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Why do we need better exposure measures?



Big/New Data
(Environmental 

Measures/Models)

Smartphones
(mHealth, GPS)

Sensors 
(Personal Measures)

Long-Term Personal 
Environmental Exposures



“Bring Your Own Location Data”: Use of Google Smartphone 
Location History Data for Environmental Health Research

Hystad et al. (2022). Bring Your Own Location Data: Use of Google Smartphone Location History Data for Environmental Health Research. Environ Health Perspect . 2022 Nov;130(11):117005



• 400 Twins provided data
• Average 58 months! of 

time-activity data.
• 370 million time-location 

points. 

“Bring Your Own Location Data”: Use of Google Smartphone 
Location History Data for Environmental Health Research

Hystad et al. (2022). Bring Your Own Location Data: Use of Google Smartphone Location History Data for Environmental Health Research. Environ Health Perspect . 2022 Nov;130(11):117005



https://waqi.info/





Data Overload!



Big/New Data
(Environmental 

Measures/Models)

Smartphones
(mHealth, GPS)

Sensors 
(Personal Measures)

Long-Term Personal 
Environmental Exposures

AI Tools



AI Toolkit for Exposure Science
• AI: The science of creating systems 

that can perform tasks requiring human 
intelligence, such as reasoning, 
learning, or decision-making.

• Machine Learning: A subset of AI 
where systems learn patterns from data 
and improve their performance without 
being explicitly programmed.

• Deep Learning: A specialized form of 
machine learning that uses multi-
layered neural networks to model 
complex patterns in large datasets.

• Generative AI: A type of deep learning 
model that generates new content, such 
as text, images, or audio, based on 
learned patterns from training data.





AI is not just analyzing exposure data – it’s 
redefining what is available for exposure data

8.5 Million Residential Addresses

Neighborhood 
Socioeconomic Status

Housing 
Transaction

Housing
Quality

Other 
Air Pollution

Traffic 
Characteristics

Neighborhood 
Environment

Built Environment 
Infrastructure



Integrating Housing Characteristics

Household 
Characteristics’ Import 
to Environmental 
Exposure

Socio-Economic 
Indicators

Residential Mobility 
(indicators)



Measuring Congestion-Related Air Pollution



Matching Individuals Upwind and Downwind of the 
Same High-Traffic Road



Emissions Controls

Mobile Sensing Indoor Air 
Quality Control

Personal Exposure 
Coaching

Sensor Calibration

Mixtures

Exposure 
Profiles

Vulnerable 
Populations

Data 
Visualization

Structure 
Discovery

Source 
Apportionment

Exposure 
Indices

Image 
Classification

Source 
Identification

Exposure 
Identification

Exposure 
Categories

Hazard 
Prediction

Forecasting

Exposure 
Modelling

Forecasting

Risk 
Assessment

Epidemiology

ML Central to Environmental Exposure Science



Explosion of Images Available for Exposure Science

A picture tells a thousand…exposures: Opportunities and challenges of deep learning image analyses in exposure science and environmental epidemiology. 
https://www.sciencedirect.com/science/article/pii/S0160412018322001#f0010 



Satellite/Aerial Imagery Exposure Models

Hong, K, Pinheiro, P, Weichenthal S. 2019 Predicting Global Variations in Outdoor PM2.5 Concentrations using Satellite Images and Deep Convolutional Neural Networks. arXiv:1906.03975v1



Street-View Exposure Models 



Predicting Complex Exposure Measures



Large Language Models
• A deep learning model trained on 

vast text data.

• ChatGPT, Gemini, Claude, LLaMA, 
DeepSeek, etc. 

 
• LLMs extend what ML/DL can do by 

offering multimodal integration at 
scale.

• Capable of integrating, reasoning, 
summarizing, answering questions, 
and making predictions.



LLMs Moving Extremely Fast!



External 
Exposome

Internal 
Exposome

- Contextual factors
- SES
- Climate
- Physical activity
- Diet
- Air pollution
- Occupational 

exposures
- Noise
- Radiation
- Chemical exposures
- Green space
- Etc.

- Inflammation
- Oxidative stress
- Metabolomics
- Transcriptomic
- Proteomics
- Epigenetics
- Microbiome
- Lip peroxidation
- Immunomics
- Adductomics
- Etc. 

LLMs as a Tool to Operationalize the Exposome



Foundation Models in Different Domains 

Large-scale models designed for flexible adaptation across a wide range of downstream tasks.



Foundational Model for Environmental 
Exposure Science: LLM-Ex

Open-Source LLM

Fine Tune
 (~200 billion tokens?)

LLM-Ex Model

Integrate Diverse 
Environmental Data

Enable Exposome 
Concept

Personal Exposure 
Assistant

Updated with New 
Data

Fine-tuned for Specific 
Contexts



Ethical and Responsible Use Considerations

1. Direct environmental impact of LLM compute.
2. Copyright of data used to train models.
3. Privacy and confidentiality.
4. Bias and representativeness of environmental data.
5. Explainability of model predictions.
6. Misinformation (hallucinations).
7. Attribution of ideas.
8. Overdependence on automation.



Collaboration between computer scientists and 
environmental health experts is vital for optimal AI
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Thank you – Questions?

Perry Hystad, perry.hystad@oregonstate.edu 

mailto:perry.hystad@oregonstate.edu
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