan, Korea, 5)Department of Medicinal 
Biotechnology, Donga University, Busan, Korea, 6)Toxicology and Analytical Services, National Institute for Occupational 
Health, Johannesburg, South Africa

Gold nanoparticles have been known to be distributed many tissues after oral, intravenous or inhalation 
exposure. Information on biodistribution and clearance of the nanoparticles from the tissues is very important 
to understand the behavior of gold nanoparticles in vivo. To clarify the effect of nanoparticle size on 
biodistribution of gold nanoparticles after the cessation of inhalation exposure of gold nanoparticles, 
Sprague-Dawley rats were assigned to 3 groups: unexposed, 14 nm (12.8 ± 2.42 µg/m3) and 95 nm group 
(13.7 ± 1.32 45 µg/m3), and exposed to gold nanoparticles for 6 h/day, 5 days. Then the rats were allowed 
to recover (0, 3 and 28 days) by ceasing the gold nanoparticle exposure. There was no toxic response, and 
similar deposit pattern of gold particles was observed in the lung, despite different size of gold nanoparticles 
were exposed. But, 14 nm nanoparticles were eliminated faster than 95 nm particles from lungs. This was 
consistent with the results from other studies that the translocation to extrapulmonary organs was readily for 
smaller particles.

P-04-088 Kinetics of Nanoparticles in Rats Using SPECT/CT Imaging

Koyuru Nagao1), Yasuto Matsui1), Hiroyuki Kimura2), Minoru Yoneda1)

1)Kyoto University, Japan, 2)Kyoto University Department of Pharmaceutical Sciences, Japan

Recent years, accumulation in bodies of nanoparticles has come to be a remarkable social problem. 
Nanoparticles remain in bodies among over two months, but now the best analysis method of kinetics of 
nanoparticles is not found out. The purpose of this study is establishment of the synthetic approach of 
nanoparticles as contrast mediums of SPECT/CT imaging, and establishment of the analysis method of 
kinetics of nanoparticles by SPECT/CT imaging. An approach in many conventional studies is dissections of 
animals and measurements of gamma ray from each organ after administration of nanoparticles. In contrast, 
with SPECT/CT imaging, the images can be taken continually and noninvasively. 
First, to synthesis particles, radioactive material was added to tyrosine and the tyrosine was added to 
nanoparticles. Nanoparticles was Quantum Dots (Qdots) and radioactive materials was (123)I. Reaction 
between (123)I and tyrosine used chloramine-T method and reaction between tyrosine and Qdots used 
dehydration synthesis. In chloramine-T method 97% of (123)I injected into L-tyrosine.
Next, kinetics of (123)I (150 ～ 250mCi) in rats scanned by SPECT/CT imaging 1h and 3h after intratracheal 
administration. As a result, (123)I was accumulated at trachea and thyroid 1h after administration, and only 
thyroid 3h after administration. To confirm a matching this result, animals were dissected and gamma ray 
from each organs were measured by gamma counter, and the result matched.
Therefore, this study says two points. In synthesizing particles, 97% of (123)I was injected into L-tyrosine by 
chloramine-T method. In SPECT/CT imaging, (123)I was accumulated at trachea and thyroid 1h after 
administration, and only thyroid 3h after administration.
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P-04-089 An innovative method to evaluate biodistribution and kinetics of 
carbon nanotubes using CNT peapods

Shinsuke Kobayashi1), Shuji Tsuruoka2), Yuki Usui2), Hisao Haniu1), Kaoru Aoki1), Norio Ishigaki1), 
Masayuki Shimizu1), Seiji Takanashi1), Masanori Okamoto1), Hiroki Nomura1), Hiroyuki Kato1), Naoto Saito3)

1)Nihon Shinshu University, Japan, 2)Research Center for Exotic Nanocarbons, Shinshu University of Engineering, Japan, 
3)Department of Applied Physical Therapy, Shinshu University School of Health Sciences, Japan

An innovative method was developed using CNT peapods (GdCl3@CNTs) to quantify biodistribution of nano 
particles in rat organs. Measuring threshold of a particle concentration after tail vein injection were 
determined by magnetic resonance imaging (MRI). A stock solution at 250 µg/ml peapods was diluted by 
saline and gel cubes (1 mm3 to 1 cm3) mixed with those solutions were prepared. A control cube was made 
of saline only Those cubes were scanned by MRI and contrast-to-noise ratio (CNR) was calculated by 
obtained MRI images to determine the detection threshold with cube sizes. To evaluate bio-kinetics those 
solutions were injected to tail veins of Wistar rats (7 weeks aged males): PC group with peapod solutions 
and a control with saline. Those rats were sacrificed at 1 hour, 24 hours, and 3 weeks after the injections 
and organs were removed to take images by MRI. Those organs were pathologically evaluated and 
compared with their individual images. It was resulted that a significant increase of CNR was observed in 
1cm3 cubes, while a calibration curve of peapod concentration to cube size indicated that the theoretical 
detection limit was at 4 µg/cm3. With a decrease of cube size, the detectability was decreased and 1mm3 
cube became the same as the control. In all of extraction duration, an increase of CNR was observed among 
lung samples of the PC group comparing with that of control group. No CNR increase was found in the other 
organs. Tissue evaluation showed peapod aggregates in blood vessels of pulmonary, but not observed in the 
other organs. Therefore, it was concluded that accumulated peapods could be detected in an organ. It is 
necessary to conduct the further investigation of a cause of peapod agglomeration in veins and kinetics of 
peapods.

P-04-090 Size dependent clearance of gold nanoparticles from lungs of rats 
after short-term exposure

Jong Seong Lee1), Kangho Ahn2), Yong Soon Kim3), Jin Kwon Kim4), Jae Hoon Shin1), Ji Hyun Lee4), 
Ki Soo Jeon2), Wan Seob Cho5), Mary Gulumian6), Il Je Yu4)

1)KCOMWEL, Korea, 2)Department of Mechanical Engineering, Hanyang University, Korea, 3)KT&G, Korea, 4)nstitute of 
Nanoproduct Safety Research, Hoseo University, Korea, 5)Department of Medicinal Biotechnology, Donga University, 
Korea, 6)Toxicology and Analytical Services, National Institute for Occupational Health, Johannesburg, South Africa

Gold nanoparticles have been known to be distributed many tissues after oral, intravenous or inhalation 
exposure. Information on biodistribution and clearance of the nanoparticles from the tissues is very important 
to understand the behavior of gold nanoparticles in vivo. To clarify the effect of nanoparticle size on 
biodistribution of gold nanoparticles after the cessation of inhalation exposure of gold nanoparticles, 
Sprague-Dawley rats were assigned to 3 groups: unexposed, 14 nm (12.8±2.42 µg/m3) and 95 nm group 
(13.7±1.32 45µg/m3), and exposed to gold nanoparticles for 6 h/day, 5 days. Then the rats were allowed to 
recover (0, 3 and 28 days) by ceasing the gold nanoparticle exposure. There was no toxic response, and 
similar deposit pattern of gold particles was observed in the lung, despite different size of gold nanoparticles 
were exposed. But, 14 nm nanoparticles were eliminated faster than 95 nm particles from lungs. This was 
consistent with the results from other studies that the translocation to extrapulmonary organs was readily for 
smaller particles.
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P-04-091 Assessing biodurability of cellulose microcrystals and nanocrystals 
using x-ray diffraction

Aleksandr Byron Stefaniak1), Sai K. Pyapalli2), Mohindar S. Seehra2)

1)National Institute for Occupational Safety and Health, Division of Respiratory Disease Studies, USA, 2)West Virginia 
University, Department of Physics, Morgantown, WV, 26506, USA

Cellulose nanomaterials possess high strength and directional rigidity, high aspect ratio, and low density 
because of their polymeric crystalline nature.  As such, they are increasingly receiving attention as a potential 
building block for developing non-petroleum based materials with low-environmental impact. As with any 
new material, cellulose nanomaterials must be evaluated to ensure their safety for workers and the public. 
Hence, we evaluated the biodurability of a cellulose micro-crystal (CMC) material and three cellulose nano-
crystals (CNC) by exposure to artificial lung airway lining fluid (ALF) with pH 7.4 for seven days and lung 
macrophage phagolysosomal simulant fluid (PSF) with pH 4.5 for 9 months. Morphology, hydrodynamic size, 
and zeta potential of the MCC and CNCs were largely unchanged with exposure time in either fluid. Upon 
exposure to ALF, parameters of x-ray diffraction (XRD) patterns revealed that both Segal crystallinity (XCR) and 
crystallite sizes (D) of the CNCs systematically decreased by about 10% with exposure time whereas the 
CMC was largely unaffected. In PSF, for two of the three CNCs there was a systematic trend of decreased XCR 
and D with exposure time up to 60 days but the parameters were stable thereafter; no changes were 
observed for the CMC. These observations indicate that upon inhalation CMC and CNCs have prolonged 
biodurability in artificial lung fluids and establish XRD as a valuable tool for assessing biodurability of 
cellulose nanomaterials.

P-05-092 Silver nano-colloidal ion penetrates through medaka egg chorion and 
exhibits embryonic toxicities

Chisato Kataoka, Seiji Nagasaka, Hideo Kawaguchi, Shosaku Kashiwada
Toyo University, Japan

Regarding toxicology of nanomaterials with fish embryos, little information of toxic mechanism is available. In 
our previous study, silver nanocolloids (SNC) exhibited severe embryonic toxicity in medaka. However, 
permeation mechanism is still unknown. This research has a hypothesis that osmotic pressure in ambient 
water would be a key to cause biological effects of SNC to medaka embryos and give us clues to investigate 
the SNC permeation mechanism. A constant concentration (10 mg/L) of SNC was exposed to triplicate 15 
medaka eggs in different salinity ERM (embryo rearing medium) at 1, 5, 10, 15, 20 and 30x ERM (1x ERM 
includes 1.14 g/L salts), and then eye size, heart ratio, whole body length, and hatching were measured until 
hatching. Osmotic pressure of medaka embryos increased and electro-resistance of eggs decreased 
simultaneously in proportion to increase of osmotic pressure in respective ERM. Silver concentration in 
embryos was 3.7, 3.0, 3.4, 3.0 and 3.7 ng/mg-egg in 1x, 5x, 10x, 15x and 20x ERM, respectively; however, 
the concentration was significantly (ANOVA, p<0.01) increased to 8.3 ng/mg-egg in 30x ERM. Heart ratio and 
eye size were significantly decreased in 20x ERM and 30x ERM, and whole body length was significantly 
shortened in 15x, 20x and 30x ERM. Hatching ratio was also significantly reduced in 20x ERM and 30x ERM. 
Hatching delayed significantly from 6.8 days in 1x ERM to 9.3 and longer in 20x ERM and 30x ERM, 
respectively. Although egg surface were observed in medaka by SEM, there was no observation of pore on 
the surface of medaka chorion. This research demonstrates membrane permeation of SNC driven with salinity 
and lead to salinity-dependent toxicity of SNC.
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P-05-093 Comparison of aquatic toxicity between silver nanoparticles and 
silver nanowires

Eun Kyung Sohn, Tae Gyu Kim, Jin Kwon Kim, Ji Hyun Lee, Il Je Yu
Hoseo University, Korea

To better understand the potential ecotoxicological impacts of silver nanoparticles and silver nanowires 
released into freshwater environments, the toxicities of silver nanowires and nanoparticles were assessed 
and compared using standard OECD guidelines 202 (Daphnia, Acute immobilization test) and 203 (Fish, 
Acute toxicity test). The results indicated that the degree of dispersion of silver nanoparticles and nanowires 
affected aquatic toxicity significantly. Daphnia magna was more susceptible to silver nanoparticles (mean 
diameter 7.32 nm) and nanowires (60±20 nm diameter, 10±5 µm length) toxicity than fishes (Oryzias 
latipes). The toxicity studies showed that silver nanoparticles were more toxic when compared with silver 
nanowires. Silver nanowires showed distinct dose-dependent toxicity to fishes while silver nanoparticles did 
not exhibit dose-dependency and were toxic to fishes all doses in the experiment. The difference in toxicity 
could be due to different degree of ionization due to their surface area between sphere shape of silver 
nanoparticles and rod shape of silver nanowires. Difference in the rate of absorption to organisms between 
silver nanoparticles and nanowires could be additional possibility. According to the present results, silver 
nanoparticles and silver nanowires should be classified according to GHS (Globally Harmonized System of 
classification and labeling of chemicals) as "category acute 2" to Oryzias latipes, and classified as "category 
acute 1" to Daphnia magna.

P-05-094 Comparison of aquatic toxicity between silver nanoparticles and 
silver nanowires

Eun Kyung Son, Tae Gyu Kim, Jin Kwon Kim, JI Hyun Lee, Il Je Yu
Hoseo University

To better understand the potential ecotoxicological impacts of silver nanoparticles and silver nanowires 
released into freshwater environments, the toxicities of silver nanowires and nanoparticles were assessed 
and compared using standard OECD guidelines 202 (Daphnia, Acute immobilization test) and 203 (Fish, 
Acute toxicity test). The results indicated that the degree of dispersion of silver nanoparticles and nanowires 
affected aquatic toxicity significantly. Daphnia magna was more susceptible to silver nanoparticles (mean 
diameter 7.32 nm) and nanowires (60±20 nm diameter, 10±5 µm length) toxicity than fishes (Oryzias 
latipes). The toxicity studies showed that silver nanoparticles were more toxic when compared with silver 
nanowires. Silver nanowires showed distinct dose-dependent toxicity to fishes while silver nanoparticles did 
not exhibit dose-dependency and were toxic to fishes all doses in the experiment. The difference in toxicity 
could be due to different degree of ionization due to their surface area between sphere shape of silver 
nanoparticles and rod shape of silver nanowires. Difference in the rate of absorption to organisms between 
silver nanoparticles and nanowires could be additional possibility. According to the present results, silver 
nanoparticles and silver nanowires should be classified according to GHS (Globally Harmonized System of 
classification and labeling of chemicals) as "category acute 2" to Oryzias latipes, and classified as "category 
acute 1" to Daphnia magna.
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P-05-096 Phytotoxicity of MWCNT on red spinach and role of ascorbic acid as 
an antioxident

Parvin Begum, Bunshi Fugetsu, Fumio Watari
Hokkaido University, Japan

Multiwalled carbon nanotube (MWNTs) as a novel nanomaterial with wide potential applications, the 
adverse effects of MWNTs has recently received significant attention after environmentally exposure. Herein, 
we explore the systemic toxicity and potential influence on the red spinach of MWNTs at 0 - 1000 mg/L. 
MWNTs exposure plants exhibit growth inhibition, and cell death after 15 days hydroponic culture. MWNTs 
posed adverse effects on root and leaf morphology observed by scanning electron microscopy (SEM) and 
transmission electron microscope (TEM). Raman spectroscopy demonstrated the detection of MWNTs in 
leaves. Biomarkers of nanoparticle toxicity, reactive oxygen spices (ROS) and cell damage in the treated red 
spinach were greatly increased 15 days post-exposure of MWNTs. These effects were reversed when 
MWNTs supplemented with ascorbic acid (AsA), suggesting that ROS played a role in MWNTs-induced 
toxicity. The in vivo reversal of MWNTs toxicity indicates that the primary mechanism of MWNTs toxicity is 
oxidative stress.     

P-05-097 Aquatic toxicity of sing-walled carbon nanotubes (SWCNTs)

Eun Kyung Sohn1), Tae Kyu Kim1), Ji Hyun Lee1), Jin Kuon Kim2), Seah Min2), Il Je Yu1)

1)Institute of Nanoproduct Safety Research, Hoseo University, Korea, 2)Bishop George Ahr High School, Edison, NJ, 
08817, USA

While the commercialization of single-walled carbon nanotubes (SWCNTs) is widely expanding, 
environmental impact of SWCNTs is not well understood. To evaluate the acute effects of SWCNTS on 
aquatic organisms, SWCNTs were tested for their aquatic toxicity using algae (Pseudokirchneriella 
subcapitata), Daphnia magna and Orizias latipes based on OECD test guideline 201 (Algae growth inhibition 
test), 202 (Acute immobilization test) and 203 (Acute fish toxicity test), respectively. The fish acute toxicity 
test did not show any significant toxicity for SWNCT showing LC50 greater than 100 mg/L resulting no GHS 
(Globally Harmonized System of classification and labeling of chemicals) classification, while SWNCTs 
inhibited algae growth with EC50 29.993 mg/L in Pseudokirchneriella subcapitata. Thus SWCNTs can be 
classified as "acute category 3" in the GHS. In addition, SWNCTs did not show any immobilizing effects up to 
100 mg/L in the Daphnia magna acute immobilization, thus SWCNTs had no hazard category in the GHS 
classification.



108

P-05-098 Comparing aquatic toxicity of zinc oxide nanowires with zinc oxide 
nanoparticles using Daphnia magna

Eun Kyung Sohn1), Tae Kyu Kim1), Ji Hyun Lee1), Jin Kuon Kim2), Seah Min2), Il Je Yu1)

1)Institute of Nanoproduct Safety Research, Hoseo University, Korea, 2)Bishop George Ahr High School, Edison, NJ, 
08817, USA

Zinc Oxide (ZnO) nanomaterials including nanoparticulates and wires have been manufactured extensively 
for consumer products such as semiconductors, cosmetics and batteries. As production volume of ZnO 
nanomaterials and release of ZnO nanomaterials into aquatic environment are ever increasing, risk to aquatic 
toxicity are getting more attention. In order to evaluate and compare aquatic toxicity of ZnO nanowires (ZnO 
NW) with ZnO nanoparticles (ZnO NP), acute immobilization test using Daphnia magna based on OECD test 
guideline 202 has been conducted. ZnO NWs showed noticeable accumulation in the oral cavity, GI and legs 
of Daphnia magna, while ZnO NPs covered whole body of Daphnia magna in the high dose. EC50 of ZnO 
NWs and ZnO NPs were 8.0 and 4.6 mg/L, respectively, showing 2 times of EC50 between ZnO NWs and 
ZnO NPs. Both ZnO NPs and ZnO NWs can be classified to GHS (Globally Harmonized System of 
classification and labelling of chemicals) classification acute category 2 ( 1mg/L≤EC50 Daphnia magna≤10 
mg/L).

P-06-099 Concentrations of  particle-bound PAHs in ambient air at an 
international airport

Chia-hsiang Lai, Kuen-Yuan Chuang
Central Taiwan University of Science and Technology, Taiwan R.O.C.

Concentrations of 22 polycyclic aromatic hydrocarbons (PAHs) were estimated for individual particle-size 
distributions at the airport apron of the Taipei International Airport, Taiwan, on 48 days in July, September, 
October, and December of 2011. In total, 672 integrated air samples were collected using a micro-orifice 
uniform deposition impactor (MOUDI) and a nano-MOUDI. Particle-bound PAHs (P-PAHs) were analyzed by 
gas chromatography with mass selective detector (GC/MSD). The five most abundant species of P-PAHs on 
all sampling days were naphthalene (NaP), phenanthrene (PA), fluoranthene (FL), acenaphthene (AcP) and 
pyrene (Pyr). Total P-PAHs concentrations were 152.21, 184.83, and 188.94 ng/m3 in summer, autumn, and 
winter, respectively. On average, the most abundant fractions of benzo(a)pyrene equivalent concentration 
(BaPeq) in different molecular weights were high-weigh (HW)-PAHs (79.29%), followed by medium-weight 
(MW)-PAHs (11.57%), and low-weight (LW)-PAHs (9.14%). The mean BaPeq concentrations were 1.25 and 
0.94 (ng/m3) in ultrafine particles (<0.1µm) and nano-particles (<0.032µm), respectively. The percentages of 
total BaPeq in nano and ultrafine particulate size ranges were 52.4% and 70.15%, respectively.
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P-06-100 Using modified EAD (MEAD) to determine emission rate and 
emission factor of fume nanoparticle emission factor

Ying Fang Wang1), Perng Jy Tsai1,2)
1)College of Public Health, China Medical University and Hospital, Taiwan R.O.C., 2)National Cheng Kung University, 
Taiwan R.O.C.

The whole study was conducted to determine fume nanoparticle emission factors and emission rates from 
both number and surface area concentration by using the MEAD. An exposure chamber with welding 
generation system was used to assess the suitability of MEAD for measuring fume nanoparticles for each 
testing welding operation condition. The results show that the current intensity set at 300A, it reveals that 
the highest particle number level with an number concentration emission rate (NER) of 3.03-5.19 ×
10E+13#/min can be achieved. While the current intensities were set at 220A and 120A, NER were found as 
1.36-2.83 × 10E+13#/min and 1.08-1.68 × 10E+13#/min, respectively. Similar results can also be found in 
surface area concentration emission rate (SER). The number concentration emission factor (NEF) for current 
intensities set at 120A, 220A, and 300A were found as 2.24-3.81× 10E+12#/g, 1.94-3.87× 10E+12#/g, and 
2.36-4.25 × 10E+12#/g, respectively. For surface area concentration emission factor (SEF), while current 
intensities were set at 120A, 220A, and 300A and their values were found as 1.56-3.22 × 10E+10µm2/g, 
1.56-2.87 × 10E+10µm2/g, and 1.58-2.50 × 10E+10µm2/g, respectively. We found that all emission rate 
increase with the current intensity, but emission factor doesn't have the consist result. However, high 
emission factors of fume nanoparticles were found during various welding processes. Therefore, it is 
suggested that an efficient local exhaust ventilation, in accompany with a general exhaust ventilation system, 
should be installed as a primary option for reducing workers' exposures during welding processes. The use 
personal respiratory protection equipment for workers, on the other hand, should be considered as the 
second option.

P-06-101 The thermal characteristics of and nanoparticle emission from 
plastics materials during thermal decomposition

J. M. Tseng1), J. Z. Lin1), J. J. Wang1), C. P. Lin2), H. H. Yang3), C. J. Tsai4)
1)Central Taiwan University of Science and Technology, Taiwan R.O.C., 2)Department of Health and Nutrition 
Biotechnology, Asia University, Taichung, Taiwan R.O.C., 3)Department of Environmental Engineering and Management, 
Chaoyang University of Technology, Taichung 41349, Taiwan, R.O.C., 4)Institute of Environmental Engineering, National 
Chiao Tung University, Hsinchu, Taiwan R.O.C.

Food containers made of plastics release harmful gases and nanoparticles due to thermal decomposition, 
which can pose health risks during use of the containers. A Differential scanning calorimetry (DSC) was 
applied to evaluate the thermal kinetic and basic characteristics of plastic containers, such as polyethylene 
terephthalate (PET), polyvinylchloride (PVC), low density polyethylene (LDPE), polypropylene (PP), 
polystyrene (PS), and poly lactic acid (PLA). Results indicated that PET, PS, and PLA had the lower 
decomposition temperature (even less than 100 oC) compared to other plastics. The emission of 
nanoparticles and the PAH content in nanoparticles will also be quantified and reported. It is expected that 
the obtained test results can provide useful safety information for these commonly used plastic containers.
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P-06-102 Evaluation of vortex shaker method as nanomaterial aerosol 
generator for long hours

Maromu Yamada1), Mitsutoshi Takaya1), Isamu Ogura2)

1)National Institute of Occupational Safety and Health, Japan, 2)National Institute of Advanced Industrial Science and 
Technology, Japan

Nanomaterials, generally forming agglomerates, distribute in a wide size range as polydisperse aerosols, and 
this complicates their exposure assessment. Test aerosols that reproduce the aerosols in workplaces 
handling nanomaterials are required for evaluating and improving nanomaterial aerosol measurements. The 
purpose of the present study is to evaluate vortex shaker methods as a nanomaterial generator for long 
hours.
Several kinds of nano-TiO2 powder were used as test samples, which were aerosolized as follows; 1-cc 
volume of each powder placed in a glass test tube was agitated using a vortex shaker at constant rotating 
speed, and then the suspended particles were delivered to aerosol measurement instruments by HEPA-
filtered air. The particle number concentrations and size distributions were monitored by an OPC, CPC, and 
SMPS.
The results showed that all of the samples had similar number-size distributions with a mode in a submicron 
size range just after starting the agitation and few nano-sized particles were generated by this system. 
However, tendencies of changes in the concentration and size distribution with time were different in each 
sample. Some samples showed that the concentrations of submicron-sized particles relatively quickly 
decreased. For such samples, we placed stainless small balls together with the samples to generate particles 
for a longer time. Consequently, submicron-sized particles were generated for several hours, although the 
concentration of micron-sized nanomaterals also increased. This study suggests that the vortex shaker 
methods can be used as a nanomaterial generator for long hours by mixing with the small balls, in addition 
to changes in parameters of rotating speed of the vortex, passing airflow rate, sample volume, etc.

P-06-103 Potential exposure to nanoplates during blending Nanomer I.34MN 
powder

El bieta Jankowska, Joanna Łukaszewska, Wojciech Zatorski
Central Institute for Labour Protection - National Research Institute, Poland

Blending of nanoclay nanoplates is usually most dusty operation in the process of production of foams. 
Increase of the particles concentrations and the change of the size distribution (increase of number of 
particles with smaller size) can indicated that particles are emitted, but only stating that of nanoplates are 
current in the air can confirm potential exposure of workers. The aim of the investigation was to determined 
potential exposure to nanoplates during blending of ca. 20g of nanoclay surface modified (Nanomer I.34MN) 
powder by 20s using drill with a rotational speed of 2000rpm. Surface and number concentrations and size 
distribution of particles were determined with AERO-TRAK, P-TRAK and SMPS. Samples of air with particles 
taking with NAS were analysed with SEM and EDS in IWC PAN. It results from the analysis of data that as an 
effect of blending surface concentration of particles 10-1000nm increased from ca. 55micrometers2/cm3 to 
268micrometers2/cm3, when number concentration of particles 20-1000nm from ca. 11800particles/cm3 to 
35500particles/cm3. Decreasing of concentrations after blending to the levels as for the backgrounds was 
achieved after ca. 20min. During blending of Nanomer I.34MN powder significant changes in the size 
distribution in comparing to the background was observed for the particles with diameter less than 100nm. 
Microscopy (SEM) and chemical (EDS) analysis confirmed that in the air presented nanoplates of Nanomer 
I.34MN.

Results of project I.B.03 carried out within of the NP - Safety and working conditions improvement - funded in 
the years 2011-2013 by the Ministry of Scientific Research and Information Technology. Main co-ordinator 
CIOP-PIB.
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P-06-104 Dustiness of nanomaterials tested by vortex shaker method

El bieta Jankowska1), Piotr Sobiech1), Joanna Łukaszewska1), Olivier Witschger2), Sebastian Bau2), 
Bernard Bianchi2)
1)Central Institute for Labour Protection - National Research Institute (CIOP-PIB), Poland, 2)Laboratoire de Métrologie 
des Aérosols, Institut National de Recherche et de Sécurité (INRS), F-54519, Vandoeuvre, France

Dustiness characterised tendency of powders to release particles to air during their using in industrial 
processes. Procedures described in standard EN 15051:2006 based on gravimetric method and are 
recommended for determination of dustiness of powders for inhalable, thoracic and respirable fractions. 
Dustiness of nanomaterials cannot be obtained only with gravimetric method, because nano-object release 
to the air are also characterized by number concentration. The aim of the investigation was to testing 
dustiness of engineered nanomaterials based on zirconium oxide: pure ZrO2 and stabilized by calcium 
(ZrO2+8%CaO) or yttria (ZrO2+8%Y2O3). Dustiness of nanomaterials was obtained with the vortex shaker 
method by determination of respirable dustiness mass fraction - RDMF (in mg/kg) and number concentration 
of particles 20-1000nm with P-TRAK (particles/cm3). Measurements were done for three samples of each 
nanomaterial. Duration of each test was 3600s. It results from the analysis of data that average RDMF was 
smallest for ZrO2. RDMF was 1.4-time higher for ZrO2+8%CaO and 2.2-times higher for ZrO2+8%Y2O3 
compared with ZrO2. Number concentrations of nano-objects released during tests were changed in the 
time. Similar changes were observed for ZrO2+8%CaO and ZrO2+8%Y2O3 - increase of concentrations of 
nano-objects in the air in the beginning of test and after ca. 700s. concentrations rapidly follow down. 
Another tendency was observed for  ZrO2 -  nano-objects stayed with quite high number concentration in air 
through the longer time ca. 2500s.

Results of project 04.A.18 carried out within the NP - Safety and working conditions improvement - funded in 
the years 2011-2013 by the Ministry of Labour and Social Policy. Main co-ordinator CIOP-PIB.

P-06-105 Airborne Endotoxin in School Children's Houses in Kaohsiung, Taiwan

SHIUAN-WEN CHEN, PEI-JUN YEN, PEI-SHIH* CHEN
Kaohsiung Medical University, Taiwan R.O.C.

Recently, people spend much more time in indoor environments. Children are recognized as particularly 
sensitive population to air pollution because their lung structure and immune system is not fully developed, 
especially, the children who have asthma or allergy. Endotoxin is a term for the toxin characteristic of the 
outer membrane of gram-negative bacteria. Endotoxin is heat-stable, and ubiquitous in the environment. It is 
also recognized as a powerful and nonspecific stimulant to the immune system, endotoxin can induce 
negative health responses on respiratory symptoms, such as severe asthma attacks and sick building 
syndrome symptoms. In many studies related to health effects of endotoxin, samples are usually only 
collected from a reservoir such as settled house dust. This method may inaccurately represent the quantity 
of allergens entering the lungs. So the purposes of this study are 1) to evaluate airborne endotoxin in 
schoolchildren's house in Kaohsiung, Taiwan; 2) to compare the airborne concentration of endotoxin with 
asthma/allergy and non-asthma/non-allergy in children's houses; 3) to investigate the relation between 
endotoxin and asthma /allergy and lung function among school-age children; 4) to discuss relation between 
endotoxin and other bioaerosols.
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P-06-106 Airborne House Dust Mite Allergen in School Children's House in 
Kaohsiung City

Yeh Chen-Ling, Chen Yi-Jie, Chen Pei-Shih*
Kaohsiung Medical University, Taiwan R.O.C.

Mite is the Arthropods. The size is about 300 ～ 500µm. High-temperature and relative humidity provides 
appropriate environmental conditions for house dust mite. The body, excrement, egg, and corpse may lead 
the hypersensitivity of people. The environmental condition in South Taiwan is very hot and wet, so the 
climate suit house dust mite to growth. Some references clearly show that the house dust mite allergen may 
lead the respiratory tract diseases. In addition, children are the sensitive population. Therefore, the purpose 
of the present study is to evaluate the relation between mite in household dust and air and schoolchildren's 
lung function. We collected questionnaires about children's allergy situation. The house dust mites'  allergen-
Der p1 in both air and dust samples were collected by a vacuum cleaner for dust samples and filters for air 
samples, respectively. In addition, we measured children's lung function.
The average concentration of living room floor dust samples, kitchen floor dust samples, bedroom floor dust 
samples, pillow surface dust samples, and bed surface dust samples was 42 ng/g, 77 ng/g, 159 ng/g,1581 
ng/g, and 3989 ng/g, respectively. For air samples, the average concentration of living room and bedroom air 
samples was 0.01ng/m3.For the concentration of jumping bed air samples, the average value was 37ng/g, 
which was about 3700 times of ordinary level. To define children allergy condition according to the IgE level, 
we found that the Der p1 concentration of pillow surface dust samples and bedroom air samples of allergic 
children was significantly higher than that of non-allergic children. The Der p1 concentration of bedroom air 
samples was significantly decreased children's lung function (FVC,FEV1, FEV3,PEF).

P-06-107 The effects of air pollution on schoolchildren's lung function in 
Kaohsiung, Taiwan

Wang Mei-Chi, Ke Yu-Ju, Chen Pei-Shih*
Kaohsiung Medical University, Taiwan R.O.C.

Recently, the association between the air pollution and human health has been widely mentioned. Children 
are more sensitive to air pollution than adult due to high metabolism rate and small respiratory tract. 
Therefore, we evaluated the short and long-term health effect of air pollutants among children in elementary 
schools, industry, traffic, and reference schools in Kaohsiung City. From 2009 spring to 2011 spring, each 
child had lung function tested every spring and autumn. The test was performed according to American 
Thoracic Society (ATS) specifications using Multifunctional Spirometer (HI-801, Japan). The average 
population of each season was 942 children. The concentration of air pollutants including CO, NO, NO2, 
SO2, O3, PM2.5, PM10, temperature, and relative humidity were obtain from the nearest air monitoring 
station from school within 532m. Comparing the lung function of three schools, most parameters of children's 
lung function in reference school were significantly higher than those in industry and traffic school. For air 
pollutants, concentration of air pollutants in reference area were all lower than those in industry and traffic 
school, except O3. The concentration of SO2 and PM2.5 in industry school were significantly higher than 
those in traffic school whereas CO concentration in traffic area was significantly higher than those in industry 
area. Mixed model were used to assess the relation with children's lung  function and air pollution. In 
addition, delayed effects of one and two days before we measured lung function were also evaluated. In 
single-pollutant models, most parameters of lung function were significantly decreased by CO, NO2 and SO2. 
For O3, PM2.5 and PM10, pollutants only significantly reduced the PEF and FEF25.
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P-06-108 Comparison of direct reading instruments for particle measurements

Marcus Levin1), Ismo K. Koponen2), Keld A. Jensen2)

1)Danish Technical University, Denmark, 2)National Research Center for Working Environment, Denmark

For exposure measurements of engineered nanomaterials (ENM), gravimetrical analysis may be insufficient 
due to the low mass of these particles. Direct reading instruments for measurement of particle number, size 
and surface area are often used as replacement or complement to the gravimetrical measurement. However, 
in order to get a representative measurement the instruments need to have a high time resolution, often 1 
Hz, in the case when particle emissions occur in short "bursts".
In this study we compare a variety of direct reading instruments in terms of particle concentration and size. In 
addition to this surface area was measured with direct measuring instruments and calculated from sizing 
instrument. Instruments used in the study include Condensation Particles Counter, Scanning Mobility Particle 
Sizer, Fast Mobility Particle Size, Electrical Low Pressure Impactor, Aerodynamic Particle Sizer and 
Nanoparticle Surface Area Monitor. Test aerosols vary from monodisperse spherical particles to polydisperse 
aggregates produced to simulate actual workplace ENM emissions. All test aerosols were characterized 
through electron microscopy of samples taken during the comparison study. Results show a large difference 
in comparability between the instruments depending on the particle shape and geometric mean size of the 
measured aerosol. It also show that a direct conversion from particle size and concentration to surface area  
can produce results greatly differing from those of instruments directly measuring surface area.

P-06-109 Practical methods for measuring airborne CNTs in workplaces

Isamu Ogura1,2), Naomi Hashimoto1), Mari Kotake1), Atsuo Kishimoto1,2), Kazumasa Honda1,2)

1)Technology Research Association for Single Wall Carbon Nanotubes (TASC), Japan, 2)National Institute of Advanced 
Industrial Science and Technology (AIST), Japan

CNTs have a potential for widespread applications. However, because of the unique properties and novelty 
of this material, there is a growing concern about potential impacts on human health. Recently, occupational 
exposure limits (OELs) for airborne CNTs were proposed by the US NIOSH, Japan's AIST, and others. We can 
manage CNT exposure by comparing measured exposure concentrations in workplaces with the OELs.
Available methods to identify airborne CNT mass concentration are to measure the residual metal that CNTs 
contain or carbon content in airborne particles collected on a filter. The advantages of these methods are its 
relatively accurate quantification and sensitive detection. However, these methods are not necessarily 
suitable for daily exposure control because they require filter collection of particles, typically for a few hours, 
and the instruments are relatively expensive.
For daily exposure control, inexpensive real-time measuring methods are preferable. Aerosol measuring 
instruments, such as a photometer, have the ability to obtain real-time results in situ, an advantage over 
other methods. However, the response of the instruments depends on the nanomaterial, and the indicated 
concentrations are only approximate. Furthermore, background aerosol, which is ubiquitous in the 
atmosphere, interferes with the detection of CNT emissions.
In this study, we conducted field monitoring and laboratory simulation of CNT emissions during the handling 
of CNT powders. We evaluated the capabilities and limitations of the methods for measuring airborne CNTs, 
especially in the presence of background aerosol. The purpose of the study is to suggest practical methods 
for measuring airborne CNTs by means of an appropriate combination of methods depending on the 
situation.
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P-06-110 Evaluating responses of portable aerosol measuring instruments for 
measuring airborne CNTs

Naomi Hashimoto1), Isamu Ogura1,2), Mari Kotake1), Atsuo Kishimoto1,2), Kazumasa Honda1,2)

1)Technology Research Association for Single Wall Carbon Nanotubes (TASC), Japan, 2)National Institute of Advanced 
Industrial Science and Technology (AIST), Japan

There is uncertainty about the risk they pose to human health. Therefore, controlling CNT exposure is of 
significant importance. Recently, occupational exposure limits of CNTs were proposed by the US NIOSH, 
Japan's AIST, and others. The US NIOSH recommends Method 5040 to measure CNTs; this method is based 
on thermal-optical analysis (TOA) for measuring carbon. However, this method requires an expensive device 
and the collection of aerosols on a filter. For daily exposure control, inexpensive real-time measuring 
methods are preferable.
In this study, we evaluated the capabilities and responses of portable aerosol-measuring instruments-i.e., a 
light-scattering laser photometer and a black carbon monitor (BCM)-for measuring CNT mass concentrations. 
CNTs aerosolized by a vortex shaker were measured by these instruments and simultaneously collected on a 
quartz fiber filter. The responses of these instruments relative to the CNT mass, as quantified by TOA of the 
CNTs collected on the filter, were evaluated.
The results showed that these instruments exhibited linear responses to CNT concentrations, although the 
relative responses varied and depended on the type of CNTs. The indicated concentrations of the 
photometer for most of the tested CNTs and those of the BCM for all of the tested CNTs were lower than 
the CNT concentration quantified by TOA. In addition, the response of the BCM tended to decrease before 
the particle burden on the filter reached the suggested burden at which the filter strip needs to be replaced. 
Such lower responses result in underestimation of CNT concentrations. Therefore, caution should be 
exercised when using these instruments. Correction using a response factor is required to obtain accurate 
CNT concentrations.

P-06-111 Assessment of individual exposure to manufactured nanomaterials

Christof Asbach1), Thomas A.J. Kuhlbusch2), Sabine Plitzko3), Martie Van Tongeren4), Martin Fierz5), 
Dirk Dahmann6), Ivo Iavicoli7), Simon Clavaguera8)

1)Institute of Energy and Environmental Technology e. V. (IUTA), Germany, 2)Institute of Energy and Environmental 
Technology e.V. (IUTA), Air Quality & Sustainable Nanotechnology, Duisburg, Germany, 3)Federal Institute of 
Occupational Safety and Health (BAuA), Berlin, Germany, 4)Institute of Occupational Medicine (IOM), Edinburgh, UK, 
5)University of Applied Science Northwestern Switzerland, Windisch, Switzerland, 6)Institute for the Research on 
Hazardous Substances (IGF), Bochum, Germany, 7)Catholic University of the Sacred Heart, Rome, Italy, 8)CEA, 
Nanomaterials Chemistry and Safety Laboratory, Grenoble, France

Inhalation of airborne manufactured nanomaterials is seen as the most critical uptake route for humans and 
may eventually lead to adverse health effects. The highest probability for exposure to airborne nanomaterials 
exists for workers in workplaces where these nanomaterials are produced, handled or used otherwise. 
Inhalation exposure can best be estimated by measuring the airborne particle concentration in the breathing 
zone of a worker, which has until very recently not been possible due to a lack of suitable nano-specific 
personal samplers and monitors. These have only recently become available. Their comparability, accuracy 
and field-practicability will be scrutinized in the newly launched project nanoIndEx. Once the applicability of 
the different samplers and monitors is known, they will be used in several field studies to generate a large 
dataset on workers' individual exposure to nanomaterials. All data will be statistically analyzed according to 
harmonized protocols and provided to existing exposure databases. Standard operation procedures and 
guidance documents on the proper use of the instruments and for data evaluation will be prepared in the 
project. They will also be made publicly available and distributed among stakeholders as well as national 
and international harmonization and standardization organizations. At the time of the conference, nanoIndEx 
has just started. The poster will present the project structure with expected results and a call for 
partnerships with institutions willing to share their expertise in data analysis and exposure data bases in view 
of a harmonization of personal exposure analysis in the future.

Acknowledgement
nanoIndEx is funded by the SIINN ERA-NET scheme of the 7th Framework Program of the European 
Commission.
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P-06-112 Association of Household Indoor Air and Lung Function of Allergic 
Children and Non-allergic Children

Yanc-Che Lin, Wei-Che Hong, Pei-Shih Chen
Kaohsiung Medical University, Taiwan R.O.C.

Children are susceptible to the air pollution.  Most of people stay indoor environment for more than 80% 
time. However, most researchers evaluating air quality and health effects have focused their attention on the 
outdoor pollution.  Previous studies showed that outdoor air pollution was not an accurate indicator for 
personal exposure.  Therefore, the purpose of our study is to evaluate the relation between indoor air 
pollution and children's lung function.
We selected 60 families of schoolchildren in Kaohsiung City to measure the concentrations of indoor and 
outdoor pollutants, indoor activities and children's lung function. From April 12, 2011 to February 22, 2012, 
we matched 30 allergic children and 30 non-allergic children with age, and resident areas, including 5 pairs 
in the industry area, 9 pairs in the area with heavy traffic and 16 pairs in the area with less pollution as 
thereference area.
Approximately 10% to 50% of pollutants measured from the studied houses failed to meet the EPA's 
recommended values of indoor air quality. We also found that some indoor activities could significantly affect 
the concentrations of air pollutants.  For examples, cooking could significantly increase the concentration of 
carbon dioxide and total volatile organic compounds. Level of carbon monoxide, nitrogen dioxide and 
particulate matter significantly increased in houses with windows-opened when comparing to windows-
closed.  Our study also assessed the association between children's lung function and air pollution. There 
was significantly negative association between the lung function and 24-hour average concentration of NO2 
and TVOC. Children with a short-time exposure to high concentration of NO2 can significantly decreased 
children's lung function.

P-06-113 Environmental transformation and biological fate of fresh and aged 
cerium oxide nanoparticles

Masako Morishita1), Ethan Eagle1), James Barres1), Margaret Wooldridge1), James Wagner2), Dingsheng Li1), 
Claude Emond3), Olivier Jolliet1)
1)University of Michigan, USA, 2)Michigan State University, USA, 3)University of Montreal, Canada

Cerium oxide (CeO2) nanoparticles (NPs) are increasingly being employed as an additive to promote diesel 
fuel combustion in other countries.  However, little is known regarding the mechanisms of transformation of 
CeO2 NPs in the atmosphere or their biological fate.     
   The overall objective of our project is to improve our understanding of environmental exposure-dose 
pathways of CeO2 NPs.  Our Specific Aims are: (1) characterize environmental transformation and 
physicochemical properties of aged CeO2 NPs using their interactions with UV radiation and ambient air co-
pollutants, and compare them to freshly-combusted CeO2 NPs; (2) determine the biological fate of freshly-
combusted and aged CeO2 NPs, comparing the concentrations in blood and target organs resulting from 
animal inhalation and intratracheal exposures; and (3) develop and evaluate a Physiologically Based 
ToxicoKinetic (PBTK) model of CeO2 NPs to identify the main factors affecting translocation and distribution 
of CeO2 NPs in the body.  
   We are currently conducting detailed physicochemical characterization of freshly-combusted CeO2 NPs 
and will next measure the degree of photochemical transformation during interactions with UV radiation and 
air co-pollutants.  We will then conduct animal inhalation and intratracheal instillation exposure studies, and 
measure CeO2 NP concentrations in blood and multiple organs.  Physicochemical characterization and the 
progress on animal exposure studies will be presented.  The project will provide new insights into 
physicochemical transformation of CeO2 NPs in the atmosphere, biological fate and mass balance of CeO2 
NP distribution via inhalation exposure routes, and the first PBTK model of environmentally relevant CeO2 NP 
inhalation exposure.
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P-06-114 Workplace exposure to nanoparticle from gas metal arc welding 
process

Meibian Zhang
Zhejiang Provincial Center for Disease Control and Prevention, China

Workplace exposure to nanoparticles from gas metal arc welding (GMAW) process in an automobile 
manufacturing factory was investigated. A combination of multiple metrics and a comparison with 
background particles was applied for exposure assessment of nanoparticles from welding process. The 
number, surface area and mass concentrations of nanoparticles from GMAW process were significantly 
higher than those of background particles before welding (P<0.01). A bimodal size distribution by mass for 
welding particles with two peak values (i.e. 10000-18000 nm and 560-320 nm) and a unimodal size 
distribution by number with 84.17nm geometric mean and 103.66 nm mode mean sizes were observed. 
Welding nanoparticles' morphology presented as homogeneous chain-like structure or spherical particles. 
The size distribution, morphology and elemental compositions were significantly different from background 
particles. Worker activities, sampling distances, wind velocity at workshop window, engineer control 
measures and background particles had significant influences on airborne nanoparticle levels. Additionally, 
surface area concentrations showed a high correlation with number concentration and a relatively low 
correlation with mass concentration. Mass concentration was not as sensitive as number concentration or 
surface area concentration in measuring nanoparticle levels of different welding points, sampling distances 
and background particles. These findings indicated that GMAW process was able to generate high levels of 
nanoparticle exposure. A combination of multiple metrics, worker activities, sampling distances, wind 
velocity, engineer control measures and background particles should be noticed when measuring workplace 
exposure to nanoparticles.

P-06-115 Airborne particle size distribution of nano-TiO2 powder during actual 
and simulated handling process

Mitsutoshi Takaya, Mariko Ono-Ogasawara, Yasushi Shinohara, Masayoshi Hagiwara, Shigeki Koda
Japan Nathional Institute of Occupatinal Safety and Health, Japan

To evaluate exposure risks of workers to aggregates/agglomelates of nanomaterial particles, particle size 
distributions and number concentrations were measured by SMPS, CPC, and OPC during two types of 
handling processes of nano-TiO2 powder. One process was powder packing from a hopper into a paper bag 
in a TiO2 production factory, and the other was simulated powder poring task in a laboratory chamber. TiO2 
with hydrophobic surface treatment was used in both processes, and the other TiO2 without treatment was 
used only in the simulated task. The air in the chamber was purified by HEPA filter, the number 
concentrations of the air was ca. 300 particles/cc.
The peaks of size distribution were observed at 100-200 nm in the all measurements. Nano-fraction (<100 
nm) of particles from nano-powder handling were not detected in the factory measurements. On the other 
hand, trace of nano-fractions were detected for both two types of TiO2 particles at the chamber 
experiments. The mass based nano- fractions were <0.1% of respirable dust fractions of the generated 
dusts., and the number concentrations of nano particles in the chamber experiments were less than 500 
particles/cc and they were 1/5-1/40 of the nano particle concentrations in outside air. Because the results of 
field measurements and the experiments mutually coincided, emission of nanomaterials in actual processes 
expected to be estimated by chamber experiments. 
Acknowledgements: Present study was carried out under commission by Ministry of Health Labour and 
Welfare of Japan ("Research project for investigating behavior of nanomaterials in workplace air FY2010").
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ISO (International Organization for Standardization) shows that it is need to consider the various 
physicochemical characters of Nanoparticles (NPs) for the assessment of their toxicity. Recent studies have 
shown that the mechanism of invading NPs to cells relied on endocytosis and the cellular uptake of them 
depends on diameter, superficial area or surface modification. However, any researches haven't yet carried 
out to determine the relationship of particles charge or hydrophobic character. In addition, it was reported 
that NPs which are reached the alveo pass through the basement membrane and invade inside the capillary 
blood vessel rapidly, thus there is a possibility that the mechanism other than endocytosis was behaved. In 
this study, the relationship between the particles zeta potential or hydrophobic character and cellular uptake 
was shown, also the mechanism of uptake was examined by using cells impregnated some endocytosis 
inhibitor. First, we suspended 3 different surface modification quantum dots (carboxyl, amino, plain) in serum 
free D-MEM and measured their zeta potential. Each median zeta potential of them was about -5mV 
(carboxyl and amino) and 0 mV (plain). Then, we measured their hydrophobic characters and administered 
each of them to A549 cells, and employed the confocal scanning laser microscopy and in situ imaging 
microscopy to practice real time imaging of cellular uptake NPs. Also, to quantitate the number of the 
invaded cells and to determine the relationship of endocytosis, the flow cytometer was employed. In the 
results, G-protein coupled receptor was important factor for cellular uptake, and the less hydrophobic 
character they were, the more cells taken up them, and especially carboxylated particles were incorporated 
most abundantly.

P-06-117 Exposure Assessment of Workers in Printed Electronics Workplace

Ji Hyun Lee1), Eun Kyung Son1), Jin Soon Ahn2), Kangho Ahn3), Keun Soo Kim1), Jong Hwan Lee4), 
Taek Min Lee5), Il Je Yu1)

1)Hoseo University, Korea, 2)Myungji Safety and Hygiene Laboratory, Korea, 3)Department of Mechanical Engineering, 
Hanyang University, Korea, 4)Chemical Safety & Health Research Institute, Korean Occupational Safety & Health Agency, 
Korea, 5)Korea Institute of Machinery and Materials, Korea

Printed electronics uses converging technologies, such as printing, fine mechanics, nanotechnology, 
electronics, and other new technologies. Consequently, printed electronics raises additional health and 
safety concerns to those experienced in the traditional printing industry. This study investigated two printed 
electronics workplaces based on a walk-through survey and personal and area sampling. All the printed 
electronics operations were conducted in a cleanroom. The exposure to conductive nanoparticles, such as 
silver nanoparticles and CNTs (Carbon nanotubes), and organic solvents was lower than current occupational 
exposure limits, yet there was a lack of engineering controls, such as local exhaust ventilation, correct 
enclosure, and duct connection. There was also an insufficient quantity of personal protective equipment. 
Some organic solvents not described in the SDS (safety data sheets) were detected in the air samples. 
Cleaning work, a major emission operation, was not conducted within a hood, and waste from the cleaning 
work was not properly disposed of. Therefore, the present results found that the future printed electronics 
industry should take note of the occupational safety and health risks and hazards already experienced by the 
traditional printing industry, along with new risks and hazards originating from converging technologies such 
as nanotechnology.
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P-06-118 Control banding approach and exposure assessment in process 
handling indium tin oxide nanopowder

Naroo Lee, Gwang Yong Yi, Jiwoon Kwon, Jung Ho Ahn
Occupational Safety and Health Research Institute, Korea Occupational Safety and Health Aagency, Korea

Indium oxide and tin oxide powders are used in production of indium tin oxide sputtering target to make 
transparent conductive coatings for displays. Indium oxide and tin oxide powders are mixed, milled and dried 
in nano sized powders. Pulmonary alveolar proteinosis patients were occurred in indium processing facility in 
USA and pulmonary fibrosis patients were occurred in indium processing facility in Japan. The study was 
conducted to investigate work environment of two Korean indium tin oxide sputtering target facilities. Risk 
assessment was conducted using Stoffenmanager nano module. Exposure assessment to nanoparticles was 
conducted using diffusion charging based sensor, Scanning Mobility Particle Sizer (SMPS). Also particle size, 
shape and composition was observed using Transmission Electron Microscopy (TEM) after sampling with 
handheld electrostatic precipitator. The highest concentration of active surface area was 951µm2/cm3 and 
the highest concentration of particle number was 8 × 105 particles/cm3 in A facility. The highest 
concentration of active surface area was 54µm2/cm3 and the highest concentration of particle number was 
5.8 × 104particles/cm3 in B facility. The results of exposure assessment in two facilities were different from 
each other, even though their production was the same. Two facilities had different aerosol control actions.

P-06-119 Black Carbon Nanoparticle Concentration in a Classroom

Jeonghoon Lee
School of Mechanical Engineering, Korea University of Technology and Education, Korea

Black carbon is generated from various sources: Exhaust manifold of transportation vehicles, power plant, 
biomass burning and so forth. The shape of the black carbon is normally aggregate which consists of primary 
particles. The size of primary particles ranges from 20 to 50 nm. The black carbon nanoparticles can affect 
human health as well as climate effect. Therefore, it is very important to evaluate the level of black carbon 
concentration. In this study, we measure the black carbon contents by means of a photo attenuation 
method. We investigate the black carbon concentration at an engineering classroom in terms of absorption 
coefficient. The experimental apparatus used in the present study includes a Multi Angle Absorption 
Photometer (MAAP) that measures black carbon concentration inside an engineering classroom where 
students intermittently operates several instruments and facilities. MAAP (Thermo Scientific 5012) is a typical 
absorption measurement instrument similar to an Aethalometer which measures light transmittance through 
a filter after depositing nanoparticle aerosols. The Aethalometer and the MAAP can be operated unmanned. 
We compare the results from Aethalometer with those from the MAAP. Black carbon nanoparticle 
concentrations were measured for 24 hours at the engineering classroom. There was no class and no 
operation of instruments/facilities for 20 hours during the absorption measurement period. Surprisingly, 
absorption was measured to be larger than 1 microg/m3, which was somewhat larger than we expected. The 
influence of nanoparticles may be one of the reasons why the level of black carbon concentration in a 
classroom is so high. More detailed discussion will be presented.
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during their synthesis in research labratories

Mogane NM1,3), Voyi K3), Sekobe G1), Gulumian M2,4)
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2)Toxicology and Biochemistry, National Institute for Occupational Health, 25 Hospital Street, JHB, South Africa, 
3)School of Health Systems and Public Health, University of Pretoria, South Africa, 4)Haematology Molecular and 
Medicine Department, University of the Witwatersrand, South Africa

In South Africa nanomaterials are synthesized by research and development institutes and universities. 
Currently there are no studies to assess occupational exposure to metal oxide nanomaterials. A tiered 
approach, including a walkthrough and a detailed survey was followed to assess emission and occupational 
exposure to nanomaterials during their synthesis in a research laboratory. Real-time instruments were used 
to conduct emission assessment and filter based sampling to assess exposure assessment to metal oxide 
nanomaterials. Characterization of particles collected on filters was done using off-line instruments such as 
transmission electron microscope and inductively coupled plasma spectroscopy. Preliminary results indicate 
exposure to metal oxide nanomaterials during the synthesis process in research laboratories.

P-07-121 Life cycle approach and human risk impact assessment and risk/
benefit communication of nanomaterials

Wouter Fransman1), Bernd Nowack2), Toon van Harmelen1), Harrie Buist1), Claudia Som2), Eelco Kuijpers1), 
Dominic Notter2), Esther Zondervan1), Roland Hischier2), Tom Lighthart1), Gregor Schneider3), 
Arjan van Horssen1), Derk Brouwer1)
1)TNO, Netherlands, 2)EMPA, Switzerland, 3)RAS, Netherlands

Nanomaterials have great market potential for SMEs, but the introduction of nanomaterials is hampered due 
to the unknown human and ecological risks. For this reason, SMEs need guidance to assess the risks and the 
benefits of the nanomaterial in their products in comparison with the conventional (non-nano) products.
The LICARA project develops a structured life cycle approach for nanomaterials that: (1) enables to balance 
health/environmental risks of nano-enabled products in view of paucity of data against their benefits, and (2) 
further allows a comparison with the risks and the benefits of the conventional (non-nano) products. In 
specific case studies, Life Cycle Inventory (LCI) datasets will be elaborated within a Life Cycle Assessment 
(LCA) methodology.
A challenge with respect to human and environmental risk assessment is to integrate or aggregate (1) the 
risks associated with the release of nanomaterials in (indoor) work environments or indoor use of nano-
enabled products (for subgroups like workers and consumer), (2) the risks associated with emission (or 
release) to various environmental compartments for the general population, and 3) the risks for 
environmental organisms associated with the release of nanomaterials to environmental compartments such 
as water, sediments and soils.
As proof of principle and concrete benefit for the SMEs, LICARA will deliver guidelines to the members of the 
SME Associations to support them in their communication with regulators, clients and investors and to 
improve the production processes and/or applications of their specific nano-enabled products. In addition, 
the project will hold major dissemination events in the form of workshops, which will be designed to 
specifically meet the needs of SME.
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Håkan Wallin1,4)

1)National Research Centre for the Working Environment, Denmark, 2)Danish Technological Institute, Høje Taastrup, 
Denmark, 3)Technological University of Denmark, Lyngby, Denmark, 4)Danish NanoSafety Centre, Copenhagen, 
Denmark

Currently, there are no nanospecific safety data sheets (SDS) for manufactured nanomaterials (MN) and there 
is only limited data available on nanomaterial exposure levels. We have established an advanced control 
banding tool, NanoSafer, which enables alternative risk assessment and guidance for safe use of MN based 
on first order modeling. The hazard and case-specific exposure assessments are combined for an integrated 
risk evaluation and final control banding. Requested material data are typically available from the producers' 
technical information sheets. The hazard data are given in the SDS for the closest analogue bulk material for 
which the requested occupational exposure limit (OEL) is given as well. The emission potential is either given 
by a constant release rate or the dustiness level determined using the EN15051 rotating drum or similar. The 
exposure assessment is estimated using the work room dimensions, ventilation rate, powder use rate, 
duration, and calculated or given emission rates. The hazard scaling is based on direct assessment. The 
exposure band is derived from estimated acute and work-day exposure levels divided by a nano-OEL 
calculated from the OEL of the nearest analogue bulk material and the specific surface area. The NanoSafer 
control banding tool is now available in Danish and English and contains help tools, including a data-library 
with dustiness data and an inspirational nanosafety e-learning tool for companies' risk management. The 
ability to construct user specific work-scenarios for exposure assessment is considered a highly versatile 
approach.

P-08-123 Opportunities or Uncertainties? A Critical Review of nanoMark in 
Taiwan

Yi-Ping Lin, Meng-Chi Lin
National Yang-Ming University, Taiwan R.O.C.

In this research, we explore the opportunities and uncertainties of "nanoMark" the first of its kind in the 
world, in Taiwan. It was created by the Industrial Technology Research Institute, and issued by the Ministry of 
Economic Affairs in 2004. While Siegrist and Keller (2011) indicated that labeling nanotechnology consumer 
products may change the public perception of the products, nanoMark was intended as a positive form of 
labeling. It aimed to help nanotech companies to market their products, and enabled consumers to avoid 
fake nano merchandise. With an "unlimited" sign in its mark, it implies the unlimited possibilities of nanotech 
applications. As of October 2012, there were 1,150 products from 34 Taiwanese companies that had been 
granted nanoMarks. Recently certified items include an antimicrobial housing for a computer mouse, and 
antibacterial plastic components for a toilet tank that make use of silver nanoparticles. While these certified 
nano products might have great business opportunities, there were uncertainties in the risk assessment and 
management of these new consumer products. We review how nanoMark is certified, and what nanomaterial 
and products have been tested. Further, we discuss the environmental, health and safety concerns of nano 
products in the market.
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P-09-124 DANA - Knowledge Base Nanomaterials

Harald F. Krug1), Dana Kühnel2), Björn Mathes3), Katja Nau4), Clarissa Marquardt4), Christoph Steinbach3)

1)Empa - Federal Laboratorieas for Materials Science and Technology, Switzerland, 2)UFZ - Helmholtz-Center for 
Environmental Research, Leipzig, Germany, 3)DECHEMA e.V., Frankfurt a.M., Germany, 4)Karlsruhe Institute of 
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The project ,,DaNa - Latest research results on the effects of nanomaterials on humans and the environment" 
generates a knowledge base for research results on nanomaterials and their impact on human health and 
the environment in an interdisciplinary approach together with scientists from toxicology, ecotoxicology, 
biology, physics, chemistry, materials engineering and social sciences. The content of the data base is 
directed to interested lay people, politicians and journalists.
For this purpose, we process results of completed and current projects, funded by the German Federal 
Ministry of Education and Research, analyze scientific publications, reports, and latest news on human and 
environmental toxicology, and wrap up the state of knowledge in the knowledge base. All data are available 
on our website www.nanoobjects.info or will be published via other media.
All publications and data sets, which are used for the descriptions and reports in our knowledge base, are 
evaluated following the rules of our criteria catalogue (compare http://nanoobjects.info/cms/Wissensbasis/
Kriterienkatalog). Moreover, we answer frequently asked questions (FAQ) and the visitors of our website 
have the chance to click the button "Your question to our Experts" and will get an answer from the project 
team as soon as possible.
Last year we started the new version of our knowledge-base-matrix "application - material - information" 
where you can find relevant nanomaterials and their applications, summaries and evaluation of safety studies 
and detailed explanations of important health and environmental aspects of nanomaterials.

You can follow us on Twitter @nano_info or with this link for your smartphone

P-10-125 Performance evaluation of a bag-filter type dust collector in 
decorative boards cutting operations

Kuen-Yuan Chuang, Chia-Hsiang Lai, Jin-Wei Chang, Jo-Ming Tseng
Central Taiwan University of Science and Technology, Taiwan R.O.C.

In Taiwan, a change in the choice of materials for interior decoration has come about since fire resistant 
building boards have become more common. Workers use electric circular saws to cut the boards and the 
result is a lot of dust flying about in the air.   
This study investigated the dust generated during the cutting of the three most commonly used decorative 
boards: plywood, calcium silicate board (CSB) and gypsum board (GB) by simulated cutting in the laboratory. 
A micro-orifice uniform deposition impactor (MOUDI) was used to determine the collecting efficiency of 
commercially available bag-filter type dust collectors on the airborne dust emitted during cutting boards. The 
result showed that CSB produced the highest amount of dust. This was followed by the GB. Both produced 
much more dust than plywood. The mass median aerodynamic diameter (MMAD) of the dust from plywood 
was the largest at 4.38±0.27µm; the CSB dust at 3.59±0.16µm and the dust from the GB was the smallest at 
3.31±0.07µm.
When the dust collector was used for the GBs cutting operation, the average total dust concentration was 
26.95mg/m3. This was followed by CSB, and plywood was again the lowest. The MMAD for plywood did not 
change much while that for CSB was slightly reduced. However, the MMAD of dust from the GBs increased to 
4.06±0.18µm. The performance of the bag-filter was best for CSB, reaching 83.15%, followed by plywood at 
67.03% and GB at only 50.95% on average. The commercially available bag-filter dust collector is not good 
enough for CSB and plywood dust particles under 0.56µm. The collection efficiency for dust from GB is far 
less than satisfactory and we suggest worker used hand cutters instead of electric circular saws.
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1)National United University, Taiwan R.O.C., 2)Central Taiwan University of Science and Technology, Institute of Safety 
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Nano metal powders are widely applied in semiconductor, energy, medical equipment, materials science, 
etc. However, nano dusts have a relatively large surface/volume ratio which increases the ignition probability. 
Therefore, the inert gas is extensively used to prevent explosion in manufacture process or storage sites. 
Unfortunately, nano metal powders still induced many accidents with enough ignition energy in the world. 
Therefore, the purpose of these experiments was set to investigate the relationship between those dust 
explosions characteristic and oxygen concentration. Standard 20-liter sphere was employed to perform 
explosion tests by the standard test procedure (ASTM1226). The experimental data was collected to assess 
the explosion characteristics. The test substance contains nano zinc, silver, and titanium dioxide powers. 
Results indicated that 100nm zinc has the explosion characteristics with minimum explosion concentration 
(MEC) of 250 g/m3 and limiting oxygen concentration (LOC) of 3.5%, respectively. As for the nano titanium 
dioxide was a nonflammable powder and the nano silver only had the capability of burning. Results by this 
study can contribute to the relevant industrial process for understanding the reaction hazard of nano metal 
powders.

P-10-127 Nanostructured materials and The Workers Lack of Knowledge

Arline Sydneia Abel Arcuri1), Alexandre Custódio Pinto1), Valéria Ramos Soares Pinto1), 
Maria de Fátima Torres Faria Viegas1), Maria Gricia Lourdes Grossi1), Luís Renato Balbão Andrade1), 
Mey Rose de Melo Pereira Rink1), Vanda Delli de Sousa Pereira1), Clóvis Eduardo Meirelles1), 
Fernanda de Freitas Ventura1), Glaucia Nacimento de Souza1), Patricia Moura Dias1), 
Paula Peixoto Monteiro1), Thomaz Ferreira Jensen2), Leila Nadim Zidan3), Paulo Roberto Martins3), 
Ana Yara Paulino2), Sebastião Lopes Neto4), William Waissmann5), Eduardo Bonfim da Silva6)
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The identification of possible nanostructured materials occupational health risks is a challenge for Brazil. In 
2007, Fundacentro researchers detected the problem of workers' qualification concerning nanotechnology 
and begun a research project to study the occupational impacts of nanotechnology and nanomaterials.
Comic books were identified as an interesting way to qualify workers, and four have been already published, 
directed to different labor activities. The first and the second ones were presented at Nanoeh2009 and 
Nanoeh2011. The present paper has the objective to present the other two comics produced. Also, we want 
to show the new approach used in the development of the fifth comic book being prepared.
The third and fourth comic books are addressed to the construction sector and to the agricultural sector, 
discussing the use of nanocement and nanoagrotoxics, respectively. In Brazil, these economic sectors still 
features a high number of accidents and work related diseases, and may now face new challenges with the 
use of nanotechnology.
The metallurgical sector was chosen as the fifth comic book theme. Attending seminars presented by 
Fundacentro researchers, workers came in contact with nanotechnology concepts through the first four 
published comics. A short survey was then submitted to these workers in order to collect information on 
what they understand about/by nanotechnology and if they knew that nanotechnology was used in their 
worksite. The collected information is being used to elaborate the comic book. This interaction has also 
allowed metallurgical workers to take part in the preparation of the fifth comic book since the beginning.
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This document is a report of a safety protocol implementation for handling carbon nanotubes (CNTs) and 
nanocomposites at the Andes University in Colombia, South America. In the last few years, the interest on 
these materials has increased in different fields of research and industry in this country, which in turn has led 
to an increment in the number of exposed personnel.   

To assess, prioritize, and minimize the potential risk from the CNTs and nanocomposites at the University, we 
have structured a safety protocol in all the laboratories.  These protocols identify the hazard level to select 
the appropriate strategy to manage the risk involved during the materials' life cycles.  Measurements of CNT 
emission were done after the protocols' implementation during procedures such as milling, weighing, and 
mixing.  The results reflect the effectiveness of these protocols to minimize the risk, which can be extended 
to other workplaces or universities.




