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Complex site

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
e Subsurface conditions are difficult to assess
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Managing a Complex Site

Typical Management
Process

1. Identify areas of concern.

2. ldentify 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.
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Complex Management

Process
1. Identify areas of concern.
conecernh-

3 Assess concentrationsof
contaminantsofconcern-
4—Corpare-concentratiohste
Tier 1 guidali o

5 Detailedassessmentof
contaminantsofconcern
thatexceed FHerl values:
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Areas of Concern
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Areas of Concern
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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
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Initial qualitative analysis

Qualitative Analysis Report

Total lon Chromatogram L % oty
22| 5.488 33627077 0.32%|C11 compound
Ionization M 23| ss47 238875253, 2.30%) C4 substituted benzene
24| 5635 595755586, 5.74%)|C# substituted benzene
o e e e s | 568 890666693 8.58%| C4 substituted benzene
26] 5815 47367068 0.46%)|CS substituted benzene
x107 +EI TIC Scan 16963_5.0 27| ss8s3 20046275 0.19% | unknown
1.6 ’ 14.425 28] s5.886 428568748 4.13%)|C4 unsaturated substituted benzene
. 29) 5.957| 16565463 0.16% | unknown
24?73703 30| 5.978 9752124 0.09% |unknown
1.4 31] _6.006 309359384, 2.98%|C4 substituted benzene + unknown
12 32| _6.058 35008284 0.38%)|C5 benzene
: 33 61 12376851 0.12%)|C5 benzene
1 34 6.3 45663695 0.44%)|CS substituted benzene
35 6.9 94052116 0.91%)|C5 benzene
0.8 36| 6311 37175638 0.36%)| Chiorophenol
37]__6.369 886605656 8.54% |Naphthalene
0.6 38| 642 177929069 1.71%]C5 substituted benzene
0.4 39| 6535 62846452 0.61%)C5 sub benzene
. | 6658 35191516 0.34% | C5 substituted benzene
021l { 4] 679 36992964 0.36%C5 substituted benzene
; ; ; \ ) 42| 6.806 19102503 0.18% |unknown
4 5 6B 9 10 11 12 13 14 15 16 17 18 e e
Counts vs. Acquisition Time (min) 4 6949 51924635 0.50%| 2 substituted indane
45| 7.03 79913947 0.77% Chloropmethylphenol
46| __7.086 13522915 0.13%]C2 substituted Indane
47| 7.111 10455311 0.10% |unknown
48| 7.229 22386078 0.22%|C5 substituted benzene
. 29| 7.267 17973709 0.17%unknown
e 130 tentatively e e
51| 7.372 9627898 0.09%
52| 7.405 35006080 0.34%|C1 substituted naphthalene
53|__7.427 5580055, 0.05%|unknown
N . e 58| 7.568 17561702 0.17%)|C1 substituted ¥
55| 7.585 23986782 0.23%|C2 substituted tetral alene
identified compounds == - =
57]__7.666 8845630 0.09%)|C2 substituted tetrahydron
58| 7.813 2866050 0.03%|C2 tetrahydronaphthalene + un/
59| 7.835 9545126 0.09%|C2 substituted tetrah e
50| 7.95 1 0.12%]unk
° o f'° 61] _ 8.019) 2813119) 0.03%unknown
o uniaentirie e =
&3] 8.143 9193271 0.09%)| Tetradecane
64 8.251 23477431 0.23%| 2 substituted hy
65| 8.316 2509156) 0.02%|C2 5 naphthalene
° . 66| 8.377 55142303 0.53%|C2 51 naphthalene
&7 851 51473689 0.59%)|C2 substituted naphthalene
8| 8538 38608083 0.37%| 2
69| 8.565 7290602 0.07% unknown
70| 8663 4933310 0,05%)|C3 substituted tetrahydronaphthalene
71| 8685 27926176] 0.27%|2
72| 8718 17070803 0.16%] C3 substituted tetrahydronapl e
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2017 Assessment work




2017

Assessment work




Assessment work - 2017
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What chemicals were present from the
assessment process?

Media
° 2,4,5-T (2,4,5-Trichlorophenoxyacetic acid) GW
PS A Wld e ranee Of 24,6 richloropherol ow
g 2,4-D (2,4-dichlorophenoxyacetic acid) S, GW
2,4-DB (4-(2,4-dichlorophenoxy)butyric acid) S, GW
2,4-dichloro| phenol GW
aren t compoun d S 2.4-DP (Dichlorprop)* ow
2,6-dichlorophenol GW
dichloro| phenol GW
Aldrin GW
are present o
* Y S, GW
CCCCCCCCC S
hhhhhhhhhhhh GW
Chlorofor| m S
e lnnumerable s
DDD p,p GW
DDE p.p GW
(] ,0,p' GW
metabolites are o
aaaaaa GW
Dieldrin GW
GW
present. -
S

FFFFFFF

PPPPPP
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Off Site and Future On Site Exposure
Pathways

Groundwater Soil

media osure receptor
media Exposure receptor =

Ingestion none from well
[well or surface] Toddler for surface

.~ nane from well M a n a ge m e nt
Controls on
. Exposure i

eI N;ZL:EEJIIET:,E :2.&. P a t h W a S Indoor and outdoor toddler [non carc]
* sl or suns. & - inhalation of vapours adult {carc)

\

toddler (non carch
adult {carc)

Direr . <estion

toddler (non carc)

adult (m@rc)

toddler {non carch todd|er (non carc)

Ingestion of

not applicable o

surraunding land uses nat applicable for tand wse

prod _efve,, “tation

toddler {nan carch
contar ., <ad fish adult {car)

Ingestion of not applicable to livestock
contam.. ted live~ . or

wild game . «ding an
or”_anate »-%

applicable to transent
wildife




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> atm m* mol-L.

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).

woOoO.



Contaminants of Potential Concern

Initial Screen After Paper Screening

lcopc . |wvedia |
pem— COPC
2,4-D (2,4-dichlorophenoxyacetic acid) [

2,4-DB (4-(2,4-dichlorophenoxy)butyric
acid) S, GW

o GW
= - Berzene ol
o GW
GW
: GW
GW
T o GW
GW
o GW
o S, GW

Trilate/Triallate GW
S, GW
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Areas and Metabolites

Which areas pose the greatest Have we missed the big
concern? movers of risk?

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

% e fragmentary.

— NI
: PREVIOUS LIQUID

e |tissimply not possible to
screen for all possible
metabolites at all locations.

i s e We need to use in vitro assays.
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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.

HepG2 72 Hours Exposure to 5 Most Toxic
Boreholes
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Where are these boreholes
~.on the site?

TH17-13 B

8-10m | TH17-20

e

TH17-17
1.5-3m

TH 17'15 ;‘;‘?_f y i:' : .‘_,'-%':'i;'. — ‘: -
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Next steps (3 to 4 years)

eldentify cell lines
most sensitive to
pollutants.

eUse cell lines to
develop site
conceptual model

Exposure

assessment

by tracking
groundwater and
soil pollution.

Hazard

assessment

eDetermine toxicity

mode of action for
complex mixture.

eDevelop dose

response curve for
inhalation and

ingestion exposure.

Management

eFinalize current risk

assessment.

eDevelop site

specific remedial
objectives.

e 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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