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Organization of this Presentation

« Challenges of managing diverse
environmental health data to support
a distributed Center

* Overview of the PROTECT Data
Management and Modeling Core

« Data Analytics and Machine Learning
 Lessons learned
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Puerto Rico Testsite for Exploring
Contamination Threats (PROTECT)

« NIEHS SRP P42 Center since 2010
« Cohort will include 1800 expectant mothers
« Key research gquestions:
 What is the contribution of environmental contaminants to preterm birth
in Puerto Rico?
« Can we develop better strategies for detection and green remediation
to minimize or prevent exposure to environmental contamination?
« Anticipated outcomes:
» Define the relationship between exposure to environmental
contaminants and preterm birth
« Develop new technology for discovery, transport and exposure
characterization, and green remediation of contaminants in karst
systems
Broader Impacts:
« Support environmental public health practice, policy and

mwareness around our theme
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Puerto Rico Testsite for Exploring
Contamination Threats (PROTECT)
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Challenges with Managing Diverse
Environmental Health Data

« Managing data for a multi-university (5) distributed

partnership
* Northeastern University
« University of Puerto Rico Medical Campus
* University of Puerto Rico at Mayaguez
« University of Michigan
« University of West Virginia

 Diverse data cleaning requirements
 Arange of data privacy/security requirements

* Diverse expertise/needs
* Environmental engineers, biochemists, electrochemists,
toxicologists, epidemiologists, biostatisticians, pediatricians,
agronomist, hydrogeologists, and social scientists
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Challenges with Managing Diverse
Environmental Health Data

Challenges

« Develop a common vocabulary across disciplines

* Provide a common data import/cleaning mechanism

« Collect/manage distributed data

* Provide for the security/privacy of human subject data
* Provide on-line distributed sharing

* Provide on-line relational query capabilities

* Provide export to a large number of formats

* Provide customized tools and access on a per-project
basis
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PROTECT Data Management and
Modeling Core

* Responsible for the collection, storage, security and management
of human subject, biological, survey data, and environmental data
via a secure database system

* Leverages Dropbox, REDCap and Earthsoft commercial software

* Provides cleaning and secure/reliable storage
* Dropbox portal used for remote data transfer and data backup
 RedCap is used for data cleaning all Human Subject data (and other

data in the future)
* EQUuIS EDDs to perform data cleaning for all projects, as well as
EQuIS Professional/Enterprise for managing data

 Enables PROTECT projects to cross-index data (based on
subject ID, time and space-GIS)

* Provides data inventory, data analysis and mining
* Global data dictionary

* Comprehensive data inventory tools to track data collection status
* Data exports and analysis using EQuIS Enterprise h
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PROTECT Data By the
Numbers (6/20/2015)

Human Subject Core

* 3,193 total fields/participant
* Presently 15 different forms
* ~1.5M records

Environmental Data Core
* 1048 wells (14 of them include water contaminant data)
e 35 springs (3 of them include water contaminant data)
* Field data
9 wells and 2 springs are sampled twice a year
* Tap water data:
34 homes
13 contaminants
Targeted Biological Data Core

e 51 targeted chemicals * ~8 fields * # of participant
19 Phthalates and Phenols
18 Trace Metals

14 Pesticides
Non-targeted Biological Data Core ‘ N
* 5fields, >1B data points in 6 urine samples

Mass-to-charge values

Data peaks PROT ECT



EQuIS~: Environmental
Data Management Software

Subject D (Home

- Age = GI5 location
- Diet = Water source
= Medical history

- Gender
- Birth weight

Cleaned Cleaned
Data Data




EarthS: ft.  EQuIS-:Envionmental Data Consumers

Lot Data Management Software

[ Subject ID
- Age

= Diet

» Medical history

Child
- Gender
- Birth weight

ol Community Engagement

EZView

Research Translation

~ AICGIS
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The PROTECT Database
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Longitudinal Study
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'L%m_pé fc'* ions, cond, « Demographic, medical, « Parabens & Phenols
. Phtaﬁ alates residential, product use, food » Organo-phosphates
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e First Visit Second Visit Third Visit Delivery &
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Biannual GW sampling Continuous tap water

+ 17 wells and springs sampling at homes

 Dry and Wet Seasons of pregnant women
cohort

We have amassed billions of data records which are
) - potentially related, and we have the capability to analyze
them efficiently!!




PROTECT Database: Framework

Data Analysis/Modeling
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EQuIS Enterprise: Dashboards
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Organization of this Presentation

« Data Analytics and Machine
Learning
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Targeted Analysis example - Phthalates
distributions over the time of the pregnancy

20 additional variables available, including hormone levels, oxidative stress and
inflammation — biomarkers and chemical lists are expanding

Specific Gravity Adjusted Phthalate Distributions Throughout Pregnancy
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Non-Targeted Analysis: Urine Data

PROTECT performs mass spectrum analysis to
iIdentify non-targeted chemicals in urine samples from
expectant mothers

* A mass spectrum is a mass-to-charge ratio plot used to identify
chemicals present in samples

* Urine samples from Boston and Puerto Rico are analyzed
* 6 urine samples produce millions of (m/z, intensity) pairs
Each urine sample extracted is separated into 240 droplets

Laser transforms the analyte into gas phase ions, which are
then registered as analyte and intensity pairs

* Data Core engaged in accelerating the processing of
these pairs to identify chemicals

_
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Example Data Analysis — Mass
spectrometer analysis of urine samples

1176 urine sample files each containing ~130K (analyte, intensity)
pairs, 4GB in total

We want to identify compounds present in the samples
Finding patterns in a 130K dimensional space is very difficult
The result is impossible to visualize

Limited processing capabilities of proprietary software that comes
with the mass spectrometer

¢ ~20 minutes/sample on PCA processing

* Requires a very long research cycle when different scaling and
weighting factors are needed for data processing

N
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Summary of Classification
Workflow

Bl inputData [ Preprocesing [ Merged Data [J PCA Stage
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PC Domain
Analysis

100X speedup in
processing time



Principle Component Analysis
Results

® PR7027 M PR7025 @ PR3_10_14 V PR3036 <! PR1038 A Boston

PC2(13.85%)

PC1(16.53%)

Data Analysis on Puerto



General Characteristics of
Human Subject Data

High dimensionality

* Data of the first visit has more than 240 attributes

* Data of the second visit has more than 800 attributes
Mixed sparsity

* Less than 30% of the data fields from the first visit are
either undefined or set to their default values

* More than 70% of the data fields from the second visit are
either undefined or set to their default values

Diverse data types
* Numerical: working hours, gestational age, etc.

* Categorical: Race, type of job, etc. (-\
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Exploring Clustering Techniques for

Complex Data

K-prototypes Clustering [Huang98]

* Combines k-means (numerical) and k-modes (categorical) clustering
techniques

* Need to fill in the missing data

ROCK [Guha99]

e Hierarchical clustering method

* No need to fill in the missing data

Subspace clustering for high dimensional categorical data [Gan04]
* Clustering based on the dense portion of the attributes (subspace)

* No need to fill in the missing data

Alternative multiple spectral clustering [Niu08]

* Combine multiple non-redundant clustering solutions

* Leverages spectral clustering and dimensionality reduction (\
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Organization of this Presentation
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Lessons Learned
To Date

« Design in security and privacy from the beginning

« Develop a comprehensive data dictionary across the entire program

« Provide an extensible data schema

« Centralize data management to facilitate cross-project analysis

« Develop inventory tools to track progress

« Meet with data producers and consumers on a frequent basis

« Allow individual researchers to continue to work with their cleaned data

« Leverage/customize commercial tools, building partnerships and
leveraging best practices

« Utilize the state-of-the-art in data analytics, especially given the rate of
iInnovation in the field

« Do not forget to include the computational resources needed

PROTECT
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