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Results of Initial Field Investigation



What makes up a complex site?
• Long and complex industrial history
• Limited knowledge of potential contaminants
• Apparent inconsistent spatial distribution of chemical 

constituents across site
• Constituents form highly complex mixtures affecting 

subsurface soil and groundwater
• Chemical mixtures consist of parent compounds are 

break-down products
• Traditional analytical chemistry methods not effective
• No regulatory guidelines or toxicology information
• Subsurface conditions are difficult to assess

Complex site



Introduction



Managing a Complex Site

Typical Management 
Process

1. Identify areas of concern.
2. Identify contaminants of 

concern.
3. Assess concentrations of 

contaminants of concern.
4. Compare concentrations to 

Tier 1 guideline values.
5. Detailed assessment of 

contaminants of concern 
that exceed Tier 1 values.

6. Development management 
plan.  

Complex Management 
Process

1. Identify areas of concern.
2. Identify contaminants of 

concern.
3. Assess concentrations of 

contaminants of concern.
4. Compare concentrations to 

Tier 1 guideline values.
5. Detailed assessment of 

contaminants of concern 
that exceed Tier 1 values.

6. Development management 
plan.  



Areas of Concern



Areas of Concern



Assessment work – 2010, 2012, 2013, 2015

2012 Assessment Photos
• Clay soil cores with NAPL.  TH7 4.5-6.1 m



Assessment work – 2010, 2012, 2013, 2015

2013 Rail upgrade photos



Initial qualitative analysis

• 130 tentatively 
identified compounds

• 100 unidentified 
chemical formulations



2017 Assessment work

2017 
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Assessment work - 2017



Assessment work - 2017



What chemicals were present from the 
assessment process?

• A wide range of 
parent compounds 
are present.

• Innumerable 
metabolites are 
present.

COPC Media 
2,4,5-T (2,4,5-Trichlorophenoxyacetic acid)* GW
2,4,6-trichlorophenol GW
2,4-D (2,4-dichlorophenoxyacetic acid) S, GW
2,4-DB (4-(2,4-dichlorophenoxy)butyric acid) S, GW
2,4-dichlorophenol GW
2,4-DP (Dichlorprop)* GW
2,6-dichlorophenol GW
3,4-dichlorophenol GW
Aldrin GW
Bromacil GW
Bromoxynil S, GW
Chlordane S
Chloroethane* GW
Chloroform S
Clopyralid* S
DDD p,p GW
DDE p,p GW
DDT, o, p' GW
DDT, p,p' GW
Dicamba GW
Dieldrin GW
Dimethoate GW
Endrin GW
F1 S
F1-BTEX S
F2 S
F3* GW
Heptachlor GW
Indeno (1,2,3-cd)pyrene GW
Lindane S, GW
Malathion GW
MCPA S, GW
MCPP (mecoprop)* GW
Metribuzin GW
Phenol GW
Solv Esso 100* S, GW
Solv Esso 150* S
Treflan (Trifluralin) S, GW
Trilate/Triallate GW
Xylene S, GW

 

What exposure pathways are active?



Off Site and Future On Site Exposure 
Pathways

Groundwater Soil

Management 
Controls on 
Exposure 
Pathways



Complex Operating Site Assessment
What is considered volatile?

1. Vapour intrusion was only considered for 
compounds with a Henry’s law constant greater 
than 10-5 atm m3 mol-1.

2. Many contaminants of potential concern were not 
present in US EPA Johnson and Ettinger model.  
Surrogates were picked
o i.e Solv Esso 100, we picked hexane.  

3. Dust inhalation was assessed for the inhalation and 
ingestion pathway (many particles are captured in 
the upper respiratory tract and redirected to the 
digestive tract).



Contaminants of Potential Concern

COPC Media
2,4‐D (2,4‐dichlorophenoxyacetic acid) S, GW
2,4‐DB (4‐(2,4‐dichlorophenoxy)butyric 
acid) S, GW
2,4‐dichlorophenol GW
Benzene GW
Chloroform S
Dicamba GW
DDE p,p GW
DDT, p,p' GW
Dimethoate GW
Dieldrin GW
Endosulfan GW
Heptachlor GW
Napthalene GW
MCPA S, GW
Xylene S, GW

COPC Media
2,4,5‐T (2,4,5‐Trichlorophenoxyacetic acid)* GW
2,4,6‐trichlorophenol GW
2,4‐D (2,4‐dichlorophenoxyacetic acid) S, GW
2,4‐DB (4‐(2,4‐dichlorophenoxy)butyric acid) S, GW
2,4‐dichlorophenol GW
2,4‐DP (Dichlorprop)* GW
2,6‐dichlorophenol GW
3,4‐dichlorophenol GW
Aldrin GW
Bromacil GW
Bromoxynil S, GW
Chlordane S
Chloroethane* GW
Chloroform S
Clopyralid* S
DDD p,p GW
DDE p,p GW
DDT, o, p' GW
DDT, p,p' GW
Dicamba GW
Dieldrin GW
Dimethoate GW
Endrin GW
F1 S
F1‐BTEX S
F2 S
F3* GW
Heptachlor GW
Indeno (1,2,3‐cd)pyrene GW
Lindane S, GW
Malathion GW
MCPA S, GW
MCPP (mecoprop)* GW
Metribuzin GW
Phenol GW
Solv Esso 100* S, GW
Solv Esso 150* S
Treflan (Trifluralin) S, GW
Trilate/Triallate GW
Xylene S, GW

Initial Screen After Paper Screening



Areas and Metabolites

Which areas pose the greatest 
concern?

Have we missed the big 
movers of risk?

• Chemical results do not 
correspond with impact 
assessment team’s visual 
recording and were often 
fragmentary.  

• It is simply not possible to 
screen for all possible 
metabolites at all locations. 

• We need to use in vitro assays. 



How should we focus our hazard 
assessment?

Out of 42 chemicals of concern, 28 were known hepato‐toxicants (liver).  Thus, as 
an initial screen, we used liver cell lines to screen over 20 boreholes.  
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Where are these boreholes 
on the site?

TH17‐20
4‐6 m

TH17‐17
1.5‐3 m

TH17‐15
7‐9 m

TH17‐13
8‐10 mTH17‐12

4‐5 m



Next steps (3 to 4 years)

•Identify cell lines 
most sensitive to 
pollutants.
•Use cell lines to 
develop site 
conceptual model 
by tracking 
groundwater and 
soil pollution.

Exposure 
assessment

•Determine toxicity 
mode of action for 
complex mixture. 
•Develop dose 
response curve for 
inhalation and 
ingestion exposure. 

Hazard 
assessment

•Finalize current risk 
assessment.
•Develop site 
specific remedial 
objectives.

Management

• Results to date identified that the primary risk exposure 
pathways of concern are vapour inhalation and groundwater.

• Areas of concern are not as spatially dispersed as initially 
assumed, but may be more localized.    However, groundwater 
models still need additional work after cell lines are developed.  
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