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COPC 

Hazard Quotient – Bowmanville Subdivision – 140,000 tpy 

Infant Toddler 

Baseline 
Case 

Project 
Alone 
Case 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Baseline 
Case 

Project 
Alone 
Case 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Dichloromethane 1.7E-05 2.8E-13 1.7E-05 7.9E-13 1.7E-05 0.0047 7.6E-10 0.0047 2.1E-09 0.0047 

Trichlorofluoromethane 
(FREON 11) 3.7E-07 1.5E-14 3.7E-07 4.2E-14 3.7E-07 1.5E-04 7.2E-12 1.5E-04 2.0E-11 1.5E-04 

Chlorinated Monocyclic Aromatics               

1,2,4,5-Tetrachlorobenzene 0.0020 9.7E-10 0.0020 2.7E-09 0.0020 0.045 9.9E-09 0.045 2.8E-08 0.045 

1,2,4-Trichlorobenzene 6.3E-04 2.2E-12 6.3E-04 6.3E-12 6.3E-04 0.057 5.3E-11 0.057 1.5E-10 0.057 

1,2-Dichlorobenzene 3.9E-07 1.3E-13 3.9E-07 3.6E-13 3.9E-07 1.1E-04 1.9E-11 1.1E-04 5.2E-11 1.1E-04 

Hexachlorobenzene 0.0025 1.9E-10 0.0025 5.4E-10 0.0025 0.019 8.8E-10 0.019 2.5E-09 0.019 

Pentachlorobenzene 9.3E-04 2.5E-09 9.3E-04 7.1E-09 9.3E-04 0.0094 1.4E-08 0.0094 4.0E-08 0.0094 

Pentachlorophenol 8.9E-07 5.3E-09 9.0E-07 1.5E-08 9.1E-07 2.3E-06 5.4E-08 2.3E-06 1.5E-07 2.4E-06 

Inorganics                 

Antimony 0.011 1.9E-06 0.011 2.7E-06 0.011 0.052 1.5E-05 0.052 2.2E-05 0.052 

Arsenic 0.10 2.2E-07 0.10 3.2E-07 0.10 0.32 1.6E-06 0.32 2.3E-06 0.32 
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COPC 

Hazard Quotient – Bowmanville Subdivision – 140,000 tpy 

Infant Toddler 

Baseline 
Case 

Project 
Alone 
Case 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Baseline 
Case 

Project 
Alone 
Case 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Barium 0.0019 2.6E-09 0.0019 3.8E-09 0.0019 0.0079 2.2E-08 0.0079 3.2E-08 0.0079 

Beryllium 0.0013 2.1E-07 0.0013 3.1E-07 0.0013 0.050 7.7E-07 0.050 1.1E-06 0.050 

Boron 2.8E-04 1.5E-08 2.8E-04 2.1E-08 2.8E-04 0.022 4.1E-06 0.022 5.9E-06 0.022 

Cadmium 0.0045 6.6E-06 0.0045 9.6E-06 0.0045 0.027 1.1E-04 0.027 1.6E-04 0.027 

Chromium (Total) 5.7E-05 1.6E-10 5.7E-05 2.3E-10 5.7E-05 2.3E-04 1.3E-09 2.3E-04 1.9E-09 2.3E-04 

Chromium VI - 3.7E-08 3.7E-08 5.3E-08 5.3E-08 - 2.9E-07 2.9E-07 4.2E-07 4.2E-07 

Cobalt 0.021 1.1E-06 0.021 1.6E-06 0.021 0.070 6.3E-06 0.070 9.1E-06 0.070 

Mercury - Inorganic 9.1E-04 1.6E-05 9.3E-04 2.3E-05 9.4E-04 0.0061 8.1E-05 0.0061 1.2E-04 0.0062 

Methylmercury - 1.1E-06 1.1E-06 1.6E-06 1.6E-06 - 8.7E-06 8.7E-06 1.3E-05 1.3E-05 

Nickel 0.0036 2.4E-06 0.0037 3.5E-06 0.0037 0.013 9.1E-06 0.013 1.3E-05 0.013 

Phosphorus 2.2E-07 7.1E-14 2.2E-07 1.0E-13 2.2E-07 5.1E-05 3.0E-11 5.1E-05 4.3E-11 5.1E-05 

Selenium 7.2E-04 2.5E-09 7.2E-04 3.7E-09 7.2E-04 0.011 6.5E-08 0.011 9.4E-08 0.011 
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COPC 

Hazard Quotient – Bowmanville Subdivision – 140,000 tpy 

Infant Toddler 

Baseline 
Case 

Project 
Alone 
Case 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Baseline 
Case 

Project 
Alone 
Case 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Silver 2.1E-04 4.3E-08 2.1E-04 6.2E-08 2.1E-04 0.0024 9.7E-07 0.0024 1.4E-06 0.0024 

Thallium 0.046 1.8E-04 0.046 2.6E-04 0.046 0.25 8.1E-04 0.25 0.0012 0.25 

Tin 1.4E-04 6.0E-08 1.4E-04 8.7E-08 1.4E-04 9.2E-04 2.5E-07 9.2E-04 3.6E-07 9.2E-04 

Vanadium 0.013 1.9E-07 0.013 2.8E-07 0.013 0.046 6.5E-07 0.046 9.4E-07 0.046 

Zinc 9.8E-04 2.2E-07 9.8E-04 3.1E-07 9.8E-04 0.020 4.8E-06 0.020 7.0E-06 0.020 

Notes: 

‘-‘ - No baseline concentration was available for this COPC. 

A bolded cell indicates exposures for that particular scenario and COPC exceeded the regulatory benchmark.
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Table 7-27 Multi-Pathway Risk Assessment –Operational Cases Hazard Quotient Results for the Courtice Subdivision Infant and 
Toddler Receptor Groupings at 140,000 tpy 

COPC 

Hazard Quotient – Courtice Subdivision – 140,000 tpy 

Infant Toddler 

Baseline 
Case 

Project 
Alone 
Case 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Baseline 
Case 

Project 
Alone 
Case 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

PAHs           

Acenaphthene 4.1E-06 4.9E-12 4.1E-06 1.4E-11 4.1E-06 1.3E-05 1.2E-10 1.3E-05 3.3E-10 1.3E-05 

Anthracene 9.5E-07 1.1E-12 9.5E-07 3.0E-12 9.5E-07 2.7E-06 9.6E-12 2.7E-06 2.7E-11 2.7E-06 

Fluorene 6.3E-06 7.1E-12 6.3E-06 2.0E-11 6.3E-06 2.0E-05 1.0E-10 2.0E-05 2.8E-10 2.0E-05 

PCBs                 

Aroclor 1254 (Total PCBs) 10.8 5.6E-05 10.8 1.6E-04 10.8 0.49 7.2E-06 0.49 2.0E-05 0.49 

VOCs                 

1,1,1-Trichloroethane 2.1E-08 8.3E-17 2.1E-08 2.3E-16 2.1E-08 4.7E-06 4.2E-14 4.7E-06 1.2E-13 4.7E-06 

Bromoform 4.7E-06 2.5E-14 4.7E-06 7.1E-14 4.7E-06 0.0023 6.0E-12 0.0023 1.7E-11 0.0023 

Carbon Tetrachloride 1.6E-04 1.3E-13 1.6E-04 3.8E-13 1.6E-04 0.033 3.2E-11 0.033 9.0E-11 0.033 

Chloroform 4.5E-06 6.0E-15 4.5E-06 1.7E-14 4.5E-06 0.0026 4.9E-12 0.0026 1.4E-11 0.0026 
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COPC 

Hazard Quotient – Courtice Subdivision – 140,000 tpy 

Infant Toddler 

Baseline 
Case 

Project 
Alone 
Case 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Baseline 
Case 

Project 
Alone 
Case 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Dichloromethane 1.7E-05 2.1E-13 1.7E-05 5.9E-13 1.7E-05 0.0047 5.7E-10 0.0047 1.6E-09 0.0047 

Trichlorofluoromethane 
(FREON 11) 3.7E-07 1.1E-14 3.7E-07 3.2E-14 3.7E-07 1.5E-04 5.4E-12 1.5E-04 1.5E-11 1.5E-04 

Chlorinated Monocyclic Aromatics               

1,2,4,5-Tetrachlorobenzene 0.0020 7.2E-10 0.0020 2.0E-09 0.0020 0.045 7.4E-09 0.045 2.1E-08 0.045 

1,2,4-Trichlorobenzene 6.3E-04 1.7E-12 6.3E-04 4.7E-12 6.3E-04 0.057 4.0E-11 0.057 1.1E-10 0.057 

1,2-Dichlorobenzene 3.9E-07 9.6E-14 3.9E-07 2.7E-13 3.9E-07 1.1E-04 1.4E-11 1.1E-04 3.9E-11 1.1E-04 

Hexachlorobenzene 0.0025 1.5E-10 0.0025 4.1E-10 0.0025 0.019 6.6E-10 0.019 1.9E-09 0.019 

Pentachlorobenzene 9.3E-04 1.9E-09 9.3E-04 5.3E-09 9.3E-04 0.0094 1.1E-08 0.0094 3.0E-08 0.0094 

Pentachlorophenol 8.9E-07 3.6E-09 9.0E-07 1.0E-08 9.0E-07 2.3E-06 3.7E-08 2.3E-06 1.0E-07 2.4E-06 

Inorganics                 

Antimony 0.011 1.4E-06 0.011 2.0E-06 0.011 0.052 1.1E-05 0.052 1.6E-05 0.052 

Arsenic 0.10 1.6E-07 0.10 2.3E-07 0.10 0.32 1.1E-06 0.32 1.6E-06 0.32 



 

           

Human Health and Ecological Risk Assessment 
Technical Study Report

December 10, 2009

 

Project No. 1009497 
Stantec © 2009 

260 

 
 

COPC 

Hazard Quotient – Courtice Subdivision – 140,000 tpy 

Infant Toddler 

Baseline 
Case 

Project 
Alone 
Case 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Baseline 
Case 

Project 
Alone 
Case 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Barium 0.0019 1.9E-09 0.0019 2.8E-09 0.0019 0.0079 1.6E-08 0.0079 2.3E-08 0.0079 

Beryllium 0.0013 1.5E-07 0.0013 2.2E-07 0.0013 0.050 5.5E-07 0.050 8.0E-07 0.050 

Boron 2.8E-04 1.1E-08 2.8E-04 1.5E-08 2.8E-04 0.022 2.9E-06 0.022 4.3E-06 0.022 

Cadmium 0.0045 4.8E-06 0.0045 7.0E-06 0.0045 0.027 7.8E-05 0.027 1.1E-04 0.027 

Chromium (Total) 5.7E-05 1.1E-10 5.7E-05 1.7E-10 5.7E-05 2.3E-04 9.5E-10 2.3E-04 1.4E-09 2.3E-04 

Chromium VI - 2.7E-08 2.7E-08 3.9E-08 3.9E-08 - 2.0E-07 2.0E-07 3.0E-07 3.0E-07 

Cobalt 0.021 8.2E-07 0.021 1.2E-06 0.021 0.070 4.5E-06 0.070 6.5E-06 0.070 

Mercury - Inorganic 9.1E-04 1.0E-05 9.2E-04 1.5E-05 9.3E-04 0.0061 5.3E-05 0.0061 7.7E-05 0.0061 

Methylmercury - 8.0E-07 8.0E-07 1.2E-06 1.2E-06 - 6.1E-06 6.1E-06 8.9E-06 8.9E-06 

Nickel 0.0036 1.7E-06 0.0037 2.5E-06 0.0037 0.013 6.5E-06 0.013 9.4E-06 0.013 

Phosphorus 2.2E-07 5.2E-14 2.2E-07 7.5E-14 2.2E-07 5.1E-05 2.1E-11 5.1E-05 3.1E-11 5.1E-05 

Selenium 7.2E-04 1.8E-09 7.2E-04 2.7E-09 7.2E-04 0.011 4.6E-08 0.011 6.6E-08 0.011 
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COPC 

Hazard Quotient – Courtice Subdivision – 140,000 tpy 

Infant Toddler 

Baseline 
Case 

Project 
Alone 
Case 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Baseline 
Case 

Project 
Alone 
Case 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Silver 2.1E-04 3.1E-08 2.1E-04 4.5E-08 2.1E-04 0.0024 6.9E-07 0.0024 1.0E-06 0.0024 

Thallium 0.046 1.3E-04 0.046 1.9E-04 0.046 0.25 5.8E-04 0.25 8.4E-04 0.25 

Tin 1.4E-04 4.3E-08 1.4E-04 6.3E-08 1.4E-04 9.2E-04 1.8E-07 9.2E-04 2.6E-07 9.2E-04 

Vanadium 0.013 1.4E-07 0.013 2.0E-07 0.013 0.046 4.6E-07 0.046 6.7E-07 0.046 

Zinc 9.8E-04 1.6E-07 9.8E-04 2.3E-07 9.8E-04 0.020 3.5E-06 0.020 5.0E-06 0.020 

Notes: 

‘-‘ - No baseline concentration was available for this COPC. 

A bolded cell indicates exposures for that particular scenario and COPC exceeded the regulatory benchmark. 
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Table 7-28 Multi-Pathway Risk Assessment –Operational Cases Hazard Quotient Results for the Courtice Road Infant and Toddler Receptor 
Groupings at 140,000 tpy 

COPC 

Hazard Quotient – Courtice Road – 140,000 tpy 

Infant Toddler 

Baseline 
Case 

Project 
Alone 
Case 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Baseline 
Case 

Project 
Alone 
Case 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

PAHs           

Acenaphthene 4.1E-06 2.1E-11 4.1E-06 5.9E-11 4.1E-06 1.3E-05 5.1E-10 1.3E-05 1.4E-09 1.3E-05 

Anthracene 9.5E-07 4.7E-12 9.5E-07 1.3E-11 9.5E-07 2.7E-06 4.1E-11 2.7E-06 1.1E-10 2.7E-06 

Fluorene 6.3E-06 3.1E-11 6.3E-06 8.6E-11 6.3E-06 2.0E-05 4.3E-10 2.0E-05 1.2E-09 2.0E-05 

PCBs                  

Aroclor 1254 (Total PCBs) 10.8 2.4E-04 10.8 6.8E-04 10.8 0.49 3.1E-05 0.49 8.7E-05 0.49 

VOCs                  

1,1,1-Trichloroethane 2.1E-08 3.5E-16 2.1E-08 9.9E-16 2.1E-08 4.7E-06 1.8E-13 4.7E-06 5.0E-13 4.7E-06 

Bromoform 4.7E-06 1.1E-13 4.7E-06 3.0E-13 4.7E-06 0.0023 2.5E-11 0.0023 7.1E-11 0.0023 

Carbon Tetrachloride 1.6E-04 5.8E-13 1.6E-04 1.6E-12 1.6E-04 0.033 1.4E-10 0.033 3.8E-10 0.033 

Chloroform 4.5E-06 2.6E-14 4.5E-06 7.2E-14 4.5E-06 0.0026 2.1E-11 0.0026 5.9E-11 0.0026 
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COPC 

Hazard Quotient – Courtice Road – 140,000 tpy 

Infant Toddler 

Baseline 
Case 

Project 
Alone 
Case 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Baseline 
Case 

Project 
Alone 
Case 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Dichloromethane 1.7E-05 9.1E-13 1.7E-05 2.5E-12 1.7E-05 0.0047 2.4E-09 0.0047 6.8E-09 0.0047 

Trichlorofluoromethane 
(FREON 11) 3.7E-07 4.9E-14 3.7E-07 1.4E-13 3.7E-07 1.5E-04 2.3E-11 1.5E-04 6.5E-11 1.5E-04 

Chlorinated Monocyclic Aromatics                

1,2,4,5-Tetrachlorobenzene 0.0020 3.1E-09 0.0020 8.7E-09 0.0020 0.045 3.2E-08 0.045 8.9E-08 0.045 

1,2,4-Trichlorobenzene 6.3E-04 7.2E-12 6.3E-04 2.0E-11 6.3E-04 0.057 1.7E-10 0.057 4.8E-10 0.057 

1,2-Dichlorobenzene 3.9E-07 4.1E-13 3.9E-07 1.2E-12 3.9E-07 1.1E-04 6.0E-11 1.1E-04 1.7E-10 1.1E-04 

Hexachlorobenzene 0.0025 6.2E-10 0.0025 1.7E-09 0.0025 0.019 2.8E-09 0.019 7.9E-09 0.019 

Pentachlorobenzene 9.3E-04 8.1E-09 9.3E-04 2.3E-08 9.3E-04 0.0094 4.6E-08 0.0094 1.3E-07 0.0094 

Pentachlorophenol 8.9E-07 1.2E-08 9.1E-07 3.4E-08 9.3E-07 2.3E-06 1.2E-07 2.4E-06 3.5E-07 2.6E-06 

Inorganics  0.0E+00 0.0E+00 0.0E+00             

Antimony 0.011 4.1E-06 0.011 6.0E-06 0.011 0.052 3.2E-05 0.052 4.7E-05 0.052 

Arsenic 0.10 4.9E-07 0.10 7.1E-07 0.10 0.32 3.1E-06 0.32 4.5E-06 0.32 
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COPC 

Hazard Quotient – Courtice Road – 140,000 tpy 

Infant Toddler 

Baseline 
Case 

Project 
Alone 
Case 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Baseline 
Case 

Project 
Alone 
Case 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Barium 0.0019 5.8E-09 0.0019 8.5E-09 0.0019 0.0079 4.6E-08 0.0079 6.6E-08 0.0079 

Beryllium 0.0013 4.6E-07 0.0013 6.7E-07 0.0013 0.050 1.7E-06 0.050 2.4E-06 0.050 

Boron 2.8E-04 3.2E-08 2.8E-04 4.7E-08 2.8E-04 0.022 8.8E-06 0.022 1.3E-05 0.022 

Cadmium 0.0045 1.5E-05 0.0045 2.1E-05 0.0045 0.027 2.4E-04 0.027 3.4E-04 0.027 

Chromium (Total) 5.7E-05 3.5E-10 5.7E-05 5.1E-10 5.7E-05 2.3E-04 2.6E-09 2.3E-04 3.8E-09 2.3E-04 

Chromium VI - 8.1E-08 8.1E-08 1.2E-07 1.2E-07 - 5.7E-07 5.7E-07 8.2E-07 8.2E-07 

Cobalt 0.021 2.5E-06 0.021 3.6E-06 0.021 0.070 1.3E-05 0.070 1.9E-05 0.070 

Mercury - Inorganic 9.1E-04 3.8E-05 9.5E-04 5.5E-05 9.7E-04 0.0061 1.9E-04 0.0062 2.8E-04 0.0063 

Methylmercury - 2.4E-06 2.4E-06 3.5E-06 3.5E-06 - 1.8E-05 1.8E-05 2.7E-05 2.7E-05 

Nickel 0.0036 5.3E-06 0.0037 7.6E-06 0.0037 0.013 1.9E-05 0.013 2.8E-05 0.013 

Phosphorus 2.2E-07 1.6E-13 2.2E-07 2.3E-13 2.2E-07 5.1E-05 6.4E-11 5.1E-05 9.3E-11 5.1E-05 

Selenium 7.2E-04 5.6E-09 7.2E-04 8.1E-09 7.2E-04 0.011 1.2E-07 0.011 1.8E-07 0.011 
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COPC 

Hazard Quotient – Courtice Road – 140,000 tpy 

Infant Toddler 

Baseline 
Case 

Project 
Alone 
Case 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Baseline 
Case 

Project 
Alone 
Case 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Silver 2.1E-04 9.4E-08 2.1E-04 1.4E-07 2.1E-04 0.0024 2.0E-06 0.0024 2.9E-06 0.0024 

Thallium 0.046 3.9E-04 0.046 5.7E-04 0.046 0.25 0.0017 0.25 0.0024 0.26 

Tin 1.4E-04 1.3E-07 1.4E-04 1.9E-07 1.4E-04 9.2E-04 5.4E-07 9.2E-04 7.8E-07 9.2E-04 

Vanadium 0.013 4.2E-07 0.013 6.1E-07 0.013 0.046 1.4E-06 0.046 2.0E-06 0.046 

Zinc 9.8E-04 4.8E-07 9.8E-04 6.9E-07 9.8E-04 0.020 1.0E-05 0.020 1.5E-05 0.020 

Notes: 

‘-‘ - No baseline concentration was available for this COPC. 

A bolded cell indicates exposures for that particular scenario and COPC exceeded the regulatory benchmark. 



 

           

Human Health and Ecological Risk Assessment 
Technical Study Report

December 10, 2009

 

Project No. 1009497 
Stantec © 2009 

266 

 
 

Table 7-29 Multi-Pathway Risk Assessment –Operational Cases Hazard Quotient Results for the Maple Grove Infant and Toddler Receptor 
Groupings at 140,000 tpy 

COPC 

Hazard Quotient – Maple Grove – 140,000 tpy 

Infant Toddler 

Baseline 
Case 

Project 
Alone 
Case 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Baseline 
Case 

Project 
Alone 
Case 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

PAHs           

Acenaphthene 4.1E-06 5.9E-12 4.1E-06 1.7E-11 4.1E-06 1.3E-05 1.4E-10 1.3E-05 4.0E-10 1.3E-05 

Anthracene 9.5E-07 1.3E-12 9.5E-07 3.6E-12 9.5E-07 2.7E-06 1.1E-11 2.7E-06 3.2E-11 2.7E-06 

Fluorene 6.3E-06 8.5E-12 6.3E-06 2.4E-11 6.3E-06 2.0E-05 1.2E-10 2.0E-05 3.3E-10 2.0E-05 

PCBs                  

Aroclor 1254 (Total PCBs) 10.8 6.8E-05 10.8 1.9E-04 10.8 0.49 8.6E-06 0.49 2.4E-05 0.49 

VOCs                 

1,1,1-Trichloroethane 2.1E-08 9.9E-17 2.1E-08 2.8E-16 2.1E-08 4.7E-06 5.0E-14 4.7E-06 1.4E-13 4.7E-06 

Bromoform 4.7E-06 3.0E-14 4.7E-06 8.5E-14 4.7E-06 0.0023 7.1E-12 0.0023 2.0E-11 0.0023 

Carbon Tetrachloride 1.6E-04 1.6E-13 1.6E-04 4.5E-13 1.6E-04 0.033 3.8E-11 0.033 1.1E-10 0.033 

Chloroform 4.5E-06 7.2E-15 4.5E-06 2.0E-14 4.5E-06 0.0026 5.9E-12 0.0026 1.6E-11 0.0026 
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COPC 

Hazard Quotient – Maple Grove – 140,000 tpy 

Infant Toddler 

Baseline 
Case 

Project 
Alone 
Case 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Baseline 
Case 

Project 
Alone 
Case 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Dichloromethane 1.7E-05 2.5E-13 1.7E-05 7.1E-13 1.7E-05 0.0047 6.8E-10 0.0047 1.9E-09 0.0047 

Trichlorofluoromethane 
(FREON 11) 3.7E-07 1.4E-14 3.7E-07 3.8E-14 3.7E-07 1.5E-04 6.5E-12 1.5E-04 1.8E-11 1.5E-04 

Chlorinated Monocyclic Aromatics                

1,2,4,5-Tetrachlorobenzene 0.0020 8.7E-10 0.0020 2.4E-09 0.0020 0.045 8.8E-09 0.045 2.5E-08 0.045 

1,2,4-Trichlorobenzene 6.3E-04 2.0E-12 6.3E-04 5.6E-12 6.3E-04 0.057 4.7E-11 0.057 1.3E-10 0.057 

1,2-Dichlorobenzene 3.9E-07 1.2E-13 3.9E-07 3.2E-13 3.9E-07 1.1E-04 1.7E-11 1.1E-04 4.7E-11 1.1E-04 

Hexachlorobenzene 0.0025 1.7E-10 0.0025 4.9E-10 0.0025 0.019 7.9E-10 0.019 2.2E-09 0.019 

Pentachlorobenzene 9.3E-04 2.3E-09 9.3E-04 6.4E-09 9.3E-04 0.0094 1.3E-08 0.0094 3.6E-08 0.0094 

Pentachlorophenol 8.9E-07 4.6E-09 9.0E-07 1.3E-08 9.1E-07 2.3E-06 4.7E-08 2.3E-06 1.3E-07 2.4E-06 

Inorganics                  

Antimony 0.011 1.0E-06 0.011 1.5E-06 0.011 0.052 7.8E-06 0.052 1.1E-05 0.052 

Arsenic 0.10 1.2E-07 0.10 1.7E-07 0.10 0.32 7.7E-07 0.32 1.1E-06 0.32 
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COPC 

Hazard Quotient – Maple Grove – 140,000 tpy 

Infant Toddler 

Baseline 
Case 

Project 
Alone 
Case 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Baseline 
Case 

Project 
Alone 
Case 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Barium 0.0019 1.4E-09 0.0019 2.1E-09 0.0019 0.0079 1.1E-08 0.0079 1.6E-08 0.0079 

Beryllium 0.0013 1.1E-07 0.0013 1.6E-07 0.0013 0.050 4.0E-07 0.050 5.9E-07 0.050 

Boron 2.8E-04 7.9E-09 2.8E-04 1.1E-08 2.8E-04 0.022 2.1E-06 0.022 3.1E-06 0.022 

Cadmium 0.0045 3.6E-06 0.0045 5.2E-06 0.0045 0.027 5.8E-05 0.027 8.4E-05 0.027 

Chromium (Total) 5.7E-05 8.5E-11 5.7E-05 1.2E-10 5.7E-05 2.3E-04 6.4E-10 2.3E-04 9.3E-10 2.3E-04 

Chromium VI - 2.0E-08 2.0E-08 2.9E-08 2.9E-08 - 1.4E-07 1.4E-07 2.0E-07 2.0E-07 

Cobalt 0.021 6.1E-07 0.021 8.8E-07 0.021 0.070 3.2E-06 0.070 4.6E-06 0.070 

Mercury - Inorganic 9.1E-04 1.2E-05 9.2E-04 1.7E-05 9.3E-04 0.0061 6.1E-05 0.0061 8.9E-05 0.0061 

Methylmercury - 5.9E-07 5.9E-07 8.6E-07 8.6E-07 - 5.3E-06 5.3E-06 7.7E-06 7.7E-06 

Nickel 0.0036 1.3E-06 0.0036 1.9E-06 0.0037 0.013 4.6E-06 0.013 6.7E-06 0.013 

Phosphorus 2.2E-07 3.8E-14 2.2E-07 5.6E-14 2.2E-07 5.1E-05 1.6E-11 5.1E-05 2.3E-11 5.1E-05 

Selenium 7.2E-04 1.4E-09 7.2E-04 2.0E-09 7.2E-04 0.011 3.0E-08 0.011 4.3E-08 0.011 
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COPC 

Hazard Quotient – Maple Grove – 140,000 tpy 

Infant Toddler 

Baseline 
Case 

Project 
Alone 
Case 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Baseline 
Case 

Project 
Alone 
Case 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Silver 2.1E-04 2.3E-08 2.1E-04 3.3E-08 2.1E-04 0.0024 4.9E-07 0.0024 7.1E-07 0.0024 

Thallium 0.046 9.5E-05 0.046 1.4E-04 0.046 0.25 4.1E-04 0.25 5.9E-04 0.25 

Tin 1.4E-04 3.2E-08 1.4E-04 4.7E-08 1.4E-04 9.2E-04 1.3E-07 9.2E-04 1.9E-07 9.2E-04 

Vanadium 0.013 1.0E-07 0.013 1.5E-07 0.013 0.046 3.4E-07 0.046 4.9E-07 0.046 

Zinc 9.8E-04 1.2E-07 9.8E-04 1.7E-07 9.8E-04 0.020 2.5E-06 0.020 3.7E-06 0.020 

Notes: 

‘-‘ - No baseline concentration was available for this COPC. 

A bolded cell indicates exposures for that particular scenario and COPC exceeded the regulatory benchmark. 
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Table 7-30 Multi-Pathway Risk Assessment – Operational Cases Hazard Quotient Results for the Oshawa Subdivision Infant and Toddler 
Receptor Groupings at 140,000 tpy 

COPC 

Hazard Quotient – Oshawa Subdivision – 140,000 tpy 

Infant Toddler 

Baseline 
Case 

Project 
Alone 
Case 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Baseline 
Case 

Project 
Alone 
Case 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

PAHs           

Acenaphthene 4.1E-06 9.0E-12 4.1E-06 2.5E-11 4.1E-06 1.3E-05 2.1E-10 1.3E-05 6.0E-10 1.3E-05 

Anthracene 9.5E-07 2.0E-12 9.5E-07 5.5E-12 9.5E-07 2.7E-06 1.7E-11 2.7E-06 4.9E-11 2.7E-06 

Fluorene 6.3E-06 1.3E-11 6.3E-06 3.6E-11 6.3E-06 2.0E-05 1.8E-10 2.0E-05 5.1E-10 2.0E-05 

PCBs                     

Aroclor 1254 (Total PCBs) 10.8 1.0E-04 10.8 2.9E-04 10.8 0.49 1.3E-05 0.49 3.7E-05 0.49 

VOCs                    

1,1,1-Trichloroethane 2.1E-08 1.5E-16 2.1E-08 4.2E-16 2.1E-08 4.7E-06 7.6E-14 4.7E-06 2.1E-13 4.7E-06 

Bromoform 4.7E-06 4.6E-14 4.7E-06 1.3E-13 4.7E-06 0.0023 1.1E-11 0.0023 3.0E-11 0.0023 

Carbon Tetrachloride 1.6E-04 2.4E-13 1.6E-04 6.9E-13 1.6E-04 0.033 5.8E-11 0.033 1.6E-10 0.033 

Chloroform 4.5E-06 1.1E-14 4.5E-06 3.1E-14 4.5E-06 0.0026 8.9E-12 0.0026 2.5E-11 0.0026 
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COPC 

Hazard Quotient – Oshawa Subdivision – 140,000 tpy 

Infant Toddler 

Baseline 
Case 

Project 
Alone 
Case 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Baseline 
Case 

Project 
Alone 
Case 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Dichloromethane 1.7E-05 3.8E-13 1.7E-05 1.1E-12 1.7E-05 0.0047 1.0E-09 0.0047 2.9E-09 0.0047 

Trichlorofluoromethane 
(FREON 11) 3.7E-07 2.1E-14 3.7E-07 5.8E-14 3.7E-07 1.5E-04 9.8E-12 1.5E-04 2.7E-11 1.5E-04 

Chlorinated Monocyclic Aromatics                 

1,2,4,5-Tetrachlorobenzene 0.0020 1.3E-09 0.0020 3.7E-09 0.0020 0.045 1.3E-08 0.045 3.8E-08 0.045 

1,2,4-Trichlorobenzene 6.3E-04 3.1E-12 6.3E-04 8.6E-12 6.3E-04 0.057 7.2E-11 0.057 2.0E-10 0.057 

1,2-Dichlorobenzene 3.9E-07 1.7E-13 3.9E-07 4.9E-13 3.9E-07 1.1E-04 2.5E-11 1.1E-04 7.1E-11 1.1E-04 

Hexachlorobenzene 0.0025 2.6E-10 0.0025 7.4E-10 0.0025 0.019 1.2E-09 0.019 3.4E-09 0.019 

Pentachlorobenzene 9.3E-04 3.5E-09 9.3E-04 9.7E-09 9.3E-04 0.0094 1.9E-08 0.0094 5.4E-08 0.0094 

Pentachlorophenol 8.9E-07 7.0E-09 9.0E-07 2.0E-08 9.1E-07 2.3E-06 7.2E-08 2.3E-06 2.0E-07 2.5E-06 

Inorganics                    

Antimony 0.011 1.9E-06 0.011 2.8E-06 0.011 0.052 1.5E-05 0.052 2.2E-05 0.052 

Arsenic 0.10 2.2E-07 0.10 3.2E-07 0.10 0.32 1.5E-06 0.32 2.2E-06 0.32 
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COPC 

Hazard Quotient – Oshawa Subdivision – 140,000 tpy 

Infant Toddler 

Baseline 
Case 

Project 
Alone 
Case 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Baseline 
Case 

Project 
Alone 
Case 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Barium 0.0019 2.7E-09 0.0019 3.9E-09 0.0019 0.0079 2.1E-08 0.0079 3.1E-08 0.0079 

Beryllium 0.0013 2.1E-07 0.0013 3.1E-07 0.0013 0.050 7.6E-07 0.050 1.1E-06 0.050 

Boron 2.8E-04 1.5E-08 2.8E-04 2.1E-08 2.8E-04 0.022 4.1E-06 0.022 5.9E-06 0.022 

Cadmium 0.0045 6.7E-06 0.0045 9.7E-06 0.0045 0.027 1.1E-04 0.027 1.6E-04 0.027 

Chromium (Total) 5.7E-05 1.6E-10 5.7E-05 2.3E-10 5.7E-05 2.3E-04 1.3E-09 2.3E-04 1.8E-09 2.3E-04 

Chromium VI - 3.7E-08 3.7E-08 5.4E-08 5.4E-08 - 2.7E-07 2.7E-07 3.9E-07 3.9E-07 

Cobalt 0.021 1.1E-06 0.021 1.7E-06 0.021 0.070 6.1E-06 0.070 8.8E-06 0.070 

Mercury - Inorganic 9.1E-04 1.8E-05 9.3E-04 2.6E-05 9.4E-04 0.0061 9.4E-05 0.0061 1.4E-04 0.0062 

Methylmercury - 1.1E-06 1.1E-06 1.6E-06 1.6E-06 - 9.4E-06 9.4E-06 1.4E-05 1.4E-05 

Nickel 0.0036 2.4E-06 0.0037 3.5E-06 0.0037 0.013 8.9E-06 0.013 1.3E-05 0.013 

Phosphorus 2.2E-07 7.2E-14 2.2E-07 1.0E-13 2.2E-07 5.1E-05 3.0E-11 5.1E-05 4.3E-11 5.1E-05 

Selenium 7.2E-04 2.6E-09 7.2E-04 3.7E-09 7.2E-04 0.011 6.0E-08 0.011 8.6E-08 0.011 
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COPC 

Hazard Quotient – Oshawa Subdivision – 140,000 tpy 

Infant Toddler 

Baseline 
Case 

Project 
Alone 
Case 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Baseline 
Case 

Project 
Alone 
Case 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Silver 2.1E-04 4.3E-08 2.1E-04 6.3E-08 2.1E-04 0.0024 9.4E-07 0.0024 1.4E-06 0.0024 

Thallium 0.046 1.8E-04 0.046 2.6E-04 0.046 0.25 7.8E-04 0.25 0.0011 0.25 

Tin 1.4E-04 6.0E-08 1.4E-04 8.8E-08 1.4E-04 9.2E-04 2.5E-07 9.2E-04 3.6E-07 9.2E-04 

Vanadium 0.013 1.9E-07 0.013 2.8E-07 0.013 0.046 6.4E-07 0.046 9.3E-07 0.046 

Zinc 9.8E-04 2.2E-07 9.8E-04 3.2E-07 9.8E-04 0.020 4.8E-06 0.020 7.0E-06 0.020 

Notes: 

‘-‘ - No baseline concentration was available for this COPC. 

A bolded cell indicates exposures for that particular scenario and COPC exceeded the regulatory benchmark. 



 

           

Human Health and Ecological Risk Assessment 
Technical Study Report

December 10, 2009

 

Project No. 1009497 
Stantec © 2009 

274 

 
 

Table 7-31 Multi-Pathway Risk Assessment –Operational Cases Hazard Quotient Results for the Port Darlington Infant and Toddler Receptor 
Groupings at 140,000 tpy 

COPC 

Hazard Quotient – Port Darlington – 140,000 tpy 

Infant Toddler 

Baseline 
Case 

Project 
Alone 
Case 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Baseline 
Case 

Project 
Alone 
Case 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

PAHs           

Acenaphthene 4.1E-06 4.1E-12 4.1E-06 1.1E-11 4.1E-06 1.3E-05 9.8E-11 1.3E-05 2.7E-10 1.3E-05 

Anthracene 9.5E-07 9.0E-13 9.5E-07 2.5E-12 9.5E-07 2.7E-06 7.9E-12 2.7E-06 2.2E-11 2.7E-06 

Fluorene 6.3E-06 5.9E-12 6.3E-06 1.7E-11 6.3E-06 2.0E-05 8.2E-11 2.0E-05 2.3E-10 2.0E-05 

PCBs                    

Aroclor 1254 (Total PCBs) 10.8 4.7E-05 10.8 1.3E-04 10.8 0.49 6.0E-06 0.49 1.7E-05 0.49 

VOCs                    

1,1,1-Trichloroethane 2.1E-08 6.9E-17 2.1E-08 1.9E-16 2.1E-08 4.7E-06 3.5E-14 4.7E-06 9.7E-14 4.7E-06 

Bromoform 4.7E-06 2.1E-14 4.7E-06 5.9E-14 4.7E-06 0.0023 4.9E-12 0.0023 1.4E-11 0.0023 

Carbon Tetrachloride 1.6E-04 1.1E-13 1.6E-04 3.1E-13 1.6E-04 0.033 2.7E-11 0.033 7.5E-11 0.033 

Chloroform 4.5E-06 5.0E-15 4.5E-06 1.4E-14 4.5E-06 0.0026 4.1E-12 0.0026 1.1E-11 0.0026 
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COPC 

Hazard Quotient – Port Darlington – 140,000 tpy 

Infant Toddler 

Baseline 
Case 

Project 
Alone 
Case 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Baseline 
Case 

Project 
Alone 
Case 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Dichloromethane 1.7E-05 1.8E-13 1.7E-05 4.9E-13 1.7E-05 0.0047 4.7E-10 0.0047 1.3E-09 0.0047 

Trichlorofluoromethane 
(FREON 11) 3.7E-07 9.4E-15 3.7E-07 2.6E-14 3.7E-07 1.5E-04 4.5E-12 1.5E-04 1.3E-11 1.5E-04 

Chlorinated Monocyclic 
Aromatics                    

1,2,4,5-Tetrachlorobenzene 0.0020 6.0E-10 0.0020 1.7E-09 0.0020 0.045 6.1E-09 0.045 1.7E-08 0.045 

1,2,4-Trichlorobenzene 6.3E-04 1.4E-12 6.3E-04 3.9E-12 6.3E-04 0.057 3.3E-11 0.057 9.2E-11 0.057 

1,2-Dichlorobenzene 3.9E-07 8.0E-14 3.9E-07 2.2E-13 3.9E-07 1.1E-04 1.2E-11 1.1E-04 3.2E-11 1.1E-04 

Hexachlorobenzene 0.0025 1.2E-10 0.0025 3.4E-10 0.0025 0.019 5.5E-10 0.019 1.5E-09 0.019 

Pentachlorobenzene 9.3E-04 1.6E-09 9.3E-04 4.4E-09 9.3E-04 0.0094 8.8E-09 0.0094 2.5E-08 0.0094 

Pentachlorophenol 8.9E-07 4.4E-09 9.0E-07 1.2E-08 9.1E-07 2.3E-06 4.5E-08 2.3E-06 1.3E-07 2.4E-06 

Inorganics                    

Antimony 0.011 6.6E-07 0.011 9.5E-07 0.011 0.052 5.3E-06 0.052 7.6E-06 0.052 
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COPC 

Hazard Quotient – Port Darlington – 140,000 tpy 

Infant Toddler 

Baseline 
Case 

Project 
Alone 
Case 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Baseline 
Case 

Project 
Alone 
Case 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Arsenic 0.10 7.7E-08 0.10 1.1E-07 0.10 0.32 5.3E-07 0.32 7.7E-07 0.32 

Barium 0.0019 9.2E-10 0.0019 1.3E-09 0.0019 0.0079 7.5E-09 0.0079 1.1E-08 0.0079 

Beryllium 0.0013 7.3E-08 0.0013 1.1E-07 0.0013 0.050 2.7E-07 0.050 3.9E-07 0.050 

Boron 2.8E-04 5.1E-09 2.8E-04 7.4E-09 2.8E-04 0.022 1.4E-06 0.022 2.0E-06 0.022 

Cadmium 0.0045 2.3E-06 0.0045 3.4E-06 0.0045 0.027 3.8E-05 0.027 5.5E-05 0.027 

Chromium (Total) 5.7E-05 5.5E-11 5.7E-05 8.0E-11 5.7E-05 2.3E-04 4.6E-10 2.3E-04 6.6E-10 2.3E-04 

Chromium VI - 1.3E-08 1.3E-08 1.9E-08 1.9E-08 - 9.8E-08 9.8E-08 1.4E-07 1.4E-07 

Cobalt 0.021 4.0E-07 0.021 5.7E-07 0.021 0.070 2.2E-06 0.070 3.1E-06 0.070 

Mercury - Inorganic 9.1E-04 1.1E-05 9.2E-04 1.6E-05 9.3E-04 0.0061 5.8E-05 0.0061 8.4E-05 0.0061 

Methylmercury - 3.8E-07 3.8E-07 5.6E-07 5.6E-07 - 4.2E-06 4.2E-06 6.1E-06 6.1E-06 

Nickel 0.0036 8.3E-07 0.0036 1.2E-06 0.0036 0.013 3.1E-06 0.013 4.5E-06 0.013 

Phosphorus 2.2E-07 2.5E-14 2.2E-07 3.6E-14 2.2E-07 5.1E-05 1.0E-11 5.1E-05 1.5E-11 5.1E-05 
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COPC 

Hazard Quotient – Port Darlington – 140,000 tpy 

Infant Toddler 

Baseline 
Case 

Project 
Alone 
Case 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Baseline 
Case 

Project 
Alone 
Case 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Selenium 7.2E-04 8.8E-10 7.2E-04 1.3E-09 7.2E-04 0.011 2.2E-08 0.011 3.2E-08 0.011 

Silver 2.1E-04 1.5E-08 2.1E-04 2.2E-08 2.1E-04 0.0024 3.3E-07 0.0024 4.8E-07 0.0024 

Thallium 0.046 6.2E-05 0.046 9.0E-05 0.046 0.25 2.8E-04 0.25 4.0E-04 0.25 

Tin 1.4E-04 2.1E-08 1.4E-04 3.0E-08 1.4E-04 9.2E-04 8.6E-08 9.2E-04 1.3E-07 9.2E-04 

Vanadium 0.013 6.6E-08 0.013 9.6E-08 0.013 0.046 2.2E-07 0.046 3.2E-07 0.046 

Zinc 9.8E-04 7.6E-08 9.8E-04 1.1E-07 9.8E-04 0.020 1.7E-06 0.020 2.4E-06 0.020 

Notes: 

‘-‘ - No baseline concentration was available for this COPC. 

A bolded cell indicates exposures for that particular scenario and COPC exceeded the regulatory benchmark. 
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Table 7-32 Multi-Pathway Risk Assessment –Operational Cases Hazard Quotient Results for the Solina Road Infant and Toddler Receptor 
Groupings at 140,000 tpy 

COPC 

Hazard Quotient – Solina Road – 140,000 tpy 

Infant Toddler 

Baseline 
Case 

Project 
Alone 
Case 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Baseline 
Case 

Project 
Alone 
Case 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

PAHs           

Acenaphthene 4.1E-06 1.3E-11 4.1E-06 3.7E-11 4.1E-06 1.3E-05 3.2E-10 1.3E-05 8.9E-10 1.3E-05 

Anthracene 9.5E-07 2.9E-12 9.5E-07 8.2E-12 9.5E-07 2.7E-06 2.6E-11 2.7E-06 7.2E-11 2.7E-06 

Fluorene 6.3E-06 1.9E-11 6.3E-06 5.4E-11 6.3E-06 2.0E-05 2.7E-10 2.0E-05 7.5E-10 2.0E-05 

PCBs                    

Aroclor 1254 (Total PCBs) 10.8 1.5E-04 10.8 4.3E-04 10.8 0.49 1.9E-05 0.49 5.4E-05 0.49 

VOCs                    

1,1,1-Trichloroethane 2.1E-08 2.2E-16 2.1E-08 6.2E-16 2.1E-08 4.7E-06 1.1E-13 4.7E-06 3.2E-13 4.7E-06 

Bromoform 4.7E-06 6.8E-14 4.7E-06 1.9E-13 4.7E-06 0.0023 1.6E-11 0.0023 4.5E-11 0.0023 

Carbon Tetrachloride 1.6E-04 3.6E-13 1.6E-04 1.0E-12 1.6E-04 0.033 8.6E-11 0.033 2.4E-10 0.033 

Chloroform 4.5E-06 1.6E-14 4.5E-06 4.5E-14 4.5E-06 0.0026 1.3E-11 0.0026 3.7E-11 0.0026 
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COPC 

Hazard Quotient – Solina Road – 140,000 tpy 

Infant Toddler 

Baseline 
Case 

Project 
Alone 
Case 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Baseline 
Case 

Project 
Alone 
Case 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Dichloromethane 1.7E-05 5.7E-13 1.7E-05 1.6E-12 1.7E-05 0.0047 1.5E-09 0.0047 4.3E-09 0.0047 

Trichlorofluoromethane 
(FREON 11) 3.7E-07 3.1E-14 3.7E-07 8.6E-14 3.7E-07 1.5E-04 1.5E-11 1.5E-04 4.1E-11 1.5E-04 

Chlorinated Monocyclic 
Aromatics                    

1,2,4,5-Tetrachlorobenzene 0.0020 2.0E-09 0.0020 5.5E-09 0.0020 0.045 2.0E-08 0.045 5.6E-08 0.045 

1,2,4-Trichlorobenzene 6.3E-04 4.5E-12 6.3E-04 1.3E-11 6.3E-04 0.057 1.1E-10 0.057 3.0E-10 0.057 

1,2-Dichlorobenzene 3.9E-07 2.6E-13 3.9E-07 7.3E-13 3.9E-07 1.1E-04 3.8E-11 1.1E-04 1.1E-10 1.1E-04 

Hexachlorobenzene 0.0025 3.9E-10 0.0025 1.1E-09 0.0025 0.019 1.8E-09 0.019 5.0E-09 0.019 

Pentachlorobenzene 9.3E-04 5.1E-09 9.3E-04 1.4E-08 9.3E-04 0.0094 2.9E-08 0.0094 8.0E-08 0.0094 

Pentachlorophenol 8.9E-07 9.1E-09 9.0E-07 2.5E-08 9.2E-07 2.3E-06 9.3E-08 2.4E-06 2.6E-07 2.5E-06 

Inorganics                    

Antimony 0.011 2.3E-06 0.011 3.3E-06 0.011 0.052 1.8E-05 0.052 2.6E-05 0.052 
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COPC 

Hazard Quotient – Solina Road – 140,000 tpy 

Infant Toddler 

Baseline 
Case 

Project 
Alone 
Case 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Baseline 
Case 

Project 
Alone 
Case 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Arsenic 0.10 2.7E-07 0.10 3.9E-07 0.10 0.32 1.7E-06 0.32 2.5E-06 0.32 

Barium 0.0019 3.2E-09 0.0019 4.7E-09 0.0019 0.0079 2.5E-08 0.0079 3.7E-08 0.0079 

Beryllium 0.0013 2.6E-07 0.0013 3.7E-07 0.0013 0.050 9.1E-07 0.050 1.3E-06 0.050 

Boron 2.8E-04 1.8E-08 2.8E-04 2.6E-08 2.8E-04 0.022 4.9E-06 0.022 7.1E-06 0.022 

Cadmium 0.0045 8.1E-06 0.0045 1.2E-05 0.0045 0.027 1.3E-04 0.027 1.9E-04 0.027 

Chromium (Total) 5.7E-05 1.9E-10 5.7E-05 2.8E-10 5.7E-05 2.3E-04 1.4E-09 2.3E-04 2.1E-09 2.3E-04 

Chromium VI - 4.5E-08 4.5E-08 6.5E-08 6.5E-08 - 3.1E-07 3.1E-07 4.5E-07 4.5E-07 

Cobalt 0.021 1.4E-06 0.021 2.0E-06 0.021 0.070 7.1E-06 0.070 1.0E-05 0.070 

Mercury - Inorganic 9.1E-04 2.5E-05 9.4E-04 3.7E-05 9.5E-04 0.0061 1.3E-04 0.0062 1.9E-04 0.0062 

Methylmercury - 1.3E-06 1.3E-06 2.0E-06 2.0E-06 - 1.1E-05 1.1E-05 1.6E-05 1.6E-05 

Nickel 0.0036 2.9E-06 0.0037 4.2E-06 0.0037 0.013 1.0E-05 0.013 1.5E-05 0.013 

Phosphorus 2.2E-07 8.7E-14 2.2E-07 1.3E-13 2.2E-07 5.1E-05 3.6E-11 5.1E-05 5.2E-11 5.1E-05 
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COPC 

Hazard Quotient – Solina Road – 140,000 tpy 

Infant Toddler 

Baseline 
Case 

Project 
Alone 
Case 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Baseline 
Case 

Project 
Alone 
Case 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Selenium 7.2E-04 3.1E-09 7.2E-04 4.5E-09 7.2E-04 0.011 6.6E-08 0.011 9.6E-08 0.011 

Silver 2.1E-04 5.2E-08 2.1E-04 7.6E-08 2.1E-04 0.0024 1.1E-06 0.0024 1.6E-06 0.0024 

Thallium 0.046 2.2E-04 0.046 3.1E-04 0.046 0.25 9.2E-04 0.25 0.0013 0.25 

Tin 1.4E-04 7.3E-08 1.4E-04 1.1E-07 1.4E-04 9.2E-04 3.0E-07 9.2E-04 4.3E-07 9.2E-04 

Vanadium 0.013 2.3E-07 0.013 3.4E-07 0.013 0.046 7.7E-07 0.046 1.1E-06 0.046 

Zinc 9.8E-04 2.7E-07 9.8E-04 3.8E-07 9.8E-04 0.020 5.8E-06 0.020 8.4E-06 0.020 

Notes: 

‘-‘ - No baseline concentration was available for this COPC. 

A bolded cell indicates exposures for that particular scenario and COPC exceeded the regulatory benchmark. 
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Table 7-33 Multi-Pathway Risk Assessment –Operational Cases Hazard Quotient Results for the Tooley Infant and Toddler Receptor Groupings at 
140,000 tpy 

COPC 

Hazard Quotient – Tooley – 140,000 tpy 

Infant Toddler 

Baseline 
Case 

Project 
Alone 
Case 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Baseline 
Case 

Project 
Alone 
Case 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

PAHs           

Acenaphthene 4.1E-06 2.4E-11 4.1E-06 6.6E-11 4.1E-06 1.3E-05 5.7E-10 1.3E-05 1.6E-09 1.3E-05 

Anthracene 9.5E-07 5.2E-12 9.5E-07 1.5E-11 9.5E-07 2.7E-06 4.6E-11 2.7E-06 1.3E-10 2.7E-06 

Fluorene 6.3E-06 3.4E-11 6.3E-06 9.6E-11 6.3E-06 2.0E-05 4.8E-10 2.0E-05 1.3E-09 2.0E-05 

PCBs                    

Aroclor 1254 (Total PCBs) 10.8 2.7E-04 10.8 7.5E-04 10.8 0.49 3.4E-05 0.49 9.6E-05 0.49 

VOCs                    

1,1,1-Trichloroethane 2.1E-08 4.0E-16 2.1E-08 1.1E-15 2.1E-08 4.7E-06 2.0E-13 4.7E-06 5.6E-13 4.7E-06 

Bromoform 4.7E-06 1.2E-13 4.7E-06 3.4E-13 4.7E-06 0.0023 2.8E-11 0.0023 8.0E-11 0.0023 

Carbon Tetrachloride 1.6E-04 6.5E-13 1.6E-04 1.8E-12 1.6E-04 0.033 1.5E-10 0.033 4.3E-10 0.033 

Chloroform 4.5E-06 2.9E-14 4.5E-06 8.1E-14 4.5E-06 0.0026 2.4E-11 0.0026 6.6E-11 0.0026 
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COPC 

Hazard Quotient – Tooley – 140,000 tpy 

Infant Toddler 

Baseline 
Case 

Project 
Alone 
Case 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Baseline 
Case 

Project 
Alone 
Case 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Dichloromethane 1.7E-05 1.0E-12 1.7E-05 2.8E-12 1.7E-05 0.0047 2.7E-09 0.0047 7.6E-09 0.0047 

Trichlorofluoromethane 
(FREON 11) 3.7E-07 5.4E-14 3.7E-07 1.5E-13 3.7E-07 1.5E-04 2.6E-11 1.5E-04 7.2E-11 1.5E-04 

Chlorinated Monocyclic 
Aromatics                    

1,2,4,5-Tetrachlorobenzene 0.0020 3.5E-09 0.0020 9.7E-09 0.0020 0.045 3.5E-08 0.045 9.9E-08 0.045 

1,2,4-Trichlorobenzene 6.3E-04 8.1E-12 6.3E-04 2.3E-11 6.3E-04 0.057 1.9E-10 0.057 5.3E-10 0.057 

1,2-Dichlorobenzene 3.9E-07 4.6E-13 3.9E-07 1.3E-12 3.9E-07 1.1E-04 6.7E-11 1.1E-04 1.9E-10 1.1E-04 

Hexachlorobenzene 0.0025 7.0E-10 0.0025 1.9E-09 0.0025 0.019 3.2E-09 0.019 8.9E-09 0.019 

Pentachlorobenzene 9.3E-04 9.1E-09 9.3E-04 2.5E-08 9.3E-04 0.0094 5.1E-08 0.0094 1.4E-07 0.0094 

Pentachlorophenol 8.9E-07 1.2E-08 9.1E-07 3.4E-08 9.3E-07 2.3E-06 1.2E-07 2.4E-06 3.5E-07 2.6E-06 

Inorganics                    

Antimony 0.011 4.3E-06 0.011 6.2E-06 0.011 0.052 3.3E-05 0.052 4.8E-05 0.052 
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COPC 

Hazard Quotient – Tooley – 140,000 tpy 

Infant Toddler 

Baseline 
Case 

Project 
Alone 
Case 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Baseline 
Case 

Project 
Alone 
Case 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Arsenic 0.10 5.0E-07 0.10 7.3E-07 0.10 0.32 3.2E-06 0.32 4.6E-06 0.32 

Barium 0.0019 6.0E-09 0.0019 8.7E-09 0.0019 0.0079 4.7E-08 0.0079 6.8E-08 0.0079 

Beryllium 0.0013 4.8E-07 0.0013 6.9E-07 0.0013 0.050 1.7E-06 0.050 2.5E-06 0.050 

Boron 2.8E-04 3.3E-08 2.8E-04 4.8E-08 2.8E-04 0.022 9.1E-06 0.022 1.3E-05 0.022 

Cadmium 0.0045 1.5E-05 0.0045 2.2E-05 0.0045 0.027 2.4E-04 0.027 3.5E-04 0.027 

Chromium (Total) 5.7E-05 3.6E-10 5.7E-05 5.2E-10 5.7E-05 2.3E-04 2.6E-09 2.3E-04 3.8E-09 2.3E-04 

Chromium VI - 8.4E-08 8.4E-08 1.2E-07 1.2E-07 - 5.7E-07 5.7E-07 8.2E-07 8.2E-07 

Cobalt 0.021 2.6E-06 0.021 3.8E-06 0.021 0.070 1.3E-05 0.070 1.9E-05 0.070 

Mercury - Inorganic 9.1E-04 4.0E-05 9.5E-04 5.9E-05 9.7E-04 0.0061 2.0E-04 0.0063 2.9E-04 0.0063 

Methylmercury - 2.5E-06 2.5E-06 3.6E-06 3.6E-06 - 1.8E-05 1.8E-05 2.7E-05 2.7E-05 

Nickel 0.0036 5.4E-06 0.0037 7.9E-06 0.0037 0.013 1.9E-05 0.013 2.8E-05 0.013 

Phosphorus 2.2E-07 1.6E-13 2.2E-07 2.4E-13 2.2E-07 5.1E-05 6.6E-11 5.1E-05 9.6E-11 5.1E-05 
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COPC 

Hazard Quotient – Tooley – 140,000 tpy 

Infant Toddler 

Baseline 
Case 

Project 
Alone 
Case 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Baseline 
Case 

Project 
Alone 
Case 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Selenium 7.2E-04 5.8E-09 7.2E-04 8.4E-09 7.2E-04 0.011 1.2E-07 0.011 1.7E-07 0.011 

Silver 2.1E-04 9.8E-08 2.1E-04 1.4E-07 2.1E-04 0.0024 2.0E-06 0.0024 2.9E-06 0.0024 

Thallium 0.046 4.0E-04 0.046 5.9E-04 0.046 0.25 0.0017 0.25 0.0025 0.26 

Tin 1.4E-04 1.4E-07 1.4E-04 2.0E-07 1.4E-04 9.2E-04 5.5E-07 9.2E-04 8.0E-07 9.2E-04 

Vanadium 0.013 4.3E-07 0.013 6.3E-07 0.013 0.046 1.4E-06 0.046 2.1E-06 0.046 

Zinc 9.8E-04 4.9E-07 9.8E-04 7.2E-07 9.8E-04 0.020 1.1E-05 0.020 1.6E-05 0.020 

Notes: 

‘-‘ - No baseline concentration was available for this COPC. 

A bolded cell indicates exposures for that particular scenario and COPC exceeded the regulatory benchmark. 
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Table 7-34 Multi-Pathway Risk Assessment –Operational Cases Hazard Quotient Results for Dioxins and Lead for the Local Resident Infant and 
Toddler Receptor Groupings at 140,000 tpy 

COPC 

Hazard Quotient – 140,000 tpy 

Infant Toddler 

Baseline 
Case 

Project 
Alone 
Case 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project Case 
Baseline 

Case 
Project 
Alone 
Case 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project Case 

Bowmanville Subdivision           

2,3,7,8-TCDD Equivalent 3.8 6.9E-04 3.8 0.0019 3.8 0.17 9.4E-05 0.17 2.6E-04 0.17 

Lead 0.040 8.8E-05 0.040 1.0E-04 0.040 0.12 2.3E-04 0.12 3.0E-04 0.12 

Courtice Subdivision           

2,3,7,8-TCDD Equivalent 3.8 4.9E-04 3.8 0.0014 3.8 0.17 6.7E-05 0.17 1.8E-04 0.17 

Lead 0.040 5.9E-05 0.040 7.0E-05 0.040 0.12 1.6E-04 0.12 2.2E-04 0.12 

Courtice Road           

2,3,7,8-TCDD Equivalent 3.8 0.0015 3.8 0.0041 3.8 0.17 2.0E-04 0.17 5.6E-04 0.17 

Lead 0.040 1.8E-04 0.040 2.1E-04 0.040 0.12 4.8E-04 0.12 6.5E-04 0.12 

Maple Grove           

2,3,7,8-TCDD Equivalent 3.8 3.8E-04 3.8 0.0011 3.8 0.17 5.2E-05 0.17 1.4E-04 0.17 

Lead 0.040 6.4E-05 0.040 7.2E-05 0.040 0.12 1.4E-04 0.12 1.8E-04 0.12 

Oshawa Subdivision           

2,3,7,8-TCDD Equivalent 3.83 7.1E-04 3.83 0.0020 3.83 0.17 9.6E-05 0.17 2.6E-04 0.17 
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COPC 

Hazard Quotient – 140,000 tpy 

Infant Toddler 

Baseline 
Case 

Project 
Alone 
Case 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project Case 
Baseline 

Case 
Project 
Alone 
Case 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project Case 

Lead 0.040 1.0E-04 0.040 1.2E-04 0.040 0.12 2.4E-04 0.12 3.2E-04 0.12 

Port Darlington           

2,3,7,8-TCDD Equivalent 3.83 2.8E-04 3.83 7.7E-04 3.83 0.17 3.6E-05 0.17 9.5E-05 0.17 

Lead 0.040 6.1E-05 0.040 6.6E-05 0.040 0.12 1.1E-04 0.12 1.4E-04 0.12 

Solina Road           

2,3,7,8-TCDD Equivalent 3.83 8.5E-04 3.83 0.0024 3.83 0.17 1.2E-04 0.17 3.1E-04 0.17 

Lead 0.040 1.3E-04 0.040 1.5E-04 0.040 0.12 2.9E-04 0.12 3.9E-04 0.12 

Tooley           

2,3,7,8-TCDD Equivalent 3.83 0.0015 3.83 0.0042 3.83 0.17 2.1E-04 0.17 5.7E-04 0.17 

Lead 0.040 1.7E-04 0.040 2.0E-04 0.040 0.12 4.8E-04 0.12 6.5E-04 0.12 

Notes: 

A bolded cell indicates exposures for that particular scenario and COPC exceeded the regulatory benchmark.
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Local Farmers  

Chronic HQ values at 140,000 tpy, predicted for local farmer receptor locations, are presented 
in Table 7-35 and Table 7-36. Results of the assessment indicate that none of the predicted 
Project Alone Case or Process Upset Case hazard quotients exceeds the regulatory benchmark 
at 140,000 tpy; however, for a number of COPC, for both the infant and toddler receptors, HQ 
values were above 0.2 for the Baseline Case, Project Case and Process Upset Project Case. 
Specifically, this includes Total PCBs (HQ = 117), 2,3,7,8-TCDD Equivalent (HQ = 20.3) and 
1,2,4-trichlorobenzene (HQ=0.21) for the farmer infant receptor, as well as Total PCBs (HQ = 
4.2), Bromoform (HQ = 0.32), Carbon Tetrachloride (HQ = 4.6), Chloroform (HQ = 0.32), 
Dichloromethane (HQ = 0.65), 1,2,4,5-Tetrachlorobenzene (HQ = 0.40), 1,2,4-Trichlorobenzene 
(HQ = 20.1), Antimony (HQ = 0.24), Arsenic (HQ = 0.57), Beryllium (HQ = 0.42), and Thallium 
(HQ = 1.2) for the toddler farmer receptor.  

In these situations, risk from the Project Case/Process Upset Project Case is almost entirely 
driven by baseline concentrations. The Project Alone Case/Process Upset Case never 
represents more than approximately 2% of the Project Case/Process Upset Project Case risk 
for any of the abovementioned COPC. A more thorough discussion of this baseline risk can be 
found in Section 7.9.2.1. Based on this contribution, it is not expected that the Project, at 
140,000 tpy, will pose any additional undue risk to the health of local farmers.  

Additionally, an overall assessment was conducted for lead and dioxins/furans, accounting for 
both the multi-pathway HQ as well as the chronic inhalation CR. The results (Table 7-36) show 
that lead is not present at levels that are in exceedance of the benchmark HQ of 0.2 at 140,000 
tpy; however, Baseline Case, Project Case and Process Upset Project Case HQ values for 
dioxins/furans for both the toddler and infant were above the benchmark HQ of 0.2. In both 
operational cases, the HQ values are driven by baseline conditions. The Project contribution to 
the observed risk never amounts to more than 1% for the infant and toddler farmer receptors. A 
more thorough discussion of this baseline risk can be found in Section 7.9.2.1. Based on this 
contribution, it is not expected that the Project, at 140,000 tpy, will pose any additional undue 
risk to the health of local farmers. 
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Table 7-35 Multi-Pathway Risk Assessment –Operational Cases Hazard Quotient Results for the Farmer Infant and Toddler Receptor 
Groupings at 140,000 tpy 

COPC 

Hazard Quotient – Farmer – 140,000 tpy 

Infant Toddler 

Baseline 
Case 

Project 
Alone 
Case 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Baseline 
Case 

Project 
Alone 
Case 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

PAHs           

Acenaphthene 4.3E-06 3.4E-11 4.3E-06 9.6E-11 4.3E-06 3.8E-05 1.5E-09 3.8E-05 4.1E-09 3.8E-05 

Anthracene 1.1E-06 7.3E-12 1.1E-06 2.0E-11 1.1E-06 7.6E-06 1.1E-10 7.6E-06 2.9E-10 7.6E-06 

Fluorene 6.8E-06 4.7E-11 6.8E-06 1.3E-10 6.8E-06 5.8E-05 1.1E-09 5.8E-05 3.2E-09 5.8E-05 

PCBs                      

Aroclor 1254 (Total PCBs) 117.5 0.0036 117.5 0.010 117.5 4.2 1.4E-04 4.2 3.8E-04 4.2 

VOCs                      

1,1,1-Trichloroethane 1.8E-07 1.6E-14 1.8E-07 4.6E-14 1.8E-07 6.4E-04 5.1E-11 6.4E-04 1.4E-10 6.4E-04 

Bromoform 6.6E-05 4.4E-11 6.6E-05 1.2E-10 6.6E-05 0.32 1.9E-07 0.32 5.3E-07 0.32 

Carbon Tetrachloride 0.0025 4.0E-11 0.0025 1.1E-10 0.0025 4.6 6.3E-08 4.6 1.8E-07 4.6 

Chloroform 3.1E-05 2.3E-13 3.1E-05 6.4E-13 3.1E-05 0.32 2.0E-09 0.32 5.6E-09 0.32 

Dichloromethane 2.8E-05 2.1E-12 2.8E-05 6.0E-12 2.8E-05 0.65 4.9E-08 0.65 1.4E-07 0.65 
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COPC 

Hazard Quotient – Farmer – 140,000 tpy 

Infant Toddler 

Baseline 
Case 

Project 
Alone 
Case 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Baseline 
Case 

Project 
Alone 
Case 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Trichlorofluoromethane 
(FREON 11) 5.9E-06 1.2E-11 5.9E-06 3.4E-11 5.9E-06 0.022 3.8E-08 0.022 1.1E-07 0.022 

Chlorinated Monocyclic 
Aromatics                      

1,2,4,5-Tetrachlorobenzene 0.020 1.6E-08 0.020 4.4E-08 0.020 0.40 2.4E-07 0.40 6.8E-07 0.40 

1,2,4-Trichlorobenzene 0.21 1.7E-10 0.21 4.8E-10 0.21 20.1 1.3E-08 20.1 3.7E-08 20.1 

1,2-Dichlorobenzene 3.0E-05 3.3E-12 3.0E-05 9.3E-12 3.0E-05 0.015 1.3E-09 0.015 3.5E-09 0.015 

Hexachlorobenzene 0.026 1.4E-08 0.026 4.0E-08 0.026 0.17 7.4E-08 0.17 2.1E-07 0.17 

Pentachlorobenzene 0.0098 4.0E-08 0.0098 1.1E-07 0.0098 0.083 2.8E-07 0.083 7.8E-07 0.083 

Pentachlorophenol 8.9E-07 3.3E-08 9.3E-07 9.2E-08 9.9E-07 2.3E-06 3.2E-07 2.6E-06 9.0E-07 3.2E-06 

Inorganics                      

Antimony 0.011 5.9E-06 0.011 8.6E-06 0.011 0.24 8.3E-05 0.24 1.2E-04 0.24 

Arsenic 0.10 7.0E-07 0.10 1.0E-06 0.10 0.57 7.6E-06 0.57 1.1E-05 0.57 

Barium 0.0019 8.4E-09 0.0019 1.2E-08 0.0019 0.013 1.4E-07 0.013 2.0E-07 0.013 
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COPC 

Hazard Quotient – Farmer – 140,000 tpy 

Infant Toddler 

Baseline 
Case 

Project 
Alone 
Case 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Baseline 
Case 

Project 
Alone 
Case 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Beryllium 0.0013 6.6E-07 0.0013 9.6E-07 0.0013 0.42 2.8E-06 0.42 4.1E-06 0.42 

Boron 2.8E-04 4.6E-08 2.8E-04 6.7E-08 2.8E-04 0.12 2.7E-05 0.12 3.9E-05 0.12 

Cadmium 0.0045 2.1E-05 0.0045 3.0E-05 0.0046 0.10 6.3E-04 0.11 9.2E-04 0.11 

Chromium (Total) 5.7E-05 5.0E-10 5.7E-05 7.2E-10 5.7E-05 8.3E-04 1.9E-08 8.3E-04 2.8E-08 8.3E-04 

Chromium VI - 1.2E-07 1.2E-07 1.7E-07 1.7E-07 - 4.1E-06 4.1E-06 6.0E-06 6.0E-06 

Cobalt 0.021 3.6E-06 0.021 5.2E-06 0.021 0.18 1.5E-04 0.18 2.2E-04 0.18 

Mercury - Inorganic 9.1E-04 4.2E-05 9.6E-04 6.1E-05 9.7E-04 0.031 4.1E-04 0.031 5.9E-04 0.031 

Methylmercury - 3.5E-06 3.5E-06 5.0E-06 5.0E-06 - 4.4E-05 4.4E-05 6.4E-05 6.4E-05 

Nickel 0.0036 7.5E-06 0.0037 1.1E-05 0.0037 0.051 7.4E-05 0.051 1.1E-04 0.051 

Phosphorus 2.2E-07 2.3E-13 2.2E-07 3.3E-13 2.2E-07 5.0E-04 7.1E-10 5.0E-04 1.0E-09 5.0E-04 

Selenium 7.2E-04 8.0E-09 7.2E-04 1.2E-08 7.2E-04 0.093 3.3E-06 0.093 4.8E-06 0.093 

Silver 2.1E-04 1.4E-07 2.1E-04 2.0E-07 2.1E-04 0.017 9.6E-05 0.017 1.4E-04 0.017 

Thallium 0.046 5.6E-04 0.046 8.1E-04 0.046 1.2 0.014 1.2 0.021 1.2 
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COPC 

Hazard Quotient – Farmer – 140,000 tpy 

Infant Toddler 

Baseline 
Case 

Project 
Alone 
Case 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Baseline 
Case 

Project 
Alone 
Case 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Tin 1.4E-04 1.9E-07 1.4E-04 2.7E-07 1.4E-04 0.0026 1.2E-05 0.0026 1.8E-05 0.0026 

Vanadium 0.013 6.0E-07 0.013 8.7E-07 0.013 0.13 3.1E-06 0.13 4.4E-06 0.13 

Zinc 9.8E-04 6.9E-07 9.8E-04 9.9E-07 9.8E-04 0.14 2.7E-05 0.14 3.9E-05 0.14 

Notes: 

A bolded cell indicates exposures for that particular scenario and COPC exceeded the regulatory benchmark. 

‘-‘ - No baseline concentration was available for this COPC. 
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Table 7-36 Multi-Pathway Risk Assessment –Operational Cases Hazard Quotient Results for Dioxins and Lead for the Farmer Infant 
and Toddler Receptor Groupings at 140,000 tpy 

COPC 

Hazard Quotient – Farmer – 140,000 tpy 

Infant Toddler 

Baseline 
Case 

Project 
Alone 
Case 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Baseline 
Case 

Project 
Alone 
Case 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

2,3,7,8-TCDD Equivalent 20.3 0.045 20.3 0.13 20.4 0.72 0.0016 0.72 0.0044 0.73 

Lead 0.040 2.1E-04 0.040 2.6E-04 0.040 0.20 9.5E-04 0.20 0.0013 0.20 

Notes: 

A bolded cell indicates exposures for that particular scenario and COPC exceeded the regulatory benchmark. 
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Daycare, Recreation User – Sport, Recreation User - Camping 

Table 7-37 through Table 7-39 shows calculated chronic HQ values at 140,000 tpy for the 
daycare, recreation user – sport and recreation user – camping receptors in the LRASA. Results 
of the assessment indicate that none of the predicted hazard quotients exceed the regulatory 
benchmark for the Baseline Case, Project Alone Case, Project Case, Process Upset Case, or 
Process Upset Project Case; therefore, it is not expected that, at 140,000 tpy, the Project will 
pose any additional undue risk to the health of local daycare, recreation user – sport or 
recreation user - camping receptors. 

Table 7-37 Multi-Pathway Risk Assessment –Operational Cases Hazard Quotient Results for 
the Daycare Toddler Receptor Grouping at 140,000 tpy 

COPC 

Hazard Quotient – Daycare – 140,000 tpy 

Toddler 

Baseline 
Case 

Project 
Alone Case Project Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

PAHs      

Acenaphthene 3.7E-06 4.3E-12 3.7E-06 1.2E-11 3.7E-06 

Anthracene 7.6E-07 8.8E-13 7.6E-07 2.5E-12 7.6E-07 

Fluorene 5.5E-06 6.5E-12 5.5E-06 1.8E-11 5.5E-06 

PCBs            

Aroclor 1254 (Total PCBs) 0.011 2.4E-06 0.011 6.6E-06 0.011 

VOCs            

1,1,1-Trichloroethane 1.8E-08 7.4E-17 1.8E-08 2.1E-16 1.8E-08 

Bromoform 4.3E-06 2.7E-14 4.3E-06 7.6E-14 4.3E-06 

Carbon Tetrachloride 8.1E-05 7.4E-14 8.1E-05 2.1E-13 8.1E-05 

Chloroform 4.2E-06 6.4E-15 4.2E-06 1.8E-14 4.2E-06 

Dichloromethane 1.7E-05 2.3E-13 1.7E-05 6.4E-13 1.7E-05 

Trichlorofluoromethane (FREON 11) 2.9E-07 1.0E-14 2.9E-07 2.9E-14 2.9E-07 

Chlorinated Monocyclic Aromatics            
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COPC 

Hazard Quotient – Daycare – 140,000 tpy 

Toddler 

Baseline 
Case 

Project 
Alone Case Project Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

1,2,4,5-Tetrachlorobenzene 2.0E-04 5.4E-10 2.0E-04 1.5E-09 2.0E-04 

1,2,4-Trichlorobenzene 2.6E-04 1.6E-12 2.6E-04 4.6E-12 2.6E-04 

1,2-Dichlorobenzene 2.0E-07 8.3E-14 2.0E-07 2.3E-13 2.0E-07 

Hexachlorobenzene 8.6E-05 9.8E-11 8.6E-05 2.7E-10 8.6E-05 

Pentachlorobenzene 4.1E-05 1.7E-09 4.1E-05 4.7E-09 4.1E-05 

Pentachlorophenol 8.5E-07 1.4E-10 8.5E-07 3.8E-10 8.5E-07 

Inorganics            

Antimony 0.011 1.7E-06 0.011 2.5E-06 0.011 

Arsenic 0.11 2.2E-07 0.11 3.2E-07 0.11 

Barium 0.0019 2.4E-09 0.0019 3.5E-09 0.0019 

Beryllium 0.0014 2.1E-07 0.0014 3.0E-07 0.0014 

Boron 2.8E-04 1.3E-08 2.8E-04 1.9E-08 2.8E-04 

Cadmium 0.0043 5.7E-06 0.0043 8.3E-06 0.0043 

Chromium (Total) 6.1E-05 1.5E-10 6.1E-05 2.2E-10 6.1E-05 

Chromium VI - 3.4E-08 3.4E-08 4.9E-08 4.9E-08 

Cobalt 0.021 1.0E-06 0.021 1.5E-06 0.021 

Mercury - Inorganic 9.7E-04 1.5E-05 9.9E-04 2.2E-05 9.9E-04 

Methylmercury - 8.9E-07 8.9E-07 1.3E-06 1.3E-06 

Nickel 0.0028 1.7E-06 0.0028 2.4E-06 0.0028 

Phosphorus 2.2E-07 6.4E-14 2.2E-07 9.3E-14 2.2E-07 

Selenium 8.2E-04 2.6E-09 8.2E-04 3.8E-09 8.2E-04 
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COPC 

Hazard Quotient – Daycare – 140,000 tpy 

Toddler 

Baseline 
Case 

Project 
Alone Case Project Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Silver 1.8E-04 3.3E-08 1.8E-04 4.8E-08 1.8E-04 

Thallium 0.051 1.8E-04 0.051 2.6E-04 0.052 

Tin 1.4E-04 5.4E-08 1.4E-04 7.8E-08 1.4E-04 

Vanadium 0.013 1.7E-07 0.013 2.5E-07 0.013 

Zinc 0.0011 2.2E-07 0.0011 3.2E-07 0.0011 

‘-‘ - No baseline concentration was available for this COPC. 

 

Table 7-38 Multi-Pathway Risk Assessment –Operational Cases Hazard Quotient Results for 
the Recreation User - Sport Toddler Receptor Grouping at 140,000 tpy 

COPC 

Hazard Quotient – Recreation User Sport – 140,000 tpy 

Toddler 

Baseline 
Case 

Project Alone 
Case 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

PAHs      

Acenaphthene 1.6E-07 4.7E-13 1.6E-07 1.3E-12 1.6E-07 

Anthracene 3.3E-08 9.5E-14 3.3E-08 2.7E-13 3.3E-08 

Fluorene 2.4E-07 6.9E-13 2.4E-07 1.9E-12 2.4E-07 

PCBs            

Aroclor 1254 (Total PCBs) 4.7E-04 2.6E-07 4.7E-04 7.1E-07 4.7E-04 

VOCs            

1,1,1-Trichloroethane 7.6E-10 8.0E-18 7.6E-10 2.2E-17 7.6E-10 
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COPC 

Hazard Quotient – Recreation User Sport – 140,000 tpy 

Toddler 

Baseline 
Case 

Project Alone 
Case 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Bromoform 1.8E-07 2.9E-15 1.8E-07 8.2E-15 1.8E-07 

Carbon Tetrachloride 3.5E-06 8.0E-15 3.5E-06 2.2E-14 3.5E-06 

Chloroform 1.8E-07 6.9E-16 1.8E-07 1.9E-15 1.8E-07 

Dichloromethane 7.4E-07 2.5E-14 7.4E-07 6.9E-14 7.4E-07 

Trichlorofluoromethane (FREON 11) 1.3E-08 1.1E-15 1.3E-08 3.1E-15 1.3E-08 

Chlorinated Monocyclic Aromatics            

1,2,4,5-Tetrachlorobenzene 8.8E-06 5.8E-11 8.8E-06 1.6E-10 8.8E-06 

1,2,4-Trichlorobenzene 1.1E-05 1.8E-13 1.1E-05 5.0E-13 1.1E-05 

1,2-Dichlorobenzene 8.6E-09 8.9E-15 8.6E-09 2.5E-14 8.6E-09 

Hexachlorobenzene 3.7E-06 1.1E-11 3.7E-06 2.9E-11 3.7E-06 

Pentachlorobenzene 1.8E-06 1.8E-10 1.8E-06 5.1E-10 1.8E-06 

Pentachlorophenol 3.7E-08 1.5E-11 3.7E-08 4.1E-11 3.7E-08 

Inorganics            

Antimony 4.6E-04 9.9E-08 4.6E-04 1.4E-07 4.6E-04 

Arsenic 0.0048 1.3E-08 0.0048 1.9E-08 0.0048 

Barium 8.2E-05 1.4E-10 8.2E-05 2.0E-10 8.2E-05 

Beryllium 6.3E-05 1.2E-08 6.3E-05 1.8E-08 6.3E-05 

Boron 1.2E-05 7.7E-10 1.2E-05 1.1E-09 1.2E-05 

Cadmium 1.9E-04 3.3E-07 1.9E-04 4.9E-07 1.9E-04 

Chromium (Total) 2.7E-06 9.0E-12 2.7E-06 1.3E-11 2.7E-06 

Chromium VI - 2.0E-09 2.0E-09 2.8E-09 2.8E-09 
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COPC 

Hazard Quotient – Recreation User Sport – 140,000 tpy 

Toddler 

Baseline 
Case 

Project Alone 
Case 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Cobalt 9.2E-04 6.0E-08 9.2E-04 8.7E-08 9.2E-04 

Mercury - Inorganic 4.2E-05 1.2E-06 4.3E-05 1.8E-06 4.4E-05 

Methylmercury - 5.2E-08 5.2E-08 7.5E-08 7.5E-08 

Nickel 1.2E-04 9.8E-08 1.2E-04 1.4E-07 1.2E-04 

Phosphorus 9.7E-09 3.8E-15 9.7E-09 5.5E-15 9.7E-09 

Selenium 3.5E-05 1.5E-10 3.5E-05 2.2E-10 3.5E-05 

Silver 7.8E-06 1.9E-09 7.8E-06 2.8E-09 7.8E-06 

Thallium 0.0022 1.1E-05 0.0022 1.5E-05 0.0022 

Tin 6.1E-06 3.2E-09 6.1E-06 4.6E-09 6.1E-06 

Vanadium 5.7E-04 1.0E-08 5.7E-04 1.5E-08 5.7E-04 

Zinc 4.7E-05 1.3E-08 4.7E-05 1.8E-08 4.7E-05 

‘-‘ - No baseline concentration was available for this COPC. 
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Table 7-39 Multi-Pathway Risk Assessment –Operational Cases Hazard Quotient Results for 
the Recreation User - Camping Toddler Receptor Grouping at 140,000 tpy 

COPC 

Hazard Quotient – Recreation User – Camping – 140,000 tpy 

Toddler 

Baseline 
Case 

Project Alone 
Case 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

PAHs      

Acenaphthene 4.2E-07 9.8E-13 4.2E-07 2.7E-12 4.2E-07 

Anthracene 8.6E-08 2.0E-13 8.6E-08 5.6E-13 8.6E-08 

Fluorene 6.3E-07 1.5E-12 6.3E-07 4.1E-12 6.3E-07 

PCBs           

Aroclor 1254 (Total PCBs) 0.0012 5.3E-07 0.0012 1.5E-06 0.0012 

VOCs            

1,1,1-Trichloroethane 2.0E-09 1.7E-17 2.0E-09 4.7E-17 2.0E-09 

Bromoform 4.8E-07 6.2E-15 4.8E-07 1.7E-14 4.8E-07 

Carbon Tetrachloride 9.2E-06 1.7E-14 9.2E-06 4.7E-14 9.2E-06 

Chloroform 4.8E-07 1.4E-15 4.8E-07 4.1E-15 4.8E-07 

Dichloromethane 1.9E-06 5.2E-14 1.9E-06 1.5E-13 1.9E-06 

Trichlorofluoromethane (FREON 11) 3.3E-08 2.3E-15 3.3E-08 6.5E-15 3.3E-08 

Chlorinated Monocyclic Aromatics            

1,2,4,5-Tetrachlorobenzene 2.3E-05 1.2E-10 2.3E-05 3.4E-10 2.3E-05 

1,2,4-Trichlorobenzene 3.0E-05 3.7E-13 3.0E-05 1.0E-12 3.0E-05 

1,2-Dichlorobenzene 2.2E-08 1.9E-14 2.2E-08 5.3E-14 2.2E-08 

Hexachlorobenzene 9.8E-06 2.2E-11 9.8E-06 6.2E-11 9.8E-06 

Pentachlorobenzene 4.7E-06 3.8E-10 4.7E-06 1.1E-09 4.7E-06 

Pentachlorophenol 9.7E-08 3.1E-11 9.7E-08 8.7E-11 9.7E-08 

Inorganics            

Antimony 0.0012 2.8E-07 0.0012 4.1E-07 0.0012 

Arsenic 0.013 3.6E-08 0.013 5.3E-08 0.013 

Barium 2.2E-04 4.0E-10 2.2E-04 5.8E-10 2.2E-04 
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COPC 

Hazard Quotient – Recreation User – Camping – 140,000 tpy 

Toddler 

Baseline 
Case 

Project Alone 
Case 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Beryllium 1.6E-04 3.5E-08 1.6E-04 5.0E-08 1.6E-04 

Boron 3.2E-05 2.2E-09 3.2E-05 3.2E-09 3.2E-05 

Cadmium 4.9E-04 9.5E-07 4.9E-04 1.4E-06 4.9E-04 

Chromium (Total) 7.0E-06 2.6E-11 7.0E-06 3.7E-11 7.0E-06 

Chromium VI - 5.6E-09 5.6E-09 8.1E-09 8.1E-09 

Cobalt 0.0024 1.7E-07 0.0024 2.5E-07 0.0024 

Mercury - Inorganic 1.1E-04 2.8E-06 1.1E-04 4.1E-06 1.1E-04 

Methylmercury - 1.5E-07 1.5E-07 2.1E-07 2.1E-07 

Nickel 3.2E-04 2.8E-07 3.2E-04 4.1E-07 3.2E-04 

Phosphorus 2.5E-08 1.1E-14 2.5E-08 1.6E-14 2.5E-08 

Selenium 9.3E-05 4.4E-10 9.3E-05 6.3E-10 9.3E-05 

Silver 2.0E-05 5.5E-09 2.0E-05 8.0E-09 2.0E-05 

Thallium 0.0058 3.0E-05 0.0059 4.4E-05 0.0059 

Tin 1.6E-05 9.0E-09 1.6E-05 1.3E-08 1.6E-05 

Vanadium 0.0015 2.9E-08 0.0015 4.2E-08 0.0015 

Zinc 1.2E-04 3.6E-08 1.2E-04 5.3E-08 1.2E-04 

‘-‘ - No baseline concentration was available for this COPC. 

 

Additionally, an overall assessment was conducted for dioxins/furans and lead, accounting for 
both the multi-pathway HQ as well as the chronic inhalation CR. The results (Table 7-40) 
indicate that, at 140,000 tpy, neither COPC is present at levels that are in exceedance of the 
regulatory benchmark. 
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Table 7-40 Multi-Pathway Risk Assessment –Operational Cases Hazard Quotient Results for 
Dioxins and Lead for the Daycare, Recreation User – Sport and Recreation User - 
Camping Toddler Receptor Groupings at 140,000 tpy 

COPC 

Hazard Quotient – 140,000 tpy 

Toddler 

Baseline Case Project Alone Case Project Case 
Process 

Upset 
Case 

Process 
Upset 

Project 
Case 

Daycare      

2,3,7,8-TCDD Equivalent 0.0048 2.6E-05 0.0048 6.9E-05 0.0049 

Lead 0.044 8.0E-05 0.044 9.5E-05 0.044 

Recreation User – Sport      

2,3,7,8-TCDD Equivalent 0.0017 7.6E-06 0.0018 1.0E-05 0.0018 

Lead 0.0082 1.1E-04 0.0083 1.1E-04 0.0083 

Recreation User - Camping      

2,3,7,8-TCDD Equivalent 0.0020 1.0E-05 0.0020 1.7E-05 0.0020 

Lead 0.011 1.1E-04 0.011 1.1E-04 0.011 

 

Additional Risk Related to Specific Activities 

It is expected that local residential receptors may participate in activities such as swimming, 
hunting or angling in the LRASA. Participation in these activities may, through unique exposure 
pathways, increase the body burden of a receptor beyond that of a residential receptor not 
participating in the activity. Details on these exposure situations (swimming, hunting and 
angling) have been provided in Section 7.4.1. In order to provide a more complete assessment 
of the impact of these activities, the activity specific HQ results have been added to the worst 
case resident receptor results (i.e. the Tooley residential receptor grouping). This assessment 
allows for potential risks to be placed in context such that the results represent the risk of a local 
resident swimming, hunting or angling in addition to his/her normal daily activities. 

Recreation User - Swimmer 

Chronic HQ values for both the recreation user – swimmer receptor, as well as the recreation 
user – swimmer receptor combined with the Tooley resident receptor are presented in Table 
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7-41. Results of the assessment indicate that, with the exception of Total PCBs, arsenic and 
thallium, none of the predicted hazard quotients exceed the regulatory benchmark for the 
Baseline Case, Project Alone Case, Project Case, Process Upset Case or Process Upset 
Project Case at 140,000 tpy. Total PCBs, arsenic and thallium for the recreation user – 
swimmer receptor combined with the Tooley resident receptor exceed the regulatory benchmark 
(HQ = 0.52, HQ = 0.33, HQ = 0.26, respectively) for the Baseline Case, Project Case and 
Process Upset Project Case. This exceedance is entirely driven by Baseline Case 
concentrations for the toddler resident; the Project Alone Case/Process Upset Case contribution 
to the observed risk level is 0.01%. Furthermore, the contribution of the swimming activity to the 
total risk is approximately 6%. A discussion of the Baseline Case risk to the toddler resident is 
further discussed in Section 7.9.2.1. It is not expected that the Project, at 140,000 tpy, will pose 
any additional undue risk to the health of local recreational swimming receptors. 

As was previously completed for other receptor categories, a separate assessment of 
dioxins/furans and lead, has also been conducted. This assessment provides an overall, all 
pathway assessment for these COPC, including exposure via inhalation. The results of this 
assessment, which indicates that neither COPC would be present at levels that would be in 
exceedance of the regulatory benchmark at 140,000 tpy, are presented in Table 7-43. 

Hunting and Angling 

Chronic HQ values for both the hunter/angler toddler receptor, as well as the hunter/angler 
receptor combined with the Tooley resident receptor are presented in Table 7-42 and Table 
7-43. Results of the assessment indicate that, with the exception of total PCBs, arsenic, 
cadmium and thallium, none of the predicted hazard quotients exceed the regulatory benchmark 
for the Baseline Case, Project Alone Case, Project Case, Process Upset Case, or Process 
Upset Project Case at 140,000 tpy.  

Exceedances of total PCBs, arsenic, cadmium and thallium stem almost entirely from the 
assessment of baseline concentrations – the contribution of the Project Alone Case/Process 
Upset Case to the total risk is never more than 2.5%. Refer to Section 7.9.2.1 for a thorough 
discussion of baseline hunting and angling risk. The exceedances are the result of baseline fish 
and wild game concentrations, which were evaluated at the method detection limit (MDL). 
Although these results indicate that, based on current conditions, residents who pursue 
activities such as hunting and angling could face slightly elevated risk levels, much like 
previously discussed baseline results, it is expected that these exceedances are the result of 
conservative estimations, such as the evaluation of the MDL. Overall, it is not expected that the 
Project will pose any additional undue risk to the health of local hunting/angling receptors at 
140,000 tpy. 

As previously completed, a separate assessment of dioxins/furans and lead has been 
conducted. The results of this assessment indicate a Baseline Case, Project Case and Process 
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Upset Project Case exceedance for dioxins/furans for the hunter/angler receptor. Much like the 
previously discussed risk from PCBs and certain inorganics, this risk is entirely driven by 
baseline concentrations of wild game and fish, which were evaluated at the method detection 
limit (MDL), which is a conservative estimation. Overall, it is not expected that emissions of 
dioxins/furans from the Project will pose any additional undue risk to the health of local 
hunting/angling receptors at 140,000 tpy. 
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Table 7-41 Multi-Pathway Risk Assessment –Operational Cases Hazard Quotient Results for the Swimmer Toddler Receptor and 
Tooley Resident Swimmer Toddler Receptor at 140,000 tpy 

COPC 

Hazard Quotient – Swimmer – 140,000 tpy 

Toddler - Swimmer Toddler - Tooley Resident Swimmer 

Baseline 
Case 

Project 
Alone 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Baseline 
Case 

Project 
Alone 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

PAHs           

Acenaphthene 4.0E-07 6.3E-12 4.0E-07 1.8E-11 4.0E-07 1.3E-05 5.7E-10 1.3E-05 1.6E-09 1.3E-05 

Anthracene 1.0E-07 6.0E-13 1.0E-07 1.7E-12 1.0E-07 2.8E-06 4.6E-11 2.8E-06 1.3E-10 2.8E-06 

Fluorene 1.2E-06 2.8E-11 1.2E-06 7.8E-11 1.2E-06 2.1E-05 5.0E-10 2.1E-05 1.4E-09 2.1E-05 

PCBs                    

Aroclor 1254 (Total PCBs) 0.028 6.8E-07 0.028 1.9E-06 0.028 0.52 3.5E-05 0.52 9.8E-05 0.52 

VOCs                   

1,1,1-Trichloroethane 3.5E-07 4.6E-12 3.5E-07 1.3E-11 3.5E-07 5.0E-06 4.8E-12 5.0E-06 1.4E-11 5.0E-06 

Bromoform 3.6E-05 2.1E-08 3.6E-05 5.8E-08 3.6E-05 0.0024 2.1E-08 0.0024 5.8E-08 0.0024 

Carbon Tetrachloride 1.0E-03 4.0E-09 1.0E-03 1.1E-08 1.0E-03 0.034 4.1E-09 0.034 1.2E-08 0.034 

Chloroform 7.0E-05 3.1E-10 7.0E-05 8.5E-10 7.0E-05 0.0027 3.3E-10 0.0027 9.2E-10 0.0027 

Dichloromethane 5.2E-05 2.4E-08 5.2E-05 6.6E-08 5.2E-05 0.0047 2.6E-08 0.0047 7.3E-08 0.0047 
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COPC 

Hazard Quotient – Swimmer – 140,000 tpy 

Toddler - Swimmer Toddler - Tooley Resident Swimmer 

Baseline 
Case 

Project 
Alone 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Baseline 
Case 

Project 
Alone 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Trichlorofluoromethane 
(FREON 11) 4.6E-06 3.5E-09 4.7E-06 9.8E-09 4.7E-06 1.6E-04 3.5E-09 1.6E-04 9.9E-09 1.6E-04 

Chlorinated Monocyclic 
Aromatics                   

1,2,4,5-Tetrachlorobenzene 6.2E-04 3.3E-09 6.2E-04 9.2E-09 6.2E-04 0.046 3.9E-08 0.046 1.1E-07 0.046 

1,2,4-Trichlorobenzene 5.9E-04 3.0E-10 5.9E-04 8.5E-10 5.9E-04 0.057 4.9E-10 0.057 1.4E-09 0.057 

1,2-Dichlorobenzene 2.2E-06 4.5E-11 2.2E-06 1.3E-10 2.2E-06 1.1E-04 1.1E-10 1.1E-04 3.1E-10 1.1E-04 

Hexachlorobenzene 7.4E-04 4.7E-09 7.4E-04 1.3E-08 7.4E-04 0.020 7.8E-09 0.020 2.2E-08 0.020 

Pentachlorobenzene 7.4E-05 1.2E-09 7.4E-05 3.3E-09 7.4E-05 0.0095 5.2E-08 0.0095 1.5E-07 0.0095 

Pentachlorophenol 4.2E-06 1.1E-07 4.3E-06 3.0E-07 4.5E-06 6.4E-06 2.3E-07 6.7E-06 6.5E-07 7.1E-06 

Inorganics                   

Antimony 0.018 1.3E-05 0.018 1.9E-05 0.018 0.069 4.6E-05 0.069 6.7E-05 0.070 

Arsenic 0.0095 2.7E-06 0.0095 3.9E-06 0.0095 0.33 5.8E-06 0.33 8.5E-06 0.33 

Barium 6.4E-04 2.0E-08 6.4E-04 2.9E-08 6.4E-04 0.0085 6.7E-08 0.0085 9.7E-08 0.0085 
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COPC 

Hazard Quotient – Swimmer – 140,000 tpy 

Toddler - Swimmer Toddler - Tooley Resident Swimmer 

Baseline 
Case 

Project 
Alone 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Baseline 
Case 

Project 
Alone 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Beryllium 7.1E-04 1.5E-07 7.1E-04 2.2E-07 7.1E-04 0.051 1.9E-06 0.051 2.7E-06 0.051 

Boron 4.3E-04 1.5E-06 4.3E-04 2.1E-06 4.3E-04 0.022 1.1E-05 0.022 1.5E-05 0.022 

Cadmium 2.8E-04 2.6E-05 3.1E-04 3.8E-05 3.2E-04 0.027 2.7E-04 0.027 3.9E-04 0.027 

Chromium (Total) 5.7E-06 2.9E-09 5.7E-06 4.2E-09 5.7E-06 2.3E-04 5.5E-09 2.3E-04 8.0E-09 2.3E-04 

Chromium VI 0.015 6.3E-07 0.015 9.1E-07 0.015 0.015 1.2E-06 0.015 1.7E-06 0.015 

Cobalt 5.0E-04 7.8E-06 5.1E-04 1.1E-05 5.1E-04 0.071 2.1E-05 0.071 3.0E-05 0.071 

Mercury - Inorganic 4.7E-04 1.4E-06 4.8E-04 2.1E-06 4.8E-04 0.0065 2.0E-04 0.0067 2.9E-04 0.0068 

Methylmercury - 9.1E-09 9.1E-09 1.3E-08 1.3E-08 - 1.8E-05 1.8E-05 2.7E-05 2.7E-05 

Nickel 4.2E-04 8.1E-06 4.3E-04 1.2E-05 4.3E-04 0.014 2.8E-05 0.014 4.0E-05 0.014 

Phosphorus 1.6E-08 6.1E-12 1.6E-08 8.8E-12 1.6E-08 5.1E-05 7.3E-11 5.1E-05 1.1E-10 5.1E-05 

Selenium 0.0014 1.8E-07 0.0014 2.7E-07 0.0014 0.012 3.1E-07 0.012 4.4E-07 0.012 

Silver 2.8E-05 1.3E-06 3.0E-05 1.9E-06 3.0E-05 0.0025 3.3E-06 0.0025 4.8E-06 0.0025 

Thallium 0.0053 9.2E-04 0.0063 0.0013 0.0067 0.26 0.0026 0.26 0.0038 0.26 
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COPC 

Hazard Quotient – Swimmer – 140,000 tpy 

Toddler - Swimmer Toddler - Tooley Resident Swimmer 

Baseline 
Case 

Project 
Alone 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Baseline 
Case 

Project 
Alone 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Tin 4.7E-06 8.6E-08 4.8E-06 1.2E-07 4.9E-06 9.3E-04 6.4E-07 9.3E-04 9.2E-07 9.3E-04 

Vanadium 0.0013 1.1E-07 0.0013 1.6E-07 0.0013 0.047 1.5E-06 0.047 2.2E-06 0.047 

Zinc 2.1E-04 1.3E-06 2.1E-04 1.8E-06 2.1E-04 0.021 1.2E-05 0.021 1.7E-05 0.021 

Notes: 

‘-‘ - No baseline concentration was available for this COPC. 

A bolded cell indicates exposures for that particular scenario and COPC exceeded the regulatory benchmark. 
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Table 7-42 Multi-Pathway Risk Assessment –Operational Cases Hazard Quotient Results for the Hunter/Angler Receptor and Tooley 
Resident Hunter/Angler Toddler Receptor at 140,000 tpy 

COPC 

Hazard Quotient - Hunter/Angler – 140,000 tpy 

Toddler - Hunter/Angler Toddler - Tooley Resident Hunter/Angler 

Baseline 
Case 

Project 
Alone 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Baseline 
Case 

Project 
Alone 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

PAHs           

Acenaphthene 1.3E-05 6.2E-13 1.3E-05 1.7E-12 1.3E-05 2.6E-05 5.7E-10 2.6E-05 1.6E-09 2.6E-05 

Anthracene 1.7E-06 1.4E-13 1.7E-06 4.0E-13 1.7E-06 4.3E-06 4.6E-11 4.3E-06 1.3E-10 4.3E-06 

Fluorene 2.1E-05 3.4E-12 2.1E-05 9.6E-12 2.1E-05 4.1E-05 4.8E-10 4.1E-05 1.3E-09 4.1E-05 

PCBs                 

Aroclor 1254 (Total PCBs) 0.67 0.0021 0.67 0.0059 0.68 1.2 0.0022 1.2 0.0060 1.2 

VOCs                 

1,1,1-Trichloroethane - 1.9E-12 1.9E-12 5.3E-12 5.3E-12 4.7E-06 2.1E-12 4.7E-06 5.9E-12 4.7E-06 

Bromoform - 6.2E-09 6.2E-09 1.7E-08 1.7E-08 0.0023 6.2E-09 0.0023 1.7E-08 0.0023 

Carbon Tetrachloride - 3.2E-09 3.2E-09 9.0E-09 9.0E-09 0.033 3.4E-09 0.033 9.4E-09 0.033 

Chloroform - 4.1E-11 4.1E-11 1.1E-10 1.1E-10 0.0026 6.5E-11 0.0026 1.8E-10 0.0026 

Dichloromethane - 5.4E-10 5.4E-10 1.5E-09 1.5E-09 0.0047 3.3E-09 0.0047 9.1E-09 0.0047 
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COPC 

Hazard Quotient - Hunter/Angler – 140,000 tpy 

Toddler - Hunter/Angler Toddler - Tooley Resident Hunter/Angler 

Baseline 
Case 

Project 
Alone 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Baseline 
Case 

Project 
Alone 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Trichlorofluoromethane 
(FREON 11) - 1.4E-09 1.4E-09 4.0E-09 4.0E-09 1.5E-04 1.5E-09 1.5E-04 4.1E-09 1.5E-04 

Chlorinated Monocyclic 
Aromatics                 

1,2,4,5-Tetrachlorobenzene 0.064 1.4E-07 0.064 3.9E-07 0.064 0.11 1.7E-07 0.11 4.8E-07 0.11 

1,2,4-Trichlorobenzene - 3.5E-09 3.5E-09 9.7E-09 9.7E-09 0.057 3.7E-09 0.057 1.0E-08 0.057 

1,2-Dichlorobenzene - 1.0E-10 1.0E-10 2.8E-10 2.8E-10 1.1E-04 1.7E-10 1.1E-04 4.7E-10 1.1E-04 

Hexachlorobenzene 0.027 2.2E-07 0.027 6.0E-07 0.027 0.046 2.2E-07 0.046 6.1E-07 0.046 

Pentachlorobenzene 0.013 2.1E-07 0.013 5.8E-07 0.013 0.023 2.6E-07 0.023 7.2E-07 0.023 

Pentachlorophenol - 8.3E-06 8.3E-06 2.3E-05 2.3E-05 2.3E-06 8.4E-06 1.1E-05 2.4E-05 2.6E-05 

Inorganics                 

Antimony 0.034 6.3E-04 0.034 9.2E-04 0.034 0.085 6.6E-04 0.086 9.6E-04 0.086 

Arsenic 0.43 3.3E-05 0.43 4.7E-05 0.43 0.75 3.6E-05 0.75 5.2E-05 0.75 

Barium 0.030 4.9E-08 0.030 7.1E-08 0.030 0.038 9.6E-08 0.038 1.4E-07 0.038 
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COPC 

Hazard Quotient - Hunter/Angler – 140,000 tpy 

Toddler - Hunter/Angler Toddler - Tooley Resident Hunter/Angler 

Baseline 
Case 

Project 
Alone 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Baseline 
Case 

Project 
Alone 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Beryllium 0.067 3.7E-06 0.067 5.4E-06 0.067 0.12 5.4E-06 0.12 7.9E-06 0.12 

Boron 0.040 9.5E-08 0.040 1.4E-07 0.040 0.062 9.2E-06 0.062 1.3E-05 0.062 

Cadmium 0.46 0.0076 0.47 0.011 0.48 0.49 0.0078 0.50 0.011 0.50 

Chromium (Total) 1.9E-04 1.4E-07 1.9E-04 2.0E-07 1.9E-04 4.2E-04 1.4E-07 4.2E-04 2.1E-07 4.2E-04 

Chromium VI - 5.6E-06 5.6E-06 8.2E-06 8.2E-06 - 6.2E-06 6.2E-06 9.0E-06 9.0E-06 

Cobalt 0.043 2.0E-04 0.043 2.9E-04 0.043 0.11 2.1E-04 0.11 3.1E-04 0.11 

Mercury - Inorganic 0.11 2.5E-06 0.11 3.6E-06 0.11 0.12 2.0E-04 0.12 3.0E-04 0.12 

Methylmercury - 0.0014 0.0014 0.0020 0.0020 - 0.0014 0.0014 0.0020 0.0020 

Nickel 0.024 3.1E-04 0.024 4.5E-04 0.024 0.037 3.3E-04 0.037 4.8E-04 0.038 

Phosphorus 7.6E-04 2.8E-11 7.6E-04 4.0E-11 7.6E-04 8.1E-04 9.4E-11 8.1E-04 1.4E-10 8.1E-04 

Selenium 0.16 7.6E-06 0.16 1.1E-05 0.16 0.17 7.7E-06 0.17 1.1E-05 0.17 

Silver 0.0027 2.8E-05 0.0027 4.0E-05 0.0027 0.0051 3.0E-05 0.0051 4.3E-05 0.0052 

Thallium 0.17 0.0022 0.17 0.0032 0.17 0.42 0.0039 0.42 0.0057 0.43 
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COPC 

Hazard Quotient - Hunter/Angler – 140,000 tpy 

Toddler - Hunter/Angler Toddler - Tooley Resident Hunter/Angler 

Baseline 
Case 

Project 
Alone 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Baseline 
Case 

Project 
Alone 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Tin 3.8E-04 6.2E-05 4.4E-04 9.0E-05 4.7E-04 0.0013 6.3E-05 0.0014 9.1E-05 0.0014 

Vanadium 0.020 4.2E-06 0.020 6.1E-06 0.020 0.066 5.6E-06 0.066 8.2E-06 0.066 

Zinc 0.14 2.8E-04 0.14 4.1E-04 0.14 0.16 2.9E-04 0.16 4.3E-04 0.16 

Notes: 

‘-‘ - No baseline concentration was available for this COPC. 

A bolded cell indicates exposures for that particular scenario and COPC exceeded the regulatory benchmark. 
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Table 7-43 Multi-Pathway Risk Assessment –Operational Cases Hazard Quotient Results for Dioxins and Lead for the Swimmer and 
Hunter/Angler Toddler Receptors and Tooley Resident Swimmer and Hunter/Angler Toddler Receptors at 140,000 tpy 

COPC 

Hazard Quotient – 140,000 tpy 

Toddler Toddler - Tooley Resident 

Baseline 
Case 

Project 
Alone 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Baseline 
Case 

Project 
Alone 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Swimmer           

2,3,7,8-TCDD Equivalent 0.0026 2.8E-07 0.0026 8.0E-07 0.0026 0.17 2.1E-04 0.17 5.7E-04 0.17 

Lead 7.6E-04 2.3E-05 7.8E-04 3.4E-05 7.9E-04 0.12 5.0E-04 0.12 6.9E-04 0.12 

Hunting/Angling           

2,3,7,8-TCDD Equivalent 0.38 0.0017 0.38 0.0048 0.38 0.54 0.0019 0.54 0.0054 0.55 

Lead 0.037 6.0E-04 0.037 8.7E-04 0.038 0.15 0.0011 0.15 0.0015 0.15 

Notes: 

A bolded cell indicates exposures for that particular scenario and COPC exceeded the regulatory benchmark. 
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7.11.2.2 140,000 tpy Operational Cases – Multi-Pathway Risk Assessment Chemical 
Mixtures 

The results of the chronic, multi-pathway chemical mixtures assessment, at 140,000 tpy, are 
shown in Table 7-44 through Table 7-46. Interpretation of chemical mixtures results is difficult as 
regulators have not established standards or benchmarks for the assessment of mixtures. By 
adding chemical HQ values together, it assumes that not only is the target organ the same, but 
that exposure to these chemicals actually results in a toxicological mode of action that is directly 
additive. To date, there have been limited or no mixture additive toxicology studies to support 
using this approach in human health risk assessment. This is a considerable source of 
uncertainty in any risk assessment being conducted in Ontario.  
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Table 7-44 Multi-Pathway Risk Assessment –Operational Cases Hazard Quotient Results for Local Resident Receptors from 
Chemical Mixtures at 140,000 tpy 

COPC 

Hazard Quotient – 140,000 tpy 

Infant Toddler 

Baseline 
Case 

Project 
Alone 
Case 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Baseline 
Case 

Project 
Alone 
Case 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Bowmanville Subdivision           

Haematological Effects 0.022 1.4E-06 0.022 2.0E-06 0.022 0.091 1.1E-05 0.091 1.6E-05 0.091 

Kidney Effects 0.0028 1.6E-05 0.0028 2.3E-05 0.0028 0.014 8.1E-05 0.014 1.2E-04 0.014 

Liver Effects 10.8 7.6E-05 10.8 2.1E-04 10.8 0.50 9.7E-06 0.50 2.7E-05 0.50 

Neurological Effects 0.040 8.9E-05 0.040 1.0E-04 0.040 0.13 2.4E-04 0.13 3.2E-04 0.13 

Reproductive/ 
Developmental Effects 3.9 7.8E-04 3.9 0.0020 3.9 0.32 3.4E-04 0.32 5.9E-04 0.32 

Courtice Subdivision           

Haematological Effects 0.022 1.0E-06 0.022 1.5E-06 0.022 0.091 8.1E-06 0.091 1.2E-05 0.091 

Kidney Effects 0.0028 1.0E-05 0.0028 1.5E-05 0.0028 0.014 5.3E-05 0.014 7.7E-05 0.014 

Liver Effects 10.8 5.6E-05 10.8 1.6E-04 10.8 0.50 7.2E-06 0.50 2.0E-05 0.50 

Neurological Effects 0.040 6.0E-05 0.040 7.1E-05 0.040 0.13 1.7E-04 0.13 2.2E-04 0.13 

Reproductive/ 
Developmental Effects 3.9 5.5E-04 3.9 0.0014 3.9 0.32 2.4E-04 0.32 4.2E-04 0.32 

Courtice Road           

Haematological Effects 0.022 3.1E-06 0.022 4.5E-06 0.022 0.091 2.4E-05 0.091 3.5E-05 0.091 
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COPC 

Hazard Quotient – 140,000 tpy 

Infant Toddler 

Baseline 
Case 

Project 
Alone 
Case 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Baseline 
Case 

Project 
Alone 
Case 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Kidney Effects 0.0028 3.8E-05 0.0028 5.6E-05 0.0029 0.014 1.9E-04 0.014 2.8E-04 0.014 

Liver Effects 10.8 2.4E-04 10.8 6.8E-04 10.8 0.50 3.1E-05 0.50 8.7E-05 0.50 

Neurological Effects 0.040 1.8E-04 0.040 2.1E-04 0.041 0.13 5.0E-04 0.13 6.7E-04 0.13 

Reproductive/ 
Developmental Effects 3.9 0.0017 3.9 0.0043 3.9 0.32 7.3E-04 0.32 0.0013 0.32 

Maple Grove           

Haematological Effects 0.022 7.6E-07 0.022 1.1E-06 0.022 0.091 5.8E-06 0.091 8.5E-06 0.091 

Kidney Effects 0.0028 1.2E-05 0.0028 1.7E-05 0.0028 0.014 6.1E-05 0.014 8.9E-05 0.014 

Liver Effects 10.8 6.8E-05 10.8 1.9E-04 10.8 0.50 8.6E-06 0.50 2.4E-05 0.50 

Neurological Effects 0.040 6.5E-05 0.040 7.3E-05 0.040 0.13 1.4E-04 0.13 1.9E-04 0.13 

Reproductive/ 
Developmental Effects 3.9 4.5E-04 3.9 0.0011 3.9 0.32 2.0E-04 0.32 3.4E-04 0.32 

Oshawa Subdivision           

Haematological Effects 0.022 1.4E-06 0.022 2.1E-06 0.022 0.091 1.1E-05 0.091 1.6E-05 0.091 

Kidney Effects 0.0028 1.8E-05 0.0028 2.6E-05 0.0028 0.014 9.4E-05 0.014 1.4E-04 0.014 

Liver Effects 10.8 1.0E-04 10.8 2.9E-04 10.8 0.50 1.3E-05 0.50 3.7E-05 0.50 

Neurological Effects 0.040 1.1E-04 0.040 1.2E-04 0.040 0.13 2.5E-04 0.13 3.3E-04 0.13 
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COPC 

Hazard Quotient – 140,000 tpy 

Infant Toddler 

Baseline 
Case 

Project 
Alone 
Case 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Baseline 
Case 

Project 
Alone 
Case 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Reproductive/ 
Developmental Effects 3.87 8.2E-04 3.9 0.0021 3.9 0.32 3.6E-04 0.32 6.1E-04 0.32 

Port Darlington           

Haematological Effects 0.022 4.9E-07 0.022 7.1E-07 0.022 0.091 3.9E-06 0.091 5.7E-06 0.091 

Kidney Effects 0.0028 1.1E-05 0.0028 1.6E-05 0.0028 0.014 5.8E-05 0.014 8.4E-05 0.014 

Liver Effects 10.8 4.7E-05 10.8 1.3E-04 10.8 0.50 6.0E-06 0.50 1.7E-05 0.50 

Neurological Effects 0.040 6.1E-05 0.040 6.7E-05 0.040 0.13 1.1E-04 0.13 1.4E-04 0.13 

Reproductive/ 
Developmental Effects 3.87 3.4E-04 3.9 8.4E-04 3.9 0.32 1.5E-04 0.32 2.4E-04 0.32 

Solina Road           

Haematological Effects 0.022 1.7E-06 0.022 2.5E-06 0.022 0.091 1.3E-05 0.091 1.9E-05 0.091 

Kidney Effects 0.0028 2.5E-05 0.0028 3.7E-05 0.0028 0.014 1.3E-04 0.014 1.9E-04 0.014 

Liver Effects 10.8 1.5E-04 10.8 4.3E-04 10.8 0.50 1.9E-05 0.50 5.4E-05 0.50 

Neurological Effects 0.040 1.3E-04 0.040 1.5E-04 0.040 0.13 3.0E-04 0.13 4.0E-04 0.13 

Reproductive/ 
Developmental Effects 3.87 9.8E-04 3.9 0.0025 3.9 0.32 4.4E-04 0.32 7.4E-04 0.32 

Tooley           

Haematological Effects 0.022 3.2E-06 0.022 4.7E-06 0.022 0.091 2.4E-05 0.091 3.5E-05 0.091 
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COPC 

Hazard Quotient – 140,000 tpy 

Infant Toddler 

Baseline 
Case 

Project 
Alone 
Case 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Baseline 
Case 

Project 
Alone 
Case 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Kidney Effects 0.0028 4.0E-05 0.0028 5.9E-05 0.0029 0.014 2.0E-04 0.014 2.9E-04 0.014 

Liver Effects 10.8 2.7E-04 10.8 7.5E-04 10.8 0.50 3.4E-05 0.50 9.6E-05 0.50 

Neurological Effects 0.040 1.7E-04 0.040 2.1E-04 0.041 0.13 5.0E-04 0.13 6.8E-04 0.13 

Reproductive/ 
Developmental Effects 3.87 0.0017 3.9 0.0044 3.9 0.32 7.4E-04 0.32 0.0013 0.32 
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Table 7-45 Multi-Pathway Risk Assessment –Operational Cases Hazard Quotient Results for 
Farmer, Daycare, Recreation User – Sport and Recreation User – Camping 
Receptors from Chemical Mixtures at 140,000 tpy 

COPC 

Hazard Quotient – 140,000  tpy 

Baseline 
Case 

Project Alone 
Case 

Project 
Case 

Process Upset 
Case 

Process Upset 
Project Case 

Local Farmer - Infant      

Haematological Effects 0.022 4.5E-06 0.022 6.5E-06 0.022 

Kidney Effects 0.0028 4.2E-05 0.0028 6.1E-05 0.0029 

Liver Effects 117.5 0.0036 117.5 0.010 117.5 

Neurological Effects 0.040 2.2E-04 0.041 2.6E-04 0.041 

Reproductive/ 
Developmental Effects 20.3 0.045 20.3 0.13 20.4 

Local Farmer – Toddler      

Haematological Effects 0.32 1.9E-04 0.32 2.8E-04 0.32 

Kidney Effects 0.044 4.1E-04 0.044 5.9E-04 0.044 

Liver Effects 4.8 1.4E-04 4.8 3.9E-04 4.8 

Neurological Effects 0.29 9.9E-04 0.29 0.0014 0.29 

Reproductive/ 
Developmental Effects 1.1 0.0027 1.1 0.0059 1.1 

Daycare – Toddler      

Haematological Effects 0.022 1.3E-06 0.022 1.9E-06 0.022 

Kidney Effects 0.0029 1.5E-05 0.0029 2.2E-05 0.0029 

Liver Effects 0.011 2.4E-06 0.011 6.6E-06 0.011 

Neurological Effects 0.045 8.1E-05 0.045 9.6E-05 0.045 

Reproductive/ 
Developmental Effects 0.052 1.1E-04 0.052 1.7E-04 0.052 

Recreation User – Sport - 
Toddler      



 

           Human Health and Ecological Risk Assessment 
Technical Study Report

December 10, 2009

 

Project No. 1009497 
Stantec © 2009 

319 

 
 

COPC 

Hazard Quotient – 140,000  tpy 

Baseline 
Case 

Project Alone 
Case 

Project 
Case 

Process Upset 
Case 

Process Upset 
Project Case 

Haematological Effects 9.7E-04 7.6E-08 9.7E-04 1.1E-07 9.7E-04 

Kidney Effects 1.2E-04 1.2E-06 1.3E-04 1.8E-06 1.3E-04 

Liver Effects 4.7E-04 2.6E-07 4.7E-04 7.1E-07 4.7E-04 

Neurological Effects 0.0082 1.1E-04 0.0083 1.1E-04 0.0083 

Reproductive/ 
Developmental Effects 0.010 1.2E-04 0.010 1.2E-04 0.010 

Recreation User – 
Camping – Toddler      

Haematological Effects 0.0026 2.2E-07 0.0026 3.1E-07 0.0026 

Kidney Effects 3.3E-04 2.8E-06 3.3E-04 4.1E-06 3.3E-04 

Liver Effects 0.0012 5.3E-07 0.0012 1.5E-06 0.0012 

Neurological Effects 0.011 1.1E-04 0.011 1.2E-04 0.011 

Reproductive/ 
Developmental Effects 0.013 1.2E-04 0.013 1.3E-04 0.013 
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Table 7-46 Multi-Pathway Risk Assessment –Operational Cases Hazard Quotient Results for the Swimmer and Hunter/Angler 
Toddler Receptors and Tooley Resident Swimmer and Hunter/Angler Toddler Receptors from Chemical Mixtures at 
140,000 tpy 

COPC 

Hazard Quotient – 140,000 tpy 

Toddler Toddler – Tooley Resident 

Baseline 
Case 

Project 
Alone 
Case 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Baseline 
Case 

Project 
Alone 
Case 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Swimmer           

Haematological Effects 7.2E-04 9.2E-06 7.3E-04 1.3E-05 7.3E-04 0.092 3.4E-05 0.092 4.9E-05 0.092 

Kidney Effects 0.0011 1.5E-06 0.0011 2.1E-06 0.0011 0.015 2.0E-04 0.015 2.9E-04 0.015 

Liver Effects 0.028 7.0E-07 0.028 2.0E-06 0.028 0.53 3.5E-05 0.53 9.8E-05 0.53 

Neurological Effects 0.0022 2.4E-05 0.0022 3.4E-05 0.0022 0.13 5.2E-04 0.13 7.1E-04 0.13 

Reproductive/ 
Developmental Effects 0.0042 3.3E-05 0.0042 4.9E-05 0.0042 0.32 7.7E-04 0.32 0.0013 0.32 

Hunter/Angler           

Haematological Effects 0.19 5.4E-04 0.19 7.9E-04 0.19 0.28 5.7E-04 0.28 8.3E-04 0.28 

Kidney Effects 0.14 2.5E-06 0.14 3.6E-06 0.14 0.16 2.0E-04 0.16 3.0E-04 0.16 

Liver Effects 0.67 0.0021 0.67 0.0059 0.68 1.17 0.0022 1.17 0.0060 1.18 

Neurological Effects 0.19 0.0020 0.19 0.0029 0.19 0.32 0.0025 0.32 0.0036 0.32 

Reproductive/ 
Developmental Effects 0.48 0.0040 0.48 0.0082 0.49 0.79 0.0048 0.80 0.0094 0.80 
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7.11.2.3 140,000 tpy Operational Cases – Multi-Pathway Risk Assessment Carcinogens 

The multi-pathway assessment derived oral/dermal LCR and ILCR estimates for the 
carcinogenic COPC under the Baseline Case (i.e., lifetime cancer risks), and the Project Alone 
and Process Upset Cases (i.e., incremental lifetime cancer risks), at 140,000 tpy. Lifetime 
exposures to carcinogens considered all life stages (i.e., infant through to adult), termed a 
“composite lifetime receptor”, when predicting LCRs and ILCRs. 

As discussed previously, predicted ILCR values for the Project Alone Case and Process Upset 
Case were evaluated against a 1-in-1,000,000 acceptable cancer risk benchmark; conversely, 
there is no benchmark for comparison of LCR values, as they represent an individual‘s lifetime 
cancer risks associated with all potential exposures to a given carcinogenic COPC within the 
environment. For the Baseline Case, this represents the lifetime cancer risk associated with all 
background sources of the COPC and does not include Project-related emissions. 

Table 7-47 through Table 7-50 shows LCR and ILCR estimates for all receptors under the 
Baseline Case, Project Alone Case and Process Upset Case assessment scenarios. Baseline 
Case LCR results are provided for comparison – discussion of these results can be found in 
Section 7.9.2.3. Results of the assessment indicate that none of the predicted ILCR values 
exceed the accepted regulatory benchmark for the Project Alone Case or Process Upset Case; 
therefore, it is not expected that the Project will pose any additional adverse cancer risk to the 
health of local receptors at 140,000 tpy. 

Additionally, the additive LCR and ILCR of stomach carcinogens was assessed. Interpretation of 
the results is difficult as there is no regulatory benchmark against which to measure the results 
of the analysis of chemical mixtures. 
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Table 7-47 Multi-Pathway Risk Assessment –Operational Cases Cancer Risk Results for the Bowmanville Subdivision, Courtice Subdivision and Courtice Road Composite Receptor Groupings at 140,000 tpy 

COPC 

LCR/ILCR – Bowmanville Subdivision LCR/ILCR – Courtice Subdivision LCR/ILCR – Courtice Road 

Composite Receptor 

Baseline Case - LCR Project Alone Case - ILCR Process Upset Case - 
ILCR 

Baseline Case - 
LCR 

Project Alone Case - 
ILCR 

Process Upset Case - 
ILCR 

Baseline Case - 
LCR 

Project Alone 
Case - ILCR 

Process Upset 
Case - ILCR 

PAHs          

Benzo(a)pyrene TEQ 4.0E-06 1.8E-11 5.1E-11 4.0E-06 1.2E-11 3.4E-11 4.0E-06 3.9E-11 1.1E-10 

VOCs                     

Bromoform 2.4E-07 6.2E-16 1.7E-15 2.4E-07 4.7E-16 1.3E-15 2.4E-07 2.0E-15 5.6E-15 

Carbon Tetrachloride 2.0E-06 2.4E-15 6.6E-15 2.0E-06 1.8E-15 4.9E-15 2.0E-06 7.5E-15 2.1E-14 

Dichloromethane 1.1E-06 1.7E-13 4.7E-13 1.1E-06 1.2E-13 3.5E-13 1.1E-06 5.3E-13 1.5E-12 

Chlorinated Monocyclic 
Aromatics          

Hexachlorobenzene 4.3E-06 1.3E-13 3.7E-13 4.3E-06 1.0E-13 2.8E-13 4.3E-06 4.3E-13 1.2E-12 

Pentachlorophenol 1.6E-10 2.9E-11 8.0E-11 1.6E-10 1.9E-11 5.4E-11 1.6E-10 6.3E-11 1.8E-10 

Inorganics                   

Arsenic 1.9E-05 2.1E-10 3.1E-10 1.9E-05 1.5E-10 2.1E-10 1.9E-05 4.0E-10 5.8E-10 

Chemical Mixtures                   

Stomach Carcinogens 4.3E-06 1.8E-11 5.1E-11 4.3E-06 1.2E-11 3.4E-11 4.3E-06 3.9E-11 1.1E-10 
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Table 7-48 Multi-Pathway Risk Assessment –Operational Cases Cancer Risk Results for the Maple Grove, Oshawa Subdivision and Port Darlington Composite Receptor Groupings at 140,000 tpy 

COPC 

LCR/ILCR – Maple Grove LCR/ILCR – Oshawa Subdivision LCR/ILCR – Port Darlington 

Composite Receptor 

Baseline Case - LCR Project Alone Case - ILCR Process Upset Case - 
ILCR 

Baseline Case - 
LCR 

Project Alone Case - 
ILCR 

Process Upset Case - 
ILCR 

Baseline Case - 
LCR 

Project Alone Case - 
ILCR 

Process Upset Case - 
ILCR 

PAHs          

Benzo(a)pyrene TEQ 4.0E-06 1.6E-11 4.4E-11 4.0E-06 2.4E-11 6.7E-11 4.0E-06 1.6E-11 4.4E-11 

VOCs                    

Bromoform 2.4E-07 5.6E-16 1.6E-15 2.4E-07 8.5E-16 2.4E-15 2.4E-07 3.9E-16 1.1E-15 

Carbon Tetrachloride 2.0E-06 2.1E-15 5.9E-15 2.0E-06 3.2E-15 9.0E-15 2.0E-06 1.5E-15 4.1E-15 

Dichloromethane 1.1E-06 1.5E-13 4.2E-13 1.1E-06 2.3E-13 6.3E-13 1.1E-06 1.0E-13 2.9E-13 

Chlorinated Monocyclic Aromatics          

Hexachlorobenzene 4.3E-06 1.2E-13 3.3E-13 4.3E-06 1.8E-13 5.1E-13 4.3E-06 8.3E-14 2.3E-13 

Pentachlorophenol 1.6E-10 2.5E-11 6.9E-11 1.6E-10 3.8E-11 1.1E-10 1.6E-10 2.4E-11 6.7E-11 

Inorganics                   

Arsenic 1.9E-05 9.9E-11 1.4E-10 1.9E-05 2.0E-10 2.8E-10 1.9E-05 7.1E-11 1.0E-10 

Chemical Mixtures                   

Stomach Carcinogens 4.3E-06 1.6E-11 4.4E-11 4.3E-06 2.4E-11 6.7E-11 4.3E-06 1.6E-11 4.4E-11 
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Table 7-49 Multi-Pathway Risk Assessment –Operational Cases Cancer Risk Results for the Solina Road, Tooley and Farmer Composite Receptor Groupings at 140,000 tpy 

COPC 

LCR/ILCR – Solina Road LCR/ILCR – Tooley LCR/ILCR – Farmer 

Composite Receptor 

Baseline Case - LCR Project Alone Case - ILCR Process Upset Case - 
ILCR 

Baseline Case - 
LCR 

Project Alone Case - 
ILCR 

Process Upset Case - 
ILCR 

Baseline Case - 
LCR 

Project Alone Case - 
ILCR 

Process Upset 
Case - ILCR 

PAHs          

Benzo(a)pyrene TEQ 4.0E-06 1.6E-11 8.5E-11 4.0E-06 3.9E-11 1.1E-10 1.6E-05 1.7E-10 4.7E-10 

VOCs                    

Bromoform 2.4E-07 3.9E-16 3.5E-15 2.4E-07 2.2E-15 6.3E-15 3.6E-05 2.6E-11 7.1E-11 

Carbon Tetrachloride 2.0E-06 1.5E-15 1.3E-14 2.0E-06 8.4E-15 2.4E-14 3.0E-04 4.8E-12 1.4E-11 

Dichloromethane 1.1E-06 1.0E-13 9.4E-13 1.1E-06 6.0E-13 1.7E-12 1.7E-04 1.5E-11 4.2E-11 

Chlorinated Monocyclic Aromatics          

Hexachlorobenzene 4.3E-06 8.3E-14 7.5E-13 4.3E-06 4.7E-13 1.3E-12 4.7E-05 2.5E-11 7.0E-11 

Pentachlorophenol 1.6E-10 2.4E-11 1.4E-10 1.6E-10 6.3E-11 1.8E-10 1.6E-10 1.8E-10 5.0E-10 

Inorganics                   

Arsenic 1.9E-05 7.1E-11 3.2E-10 1.9E-05 4.0E-10 5.8E-10 9.6E-05 1.6E-09 2.3E-09 

Chemical Mixtures                   

Stomach Carcinogens 4.3E-06 1.6E-11 8.5E-11 4.3E-06 3.9E-11 1.1E-10 5.2E-05 2.0E-10 5.5E-10 
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Table 7-50 Multi-Pathway Risk Assessment –Operational Cases Cancer Risk Results for the Daycare Adult Receptor and the Recreation User – Sport and Recreation User - Camping Composite Receptor Groupings at 
140,000 tpy 

COPC 

LCR/ILCR – Daycare LCR/ILCR – Recreation User - Sport LCR/ILCR – Recreation User - Camping 

Adult Receptor Composite Receptor 

Baseline Case - LCR Project Alone Case - ILCR Process Upset Case - 
ILCR 

Baseline Case - 
LCR 

Project Alone Case - 
ILCR 

Process Upset Case - 
ILCR 

Baseline Case - 
LCR 

Project Alone Case - 
ILCR 

Process Upset Case 
- ILCR 

PAHs          

Benzo(a)pyrene TEQ 8.7E-08 1.0E-13 2.8E-13 7.1E-09 2.0E-14 2.8E-13 1.9E-08 4.3E-14 1.2E-13 

VOCs                    

Bromoform 3.4E-11 2.2E-19 6.0E-19 2.9E-12 4.5E-20 6.0E-19 7.5E-12 9.6E-20 2.7E-19 

Carbon Tetrachloride 3.5E-10 3.2E-19 8.9E-19 2.8E-11 6.4E-20 8.9E-19 7.4E-11 1.3E-19 3.8E-19 

Dichloromethane 3.1E-10 4.2E-18 1.2E-17 2.7E-11 8.9E-19 1.2E-17 7.0E-11 1.9E-18 5.3E-18 

Chlorinated Monocyclic Aromatics          

Hexachlorobenzene 1.9E-09 2.1E-15 6.0E-15 1.6E-10 4.4E-16 6.0E-15 4.1E-10 9.3E-16 2.6E-15 

Pentachlorophenol 3.1E-11 4.9E-15 1.4E-14 2.6E-12 1.0E-15 1.4E-14 6.8E-12 2.2E-15 6.1E-15 

Inorganics                   

Arsenic 2.0E-06 3.9E-12 5.6E-12 1.8E-07 4.8E-13 5.6E-12 4.7E-07 1.4E-12 2.0E-12 

Chemical Mixtures                   

Stomach Carcinogens 8.7E-08 1.0E-13 2.8E-13 7.1E-09 2.0E-14 2.8E-13 1.9E-08 4.3E-14 1.2E-13 
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Additional Risk Related to Specific Activities 

As was conducted for the chronic non-carcinogenic results, in order to provide a more complete 
assessment of the impact of swimming, hunting and angling activities, the activity specific LCR 
and ILCR results have been added to the worst case resident receptor results (i.e. the Tooley 
residential receptor grouping). This assessment allows for potential risks to be placed in context 
such that the results represent the risk of a local resident swimming, hunting or angling in 
addition to his/her normal daily activities.  

Table 7-51 and Table 7-52 shows LCR and ILCR estimates for both recreation user – swimming 
and hunting/angling receptors, as well as the combined results for the recreation user – 
swimming/hunting/angling receptors and Tooley residents, under the Baseline Case, Project 
Alone Case and Process Upset Case assessment scenarios, at 140,000 tpy. Baseline Case 
LCR results are provided for comparison – discussion of these results can be found in Section 
7.9.2.3. Results of the assessment indicate that none of the predicted ILCR values exceed the 
regulatory benchmark for the Project Alone Case or Process Upset Case; therefore, it is not 
expected that the Project will pose any additional adverse cancer risk to the health of local 
recreational swimmer and hunting/angling receptors at 140,000 tpy. 

Additionally, the additive LCR and ILCR of stomach carcinogens was assessed. Interpretation of 
the results is difficult as there is no regulatory benchmark against which to measure the results 
of the analysis of chemical mixtures.  
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Table 7-51 Multi-Pathway Risk Assessment –Operational Cases Cancer Risk Results for the Composite Swimmer Receptor and 
Tooley Resident Recreational Swimmer Composite Receptor at 140,000 tpy 

COPC 

LCR/ILCR - Recreational Swimmer LCR/ILCR - Recreational Swimmer 

Composite Receptor - Swimmer Composite Receptor - Tooley Resident Swimmer 

Baseline Case 
- LCR 

Project Alone - 
ILCR 

Process Upset Case 
– ILCR Baseline Case - LCR Project Alone - 

ILCR 
Process Upset Case 

- ILCR 

PAHs       

Benzo(a)pyrene TEQ 1.6E-07 1.3E-12 3.5E-12 4.2E-06 4.0E-11 1.1E-10 

VOCs              

Bromoform 3.2E-09 1.9E-12 5.2E-12 2.4E-07 1.9E-12 5.2E-12 

Carbon Tetrachloride 1.0E-07 4.1E-13 1.2E-12 2.1E-06 4.2E-13 1.2E-12 

Dichloromethane 1.2E-08 4.2E-12 1.2E-11 1.1E-06 4.8E-12 1.3E-11 

Chlorinated 
Monocyclic Aromatics       

Hexachlorobenzene 3.4E-08 2.1E-13 5.9E-13 4.3E-06 6.9E-13 1.9E-12 

Pentachlorophenol 1.3E-09 2.5E-11 7.1E-11 1.5E-09 8.8E-11 2.5E-10 

Inorganics              

Arsenic 2.5E-06 7.1E-10 1.0E-09 2.1E-05 1.1E-09 1.6E-09 

Chemical Mixtures             

Stomach Carcinogens 1.7E-07 3.1E-12 8.7E-12 4.5E-06 4.2E-11 1.2E-10 
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Table 7-52 Multi-Pathway Risk Assessment –Operational Cases Cancer Risk Results for the Composite Hunter/Angler Receptor and 
Tooley Resident Hunter/Angler Composite Receptor at 140,000 tpy 

COPC 

LCR/ILCR – Hunter/Angler LCR/ILCR – Hunter/Angler 

Composite Receptor – Hunter/Angler Composite Receptor - Tooley Resident Hunter/Angler 

Baseline Case 
- LCR 

Project Alone - 
ILCR 

Process Upset Case 
– ILCR Baseline Case - LCR Project Alone - 

ILCR 
Process Upset Case 

- ILCR 

PAHs       

Benzo(a)pyrene TEQ 3.6E-06 3.1E-11 8.7E-11 7.6E-06 7.0E-11 2.0E-10 

VOCs             

Bromoform - 5.5E-13 1.5E-12 2.4E-07 5.5E-13 1.5E-12 

Carbon Tetrachloride - 1.6E-13 4.5E-13 2.0E-06 1.7E-13 4.7E-13 

Dichloromethane - 1.2E-13 3.4E-13 1.1E-06 7.2E-13 2.0E-12 

Chlorinated 
Monocyclic Aromatics       

Hexachlorobenzene 9.8E-06 4.8E-11 1.3E-10 1.4E-05 4.8E-11 1.3E-10 

Pentachlorophenol 0.0E+00 3.2E-09 8.9E-09 1.6E-10 3.3E-09 9.1E-09 

Inorganics             

Arsenic 1.5E-04 7.9E-09 1.1E-08 1.7E-04 8.3E-09 1.2E-08 

Chemical Mixtures             

Stomach Carcinogens 3.6E-06 3.2E-11 8.9E-11 7.9E-06 7.0E-11 2.0E-10 
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7.12 Risk Characterization – 400,000 tpy  

7.12.1 400,000 tpy Operational Assessment Scenarios – Inhalation Risk Assessment 

Assuming a maximum design capacity of 400,000 tpy, the HHRA evaluated acute and chronic 
inhalation risks at 309 receptor locations, assessed as 15 receptor groupings, within the LRASA 
for Traffic Case, Project Alone Case, Project Case, Process Upset Case and Process Upset 
Project Case scenarios. Where appropriate, the previously discussed Baseline Case results 
have been included for comparison. Inhalation risk estimates for CACs are presented in 
Sections 7.12.1.1 and 7.11.1.2. Additional COPC are discussed in Section 7.12.1.3, while 
chemical mixtures are discussed in Section 7.12.1.4.  

The exposure point concentration evaluated for each grouping is based upon the maximum air 
concentration predicted for a discrete receptor point within each receptor group. This is a 
conservative measure meant to ensure that inhalation risks to individuals present within these 
locations were not underestimated.  Refer to Section 3.3 for a complete list of HHRA receptor 
locations evaluated.  

In addition to the individual receptor groupings, the maximum ground level concentration within 
the LRASA was determined and evaluated for inhalation risks. These concentrations were 
determined based on the protocol outlined by the Ontario Ministry of the Environment in which a 
specified number of 1-hour and 24-hour concentrations have been removed from the modeling 
analysis of each chemical to account for meteorological anomalies; therefore it is possible that 
results at individual groupings exhibit higher concentrations than the maximum ground level 
concentration, as this protocol was not applied to the individual receptor analysis. Nevertheless, 
the analysis of ground level maximum concentrations is expected to provide a conservative and 
representative estimate of risk in the LRASA. Full details on the selection of maximum ground 
level concentrations are available in the Air Quality Assessment Technical Study Report 
(Jacques Whitford, 2009e). The following sections present acute and chronic concentration ratio 
(CR) values, and cancer risk estimates (LCR and ILCR), at the maximum ground level 
concentration, as well as at individual receptor groupings surrounding the Site, where 
appropriate.  

For the purposes of the acute Process Upset assessment, it is assumed that the Facility 
operates under upset conditions for the entire duration of the assessment period (1- or 24-
hours). For the chronic Process Upset assessment, it was assumed that operation under upset 
conditions occurs 5% of the year for CACs and metals, and 20% of the year for all other COPC. 
Further discussion of assumptions used to characterize upset scenarios can be found the Air 
Quality Assessment Technical Study Report (Jacques Whitford, 2009e). Additionally, CR 
estimates at each of the 15 individual receptor groupings are presented in Appendix I. 
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In general, CR values are interpreted as follows: 

� A CR less than or equal to 1 signifies that the estimated exposure is less than or equal to 
the exposure limit (i.e., the assumed safe level of exposure); therefore, no adverse health 
risk is expected. 

� A CR greater than 1 signifies the exposure estimate exceeds the exposure limit; 
consequently, the potential for adverse health effects may exist. 

With regards to chronic inhalation risks, separate assessments were conducted for non-
carcinogenic COPC and carcinogenic COPC. Chronic, non-cancer inhalation risks (expressed 
as CR values) assume that an individual is continuously exposed to a predicted annual air 
concentration. Carcinogenic health risks, expressed as ILCRs, assume that individuals would be 
continuously exposed to the predicted annual air concentration over the course of a lifetime. 

7.12.1.1 400,000 tpy Operational Cases – Inhalation Risk Assessment Criteria Air 
Contaminants (CACs) 

Predicted acute CR values for Baseline Case, Project Alone Case, Project Case, Process Upset 
Case, and Process Upset Project Case exposures to CAC at 400,000 tpy are presented in 
Table 7-53.  

Predicted 1-hour, 24-hour and annual air concentrations for the CAC at 400,000 tpy do not 
exceed their relevant exposure limit for the Baseline Case, Project Alone Case, Project Case, 
Process Upset Case or Process Upset Project Case; therefore, no adverse health risk is 
expected from potential exposure to CACs. Similarly, with the exception of the current/future 
commercial/industrial receptor grouping, health risks were not predicted at any of the 15 
individual receptor groupings, which include schools, daycares, farms, park/recreational areas, 
hospitals, retirement homes, and eight residential areas (Appendix I).  

However, there was one exception for the Process Upset Case, as the maximum 1-hr 
concentration of hydrogen chloride modelled at the Commercial/Industrial receptor group 
resulted in a CR value of 1.0. This slight exceedance of the government benchmark of 1.0 
occurred when the facility was operating under upset conditions where two of the three exhaust 
streams being affected, for the entire one hour period, and at the time of the worst 
meteorological conditions. The probability of this hypothetical situation actually occurring is 
expected to be very low. Frequency analysis of this occurrence was completed at the receptor 
for which the exceedance occurred within the Commercial/Industrial grouping and is presented 
in Figure 7-14. It is apparent from the graph that 1-hour HCl concentrations exceeding the 
benchmark of 75 μg/m3 are extremely rare. The concentration of HCl at this receptor is 
expected to be less than 20 μg/m3, 99.9% of the time. Specifically, a concentration above the 
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specified threshold of 75 µg/m3 was predicted to occur in only one 1-hour period over the course 
of 5 years.  

 

Figure 7-14 Frequency Analysis for 1-Hour Hydrogen Chloride (HCl) Concentrations 

Additionally, as discussed in Section 7.6.1.1, CACs (including NO2, SO2, PM2.5, and PM10) have 
been compared to WHO benchmarks for informational purposes. With the exception of Process 
Upset Project Case 1-hr NO2 (CR = 1.03) and 24-hr PM2.5 (CR = 1.1), none of the relevant 
Baseline Case, Project Alone Case, Project Case, Process Upset Case or Process Upset 
Project Case CACs exceed the WHO benchmarks. The exceedances of fine particulate matter 
is driven by baseline concentrations, and was not unexpected, as any urban area in Ontario 
would produce similar results. For a frequency analysis of 24-hour PM2.5 concentrations, please 
refer to Figure 7-13. The exceedance of nitrogen dioxide is driven by upset conditions, which 
conservatively assume that the Facility operates at maximum capacity while two of the three air 
pollution control units are not operational for the entire 1-hr exposure duration. Frequency 
analysis of this occurrence was completed at the Courtice Road Ambient Air Monitoring Station, 
Figure 7-15. It is apparent from the graph that 1-hour NO2 concentrations exceeding the WHO 
benchmark of 200 μg/m3 are extremely rare. The concentration of NO2 at this location is 
expected to be less than 200 μg/m3, 99.9% of the time. Specifically, a concentration above the 
specified threshold of 200 µg/m3 was predicted to occur in only 1 1-hour period over the course 
of 5 years.    
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Figure 7-15 Frequency Analysis of 1-Hour NO2 Concentrations 

As noted, WHO benchmarks are not necessarily health-based and are only intended to act as 
guidelines for country-regulated air quality standards. When compared to the selected Canada-
Wide Standard, this exceedance did not occur. 

Overall, it is not expected that concentrations of CACs from the Project at 400,000 tpy will pose 
any additional undue acute or chronic risk to the health of local human receptors. 



 

           Human Health and Ecological Risk Assessment 
Technical Study Report

December 10, 2009

 

Project No. 1009497 
Stantec © 2009 

334 

 
 

Table 7-53 Concentration Ratio (CR) Values for Criteria Air Contaminants at the Maximum Ground Level Concentration at 400,000 
tpy 

COPC 

Concentration Ratio (CR) Values – 400,000 tpy Concentration Ratio (CR) Values – 400,000 tpy - WHO 
Benchmarksf 

Baseline  
Case 

Project  
Alone Case 

Project 
Case 

Process 

Upset 
Case 

Process 
Upset 

Project 

Case 

Baseline 
Case 

Project  
Alone 
Case 

Project 
Case 

Process 

Upset 
Case 

Process 
Upset 

Project 

Case 

1-Hour           

Ammoniaa - 0.0013 0.0013 0.010 0.010 - - - - - 

Carbon Monoxide (CO) 0.069 0.0024 0.071 0.018 0.087 - - - - - 

Hydrogen Chloride (HCl)a - 0.094 0.094 0.74 0.74 - - - - - 

Hydrogen Fluoride (HF)a - 0.028 0.028 0.22 0.22 - - - - - 

Nitrogen Dioxide (NO2)  0.16 0.24 0.40 0.35 0.51 0.33 0.48 0.80 0.70 1.0 

Particulate Matter - PM10 
abe - - - - - - - - - - 

Particulate Matter - PM2.5 
be - - - - - - - - - - 

Particulate Matter - Totalbe - - - - - - - - - - 

Sulfur Dioxide (SO2) 0.028 0.040 0.068 0.49 0.52 - - - - - 

24-Hour           
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COPC 

Concentration Ratio (CR) Values – 400,000 tpy Concentration Ratio (CR) Values – 400,000 tpy - WHO 
Benchmarksf 

Baseline  
Case 

Project  
Alone Case 

Project 
Case 

Process 

Upset 
Case 

Process 
Upset 

Project 

Case 

Baseline 
Case 

Project  
Alone 
Case 

Project 
Case 

Process 

Upset 
Case 

Process 
Upset 

Project 

Case 

Ammoniaa - 0.0051 0.0051 0.040 0.040 - - - - - 

Carbon Monoxide (CO)c - - - - - - - - - - 

Hydrogen Chloride (HCl)a - 0.043 0.043 0.33 0.33 - - - - - 

Hydrogen Fluoride (HF)ac - - - - - - - - - - 

Nitrogen Dioxide (NO2)  0.29 0.057 0.35 0.085 0.38 - - - - - 

Particulate Matter - PM10 
ae - 0.020 0.020 0.14 0.14 - 0.020 0.020 0.14 0.14 

Particulate Matter - PM2.5 
e 0.68 0.034 0.72 0.23 0.91 0.80 0.040 0.84 0.27 1.1 

Particulate Matter - Totale 0.29 0.0085 0.30 0.057 0.35 - - - - - 

Sulfur Dioxide (SO2) 0.070 0.012 0.082 0.15 0.22 0.16 0.026 0.19 0.33 0.49 

Annual           

Ammoniaa - 1.7E-04 1.7E-04 2.5E-04 2.5E-04 - - - - - 

Carbon Monoxide (CO)d - - - - - - - - - - 
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COPC 

Concentration Ratio (CR) Values – 400,000 tpy Concentration Ratio (CR) Values – 400,000 tpy - WHO 
Benchmarksf 

Baseline  
Case 

Project  
Alone Case 

Project 
Case 

Process 

Upset 
Case 

Process 
Upset 

Project 

Case 

Baseline 
Case 

Project  
Alone 
Case 

Project 
Case 

Process 

Upset 
Case 

Process 
Upset 

Project 

Case 

Hydrogen Chloride (HCl)a - 0.0015 0.0015 0.0021 0.0021 - - - - - 

Hydrogen Fluoride (HF)ad - - - - - - - - - - 

Nitrogen Dioxide (NO2)  0.62 0.0065 0.62 0.0067 0.62 0.93 0.0098 0.93 0.010 0.94 

Particulate Matter - PM10 
ade - - - - - - 0.0017 0.0017 0.0025 0.0025 

Particulate Matter - PM2.5 
de - - - - - 0.98 0.0034 0.98 0.0049 0.99 

Particulate Matter - Totale 0.35 5.7E-04 0.36 8.2E-04 0.36 - - - - - 

Sulfur Dioxide (SO2) 0.20 0.0039 0.21 0.0068 0.21 - - - - - 

a Baseline Data Not Available       

b 1-hr TRV Not Available       

c 24-hr TRV Not Available 
d Annual TRV Not Available 
e Particulate Matter results include contribution of Secondary Particulate 
f  “-“ indicates WHO benchmark not available 
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7.12.1.2 400,000 tpy Operational Cases – Inhalation Risk Assessment Criteria Air 
Contaminants (CACs) – Traffic Case 

Predicted acute CR values for Baseline Traffic Case and Traffic Case exposures to CAC at 
400,000 tpy are presented in Table 7-54.  

Predicted 1-hour, 24-hour and annual air concentrations for the CAC at 400,000 tpy do not 
exceed their relevant exposure limit for the Baseline Traffic Case, or Traffic Case; therefore, no 
adverse health risk is expected from potential exposure to CACs due to the combined effect of 
Project emissions at 400,000 tpy and local vehicular traffic.  

Additionally, as discussed in Section 7.6.1.1, CACs (including NO2, SO2, PM2.5, and PM10) have 
been compared to WHO benchmarks for informational purposes. With the exception of Traffic 
Case 1-hr and annual nitrogen dioxide (CR = 1.3 and 1.1, respectively), none of the relevant 
Baseline Traffic Case, or Traffic Case CACs exceed the WHO benchmarks. Nitrogen dioxide 
exceedances are driven by baseline concentrations, and were not unexpected, as any urban 
area in Ontario would produce similar results. Please refer to Figure 7-15 for a frequency 
analysis of 1-hour NO2 concentrations. A frequency analysis of annual NO2 concentrations could 
not be conducted due to limited data. As noted previously, WHO benchmarks are not 
necessarily health-based and are only intended to act as guidelines for country-regulated air 
quality standards. When compared to the selected standards from the Ontario Ministry of the 
Environment and Health Canada, these exceedances did not occur. 

Table 7-54 Concentration Ratio (CR) Values for Criteria Air Contaminants at the Maximum 
Ground Level Concentration at 400,000 tpy 

COPC 

Operational Traffic Case Concentration Ratio (CR) Values 

1-hour 24-hour Annual 

Baseline 
Traffic 
Case 

Traffic 
Case 

Baseline 
Traffic Case 

Traffic 
Case 

Baseline 
Traffic Case 

Traffic 
Case 

Risk Assessment TRVs       

Ammonia d - - - - - - 

Carbon Monoxide (CO)bc 0.28 0.28 - - - - 

Hydrogen Chloride (HCl)d - - - - - - 
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COPC 

Operational Traffic Case Concentration Ratio (CR) Values 

1-hour 24-hour Annual 

Baseline 
Traffic 
Case 

Traffic 
Case 

Baseline 
Traffic Case 

Traffic 
Case 

Baseline 
Traffic Case 

Traffic 
Case 

Hydrogen Fluoride (HF)d - - - - - - 

Nitrogen Dioxide (NO2)  0.39 0.63 0.53 0.57 0.77 0.78 

Particulate Matter - PM10 
d - - 0.021 0.050 - - 

Particulate Matter - PM2.5
ac - - 0.70 0.75 - - 

Particulate Matter - Totald - - 0.31 0.37 0.36 0.37 

Sulfur Dioxide (SO2) 0.031 0.079 0.071 0.083 0.21 0.21 

WHO Benchmarks e       

Ammonia - - - - - - 

Carbon Monoxide (CO) - - - - - - 

Hydrogen Chloride (HCl) - - - - - - 

Hydrogen Fluoride (HF) - - - - - - 

Nitrogen Dioxide (NO2)  0.78 1.3 - - 1.2 1.2 

Particulate Matter - PM10  - - 0.021 0.050 0.010 0.013 

Particulate Matter - PM2.5 - - 0.84 0.90 0.99 0.99 

Particulate Matter - Total - - - - - - 

Sulfur Dioxide (SO2) - - 0.16 0.18 - - 

a 1-hr TRV Not Available 

b 24-hr TRV Not Available 
c Annual TRV Not Available 
d Not Included in the Traffic Case Assessment 
e ‘-‘ indicates that WHO benchmark not available 
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7.12.1.3 400,000 tpy Operational Cases – Inhalation Assessment Additional COPC 

Predicted acute CR values for Baseline Case, Project Alone Case, Project Case, Process Upset 
Case, and Process Upset Project Case exposures to other COPC at 400,000 tpy are presented 
in Table 7-55. 

Predicted 1-hour, 24-hour or annual air concentrations for the additional COPC do not exceed 
their relevant exposure limit for the Baseline Case, Project Alone Case, Project Case, Process 
Upset Case or Process Upset Project Case at 400,000 tpy; therefore, no adverse health risk is 
expected from potential exposure to additional COPC. Similarly, health risks were not predicted 
at any of the 15 individual receptor groupings, which include schools, daycares, farms, 
current/future industrial/commercial areas, park/recreational areas, hospitals, retirement homes, 
and eight residential areas (Appendix I). Further information on the receptor groupings can be 
found in Section 3.3.  

Overall, it is not expected that concentrations of other COPC from the Project, 400,000 tpy, will 
pose any additional undue risk to the health of local human receptors. 
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Table 7-55 Concentration Ratio (CR) Values at 400,000 tpy for Individual COPC at the Maximum Ground Level Concentration 

COPC 

Concentration Ratio (CR) Values – 400,000 tpy 

1-hour 24-hour Annual 

Baseline  
Case 

Project  
Alone 

Project  
Case 

Process 

Upset Case 

Process 
Upset 

Project 

Case 

Baseline 
Case 

Project  
Alone 

Project  
Case 

Process 

Upset Case 

Process 
Upset 

Project 

Case 

Baseline  
Case 

Project  
Alone 

Project  
Case 

Process 

Upset Case

Process 
Upset 

Project 

Case 

Metals                

Antimony 0.0015 4.3E-04 0.0019 0.0034 0.0048 1.2E-04 1.0E-05 1.3E-04 8.1E-05 2.0E-04 0.015 4.4E-05 0.015 6.4E-05 0.015 

Arsenic 0.022 0.0017 0.024 0.013 0.035 0.0060 1.3E-04 0.0062 0.0010 0.0071 0.12 9.0E-05 0.12 1.3E-04 0.12 

Barium 0.0040 3.3E-04 0.0043 0.0026 0.0066 8.2E-04 2.0E-05 8.4E-04 1.6E-04 9.8E-04 0.0049 6.8E-06 0.0050 9.9E-06 0.0050 

Beryllium 0.037 0.013 0.050 0.10 0.14 0.030 0.0032 0.033 0.025 0.055 0.043 1.5E-04 0.043 2.2E-04 0.043 

Boronc 0.0037 0.0024 0.0061 0.019 0.023 - - - - - 0.0031 9.9E-05 0.0032 1.4E-04 0.0032 

Cadmium 0.015 0.055 0.070 0.43 0.44 0.024 0.027 0.051 0.21 0.23 0.12 0.0045 0.12 0.0066 0.13 

Chromium (hexavalent)a - 0.0025 0.0025 0.020 0.020 - - - - - - 1.0E-05 1.0E-05 1.5E-05 1.5E-05 

Total Chromium (and compounds)cd 0.0067 0.0018 0.0085 0.014 0.021 - - - - - - - - - - 

Cobalt 0.0074 0.023 0.030 0.18 0.19 0.0060 0.0055 0.012 0.043 0.049 0.0060 1.9E-04 0.0061 2.7E-04 0.0062 

Leade 0.0081 0.026 0.034 0.20 0.21 0.0100 0.0095 0.019 0.074 0.084 0.0066 3.2E-04 0.0069 4.7E-04 0.0070 

Mercury - Inorganica - 0.020 0.020 0.15 0.15 - 7.1E-04 7.1E-04 0.0056 0.0056 - 1.6E-04 1.6E-04 2.3E-04 2.3E-04 

Nickelc 0.0018 0.011 0.013 0.089 0.091 - - - - - 0.045 0.0056 0.050 0.0082 0.053 

Phosphorusbc - - - - - - - - - - 7.3E-10 2.3E-12 7.3E-10 3.4E-12 7.3E-10 

Selenium 0.0037 1.9E-04 0.0039 0.0015 0.0051 3.0E-04 4.6E-06 3.1E-04 3.6E-05 3.4E-04 0.015 7.7E-06 0.015 1.1E-05 0.015 

Silver 0.0083 0.026 0.035 0.21 0.21 3.4E-04 3.2E-04 6.6E-04 0.0025 0.0028 0.034 0.0011 0.035 0.0016 0.036 

Thalliumac 0.0073 0.031 0.038 0.24 0.25 - - - - - 0.029 0.0013 0.031 0.0018 0.031 

Tin 3.7E-04 6.9E-04 0.0011 0.0054 0.0058 3.0E-04 1.7E-04 4.7E-04 0.0013 0.0016 0.0015 2.8E-05 0.0015 4.1E-05 0.0015 
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COPC 

Concentration Ratio (CR) Values – 400,000 tpy 

1-hour 24-hour Annual 

Baseline  
Case 

Project  
Alone 

Project  
Case 

Process 

Upset Case 

Process 
Upset 

Project 

Case 

Baseline 
Case 

Project  
Alone 

Project  
Case 

Process 

Upset Case 

Process 
Upset 

Project 

Case 

Baseline  
Case 

Project  
Alone 

Project  
Case 

Process 

Upset Case

Process 
Upset 

Project 

Case 

Vanadium 0.0075 0.0018 0.0094 0.014 0.022 0.0015 1.1E-04 0.0017 8.6E-04 0.0024 7.7E-04 3.8E-06 7.7E-04 5.4E-06 7.8E-04 

Zincc 0.0021 0.0031 0.0052 0.025 0.027 - - - - - 0.0051 1.3E-04 0.0052 1.9E-04 0.0053 

Chlorinated Polycyclic Aromatics                

Dioxins and Furans (as TEQ Toxic 
Equivalents)be - - - - - 0.0047 0.0011 0.0059 0.0089 0.014 0.0016 1.9E-05 0.0016 5.3E-05 0.0017 

Polychlorinated Biphenyls (PCBs) 0.0010 5.7E-04 0.0016 0.0044 0.0055 2.8E-04 4.6E-05 3.3E-04 3.6E-04 6.4E-04 - - - - - 

Chlorinated Monocyclic Aromatics                

Dichlorobenzene, 1,2-c 8.6E-07 5.3E-08 9.1E-07 4.1E-07 1.3E-06 - - - - - 7.8E-06 1.1E-08 7.8E-06 3.1E-08 7.8E-06 

Dichlorophenol, 2,4-ac - 1.5E-07 1.5E-07 1.2E-06 1.2E-06 - - - - - - 6.3E-09 6.3E-09 1.8E-08 1.8E-08 

Hexachlorobenzenecd 6.1E-04 1.6E-04 7.7E-04 0.0013 0.0019 - - - - - - - - - - 

Pentachlorobenzeneac - 1.1E-07 1.1E-07 8.3E-07 8.3E-07 - - - - - - 4.4E-09 4.4E-09 1.2E-08 1.2E-08 

Pentachlorophenol 4.3E-04 3.2E-05 4.6E-04 2.5E-04 6.8E-04 4.4E-05 9.8E-07 4.5E-05 7.7E-06 5.1E-05 8.2E-04 1.3E-06 8.2E-04 3.7E-06 8.2E-04 

Tetrachlorobenzene, 1,2,4,5-abc - - - - - - - - - - - 1.8E-07 1.8E-07 5.0E-07 5.0E-07 

Tetrachlorophenol, 2,3,4,6-abc - - - - - - - - - - - 1.3E-08 1.3E-08 3.5E-08 3.5E-08 

Trichlorobenzene, 1,2,4- 2.8E-04 1.0E-07 2.8E-04 7.9E-07 2.8E-04 1.1E-04 1.2E-08 1.1E-04 9.6E-08 1.1E-04 0.0024 2.4E-08 0.0024 6.6E-08 0.0024 

Trichlorophenol, 2,4,6-abcd - - - - - - - - - - - - - - - 

PAHs                

Acenaphthenecd 0.0030 1.5E-05 0.0031 1.1E-04 0.0032 - - - - - - - - - - 

Acenaphthylenecd 7.5E-04 1.1E-05 7.6E-04 8.9E-05 8.4E-04 - - - - - - - - - - 
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COPC 

Concentration Ratio (CR) Values – 400,000 tpy 

1-hour 24-hour Annual 

Baseline  
Case 

Project  
Alone 

Project  
Case 

Process 

Upset Case 

Process 
Upset 

Project 

Case 

Baseline 
Case 

Project  
Alone 

Project  
Case 

Process 

Upset Case 

Process 
Upset 

Project 

Case 

Baseline  
Case 

Project  
Alone 

Project  
Case 

Process 

Upset Case

Process 
Upset 

Project 

Case 

Anthracenec 7.9E-04 6.4E-06 8.0E-04 5.0E-05 8.4E-04 - - - - - 0.0016 2.6E-07 0.0016 7.4E-07 0.0016 

Benzo(a)anthracenecd 3.3E-04 2.4E-06 3.3E-04 1.8E-05 3.5E-04 - - - - - - - - - - 

Benzo(b)fluoranthenecd 6.9E-04 6.0E-06 7.0E-04 4.7E-05 7.4E-04 - - - - - - - - - - 

Benzo(k)fluoranthenecd 3.3E-04 1.6E-06 3.3E-04 1.2E-05 3.4E-04 - - - - - - - - - - 

Benzo(a)fluorenec 6.6E-04 4.3E-05 7.0E-04 3.4E-04 1.0E-03 - - - - - 0.0023 1.8E-06 0.0023 5.0E-06 0.0023 

Benzo(b)fluorenec 6.6E-04 3.0E-05 6.9E-04 2.3E-04 8.9E-04 - - - - - 0.0023 1.2E-06 0.0023 3.4E-06 0.0023 

Benzo(ghi)perylenecd 3.4E-04 6.5E-05 4.1E-04 5.1E-04 8.5E-04 - - - - - - - - - - 

Benzo(a)pyrenebd - - - - - 0.068 3.3E-04 0.068 0.0026 0.070 - - - - - 

Benzo(e)pyrenecd 6.6E-04 1.4E-05 6.7E-04 1.1E-04 7.7E-04 - - - - - - - - - - 

Chrysenecd 4.7E-04 5.9E-06 4.8E-04 4.6E-05 5.2E-04 - - - - - - - - - - 

Dibenzo(a,c)anthraceneabcd - - - - - - - - - - - - - - - 

Dibenzo(a,h)anthracenecd 3.3E-04 1.9E-06 3.3E-04 1.5E-05 3.4E-04 - - - - - - - - - - 

Fluoranthenecd 0.0029 6.5E-05 0.0030 5.1E-04 0.0034 - - - - - - - - - - 

Fluoreneac - 2.5E-06 2.5E-06 1.9E-05 1.9E-05 - - - - - - 1.0E-07 1.0E-07 2.8E-07 2.8E-07 

Indeno(1,2,3 – cd)pyrenecd 3.3E-04 1.2E-05 3.4E-04 9.3E-05 4.2E-04 - - - - - - - - - - 

1-Methylnaphthalenebc - - - - - - - - - - 1.5E-04 1.1E-07 1.5E-04 3.0E-07 1.5E-04 

2-Methylnaphthalenebc - - - - - - - - - - 2.5E-04 5.9E-07 2.5E-04 1.6E-06 2.5E-04 

Naphthaleneb - - - - - 1.1E-04 1.8E-06 1.1E-04 1.4E-05 1.2E-04 2.9E-04 4.6E-07 2.9E-04 1.3E-06 2.9E-04 

Perylenecd 6.6E-04 2.4E-06 6.6E-04 1.9E-05 6.8E-04 - - - - - - - - - - 
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COPC 

Concentration Ratio (CR) Values – 400,000 tpy 

1-hour 24-hour Annual 

Baseline  
Case 

Project  
Alone 

Project  
Case 

Process 

Upset Case 

Process 
Upset 

Project 

Case 

Baseline 
Case 

Project  
Alone 

Project  
Case 

Process 

Upset Case 

Process 
Upset 

Project 

Case 

Baseline  
Case 

Project  
Alone 

Project  
Case 

Process 

Upset Case

Process 
Upset 

Project 

Case 

Phenanthrenecd 0.013 1.5E-04 0.013 0.0012 0.014 - - - - - - - - - - 

Pyrenecd 0.0014 7.9E-05 0.0015 6.2E-04 0.0020 - - - - - - - - - - 

VOCs                

Acetaldehydeb - - - - - 0.0035 1.0E-10 0.0035 7.9E-10 0.0035 0.12 1.9E-10 0.12 5.3E-10 0.12 

Benzene 0.17 1.4E-04 0.17 0.0011 0.17 0.41 1.0E-04 0.41 7.9E-04 0.41 0.13 3.3E-06 0.13 9.3E-06 0.13 

Biphenylbc - - - - - - - - - - 2.3E-06 4.3E-08 2.4E-06 1.2E-07 2.4E-06 

Bromodichloromethanec 0.0021 0.0073 0.0094 0.057 0.059 - - - - - 0.0053 3.0E-04 0.0056 8.4E-04 0.0062 

Bromoform 0.0014 8.0E-04 0.0022 0.0062 0.0077 5.4E-04 8.7E-05 6.2E-04 6.9E-04 0.0012 0.0046 3.3E-05 0.0046 9.2E-05 0.0047 

Bromomethane 0.0018 2.4E-04 0.0020 0.0018 0.0036 - - - - - 0.020 2.3E-05 0.020 6.5E-05 0.020 

Carbon tetrachloride 0.014 1.9E-06 0.014 1.5E-05 0.014 0.31 1.2E-05 0.31 9.8E-05 0.31 0.0032 5.4E-09 0.0032 1.5E-08 0.0032 

Chloroform 0.0055 4.0E-06 0.0055 3.1E-05 0.0055 0.23 4.8E-05 0.23 3.8E-04 0.23 0.0016 1.6E-08 0.0016 4.6E-08 0.0016 

Dichlorodifluoromethanec 1.6E-04 1.4E-06 1.6E-04 1.1E-05 1.7E-04 - - - - - 5.6E-04 5.6E-08 5.6E-04 1.6E-07 5.6E-04 

Dichloroethene, 1,1- c 2.9E-05 2.1E-06 3.1E-05 1.7E-05 4.6E-05 - - - - - 2.9E-06 9.1E-09 2.9E-06 2.6E-08 2.9E-06 

Dichloromethane 2.2E-04 9.9E-06 2.3E-04 7.7E-05 3.0E-04 0.0058 7.6E-05 0.0058 5.9E-04 0.0063 0.0019 1.4E-06 0.0019 4.0E-06 0.0019 

Ethylbenzene - - - - - 0.0012 9.8E-08 0.0012 7.7E-07 0.0012 6.9E-04 3.3E-09 6.9E-04 9.4E-09 6.9E-04 

Ethylene Dibromide 0.0032 5.9E-05 0.0032 4.6E-04 0.0036 0.0017 9.4E-06 0.0017 7.4E-05 0.0018 2.0E-04 1.1E-07 2.0E-04 3.0E-07 2.1E-04 

Formaldehyde 0.55 0.0025 0.55 0.019 0.57 0.052 6.9E-05 0.052 5.4E-04 0.053 0.18 1.7E-05 0.18 4.8E-05 0.18 

O-terphenylc 6.6E-06 1.3E-06 7.9E-06 1.0E-05 1.7E-05 - - - - - 2.3E-05 5.3E-08 2.3E-05 1.5E-07 2.3E-05 

Tetrachloroethene 6.0E-05 2.2E-07 6.0E-05 1.7E-06 6.2E-05 0.0014 1.5E-06 0.0014 1.2E-05 0.0014 7.3E-04 5.1E-08 7.3E-04 1.4E-07 7.3E-04 
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COPC 

Concentration Ratio (CR) Values – 400,000 tpy 

1-hour 24-hour Annual 

Baseline  
Case 

Project  
Alone 

Project  
Case 

Process 

Upset Case 

Process 
Upset 

Project 

Case 

Baseline 
Case 

Project  
Alone 

Project  
Case 

Process 

Upset Case 

Process 
Upset 

Project 

Case 

Baseline  
Case 

Project  
Alone 

Project  
Case 

Process 

Upset Case

Process 
Upset 

Project 

Case 

Tetralinbcd - - - - - - - - - - - - - - - 

Toluenec 6.2E-04 1.1E-06 6.2E-04 8.4E-06 6.3E-04 - - - - - 8.8E-04 3.2E-08 8.8E-04 9.1E-08 8.8E-04 

Trichloroethane, 1,1,1 - 3.1E-05 1.2E-07 3.1E-05 9.7E-07 3.2E-05 1.9E-05 2.3E-08 1.9E-05 1.8E-07 1.9E-05 2.0E-05 9.2E-10 2.0E-05 2.6E-09 2.0E-05 

Trichloroethylene, 1,1,2 - 0.0024 7.2E-07 0.0024 5.6E-06 0.0024 0.045 3.9E-06 0.045 3.0E-05 0.045 0.0050 2.9E-08 0.0050 8.2E-08 0.0050 

Trichlorofluoromethanebd - - - - - 3.6E-04 2.7E-06 3.6E-04 2.1E-05 3.8E-04 - - - - - 

Vinyl chloride 7.2E-07 1.7E-06 2.4E-06 1.3E-05 1.4E-05 0.0059 0.0041 0.010 0.032 0.038 3.6E-05 1.4E-06 3.8E-05 3.9E-06 4.0E-05 

Xylenes, m-, p- and o- 5.3E-04 2.2E-05 5.6E-04 1.7E-04 7.0E-04 0.0066 7.8E-05 0.0067 6.1E-04 0.0072 0.028 1.9E-05 0.028 5.5E-05 0.028 

a Baseline Data Not Available          

b 1-hr TRV Not Available          

c 24-hr TRV Not Available 
d Annual TRV Not Available 
e Measured against a benchmark CR of 0.2 
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7.12.1.4 400,000 tpy Operational Cases – Inhalation Risk Assessment Chemical 
Mixtures 

Predicted additive acute CR values for Baseline Case, Project Alone Case, Project Case, 
Process Upset Case, and Process Upset Project Case exposures to mixtures of COPC at 
400,000 tpy are provided in Table 7-56.  

Interpretation of chemical mixtures is difficult as regulators have not established standards or 
benchmarks for the assessment of mixtures. By adding chemical CR values together, it 
assumes that not only is the target organ the same, but that the exposure to these chemicals 
actually results in a toxicological mode of direction that is directly additive. To date there have 
been limited or no mixture additive toxicology studies to support using this approach in human 
health risk assessment. This is a considerable source of uncertainty in any risk assessment 
being conducted in Ontario.  

In addition, the maximum CR values presented for mixtures may not represent an actual 
location in the LRASA, because risk estimates for each individual chemical often do not occur 
simultaneously at the same location.  

Table 7-56 Concentration Ratio (CR) Values at 400,000 tpy for Chemical Mixtures at the 
Maximum Ground Level Concentration 

COPC 

Concentration Ratio (CR) Values – 400,000 tpy 

Baseline 
Case 

Project  
Alone 

Project 
Case 

Process 

Upset 
Case 

Process 
Upset 

Project 

Case 

1-Hour      

Eye Irritants 0.0048 0.0015 0.0064 0.012 0.017 

Nasal Irritants 0.0079 0.0018 0.0097 0.014 0.022 

Respiratory Irritants 0.33 0.51 0.84 2.6 3.0 

Neurological Effects 
(Neurotoxicants) 0.026 4.5E-04 0.027 0.0035 0.030 

24-Hour      

Eye Irritants 0.0083 8.3E-05 0.0083 6.6E-04 0.0089 
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COPC 

Concentration Ratio (CR) Values – 400,000 tpy 

Baseline 
Case 

Project  
Alone 

Project 
Case 

Process 

Upset 
Case 

Process 
Upset 

Project 

Case 

Nasal Irritants 0.0079 7.9E-05 0.0079 6.2E-04 0.0085 

Respiratory Irritants 1.1 0.19 1.3 1.1 2.2 

Neurological Effects 
(Neurotoxicants) 0.55 2.2E-04 0.55 0.0017 0.55 

Annual      

Nasal Irritants 0.035 3.2E-05 0.035 7.8E-05 0.035 

Respiratory Irritants 0.94 0.018 0.96 0.025 0.97 

Neurological Effects 
(Neurotoxicants) 0.050 5.1E-04 0.050 7.7E-04 0.050 

Reproductive/Developmental 
Effects 0.0073 3.2E-04 0.0076 4.7E-04 0.0077 

 

7.12.1.5 400,000 tpy Operational Cases – Inhalation Risk Assessment Carcinogens 

Predicted chronic ILCR values at 400,000 tpy for carcinogenic COPC from the Project Alone 
Case and Process Upset Case at the maximum ground level concentration are presented in 
Table 7-57. Baseline Case LCR results for each COPC are also provided for comparison. 
Discussion of these Baseline Case LCR results can be found in Section 0.  

In general, ILCR values are interpreted as follows: 

� An ILCR less than or equal to 1-in-1,000,000 (i.e. 1E-06) signifies that the incremental 
lifetime cancer risk associated with the Project is less than the regulatory benchmark (i.e., 
the assumed safe level of exposure); therefore, no adverse risk is expected. 

� An ILCR greater than 1-in-1,000,000 (i.e. 1E-06) signifies that the incremental lifetime 
cancer risk exceeds the regulatory benchmark. This suggests that the potential for an 
elevated level of risk may be present for the COPC in question; further investigation may be 
needed to confirm the identified risk. 
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With respect to the presented LCR values, there is no regulatory benchmark for comparison. 
LCR values represent an individual’s lifetime cancer risks associated with all potential 
exposures to a given COPC, including all potential background sources. 

None of the predicted annual average Project Alone Case or Process Upset Case minimum 
ground level concentrations of carcinogenic COPC at 400,000 tpy result in an ILCR exceeding 
the regulatory benchmark. Similarly, health risks were not predicted at any of the 15 individual 
receptor groupings which include schools, daycares, farms, current/future industrial/commercial 
areas, park/recreational areas, hospitals, retirement homes, and eight residential areas 
(Appendix I).  

Further information on the receptor groupings can be found in Section 3.2. 

Overall, it is not expected that concentrations of carcinogenic COPC from the Project at 400,000 
tpy will pose any individual adverse carcinogenic risk to the health of human receptors. 

Table 7-57 Chronic LCR and ILCR Values at 400,000 tpy for Carcinogens at the Maximum 
Ground Level Concentration 

COPC 

Lifetime Cancer Risk 
(LCR) Values  

cremental Lifetime Cancer Risk (ILCR) Values 
– 400,000 tpy 

Baseline Case Project 
Alone Case Process Upset Case 

Metals    

Arsenic 7.7E-06 5.8E-09 8.5E-09 

Beryllium 7.1E-07 2.6E-09 3.7E-09 

Cadmium 5.9E-06 2.2E-07 3.2E-07 

Chromium (hexavalent)a - 7.8E-08 1.1E-07 

Total Chromium (and compounds) 1.9E-05 7.9E-08 1.1E-07 

Chlorinated Monocyclic Aromatics    

Hexachlorobenzene 2.4E-08 7.6E-11 2.1E-10 

Trichlorophenol, 2,4,6-a - 5.2E-13 1.5E-12 

Polycyclic Aromatic Hydrocarbons 
(PAH)   
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COPC 

Lifetime Cancer Risk 
(LCR) Values  

cremental Lifetime Cancer Risk (ILCR) Values 
– 400,000 tpy 

Baseline Case Project 
Alone Case Process Upset Case 

Benzo(a)pyrene TEQ 1.4E-05 3.1E-09 8.6E-09 

Volatile Organic Chemicals (VOC)    

Acetaldehyde 6.1E-07 9.9E-16 2.8E-15 

Benzene 3.1E-05 7.8E-10 2.2E-09 

Carbon tetrachloride 9.2E-06 1.5E-11 4.3E-11 

Chloroform 3.7E-06 3.8E-11 1.1E-10 

Dichloromethane 3.6E-07 2.7E-10 7.5E-10 

Ethylene Dibromide 1.1E-06 5.8E-10 1.6E-09 

Formaldehyde 8.8E-06 8.1E-10 2.3E-09 

Tetrachloroethene 1.4E-06 9.5E-11 2.7E-10 

Trichloroethylene, 1,1,2 - 1.7E-07 9.7E-13 2.7E-12 

Vinyl chloride 3.2E-08 1.2E-09 3.5E-09 

Chemical Mixtures    

Liver Carcinogens 5.5E-06 1.7E-09 4.8E-09 

Lung Carcinogens 4.7E-05 3.9E-07 5.7E-07 

Skin Carcinogens 2.1E-05 8.9E-09 1.7E-08 

a Baseline Data Not Available  

 

 

 

7.12.2 400,000 tpy Operational Assessment Scenarios - Multi-Pathway Risk Assessment 
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7.12.2.1 400,000 tpy Operational Cases – Multi-Pathway Risk Assessment Non-
Carcinogens 

Assuming a maximum design capacity of 400,000 tpy, a subset of 133 unique receptor locations 
in 14 receptor groupings within the LRASA were selected to undergo a multi-pathway exposure 
assessment to evaluate chronic exposure to COPC through exposure to different local 
environmental media including soil, air, local produce, agricultural products, wild game and fish. 
As discussed in Section 7.3.4, the Facility will not impact local drinking water; therefore, aside 
from recreational swimmers, the multi-pathway assessment has not evaluated exposures 
related to potable water consumption. 

The following receptor types were evaluated as part of the multi-pathway exposure assessment: 

� Local Residents (Infant, Toddler, Composite) 

� Local Farmers (Infant, Toddler, Composite) 

� Daycare (Toddler, Adult) 

� Recreation User – Sport (Toddler, Composite) 

� Recreation User – Camping (Toddler, Composite) 

As well, the additional risk incurred by local resident receptors while performing specific 
activities such as swimming, hunting or angling was evaluated. Refer to Table 3-2 for a 
complete list of receptor groupings evaluated. The results of the evaluation of each assessment 
case (i.e., Baseline Case, Project Alone Case, Project Case, Process Upset Case and Process 
Upset Project Case) are presented in the following sections. 

Chronic risk estimates (via multiple exposure pathways) were expressed as HQ values for all 
non-carcinogenic COPC. HQ values were calculated for the Baseline Case, Project Alone Case, 
Project Case, Process Upset Case and Process Upset Project Case. A toddler (7 months to 4 
years) was considered to represent the most sensitive receptor age class. As a result, health 
risks associated with exposures to non-carcinogenic COPC are presented for the toddler. HQ 
values for each exposure pathway and each receptor are provided in Appendix I. 

Additionally, HQ values were also derived for resident and farmer infants (0 to 6 months) in 
order to evaluate the potential additional health risks associated with exposure to these COPC 
via the consumption of breast milk. Similar to the chronic inhalation assessment, the Process 
Upset scenarios assessment assumes that the Facility operates under upset conditions during 
5% of the year (for metals) and during 20% of the year (for all other COPC). Further discussion 
of the assumptions used to characterize the Process Upset scenario can found in the Air Quality 
Assessment Technical Study Report (Jacques Whitford, 2009e). 
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Local Residents 

Chronic HQ values for local resident infant and toddler receptors are presented in Table 7-58 
through Table 7-65. With the exception of PCBs in infant and toddler resident receptors, and 
arsenic and thallium in toddler receptors, all HQ values for the Baseline Case, Project Alone 
Case, Project Case, Process Upset Case or Process Upset Project Case at 400,000 tpy are 
below the regulatory benchmark; therefore it is not expected that the Project, at 400,000 tpy, will 
pose any additional undue risk to the health of local residents. HQ values for Project 
Case/Process Upset Project Case for Total PCBs in infant and toddler resident receptors were 
10.8 and 0.49. HQ values for Project Case/Process Upset Project Case for arsenic and thallium 
in toddler resident receptors were 0.32 and 0.26 respectively. These values are entirely driven 
by the Baseline Case – the Project Alone Case/Process Upset Case never represents more 
than approximately 1.5% of the Project Case/Process Upset Project Case risk. 

The overall multi-pathway HQ values for lead and dioxin/furans (2,3,7,8-TCDD TEQ), for both 
residential infants and toddlers, for all assessment scenarios at 400,000 tpy, are presented in 
Table 7-66. These COPC are treated separately as the exposure endpoint for these chemicals 
are consistent regardless of the exposure pathway; therefore, inhalation CR results were added 
to the predicted multi-pathway HQ values and compared to a benchmark of 0.2. The results 
indicate that all lead HQ values for the Baseline Case, Project Alone Case, Project Case 
Process Upset Case or Process Upset Project Case are below the regulatory benchmark. 
Therefore, it is not expected that the Project will pose any additional undue risk to the health of 
local residents due to exposure to lead. 

With regards to dioxins/furans, HQ values for Project Case/Process Upset Project Case HQs in 
resident infant receptors were 3.83. This value is entirely driven by the Baseline Case – the 
Project Alone Case/Process Upset Case never represents more than approximately 0.6% of the 
Project Case/Process Upset Project Case risk; therefore it is not expected that the Project, at 
400,000 tpy, will pose any additional undue risk to the health of local residents. 
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Table 7-58 Multi-Pathway Risk Assessment –Operational Cases Hazard Quotient Results for the Bowmanville Subdivision Infant and Toddler 
Receptor Groupings at 400,000 tpy 

COPC 

Hazard Quotient – Bowmanville Subdivision – 400,000 tpy 

Infant Toddler 

Baseline 
Case 

Project 
Alone 
Case 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Baseline 
Case 

Project 
Alone 
Case 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

PAHs           

Acenaphthene 4.1E-06 1.9E-11 4.1E-06 5.2E-11 4.1E-06 1.3E-05 4.5E-10 1.3E-05 1.3E-09 1.3E-05 

Anthracene 9.5E-07 4.1E-12 9.5E-07 1.2E-11 9.5E-07 2.7E-06 3.6E-11 2.7E-06 1.0E-10 2.7E-06 

Fluorene 6.3E-06 2.7E-11 6.3E-06 7.6E-11 6.3E-06 2.0E-05 3.8E-10 2.0E-05 1.1E-09 2.0E-05 

PCBs                 

Aroclor 1254 (Total PCBs) 10.8 2.1E-04 10.8 6.0E-04 10.8 0.49 2.7E-05 0.49 7.7E-05 0.49 

VOCs                 

1,1,1-Trichloroethane 2.1E-08 3.1E-16 2.1E-08 8.8E-16 2.1E-08 4.7E-06 1.6E-13 4.7E-06 4.5E-13 4.7E-06 

Bromoform 4.7E-06 7.1E-14 4.7E-06 2.0E-13 4.7E-06 0.0023 1.7E-11 0.0023 4.6E-11 0.0023 

Carbon Tetrachloride 1.6E-04 3.8E-13 1.6E-04 1.1E-12 1.6E-04 0.033 9.0E-11 0.033 2.5E-10 0.033 

Chloroform 4.5E-06 2.3E-14 4.5E-06 6.4E-14 4.5E-06 0.0026 1.9E-11 0.0026 5.2E-11 0.0026 

Dichloromethane 1.7E-05 8.1E-13 1.7E-05 2.3E-12 1.7E-05 0.0047 2.2E-09 0.0047 6.1E-09 0.0047 

Trichlorofluoromethane 
(FREON 11) 3.7E-07 4.3E-14 3.7E-07 1.2E-13 3.7E-07 1.5E-04 2.1E-11 1.5E-04 5.7E-11 1.5E-04 

Chlorinated Monocyclic 
Aromatics                
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COPC 

Hazard Quotient – Bowmanville Subdivision – 400,000 tpy 

Infant Toddler 

Baseline 
Case 

Project 
Alone 
Case 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Baseline 
Case 

Project 
Alone 
Case 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

1,2,4,5-Tetrachlorobenzene 0.0020 2.8E-09 0.0020 7.7E-09 0.0020 0.045 2.8E-08 0.045 7.9E-08 0.045 

1,2,4-Trichlorobenzene 6.3E-04 6.4E-12 6.3E-04 1.8E-11 6.3E-04 0.057 1.5E-10 0.057 4.2E-10 0.057 

1,2-Dichlorobenzene 3.9E-07 3.7E-13 3.9E-07 1.0E-12 3.9E-07 1.1E-04 5.3E-11 1.1E-04 1.5E-10 1.1E-04 

Hexachlorobenzene 0.0025 5.5E-10 0.0025 1.5E-09 0.0025 0.019 2.5E-09 0.019 7.0E-09 0.019 

Pentachlorobenzene 9.3E-04 7.2E-09 9.3E-04 2.0E-08 9.3E-04 0.0094 4.0E-08 0.0094 1.1E-07 0.0094 

Pentachlorophenol 8.9E-07 1.4E-08 9.1E-07 3.7E-08 9.3E-07 2.3E-06 1.4E-07 2.4E-06 3.8E-07 2.7E-06 

Inorganics                 

Antimony 0.011 5.3E-06 0.011 7.7E-06 0.011 0.052 4.3E-05 0.052 6.2E-05 0.052 

Arsenic 0.10 6.2E-07 0.10 9.1E-07 0.10 0.32 4.4E-06 0.32 6.3E-06 0.32 

Barium 0.0019 7.5E-09 0.0019 1.1E-08 0.0019 0.0079 6.1E-08 0.0079 8.9E-08 0.0079 

Beryllium 0.0013 6.0E-07 0.0013 8.6E-07 0.0013 0.050 2.2E-06 0.050 3.1E-06 0.050 

Boron 2.8E-04 4.1E-08 2.8E-04 6.0E-08 2.8E-04 0.022 1.2E-05 0.022 1.7E-05 0.022 

Cadmium 0.0045 1.9E-05 0.0045 2.7E-05 0.0046 0.027 3.1E-04 0.027 4.4E-04 0.027 

Chromium (Total) 5.7E-05 4.5E-10 5.7E-05 6.5E-10 5.7E-05 2.3E-04 3.8E-09 2.3E-04 5.4E-09 2.3E-04 

Chromium VI - 1.0E-07 1.0E-07 1.5E-07 1.5E-07 - 8.1E-07 8.1E-07 1.2E-06 1.2E-06 

Cobalt 0.021 3.2E-06 0.021 4.7E-06 0.021 0.070 1.8E-05 0.070 2.6E-05 0.070 
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COPC 

Hazard Quotient – Bowmanville Subdivision – 400,000 tpy 

Infant Toddler 

Baseline 
Case 

Project 
Alone 
Case 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Baseline 
Case 

Project 
Alone 
Case 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Mercury - Inorganic 9.1E-04 4.3E-05 9.6E-04 6.2E-05 9.7E-04 0.0061 2.2E-04 0.0063 3.1E-04 0.0064 

Methylmercury - 3.1E-06 3.1E-06 4.5E-06 4.5E-06 - 2.4E-05 2.4E-05 3.4E-05 3.4E-05 

Nickel 0.0036 6.8E-06 0.0037 9.8E-06 0.0037 0.013 2.6E-05 0.013 3.7E-05 0.013 

Phosphorus 2.2E-07 2.0E-13 2.2E-07 2.9E-13 2.2E-07 5.1E-05 8.4E-11 5.1E-05 1.2E-10 5.1E-05 

Selenium 7.2E-04 7.2E-09 7.2E-04 1.0E-08 7.2E-04 0.011 1.8E-07 0.011 2.6E-07 0.011 

Silver 2.1E-04 1.2E-07 2.1E-04 1.8E-07 2.1E-04 0.0024 2.7E-06 0.0024 4.0E-06 0.0024 

Thallium 0.046 5.0E-04 0.046 7.3E-04 0.046 0.25 0.0023 0.26 0.0033 0.26 

Tin 1.4E-04 1.7E-07 1.4E-04 2.5E-07 1.4E-04 9.2E-04 7.0E-07 9.2E-04 1.0E-06 9.2E-04 

Vanadium 0.013 5.4E-07 0.013 7.8E-07 0.013 0.046 1.8E-06 0.046 2.6E-06 0.046 

Zinc 9.8E-04 6.1E-07 9.8E-04 8.9E-07 9.8E-04 0.020 1.4E-05 0.020 2.0E-05 0.020 

‘-‘ - No baseline concentration was available for this COPC. 

A bolded cell indicates exposures for that particular scenario and COPC exceeded the regulatory benchmark. 
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Table 7-59 Multi-Pathway Risk Assessment –Operational Cases Hazard Quotient Results for the Courtice Subdivision Infant and Toddler 
Receptor Groupings at 400,000 tpy 

COPC 

Hazard Quotient – Courtice Subdivision – 400,000 tpy 

Infant Toddler 

Baseline 
Case 

Project 
Alone 
Case 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Baseline 
Case 

Project 
Alone 
Case 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

PAHs           

Acenaphthene 4.1E-06 1.4E-11 4.1E-06 3.9E-11 4.1E-06 1.3E-05 3.4E-10 1.3E-05 9.4E-10 1.3E-05 

Anthracene 9.5E-07 3.1E-12 9.5E-07 8.7E-12 9.5E-07 2.7E-06 2.7E-11 2.7E-06 7.6E-11 2.7E-06 

Fluorene 6.3E-06 2.0E-11 6.3E-06 5.7E-11 6.3E-06 2.0E-05 2.8E-10 2.0E-05 7.9E-10 2.0E-05 

PCBs                 

Aroclor 1254 (Total PCBs) 10.8 1.6E-04 10.8 4.5E-04 10.8 0.49 2.1E-05 0.49 5.7E-05 0.49 

VOCs                 

1,1,1-Trichloroethane 2.1E-08 2.4E-16 2.1E-08 6.6E-16 2.1E-08 4.7E-06 1.2E-13 4.7E-06 3.3E-13 4.7E-06 

Bromoform 4.7E-06 5.3E-14 4.7E-06 1.5E-13 4.7E-06 0.0023 1.2E-11 0.0023 3.5E-11 0.0023 

Carbon Tetrachloride 1.6E-04 2.8E-13 1.6E-04 7.9E-13 1.6E-04 0.033 6.7E-11 0.033 1.9E-10 0.033 

Chloroform 4.5E-06 1.7E-14 4.5E-06 4.8E-14 4.5E-06 0.0026 1.4E-11 0.0026 3.9E-11 0.0026 

Dichloromethane 1.7E-05 6.0E-13 1.7E-05 1.7E-12 1.7E-05 0.0047 1.6E-09 0.0047 4.5E-09 0.0047 

Trichlorofluoromethane 
(FREON 11) 3.7E-07 3.2E-14 3.7E-07 9.0E-14 3.7E-07 1.5E-04 1.5E-11 1.5E-04 4.3E-11 1.5E-04 

Chlorinated Monocyclic 
Aromatics                 
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COPC 

Hazard Quotient – Courtice Subdivision – 400,000 tpy 

Infant Toddler 

Baseline 
Case 

Project 
Alone 
Case 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Baseline 
Case 

Project 
Alone 
Case 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

1,2,4,5-Tetrachlorobenzene 0.0020 2.1E-09 0.0020 5.8E-09 0.0020 0.045 2.1E-08 0.045 5.9E-08 0.045 

1,2,4-Trichlorobenzene 6.3E-04 4.8E-12 6.3E-04 1.3E-11 6.3E-04 0.057 1.1E-10 0.057 3.2E-10 0.057 

1,2-Dichlorobenzene 3.9E-07 2.7E-13 3.9E-07 7.7E-13 3.9E-07 1.1E-04 4.0E-11 1.1E-04 1.1E-10 1.1E-04 

Hexachlorobenzene 0.0025 4.1E-10 0.0025 1.2E-09 0.0025 0.019 1.9E-09 0.019 5.3E-09 0.019 

Pentachlorobenzene 9.3E-04 5.4E-09 9.3E-04 1.5E-08 9.3E-04 0.0094 3.0E-08 0.0094 8.5E-08 0.0094 

Pentachlorophenol 8.9E-07 9.6E-09 9.0E-07 2.6E-08 9.2E-07 2.3E-06 9.9E-08 2.4E-06 2.7E-07 2.5E-06 

Inorganics                 

Antimony 0.011 3.8E-06 0.011 5.5E-06 0.011 0.052 3.1E-05 0.052 4.4E-05 0.052 

Arsenic 0.10 4.5E-07 0.10 6.5E-07 0.10 0.32 3.1E-06 0.32 4.5E-06 0.32 

Barium 0.0019 5.4E-09 0.0019 7.8E-09 0.0019 0.0079 4.4E-08 0.0079 6.3E-08 0.0079 

Beryllium 0.0013 4.3E-07 0.0013 6.2E-07 0.0013 0.050 1.5E-06 0.050 2.2E-06 0.050 

Boron 2.8E-04 3.0E-08 2.8E-04 4.3E-08 2.8E-04 0.022 8.2E-06 0.022 1.2E-05 0.022 

Cadmium 0.0045 1.4E-05 0.0045 2.0E-05 0.0045 0.027 2.2E-04 0.027 3.2E-04 0.027 

Chromium (Total) 5.7E-05 3.2E-10 5.7E-05 4.7E-10 5.7E-05 2.3E-04 2.6E-09 2.3E-04 3.8E-09 2.3E-04 

Chromium VI - 7.5E-08 7.5E-08 1.1E-07 1.1E-07 - 5.7E-07 5.7E-07 8.2E-07 8.2E-07 

Cobalt 0.021 2.3E-06 0.021 3.3E-06 0.021 0.070 1.3E-05 0.070 1.8E-05 0.070 
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COPC 

Hazard Quotient – Courtice Subdivision – 400,000 tpy 

Infant Toddler 

Baseline 
Case 

Project 
Alone 
Case 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Baseline 
Case 

Project 
Alone 
Case 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Mercury - Inorganic 9.1E-04 2.9E-05 9.4E-04 4.1E-05 9.5E-04 0.0061 1.5E-04 0.0062 2.1E-04 0.0063 

Methylmercury - 2.2E-06 2.2E-06 3.2E-06 3.2E-06 - 1.7E-05 1.7E-05 2.4E-05 2.4E-05 

Nickel 0.0036 4.8E-06 0.0037 7.0E-06 0.0037 0.013 1.8E-05 0.013 2.6E-05 0.013 

Phosphorus 2.2E-07 1.5E-13 2.2E-07 2.1E-13 2.2E-07 5.1E-05 6.0E-11 5.1E-05 8.7E-11 5.1E-05 

Selenium 7.2E-04 5.2E-09 7.2E-04 7.5E-09 7.2E-04 0.011 1.3E-07 0.011 1.8E-07 0.011 

Silver 2.1E-04 8.7E-08 2.1E-04 1.3E-07 2.1E-04 0.0024 1.9E-06 0.0024 2.8E-06 0.0024 

Thallium 0.046 3.6E-04 0.046 5.2E-04 0.046 0.25 0.0016 0.25 0.0023 0.26 

Tin 1.4E-04 1.2E-07 1.4E-04 1.8E-07 1.4E-04 9.2E-04 5.0E-07 9.2E-04 7.3E-07 9.2E-04 

Vanadium 0.013 3.9E-07 0.013 5.6E-07 0.013 0.046 1.3E-06 0.046 1.9E-06 0.046 

Zinc 9.8E-04 4.4E-07 9.8E-04 6.4E-07 9.8E-04 0.020 9.7E-06 0.020 1.4E-05 0.020 

‘-‘ - No baseline concentration was available for this COPC. 

A bolded cell indicates exposures for that particular scenario and COPC exceeded the regulatory benchmark. 
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Table 7-60 Multi-Pathway Risk Assessment –Operational Cases Hazard Quotient Results for the Courtice Road Infant and Toddler Receptor 
Groupings at 400,000 tpy 

COPC 

Hazard Quotient – Courtice Road – 400,000 tpy 

Infant Toddler 

Baseline 
Case 

Project 
Alone 
Case 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Baseline 
Case 

Project 
Alone 
Case 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

PAHs           

Acenaphthene 4.1E-06 5.9E-11 4.1E-06 1.6E-10 4.1E-06 1.3E-05 1.4E-09 1.3E-05 3.9E-09 1.3E-05 

Anthracene 9.5E-07 1.3E-11 9.5E-07 3.6E-11 9.5E-07 2.7E-06 1.1E-10 2.7E-06 3.2E-10 2.7E-06 

Fluorene 6.3E-06 8.5E-11 6.3E-06 2.4E-10 6.3E-06 2.0E-05 1.2E-09 2.0E-05 3.3E-09 2.0E-05 

PCBs                 

Aroclor 1254 (Total PCBs) 10.8 6.7E-04 10.8 0.0019 10.8 0.49 8.6E-05 0.49 2.4E-04 0.50 

VOCs                 

1,1,1-Trichloroethane 2.1E-08 9.8E-16 2.1E-08 2.8E-15 2.1E-08 4.7E-06 5.0E-13 4.7E-06 1.4E-12 4.7E-06 

Bromoform 4.7E-06 2.2E-13 4.7E-06 6.2E-13 4.7E-06 0.0023 5.2E-11 0.0023 1.5E-10 0.0023 

Carbon Tetrachloride 1.6E-04 1.2E-12 1.6E-04 3.3E-12 1.6E-04 0.033 2.8E-10 0.033 7.8E-10 0.033 

Chloroform 4.5E-06 7.2E-14 4.5E-06 2.0E-13 4.5E-06 0.0026 5.8E-11 0.0026 1.6E-10 0.0026 

Dichloromethane 1.7E-05 2.5E-12 1.7E-05 7.1E-12 1.7E-05 0.0047 6.8E-09 0.0047 1.9E-08 0.0047 

Trichlorofluoromethane 
(FREON 11) 3.7E-07 1.3E-13 3.7E-07 3.8E-13 3.7E-07 1.5E-04 6.4E-11 1.5E-04 1.8E-10 1.5E-04 

Chlorinated Monocyclic 
Aromatics                 
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COPC 

Hazard Quotient – Courtice Road – 400,000 tpy 

Infant Toddler 

Baseline 
Case 

Project 
Alone 
Case 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Baseline 
Case 

Project 
Alone 
Case 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

1,2,4,5-Tetrachlorobenzene 0.0020 8.6E-09 0.0020 2.4E-08 0.0020 0.045 8.8E-08 0.045 2.5E-07 0.045 

1,2,4-Trichlorobenzene 6.3E-04 2.0E-11 6.3E-04 5.6E-11 6.3E-04 0.057 4.7E-10 0.057 1.3E-09 0.057 

1,2-Dichlorobenzene 3.9E-07 1.1E-12 3.9E-07 3.2E-12 3.9E-07 1.1E-04 1.7E-10 1.1E-04 4.6E-10 1.1E-04 

Hexachlorobenzene 0.0025 1.7E-09 0.0025 4.8E-09 0.0025 0.019 7.8E-09 0.019 2.2E-08 0.019 

Pentachlorobenzene 9.3E-04 2.3E-08 9.3E-04 6.3E-08 9.3E-04 0.0094 1.3E-07 0.0094 3.5E-07 0.0094 

Pentachlorophenol 8.9E-07 2.9E-08 9.2E-07 7.9E-08 9.7E-07 2.3E-06 3.0E-07 2.6E-06 8.3E-07 3.1E-06 

Inorganics                 

Antimony 0.011 1.2E-05 0.011 1.7E-05 0.011 0.052 9.2E-05 0.052 1.3E-04 0.052 

Arsenic 0.10 1.4E-06 0.10 2.0E-06 0.10 0.32 8.9E-06 0.32 1.3E-05 0.32 

Barium 0.0019 1.7E-08 0.0019 2.4E-08 0.0019 0.0079 1.3E-07 0.0079 1.9E-07 0.0079 

Beryllium 0.0013 1.3E-06 0.0013 1.9E-06 0.0013 0.050 4.7E-06 0.050 6.9E-06 0.050 

Boron 2.8E-04 9.2E-08 2.8E-04 1.3E-07 2.8E-04 0.022 2.5E-05 0.022 3.7E-05 0.022 

Cadmium 0.0045 4.2E-05 0.0046 6.1E-05 0.0046 0.027 6.8E-04 0.027 9.8E-04 0.028 

Chromium (Total) 5.7E-05 1.0E-09 5.7E-05 1.4E-09 5.7E-05 2.3E-04 7.5E-09 2.3E-04 1.1E-08 2.3E-04 

Chromium VI - 2.3E-07 2.3E-07 3.4E-07 3.4E-07 - 1.6E-06 1.6E-06 2.3E-06 2.3E-06 

Cobalt 0.021 7.2E-06 0.021 1.0E-05 0.021 0.070 3.7E-05 0.070 5.3E-05 0.070 
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COPC 

Hazard Quotient – Courtice Road – 400,000 tpy 

Infant Toddler 

Baseline 
Case 

Project 
Alone 
Case 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Baseline 
Case 

Project 
Alone 
Case 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Mercury - Inorganic 9.1E-04 9.8E-05 0.0010 1.4E-04 0.0011 0.0061 4.9E-04 0.0065 7.1E-04 0.0068 

Methylmercury - 7.0E-06 7.0E-06 1.0E-05 1.0E-05 - 5.0E-05 5.0E-05 7.2E-05 7.2E-05 

Nickel 0.0036 1.5E-05 0.0037 2.2E-05 0.0037 0.013 5.4E-05 0.013 7.9E-05 0.013 

Phosphorus 2.2E-07 4.5E-13 2.2E-07 6.5E-13 2.2E-07 5.1E-05 1.8E-10 5.1E-05 2.7E-10 5.1E-05 

Selenium 7.2E-04 1.6E-08 7.2E-04 2.3E-08 7.2E-04 0.011 3.4E-07 0.011 5.0E-07 0.011 

Silver 2.1E-04 2.7E-07 2.1E-04 3.9E-07 2.1E-04 0.0024 5.7E-06 0.0024 8.2E-06 0.0024 

Thallium 0.046 0.0011 0.047 0.0016 0.047 0.25 0.0048 0.26 0.0069 0.26 

Tin 1.4E-04 3.8E-07 1.4E-04 5.5E-07 1.4E-04 9.2E-04 1.5E-06 9.2E-04 2.2E-06 9.2E-04 

Vanadium 0.013 1.2E-06 0.013 1.7E-06 0.013 0.046 4.0E-06 0.046 5.8E-06 0.046 

Zinc 9.8E-04 1.4E-06 9.8E-04 2.0E-06 9.8E-04 0.020 3.0E-05 0.020 4.3E-05 0.020 

‘-‘ - No baseline concentration was available for this COPC. 

A bolded cell indicates exposures for that particular scenario and COPC exceeded the regulatory benchmark. 
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Table 7-61 Multi-Pathway Risk Assessment –Operational Cases Hazard Quotient Results for the Maple Grove Infant and Toddler Receptor 
Groupings – 400,000 tpy 

COPC 

Hazard Quotient – Maple Grove – 400,000 tpy 

Infant Toddler 

Baseline 
Case 

Project 
Alone 
Case 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Baseline 
Case 

Project 
Alone 
Case 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

PAHs           

Acenaphthene 4.1E-06 1.6E-11 4.1E-06 4.5E-11 4.1E-06 1.3E-05 3.9E-10 1.3E-05 1.1E-09 1.3E-05 

Anthracene 9.5E-07 3.6E-12 9.5E-07 1.0E-11 9.5E-07 2.7E-06 3.1E-11 2.7E-06 8.8E-11 2.7E-06 

Fluorene 6.3E-06 2.3E-11 6.3E-06 6.6E-11 6.3E-06 2.0E-05 3.3E-10 2.0E-05 9.1E-10 2.0E-05 

PCBs                 

Aroclor 1254 (Total PCBs) 10.8 1.9E-04 10.8 5.2E-04 10.8 0.49 2.4E-05 0.49 6.6E-05 0.49 

VOCs                 

1,1,1-Trichloroethane 2.1E-08 2.7E-16 2.1E-08 7.6E-16 2.1E-08 4.7E-06 1.4E-13 4.7E-06 3.8E-13 4.7E-06 

Bromoform 4.7E-06 6.1E-14 4.7E-06 1.7E-13 4.7E-06 0.0023 1.4E-11 0.0023 4.0E-11 0.0023 

Carbon Tetrachloride 1.6E-04 3.2E-13 1.6E-04 9.1E-13 1.6E-04 0.033 7.7E-11 0.033 2.2E-10 0.033 

Chloroform 4.5E-06 2.0E-14 4.5E-06 5.5E-14 4.5E-06 0.0026 1.6E-11 0.0026 4.5E-11 0.0026 

Dichloromethane 1.7E-05 7.0E-13 1.7E-05 1.9E-12 1.7E-05 0.0047 1.9E-09 0.0047 5.2E-09 0.0047 

Trichlorofluoromethane 
(FREON 11) 3.7E-07 3.7E-14 3.7E-07 1.0E-13 3.7E-07 1.5E-04 1.8E-11 1.5E-04 5.0E-11 1.5E-04 

Chlorinated Monocyclic 
Aromatics                 
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COPC 

Hazard Quotient – Maple Grove – 400,000 tpy 

Infant Toddler 

Baseline 
Case 

Project 
Alone 
Case 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Baseline 
Case 

Project 
Alone 
Case 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

1,2,4,5-Tetrachlorobenzene 0.0020 2.4E-09 0.0020 6.7E-09 0.0020 0.045 2.4E-08 0.045 6.8E-08 0.045 

1,2,4-Trichlorobenzene 6.3E-04 5.5E-12 6.3E-04 1.5E-11 6.3E-04 0.057 1.3E-10 0.057 3.6E-10 0.057 

1,2-Dichlorobenzene 3.9E-07 3.2E-13 3.9E-07 8.8E-13 3.9E-07 1.1E-04 4.6E-11 1.1E-04 1.3E-10 1.1E-04 

Hexachlorobenzene 0.0025 4.8E-10 0.0025 1.3E-09 0.0025 0.019 2.2E-09 0.019 6.1E-09 0.019 

Pentachlorobenzene 9.3E-04 6.2E-09 9.3E-04 1.7E-08 9.3E-04 0.0094 3.5E-08 0.0094 9.8E-08 0.0094 

Pentachlorophenol 8.9E-07 1.2E-08 9.0E-07 3.2E-08 9.2E-07 2.3E-06 1.2E-07 2.4E-06 3.2E-07 2.6E-06 

Inorganics                 

Antimony 0.011 2.9E-06 0.011 4.2E-06 0.011 0.052 2.2E-05 0.052 3.2E-05 0.052 

Arsenic 0.10 3.4E-07 0.10 4.9E-07 0.10 0.32 2.2E-06 0.32 3.1E-06 0.32 

Barium 0.0019 4.0E-09 0.0019 5.9E-09 0.0019 0.0079 3.2E-08 0.0079 4.6E-08 0.0079 

Beryllium 0.0013 3.2E-07 0.0013 4.7E-07 0.0013 0.050 1.1E-06 0.050 1.7E-06 0.050 

Boron 2.8E-04 2.2E-08 2.8E-04 3.2E-08 2.8E-04 0.022 6.1E-06 0.022 8.8E-06 0.022 

Cadmium 0.0045 1.0E-05 0.0045 1.5E-05 0.0045 0.027 1.6E-04 0.027 2.4E-04 0.027 

Chromium (Total) 5.7E-05 2.4E-10 5.7E-05 3.5E-10 5.7E-05 2.3E-04 1.8E-09 2.3E-04 2.6E-09 2.3E-04 

Chromium VI - 5.6E-08 5.6E-08 8.1E-08 8.1E-08 - 3.9E-07 3.9E-07 5.7E-07 5.7E-07 

Cobalt 0.021 1.7E-06 0.021 2.5E-06 0.021 0.070 9.0E-06 0.070 1.3E-05 0.070 
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COPC 

Hazard Quotient – Maple Grove – 400,000 tpy 

Infant Toddler 

Baseline 
Case 

Project 
Alone 
Case 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Baseline 
Case 

Project 
Alone 
Case 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Mercury - Inorganic 9.1E-04 3.1E-05 9.4E-04 4.6E-05 9.6E-04 0.0061 1.6E-04 0.0062 2.3E-04 0.0063 

Methylmercury - 1.7E-06 1.7E-06 2.4E-06 2.4E-06 - 1.4E-05 1.4E-05 2.1E-05 2.1E-05 

Nickel 0.0036 3.6E-06 0.0037 5.3E-06 0.0037 0.013 1.3E-05 0.013 1.9E-05 0.013 

Phosphorus 2.2E-07 1.1E-13 2.2E-07 1.6E-13 2.2E-07 5.1E-05 4.5E-11 5.1E-05 6.5E-11 5.1E-05 

Selenium 7.2E-04 3.9E-09 7.2E-04 5.6E-09 7.2E-04 0.011 8.5E-08 0.011 1.2E-07 0.011 

Silver 2.1E-04 6.5E-08 2.1E-04 9.5E-08 2.1E-04 0.0024 1.4E-06 0.0024 2.0E-06 0.0024 

Thallium 0.046 2.7E-04 0.046 3.9E-04 0.046 0.25 0.0012 0.25 0.0017 0.25 

Tin 1.4E-04 9.1E-08 1.4E-04 1.3E-07 1.4E-04 9.2E-04 3.7E-07 9.2E-04 5.4E-07 9.2E-04 

Vanadium 0.013 2.9E-07 0.013 4.2E-07 0.013 0.046 9.7E-07 0.046 1.4E-06 0.046 

Zinc 9.8E-04 3.3E-07 9.8E-04 4.8E-07 9.8E-04 0.020 7.2E-06 0.020 1.0E-05 0.020 

‘-‘ - No baseline concentration was available for this COPC. 

A bolded cell indicates exposures for that particular scenario and COPC exceeded the regulatory benchmark. 
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Table 7-62 Multi-Pathway Risk Assessment –Operational Cases Hazard Quotient Results for the Oshawa Subdivision Infant and Toddler Receptor 
Groupings at 400,000 tpy 

COPC 

Hazard Quotient – Oshawa Subdivision – 400,000 tpy 

Infant Toddler 

Baseline 
Case 

Project 
Alone 
Case 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Baseline 
Case 

Project 
Alone 
Case 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

PAHs           

Acenaphthene 4.1E-06 2.3E-11 4.1E-06 6.6E-11 4.1E-06 1.3E-05 5.6E-10 1.3E-05 1.6E-09 1.3E-05 

Anthracene 9.5E-07 5.2E-12 9.5E-07 1.4E-11 9.5E-07 2.7E-06 4.6E-11 2.7E-06 1.3E-10 2.7E-06 

Fluorene 6.3E-06 3.4E-11 6.3E-06 9.5E-11 6.3E-06 2.0E-05 4.7E-10 2.0E-05 1.3E-09 2.0E-05 

PCBs                      

Aroclor 1254 (Total PCBs) 10.8 2.7E-04 10.8 7.5E-04 10.8 0.49 3.4E-05 0.49 9.6E-05 0.49 

VOCs                      

1,1,1-Trichloroethane 2.1E-08 3.9E-16 2.1E-08 1.1E-15 2.1E-08 4.7E-06 2.0E-13 4.7E-06 5.6E-13 4.7E-06 

Bromoform 4.7E-06 8.9E-14 4.7E-06 2.5E-13 4.7E-06 0.0023 2.1E-11 0.0023 5.8E-11 0.0023 

Carbon Tetrachloride 1.6E-04 4.7E-13 1.6E-04 1.3E-12 1.6E-04 0.033 1.1E-10 0.033 3.1E-10 0.033 

Chloroform 4.5E-06 2.9E-14 4.5E-06 8.0E-14 4.5E-06 0.0026 2.3E-11 0.0026 6.6E-11 0.0026 

Dichloromethane 1.7E-05 1.0E-12 1.7E-05 2.8E-12 1.7E-05 0.0047 2.7E-09 0.0047 7.6E-09 0.0047 

Trichlorofluoromethane 
(FREON 11) 3.7E-07 5.4E-14 3.7E-07 1.5E-13 3.7E-07 1.5E-04 2.6E-11 1.5E-04 7.2E-11 1.5E-04 

Chlorinated Monocyclic 
Aromatics                      
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COPC 

Hazard Quotient – Oshawa Subdivision – 400,000 tpy 

Infant Toddler 

Baseline 
Case 

Project 
Alone 
Case 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Baseline 
Case 

Project 
Alone 
Case 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

1,2,4,5-Tetrachlorobenzene 0.0020 3.4E-09 0.0020 9.7E-09 0.0020 0.045 3.5E-08 0.045 9.8E-08 0.045 

1,2,4-Trichlorobenzene 6.3E-04 8.0E-12 6.3E-04 2.2E-11 6.3E-04 0.057 1.9E-10 0.057 5.3E-10 0.057 

1,2-Dichlorobenzene 3.9E-07 4.6E-13 3.9E-07 1.3E-12 3.9E-07 1.1E-04 6.7E-11 1.1E-04 1.9E-10 1.1E-04 

Hexachlorobenzene 0.0025 6.9E-10 0.0025 1.9E-09 0.0025 0.019 3.1E-09 0.019 8.8E-09 0.019 

Pentachlorobenzene 9.3E-04 9.0E-09 9.3E-04 2.5E-08 9.3E-04 0.0094 5.1E-08 0.0094 1.4E-07 0.0094 

Pentachlorophenol 8.9E-07 1.7E-08 9.1E-07 4.7E-08 9.4E-07 2.3E-06 1.8E-07 2.5E-06 4.8E-07 2.8E-06 

Inorganics                      

Antimony 0.011 5.1E-06 0.011 7.3E-06 0.011 0.052 4.0E-05 0.052 5.8E-05 0.052 

Arsenic 0.10 5.9E-07 0.10 8.6E-07 0.10 0.32 4.0E-06 0.32 5.7E-06 0.32 

Barium 0.0019 7.1E-09 0.0019 1.0E-08 0.0019 0.0079 5.7E-08 0.0079 8.2E-08 0.0079 

Beryllium 0.0013 5.7E-07 0.0013 8.2E-07 0.0013 0.050 2.0E-06 0.050 2.9E-06 0.050 

Boron 2.8E-04 3.9E-08 2.8E-04 5.7E-08 2.8E-04 0.022 1.1E-05 0.022 1.6E-05 0.022 

Cadmium 0.0045 1.8E-05 0.0045 2.6E-05 0.0046 0.027 2.9E-04 0.027 4.2E-04 0.027 

Chromium (Total) 5.7E-05 4.3E-10 5.7E-05 6.2E-10 5.7E-05 2.3E-04 3.3E-09 2.3E-04 4.9E-09 2.3E-04 

Chromium VI - 9.9E-08 9.9E-08 1.4E-07 1.4E-07 - 7.2E-07 7.2E-07 1.0E-06 1.0E-06 

Cobalt 0.021 3.1E-06 0.021 4.4E-06 0.021 0.070 1.6E-05 0.070 2.3E-05 0.070 
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COPC 

Hazard Quotient – Oshawa Subdivision – 400,000 tpy 

Infant Toddler 

Baseline 
Case 

Project 
Alone 
Case 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Baseline 
Case 

Project 
Alone 
Case 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Mercury - Inorganic 9.1E-04 4.7E-05 9.6E-04 6.8E-05 9.8E-04 0.0061 2.4E-04 0.0063 3.5E-04 0.0064 

Methylmercury - 3.0E-06 3.0E-06 4.3E-06 4.3E-06 - 2.4E-05 2.4E-05 3.5E-05 3.5E-05 

Nickel 0.0036 6.4E-06 0.0037 9.3E-06 0.0037 0.013 2.4E-05 0.013 3.4E-05 0.013 

Phosphorus 2.2E-07 1.9E-13 2.2E-07 2.8E-13 2.2E-07 5.1E-05 7.9E-11 5.1E-05 1.1E-10 5.1E-05 

Selenium 7.2E-04 6.8E-09 7.2E-04 9.9E-09 7.2E-04 0.011 1.6E-07 0.011 2.3E-07 0.011 

Silver 2.1E-04 1.2E-07 2.1E-04 1.7E-07 2.1E-04 0.0024 2.5E-06 0.0024 3.6E-06 0.0024 

Thallium 0.046 4.8E-04 0.046 6.9E-04 0.046 0.25 0.0021 0.25 0.0030 0.26 

Tin 1.4E-04 1.6E-07 1.4E-04 2.3E-07 1.4E-04 9.2E-04 6.6E-07 9.2E-04 9.6E-07 9.2E-04 

Vanadium 0.013 5.1E-07 0.013 7.4E-07 0.013 0.046 1.7E-06 0.046 2.5E-06 0.046 

Zinc 9.8E-04 5.8E-07 9.8E-04 8.5E-07 9.8E-04 0.020 1.3E-05 0.020 1.9E-05 0.020 

‘-‘ - No baseline concentration was available for this COPC. 

A bolded cell indicates exposures for that particular scenario and COPC exceeded the regulatory benchmark. 
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Table 7-63 Multi-Pathway Risk Assessment –Operational Cases Hazard Quotient Results for the Port Darlington Infant and Toddler Receptor 
Groupings at 400,000 tpy 

COPC 

Hazard Quotient – Port Darlington – 400,000 tpy 

Infant Toddler 

Baseline 
Case 

Project 
Alone 
Case 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Baseline 
Case 

Project 
Alone 
Case 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

PAHs           

Acenaphthene 4.1E-06 1.1E-11 4.1E-06 3.0E-11 4.1E-06 1.3E-05 2.5E-10 1.3E-05 7.1E-10 1.3E-05 

Anthracene 9.5E-07 2.3E-12 9.5E-07 6.5E-12 9.5E-07 2.7E-06 2.1E-11 2.7E-06 5.8E-11 2.7E-06 

Fluorene 6.3E-06 1.5E-11 6.3E-06 4.3E-11 6.3E-06 2.0E-05 2.1E-10 2.0E-05 6.0E-10 2.0E-05 

PCBs                      

Aroclor 1254 (Total PCBs) 10.8 1.2E-04 10.8 3.4E-04 10.8 0.49 1.6E-05 0.49 4.4E-05 0.49 

VOCs                      

1,1,1-Trichloroethane 2.1E-08 1.8E-16 2.1E-08 5.0E-16 2.1E-08 4.7E-06 9.0E-14 4.7E-06 2.5E-13 4.7E-06 

Bromoform 4.7E-06 4.0E-14 4.7E-06 1.1E-13 4.7E-06 0.0023 9.4E-12 0.0023 2.6E-11 0.0023 

Carbon Tetrachloride 1.6E-04 2.1E-13 1.6E-04 6.0E-13 1.6E-04 0.033 5.1E-11 0.033 1.4E-10 0.033 

Chloroform 4.5E-06 1.3E-14 4.5E-06 3.6E-14 4.5E-06 0.0026 1.1E-11 0.0026 3.0E-11 0.0026 

Dichloromethane 1.7E-05 4.6E-13 1.7E-05 1.3E-12 1.7E-05 0.0047 1.2E-09 0.0047 3.4E-09 0.0047 

Trichlorofluoromethane 
(FREON 11) 3.7E-07 2.4E-14 3.7E-07 6.8E-14 3.7E-07 1.5E-04 1.2E-11 1.5E-04 3.3E-11 1.5E-04 

Chlorinated Monocyclic 
Aromatics                      
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COPC 

Hazard Quotient – Port Darlington – 400,000 tpy 

Infant Toddler 

Baseline 
Case 

Project 
Alone 
Case 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Baseline 
Case 

Project 
Alone 
Case 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

1,2,4,5-Tetrachlorobenzene 0.0020 1.6E-09 0.0020 4.4E-09 0.0020 0.045 1.6E-08 0.045 4.4E-08 0.045 

1,2,4-Trichlorobenzene 6.3E-04 3.6E-12 6.3E-04 1.0E-11 6.3E-04 0.057 8.5E-11 0.057 2.4E-10 0.057 

1,2-Dichlorobenzene 3.9E-07 2.1E-13 3.9E-07 5.8E-13 3.9E-07 1.1E-04 3.0E-11 1.1E-04 8.4E-11 1.1E-04 

Hexachlorobenzene 0.0025 3.1E-10 0.0025 8.8E-10 0.0025 0.019 1.4E-09 0.019 4.0E-09 0.019 

Pentachlorobenzene 9.3E-04 4.1E-09 9.3E-04 1.1E-08 9.3E-04 0.0094 2.3E-08 0.0094 6.4E-08 0.0094 

Pentachlorophenol 8.9E-07 1.1E-08 9.0E-07 3.0E-08 9.2E-07 2.3E-06 1.1E-07 2.4E-06 3.0E-07 2.6E-06 

Inorganics                      

Antimony 0.011 1.8E-06 0.011 2.6E-06 0.011 0.052 1.4E-05 0.052 2.1E-05 0.052 

Arsenic 0.10 2.1E-07 0.10 3.1E-07 0.10 0.32 1.5E-06 0.32 2.1E-06 0.32 

Barium 0.0019 2.5E-09 0.0019 3.7E-09 0.0019 0.0079 2.1E-08 0.0079 3.0E-08 0.0079 

Beryllium 0.0013 2.0E-07 0.0013 2.9E-07 0.0013 0.050 7.3E-07 0.050 1.1E-06 0.050 

Boron 2.8E-04 1.4E-08 2.8E-04 2.0E-08 2.8E-04 0.022 3.9E-06 0.022 5.7E-06 0.022 

Cadmium 0.0045 6.4E-06 0.0045 9.3E-06 0.0045 0.027 1.0E-04 0.027 1.5E-04 0.027 

Chromium (Total) 5.7E-05 1.5E-10 5.7E-05 2.2E-10 5.7E-05 2.3E-04 1.3E-09 2.3E-04 1.8E-09 2.3E-04 

Chromium VI - 3.5E-08 3.5E-08 5.1E-08 5.1E-08 - 2.7E-07 2.7E-07 3.9E-07 3.9E-07 

Cobalt 0.021 1.1E-06 0.021 1.6E-06 0.021 0.070 5.9E-06 0.070 8.6E-06 0.070 
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COPC 

Hazard Quotient – Port Darlington – 400,000 tpy 

Infant Toddler 

Baseline 
Case 

Project 
Alone 
Case 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Baseline 
Case 

Project 
Alone 
Case 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Mercury - Inorganic 9.1E-04 2.8E-05 9.4E-04 4.1E-05 9.5E-04 0.0061 1.5E-04 0.0062 2.1E-04 0.0063 

Methylmercury - 1.1E-06 1.1E-06 1.5E-06 1.5E-06 - 1.1E-05 1.1E-05 1.6E-05 1.6E-05 

Nickel 0.0036 2.3E-06 0.0037 3.3E-06 0.0037 0.013 8.6E-06 0.013 1.2E-05 0.013 

Phosphorus 2.2E-07 6.9E-14 2.2E-07 1.0E-13 2.2E-07 5.1E-05 2.8E-11 5.1E-05 4.1E-11 5.1E-05 

Selenium 7.2E-04 2.4E-09 7.2E-04 3.5E-09 7.2E-04 0.011 6.0E-08 0.011 8.7E-08 0.011 

Silver 2.1E-04 4.1E-08 2.1E-04 6.0E-08 2.1E-04 0.0024 9.2E-07 0.0024 1.3E-06 0.0024 

Thallium 0.046 1.7E-04 0.046 2.5E-04 0.046 0.25 7.6E-04 0.25 0.0011 0.25 

Tin 1.4E-04 5.8E-08 1.4E-04 8.3E-08 1.4E-04 9.2E-04 2.4E-07 9.2E-04 3.5E-07 9.2E-04 

Vanadium 0.013 1.8E-07 0.013 2.7E-07 0.013 0.046 6.2E-07 0.046 9.0E-07 0.046 

Zinc 9.8E-04 2.1E-07 9.8E-04 3.0E-07 9.8E-04 0.020 4.6E-06 0.020 6.7E-06 0.020 

‘-‘ - No baseline concentration was available for this COPC. 

A bolded cell indicates exposures for that particular scenario and COPC exceeded the regulatory benchmark. 
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Table 7-64 Multi-Pathway Risk Assessment –Operational Cases Hazard Quotient Results for the Solina Road Infant and Toddler Receptor 
Groupings at 400,000 tpy 

COPC 

Hazard Quotient – Solina Road – 400,000 tpy 

Infant Toddler 

Baseline 
Case 

Project 
Alone 
Case 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Baseline 
Case 

Project 
Alone 
Case 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

PAHs           

Acenaphthene 4.1E-06 3.6E-11 4.1E-06 1.0E-10 4.1E-06 1.3E-05 8.7E-10 1.3E-05 2.4E-09 1.3E-05 

Anthracene 9.5E-07 8.0E-12 9.5E-07 2.2E-11 9.5E-07 2.7E-06 7.0E-11 2.7E-06 2.0E-10 2.7E-06 

Fluorene 6.3E-06 5.2E-11 6.3E-06 1.5E-10 6.3E-06 2.0E-05 7.3E-10 2.0E-05 2.0E-09 2.0E-05 

PCBs                      

Aroclor 1254 (Total PCBs) 10.8 4.1E-04 10.8 0.0012 10.8 0.49 5.3E-05 0.49 1.5E-04 0.49 

VOCs                      

1,1,1-Trichloroethane 2.1E-08 6.1E-16 2.1E-08 1.7E-15 2.1E-08 4.7E-06 3.1E-13 4.7E-06 8.6E-13 4.7E-06 

Bromoform 4.7E-06 1.4E-13 4.7E-06 3.8E-13 4.7E-06 0.0023 3.2E-11 0.0023 9.0E-11 0.0023 

Carbon Tetrachloride 1.6E-04 7.3E-13 1.6E-04 2.0E-12 1.6E-04 0.033 1.7E-10 0.033 4.8E-10 0.033 

Chloroform 4.5E-06 4.4E-14 4.5E-06 1.2E-13 4.5E-06 0.0026 3.6E-11 0.0026 1.0E-10 0.0026 

Dichloromethane 1.7E-05 1.6E-12 1.7E-05 4.4E-12 1.7E-05 0.0047 4.2E-09 0.0047 1.2E-08 0.0047 

Trichlorofluoromethane 
(FREON 11) 3.7E-07 8.3E-14 3.7E-07 2.3E-13 3.7E-07 1.5E-04 4.0E-11 1.5E-04 1.1E-10 1.5E-04 

Chlorinated Monocyclic 
Aromatics                      
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COPC 

Hazard Quotient – Solina Road – 400,000 tpy 

Infant Toddler 

Baseline 
Case 

Project 
Alone 
Case 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Baseline 
Case 

Project 
Alone 
Case 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

1,2,4,5-Tetrachlorobenzene 0.0020 5.3E-09 0.0020 1.5E-08 0.0020 0.045 5.4E-08 0.045 1.5E-07 0.045 

1,2,4-Trichlorobenzene 6.3E-04 1.2E-11 6.3E-04 3.5E-11 6.3E-04 0.057 2.9E-10 0.057 8.2E-10 0.057 

1,2-Dichlorobenzene 3.9E-07 7.1E-13 3.9E-07 2.0E-12 3.9E-07 1.1E-04 1.0E-10 1.1E-04 2.9E-10 1.1E-04 

Hexachlorobenzene 0.0025 1.1E-09 0.0025 3.0E-09 0.0025 0.019 4.9E-09 0.019 1.4E-08 0.019 

Pentachlorobenzene 9.3E-04 1.4E-08 9.3E-04 3.9E-08 9.3E-04 0.0094 7.8E-08 0.0094 2.2E-07 0.0094 

Pentachlorophenol 8.9E-07 2.0E-08 9.1E-07 5.6E-08 9.5E-07 2.3E-06 2.1E-07 2.5E-06 5.8E-07 2.9E-06 

Inorganics                      

Antimony 0.011 6.8E-06 0.011 9.8E-06 0.011 0.052 5.2E-05 0.052 7.5E-05 0.052 

Arsenic 0.10 8.0E-07 0.10 1.2E-06 0.10 0.32 5.0E-06 0.32 7.3E-06 0.32 

Barium 0.0019 9.5E-09 0.0019 1.4E-08 0.0019 0.0079 7.4E-08 0.0079 1.1E-07 0.0079 

Beryllium 0.0013 7.6E-07 0.0013 1.1E-06 0.0013 0.050 2.7E-06 0.050 3.9E-06 0.050 

Boron 2.8E-04 5.3E-08 2.8E-04 7.6E-08 2.8E-04 0.022 1.4E-05 0.022 2.1E-05 0.022 

Cadmium 0.0045 2.4E-05 0.0045 3.5E-05 0.0046 0.027 3.9E-04 0.027 5.6E-04 0.027 

Chromium (Total) 5.7E-05 5.7E-10 5.7E-05 8.3E-10 5.7E-05 2.3E-04 4.2E-09 2.3E-04 6.1E-09 2.3E-04 

Chromium VI - 1.3E-07 1.3E-07 1.9E-07 1.9E-07 - 9.0E-07 9.0E-07 1.3E-06 1.3E-06 

Cobalt 0.021 4.1E-06 0.021 5.9E-06 0.021 0.070 2.1E-05 0.070 3.0E-05 0.070 
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COPC 

Hazard Quotient – Solina Road – 400,000 tpy 

Infant Toddler 

Baseline 
Case 

Project 
Alone 
Case 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Baseline 
Case 

Project 
Alone 
Case 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Mercury - Inorganic 9.1E-04 6.3E-05 9.8E-04 9.1E-05 0.0010 0.0061 3.1E-04 0.0064 4.6E-04 0.0065 

Methylmercury - 4.0E-06 4.0E-06 5.8E-06 5.8E-06 - 3.0E-05 3.0E-05 4.3E-05 4.3E-05 

Nickel 0.0036 8.6E-06 0.0037 1.2E-05 0.0037 0.013 3.1E-05 0.013 4.5E-05 0.013 

Phosphorus 2.2E-07 2.6E-13 2.2E-07 3.7E-13 2.2E-07 5.1E-05 1.1E-10 5.1E-05 1.5E-10 5.1E-05 

Selenium 7.2E-04 9.1E-09 7.2E-04 1.3E-08 7.2E-04 0.011 1.9E-07 0.011 2.8E-07 0.011 

Silver 2.1E-04 1.5E-07 2.1E-04 2.2E-07 2.1E-04 0.0024 3.2E-06 0.0024 4.7E-06 0.0024 

Thallium 0.046 6.4E-04 0.046 9.3E-04 0.046 0.25 0.0027 0.26 0.0039 0.26 

Tin 1.4E-04 2.2E-07 1.4E-04 3.1E-07 1.4E-04 9.2E-04 8.7E-07 9.2E-04 1.3E-06 9.2E-04 

Vanadium 0.013 6.9E-07 0.013 9.9E-07 0.013 0.046 2.3E-06 0.046 3.3E-06 0.046 

Zinc 9.8E-04 7.8E-07 9.8E-04 1.1E-06 9.8E-04 0.020 1.7E-05 0.020 2.5E-05 0.020 

‘-‘ - No baseline concentration was available for this COPC. 

A bolded cell indicates exposures for that particular scenario and COPC exceeded the regulatory benchmark. 
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Table 7-65 Multi-Pathway Risk Assessment –Operational Cases Hazard Quotient Results for the Tooley Infant and Toddler Receptor Groupings at 
400,000 tpy 

COPC 

Hazard Quotient – Tooley – 400,000 tpy 

Infant Toddler 

Baseline 
Case 

Project 
Alone 
Case 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Baseline 
Case 

Project 
Alone 
Case 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

PAHs           

Acenaphthene 4.1E-06 6.5E-11 4.1E-06 1.8E-10 4.1E-06 1.3E-05 1.6E-09 1.3E-05 4.3E-09 1.3E-05 

Anthracene 9.5E-07 1.4E-11 9.5E-07 4.0E-11 9.5E-07 2.7E-06 1.3E-10 2.7E-06 3.5E-10 2.7E-06 

Fluorene 6.3E-06 9.4E-11 6.3E-06 2.6E-10 6.3E-06 2.0E-05 1.3E-09 2.0E-05 3.7E-09 2.0E-05 

PCBs                      

Aroclor 1254 (Total PCBs) 10.8 7.4E-04 10.8 0.0021 10.8 0.49 9.4E-05 0.49 2.6E-04 0.50 

VOCs                      

1,1,1-Trichloroethane 2.1E-08 1.1E-15 2.1E-08 3.0E-15 2.1E-08 4.7E-06 5.5E-13 4.7E-06 1.5E-12 4.7E-06 

Bromoform 4.7E-06 2.4E-13 4.7E-06 6.8E-13 4.7E-06 0.0023 5.7E-11 0.0023 1.6E-10 0.0023 

Carbon Tetrachloride 1.6E-04 1.3E-12 1.6E-04 3.6E-12 1.6E-04 0.033 3.1E-10 0.033 8.6E-10 0.033 

Chloroform 4.5E-06 7.9E-14 4.5E-06 2.2E-13 4.5E-06 0.0026 6.5E-11 0.0026 1.8E-10 0.0026 

Dichloromethane 1.7E-05 2.8E-12 1.7E-05 7.8E-12 1.7E-05 0.0047 7.5E-09 0.0047 2.1E-08 0.0047 

Trichlorofluoromethane 
(FREON 11) 3.7E-07 1.5E-13 3.7E-07 4.2E-13 3.7E-07 1.5E-04 7.1E-11 1.5E-04 2.0E-10 1.5E-04 

Chlorinated Monocyclic 
Aromatics                      
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COPC 

Hazard Quotient – Tooley – 400,000 tpy 

Infant Toddler 

Baseline 
Case 

Project 
Alone 
Case 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Baseline 
Case 

Project 
Alone 
Case 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

1,2,4,5-Tetrachlorobenzene 0.0020 9.5E-09 0.0020 2.7E-08 0.0020 0.045 9.7E-08 0.045 2.7E-07 0.045 

1,2,4-Trichlorobenzene 6.3E-04 2.2E-11 6.3E-04 6.2E-11 6.3E-04 0.057 5.2E-10 0.057 1.5E-09 0.057 

1,2-Dichlorobenzene 3.9E-07 1.3E-12 3.9E-07 3.5E-12 3.9E-07 1.1E-04 1.8E-10 1.1E-04 5.1E-10 1.1E-04 

Hexachlorobenzene 0.0025 1.9E-09 0.0025 5.3E-09 0.0025 0.019 8.7E-09 0.019 2.4E-08 0.019 

Pentachlorobenzene 9.3E-04 2.5E-08 9.3E-04 7.0E-08 9.3E-04 0.0094 1.4E-07 0.0094 3.9E-07 0.0094 

Pentachlorophenol 8.9E-07 2.7E-08 9.2E-07 7.5E-08 9.7E-07 2.3E-06 2.9E-07 2.6E-06 7.9E-07 3.1E-06 

Inorganics                      

Antimony 0.011 1.3E-05 0.011 1.8E-05 0.011 0.052 9.6E-05 0.052 1.4E-04 0.052 

Arsenic 0.10 1.5E-06 0.10 2.1E-06 0.10 0.32 9.2E-06 0.32 1.3E-05 0.32 

Barium 0.0019 1.8E-08 0.0019 2.6E-08 0.0019 0.0079 1.4E-07 0.0079 2.0E-07 0.0079 

Beryllium 0.0013 1.4E-06 0.0013 2.0E-06 0.0013 0.050 5.0E-06 0.050 7.2E-06 0.050 

Boron 2.8E-04 9.8E-08 2.8E-04 1.4E-07 2.8E-04 0.022 2.6E-05 0.022 3.8E-05 0.022 

Cadmium 0.0045 4.4E-05 0.0046 6.4E-05 0.0046 0.027 7.1E-04 0.027 0.0010 0.028 

Chromium (Total) 5.7E-05 1.1E-09 5.7E-05 1.5E-09 5.7E-05 2.3E-04 7.7E-09 2.3E-04 1.1E-08 2.3E-04 

Chromium VI - 2.4E-07 2.4E-07 3.6E-07 3.6E-07 - 1.6E-06 1.6E-06 2.4E-06 2.4E-06 

Cobalt 0.021 7.6E-06 0.021 1.1E-05 0.021 0.070 3.8E-05 0.070 5.6E-05 0.070 
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COPC 

Hazard Quotient – Tooley – 400,000 tpy 

Infant Toddler 

Baseline 
Case 

Project 
Alone 
Case 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Baseline 
Case 

Project 
Alone 
Case 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Mercury - Inorganic 9.1E-04 1.0E-04 0.0010 1.5E-04 0.0011 0.0061 4.9E-04 0.0066 7.2E-04 0.0068 

Methylmercury - 7.3E-06 7.3E-06 1.1E-05 1.1E-05 - 5.0E-05 5.0E-05 7.2E-05 7.2E-05 

Nickel 0.0036 1.6E-05 0.0037 2.3E-05 0.0037 0.013 5.7E-05 0.013 8.2E-05 0.013 

Phosphorus 2.2E-07 4.8E-13 2.2E-07 6.9E-13 2.2E-07 5.1E-05 1.9E-10 5.1E-05 2.8E-10 5.1E-05 

Selenium 7.2E-04 1.7E-08 7.2E-04 2.5E-08 7.2E-04 0.011 3.5E-07 0.011 5.1E-07 0.011 

Silver 2.1E-04 2.9E-07 2.1E-04 4.1E-07 2.1E-04 0.0024 5.9E-06 0.0024 8.6E-06 0.0024 

Thallium 0.046 0.0012 0.047 0.0017 0.047 0.25 0.0050 0.26 0.0072 0.26 

Tin 1.4E-04 4.0E-07 1.4E-04 5.8E-07 1.4E-04 9.2E-04 1.6E-06 9.2E-04 2.3E-06 9.2E-04 

Vanadium 0.013 1.3E-06 0.013 1.8E-06 0.013 0.046 4.2E-06 0.046 6.1E-06 0.046 

Zinc 9.8E-04 1.4E-06 9.8E-04 2.1E-06 9.8E-04 0.020 3.1E-05 0.020 4.6E-05 0.020 

‘-‘ - No baseline concentration was available for this COPC. 

A bolded cell indicates exposures for that particular scenario and COPC exceeded the regulatory benchmark. 
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Table 7-66 Multi-Pathway Risk Assessment –Operational Cases Hazard Quotient Results for Dioxins and Lead for the Local Resident Infant and 
Toddler Receptor Groupings at 400,000 tpy 

COPC 

Hazard Quotient – 400,000 tpy 

Infant Toddler 

Baseline 
Case 

Project 
Alone 
Case 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Baseline 
Case 

Project 
Alone 
Case 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Bowmanville Subdivision           

2,3,7,8-TCDD Equivalent 3.8 0.0019 3.8 0.0030 3.8 0.17 2.6E-04 0.17 3.8E-04 0.17 

Lead 0.040 1.5E-04 0.040 1.9E-04 0.040 0.12 5.4E-04 0.12 7.6E-04 0.12 

Courtice Subdivision           

2,3,7,8-TCDD Equivalent 3.8 0.0014 3.8 0.0021 3.8 0.17 1.9E-04 0.17 2.7E-04 0.17 

Lead 0.040 1.0E-04 0.040 1.3E-04 0.040 0.12 3.8E-04 0.12 5.4E-04 0.12 

Courtice Road           

2,3,7,8-TCDD Equivalent 3.8 0.0041 3.8 0.0063 3.8 0.17 5.7E-04 0.17 8.3E-04 0.17 

Lead 0.040 3.1E-04 0.040 4.1E-04 0.040 0.12 0.0012 0.12 0.0017 0.12 

Maple Grove           

2,3,7,8-TCDD Equivalent 3.8 0.0011 3.8 0.0017 3.8 0.17 1.4E-04 0.17 2.1E-04 0.17 

Lead 0.040 9.7E-05 0.040 1.2E-04 0.040 0.12 3.1E-04 0.12 4.2E-04 0.12 

Oshawa Subdivision           

2,3,7,8-TCDD Equivalent 3.83 0.0019 3.83 0.0029 3.83 0.17 2.5E-04 0.17 3.6E-04 0.17 

Lead 0.040 1.6E-04 0.040 2.0E-04 0.040 0.12 5.3E-04 0.12 7.4E-04 0.12 
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COPC 

Hazard Quotient – 400,000 tpy 

Infant Toddler 

Baseline 
Case 

Project 
Alone 
Case 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Baseline 
Case 

Project 
Alone 
Case 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Port Darlington           

2,3,7,8-TCDD Equivalent 3.83 7.4E-04 3.83 0.0013 3.83 0.17 9.3E-05 0.17 1.4E-04 0.17 

Lead 0.040 8.2E-05 0.040 9.6E-05 0.040 0.12 2.2E-04 0.12 2.9E-04 0.12 

Solina Road           

2,3,7,8-TCDD Equivalent 3.83 0.0024 3.83 0.0037 3.83 0.17 3.3E-04 0.17 4.8E-04 0.17 

Lead 0.040 2.1E-04 0.040 2.6E-04 0.040 0.12 7.0E-04 0.12 9.7E-04 0.12 

Tooley           

2,3,7,8-TCDD Equivalent 3.83 0.0042 3.83 0.0064 3.83 0.17 5.9E-04 0.17 8.7E-04 0.17 

Lead 0.040 3.2E-04 0.040 4.2E-04 0.040 0.12 0.0012 0.12 0.0017 0.12 

A bolded cell indicates exposures for that particular scenario and COPC exceeded the regulatory benchmark. 
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Local Farmers  

Chronic HQ values at 400,000 tpy, predicted for local farmer receptor locations, are presented 
in Table 7-67 and Table 7-68. Results of the assessment indicate that none of the predicted 
Project Alone Case or Process Upset Case hazard quotients exceeds the regulatory benchmark 
at 400,000 tpy; however, for a number of COPC, for both the infant and toddler receptors, HQ 
values were above 0.2 for the Baseline Case, Project Case and Process Upset Project Case. 
Specifically, this includes Total PCBs (HQ = 117), 2,3,7,8-TCDD Equivalent (HQ = 12) and 
1,2,4-trichlorobenzene (HQ=0.21) for the farmer infant receptor, as well as Total PCBs (HQ = 
4.2), Bromoform (HQ = 0.32), Carbon Tetrachloride (HQ = 4.6), Chloroform (HQ = 0.32), 
Dichloromethane (HQ = 0.65), 1,2,4,5-Tetrachlorobenzene (HQ = 0.40), 1,2,4-Trichlorobenzene 
(HQ = 20.1), Antimony (HQ = 0.24), Arsenic (HQ = 0.57), Beryllium (HQ = 0.42), and Thallium 
(HQ = 1.2) for the toddler farmer receptor. 

In these situations, risk from the Project Case/Process Upset Project Case is almost entirely 
driven by baseline concentrations. The Project Alone Case/Process Upset Case never 
represents more than approximately 5% of the Project Case/Process Upset Project Case risk 
for any of the abovementioned COPC. A more thorough discussion of this baseline farmer risk 
can be found in Section 7.9.2.1. Based on this contribution, it is not expected that the Project 
will pose any additional undue risk to the health of local farmers.  

Additionally, an overall assessment was conducted for lead and dioxins/furans, accounting for 
both the multi-pathway HQ as well as the chronic inhalation CR. The results (Table 7-68) show 
that lead is not present at levels that are in exceedance of the benchmark HQ of 0.2; however, 
Baseline Case, Project Case, Process Upset Case (farmer infant only) and Process Upset 
Project Case HQ values for dioxins/furans for both the toddler and infant were above the 
benchmark HQ of 0.2. In the case of the farmer toddler receptor, the HQ values are driven by 
baseline conditions. The Project contribution to the observed risk is less than 2%. A more 
thorough discussion of this baseline risk can be found in Section 7.9.2.1.  

The lone exception was an infant farmer modelled to be exposed to breast milk of a mother 
living in close proximity to the EFW facility under the Process Upset Case for dioxin and furan 
exposure. The farmer infant dioxin and furan HQ of 0.22 was slightly in excess of the 
government benchmark of 0.2. Again the Process Upset Case assumes that the Facility is 
operating at full capacity with two of the three exhaust streams being affected for 20% of the 
year. This is based on the conservative US EPA default scenario for process upsets when there 
is a lack of empirical data. In addition, the sole source of food for an infant is breast milk, thus 
an acceptable benchmark for comparison of potential risk could have been selected as 1.0.   

Overall, the results of the human health risk assessment indicate that, with the exception of a 
potential Process Upset scenario farm infant to dioxin and furan in breast milk, it is not expected 
the Facility will lead to any adverse health risks to local residents, farmers or other receptors in 



 

           Human Health and Ecological Risk Assessment 
Technical Study Report

December 10, 2009

 

Project No. 1009497 
Stantec © 2009 

378 

 
 

LRASA while operating at 400,000 tonnes/year. Regardless, in the event that a 400,000 tpy 
expansion of the facility is eventually contemplated, special consideration should be given at 
that time to ensure that Process Upset Conditions do not result in an undue risk to people living 
and working in the area surrounding the Facility. 
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Table 7-67 Multi-Pathway Risk Assessment –Operational Cases Hazard Quotient Results for the Farmer Infant and Toddler Receptor Groupings at 
400,000 tpy 

COPC 

Hazard Quotient – Farmer – 400,000 tpy 

Infant Toddler 

Baseline 
Case 

Project 
Alone 
Case 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Baseline 
Case 

Project 
Alone 
Case 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

PAHs           

Acenaphthene 4.3E-06 1.0E-10 4.3E-06 2.9E-10 4.3E-06 3.8E-05 4.4E-09 3.8E-05 1.2E-08 3.8E-05 

Anthracene 1.1E-06 2.2E-11 1.1E-06 6.1E-11 1.1E-06 7.6E-06 3.1E-10 7.6E-06 8.7E-10 7.6E-06 

Fluorene 6.8E-06 1.4E-10 6.8E-06 3.9E-10 6.8E-06 5.8E-05 3.4E-09 5.8E-05 9.4E-09 5.8E-05 

PCBs                     

Aroclor 1254 (Total PCBs) 117.5 0.011 117.5 0.029 117.5 4.2 4.0E-04 4.2 0.0011 4.2 

VOCs                      

1,1,1-Trichloroethane 1.8E-07 4.6E-14 1.8E-07 1.3E-13 1.8E-07 6.4E-04 1.4E-10 6.4E-04 4.0E-10 6.4E-04 

Bromoform 6.6E-05 9.1E-11 6.6E-05 2.5E-10 6.6E-05 0.32 3.9E-07 0.32 1.1E-06 0.32 

Carbon Tetrachloride 0.0025 8.2E-11 0.0025 2.3E-10 0.0025 4.6 1.3E-07 4.6 3.6E-07 4.6 

Chloroform 3.1E-05 6.5E-13 3.1E-05 1.8E-12 3.1E-05 0.32 5.6E-09 0.32 1.6E-08 0.32 

Dichloromethane 2.8E-05 6.2E-12 2.8E-05 1.7E-11 2.8E-05 0.65 1.4E-07 0.65 3.9E-07 0.65 

Trichlorofluoromethane 
(FREON 11) 5.9E-06 3.4E-11 5.9E-06 9.5E-11 5.9E-06 0.022 1.1E-07 0.022 3.0E-07 0.022 

Chlorinated Monocyclic 
Aromatics                      
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COPC 

Hazard Quotient – Farmer – 400,000 tpy 

Infant Toddler 

Baseline 
Case 

Project 
Alone 
Case 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Baseline 
Case 

Project 
Alone 
Case 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

1,2,4,5-Tetrachlorobenzene 0.020 4.5E-08 0.020 1.3E-07 0.020 0.40 6.9E-07 0.40 1.9E-06 0.40 

1,2,4-Trichlorobenzene 0.21 4.8E-10 0.21 1.3E-09 0.21 20.1 3.7E-08 20.1 1.0E-07 20.1 

1,2-Dichlorobenzene 3.0E-05 9.4E-12 3.0E-05 2.6E-11 3.0E-05 0.015 3.6E-09 0.015 1.0E-08 0.015 

Hexachlorobenzene 0.026 4.0E-08 0.026 1.1E-07 0.026 0.17 2.1E-07 0.17 5.8E-07 0.17 

Pentachlorobenzene 0.0098 1.2E-07 0.0098 3.2E-07 0.0098 0.083 8.2E-07 0.083 2.3E-06 0.083 

Pentachlorophenol 8.9E-07 7.6E-08 9.7E-07 2.1E-07 1.1E-06 2.3E-06 7.6E-07 3.0E-06 2.1E-06 4.4E-06 

Inorganics                      

Antimony 0.011 1.8E-05 0.011 2.7E-05 0.011 0.24 2.6E-04 0.24 3.7E-04 0.24 

Arsenic 0.10 2.2E-06 0.10 3.1E-06 0.10 0.57 2.3E-05 0.57 3.4E-05 0.57 

Barium 0.0019 2.6E-08 0.0019 3.8E-08 0.0019 0.013 4.2E-07 0.013 6.1E-07 0.013 

Beryllium 0.0013 2.1E-06 0.0013 3.0E-06 0.0013 0.42 8.7E-06 0.42 1.3E-05 0.42 

Boron 2.8E-04 1.4E-07 2.8E-04 2.1E-07 2.8E-04 0.12 8.3E-05 0.12 1.2E-04 0.12 

Cadmium 0.0045 6.5E-05 0.0046 9.4E-05 0.0046 0.10 0.0020 0.11 0.0028 0.11 

Chromium (Total) 5.7E-05 1.6E-09 5.7E-05 2.2E-09 5.7E-05 8.3E-04 6.0E-08 8.3E-04 8.7E-08 8.3E-04 

Chromium VI - 3.6E-07 3.6E-07 5.2E-07 5.2E-07 - 1.3E-05 1.3E-05 1.8E-05 1.8E-05 

Cobalt 0.021 1.1E-05 0.021 1.6E-05 0.021 0.18 4.7E-04 0.18 6.8E-04 0.18 
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COPC 

Hazard Quotient – Farmer – 400,000 tpy 

Infant Toddler 

Baseline 
Case 

Project 
Alone 
Case 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Baseline 
Case 

Project 
Alone 
Case 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Mercury - Inorganic 9.1E-04 1.1E-04 0.0010 1.6E-04 0.0011 0.031 0.0011 0.032 0.0016 0.032 

Methylmercury - 1.1E-05 1.1E-05 1.6E-05 1.6E-05 - 1.3E-04 1.3E-04 1.8E-04 1.8E-04 

Nickel 0.0036 2.3E-05 0.0037 3.4E-05 0.0037 0.051 2.3E-04 0.052 3.3E-04 0.052 

Phosphorus 2.2E-07 7.0E-13 2.2E-07 1.0E-12 2.2E-07 5.0E-04 2.2E-09 5.0E-04 3.2E-09 5.0E-04 

Selenium 7.2E-04 2.5E-08 7.2E-04 3.6E-08 7.2E-04 0.093 1.0E-05 0.093 1.5E-05 0.093 

Silver 2.1E-04 4.2E-07 2.1E-04 6.1E-07 2.1E-04 0.017 3.0E-04 0.018 4.3E-04 0.018 

Thallium 0.046 0.0017 0.047 0.0025 0.048 1.2 0.044 1.2 0.064 1.2 

Tin 1.4E-04 5.9E-07 1.4E-04 8.5E-07 1.4E-04 0.0026 3.8E-05 0.0026 5.5E-05 0.0026 

Vanadium 0.013 1.9E-06 0.013 2.7E-06 0.013 0.13 9.4E-06 0.13 1.4E-05 0.13 

Zinc 9.8E-04 2.1E-06 9.8E-04 3.1E-06 9.8E-04 0.14 8.3E-05 0.14 1.2E-04 0.14 

Notes: 

A bolded cell indicates exposures for that particular scenario and COPC exceeded the regulatory benchmark. 

‘-‘ - No baseline concentration was available for this COPC. 
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Table 7-68 Multi-Pathway Risk Assessment –Operational Cases Hazard Quotient Results for Dioxins and Lead for the Farmer Infant and Toddler 
Receptor Groupings at 400,000 tpy 

COPC 

Hazard Quotient – Farmer – 400,000 tpy 

Infant Toddler 

Baseline 
Case 

Project 
Alone 
Case 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Baseline 
Case 

Project 
Alone 
Case 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

2,3,7,8-TCDD Equivalent 20.3 0.11 20.4 0.22 20.5 0.72 0.0039 0.72 0.0076 0.73 

Lead 0.040 4.3E-04 0.040 5.8E-04 0.040 0.20 0.0027 0.20 0.0039 0.20 

Notes: 

A bolded cell indicates exposures for that particular scenario and COPC exceeded the regulatory benchmark. 
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Daycare, Recreation User – Sport, Recreation User - Camping 

Table 7-69 through Table 7-71 shows calculated chronic HQ values at 400,000 tpy for the 
daycare, recreation user – sport and recreation user – camping receptors in the LRASA. Results 
of the assessment indicate that none of the predicted hazard quotients exceed the regulatory 
benchmark for the Baseline Case, Project Alone Case, Project Case, Process Upset Case, or 
Process Upset Project Case; therefore, it is not expected that, at 400,000 tpy, the Project will 
pose any additional undue risk to the health of local daycare, recreation user – sport or 
recreation user - camping receptors. 

Table 7-69 Multi-Pathway Risk Assessment –Operational Cases Hazard Quotient Results for the 
Daycare Toddler Receptor Grouping at 400,000 tpy 

COPC 

Hazard Quotient – Daycare – 400,000 tpy 

Toddler 

Baseline 
Case 

Project 
Alone Case Project Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

PAHs      

Acenaphthene 3.7E-06 1.2E-11 3.7E-06 3.3E-11 3.7E-06 

Anthracene 7.6E-07 2.4E-12 7.6E-07 6.7E-12 7.6E-07 

Fluorene 5.5E-06 1.7E-11 5.5E-06 4.9E-11 5.5E-06 

PCBs            

Aroclor 1254 (Total PCBs) 0.011 6.4E-06 0.011 1.8E-05 0.011 

VOCs            

1,1,1-Trichloroethane 1.8E-08 2.0E-16 1.8E-08 5.6E-16 1.8E-08 

Bromoform 4.3E-06 5.4E-14 4.3E-06 1.5E-13 4.3E-06 

Carbon Tetrachloride 8.1E-05 1.5E-13 8.1E-05 4.1E-13 8.1E-05 

Chloroform 4.2E-06 1.7E-14 4.2E-06 4.8E-14 4.2E-06 

Dichloromethane 1.7E-05 6.2E-13 1.7E-05 1.7E-12 1.7E-05 

Trichlorofluoromethane (FREON 11) 2.9E-07 2.8E-14 2.9E-07 7.7E-14 2.9E-07 

Chlorinated Monocyclic Aromatics            

1,2,4,5-Tetrachlorobenzene 2.0E-04 1.4E-09 2.0E-04 4.1E-09 2.0E-04 

1,2,4-Trichlorobenzene 2.6E-04 4.4E-12 2.6E-04 1.2E-11 2.6E-04 

1,2-Dichlorobenzene 2.0E-07 2.2E-13 2.0E-07 6.3E-13 2.0E-07 
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COPC 

Hazard Quotient – Daycare – 400,000 tpy 

Toddler 

Baseline 
Case 

Project 
Alone Case Project Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Hexachlorobenzene 8.6E-05 2.6E-10 8.6E-05 7.4E-10 8.6E-05 

Pentachlorobenzene 4.1E-05 4.6E-09 4.1E-05 1.3E-08 4.1E-05 

Pentachlorophenol 8.5E-07 3.7E-10 8.5E-07 1.0E-09 8.5E-07 

Inorganics            

Antimony 0.011 4.5E-06 0.011 6.5E-06 0.011 

Arsenic 0.11 5.8E-07 0.11 8.4E-07 0.11 

Barium 0.0019 6.3E-09 0.0019 9.2E-09 0.0019 

Beryllium 0.0014 5.5E-07 0.0014 8.0E-07 0.0014 

Boron 2.8E-04 3.5E-08 2.8E-04 5.1E-08 2.8E-04 

Cadmium 0.0043 1.5E-05 0.0043 2.2E-05 0.0043 

Chromium (Total) 6.1E-05 4.1E-10 6.1E-05 5.9E-10 6.1E-05 

Chromium VI - 8.9E-08 8.9E-08 1.3E-07 1.3E-07 

Cobalt 0.021 2.7E-06 0.021 3.9E-06 0.021 

Mercury - Inorganic 9.7E-04 3.9E-05 0.0010 5.7E-05 0.0010 

Methylmercury - 2.4E-06 2.4E-06 3.4E-06 3.4E-06 

Nickel 0.0028 4.4E-06 0.0029 6.4E-06 0.0029 

Phosphorus 2.2E-07 1.7E-13 2.2E-07 2.5E-13 2.2E-07 

Selenium 8.2E-04 6.9E-09 8.2E-04 1.0E-08 8.2E-04 

Silver 1.8E-04 8.7E-08 1.8E-04 1.3E-07 1.8E-04 

Thallium 0.051 4.8E-04 0.052 6.9E-04 0.052 

Tin 1.4E-04 1.4E-07 1.4E-04 2.1E-07 1.4E-04 

Vanadium 0.013 4.5E-07 0.013 6.6E-07 0.013 

Zinc 0.0011 5.8E-07 0.0011 8.3E-07 0.0011 

‘-‘ - No baseline concentration was available for this COPC. 
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Table 7-70 Multi-Pathway Risk Assessment –Operational Cases Hazard Quotient Results for the 
Recreation User - Sport Toddler Receptor Grouping at 400,000 tpy 

COPC 

Hazard Quotient – Recreation User Sport – 400,000 tpy 

Toddler 

Baseline 
Case 

Project Alone 
Case 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

PAHs      

Acenaphthene 1.6E-07 1.2E-12 1.6E-07 3.4E-12 1.6E-07 

Anthracene 3.3E-08 2.5E-13 3.3E-08 7.0E-13 3.3E-08 

Fluorene 2.4E-07 1.8E-12 2.4E-07 5.1E-12 2.4E-07 

PCBs            

Aroclor 1254 (Total PCBs) 4.7E-04 6.7E-07 4.7E-04 1.9E-06 4.7E-04 

VOCs            

1,1,1-Trichloroethane 7.6E-10 2.1E-17 7.6E-10 5.9E-17 7.6E-10 

Bromoform 1.8E-07 5.7E-15 1.8E-07 1.6E-14 1.8E-07 

Carbon Tetrachloride 3.5E-06 1.5E-14 3.5E-06 4.3E-14 3.5E-06 

Chloroform 1.8E-07 1.8E-15 1.8E-07 5.1E-15 1.8E-07 

Dichloromethane 7.4E-07 6.5E-14 7.4E-07 1.8E-13 7.4E-07 

Trichlorofluoromethane (FREON 11) 1.3E-08 2.9E-15 1.3E-08 8.1E-15 1.3E-08 

Chlorinated Monocyclic Aromatics            

1,2,4,5-Tetrachlorobenzene 8.8E-06 1.5E-10 8.8E-06 4.2E-10 8.8E-06 

1,2,4-Trichlorobenzene 1.1E-05 4.7E-13 1.1E-05 1.3E-12 1.1E-05 

1,2-Dichlorobenzene 8.6E-09 2.3E-14 8.6E-09 6.6E-14 8.6E-09 

Hexachlorobenzene 3.7E-06 2.8E-11 3.7E-06 7.7E-11 3.7E-06 

Pentachlorobenzene 1.8E-06 4.8E-10 1.8E-06 1.3E-09 1.8E-06 

Pentachlorophenol 3.7E-08 3.9E-11 3.7E-08 1.1E-10 3.7E-08 
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COPC 

Hazard Quotient – Recreation User Sport – 400,000 tpy 

Toddler 

Baseline 
Case 

Project Alone 
Case 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Inorganics            

Antimony 4.6E-04 2.8E-07 4.6E-04 4.1E-07 4.6E-04 

Arsenic 0.0048 3.6E-08 0.0048 5.3E-08 0.0048 

Barium 8.2E-05 4.0E-10 8.2E-05 5.8E-10 8.2E-05 

Beryllium 6.3E-05 3.5E-08 6.3E-05 5.0E-08 6.3E-05 

Boron 1.2E-05 2.2E-09 1.2E-05 3.2E-09 1.2E-05 

Cadmium 1.9E-04 9.5E-07 1.9E-04 1.4E-06 1.9E-04 

Chromium (Total) 2.7E-06 2.6E-11 2.7E-06 3.7E-11 2.7E-06 

Chromium VI - 5.6E-09 5.6E-09 8.1E-09 8.1E-09 

Cobalt 9.2E-04 1.7E-07 9.2E-04 2.5E-07 9.2E-04 

Mercury - Inorganic 4.2E-05 2.9E-06 4.5E-05 4.2E-06 4.6E-05 

Methylmercury - 1.5E-07 1.5E-07 2.2E-07 2.2E-07 

Nickel 1.2E-04 2.8E-07 1.2E-04 4.1E-07 1.2E-04 

Phosphorus 9.7E-09 1.1E-14 9.7E-09 1.6E-14 9.7E-09 

Selenium 3.5E-05 4.4E-10 3.5E-05 6.3E-10 3.5E-05 

Silver 7.8E-06 5.5E-09 7.8E-06 8.0E-09 7.8E-06 

Thallium 0.0022 3.0E-05 0.0023 4.4E-05 0.0023 

Tin 6.1E-06 9.0E-09 6.1E-06 1.3E-08 6.1E-06 

Vanadium 5.7E-04 2.9E-08 5.7E-04 4.2E-08 5.7E-04 

Zinc 4.7E-05 3.6E-08 4.7E-05 5.3E-08 4.7E-05 

‘-‘ - No baseline concentration was available for this COPC. 
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Table 7-71 Multi-Pathway Risk Assessment –Operational Cases Hazard Quotient Results for the 
Recreation User - Camping Toddler Receptor Grouping at 400,000 tpy 

COPC 

Hazard Quotient – Recreation User – Camping – 400,000 tpy 

Toddler 

Baseline 
Case 

Project Alone 
Case 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

PAHs      

Acenaphthene 4.2E-07 2.7E-12 4.2E-07 7.4E-12 4.2E-07 

Anthracene 8.6E-08 5.4E-13 8.6E-08 1.5E-12 8.6E-08 

Fluorene 6.3E-07 4.0E-12 6.3E-07 1.1E-11 6.3E-07 

PCBs           

Aroclor 1254 (Total PCBs) 0.0012 1.5E-06 0.0012 4.1E-06 0.0012 

VOCs            

1,1,1-Trichloroethane 2.0E-09 4.6E-17 2.0E-09 1.3E-16 2.0E-09 

Bromoform 4.8E-07 1.2E-14 4.8E-07 3.4E-14 4.8E-07 

Carbon Tetrachloride 9.2E-06 3.4E-14 9.2E-06 9.4E-14 9.2E-06 

Chloroform 4.8E-07 3.9E-15 4.8E-07 1.1E-14 4.8E-07 

Dichloromethane 1.9E-06 1.4E-13 1.9E-06 4.0E-13 1.9E-06 

Trichlorofluoromethane (FREON 11) 3.3E-08 6.3E-15 3.3E-08 1.8E-14 3.3E-08 

Chlorinated Monocyclic Aromatics            

1,2,4,5-Tetrachlorobenzene 2.3E-05 3.3E-10 2.3E-05 9.2E-10 2.3E-05 

1,2,4-Trichlorobenzene 3.0E-05 1.0E-12 3.0E-05 2.8E-12 3.0E-05 

1,2-Dichlorobenzene 2.2E-08 5.1E-14 2.2E-08 1.4E-13 2.2E-08 

Hexachlorobenzene 9.8E-06 6.0E-11 9.8E-06 1.7E-10 9.8E-06 

Pentachlorobenzene 4.7E-06 1.0E-09 4.7E-06 2.9E-09 4.7E-06 

Pentachlorophenol 9.7E-08 8.4E-11 9.7E-08 2.4E-10 9.7E-08 
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COPC 

Hazard Quotient – Recreation User – Camping – 400,000 tpy 

Toddler 

Baseline 
Case 

Project Alone 
Case 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Inorganics            

Antimony 0.0012 8.1E-07 0.0012 1.2E-06 0.0012 

Arsenic 0.013 1.0E-07 0.013 1.5E-07 0.013 

Barium 2.2E-04 1.1E-09 2.2E-04 1.7E-09 2.2E-04 

Beryllium 1.6E-04 9.9E-08 1.6E-04 1.4E-07 1.6E-04 

Boron 3.2E-05 6.3E-09 3.2E-05 9.1E-09 3.2E-05 

Cadmium 4.9E-04 2.7E-06 4.9E-04 4.0E-06 4.9E-04 

Chromium (Total) 7.0E-06 7.4E-11 7.0E-06 1.1E-10 7.0E-06 

Chromium VI - 1.6E-08 1.6E-08 2.3E-08 2.3E-08 

Cobalt 0.0024 4.9E-07 0.0024 7.1E-07 0.0024 

Mercury - Inorganic 1.1E-04 7.2E-06 1.2E-04 1.0E-05 1.2E-04 

Methylmercury - 4.2E-07 4.2E-07 6.1E-07 6.1E-07 

Nickel 3.2E-04 8.0E-07 3.2E-04 1.2E-06 3.2E-04 

Phosphorus 2.5E-08 3.1E-14 2.5E-08 4.5E-14 2.5E-08 

Selenium 9.3E-05 1.2E-09 9.3E-05 1.8E-09 9.3E-05 

Silver 2.0E-05 1.6E-08 2.0E-05 2.3E-08 2.0E-05 

Thallium 0.0058 8.6E-05 0.0059 1.2E-04 0.0060 

Tin 1.6E-05 2.6E-08 1.6E-05 3.7E-08 1.6E-05 

Vanadium 0.0015 8.2E-08 0.0015 1.2E-07 0.0015 

Zinc 1.2E-04 1.0E-07 1.2E-04 1.5E-07 1.2E-04 

‘-‘ - No baseline concentration was available for this COPC. 
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Additionally, an overall assessment was conducted for dioxins/furans and lead, accounting for 
both the multi-pathway HQ as well as the chronic inhalation CR. The results (Table 7-72) 
indicate that, at 400,000 tpy, neither COPC is present at levels that are in exceedance of the 
regulatory benchmark. 

Table 7-72 Multi-Pathway Risk Assessment –Operational Cases Hazard Quotient Results for Dioxins 
and Lead for the Daycare, Recreation User – Sport and Recreation User - Camping Toddler 
Receptor Groupings at 400,000 tpy 

COPC 

Hazard Quotient – 400,000 tpy 

Toddler 

Baseline 
Case 

Project Alone 
Case Project Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Daycare      

2,3,7,8-TCDD Equivalent 0.0048 6.5E-05 0.0048 9.4E-05 0.0049 

Lead 0.044 1.4E-04 0.044 1.8E-04 0.044 

Recreation User – Sport      

2,3,7,8-TCDD Equivalent 0.0017 1.0E-05 0.0018 1.2E-05 0.0018 

Lead 0.0082 1.1E-04 0.0083 1.1E-04 0.0083 

Recreation User - Camping      

2,3,7,8-TCDD Equivalent 0.0020 1.7E-05 0.0020 2.3E-05 0.0020 

Lead 0.011 1.2E-04 0.011 1.3E-04 0.011 

 

Additional Risk Related to Specific Activities 

It is expected that local residential receptors may participate in activities such as swimming, 
hunting or angling in the LRASA. Participation in these activities may, through unique exposure 
pathways, increase the body burden of a receptor beyond that of a residential receptor not 
participating in the activity. Details on these exposure situations (swimming, hunting and 
angling) have been provided in Section 7.4.1. In order to provide a more complete assessment 
of the impact of these activities, the activity specific HQ results have been added to the worst 
case resident receptor results (i.e. the Tooley residential receptor grouping). This assessment 
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allows for potential risks to be placed in context such that the results represent the risk of a local 
resident swimming, hunting or angling in addition to his/her normal daily activities. 

Recreation User - Swimmer 

Chronic HQ values for both the recreation user – swimmer receptor, as well as the recreation 
user – swimmer receptor combined with the Tooley resident receptor are presented in Table 
7-73. Results of the assessment indicate that, with the exception of Total PCBs, arsenic and 
thallium none of the predicted hazard quotients exceed the regulatory benchmark for the 
Baseline Case, Project Alone Case, Project Case, Process Upset Case or Process Upset 
Project Case at 400,000 tpy. Total PCBs, arsenic and thallium for the recreation user – 
swimmer receptor combined with the Tooley resident receptor exceed the regulatory benchmark 
(HQ = 0.52; HQ=0.33; HQ=0.26, respectively) for the Baseline Case, Project Case and Process 
Upset Project Case. This exceedance is entirely driven by Baseline Case concentrations for the 
toddler resident; the Project Alone Case/Process Upset Case contribution to the observed risk 
level is never more than 0.04%. Furthermore, the contribution of the swimming activity to the 
total risk is never more than approximately 6%. A discussion of the Baseline Case risk to the 
toddler resident is further discussed in Section 7.9.2.1. It is not expected that the Project, at 
400,000 tpy, will pose any additional undue risk to the health of local recreational swimming 
receptors. 

As was previously completed for other receptor categories, a separate assessment of 
dioxins/furans and lead, has also been conducted. This assessment provides an overall, all 
pathway assessment for these COPC, including exposure via inhalation. The results of this 
assessment, which indicates that neither COPC would be present at levels that would be in 
exceedance of the regulatory benchmark at 400,000 tpy, are presented in Table 7-75. 

Hunting and Angling 

Chronic HQ values for both the hunter/angler toddler receptor, as well as the hunter/angler 
receptor combined with the Tooley resident receptor are presented in Table 7-74 and Table 
7-75. Results of the assessment indicate that, with the exception of total PCBs, arsenic, 
cadmium and thallium, none of the predicted hazard quotients exceed the regulatory benchmark 
for the Baseline Case, Project Alone Case, Project Case, Process Upset Case, or Process 
Upset Project Case at 400,000 tpy.  

Exceedances of total PCBs, arsenic, cadmium and thallium stem almost entirely from the 
assessment of baseline concentrations – the contribution of the Project Alone Case/Process 
Upset Case to the total risk is never more than 6.5%. Refer to Section 7.9.2.1 for a thorough 
discussion of baseline risk. The exceedances are the result of baseline fish and wild game 
concentrations, which were evaluated at the method detection limit (MDL). Although these 
results indicate that, based on current conditions, residents who pursue activities such as 
hunting and angling could face slightly elevated risk levels, much like previously discussed 
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baseline results, it is expected that these exceedances are the result of conservative 
estimations, such as the evaluation of the MDL. Overall, it is not expected that the Project will 
pose any additional undue risk to the health of local hunting/angling receptors at 400,000 tpy. 

As previously completed, a separate assessment of dioxins/furans and lead has been 
conducted. The results of this assessment indicate a Baseline Case, Project Case and Process 
Upset Project Case exceedance for dioxins/furans for the hunter/angler receptor. Much like the 
previously discussed risk from PCBs and certain inorganics, this risk is entirely driven by 
baseline concentrations of wild game and fish, which were evaluated at the method detection 
limit (MDL), which is a conservative estimation. Overall, it is not expected that emissions of 
dioxins/furans from the Project will pose any additional undue risk to the health of local 
hunting/angling receptors at 400,000 tpy. 
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Table 7-73 Multi-Pathway Risk Assessment –Operational Cases Hazard Quotient Results for the Swimmer Toddler Receptor and 
Tooley Resident Swimmer Toddler Receptor at 400,000 tpy 

COPC 

Hazard Quotient – Swimmer – 400,000 tpy 

Toddler - Swimmer Toddler - Tooley Resident Swimmer 

Baseline 
Case 

Project 
Alone 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Baseline 
Case 

Project 
Alone 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

PAHs           

Acenaphthene 4.0E-07 1.6E-11 4.0E-07 4.6E-11 4.0E-07 1.3E-05 1.6E-09 1.3E-05 4.4E-09 1.3E-05 

Anthracene 1.0E-07 1.6E-12 1.0E-07 4.4E-12 1.0E-07 2.8E-06 1.3E-10 2.8E-06 3.6E-10 2.8E-06 

Fluorene 1.2E-06 7.2E-11 1.2E-06 2.0E-10 1.2E-06 2.1E-05 1.4E-09 2.1E-05 3.9E-09 2.1E-05 

PCBs                  

Aroclor 1254 (Total PCBs) 0.028 1.8E-06 0.028 5.0E-06 0.028 0.52 9.6E-05 0.52 2.7E-04 0.52 

VOCs                 

1,1,1-Trichloroethane 3.5E-07 1.2E-11 3.5E-07 3.4E-11 3.5E-07 5.0E-06 1.3E-11 5.0E-06 3.5E-11 5.0E-06 

Bromoform 3.6E-05 3.9E-08 3.6E-05 1.1E-07 3.6E-05 0.0024 3.9E-08 0.0024 1.1E-07 0.0024 

Carbon Tetrachloride 1.0E-03 7.6E-09 1.0E-03 2.1E-08 1.0E-03 0.034 7.9E-09 0.034 2.2E-08 0.034 

Chloroform 7.0E-05 7.9E-10 7.0E-05 2.2E-09 7.0E-05 0.0027 8.6E-10 0.0027 2.4E-09 0.0027 

Dichloromethane 5.2E-05 6.1E-08 5.2E-05 1.7E-07 5.2E-05 0.0047 6.9E-08 0.0047 1.9E-07 0.0047 

Trichlorofluoromethane 
(FREON 11) 4.6E-06 9.1E-09 4.7E-06 2.5E-08 4.7E-06 1.6E-04 9.1E-09 1.6E-04 2.6E-08 1.6E-04 

Chlorinated Monocyclic 
Aromatics                 
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COPC 

Hazard Quotient – Swimmer – 400,000 tpy 

Toddler - Swimmer Toddler - Tooley Resident Swimmer 

Baseline 
Case 

Project 
Alone 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Baseline 
Case 

Project 
Alone 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

1,2,4,5-Tetrachlorobenzene 6.2E-04 8.5E-09 6.2E-04 2.4E-08 6.2E-04 0.046 1.1E-07 0.046 3.0E-07 0.046 

1,2,4-Trichlorobenzene 5.9E-04 7.9E-10 5.9E-04 2.2E-09 5.9E-04 0.057 1.3E-09 0.057 3.7E-09 0.057 

1,2-Dichlorobenzene 2.2E-06 1.2E-10 2.2E-06 3.3E-10 2.2E-06 1.1E-04 3.0E-10 1.1E-04 8.4E-10 1.1E-04 

Hexachlorobenzene 7.4E-04 1.2E-08 7.4E-04 3.4E-08 7.4E-04 0.020 2.1E-08 0.020 5.8E-08 0.020 

Pentachlorobenzene 7.4E-05 3.1E-09 7.4E-05 8.6E-09 7.4E-05 0.0095 1.4E-07 0.0095 4.0E-07 0.0095 

Pentachlorophenol 4.2E-06 2.8E-07 4.4E-06 7.8E-07 4.9E-06 6.4E-06 5.7E-07 7.0E-06 1.6E-06 8.0E-06 

Inorganics                 

Antimony 0.018 3.5E-05 0.018 5.1E-05 0.018 0.069 1.3E-04 0.070 1.9E-04 0.070 

Arsenic 0.0095 7.2E-06 0.0095 1.0E-05 0.0095 0.33 1.6E-05 0.33 2.4E-05 0.33 

Barium 6.4E-04 5.4E-08 6.4E-04 7.9E-08 6.4E-04 0.0085 1.9E-07 0.0085 2.8E-07 0.0085 

Beryllium 7.1E-04 4.1E-07 7.1E-04 6.0E-07 7.1E-04 0.051 5.4E-06 0.051 7.8E-06 0.051 

Boron 4.3E-04 3.9E-06 4.3E-04 5.7E-06 4.3E-04 0.022 3.0E-05 0.022 4.4E-05 0.022 

Cadmium 2.8E-04 7.0E-05 3.6E-04 1.0E-04 3.9E-04 0.027 7.8E-04 0.028 0.0011 0.028 

Chromium (Total) 5.7E-06 7.7E-09 5.7E-06 1.1E-08 5.7E-06 2.3E-04 1.5E-08 2.3E-04 2.2E-08 2.3E-04 

Chromium VI 0.015 1.7E-06 0.015 2.4E-06 0.015 0.015 3.3E-06 0.015 4.8E-06 0.015 

Cobalt 5.0E-04 2.1E-05 5.2E-04 3.0E-05 5.3E-04 0.071 5.9E-05 0.071 8.6E-05 0.071 
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COPC 

Hazard Quotient – Swimmer – 400,000 tpy 

Toddler - Swimmer Toddler - Tooley Resident Swimmer 

Baseline 
Case 

Project 
Alone 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Baseline 
Case 

Project 
Alone 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Mercury - Inorganic 4.7E-04 3.6E-06 4.8E-04 5.3E-06 4.8E-04 0.0065 5.0E-04 0.0070 7.2E-04 0.0073 

Methylmercury - 2.4E-08 2.4E-08 3.5E-08 3.5E-08 - 5.0E-05 5.0E-05 7.2E-05 7.2E-05 

Nickel 4.2E-04 2.2E-05 4.4E-04 3.2E-05 4.5E-04 0.014 7.8E-05 0.014 1.1E-04 0.014 

Phosphorus 1.6E-08 1.6E-11 1.6E-08 2.4E-11 1.6E-08 5.1E-05 2.1E-10 5.1E-05 3.1E-10 5.1E-05 

Selenium 0.0014 4.9E-07 0.0014 7.2E-07 0.0014 0.012 8.4E-07 0.012 1.2E-06 0.012 

Silver 2.8E-05 3.4E-06 3.2E-05 5.0E-06 3.3E-05 0.0025 9.3E-06 0.0025 1.4E-05 0.0025 

Thallium 0.0053 0.0025 0.0078 0.0036 0.0089 0.26 0.0074 0.27 0.011 0.27 

Tin 4.7E-06 2.3E-07 5.0E-06 3.3E-07 5.1E-06 9.3E-04 1.8E-06 9.3E-04 2.7E-06 9.3E-04 

Vanadium 0.0013 2.9E-07 0.0013 4.2E-07 0.0013 0.047 4.5E-06 0.047 6.5E-06 0.047 

Zinc 2.1E-04 3.4E-06 2.2E-04 4.9E-06 2.2E-04 0.021 3.5E-05 0.021 5.0E-05 0.021 

Notes: 

A bolded cell indicates exposures for that particular scenario and COPC exceeded the regulatory benchmark. 

‘-‘ - No baseline concentration was available for this COPC. 
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Table 7-74 Multi-Pathway Risk Assessment –Operational Cases Hazard Quotient Results for the Hunter/Angler Receptor and Tooley 
Resident Hunter/Angler Toddler Receptor at 400,000 tpy 

COPC 

Hazard Quotient - Hunter/Angler – 400,000 tpy 

Toddler - Hunter/Angler Toddler - Tooley Resident Hunter/Angler 

Baseline 
Case 

Project 
Alone 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Baseline 
Case 

Project 
Alone 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

PAHs           

Acenaphthene 1.3E-05 1.7E-12 1.3E-05 4.7E-12 1.3E-05 2.6E-05 1.6E-09 2.6E-05 4.3E-09 2.6E-05 

Anthracene 1.7E-06 3.8E-13 1.7E-06 1.1E-12 1.7E-06 4.3E-06 1.3E-10 4.3E-06 3.5E-10 4.3E-06 

Fluorene 2.1E-05 9.0E-12 2.1E-05 2.5E-11 2.1E-05 4.1E-05 1.3E-09 4.1E-05 3.7E-09 4.1E-05 

PCBs                 

Aroclor 1254 (Total PCBs) 0.67 0.0055 0.68 0.015 0.69 1.2 0.0056 1.2 0.016 1.2 

VOCs                 

1,1,1-Trichloroethane - 4.9E-12 4.9E-12 1.4E-11 1.4E-11 4.7E-06 5.5E-12 4.7E-06 1.5E-11 4.7E-06 

Bromoform - 1.2E-08 1.2E-08 3.3E-08 3.3E-08 0.0023 1.2E-08 0.0023 3.3E-08 0.0023 

Carbon Tetrachloride - 6.1E-09 6.1E-09 1.7E-08 1.7E-08 0.033 6.5E-09 0.033 1.8E-08 0.033 

Chloroform - 1.1E-10 1.1E-10 3.0E-10 3.0E-10 0.0026 1.7E-10 0.0026 4.8E-10 0.0026 

Dichloromethane - 1.4E-09 1.4E-09 4.0E-09 4.0E-09 0.0047 8.9E-09 0.0047 2.5E-08 0.0047 

Trichlorofluoromethane 
(FREON 11) - 3.7E-09 3.7E-09 1.0E-08 1.0E-08 1.5E-04 3.8E-09 1.5E-04 1.1E-08 1.5E-04 

Chlorinated Monocyclic 
Aromatics                 
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COPC 

Hazard Quotient - Hunter/Angler – 400,000 tpy 

Toddler - Hunter/Angler Toddler - Tooley Resident Hunter/Angler 

Baseline 
Case 

Project 
Alone 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Baseline 
Case 

Project 
Alone 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

1,2,4,5-Tetrachlorobenzene 0.064 3.6E-07 0.064 1.0E-06 0.064 0.11 4.5E-07 0.11 1.3E-06 0.11 

1,2,4-Trichlorobenzene - 9.0E-09 9.0E-09 2.5E-08 2.5E-08 0.057 9.6E-09 0.057 2.7E-08 0.057 

1,2-Dichlorobenzene - 2.6E-10 2.6E-10 7.4E-10 7.4E-10 1.1E-04 4.5E-10 1.1E-04 1.2E-09 1.1E-04 

Hexachlorobenzene 0.027 5.6E-07 0.027 1.6E-06 0.027 0.046 5.7E-07 0.046 1.6E-06 0.046 

Pentachlorobenzene 0.013 5.4E-07 0.013 1.5E-06 0.013 0.023 6.8E-07 0.023 1.9E-06 0.023 

Pentachlorophenol 0.0E+00 2.1E-05 2.1E-05 6.0E-05 6.0E-05 2.3E-06 2.2E-05 2.4E-05 6.1E-05 6.3E-05 

Inorganics                 

Antimony 0.034 0.0017 0.035 0.0024 0.036 0.085 0.0018 0.087 0.0026 0.088 

Arsenic 0.43 8.7E-05 0.43 1.3E-04 0.43 0.75 9.6E-05 0.75 1.4E-04 0.75 

Barium 0.030 1.3E-07 0.030 1.9E-07 0.030 0.038 2.7E-07 0.038 3.9E-07 0.038 

Beryllium 0.067 9.9E-06 0.067 1.4E-05 0.067 0.12 1.5E-05 0.12 2.2E-05 0.12 

Boron 0.040 2.8E-07 0.040 4.0E-07 0.040 0.062 2.7E-05 0.062 3.9E-05 0.062 

Cadmium 0.46 0.020 0.48 0.029 0.49 0.49 0.021 0.51 0.030 0.52 

Chromium (Total) 1.9E-04 3.7E-07 1.9E-04 5.4E-07 1.9E-04 4.2E-04 3.8E-07 4.2E-04 5.5E-07 4.2E-04 

Chromium VI - 1.5E-05 1.5E-05 2.2E-05 2.2E-05 - 1.7E-05 1.7E-05 2.4E-05 2.4E-05 

Cobalt 0.043 5.4E-04 0.043 7.8E-04 0.043 0.11 5.7E-04 0.11 8.3E-04 0.11 
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COPC 

Hazard Quotient - Hunter/Angler – 400,000 tpy 

Toddler - Hunter/Angler Toddler - Tooley Resident Hunter/Angler 

Baseline 
Case 

Project 
Alone 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Baseline 
Case 

Project 
Alone 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Mercury - Inorganic 0.11 6.8E-06 0.11 9.8E-06 0.11 0.12 5.0E-04 0.12 7.3E-04 0.12 

Methylmercury - 0.0035 0.0035 0.0051 0.0051 - 0.0036 0.0036 0.0052 0.0052 

Nickel 0.024 8.3E-04 0.025 0.0012 0.025 0.037 8.9E-04 0.038 0.0013 0.038 

Phosphorus 7.6E-04 8.0E-11 7.6E-04 1.2E-10 7.6E-04 8.1E-04 2.7E-10 8.1E-04 4.0E-10 8.1E-04 

Selenium 0.16 2.0E-05 0.16 2.9E-05 0.16 0.17 2.1E-05 0.17 3.0E-05 0.17 

Silver 0.0027 7.4E-05 0.0028 1.1E-04 0.0028 0.0051 8.0E-05 0.0052 1.2E-04 0.0052 

Thallium 0.17 0.0064 0.17 0.0093 0.18 0.42 0.011 0.43 0.017 0.44 

Tin 3.8E-04 1.7E-04 5.4E-04 2.4E-04 6.2E-04 0.0013 1.7E-04 0.0015 2.4E-04 0.0015 

Vanadium 0.020 1.1E-05 0.020 1.6E-05 0.020 0.066 1.5E-05 0.066 2.2E-05 0.066 

Zinc 0.14 7.5E-04 0.14 0.0011 0.14 0.16 7.9E-04 0.16 0.0011 0.16 

Notes: 

A bolded cell indicates exposures for that particular scenario and COPC exceeded the regulatory benchmark. 

‘-‘ - No baseline concentration was available for this COPC. 
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Table 7-75 Multi-Pathway Risk Assessment –Operational Cases Hazard Quotient Results for Dioxins and Lead for the Swimmer and 
Hunter/Angler Toddler Receptors and Tooley Resident Swimmer and Hunter/Angler Toddler Receptors at 400,000 tpy 

COPC 

Hazard Quotient – 400,000 tpy 

Toddler Toddler - Tooley Resident 

Baseline 
Case 

Project 
Alone 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Baseline 
Case 

Project 
Alone 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Swimmer           

2,3,7,8-TCDD Equivalent 0.0026 7.5E-07 0.0026 1.1E-06 0.0026 0.17 6.0E-04 0.17 8.7E-04 0.17 

Lead 7.6E-04 6.2E-05 8.2E-04 9.1E-05 8.5E-04 0.12 0.0013 0.12 0.0018 0.12 

Hunting/Angling           

2,3,7,8-TCDD Equivalent 0.38 0.0046 0.38 0.0070 0.38 0.54 0.0052 0.55 0.0078 0.55 

Lead 0.037 0.0016 0.038 0.0023 0.039 0.15 0.0028 0.16 0.0040 0.16 

Notes: 

A bolded cell indicates exposures for that particular scenario and COPC exceeded the regulatory benchmark. 
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7.12.2.2 400,000 tpy Operational Cases – Multi-Pathway Risk Assessment Chemical 
Mixtures 

The results of the chronic, multi-pathway chemical mixtures assessment, at 400,000 tpy, are 
shown in Table 7-76 through Table 7-78. Interpretation of chemical mixtures results is difficult as 
regulators have not established standards or benchmarks for the assessment of mixtures. By 
adding chemical HQ values together, it assumes that not only is the target organ the same, but 
that exposure to these chemicals actually results in a toxicological mode of action that is directly 
additive. To date, there have been limited or no mixture additive toxicology studies to support 
using this approach in human health risk assessment. This is a considerable source of 
uncertainty in any risk assessment being conducted in Ontario.  
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Table 7-76 Multi-Pathway Risk Assessment –Operational Cases Hazard Quotient Results for Local Resident Receptors from 
Chemical Mixtures at 400,000 tpy 

COPC 

Hazard Quotient – 400,000 tpy 

Infant Toddler 

Baseline 
Case 

Project 
Alone 
Case 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Baseline 
Case 

Project 
Alone 
Case 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Bowmanville Subdivision           

Haematological Effects 0.022 4.0E-06 0.022 5.8E-06 0.022 0.091 3.2E-05 0.091 4.6E-05 0.091 

Kidney Effects 0.0028 4.3E-05 0.0028 6.2E-05 0.0029 0.014 2.2E-04 0.014 3.1E-04 0.014 

Liver Effects 10.8 2.1E-04 10.8 6.0E-04 10.8 0.50 2.7E-05 0.50 7.7E-05 0.50 

Neurological Effects 0.040 1.5E-04 0.040 2.0E-04 0.041 0.13 5.7E-04 0.13 8.0E-04 0.13 

Reproductive/ 
Developmental Effects 3.9 0.0021 3.9 0.0032 3.9 0.32 8.6E-04 0.32 0.0012 0.32 

Courtice Subdivision           

Haematological Effects 0.022 2.9E-06 0.022 4.2E-06 0.022 0.091 2.3E-05 0.091 3.3E-05 0.091 

Kidney Effects 0.0028 2.9E-05 0.0028 4.1E-05 0.0028 0.014 1.5E-04 0.014 2.1E-04 0.014 

Liver Effects 10.8 1.6E-04 10.8 4.5E-04 10.8 0.50 2.1E-05 0.50 5.7E-05 0.50 

Neurological Effects 0.040 1.0E-04 0.040 1.4E-04 0.040 0.13 4.0E-04 0.13 5.7E-04 0.13 

Reproductive/ 
Developmental Effects 3.9 0.0015 3.9 0.0023 3.9 0.32 6.1E-04 0.32 8.8E-04 0.32 

Courtice Road           

Haematological Effects 0.022 8.9E-06 0.022 1.3E-05 0.022 0.091 6.8E-05 0.091 9.9E-05 0.091 
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COPC 

Hazard Quotient – 400,000 tpy 

Infant Toddler 

Baseline 
Case 

Project 
Alone 
Case 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Baseline 
Case 

Project 
Alone 
Case 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Kidney Effects 0.0028 9.8E-05 0.0029 1.4E-04 0.0029 0.014 4.9E-04 0.014 7.1E-04 0.015 

Liver Effects 10.8 6.7E-04 10.8 0.0019 10.8 0.50 8.6E-05 0.50 2.4E-04 0.50 

Neurological Effects 0.040 3.2E-04 0.041 4.2E-04 0.041 0.13 0.0012 0.13 0.0017 0.13 

Reproductive/ 
Developmental Effects 3.9 0.0044 3.9 0.0067 3.9 0.32 0.0019 0.32 0.0027 0.32 

Maple Grove           

Haematological Effects 0.022 2.2E-06 0.022 3.1E-06 0.022 0.091 1.7E-05 0.091 2.4E-05 0.091 

Kidney Effects 0.0028 3.1E-05 0.0028 4.6E-05 0.0029 0.014 1.6E-04 0.014 2.3E-04 0.014 

Liver Effects 10.8 1.9E-04 10.8 5.2E-04 10.8 0.50 2.4E-05 0.50 6.6E-05 0.50 

Neurological Effects 0.040 9.9E-05 0.040 1.2E-04 0.040 0.13 3.2E-04 0.13 4.4E-04 0.13 

Reproductive/ 
Developmental Effects 3.9 0.0012 3.9 0.0018 3.9 0.32 4.8E-04 0.32 6.8E-04 0.32 

Oshawa Subdivision           

Haematological Effects 0.022 3.8E-06 0.022 5.5E-06 0.022 0.091 3.0E-05 0.091 4.3E-05 0.091 

Kidney Effects 0.0028 4.7E-05 0.0029 6.8E-05 0.0029 0.014 2.4E-04 0.014 3.5E-04 0.014 

Liver Effects 10.8 2.7E-04 10.8 7.5E-04 10.8 0.50 3.4E-05 0.50 9.6E-05 0.50 

Neurological Effects 0.040 1.6E-04 0.040 2.0E-04 0.041 0.13 5.5E-04 0.13 7.7E-04 0.13 
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COPC 

Hazard Quotient – 400,000 tpy 

Infant Toddler 

Baseline 
Case 

Project 
Alone 
Case 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Baseline 
Case 

Project 
Alone 
Case 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Reproductive/ 
Developmental Effects 3.87 0.0020 3.9 0.0031 3.9 0.32 8.4E-04 0.32 0.0012 0.32 

Port Darlington           

Haematological Effects 0.022 1.4E-06 0.022 2.0E-06 0.022 0.091 1.1E-05 0.091 1.6E-05 0.091 

Kidney Effects 0.0028 2.8E-05 0.0028 4.1E-05 0.0028 0.014 1.5E-04 0.014 2.1E-04 0.014 

Liver Effects 10.8 1.2E-04 10.8 3.4E-04 10.8 0.50 1.6E-05 0.50 4.4E-05 0.50 

Neurological Effects 0.040 8.3E-05 0.040 9.7E-05 0.040 0.13 2.3E-04 0.13 3.1E-04 0.13 

Reproductive/ 
Developmental Effects 3.87 8.3E-04 3.9 0.0014 3.9 0.32 3.3E-04 0.32 4.6E-04 0.32 

Solina Road           

Haematological Effects 0.022 5.1E-06 0.022 7.4E-06 0.022 0.091 3.9E-05 0.091 5.6E-05 0.091 

Kidney Effects 0.0028 6.3E-05 0.0029 9.1E-05 0.0029 0.014 3.1E-04 0.014 4.6E-04 0.014 

Liver Effects 10.8 4.1E-04 10.8 0.0012 10.8 0.50 5.3E-05 0.50 1.5E-04 0.50 

Neurological Effects 0.040 2.1E-04 0.041 2.7E-04 0.041 0.13 7.3E-04 0.13 0.0010 0.13 

Reproductive/ 
Developmental Effects 3.87 0.0026 3.9 0.0040 3.9 0.32 0.0011 0.32 0.0016 0.32 

Tooley           

Haematological Effects 0.022 9.4E-06 0.022 1.4E-05 0.022 0.091 7.1E-05 0.091 5.6E-05 0.091 
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COPC 

Hazard Quotient – 400,000 tpy 

Infant Toddler 

Baseline 
Case 

Project 
Alone 
Case 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Baseline 
Case 

Project 
Alone 
Case 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Kidney Effects 0.0028 1.0E-04 0.0029 1.5E-04 0.0030 0.014 4.9E-04 0.014 4.6E-04 0.014 

Liver Effects 10.8 7.4E-04 10.8 0.0021 10.8 0.50 9.4E-05 0.50 1.5E-04 0.50 

Neurological Effects 0.040 3.2E-04 0.041 4.3E-04 0.041 0.13 0.0013 0.13 0.0010 0.13 

Reproductive/ 
Developmental Effects 3.87 0.0046 3.9 0.0068 3.9 0.32 0.0019 0.32 0.0016 0.32 
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Table 7-77 Multi-Pathway Risk Assessment –Operational Cases Hazard Quotient Results for 
Farmer, Daycare, Recreation User – Sport and Recreation User – Camping 
Receptors from Chemical Mixtures at 400,000 tpy 

COPC 

Hazard Quotient – 400,000 tpy 

Baseline 
Case 

Project Alone 
Case 

Project 
Case 

Process Upset 
Case 

Process Upset 
Project Case 

Local Farmer - Infant      

Haematological Effects 0.022 1.4E-05 0.022 2.0E-05 0.022 

Kidney Effects 0.0028 1.1E-04 0.0029 1.6E-04 0.0030 

Liver Effects 117.5 0.011 117.5 0.029 117.5 

Neurological Effects 0.040 4.4E-04 0.041 5.9E-04 0.041 

Reproductive/ 
Developmental Effects 20.3 0.11 20.4 0.22 20.5 

Local Farmer – Toddler      

Haematological Effects 0.32 5.9E-04 0.32 8.6E-04 0.32 

Kidney Effects 0.044 0.0011 0.045 0.0016 0.045 

Liver Effects 4.8 4.0E-04 4.8 0.0011 4.8 

Neurological Effects 0.29 0.0028 0.29 0.0041 0.29 

Reproductive/ 
Developmental Effects 1.1 0.0071 1.1 0.012 1.1 

Daycare – Toddler      

Haematological Effects 0.022 3.4E-06 0.022 5.0E-06 0.02 

Kidney Effects 0.0029 3.9E-05 0.0029 0.0001 0.003 

Liver Effects 0.011 6.4E-06 0.011 0.0000 0.01 

Neurological Effects 0.045 1.4E-04 0.045 0.0002 0.05 

Reproductive/ 
Developmental Effects 0.052 2.1E-04 0.052 0.000 0.05 

Recreation User – Sport - 
Toddler      
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COPC 

Hazard Quotient – 400,000 tpy 

Baseline 
Case 

Project Alone 
Case 

Project 
Case 

Process Upset 
Case 

Process Upset 
Project Case 

Haematological Effects 9.7E-04 2.2E-07 9.7E-04 3.1E-07 9.7E-04 

Kidney Effects 1.2E-04 2.9E-06 1.3E-04 4.2E-06 1.3E-04 

Liver Effects 4.7E-04 6.7E-07 4.7E-04 1.9E-06 4.7E-04 

Neurological Effects 0.0082 1.1E-04 0.0083 1.2E-04 0.0083 

Reproductive/ 
Developmental Effects 0.010 1.2E-04 0.010 1.3E-04 0.010 

Recreation User – Camping 
– Toddler      

Haematological Effects 0.0026 6.2E-07 0.0026 9.0E-07 0.0026 

Kidney Effects 3.3E-04 7.2E-06 3.3E-04 1.0E-05 3.4E-04 

Liver Effects 0.0012 1.5E-06 0.0012 4.1E-06 0.0012 

Neurological Effects 0.011 1.2E-04 0.011 1.3E-04 0.011 

Reproductive/ 
Developmental Effects 0.013 1.4E-04 0.013 1.5E-04 0.013 
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Table 7-78 Multi-Pathway Risk Assessment –Operational Cases Hazard Quotient Results for the Swimmer and Hunter/Angler 
Toddler Receptors and Tooley Resident Swimmer and Hunter/Angler Toddler Receptors from Chemical Mixtures at 
400,000 tpy 

COPC 

Hazard Quotient – 400,000 tpy 

Toddler Toddler – Tooley Resident 

Baseline 
Case 

Project 
Alone 
Case 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Baseline 
Case 

Project 
Alone 
Case 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Swimmer           

Haematological Effects 7.2E-04 2.5E-05 7.4E-04 3.6E-05 7.5E-04 0.092 9.6E-05 0.092 1.4E-04 0.092 

Kidney Effects 0.0011 3.7E-06 0.0011 5.4E-06 0.0011 0.015 5.0E-04 0.016 7.2E-04 0.016 

Liver Effects 0.028 1.8E-06 0.028 5.1E-06 0.028 0.53 9.6E-05 0.53 2.7E-04 0.53 

Neurological Effects 0.0022 6.3E-05 0.0022 9.1E-05 0.0023 0.13 0.0013 0.13 0.0019 0.13 

Reproductive/ 
Developmental Effects 0.0042 8.9E-05 0.0043 1.3E-04 0.0043 0.32 0.0020 0.32 0.0029 0.32 

Hunter/Angler           

Haematological Effects 0.19 0.0015 0.19 0.0021 0.19 0.28 0.0015 0.28 0.0022 0.28 

Kidney Effects 0.14 6.9E-06 0.14 1.0E-05 0.14 0.16 5.0E-04 0.16 7.3E-04 0.16 

Liver Effects 0.67 0.0055 0.68 0.015 0.69 1.17 0.0056 1.18 0.016 1.19 

Neurological Effects 0.19 0.0051 0.20 0.0074 0.20 0.32 0.0064 0.33 0.0092 0.33 

Reproductive/ 
Developmental Effects 0.48 0.011 0.49 0.016 0.49 0.79 0.012 0.81 0.018 0.81 
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7.12.2.3 400,000 tpy Operational Cases – Multi-Pathway Risk Assessment Carcinogens 

The multi-pathway assessment derived oral/dermal LCR and ILCR estimates for the 
carcinogenic COPC under the Baseline Case (i.e., lifetime cancer risks), and the Project Alone 
and Process Upset Cases (i.e., incremental lifetime cancer risks), at 400,000 tpy. Lifetime 
exposures to carcinogens considered all life stages (i.e., infant through to adult), termed a 
“composite lifetime receptor”, when predicting LCRs and ILCRs. 

As discussed previously, predicted ILCR values for the Project Alone Case and Process Upset 
Case were evaluated against a 1-in-1,000,000 acceptable cancer risk benchmark; conversely, 
there is no benchmark for comparison of LCR values, as they represent an individual‘s lifetime 
cancer risks associated with all potential exposures to a given carcinogenic COPC within the 
environment. For the Baseline Case, this represents the lifetime cancer risk associated with all 
background sources of the COPC and does not include Project-related emissions. 

Table 7-79 through Table 7-82 shows LCR and ILCR estimates for all receptors under the 
Baseline Case, Project Alone Case and Process Upset Case assessment scenarios. Baseline 
Case LCR results are provided for comparison – discussion of these results can be found in 
Section 7.9.2.3. Results of the assessment indicate that none of the predicted ILCR values 
exceed the accepted regulatory benchmark for the Project Alone Case or Process Upset Case; 
therefore, it is not expected that the Project will pose any additional adverse cancer risk to the 
health of local receptors at 400,000 tpy. 

Additionally, the additive LCR and ILCR of stomach carcinogens was assessed. Interpretation of 
the results is difficult as there is no regulatory benchmark against which to measure the results 
of the analysis of chemical mixtures. 
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Table 7-79 Multi-Pathway Risk Assessment –Operational Cases Cancer Risk Results for the Bowmanville Subdivision, Courtice Subdivision and Courtice Road Composite Receptor Groupings at 400,000 tpy 

COPC 

LCR/ILCR – Bowmanville Subdivision LCR/ILCR – Courtice Subdivision LCR/ILCR – Courtice Road 

Composite Receptor 

Baseline Case - LCR Project Alone Case - ILCR Process Upset Case 
- ILCR 

Baseline Case - 
LCR 

Project Alone Case - 
ILCR 

Process Upset Case - 
ILCR 

Baseline Case - 
LCR 

Project Alone Case - 
ILCR 

Process Upset Case - 
ILCR 

PAHs          

Benzo(a)pyrene TEQ 4.0E-06 4.6E-11 1.3E-10 4.0E-06 3.2E-11 8.8E-11 4.0E-06 9.2E-11 2.5E-10 

VOCs                    

Bromoform 2.4E-07 1.3E-15 3.6E-15 2.4E-07 9.8E-16 2.7E-15 2.4E-07 4.1E-15 1.1E-14 

Carbon Tetrachloride 2.0E-06 4.9E-15 1.4E-14 2.0E-06 3.7E-15 1.0E-14 2.0E-06 1.5E-14 4.3E-14 

Dichloromethane 1.1E-06 4.7E-13 1.3E-12 1.1E-06 3.6E-13 1.0E-12 1.1E-06 1.5E-12 4.2E-12 

Chlorinated Monocyclic 
Aromatics          

Hexachlorobenzene 4.3E-06 3.8E-13 1.1E-12 4.3E-06 2.8E-13 7.9E-13 4.3E-06 1.2E-12 3.3E-12 

Pentachlorophenol 1.6E-10 7.3E-11 2.0E-10 1.6E-10 5.1E-11 1.4E-10 1.6E-10 1.5E-10 4.2E-10 

Inorganics                   

Arsenic 1.9E-05 5.9E-10 8.5E-10 1.9E-05 4.1E-10 6.0E-10 1.9E-05 1.1E-09 1.6E-09 

Chemical Mixtures                   

Stomach Carcinogens 4.3E-06 4.6E-11 1.3E-10 4.3E-06 3.2E-11 8.8E-11 4.3E-06 9.2E-11 2.5E-10 
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Table 7-80 Multi-Pathway Risk Assessment –Operational Cases Cancer Risk Results for the Maple Grove, Oshawa Subdivision and Port Darlington Composite Receptor Groupings at 400,000 tpy 

COPC 

LCR/ILCR – Maple Grove LCR/ILCR – Oshawa Subdivision LCR/ILCR – Port Darlington 

Composite Receptor 

Baseline Case - 
LCR 

Project Alone Case - 
ILCR 

Process Upset Case 
- ILCR 

Baseline Case - 
LCR 

Project Alone Case - 
ILCR 

Process Upset Case - 
ILCR 

Baseline Case - 
LCR 

Project Alone Case - 
ILCR 

Process Upset Case - 
ILCR 

PAHs          

Benzo(a)pyrene TEQ 4.0E-06 3.9E-11 1.1E-10 4.0E-06 5.8E-11 1.6E-10 4.0E-06 3.8E-11 1.0E-10 

VOCs                    

Bromoform 2.4E-07 1.1E-15 3.1E-15 2.4E-07 1.6E-15 4.6E-15 2.4E-07 7.4E-16 2.1E-15 

Carbon Tetrachloride 2.0E-06 4.2E-15 1.2E-14 2.0E-06 6.2E-15 1.7E-14 2.0E-06 2.8E-15 7.8E-15 

Dichloromethane 1.1E-06 4.1E-13 1.1E-12 1.1E-06 5.9E-13 1.7E-12 1.1E-06 2.7E-13 7.5E-13 

Chlorinated Monocyclic 
Aromatics          

Hexachlorobenzene 4.3E-06 3.3E-13 9.1E-13 4.3E-06 4.7E-13 1.3E-12 4.3E-06 2.1E-13 6.0E-13 

Pentachlorophenol 1.6E-10 6.2E-11 1.7E-10 1.6E-10 9.2E-11 2.5E-10 1.6E-10 5.9E-11 1.6E-10 

Inorganics                   

Arsenic 1.9E-05 2.8E-10 4.0E-10 1.9E-05 5.2E-10 7.5E-10 1.9E-05 2.0E-10 2.8E-10 

Chemical Mixtures                   

Stomach Carcinogens 4.3E-06 3.9E-11 1.1E-10 4.3E-06 5.8E-11 1.6E-10 4.3E-06 3.8E-11 1.0E-10 
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Table 7-81 Multi-Pathway Risk Assessment –Operational Cases Cancer Risk Results for the Solina Road, Tooley and Farmer Composite Receptor Groupings at 400,000 tpy 

COPC 

LCR/ILCR – Solina Road LCR/ILCR – Tooley LCR/ILCR – Farmer 

Composite Receptor 

Baseline Case - LCR Project Alone Case - 
ILCR 

Process Upset Case - 
ILCR Baseline Case - LCR Project Alone Case - 

ILCR 
Process Upset 

Case - ILCR 
Baseline Case - 

LCR 
Project Alone 
Case - ILCR 

Process Upset 
Case - ILCR 

PAHs          

Benzo(a)pyrene TEQ 4.0E-06 6.6E-11 1.8E-10 4.0E-06 8.5E-11 2.3E-10 1.6E-05 3.7E-10 1.0E-09 

VOCs                    

Bromoform 2.4E-07 2.5E-15 7.1E-15 2.4E-07 4.5E-15 1.3E-14 3.6E-05 5.3E-11 1.5E-10 

Carbon Tetrachloride 2.0E-06 9.5E-15 2.6E-14 2.0E-06 1.7E-14 4.7E-14 3.0E-04 1.0E-11 2.8E-11 

Dichloromethane 1.1E-06 9.2E-13 2.6E-12 1.1E-06 1.6E-12 4.6E-12 1.7E-04 4.2E-11 1.2E-10 

Chlorinated Monocyclic Aromatics          

Hexachlorobenzene 4.3E-06 7.3E-13 2.0E-12 4.3E-06 1.3E-12 3.6E-12 4.7E-05 7.0E-11 1.9E-10 

Pentachlorophenol 1.6E-10 1.1E-10 2.9E-10 1.6E-10 1.4E-10 3.9E-10 1.6E-10 4.1E-10 1.1E-09 

Inorganics                    

Arsenic 1.9E-05 6.4E-10 9.3E-10 1.9E-05 1.2E-09 1.7E-09 9.6E-05 5.0E-09 7.2E-09 

Chemical 
Mixtures                   

Stomach Carcinogens 4.3E-06 6.6E-11 1.8E-10 4.3E-06 8.5E-11 2.3E-10 5.2E-05 4.2E-10 1.2E-09 
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Table 7-82 Multi-Pathway Risk Assessment –Operational Cases Cancer Risk Results for the Daycare Adult Receptor and the Recreation User – Sport and Recreation User - Camping Composite Receptor Groupings at 
400,000 tpy 

COPC 

LCR/ILCR – Daycare LCR/ILCR – Recreation User - Sport LCR/ILCR – Recreation User - Camping 

Adult Receptor Composite Receptor 

Baseline Case - LCR Project Alone Case - 
ILCR 

Process Upset Case - 
ILCR 

Baseline Case - 
LCR 

Project Alone Case - 
ILCR 

Process Upset Case - 
ILCR 

Baseline Case - 
LCR 

Project Alone Case - 
ILCR 

Process Upset Case - 
ILCR 

PAHs          

Benzo(a)pyrene TEQ 8.7E-08 2.7E-13 7.7E-13 7.1E-09 5.4E-14 1.5E-13 1.9E-08 1.2E-13 3.3E-13 

VOCs                    

Bromoform 3.4E-11 4.3E-19 1.2E-18 2.9E-12 8.8E-20 2.5E-19 7.5E-12 1.9E-19 5.3E-19 

Carbon Tetrachloride 3.5E-10 6.3E-19 1.8E-18 2.8E-11 1.2E-19 3.5E-19 7.4E-11 2.7E-19 7.5E-19 

Dichloromethane 3.1E-10 1.1E-17 3.2E-17 2.7E-11 2.3E-18 6.6E-18 7.0E-11 5.1E-18 1.4E-17 

Chlorinated 
Monocyclic Aromatics          

Hexachlorobenzene 1.9E-09 5.7E-15 1.6E-14 1.6E-10 1.2E-15 3.3E-15 4.1E-10 2.5E-15 7.1E-15 

Pentachlorophenol 3.1E-11 1.3E-14 3.7E-14 2.6E-12 2.7E-15 7.7E-15 6.8E-12 6.0E-15 1.7E-14 

Inorganics                   

Arsenic 2.0E-06 1.0E-11 1.5E-11 1.8E-07 1.4E-12 2.0E-12 4.7E-07 3.9E-12 5.7E-12 

Chemical Mixtures                   

Stomach Carcinogens 8.7E-08 2.7E-13 7.7E-13 7.1E-09 5.4E-14 1.5E-13 1.9E-08 1.2E-13 3.3E-13 
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Additional Risk Related to Specific Activities 

As was conducted for the chronic non-carcinogenic results, in order to provide a more complete 
assessment of the impact of swimming, hunting and angling activities, the activity specific LCR 
and ILCR results have been added to the worst case resident receptor results (i.e. the Tooley 
residential receptor grouping). This assessment allows for potential risks to be placed in context 
such that the results represent the risk of a local resident swimming, hunting or angling in 
addition to his/her normal daily activities.  

Table 7-83 and Table 7-84 shows LCR and ILCR estimates for both recreation user – swimming 
and hunting/angling receptors, as well as the combined results for the recreation user – 
swimming/hunting/angling receptors and Tooley residents, under the Baseline Case, Project 
Alone Case and Process Upset Case assessment scenarios, at 400,000 tpy. Baseline Case 
LCR results are provided for comparison – discussion of these results can be found in Section 
7.9.2.3. Results of the assessment indicate that none of the predicted ILCR values exceed the 
regulatory benchmark for the Project Alone Case or Process Upset Case; therefore, it is not 
expected that the Project will pose any additional adverse cancer risk to the health of local 
recreational swimmer and hunting/angling receptors at 400,000 tpy. 

Additionally, the additive LCR and ILCR of stomach carcinogens was assessed. Interpretation of 
the results is difficult as there is no regulatory benchmark against which to measure the results 
of the analysis of chemical mixtures.  
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Table 7-83 Multi-Pathway Risk Assessment –Operational Cases Cancer Risk Results for the Composite Swimmer Receptor and 
Tooley Resident Recreational Swimmer Composite Receptor at 400,000 tpy 

COPC 

LCR/ILCR - Recreational Swimmer LCR/ILCR - Recreational Swimmer 

Composite Receptor - Swimmer Composite Receptor - Tooley Resident Swimmer 

Baseline Case 
- LCR 

Project Alone - 
ILCR 

Process Upset Case 
– ILCR Baseline Case - LCR Project Alone - 

ILCR 
Process Upset Case 

- ILCR 

PAHs       

Benzo(a)pyrene TEQ 1.6E-07 3.3E-12 9.1E-12 4.2E-06 8.8E-11 2.4E-10 

VOCs              

Bromoform 3.2E-09 3.5E-12 9.9E-12 2.4E-07 3.5E-12 9.9E-12 

Carbon Tetrachloride 1.0E-07 7.9E-13 2.2E-12 2.1E-06 8.0E-13 2.2E-12 

Dichloromethane 1.2E-08 1.1E-11 3.0E-11 1.1E-06 1.2E-11 3.5E-11 

Chlorinated 
Monocyclic Aromatics       

Hexachlorobenzene 3.4E-08 5.5E-13 1.5E-12 4.3E-06 1.9E-12 5.2E-12 

Pentachlorophenol 1.3E-09 6.5E-11 1.8E-10 1.5E-09 2.1E-10 5.7E-10 

Inorganics              

Arsenic 2.5E-06 1.9E-09 2.7E-09 2.1E-05 3.1E-09 4.4E-09 

Chemical Mixtures             

Stomach Carcinogens 1.7E-07 6.8E-12 1.9E-11 4.5E-06 9.1E-11 2.5E-10 
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Table 7-84 Multi-Pathway Risk Assessment –Operational Cases Cancer Risk Results for the Composite Hunter/Angler Receptor and 
Tooley Resident Hunter/Angler Composite Receptor at 400,000 tpy 

COPC 

LCR/ILCR – Hunter/Angler LCR/ILCR – Hunter/Angler 

Composite Receptor – Hunter/Angler Composite Receptor - Tooley Resident Hunter/Angler 

Baseline Case 
- LCR 

Project Alone - 
ILCR 

Process Upset Case 
– ILCR Baseline Case - LCR Project Alone - 

ILCR 
Process Upset Case 

- ILCR 

PAHs       

Benzo(a)pyrene TEQ 3.6E-06 7.9E-11 2.2E-10 7.6E-06 1.6E-10 4.5E-10 

VOCs             

Bromoform - 1.1E-12 3.0E-12 2.4E-07 1.1E-12 3.0E-12 

Carbon Tetrachloride - 3.1E-13 8.6E-13 2.0E-06 3.3E-13 9.1E-13 

Dichloromethane - 3.2E-13 9.0E-13 1.1E-06 2.0E-12 5.5E-12 

Chlorinated 
Monocyclic Aromatics       

Hexachlorobenzene 9.8E-06 1.2E-10 3.5E-10 1.4E-05 1.3E-10 3.5E-10 

Pentachlorophenol - 8.2E-09 2.3E-08 1.6E-10 8.4E-09 2.3E-08 

Inorganics             

Arsenic 1.5E-04 2.1E-08 3.1E-08 1.7E-04 2.2E-08 3.2E-08 

Chemical Mixtures             

Stomach Carcinogens 3.6E-06 8.0E-11 2.2E-10 7.9E-06 1.6E-10 4.6E-10 

 



 

           Human Health and Ecological Risk Assessment 
Technical Study Report

December 10, 2009

 

Project No. 1009497 
Stantec © 2009 

415 

 

 

 
 
 
 
 
 

DECOMMISSIONING AND ABANDONMENT 
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7.13 Risk Characterization - Decommissioning and Abandonment 

Decommissioning and abandonment of the Site is not expected to occur for another several decades. 
Similar to the Construction Case, it is expected that decommissioning and removal of the Facility from 
the Site would entail short-term, localized emissions of air contaminants. While it is unlikely that these 
activities would significantly increase any potential risk to human health, it is expected that a more 
current assessment of these potential risks would be conducted prior to the commencement of 
decommissioning activities. Consequently, the prediction of risks to human health from 
decommissioning and abandonment has not been undertaken in this assessment. 

7.14 Uncertainty Analysis for the Human Health Risk Assessment 

In the risk assessment process, a number of conservative assumptions are required to quantitatively 
evaluate the risks to human health from exposure to the Project. These assumptions inherently add an 
element of uncertainty to the risk assessment. As a result, risk assessments tend to overstate the 
actual level of risk. Although many factors are considered in preparation of a risk analysis, analysis 
results are generally only sensitive to very few of these factors.  The uncertainty analysis is included to 
demonstrate that assumptions used are conservative, or that the health analysis result is not sensitive 
to the key assumptions. The following table (Table 7-85) outlines the assumptions/uncertainties used in 
this risk assessment, and provides an evaluation of each assumption and an opinion as to whether the 
assumption will over-or-under estimate risk. 
Table 7-85 Major Assumptions Used in the HHRA 

Assumptions/ Uncertainty Discussion of Conservatism 

Analysis Likely to 
Overestimate/ 

Underestimate 
Risk 

Exposure Assessment 

For analyses of non-carcinogenic exposures, 
infant and toddler receptors were selected. 

Toddlers represent the most sensitive age group for 
assessing non-carcinogenic effects.  Infants were 
included to assess the breast milk pathway.  Resultant 
risks are generally over protective for an adult 
population.  This approach is in accordance with 
standard practice (i.e., Health Canada and US EPA). 

Neutral for Infants 
and Toddlers. 

Overestimate risks 
for Adults 

Facility is not currently in operation; therefore 
emissions and ground level air concentrations 
were predicted by air dispersion models.  

A substantive review of the available air models and the 
values used in the model was completed by the study 
team to ensure the results are appropriate for the 
assessment of health risks.  

Neutral 



 

           Human Health and Ecological Risk Assessment 
Technical Study Report

December 10, 2009

 

Project No. 1009497 
Stantec © 2009 

417 

 

 

Assumptions/ Uncertainty Discussion of Conservatism 

Analysis Likely to 
Overestimate/ 

Underestimate 
Risk 

Behavioural and physical characteristics were 
assumed for receptors 

After review by the study team, behavioural and physical 
characteristics were chosen for receptors in an attempt 
to overestimate potential exposures to receptors. 
Additional receptor assumptions are outlined below. 

Overestimate 

The hunter receptor was assumed to obtain all 
wild game from the lower Tooley watershed; 
while the angler receptor only caught fish from 
within the McLaughlin Bay Watershed.  

Lower Tooley and McLaughlin Bay watersheds 
represent areas where the highest predicted COPC 
concentrations for wild game and fish were found, 
respectively. Although the likelihood of a hunter/angler 
being exclusive to these areas is very small, it will 
sufficiently overestimate the risks from exposure to this 
type of activity.  

Overestimate 

Estimation of ultrafine particles (Nanoparticles) 
using air quality emissions data 

The Air Quality modeling predicts both particulate phase 
and vapour phase concentrations of COPC from the 
stack of the Thermal Treatment Facility. Form some 
COCP they are emitted as both a vapour (gas) and a 
particulate. By accounting for both phases of emissions 
the Study Team has captured the ultrafine (nanoparticle) 
phase of emissions. 

Neutral 

Exclusion of PCB dioxin-like congeners from 
the COPC list. 

At the time of issuing the report it is acknowledged in 
Section 4.4 that there may be a low level of PCB dioxin-
like congeners emitted from the facility. However, there 
was not enough information in the literature to complete 
a quantitative or even semi-quantitative assessment of 
the exposure and hence potential risk to receptors.  

The authors do not feel that this issue will result in a 
change to the overall risk predictions of dioxin and 
furans exposure, however, it is recommended that this 
be addressed as part of the stack monitoring program of 
dioxin and furans that has been proposed in the EA. 

Neutral 

Local farmers were assumed to grow 100% of 
agricultural products they consume.  

The likelihood that 100% of agricultural products 
consumed would be grown onsite is small; however to 
be conservative this assumption is carried forward and 
thus will likely overestimate the risks to the farmer. 

Overestimate 

Each residential receptor is assumed to have a 
vegetable garden and consume 100% of their 
produce from the garden.  

The likelihood that a local resident would grow and 
consume 100% of their produce from their local garden 
is small; however to be conservative this assumption is 
carried forward and thus will likely overestimate the risks 
to the local residents. 

 

Overestimate 
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Assumptions/ Uncertainty Discussion of Conservatism 

Analysis Likely to 
Overestimate/ 

Underestimate 
Risk 

The swimming receptor was assumed to have 
16 swimming events per year at 2 hours per 
swimming event in the assessment area. 

These conservative estimates were made by the study 
team based on the assumption receptors would swim 
only during the summer months (i.e., once a week for 4 
months).  Overall, these estimates likely overestimate 
actual swimming patterns and potential risks. 

Overestimate 

For assessment of carcinogenic substances, 
local residential and farmer were assumed to 
be present at their respective locations 24 
hours/day, 7 days/week, 52 weeks/year for 75 
years (i.e., from birth to 75 years of age). 

This is a conservative assumption as the assessment 
did not consider any time spent away from the location 
during the 75 year exposure period for carcinogenic 
compounds. 

Overestimate 

Maximum predicted acute (i.e., 1-h and 24-h) 
and chronic (i.e., annual) ground-level air 
concentrations at each receptor location were 
used to evaluate all acute inhalation risk 
estimates. 

Air quality modeling predicts the maximum concentration 
observed every hour over a 5 year period. It is possible 
that this maximum concentration may occur once (in one 
hour-long period over 5 years) or during multiple hour-
long periods over 5 years. To be exposed, a receptor 
would have to be present at the same location at the 
same time the maximum predicated air concentration is 
observed; therefore the likelihood of this occurring is 
very small.  Nevertheless, to err on the side of caution 
the inhalation assessment was carried out at maximum 
air concentrations.  

Overestimate 

Annual average COPC-specific ground-level 
air concentrations and deposition data were 
used to predict various environmental media 
concentrations (e.g., soil, garden produce, 
agricultural products, surface water, etc).  
Environmental media concentrations were 
predicted assuming deposition in the LRASA 
had already occurred for 30 years (i.e., 
lifespan of Facility assessed) 

Location-specified deposition rates and ground level air 
concentrations were used to predict COPC 
concentrations in environmental media (soil, vegetation 
etc.), agricultural products and local produce. This is a 
conservative assumption in that in is unlikely that 
deposition rates would not vary over the assessment 
area.  

Additionally deposition was assumed to have occurred 
over the 30 year life span of the Facility. This is a 
conservative assumption in that it assumes the COPC 
concentrations would be at their maximum 
concentrations in environmental media.  

Overestimate 

Assumptions related to prediction of watershed 
concentrations 

Estimating watershed COPC concentrations involves 
numerous assumptions related to the fate and transport 
of the COPC and physical processes such as surface 
run-off and soil erosion loads. US EPA (2005) guidance 
was followed and local and regional specific information 
was used to define watershed characteristics and soil 
erosion properties. 

Neutral 
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Assumptions/ Uncertainty Discussion of Conservatism 

Analysis Likely to 
Overestimate/ 

Underestimate 
Risk 

Food Chain Uptakes 

Estimation of COPC uptake through the food chain 
involves the use of assumptions regarding many factors, 
including root uptake factors, air to plant transfer factors, 
biotransfer and Bioconcentration factors, and crop and 
soil ingestion rates (MOE; 2008c; US EPA, 1997).   

Neutral 

Derivation of Process Upset Conditions 

The process upset conditions were derived by using the 
conservative methodology described in the HHRAP 
document (US EPA, 2005). The assumptions are 
conservative and tend to overestimate, rather than 
underestimate, risks. A discussion of the assumptions 
used in the Process Upset Cases can be found in 
Section 3.4.3.3. In addition, at the time of report 
preparation actual emission rates for the proposed 
Covanta facility were not available for upset conditions 
but it was confirmed that they believe that the use of the 
EPA approach is very conservative for emissions in 
upset conditions. 

Overestimate 

Laboratory method detection limits were used 
as background concentration for those media 
that were below detection limits.    

The HHERA conservatively used the method detection 
limit for those COPC whose concentrations were not 
detected in environmental media.  The MDL represents 
the maximum possible concentration of a chemical in a 
media sample. It is likely that actual concentrations are 
lower than the assessed MDL. As a result the use of an 
MDL is assumed to conservatively overestimate 
exposure.   

Overestimate 

The characteristics of a composite receptor 
have been provided by using a weighted 
average of the various variables, instead of 
considering each life-stage separately and 
then considering the exposure.  

Both calculation methods should provide the same 
outcome. 

Neutral 

Toxicity Assessment 

Used most current toxicological values 
available (e.g., Health Canada, US EPA 
Integrated Risk Information System) 

This approach is in accordance with standard practice, 
and provides the most current scientific basis with which 
to conduct a risk assessment. 

Neutral 

Use of surrogates 
PAHs and dioxins and furans were assessed using a 
toxic equivalency factor (TEF) surrogate approach.  

The TEF approach for PAHs is based on a whole 

Overestimate 
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Assumptions/ Uncertainty Discussion of Conservatism 

Analysis Likely to 
Overestimate/ 

Underestimate 
Risk 

mixture of PAH assuming that a combination is 
considered a dilution of a “surrogate” mixture of PAHs.  
The “surrogate” is generally considered a potent PAH 
mixture with well-defined chemistry and toxicology. The 
approach uses a single compound, benzo(a)pyrene 
(B[a]P), as the surrogate for the PAH fraction of other 
complex mixtures.  Using this method, the risk from any 
PAH mixture of concern can be estimated as the product 
of the environmental levels of B[a]P and the estimate of 
risk attributable to mixtures per unit B[a]P. 

For dioxins, the emissions of all individual chemicals 
were summed to provide a total emission for the group.  
The chemical with the highest potency (2,3,7,8-TCDD) 
was chosen to represent the group and was compared 
to the sum of the individual emissions.  

Potential antagonistic, additive and synergistic 
effects of chemical mixtures from those COPC 
released from the Project were evaluated in 
this assessment.  

Summation of hazard indices is only supportable when 
the individual compounds affect the same target organ 
and have similar mechanisms of action.  In this risk 
assessment, the COPC-specific HQs and ILCRs for a 
receptor have been summed within each exposure 
scenario if the target organ and toxicologic endpoint 
were the same. 

Note, although chemicals in the environment are most 
often present in some sort of mixture, guidelines for the 
protection of human health are almost exclusively based 
on exposure to single chemicals. The lack of 
approaches to evaluate biological effects of chemical 
mixtures and the use of single-compound toxicity data 
makes their use highly speculative and thus are only 
provided in the HHRA for information purposes. 

Neutral 

Toxicity Reference Values (TRV) 

For the derivation of TRVs for use in HHRA regulatory 
bodies adopt conservative assumptions to account for 
uncertainties (i.e. interspecies differences, individual 
variation, limitations in toxicological information, and 
extrapolation from acute to chronic exposures). 
Depending on the degree of uncertainty, typical factors 
will range from 100 to 10,000, with some being lower 
than 10 (in the case where solid human data is 
available).  

 

 

 

Overestimate 
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Assumptions/ Uncertainty Discussion of Conservatism 

Analysis Likely to 
Overestimate/ 

Underestimate 
Risk 

 

The incorporation of these factors results in risk 
estimates that are extremely conservative and ensure 
that limited exposures above reference does 
concentrations will not result in adverse human health 
effects. 

Concentration ratios based on Regulatory 
Benchmarks are often derived based on policy 
and not only health 

Benchmark values were only used where appropriate 
toxicological information was unavailable for a given 
COPC. A discussion of the appropriateness of the 
benchmark values used can be found in the 
Toxicological Profiles of the COPC (Appendix H). In 
addition Table 7-86 provided below includes additional 
toxicological data retrieved as requested by the MOE, 
however, it did not change the conclusions of the risk 
assessment as shown in Table 7-87 and 7-88. 

Neutral 

Risk Characterization 

For evaluating exposures to non-carcinogenic 
COPCs, a target benchmark HQ of 0.2 was 
used. 

The use of an HQ benchmark of 0.2 is conservative as it 
allows 80% of the tolerable daily intake of a chemical to 
be received from other sources, including background. 

Neutral 

ILCR set to 1 in 1,000,000 (10-6) for evaluating 
exposures to carcinogenic COPC at the site. 

This value has been adopted by MOE to represent an 
“acceptable” benchmark risk for carcinogenic 
substances.  In comparison, Health Canada uses target 
level of risk of 10-5 or 1 in 100,000. 

Neutral 

Some potential risks identified were wholly 
based on the use of MDLs 

As previously stated, the use of MDLs in place of actual 
chemical concentration is a conservative estimate meant 
to ensure any and all potential risks to receptors in the 
area have been captured.  It is anticipated that actual 
risk levels would be below those presented in this risk 
assessment.  

Overestimate 

During the review of the July 31, 2009 HHERA Technical Study Report the MOE requested that a full 
review of inhalation benchmarks, guidelines, standards and criteria was performed such that the most 
appropriate TRVs are used in the HHRA. This process involved, verifying the underlying rationale 
behind each TRV labeled benchmark to determine the true nature of the value. Additionally, for each 
chemical where an air quality benchmark was used to calculate a concentration ratio (CR), a search of 
TRV values from recognized regulatory bodies such as the MOE, US EPA IRIS, Health Canada, 
ATSDR Minimum Risk Levels (MRL), California EPA, and RIVM was conducted to ensure that where 
available a reference concentration (RfC) TRV it took precedent over the use of a benchmark. 
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Table 7-86 provides the results for those chemicals and averaging times where benchmarks or RfCs 
were updated. For the remaining chemicals, either the existing RfCs were deemed to continue to be 
protective of health, or there were no RfCs available for those previously reported benchmarks. 

Table 7-86 Updated TRVs that were retrieved for Benchmark Values Previously used in the HHRA. 

COPC Exposure 
Period 

Previous TRV or Benchmark 

(µg/m3) 

New TRV 

(µg/m3) 

Ammonia 1-hour 3200 (CalEPA, 2008) 1182 (ATSDR, 2004) 

Boron 1-hour 50 (TCEQ, 2009) 10 (ATSDR, 2007) 

Acetaldehyde 1-hour Not Evaluated 470 (CalEPA, 2008) 

Formaldehyde 24-hour 65 (MOE, 2008) 9 (CalEPA, 2008) 

1,1,2-trichloroethylene Annual 54 (TCEQ, 2009) 2.3 (MOE, 2008) 

Although for all chemicals these values were lower than the previous benchmarks used they did not 
affect the conclusions of the HHERA as presented in the July 31, 2009 report. Table 7-87 provides the 
results of using the updated values for the maximum ground level concentration inhalation assessment 
for the 140,000 tpy scenario, while Table 7-88 provides the results for the 400,000 tpy scenario. The 
values contained within the main body of this report were not updated to reflect these toxicity values, 
however, Appendix I-11 to Appendix I-14 contain all of the inhalation results using these updated 
values. 
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Table 7-87 Updated Inhalation Exposure Results at Maximum Ground Level Concentration – 140,000 tpy 

COPC Exposure 
Period 

Air 
Concentration 
at Maximum 

GLC – Project 
Alone Case 

(µg/m3) 

Air 
Concentration 
at Maximum 

GLC – 
Process Upset 

Case 

(µg/m3) 

Previous CR Results Updated CR Results 

Baseline 
Case 

Project 
Alone 
Case 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Baseline 
Case 

Project 
Alone 
Case 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Ammonia 1-hour 2.0 20 - 6.1E-04 6.1E-04 0.0061 0.0061 - 0.0017 0.0017 0.017 0.017 

Boron 1-hour 0.055 0.55 0.0037 0.0011 0.0048 0.011 0.015 0.019 0.0055 0.024 0.055 0.074 

Acetaldehyde 1-hour 2.6E-07 2.6E-06 - - - - - 0.0091 5.6E-10 0.0091 5.6E-09 0.0091 

Formaldehyde 24-hour 0.0024 0.024 0.052 3.7E-05 0.052 3.7E-04 0.052 0.38 2.6E-04 0.38 0.0026 0.38 

1,1,2-
trichloroethylene Annual 7.1E-07 2.0E-06 0.0050 1.3E-08 0.0050 3.7E-08 0.0050 0.12 3.1E-07 0.12 8.7E-07 0.12 
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Table 7-88 Updated Inhalation Exposure Results at Maximum Ground Level Concentration – 400,000 tpy 

COPC Exposure 
Period 

Air 
Concentration 
at Maximum 

GLC – Project 
Alone Case 

(µg/m3) 

Air 
Concentration 
at Maximum 

GLC – Process 
Upset Case 

(µg/m3) 

Previous CR Results Updated CR Results 

Baseline 
Case 

Project 
Alone 
Case 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Baseline 
Case 

Project 
Alone 
Case 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Ammonia 1-hour 4.2 33 - 0.0013 0.0013 0.010 0.010 - 0.0036 0.0036 0.028 0.028 

Boron 1-hour 0.12 0.94 0.0037 0.0024 0.0061 0.019 0.023 0.019 0.012 0.031 0.094 0.11 

Acetaldehyde 1-hour 4.2E-07 3.3E-06 - - - - - 0.0091 8.9E-10 0.0091 6.9E-09 0.0091 

Formaldehyde 24-hour 0.0045 0.035 0.052 6.9E-05 0.052 5.4E-04 0.053 0.38 5.0E-04 0.38 0.0039 0.38 

1,1,2-
trichloroethylen
e 

Annual 1.6E-06 4.4E-06 0.0050 2.9E-08 0.0050 8.2E-08 0.0050 0.12 6.9E-07 0.12 1.9E-06 0.12 
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7.15 Human Health Conclusions and Description of Environmental Effects 

Overall, the results of the human health risk assessment indicate that it is not expected that the Project 
will result in any adverse health risk to local residents, farmers or other receptors in the Local Risk 
Assessment Study Area at 140,000 tpy. At 400,000 tpy, potential risk may exist for 
commercial/industrial or farmer infant receptors during periods of process upsets such as malfunctions 
of the air pollution control systems. Although some risk has been identified through the assessment of 
Baseline Case concentrations, this risk can be attributed to two significant factors: 

1. Conservative modeling assumptions which overestimate the actual risk present. 

� Method detection limits were used to represent a number of chemical concentrations. This is a 
conservative approach as the true concentration of a COPC may be lower than the method 
detection limit or potentially non-existent. 

� In the absence of toddler-specific ingestion rates for homegrown produce and agricultural 
products, child-specific ingestion rates were used to represent the toddler. This is a conservative 
approach because ingestion rates are typically proportional to body weight. 

2. Pre-existing natural or anthropogenic conditions which correlate to baseline risk. 

7.15.1 Baseline Case and Baseline Traffic Case 

Health risks were evaluated under the Baseline Case and Baseline Traffic Case scenario at each 
receptor location within the LRASA for all COPCs in air and other environmental media. The Baseline 
Case and Baseline Traffic Case is representative of pre-operational or existing conditions in the 
LRASA. 

Acute Inhalation Health Risks 

Acute inhalation health risks associated with baseline conditions were characterized by comparing 
measured 1-hour and 24-hour COPC concentrations with health based guidelines considered 
protective of human health. The resultant concentration ratio (CR) was then compared to a regulatory 
benchmark of 1. 

The results indicate that no acute (1-hr or 24-hr) CR estimates exceeded the benchmark of 1 for the 
Baseline Case and Baseline Traffic Case, indicating that there is negligible risk to humans exposed to 
baseline air concentrations from all sources in the LRASA for a short duration. 

Additionally, Baseline Case and Baseline Traffic Case CACs (including NO2, SO2, PM2.5, and PM10) 
were compared to WHO benchmarks for informational purposes. None of the relevant Baseline Case or 
Baseline Traffic Case CACs exceed the WHO benchmarks. 
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Chronic Inhalation Health Risks 

Chronic inhalation health risks associated with baseline conditions were characterized by comparing 
measured annual average COPC concentrations with health based guidelines considered protective of 
human health.  

Separate assessments were conducted for non-carcinogenic COPC and carcinogenic COPC. Chronic, 
non-cancer inhalation risks (expressed as CR values) assume that an individual in continuously 
exposed to a predicted annual air concentration. Carcinogenic health risks, expressed as LCRs or 
ILCRs, assume that individuals would be continuously exposed to the predicted annual air 
concentration over the course of a lifetime. 

The results of the non-carcinogen analysis indicate that no chronic CR estimates exceeded the 
regulatory benchmark of 1 for the Baseline Case, indicating that there is negligible risk to humans 
exposed to baseline air concentrations from all sources in the LRASA over the long term. 

Additionally, Baseline Case and Baseline Traffic Case CACs (including NO2, SO2, PM2.5, and PM10) 
were compared to WHO benchmarks for informational purposes. With the exception of Baseline Traffic 
Case annual nitrogen dioxide (CR = 1.1), none of the relevant Baseline Case or Baseline Traffic Case 
CACs exceed the WHO benchmarks. The exceedance of annual nitrogen dioxide was not unexpected 
as any urban area in Ontario would produce similar results. It should be noted that WHO benchmarks 
are not necessarily health-based and are only intended to act as guidelines for country-regulated air 
quality standards. When compared to the selected standards from Health Canada, this exceedance did 
not occur. 

The results of the carcinogen assessment yielded a set of Lifetime Cancer Risk (LCR) results for each 
COPC, which are expressed on a total or all source basis.  Since regulators have not recommended an 
acceptable benchmark LCR for exposure to carcinogens associated with baseline conditions, 
interpretation of the significance of these LCR values is difficult.  Though the LCR values for some 
COPC exceed 1-in-1,000,000, this is not indicative of an unacceptable cancer risk level, as it 
incorporates all background sources, not just those specific to the proposed project. 

Chronic Multi-Pathway Human Health Risks 

Chronic multi-pathway health risks associated with baseline conditions were characterized by 
comparing measured COPC concentrations in various environmental media with health based 
guidelines considered protective of human health. The resultant hazard quotient (HQ) was compared to 
a regulatory benchmark of 0.2 (or 1 for methylmercury). 

All predicted risk levels for all receptor-COPC combinations were below the regulatory benchmark of 
0.2 (or 1 for methylmercury), with a few exceptions, described below. In all cases, the exceedances 
were deemed to be the result of conservative modeling assumptions, which in turn likely overestimated 
potential risks. 
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� Baseline Case Resident Infant – dioxins/furans and PCBs resulted in oral/dermal HQs of 3.8 and 
11, respectively. 

� The risk identified was attributed entirely to the ingestion of breast milk pathway. Breast milk 
concentrations were modeled based on exposure of the infant’s mother to measured baseline 
concentrations – most of which were based on MDLs, which represent an overestimation of the 
actual concentrations in environmental media. 

� Baseline Case Resident Toddler –  PCBs, arsenic, thallium resulted in an oral/dermal HQs of 0.49, 
0.32, 0.25. 

� The risks identified were attributed to the ingestion of homegrown fruit and produce and soil. 
Modeled concentrations of PCBs, arsenic and thallium in these media were conservatively 
based on method detection limits and conservative model assumptions. With regards to soil and 
dust concentrations, arsenic is a naturally occurring element that is present in many soils across 
Canada. The baseline concentration (8 mg/kg) did not exceed the stringent Ontario Ministry of 
the Environment regulatory soil standard (11 mg/kg). 

� Baseline Case Farmer Infant – dioxins/furans, PCBs and 1,2,4-trichlorobenzene resulted in 
oral/dermal HQs of 20, 117 and 0.21 respectively. 

� Much like the resident infant receptor, the risk identified pertaining to dioxins/furans, PCBs and 
1,2,4-trichlorobenzene was attributed entirely to the ingestion of breast milk pathway. Breast 
milk concentrations were modeled based on exposure of the infant’s mother to measured 
baseline concentrations – most of which were based on MDLs, which represent an 
overestimation of the actual concentrations in environmental media. 

� Baseline Case Farmer Toddler - dioxins and furans, bromoform, chloroform, dichloromethane, 
1,2,4,5-tetrachlorobenzene, antimony, arsenic, and beryllium resulted in oral/dermal HQs between 
0.2 and 0.72. 

� With the exception of arsenic, all of the above mentioned exceedances were found to be 
primarily rooted in exposure to dairy concentrations which were conservatively based on MDLs; 
consequently, it is likely that these risks are overestimated. 

� With respect to arsenic (HQ = 0.57), over 70% of the risk was attributed to ingestion of dairy 
products (47%), as well as soil and dust (26%). Similar to the points above, dairy concentrations 
were conservatively based on MDLs which represent an overestimation of the actual 
concentration in dairy products. As previously stated, the baseline concentration of arsenic (8 
mg/kg) did not exceed the stringent Ontario Ministry of the Environment regulatory soil standard 
(11 mg/kg).  

� Baseline Case Farmer Toddler – total PCBs, carbon tetrachloride, 1,2,4-trichlorobenzene, and 
thallium resulted in oral/dermal HQs greater than 1. 

� All exceedances were found to be primarily rooted in exposure to dairy concentrations which 
were conservatively modeled as MDLs; consequently, it is likely that these risks are 
overestimated. 
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� Baseline Case Hunter/Angler Toddler – total PCBs, dioxins/furans, arsenic and cadmium resulted in 
oral/dermal HQs greater than 0.2. 

� All exceedances were found to be primarily rooted in exposure to fish and wild game which 
were conservatively modeled as MDLs; consequently, it is likely that these risks are 
overestimated. 

In summary, the use of method detection limits to represent the concentration of COPC in food items 
likely over-estimated risks to those COPC with an HQ greater than 0.2. Additionally, for all COPC, the 
use of child-specific characteristics to represent toddler receptor consumption patterns represents a 
further conservative assumption which would lead to an overestimation of the potential risks. 

7.15.2 140,000 tpy Operational Cases – Project Alone Case, Project Case, Process Upset Case, 
Process Upset Project Case and Traffic Case 

Acute and chronic health risks associated with the air emissions from the Project were characterized by 
comparing predicted short-term and annual average concentrations with health-based guidelines 
considered protective of human health. Additionally, a multi-pathway assessment was conducted to 
determine risk levels associated with COPC in environmental media. The technical details of this 
assessment are similar to those of the Baseline Case. The Project Alone Case and Process Upset 
Case represent the contribution of the Project itself during periods of normal and upset operations, 
respectively. The Project Case and Process Upset Project Case represent the combined sum of the 
Baseline Case and the Project Alone Case/Process Upset Case. Finally, the Traffic Case represents 
the combined contribution of baseline conditions, off-site traffic, on-site traffic and stationary emission 
sources. 

Acute Inhalation Health Risks 

An acute inhalation assessment was conducted on predicted maximum ground level concentrations. 
This is expected to provide a realistically conservative and representative estimate of risk in the 
LRASA. An assessment of 15 receptor groupings was also conducted. For the purposes of the Process 
Upset assessment, it is assumed that the Facility operates under upset conditions for the entire 
duration of the assessment period (1- or 24-hours). 

Results of the acute inhalation assessment on maximum ground level concentrations indicate that none 
of the predicted 1-hour or 24-hour air concentrations for all COPC at 140,000 tpy exceeded their 
relevant TRV for the Project Alone Case, Project Case, Process Upset Case, Process Upset Project 
Case or Traffic Case. Additionally, for these same COPC, health risks were not predicted at any of the 
15 individual receptor groupings, which include schools, day cares, farms, current/future 
industrial/commercial areas, park/recreational areas, hospitals, retirement homes, and eight residential 
areas. Overall, it is not expected that concentrations of COPC from the Project, at 140,000 tpy, will 
pose any additional undue acute risk to the health of local human receptors. 
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Additionally, CACs (including NO2, SO2, PM2.5, and PM10) were compared to WHO benchmarks for 
informational purposes. With the exception of Process Upset Project Case 24-hr PM2.5 (CR = 1.01) 
none of the relevant Baseline Case, Project Alone Case, Project Case, Process Upset Case, Process 
Upset Project Case or Traffic Case CACs exceed the WHO benchmarks. The exceedance of fine 
particulate matter is driven by baseline concentrations, and was not unexpected, as any urban area in 
Ontario would produce similar results. It should be noted that WHO benchmarks are not necessarily 
health-based and are only intended to act as guidelines for country-regulated air quality standards. 
When compared to the selected Canada-Wide Standard, this exceedance did not occur. 

Chronic Inhalation Health Risks 

Chronic health risks associated with the air emissions from the Project, and in combination with other 
sources of COPC, were characterized by comparing predicted annual average concentrations 
(including air concentrations resulting from the Project, regional sources, and measured background 
sources where available) with health based guidelines considered protective of human health. For the 
purposes of the Process Upset assessment, it is assumed that the Facility operates under upset 
conditions for 5% of the year with respect to CACs and metals, and for 20% of the year for all other 
COPC. 

Separate assessments were conducted for non-carcinogenic COPC and carcinogenic COPC. Chronic, 
non-cancer inhalation risks (expressed as CR values) assume that an individual in continuously 
exposed to a predicted annual air concentration. Carcinogenic health risks, expressed as LCRs or 
ILCRs, assume that individuals would be continuously exposed to the predicted annual air 
concentration over the course of a lifetime. 

The results of the non-carcinogenic assessment on maximum ground level concentrations indicate that 
none of the annual average concentrations of COPCs exceed their TRVs in the Project Alone Case, 
Project Case, Process Upset Case, Process Upset Project Case or Traffic Case at 140,000 tpy. 
Additionally, for these same COPC, health risks were not predicted at any of the 15 individual receptor 
groupings, which include schools, day cares, farms, current/future industrial/commercial areas, 
park/recreational areas, hospitals, retirement homes, and eight residential areas. 

Additionally, CACs (including NO2, SO2, PM2.5, and PM10) were compared to WHO benchmarks for 
informational purposes. With the exception of Traffic Case annual nitrogen dioxide (CR = 1.1), none of 
the relevant Baseline Case, Project Alone Case, Project Case, Process Upset Case, Process Upset 
Project Case or Traffic Case CACs exceed the WHO benchmarks. The exceedance of nitrogen dioxide 
is driven by baseline concentrations, and was not unexpected, as any urban area in Ontario would 
produce similar results. As noted before, WHO benchmarks are not necessarily health-based and are 
only intended to act as guidelines for country-regulated air quality standards. When compared to the 
selected Health Canada standard, this exceedance did not occur. 
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Results of the carcinogen assessment on maximum ground level concentrations indicate that none of 
the ILCR values predicted for the carcinogenic COPC under the Project Alone scenario exceeded the 
regulatory acceptable cancer risk level of 1-in-1,000,000. Additionally, for these same COPC, health 
risks were not predicted at any of the 15 previously described individual receptor groupings. 

Overall, it is not expected that the Project, at 140,000 tpy, will pose any adverse risk to the long-term 
health of local receptors.  

Chronic Multi-Pathway Human Health Risks 

A subset of 133 unique receptor locations in 14 receptor groupings within the LRASA were selected to 
undergo a multi-pathway exposure assessment to evaluate chronic exposure to COPC through contact 
with different local environmental media (e.g. soil, air, local produce, agricultural products, wild game 
and fish). With respect to the Process Upset scenarios, much like the chronic inhalation assessment, 
the multi-pathway assessment assumes operation under upset conditions occurs 5% of the year for 
metals, and 20% of the year for all other COPC. 

Results of the Project Alone Case/Process Upset Case assessment indicate that, at 140,000 tpy, none 
of the predicted HQ or ILCR values exceeded the regulatory benchmark of 0.2 or 1-in-1,000,000, 
respectively. As a result, the Project itself is not expected to pose any additional undue risk to the 
health of local receptors. In some cases, where previously discussed Baseline Case risk existed, HQ 
values for the Project Case exceeded the established benchmark of 0.2. This was expected as the 
Project Case is the sum of Baseline Case and Project Alone Case risk estimates. In all cases, risk is 
entirely driven by baseline concentrations. As discussed previously above, it is expected that these 
baseline risk estimates are overstated due to the use of method detection limits and conservative 
ingestion rates.  

7.15.3 400,000 tpy Operational Cases – Project Alone Case, Project Case, Process Upset Case, 
Process Upset Project Case and Traffic Case 

Acute and chronic health risks associated with the air emissions from the Project were characterized by 
comparing predicted short-term and annual average concentrations with health-based guidelines 
considered protective of human health. Additionally, a multi-pathway assessment was conducted to 
determine risk levels associated with COPC in environmental media. The technical details of this 
assessment are similar to those of the Baseline Case and 140,000 tpy Operational Cases assessment. 
The Project Alone Case and Process Upset Case represent the contribution of the Project itself during 
periods of normal and upset operations, respectively. The Project Case and Process Upset Project 
Case represent the combined sum of the Baseline Case and the Project Alone Case/Process Upset 
Case. Finally, the Traffic Case represents the combined contribution of baseline conditions, off-site 
traffic, on-site traffic and stationary emission sources. 

 



 

           Human Health and Ecological Risk Assessment 
Technical Study Report

December 10, 2009

 

Project No. 1009497 
Stantec © 2009 

431 

 

 

Acute Inhalation Health Risks 

An acute inhalation assessment was conducted on predicted maximum ground level concentrations. 
This is expected to provide a realistically conservative and representative estimate of risk in the 
LRASA. An assessment of 15 receptor groupings was also conducted. For the purposes of the Process 
Upset assessment, it is assumed that the Facility operates under upset conditions for the entire 
duration of the assessment period (1- or 24-hours). 

Results of the acute inhalation assessment on maximum ground level concentrations indicate that none 
of the predicted 1-hour or 24-hour air concentrations for all COPC at 400,000 tpy exceeded their 
relevant TRV for the Project Alone Case, Project Case, Process Upset Case, Process Upset Project 
Case or Traffic Case. Additionally, for these same COPC, with the exception of the current/future 
commercial/industrial receptor grouping, health risks were not predicted at any of the 15 individual 
receptor groupings, which include schools, day cares, farms, park/recreational areas, hospitals, 
retirement homes, and eight residential areas.  

However, there was one exception for the Process Upset Case, as the maximum 1-hr concentration of 
hydrogen chloride modelled at the Commercial/Industrial receptor group resulted in a CR value of 1.0. 
This slight exceedance of the government benchmark of 1.0 occurred when the facility was operating 
under upset conditions where two of the three exhaust streams being affected, for the entire one hour 
period, and at the time of the worst meteorological conditions. The probability of this hypothetical 
situation actually occurring is expected to be very low. 

Additionally, CACs (including NO2, SO2, PM2.5, and PM10) were compared to WHO benchmarks for 
informational purposes. With certain exceptions, none of the relevant Baseline Case, Project Alone 
Case, Project Case, Process Upset Case, Process Upset Project Case or Traffic Case CACs exceed 
the WHO benchmarks. The following CACs exceeded the WHO benchmarks: 

� Process Upset Project Case 1-hr NO2 (CR = 1.03) 

� Process Upset Project Case 24-hr PM2.5 (CR = 1.1) 

� Traffic Case 1-hr NO2 (CR = 1.3) 

With the exception of Process Upset Project Case 1-hr NO2, the exceedances are driven by baseline 
concentrations, and were not unexpected, as any urban area in Ontario would produce similar results. 
The exceedance of Process Upset Project Case nitrogen dioxide is driven by upset conditions, which 
conservatively assume that the Facility operates at maximum capacity while two of the three air 
pollution control units are not operational for the entire 1-hr exposure duration. As noted before, WHO 
benchmarks are not necessarily health-based and are only intended to act as guidelines for country-
regulated air quality standards. When compared to the selected regulatory standards, these 
exceedances did not occur. 
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Chronic Inhalation Health Risks 

Chronic health risks associated with the air emissions from the Project, and in combination with other 
sources of COPC, were characterized by comparing predicted annual average concentrations 
(including air concentrations resulting from the Project, regional sources, and measured background 
sources where available) with health based guidelines considered protective of human health. For the 
purposes of the Process Upset assessment, it is assumed that the Facility operates under upset 
conditions for 5% of the year with respect to CACs and metals, and for 20% of the year for all other 
COPC. 

Separate assessments were conducted for non-carcinogenic COPC and carcinogenic COPC. Chronic, 
non-cancer inhalation risks (expressed as CR values) assume that an individual in continuously 
exposed to a predicted annual air concentration. Carcinogenic health risks, expressed as LCRs or 
ILCRs, assume that individuals would be continuously exposed to the predicted annual air 
concentration over the course of a lifetime. 

The results of the non-carcinogenic assessment on maximum ground level concentrations indicate that 
none of the annual average concentrations of COPCs exceed their TRVs in the Project Alone Case, 
Project Case, Process Upset Case, Process Upset Project Case or Traffic Case at 400,000 tpy. 
Additionally, for these same COPC, health risks were not predicted at any of the 15 individual receptor 
groupings, which include schools, day cares, farms, current/future industrial/commercial areas, 
park/recreational areas, hospitals, retirement homes, and eight residential areas. 

Additionally, CACs (including NO2, SO2, PM2.5, and PM10) were compared to WHO benchmarks for 
informational purposes. With the exception of Traffic Case annual NO2 (CR = 1.1), none of the relevant 
Baseline Case, Project Alone Case, Project Case, Process Upset Case, Process Upset Project Case or 
Traffic Case CACs exceed the WHO benchmarks. This nitrogen dioxide exceedance is driven by 
baseline concentrations, and was not unexpected, as any urban area in Ontario would produce similar 
results. When compared to the selected Health Canada standard, this exceedance did not occur. 

Results of the carcinogen assessment on maximum ground level concentrations indicate that none of 
the ILCR values predicted for the carcinogenic COPC under the Project Alone scenario exceeded the 
regulatory acceptable cancer risk level of 1-in-1,000,000. Additionally, for these same COPC, health 
risks were not predicted at any of the 15 previously described individual receptor groupings. 

Overall, it is not expected that the Project, at 140,000 tpy, will pose any additional adverse risk to the 
long-term health of local receptors.  

Chronic Multi-Pathway Human Health Risks 

A subset of 133 unique receptor locations in 14 receptor groupings within the LRASA were selected to 
undergo a multi-pathway exposure assessment to evaluate chronic exposure to COPC through contact 
with different local environmental media (e.g. soil, air, local produce, agricultural products, wild game 
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and fish). With respect to the Process Upset scenarios, much like the chronic inhalation assessment, 
the multi-pathway assessment assumes operation under upset conditions occurs 5% of the year for 
metals, and 20% of the year for all other COPC. 

Results of the Project Alone Case/Process Upset Case assessment indicate that, at 400,000 tpy, with 
the exception of dioxins/furans in farmer infants, none of the predicted HQ or ILCR values exceeded 
the regulatory benchmark of 0.2 or 1-in-1,000,000, respectively. In some cases, where previously 
discussed Baseline Case risk existed, HQ values for the Project Case exceeded the established 
benchmark of 0.2. This was expected as the Project Case is the sum of Baseline Case and Project 
Alone Case risk estimates. In all cases, risk is entirely driven by baseline concentrations. As discussed 
previously above, it is expected that these baseline risk estimates are overstated due to the use of 
method detection limits and conservative ingestion rates. 

The lone exception was an infant farmer modelled to be exposed to breast milk of a mother living in 
close proximity to the EFW facility under the Process Upset Case for dioxin and furan exposure. The 
farmer infant dioxin and furan HQ of 0.22 was slightly in excess of the government benchmark of 0.2. 
Again the Process Upset Case assumes that the Facility is operating at full capacity with two of the 
three exhaust streams being affected for 20% of the year. This is based on the very conservative US 
EPA default scenario for process upsets when there is a lack of empirical data. In addition, the sole 
source of food for an infant is breast milk, thus an acceptable benchmark for comparison of potential 
risk could have been selected as 1.0.   

Overall, the results of the human health risk assessment indicate that, with the exception of a potential 
Process Upset scenario farm infant to dioxin and furan in breast milk, it is not expected the Facility will 
lead to any adverse health risks to local residents, farmers or other receptors in LRASA while operating 
at 400,000 tonnes/year. Regardless, in the event that a 400,000 tpy expansion of the facility is 
eventually contemplated, special consideration should be given at that time to ensure that Process 
Upset Conditions do not result in an undue risk to people living and working in the area surrounding the 
facility. 

Overall Conclusion 

Overall, the results of the human health risk assessment indicate that chemical emissions from the 
EFW Facility would not lead to any adverse health risks to local residents, farmers or other receptors in 
LRASA under either the initial operating design capacity of 140,000 tpy or the maximum design 
capacity of 400,000 tpy. 

However, a limited number of chemicals under the Process Upset Case of the 400,000 tpy maximum 
design capacity resulted in slightly elevated potential risks above the government benchmarks for 
human health. These include: 
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� maximum exposure to the 1 hour hydrogen chloride concentration at the commercial/industrial 
receptor location resulting in a CR of 1.0 (benchmark CR=1.0); 

� exposure of farmer infant to breast milk of a mother living in close proximity to the EFW facility 
under the Process Upset Case resulted in an infant dioxin and furan HQ of 0.22, slightly in 
excess of the government benchmark of 0.2. 

These slight exceedances of benchmark risk levels were seen when the Thermal Treatment Facility at 
400,000 tpy was operating under upset conditions, where two of the three exhaust streams are being 
affected for the entire one hour period, and at the time of the worst meteorological conditions. The 
probability of this hypothetical situation actually occurring is expected to be very low. 

Regardless, in the event that a 400,000 tpy expansion of the facility is eventually contemplated, special 
consideration should be given at that time to ensure that Process Upset Conditions do not result in an 
undue risk to people living and working in the area surrounding the Facility.  
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8.0 ECOLOGICAL RISK ASSESSMENT 

8.1 Introduction 

The purpose of this ERA is to evaluate the potential that ecological receptors (e.g., mammals, birds, 
plants, and fish) may experience adverse environmental effects as a result of exposure to chemical 
stressors. For this ERA, environmental effects refer to toxicologically-induced changes in the health of 
ecological receptors that may be exposed to COPC released into the environment, specifically the 
Local Risk Assessment Study Area (LRASA), as a result of Thermal Treatment related activities.  

The potential for adverse environmental effects is quantified by comparing the amount of a substance 
that can be tolerated below which adverse environmental effects are not expected (e.g., toxicity 
reference value (TRV) or toxicity benchmarks) to the amount of a COPC an organism is expected to be 
exposed to, or come into contact with, on a daily basis. The quotient of the two (referred to as an 
Ecological Hazard Quotient (EHQ) or a screening ratio (SR) when concentrations are compared to 
benchmarks), and the magnitude by which values differ from parity (e.g., TRV = daily dose) is used to 
make inferences about the possibility of ecological risks.  

In addition to COPC exposure, ecological receptors in the vicinity of the Project area may encounter 
non-chemical stressors such as light pollution, noise (i.e., adverse sound quality) and habitat alteration. 
The effect of these non-chemical stressors on wildlife has not been assessed in this ERA but has been 
in other Jacques Whitford Technical Study Reports completed in support of the EA.  The results of 
these assessments as they pertain to the ERA are summarized below. 

�  Acoustic Assessment - Technical Study Report (Jacques Whitford, 2009d, pg. 40);  

Noise from the Project has some potential to create effects on wildlife within 300 to 500 m of 
construction activities and 250 to 300 m of operational process units. However, it is expected that 
wildlife would either naturally avoid these areas due to the human presence and activity, or would 
adjust to the noise. In all areas, occasional short-term loud sounds, particularly associated with 
construction activities, may produce retreat or startle responses in some wildlife.  

� Surface Water and Groundwater Assessment - Technical Study Report (Jacques Whitford, 2009f, 
pg. 75); 

The Central Lake Ontario Conservation Authority has suggested that discharge from this Site be 
subject to Enhanced Protection Levels; therefore, the Storm Water Management features for the 
Thermal Treatment Facility should be designed to the Enhanced Protection Level. Based on the 
combined effects associated with water resource management for the Facility, no negative effects on 
wildlife are anticipated.  

� Natural Environment Impact Assessment Report (Jacques Whitford, 2009c, pg. 12). 
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It is expected that impacts to the terrestrial and aquatic features (e.g., habitat alteration or removal) of 
the Site will be minimal to non-existent. Overall, the proposed development will not have a significant 
impact on the natural features and ecological functions of the Site provided the recommendations in the 
Natural Environment Impact Assessment Report are implemented.  

8.2 Ecological Risk Assessment Framework 

This ERA, like the HHRA, followed a recognized framework that progressed from a qualitative initial 
phase (i.e., Problem Formulation), through exposure and hazard assessment, and concluded with a 
quantitative (semi-quantitative in the case of aquatic and terrestrial community-based receptors (as 
presented in section 8.6.2)) risk characterization (Figure 2-1). Following from this, uncertainties inherent 
to ERA are discussed, and conclusions and recommendations regarding ecological risk 
characterization presented. The risk assessment methodology for this ERA is based on a number of 
guidance documents, including but not limited to:  

� Ontario Regulation 153/04 Record of Site Condition Regulation, Part XV.1 of the Environmental 
Protection Act: Guidance Protocol (MOE, 2004); 

� A Framework for Ecological Risk Assessment (General Guidance) (CCME, 1996);  

� Guidelines for Ecological Risk Assessment (US EPA, 1998); and 

� US EPA Screening Level Ecological Risk Assessment Protocol for Hazardous Waste Combustion 
Facilities (US EPA, 1999). 

8.3 Problem Formulation 

As discussed in Section 2.1, the nature, scope, and goals of the risk assessment are defined in the 
Problem Formulation stage and established by addressing a series of key planning tasks. In the context 
of an ERA, the Problem Formulation stage serves to develop a focused understanding of how COPC 
could affect the health of ecological receptors in the LRASA.  

The four key points addressed in the Problem Formulation prior to conducting the ERA are as follows.  

� Assessment Endpoint Identification:  In accordance with the objectives of this ERA, the 
assessment endpoints (the ecological entities and attributes to be protected) were identified 
(Section 8.3.1). 

� Chemical Screening:  Identification of the COPC evaluated in the ERA. This was achieved by 
comparing all chemicals in the emission inventory against specific physical and chemical property 
criteria (Section 8.3.2).  
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� Identification of Ecological Receptor Locations and Receptors:  A representative group of floral 
and faunal species (ecological receptors) was selected from numerous locations in the LRASA 
(discussed in Sections 8.3.3 to 8.3.5).   

� Exposure Pathway Screening:  Identification of potential pathways and routes of ecological 
receptor exposure to be evaluated in the ERA (Section 8.4.1). 

Results of the above points are illustrated in an Ecological Conceptual Site Model (ECSM), which 
provides a visual depiction of the relevant pathways linking COPC in various environmental media and 
biota to the ecological receptors and biota of interest in this ERA. 

8.3.1 Assessment of Endpoints in ERA 

Changes in individual health do not necessarily equate to eventual changes in population or community 
health over time. The goal of ERA is typically to identify potential risks to ecological receptors at the 
population level rather than at the individual level, with the notable exception being species of 
conservation concerns or species at risk as defined by federal and provincial regulation (e.g., Species 
at Risk Act). For the purpose of this ERA, the primary assessment endpoint was the protection of 
wildlife populations or communities (i.e., the entity) based on predicted changes to growth, 
reproduction, or survival (i.e., the attribute) (Suter, 2007).  

8.3.2 Chemical Screening 

COPC are compounds which are expected to be released from the Thermal Treatment Facility and are 
expected to have the potential to adversely affect ecological health if released in sufficient quantity.  

A variety of sources were used to develop an expected atmospheric emissions inventory for the Project 
(as discussed in Section 4.0). This inventory underwent subsequent screening following nationally and 
internationally accepted criteria for the categorization of persistent and bio-accumulative chemicals 
(Environment Canada, 2006; Rodan et al., 1999). Briefly, chemicals having a soil half-life greater than 
or equal to 182 days (6 months) and/or a log octanol-water partition coefficient (log Kow) greater than or 
equal to five were considered persistent, and carried forward as COPC for evaluation in the ERA. 
Gaseous COPC were not retained for evaluation in the ERA because the inhalation pathway was not 
directly evaluated for ecological receptors (see Section 8.4.1). However, sulphur dioxide (SO2), nitrogen 
dioxide (NO2) and hydrogen fluoride (HF) were retained in the ERA, specifically for the assessment of 
the effects on vegetation (phytotoxicity). A list of the COPC evaluated in the ERA is presented in Table 
8-1. 
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Table 8-1 COPC Evaluated in the ERA 

Metals Chlorinated Monocyclic 
Aromatics 

Chlorinated Polycyclic 
Aromatics 

Polycyclic Aromatic 
Hydrocarbons 

Volatile Organic 
Compounds 

Antimony 
Arsenic 
Barium 

Beryllium 
Boron 

Cadmium 
Chromium (Total) 

Chromium (VI) 
Cobalt 
Lead 

Mercury (Inorganic) 
Methyl Mercury 

Nickel 
Phosphorus * 

Selenium 
Silver 

Thallium 
Tin 

Vanadium 
Zinc 

1,2-Dichlorobenzene 
1,2,4-Trichlorobenzene 

1,2,4,5-Tetrachlorobenzene 
Pentachlorobenzene 
Hexachlorobenzene 
Pentachlorophenol 

PCBs 
2,3,7,8-TCDD TEQ (dioxin/furan) 

Acenaphthene 
Acenaphthylene 

Anthracene 
Fluoranthene 

Fluorene 
Phenanthrene 

Benz(a)anthracene 
Benzo(a)pyrene 
Benzo(e)pyrene 

Benzo(a)fluorene 
Benzo(b)fluorene 

Benzo(b)fluoranthene 
Benzo(g,h,i)perylene 
Benzo(k)fluoranthene 

Chrysene 
Dibenz(a,c)anthracene 
Dibenz(a,h)anthracene 
Indeno(1,2,3-cd)pyrene 

Perylene 
Pyrene 

Carbon Tetrachloride 
Chloroform 

Dichloromethane 
Trichlorofluoromethane 
1,1,1-Trichloroethane 

Bromoform 
o-Terphenyl 

CAC Assessed for Phytotoxicity 

Sulphur Dioxide (SO2) 
Nitrogen Dioxide (NO2) 
Hydrogen Fluoride (HF) 
* Phosphorus was assessed for potential risk to freshwater receptors and biota associated with sediment. In the case of the other receptors (birds, mammals, 
terrestrial invertebrates, and plants) the assessment was not performed as phosphorus is inherently non-toxic and is a required mineral. 
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8.3.3 Identification of Valued Ecosystem Components 

8.3.3.1 Ecological Surveys 

Comprehensive biological field surveys of the Site and the area within a 2 kilometer radius of the Site 
have been conducted to identify wildlife species and to assess habitat. Surveys were conducted in the 
aquatic environment to identify amphibian species and to determine the potential for seasonal or 
aquatic permanent fish habitat. The terrestrial surveys were conducted to identify plant, amphibian, 
reptile, bird and mammal species (Jacques Whitford, 2009c).  

The results of these surveys assisted the ERA study team in the identification of Valued Ecosystem 
components (VECs) for the ERA. The following provides a brief summary of these surveys; individual 
assessment reports should be consulted for further details.  

Mammalian Species 

The flat, open terrain of the Site and surrounding 2 kilometers, offer few habitat opportunities for 
species unable to easily adapt to these conditions. Site specific wildlife surveys confirmed the presence 
of white-tailed deer (Odocoileus virginianus), raccoon (Procyon lotor), and signs of rabbit browse, likely 
representing the eastern cottontail (Sylvilagus floridanus). It is anticipated that the Site also supports 
common near-urban mammalian species including striped skunk (Mephitis mephitis), small rodents 
(e.g., masked shrew (Sorex cinereus), meadow vole (Microtus pennsylvanicus)), woodchuck (Marmota 
monax), and carnivorous predators including red fox (Vulpes vulpes) and coyote (Canis latrans).  

Avian Species 

Lake Ontario is approximately 400 m south of the Site, abutting the LRASA, and provides significant 
overwintering and migration staging habitat for a variety of birds along the length of its shoreline. Based 
on field surveys performed in 2007 and 2008, no significant roosting areas for birds or migratory 
stopovers existed on the Site. 

The most abundant bird species observed during field surveys were common grackle (Quiscalus 
quiscula), ring-billed gull (Larus delawarensis), song sparrow (Melospiza melodia), savannah sparrow 
(Passerculus sandwichensis), and European starling (Sturnus vulgaris). Other species observed such 
as brown thrasher (Toxostoma rufum), willow flycatcher (Empidonax traillii), and eastern meadowlark 
(Sturnella magna) represent species common in shrub/successional and agricultural habitats. No nests 
were found on site during the mid-summer field survey in 2007, but five species with fledged young 
were observed, confirming on-site nesting activity for the following species: red-winged blackbird 
(Agelaius phoeniceus), house sparrow (Passer domesticus), eastern kingbird (Tyrannus tyrannus), 
common grackle, and savannah sparrow.  

Amphibians and Reptiles 
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Due to the lack of permanent or vernal pool habitat onsite, very few amphibians or reptiles were 
expected to use the Site itself. Adaptable species, including the American toad (Bufo americanus), and 
the eastern garter snake (Thamnophis sirtalis) may have been present in the area, but were not seen 
during field surveys (Jacques Whitford, 2009c). The above listed species are all common and 
widespread in Ontario. They are also highly mobile species, and are able to relocate from disturbed 
areas providing suitable habitat is found in close proximity. The Natural Environment Impact 
Assessment Report (Jacques Whitford, 2009c) also noted the possible presence of the milksnake 
(Lampropeltis triangulum), a species designated as a Special Concern both provincially and nationally 
(NHIC, 2009). 

Vegetation 

Owing to the agricultural activities currently practiced on and around the Site, the Site contains a high 
representation of exotic species such as European buckthorn (Rhamnus cathartica), as well as weeds 
associated with agricultural fields such as common ragweed (Ambrosia artemsiifolia). The native 
vegetation (trees, shrubs and herbaceous plants) consisted of common species of hedgerow habitats. 
No vegetation species of conservation concern were observed during the 2007 and 2008 site visits. 

Fish 

According to the Environmental Baseline Study Report (Jacques Whitford, 2009a) a total of 14 fish 
species were identified at the sample locations within 1 km of the Site in Tooley Creek. Due to the 
changing channel morphology this watercourse has the capacity to sustain both coldwater and warm 
water fish communities. Predators such as rainbow trout were caught in Tooley Creek, as well as 
several baitfish (blacknose dace (Rhinichthys atratulus) and creek chub (Semotilus atromaculatus)), 
panfish (pumpkinseed (Lepomis gibbosus)), white sucker (Catostomus commersoni) and a variety of 
other cyprinids. Fish communities associated with the creek mouths of Tooley and Robinson Creeks 
and the marshlands to the west at Second Marsh and McLaughlin Bay, include warm water species 
such as common white sucker (Catastomus commersonii), carp (Cyprinus carpio) brown bullhead 
(Ameiurus nebulosus), various sunfish (Lepomis spp.), yellow perch (Perca flavescens), northern pike 
(Esox lucius) and largemouth bass (Micropterus salmoides). The salmonids, with the exception of lake 
trout, in Lake Ontario may utilize these watercourses for spawning and rearing areas; young-of-the-year 
rainbow trout have been identified in spring seepage zones near the mouth of Tooley Creek (Warme 
Engineering and Biological Services. 2004). 

8.3.4 Ecological Receptor Locations 

Twenty-two ecological receptor locations were assessed in the ERA. Selection of receptor locations 
was based on consideration of several factors: 
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� Proximity to the proposed Thermal Treatment Facility (within 1 - 2 km) where the maximum ground 
level concentration is expected to occur for most of the COPC and characterization of the soil, 
sediment, surface water and biota has been conducted as part of the Environmental Baseline Study 
Report (Jacques Whitford, 2009a);  

� Representation for each of the 14 selected watersheds;  

� Representation of the habitats in the LRASA; 

� Whether or not they were considered environmentally sensitive areas; 

� Agricultural value (local farms from which selected agricultural produce has been collected as part 
of the Environmental Baseline Study Report (Jacques Whitford, 2009a)); 

� Recreational value (e.g., bird watching, fishing); and  

� Potential ecological importance (i.e., habitats and species present) (NHIC, 2009; Friends of Second 
Marsh, 2009; Ontario Parks, (MNR, 2009)).  

A list of the receptor locations evaluated in the ERA, along with locations identified on a map with the 
natural features of the LRASA (Figure 8-1), are provided in Table 8.2. An additional map (satellite 
image) of the LRASA and receptor locations is provided in Figure 8-2. 

Table 8-2 List of Ecological Receptor Locations evaluated in the Ecological Risk Assessment  

Label Description Habitat 
Type Watershed 

Approximate 
Distance from 
Facility (Km) 

ECO 1 Darlington Provincial Park T Robinson Creek 2.1 

ECO 2 Second Marsh Wildlife Area T Second Marsh 5.5 

ECO 3 
Darlington Waterfront Trail 
Entrance T Drainage - Lake Ontario 0.9 

ECO 4 McLaughlin Bay Wildlife Reserve T/A McLaughlin Bay 3.8 

ECO 5 
Bowmanville Valley Conservation 
Area A Bowmanville Creek 6.3 

ECO 6 Eco Baseline T Lower Tooley Creek  0.9 

ECO 7 Baseline Rd / Rundle Rd T/A Darlington 2 

ECO 8 Baseline Rd / Courtice Rd T/A Upper Tooley Creek  0.8 
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Label Description Habitat 
Type Watershed 

Approximate 
Distance from 
Facility (Km) 

ECO 9 Soper Creek A Soper Creek 7.7 

ECO 10 Bowmanville Marsh A Westside Marsh 6.2 

ECO 11 South of Site A Lower Tooley Creek  0.8 

ECO 12 Sports Fields/ Recreational T Drainage - Lake Ontario 1.0 

ECO 13 Water pollution control plant T Lower Tooley Creek  0.5 

ECO 14 Future Industrial T Lower Tooley Creek  0.4 

ECO 15 Harmony Creek T/A Harmony Creek 8.3 

ECO 16 Farewell Creek  T Farewell/Black Creek 8.8 

ECO 17 Farm A T/A Drainage - Lake Ontario 0.8 

ECO 18 Farm B T/A Darlington 4.5 

ECO 19 Farm C T/A Farewell/Black Creek 5.4 

ECO 20 Robinson Creek T/A Soper Creek 8.0 

ECO 21 Bennett Creek T/A Bennett Creek 7.4 

ECO 22 Oshawa Creek Conservation Area T Oshawa Creek 2.8 

Habitat Type: T = Terrestrial; A = Aquatic; T/A = Terrestrial and Aquatic.  
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The following sections provide a brief description of each of the ecological receptor locations. 

8.3.4.1 Darlington Provincial Park (Eco 1) 

Located west of the proposed Thermal Treatment Facility, Darlington Provincial Park was chosen as an 
ecological receptor location primarily based on the presence of habitat suitable for terrestrial receptors. 
Open field habitat, meadows, and mixed forests support diverse vegetation communities as well as 
populations of white-tailed deer, small mammals, and many bird species. 

8.3.4.2  Second Marsh Wildlife Area (Eco 2) 

Slightly west of Darlington Provincial Park, the Second Marsh Wildlife Area is bordered by McLaughlin 
Bay to the south and HWY 401 to the north. Woodlot, wet meadow, thicket, upland, and marsh habitat 
provide suitable living conditions for approximately 380 plant species, 305 bird species, numerous 
species of mammals, reptiles, amphibians, fish and hundreds of species of insects (Friends of Second 
Marsh, 2009). 

8.3.4.3 Darlington Waterfront Trail Entrance (Eco 3) 

The Darlington Waterfront Trail Entrance, situated south-east of the proposed Thermal Treatment 
Facility, was chosen as an ecological receptor location based on its nature as a maintained trail. Low-
lying forbs and grasses provide excellent forage and nesting habitat for small mammal species at this 
location, and consequently, potential hunting grounds for predators including the red fox and birds of 
prey. 

8.3.4.4 McLaughlin Bay Wildlife Reserve (Eco 4) 

The McLaughlin Bay Wildlife Reserve has been recognized as a Provincially Significant Wetland by the 
Ministry of Natural Resources (MNR) and as such, provides important habitat and migratory staging 
areas for many plants and animals. Common species utilizing this location permanently or transiently 
include the masked shrew, eastern cottontail rabbit, meadow vole, common muskrat, red fox, mink, 
white-tailed deer, red-tailed hawk, and many other mammals, birds, plants, reptiles, and amphibians. 
The McLaughlin Bay Wildlife Reserve is considered part of Lake Ontario and in this ERA was modeled 
as such. 

8.3.4.5 Bowmanville Valley Conservation Area (Eco 5) 

The Bowmanville Valley Conservation Area is a greenbelt situated north east of the proposed Thermal 
Treatment Facility. Bordered by residential dwellings, this receptor location offers wildlife refuge along 
the banks of Bowmanville Creek, which itself supports spawning trout populations originating from Lake 
Ontario. This receptor location was modeled as a primarily aquatic habitat supporting species such as 
mink, mallard duck, and aquatic community receptors, but also offering suitable foraging and breeding 
habitat for terrestrial mammals and birds. 



 

           Human Health and Ecological Risk Assessment 
Technical Study Report

December 10, 2009

 

Project No. 1009497 
Stantec © 2009 

446 

 

 

8.3.4.6 Eco Baseline (Eco 6) 

The Eco Baseline ecological receptor location is situated near the end of Courtice Road, upstream of 
ecological receptor location 11. Tooley Creek, meandering through this location, provides significant 
aquatic and riparian habitat for many aquatic and aquatic-dependent species, while a willow (Salix spp.) 
dominated tree stand and nearby cow pasture provide foraging and cover habitat for terrestrial species. 
Tooley Creek is known to support fish species preferring cool, clean waters (trout), as well as hardier 
species tolerant of warmer, more turbid water (chub, suckers). Visitation by neighbouring cattle was 
evident during the baseline sampling study, likely as a result of their usage of the location for forage 
and as a source of drinking water. 

8.3.4.7 Baseline Road and Rundle Road (Eco 7) 

This receptor location, situated near the intersection of Baseline Road and Rundle Road to the north 
east of the proposed Thermal Treatment Facility, provides a mix of aquatic and terrestrial habitat. A 
combined mix of open field and sheltered ravine habitat provides suitable foraging and breeding 
territory for mammals, birds, and aquatic species. Diverse vegetation communities (terrestrial, riparian, 
aquatic) also utilize this receptor location. 

8.3.4.8 Baseline Road and Courtice Road (Eco 8) 

This receptor location, situated near the intersection of Baseline Road and Courtice Road to the north 
west of the proposed Thermal Treatment Facility, provides a mix of aquatic (Tooley Creek) and 
terrestrial habitat similar to that described for Eco receptor location 7. 

8.3.4.9 Soper Creek (Eco 9) 

The Soper Creek receptor is situated to the north east of the proposed Thermal Treatment Facility and 
is bordered to the east by the Bowmanville Cemetery and to west by residential properties and 
parkland. Acting as a naturalized greenbelt and wildlife corridor between anthropogenically influenced 
lands, this location is characterized as field and forest habitat surrounding riparian vegetation along the 
banks of Soper Creek, and as such, provides valuable habitat for a wide variety of aquatic and 
terrestrial species. 

8.3.4.10 Bowmanville Marsh (Eco 10) 

The Bowmanville Marsh ecological receptor location, situated to the east of the proposed Thermal 
Treatment Facility, is recognized as a Provincially Significant Wetland by the MNR and as such, 
provides important habitat and migratory staging areas for many plants and animals. The rich habitat 
available for both aquatic and terrestrial species (both generalist and sensitive) combined with the 
ecologically valuable nature of this location makes it ideal for inclusion in this project. 
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8.3.4.11 South of Site, Eco Baseline S7 (Eco 11) 

The South of Site, Eco Baseline S7 ecological receptor location, is situated at the end of Courtice 
Road, close to Lake Ontario. Tooley Creek, meandering through this location, provides significant 
aquatic and riparian habitat for many aquatic and aquatic-dependent species, while a willow dominated 
tree stand and nearby cow pasture provide foraging and cover habitat for terrestrial species. Tooley 
Creek is known to support fish species preferring cool, clean waters such as trout, as well as hardier 
species tolerant of warmer, turbid water such as chub and suckers. 

8.3.4.12 Sports Fields / Recreational (Eco 12) 

The Sports Fields / Recreational ecological receptor location, situated to the east of the proposed 
Thermal Treatment Facility, was characterized as open field habitat which was modeled to support both 
foraging and predatory species. While offering little in the way of natural cover, this location 
nonetheless represents a unique ecoregion based on this characteristic and so was deemed fit for 
inclusion in the assessment. 

8.3.4.13 Water Pollution Control Plant (Eco 13) 

The Water Pollution Control Plant ecological receptor location is situated to the south of the proposed 
Thermal Treatment Facility, sharing a property line. Cultivated field, open meadow, and early 
successional forest along fencerows support diverse vegetation communities as well as populations of 
mammals and birds. The use of the surrounding area for agricultural purposes (corn and alfalfa), results 
in the presence of suitable foraging opportunities for a variety of wildlife such as white-tailed deer, near-
urban mammalian species (cottontail rabbit, raccoon), and many types of birds. Carnivores that may 
prey on these species are also expected to frequent this location (Warme Engineering and Biological 
Services, 2004).  

8.3.4.14 Future Industrial (Eco 14) 

The Future Industrial ecological receptor location is situated directly north of the proposed Thermal 
Treatment Facility. This location, representing land used for agricultural purposes (cash crops), offers 
unique challenges for ecological receptors utilizing this habitat for foraging purposes. The abundance of 
available feed and cover was deemed likely to support a wide range of terrestrial receptors, being 
especially important to omnivorous and granivorous birds (i.e., wild turkey), but also attracting and 
sustaining small and large mammals alike. Rich, tilled soils sustain surface and burrowing invertebrate 
communities and by extension bird and mammal species which prey upon them. 

8.3.4.15 Harmony Creek (Eco 15) 

The Harmony Creek ecological receptor location is situated northwest of the proposed Thermal 
Treatment Facility, near the 10 km LRASA boundary. This location is similar in character to Eco 
receptor location 9 and provides valuable habitat for a wide variety of aquatic and terrestrial species. 
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8.3.4.16 Farewell Creek (Eco 16) 

The Farewell Creek ecological receptor location is situated north of the proposed Thermal Treatment 
Facility, near the 10 km LRASA boundary. Early successional vegetation (field, meadow, and small 
trees) bordered by agricultural land and residential dwellings provides a wildlife corridor for terrestrial 
species, who may utilize adjacent agricultural fields for foraging purposes. 

8.3.4.17 Farm A (Eco 17) 

The Farm A receptor location is situated east of the proposed Thermal Treatment Facility and close to 
Eco receptor locations 3 and 14, thereby sharing many of the same ecological characteristics. Open 
habitat is prevalent (cleared land for agricultural purposes), and a minor watercourse (Osbourne Creek) 
meanders close by. Osbourne Creek is managed as a cool to coldwater fishery (Ian Kelsey, Central 
Lake Ontario Conservation Authority(CLOCA), pers. comm.).  

8.3.4.18 Farm B and Farm C (Eco 18-19) 

Ecological receptor locations 18 (Farm B) and 19 (Farm C), situated northeast and north of the 
proposed Thermal Treatment Facility, respectively, typify mixed aquatic and terrestrial habitats, the 
latter of which is best characterized as agricultural field. 

The backyard of Farm B has been developed as a large garden extending the length of the property.  It 
consists of numerous types of shrubs and plants and features two large mulberry trees (Morus sp.) 
which attract and feed birds.   

8.3.4.19 Robinson Creek; Bennet Creek (Eco 20 & 21) 

Ecological receptor locations 20 and 21, situated to the north- and southeast of the proposed Thermal 
Treatment Facility, respectively, are similar in character to Eco receptor location 9 and provides 
valuable habitat for a wide variety of aquatic and terrestrial species. 

8.3.4.20 Oshawa Creek Conservation Area (Eco 22) 

The final ecological receptor location, Oshawa Creek Conservation Area, is situated slightly east of 
ecological receptor location 1, and is similar in character. 

8.3.5 Selected ERA Valued Ecosystem Components Assessed in the ERA 

The purpose of this step is to identify and select a representative set of VEC that may be exposed to 
COPC emitted from the Thermal Treatment Facility. After reviewing the known species inventories of 
the LRASA and selecting receptor locations, a carefully selected, representative subset of ecological 
receptors was selected as the basis for this ERA. Ecological receptors were chosen for the ERA by 
focusing on wildlife species that were: 
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� Indigenous to the area; 

� Most likely to receive the greatest exposure to contaminant releases due to their habitat and home 
range; 

� Representative of various levels in the aquatic and terrestrial trophic web (e.g., carnivore, herbivore, 
insectivore, piscivore); and 

� Of cultural or economic significance (when possible).  

Selection of ecological receptors ensured that each applicable habitat and trophic level in the LRASA 
was adequately represented. Moreover, each selected receptor was considered representative of other 
species occupying a similar position in the food web. In other words, results of the Risk 
Characterization stage for a selected ecological receptor can be used to make inferences about risk to 
other species occupying a similar level in the food web. For example, if results of the ERA indicate that 
no unacceptable risk is expected for American robin, a species that relies heavily on a diet of terrestrial 
invertebrates, then it can be expected that other invertivore bird species will be protected. Using these 
criteria, the ecological receptors assessed in the ERA are expected to provide adequate and 
conservative representation of the faunal and floral diversity in the LRASA. 

The following mammalian species, (listed in alphabetic order), were identified as VECs for quantitative 
risk evaluation in the ERA: 

� Common muskrat (Ondatra zibethicus); 

� Eastern cottontail rabbit (Sylvilagus floridanus); 

� Masked shrew (Sorex cinereus); 

� Meadow vole (Microtus pennsylvanicus); 

� Mink (Mustela vison);  

� Red fox (Vulpes vulpes); and 

� White-tailed deer (Odocoileus virginianus). 

The following avian species, listed in alphabetic order, were identified as VECs for quantifiable risk 
evaluation in the ERA:  

� American robin (Turdus migratorius); 

� Belted kingfisher (Ceryle alcyon); 

� Great blue heron (Ardes herodias); 

� Mallard duck (Anas platyrhynchos);  

� Red-tailed hawk (Buteo jamaicensis); and 

� Wild turkey (Meleagris gallopavo). 
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A detailed summary of paramaters used for modelling each VEC (e.g., body weight, water ingestion 
rate, dietary composition, and food intake rate) is provided in Appendix L. Briefly, for avian and 
mammalian receptors, food ingestion rates were calculated according to Nagy (1987), water ingestion 
rates from Calder and Braun (1983), and soil ingestion rates as modified from Beyer et al. (1994). 
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Common Muskrat (Ondatra zibethicus) 

The muskrat (Ondatra zibethicus) is a highly aquatic rodent that is 
common throughout Canada except in the extreme north, living in 
saltwater and brackish marshes, freshwater creeks, streams, 
lakes, marshes and ponds (US EPA, 1993). It weighs 
approximately 1.17 kg. Home ranges vary depending on aquatic 
habitat and are approximately 0.048 ha to 0.17 ha (US EPA, 
1993). Muskrats are prey for many species including foxes, 
hawks, minks, and otters, and feed mainly on aquatic vegetation, 
although they will consume terrestrial vegetation, benthic 
invertebrates, young birds, reptiles, amphibians, and fish (US 
EPA, 1993). Active year-round (US EPA, 1993), muskrats 
consume approximately 0.12 kg of wet weight food per day and 0.11 L of water or its equivalent per 
day. The muskrat is one of the most valuable fur animals in North America (US EPA, 1993). For this 
ERA, the muskrat's diet is modeled as including 12.5% terrestrial plant material, 80% aquatic plant 
material, 2.5% terrestrial mammals, 2.5% fish, and 2.5% benthic invertebrates, making it predominantly 
a primary consumer. Based on its consumption of these foods, the muskrat is estimated to incidentally 
ingest 9.9 x 10-5 kg/day of dry soil, and 2.1 x 10-3 kg/day of dry sediment.  

Eastern Cottontail Rabbit (Sylvilagus floridanus) 

The eastern cottontail rabbit (Sylvilagus floridanus) is the most 
widely distributed medium-sized rabbit (US EPA, 1993) and is 
found throughout Southern Canada in a variety of habitats 
including glades and woodlands, deserts, swamps, prairies, 
hardwood forests, rain forests, and boreal forests (US EPA, 
1993). The eastern cottontail rabbit measures 35 to 43 cm in 
length and weighs 0.7 to 1.8 kg with females being slightly 
larger than the males (US EPA, 1993). Home range varies with 
season and gender. Males tend to have a larger home range 
from approximately 3.1 ha in fall to 7.8 ha in summer. Female 
home ranges vary from 1.5 ha in fall to 2.8 ha in spring (US 
EPA, 1993). The eastern cottontail rabbit is prey for large carnivorous birds and mammals and is also 
an important game animal (US EPA, 1993). The dietary composition of the eastern cottontail rabbit 
varies with the season. During the growing season they consume herbaceous plants (e.g., grasses, 
clover etc.) and during the winter season they consume woody vines, shrubs and trees (US EPA, 
1993). The eastern cottontail rabbit consumes approximately 0.24 kg of wet weight food per day, and 
0.12 L of water or its equivalent per day, and for this ERA, is modeled as ingesting 100% terrestrial 

Source:http://blogs.evergreen.edu/coleman/
fil /2009/02/ k t j
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plant material, making it a primary consumer. Based on its consumption of these foods, the eastern 
cottontail rabbit is estimated to incidentally ingest 3.9 x 10-3 kg/day of dry soil.  

Masked Shrew (Sorex cinereus) 

The masked shrew (Sorex cinereus) is the most widely 
distributed shrew in North America, and is found throughout most 
of Canada (Lee, 2001). It is common in moist environments and 
inhabits open and closed forests, meadows, riverbanks, 
lakeshores, and willow thickets (Lee, 2001). The masked shrew 
weighs approximately 0.005 kg (US EPA, 1993) and has home 
ranges varying from 0.2 to 0.6 ha in size (Saunders, 1988). 
Masked shrews are preyed upon by many small predators such 
as weasels, hawks, falcons, owls, domestic cats, foxes, snakes, 
and short-tailed shrews (Lee, 2001). The masked shrew does not 
hibernate (NWF, 2003) and feeds year-round on insect larvae 
(dormant insects in winter), ants, beetles, crickets, grasshoppers, 
spiders, harvestmen, centipedes, slugs, snails, and seeds and fungi (NWF, 2003; Lee 2001). It 
consumes approximately 0.003 kg of wet-weight food per day and 0.001 L of water or its equivalent per 
day. For this ERA, the shrew‘s diet is modeled as including 2.5% terrestrial plant material and 97.5% 
terrestrial invertebrates, making it predominantly a secondary consumer. Based on its consumption of 
these foods, the masked shrew is estimated to incidentally ingest approximately 4.4 x 10-5 kg/day of dry 
soil. 

Meadow Vole (Microtus pennsylvanicus) 

The meadow vole (Microtus pennsylvanicus) is a small rodent 
(approximately 0.042 kg) which makes its burrows along surface 
runways in grasses or other herbaceous vegetation (US EPA. 1993). It 
is active year-round and is the most widely distributed small grazing 
herbivore in North America, inhabiting moist to wet habitats including 
grassy fields, marshes, and bogs (US EPA, 1993). Meadow voles are 
found throughout Canada, roughly to the limit of the tree line in the 
north. Home ranges vary considerably, from less than 0.0002 ha to 
greater than 0.0830 ha (US EPA, 1993). Meadow voles are a major 
prey item for predators such as hawks and foxes, and they feed 
primarily on vegetation such as grasses, leaves, sedges, seeds, roots, 
bark, fruits, and fungi, but will occasionally feed on insects and animal 
matter (US EPA, 1993; Neuburger, 1999). Meadow voles consume approximately 0.011 kg of wet-
weight food per day and 0.006 L of water or its equivalent per day. For this ERA, the Meadow vole's 
diet is modeled as including 98% terrestrial plant material and 2% terrestrial invertebrates, making it 

Source:http://www.nps.gov/cebr/naturescien
ce/images/Masked Shrew jpg

Source:http://talkaboutwildlife.ca/images/v6/
photographers/brent_johner/250/mead
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predominantly a primary consumer. Based on its consumption of these foods, the Meadow vole is 
estimated to incidentally ingest approximately 3.2 x 10-5 kg/day of dry soil. 

Mink (Mustela vison) 

The mink (Mustela vison) weighs approximately 0.85 kg and 
is the most abundant and widely distributed carnivorous 
mammal in North America (US EPA, 1993). Mink are found 
throughout the continental portion of Canada, including 
Newfoundland, except in the most barren portions of 
northwestern Quebec and eastern Nunavut. Mink are active 
year-round and are associated with aquatic habitats such as 
rivers, streams, lakes, ditches, swamps, marshes, and 
backwater areas (US EPA, 1993). Home ranges vary 
considerably and can be between 0.78 ha to 380 ha (US 
EPA, 1993). Feeding extensively on small mammals, fish, 
amphibians, and crustaceans, as well as birds, reptiles, and insects depending on the season (US 
EPA, 1993), mink consume approximately 0.22 kg of wet weight food per day and 0.09 L of water or its 
equivalent per day. For this ERA, the mink's diet is modeled as including 55% small mammal or bird 
prey, 35% freshwater fish, and 10% benthic invertebrates, making it predominantly a secondary or 
tertiary consumer. Based on its consumption of these foods, the mink is estimated to incidentally ingest 
approximately 3.6 x 10-4 kg/day of dry soil, and 7.8 x 10-4 kg/day of dry sediment. 

Red Fox (Vulpes vulpes) 

The red fox (Vulpes vulpes) weighs approximately 4.5 kg, 
and is found throughout continental Canada but prefers 
areas with broken and diverse upland habitats (US EPA, 
1993). Family territories consist of home ranges of 
individuals from the same family, and vary from 
approximately 57 ha to over 3000 ha (US EPA, 1993). Foxes 
are active year-round and prey heavily on small mammals 
such as voles, mice and rabbits, and will consume birds, 
insects, fruits, berries, and nuts; they are noted scavengers 
(US EPA, 1993). Red foxes consume approximately 0.76 kg 
of wet weight food per day and 0.38 L of water or its equivalent per day. For this ERA, the red fox's diet 
is modeled as including 10% terrestrial plant material, 5% terrestrial invertebrates, and 85% small 
mammal and bird prey, making it predominantly a secondary consumer. Based on its consumption of 
these foods, the red fox is estimated to incidentally ingest 3.0 x 10-3 kg/day of dry soil.

Source: Microsoft Clip Art Image Gallery
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White-tailed Deer (Odocoileus virginianus)  

The white-tailed deer (Odocoileus virginianus) is 
North America‘s most abundant and widely distributed 
large herbivore. They are a sexually dimorphic 
ungulate, with males weighing an average of 90 kg, 
compared to females at 60 kg (Alberta Gov, 1998). In 
the northern limits of their range, males will frequently 
exceed 100 kg (CWS & CWF, 2007). In Canada, 
white-tailed deer are found occupying a variety of 
terrestrial habitats from the east coast to south-central 
British Columbia. The home range of the white-tailed 
deer is quite small, generally less than 100 ha, but 
can be much larger depending on availability of food, water, and cover (Dewey, 2003; Sample, et al. 
1996). White-tailed deer are entirely herbivorous, feeding on a wide variety of woody browse and 
herbaceous forage. In the spring and summer months, buds, grasses, herbs, and forbs comprise a 
major portion of the diet. In autumn and winter, deer will forage more on twigs, buds, acorns, corn, and 
even conifers (Dewey, 2003; CWS & CWF, 2009). On average, a white-tailed deer will consume 
approximately 4.6 kg of wet-weight food per day and 3.9 L of water or its equivalent per day (roughly 60 
kg female). For this ERA, the white-tailed deer's diet is modeled as including 100% terrestrial plant 
material, making it a primary consumer. Based on its consumption of these foods, the white-tailed deer 
is estimated to incidentally ingest 3.8 x 10-2 kg/day of dry soil. 

American Robin (Turdus migratorius) 

The American robin (Turdus migratorius) is a medium-sized bird 
(approximately 0.08 kg; US EPA, 1993) that occurs throughout most of 
Canada during the breeding season and overwinters predominantly in the 
United States, but may be found in mild areas of Canada (CWS & CWF, 
2009). Migration south from Ontario begins roughly in October and extends 
into November, and late migrants may still be seen in early December. 
Breeding adults typically return to southern Ontario around early March 
(migratory information; Environment Canada, 2005). Access to fresh water, 
protected nesting habitat, and foraging areas are important to the 
American robin. Nesting habitat includes moist forest, swamps, open 
woodlands, orchards, parks, and lawns (US EPA, 1993), and the American 
robin is well adapted to urban living, as well as having a summer range 
that extends up to the tundra. Foraging home ranges (for fruit, earthworms, 
and insects) are approximately 1500 m2 to 8100 m2 (US EPA, 1993). The American robin consumes 
approximately 0.065 kg of wet weight food per day and 0.01 L of water or its equivalent per day. For 

Source: Microsoft Clip Art 
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this ERA, the American robin's diet is modeled as including 52% terrestrial plant material and 48% soil 
invertebrates. Based on its consumption of these foods the American robin is estimated to incidentally 
ingest 4.9 x 10-4 kg/day of dry soil. For this Project, the American robin was considered a primary to 
secondary consumer. Despite the migratory patterns of robins, it was assumed for this ERA that they 
conservatively spend all 12 months of the year in the Project Area. 

Belted Kingfisher (Ceryle alcyon) 

The belted kingfisher (Ceryle alcyon) occurs throughout 
southern Canada (as far north as James Bay, across the 
northern portions of the Prairie Provinces, into the Yukon in 
the west, and into northern Quebec and southern Labrador in 
the east). In southern Ontario, Belted kingfishers may be 
seen from early April until approximately November 
(migratory information; Environment Canada, 2005). Belted 
kingfishers are typically found along rivers and streams, lake 
and pond edges, or on seacoasts and estuaries (US EPA, 
1993). They usually nest in burrows in a steep bank, 
preferably near water, and the tunnels may extend as far as 5 
m before ending in a nest chamber. The Belted kingfisher 
weighs approximately 0.15 kg. Feeding territory sizes range from approximately 2 ha to greater than 10 
ha (assuming a watercourse width of 50 m), depending on the season (US EPA, 1993). Feeding 
primarily on fish, they prefer stream riffles and waters that are free from thick vegetation in order to see 
their prey (US EPA, 1993). Belted kingfishers will also consume aquatic invertebrates, insects, 
mammals, birds, reptiles and amphibians (US EPA, 1993). They consume approximately 0.06 kg of wet 
weight food per day and 0.02 L of water or its equivalent per day. The belted kingfisher's diet is 
modeled as including 5% terrestrial invertebrates, 10% terrestrial mammals, 15% benthic invertebrates, 
and 70% freshwater fish. Based on its consumption of aquatic prey the belted kingfisher is estimated to 
incidentally ingest 3.5 x 10-4 kg/day of dry sediment. As a result of terrestrial prey consumption and 
incidental soil ingestion occurring while burrowing, the belted kingfisher is estimated to consume 8.4 x 
10-4 kg/day of dry soil. For this Project the belted kingfisher was considered a tertiary consumer. 
Despite the migratory patterns of this bird, it was assumed that the kingfisher would be found in the 
LRASA for all 12 months of the year. 

 

 

 

 

 

Source:http://dsf.chesco.org/ccparks/lib/ccparks/
creaturefeature/img 5454 belted kingfishe
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Great Blue Heron (Ardes herdias) 

The great blue heron is a large wading bird (greater 
than 1m tall), weighing approximately 2.2 kg (US EPA, 
1993). During the summer months, great blue herons 
can be found breeding in all provinces, except for 
Newfoundland and Labrador (also not found in Northern 
Territories). Great blue herons will overwinter in 
Canada only on the British Columbia and southern 
Maritime coasts (CWS & CWF, 2009). Great blue 
herons primarily inhabit aquatic and marine areas, 
spending most of their time foraging for fish in shallow 
waters of lakes, rivers, streams etc. Population density 
is highly variable since great blue herons are colonial 
nesters, occasionally forming colonies of several hundred nests per hectare (US EPA, 1993). Foraging 
distances from the colony are also variable, but typically less than 10 km (US EPA, 1993). The great 
blue heron feeds predominantly on small freshwater fish. Based on US EPA (1993), the great blue 
heron diet is modeled as being comprised of fish (94%), aquatic invertebrates (5%), and a small portion 
of birds and mammals (1%). Adults consume approximately 0.4 kg of wet weight food per day and 0.1 L 
of water or its equivalent per day. The great blue heron is a piscivore (type of carnivore) and is 
classified as tertiary consumers within the ecosystem (CCME, 1997). Based on its consumption of 
these foods, the great blue heron is estimated to incidentally ingest 4.14 x 10-4 kg/day of dry freshwater 
sediment. For this Project it was assumed this species will be found in the LRASA for all 12 months of 
the year.   

Mallard Duck (Anas platyrhynchos) 

The mallard duck (Anas platyrhynchos) is found 
throughout Europe, Asia, western and central North 
America (although generally not found in northern 
Quebec, Labrador, Newfoundland or the Maritime 
provinces), nesting near woodland lakes and streams, or 
in freshwater and tidal marshes, and adapting well to 
human activity in urban areas. The mallard duck weighs 
approximately 1.16 kg. Home range sizes vary from 
approximately 40 ha to 1,400 ha (US EPA, 1993). The 
mallard duck feeds primarily on aquatic invertebrates as 
ducklings and adults during the breeding season and on 
aquatic and terrestrial plants during the non-breeding 
season (CWS & CWF, 2009). In southern Ontario, 

Source: Microsoft Clip Art Image Gallery

Source: Microsoft Clip Art Image Gallery
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mallard ducks may be seen from early spring until late fall, coinciding with the northern migration and 
breeding season (migratory information; Environment Canada, 2005). Breeding females consume 
approximately 0.61 kg of wet weight food per day and 0.07 L of water or its equivalent per day. The 
mallard duck's diet is modeled as including 12.5% terrestrial plant material, 12.5% aquatic plant 
material, and 75% benthic invertebrates. Based on its consumption of these foods the mallard duck is 
estimated to incidentally ingest 4.4 x 10-4 kg/day of dry soil and 1.2 x 10-2  kg/day of dry sediment. The 
mallard duck is an aquatic omnivore, and can be classified as either a primary or tertiary consumer 
depending on its diet (CCME, 1997). For this Project the mallard duck was considered as a tertiary 
consumer.  Despite the migratory pattern of this species, it was assumed that they will be found in the 
LRASA for 12 months of the year. 

Red Tailed Hawk (Buteo jamajcensis) 

The red-tailed hawk (Buteo jamaicensis) is the most common and 
widespread hawk in North America (Cornell Lab of Ornithology, 2003). 
The red-tailed Hawk weighs approximately 1.1 kg (US EPA, 1993). It 
breeds throughout southern Canada except in Newfoundland (Tufts, 
1986). Northern populations of the red-tailed hawk are migratory, while 
populations from southern Canada southward may be year-round 
residents (US EPA, 1993; Cornell  Lab of Ornithology, 2003).  They are 
typically found in open areas with scattered, elevated perches in a wide 
range of habitats including scrub deserts, plains and montane grasslands, 
agricultural fields, pastures, urban parks, patchy coniferous and deciduous 
woodlands, and tropical rainforests (Arnold and Dewey, 2002). Red-tailed 
hawks prefer a mixed landscape containing old fields, wetlands, and 
pastures for foraging, interspersed with groves of woodland, bluffs, or 
streamside trees for perching and nesting (US EPA, 1993). Red-tailed 
hawk home ranges vary in size from approximately 85 ha to greater than 
2400 ha, depending on the habitat (US EPA, 1993; Arnold and Dewey, 2002). They generally hunt from 
an elevated perch, feeding primarily (approximately 80% to 85% of diet) on small rodents such as mice, 
voles, shrews, rabbits, and squirrels, as well as birds and reptiles (Arnold and Dewey, 2002). They 
consume approximately 0.19 kg of wet weight food per day and 0.06 L of water or its equivalent per 
day. The red-tailed hawks diet is modeled as including 100% terrestrial mammals. Based on its 
consumption of these foods, the red-tailed hawk is estimated to incidentally ingest approximately 6.6 x 
10-4 kg/day of dry soil. For this Project the red-tailed hawk was considered a tertiary consumer and was 
considered to spend 12 months of the year in the LRASA. 

Source: Microsoft Clip Art Image 
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Wild Turkey (Meleagris gallopavo)  

The wild turkey (Meleagris gallopavo) is one of the most 
popular game birds in North America. Hunting of wild 
turkey is permitted in the LRASA from late April to late 
May (MNR, 2008). They are a large ground-dwelling, non-
migratory bird with an average body weight of 4.2 kg for 
hens, and 7.4 kg for males (Dunning, 1993; in Sample et 
al., 1996). Although widely distributed through most of the 
US and Mexico, wild turkeys inhabit only the 
Southernmost parts of Canada (Cornell Lab of 
Ornithology, 2003). The wild turkey is primarily 
herbivorous, consuming a diet of nuts, seeds, fruits, buds, 
grasses, and insects when available (Cornell Lab or 
Ornithology, 2003; Sample et al., 1996). Habitat typically 
consists of forest, open woodland, or agricultural areas, with abundant water supply. During winter 
months wild turkeys will live in groups of similar-sex individuals. For this Project the wild turkey was 
assumed to spend all 12 months of the year in the LRASA (migratory information; Environment 
Canada, 2005). The home range of the wild turkeys is highly variable, depending on availability of food, 
water, cover and season. Home ranges have been reported for the wild turkey at less than 200 
hectares in winter, to more than 800 hectares in spring (Sample et al., 1996). The wild turkey consumes 
approximately 0.9 kg of wet weight food per day and 0.15 Liters of water or its equivalent per day 
(estimated using female body weight). The wild turkey’s diet is modeled as including 90.0% terrestrial 
plant material and 10% soil invertebrates. The wild turkey is an herbivore and is classified as a primary 
consumer within the ecosystem (CCME, 1997). Based on its consumption of these foods, the wild 
turkey is estimated to incidentally ingest 2.8 x 10-2 kg/day of dry soil. For this ERA, this species was 
considered to spend 12 months of the year in the LRASA. 

8.3.5.1 Community-Based Ecological Receptors 

The primary exposure pathway for some flora and fauna is from direct contact with a single abiotic 
environmental medium (e.g., soil). Accordingly, toxicity benchmarks are commonly derived based on 
COPC media concentrations and the adverse environmental effects thresholds for organisms that 
reside/rely on those media. Additionally, these benchmarks are typically generated using toxicity data 
for not one, but several species that rely on that medium, and are intended to represent a COPC 
concentration that will be protective of most, if not all species associated with that medium. For these 
reasons, the following ecological receptors were evaluated in this ERA at the community level, rather 
than as individual species: 

 

Source:http://mayo.personcounty.net/Wildlife%20Pa
ge/Wild%20Turkey jpg
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� Freshwater receptors (i.e. fish, aquatic plants); 

� Terrestrial plants; 

� Benthic invertebrates; and  

� Soil invertebrates.  

8.3.5.2 Amphibians and Reptiles 

To perform a quantitative ERA, appropriate toxicological data (i.e., chronic, species specific) for 
ecological receptors is required.  In a review of vertebrate toxicological data from 1972 to 1998, less 
than 3% of studies were conducted with amphibians and only 1.4% for reptiles (Sparling et al., 2000).  
Toxicological information for amphibians and reptiles is available from several publications including:  

� Ecotoxicology of Amphibians and Reptiles (Sparling et al., 2000);  

� RATL: A Database of Reptile and Amphibian Toxicity Literature (Pauli et al. 2000) that updates the 
older Canadian Wildlife Service report, A Review and Evaluation of the Amphibian Toxicological 
Literature (1989): Technical Report Series No. 61;  

� Ecotoxicity of Chemicals to Amphibians (Devillers and Exbrayat 1992); 

� The US EPA’s ECOTOX database (http://cfpub.epa.gov/ecotox/ (US EPA, 2008)) contains 
numerous results of amphibian and reptile toxicity tests; and  

� The California Wildlife Biology, Exposure Factor, and Toxicity Database (Cal/Ecotox 
http://oehha.ca.gov/cal_ecotox/) contains a few references to limited physiological and toxicity data 
for amphibians and reptiles.  

However, a review of these sources confirms that for most organic contaminants, with the possible 
exception of polychlorinated biphenyls (PCBs), organochlorine pesticides (OCs) and some metals, 
there is a lack of information on chronic toxicology and bioavailability of contaminants. Mainly body 
burden and acute toxicity (exposure durations of 96 hours or less) data are available, and the vast 
majority of laboratory amphibian toxicity tests have focused on changes to embryonic and larval life 
stages occurring from water-borne contaminant exposure only.  Although embryonic and larval 
lifestages are recognized as being sensitive to environmental contaminants, Birge et al. and Suter et 
al., (1975 and 1987 respectively in Sparling et al., 2000) note that egg complement (number of viable 
eggs produced per female) and fecundity are more sensitive endpoints during the life history of 
organisms. These endpoints are related to maternal (i.e., adult terrestrial) exposure and accumulation 
of environmental contaminants and to date, the current state of knowledge on amphibian and reptilian 
toxicology and exposure characterization (e.g., from diffusion across the amphibian skin) is simply not 
adequate to permit an assessment of risk to adult receptors.   

No amphibian or reptile species were identified during field programs conducted in July 2007 around 
the LRASA. Due to the lack of permanent or vernal pool habitat within the LRASA, very few reptiles and 
amphibians are expected to use the Site itself. Adaptable species, including the American toad (Bufo 
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americanus) and the eastern garter snake (Thamnophis sirtalis) may be present in the hedgerow areas 
onsite, but were not seen during field surveys. These species are common and widespread in Ontario; 
they are also highly mobile species, and are able to relocate from disturbed areas providing suitable 
habitat is found in close proximity. 

8.3.5.3 Species at Risk or Conservation Concern 

Species at Risk (SARs) are defined as any wildlife species listed in Schedule 1 of SARA as 
“Extirpated”, “Endangered” or ”Threatened”. Species of Conservation Concern include those that have 
a provincial ranking S3 and below as well as those designated as “Endangered”, “Threatened” or of 
“Special Concern” federally or provincially.  

It is difficult in ERAs to quantitatively address potential chemical risk to SARs and species of 
Conservation Concern, often due to the fact that species-specific quantitative information is lacking on 
their diet, inadvertent soil ingestion and water intake. Therefore, to accommodate these species in this 
ERA, ecological receptors found within the same class (occupying similar ecological niches) and within 
a similar trophic level (for which there is well established quantitative data), were used as surrogates. 

Species at Risk or of Conservation Concern identified within the LRASA (based on a desktop search of 
Provincial and Federal databases (including but not limited to the Natural Heritage Information Centre’s 
website (NHIC, 2009)), and the surrogate VEC (where appropriate) used to determine potential 
chemical exposure and risk in the ERA, is provided in Table 8.3. Twelve avian species, three vascular 
plant species, three insect species, four amphibian/reptile species, and one fish species were identified 
as potentially occurring within the LRASA. No mammalian SARs or Species of Conservation Concern 
were identified within the LRASA. 
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Table 8-3 Species at Risk or Conservation Concern in the LRASA.  

Common Name Scientific Name MNR1 COSEWIC2 SARA3 
Rank 

 
Observed 

During Field 
Survey? 

Surrogate Species 

Reptiles and Amphibians 

Blanding's Turtle Emydoidea blandingii Threatened Threatened S3 No See Section 8.3.5.2 

Stinkpot Turtle Sternotherus odoratus Threatened Threatened S3 No See Section 8.3.5.2 

Milksnake Lampropeltis triangulum Special 
Concern 

Special 
Concern S36 No See Section 8.3.5.2 

Northern Map Turtle Graptemys geographica - Special 
Concern S14 No See Section 8.3.5.2 

Fish 

Kiyi Coregonus kiyi 
Special 

Concern, 
Extinct 

Special 
Concern, 
Extinct 

S3 No See Section 8.3.5.1 

Avian Species 

Chimney Shift Chaetura pelagica Secure Threatened S4B No American Robin 

Loggerhead Shrike Lanius ludovicianus Endangered Endangered S2B5 No Red-tailed Hawk 

Henslow's Sparrow Ammodramus henslowii Endangered Endangered S1B No American Robin/Wild Turkey 

Least Bittern Ixobrychus exilis Threatened Threatened S3B No Great Blue Heron 

Black-crowned Night-Heron Nycticorax nycticorax - - S3B No Great Blue Heron 

Black Tern Chlidonias niger Special Not At Risk S3B No American Robin/Great Blue 
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Common Name Scientific Name MNR1 COSEWIC2 SARA3 
Rank 

 
Observed 

During Field 
Survey? 

Surrogate Species 

Concern Heron 

Red-shouldered Hawk Buteo lineatus - Not At Risk S4B7 No Red-tailed Hawk 

Cerulean Warbler Dendroica cerulea - Special 
Concern S1 No American Robin/Wild Turkey 

Hooded Warbler Wilsonia citrina - Threatened S14 No American Robin/Wild Turkey 

Northern Bobwhite Colinus virginianus Endangered Endangered S1S2 No American Robin 

King Rail Rallus elegans Endangered Endangered S2B No Great Blue Heron 

Yellow-breasted Chat Icteria virens Special 
Concern 

Special 
Concern S2S3B No American Robin/Wild Turkey 

Lepidopterans 

Monarch Danaus plexippus - Special 
Concern S1 No NA 

Odonates 

Swamp Darner Epiaeschna heros - - S2S3 No NA 

Variegated Meadowhawk Sympetrum corruptum - - S3 No NA 

Vegetation Species 

Bushy Cinquefoil Potentilla supina ssp. 
paradoxa - - S47 No These species have not been 

identified within the LRASA 
during the 2007/2008 field 

suveys. Community American Ginseng Panax quinquefolius - Endangered S1 No 
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Common Name Scientific Name MNR1 COSEWIC2 SARA3 
Rank 

 
Observed 

During Field 
Survey? 

Surrogate Species 

Butternut 
Juglans cinerea 
 

- Endangered S1 No 

benchmarks when divided by 
an UF of 3 do not afford a 
level of protection at the 

individual level. Accordingly 
these species were not 

quantitatively assessed in this 
ERA. 

Notes 
1 MNR, 2008 
2 COSEWIC, 2007 
3 SARA, 2007 
4 S1: Schedule 1 is the official list of species that are classified as extirpated, endangered, threatened, and of special concern (SARA, 2007) 
5 S2: Schedule 2 species listed in Schedule 2 are species that had been designated as endangered or threatened, and have yet to be re-assessed by    COSEWIC 
using revised criteria. Once these species have been re-assessed, they may be considered for inclusion in Schedule 1 (SARA, 2007) 
6 S3: Schedule 3 species listed in Schedule 3 are species that had been designated as special concern, and have yet to be re-assessed by COSEWIC using revised 
criteria. Once these species have been re-assessed, they may be considered for inclusion in Schedule 1. (SARA, 2007) 
7 S4: Apparently secure; uncommon but not rare; some cause for long-term concern due to declines or other factors. 
NA –not applicable 
“-“ – Information not available 
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8.4 Exposure Assessment 

8.4.1 Exposure Pathway Screening and Conceptual Site Models 

An exposure pathway is the potential route that a VEC can be expected to be exposed to COPC. For 
terrestrial wildlife receptors (i.e., birds and mammals), exposure to COPC may occur through the 
following routes:  

� dermal contact with soils; 

� inhalation; 

� ingestion of soil and water (i.e., as a result of feeding, drinking, and grooming); and, 

� ingestion of plants or prey species that have accumulated chemicals from the soil, and other media. 

For aquatic organisms (e.g., fish and aquatic (benthic) invertebrates) exposure to COPC may occur 
through the following routes: 

� ingestion of sediment (e.g., fish may ingest sediment contained within prey species); 

� ingestion of aquatic prey; 

� contact with sediment (e.g., in the case of aquatic invertebrates and aquatic plants); and, 

� ingestion / contact with surface water. 

The principal exposure pathway for soil invertebrates, terrestrial plants, and aquatic plants is from direct 
contact with their associated media. For terrestrial plants and soil invertebrates, exposure to COPC in 
soil are responsible for most exposure, while contaminated sediments provide the most likely source of 
COPC exposure to aquatic benthic invertebrates and aquatic plants.   

Potential exposure media and routes of exposure for VECs, and a rationale for the inclusion or 
exclusion from this ERA, are presented in Table 8-4.   
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Table 8-4 Rationale for Exposure Pathways Evaluated For Avian and Mammalian Receptors 

Exposure Pathway Inclusion in ERA Rationale 

Soil (and Sediment) Ingestion 9 

During the Project Cases, airborne emissions will deposit 
directly onto the soil and water.  Wildlife species consume 
soil (and sediment) during foraging, preening and 
grooming. Therefore, this exposure pathway was 
evaluated in the ERA for receptors. 

Ingestion of Terrestrial 
Vegetation, Soil Invertebrates and 

Small Mammal Prey 
9 

During the Project Cases, gaseous and fugitive dust 
emissions may deposit directly onto plant surfaces and 
soils. COPC may subsequently be taken up into plants 
that are food sources for wildlife. Consumption of plants 
and/or soil invertebrates could expose certain VECs to 
COPC. Therefore, this exposure pathway was evaluated 
for wildlife receptors. Certain VECs also have the potential 
to be exposed to COPC via ingestion of prey that have 
themselves been exposed. For this reason, ingestion of 
prey was evaluated in the ERA. 

Dermal Contact 8 

Although mammals, birds and freshwater receptors may 
be exposed to COPC by direct contact with surface water 
and soil, absorption of COPC through the skin is not 
generally considered a major route of exposure (with few 
exceptions). The current state of knowledge on dermal 
toxicity does not permit a sound evaluation of risks from 
this type of exposure. Therefore, the dermal exposure 
route was not evaluated in the ERA. 

Inhalation 9 

Wildlife may be exposed to COPC through inhalation of 
airborne emissions from the Project. Due to the 
conservative approach used in the HHRA for the 
evaluation of health risks from this pathway, inhalation 
was not explicitly considered in the ERA. Alternatively, it 
was concluded that if no unacceptable risks were 
estimated for human health, ecological receptors were 
assumed to be protected as well. 

Water Ingestion/Contact 9 

During the Project Cases, COPC emitted may be 
deposited on nearby surface water bodies. Water bodies 
may receive COPC input via transport from terrestrial 
media (i.e., surface soil runoff and groundwater 
discharge). Ecological receptors may be exposed to 
COPC concentrations in surface water if they drink from 
these sources or live within them (trough gill uptake).  
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Exposure Pathway Inclusion in ERA Rationale 

Ingestion of Aquatic Invertebrates, 
Aquatic Plants and Fish 9 

During the Project Cases, COPC could enter surface 
water bodies and be taken up by fish, invertebrates, and 
aquatic vegetation. Wildlife (e.g., muskrat) may then 
ingest “contaminated” prey or plants and become 
subsequently exposed to COPC. 

 

8.4.2 Ecological Conceptual Site Model 

The ECSM constructed for this ERA provides a simplified representation of the exposure pathways 
linking COPC emitted from Project related activities to each identified VEC (see Figure 8-3). Exposure 
pathways are designated in the ECSM by arrows leading from one compartment to another 
compartment, and boxes with an “9” denote relevance to a particular VEC. 

Each VEC was not necessarily evaluated at all receptor locations for this ERA. VECs were evaluated at 
a given location based on the type of habitat present at that location. The list of VECs evaluated at 
each receptor location, along with the primary habitat type at each location, is provided in Table 8-5. 
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Note:  Indicates a potentially complete exposure pathway.

Figure 8-3: Ecological Conceptual Site Model Used in the ERA
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Table 8-5 Specific Receptor Locations and VECs  
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Darlington Provincial Park T 9 9 9 9 9  9 9 9  9 9 9 9 

Second Marsh Wildlife Area T 9 9 9 9 9  9 9 9  9 9 9 9 

Darlington Waterfront Trail Entrance T 9 9 9 9 9  9 9 9  9 9 9 9 

McLaughlin Bay Wildlife Reserve T/A 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 

Bowmanville Valley Conservation Area A 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 

Eco Baseline T 9 9 9 9 9  9 9 9  9 9 9 9 

Baseline Rd / Rundle Rd T/A 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 

Baseline Rd/Courtice Rd T/A 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 

Soper Creek A 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 
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Bowmanville Marsh A 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 

South of Site, eco baseline S7 A 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 

Sports Fields/ Recreational T 9 9 9 9 9  9 9 9  9 9 9 9 

Water pollution control plant T 9 9 9 9 9  9 9 9   9 9 9 9   

Future Industrial T 9 9 9 9 9  9 9 9   9 9 9 9   

Harmony Creek  T/A 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 

Farewell Creek  T 9 9 9 9 9  9 9 9   9 9 9 9   

Farm A T/A 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 

Farm B T/A 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 
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Receptor Locations Primary 
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Farm C T/A 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 

Robinson Creek T/A 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 

Bennett Creek T/A 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 

Oshawa Creek Conservation Area T 9 9 9 9 9  9 9 9   9 9 9 9   

Notes:  1Primary habitat-T/A (terrestrial and aquatic); T (terrestrial); A (aquatic) 
2Freshwater receptors (i.e., fish) assumed to be present in all water bodies within a receptor location 
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8.4.3 Derivation of Exposure Point Concentrations 

Using modeled emission and deposition rates for each COPC, environmental fate modeling was used 
to generate COPC concentrations in various environmental media and biota (soil, water, sediment, 
terrestrial plants, small (prey) mammals, and fish), for the Project Alone, and Process Upset Cases 
(Section 6.0). EPCs for the remaining biota (soil invertebrates, benthic invertebrates, aquatic plants) 
were calculated using COPC-specific uptake factors (UP) also known as bioaccumulation or 
bioconcentration factors (BAF/BCF) that describe the relationship between a specified chemical in a 
given abiotic medium to various types of biota (e.g., the uptake of vanadium from sediment by aquatic 
plants). A detailed description of these uptake factors is provided in Appendix K. 

The generalized equation used to calculate a COPC concentration in biotic tissue (such as soil 
invertebrates from a soil concentration) is as follows: 

EPCi = EPCsoil x UP 

where: EPCi exposure point concentration in biological compartment i (mg/kg wet weight) 

 EPCsoil exposure point concentration in soil (mg/kg dry weight) 

 UP Uptake Factor from soil to target biotic tissue i (dimensionless) 

An analogous equation is used to calculate EPCs (on a mg/kg wet tissue basis) using water (mg/L) or 
sediment (mg/kg dry sediment) EPC calculations. Predicted EPCs for all ecological receptor locations 
are summarized in Appendix M. 

For the Baseline Case assessment, EPCs for soil, water, sediment, terrestrial plants, terrestrial (small) 
mammals, and fish were derived from empirical measurements (Jacques Whitford 2009a) and not 
through fate and transport modelling (see section 5.1). For some COPC, however, empirical data was 
not obtained for each of these biota, and uptake factors (UP) were used to predict COPC 
concentrations where possible (Appendix K).  

For all media other than soil, maximum measured concentrations were chosen as the appropriate 
exposure point concentrations.If a chemical was not detected in any of the samples, the baseline 
concentration was presented as the maximum laboratory method detection limit (MDL). However, as 
soil was considered to be sufficiently characterized during the baseline study, maximum measured 
concentrations, maximum MDLs, or the 95th upper confidence limits of the mean (UCLM) were used as 
exposure point concentrations, based on professional judgement (Section 5.1.2). A similar methodology 
was followed for concentrations of inorganics in small mammals. 
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These are generally considered as conservative approaches for estimating potential exposures for the 
purposes of completing human health or ecological risk assessments (Health Canada, 2004). Several 
methods were considered to deal with non-detects in this assessment, including use of one half of the 
laboratory MDL, use of the full laboratory MDL, or alternatively, assigning a randomly generated value 
between 0 and the laboratory MDL as the concentration. While it is acknowledged that in the case of 
baseline non-detects COPC concentrations may range anywhere between 0 and the laboratory MDL, 
the use of the laboratory MDL was considered a conservative and protective measure in the ERA. 

8.4.4 Average Daily Dose for Mammalian and Avian Receptors 

For mammalian and avian ecological receptors, exposure was calculated as the average daily dose 
(ingested), or ADD. The ADD can be defined as the amount of a COPC an ecological receptor might be 
exposed to on a mg/kg-bw/day basis. For each ecological receptor and COPC, the ADD was calculated 
by summing the intake from each applicable exposure pathway. The generalized equation for ADD is 
as follows:  

ADDj = IFj x AFj x EPCj 

For exposure pathway ‘j‘, 

where: IFj  Intake Factor (kg contaminated medium/kg body weight - day) 

 AFj  Absorption Factor (default value of 1), and  

 EPCj Exposure Point Concentration (mg chemical/kg medium) 

 

The Intake Factor (IF) is not specific to each COPC, but is a characteristic of the receptor being 
evaluated. The IF was calculated for each exposure pathway using the receptor‘s medium-specific 
ingestion rate (IR), the fraction of the time spent on site (fsite, assumed to equal 100% for this ERA for all 
species excluding those known to overwinter outside of southern Ontario (American robin, belted 
kingfisher, great blue heron, and mallard duck)) and the receptor‘s body weight (BW) as follows:  

 

IFj = (IRj x fsite)/BW 

For details related to the body weight, dietary composition (plant, insect, prey), water, and soil ingestion 
rates for each of the receptors evaluated in the ERA, refer to Appendix L. 
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8.4.5 Exposure Analysis for Community-Based Receptors 

The exposure assessment for community-based receptors does not require the use of UP or ADD 
calculations. Each of these receptors is primarily associated with a single environmental medium (e.g., 
terrestrial plants and soil), and the potential for adverse environmental effects can be characterized by 
comparing COPC concentrations in each medium with corresponding toxicity benchmarks or 
appropriate guidelines. Therefore, the EPC associated with the relevant environmental medium for 
each community-based receptor is used as the exposure estimate in this ERA (relevant media are 
identified in the ECSM; Figure 8-3). Terrestrial plant exposure to the specific CAC (sulphur dioxide, 
nitrogen dioxide, hydrogen fluoride) was assessed using maximum predicted 1-hour, 24-hour, and 
annual average concentrations. Concentrations of CAC were calculated using atmospheric modeling, 
as described in Section 6.0. 

8.5 Toxicity Assessment 

The objective of the toxicity assessment is to identify the potential adverse health effects associated 
with each COPC as a consequence of chronic oral exposure. Using this knowledge, a Toxicity 
Reference Value (TRV) is generated, which defines the chronic daily dose of a COPC below which 
unacceptable adverse effects are not expected to occur. TRVs are specific to each COPC and 
ecological receptor evaluated in the ERA. 

TRVs used in this risk assessment were determined from studies where endpoints were derived from 
the administered dose, rather than the absorbed dose (i.e., absorbed / retained concentration of 
contaminant in the organ or body). This is a conservative approach because compounds are often 
administered in a more available form than would be found in the environment. 

8.5.1 Derivation of Oral Toxicity Reference Values for Mammalian and Avian Receptors 

The toxicological database in support of a TRV preferably includes a number of chronic or multi-
generational exposure studies involving exposure of relevant test species (i.e., the ecological receptor 
of interest or a phytogenetically similar species) to appropriate chemical forms of the substance of 
interest. Ideally, one or more relevant biological endpoints such as growth, reproductive effects, or 
survival were measured in the study. Databases that meet this requirement are available for some 
chemicals, but in most cases, available toxicity data is limited to studies conducted with laboratory 
animals (e.g., mammals: mice, rats, rabbits; birds: quail, chicken, and ducks). 

Toxicity Reference Values for this ERA are based on dose response studies, typically conducted with 
laboratory animals where the lowest observed adverse effects level (LOAEL) or no observed adverse 
effects level (NOAEL) has been quantified. 
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The preferred toxicity measure used for derivation of TRVs in this ERA is the LOAEL; however, in the 
absence of a suitable LOAEL, NOAEL-based TRVs were used. Generally, LOAELs used towards TRV 
derivation are based on long-term growth or survival, or sub-lethal reproductive effects determined from 
chronic exposure studies. As such, these endpoints are relevant to the maintenance of wildlife 
populations. The LOAEL represents a threshold dose at which adverse outcomes are likely to become 
evident (Sample et al., 1996). This threshold is considered an appropriate endpoint for ERA since TRVs 
are used as the denominator in the ecological hazard quotient (EHQ) calculation (see section 8.6). 
Hazard quotients calculated with NOAEL-based TRVs are more conservative since NOAELs relate to 
the threshold at which no individual environmental effects from COPC exposure are observed.  

Numerous sources were reviewed to obtain the most relevant TRVs for VECs. Information sources 
included, but were not limited to: 

� Ontario Regulation 153/04 Record of Site Condition Regulation, Part XV.1 of the Environmental 
Protection Act: Guidance Protocol (MOE, 2004); 

� Oak Ridge National Laboratory Toxicity Benchmarks for Wildlife (Sample et al., 1996); 

� US Environmental Protection Agency’s Ecological Soil Screening documents; 

� Agency for Toxic Substances and Disease Registry (ATSDR); 

� Canadian Environmental Protection Act (CEPA), Priority Substance List Assessment Reports; and 

� Primary scientific literature. 

A detailed discussion regarding the sources of toxicity data and TRV derivation can be found in 
Appendix J. 

8.5.2 Uncertainly Factors Applied in TRV Derivation 

In human toxicology it has been standard practice to use toxicity data derived from laboratory animals 
(such as mice) and apply various safety, or uncertainty factors (UF) to obtain values that are assumed 
to be conservatively applicable to human individuals. These UFs have typically used factors of 10 in 
order to estimate risks to humans from animal data, with additional factors of 10 applied depending on 
what other assumptions are made (usually five more levels of uncertainty); therefore, UFs in human 
toxicology can range up to 105. Documentation from the US EPA (2002) recognizes that uncertainty 
factors can “build” upon each other to unreasonable magnitudes, and indicates that uncertainty values 
should range between 1 and 10, although values of 3 or 10 for ERAs are preferred. Figure 8-4 provides  
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Figure 8-4 Uncertainty Factors Used for Derivation of Ecological TRVs 
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8.5.3 Uncertainty Factors for Exposure Duration 

In cases where a search of scientific data indicates a lack of chronic studies for a particular 
contaminant, UFs may be applied to adjust toxicity data to a chronic exposure basis. Acute studies are 
those that are of short duration, generally less than one week. Sub-chronic exposures are of longer 
duration (generally less than 90 days), but may be considered equivalent to a chronic study if a critical 
life stage (such as the gestational period) is included. Chronic exposures would generally be greater 
than 90 days in length, exceeding 50% of the animal’s lifespan, or including a reproductive period.  
Jacques Whitford applies an UF of 3 (half an order of magnitude on a log scale) to adjust from  
sub-chronic to chronic, and 10 to adjust from acute to chronic. It should be noted that preference is 
given to longer duration exposure assessments in cases where published data are available, and acute 
data are relied on only when absolutely necessary.  

8.5.4 Uncertainty Factors for Toxicity Endpoint 

In cases where a search of scientific data indicates the absence of reproductive or other performance-
based toxicity endpoints that would indicate a potential for adverse environmental effects at the 
population level, other less sensitive toxicity endpoints may be considered. Where only a lethal dose 
(LD50) is available, Jacques Whitford applies an UF of 10 (an order of magnitude) to derive a LOAEL 
from LD50 data. Again, it should be noted that preference is always given to sub-lethal data, and lethal 
data are relied on only when absolutely necessary. 

Jacques Whitford does not adjust NOAEL values upwards to estimate LOAEL values. Where the only 
chronic endpoint available is a NOAEL, it is used directly and reported as such in the discussion of 
uncertainties. Ecological hazard quotients based on the NOAEL may be permitted to exceed a value of 
1.0 since the NOAEL is not an endpoint that signifies toxicological outcomes.    

8.5.5 Uncertainty Factors for Individual Risk 

In ERA the focus of the assessment is normally to provide protection for wildlife at the population level 
and TRVs based on LOAELs are preferably used in the calculation of risk. This is in contrast to human 
toxicology and human health risk assessment, where protection of individuals is of paramount concern.  
An exception to this occurs in ERA when federally or provincially designated species at risk or 
conservation concern are evaluated. To ensure that these species are afforded an appropriate level of 
protection in ERA, Jacques Whitford uses TRVs that are based on NOAELs; if NOAELs are not 
available and LOAELs are used in the calculation of risk, then the acceptable threshold for toxicity is 
modified downward from 1.0 to 0.33 (reduced by a half order of magnitude; see Risk Characterization) 
in-line with guidance from Ohio EPA (2008). 



 

           Human Health and Ecological Risk Assessment 
Technical Study Report

December 10, 2009

 

Project No. 1009497 
Stantec © 2009 

477 

 

 

8.5.6 Body Weight Scaling Factors 

In ecological risk assessment, toxicity of contaminants to wildlife is typically assessed based on toxicity 
data for relatively few species, most often laboratory animals such as mice, rats, chickens and ducks 
where acute (e.g. LD50, LC50) and chronic (e.g. NOAEL, LOAEL) toxicity endpoints are measured. It is 
standard practice, and a fundamental step in the ERA process, to modify the laboratory generated 
toxicological data to make them applicable to wildlife receptors. A number of methods have been used 
to extrapolate toxicity data between laboratory and wildlife species, and include the use of uncertainty 
factors, application of acute based extrapolation factors (derived using LD50, HD5 and standard 
deviation) to reproductive toxicity data (e.g. Baril et al., 1994; Luttik et al, 2005), interspecies correlation 
estimation (ICE) models (Raimondo et al., 2007) and allometric scaling (Travis and White, 1988; 
Chappell, 1992; Mineau et al., 1996; Sample et al., 1996; Knopper et al., 2009).  

Each of these methods had positive and negative attributes, and none can be considered the most 
appropriate method for extrapolating toxicity data between laboratory and wildlife species. Ultimately, 
the choice in methods for use in the ERA comes to scientific defensibility, practicality, utility and 
professional judgment. For this ERA, an allometric scaling factor of body mass raised to the exponent 
of 0.75 for both mammalian and avian receptors was applied (Knopper et al., 2009). Details of the 
rationale for this scaling factor are provided in Appendix J.  

8.5.7 Inhalation Toxicity 

The inhalation pathway as an exposure pathway for wildlife receptors is rarely considered in ERA since 
wildlife exposures to COPC via the inhalation pathway are usually considered to be negligible in 
comparison with their exposure from soil and dietary pathways (including pathways associated with 
grooming). An alternative to conducting a quantitative risk assessment based on the inhalation pathway 
for ecological receptors is to examine potential risk to human health via the inhalation pathway. It is 
reasonable to suggest that human exposure TRVs for airborne contaminants are likely to be lower than 
equivalent TRVs for ecological receptors given that:  

� there is an extensive body of literature and regulations to protect humans against adverse health 
from air pollutants;  

� the level of protection afforded to humans focuses on the health of individuals, and often sensitive 
health outcomes (such as childhood asthma) and is therefore more protective than is generally 
afforded to ecological receptors;  

� the exposure durations that are considered for human receptors are often longer (i.e., up to 70 
years) than would be considered usual for ecological receptors; and  

� the health outcomes for human receptors often include considerations such as whether a potential 
for cancer exists, for which very low ambient air concentrations may be required, which is not a 
consideration for ecological receptors.  
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Therefore, provided that human receptors are adequately protected against inhalation exposures to 
maximum ground level concentrations of COPC, then ecological receptors should be equally protected. 

8.5.8 Derivation of Benchmarks for Community-Based Receptors 

8.5.8.1 Freshwater Receptor Toxicity 

Individual freshwater species were not evaluated in the ERA; rather toxicity assessments were based 
on freshwater quality screening guidelines or COPC-specific toxicity benchmarks that are protective of 
aquatic life.  Guidelines and benchmarks used in this ERA are found in Appendix J. 

8.5.8.2 Sediment Receptor Toxicity  

Individual freshwater sediment species were not evaluated in the ERA; rather toxicity assessments 
were based on freshwater sediment quality screening benchmarks or guidelines that are considered 
protective of aquatic sediment life for each COPC. Benchmarks used in this ERA are found in 
Appendix J. 

8.5.8.3 Soil Invertebrate Toxicity   

Individual soil invertebrate species were not evaluated in this ERA; rather toxicity assessments were 
based on soil screening benchmarks that are protective of terrestrial invertebrate life for each COPC. 
Benchmarks used in this ERA are found in Appendix J. 

8.5.8.4 Phytotoxicity  

Individual plant species were not evaluated in the ERA; rather toxicity assessments were based on 
phytotoxicity benchmarks that are protective of plant life for each COPC. Phytotoxicity benchmarks 
used in this ERA are found in Appendix J. Special consideration was given to sulphur dioxide, nitrogen 
dioxide, and hydrogen fluoride effects on terrestrial plants. A detailed discussion regarding these CACs, 
including benchmark values used, can be found below. 

8.5.8.5 Phytotoxicity Benchmarks used for Criteria Air Contaminants – Sulphur Dioxide and 
Nitrogen Oxides  

High concentrations of sulphur dioxide and nitrogen oxides can produce acute and chronic injuries in 
vegetation, which is first observed on the plant foliage. A detailed discussion of the phytotoxicity 
symptoms that can occur on the plant foliage can be found in Appendix J. 

The applicable air quality standards for protection of the environment that were considered in the 
assessment in the effect of sulphur dioxide and nitrogen oxides on vegetation were the National 
Ambient Air Quality Objectives (NAAQOs), the Canadian and Ontario Air Quality Objectives (in the 
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case of SO2 the levels are very similar; the NO2 levels are only available from NAAQOs), and the World 
Health Organization standards. The NAAQOs were established by the federal government in the early 
1970s to protect human health and the environment by setting objectives for the following common air 
pollutants: carbon monoxide, nitrogen dioxide, ozone, sulphur dioxide and total suspended particulates.   

The objectives are denoted as “Desirable”, “Acceptable” and “Tolerable”. The Federal Objectives are 
defined as follows: 

� The Maximum Desirable Level is the long-term goal for air quality and provides a basis for anti-
degradation policy for unpolluted parts of the country, and for the continuing development of control 
technology; 

� The Maximum Acceptable Level is intended to provide adequate protection against effects on soil, 
water, vegetation, materials, animals, visibility, personal comfort and well-being; and, 

� The Maximum Tolerable Level denotes time-based concentrations of air contaminants beyond 
which, due to a diminishing margin of safety, appropriate action is required to protect the health of 
the general population. 

The World Health Organization (WHO) has developed air quality standards which address the 
protection of vegetation and of the forested ecosystem (and lichens) from sulphur dioxide (WHO, 
2000a) with levels of 100 μg/m3 for the averaging period of 24 hours and 30 (20 μg/m3 for lichens) for 
the annual period.  In the case of nitrogen dioxide WHO (2000b) describes two different types of effect 
threshold: critical levels and critical loads. The critical level (CLE) is the concentration in the 
atmosphere above which direct adverse effects on receptors, such as plants, ecosystems or materials, 
may occur. CLEs are expressed in terms of exposure (μg/m3 and exposure duration), while critical 
loads (CLO) are expressed in terms of deposition (kg N/ha per year). As reported by the WHO (2000) 
the CLE for NOx (NO + NO2, expressed as NO2 in μg/m3) is 30 μg/m3 as an annual mean and 75 μg/m3 
as a 24-hour mean. The CLO was established at 30 kg N/ha year. These phytotoxicity benchmarks 
were primarily used in this ERA for the evaluation of the SO2 and NO2 effects emissions on the 
vegetation. 

In addition, given the fact that air quality standards are presented for all the averaging time periods (1 
hour, 24 hours and annual) only in the NAAQOs standards (and since they are applicable benchmarks 
in Canada), these standards were also used for the evaluation of potential effects on vegetation from 
the Project emissions. Specifically, the Maximum Acceptable Level was used as the threshold for 
conducting the risk assessment of sulphur dioxide and nitrogen dioxide on vegetation. A summary of 
the O. Reg. 419/05, NAAQOs and WHO is provided in Table 8-6. 
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Table 8-6 Summary of Air Quality Standards for Ontario and NAAQOs for Phytotoxicity 

CAC Averaging 
Time Period 

Ontario 
Reg. 

419/05 

Sched. 3 

Ontario’s 
Ambient Air 

Quality Criteria

National Ambient Air Quality Objectives 
World Health 
Organization Maximum

Desirable 
Maximum 

Acceptable 
Maximum 
Tolerable 

Sulphur 
dioxide  

µg/m3  

1 hour 690 690 450 900 - - 

24 hour 275 275 150 300  800 100 

Annual N/A 55 30  60 - 30 / 20F 

Nitrogen 
dioxide  

µg/m3  

1 hour NA 400 - 400  1000  - 

24 hour NA 200 - 200 300 75 

Annual N/A N/A 60 100  - 30 

Notes: F = Forest Ecosystem  

 

8.5.8.6 Phytotoxicity Benchmarks used for Criteria Air Contaminants – Hydrogen Fluoride 
(HF)  

In Ontario according the MOE O. Reg. 419/05 the standard for gaseous fluorides as HF (based on 
vegetation protection in the growing season) for the 24-hour averaging period is 0.86 μg/m3 while the 
30-day standard is 0.34 μg/m3. The O. Reg. 419/05 24-hour standard for total fluorides as HF (growing 
season) is 1.72 μg/m3 (0.69 μg/m3; 30-day standard) while the 24-hour standard for total fluorides as 
HF (non-growing season) is 3.44 μg/m3 (1.38 μg/m3; 30-day standard) (MOE, 2005b). A summary of 
the O. Reg. 419/05 and NAAQOs is provided in Table 8-7. 
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Table 8-7 Summary of Air Quality Standards for Ontario and NAAQOs for HF Phytotoxicity 

CAC  Averaging 
Time Period 

Ontario Reg.  
419/05 

Sched. 3 
National Ambient Air 

Quality Objectives 

 Fluorides  

(as HF) gaseous 
(growing season) 

 Fluorides  

(as HF) total 
(growing season) 

 Fluorides 

 (as HF) total 
(non-growing 

season) 

Reference Level 

Fluorides 

(µg/m3) 

 

1 hour - - - - 

24 hour 0.86 1.72 3.44 1.1 

30 day 0.34 0.69 1.38 - 

Annual - - - 0.5  

The World Health Organization does not have sufficient information to derive air quality guidelines for 
fluoride; however in terms of protecting vegetation from the effects of fluoride, the WHO has recognized 
that fluoride concentrations in ambient air should be less than 1 μg/m3 (WHO, 2000). The threshold 
used in evaluating the effects of HF on vegetation was the Ontario Reg.419/05 (gaseous HF, growing 
season) as it provides the most conservative level of comparison for the 24 hour exposure (the 30 day 
averaging time was not used as Project emission data was not available). 

8.6 Ecological Risk Characterization 

The purpose of the Risk Characterization step in ERA is to evaluate the evidence linking COPC with 
adverse environmental effects by combining information from the exposure and toxicity assessments.  
The potential for adverse environmental effects is quantified by comparing the dose of a substance that 
can be tolerated, or below which adverse environmental effects are not expected (e.g., TRV), to the 
expected daily dose (ADD), the amount of a COPC an organism is expected to be exposed to on a 
daily basis. The quotient of the two is referred to as an ecological hazard quotient (EHQ, analogous to 
HQs used in the HHRA) and can be expressed as:  

EHQ =  
average daily dose (ADD) 

toxicity reference value (TRV) 

The magnitude by which values differ from parity (i.e., TRV = daily dose) is used to make inferences 
about the possibility of ecological risks. 
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EHQs were calculated for each VEC, taking into consideration all applicable exposure pathways. For 
example, the EHQ for the meadow vole was calculated as the sum of EHQs for each of its relevant 
exposure pathways: 

 
EHQ meadow vole = EHQ vegetation ingestion + EHQ soil ingestion + EHQ invertebrate ingestion + EHQ water ingestion 

 

For the assessment of potential risk to community-based VECs (e.g., freshwater receptors), the EPC of 
the associated environmental media was divided by benchmarks where available, (rather than dividing 
an ADD by a TRV, as was used for birds and mammals). Preference was given to Ontario specific 
media guidelines (Ontario Regulation 153/04 ecotoxicological components, Provincial Water Quality 
Objectives (PWQO) (MOE, 1999b), Provincial Sediment Quality Guidelines (PSQG) (MOE, 1993)). For 
COPC where appropriate guidelines were not available, benchmarks based on toxicity studies were 
chosen instead. In this manner either a Screening Ratio (SR) was calculated if the comparator was a 
generic Provincial guideline, or an EHQ if the comparator was a benchmark based on toxicity. 

An EHQ or SR of less than or equal to 1.0 indicates that the exposure concentration for the evaluated 
scenario is less than or at the threshold of toxicity (or guideline as appropriate). Given the conservative 
approach to the ERA, it is likely that no adverse environmental effect would occur at EHQs or SRs less 
than or equal to 1.0.  Conversely, an EHQ or SR greater than 1.0 does not necessarily indicate that 
adverse effects will occur.  In these cases, values greater than 1.0 indicate that there is a possibility of 
adverse ecological effects and indicate the need for further review of both predicted exposure levels 
and effects benchmarks. 

If it is ultimately determined that the EHQ or SR is indeed greater than 1.0, potential mitigation and/or 
monitoring options should be considered and implemented to ensure the conservative nature of risk 
assessment has overestimated potential risks and that actual harm to the environment does not occur. 

8.6.1 Chemical Interactions and Additivity of Hazard Quotients 

Risk assessments are complicated by the fact that most toxicological studies are conducted using a 
single chemical whereas environmental exposures generally involve more than one COPC. Calculating 
an EHQ for exposure to mixtures of COPC is problematic because all COPC do not have the same 
modes of action, target endpoints, or magnitudes of toxicity. Chemicals in a mixture may interact in four 
general ways to elicit a response: 

� Non-interacting – chemicals have no effect in combination with each other; the toxicity of the 
mixture is the same as the toxicity of the most toxic component of the mixture; 

� Additive – chemicals have similar targets and modes of action but do not interact, the hazard for 
exposure to the mixture is simply the sum of hazards for the individual chemicals; 
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� Synergistic – there is a positive interaction among the chemicals such that the response is greater 
than would be expected if the chemicals acted independently or in an additive manner; and 

� Antagonistic – there is a negative interaction among the chemicals such that the response is less 
than would be expected if the chemicals acted independently or in an additive manner. 

There are chemical classes that have similar modes of action and target organs, and in these cases, a 
more appropriate characterization of risk is achieved by summing the EHQ for each compound. In this 
ERA, EHQs for PAHs were summed to derive a single conservative EHQ index (mammals and birds 
only). Hazard quotients for inorganic COPC were evaluated independently because unlike PAHs, they 
generally have specific toxicities, different modes of action, and different target organs. 

The following sections characterize risk for each assessment scenario evaluated in the ERA. 

8.6.2 Ecological Risk Assessment Baseline Case: 140,000 tpy 

8.6.2.1 Deposition from Atmospheric Emissions - Baseline Case 

Baseline Case EHQs and SRs provide an indication of potential adverse environmental effects (i.e., 
risk) to VECs resulting from exposure to COPC released to the atmosphere from existing activities that 
take place in the LRASA. 

Empirically measured concentrations of COPC in environmental media and biota were used in the 
assessment of potential risk to ecological receptors from COPC exposure in the Baseline Case 
(Jacques Whitford 2009a). In cases where empirical measurements were not available, media-to-biota 
uptake factors were relied on to calculate COPC concentrations. Maximum Baseline Case EHQs and 
screening ratios (SR) generated for each COPC and VEC are presented in Tables 8-8 to 8-12. Detailed 
results for the Baseline ERA are provided in Appendix N. These EHQ and SR were based on EPCs 
derived for the entire LRASA and not for specific receptor locations, as was the case for other 
scenarios (i.e., a single representative baseline soil concentration was used for all receptor locations).  

For mammals and birds all COPC had EHQs less than 1.0, with the exception of selenium in the case 
of the mink (EHQ = 1.8), and vanadium in the case of the American robin, belted kingfisher, mallard 
duck and wild turkey (EHQs = 1.6, 1.5, 3.9, and 2.6, respectively). 

As discussed in Section 8.6, in cases where EHQs/SRs exceed 1.0, it is necessary to examine both the 
predicted exposure levels and effects benchmarks, in order to further qualify and understand the effects 
of any predicted risk.  Measured baseline concentrations of selenium and vanadium in environmental 
media were not different from those typical of similar sites in southern Ontario (Environmental Baseline 
Study Report, Jacques Whitford, 2009a), and as such, the predicted EHQ for mammals and birds, 
though greater than 1.0, is not expected to be any different for these receptors living in other similar 
locations in Ontario.  In this case, the exceedance of the toxicity threshold for baseline present day 
concentrations highlights the conservatism in the ERA.  
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For freshwater receptors, a number of COPC were identified with EHQs or SRs greater than 1.0: 
anthracene, flouranthene, benzo(a)anthracene, benzo(g,h,i)perylene, benzo(k)fluoranthene, chrysene 
and dibenzo(a,h)anthracene, PCBs (total), hexachlorobenzene, hexavalent chromium, phosphorus, 
vanadium and zinc. For benthic invertebrates, total chromium and phosphorus in sediment was 
associated with potential risk as SRs of 1.2 and 1.1 were estimated, respectively. 

The freshwater receptor SR of the above listed PAHs varied from 5 to 500. Four surface water samples 
were collected from the Site and analyzed for PAHs, and in all four samples no PAHs were detected at 
the laboratory MDL of 0.01 µg/L (Jacques Whitford 2009a). The freshwater receptor SR was calculated 
by dividing the PAH laboratory MDL by the PWQO values (MOE, 1999b). In this ERA, laboratory MDLs 
were used as baseline concentrations in the absence of actual measured concentrations (Section 
8.4.3). As PWQOs for PAHs are lower than the laboratory MDL, estimated SR were consequently 
greater than 1.0. It is unlikely that freshwater receptors at present day conditions (i.e., Baseline case) 
within the LRASA are actually at the predicted level of unacceptable risk and this prediction is almost 
certainly explained by the use of the laboratory MDL as the exposure concentration in the ERA rather 
than a true surface water concentration.   

For PCBs, a screening ratio of 20 was estimated for freshwater receptors. Six surface water samples 
were collected from the Site and analyzed for PCBs, and in all six samples, PCBs were not detected at 
the laboratory MDL of 0.02 µg/L (Jacques Whitford 2009a). The freshwater receptor SR was calculated 
by dividing the PCB laboratory MDL by the PWQO value. As was the case for PAHs, the laboratory 
MDL was used as the surface water PCB concentration, primarily to maintain conservatism in the ERA. 
The PWQO (0.001 µg/L) is lower than the laboratory MDL and as a result, a SR greater than 1.0 was 
estimated. It is unlikely that freshwater receptors at present day conditions (i.e., Baseline case) within 
the LRASA are actually at the predicted level of unacceptable risk and this prediction is almost certainly 
explained by the use of the laboratory MDL rather than a true surface water concentration. It is 
important to note that the measured concentrations of PCBs in sediment (where PCBs are expected to 
be tightly bound to the particulate matter) are below the PSQG (MOE, 1993)). Similarly, in the case of 
measured baseline concentrations of PCBs in fish (where PCBs easily bioaccumulate), most of the 
values were at the detection limit or very close to the detection limit of 0.02 (mg/kg). Moreover, 
freshwater receptors were observed during field surveys and did not show signs of toxicosis. Therefore 
it can be concluded that estimated risk to freshwater receptors could be a function of the detection limit.  

Of the chlorinated monocyclic aromatics, only hexachlorobenzene had a SR greater than 1.0 in the 
case of the freshwater receptor. As noted for PAHs and PCBs, the elevated screening ratio was due to 
the use of the laboratory MDL reported as the baseline concentration (six water samples were 
collected, and hexachlorobenzene was not detected in any of them (Jacques Whitford 2009a)). It is 
unlikely that freshwater receptors at present day conditions (i.e., Baseline case) within the LRASA are 
actually at the predicted level of unacceptable risk and this prediction is almost certainly explained by 
the use of the laboratory MDL rather than a true surface water concentration.   
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Hexavalent chromium was not detected in any of six surface water samples collected during the 
baseline study, however a SR of 10 was calculated based on the PWQO value (0.001 mg/L) and the 
laboratory MDL reported (0.01mg/L). Given that no hexavalent chromium was detected it is unlikely that 
freshwater receptors at present day conditions (i.e., Baseline case) at the Site are actually at the 
predicted level of unacceptable risk. 

Phosphorus was detected only twice in six surface water samples collected during the baseline study 
(0.05 mg/L and 0.16 mg/L, respectively). Although both of these detected concentrations exceed the 
PWQO of 0.03 mg/L, only the maximum concentration was considered in this assessment, which is 
very conservative. Given the number of surface water phosphorus non-detects and the difference 
between the two detected concentrations, a large degree of uncertainty is associated with the risk 
estimated for freshwater receptors. Nonetheless, potential risk to these receptors as a result of existing 
baseline conditions could not be ruled out. In sediment, baseline SRs of 1.2 and 1.1 were estimated for 
total chromium and phosphorus, respectively. Given that the maximum measured sediment chromium 
and phosphorus concentrations were used in the ERA (32 and 680 mg/kg), potential risk to biota 
associated with sediment could not be ruled out. Elevated baseline phosphorus concentrations are not 
wholly unexpected in the LRASA, given the high degree of fertilizers applied to agricultural fields and 
residential lawns, which ultimately find their way into natural waterways. 

Vanadium, detected at a maximum surface water concentration of 0.008 mg/L (5 detections out of 6 
samples collected), marginally exceeded the PWQO of 0.006 mg/L used as the freshwater screening 
value in the ERA. Potential risk to freshwater receptors as a result of existing baseline vanadium 
concentrations could not be ruled out. 

In the case of zinc a SR of 2.3 was estimated for freshwater receptors. In sediment, the zinc SR was 
well below 1.0, indicating no predicted risk to biota associated with sediment. Nonetheless, as the 
surface water zinc concentration was based on measured concentrations (maximum, 0.045 mg/L) 
potential risk to these receptors as a result of existing baseline zinc concentrations could not be ruled 
out.  

During the Baseline Sampling campaign (Jacques Whitford, 2009a), several species of fish, inhabiting 
different feeding niches were observed to inhabit the waterbodies within the LRASA. Predatory species 
(invertivores/carnivores) such as rainbow trout, sunfish, creek chub, and dace were confirmed present, 
and generally communities of these fish require substantial populations of invertebrates in order to 
thrive. Similarly, detritivores and planktivores such as white sucker and banded killifish, respectively, 
were also confirmed present. The presence of these fish communities suggests that existing baseline 
conditions within the LRASA are sufficient to sustain the freshwater communities (including the benthic 
invertebrates as their prey items). Overall, it is important to note that baseline concentrations of COPC 
either measured, or below their respective detection limits, were determined to be no different than any 
other similar area in southern Ontario. Therefore, the reported EHQs and SRs values are expected to 



 

           Human Health and Ecological Risk Assessment 
Technical Study Report

December 10, 2009

 

Project No. 1009497 
Stantec © 2009 

486 

 

 

be generally similar to other unimpacted areas in Ontario, and do not likely represent actual risk 
especially in the case of freshwater receptors and benthic invertebrates. 

8.6.2.2 Exposure of Vegetation to SO2, NO2 and HF 

Baseline SO2 and NO2 concentrations were well below the Maximum Acceptable NAAQO for each of 
the 1-hour, 24-hour, and annual averaging periods. The baseline SO2 concentrations were also below 
the phytotoxicity benchmarks identified by the WHO Air Quality Guidelines for the 24-hour and annual 
averaging periods. The WHO Air Quality Guideline does not provide a phytotoxicity standard for the 1-
hour averaging time for SO2 or NO2, so a comparison could not be conducted. The baseline NO2 
concentrations for 24-hour averaging period were below the phytotoxicity benchmarks described by 
WHO Air Quality Guidelines; however, the annual baseline NO2 concentration of 37 µg/m3 was greater 
than the annual WHO guideline for NO2 of 30 µg/m3.  

Visual inspection of vegetation during the baseline sampling program (Jacques Whitford, 2009a), and 
natural environment assessments (Jacques Whitford, 2009c) revealed healthy vegetation communities 
showing no evidence of NO2 related stress. Baseline concentrations of HF were not measured and so a 
comparison against applicable objectives/guidelines could not be conducted (Tables 8-13 to 8-15). 

8.6.3 Construction Case 

A qualitative ecological assessment of the Construction Case was undertaken. Construction activities 
for the Project would include:  

�  site preparation (e.g., clearing, cut and fill, site levelling) and foundations; 

� structural steel erection and major equipment delivery; and, 

�  process equipment installation, piping, electrical work, etc. 

Construction emissions are expected to occur intermittently during daylight hours over the duration of 
the construction period (about 30 months). The number of large trucks travelling on and off site during 
the construction period on a daily basis is expected to be less than the daily number of waste truck 
deliveries anticipated during normal operation of the Facility. There will likely be a greater volume of 
passenger vehicle traffic to and from the site during construction (from the construction labour force) 
relative to Facility operation; however passenger vehicles have much lower emissions than heavy 
trucks (Jacques Whitford, 2009b). Therefore the off-site air quality effects due to vehicle traffic during 
the construction period are expected to be no greater than those during normal operation of the Facility.  

Dust emissions from construction activities could have a temporary effect on local air quality. These 
emissions are associated with land clearing, ground excavation, cut-and-fill operations and equipment 
traffic on the site. Generally, fugitive dust emissions are: (1) proportional to the disturbed land area and 
the level of construction activity; (2) limited to periods of the day and week when the construction 
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activities take place; and (3) vary substantially from day to day with varying meteorological conditions. 
Under dry, windy conditions, wet suppression can be used to control these fugitive dust sources.  

Vehicles on the construction site are sources of exhaust emissions from fuel combustion. Construction 
activities such as welding, use of solvents, sand blasting and painting can also affect air quality in the 
construction area. These activities are typically localized and can be mitigated through implementation 
of vehicle and equipment maintenance programs. 

The emissions from construction of the Facility are not expected to be different from those occurring on 
other medium-sized construction sites in Ontario. Relative to operational emissions, construction 
emissions will be minor, short-term and transitory, and therefore, it is expected that the assessment of 
operational scenarios (Section 7.7.3) will be protective of any potential ecological health risks that could 
arise during periods of construction.  

8.6.4 Project Alone Case Assessment Scenario: 140,000 tpy 

Project Case EHQs and SRs provide an indication of potential adverse environmental effects (i.e., risk) 
to VECs resulting from exposure to COPC released to the atmosphere from the proposed Thermal 
Treatment Facility alone.  

8.6.4.1 Deposition from Atmospheric Emissions 

Maximum Project Alone Case EHQs and SRs generated for each COPC and VEC are provided in 
Tables 8-8 to 8-12.  

Detailed results and tables of the Project Alone Case scenario (including the receptor location where 
each maximum EHQ/SR is predicted) are provided in Appendix N. The highest predicted risk 
associated with the Project Alone Case (SR = 0.15) was reported in the case of thallium for freshwater 
receptors at Ecological Receptor Location 8 (Eco 8), which corresponds to the Baseline Road and 
Courtice Road receptor location. This predicted SR is roughly 7 times lower than the threshold of 
toxicity (e.g., 1.0). EHQs/SRs did not exceed 1.0 for any of the ecological receptors at any of the 
receptor locations evaluated in the ERA. These results suggest that atmospheric Project Alone Case 
emissions are not expected to present adverse environmental risks to mammalian, avian, or 
community-based receptors exposed to COPC. 

8.6.4.2 Exposure of Vegetation to SO2, NO2 and HF 

Project Alone SO2 and NO2 concentrations estimated at each ecological receptor locations did not 
exceed their respective Maximum Acceptable NAAQOs. Similarly, the 24-hour and annual SO2 and 
NO2 concentrations did not exceed the phytotoxicity benchmarks of the WHO Air Quality Guidelines. In 
the case of HF, for which no NAAQO or WHO guidelines or objectives were available, the HF 
emissions were compared against the Ontario Regulation 419/05 Air Pollution – Local Air Quality, 
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Schedule 3, 24-hour averaging period benchmark for gaseous fluorides (as HF) during the growing 
season (MOE, 2005b). No exceedance of this benchmark was noted. Phytotoxicity as a result of 
Project Alone emissions is, therefore, not expected for SO2, NO2, or HF during any averaging period 
(Tables 8-13 to 8-15). 

8.6.5 Project Case Assessment Scenario: 140,000 tpy 

Project Case EHQs and SRs provide an indication of potential adverse environmental effects (i.e., risk) 
to VECs resulting from exposure to COPC released to the atmosphere from both the Thermal 
Treatment Facility and existing baseline conditions (i.e., existing emissions facilities) in the LRASA. 
Consequently, EHQs/SRs for this assessment scenario should be higher than those from either the 
Baseline or Project Alone Case. However given that the contribution of the Project Alone Case in most 
cases (as presented in section 8.6.2) is not substantial (most of the time a few orders of magnitude 
lower than those reported in the Baseline Case) the EHQ/SRs are often similar to the values reported in 
the Baseline Case. 

8.6.5.1 Deposition from Atmospheric Emissions 

Maximum Project Case EHQs and SRs generated for each COPC and VEC are presented in Tables 8-
8 to 8-12. Detailed results and of the Project Case scenario, including locations of maximum predicted 
values, are provided in Appendix N. 

For mammals and birds all COPC had EHQs less than 1.0, with the exception of selenium in the case 
of the mink (EHQ = 1.8), and vanadium in the case of the American robin, belted kingfisher, mallard 
duck, and wild turkey receptors (EHQs = 1.6, 1.5, 3.9, and 2.6, respectively). 

For freshwater receptors, a number of COPC were identified with EHQs or SRs greater than 1.0: 
anthracene flouranthene, benzo(a)anthracene, benzo(g,h,i)perylene, benzo(k)flouranthene, chrysene, 
dibenzo(a,h)anthracene), PCBs (total), hexachlorobenzene, hexavalent chromium, phosphorus, 
thallium, vanadium, and zinc. For benthic invertebrates, total chromium and phosphorus were identified 
as COPC with EHQs or SRs greater than 1.0. 

All COPC associated with potential risk to terrestrial, freshwater, and sediment receptors possessed 
elevated EHQs/SRs due entirely to baseline concentrations (most of them non-detects, as discussed in 
Section 8.6.2.1). Contribution from the Project Alone is, therefore, not deemed to be substantive. As 
predicted risk associated with the Project Case scenario is driven entirely by baseline COPC 
concentrations, similar conclusions to those reached in Section 8.6.2.1 apply here: no unacceptable 
risk is expected for terrestrial, freshwater, or sediment receptors as a result of exposure to COPC with 
the exception of vanadium and zinc in surface water, total chromium in sediment, and phosphorus in 
both surface water and sediment, which only marginally exceeded their respective guidelines. The 
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reported EHQs and SRs values are expected to be generally similar to other unimpacted areas in 
Ontario. 

8.6.5.2 Exposure of Vegetation to SO2, NO2 and HF 

Project Case SO2 and NO2 concentrations were marginally higher than those reported from empirical 
baseline measurements, and were deemed to be driven almost exclusively by existing baseline 
conditions. Similarly to what was concluded for the Baseline Case, in the Project Case phytotoxicity of 
NO2 during the annual averaging period was estimated, although actual contributions from the Facility 
are negligible. The highest annual concentration at any of the receptors was 37 µg/m3 compared to the 
WHO Guideline of 30 µg/m3. These annual NO2 exceedances are exclusively due to the baseline 
conditions (37 µg/m3) since the annual contributions from the Facility are negligible. As discussed in 
section 8.6.2.2 the current plant communities showed no evidence of NO2 related stress. Therefore it is 
not expected that the Project Case NO2 emissions will pose a risk to the plant communities. Estimation 
of Project Case HF emissions could not be conducted as baseline data was not available (Tables 8-13 
to 8-15). 

8.6.6 Process Upset Case: 140,000 tpy 

8.6.6.1 Deposition from Atmospheric Emissions 

Intermittent processes such as start-ups, shut-downs and possible malfunctions, generally referred to 
as “upsets”, can result in short-term emissions to the atmosphere that may be higher than those during 
normal operational conditions. The potential for adverse effects to ecological receptors was evaluated 
for the “upset” conditions. 

These process upset emission rates provide a very conservative estimate of worst-case emission rates 
that could be expected over the course of an operating year.  

The Process Upset Case EHQs/SRs provide an indication of potential adverse environmental effects 
(i.e., risk) to VECs resulting from exposure to COPC released to the atmosphere from the Thermal 
Treatment Facility in the LRASA in a case of start-ups, shut-downs or possible malfunctions. 

Maximum Process Upset Case EHQs/SRs generated for each COPC and VEC are presented in Tables 
8-8 to 8-12. Detailed results and tables of the Process Upset Case scenario (including locations where 
maximums are expected to occur) are provided in Appendix N. 

Process Upset Case emissions are not expected to present adverse environmental risks to 
mammalian, avian, and community-based receptors exposed to COPC. 
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8.6.6.2 Exposure of Vegetation to SO2, NO2 and HF 

Process Upset Case SO2 and NO2 concentrations estimated at each ecological receptor location did 
not exceed their respective Maximum Acceptable NAAQOs or the WHO Air Quality Guidelines where 
available. In the case of HF, for which no NAAQO or WHO guidelines or objectives were available, the 
Ontario Regulation 419/05 Air Pollution – Local Air Quality, Schedule 3 24-hour averaging period 
benchmark for gaseous fluorides (as HF) during the growing season (MOE, 2005b) was used. No 
exceedance of this benchmark was noted. Phytotoxicity as a result of Process Upset Case emissions is 
therefore not expected for SO2, NO2 or HF during any averaging period (Tables 8-13 to 8-15). 

8.6.7  Process Upset Project Case: 140,000 tpy 

8.6.7.1 Deposition from Atmospheric Emissions 

Evaluation of the Process Upset Project Case consisted of the assessment of risks to ecological 
receptors due to exposure to the total concentrations of COPC released to the atmosphere. This 
includes the ecological risks from the existing concentrations of COPC in the environmental media (i.e. 
Baseline Case) and the predicted increases in chemical concentrations from the operation of the 
Facility during upset conditions (i.e. the Process Upset Case). These ecological risks represent the 
potential environment effects (risks) of ecological receptor exposure to atmospheric emissions (above 
existing concentrations) with the addition of the Thermal Treatment Facility operating during upset 
conditions in the LRASA. 

As in the Baseline Case, the same COPCs were identified to present a potential risk to mammalian and 
avian receptors, (selenium and vanadium, respectively). 

For freshwater receptors: anthracene, flouranthene, benzo(a)anthracene, benzo(g,h,i)perylene, 
benzo(k)flouranthene, chrysene dibenzo(a,h)anthracene, PCBs (total), hexachlorobenzene, hexavalent 
chromium, phosphorus, silver, thallium, vanadium, and zinc, were associated with potential risk, as their 
respective SRs were greater than 1.0. For benthic invertebrates, total chromium and phosphorus were 
associated with potential risk with SRs marginally exceeding 1.0. 

All COPC associated with potential risk to terrestrial, freshwater, and sediment receptors possessed 
elevated EHQs/SRs due entirely to baseline concentrations (most of them non-detects, as discussed in 
Section 8.6.2.1). Contribution from Process Upsets is, therefore, not deemed to be substantive. As 
predicted risk associated with the Process Upset Project Case scenario is driven entirely by baseline 
COPC concentrations, similar conclusions to those reached in Section 8.6.2.1 apply here; no risk is 
expected for terrestrial, freshwater, or sediment receptors as a result of exposure to COPC with the 
exception of selenium and vanadium to birds and mammals, zinc and phosphorus in freshwater, and 
total chromium and phosphorus in sediment. The reported EHQs and SRs values are expected to be 
generally similar to other unimpacted areas in Ontario. 
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8.6.7.2 Exposure of Vegetation to SO2, NO2 and HF 

Process Upset Project Case SO2 and NO2 concentrations were marginally higher than those reported 
from empirical baseline measurements, and were deemed to be driven almost exclusively by existing 
baseline conditions. Similar to the Project Case, the only exceedances of any air quality guidelines for 
the Process Upset Project Case occurred for NO2 during the annual averaging period where the 
maximum concentration was 37 µg/m3 which is greater than the WHO Air Quality Guidelines (30 
µg/m3). These exceedances were also primarily due to the baseline conditions and therefore it is not 
expected that the Project Upset Case NO2 emissions will pose a risk to plant communities within the 
LRASA. Estimation of Process Upset Project Case HF emissions could not be conducted as baseline 
data was not available (Tables 8-23 to 8-25).   

The following tables characterize risk for each 140,000 tonne per year assessment scenario evaluated 
in the ERA. EHQs/SRs greater than the threshold of 1.0 are bolded. 
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Table 8-8 Ecological Hazard Quotient Summary for Mammalian Receptors: 140,000 tpy Scenario 

COPC 

Eastern Cottontail Rabbit Masked Shrew Meadow Vole Mink 

Baseline Project 
Alone 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Baseline Project 
Alone 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Baseline Project 
Alone 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Baseline Project 
Alone 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Polycyclic Aromatic Hydrocarbons                                         

Low Molecular Weight PAHs                                         

Acenaphthene 7.9E-06 7.2E-11 7.9E-06 2.0E-10 7.9E-06 1.2E-05 6.4E-11 1.2E-05 1.8E-10 1.2E-05 1.1E-05 9.8E-11 1.1E-05 2.8E-10 1.1E-05 1.4E-06 1.2E-11 1.4E-06 3.3E-11 1.4E-06 

Acenaphthylene 1.2E-06 1.5E-11 1.2E-06 4.3E-11 1.2E-06 1.1E-05 1.5E-11 1.1E-05 4.2E-11 1.1E-05 2.6E-06 2.1E-11 2.6E-06 5.8E-11 2.6E-06 9.2E-07 9.0E-12 9.2E-07 2.5E-11 9.2E-07 

Anthracene 4.2E-06 3.5E-11 4.2E-06 9.9E-11 4.2E-06 1.1E-05 6.0E-11 1.1E-05 1.7E-10 1.1E-05 6.4E-06 5.1E-11 6.4E-06 1.4E-10 6.4E-06 9.2E-07 9.2E-12 9.2E-07 2.6E-11 9.2E-07 

Fluoranthene 3.0E-05 2.4E-10 3.0E-05 6.6E-10 3.0E-05 1.3E-05 5.8E-10 1.3E-05 1.6E-09 1.3E-05 4.0E-05 3.6E-10 4.0E-05 1.0E-09 4.0E-05 1.2E-06 1.9E-10 1.2E-06 5.4E-10 1.2E-06 

Fluorene 2.1E-05 5.0E-11 2.1E-05 1.4E-10 2.1E-05 1.3E-05 6.2E-11 1.3E-05 1.7E-10 1.3E-05 2.8E-05 7.0E-11 2.8E-05 2.0E-10 2.8E-05 1.5E-06 2.8E-11 1.5E-06 7.9E-11 1.5E-06 

Phenanthrene 6.9E-05 3.7E-10 6.9E-05 1.0E-09 6.9E-05 7.3E-06 6.1E-10 7.3E-06 1.7E-09 7.3E-06 8.8E-05 5.3E-10 8.8E-05 1.5E-09 8.8E-05 2.1E-06 2.3E-10 2.1E-06 6.5E-10 2.1E-06 

TOTAL LMW PAH EHQ = 1.3E-04 7.8E-10 1.3E-04 2.2E-09 1.3E-04 6.7E-05 1.4E-09 6.7E-05 3.9E-09 6.7E-05 1.8E-04 1.1E-09 1.8E-04 3.1E-09 1.8E-04 8.0E-06 4.8E-10 8.0E-06 1.3E-09 8.0E-06 

High Molecular Weight PAHs                                         

Benz(a)anthracene 1.8E-05 5.6E-10 1.8E-05 1.6E-09 1.8E-05 6.5E-05 2.2E-10 6.5E-05 6.3E-10 6.5E-05 3.2E-05 7.5E-10 3.2E-05 2.1E-09 3.2E-05 8.7E-06 3.5E-10 8.7E-06 9.7E-10 8.7E-06 

Benzo(a)pyrene 2.2E-04 2.7E-09 2.2E-04 7.6E-09 2.2E-04 1.1E-04 1.3E-09 1.1E-04 3.6E-09 1.1E-04 2.9E-04 3.5E-09 2.9E-04 9.9E-09 2.9E-04 6.7E-06 1.9E-09 6.7E-06 5.5E-09 6.7E-06 

Benzo(e)pyrene 1.6E-05 2.3E-07 1.6E-05 6.5E-07 1.6E-05 1.2E-06 1.9E-08 1.2E-06 5.4E-08 1.2E-06 2.0E-05 3.0E-07 2.0E-05 8.4E-07 2.1E-05 4.7E-06 4.3E-09 4.7E-06 1.2E-08 4.7E-06 

Benzo(a)fluorene -- 6.2E-10 6.2E-10 1.7E-09 1.7E-09 -- 4.0E-10 4.0E-10 1.1E-09 1.1E-09 -- 8.3E-10 8.3E-10 2.3E-09 2.3E-09 -- 2.3E-09 2.4E-09 6.5E-09 6.6E-09 

Benzo(b)fluorene -- 1.3E-09 1.3E-09 3.6E-09 3.6E-09 -- 2.9E-10 2.9E-10 8.3E-10 8.3E-10 -- 1.7E-09 1.7E-09 4.6E-09 4.6E-09 -- 2.1E-09 2.1E-09 5.8E-09 5.9E-09 

Benzo(b)fluoranthene 2.6E-05 2.0E-10 2.6E-05 5.7E-10 2.6E-05 6.6E-05 4.3E-10 6.6E-05 1.2E-09 6.6E-05 4.3E-05 3.2E-10 4.3E-05 9.1E-10 4.3E-05 8.7E-06 1.7E-09 8.7E-06 4.8E-09 8.7E-06 

Benzo(g,h,i)perylene 2.4E-05 3.5E-07 2.5E-05 9.9E-07 2.5E-05 2.2E-04 3.6E-08 2.2E-04 1.0E-07 2.2E-04 4.2E-05 4.6E-07 4.3E-05 1.3E-06 4.3E-05 1.1E-05 4.1E-08 1.1E-05 1.1E-07 1.1E-05 

Benzo(k)fluoranthene 2.1E-05 1.1E-09 2.1E-05 3.2E-09 2.1E-05 6.5E-05 4.2E-10 6.5E-05 1.2E-09 6.5E-05 3.6E-05 1.5E-09 3.6E-05 4.2E-09 3.6E-05 8.7E-06 4.6E-10 8.7E-06 1.3E-09 8.7E-06 
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Table 8-8 Ecological Hazard Quotient Summary for Mammalian Receptors: 140,000 tpy Scenario 

COPC 

Eastern Cottontail Rabbit Masked Shrew Meadow Vole Mink 

Baseline Project 
Alone 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Baseline Project 
Alone 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Baseline Project 
Alone 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Baseline Project 
Alone 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Chrysene 4.8E-05 7.6E-10 4.8E-05 2.1E-09 4.8E-05 6.7E-05 7.3E-10 6.7E-05 2.1E-09 6.7E-05 7.1E-05 1.1E-09 7.1E-05 3.0E-09 7.1E-05 9.8E-06 9.2E-10 9.9E-06 2.6E-09 9.9E-06 

Dibenz(a,c)anthracene 1.1E-05 4.1E-08 1.1E-05 1.2E-07 1.1E-05 2.2E-04 4.3E-09 2.2E-04 1.2E-08 2.2E-04 2.6E-05 5.3E-08 2.6E-05 1.5E-07 2.6E-05 9.6E-06 2.3E-08 9.6E-06 6.5E-08 9.7E-06 

Dibenz(a,h)anthracene 1.1E-05 2.9E-08 1.1E-05 8.0E-08 1.1E-05 2.2E-04 2.6E-09 2.2E-04 7.2E-09 2.2E-04 2.6E-05 3.7E-08 2.6E-05 1.0E-07 2.6E-05 9.6E-06 1.0E-09 9.6E-06 2.8E-09 9.6E-06 

Indeno(1,2,3-cd)pyrene 1.8E-05 4.5E-09 1.8E-05 1.3E-08 1.8E-05 2.2E-04 3.7E-09 2.2E-04 1.0E-08 2.2E-04 3.4E-05 5.9E-09 3.4E-05 1.7E-08 3.4E-05 9.6E-06 7.0E-09 9.6E-06 2.0E-08 9.6E-06 

Perylene 4.1E-06 1.7E-07 4.3E-06 4.9E-07 4.6E-06 4.5E-05 1.3E-08 4.5E-05 3.8E-08 4.5E-05 7.4E-06 2.2E-07 7.7E-06 6.2E-07 8.1E-06 6.5E-06 1.1E-09 6.5E-06 3.1E-09 6.5E-06 

Pyrene 1.4E-04 1.1E-08 1.4E-04 3.1E-08 1.4E-04 7.4E-05 1.8E-08 7.4E-05 4.9E-08 7.4E-05 1.9E-04 1.7E-08 1.9E-04 4.7E-08 1.9E-04 9.4E-06 2.9E-09 9.4E-06 8.2E-09 9.4E-06 

TOTAL HMW PAH EHQ = 5.6E-04 8.5E-07 5.6E-04 2.4E-06 5.6E-04 0.0014 9.1E-08 0.0014 2.6E-07 0.0014 8.2E-04 1.1E-06 8.2E-04 3.1E-06 8.2E-04 1.0E-04 9.0E-08 1.0E-04 2.5E-07 1.0E-04 

TOTAL LMW AND HMW PAH EHQ = 6.9E-04 8.5E-07 6.9E-04 2.4E-06 7.0E-04 0.0015 9.2E-08 0.0015 2.6E-07 0.0015 9.9E-04 1.1E-06 1.0E-03 3.1E-06 1.0E-03 1.1E-04 9.0E-08 1.1E-04 2.5E-07 1.1E-04 

Dioxins and Furans                                         

2,3,7,8-TCDD Equivalent 0.011 1.2E-04 0.011 3.4E-04 0.011 0.053 0.0012 0.054 0.0033 0.057 0.011 1.3E-04 0.011 3.6E-04 0.012 0.020 0.0016 0.022 0.0046 0.025 

PCB                                         

Aroclor 1254 (Total PCBs) 0.0097 1.1E-06 0.0097 3.0E-06 0.0097 0.010 6.5E-07 0.010 1.8E-06 0.010 0.0058 9.0E-07 0.0058 2.5E-06 0.0058 0.010 8.1E-04 0.011 0.0023 0.012 

Chlorinated Monocyclic Aromatics                                         

1,2-Dichlorobenzene 0.0035 1.5E-09 0.0035 4.1E-09 0.0035 1.6E-04 1.1E-09 1.6E-04 3.2E-09 1.6E-04 0.0019 8.9E-10 0.0019 2.5E-09 0.0019 1.1E-04 1.7E-08 1.1E-04 4.7E-08 1.1E-04 

1,2,4-Trichlorobenzene 0.0051 3.4E-11 0.0051 9.5E-11 0.0051 4.3E-04 5.0E-11 4.3E-04 1.4E-10 4.3E-04 0.0048 3.6E-11 0.0048 1.0E-10 0.0048 1.2E-04 1.8E-09 1.2E-04 5.0E-09 1.2E-04 

1,2,4,5-Tetrachlorobenzene 0.0012 1.4E-09 0.0012 3.8E-09 0.0012 4.1E-04 4.2E-09 4.1E-04 1.2E-08 4.1E-04 0.0011 1.5E-09 0.0011 4.2E-09 0.0011 0.0013 1.9E-07 0.0013 5.4E-07 0.0013 

Pentachlorobenzene 0.0010 1.0E-08 0.0010 2.9E-08 0.0010 6.1E-04 1.0E-07 6.1E-04 2.8E-07 6.1E-04 9.6E-04 1.3E-08 9.6E-04 3.6E-08 9.6E-04 0.0011 1.2E-06 0.0011 3.3E-06 0.0011 

Hexachlorobenzene 8.7E-04 7.1E-10 8.7E-04 2.0E-09 8.7E-04 5.2E-04 2.5E-09 5.2E-04 6.9E-09 5.2E-04 8.3E-04 7.7E-10 8.3E-04 2.2E-09 8.3E-04 9.2E-04 4.7E-07 9.2E-04 1.3E-06 9.2E-04 
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Table 8-8 Ecological Hazard Quotient Summary for Mammalian Receptors: 140,000 tpy Scenario 

COPC 

Eastern Cottontail Rabbit Masked Shrew Meadow Vole Mink 

Baseline Project 
Alone 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Baseline Project 
Alone 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Baseline Project 
Alone 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Baseline Project 
Alone 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Pentachlorophenol 2.6E-05 3.8E-06 3.0E-05 1.1E-05 3.6E-05 2.0E-04 3.7E-07 2.0E-04 1.0E-06 2.0E-04 3.6E-05 4.8E-06 4.0E-05 1.4E-05 4.9E-05 0.0018 1.4E-06 0.0018 3.9E-06 0.0018 

Chlorinated Solvents and Derivatives                                       

Carbon Tetrachloride 0.0017 7.0E-10 0.0017 2.0E-09 0.0017 1.6E-04 1.0E-09 1.6E-04 2.9E-09 1.6E-04 0.0016 7.3E-10 0.0016 2.1E-09 0.0016 2.7E-05 2.9E-09 2.7E-05 8.1E-09 2.7E-05 

Chloroform 2.0E-04 1.1E-10 2.0E-04 3.1E-10 2.0E-04 2.2E-05 1.6E-10 2.2E-05 4.5E-10 2.2E-05 1.9E-04 1.1E-10 1.9E-04 3.2E-10 1.9E-04 1.3E-06 1.7E-10 1.3E-06 4.8E-10 1.3E-06 

Dichloromethane 0.0055 1.1E-07 0.0055 3.0E-07 0.0055 0.0018 1.6E-07 0.0018 4.5E-07 0.0018 0.0052 1.1E-07 0.0052 3.2E-07 0.0052 1.5E-05 1.2E-07 1.5E-05 3.4E-07 1.5E-05 

Trichlorofluoromethane (Freon 11) 1.6E-04 1.2E-08 1.6E-04 3.5E-08 1.6E-04 1.5E-05 1.8E-08 1.5E-05 5.1E-08 1.5E-05 1.5E-04 1.3E-08 1.5E-04 3.6E-08 1.5E-04 1.4E-06 3.3E-08 1.5E-06 9.2E-08 1.5E-06 

Chlorinated Alkanes/Alkenes                                         

1,1,1-Trichloroethane 1.5E-05 6.7E-11 1.5E-05 1.9E-10 1.5E-05 1.3E-06 5.5E-11 1.3E-06 1.6E-10 1.3E-06 8.2E-06 4.1E-11 8.2E-06 1.2E-10 8.2E-06 3.6E-07 1.8E-10 3.6E-07 5.1E-10 3.6E-07 

Other Organics                                         

Bromoform 7.1E-04 2.2E-08 7.1E-04 6.1E-08 7.1E-04 3.6E-05 1.7E-08 3.6E-05 4.9E-08 3.6E-05 3.9E-04 1.4E-08 3.9E-04 3.8E-08 3.9E-04 4.9E-06 5.0E-08 5.0E-06 1.4E-07 5.1E-06 

O-Terphenyl -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 

Inorganics                                         

Antimony 0.47 1.1E-04 0.47 1.6E-04 0.47 0.20 8.9E-05 0.20 1.3E-04 0.20 0.45 1.1E-04 0.45 1.5E-04 0.45 0.0095 1.2E-04 0.0096 1.8E-04 0.0096 

Arsenic 0.020 2.8E-06 0.020 4.0E-06 0.020 0.10 8.2E-07 0.10 1.2E-06 0.10 0.042 3.7E-06 0.042 5.3E-06 0.042 0.022 1.4E-06 0.022 2.1E-06 0.022 

Barium 0.016 6.2E-08 0.016 8.9E-08 0.016 0.0030 1.6E-08 0.0030 2.3E-08 0.0030 0.020 8.0E-08 0.020 1.2E-07 0.020 0.0029 1.0E-08 0.0029 1.5E-08 0.0029 

Beryllium 0.100 1.1E-05 0.100 1.7E-05 0.100 0.023 7.9E-06 0.023 1.2E-05 0.023 0.11 1.4E-05 0.11 2.0E-05 0.11 0.056 3.9E-06 0.056 5.7E-06 0.056 

Boron 0.27 1.5E-04 0.27 2.1E-04 0.27 0.064 1.5E-05 0.064 2.2E-05 0.064 0.26 1.4E-04 0.26 2.0E-04 0.26 0.067 1.6E-06 0.067 2.3E-06 0.067 

Cadmium 0.085 2.4E-04 0.085 3.5E-04 0.085 0.50 0.0020 0.50 0.0029 0.50 0.11 3.3E-04 0.12 4.8E-04 0.12 0.043 9.6E-04 0.044 0.0014 0.044 
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Table 8-8 Ecological Hazard Quotient Summary for Mammalian Receptors: 140,000 tpy Scenario 

COPC 

Eastern Cottontail Rabbit Masked Shrew Meadow Vole Mink 

Baseline Project 
Alone 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Baseline Project 
Alone 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Baseline Project 
Alone 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Baseline Project 
Alone 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Chromium (Total) 0.11 9.5E-06 0.11 1.4E-05 0.11 0.35 3.4E-06 0.35 4.9E-06 0.35 0.17 1.2E-05 0.17 1.8E-05 0.17 0.054 2.0E-05 0.054 2.9E-05 0.054 

Chromium VI 1.1E-04 3.5E-07 1.1E-04 5.1E-07 1.1E-04 2.2E-04 1.2E-07 2.2E-04 1.8E-07 2.2E-04 1.5E-04 4.6E-07 1.6E-04 6.7E-07 1.6E-04 0.0039 1.5E-07 0.0039 2.2E-07 0.0039 

Cobalt 0.0071 8.7E-06 0.0071 1.3E-05 0.0071 0.020 3.5E-06 0.020 5.0E-06 0.020 0.012 1.2E-05 0.012 1.7E-05 0.012 0.0025 9.5E-06 0.0025 1.4E-05 0.0025 

Lead 0.029 2.2E-04 0.029 3.2E-04 0.029 0.19 5.3E-04 0.19 7.6E-04 0.19 0.051 3.2E-04 0.051 4.7E-04 0.051 0.0085 4.8E-05 0.0085 7.0E-05 0.0085 

Mercury - Inorganic 0.0049 1.6E-05 0.0049 2.4E-05 0.0049 0.012 4.3E-04 0.012 6.2E-04 0.013 0.0063 3.2E-05 0.0063 4.7E-05 0.0063 0.0089 1.4E-04 0.0091 2.1E-04 0.0091 

Methyl Mercury 1.0E-04 2.1E-05 1.2E-04 3.0E-05 1.3E-04 0.044 0.0037 0.047 0.0054 0.049 5.1E-04 5.6E-05 5.7E-04 8.1E-05 6.0E-04 0.067 8.8E-04 0.068 0.0013 0.068 

Nickel 0.048 3.2E-04 0.049 4.7E-04 0.049 0.40 7.3E-04 0.40 0.0011 0.40 0.078 4.4E-04 0.078 6.4E-04 0.078 0.034 4.5E-04 0.034 6.5E-04 0.034 

Selenium 0.29 4.7E-05 0.29 6.8E-05 0.29 1.0 1.3E-05 1.0 1.9E-05 1.0 0.42 6.1E-05 0.42 8.8E-05 0.42 1.8 8.7E-05 1.8 1.3E-04 1.8 

Silver 2.3E-04 2.1E-06 2.3E-04 3.0E-06 2.4E-04 0.0020 1.3E-06 0.0020 1.8E-06 0.0020 3.5E-04 2.7E-06 3.5E-04 3.9E-06 3.5E-04 1.3E-04 1.6E-06 1.3E-04 2.3E-06 1.3E-04 

Thallium 0.040 0.0023 0.042 0.0034 0.043 0.42 0.0045 0.42 0.0065 0.42 0.055 0.0024 0.057 0.0035 0.058 0.019 6.0E-04 0.019 8.6E-04 0.019 

Tin 0.0016 6.3E-06 0.0016 9.1E-06 0.0016 0.013 1.5E-05 0.013 2.2E-05 0.013 0.0029 9.1E-06 0.0029 1.3E-05 0.0029 6.2E-04 9.1E-05 7.1E-04 1.3E-04 7.5E-04 

Vanadium 0.040 4.3E-06 0.040 6.2E-06 0.040 0.071 2.9E-06 0.071 4.2E-06 0.071 0.056 4.8E-06 0.056 6.9E-06 0.056 0.021 1.8E-06 0.021 2.6E-06 0.021 

Zinc 0.18 5.9E-05 0.18 8.5E-05 0.18 0.46 2.7E-04 0.46 4.0E-04 0.46 0.24 8.0E-05 0.24 1.2E-04 0.24 0.12 2.6E-04 0.12 3.8E-04 0.12 

“--“ - Quantitative assessment of COPC could not be performed due to lack of suitable toxicity data or empirically measured concentrations.
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Table 8-9 Ecological Hazard Quotient Summary for Mammalian Receptors: 140,000 tpy Scenario (Continued) 

COPC 

Muskrat Red Fox White-tailed Deer 

Baseline Project 
Alone 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Baseline Project 
Alone 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Baseline Project 
Alone 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Polycyclic Aromatic Hydrocarbons                               

Low Molecular Weight PAHs                               

Acenaphthene 1.4E-06 2.6E-11 1.4E-06 7.2E-11 1.4E-06 1.2E-06 7.7E-12 1.2E-06 2.1E-11 1.2E-06 2.8E-06 2.7E-11 2.8E-06 7.5E-11 2.8E-06 

Acenaphthylene 9.8E-07 1.8E-11 9.8E-07 5.0E-11 9.8E-07 6.8E-07 3.2E-12 6.8E-07 9.1E-12 6.8E-07 3.0E-07 5.7E-12 3.0E-07 1.6E-11 3.0E-07 

Anthracene 1.2E-06 2.3E-11 1.2E-06 6.6E-11 1.2E-06 9.3E-07 4.4E-12 9.3E-07 1.2E-11 9.3E-07 1.4E-06 1.3E-11 1.4E-06 3.5E-11 1.4E-06 

Fluoranthene 2.9E-06 4.7E-10 2.9E-06 1.3E-09 2.9E-06 3.2E-06 3.3E-11 3.2E-06 9.4E-11 3.2E-06 1.2E-05 8.1E-11 1.2E-05 2.3E-10 1.2E-05 

Fluorene 2.2E-06 6.2E-11 2.2E-06 1.7E-10 2.2E-06 2.3E-06 8.2E-12 2.3E-06 2.3E-11 2.3E-06 7.7E-06 1.8E-11 7.7E-06 5.2E-11 7.7E-06 

Phenanthrene 5.4E-06 6.0E-10 5.4E-06 1.7E-09 5.4E-06 6.2E-06 4.6E-11 6.2E-06 1.3E-10 6.2E-06 2.6E-05 1.3E-10 2.6E-05 3.7E-10 2.6E-05 

TOTAL LMW PAH EHQ = 1.4E-05 1.2E-09 1.4E-05 3.4E-09 1.4E-05 1.5E-05 9.9E-11 1.5E-05 2.8E-10 1.5E-05 5.0E-05 2.8E-10 5.0E-05 7.7E-10 5.0E-05 

High Molecular Weight PAHs 

Benz(a)anthracene 9.7E-06 9.5E-10 9.7E-06 2.7E-09 9.7E-06 6.4E-06 5.4E-11 6.4E-06 1.5E-10 6.4E-06 5.1E-06 2.1E-10 5.1E-06 5.9E-10 5.1E-06 

Benzo(a)pyrene 1.8E-05 4.4E-09 1.8E-05 1.2E-08 1.8E-05 2.4E-05 2.5E-10 2.4E-05 7.0E-10 2.4E-05 8.5E-05 1.0E-09 8.5E-05 2.9E-09 8.5E-05 

Benzo(e)pyrene 1.1E-06 1.6E-08 1.1E-06 4.4E-08 1.1E-06 4.5E-06 2.0E-08 4.5E-06 5.7E-08 4.6E-06 6.0E-06 8.9E-08 6.1E-06 2.5E-07 6.3E-06 

Benzo(a)fluorene -- 3.2E-09 3.2E-09 8.9E-09 8.9E-09 -- 8.3E-11 1.1E-10 2.3E-10 3.0E-10 -- 2.4E-10 2.4E-10 6.6E-10 6.6E-10 

Benzo(b)fluorene -- 2.3E-09 2.3E-09 6.4E-09 6.4E-09 -- 1.2E-10 1.9E-10 3.4E-10 5.4E-10 -- 4.9E-10 4.9E-10 1.4E-09 1.4E-09 

Benzo(b)fluoranthene 1.0E-05 4.7E-09 1.0E-05 1.3E-08 1.0E-05 7.1E-06 2.9E-11 7.1E-06 8.2E-11 7.1E-06 8.3E-06 6.9E-11 8.3E-06 1.9E-10 8.3E-06 

Benzo(g,h,i)perylene 1.0E-05 1.0E-07 1.0E-05 2.9E-07 1.1E-05 9.2E-06 3.1E-08 9.3E-06 8.6E-08 9.3E-06 7.6E-06 1.4E-07 7.7E-06 3.8E-07 8.0E-06 

Benzo(k)fluoranthene 9.8E-06 1.3E-09 9.9E-06 3.6E-09 9.9E-06 6.6E-06 1.0E-10 6.6E-06 2.9E-10 6.6E-06 6.2E-06 4.3E-10 6.2E-06 1.2E-09 6.2E-06 
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Table 8-9 Ecological Hazard Quotient Summary for Mammalian Receptors: 140,000 tpy Scenario (Continued) 

COPC 

Muskrat Red Fox White-tailed Deer 

Baseline Project 
Alone 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Baseline Project 
Alone 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Baseline Project 
Alone 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Chrysene 1.2E-05 2.5E-09 1.2E-05 7.0E-09 1.2E-05 9.0E-06 8.5E-11 9.0E-06 2.4E-10 9.0E-06 1.7E-05 2.7E-10 1.7E-05 7.7E-10 1.7E-05 

Dibenz(a,c)anthracene 9.3E-06 4.7E-08 9.4E-06 1.3E-07 9.5E-06 8.1E-06 3.6E-09 8.1E-06 1.0E-08 8.1E-06 2.6E-06 1.6E-08 2.7E-06 4.4E-08 2.7E-06 

Dibenz(a,h)anthracene 9.3E-06 3.2E-09 9.3E-06 8.9E-09 9.4E-06 8.1E-06 2.5E-09 8.1E-06 7.0E-09 8.1E-06 2.6E-06 1.1E-08 2.7E-06 3.1E-08 2.7E-06 

Indeno(1,2,3-cd)pyrene 9.8E-06 1.5E-08 9.8E-06 4.2E-08 9.8E-06 8.7E-06 4.5E-10 8.7E-06 1.3E-09 8.7E-06 5.2E-06 1.7E-09 5.2E-06 4.7E-09 5.2E-06 

Perylene 3.9E-06 1.2E-08 3.9E-06 3.2E-08 4.0E-06 4.4E-06 1.5E-08 4.4E-06 4.2E-08 4.4E-06 1.2E-06 6.7E-08 1.3E-06 1.9E-07 1.4E-06 

Pyrene 1.8E-05 7.7E-09 1.8E-05 2.2E-08 1.8E-05 1.7E-05 1.4E-09 1.7E-05 4.0E-09 1.7E-05 5.2E-05 3.8E-09 5.2E-05 1.1E-08 5.2E-05 

TOTAL HMW PAH EHQ = 1.2E-04 2.2E-07 1.2E-04 6.1E-07 1.2E-04 1.1E-04 7.4E-08 1.1E-04 2.1E-07 1.1E-04 2.0E-04 3.3E-07 2.0E-04 9.1E-07 2.0E-04 

TOTAL LMW AND HMW PAH EHQ = 1.3E-04 2.2E-07 1.3E-04 6.2E-07 1.4E-04 1.3E-04 7.4E-08 1.3E-04 2.1E-07 1.3E-04 2.5E-04 3.3E-07 2.5E-04 9.1E-07 2.5E-04 

Dioxins and Furans 

2,3,7,8-TCDD Equivalent 0.0022 3.8E-04 0.0026 0.0011 0.0032 0.019 7.3E-05 0.019 2.1E-04 0.019 0.011 1.2E-04 0.011 3.3E-04 0.011 

PCB 

Aroclor 1254 (Total PCBs) 0.0015 3.1E-05 0.0016 8.6E-05 0.0016 0.011 1.0E-06 0.011 2.9E-06 0.011 0.0095 7.2E-07 0.0095 2.0E-06 0.0095 

Chlorinated Monocyclic Aromatics 

1,2-Dichlorobenzene 2.7E-04 7.3E-09 2.7E-04 2.1E-08 2.7E-04 4.8E-04 3.4E-09 4.8E-04 9.5E-09 4.8E-04 0.0035 2.5E-09 0.0035 7.0E-09 0.0035 

1,2,4-Trichlorobenzene 3.4E-04 1.5E-10 3.4E-04 4.2E-10 3.4E-04 7.4E-04 1.0E-10 7.4E-04 2.9E-10 7.4E-04 0.0052 5.8E-11 0.0052 1.6E-10 0.0052 

1,2,4,5-Tetrachlorobenzene 1.3E-04 1.4E-08 1.3E-04 3.8E-08 1.3E-04 0.0013 3.4E-09 0.0013 9.6E-09 0.0013 0.0012 1.9E-09 0.0012 5.2E-09 0.0012 

Pentachlorobenzene 1.1E-04 3.0E-07 1.1E-04 8.3E-07 1.1E-04 0.0011 1.4E-08 0.0011 3.9E-08 0.0011 0.0010 9.2E-09 0.0010 2.6E-08 0.0010 

Hexachlorobenzene 9.2E-05 6.9E-08 9.2E-05 1.9E-07 9.2E-05 9.7E-04 2.5E-09 9.7E-04 6.9E-09 9.7E-04 8.8E-04 1.1E-09 8.8E-04 3.0E-09 8.8E-04 
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Table 8-9 Ecological Hazard Quotient Summary for Mammalian Receptors: 140,000 tpy Scenario (Continued) 

COPC 

Muskrat Red Fox White-tailed Deer 

Baseline Project 
Alone 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Baseline Project 
Alone 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Baseline Project 
Alone 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Pentachlorophenol 4.1E-05 2.8E-07 4.1E-05 7.7E-07 4.1E-05 0.0011 3.2E-07 0.0011 9.0E-07 0.0011 9.9E-06 1.4E-06 1.1E-05 4.0E-06 1.4E-05 

Chlorinated Solvents and Derivatives               

Carbon Tetrachloride 1.7E-04 3.5E-09 1.7E-04 9.9E-09 1.7E-04 2.2E-04 1.3E-09 2.2E-04 3.6E-09 2.2E-04 0.0017 1.2E-09 0.0017 3.4E-09 0.0017 

Chloroform 2.8E-05 4.4E-10 2.8E-05 1.2E-09 2.8E-05 2.5E-05 1.5E-10 2.5E-05 4.3E-10 2.5E-05 2.0E-04 1.9E-10 2.0E-04 5.3E-10 2.0E-04 

Dichloromethane 8.9E-04 1.9E-07 8.9E-04 5.3E-07 8.9E-04 6.9E-04 1.4E-07 7.0E-04 3.8E-07 7.0E-04 0.0056 1.9E-07 0.0056 5.3E-07 0.0056 

Trichlorofluoromethane (Freon 11) 1.7E-05 6.4E-08 1.8E-05 1.8E-07 1.8E-05 2.0E-05 2.0E-08 2.0E-05 5.7E-08 2.0E-05 1.6E-04 2.2E-08 1.6E-04 6.0E-08 1.6E-04 

Chlorinated Alkanes/Alkenes 

1,1,1-Trichloroethane 1.7E-06 4.0E-10 1.7E-06 1.1E-09 1.7E-06 2.0E-06 1.1E-10 2.0E-06 3.1E-10 2.0E-06 1.5E-05 1.2E-10 1.5E-05 3.3E-10 1.5E-05 

Other Organics 

Bromoform 8.2E-05 1.4E-07 8.2E-05 3.8E-07 8.3E-05 8.8E-05 3.4E-08 8.8E-05 9.6E-08 8.9E-05 7.2E-04 3.8E-08 7.2E-04 1.1E-07 7.2E-04 

O-Terphenyl -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 

Inorganics 

Antimony 0.036 9.5E-06 0.036 1.4E-05 0.036 0.066 1.7E-05 0.066 2.5E-05 0.066 0.47 1.1E-04 0.47 1.6E-04 0.47 

Arsenic 0.0040 2.1E-07 0.0040 3.0E-07 0.0040 0.011 3.0E-07 0.011 4.4E-07 0.011 0.0065 1.5E-06 0.0065 2.2E-06 0.0065 

Barium 0.0019 7.8E-09 0.0019 1.1E-08 0.0019 0.0029 7.5E-09 0.0029 1.1E-08 0.0029 0.0060 2.4E-08 0.0060 3.5E-08 0.0060 

Beryllium 0.019 2.9E-06 0.019 4.2E-06 0.019 0.060 2.0E-06 0.060 2.8E-06 0.060 0.099 1.0E-05 0.099 1.5E-05 0.099 

Boron 0.022 9.5E-06 0.022 1.4E-05 0.022 0.092 1.9E-05 0.092 2.7E-05 0.092 0.28 1.5E-04 0.28 2.1E-04 0.28 

Cadmium 0.012 4.5E-05 0.013 6.5E-05 0.013 0.050 5.0E-05 0.050 7.2E-05 0.050 0.032 9.1E-05 0.032 1.3E-04 0.032 
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Table 8-9 Ecological Hazard Quotient Summary for Mammalian Receptors: 140,000 tpy Scenario (Continued) 

COPC 

Muskrat Red Fox White-tailed Deer 

Baseline Project 
Alone 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Baseline Project 
Alone 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Baseline Project 
Alone 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Chromium (Total) 0.037 1.1E-06 0.037 1.6E-06 0.037 0.027 1.3E-06 0.027 1.9E-06 0.027 0.035 3.6E-06 0.035 5.2E-06 0.035 

Chromium VI 6.8E-04 2.5E-08 6.8E-04 3.7E-08 6.8E-04 9.2E-05 4.7E-08 9.2E-05 6.8E-08 9.2E-05 7.1E-05 1.3E-07 7.1E-05 1.9E-07 7.1E-05 

Cobalt 0.0019 7.9E-07 0.0019 1.1E-06 0.0019 0.0021 2.2E-06 0.0021 3.2E-06 0.0021 0.0021 3.3E-06 0.0021 4.8E-06 0.0021 

Lead 0.0091 2.0E-05 0.0091 2.9E-05 0.0091 0.0075 3.0E-05 0.0075 4.3E-05 0.0075 0.0090 8.0E-05 0.0091 1.2E-04 0.0091 

Mercury - Inorganic 0.0015 4.1E-04 0.0017 5.6E-04 0.0018 0.0013 1.4E-05 0.0013 2.0E-05 0.0013 0.0049 1.2E-05 0.0049 1.8E-05 0.0049 

Methyl Mercury 0.0021 2.8E-05 0.0021 4.1E-05 0.0021 0.0020 1.1E-04 0.0021 1.5E-04 0.0022 9.2E-05 2.0E-05 1.1E-04 2.8E-05 1.2E-04 

Nickel 0.011 3.3E-05 0.011 4.8E-05 0.011 0.024 5.6E-05 0.025 8.1E-05 0.025 0.016 1.2E-04 0.016 1.7E-04 0.017 

Selenium 0.15 5.2E-06 0.15 7.6E-06 0.15 0.53 5.0E-06 0.53 7.3E-06 0.53 0.11 1.8E-05 0.11 2.6E-05 0.11 

Silver 3.8E-05 1.6E-07 3.8E-05 2.3E-07 3.8E-05 1.2E-04 2.5E-07 1.2E-04 3.6E-07 1.2E-04 8.3E-05 8.0E-07 8.4E-05 1.2E-06 8.4E-05 

Thallium 0.012 1.7E-04 0.012 2.4E-04 0.012 0.029 0.0015 0.030 0.0022 0.031 0.032 0.0023 0.034 0.0033 0.035 

Tin 3.1E-04 3.0E-06 3.1E-04 4.3E-06 3.1E-04 6.9E-04 5.6E-06 7.0E-04 8.1E-06 7.0E-04 4.6E-04 2.3E-06 4.6E-04 3.3E-06 4.6E-04 

Vanadium 0.016 4.2E-07 0.016 6.0E-07 0.016 0.015 8.4E-07 0.015 1.2E-06 0.015 0.029 3.9E-06 0.029 5.7E-06 0.029 

Zinc 0.025 1.2E-05 0.025 1.7E-05 0.025 0.078 9.1E-06 0.078 1.3E-05 0.078 0.069 2.2E-05 0.069 3.2E-05 0.069 

“--“ - Quantitative assessment of COPC could not be performed due to lack of suitable toxicity data or empirically measured concentrations.
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Table 8-10 Ecological Hazard Quotient Summary for Avian Receptors: 140,000 tpy Scenario 

COPC 

American Robin Belted Kingfisher Great Blue Heron 

Baseline Project 
Alone 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Baseline Project 
Alone 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Baseline Project 
Alone 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Polycyclic Aromatic Hydrocarbons                               

Low Molecular Weight PAHs                               

Acenaphthene -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 

Acenaphthylene -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 

Anthracene -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 

Fluoranthene -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 

Fluorene -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 

Phenanthrene -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 

TOTAL LMW PAH EHQ = -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 

High Molecular Weight PAHs 

Benz(a)anthracene -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 

Benzo(a)pyrene -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 

Benzo(e)pyrene -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 

Benzo(a)fluorene -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 

Benzo(b)fluorene -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 

Benzo(b)fluoranthene -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 

Benzo(g,h,i)perylene -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 

Benzo(k)fluoranthene -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 
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Table 8-10 Ecological Hazard Quotient Summary for Avian Receptors: 140,000 tpy Scenario 

COPC 

American Robin Belted Kingfisher Great Blue Heron 

Baseline Project 
Alone 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Baseline Project 
Alone 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Baseline Project 
Alone 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Chrysene -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 

Dibenz(a,c)anthracene -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 

Dibenz(a,h)anthracene -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 

Indeno(1,2,3-cd)pyrene -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 

Perylene -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 

Pyrene -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 

TOTAL HMW PAH EHQ = -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 

TOTAL LMW AND HMW PAH EHQ = -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 

Dioxins and Furans 

2,3,7,8-TCDD Equivalent 0.0036 6.2E-05 0.0037 1.7E-04 0.0038 0.0021 2.8E-04 0.0023 7.9E-04 0.0028 0.0012 2.0E-04 0.0014 5.5E-04 0.0018 

PCB 

Aroclor 1254 (Total PCBs) 0.0049 2.6E-07 0.0049 7.1E-07 0.0049 0.0022 3.4E-04 0.0025 9.4E-04 0.0031 0.0012 2.5E-04 0.0014 6.9E-04 0.0019 

Chlorinated Monocyclic Aromatics 

1,2-Dichlorobenzene -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 

1,2,4-Trichlorobenzene -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 

1,2,4,5-Tetrachlorobenzene -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 

Pentachlorobenzene -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 

Hexachlorobenzene 0.0023 2.7E-09 0.0023 7.6E-09 0.0023 0.0015 1.6E-06 0.0015 4.5E-06 0.0015 0.0015 1.9E-06 0.0015 5.2E-06 0.0015 
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Table 8-10 Ecological Hazard Quotient Summary for Avian Receptors: 140,000 tpy Scenario 

COPC 

American Robin Belted Kingfisher Great Blue Heron 

Baseline Project 
Alone 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Baseline Project 
Alone 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Baseline Project 
Alone 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Pentachlorophenol 2.1E-04 9.0E-06 2.2E-04 2.5E-05 2.3E-04 0.0027 4.8E-06 0.0027 1.3E-05 0.0027 0.0016 3.1E-06 0.0016 8.8E-06 0.0016 

Chlorinated Solvents and Derivatives 

Carbon Tetrachloride -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 

Chloroform -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 

Dichloromethane -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 

Trichlorofluoromethane (Freon 11) -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 

Chlorinated Alkanes/Alkenes 

1,1,1-Trichloroethane -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 

Other Organics 

Bromoform -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 

O-Terphenyl -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 

Inorganics 

Antimony -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 

Arsenic 0.0099 7.9E-07 0.0099 1.1E-06 0.0099 0.0089 5.6E-07 0.0089 8.2E-07 0.0089 0.0030 4.0E-07 0.0030 5.8E-07 0.0030 

Barium 0.012 4.9E-08 0.012 7.1E-08 0.012 0.0017 9.0E-09 0.0017 1.3E-08 0.0017 9.6E-04 8.2E-09 9.6E-04 1.2E-08 9.6E-04 

Beryllium -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 

Boron 0.13 6.5E-05 0.13 9.4E-05 0.13 0.023 4.6E-07 0.023 6.7E-07 0.023 0.013 1.2E-07 0.013 1.7E-07 0.013 

Cadmium 0.31 0.0011 0.31 0.0016 0.31 0.030 0.0019 0.032 0.0027 0.033 0.0040 0.0011 0.0051 0.0016 0.0056 
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Table 8-10 Ecological Hazard Quotient Summary for Avian Receptors: 140,000 tpy Scenario 

COPC 

American Robin Belted Kingfisher Great Blue Heron 

Baseline Project 
Alone 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Baseline Project 
Alone 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Baseline Project 
Alone 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Chromium (Total) 0.35 1.9E-05 0.35 2.8E-05 0.35 0.15 5.6E-05 0.15 8.1E-05 0.15 0.034 3.3E-05 0.034 4.8E-05 0.034 

Chromium VI 3.1E-04 1.8E-06 3.1E-04 2.6E-06 3.1E-04 0.027 1.0E-06 0.027 1.5E-06 0.027 0.017 6.4E-07 0.017 9.2E-07 0.017 

Cobalt 0.062 5.6E-05 0.062 8.2E-05 0.062 0.026 7.7E-05 0.026 1.1E-04 0.026 0.0037 4.5E-05 0.0037 6.5E-05 0.0037 

Lead 0.070 3.2E-04 0.071 4.7E-04 0.071 0.017 7.3E-05 0.017 1.1E-04 0.018 0.0022 3.5E-05 0.0022 5.0E-05 0.0023 

Mercury - Inorganic 0.019 3.4E-04 0.020 4.9E-04 0.020 0.031 4.3E-04 0.031 6.2E-04 0.031 0.035 2.5E-04 0.035 3.6E-04 0.035 

Methyl Mercury 0.072 0.0063 0.079 0.0091 0.082 0.41 0.0056 0.42 0.0081 0.42 0.30 0.0040 0.31 0.0058 0.31 

Nickel 0.17 5.4E-04 0.17 7.9E-04 0.17 0.045 6.8E-04 0.046 9.8E-04 0.046 0.014 4.0E-04 0.014 5.7E-04 0.014 

Selenium 0.12 1.1E-05 0.12 1.5E-05 0.12 0.42 2.7E-05 0.42 3.9E-05 0.42 0.27 2.0E-05 0.27 2.9E-05 0.27 

Silver 0.0052 1.5E-05 0.0052 2.2E-05 0.0052 9.1E-04 1.5E-05 9.2E-04 2.1E-05 9.3E-04 3.7E-04 1.2E-05 3.8E-04 1.7E-05 3.9E-04 

Thallium 0.23 0.0046 0.23 0.0067 0.24 0.050 4.7E-04 0.051 6.9E-04 0.051 0.017 3.8E-05 0.017 5.5E-05 0.017 

Tin -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 

Vanadium 1.6 1.6E-04 1.6 2.3E-04 1.6 1.5 1.1E-04 1.5 1.5E-04 1.5 0.55 1.1E-04 0.55 1.7E-04 0.55 

Zinc 0.77 3.4E-04 0.77 5.0E-04 0.77 0.24 9.2E-04 0.24 0.0013 0.24 0.10 5.5E-04 0.10 7.9E-04 0.10 

“--“ - Quantitative assessment of COPC could not be performed due to lack of suitable toxicity data or empirically measured concentrations.
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Table 8-11 Ecological Hazard Quotient Summary for Avian Receptors: 140,000 tpy Scenario (Continued) 

COPC 

Duck (Mallard) Red-tailed Hawk Wild Turkey 

Baseline Project 
Alone 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Baseline Project 
Alone 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Baseline Project 
Alone 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Polycyclic Aromatic Hydrocarbons                               

Low Molecular Weight PAHs                               

Acenaphthene -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 

Acenaphthylene -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 

Anthracene -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 

Fluoranthene -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 

Fluorene -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 

Phenanthrene -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 

TOTAL LMW PAH EHQ = -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 

High Molecular Weight PAHs 

Benz(a)anthracene -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 

Benzo(a)pyrene -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 

Benzo(e)pyrene -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 

Benzo(a)fluorene -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 

Benzo(b)fluorene -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 

Benzo(b)fluoranthene -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 

Benzo(g,h,i)perylene -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 

Benzo(k)fluoranthene -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 
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Table 8-11 Ecological Hazard Quotient Summary for Avian Receptors: 140,000 tpy Scenario (Continued) 

COPC 

Duck (Mallard) Red-tailed Hawk Wild Turkey 

Baseline Project 
Alone 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Baseline Project 
Alone 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Baseline Project 
Alone 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Chrysene -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 

Dibenz(a,c)anthracene -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 

Dibenz(a,h)anthracene -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 

Indeno(1,2,3-cd)pyrene -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 

Perylene -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 

Pyrene -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 

TOTAL HMW PAH EHQ = -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 

TOTAL LMW AND HMW PAH EHQ = -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 

Dioxins and Furans 

2,3,7,8-TCDD Equivalent 5.4E-04 1.2E-04 6.6E-04 3.3E-04 8.7E-04 7.5E-04 1.8E-06 7.6E-04 5.2E-06 7.6E-04 0.0011 1.2E-05 0.0011 3.5E-05 0.0011 

PCB 

Aroclor 1254 (Total PCBs) 0.0011 4.8E-06 0.0011 1.3E-05 0.0011 0.0010 1.0E-07 0.0010 2.9E-07 0.0010 0.0020 3.2E-07 0.0020 8.9E-07 0.0020 

Chlorinated Monocyclic Aromatics 

1,2-Dichlorobenzene -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 

1,2,4-Trichlorobenzene -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 

1,2,4,5-Tetrachlorobenzene -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 

Pentachlorobenzene -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 

Hexachlorobenzene 6.9E-04 7.7E-07 6.9E-04 2.1E-06 6.9E-04 0.0013 3.1E-09 0.0013 8.8E-09 0.0013 0.0021 1.2E-09 0.0021 3.3E-09 0.0021 
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Table 8-11 Ecological Hazard Quotient Summary for Avian Receptors: 140,000 tpy Scenario (Continued) 

COPC 

Duck (Mallard) Red-tailed Hawk Wild Turkey 

Baseline Project 
Alone 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Baseline Project 
Alone 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Baseline Project 
Alone 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Pentachlorophenol 1.2E-05 1.4E-06 1.3E-05 3.9E-06 1.6E-05 0.0015 3.8E-09 0.0015 1.1E-08 0.0015 4.8E-05 5.3E-06 5.3E-05 1.5E-05 6.2E-05 

Chlorinated Solvents and Derivatives 

Carbon Tetrachloride -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 

Chloroform -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 

Dichloromethane -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 

Trichlorofluoromethane (Freon 11) -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 

Chlorinated Alkanes/Alkenes 

1,1,1-Trichloroethane -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 

Other Organics 

Bromoform -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 

O-Terphenyl -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 

Inorganics 

Antimony -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 

Arsenic 0.0088 1.5E-07 0.0088 2.1E-07 0.0088 0.0014 9.7E-09 0.0014 1.4E-08 0.0014 0.0070 5.3E-07 0.0070 7.6E-07 0.0070 

Barium 0.011 1.9E-08 0.011 2.7E-08 0.011 0.0012 1.8E-09 0.0012 2.6E-09 0.0012 0.014 5.5E-08 0.014 8.0E-08 0.014 

Beryllium -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 

Boron 0.034 7.6E-06 0.034 1.1E-05 0.034 0.011 2.7E-07 0.011 3.9E-07 0.011 0.081 4.2E-05 0.081 6.1E-05 0.081 

Cadmium 0.067 9.0E-05 0.067 1.3E-04 0.067 0.027 1.1E-06 0.027 1.5E-06 0.027 0.064 2.0E-04 0.064 2.8E-04 0.064 
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Table 8-11 Ecological Hazard Quotient Summary for Avian Receptors: 140,000 tpy Scenario (Continued) 

COPC 

Duck (Mallard) Red-tailed Hawk Wild Turkey 

Baseline Project 
Alone 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Baseline Project 
Alone 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Baseline Project 
Alone 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Chromium (Total) 0.36 2.6E-06 0.36 3.8E-06 0.36 0.016 4.8E-07 0.016 7.0E-07 0.016 0.13 8.7E-06 0.13 1.3E-05 0.13 

Chromium VI 0.0056 2.2E-07 0.0056 3.2E-07 0.0056 1.4E-04 4.5E-08 1.4E-04 6.6E-08 1.4E-04 1.2E-04 1.0E-06 1.2E-04 1.5E-06 1.2E-04 

Cobalt 0.032 7.4E-06 0.032 1.1E-05 0.032 0.0051 5.2E-06 0.0051 7.5E-06 0.0051 0.031 2.6E-05 0.031 3.8E-05 0.031 

Lead 0.028 5.1E-05 0.028 7.4E-05 0.028 0.0016 2.9E-06 0.0016 4.2E-06 0.0016 0.020 1.2E-04 0.020 1.7E-04 0.020 

Mercury - Inorganic 0.0094 0.0034 0.013 0.0049 0.014 7.2E-04 5.6E-06 7.2E-04 8.1E-06 7.3E-04 0.013 1.0E-04 0.014 1.5E-04 0.014 

Methyl Mercury 5.4E-05 5.1E-04 5.7E-04 7.4E-04 8.0E-04 0.0013 1.5E-06 0.0013 2.2E-06 0.0013 0.0062 5.6E-04 0.0067 8.2E-04 0.0070 

Nickel 0.043 5.9E-05 0.043 8.6E-05 0.043 0.0091 1.2E-05 0.0092 1.7E-05 0.0092 0.037 1.8E-04 0.037 2.6E-04 0.037 

Selenium 0.28 2.0E-06 0.28 2.8E-06 0.28 0.061 1.1E-07 0.061 1.6E-07 0.061 0.051 6.8E-06 0.051 9.9E-06 0.051 

Silver 6.1E-04 1.8E-06 6.1E-04 2.6E-06 6.2E-04 3.1E-04 2.1E-07 3.1E-04 3.1E-07 3.1E-04 0.0016 1.0E-05 0.0016 1.5E-05 0.0016 

Thallium 0.072 7.7E-04 0.073 0.0011 0.073 0.013 0.0010 0.015 0.0015 0.015 0.11 0.0039 0.12 0.0057 0.12 

Tin -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 

Vanadium 3.9 7.5E-05 3.9 1.1E-04 3.9 0.27 8.8E-06 0.27 1.3E-05 0.27 2.6 2.1E-04 2.6 3.0E-04 2.6 

Zinc 0.31 5.7E-05 0.31 8.2E-05 0.31 0.078 5.4E-07 0.078 7.8E-07 0.078 0.23 8.0E-05 0.23 1.2E-04 0.23 

“--“ - Quantitative assessment of COPC could not be performed due to lack of suitable toxicity data or empirically measured concentrations.
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Table 8-12 Ecological Hazard Quotient and Screening Ratio Summary for Community-Based Receptors: 140,000 tpy Scenario 

COPC 

Terrestrial Plants Terrestrial Soil Invertebrates Freshwater Receptors Freshwater Benthic Invertebrates 

Baseline Project 
Alone 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Baseline Project 
Alone 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Baseline Project 
Alone 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Baseline Project 
Alone 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Polycyclic Aromatic Hydrocarbons                                       

Low Molecular Weight PAHs                                         

Acenaphthene -- -- -- -- -- 0.0017 9.1E-09 0.0017 2.5E-08 0.0017 8.3E-05 4.6E-08 8.3E-05 1.3E-07 8.3E-05 8.6E-04 1.9E-08 8.6E-04 5.2E-08 8.6E-04 

Acenaphthylene -- -- -- -- -- 0.0017 2.1E-09 0.0017 6.0E-09 0.0017 1.1E-04 4.8E-08 1.1E-04 1.3E-07 1.1E-04 8.8E-04 1.4E-08 8.8E-04 3.9E-08 8.8E-04 

Anthracene 0.0013 6.5E-09 0.0013 1.8E-08 0.0013 0.0013 6.5E-09 0.0013 1.8E-08 0.0013 13 0.0015 13 0.0043 13 0.23 5.3E-06 0.23 1.5E-05 0.23 

Fluoranthene 0.0013 6.4E-08 0.0013 1.8E-07 0.0013 0.0013 6.4E-08 0.0013 1.8E-07 0.0013 13 0.016 13 0.044 13 0.067 3.3E-05 0.067 9.2E-05 0.067 

Fluorene -- -- -- -- -- 0.0017 9.0E-09 0.0017 2.5E-08 0.0017 0.10 4.8E-05 0.10 1.3E-04 0.10 0.26 1.6E-05 0.26 4.3E-05 0.26 

Phenanthrene 2.5E-04 6.6E-08 2.5E-04 1.9E-07 2.5E-04 2.5E-04 6.6E-08 2.5E-04 1.9E-07 2.5E-04 0.33 9.6E-04 0.33 0.0027 0.34 0.089 5.5E-05 0.089 1.5E-04 0.089 

High Molecular Weight PAHs 

Benz(a)anthracene 0.0013 3.6E-09 0.0013 1.0E-08 0.0013 0.0013 3.6E-09 0.0013 1.0E-08 0.0013 13 4.6E-04 13 0.0013 13 0.16 1.6E-05 0.16 4.6E-05 0.16 

Benzo(a)pyrene 5.0E-04 6.3E-09 5.0E-04 1.8E-08 5.0E-04 5.0E-04 6.3E-09 5.0E-04 1.8E-08 5.0E-04 0.0049 3.0E-07 0.0049 8.4E-07 0.0049 0.054 6.4E-05 0.054 1.8E-04 0.054 

Benzo(e)pyrene -- -- -- -- -- -- 3.8E-08 3.8E-08 1.1E-07 1.1E-07 -- 2.7E-06 2.7E-06 7.5E-06 7.5E-06 -- 2.8E-07 2.8E-07 7.9E-07 7.9E-07 

Benzo(a)fluorene -- -- -- -- -- -- 1.6E-08 1.6E-08 4.4E-08 4.4E-08 -- 1.2E-06 1.2E-06 3.5E-06 3.5E-06 -- 3.4E-07 3.4E-07 9.5E-07 9.5E-07 

Benzo(b)fluorene -- -- -- -- -- -- 1.1E-08 1.1E-08 3.0E-08 3.0E-08 -- 1.8E-06 1.8E-06 5.1E-06 5.1E-06 -- 2.3E-07 2.3E-07 6.5E-07 6.5E-07 

Benzo(b)fluoranthene -- -- -- -- -- 0.0028 1.8E-08 0.0028 5.1E-08 0.0028 0.0064 4.1E-07 0.0064 1.2E-06 0.0064 4.3E-04 2.3E-07 4.3E-04 6.6E-07 4.3E-04 

Benzo(g,h,i)perylene 0.0013 8.9E-08 0.0013 2.5E-07 0.0013 0.0013 8.9E-08 0.0013 2.5E-07 0.0013 500 0.14 500 0.40 500 0.29 0.0030 0.30 0.0084 0.30 

Benzo(k)fluoranthene 0.0013 7.2E-09 0.0013 2.0E-08 0.0013 0.0013 7.2E-09 0.0013 2.0E-08 0.0013 50 9.0E-04 50 0.0025 50 0.21 3.0E-05 0.21 8.3E-05 0.21 

Chrysene 0.0013 1.3E-08 0.0013 3.7E-08 0.0013 0.0013 1.3E-08 0.0013 3.7E-08 0.0013 100 0.0088 100 0.025 100 0.15 4.2E-05 0.15 1.2E-04 0.15 
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Table 8-12 Ecological Hazard Quotient and Screening Ratio Summary for Community-Based Receptors: 140,000 tpy Scenario 

COPC 

Terrestrial Plants Terrestrial Soil Invertebrates Freshwater Receptors Freshwater Benthic Invertebrates 

Baseline Project 
Alone 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Baseline Project 
Alone 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Baseline Project 
Alone 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Baseline Project 
Alone 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Dibenz(a,c)anthracene -- -- -- -- -- 0.0028 2.5E-08 0.0028 7.0E-08 0.0028 0.020 6.7E-06 0.020 1.9E-05 0.020 3.7E-04 1.9E-06 3.8E-04 5.4E-06 3.8E-04 

Dibenz(a,h)anthracene -- -- -- -- -- 0.0028 8.8E-09 0.0028 2.5E-08 0.0028 5.0 7.9E-05 5.0 2.2E-04 5.0 0.83 1.9E-04 0.83 5.3E-04 0.83 

Indeno(1,2,3-cd)pyrene 0.0013 1.9E-08 0.0013 5.3E-08 0.0013 0.0013 1.9E-08 0.0013 5.3E-08 0.0013 0.016 1.1E-06 0.016 3.2E-06 0.016 0.25 4.2E-04 0.25 0.0012 0.25 

Perylene -- -- -- -- -- 5.6E-04 8.3E-09 5.6E-04 2.3E-08 5.6E-04 0.0084 2.5E-07 0.0084 6.9E-07 0.0084 1.7E-04 8.0E-08 1.7E-04 2.2E-07 1.7E-04 

Pyrene -- -- -- -- -- 0.0028 7.3E-07 0.0028 2.0E-06 0.0028 5.6E-04 8.5E-07 5.6E-04 2.4E-06 5.6E-04 0.10 8.5E-05 0.10 2.4E-04 0.10 

Dioxins and Furans 

2,3,7,8-TCDD Equivalent -- -- -- -- -- 3.5E-06 7.8E-08 3.6E-06 2.2E-07 3.7E-06 0.32 4.1E-04 0.32 0.0012 0.33 7.9E-05 2.6E-05 1.0E-04 7.2E-05 1.5E-04 

PCB 

Aroclor 1254 (Total PCBs) 0.0013 1.2E-06 0.0013 3.4E-06 0.0013 0.020 2.0E-05 0.020 5.5E-05 0.020 20 0.0079 20 0.022 20 0.71 0.011 0.73 0.031 0.75 

Chlorinated Monocyclic Aromatics 

1,2-Dichlorobenzene 0.0020 1.3E-09 0.0020 3.5E-09 0.0020 0.0020 1.3E-09 0.0020 3.5E-09 0.0020 0.60 1.9E-04 0.60 5.4E-04 0.60 0.0011 1.3E-07 0.0011 3.7E-07 0.0011 

1,2,4-Trichlorobenzene 0.0033 9.3E-11 0.0033 2.6E-10 0.0033 0.0033 9.3E-11 0.0033 2.6E-10 0.0033 0.0042 1.1E-07 0.0042 3.0E-07 0.0042 0.0014 1.2E-08 0.0014 3.3E-08 0.0014 

1,2,4,5-Tetrachlorobenzene -- -- -- -- -- 0.0010 1.2E-08 0.0010 3.3E-08 0.0010 0.33 8.2E-05 0.33 2.3E-04 0.33 1.1E-04 4.0E-08 1.1E-04 1.1E-07 1.1E-04 

Pentachlorobenzene -- -- -- -- -- 5.0E-04 9.2E-08 5.0E-04 2.6E-07 5.0E-04 0.0039 2.6E-06 0.0039 7.3E-06 0.0039 9.1E-05 1.5E-06 9.2E-05 4.1E-06 9.5E-05 

Hexachlorobenzene 3.3E-04 1.7E-09 3.3E-04 4.7E-09 3.3E-04 3.3E-04 1.7E-09 3.3E-04 4.7E-09 3.3E-04 7.7 0.0019 7.7 0.0053 7.7 7.9E-05 3.1E-07 7.9E-05 8.7E-07 8.0E-05 

Pentachlorophenol 2.4E-04 1.7E-07 2.4E-04 4.8E-07 2.4E-04 2.4E-04 1.7E-07 2.4E-04 4.8E-07 2.4E-04 0.020 4.6E-04 0.020 0.0013 0.021 6.0E-06 4.6E-08 6.1E-06 1.3E-07 6.1E-06 

Chlorinated Solvents and Derivatives 

Carbon Tetrachloride 0.0010 4.1E-12 0.0010 1.1E-11 0.0010 0.0010 4.1E-12 0.0010 1.1E-11 0.0010 3.6E-04 6.0E-08 3.6E-04 1.7E-07 3.6E-04 1.8E-04 9.1E-09 1.8E-04 2.5E-08 1.8E-04 



 

           Human Health and Ecological Risk Assessment 

Technical Study Report

December 10, 2009

 

Project No. 1009497 
Stantec © 2009 

510 

 

 

Table 8-12 Ecological Hazard Quotient and Screening Ratio Summary for Community-Based Receptors: 140,000 tpy Scenario 

COPC 

Terrestrial Plants Terrestrial Soil Invertebrates Freshwater Receptors Freshwater Benthic Invertebrates 

Baseline Project 
Alone 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Baseline Project 
Alone 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Baseline Project 
Alone 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Baseline Project 
Alone 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Chloroform -- -- -- -- -- -- -- -- -- -- 8.2E-05 1.8E-08 8.2E-05 5.0E-08 8.2E-05 2.5E-04 5.8E-09 2.5E-04 1.6E-08 2.5E-04 

Dichloromethane -- -- -- -- -- -- -- -- -- -- 7.6E-05 2.0E-06 7.8E-05 5.6E-06 8.1E-05 0.0038 6.0E-07 0.0038 1.7E-06 0.0038 

Trichlorofluoromethane (Freon 11) -- -- -- -- -- -- -- -- -- -- 4.2E-04 1.3E-05 4.4E-04 3.8E-05 4.6E-04 4.2E-04 3.0E-06 4.2E-04 8.5E-06 4.3E-04 

Chlorinated Alkanes/Alkenes 

1,1,1-Trichloroethane -- -- -- -- -- -- -- -- -- -- 0.050 2.8E-05 0.050 7.8E-05 0.050 6.5E-05 3.2E-08 6.5E-05 9.0E-08 6.5E-05 

Other Organics 

Bromoform -- -- -- -- -- -- -- -- -- -- 0.0083 2.1E-04 0.0085 5.8E-04 0.0089 2.3E-04 7.2E-07 2.3E-04 2.0E-06 2.3E-04 

O-Terphenyl -- -- -- -- -- -- -- -- -- -- -- 4.0E-06 4.0E-06 1.1E-05 1.1E-05 -- 1.6E-06 1.6E-06 4.3E-06 4.3E-06 

Inorganics 

Antimony 0.050 2.4E-05 0.050 3.5E-05 0.050 0.050 2.4E-05 0.050 3.5E-05 0.050 0.25 1.6E-04 0.25 2.3E-04 0.25 2.3E-04 3.3E-08 2.3E-04 4.8E-08 2.3E-04 

Arsenic 0.40 2.4E-06 0.40 3.4E-06 0.40 0.40 2.4E-06 0.40 3.4E-06 0.40 0.40 9.8E-05 0.40 1.4E-04 0.40 0.33 2.4E-06 0.33 3.4E-06 0.33 

Barium 0.12 4.5E-07 0.12 6.5E-07 0.12 0.12 4.5E-07 0.12 6.5E-07 0.12 0.41 1.1E-05 0.41 1.6E-05 0.41 0.038 4.1E-08 0.038 6.0E-08 0.038 

Beryllium 0.18 7.5E-05 0.18 1.1E-04 0.18 0.18 7.5E-05 0.18 1.1E-04 0.18 0.091 1.3E-05 0.091 1.9E-05 0.091 0.093 2.1E-05 0.093 3.0E-05 0.093 

Boron 0.44 6.2E-05 0.44 9.0E-05 0.44 0.44 6.2E-05 0.44 9.0E-05 0.44 0.30 8.9E-04 0.30 0.0013 0.30 -- -- -- -- -- 

Cadmium 0.042 1.6E-04 0.042 2.4E-04 0.042 0.042 1.6E-04 0.042 2.4E-04 0.042 0.20 0.016 0.22 0.023 0.22 0.83 1.0E-03 0.83 0.0014 0.83 

Chromium (Total) 0.030 2.2E-07 0.030 3.2E-07 0.030 0.030 2.2E-07 0.030 3.2E-07 0.030 0.67 3.0E-04 0.67 4.3E-04 0.67 1.2 1.9E-06 1.2 2.8E-06 1.2 

Chromium VI -- 3.0E-06 3.0E-06 4.3E-06 4.3E-06 -- 3.0E-06 3.0E-06 4.3E-06 4.3E-06 10 3.7E-04 10 5.4E-04 10 5.0E-04 1.8E-09 5.0E-04 2.6E-09 5.0E-04 

Cobalt 0.18 2.5E-05 0.18 3.7E-05 0.18 0.18 2.5E-05 0.18 3.7E-05 0.18 0.56 0.0075 0.56 0.011 0.57 0.013 6.6E-07 0.013 9.6E-07 0.013 
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Table 8-12 Ecological Hazard Quotient and Screening Ratio Summary for Community-Based Receptors: 140,000 tpy Scenario 

COPC 

Terrestrial Plants Terrestrial Soil Invertebrates Freshwater Receptors Freshwater Benthic Invertebrates 

Baseline Project 
Alone 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Baseline Project 
Alone 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Baseline Project 
Alone 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Baseline Project 
Alone 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Lead 0.14 3.8E-04 0.14 5.5E-04 0.14 0.0099 2.7E-05 0.0100 3.9E-05 0.0100 0.20 0.0041 0.20 0.0059 0.21 0.42 5.9E-04 0.42 8.5E-04 0.42 

Mercury - Inorganic 0.0070 2.6E-04 0.0073 3.8E-04 0.0074 0.0070 2.6E-04 0.0073 3.8E-04 0.0074 0.50 0.0026 0.50 0.0038 0.50 0.25 0.13 0.38 0.19 0.44 

Methyl Mercury 1.4E-04 1.2E-05 1.5E-04 1.7E-05 1.6E-04 1.4E-04 1.2E-05 1.5E-04 1.7E-05 1.6E-04 0.75 3.8E-04 0.75 5.4E-04 0.75 -- 1.3E-05 1.3E-05 1.8E-05 1.8E-05 

Nickel 0.082 1.4E-04 0.082 2.1E-04 0.082 0.082 1.4E-04 0.082 2.1E-04 0.082 0.24 0.0040 0.24 0.0058 0.25 0.63 4.1E-04 0.63 5.9E-04 0.63 

Phosphorus -- -- -- -- -- -- -- -- -- -- 5.3 0.0018 5.3 0.0026 5.3 1.1 3.1E-07 1.1 4.5E-07 1.1 

Selenium 0.10 9.5E-07 0.10 1.4E-06 0.10 0.10 9.5E-07 0.10 1.4E-06 0.10 0.050 5.6E-06 0.050 8.1E-06 0.050 0.068 1.9E-07 0.068 2.8E-07 0.068 

Silver 0.010 5.5E-06 0.010 7.9E-06 0.010 0.010 5.5E-06 0.010 7.9E-06 0.010 1.0 0.039 1.0 0.057 1.1 -- -- -- -- -- 

Thallium 1.0 0.010 1.0 0.015 1.0 -- -- -- -- -- 1.0 0.15 1.1 0.22 1.2 0.50 0.0016 0.50 0.0023 0.50 

Tin 0.20 2.3E-04 0.20 3.3E-04 0.20 0.0050 5.7E-06 0.0050 8.2E-06 0.0050 0.0056 7.9E-05 0.0056 1.1E-04 0.0057 3.4E-04 2.4E-07 3.4E-04 3.5E-07 3.4E-04 

Vanadium 0.14 5.4E-06 0.14 7.9E-06 0.14 0.14 5.4E-06 0.14 7.9E-06 0.14 1.3 7.5E-05 1.3 1.1E-04 1.3 0.30 4.6E-06 0.30 6.7E-06 0.30 

Zinc 0.13 7.9E-05 0.13 1.1E-04 0.13 0.13 7.9E-05 0.13 1.1E-04 0.13 2.3 0.012 2.3 0.017 2.3 0.68 1.2E-04 0.68 1.7E-04 0.68 

“--“ - Quantitative assessment of COPC could not be performed due to lack of suitable toxicity data or empirically measured concentrations.
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Table 8-13 Emitted SO2 Concentrations at Each Receptor Location (µg m-3) and Corresponding Phytotoxicity Benchmarks: 140,000 tpy Scenario 

Receptor Name 
Baseline Project Alone Project Case Process Upset Case Process Upset Project Case  

1 Hour 24 Hour Annual 1- Hour 24 Hour Annual 1 Hour 24 
Hour Annual 1 Hour 24 Hour Annual 1 Hour 24 Hour Annual 

Eco 1  Darlington Provincial Park 

19 19 5.9 

5.0 0.77 0.024 25 20 5.9 80 12 0.043 100 32 6.0 

Eco 2 Second Marsh Wildlife Area 2.5 0.37 0.015 22 20 5.9 41 6.0 0.026 60 25 5.9 

Eco 3 Darlington Waterfront Trail 10 1.3 0.037 30 21 6.0 162 21 0.065 181 40 6.0 

Eco 4 McLaughlin Bay Wildlife Reserve 2.4 0.81 0.021 22 20 5.9 39 13 0.036 59 32 6.0 

Eco 5 Bowmanville Valley Cons. Area 1.7 0.36 0.016 21 20 5.9 28 5.8 0.028 47 25 6.0 

Eco 6 Eco Baseline 7.9 0.92 0.017 27 20 5.9 110 15 0.030 129 34 6.0 

Eco 7 Baseline Road & Rundle Road 4.5 0.92 0.051 24 20 6.0 72 15 0.090 92 34 6.0 

Eco 8 Baseline Road & Courtice Road 9.4 1.7 0.036 29 21 6.0 150 28 0.063 170 47 6.0 

Eco 9 Soper Creek 1.4 0.34 0.013 21 20 5.9 23 5.4 0.023 42 25 5.9 

Eco 10 Bowmanville Marsh 1.8 0.37 0.019 21 20 5.9 28 5.9 0.034 48 25 6.0 

Eco 11 South of Site, Eco Baseline S7 6.5 0.88 0.010 26 20 5.9 74 14 0.017 94 33 5.9 

Eco 12 Sports Fields 12 0.82 0.035 32 20 6.0 196 13 0.062 215 32 6.0 

Eco 13 Water Pollution Control Plant 5.7 0.84 0.021 25 20 5.9 92 13 0.036 111 33 6.0 

Eco 14 Future Industrial 16 1.7 0.018 35 21 5.9 251 27 0.031 271 47 6.0 

Eco 15 Harmony Creek 0.94 0.36 0.0074 20 20 5.9 15 5.7 0.013 35 25 5.9 

Eco 16 Farewell Creek 1.0 0.29 0.0076 21 20 5.9 16 4.7 0.013 36 24 5.9 

Eco 17 Farm A 10 1.4 0.033 29 21 6.0 160 22 0.058 179 41 6.0 

Eco 18 Farm B 3.2 0.81 0.026 23 20 5.9 51 13 0.046 70 32 6.0 

Eco 19 Farm C 1.5 0.52 0.012 21 20 5.9 24 8.3 0.020 44 28 5.9 

Eco 20 Robinson Creek 3.3 0.63 0.024 23 20 5.9 53 10 0.043 73 29 6.0 

Eco 21 Bennett Creek 1.2 0.24 0.014 21 20 5.9 19 3.8 0.024 38 23 5.9 

Eco 22 Oshawa Creek Conservation Area 1.8 0.54 0.012 21 20 5.9 29 8.6 0.021 49 28 5.9 

NAAQO (Maximum Acceptable) 900 300 60 900 300 60 900 300 60 900 300 60 900 300 60 
World Health Organization - 100 30 / 20 F - 100 30 / 20 F - 100 30 / 20 F - 100 30 / 20 F - 100 30 / 20 F 
NAAQO: National Ambient Air Quality Objectives 
F – Forest ecosystem 
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Table 8-14 Emitted NO2 Concentrations at Each Receptor Location (µg m-3) and Corresponding Phytotoxicity Benchmarks: 140,000 tpy Scenario 

Receptor Name 
Baseline Project Alone Project Case Process Upset Case Process Upset Project Case 

1 Hour 24 Hour Annual 1 
Hour 

24 
Hour Annual 1 

Hour 
24 

Hour Annual 1 Hour 24 Hour Annual 1 Hour 24 Hour Annual 

Eco 1  Darlington Provincial Park 

65 58 37 

17 2.7 0.084 82 61 37 28 4.3 0.087 93 63 37 

Eco 2 Second Marsh Wildlife Area 8.8 1.3 0.052 73 60 37 14 2.1 0.053 79 60 37 

Eco 3 Darlington Waterfront Trail 35 4.5 0.13 100 63 37 57 7.3 0.13 122 66 37 

Eco 4 McLaughlin Bay Wildlife Reserve 8.4 2.8 0.072 73 61 37 14 4.6 0.074 78 63 37 

Eco 5 Bowmanville Valley Cons. Area 6.0 1.3 0.054 71 59 37 10 2.1 0.056 74 60 37 

Eco 6 Eco Baseline 27 3.2 0.059 92 61 37 39 5.2 0.061 103 63 37 

Eco 7 Baseline Road & Rundle Road 16 3.2 0.18 80 61 37 25 5.2 0.18 90 63 37 

Eco 8 Baseline Road & Courtice Road 32 6.0 0.12 97 64 37 53 10 0.13 118 68 37 

Eco 9 Soper Creek 5.0 1.2 0.046 70 59 37 8.1 1.9 0.047 73 60 37 

Eco 10 Bowmanville Marsh 6.1 1.3 0.067 71 59 37 10 2.1 0.069 74 60 37 

Eco 11 South of Site, Eco Baseline S7 22 3.1 0.034 87 61 37 26 5.0 0.036 91 63 37 

Eco 12 Sports Fields 42 2.9 0.12 107 61 37 69 4.6 0.13 133 63 37 

Eco 13 Water Pollution Control Plant 20 2.9 0.071 84 61 37 32 4.8 0.073 97 63 37 

Eco 14 Future Industrial 54 5.9 0.062 119 64 37 89 10 0.064 153 68 37 

Eco 15 Harmony Creek 3.3 1.2 0.026 68 59 37 5.3 2.0 0.026 70 60 37 

Eco 16 Farewell Creek 3.5 1.0 0.026 68 59 37 5.8 1.7 0.027 70 60 37 

Eco 17 Farm A 34 4.7 0.11 99 63 37 56 7.7 0.12 121 66 37 

Eco 18 Farm B 11 2.8 0.090 76 61 37 18 4.5 0.093 82 63 37 

Eco 19 Farm C 5.2 1.8 0.040 70 60 37 8.5 2.9 0.042 73 61 37 

Eco 20 Robinson Creek 12 2.2 0.084 76 60 37 19 3.6 0.087 83 62 37 

Eco 21 Bennett Creek 4.1 0.8 0.047 69 59 37 6.6 1.4 0.048 71 60 37 

Eco 22 Oshawa Creek Conservation Area 6.3 1.9 0.042 71 60 37 10 3.0 0.044 75 61 37 

NAAQO (Maximum Acceptable) 400 200 100 400 200 100 400 200 100 400 200 100 400 200 100 

World Health Organization - 75 30 - 75 30 - 75 30 - 75 30 - 75 30 

NAAQO: National Ambient Air Quality Objectives 
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Table 8-15 Emitted HF Concentrations at Each Receptor Location (µg m-3) and Corresponding Phytotoxicity Benchmarks: 140,000 tpy Scenario 

Receptor Name 
Baseline Project Alone Project Case Process Upset Case Process Upset Project Case 

1 Hour 24 Hour Annual 1 Hour 24 Hour Annual 1 Hour 24 Hour Annual 1 Hour 24 Hour Annual 1 Hour 24 Hour Annual 

Eco 1  Darlington Provincial Park 

NA NA NA 

0.13 0.020 6.28E-04 NA NA NA 1.3 0.20 0.00091 NA NA NA 

Eco 2 Second Marsh Wildlife Area 0.066 0.010 3.84E-04 NA NA NA 0.66 0.10 0.00056 NA NA NA 

Eco 3 Darlington Waterfront Trail 0.26 0.033 9.60E-04 NA NA NA 2.6 0.33 0.0014 NA NA NA 

Eco 4 McLaughlin Bay Wildlife Reserve 0.063 0.021 5.33E-04 NA NA NA 0.63 0.21 0.00077 NA NA NA 

Eco 5 Bowmanville Valley Cons. Area 0.044 0.0094 4.04E-04 NA NA NA 0.44 0.094 0.00059 NA NA NA 

Eco 6 Eco Baseline 0.20 0.024 4.38E-04 NA NA NA 1.8 0.24 0.00063 NA NA NA 

Eco 7 Baseline Road & Rundle Road 0.12 0.024 0.0013 NA NA NA 1.2 0.24 0.0019 NA NA NA 

Eco 8 Baseline Road & Courtice Road 0.24 0.044 9.26E-04 NA NA NA 2.4 0.44 0.0013 NA NA NA 

Eco 9 Soper Creek 0.037 0.0086 3.41E-04 NA NA NA 0.37 0.086 0.00049 NA NA NA 

Eco 10 Bowmanville Marsh 0.045 0.0095 4.97E-04 NA NA NA 0.45 0.095 0.00072 NA NA NA 

Eco 11 South of Site, Eco Baseline S7 0.17 0.023 2.56E-04 NA NA NA 1.2 0.23 0.00037 NA NA NA 

Eco 12 Sports Fields 0.31 0.021 9.12E-04 NA NA NA 3.1 0.21 0.0013 NA NA NA 

Eco 13 Water Pollution Control Plant 0.15 0.022 5.30E-04 NA NA NA 1.5 0.22 0.00077 NA NA NA 

Eco 14 Future Industrial 0.40 0.044 4.60E-04 NA NA NA 4.0 0.44 0.00067 NA NA NA 

Eco 15 Harmony Creek 0.024 0.0092 1.90E-04 NA NA NA 0.24 0.092 0.00028 NA NA NA 

Eco 16 Farewell Creek 0.026 0.008 1.97E-04 NA NA NA 0.26 0.076 0.00029 NA NA NA 

Eco 17 Farm A 0.26 0.035 8.55E-04 NA NA NA 2.6 0.35 0.0012 NA NA NA 

Eco 18 Farm B 0.082 0.021 6.69E-04 NA NA NA 0.82 0.21 0.0010 NA NA NA 

Eco 19 Farm C 0.039 0.013 3.01E-04 NA NA NA 0.39 0.13 0.00044 NA NA NA 

Eco 20 Robinson Creek 0.086 0.016 6.25E-04 NA NA NA 0.86 0.16 0.00091 NA NA NA 

Eco 21 Bennett Creek 0.030 0.0062 3.48E-04 NA NA NA 0.30 0.062 0.00050 NA NA NA 

Eco 22 Oshawa Creek Conservation Area 0.047 0.014 3.15E-04 NA NA NA 0.47 0.14 0.00046 NA NA NA 

NAAQO (Maximum Acceptable) - 0.86 1 - - 0.86 1 - - 0.86 1 - - 0.86 1 - - 0.86 1 - 

NAAQO: National Ambient Air Quality Objectives 

1. NAAQO not available for HF. Benchmark is Ontario Reg. 419/05 Schedule 3 for gaseous fluorides (as HF) during the growing season (MOE, 2005b). 

NA – Baseline data not available for HF. Project Case and Process Upset Project Case scenarios can therefore not be quantified. 

“-“ – No benchmark available for this time period. 
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8.6.8 Traffic Case: 140,000 tpy 

Current offsite vehicle emissions prior to the start up of the Thermal Treatment Facility were based on 
traffic volume estimates provided by URS Canada Inc. These traffic estimates were combined with the 
existing baseline ambient air conditions in the airshed to produce the baseline traffic case.  

Emissions from vehicle operation (e.g., onsite vehicles and waste/ash trucks) associated with the 
proposed Facility and existing/baseline vehicular traffic were assessed in conjunction with the Facility 
air emissions to determine the net impact from all potential emissions onsite and offsite.  

The assessment was conducted for the receptor locations in close proximity to the roads on which 
traffic into the proposed Facility would travel. This methodology is expected to be conservative as it 
assumes that the maximum predicted concentration due to vehicle traffic occurs simultaneously with 
the maximum predicted concentration from onsite emissions (Jacques Whitford, 2009e).  

8.6.8.1  Effects on Vegetation from SO2 and NO2 Traffic Case Emissions 

The concentrations of SO2 and NO2 were assessed at six ecological receptor locations based on traffic 
impacts at these locations. Two cases were assessed: Baseline Traffic Case (Off-Site Traffic + 
Background Ambient Concentration) and Traffic Case (Measured Background + Baseline Off-Site 
Traffic + Project On-Site Traffic + Project On-Site Stationary).  

The SO2 emissions were found to comply with the NAAQO and WHO phytotoxicity benchmarks (where 
available) in both scenarios for their respective 1-hour, 24-hour and annual averaging periods.  

The NO2 emissions were found to comply with the NAAQO for all receptors in the case of the one hour 
averaging period.  

For the 24-hour averaging period only the emissions at receptor location 14 (Future Industrial) were 
found to exceed the 24-hour phytotoxicity benchmark of the WHO Air Quality Guideline (75 µg/m3) in 
the Baseline Traffic Case (94 µg/m3). However, in the Traffic Case, receptor locations 6, 12, and 14, 
(Eco Baseline, Sports Fields, and Future Industrial) were found to exceed the 24-hour phytotoxicity 
benchmark (76, 76, and 101 µg/m3, respectively). These concentrations were deemed to be driven 
almost exclusively by the existing baseline conditions.  

Similarly, the NO2 concentrations for the annual averaging period at all six receptor locations exceeded 
the phytotoxicity WHO Air Quality Guideline of 30 µg/m3 for both cases, with the concentrations in the 
Traffic Case only marginally increasing from the baseline conditions. Specifically, the Baseline Traffic 
Case ranged from 38 µg/m3 to 44 µg/m3, while the concentrations for Traffic Case also ranged from 38 
µg/m3 to 44 µg/m3.  

Results are summarized in Tables 8-16 and 8-18. Bolded values represent benchmark exceedance. 
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Table 8-16 Traffic Case SO2 Concentrations (µg m-3) and Corresponding Phytotoxicity Benchmarks: 
140,000 tpy Scenario 

Receptor Description 

Baseline Off-Site Traffic + 
Background Concentration 

(ug/m3) 

Total Project Impact (Project Off-
Site Traffic + Measured 

Background + Project On-Site 
Emissions) (ug/m3) 

1 Hr 24 Hr Annual 1 Hr 24 Hr Annual 

Eco 3 Darlington Waterfront Trail 20 19 5.9 30 21 6.0 

Eco 6 Eco Baseline 20 19 5.9 27 20 6.0 

Eco 11 South of Site, Eco Baseline S7 20 19 5.9 25 20 5.9 

Eco 12 Sports Fields 20 19 5.9 32 20 6.0 

Eco 13 Water Pollution Control Plant 20 19 5.9 26 20 6.0 

Eco 14 Future Industrial 20 19 6.0 36 21 6.0 

NAAQO (Maximum Acceptable) 900 300 60 900 300 60 

World Health Organization - 100 20 - 100 20 

 

Table 8-17 Traffic Case NO2 Concentrations (µg m-3) and Corresponding Phytotoxicity Benchmarks: 
140,000 tpy Scenario 

Receptor Description 

Baseline Off-Site Traffic + 
Background Concentration 

(ug/m3) 

Total Project Impact (Project Off-
Site Traffic + Measured 

Background + Project On-Site 
Emissions) (ug/m3) 

1 Hr 24 Hr Annual 1 Hr 24 Hr Annual 

Eco 3 Darlington Waterfront Trail 121 70 39 157 75 39 

Eco 6 Eco Baseline 121 73 38 146 76 39 

Eco 11 South of Site, Eco Baseline S7 119 69 38 135 72 38 

Eco 12 Sports Fields 122 73 39 167 76 40 

Eco 13 Water Pollution Control Plant 117 69 38 138 72 39 
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Receptor Description 

Baseline Off-Site Traffic + 
Background Concentration 

(ug/m3) 

Total Project Impact (Project Off-
Site Traffic + Measured 

Background + Project On-Site 
Emissions) (ug/m3) 

1 Hr 24 Hr Annual 1 Hr 24 Hr Annual 

Eco 14 Future Industrial 129 94 44 193 101 44 

NAAQO (Maximum Acceptable) 400 200 100 400 200 100 

World Health Organization - 75 30 - 75 30 

8.6.9 Construction Case: 400,000 tpy 

The construction case for the 400,000 tpy scenario was not expected to differ from that of the 140,000 
tpy scenario. Please refer to Section 8.6.3 for a qualitative risk evaluation of construction activities. 

8.6.10 Project Alone Case Assessment Scenario: 400,000 tpy 

Project Case EHQs or SRs provide an indication of potential adverse environmental effects (i.e., risk) to 
VECs resulting from exposure to COPC released to the atmosphere from the proposed Thermal 
Treatment Facility alone.  

8.6.10.1 Deposition from Atmospheric Emissions 

Maximum Project Alone Case EHQs or SRs generated for each COPC and VEC are provided in Tables 
8-18 to 8-22.  

Detailed results and tables of the Project Alone Case scenario (including the receptor location where 
each maximum EHQ/SR was predicted) are provided in Appendix N. The highest predicted risk 
associated with the Project Alone Case (SR = 0.50) was reported in the case of thallium for freshwater 
receptors at Ecological Receptor Location 8 (Eco 8), which corresponds to the Baseline and Courtice 
Road receptor location. This predicted SR is roughly 2 times lower than the threshold of toxicity (e.g., 
1.0). EHQs/SRs did not exceed 1.0 for any of the ecological receptors at any of the receptor locations 
evaluated in the ERA. These results suggest that atmospheric Project Alone Case emissions are not 
expected to present adverse environmental risks to mammalian, avian, or community-based receptors 
exposed to COPC. 
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8.6.10.2 Exposure of Vegetation to SO2, NO2 and HF 

Project Alone SO2 and NO2 concentrations estimated at each ecological receptor locations did not 
exceed their respective Maximum Acceptable NAAQOs. Similarly, the 24-hour and annual SO2 and 
NO2 concentrations did not exceed the phytotoxicity WHO Air Quality Guidelines. However, HF, for 
which no NAAQO or WHO guidelines or objectives were available, was compared against the Ontario 
Regulation 419/05 Air Pollution – Local Air Quality, Schedule 3, 24-hour averaging period benchmark 
for gaseous fluorides (as HF) during the growing season (MOE, 2005b). No exceedance of this 
benchmark was noted. Phytotoxicity as a result of Project Alone emissions is, therefore, not expected 
for SO2, NO2, or HF during any averaging period (Tables 8-23 to 8-25). 

8.6.11 Project Case Assessment Scenario: 400,000 tpy 

Project Case EHQs and SRs provide an indication of potential adverse environmental effects (i.e., risk) 
to VECs resulting from exposure to COPC released to the atmosphere from both the Thermal 
Treatment Facility and existing baseline conditions (i.e., existing emissions facilities) in the LRASA. 
Consequently, EHQs/SRs for this assessment scenario should be higher than those from either the 
Baseline or Project Alone Case. However given that the contribution of the Project Alone Case in most 
cases (as presented in section 8.6.11) is not substantial (most of the time a few orders of magnitude 
lower than those reported in the Baseline Case) the EHQ/SRs are often similar to the values reported in 
the Baseline Case. 

8.6.11.1 Deposition from Atmospheric Emissions 

Maximum Project Case EHQs and SRs generated for each COPC and VEC are presented in Tables 8-
18 to 8-22. Detailed results and of the Project Case scenario, including locations of maximum predicted 
values, are provided in Appendix N. 

For mammals and birds all COPC had EHQs less than 1.0, with the exception of selenium in the case 
of the mink receptor (EHQ = 1.8), and vanadium in the case of the American robin, belted kingfisher, 
mallard duck, and wild turkey receptors (EHQs = 1.6, 1.4, 3.2, and 2.6, respectively). 

For freshwater receptors, a number of COPC were identified with EHQs or SRs greater than 1.0: 
anthracene flouranthene, benzo(a)anthracene, benzo(g,h,i)perylene, benzo(k)flouranthene, chrysene, 
dibenzo(a,h)anthracene), PCBs (total), hexachlorobenzene, hexavalent chromium, phosphorus, silver, 
thallium, vanadium, and zinc. COPC identified with EHQs or SRs greater than 1.0 for benthic 
invertebrates include total chromium and phosphorus. 

All COPC associated with potential risk to terrestrial, freshwater, and sediment receptors possessed 
elevated EHQs/SRs due entirely to baseline concentrations (most of them non-detects, as discussed in 
Section 8.6.9.1). Contribution from the Project Alone is, therefore, not deemed to be substantive. As 
predicted risk associated with the Project Case scenario is driven entirely by baseline COPC 
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concentrations, similar conclusions to those reached in Section 8.6.9.1 apply here: no risk is expected 
for terrestrial, freshwater, or sediment receptors as a result of exposure to COPC with the exception of 
selenium and vanadium to birds and mammals, zinc and phosphorus in freshwater, and total chromium 
and phosphorus in sediment. The reported EHQ and SR values are expected to be generally similar to 
other unimpacted areas in Ontario. 

8.6.11.2 Exposure of Vegetation to SO2, NO2 and HF 

Project Case SO2 and NO2 concentrations were marginally higher than those reported from empirical 
baseline measurements, and were deemed to be driven almost exclusively by existing baseline 
conditions. Similarly to what was concluded for the Baseline scenario, Project Case phytotoxicity of 
NO2 during the annual averaging period is estimated, although actual contributions from the Facility are 
negligible. The highest annual concentration at any of the receptors was 37 µg/m3 compared to the 
WHO Guideline of 30 µg/m3. These annual NO2 exceedances are almost exclusively due to the 
baseline conditions (37 µg/m3) since the annual contributions from the Facility are negligible. As 
discussed in section 8.6.2.2 the current plant communities showed no evidence of NO2 related stress. 
Therefore it is not expected that the Project Case NO2 emissions will pose a risk to the plant 
communities. Estimation of Project Case HF emissions could not be conducted as baseline data was 
not available (Tables 8-23 to 8-25). 

8.6.12 Process Upset Case: 400,000 tpy 

8.6.12.1 Deposition from Atmospheric Emissions 

Intermittent processes such as start-ups, shut-downs and possible malfunctions, generally referred to 
as “upsets”, can result in short-term emissions to the atmosphere that may be higher than those during 
normal operational conditions. The potential for adverse effects to ecological receptors was evaluated 
for the “upset” conditions. 

These process upset emission rates provide a very conservative estimate of worst-case emission rates 
that could be expected over the course of an operating year.  

The Process Upset Case EHQs/SRs provide an indication of potential adverse environmental effects 
(i.e., risk) to VECs resulting from exposure to COPC released to the atmosphere from the Thermal 
Treatment Facility in the LRASA in a case of start-ups, shut-downs or possible malfunctions. 

Maximum Process Upset Case EHQs/SRs generated for each COPC and VEC are presented in Tables 
8-18 to 8-22. Detailed results and tables of the Process Upset Case scenario (including locations where 
maximums are expected to occur) are provided in Appendix N. 

Process Upset Case emissions are not expected to present adverse environmental risks to 
mammalian, avian, and community-based receptors exposed to COPC, with the possible exception of 
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benzo(g,h,i)perylene in surface water. An elevated SR of 1.1 was estimated for freshwater receptors at 
Ecological Receptor Location 17 (Eco 17), which corresponds to the Farm A receptor location. The 
benchmark used in this assessment for benzo(g,h,i)perylene is the PWQO value, currently set at 2 x 
10-8 mg/L by the MOE. It is worth nothing that this value is designated as an interim PWQO set for 
emergency purposes based on the best information available at the time of the PWQO publication 
(1999). Because of this limitation, the document states to employ caution when applying this value. 
Therefore the marginal exceedance of this value is not expected to represent a risk for freshwater 
receptors.  

8.6.12.2 Exposure of Vegetation to SO2, NO2 and HF 

Process Upset Case SO2 and NO2 concentrations estimated at each ecological receptor location did 
not exceed their respective Maximum Acceptable NAAQOs or the WHO Air Quality Guidelines where 
available, with the exception of NO2 at Eco Receptor Location 8 (Baseline Road and Courtice Road), 
which marginally exceeded the WHO Guideline (78 µg/m3 vs. 75 µg/m3) during the 24 hour averaging 
period. Process upsets are assumed to occur during the worst-case metereological conditions, and as 
such, actual risk to plant communities at this receptor location as a result of NO2 is expected to be 
almost negligible. In the case of HF, for which no NAAQO or WHO guidelines or objectives were 
available, was instead compared against the Ontario Regulation 419/05 Air Pollution – Local Air 
Quality, Schedule 3 24-hour averaging period benchmark for gaseous fluorides (as HF) during the 
growing season (MOE, 2005b) was used. No exceedance of this benchmark was noted. Phytotoxicity 
as a result of Process Upset Case emissions is therefore not expected for SO2, NO2 or HF during any 
averaging period (Tables 8-23 to 8-25). 

8.6.13  Process Upset Project Case: 400,000 tpy 

8.6.13.1 Deposition from Atmospheric Emissions 

Evaluation of the Process Upset Project Case consisted of the assessment of risks to ecological 
receptors due to exposure to the total concentrations of COPC released to the atmosphere. This 
includes the ecological risks from the existing concentrations of COPC in the environmental media (i.e. 
Baseline Case) and the predicted increases in chemical concentrations from the operation of the 
Facility during upset conditions (i.e. the Process Upset Case). These ecological risks represent the 
potential environment effects (risks) of ecological receptor exposure to atmospheric emissions (above 
existing concentrations) with the addition of the Thermal Treatment Facility operating during upset 
conditions in the LRASA. 

As in the Baseline Case, the same COPC were identified to present a potential risk to mammalian and 
avian receptors, (selenium and vanadium, respectively). 
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For freshwater receptors: anthracene, flouranthene, benzo(a)anthracene, benzo(g,h,i)perylene, 
benzo(k)flouranthene, chrysene dibenzo(a,h)anthracene, PCBs (total), hexachlorobenzene, hexavalent 
chromium, phosphorus, silver, thallium, vanadium, and zinc were associated with potential risk, as their 
respective SRs were greater than 1.0. For benthic invertebrates total chromium and phosphorus were 
identified with SRs greater than 1.0. 

All COPC associated with potential risk to terrestrial, freshwater, and sediment receptors possessed 
elevated EHQs/SRs due entirely to baseline concentrations (most of them non-detects, as discussed in 
Section 8.6.9.1), with the possible exception of benzo(g,h,i)perylene in surface water. Contribution from 
Process Upsets is, therefore, not deemed to be substantive. As predicted risk associated with the 
Process Upset Project Case scenario is driven entirely by baseline COPC concentrations, similar 
conclusions to those reached in Section 8.6.9.1 apply here; no risk is expected for terrestrial, 
freshwater, or sediment receptors as a result of exposure to COPC with the exception of selenium and 
vanadium to birds and mammals, zinc and phosphorus in freshwater, and total chromium and 
phosphorus in sediment. The reported EHQs and SRs values are expected to be generally similar to 
other unimpacted areas in Ontario. 

Potential risk to freshwater receptors as a result of benzo(g,h,i)perylene in surface water could not be 
entirely attributed to baseline conditions. However, given the low confidence assigned to the PWQO 
benchmark used in this assessment (Section 8.6.13.1), and the overall SR contribution from the 
Baseline Case vs. that from the Process Upset Case (500:1.1), Process Upset Case risk from 
benzo(g,h,i)perylene in surface water is not considered to be substantial. 

8.6.13.2 Exposure of Vegetation to SO2, NO2 and HF 

Process Upset Project Case SO2 and NO2 concentrations were marginally higher than those reported 
from empirical baseline measurements, and were deemed to be driven almost exclusively by existing 
baseline conditions. Similar to the Project Case, the only exceedances of any air quality guidelines for 
the Process Upset Project Case occurred for NO2 during the annual averaging period where the 
maximum concentration was 37 µg/m3. These exceedances were also primarily due to the baseline 
conditions (37 µg/m3) which were greater than the WHO Air Quality Guidelines (30 µg/m3) and 
therefore it is not expected that the Project Upset Case NO2 emissions will pose a risk to the plant 
communities Estimation of Process Upset Project Case HF emissions could not be conducted as 
baseline data was not available (Tables 8-23 to 8-25). 

The following tables characterize risk for each 400,000 tpy assessment scenario evaluated in the ERA. 
EHQs/SRs greater than the threshold of 1.0 are bolded. 
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Table 8-18 Ecological Hazard Quotient Summary for Mammalian Receptors: 400,000 tpy Scenario 

COPC 

Eastern Cottontail Rabbit Masked Shrew Meadow Vole Mink 

Baseline Project 
Alone 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Baseline Project 
Alone 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Baseline Project 
Alone 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Baseline Project 
Alone 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Polycyclic Aromatic Hydrocarbons                                         

Low Molecular Weight PAHs                                         

Acenaphthene 7.9E-06 2.3E-10 7.9E-06 6.4E-10 7.9E-06 1.2E-05 2.0E-10 1.2E-05 5.7E-10 1.2E-05 1.1E-05 3.1E-10 1.1E-05 8.7E-10 1.1E-05 1.4E-06 3.3E-11 1.4E-06 9.2E-11 1.4E-06 

Acenaphthylene 1.2E-06 4.8E-11 1.2E-06 1.3E-10 1.2E-06 1.1E-05 4.8E-11 1.1E-05 1.3E-10 1.1E-05 2.6E-06 6.6E-11 2.6E-06 1.8E-10 2.6E-06 9.2E-07 2.5E-11 9.2E-07 7.1E-11 9.2E-07 

Anthracene 4.2E-06 1.1E-10 4.2E-06 3.1E-10 4.2E-06 1.1E-05 1.9E-10 1.1E-05 5.3E-10 1.1E-05 6.4E-06 1.6E-10 6.4E-06 4.5E-10 6.4E-06 9.2E-07 2.6E-11 9.2E-07 7.2E-11 9.2E-07 

Fluoranthene 3.0E-05 7.3E-10 3.0E-05 2.0E-09 3.0E-05 1.3E-05 1.8E-09 1.3E-05 5.1E-09 1.3E-05 4.0E-05 1.1E-09 4.0E-05 3.1E-09 4.0E-05 1.2E-06 5.4E-10 1.2E-06 1.5E-09 1.2E-06 

Fluorene 2.1E-05 1.6E-10 2.1E-05 4.5E-10 2.1E-05 1.3E-05 2.0E-10 1.3E-05 5.5E-10 1.3E-05 2.8E-05 2.2E-10 2.8E-05 6.2E-10 2.8E-05 1.5E-06 7.9E-11 1.5E-06 2.2E-10 1.5E-06 

Phenanthrene 6.9E-05 1.2E-09 6.9E-05 3.2E-09 6.9E-05 7.3E-06 1.9E-09 7.3E-06 5.4E-09 7.3E-06 8.8E-05 1.7E-09 8.8E-05 4.6E-09 8.8E-05 2.1E-06 6.5E-10 2.1E-06 1.8E-09 2.1E-06 

TOTAL LMW PAH EHQ = 1.3E-04 2.4E-09 1.3E-04 6.8E-09 1.3E-04 6.7E-05 4.4E-09 6.7E-05 1.2E-08 6.7E-05 1.8E-04 3.5E-09 1.8E-04 9.9E-09 1.8E-04 8.0E-06 1.4E-09 8.0E-06 3.8E-09 8.0E-06 

High Molecular Weight PAHs 

Benz(a)anthracene 1.8E-05 1.7E-09 1.8E-05 4.7E-09 1.8E-05 6.5E-05 7.0E-10 6.5E-05 2.0E-09 6.5E-05 3.2E-05 2.3E-09 3.2E-05 6.3E-09 3.2E-05 8.7E-06 9.7E-10 8.7E-06 2.7E-09 8.7E-06 

Benzo(a)pyrene 2.2E-04 6.2E-09 2.2E-04 1.7E-08 2.2E-04 1.1E-04 4.0E-09 1.1E-04 1.1E-08 1.1E-04 2.9E-04 8.1E-09 2.9E-04 2.2E-08 2.9E-04 6.7E-06 5.5E-09 6.7E-06 1.5E-08 6.7E-06 

Benzo(e)pyrene 1.6E-05 4.9E-07 1.6E-05 1.3E-06 1.7E-05 1.2E-06 4.2E-08 1.2E-06 1.1E-07 1.3E-06 2.0E-05 6.3E-07 2.1E-05 1.7E-06 2.2E-05 4.7E-06 1.2E-08 4.7E-06 3.3E-08 4.7E-06 

Benzo(a)fluorene -- 1.4E-09 1.4E-09 3.9E-09 3.9E-09 -- 1.2E-09 1.2E-09 3.5E-09 3.5E-09 -- 1.9E-09 1.9E-09 5.2E-09 5.2E-09 -- 6.6E-09 6.6E-09 1.8E-08 1.8E-08 

Benzo(b)fluorene -- 2.7E-09 2.7E-09 7.5E-09 7.5E-09 -- 9.0E-10 9.0E-10 2.5E-09 2.5E-09 -- 3.6E-09 3.6E-09 9.7E-09 9.7E-09 -- 5.8E-09 5.9E-09 1.6E-08 1.6E-08 

Benzo(b)fluoranthene 2.6E-05 6.1E-10 2.6E-05 1.7E-09 2.6E-05 6.6E-05 1.4E-09 6.6E-05 3.8E-09 6.6E-05 4.3E-05 9.8E-10 4.3E-05 2.7E-09 4.3E-05 8.7E-06 4.9E-09 8.7E-06 1.4E-08 8.7E-06 

Benzo(g,h,i)perylene 2.4E-05 7.5E-07 2.5E-05 2.0E-06 2.6E-05 2.2E-04 8.2E-08 2.2E-04 2.2E-07 2.2E-04 4.2E-05 9.6E-07 4.3E-05 2.6E-06 4.5E-05 1.1E-05 1.1E-07 1.1E-05 3.2E-07 1.2E-05 

Benzo(k)fluoranthene 2.1E-05 2.6E-09 2.1E-05 7.0E-09 2.1E-05 6.5E-05 1.3E-09 6.5E-05 3.7E-09 6.5E-05 3.6E-05 3.4E-09 3.6E-05 9.3E-09 3.6E-05 8.7E-06 1.3E-09 8.7E-06 3.6E-09 8.7E-06 
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Table 8-18 Ecological Hazard Quotient Summary for Mammalian Receptors: 400,000 tpy Scenario 

COPC 

Eastern Cottontail Rabbit Masked Shrew Meadow Vole Mink 

Baseline Project 
Alone 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Baseline Project 
Alone 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Baseline Project 
Alone 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Baseline Project 
Alone 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Chrysene 4.8E-05 2.4E-09 4.8E-05 6.7E-09 4.8E-05 6.7E-05 2.3E-09 6.7E-05 6.5E-09 6.7E-05 7.1E-05 3.4E-09 7.1E-05 9.5E-09 7.1E-05 9.8E-06 2.6E-09 9.9E-06 7.2E-09 9.9E-06 

Dibenz(a,c)anthracene 1.1E-05 9.2E-08 1.1E-05 2.5E-07 1.2E-05 2.2E-04 1.2E-08 2.2E-04 3.2E-08 2.2E-04 2.6E-05 1.2E-07 2.6E-05 3.2E-07 2.6E-05 9.6E-06 6.5E-08 9.7E-06 1.8E-07 9.8E-06 

Dibenz(a,h)anthracene 1.1E-05 6.0E-08 1.1E-05 1.6E-07 1.1E-05 2.2E-04 5.7E-09 2.2E-04 1.5E-08 2.2E-04 2.6E-05 7.8E-08 2.6E-05 2.1E-07 2.6E-05 9.6E-06 2.8E-09 9.6E-06 7.8E-09 9.6E-06 

Indeno(1,2,3-cd)pyrene 1.8E-05 1.4E-08 1.8E-05 3.9E-08 1.8E-05 2.2E-04 1.2E-08 2.2E-04 3.3E-08 2.2E-04 3.4E-05 1.8E-08 3.4E-05 5.1E-08 3.4E-05 9.6E-06 2.0E-08 9.6E-06 5.5E-08 9.7E-06 

Perylene 4.1E-06 3.7E-07 4.4E-06 9.9E-07 5.1E-06 4.5E-05 2.8E-08 4.5E-05 7.7E-08 4.5E-05 7.4E-06 4.7E-07 7.9E-06 1.3E-06 8.7E-06 6.5E-06 2.9E-09 6.5E-06 8.0E-09 6.5E-06 

Pyrene 1.4E-04 3.5E-08 1.4E-04 9.8E-08 1.4E-04 7.4E-05 5.6E-08 7.4E-05 1.6E-07 7.5E-05 1.9E-04 5.3E-08 1.9E-04 1.5E-07 1.9E-04 9.4E-06 8.3E-09 9.4E-06 2.3E-08 9.4E-06 

TOTAL HMW PAH EHQ = 5.6E-04 1.8E-06 5.6E-04 4.9E-06 5.7E-04 0.0014 2.1E-07 0.0014 5.7E-07 0.0014 8.2E-04 2.3E-06 8.2E-04 6.3E-06 8.2E-04 1.0E-04 2.5E-07 1.0E-04 7.0E-07 1.0E-04 

TOTAL LMW AND HMW PAH EHQ = 6.9E-04 1.8E-06 7.0E-04 4.9E-06 7.0E-04 0.0015 2.1E-07 0.0015 5.8E-07 0.0015 9.9E-04 2.3E-06 1.0E-03 6.3E-06 0.0010 1.1E-04 2.5E-07 1.1E-04 7.1E-07 1.1E-04 

Dioxins and Furans 

2,3,7,8-TCDD Equivalent 0.011 2.8E-04 0.011 6.3E-04 0.011 0.053 0.0038 0.057 0.0056 0.059 0.011 3.0E-04 0.012 6.6E-04 0.012 0.020 0.0050 0.025 0.0073 0.028 

PCB 

Aroclor 1254 (Total PCBs) 0.0097 3.3E-06 0.0097 9.2E-06 0.0097 0.010 2.0E-06 0.010 5.7E-06 0.010 0.0058 2.8E-06 0.0058 7.9E-06 0.0058 0.010 0.0023 0.012 0.0063 0.016 

Chlorinated Monocyclic Aromatics 

1,2-Dichlorobenzene 0.0035 4.1E-09 0.0035 1.1E-08 0.0035 1.6E-04 3.2E-09 1.6E-04 8.9E-09 1.6E-04 0.0019 2.5E-09 0.0019 7.0E-09 0.0019 1.1E-04 4.7E-08 1.1E-04 1.3E-07 1.1E-04 

1,2,4-Trichlorobenzene 0.0051 9.6E-11 0.0051 2.7E-10 0.0051 4.3E-04 1.4E-10 4.3E-04 3.9E-10 4.3E-04 0.0048 1.0E-10 0.0048 2.8E-10 0.0048 1.2E-04 5.1E-09 1.2E-04 1.4E-08 1.2E-04 

1,2,4,5-Tetrachlorobenzene 0.0012 3.8E-09 0.0012 1.1E-08 0.0012 4.1E-04 1.3E-08 4.1E-04 3.7E-08 4.1E-04 0.0011 4.2E-09 0.0011 1.2E-08 0.0011 0.0013 5.4E-07 0.0013 1.5E-06 0.0013 

Pentachlorobenzene 0.0010 3.3E-08 0.0010 9.2E-08 0.0010 6.1E-04 3.2E-07 6.1E-04 9.0E-07 6.1E-04 9.6E-04 4.1E-08 9.6E-04 1.1E-07 9.6E-04 0.0011 3.3E-06 0.0011 9.2E-06 0.0011 

Hexachlorobenzene 8.7E-04 1.9E-09 8.7E-04 5.4E-09 8.7E-04 5.2E-04 7.8E-09 5.2E-04 2.2E-08 5.2E-04 8.3E-04 2.1E-09 8.3E-04 5.9E-09 8.3E-04 9.2E-04 1.3E-06 9.2E-04 3.7E-06 9.2E-04 
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Table 8-18 Ecological Hazard Quotient Summary for Mammalian Receptors: 400,000 tpy Scenario 

COPC 

Eastern Cottontail Rabbit Masked Shrew Meadow Vole Mink 

Baseline Project 
Alone 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Baseline Project 
Alone 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Baseline Project 
Alone 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Baseline Project 
Alone 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Pentachlorophenol 2.6E-05 7.9E-06 3.4E-05 2.2E-05 4.7E-05 2.0E-04 8.3E-07 2.0E-04 2.3E-06 2.0E-04 3.6E-05 1.0E-05 4.6E-05 2.8E-05 6.3E-05 0.0018 4.3E-06 0.0018 1.2E-05 0.0018 

Chlorinated Solvents and Derivatives 

Carbon Tetrachloride 0.0017 1.4E-09 0.0017 4.0E-09 0.0017 1.6E-04 2.1E-09 1.6E-04 5.9E-09 1.6E-04 0.0016 1.5E-09 0.0016 4.2E-09 0.0016 2.7E-05 6.0E-09 2.7E-05 1.7E-08 2.7E-05 

Chloroform 2.0E-04 3.1E-10 2.0E-04 8.6E-10 2.0E-04 2.2E-05 4.5E-10 2.2E-05 1.3E-09 2.2E-05 1.9E-04 3.2E-10 1.9E-04 9.0E-10 1.9E-04 1.3E-06 4.8E-10 1.3E-06 1.4E-09 1.3E-06 

Dichloromethane 0.0055 3.1E-07 0.0055 8.6E-07 0.0055 0.0018 4.5E-07 0.0018 1.3E-06 0.0018 0.0052 3.2E-07 0.0052 9.0E-07 0.0052 1.5E-05 3.4E-07 1.5E-05 9.5E-07 1.6E-05 

Trichlorofluoromethane (Freon 11) 1.6E-04 3.5E-08 1.6E-04 9.7E-08 1.6E-04 1.5E-05 5.1E-08 1.5E-05 1.4E-07 1.5E-05 1.5E-04 3.6E-08 1.5E-04 1.0E-07 1.5E-04 1.4E-06 9.3E-08 1.5E-06 2.6E-07 1.7E-06 

Chlorinated Alkanes/Alkenes 

1,1,1-Trichloroethane 1.5E-05 1.9E-10 1.5E-05 5.3E-10 1.5E-05 1.3E-06 1.6E-10 1.3E-06 4.4E-10 1.3E-06 8.2E-06 1.2E-10 8.2E-06 3.3E-10 8.2E-06 3.6E-07 5.1E-10 3.6E-07 1.4E-09 3.6E-07 

Other Organics 

Bromoform 7.1E-04 4.5E-08 7.1E-04 1.3E-07 7.1E-04 3.6E-05 3.6E-08 3.6E-05 1.0E-07 3.7E-05 3.9E-04 2.8E-08 3.9E-04 7.8E-08 3.9E-04 4.9E-06 1.0E-07 5.0E-06 2.9E-07 5.2E-06 

O-Terphenyl -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 

Inorganics 

Antimony 0.47 3.5E-04 0.47 5.1E-04 0.47 0.20 2.9E-04 0.20 4.2E-04 0.20 0.45 3.4E-04 0.45 5.0E-04 0.45 0.0095 4.2E-04 0.0099 6.0E-04 0.010 

Arsenic 0.020 9.0E-06 0.020 1.3E-05 0.020 0.10 2.7E-06 0.10 3.8E-06 0.10 0.042 1.2E-05 0.042 1.7E-05 0.042 0.022 4.8E-06 0.022 7.0E-06 0.022 

Barium 0.016 2.0E-07 0.016 2.9E-07 0.016 0.0030 5.3E-08 0.0030 7.7E-08 0.0030 0.020 2.6E-07 0.020 3.8E-07 0.020 0.0029 3.5E-08 0.0029 5.0E-08 0.0029 

Beryllium 0.100 3.7E-05 0.100 5.3E-05 0.100 0.023 2.6E-05 0.023 3.7E-05 0.023 0.11 4.4E-05 0.11 6.4E-05 0.11 0.056 1.3E-05 0.056 1.9E-05 0.056 

Boron 0.27 4.7E-04 0.27 6.8E-04 0.27 0.064 4.9E-05 0.064 7.1E-05 0.064 0.26 4.4E-04 0.26 6.4E-04 0.26 0.067 5.3E-06 0.067 7.7E-06 0.067 

Cadmium 0.085 7.8E-04 0.085 0.0011 0.086 0.50 0.0064 0.51 0.0093 0.51 0.11 0.0011 0.12 0.0016 0.12 0.043 0.0032 0.046 0.0047 0.047 
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Table 8-18 Ecological Hazard Quotient Summary for Mammalian Receptors: 400,000 tpy Scenario 

COPC 

Eastern Cottontail Rabbit Masked Shrew Meadow Vole Mink 

Baseline Project 
Alone 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Baseline Project 
Alone 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Baseline Project 
Alone 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Baseline Project 
Alone 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Chromium (Total) 0.11 3.1E-05 0.11 4.5E-05 0.11 0.35 1.1E-05 0.35 1.6E-05 0.35 0.17 4.0E-05 0.17 5.9E-05 0.17 0.054 6.8E-05 0.054 9.9E-05 0.054 

Chromium VI 1.1E-04 1.1E-06 1.1E-04 1.7E-06 1.1E-04 2.2E-04 4.0E-07 2.2E-04 5.8E-07 2.2E-04 1.5E-04 1.5E-06 1.6E-04 2.2E-06 1.6E-04 0.0039 5.1E-07 0.0039 7.4E-07 0.0039 

Cobalt 0.0071 2.8E-05 0.0071 4.1E-05 0.0071 0.020 1.1E-05 0.020 1.6E-05 0.020 0.012 3.8E-05 0.012 5.5E-05 0.012 0.0025 3.2E-05 0.0026 4.6E-05 0.0026 

Lead 0.029 7.2E-04 0.030 0.0011 0.030 0.19 0.0017 0.19 0.0025 0.19 0.051 0.0010 0.052 0.0015 0.052 0.0085 1.5E-04 0.0086 2.2E-04 0.0087 

Mercury - Inorganic 0.0049 5.0E-05 0.0049 7.3E-05 0.0049 0.012 0.0013 0.013 0.0019 0.014 0.0063 9.9E-05 0.0064 1.4E-04 0.0064 0.0089 3.6E-04 0.0093 5.2E-04 0.0094 

Methyl Mercury 1.0E-04 6.6E-05 1.7E-04 9.5E-05 2.0E-04 0.044 0.012 0.056 0.018 0.061 5.1E-04 1.8E-04 6.9E-04 2.6E-04 7.7E-04 0.067 0.0022 0.069 0.0032 0.070 

Nickel 0.048 0.0010 0.050 0.0015 0.050 0.40 0.0024 0.41 0.0034 0.41 0.078 0.0014 0.079 0.0021 0.080 0.034 0.0015 0.035 0.0022 0.036 

Selenium 0.29 1.5E-04 0.29 2.2E-04 0.29 1.0 4.3E-05 1.0 6.2E-05 1.0 0.42 2.0E-04 0.42 2.9E-04 0.42 1.8 2.9E-04 1.8 4.2E-04 1.8 

Silver 2.3E-04 6.8E-06 2.4E-04 9.8E-06 2.4E-04 0.0020 4.1E-06 0.0020 5.9E-06 0.0020 3.5E-04 8.8E-06 3.6E-04 1.3E-05 3.6E-04 1.3E-04 5.4E-06 1.4E-04 7.9E-06 1.4E-04 

Thallium 0.040 0.0075 0.047 0.011 0.051 0.42 0.015 0.43 0.021 0.44 0.055 0.0077 0.062 0.011 0.066 0.019 0.0018 0.020 0.0026 0.021 

Tin 0.0016 2.0E-05 0.0016 3.0E-05 0.0016 0.013 4.9E-05 0.013 7.1E-05 0.013 0.0029 2.9E-05 0.0029 4.3E-05 0.0029 6.2E-04 3.1E-04 9.2E-04 4.4E-04 0.0011 

Vanadium 0.040 1.4E-05 0.040 2.0E-05 0.040 0.071 9.4E-06 0.071 1.4E-05 0.071 0.056 1.5E-05 0.056 2.2E-05 0.056 0.021 5.6E-06 0.021 8.1E-06 0.021 

Zinc 0.18 1.9E-04 0.18 2.8E-04 0.18 0.46 8.9E-04 0.47 0.0013 0.47 0.24 2.6E-04 0.24 3.8E-04 0.24 0.12 8.7E-04 0.12 0.0013 0.12 

“--“ - Quantitative assessment of COPC could not be performed due to lack of suitable toxicity data or empirically measured concentrations.
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Table 8-19 Ecological Hazard Quotient Summary for Mammalian Receptors: 400,000 tpy Scenario (Continued) 

COPC 

Muskrat Red Fox White-tailed Deer 

Baseline Project 
Alone 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Baseline Project 
Alone 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Baseline Project 
Alone 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Polycyclic Aromatic Hydrocarbons                               

Low Molecular Weight PAHs                               

Acenaphthene 1.4E-06 7.2E-11 1.4E-06 2.0E-10 1.4E-06 1.2E-06 2.4E-11 1.2E-06 6.8E-11 1.2E-06 2.8E-06 8.5E-11 2.8E-06 2.4E-10 2.8E-06 

Acenaphthylene 9.8E-07 5.0E-11 9.8E-07 1.4E-10 9.8E-07 6.8E-07 9.1E-12 6.8E-07 2.5E-11 6.8E-07 3.0E-07 1.8E-11 3.0E-07 5.0E-11 3.0E-07 

Anthracene 1.2E-06 6.6E-11 1.2E-06 1.8E-10 1.2E-06 9.3E-07 1.4E-11 9.3E-07 3.9E-11 9.3E-07 1.4E-06 4.0E-11 1.4E-06 1.1E-10 1.4E-06 

Fluoranthene 2.9E-06 1.3E-09 2.9E-06 3.7E-09 2.9E-06 3.2E-06 1.0E-10 3.2E-06 2.9E-10 3.2E-06 1.2E-05 2.5E-10 1.2E-05 7.0E-10 1.2E-05 

Fluorene 2.2E-06 1.7E-10 2.2E-06 4.9E-10 2.2E-06 2.3E-06 2.3E-11 2.3E-06 6.4E-11 2.3E-06 7.7E-06 5.8E-11 7.7E-06 1.6E-10 7.7E-06 

Phenanthrene 5.4E-06 1.7E-09 5.4E-06 4.7E-09 5.4E-06 6.2E-06 1.4E-10 6.2E-06 4.0E-10 6.2E-06 2.6E-05 4.1E-10 2.6E-05 1.2E-09 2.6E-05 

TOTAL LMW PAH EHQ = 1.4E-05 3.4E-09 1.4E-05 9.4E-09 1.4E-05 1.5E-05 3.1E-10 1.5E-05 8.7E-10 1.5E-05 5.0E-05 8.6E-10 5.0E-05 2.4E-09 5.0E-05 

High Molecular Weight PAHs 

Benz(a)anthracene 9.7E-06 2.7E-09 9.7E-06 7.4E-09 9.7E-06 6.4E-06 1.6E-10 6.4E-06 4.6E-10 6.4E-06 5.1E-06 6.3E-10 5.1E-06 1.8E-09 5.1E-06 

Benzo(a)pyrene 1.8E-05 1.2E-08 1.8E-05 3.4E-08 1.8E-05 2.4E-05 5.8E-10 2.4E-05 1.6E-09 2.4E-05 8.5E-05 2.4E-09 8.5E-05 6.5E-09 8.5E-05 

Benzo(e)pyrene 1.1E-06 3.4E-08 1.1E-06 9.2E-08 1.2E-06 4.5E-06 4.3E-08 4.6E-06 1.2E-07 4.6E-06 6.0E-06 1.9E-07 6.2E-06 5.1E-07 6.5E-06 

Benzo(a)fluorene -- 8.9E-09 8.9E-09 2.5E-08 2.5E-08 -- 2.1E-10 2.6E-10 5.8E-10 7.3E-10 -- 5.3E-10 5.3E-10 1.5E-09 1.5E-09 

Benzo(b)fluorene -- 6.4E-09 6.4E-09 1.8E-08 1.8E-08 -- 2.6E-10 4.2E-10 7.2E-10 1.1E-09 -- 1.0E-09 1.0E-09 2.8E-09 2.8E-09 

Benzo(b)fluoranthene 1.0E-05 1.3E-08 1.0E-05 3.7E-08 1.0E-05 7.1E-06 8.9E-11 7.1E-06 2.5E-10 7.1E-06 8.3E-06 2.0E-10 8.3E-06 5.6E-10 8.3E-06 

Benzo(g,h,i)perylene 1.0E-05 2.8E-07 1.0E-05 7.8E-07 1.1E-05 9.2E-06 6.5E-08 9.3E-06 1.8E-07 9.4E-06 7.6E-06 2.9E-07 7.9E-06 7.8E-07 8.4E-06 

Benzo(k)fluoranthene 9.8E-06 3.6E-09 9.9E-06 1.0E-08 9.9E-06 6.6E-06 2.4E-10 6.6E-06 6.6E-10 6.6E-06 6.2E-06 9.6E-10 6.2E-06 2.6E-09 6.2E-06 
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Table 8-19 Ecological Hazard Quotient Summary for Mammalian Receptors: 400,000 tpy Scenario (Continued) 

COPC 

Muskrat Red Fox White-tailed Deer 

Baseline Project 
Alone 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Baseline Project 
Alone 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Baseline Project 
Alone 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Chrysene 1.2E-05 7.0E-09 1.2E-05 2.0E-08 1.2E-05 9.0E-06 2.7E-10 9.0E-06 7.5E-10 9.0E-06 1.7E-05 8.6E-10 1.7E-05 2.4E-09 1.7E-05 

Dibenz(a,c)anthracene 9.3E-06 1.3E-07 9.5E-06 3.7E-07 9.7E-06 8.1E-06 8.0E-09 8.1E-06 2.2E-08 8.2E-06 2.6E-06 3.5E-08 2.7E-06 9.6E-08 2.7E-06 

Dibenz(a,h)anthracene 9.3E-06 7.8E-09 9.4E-06 2.2E-08 9.4E-06 8.1E-06 5.3E-09 8.1E-06 1.4E-08 8.1E-06 2.6E-06 2.3E-08 2.7E-06 6.3E-08 2.7E-06 

Indeno(1,2,3-cd)pyrene 9.8E-06 4.2E-08 9.8E-06 1.2E-07 9.9E-06 8.7E-06 1.4E-09 8.7E-06 3.9E-09 8.7E-06 5.2E-06 5.2E-09 5.2E-06 1.5E-08 5.3E-06 

Perylene 3.9E-06 2.4E-08 3.9E-06 6.6E-08 4.0E-06 4.4E-06 3.2E-08 4.4E-06 8.6E-08 4.5E-06 1.2E-06 1.4E-07 1.4E-06 3.8E-07 1.6E-06 

Pyrene 1.8E-05 2.2E-08 1.8E-05 6.1E-08 1.8E-05 1.7E-05 4.5E-09 1.7E-05 1.3E-08 1.7E-05 5.2E-05 1.2E-08 5.2E-05 3.3E-08 5.3E-05 

TOTAL HMW PAH EHQ = 1.2E-04 5.8E-07 1.2E-04 1.6E-06 1.2E-04 1.1E-04 1.6E-07 1.1E-04 4.3E-07 1.1E-04 2.0E-04 6.9E-07 2.0E-04 1.9E-06 2.0E-04 

TOTAL LMW AND HMW PAH EHQ = 1.3E-04 5.9E-07 1.4E-04 1.6E-06 1.4E-04 1.3E-04 1.6E-07 1.3E-04 4.3E-07 1.3E-04 2.5E-04 6.9E-07 2.5E-04 1.9E-06 2.5E-04 

Dioxins and Furans 

2,3,7,8-TCDD Equivalent 0.0022 0.0012 0.0033 0.0017 0.0039 0.019 2.3E-04 0.019 3.6E-04 0.019 0.011 2.7E-04 0.011 6.2E-04 0.011 

PCB 

Aroclor 1254 (Total PCBs) 0.0015 8.6E-05 0.0016 2.4E-04 0.0018 0.011 3.3E-06 0.011 9.2E-06 0.011 0.0095 2.2E-06 0.0095 6.2E-06 0.0095 

Chlorinated Monocyclic Aromatics 

1,2-Dichlorobenzene 2.7E-04 2.1E-08 2.7E-04 5.8E-08 2.7E-04 4.8E-04 9.5E-09 4.8E-04 2.7E-08 4.8E-04 0.0035 7.0E-09 0.0035 2.0E-08 0.0035 

1,2,4-Trichlorobenzene 3.4E-04 4.2E-10 3.4E-04 1.2E-09 3.4E-04 7.4E-04 2.9E-10 7.4E-04 8.1E-10 7.4E-04 0.0052 1.6E-10 0.0052 4.6E-10 0.0052 

1,2,4,5-Tetrachlorobenzene 1.3E-04 3.8E-08 1.3E-04 1.1E-07 1.3E-04 0.0013 9.7E-09 0.0013 2.7E-08 0.0013 0.0012 5.2E-09 0.0012 1.5E-08 0.0012 

Pentachlorobenzene 1.1E-04 8.3E-07 1.1E-04 2.3E-06 1.1E-04 0.0011 3.9E-08 0.0011 1.1E-07 0.0011 0.0010 2.9E-08 0.0010 8.1E-08 0.0010 

Hexachlorobenzene 9.2E-05 1.9E-07 9.2E-05 5.4E-07 9.3E-05 9.7E-04 6.9E-09 9.7E-04 1.9E-08 9.7E-04 8.8E-04 3.0E-09 8.8E-04 8.4E-09 8.8E-04 
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Table 8-19 Ecological Hazard Quotient Summary for Mammalian Receptors: 400,000 tpy Scenario (Continued) 

COPC 

Muskrat Red Fox White-tailed Deer 

Baseline Project 
Alone 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Baseline Project 
Alone 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Baseline Project 
Alone 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Pentachlorophenol 4.1E-05 6.0E-07 4.1E-05 1.6E-06 4.2E-05 0.0011 6.8E-07 0.0011 1.8E-06 0.0011 9.9E-06 3.0E-06 1.3E-05 8.2E-06 1.8E-05 

Chlorinated Solvents and Derivatives 

Carbon Tetrachloride 1.7E-04 7.3E-09 1.7E-04 2.0E-08 1.7E-04 2.2E-04 2.7E-09 2.2E-04 7.5E-09 2.2E-04 0.0017 2.5E-09 0.0017 7.1E-09 0.0017 

Chloroform 2.8E-05 1.2E-09 2.8E-05 3.4E-09 2.8E-05 2.5E-05 4.3E-10 2.5E-05 1.2E-09 2.5E-05 2.0E-04 5.4E-10 2.0E-04 1.5E-09 2.0E-04 

Dichloromethane 8.9E-04 5.3E-07 8.9E-04 1.5E-06 8.9E-04 6.9E-04 3.8E-07 7.0E-04 1.1E-06 7.0E-04 0.0056 5.3E-07 0.0056 1.5E-06 0.0056 

Trichlorofluoromethane (Freon 11) 1.7E-05 1.8E-07 1.8E-05 5.0E-07 1.8E-05 2.0E-05 5.7E-08 2.0E-05 1.6E-07 2.0E-05 1.6E-04 6.1E-08 1.6E-04 1.7E-07 1.6E-04 

Chlorinated Alkanes/Alkenes 

1,1,1-Trichloroethane 1.7E-06 1.1E-09 1.7E-06 3.1E-09 1.7E-06 2.0E-06 3.1E-10 2.0E-06 8.7E-10 2.0E-06 1.5E-05 3.3E-10 1.5E-05 9.2E-10 1.5E-05 

Other Organics 

Bromoform 8.2E-05 2.8E-07 8.2E-05 7.8E-07 8.3E-05 8.8E-05 7.1E-08 8.9E-05 2.0E-07 8.9E-05 7.2E-04 7.9E-08 7.2E-04 2.2E-07 7.2E-04 

O-Terphenyl -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 

Inorganics 

Antimony 0.036 3.2E-05 0.036 4.6E-05 0.036 0.066 5.5E-05 0.066 7.9E-05 0.067 0.47 3.5E-04 0.47 5.1E-04 0.47 

Arsenic 0.0040 6.6E-07 0.0040 9.6E-07 0.0040 0.011 9.7E-07 0.011 1.4E-06 0.011 0.0065 4.8E-06 0.0065 7.0E-06 0.0065 

Barium 0.0019 2.6E-08 0.0019 3.8E-08 0.0019 0.0029 2.5E-08 0.0029 3.6E-08 0.0029 0.0060 7.7E-08 0.0060 1.1E-07 0.0060 

Beryllium 0.019 9.6E-06 0.019 1.4E-05 0.019 0.060 6.3E-06 0.060 9.2E-06 0.060 0.099 3.4E-05 0.099 4.9E-05 0.099 

Boron 0.022 3.1E-05 0.022 4.5E-05 0.022 0.092 6.1E-05 0.092 8.8E-05 0.092 0.28 4.8E-04 0.28 7.0E-04 0.28 

Cadmium 0.012 1.5E-04 0.013 2.2E-04 0.013 0.050 1.6E-04 0.050 2.3E-04 0.050 0.032 2.9E-04 0.032 4.3E-04 0.033 
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Table 8-19 Ecological Hazard Quotient Summary for Mammalian Receptors: 400,000 tpy Scenario (Continued) 

COPC 

Muskrat Red Fox White-tailed Deer 

Baseline Project 
Alone 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Baseline Project 
Alone 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Baseline Project 
Alone 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Chromium (Total) 0.037 3.7E-06 0.037 5.3E-06 0.037 0.027 4.1E-06 0.027 6.0E-06 0.027 0.035 1.2E-05 0.035 1.7E-05 0.035 

Chromium VI 6.8E-04 8.1E-08 6.8E-04 1.2E-07 6.8E-04 9.2E-05 1.5E-07 9.2E-05 2.2E-07 9.2E-05 7.1E-05 4.3E-07 7.2E-05 6.3E-07 7.2E-05 

Cobalt 0.0019 2.5E-06 0.0019 3.7E-06 0.0019 0.0021 7.2E-06 0.0021 1.0E-05 0.0021 0.0021 1.1E-05 0.0021 1.5E-05 0.0021 

Lead 0.0091 6.4E-05 0.0091 9.3E-05 0.0091 0.0075 9.6E-05 0.0076 1.4E-04 0.0076 0.0090 2.6E-04 0.0092 3.7E-04 0.0093 

Mercury - Inorganic 0.0015 8.6E-04 0.0021 0.0011 0.0023 0.0013 4.2E-05 0.0013 6.1E-05 0.0013 0.0049 3.8E-05 0.0049 5.5E-05 0.0049 

Methyl Mercury 0.0021 7.0E-05 0.0021 1.0E-04 0.0022 0.0020 3.4E-04 0.0024 4.9E-04 0.0025 9.2E-05 6.2E-05 1.5E-04 8.9E-05 1.8E-04 

Nickel 0.011 1.1E-04 0.011 1.6E-04 0.011 0.024 1.8E-04 0.025 2.6E-04 0.025 0.016 3.9E-04 0.017 5.6E-04 0.017 

Selenium 0.15 1.7E-05 0.15 2.5E-05 0.15 0.53 1.6E-05 0.53 2.4E-05 0.53 0.11 5.8E-05 0.11 8.5E-05 0.11 

Silver 3.8E-05 5.1E-07 3.8E-05 7.3E-07 3.9E-05 1.2E-04 7.9E-07 1.2E-04 1.2E-06 1.2E-04 8.3E-05 2.6E-06 8.6E-05 3.8E-06 8.7E-05 

Thallium 0.012 5.5E-04 0.012 7.9E-04 0.013 0.029 0.0049 0.034 0.0071 0.036 0.032 0.0074 0.039 0.011 0.042 

Tin 3.1E-04 1.0E-05 3.2E-04 1.4E-05 3.2E-04 6.9E-04 1.8E-05 7.1E-04 2.6E-05 7.2E-04 4.6E-04 7.3E-06 4.7E-04 1.1E-05 4.7E-04 

Vanadium 0.016 1.3E-06 0.016 1.9E-06 0.016 0.015 2.7E-06 0.015 4.0E-06 0.015 0.029 1.3E-05 0.029 1.8E-05 0.029 

Zinc 0.025 4.0E-05 0.025 5.7E-05 0.025 0.078 3.0E-05 0.078 4.3E-05 0.078 0.069 7.2E-05 0.069 1.0E-04 0.069 

“--“ - Quantitative assessment of COPC could not be performed due to lack of suitable toxicity data or empirically measured concentrations.
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Table 8-20 Ecological Hazard Quotient Summary for Avian Receptors: 400,000 tpy Scenario 

COPC 

American Robin Belted Kingfisher Great Blue Heron 

Baseline Project 
Alone 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Baseline Project 
Alone 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Baselin
e 

Project 
Alone 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Polycyclic Aromatic Hydrocarbons                               

Low Molecular Weight PAHs                               

Acenaphthene -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 

Acenaphthylene -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 

Anthracene -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 

Fluoranthene -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 

Fluorene -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 

Phenanthrene -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 

TOTAL LMW PAH EHQ = -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 

High Molecular Weight PAHs                               

Benz(a)anthracene -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 

Benzo(a)pyrene -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 

Benzo(e)pyrene -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 

Benzo(a)fluorene -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 

Benzo(b)fluorene -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 

Benzo(b)fluoranthene -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 

Benzo(g,h,i)perylene -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 

Benzo(k)fluoranthene -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 
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Table 8-20 Ecological Hazard Quotient Summary for Avian Receptors: 400,000 tpy Scenario 

COPC 

American Robin Belted Kingfisher Great Blue Heron 

Baseline Project 
Alone 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Baseline Project 
Alone 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Baselin
e 

Project 
Alone 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Chrysene -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 

Dibenz(a,c)anthracene -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 

Dibenz(a,h)anthracene -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 

Indeno(1,2,3-cd)pyrene -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 

Perylene -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 

Pyrene -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 

TOTAL HMW PAH EHQ = -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 

TOTAL LMW AND HMW PAH EHQ = -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 

Dioxins and Furans                               

2,3,7,8-TCDD Equivalent 0.0036 2.0E-04 0.0038 3.0E-04 0.0039 0.0021 8.7E-04 0.0029 0.0013 0.0033 0.0012 6.1E-04 0.0018 8.8E-04 0.0021 

PCB                               

Aroclor 1254 (Total PCBs) 0.0049 8.0E-07 0.0049 2.2E-06 0.0049 0.0022 9.5E-04 0.0031 0.0026 0.0048 0.0012 7.0E-04 0.0019 0.0019 0.0031 

Chlorinated Monocyclic Aromatics                               

1,2-Dichlorobenzene -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 

1,2,4-Trichlorobenzene -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 

1,2,4,5-Tetrachlorobenzene -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 

Pentachlorobenzene -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 

Hexachlorobenzene 0.0023 8.5E-09 0.0023 2.4E-08 0.0023 0.0015 4.5E-06 0.0015 1.3E-05 0.0015 0.0015 5.2E-06 0.0015 1.5E-05 0.0015 
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Table 8-20 Ecological Hazard Quotient Summary for Avian Receptors: 400,000 tpy Scenario 

COPC 

American Robin Belted Kingfisher Great Blue Heron 

Baseline Project 
Alone 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Baseline Project 
Alone 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Baselin
e 

Project 
Alone 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Pentachlorophenol 2.1E-04 1.9E-05 2.3E-04 5.2E-05 2.6E-04 0.0027 1.5E-05 0.0027 4.2E-05 0.0027 0.0016 9.7E-06 0.0016 2.7E-05 0.0016 

Chlorinated Solvents and Derivatives                             

Carbon Tetrachloride -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 

Chloroform -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 

Dichloromethane -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 

Trichlorofluoromethane (Freon 11) -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 

Chlorinated Alkanes/Alkenes                               

1,1,1-Trichloroethane -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 

Other Organics                               

Bromoform -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 

O-Terphenyl -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 

Inorganics                               

Antimony -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 

Arsenic 0.0099 2.6E-06 0.0099 3.7E-06 0.0099 0.0089 1.9E-06 0.0089 2.7E-06 0.0089 0.0030 1.3E-06 0.0030 1.9E-06 0.0030 

Barium 0.012 1.6E-07 0.012 2.3E-07 0.012 0.0017 3.0E-08 0.0017 4.4E-08 0.0017 9.6E-04 2.7E-08 9.6E-04 4.0E-08 9.6E-04 

Beryllium -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 

Boron 0.13 2.1E-04 0.13 3.0E-04 0.13 0.023 1.5E-06 0.023 2.2E-06 0.023 0.013 4.0E-07 0.013 5.8E-07 0.013 

Cadmium 0.31 0.0036 0.32 0.0052 0.32 0.030 0.0063 0.036 0.0091 0.039 0.0040 0.0037 0.0077 0.0054 0.0093 



 

           Human Health and Ecological Risk Assessment 

Technical Study Report

December 10, 2009

 

Project No. 1009497 
Stantec © 2009 

533 

 

 

Table 8-20 Ecological Hazard Quotient Summary for Avian Receptors: 400,000 tpy Scenario 

COPC 

American Robin Belted Kingfisher Great Blue Heron 

Baseline Project 
Alone 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Baseline Project 
Alone 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Baselin
e 

Project 
Alone 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Chromium (Total) 0.35 6.3E-05 0.35 9.1E-05 0.35 0.15 1.9E-04 0.15 2.7E-04 0.15 0.034 1.1E-04 0.035 1.6E-04 0.035 

Chromium VI 3.1E-04 5.9E-06 3.2E-04 8.5E-06 3.2E-04 0.027 3.4E-06 0.027 4.9E-06 0.027 0.017 2.1E-06 0.017 3.1E-06 0.017 

Cobalt 0.062 1.8E-04 0.062 2.6E-04 0.062 0.026 2.6E-04 0.026 3.8E-04 0.027 0.0037 1.5E-04 0.0038 2.2E-04 0.0039 

Lead 0.070 0.0010 0.071 0.0015 0.072 0.017 2.5E-04 0.018 3.6E-04 0.018 0.0022 1.0E-04 0.0023 1.5E-04 0.0024 

Mercury - Inorganic 0.019 0.0010 0.020 0.0015 0.021 0.031 0.0011 0.032 0.0015 0.032 0.035 6.1E-04 0.035 8.8E-04 0.035 

Methyl Mercury 0.072 0.020 0.093 0.029 0.10 0.41 0.014 0.43 0.020 0.43 0.30 0.0098 0.31 0.014 0.32 

Nickel 0.17 0.0018 0.17 0.0026 0.17 0.045 0.0023 0.047 0.0033 0.048 0.014 0.0013 0.015 0.0019 0.016 

Selenium 0.12 3.5E-05 0.12 5.0E-05 0.12 0.42 9.0E-05 0.42 1.3E-04 0.42 0.27 6.6E-05 0.27 9.6E-05 0.27 

Silver 0.0052 4.9E-05 0.0053 7.2E-05 0.0053 9.1E-04 4.9E-05 9.5E-04 7.1E-05 9.8E-04 3.7E-04 4.0E-05 4.1E-04 5.7E-05 4.3E-04 

Thallium 0.23 0.015 0.24 0.022 0.25 0.050 0.0015 0.052 0.0022 0.052 0.017 1.3E-04 0.017 1.9E-04 0.017 

Tin -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 

Vanadium 1.6 5.1E-04 1.6 7.4E-04 1.6 1.5 3.5E-04 1.5 5.1E-04 1.5 0.55 3.3E-04 0.55 4.8E-04 0.55 

Zinc 0.77 0.0011 0.77 0.0016 0.77 0.24 0.0031 0.24 0.0045 0.24 0.10 0.0018 0.11 0.0027 0.11 

“--“ - Quantitative assessment of COPC could not be performed due to lack of suitable toxicity data or empirically measured concentrations.
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Table 8-21 Ecological Hazard Quotient Summary for Avian Receptors: 400,000 tpy Scenario (Continued) 

COPC 

Duck (Mallard) Red-tailed Hawk Wild Turkey 

Baseline Project 
Alone 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Baseline Project 
Alone 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Baseline Project 
Alone 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Polycyclic Aromatic Hydrocarbons                               

Low Molecular Weight PAHs                               

Acenaphthene -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 

Acenaphthylene -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 

Anthracene -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 

Fluoranthene -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 

Fluorene -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 

Phenanthrene -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 

TOTAL LMW PAH EHQ = -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 

High Molecular Weight PAHs 

Benz(a)anthracene -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 

Benzo(a)pyrene -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 

Benzo(e)pyrene -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 

Benzo(a)fluorene -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 

Benzo(b)fluorene -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 

Benzo(b)fluoranthene -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 

Benzo(g,h,i)perylene -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 

Benzo(k)fluoranthene -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 
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Table 8-21 Ecological Hazard Quotient Summary for Avian Receptors: 400,000 tpy Scenario (Continued) 

COPC 

Duck (Mallard) Red-tailed Hawk Wild Turkey 

Baseline Project 
Alone 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Baseline Project 
Alone 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Baseline Project 
Alone 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Chrysene -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 

Dibenz(a,c)anthracene -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 

Dibenz(a,h)anthracene -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 

Indeno(1,2,3-cd)pyrene -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 

Perylene -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 

Pyrene -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 

TOTAL HMW PAH EHQ = -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 

TOTAL LMW AND HMW PAH EHQ = -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 

Dioxins and Furans 

2,3,7,8-TCDD Equivalent 5.4E-04 3.6E-04 9.0E-04 5.2E-04 0.0011 7.5E-04 4.7E-06 7.6E-04 9.3E-06 7.6E-04 0.0011 3.5E-05 0.0011 6.2E-05 0.0011 

PCB 

Aroclor 1254 (Total PCBs) 0.0011 1.3E-05 0.0011 3.7E-05 0.0011 0.0010 3.3E-07 0.0010 9.2E-07 0.0010 0.0020 1.0E-06 0.0020 2.8E-06 0.0020 

Chlorinated Monocyclic Aromatics 

1,2-Dichlorobenzene -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 

1,2,4-Trichlorobenzene -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 

1,2,4,5-Tetrachlorobenzene -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 

Pentachlorobenzene -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 

Hexachlorobenzene 6.9E-04 2.2E-06 6.9E-04 6.0E-06 6.9E-04 0.0013 8.8E-09 0.0013 2.5E-08 0.0013 0.0021 3.3E-09 0.0021 9.2E-09 0.0021 
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Table 8-21 Ecological Hazard Quotient Summary for Avian Receptors: 400,000 tpy Scenario (Continued) 

COPC 

Duck (Mallard) Red-tailed Hawk Wild Turkey 

Baseline Project 
Alone 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Baseline Project 
Alone 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Baseline Project 
Alone 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Pentachlorophenol 1.2E-05 3.0E-06 1.5E-05 8.1E-06 2.0E-05 0.0015 8.8E-09 0.0015 2.4E-08 0.0015 4.8E-05 1.1E-05 5.9E-05 3.0E-05 7.8E-05 

Chlorinated Solvents and Derivatives 

Carbon Tetrachloride -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 

Chloroform -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 

Dichloromethane -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 

Trichlorofluoromethane (Freon 11) -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 

Chlorinated Alkanes/Alkenes 

1,1,1-Trichloroethane -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 

Other Organics 

Bromoform -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 

O-Terphenyl -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 

Inorganics 

Antimony -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 

Arsenic 0.0088 4.6E-07 0.0088 6.7E-07 0.0088 0.0014 3.1E-08 0.0014 4.6E-08 0.0014 0.0070 1.7E-06 0.0070 2.5E-06 0.0070 

Barium 0.011 6.2E-08 0.011 9.0E-08 0.011 0.0012 6.0E-09 0.0012 8.8E-09 0.0012 0.014 1.8E-07 0.014 2.6E-07 0.014 

Beryllium -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 

Boron 0.034 2.4E-05 0.034 3.4E-05 0.034 0.011 8.7E-07 0.011 1.3E-06 0.011 0.081 1.4E-04 0.081 2.0E-04 0.081 

Cadmium 0.067 3.0E-04 0.067 4.4E-04 0.067 0.027 3.4E-06 0.027 5.0E-06 0.027 0.064 6.4E-04 0.065 9.2E-04 0.065 
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Table 8-21 Ecological Hazard Quotient Summary for Avian Receptors: 400,000 tpy Scenario (Continued) 

COPC 

Duck (Mallard) Red-tailed Hawk Wild Turkey 

Baseline Project 
Alone 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Baseline Project 
Alone 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Baseline Project 
Alone 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Chromium (Total) 0.36 7.8E-06 0.36 1.1E-05 0.36 0.016 1.6E-06 0.016 2.3E-06 0.016 0.13 2.8E-05 0.13 4.1E-05 0.13 

Chromium VI 0.0056 6.4E-07 0.0056 9.2E-07 0.0056 1.4E-04 1.5E-07 1.4E-04 2.1E-07 1.4E-04 1.2E-04 3.4E-06 1.2E-04 4.9E-06 1.2E-04 

Cobalt 0.032 2.2E-05 0.032 3.2E-05 0.032 0.0051 1.7E-05 0.0051 2.4E-05 0.0051 0.031 8.5E-05 0.031 1.2E-04 0.031 

Lead 0.028 1.7E-04 0.028 2.4E-04 0.028 0.0016 9.3E-06 0.0016 1.4E-05 0.0016 0.020 3.8E-04 0.021 5.5E-04 0.021 

Mercury - Inorganic 0.0094 0.0083 0.017 0.012 0.021 7.2E-04 1.7E-05 7.4E-04 2.5E-05 7.4E-04 0.013 3.1E-04 0.014 4.5E-04 0.014 

Methyl Mercury 5.4E-05 0.0017 0.0018 0.0025 0.0025 0.0013 4.8E-06 0.0013 7.0E-06 0.0013 0.0062 0.0018 0.0080 0.0026 0.0088 

Nickel 0.043 1.9E-04 0.043 2.7E-04 0.044 0.0091 3.8E-05 0.0092 5.5E-05 0.0092 0.037 5.8E-04 0.037 8.4E-04 0.037 

Selenium 0.28 6.1E-06 0.28 8.8E-06 0.28 0.061 3.6E-07 0.061 5.2E-07 0.061 0.051 2.2E-05 0.051 3.2E-05 0.051 

Silver 6.1E-04 5.3E-06 6.2E-04 7.7E-06 6.2E-04 3.1E-04 6.9E-07 3.1E-04 1.0E-06 3.1E-04 0.0016 3.2E-05 0.0016 4.7E-05 0.0016 

Thallium 0.072 0.0023 0.075 0.0034 0.076 0.013 0.0033 0.017 0.0048 0.018 0.11 0.013 0.13 0.019 0.13 

Tin -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 

Vanadium 3.9 2.4E-04 3.9 3.5E-04 3.9 0.27 2.8E-05 0.27 4.1E-05 0.27 2.6 6.8E-04 2.6 9.8E-04 2.6 

Zinc 0.31 1.9E-04 0.31 2.8E-04 0.31 0.078 1.7E-06 0.078 2.5E-06 0.078 0.23 2.6E-04 0.23 3.8E-04 0.23 

“--“ - Quantitative assessment of COPC could not be performed due to lack of suitable toxicity data or empirically measured concentrations.
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Table 8-22 Ecological Hazard Quotient and Screening Ratio Summary for Community-Based Receptors: 400,000 tpy Scenario 

COPC 

Terrestrial Plants Terrestrial Soil Invertebrates Freshwater Receptors Freshwater Benthic Invertebrates 

Baseline Project 
Alone 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Baseline Project 
Alone 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Baseline Project 
Alone 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Baseline Project 
Alone 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Polycyclic Aromatic Hydrocarbons                                       

Low Molecular Weight PAHs                                         

Acenaphthene -- -- -- -- -- 0.0017 2.9E-08 0.0017 8.0E-08 0.0017 8.3E-05 1.3E-07 8.3E-05 3.6E-07 8.3E-05 8.6E-04 5.3E-08 8.6E-04 1.5E-07 8.6E-04 

Acenaphthylene -- -- -- -- -- 0.0017 6.7E-09 0.0017 1.9E-08 0.0017 1.1E-04 1.4E-07 1.1E-04 3.8E-07 1.1E-04 8.8E-04 3.9E-08 8.8E-04 1.1E-07 8.8E-04 

Anthracene 0.0013 2.1E-08 0.0013 5.8E-08 0.0013 0.0013 2.1E-08 0.0013 5.8E-08 0.0013 13 0.0043 13 0.012 13 0.23 1.5E-05 0.23 4.2E-05 0.23 

Fluoranthene 0.0013 2.0E-07 0.0013 5.7E-07 0.0013 0.0013 2.0E-07 0.0013 5.7E-07 0.0013 13 0.044 13 0.12 13 0.067 9.2E-05 0.067 2.6E-04 0.067 

Fluorene -- -- -- -- -- 0.0017 2.9E-08 0.0017 8.0E-08 0.0017 0.10 1.3E-04 0.10 3.8E-04 0.10 0.26 4.4E-05 0.26 1.2E-04 0.26 

Phenanthrene 2.5E-04 2.1E-07 2.5E-04 5.9E-07 2.5E-04 2.5E-04 2.1E-07 2.5E-04 5.9E-07 2.5E-04 0.33 0.0027 0.34 0.0076 0.34 0.089 1.5E-04 0.089 4.3E-04 0.090 

High Molecular Weight PAHs 

Benz(a)anthracene 0.0013 1.1E-08 0.0013 3.2E-08 0.0013 0.0013 1.1E-08 0.0013 3.2E-08 0.0013 13 0.0013 13 0.0036 13 0.16 4.6E-05 0.16 1.3E-04 0.16 

Benzo(a)pyrene 5.0E-04 2.0E-08 5.0E-04 5.6E-08 5.0E-04 5.0E-04 2.0E-08 5.0E-04 5.6E-08 5.0E-04 0.0049 8.4E-07 0.0049 2.4E-06 0.0049 0.054 1.8E-04 0.054 5.0E-04 0.055 

Benzo(e)pyrene -- -- -- -- -- -- 1.2E-07 1.2E-07 3.4E-07 3.4E-07 -- 7.5E-06 7.5E-06 2.1E-05 2.1E-05 -- 7.9E-07 7.9E-07 2.2E-06 2.2E-06 

Benzo(a)fluorene -- -- -- -- -- -- 5.0E-08 5.0E-08 1.4E-07 1.4E-07 -- 3.5E-06 3.5E-06 9.7E-06 9.7E-06 -- 9.6E-07 9.6E-07 2.7E-06 2.7E-06 

Benzo(b)fluorene -- -- -- -- -- -- 3.4E-08 3.4E-08 9.6E-08 9.6E-08 -- 5.1E-06 5.1E-06 1.4E-05 1.4E-05 -- 6.5E-07 6.5E-07 1.8E-06 1.8E-06 

Benzo(b)fluoranthene -- -- -- -- -- 0.0028 5.8E-08 0.0028 1.6E-07 0.0028 0.0064 1.2E-06 0.0064 3.3E-06 0.0064 4.3E-04 6.6E-07 4.3E-04 1.8E-06 4.4E-04 

Benzo(g,h,i)perylene 0.0013 2.8E-07 0.0013 7.9E-07 0.0013 0.0013 2.8E-07 0.0013 7.9E-07 0.0013 500 0.40 500 1.1 501 0.29 0.0084 0.30 0.024 0.32 

Benzo(k)fluoranthene 0.0013 2.3E-08 0.0013 6.3E-08 0.0013 0.0013 2.3E-08 0.0013 6.3E-08 0.0013 50 0.0025 50 0.0071 50 0.21 8.4E-05 0.21 2.3E-04 0.21 

Chrysene 0.0013 4.2E-08 0.0013 1.2E-07 0.0013 0.0013 4.2E-08 0.0013 1.2E-07 0.0013 100 0.025 100 0.070 100 0.15 1.2E-04 0.15 3.3E-04 0.15 
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Table 8-22 Ecological Hazard Quotient and Screening Ratio Summary for Community-Based Receptors: 400,000 tpy Scenario 

COPC 

Terrestrial Plants Terrestrial Soil Invertebrates Freshwater Receptors Freshwater Benthic Invertebrates 

Baseline Project 
Alone 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Baseline Project 
Alone 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Baseline Project 
Alone 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Baseline Project 
Alone 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Dibenz(a,c)anthracene -- -- -- -- -- 0.0028 7.9E-08 0.0028 2.2E-07 0.0028 0.020 1.9E-05 0.020 5.3E-05 0.020 3.7E-04 5.4E-06 3.8E-04 1.5E-05 3.9E-04 

Dibenz(a,h)anthracene -- -- -- -- -- 0.0028 2.8E-08 0.0028 7.8E-08 0.0028 5.0 2.2E-04 5.0 6.2E-04 5.0 0.83 5.3E-04 0.83 0.0015 0.83 

Indeno(1,2,3-cd)pyrene 0.0013 6.0E-08 0.0013 1.7E-07 0.0013 0.0013 6.0E-08 0.0013 1.7E-07 0.0013 0.016 3.2E-06 0.016 8.9E-06 0.017 0.25 0.0012 0.25 0.0033 0.25 

Perylene -- -- -- -- -- 5.6E-04 2.6E-08 5.6E-04 7.3E-08 5.6E-04 0.0084 6.9E-07 0.0084 1.9E-06 0.0084 1.7E-04 2.3E-07 1.7E-04 6.3E-07 1.7E-04 

Pyrene -- -- -- -- -- 0.0028 2.3E-06 0.0028 6.5E-06 0.0028 5.6E-04 2.4E-06 5.6E-04 6.7E-06 5.6E-04 0.10 2.4E-04 0.10 6.7E-04 0.10 

Dioxins and Furans 

2,3,7,8-TCDD Equivalent -- -- -- -- -- 3.5E-06 2.5E-07 3.8E-06 3.7E-07 3.9E-06 0.32 0.0013 0.33 0.0018 0.33 7.9E-05 7.9E-05 1.6E-04 1.1E-04 1.9E-04 

PCB 

Aroclor 1254 (Total PCBs) 0.0013 3.9E-06 0.0013 1.1E-05 0.0013 0.020 6.2E-05 0.020 1.7E-04 0.020 20 0.022 20 0.062 20 0.71 0.031 0.75 0.087 0.80 

Chlorinated Monocyclic Aromatics 

1,2-Dichlorobenzene 0.0020 4.0E-09 0.0020 1.1E-08 0.0020 0.0020 4.0E-09 0.0020 1.1E-08 0.0020 0.60 5.5E-04 0.60 0.0015 0.60 0.0011 3.7E-07 0.0011 1.0E-06 0.0011 

1,2,4-Trichlorobenzene 0.0033 2.9E-10 0.0033 8.2E-10 0.0033 0.0033 2.9E-10 0.0033 8.2E-10 0.0033 0.0042 3.0E-07 0.0042 8.4E-07 0.0042 0.0014 3.3E-08 0.0014 9.2E-08 0.0014 

1,2,4,5-Tetrachlorobenzene -- -- -- -- -- 0.0010 3.7E-08 0.0010 1.0E-07 0.0010 0.33 2.3E-04 0.33 6.4E-04 0.33 1.1E-04 1.1E-07 1.1E-04 3.2E-07 1.1E-04 

Pentachlorobenzene -- -- -- -- -- 5.0E-04 2.9E-07 5.0E-04 8.2E-07 5.0E-04 0.0039 7.3E-06 0.0039 2.1E-05 0.0039 9.1E-05 4.2E-06 9.5E-05 1.2E-05 1.0E-04 

Hexachlorobenzene 3.3E-04 5.4E-09 3.3E-04 1.5E-08 3.3E-04 3.3E-04 5.4E-09 3.3E-04 1.5E-08 3.3E-04 7.7 0.0053 7.7 0.015 7.7 7.9E-05 8.8E-07 8.0E-05 2.5E-06 8.1E-05 

Pentachlorophenol 2.4E-04 5.5E-07 2.4E-04 1.5E-06 2.4E-04 2.4E-04 5.5E-07 2.4E-04 1.5E-06 2.4E-04 0.020 0.0014 0.021 0.0040 0.024 6.0E-06 1.4E-07 6.2E-06 4.0E-07 6.4E-06 

Chlorinated Solvents and Derivatives 

Carbon Tetrachloride 0.0010 9.5E-12 0.0010 2.7E-11 0.0010 0.0010 9.5E-12 0.0010 2.7E-11 0.0010 3.6E-04 1.2E-07 3.6E-04 3.5E-07 3.6E-04 1.8E-04 1.9E-08 1.8E-04 5.3E-08 1.8E-04 
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Table 8-22 Ecological Hazard Quotient and Screening Ratio Summary for Community-Based Receptors: 400,000 tpy Scenario 

COPC 

Terrestrial Plants Terrestrial Soil Invertebrates Freshwater Receptors Freshwater Benthic Invertebrates 

Baseline Project 
Alone 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Baseline Project 
Alone 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Baseline Project 
Alone 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Baseline Project 
Alone 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Chloroform -- -- -- -- -- -- -- -- -- -- 8.2E-05 5.1E-08 8.2E-05 1.4E-07 8.2E-05 2.5E-04 1.6E-08 2.5E-04 4.5E-08 2.5E-04 

Dichloromethane -- -- -- -- -- -- -- -- -- -- 7.6E-05 5.7E-06 8.1E-05 1.6E-05 9.1E-05 0.0038 1.7E-06 0.0038 4.7E-06 0.0038 

Trichlorofluoromethane (Freon 11) -- -- -- -- -- -- -- -- -- -- 4.2E-04 3.8E-05 4.6E-04 1.1E-04 5.3E-04 4.2E-04 8.5E-06 4.3E-04 2.4E-05 4.4E-04 

Chlorinated Alkanes/Alkenes 

1,1,1-Trichloroethane -- -- -- -- -- -- -- -- -- -- 0.050 7.8E-05 0.050 2.2E-04 0.050 6.5E-05 9.1E-08 6.5E-05 2.5E-07 6.5E-05 

Other Organics 

Bromoform -- -- -- -- -- -- -- -- -- -- 0.0083 4.3E-04 0.0088 0.0012 0.0095 2.3E-04 1.5E-06 2.3E-04 4.2E-06 2.3E-04 

O-Terphenyl -- -- -- -- -- -- -- -- -- -- -- 1.1E-05 1.1E-05 3.1E-05 3.1E-05 -- 4.4E-06 4.4E-06 1.2E-05 1.2E-05 

Inorganics 

Antimony 0.050 7.7E-05 0.050 1.1E-04 0.050 0.050 7.7E-05 0.050 1.1E-04 0.050 0.25 5.4E-04 0.25 7.8E-04 0.25 2.3E-04 1.1E-07 2.3E-04 1.6E-07 2.3E-04 

Arsenic 0.40 7.6E-06 0.40 1.1E-05 0.40 0.40 7.6E-06 0.40 1.1E-05 0.40 0.40 3.3E-04 0.40 4.8E-04 0.40 0.33 8.0E-06 0.33 1.2E-05 0.33 

Barium 0.12 1.4E-06 0.12 2.1E-06 0.12 0.12 1.4E-06 0.12 2.1E-06 0.12 0.41 3.8E-05 0.41 5.5E-05 0.41 0.038 1.4E-07 0.038 2.0E-07 0.038 

Beryllium 0.18 2.4E-04 0.18 3.5E-04 0.18 0.18 2.4E-04 0.18 3.5E-04 0.18 0.091 4.0E-05 0.091 5.9E-05 0.091 0.093 6.5E-05 0.093 9.4E-05 0.093 

Boron 0.44 2.0E-04 0.44 2.9E-04 0.44 0.44 2.0E-04 0.44 2.9E-04 0.44 0.30 0.0030 0.30 0.0043 0.30 -- -- -- -- -- 

Cadmium 0.042 5.3E-04 0.042 7.7E-04 0.042 0.042 5.3E-04 0.042 7.7E-04 0.042 0.20 0.054 0.25 0.078 0.28 0.83 0.0034 0.84 0.0049 0.84 

Chromium (Total) 0.030 7.2E-07 0.030 1.0E-06 0.030 0.030 7.2E-07 0.030 1.0E-06 0.030 0.67 9.9E-04 0.68 0.0014 0.68 1.2 6.4E-06 1.2 9.3E-06 1.2 

Chromium VI -- 9.6E-06 9.6E-06 1.4E-05 1.4E-05 -- 9.6E-06 9.6E-06 1.4E-05 1.4E-05 10 0.0013 10 0.0018 10 5.0E-04 6.0E-09 5.0E-04 8.6E-09 5.0E-04 

Cobalt 0.18 8.1E-05 0.18 1.2E-04 0.18 0.18 8.1E-05 0.18 1.2E-04 0.18 0.56 0.025 0.58 0.037 0.59 0.013 2.2E-06 0.013 3.2E-06 0.013 
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Table 8-22 Ecological Hazard Quotient and Screening Ratio Summary for Community-Based Receptors: 400,000 tpy Scenario 

COPC 

Terrestrial Plants Terrestrial Soil Invertebrates Freshwater Receptors Freshwater Benthic Invertebrates 

Baseline Project 
Alone 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Baseline Project 
Alone 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Baseline Project 
Alone 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Baseline Project 
Alone 

Project 
Case 

Process 
Upset 
Case 

Process 
Upset 

Project 
Case 

Lead 0.14 0.0012 0.14 0.0018 0.14 0.0099 8.7E-05 0.010 1.3E-04 0.010 0.20 0.012 0.21 0.018 0.22 0.42 0.0018 0.42 0.0026 0.42 

Mercury - Inorganic 0.0070 7.9E-04 0.0078 0.0011 0.0081 0.0070 7.9E-04 0.0078 0.0011 0.0081 0.50 0.0065 0.51 0.0095 0.51 0.25 0.33 0.58 0.48 0.73 

Methyl Mercury 1.4E-04 3.9E-05 1.8E-04 5.6E-05 2.0E-04 1.4E-04 3.9E-05 1.8E-04 5.6E-05 2.0E-04 0.75 9.3E-04 0.75 0.0013 0.75 -- 4.2E-05 4.2E-05 6.1E-05 6.1E-05 

Nickel 0.082 4.7E-04 0.082 6.8E-04 0.082 0.082 4.7E-04 0.082 6.8E-04 0.082 0.24 0.013 0.25 0.020 0.26 0.63 0.0014 0.63 0.0020 0.63 

Phosphorus -- -- -- -- -- -- -- -- -- -- 5.3 0.0060 5.3 0.0087 5.3 1.1 1.1E-06 1.1 1.5E-06 1.1 

Selenium 0.10 3.1E-06 0.10 4.5E-06 0.10 0.10 3.1E-06 0.10 4.5E-06 0.10 0.050 1.9E-05 0.050 2.7E-05 0.050 0.068 6.4E-07 0.068 9.3E-07 0.068 

Silver 0.010 1.8E-05 0.010 2.6E-05 0.010 0.010 1.8E-05 0.010 2.6E-05 0.010 1.0 0.13 1.1 0.19 1.2 -- -- -- -- -- 

Thallium 1.0 0.034 1.0 0.049 1.0 -- -- -- -- -- 1.0 0.50 1.5 0.72 1.7 0.50 0.0053 0.51 0.0077 0.51 

Tin 0.20 7.3E-04 0.20 0.0011 0.20 0.0050 1.8E-05 0.0050 2.7E-05 0.0050 0.0056 2.7E-04 0.0058 3.8E-04 0.0059 3.4E-04 8.1E-07 3.4E-04 1.2E-06 3.4E-04 

Vanadium 0.14 1.8E-05 0.14 2.5E-05 0.14 0.14 1.8E-05 0.14 2.5E-05 0.14 1.3 2.2E-04 1.3 3.2E-04 1.3 0.30 1.3E-05 0.30 2.0E-05 0.30 

Zinc 0.13 2.6E-04 0.13 3.7E-04 0.13 0.13 2.6E-04 0.13 3.7E-04 0.13 2.3 0.039 2.3 0.056 2.3 0.68 4.0E-04 0.68 5.8E-04 0.68 

“--“ - Quantitative assessment of COPC could not be performed due to lack of suitable toxicity data or empirically measured concentrations.
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Table 8-23 Emitted SO2 Concentrations at Each Receptor Location (µg m-3) and Corresponding Phytotoxicity Benchmarks: 400,000 tpy Scenario 

Receptor Name 
Baseline Project Alone Project Case Process Upset Case Process Upset Project Case  

1 Hour 24 Hour Annual 1- Hour 24 Hour Annual 1 Hour 24 Hour Annual 1 Hour 24 Hour Annual 1 Hour 24 Hour Annual 

Eco 1  Darlington Provincial Park 

19 19 5.9 

14 1.4 0.054 34 21 6.0 170 19 0.092 190 38 6.0 

Eco 2 Second Marsh Wildlife Area 7.4 1.0 0.038 27 20 6.0 89 13 0.065 108 32 6.0 

Eco 3 Darlington Waterfront Trail 22 2.3 0.071 42 22 6.0 203 29 0.12 223 48 6.0 

Eco 4 McLaughlin Bay Wildlife Reserve 6.6 2.1 0.046 26 21 6.0 77 25 0.079 97 44 6.0 

Eco 5 Bowmanville Valley Cons. Area 4.0 0.92 0.041 24 20 6.0 48 11 0.070 68 30 6.0 

Eco 6 Eco Baseline 14 1.6 0.030 34 21 6.0 171 19 0.050 191 39 6.0 

Eco 7 Baseline Road & Rundle Road 11 2.0 0.11 31 21 6.0 139 24 0.18 159 44 6.1 

Eco 8 Baseline Road & Courtice Road 25 3.8 0.072 44 23 6.0 295 45 0.12 315 65 6.0 

Eco 9 Soper Creek 3.3 0.82 0.035 23 20 6.0 41 10 0.059 61 29 6.0 

Eco 10 Bowmanville Marsh 4.2 0.89 0.046 24 20 6.0 51 11 0.078 71 30 6.0 

Eco 11 South of Site, Eco Baseline S7 11 1.7 0.019 31 21 5.9 141 22 0.032 160 41 6.0 

Eco 12 Sports Fields 27 1.9 0.065 46 21 6.0 236 24 0.11 256 43 6.0 

Eco 13 Water Pollution Control Plant 28 2.0 0.043 48 21 6.0 346 24 0.072 366 43 6.0 

Eco 14 Future Industrial 33 3.3 0.040 53 23 6.0 379 39 0.068 399 58 6.0 

Eco 15 Harmony Creek 2.2 0.90 0.020 22 20 5.9 27 11 0.033 47 30 6.0 

Eco 16 Farewell Creek 2.5 0.77 0.019 22 20 5.9 31 9.1 0.032 50 28 6.0 

Eco 17 Farm A 20 2.5 0.061 39 22 6.0 209 31 0.10 229 50 6.0 

Eco 18 Farm B 6.0 1.9 0.064 26 21 6.0 72 23 0.11 92 43 6.0 

Eco 19 Farm C 3.6 1.2 0.028 23 21 6.0 44 15 0.047 64 34 6.0 

Eco 20 Robinson Creek 7.1 1.6 0.059 27 21 6.0 86 19 0.10 106 39 6.0 

Eco 21 Bennett Creek 3.0 0.66 0.033 23 20 6.0 36 7.9 0.056 56 27 6.0 

Eco 22 Oshawa Creek Conservation Area 5.0 1.2 0.029 25 20 6.0 60 15 0.049 80 34 6.0 

NAAQO (Maximum Acceptable) 900 300 60 900 300 60 900 300 60 900 300 60 900 300 60 

World Health Organization - 100 30 / 20 F - 100 30 / 20 F - 100 30 / 20 F - 100 30 / 20 F - 100 30 / 20 F 

NAAQO: National Ambient Air Quality Objectives 
F – Forest ecosystem 
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Table 8-24 Emitted NO2 Concentrations at Each Receptor Location (µg m-3) and Corresponding Phytotoxicity Benchmarks: 400,000 tpy Scenario 

Receptor Name 
Baseline Project Alone Project Case Process Upset Case Process Upset Project Case 

1 Hour 24 Hour Annual 1 
Hour 

24 
Hour Annual 1 Hour 24 

Hour Annual 1 Hour 24 Hour Annual 1 Hour 24 Hour Annual 

Eco 1  Darlington Provincial Park 

65 58 37 

49 5.0 0.19 113 63 37 72 7.5 0.19 136 66 37 

Eco 2 Second Marsh Wildlife Area 25 3.6 0.13 90 62 37 37 5.3 0.13 102 64 37 

Eco 3 Darlington Waterfront Trail 78 8.0 0.24 142 66 37 84 12 0.24 148 70 37 

Eco 4 McLaughlin Bay Wildlife Reserve 23 7.2 0.16 87 65 37 33 11 0.16 98 69 37 

Eco 5 Bowmanville Valley Cons. Area 14 3.2 0.14 78 61 37 20 4.7 0.14 85 63 37 

Eco 6 Eco Baseline 49 5.6 0.10 114 64 37 72 7.5 0.10 137 66 37 

Eco 7 Baseline Road & Rundle Road 39 6.8 0.37 104 65 37 58 10 0.37 122 68 37 

Eco 8 Baseline Road & Courtice Road 86 13 0.25 151 71 37 126 19 0.25 190 78 37 

Eco 9 Soper Creek 11 2.8 0.12 76 61 37 17 4.2 0.12 82 62 37 

Eco 10 Bowmanville Marsh 15 3.1 0.16 79 61 37 21 4.5 0.16 86 63 37 

Eco 11 South of Site, Eco Baseline S7 39 6.0 0.066 104 64 37 58 8.9 0.066 123 67 37 

Eco 12 Sports Fields 92 6.5 0.23 157 65 37 90 10 0.23 154 68 37 

Eco 13 Water Pollution Control Plant 97 7.0 0.15 162 65 37 144 10 0.15 208 68 37 

Eco 14 Future Industrial 115 11 0.14 179 70 37 165 17 0.14 230 75 37 

Eco 15 Harmony Creek 7.5 3.1 0.068 72 61 37 11 4.6 0.068 76 63 37 

Eco 16 Farewell Creek 8.8 2.6 0.066 73 61 37 13 3.9 0.066 77 62 37 

Eco 17 Farm A 68 8.5 0.21 133 67 37 87 12 0.21 151 71 37 

Eco 18 Farm B 21 6.5 0.22 85 65 37 31 10 0.22 95 68 37 

Eco 19 Farm C 13 4.3 0.10 77 62 37 18 6.3 0.10 83 65 37 

Eco 20 Robinson Creek 25 5.6 0.20 89 64 37 36 8.2 0.20 101 66 37 

Eco 21 Bennett Creek 11 2.3 0.11 75 61 37 15 3.3 0.11 80 62 37 

Eco 22 Oshawa Creek Conservation Area 17 4.0 0.10 82 62 37 25 6.0 0.10 90 64 37 

NAAQO (Maximum Acceptable) 400 200 100 400 200 100 400 200 100 400 200 100 400 200 100 

World Health Organization - 75 30 - 75 30 - 75 30 - 75 30 - 75 30 

NAAQO: National Ambient Air Quality Objectives 
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Table 8-25 Emitted HF Concentrations at Each Receptor Location (µg m-3) and Corresponding Phytotoxicity Benchmarks: 400,000 tpy Scenario 

Receptor Name 
Baseline Project Alone Project Case Process Upset Case Process Upset Project Case 

1 Hour 24 Hour Annual 1 Hour 24 Hour Annual 1 Hour 24 Hour Annual 1 Hour 24 Hour Annual 1 Hour 24 Hour Annual 

Eco 1  Darlington Provincial Park 

NA NA NA 

0.36 0.037 0.0014 NA NA NA 2.8 0.30 0.0020 NA NA NA 

Eco 2 Second Marsh Wildlife Area 0.19 0.027 0.0010 NA NA NA 1.4 0.20 0.0014 NA NA NA 

Eco 3 Darlington Waterfront Trail 0.58 0.059 0.0018 NA NA NA 3.3 0.46 0.0026 NA NA NA 

Eco 4 McLaughlin Bay Wildlife Reserve 0.17 0.054 0.0012 NA NA NA 1.3 0.40 0.0017 NA NA NA 

Eco 5 Bowmanville Valley Cons. Area 0.10 0.024 0.0011 NA NA NA 0.78 0.18 0.0015 NA NA NA 

Eco 6 Eco Baseline 0.37 0.041 7.6E-04 NA NA NA 2.8 0.31 0.0011 NA NA NA 

Eco 7 Baseline Road & Rundle Road 0.29 0.051 0.0028 NA NA NA 2.3 0.40 0.0039 NA NA NA 

Eco 8 Baseline Road & Courtice Road 0.64 0.098 0.0019 NA NA NA 4.8 0.74 0.0026 NA NA NA 

Eco 9 Soper Creek 0.085 0.021 8.9E-04 NA NA NA 0.67 0.16 0.0013 NA NA NA 

Eco 10 Bowmanville Marsh 0.11 0.023 0.0012 NA NA NA 0.83 0.17 0.0017 NA NA NA 

Eco 11 South of Site, Eco Baseline S7 0.29 0.044 4.9E-04 NA NA NA 2.3 0.35 6.9E-04 NA NA NA 

Eco 12 Sports Fields 0.68 0.048 0.0017 NA NA NA 3.8 0.38 0.0024 NA NA NA 

Eco 13 Water Pollution Control Plant 0.72 0.052 0.0011 NA NA NA 5.6 0.39 0.0015 NA NA NA 

Eco 14 Future Industrial 0.85 0.084 0.0010 NA NA NA 6.2 0.64 0.0014 NA NA NA 

Eco 15 Harmony Creek 0.056 0.023 5.0E-04 NA NA NA 0.44 0.18 7.1E-04 NA NA NA 

Eco 16 Farewell Creek 0.065 0.020 4.9E-04 NA NA NA 0.50 0.15 6.9E-04 NA NA NA 

Eco 17 Farm A 0.51 0.063 0.0016 NA NA NA 3.4 0.50 0.0022 NA NA NA 

Eco 18 Farm B 0.16 0.049 0.0017 NA NA NA 1.2 0.38 0.0023 NA NA NA 

Eco 19 Farm C 0.093 0.032 7.1E-04 NA NA NA 0.72 0.25 0.0010 NA NA NA 

Eco 20 Robinson Creek 0.18 0.042 0.0015 NA NA NA 1.4 0.32 0.0021 NA NA NA 

Eco 21 Bennett Creek 0.078 0.017 8.5E-04 NA NA NA 0.59 0.13 0.0012 NA NA NA 

Eco 22 Oshawa Creek Conservation Area 0.13 0.030 7.4E-04 NA NA NA 1.0 0.24 0.0010 NA NA NA 

NAAQO (Maximum Acceptable) - 0.86 1 - - 0.86 1 - - 0.86 1 - - 0.86 1 - - 0.86 1 - 

NAAQO: National Ambient Air Quality Objectives 

1. NAAQO not available for HF. Benchmark is Ontario Reg. 419/05 Schedule 3 for gaseous fluorides (as HF) during the growing season (MOE, 2005b). 

NA – Baseline data not available for HF. Project Case and Process Upset Project Case scenarios can therefore not be quantified. 

“-“ – No benchmark available for this time period. 



           

Human Health and Ecological Risk Assessment 

Technical Study Report

December 10, 2009

 

Project No. 1009497 
Stantec © 2009 

545 

 

 

8.6.14 Traffic Case: 400,000 tpy 

Current offsite vehicle emissions prior to the start up of the Thermal Treatment Facility were based on 
traffic volume estimates provided by URS Canada Inc. These traffic estimates were combined with the 
existing baseline ambient air conditions in the airshed to produce the baseline traffic case.  

Emissions from vehicle operation (e.g., onsite vehicles and waste/ash trucks) associated with the 
proposed Facility and existing/baseline vehicular traffic were assessed in conjunction with the Facility 
air emissions to determine the net impact from all potential emissions onsite and offsite.  

The assessment was conducted for the receptor locations in close proximity to the roads on which 
traffic into the proposed Facility would travel. This methodology is expected to be conservative as it 
assumes that the maximum predicted concentration due to vehicle traffic occurs simultaneously with 
the maximum predicted concentration from onsite emissions (Jacques Whitford, 2009e).  

8.6.14.1  Effects on Vegetation from SO2 and NO2 Traffic Case Emissions 

The concentrations of SO2 and NO2 were assessed at six ecological receptor locations based on traffic 
impacts at these locations. Two scenarios were assessed: Baseline Traffic Case (Off-Site Traffic + 
Background Ambient Concentration) and Traffic Case (Measured Background + Baseline Off-Site 
Traffic + Project On-Site Traffic + Project On-Site Stationary).  

The SO2 emissions were found to comply with the NAAQO and WHO phytotoxicity benchmarks (where 
available) in both scenarios for their respective 1-hour, 24-hour and annual averaging periods.  

In the case of the NO2 emissions in the Baseline Traffic Case, one exceedance of the 24-hour WHO Air 
Quality Guideline (75 µg/m3) occurred at receptor 14 (Future Industrial) (94 µg/m3). The annual 
concentrations at all six receptor locations exceeded the annual phytotoxicity WHO Air Quality 
Guideline (30 µg/m3) in the Baseline Traffic Case (with values ranging from 38 µg/m3 to 42 µg/m3). In 
the Traffic Case, the 24-hour NO2 concentrations at five of the six ecological receptor locations 
exceeded the WHO Air Quality Guideline (75 µg/m3); however, these concentrations were mainly driven 
by the concentrations of NO2 occurring in the Baseline Traffic Case. Similarly, the annual NO2 
concentrations at all six receptor locations in the Traffic Case were only marginally greater than the 
annual concentrations in the Baseline Traffic Case.  

Results of the traffic case scenarios are summarized in Tables 8-26 and 8-27. 
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Table 8-26 Traffic Case SO2 Concentrations (µg m-3) and Corresponding Phytotoxicity Benchmarks: 
400,000 tpy Scenario 

Receptor Description 

Baseline Off-Site Traffic + 
Background Concentration 

(ug/m3) 

Total Project Impact (Project Off-
Site Traffic + Measured 

Background + Project On-Site 
Emissions) (ug/m3) 

1 Hr 24 Hr Annual 1 Hr 24 Hr Annual 

Eco 3 Darlington Waterfront Trail 20 19 5.9 36 22 6.0 

Eco 6 Eco Baseline 20 19 5.9 34 21 6.0 

Eco 11 South of Site, Eco Baseline S7 20 19 5.9 31 21 6.0 

Eco 12 Sports Fields 20 19 5.3 37 21 6.0 

Eco 13 Water Pollution Control Plant 20 19 5.9 48 21 6.0 

Eco 14 Future Industrial 20 19 6.0 54 23 6.0 

NAAQO (Maximum Acceptable) 900 300 60 900 300 60 

World Health Organization - 100 20 - 100 20 
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Table 8-27 Traffic Case NO2 Concentrations (µg m-3) and Corresponding Phytotoxicity Benchmarks: 
400,000 tpy Scenario 

Receptor Description 

Baseline Off-Site Traffic + 
Background Concentration 

(ug/m3) 

Total Project Impact (Project Off-
Site Traffic + Measured 

Background + Project On-Site 
Emissions) (ug/m3) 

1 Hr 24 Hr Annual 1 Hr 24 Hr Annual 

Eco 3 Darlington Waterfront Trail 121 70 39 179 78 39 

Eco 6 Eco Baseline 121 73 38 122 78 39 

Eco 11 South of Site, Eco Baseline S7 117 69 38 158 75 38 

Eco 12 Sports Fields 122 73 39 182 79 40 

Eco 13 Water Pollution Control Plant 117 69 38 216 76 39 

Eco 14 Future Industrial 129 94 44 254 107 45 

NAAQO (Maximum Acceptable) 400 200 100 400 200 100 

World Health Organization - 75 30 - 75 30 

8.6.15 Decommissioning and Abandonment  

Decommissioning and abandonment of the Site is not expected to occur for several decades. Similar to 
the Construction Case, it is expected that decommissioning and removal of the Facility from the Site 
would entail short-term, localized emissions of air contaminants. While it is unlikely that these activities 
would significantly increase any potential risk to ecological health, it is expected that a more current 
assessment of these potential risks would be conducted prior to the commencement of 
decommissioning activities. Consequently, the prediction of risks to ecological health from 
decommissioning and abandonment has not been undertaken in this assessment. 

8.7 Risk Characterization for Species at Risk 

In order to assess the possible risk of COPC exposure to the avian SARs and species of conservation 
concern occurring within the LRASA, surrogate species were identified and assessed, based on an 
examination of their role in ecological food webs, their specific ecological niches and their trophic 
relations. As stated in Section 8.5.5, to ensure that these species are afforded an appropriate level of 
protection in ERA, TRVs based on NOAELs were preferentially selected; however, if NOAELs were not 
available but LOAELs were used in the calculation of risk, then the acceptable threshold for toxicity was 
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modified downward from 1.0 to 0.33. Moreover, based on the body mass scaling approach used in the 
derivation of TRVs, larger animals have lower TRVs than smaller animals so, for example, larger great 
blue herons have lower TRVs than the smaller least bittern so using a larger surrogate is a protective 
and conservative assessment approach.  

For both the 140,000 tpy and 400,000 tpy scenarios, under the Baseline case, Project Case and 
Process Upset Project Case: 

� EHQ for American Robin were greater than 0.33 for exposure to vanadium and zinc (1.6 and 0.77) 

� EHQ for wild turkey was greater than 0.33 for exposure to vanadium (2.6); and 

� EHQ for great blue heron was greater than 0.33 for exposure to vanadium (0.55) 

These results suggest that the avian SAR for which robin, turkey and heron act as surrogates may be 
at unacceptable risk from exposure. However, these EHQs are entirely driven by the findings in the 
baseline case as discussed in section 8.6.2.1, and were determined to be no different than any other 
similar areas in southern Ontario (Environmental Baseline Study, Jacques Whitford, 2009a). Given that 
the migratory aspects of these VECs were not taken into consideration and that the surrogate species 
were considered to spend 100 % of their time within the LRASA (and thus obtain all food resources 
from the LRASA), the EHQs for birds exceeding the acceptable toxicity threshold of 0.33 for zinc and 
vanadium do not necessarily represent an unacceptable risk to the SAR population within the LRASA.    

8.8 Risk Characterization for Inhalation Route of Exposure 

As discussed in Section 8.5.7 the current state of knowledge on inhalation toxicity does not permit an 
ecological relevant quantitative assessment of this pathway for most COPC. As an alternative to 
conducting a quantitative risk assessment based on the inhalation pathway for ecological receptors, 
human receptor exposure to average annual COPC concentrations was used as a surrogate for 
ecological risk assuming that if humans are adequately protected against inhalation risks, so too will 
ecological receptors. 

Results of the HHRA (Section 7.0) indicated that no chronic Concentration Ratio (CR) estimates for 
individual COPC exceeded the benchmark of 1 for the Baseline Case, Project Alone Case, Project 
Case, Process Upset Case, Process Upset Project Case or Traffic Case in the 140,000 tpy scenario, 
indicating that there is negligible risk to humans exposed to air concentrations from all sources in the 
LRASA for a long-term duration. Similarly, results also indicate that no acute (1-hr or 24-hr) CR 
estimates for individual COPC exceeded the benchmark of 1 for all assessment cases in the 140,000 
tpy scenario, indicating that there is negligible risk to humans exposed to air concentrations from all 
sources in the LRASA (including sensitive receptors) for short durations. Based on the results obtained 
from the human assessment, no risk from individual COPC is expected for all ecological receptors 
present within LRASA for the 140,000 tpy assessment scenario. 
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For the 400,000 tpy assessment scenario, one group of human health receptors (corresponding closest 
to a single ecological receptor location, Eco 6 (Eco Baseline)), the 1-hr hydrogen chloride narrowly 
exceeded the regulatory benchmark for the Process Upset Case (the frequency analysis (Section 
7.12.1.1) at which this hypothetical Case would occur is expected to be very low). In the determination 
of this risk value, it was assumed that the Facility was operating under upset conditions for the entire 
one hour period, and that this occurred at the same time as the worst case meteorological conditions. 
Because the probability of this scenario actually occurring is very low, human (and by extension 
ecological) receptors are unlikely to be at risk from hydrogen chloride during Process Upsets. For all 
other COPC, no CR estimates for individual COPC exceeded the benchmark of 1 for the Baseline 
Case, Project Alone Case, Project Case, Process Upset Case, Process Upset Project Case or Traffic 
Case in the 400,000 tpy assessment scenario, indicating that there is negligible risk to humans 
exposed to air concentrations from all sources in the LRASA for a long-term duration. 

8.9 Risk Characterization for Project Related Activities 

In addition to COPC exposure, 
ecological receptors in the 
vicinity of the Project area may 
encounter non-chemical 
stressors (e.g., noise, habitat 
alteration). Noise from the 
Project has some potential to 
affect wildlife within 300 to 500 m 
of construction activities and 250 
to 300 m of operational process 
units. However, it is expected 
that wildlife would either naturally 
avoid these areas due to the 
human presence and activity, or 
would adjust to the noise 
(Jacques Whitford, 2009d). In 
terms of water discharge, Storm 
Water Management features for 
the Thermal Treatment facility 
will be designed to the Enhanced Protection Level for discharge and based on the combined effects 
associated with water resource management for the Facility, no negative ecological effects are 
anticipated (Jacques Whitford, 2009f). Further, natural features and ecological functions of the Site 
should not be impacted provided the recommendations in the Natural Environment Impact Assessment 
Report are implemented (Jacques Whitford, 2009c). 

Figure 8-5 Possible Ecological Effects of Project Related 
Activities
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Thus, these possible ecological effects induced by each of the chemical and non-chemical stressors 
are not mutually exclusive and wildlife living within the LRASA may be affected by all four 
independently or in combination (areas where circles overlap).  As illustrated in Figure 8-5 above The 
combination of chemical (Project emissions of COPC) and non-chemical stressors (noise, habitat 
alteration), are not expected to have an unacceptable effect on ecological receptors within LRASA. 

8.10 ERA Uncertainty Analysis 

Uncertainty is inherent to many aspects of predicting health risks to VECs. The level of uncertainty 
depends upon the availability and quality of information, as well as the variability associated with many 
of the processes and factors being considered. When conducting risk assessments, it is standard 
practice to implement conservative assumptions (i.e., to make assumptions that are inherently biased 
towards safety) when uncertainty is encountered. This strategy generally results in an overestimation of 
actual risk, which helps ensure that the overall ERA conclusions would be protective of the health of 
ecological receptors. The following sections outline the main sources of uncertainty in this ERA. 

8.10.1 Food Chain Interactions 

Limited "real world" data exist that allow quantification of the true relationship between a chemical in an 
environmental medium and chemical transfer through the food chain. Only a few classes of chemicals 
appear to be magnified through the food chain. These substances include methyl mercury, PCBs, some 
chlorinated pesticides (such as DDT), and some PCDD/PCDF compounds. These substances all have 
a tendency to partition into fatty tissue rather than water. They are also resistant to natural degradation 
processes by metabolic enzymes. PAHs are also classes of hydrophobic chemicals present in the 
environment. Although these hydrocarbons are hydrophobic, they can be metabolized and/or excreted 
by some invertebrates and most vertebrates. For this reason, food chain magnification does not tend to 
occur with PAHs, although they can still be accumulated to some extent by many wildlife species. For 
other organic substances, the extent of food chain magnification is not well understood. Among the 
inorganic chemicals, some, such as zinc are subject to biological regulation. Others, such as thallium 
and mercury, appear to have high potential for bioaccumulation, and still others, such as methyl 
mercury, undergo biomagnification in the food chain. The extent of food chain magnification is a source 
of uncertainty that is addressed by using a conservative approach to uptake of COPC.  

8.10.2 Selection of Chemicals of Potential Concern 

As discussed earlier, the list of possible COPC was compiled using emission inventories from similar 
facilities (e.g., Peel Incinerator), and federal and/or provincial identified/regulated air chemicals. COPC 
retained for multi-pathway analysis were compiled on the basis of their bioaccumulative potential and 
persistence in the environment. The list of COPC was extensive for a facility of this nature and it is 
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unlikely that any additional COPC would be emitted from the Project that could affect ecological 
receptors. 

8.10.3 Inhalation Pathway 

The current state of inhalation toxicology literature does not permit a quantitative assessment of risk for 
most COPC. Very little is known regarding species sensitivity relationships across taxonomic orders or 
classes for health outcomes from inhalation exposure. Consequently, the use of uptake factors or 
allometric scaling is not recommended because there is little assurance of what values will be 
protective. This ERA did not explicitly evaluate the potential risks to ecological receptors from exposure 
to COPC via the inhalation pathway even though, given the nature of the Project, it is assumed that 
terrestrial receptors would be exposed to certain COPC in this manner. Instead, potential risk to human 
health via the inhalation pathway was used as an indicator of ecological inhalation risk based on the 
ascertation that provided that human receptors are adequately protected against inhalation exposures 
to maximum ground level concentrations of COPC, then ecological receptors should be protected as 
well. Given that the level of protection afforded to humans focuses on the health of individuals and often 
sensitive health outcomes (such as childhood asthma), it is reasonable to assume that human 
exposure TRVs for airborne contaminants are likely to be lower than equivalent TRVs for ecological 
receptors. As such, using the results of the human health inhalation pathway assessment is a 
conservative and protective method of assessing inhalation risk to ecological receptors.  

8.10.4 Selection of Appropriate VECs and VEC Characterization 

The VECs evaluated in this ERA were carefully selected to include receptors that are present in the 
LRASA, and could collectively provide a representation of vital components of the food web (i.e., 
omnivore, herbivore). As such, these VECs are expected to be representative of other species that may 
be present on the Site and exposed to COPC. For this ERA it has been assumed that each receptor 
spends its entire life cycle in the assessment areas (12 months per year within the LRASA), even if life 
history traits suggest the receptor undertakes yearly migration. 

The use of VECs is intended to limit the number of ecological receptors to a reasonable number. The 
VECs selected are considered to be consistently present in the assessment areas and to be exposed to 
the COPC via relevant exposure pathways. Therefore, it is reasonable to assume that conclusions that 
are reached in respect of VECs can be generalized to other biota that might use the LRASA. 

For each VEC, the estimated exposure to COPC was dependent on attributes such as water, food, and 
soil intake and dietary composition. These attributes were characterized through extensive reviews of 
the available scientific literature. Where VEC-specific values were unavailable, body weight based 
estimation was utilized (i.e., estimation of food requirements using Nagy’s (1987) equations). Refer to 
Appendix L for more information. 
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8.10.5 Uncertainty Factors Applied to TRV Derivation 

For several COPC, the available toxicity database is very limited.  Consequently, TRVs for these 
substances were occasionally based on less-than-optimal toxicological studies. These TRVs were not 
necessarily specific to the VECs from the Site, reproductive or population-level endpoints, or of chronic 
duration. Uncertainty factors were, therefore, often necessary to modify available toxicological data for 
use in the ERA. The UF used were scientifically based and were applied in a manner that is consistent 
with regulatory guidance. 

The preferred measure of toxicity for TRVs in this ERA is the chronic LOAEL. For certain COPC the 
only chronic endpoints available were NOAELs. In this situation, the NOAEL was used as the TRV 
(without the application of uncertainty factors). The decision not to apply uncertainty factors to translate 
a NOAEL to a LOAEL is a conservative measure to avoid overestimating the LOAEL (and consequently 
underestimating potential risks). For mammalian VECs, NOAEL-based TRVs were used for the 
following COPC: PAHs (low and high molecular weight), hexachlorobenzene, pentachlorophenol, 
carbon tetrachloride, 1,1,1-trichloroethane, bromoform, barium, beryllium, total chromium, chromium VI, 
cobalt, lead, and inorganic mercury. For avian VECs, a NOAEL based TRV was used for cadmium, 
total chromium, cobalt, lead, and nickel. 

Toxicological testing of environmental contaminants is not nearly as extensive for avian species as it is 
for mammalian species. As a result, avian TRVs for many COPC are unavailable. This disparity is 
primarily due to the widely accepted practice of applying mammalian toxicity data for use in human 
health risk assessments and establishing other human health-based guidelines (e.g., tolerable intake 
levels). Cross-class extrapolation for TRVs is not advised (Ohio EPA, 2003, 2008) and the possible 
uncertainty associated with the extrapolation of mammalian toxicity data for the purpose of generating 
avian TRVs was considered unacceptable for this ERA. The exception to this is with the case of PAHs. 
The U.S. EPA (2008) identified nearly 5,500 papers with possible toxicity data for either birds or 
mammals exposed to high and low molecular weight PAHs. Of those meeting the Eco-SSL 
acceptability criteria (46 papers), only two contained data concerning avian species and Eco-SSLs 
were not derived for birds due to data limitations. However, during the Eco-SSL literature review it was 
observed that for the compounds that had toxicological results for bird species, mammals were always 
more sensitive (Kapustka, 2004). On the basis of this observation, it has been suggested that 
mammalian TRVs can be assumed to be protective of avian species also (Kapustka, 2004), and 
Jacques Whitford has followed this approach for PAHs. 

8.10.6 TRV Derivation 

The toxicological database in support of a TRV for VEC preferably includes a number of chronic or 
multi-generational exposure studies involving exposure of relevant test species (i.e., the ecological 
receptor of interest or a phylogenetically similar species) to appropriate chemical forms of the 
substance of interest. Ideally, one or more relevant biological endpoints such as growth, reproductive 
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effects, or survival were measured in the study. Databases that meet this requirement are available for 
some chemicals, but in most cases, available toxicity data is limited to studies conducted with 
laboratory animals (e.g., mammals: mice, rats, rabbits; birds: quail, chicken, and ducks). For use in 
ERA these laboratory data are often modified to account for taxonomic (e.g., genus, family, order) and 
exposure duration differences (e.g., conversion from sub-chronic to chronic) by using uncertainty, and 
body mass differences between the lab and wildlife species using an allometric scaling approach (U.S. 
EPA, 1995; Duke and Taggart 2000; Ohio EPA 2008). Comments from a reviewer of this ERA 
suggested that toxicity data should be obtained to derive TRVs from species that are closely related or 
with similar gut physiology to the VEC assessed in the ERA. 

The U.S. EPA Ecotox database, Cal/Ecotox database and primary literature (search conducted using 
several article depositories (e.g., Google Scholar/Web of Science/PubMed/BIOSIS)) were consulted to 
determine the feasibility of using VEC-specific toxicity data or closely related species in the quantitative 
ERA, in place of the industry standard of using toxicity data from a defensible and suitable test species. 
The U.S. EPA Ecotox and Cal/Ecotox databases are comprehensive sources of toxicological effects of 
chemicals on wildlife (e.g., the U.S. EPA Ecotox database includes more than 400,000 test records 
covering 5,900 aquatic and terrestrial species and 8,400 chemicals) and the primary source of data for 
both databases is peer-reviewed literature. 

For the first portion of this exercise the U.S. EPA Ecotox database and the Cal/Ecotox database were 
searched for toxicity data for six VECs (red fox, mink, white-tailed deer, wild turkey, great blue heron, 
and American robin) and five COPC (arsenic, vanadium, pentachlorophenol, hexachlorobenzene, and 
carbon tetrachloride) assessed in this ERA. These VEC were selected because they inhabit a variety of 
ecological niches (e.g. primary, secondary, and tertiary consumers) and the COPC represent both 
organic and inorganic chemicals.   

A search of both databases revealed a paucity of data for all VEC/COPC combinations, and in general, 
aside from a few metals and pesticides, toxicity data were not available for the chosen VECs. A single 
exception to this was a LOAEL of 25 mg/kg hexachlorobenzene for mink. When adjusted to a daily 
dose this LOAEL is 3.4 mg HCB/kg-bw/day, a similar but less conservative TRV than the TRV used in 
the ERA (2.6 mg/kg/d).  

As a corroborating line of evidence to determine the feasibility of preferentially using species specific 
toxicity data rather than laboratory data, primary scientific literature was searched for toxicity 
information for the above mentioned COPC for one mammalian and avian VEC (white tailed deer and 
wild turkey). The search revealed that some information regarding arsenic toxicity was available for the 
white-tailed deer, however, upon deeper investigation it was determined that the data would not suffice 
for use in an ERA because the studies were highly anecdotal in nature and did not follow a dose-
response experimental approach defined a priori, thus utilizing a post hoc data analysis. It was 
concluded that there were no TRVs specific to turkey or white-tailed deer exposed to the 
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aforementioned chemicals that were appropriate as the basis for a scientifically defensible quantitative 
COPC assessment. 

As a final line of evidence to evaluate the use of laboratory species toxicity data as an alternative to 
either species-specific or surrogate species toxicity data, the aforementioned sources were searched 
for toxicity data for closely related surrogate species (e.g., within the same class, with similar gut 
physiology) for the white tailed deer (ruminants including sheep and cattle) and red fox (domestic dog). 
In many cases no toxicity data could be found for the closely related surrogate species and in the cases 
where data were available, results indicated that cross-species and indeed cross-study toxicity data 
vary on a case by case basis. For example, NOAELs derived in one study may exceed LOAELs 
derived by another, and likewise, COPC-specific intraspecies LOAELs/NOAELs may vary by as much 
as one order of magnitude. One trend noted more often than not is the apparent conservatism 
associated with the use of body mass scaled TRVs; these were often lower than the surrogate TRV. 

8.10.7 Use of Body Mass Scaled TRVs 

The MOE released a memo dated May 14, 2009 stating that there is insufficient data to indicate 
whether acute scaling values have any validity to chronic effects data and until sufficient evidence is 
provided, MOE will no longer accept the application of allometric dose scaling developed using acute 
toxicity information for estimating chronic effects data. While it is true that the use of allometric dose 
scaling draws heavily from acute rather than chronic data, this is not by itself enough to discount the 
approach and indeed, some studies have validated the allometric exponent with chronic data. The 
allometric scaling approach is used by Environment Canada and Health Canada for the derivation of 
mammalian TRVs (or critical toxicity values; CTVs) for chemical substances assessed under the 
Chemicals Management Plan, is suggested by Ohio EPA in their ERA guidance (2008), and supported 
by scientific research.  

Of the 54 COPC quantitatively assessed for mammals, 26 TRVs were potentially body mass scaled 
(only when the test species was lighter than the VEC). Of the 20 COPC quantitatively assessed for 
birds, 13 were potentially body mass scaled. Under the Baseline Case, the American robin, belted 
kingfisher, mallard duck and wild turkey all have HQs greater than 1.0 for exposure to vanadium. The 
vanadium TRV used in this ERA was body mass scaled. To illustrate the effect of body mass scaling on 
the quantitative assessment of risk, EHQs derived using the body mass scaled vanadium TRV and the 
non-body mass scaled TRV are presented in Table 8-28 below.   
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Table 8-28 Comparison of Scaled vs. Non-scaled TRVs and Associated EHQs 

Species Unadjusted TRV a 
(mg/kg-bw/day) 

EHQ based on 
Unadjusted 

TRV 

Body Mass Scaled TRV b 

(mg/kg-bw/day) 

EHQ based on Body 
Mass Scaled 

TRV 

American Robin 0.23 1.6 0.23 c 1.6 

Belted Kingfisher 0.23 1.4 0.22 1.5 

Mallard Duck 0.23 2.2 0.13 3.9 

Wild Turkey 0.23 1.1 0.095 2.6 

a. Based on oral exposure of 1-day old chicks to sodium metavanadate at concentrations of 0, 3, 6 and 12 mg/kg in food over a 
period of 5 weeks, ad libitum.  Final TRV is a based on chronic LOAEL.  Refer to Appendix J for TRV derivation and source. 

b. Scaling approach discussed in Section 8.5.6 and Appendix J. 

c. Allometric body mass scaling not applied as TRVs are not scaled upwards when the modelled species is smaller than the 
laboratory test species. 

As can be seen in Table 8-28, use of body-mass scaling of TRVs results in a more conservative 
estimate of risk to VEC compared to using an unadjusted TRV. Using the most extreme example in the 
wild turkey, the scaled TRV is nearly 2.5 times more conservative than the unadjusted TRV. In other 
words, use of unadjusted TRVs tends to underestimate possible magnitude risk of VEC exposure to 
COPC but does not alter the conclusion that possible unacceptable risk exists.   

8.10.8 Exposure Prediction Limitations 

For the Project Alone, Project Case, Process Upset, and Process Upset Project Cases various models 
were used to estimate air emissions and environmental fate of COPC for the purpose of generating 
EPCs. These modeling exercises were carried out in a way that is expected to result in conservative 
estimates that overstate the actual level of risk. It is important to recognize that the modeled air 
emissions data are also inherently conservative. Therefore, the calculated risks to VECs that result 
from these data are also highly conservative. For the Baseline Case assessment, EPCs for soil, water, 
sediment, terrestrial plants, terrestrial (small) mammal, and fish were derived from empirical 
measurements. For some COPC, however, empirical data was not obtained and uptake factors (UP) 
were used to predict COPC concentrations in certain media and biota. 
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8.10.9 Chemical Speciation 

The fate, food chain interactions, and toxicity of a number of inorganic elements depend to a large 
extent upon their chemical form. As such, conservative assumptions about chemical form, 
bioavailability, and absorption across the gut were generally carried forward in the risk assessment, and 
the potential for exposure is likely to be overstated. For example, it was assumed that 100% of each 
ingested COPC is absorbed from ingested soil or food, and is available to the organism as a potentially 
toxic substance. This may be reasonable for some COPC but would be highly conservative for others. 

8.10.10 Environmental Fate and Transport 

The environmental fate and transport of COPC was modeled following US EPA and similar fate and 
transport models. Although the overall model structures are reliable, the quality of many of the 
parameter values describing the environmental fate and partitioning of COPC varies. For some COPC 
and/or environmental media, the environmental fate and transport parameters are uncertain, and in the 
face of this, conservative assumptions were implemented that may overstate the likely environmental 
concentrations and exposure of wildlife to these and other substances. 

8.10.11 Summary of Assumptions and Uncertainty in the ERA 

The assumptions/uncertainties used in this ERA are provided in Table 8-29, along with an evaluation of 
each. 

Table 8-29 Summary of ERA Assumptions/Uncertainties 

Assumptions/Uncertainty Justification 

Receptor Characteristics 

Assumed all ecological receptors spend 100% of life on 
site. 

Amount of time on site is highly variable (for certain VECs), 
but will not exceed 100%. Migration patterns of some species 
(e.g. American robin) that may take them out of the LRASA 
(and therefore lower their potential exposure) during much of 
the year have not been incorporated into this assessment. 

Intake Parameters for VECs (e.g., food ingestion rate) are 
highly dependent on modeled values, and other literary 
sources (i.e., US EPA 1993) 

Site-specific information  is not available 

Food chain interactions 

Chemical transfer through the food chain (i.e, 
biomagnification) is relatively unknown for many chemicals.  
These uncertainties are dealt with in a conservative manner in 
the ERA. 

Exposure Assessment 
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Assumptions/Uncertainty Justification 

Exposure Prediction Limitation 

Various models were used to estimate air emissions and 
environmental fate of COPC for the purpose of generating 
EPCs. These modeling exercises were carried out in a way 
that is expected to result in conservative estimates that 
overstate the actual level of risk.  

Toxicity Assessment 

Allometric scaling was applied to laboratory generated 
TRVs to derive TRVs for VEC. 

Extremely limited or no toxicity data is available for VEC 
species assessed in this ERA so the industry standard of 
applying allometric scaling to laboratory derived TRVs was 
used.   

Chemical speciation is often unknown  
Conservative assumptions regarding chemical form were 
applied (i.e., assumed 100% of ingested COPC is absorbed 
and available to the VEC as a potentially toxic substance). 

Risk Characterization 

Ecological risks from the inhalation pathway 

Given uncertainties in assessing risk to ecological receptors 
from the inhalation pathway, results of the HHRA were used.  
It is assumed that a lack of unacceptable risk in the HHRA is 
also indicative of a lack of unacceptable risk to ecological 
receptors 

An Ecological Hazard Quotient or Screening Ratio of 1.0 is 
used as the threshold for potential risk to VECs (but not 
SAR species) 

Due to the incorporation of background concentrations into 
this ERA, this threshold value was considered conservative 
and appropriate. 

 

8.11 ERA Conclusions 

The purpose of the ERA was to evaluate the potential ecological risk of receptor exposure to Project 
COPC in the LRASA, and to predict the potential for adverse environmental health effects at receptor 
locations for specified scenarios.  

The following is a summary of ERA conclusions and discussion of potential effects: 

� In most cases risk estimates for ecological receptors exposed to Project COPC were orders of 
magnitude below the benchmark of 1.0;  

� The ERA determined that EHQs were all below their benchmark for exposure of avian and 
mammalian receptors to COPC emissions from all cases, with the exception of vanadium for birds 
and selenium for mammals, which were driven entirely by existing baseline concentrations. 
Baseline media concentrations within the LRASA are not expected to differ from any other 
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unimpacted site in southern Ontario. The vanadium TRV for birds, and the selenium TRV for 
mammals selected for use in this ERA are highly conservative values; 

� In cases where the EHQs and SRs (freshwater and/or sediment receptors) were greater than 1.0, in 
nearly every instance it was the result of using a laboratory detection limit  in place of actual 
measured baseline concentrations (because COPC was non-detected) in the calculation. 
Consequently, predicted risks reflect the highly conservative nature of the ERA rather than actual 
potential risk; and 

� SO2, NO2, and HF concentrations in the environment related to the Project are not expected to 
affect plant communities within the LRASA. The NO2, background values were found to exceed the 
WHO phytotoxicity benchmarks; however visual inspection of the plant communities revealed 
healthy vegetation with no evidence of NO2 related stress. 

Overall, the results of the ecological risk assessment indicate that chemical emissions from the EFW 
Facility would not lead to any adverse ecological risks to receptors or species at risk in LRASA under 
either the initial operating design capacity of 140,000 tpy or the maximum design capacity of 400,000 
tpy. In addition, a combination of the chemical and non-chemical stressors (noise, habitat alteration), is 
not expected to have an unacceptable effect on ecological receptors within LRASA. 

However, a potential unacceptable risk was estimated for freshwater receptors exposed to 
benzo(g,h,i)perylene (SR=1.1), marginally in excess of the Provincial benchmark (SR=1.0), as a result 
of Process Upsets. Slight exceedances of benchmark risk levels were seen when the EFW Facility at 
400,000 tpy was operating under upset conditions, where two of the three exhaust streams are being 
affected for the entire one hour period, and at the time of the worst meteorological conditions. The 
probability of this hypothetical situation actually occurring is expected to be very low. 
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9.0 SUMMARY OF CONCLUSIONS 
The HHERA considers and assesses the effects of the Project, including cumulative effects, within the 
Local Risk Assessment Study Area. The objective of the HHERA was to evaluate the potential for 
people and the environment to be adversely affected as a result of COPC emissions from the Project. 
Ground level air concentrations were modeled as part of the Air Quality Technical Study (Jacques 
Whitford, 2009b). Annual deposition of persistent COPC was modeled at receptor locations for input 
into the multi-media HHERA. Seven cases were evaluated in the HHERA, as follows: 

� Baseline Case 

� Baseline Traffic Case (Inhalation Assessment Only) 

� Project Alone Case 

� Project Case 

� Process Upset Case 

� Process Upset Project Case 

� Traffic Case (Inhalation Assessment Only) 

Overall, the results of the human health risk assessment indicate that chemical emissions from the 
EFW Facility would not lead to any adverse health risks to local residents, farmers or other receptors in 
LRASA under either the initial operating design capacity of 140,000 tpy or the maximum design 
capacity of 400,000 tpy. 

However, a limited number of chemicals under the Process Upset Case of the 400,000 tpy maximum 
design capacity resulted in slightly elevated potential risks above the government benchmarks for 
human health. These include: 

� maximum exposure to the 1 hour hydrogen chloride concentration at the commercial/industrial 
receptor location resulting in a CR of 1.0 (benchmark CR=1.0); 

� exposure of farmer infant to breast milk of a mother living in close proximity to the EFW facility 
under the Process Upset Case resulted in an infant dioxin and furan HQ of 0.22, slightly in excess 
of the government benchmark of 0.2. 

Overall, the results of the ecological risk assessment indicate that chemical emissions from the EFW 
Facility would not lead to any adverse ecological risks to receptors or species at risk in LRASA under 
either the initial operating design capacity of 140,000 tpy or the maximum design capacity of 400,000 
tpy. In addition, a combination of the chemical and non-chemical stressors (noise, habitat alteration), is 
not expected to have an unacceptable effect on ecological receptors within LRASA. 
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However, a potential unacceptable risk was estimated for freshwater receptors exposed to 
benzo(g,h,i)perylene (HQ=1.1), marginally in excess of the Provincial benchmark (HQ=1.0), as a result 
of Process Upsets. 

These slight exceedances of benchmark risk levels were seen when the EFW Facility at 400,000 tpy 
was operating under upset conditions, where two of the three exhaust streams are being affected for 
the entire one hour period, and at the time of the worst meteorological conditions. The probability of this 
hypothetical situation actually occurring is expected to be very low. 

Regardless, in the event that a 400,000 tpy expansion of the facility is eventually contemplated, special 
consideration should be given at that time to ensure that Process Upset Conditions do not result in an 
undue risk to people living and working in the area surrounding the facility or to ecological receptors. 
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10.0 CLOSURE 
This Report has been prepared by Jacques Whitford Limited. The assessment represents the 
conditions at the subject property only at the time of the assessment, and is based on the information 
referenced and contained in the Report. The conclusions presented herein respecting current 
conditions, and potential future conditions are at the subject property resulting from the Project, 
represent the best judgment of the assessor based on current scientific standards. Jacques Whitford 
attests that to the best of our knowledge, the information presented in this Report is accurate. The use 
of this Report for other Projects without written permission of Durham Region, York Region and 
Jacques Whitford is solely at the user’s own risk. 
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