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The views expressed in this presentation are those of the 

authors and do not necessarily reflect the views or 

policies of the U.S. Environmental Protection Agency.
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Life Cycle of a Chemical

Life

Cycle
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Amount

Duration

Frequency

Motivation: Toxicity

Known chemicals:  ~100 million

TSCA inventory:  ~85,000 

Active chemicals (as of 6/19):  32,000+

Air Emissions

Liquid Discharges

Solid Waste
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Toxicity

Internal (Organ/Tissue) Dose

Dose

Response

Exposure Dose

Adaptation, 

Impaired Structure 

and/or Function, 

Morbidity, 

Mortality

Releases



Person 1

Person 2
Person 1

Person 2

Person 1
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Toxic Adverse Effects



Estimating Chemical Releases
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Rapid Estimation of Manufacturing Emissions

77

1.  Existing inventory databases

2.  Top-down inventory data mining

3.  Bottom-up inventory development

WarehouseInventory
Facility

Process
Products

Releases
and

to
Allocate

Process

Research
    Design  

Emission 

Models
Simulation
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Challenges: knowledge 

of engineering design; 

need for chemical 

synthesis details; 

uncontrolled emissions

Pumps

Tanks

Reactors

Columns

Mass

Life Cycle 
Inventory

Energy

Emissions

Unit Operations

Reports 
and Data

Design 
Methods

Simulation

Emission
Modeling

Advantages: potential for 

improved Life Cycle Inventory; 

process specific; inputs 

naturally in results; storage, 

vent, and fugitive emissions 

included

Bottom-Up Simulation
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Bottom-Up Simulation
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Top-Down Data Mining

Advantages: primary data 

reported by industry and 

States; detailed release  

profiles; automation 

capabilities (linked open 

data)

Challenges: multi-chemical 

facility-level allocation; 

input data gaps; currently 

limited to TSCA Chemical 

Data Reporting chemicals
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Top-Down Data Mining
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Machine Learning

Data

Extraction

Training

TestingPreprocessing

Predictive

Models



Data Mining Literature

• Search Terms

• Searches 

• Compilation of Search Results 

• Applying Filters 

• Scraping Desired Data
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Acrylamide Case Study
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Collection of Chemical Input Parameters

SMILES Structure: O=C(N)C=C

Molecular Weight 71.079 g/mol

XLogP3 -0.7 

Hydrogen Bond Donor Count 1 

Hydrogen Bond Acceptor Count 1 

Rotatable Bond Count 1 

Topological Polar Surface Area 43.1 A^2

Heavy Atom Count 5

19,048 rows of literature results about Acrylamide



Filtering Results

• ‘health’ and ‘exposure’

• 209 results

• and ‘coffee’

• 18 results (7 articles)

• ‘exposure’ and ‘cancer’ and ‘industr’

• 28 results

• and 

• not ‘food’

• 3 results (2 current articles)
15

‘release’ and ‘model’

64 results

and ‘exposure’

2 results



Tables as Results
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Tentative Process to Obtain Results

• Developing input data is time intensive

• While efforts continue, use input parameters from 

EPA’s ChemSTEER program: 

❑Density 

❑Molecular Weight 

❑Production Volume

❑Solubility 

❑Vapor Pressure 
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8938 kg/yr
100%

Is PV < 
1.8E+08 kg/

yr?

5292 kg/yr
75%

YES
20000 kg/yr

25%
NO

Is PV < 
2.25E+07 

kg/yr?

3455 kg/yr
55%

YES

10000 kg/yr
20%

NO

Is Density    
    g/cm3?

1250 kg/yr
27%

YES

5496 kg/yr
29%

NO

Is MW <  
113 g/gmol?

4884 kg/yr
28%

YES

54000 kg/yr 
~ 0%

NO

Is PV    
2.1E+08 kg/

yr?

14000 kg/yr
22%

YES

75000 kg/yr
2%

NO

Level 1

Level 2

Level 3
Level 4

Level 5

Is PV    
2.34E+07 

kg/yr?

9131 kg/yr
19%

YES

43000 kg/yr
1%

NO
Is MW <  

106 g/gmol?

12000 kg/yr
19%

YES

25000 kg/yr
3%

NO

Is PV <  
2.5E+09 kg/

yr?

11000 kg/yr
18%

YES

41000 kg/yr
1%

NO
Is MW     

    g/gmol?

16000 kg/yr
2%

YES

59000 kg/yr
1%

NO

Is PV <  
1.97E+08 

kg/yr?

17000 kg/yr
2%

YES

421000 kg/yr
~ 0%

NO

Regression Tree Model

Meyer, D E  et al  “Purpose-Driven Reconciliation of Approaches to Estimate Chemical Releases,” ACS 
Sustainable Chemistry & Engineering, 7, 1260-1270 (2019).
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Case Study: Cumene Emissions

Approach Emission Factor (kg/kg)

Top-Down Data Mining

Bottom-Up Simulation

Regression Tree

Random Forest

2.0x10-5

1.3x10-4

9.3x10-5

2.0x10-4
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Summary

Exposure Dose

Releases

Internal (Organ/Tissue) Dose

Extraction

Training

TestingPreprocessing
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