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Goal: 
Develop a modern and multidisciplinary 
training program for students and the 
community of industrial hygienists, and 
to prepare next-generation professionals 
for effective management of stressors 
caused by emerging technologies such as 
nanotechnology and electronic products.

Collaborating institutions: 



Research training

✓Nanomaterials & 
Nanotechnology

✓Control & Exposure
✓E-product & E-waste
✓Biological Effects 
✓Virtual & Augmented 

Reality

Course training

✓UCLA IH Curricula 
✓Continuing Education
✓Virtual & Augmented 

Reality
✓Interdisciplinary Course
✓Specialized Hazardous & 

Emerging Substance 
Courses

Engagement and Diversity
✓Multidisciplinary Training 
✓Engage Diverse Population & Leadership Skills

UCLA IH  &  SC ERC

UC Irvine & California State U

PARTNERS

COLLABORATIONS

Technologies and Contaminants of Interest

✓ Nanomaterial exposure 
assessment 

✓ Electronic product and waste 
assessment. 

✓ Health effect and toxicity.

✓ Virtual reality technology 
(VRT) 



OUTCOMES
✓ 46 students and industry professionals are trained across courses and curricula
✓ One new courses developed: 

Nanomaterial Related Emerging Technologies: Exposure and Health Effects

Doctoral 
trainees

Master 
trainees

Undergradu
ate students

IH 
professional

New 
Course

URM

2021-2022 1 4 5 N/A N/A 50%

2022-2023 2 5 4 2 12 75%

2023-2024 1-2 4 5 TBD 6

2024-2025 3 TBD TBD TBD N/A



Survey prior to participating in the program/workshop



Survey after participating in the program/workshop



OUTCOMES
4 Publications and 9 Conference Presentations in 3 years 

✓ Journal of  Cleaner Production IF: 11.07
✓ BMC Public Health  IF: 4.54
✓ ACS Chemical Health and Safety  IF: 3.1
✓  Journal of The Minerals, Metals & Materials Society  IF 2.47

✓ American Industrial Hygiene Conference and Exposition (AIHCE) 

✓ Sustainable Nanotechnology Organization (SNO) annual conference

✓ Inhaled Particle and NanoOEH Conference (International Conference)

✓ Annual Green Chemistry & Engineering Conference

✓ SETAC North America 43rd Annual Meeting



OUTCOMES- Publications

1. Swinnerton, S., Kurtz, K., Neba Nforsoh, S., Craver, V., and Tsai, C., The 
manufacturing process and consequent occupational health and environmental 
risks associated with the use of plastic waste in construction bricks in small-scale 
recycling plants, J Cleaner Production, 2024, revised under review

2. Landskroner, E.A., Tsai, C.S.J.* Occupational exposures and cancer risk in 
commercial laundry and dry cleaning industries: a scoping review. BMC Public 
Health. 2023 Dec 21; 23(1):2561. doi: 10.1186/s12889-023-17306-y. PMID: 
38129859; PMCID: PMC10740271 

3. Munoz, A., Schmidt, J., Suffet, M., Tsai, C.S.J.*, Characterization of emissions from 
carbon dioxide laser cutting acrylic plastics, ACS Chemical Health and Safety, June 
22, 2023

4. Ibrahim, M.G., He, H., Schoenung, J.M., Ogunseitan, O.A. 2023. Challenges and 
Opportunities of Increasing Materials Circularity: A Focus on Critical Metal Recovery 
from Electronic Waste. JOM.



OUTCOMES- Conference Presentations
1. Swinnerton, S., Tsai, CSJ., Emissions associated with the mechanical recycling of plastic waste via shredding, American 

Industrial Hygiene Conference and Exposition (AIHCE), Columbus, Ohio, May 20-22, 2024.
2. Krause, C., Tsai, CSJ, Emission Comparison Between SLS 3D Printer Operations, 12th Sustainable Nanotechnology 

Organization (SNO) annual conference, Los Angeles, CA, Nov. 10-12, 2023.
3. Landskroner, E., Cacho, J., Tsai, CSJ, TiO2 Nanoparticles in Automotive Paints and Ceramic Coatings: A Literature Review, 

12th Sustainable Nanotechnology Organization (SNO) annual conference, Los Angeles, CA, Nov. 10-12, 2023.
4. Swinnerton, S., Kurtz, K., Nforsoh, S.N., Vinka, C., Tsai, CSJ, The Use of Plastic Waste in Construction Bricks: Emissions 

Associated with Plastic Shredding, 12th Sustainable Nanotechnology Organization (SNO) annual conference, Los 
Angeles, CA, Nov. 10-12, 2023. 

5. Krause, C., Tsai, CSJ*, 3D printer nylon-12 emissions analysis, American Industrial Hygiene Conference and Exposition 
(AIHCE), Phoenix, AZ, May 22-24, 2023

6. Tsai, CSJ.*, Munoz, A., Schmidt, J., Suffet, M., Fugitive Emissions from Carbon Dioxide Laser Cutting Activities, Inhaled 
Particle and NanoOEH Conference, Manchester, England, May 15-18. 2023

7. Munoz, A., Tsai, C.S.J.*, Characterization of fugitive emissions produced from compact laser cutting, podium, American 
Industrial Hygiene Conference and Exposition (AIHCE), Nashville, Tennessee, May 23-25, 2022.

8. Ibrahim, M. G., Schwartz, E., He, H., Lincoln, J., Nguyen, B., Strauss, K., Ogunseitan, O., & Schoenung, J. (2022, June 6-8). 
Green Electronics Standards: Gaps, Challenges, and Opportunities for Enhancing the Circular Economy of Printed Wiring 
Boards. 26th Annual Green Chemistry & Engineering Conference, Reston, VA

9. Ibrahim, M. G., Schoenung, J., & Ogunseitan, O. (2022, November 13-17). A Systems-Toxicology Perspective of Critical 
Metals Recovery From Waste Printed Circuit Boards: Opportunities, Risks, and Barriers for a Circular Supply Chain. SETAC 
North America 43rd Annual Meeting, Pittsburgh, PA



RESEARCH  HIGHLIGHTS – Electronic Wastes
Navigating Sustainable Resource Recovery from E-Waste through Cryogenic Milling
Maryam Gamal Ibrahim, PhD student, UCI 

Waste Printed Circuit Boards 











RESEARCH  HIGHLIGHTS – Emerging Green Solvents 
Assessing Emerging Green Solvents in the Dry Cleaning Industry
Emma Landskroner, PhD student, UCLA



BEAS-2B Cell Study on Popular Emerging Green Solvent 

Primary 
Bronchus 

Bronchioles

BEAS-2B 
Cells



RESEARCH  HIGHLIGHTS – Nanoplastics Exposure Assessment

The emissions and physicochemical properties of airborne microplastic and 
nanoplastic generated during plastic shredding
Sarah Swinnerton, MS student, UCLA

Cell toxicity study of micro and nanoplastics
Srinidhi (Serina) Sridharan, MS student, UCLA   Yi-hsuan (Amelia) Chen, UCLA

HDPE plastics before (top) and after being milled through 

a 0.50mm sieve ring (bottom). (From Fritsch Milling & 

Sizing, Inc.)

Microplastic particles of 
PET, PP, and HDPE are 
obtained by shredding 
waste plastics with 
INTBUYING 220V Heavy 
Duty Plastic Shredder 
Machine



Total SMPS Particle Concentrations 

Substantial changes in particle concentration was observed during periods of shredding 



Particle Size Differentiated Graphs



Particle Morphology by SEM 



Particle 
Morphology by 
TEM 

Particles varied 
drastically and did not 
adhere to one shape



Elemental Composition of Samples



RESEARCH  HIGHLIGHTS – Virtual Reality Technology and 3D printing

An Emerging VR Training Tool for Wildland Firefighters on Particle Pollution Exposure
Hope Davey, MS student, UCLA

Characterization of Fugitive Emissions of SLS 3D Printing
Connor Krause, MS student, UCLA
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The synthetic audio was rendered for a 360° spatial sound 
and decoded in 4 channels. With 360-surround sound, the 
viewer can experience what is going on around them 
(considering X and Y axis). 





SEM/TEM Imaging of Pure Nylon-12 for 3D Printing

✓ Imaging of Pure 
Nylon-12 Powder.

✓ Size ranges from 
nanometer up to 
about micrometer



SEM/TEM Imaging of Aerosol Particles during Printing

• Common particles captured during printing
• Apparent agglomerates of particles in the nanometer ranges



Q & A
PI: Candace Tsai, ScD, CIH

University of California, Los Angeles (UCLA)    candacetsai@ucla.edu

Grant No.: 1R25ES033043-01

mailto:candacetsai@ucla.edu
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