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Motivation: Toxicity
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“EPA Estimating Chemical Releases
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Rapid Estimation of Manufacturing Emissions

1. Existing inventory databases

2. Top-down inventory data mining

3. Bottom-up inventory development
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Bottom-Up Simulation
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Bottom-Up Simulation
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Equipment Type Service |Emission Factor
Process Vents (kg/h/source)
P—b k A Pumps Light liquid |0.0199
S = ! — ! Heavy liquid | 0.00862
Xi7/i Pisat kiA+ F Compressors Gas 0.228
t Valves Gas 0.00597
Fx.v.P* Light liquid |0.00403
E = Lsi (MW.) Heavy liquid | 0.00023
Connectors (e.g., flanges) All 0.00183
Open-ended lines All 0.0017
9 Sampling connections All 0.0150
Pressure relief valves Gas 0.104




Top-Down Data Mining

Advantages: primary data
reported by industry and
States; detailed release
profiles; automation
capabilities (linked open
data)
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Top-Down Data Mining
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EPA Data Mining Literature

- Search Terms

- Searches

- Compilation of Search Results
- Applying Filters

- Scraping Desired Data



"’EA Acrylamide Case Study

Agency

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 S

19,048 rows of literature results about Acrylamide



SEPA Filtering Results

ironmental Protection
Agency

‘health’ and ‘exposure’ ‘release’ and ‘model’

209 results 64 results
and ‘coffee’ and ‘exposure’

_ 2 results
18 results (7 articles)

‘exposure’ and ‘cancer’ and ‘industr’
28 results

and

not ‘food’

3 results (2 current articles)




"’EPA Tables as Results

Agency

Table 1 Table 3
Acrylamide levels {pg/kg) of foodstuffs monitored from 2007 to 2009 reported by EFSA. Adapted from (EFSA, 2011). Human exposure [U-.ltl}'l.ll'l'lid& from caffeinated DEUEI:IE:ES. DiF_'E.lI'}' intake as well as
2008 the Margins of Exposure for neurotoxic risk assessment (MOEy) and cardnogenic
! . risk assessment (MOE¢) are reported. Data are expressed as pg/kg-bw/day for di-
Biscuils crackers ¢ etary intake. MOEy values are reported for BMDLy (0.2 mg/kg-bw/day). MOEc
Biscuirs infanr > values are reported for BMDLp (0.31 and 0.18 mg/kg-bw/day).

Biscuits not specified
Wafers

Bread crisp

Bread soft

Bread non specified
Coffee instant R
Coffee non specified Population (3—75)

Coffee roasted i Dietary Intake 109+ 6.5 0.37+£0.24 12+08 74+44

Gingerbread MOEy, 18 535 163 27
Muesli and porridge <

Other products not specified "MOE{_‘ 28[1?] 829‘[481 :l 252[139] 42:24]
Substitute coffee *  ChildrenfTeens (3—18)

Breakfast cereals H =
Cereal-hased baby food . Dietary Intake B5+5.5 0.26+0.15 13+1.0 6.1+3.7

Jarred baby food 35 MOEy 24 775 148 33

Home cooked potato products deep fried 1661 228 IMOEc 37(21) 1202(698) 230(134) 51(30)
Home cooked potato products not specified 2175 192 : P

Home cooked potato products oven fried 941 235 i Yﬂ-ul'lg Adules t1 E_BO]

French fries 2668 280 4t Dietary Intoke 96+6.9 03+02 12 +£0.7 6.3 +4.1

Potato crisps 565 259 4180 616 634 EH MDEN 21 633 172 32

* Values based on an upper bond scenario (values below LOD and values between LOD and LOQ were set to the LOD or the LOQ value, respr - “MOE 32(19) 981(570) 266{155) 49(29)
" Number of individual samples analyzed for each food category. Adults (31—40)
* Standard deviation of the upper bond scenario. Standard deviation not available for the 2009 data. _ -
Dietary Intake 11.1+£59 037+0.23 12 +1.0 95+ 46

Table 1 548 151 21
Experimental limits for AA toxicity related to human exposure 16) 849{493) 234(136) 33(19)

Mean Acrylamide Intake; pg/kg-bw/day

Age (years) Lebanese American Chocolate Espresso

Effect Experimental limit Margin of exposure RfD or TDI Uncertainty
(ng/kg bw/day) (ng/ke bw/day) factor 5+7.2 0.40+0.25 11+06 75+38
Average intake® High intake” 474 182 27

[/ [ )
Neurotoxicity 200 (or 500) (NOAEL) 200 50 0.67 300 14) 735(427) 282(164) 42(24)
Toxicity to reproduction and development 2000 (NOAEL) 2000 500 20 100
Carcinogenesis 300 (BMDL) 300 75 1 300 Ix59 0.45+0.35 1311 7T +47
Carcinogenesis 440 (POD as LEDyg) 440 110 1.4 300 441 144 25
17) 6G83{396) 223(129) 39(22)

* Average intake: 1 pg/kg/day.
b . Tt - anr
High intake: 4 pg/kg/day. spond to BMDL;g 0.31 (0.18 mg/kg-bw/day).




Tentative Process to Obtain Results

« Developing input data is time intensive

« While efforts continue, use input parameters from
EPA’'s ChemSTEER program:

aDensity
aMolecular Weight
a Production Volume
a Solubility

o Vapor Pressure



Regression Tree Model
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Meyer, D.E. et al. “Purpose-Driven Reconciliation of Approaches to Estimate Chemical Releases,” ACS

Sustainable Chemistry & Engineering, 7, 1260-1270 (2019).



Case Study: Cumene Emissions

Approach Emission Factor (kg/kg)

Top-Down Data Mining
Bottom-Up Simulation
Regression Tree

Random Forest

2.0x10>
1.3x104
9.3x107
2.0x104
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wEPA Contact Info

United States
Environmental Protection
Agency
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