Ecological Risk Assessment of
Contaminated Sites

Colin S. Chen, Ph.D.
Professor
Department of Biotechnology

fs URF National Kaohsiung Normal University
TAIWAN

The major types of risk assessment and their focus

;S URF
TAIWAN




Concepts and Definitions

0 Ecological/Environmental risks

- Subtle effects, myriad interactions among
populations, communities, and ecosystems
(including food chains) at micro and macro levels;
great uncertainty in cause and effects.

- Focus is on habitat and ecosystem impacts that
may be manifest far away from the sources of
concern.

Introduction

0 Ecological risk assessments are conducted to transfer
scientific information about the risk of human
activities to the environment. Their purpose is to
enable risk managers to make informed environmental
decision.

0 Ecological risk assessment evaluates the likelihood
that adverse ecological effects may occur or are
occurring as a result of exposure to one or more
stressors.




Introduction

0 Ecological risk assessment is a flexible process for
organizing and analyzing data, information,
assumptions, and uncertainties to evaluate the
likelihood of adverse ecological effects.

0 Ecological risk assessment provides a critical element
for environmental decision-making by giving risk
managers an approach for considering available
scientific information along with the other factors they
need to consider (e.g., social, legal, political, or
economic) in selecting a course of action.

Introduction

O An assessment may involve chemical, physical, or
biological stressors, and one stressor or many stressors
may be considered.

0 Ecological risk assessments are developed within a
risk management context to evaluate human-induced
changes that are considered undesirable.

0 The acceptability of adverse effects is determined by
risk managers.




Introduction

0 Although intended to evaluate adverse effects, the
ecological risk management process can be adapted to
predict beneficial changes or risk from natural events.

0 Description of the likelihood of adverse effects may
range from qualitative judgments to quantitative
probabilities.

Introduction

0 Ecological risk assessments can be used to predict the
likelihood of future adverse effects (prospective) or
evaluate the likelihood that effects are caused by past
exposure to stressors (retrospective).

0 Combined retrospective and  prospective  risk
assessments are typical in situations where ecosystems
have a history of previous impacts and the potential
for future effects from multiple chemical, physical, or

biological stressors.




Introduction

0 Ecological risk assessment uses methods of systems
analysis to integrate aspects of ecology, environmental
chemistry, environmental toxicology, hydrology, and
other earth sciences to estimate conditional probabilities
of the occurrence of undesired ecological events.

0 An ecological risk is the conditional probability of a
specified ecological event occurring, coupling with
some statement of its ecological consequences (e.g.,
reduced biodiversity, loss of commercially valuable
resources, or ecosystem instability)

Introduction

0 In theory, ecological risk assessment applies to both
natural and human impacts on ecological resources

Q In practice, nearly all of the assessments address
ecological impacts resulting from human activities




The ecological risk assessment
process
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Canadian Risk Assessment Paradigm
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v

RISK IDENTIFICATION

Priority substances list, Water quality guidelines and
objectives and other sources
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Problem Formulation

O Stressor characteristics
0 Ecosystem at risk
O Assessment endpoints
Q Ecological effects
a Conceptual model
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Integrate Available Information
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Analysis Plan

|Prob|em Formulation
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Problem formulation

O The purpose for the assessment is articulated
Q The problem is defined

O A plan for analyzing and characterizing risk is
determined

Q Initial work of problem formulation includes the
integration of available information on sources,
stressors, effects, and ecosystem and receptor
characteristics

0 From this information two products are generated:
1. Assessment endpoints
2. Conceptual models

~

Conceptual Model-Aquatic Ecosystem
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Conceptual Model-Terrestrial Ecosystem

Vertebrate prey Dietary

(Food)
Invertebrate prey
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Analysis
Q Characterization of exposure
Q Characterization of ecological effects
~

10



Characterization of Exposure Characterization of Ecological

Effects

Measure of Measure of
Exposure " Effects
I i i |
Exposure Ecological
Analysis Response Analysis

|

Stress-Response
Profile

|

Exposure Profile

Analysis

Analysis

0 During the analysis phase, data are evaluated to
determine how exposure to stressors is likely to occur
(characterization of exposure) and the potential and
type of ecological effects that can be expected
(characterization of ecological effects)

O The steps in analysis is to

1. Determine the strengths and limitations of data on
exposure, effects, and ecosystem and receptor
characteristics

2. Data are then analyzed to characterize the nature of

potential or actual exposure and the ecological

~responses under the circumstances defined in the
7= 1 = conceptual models
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O Two products are generated:
1. Exposure profile
2. Stressor-response profile

What is an Exposure Profile?

0 Range of concentrations/doses associated with the
stressor in time and place

0 Magnitude in uncertainty due to sampling and/or
measurements error

Q Identify the variability in concentrations and their
causes
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Types of Data used in Developing Exposure
& Toxicity Profiles

Laboratory data

Field Observations

Model output

QSARs  (Quantitative  structure—activity
relationship models)

Aguatic Toxicity Test Species

Neocaridina shrimp (Neocaridina
denticulate)

/Carp (Cyprinus Carpio)
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Sediment Toxicity Test Species

neocaridina shrimp (Neocaridina denticulate) sewage worm (Tubifex hattai)

SURF .
TAIWATHyalella Azteca (amphipoda)

Sediment Toxicity
test

Automated
overlying water
renewal system
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Sediment toxicity testing intermittent renewal system
(STIR)

Water i
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Terrestrial Toxicity Test Species

C, -

Eisenia fetida Metaphire posthuma

=

Perionyx excavatu

Terrestrial Toxicity Test Species
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Ecological Effects Profile

O Relationship between stressor level and ecological
effect (Dose-Response Relationship) as a function of
time and space

0 Ecological effects can include: single species,
populations, multiple species, general trophic levels,
communities, ecosystems, landscapes

/*

Ecological Effects Profile : Single Species

a: Stressor-response curves
(e.g., dose-% mortality)

X Ve

Response (e.g., % mortality)

b: Point estimates
{.g., LD, LDy, LD,;)

Intensity of stressor (e.g., dose)

Figure 4-2, A simple example of a stressor-response relationship. Substantially
more complex relationships are typical of many ecological risk assessments, given
" the range of stressors, endpoints, and environmental situations often encountered.
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Figure 5-4. Risk estimation techniques: stressor-response curve versus a cumulative

distribution of exposures.

Ecological Effects Profile : Multiple Species

Species EC50 (ug/L)
Stonefly 5.9
amphipods 11
trout 12
fathead minnow 40
sunfish 65
midge 100

Rank Rank Order

14%
29%
43%
57%
71%
86%

o o1k WwN R

100xn/(N+1)

18



Ecological Effects Profile : Multiple Species
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Risk Characterization

Q Screening-level calculation
A Risk quantification with models
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Risk Characterization

< Risk Estimation >

!
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Risk Description

¢

Communicating results with risk managers

Risk management and communicating results with interest parties | ...;

Risk characterization

0O Risk characterization includes a summary of
assumptions, scientific uncertainties, and strengths
and limitation of the analyses.

Q The final product is a risk description in which the
results of the integration are presented, including an
interpretation  of  ecological adversity and
description of uncertainty and lines of evidence.
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Risk Characterization

O Develop an estimate of the risk posed to ecological
entities included in the assessment end-points
identified in the problem formulation

O Describe the risk estimate in the context of the
significance of any adverse effects and the strength of
evidence supporting it

O Qualify the risk estimates by summarizing
uncertainties and assumptions.

Screening-level calculation

O Risk Estimation

EEC

EEQ=——
Q= Erc

« EEQ: ecological effect quotient

« EEC (expected environmental concentration): the aqueous
concentration of contaminant (C,)

« ERC (ecological risk criterion): the lethal concentration of
contaminant to affect 50% of individuals within a species (i.e.,
LC,,). Obtained from the ECOTOX database system using

toxicological endpoint concentration.
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Risk Quantification with Aquatic Ecological Risk
Assessment model

0 Aquatic Ecological Risk Assessment model

log P = o + Blog (mean LC,,) + ¢

P: the probability of an effect at a specific concentration of
the COPC:s,

mean LC.,: the species mean LC,,

o and B: empirical constants

e: error

Incorporating the entire Stress-Response Relationship

Chronic toxicity Acute toxicity
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Risk estimation involving multiple species
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Figure 5-5. Risk estimation techniques: parison of exp ¢ distribution of

an herbicide in surface waters with freshwater single-species toxicity data. See
text box 5-4 for further discussion. Redrawn from Baker et al., 1994, (Centile
ranks for species LC, data were obtained using the formula (100 x n/[N+1]),
where n is the rank number of the LC, and NV is the total number of data points
in the set; adapted from Parkhurst et al., 1995).
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Risk Distribution for Acute Toxicity
Exceedance Probability
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Guandu Plain

Q The site is located in the north-west suburban Taipei,

10 km next to Tamsui River estuary
0 Area designated as Guandu Nature Reserve

a Soil contains high concentration level of arsenic from
beudantite  (PbFe;(As0,,S0,)(OH),), not from

anthropogenic activity

@ Concentration of arsenic in top soil ranged from 4.75

to 458 mg/kg in TEPA investigation

/":x URF
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Distribution of Arsenic in Soil

- o <
O 30-60 mg/kg
¢‘5 LitE ® >60 mg/kg

0 245 490 980 1,470 1,960
—— Meters

Characterization of Soil and Groundwater

As (172 myg/kyg)

Cu (709 mg/ky)
Zn (2340 mg/ky)

As (1.55 mg/L)

&
=
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n
3
@
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&_

75 L @ = Soil quality standard (As) : 60 mg/kg
TAIWAN  Groundwater standard (As) : 0.5 mg/L
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Chemical of Potential Concern (COPC)

Soil
samples

(mg/kg)
Depth 0-05 0-0.5 0-0.5 0-05 15-2 005 0-05 0-05 005 1.5-2
Pb 589 926 752 21.8 567 340 185 240 156 20.8
Cd ND 103 565 ND ND ND ND ND ND ND
Cr 602 378 915 277 272 178 240 222 158 14.2
Cu 379 136 709 198 450 102 339 334 114 834
Zn 321 388 2340 102 127 147 173 221 134 657
Ni  ND 297 126 339 254 147 256 247 152 131
Hg 03280496 272 ND 0.33 0368 ND 0.191 0.396 0.113
As 172 213 296 108 141 183 7.92 143 624 135

;‘5 URF
TAIWAN

Chemical of Potential Concern (COPC)

(mg/L)
Pb ND 00004 ND 00012 ND ND 00011 ND
Cd ND ND ND ND ND ND ND  0.002
Cr ND ND ND ND ND ND ND ND
Cu ND ND ND ND ND ND ND  0.006

Zn 0.019 0.022 0014 0013 0.015 0.012 0.020 0.040
Ni ND ND ND ND ND ND ND ND
In 0.057  0.037 0.013  0.028 ND ND ND 0.038
Mo ND ND ND ND ND ND 0.016 ND
Hg 0.0002 0.0001 0.0001 0.0002 ND 0.0001 0.0002 0.0002
As 0.0053 0.422 0.110 1.55 0.122 0.0871 0.0305 0.0552
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Ecological Survey

O Four day Biomonitoring survey conducted in July
2014 and December 2014

O Target species: plants, terrestrial species (birds,
mammals)

@LJRF

TAIWAN

Ecological Survey

Rodent trap

yod s
R 2

Bird watch
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Z Infrared camera 1 Infrared camera

¢ Rodent trap y oy

@ Bird watch

~ Survey route
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Diversity of birds in Guandu Plain

a Around 280 species of migrant bird and 50 species of
resident bird (17%) in the area

QO The majority of them are predatory migration birds
(76.5%) like the snipe families.

Q In the summer, it is the breeding grounds for egrets &
water-tails, and in winter, migratory birds will take
residence.

0 During spring and autumn, it will act as habitat for
transiting birds.

O North zone serves as habitats for terrestrial birds,

mangrove wetland serves as habitats of aquatic birds

Habitat of birds in Guandu Plain

3 ' \
B Terrestrial bird habitat | i
[ Aquatic bird habitat g i
] Aquatic bird foraging area 1

Bird foraging area ll

*-=* Bird watch pathway
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Valued Ecosystem Components

Species Habitat

Crested myna
(Acridotheres cristatellus
formosanus)

agricultural land, shrub land,
woodland

Eastern collared pratincole
(Glareola maldivarum)
Collared scops owl s
(Otus bakkamoena)
Brown shrike
(Lanius cristatus)

Black-winged kite
(Elanus caeruleus)

Crested serpent eagle
(Spilornis cheela)
Crested goshawk (Accipiter
trivirgatus)
Common kestrel
(Falco tinnunculus)

fallow land

grassland

agricultural land

secondary forest

secondary forest

agricultural land

Exposure Analysis

Stressor Release pathway Media Exposure pathway

plants mammals

il - Pant ptake

Dermal | | | F
‘E Ingestion | | E | G | K
I Plant uptake |_A I | |
. - -_’ Root zone B I | |
— I |
I |
I |

|
drinking |
|
|

> Ingestion
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Risk Estimation

O Assuming HQ=1 as ecological criteria in the site
0 No single species assessment
0 100% conversion of contaminant to organisms

Risk Description

0 HQ of plants, mammals, and birds >1

Species Ecological Risk Concentration of HQ
Criterion (mg/kg) COPC (mg/kg)
(95% of UCL)
Plants 18 72.3 4.0
Mammals 43 72.3 1.7
Birds 46 72.3 1.6

Q Ecological survey indicated that population of birds
did not decline
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Uncertainty

QO Uncertainty in ecological risk assessment was
associated with variability in ecosystem stressors,
exposure data, ecological effect data, risk
characterization, and lack of knowledge

0 Physical and biological stressors were not evaluated
in the study

0 Toxicological data were available for relatively
small number of species

Q Effect of minor contaminants was not characterized

0 Bioavailability, bioaccumulation were assumed
100%

O Site specific parameters may be required

\IWAN

Thank you for your
attention

Colin S. Chen, Ph.D.
Convener of SURF-Taiwan
Professor
Department of Biotechnology
National Kaohsiung Normal University ‘
Kaohsiung, Taiwan
cschen@nknu.edu.tw
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Sustainable Contaminated Site
Remediation: Theories and Approaches

Colin S. Chen, Ph.D.
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Green and Sustainable Remediation (GSR)
GSR development road map

GSR framework

GSR tools

Case studies

Challenges for promoting GSR



Green and Sustainable
Remediation (GSR)
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What Is “Sustainability”?

To create and maintain conditions, under which
humans and nature can exist in productive
harmony, that permit fulfilling the social, economic,
and other requirements of present and future

generations

— U.S. Presidential Executive Order of 2007



What 1s “Green Remediation™?

The practice of considering all environmental effects
of remedy implementation and incorporating options
to maximize the net environmental benefit of cleanup

actions
— U.S. EPA Office of Solid Waste and Emergency Response
\ .
z jJeen
SNemediation_qmé
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Sustainable Practices for Site Remediation

Consider all environmental effects of remedy
Implementation

Use natural resources and energy efficiently

Use a holistic approach to site cleanup that
reflects reuse goals

Minimize cleanup “footprints”™ on air, water, soill,
and ecology

Reduce greenhouse gas emissions contributing to
climate change

Return formerly contaminated sites to long-term,
sustainable, and productive use



Integration of Green Remediation in Site Revitalization

« Sustainable strategies carry forward throughout
stages of land revitalization

« Remediation decision-makers consider the role
of cleanup in community revitalization

* Revitalization project managers maintain an
active voice during remediation

: Cleanup, : .
Deconstruction, Remediation Design and Sustainable Use
Demolition, and Waste Construction for{ | and Long-Term

and Removal Management Reuse Stewardship




Opportunities to Increase Sustainability of Cleanups

* Apply to all cleanup

programs within U.S.

regulatory structure Stewardship Energy
 Exist throughout site
investigation and Materials Core Ai
remedy design, & Waste Elements i
construction, operation,
and monitoring s Water
Ecosystems

« Address core elements
of green remediation



Current Practices

Increasing energy efficiency

Conserving water

Improving water quality

Managing and minimizing toxics

Managing and minimizing waste

Reducing emission of greenhouse gases and
toxic or priority air pollutants



Current Practices (continued)

* Many strategies of green remediation already
used to a degree but not labeled “green”

— Using drought resistant and hardier native plants
Instead of non-native plants

— Re-Injecting treated water for aquifer storage
Instead of discharging to surface water

— Choosing passive sampling devices when
possible, reducing subsurface invasion and waste
generation

— Minimizing bioavailability of contaminants through
source and plume controls



What i1s SURF?

0 About Sustainable Remediation Forum (SURF)
— Started in U.S.A. in 2006

* The first meeting held in Wilmington, Delaware in
November 13, 2006

« Officially registered as a non-profit organization in
2010

— Members
* Industry
« Consulting
e Contractor
« Academia
+ USEPA (individually) .z =5 8




SURF organizations worldwide
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Sustainable Remediation Forum Taiwan (SURF-
Talwan)

0 SuRF-Taiwan founded in 2012 under Taiwan Association of Soil and Groundwater
Environmental Protection (TASGEP)
— Advocate GSR concept
— All soil and groundwater remediation designs can balance the environmental, social,
and economic factors and provide an optimal remediation strategy and engineering
— Integrating fit-for-use technology/measures or management process to resolve

contamination problems, elevate the living quality while satisfy social and economic

development needs
hed

M‘Rv

2012 Taiwan Sustaingble Remediation Foru



GSR Framework
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* Incorporate GSR
Into the life-cycle
of site
management

« Adopt GSR in
the early stage of
site management

GSR Framework

[ Site Investigation ]

4

Remedy selection
and deS|gn

Remedy system
construction

Remedy system
O&M

[
[
[
[

Site closure

]
]
]
]

O Environmental footprint
assessment, local resident
questionnaire

O Implement BMPs
-

/EI GSR semi-quantitative decision
support tool

« Comparison of Alternatives

« Environmental, social, economic
evaluation tools

\_

)
~

» Selecting the most sustainable remedy

planning

» Economic — economic efficiency
» Social - Human health risk,

publicity and mitigate disturbance

N
EI Best management practice (BMPs)

« Environmental — conduct environmental
footprint assessment , identify potential
emission “hot spots”, reduce footprint

stakeholder involvement, information




GSR Framework

« Key issues
— Remedy selection

Site Invest|gat|on

and design

2

( Remedy selection

construction
— BMPs planning and implemetation 3

Remedy system
O&M

[
]
[

Site closure

J
]
Remedy system }
J
}




GSR Tools
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GSR tools

* GSR Semi-quantitative decision support tool

— Compare the environmental, social and economic
effects of different remedies to select the one which
most fits the sustainable requirements

* Quantitative tool
— Environmental: environmental footprint assessment

— Social: local resident guestionnaire, health risk
assessment

— Economic: cost / benefit and impact assessment

* Qualitative tool
— Best Management Practices screening list

/\



GSR Semi-quantitative decision support tool

* Initial screening
— Time, technology, financial feasibility

* Decision support tool
— Selection of assessment metrics
— Define weighting factors
 |nvite stakeholder
— Scoring system
« Systematic scoring principle

— Total Score
« Select the remedy with highest overall score



Footprint analysis

* Inventory sheet

— Labor/equipment/material
transportation, equipment
operation, solid/liquid

waste treatment, lab —

FHRERA

BRI ES —

"
analysis, water usage
)
e QOut put
PVC (ko) #NIA #NA #NA #NIA #NIA
BRI #NA #NIA #NIA #NIA #NIA
& £ (ka) #NIA HNA #NA H#NIA #NIA
| R (kg) FNIA HNIA FNIA #NIA #NIA
[Filtkg) 0.00 0.00 0.00 0.00 000
\ﬂkﬂ) 0.00 0.00 0.00 0.00 0.00
—_ X X ]
2 ) ) ] 10 b} AT — BRI BRI [T EATARET Sum
PVC (kg) 0.00 PVC (kg) #NIA
EEL) 0.00 [FZEka) #NIA
- - - € £ (ko) 0.00 € £ (ko) #NIA
I Iot S Ot I d e nt f K (ka) 0.00 K k) #VA
— I I C a I O n [Fiastko) 000 [Fastko) 0.00
F) £ 0.00 |10 0.00
Vo | Rk B O BEREEE CBERE  ESY Eycd OSSO SRRk  SEvED O SRSRSHESE | hkup ek [t 0]
16000000 ‘—GH-PPH{
14000000
12000000
"1 Laboratory
10000000 "l Wastewater
8000000 "} Waste
. .
5000000 1 Equipment
=i Transportation
4000000 .
=[ Material
2000000 .

kg o2

ENOx

g502

gPMI0

BRI )



Social & Economic Aspect

® Social

— Communucation Questionnaire
« Negative impacts (noise , dust ,odor...etc)
— Human health risk assessment

 Baseline risk & risk due to remediation of local residents and
remediation workers

« occupational safety during remediation

® Tiered Economic cost-benefit prediction model
— Land value influence prediction

— Economic Benefit Prediction Model

« Based on I/O Model
— Land value influence prediction
— Effect of increasing employment
— Effect of increasing related industrial income
/\ — Effect of increasing national income



Case Study
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Site backgorund

— Milirary port for ship
maintenance with multi-
facotories and outdoor fuel

storage areas

Case Study 1

analysis

Site background
overview

Current status

Stakeholder
identification

— Comtaminated media : Soil g

— Contaminants : TPH and heavy

metals

Stakeholder identification
— Navy, City Environmental

Main stakeholders

GSR scope and goal
definition

communication

$

Remedial

technology initial

Environmental footprint
assessment

Protection Bureau screening
GSR scope and goal definition &
— Remedy selection through GSR Alternative
assessment comparison

Social impact
assessment

Economic impact
assessment
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Case Study 1

® Remedy initial screening

— After considering the need of
stakeholders, excavation and soill
replacement and soil washing
were considered suitable for site

alternatives | TPH | Heavy metal
: excavation and
: excavation .
Scenario 1 soil
and treatment
replacement
Scenario 2 excavation Soil washing
and treatment
excavation and
Scenario 3  Soil washing soil
replacement
Scenario4  Soil washing Soil washing

e,

Current status

Site background
overview

analysis

¥

Stakeholder
identification

Main stakeholders
communication

GSR scope and goal
definition

¥

Remedial
technology initial
screening

¥

Environmental footprint
assessment

Alternative

comparison

Social impact
assessment

Economic impact
assessment




Case Study 1

scenario 1l

scenario 2
100%

. . .
® Alternative comparison 188;
(o]
80%
H H 80%
— Environmental footprint o
. 60%
differences 60%
0% 40%
. . . . 6
— Identify high contribution o
0
activities 20% 20%
10%
kg CO2 0% 0%
o 200 kgCO2 gNOx gsOx gPmio Energy (MJ) kgCO2 gNOx  gSOx gPN Energy (MJ)
[=]
[=]
o
= 150 - io3 .
scenario —--Scenario 4
100 - 100% 0% | -
90% 0% : 1
50 80% 0% I :
70% 0% | I
60% 0% | I
0 . ! . ! . T —y—— - o 50% 0% 1 :
scenariol scenario2 scenario3 scenario 4 40% 0% | I
g NOx 30% 0% | I
5 1000 20% 0% | :
3 800 - 10% 0% | I
: 0% 0% Lt —d
600 - kg CO2 g NOx gsox  gpmio Energy (N % C02 " gNOx gSOx gPMI0 Energy
400 -
= lab analysis Water usage and waste water treatment
200 - . .
/f U m Solid waste m Equipment
TAIW. ] B Transpotation B Material
scenario 1 scenario 2 scenario 3 scenario 4



® Area B is excluded due to lack of

data

Case Study 1

— Human health risk assessment

® Area specific (area A, area C, area
D)

— Economic impact assessment

Alternatives Project cost Change in the land value

1 3166 5000
® Assumption : soldiers do not have 2 10600 11100
Cross area activities , remedial 3 4466 4933
. . 4 12066 12533
worker work in multi-areas
area
Alternatives risk Total
A C D risk
) Job
Carcinogenic ~ 3.92x10°  5.6x10®  1.02x10°  7.01x10%  Apooohieo Industries output  Value added  frot
excavation Eie ige! (person)
Non' . 0.25 0.357 0.115 0.619
carcinogenic 1 5000 3000 128
i i -8 - - 1.11x10°
Soi Carcinogenic  6.13x10 8.88x10”7 1.6x10-7 x 5 17600 10600 450
hi Non-
washing carcinogenic 0.25 0.357 0.115 0.619 3 7400 4466 189
4 20000 12066 512
f (thousand $US)



Case Study 2

® Site backgorund

Milirary base
Comtaminated media : groundwater
Contaminant :Trichloroethylene

Current remediation : Enhanced
bioremediation

® Stakeholder identification
— Army, County Environmental

Protection Bureau

® GSR scope and goal definition
— Footprint assessment
— Human health risk for soldiers and

remedial workers

— BMPs planning

Current status
analysis

Site background
overview

Stakeholder
identification

l

GSR scope and goal
definition

Main stakeholders
communication

!

Environmental footprint
assessment

Remedy system
optimization

Human health risk
assessment

BMPs Planning




YA-MW2 YA-MW1

Groundwater level
Groundwater level 12327 9.242
i (m)

Contaminant Conc (mg/L) Contaminant (mg/kg)

cis-1,2- cis-1,2-
! . 0.00421
dichloethylene 0.0958 dichloethylene

TCE 0.00489 - TCE 0.286

$ Google earth

(iR 2013722 23342411748 11935831078 e 11 AR \AslsE S0 AR







Case Study 2

M
kg COZ 100% () O&
100000 005
80%
80000 0%
60%
60000 cost
40%
40000 30%
20%
20000 10%
0%
0 - , , kg CO2 KgNox KgSOx kg PM10  Energy
construction 0O&M periodic (MJ/kg )

samplin T :
PIne Periodic sampling

Kg NOx 100%
350 90%
80%
300 20%
250 o
40%
200 roor
150 20%
10%

100 0% L

kg CO2 KgNox Kgs02  KgPm10 Energy

50
; ; I m Material W Transpotation (Mi/kg )
S U R I: con O&M

|
TAIWAN struction periodic ol waste
sam plmg B \Water usage and waste water treatmem




Case Study 2

® Economic cost-benefit ® Human health risk
prediction model assessment
Impact — Carcinogenic risks:
Categories of indicators (thousand « Soldiers : 4.13E-11
2US) » Remediation workers : 1.00E-
Change in the land value 976 14
Project  Initial activities 433 _ Non—carcinogenic risks:
cost cost _ ]
» Soldiers : 1.55E+03
Annual O & M cost —  Remedial workers : 1.99E-01
Periodic activities 260
cost
Economy Industries output 1,467
impacts  effect
Value added effect 873
Job effect 23 (person)

fSURF
TAIWAN



Case Study 2

® BMPs Planning

Ener 100%
Use pulsed rather than 9y
: S conservation 80%
continuous injections :
L increase 60% I

when delivering
energy 40%

L amendments efficiency ~ Operation

SUCREE Consider using gravity record

kg CO2 kgsox  kgpmio  Energy

100%
80%
® Conversion factor for Laboratory is based on o
cost 20%
— Suggest|on 0% kg CO2 Nox  KgSO2  KgPM10 Energy
* Need detailed footprint assessment to optimize _— N
f\ the accuracy for lab analysis T I
U R I: y y Solid waste

T/\IW/\N W \Water usage and waste water treatme



Case study 3
Waste oil recycling site in Pingtung County

0 The impacted area is 27,550 m?

2 The site was originally used for illegal waste oll recycling
operation

2 The major contaminants in soil: TPH, Zn, Cu, Cr
TPH: 24,400-110,000 mg/kg
Zinc: 51800 mg/kg

S9801-04
(10/2009)

¥
4501(05/2011)

TW9801-01

- r | i /, 4
. S -
S02(05/2011 =~
(24/2009) : : (1072008 ~ - TW9801-03 '
[ Impacted area
[ Contaminated site
=1 Sampling in 02/22/2008

Sampling in 03/10/2009

Sampling in 10/16/2009

Sampling in 05/12/2011




Case Study 3-Field Study Design

ok ">

=

BP1

0 Three treatment plots (6x6m) for bioremediation and
phytoremediation (i.e., BP1, BP2, and BP3) .

g\u RF o Two plots were designed for phytoremediation (i.e., PR1 and PR2).

TAIWAN 0 One control plot (CK)



Soil Analysis

Bhundancel
(0—60 Cm) 20000 (60-120 Cm)
b 2000000
1600000
A00000 s
1400000
£0000D oo
1000000 M
4000000 e M
£00000 JM“
2000000
400000
200 N
Time-» I‘d}‘m‘ﬂﬂ‘“|25.IUD““30.‘UUI“‘SSIUD‘I“W‘UUI‘I‘I ) k‘”L?||||
Time-> 000 2500 000 B0 4000
Depth | Contaminants Cd Cr Cu Ni Pb Zn TPH
(cm) Analytical NIEA S361.63B NIEA
Methods S703.61B
0-60 1.678 | 2765 | 1204 1268 | 57.83 | 52167 | 136752
60-120 0.572 | 8378 | 1474 | 2754 | 7.178 | 103.3 804.4
120-180 0.750 | 9.339 | 12.33 | 28.45 | 7.178 | 92.39 -
180-240 0.256 | 10.06 | 12.23 | 27.62 | 6.667 | 94.39 -
Regulation 20 250 400 200 2000 | 2000 1000




Procedures

Site Characterization
chemical and physical
properties of
contaminated soil
Groundwater monitoring

Contingency

Plan

Bioremediation
Deployment of
Earthworm
Soil sampling and
analysis
Evaluation of degradation
of contaminated soil by
earthworm

Bioremediation
Deployment of petroleum
degrading bacteria
Employment of bacteria
Soil sampling and analysis
Evaluation of TPH
degradation in
contaminated soil

Phytoremediation

Plant selection

Planting

Plant analysis

Soil sampling and analysis
Treatability study of metal
contaminated soil




Design of Bioremediation

BP1 BP2

employed in BP1, BP2, and BP3 at four
month interval (on May 15 and September
7, 2012 and Feb 4, 2013)




Design of Bioremediation

o Twenty liter of petroleum-degrading bacteria
(Pseudomonas sp. NKNUO1) was applied in BP1, BP2,
and BP3 on August 2012 and February 2013 to enhance
bioremediation in the contaminated site.



Design of Phytoremediation

Poplars (Populus bonatii Levl. ) Sun Hemp (Crotalaria juncea L.)

0 12 poplar trees were planted in BP-1 and BP-2,respectively

0 10 poplars in BP3, 9in PR1, 18 in PR2, and 25 in CK with a spacing of
approximately 2.5 m between trees to obtain rapid production of a dense
biomass

0 Approximate 150 sun hemp were installed in the area of 1 m?



Growth of Poplars in Treatment Plots




Bioremediation Treatment

Depth(cm)

140000 BP1-1 m Seven days
® Three months
= 120000 B Five months
= O Seven months
[@)]
é 100000 ® Nine months
S 80000 B Eleven months
% i O Thirteen months
*:;:' 60000 @ Fifteen months
% 40000 -
® 20000 - J
0 _
30 Depth(cm) 100 120
BP1'2 B Seven days

140000 ® Three months

120000 @ Five months
;5 O Seven months
g: 100000 m Nine months
g 80000 B Eleven months
'g 50000 O Thirteen months
-
% @ Fifteen months
o 40000 -
o
© 20000 - I

0 _ e ._|_|
30 60 100 120




BP2-1 B Seven days
30000 ® Three months
25000 @ Five months
O Seven months
§ 20000 ® Nine months
g % 15000 B Eleven months
()
§ E @ Thirteen months
(&} 10000 - .
@ Fifteen months
5000 -
0 i ||
30 60 100 120
Depth(cm)
® Seven days
BP2-2
® Three months
30000
@ Five months
25000 @ Seven months
5 ® Nine months
s :@ 20000
§ = ® Eleven months
o £
§ < 15000 O Thirteen months
BFi
10000 4 Fifteen months
5000 -
O B | — ]
30 60 100 120
Depth(cm)




BP3_1 B Seven days
200000 B Three months
@ Five months
- 150000 @ Seven months
g ® Nine months
£2
§ ? 100000 B Eleven months
§ = @ Thirteen months
50000 - @ Fifteen months
0 - | m
30 60 100 120
Depth(cm)
BP3_2 m Seven days
200000 @ Three months
@ Five months
150000 @ Seven months
S ® Nine months
§ § ® Eleven months
$ > 100000 _
S E @ Thirteen months
o
© @ Fifteen months
50000
0 _._=‘:|—_.—-:_:._-_=i:.—ﬂ_
30 60 100 120
Depth(cm)




Phytoremediation Treatment

PRl-l m Three months
160000 @ Five months
@ Seven months
120000 ® Nine months
§ - @ Eleven months
g (@)
£33 @ Thirteen months
8 £ 80000
s~ @ Fifteen months
O
40000
O .
60
Depth(cm)
PR1-2 ® Three months
160000 E Five months

@ Seven months

® Nine months
120000
@ Eleven months
g @ Thirteen months
(o)}
£ 80000 E Fifteen months
40000
- L — 1 e

7 S U 30 60
TAIM Depth(cm)

Concentration




@ Three months

/5L

TAI

PR2-1
@ Five months
300000 @ Seven months
250000 ® Nine months
- @ Eleven months
S 200000 i
i § @ Thirteen months
§ 2 150000 m Fifteen months
§ N—
100000
50000
0 i
30 60 100 120
Depth(cm)
pR2_2 ® Three months
@ Five months
300000
@ Seven months
250000 ® Nine months
[y
S 200000 @ Eleven months
g g @ Thirteen months
(@]
8 g 150000 B Fifteen months
o
© 100000
50000 -
0 a
30 60 100 120
Depth(cm)
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Lesson learned and challanges

® TEPA Top-down appraoch

— Clear rule
« Core element, principles, systematic approach

— Need for a tiered GSR assessment
* When to adopt the GSR desicion support tool?

« Different criteria for different type of sites
— EX: sites in urban area/ ecological impact
private sites / econimoc benefit prediction
farm land / soil impact

— Stakeholder involvement
« Weighting , Number of people to be involved
— BMPs planning based on quantitative assessment? Or
simple BMPs planning?
/\ » Site area? Site concentration? Site location?



Thank you for your
attention

Colin S. Chen, Ph.D.
Convener of SURF-Taiwan
Professor
Department of Biotechnology
National Kaohsiung Normal University
Kaohsiung, Taiwan
cschen@nknu.edu.tw
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TAIWAN
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Sustainable Remediation




* Introduction to Health Risk Assessment

* Risk Management and Health Risk Assessment
e A Case study for Health Risk Assessment

* Management of contaminated sites
* Decontamination
* Brownfield
* Green Remediation
e Sustainable Remediation

* A Case Study for Sustainable Remediation



Determining contaminated sites in Taiwan

Remediation Usage restriction area
site of groundwater

Preliminary Assessment
A EEEEEEE] EEEEEEEEEEEEEEEEEEEEEEEENEN EEEEEEEEEEE NS NEEEEEEEEEENR]

Health Risk Assessment

Necessa 'y measures

Control Standards EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEN

Regular monitoring and announcement
A FEFEFEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEDN|

Monitoring Standards

(From the website of EPA, Taiwan, R.0.C., 2013)



Determining contaminated sites in Taiwan

Remediation Usage restriction area
site of groundwater

Prelimin sessment
HFE E EEEEEENE] EEEEEEEEFEENEEEEEEEEEEEEEENENE EEEEEEEEEEEEA N EEEEEEEEEENI]
Health Risk Assessment

Necessa 'y measures

Control Standards EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEN

Regular monitoring and announcement
A FEFEFEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEDN|

Monitoring Standards

(From the website of EPA, Taiwan, R.O.C., 2013)



Health risk assessment (HRA) and contaminated Site

Exposure Pathways Exposure Pathways

Workers —| [ Inhalation | Ingestion

Healt;h Risk Assessment Drinking Water
H¢al‘th Risk Assessm 8t Y Thalation




Risk thinking

2 : Benefit +

\A’\/\/\ Hazard Impact -
ﬁ) P ? 5
) WHEN 9 WHOM ‘

PROBABILITY CHARACTERISTICS

HOW



Schematic representation of risk assessment stages

Problem the appropriate > Non-Risk
Concern decision support NO Considerations
Objective tool?
(Manager)
YES
Planning and Scoping
Manager, Stakeholder, (assessor)Dialogue Management
Summary 2
Options Identification Statement And ~ 2
Risk Communication [ O & &
Hazard Identification g &5 O
{; Conceptual S g <
i i o @ | = Decision
Model Technical Analysis g ® <
. ~ Exposure Analysis, =
Problem Formulation (Exp YoIs, o -
i ) Dose-Response Analysis, S
Manager, Assessor,(stakeholder),Dialogue Ana|y5|5 Risk Characterization)
Plan
/ (From NRC, 2008)




Key components in human health risk assessment

Environmental
Release . o G

"~ sediment
Transport and trans ormatlon

Biodynamics
Risk 7 ASf\ize | L Biokinetics —| UPtake
/ and dose
E— v
[ Intake }
Altered (Internal dose)
Structure
or Function Early }\
Biological / Dose
Effect \
Blologlcally

<
Effect|ve Dose Metabollsm\l

rom NRC, 2008)




Key components in human health risk assessment

e T e diment
Transport and transformation

Biodynamics
- Adverse
Effect i Biokinetics and doss

Altered
Structure

oefncton 8 2, _ Human Health Risk Assessment is the process to
— “estimate the nature and probability of adverse
health effects in humans who may be exposed to
chemicals in contaminated environmental media,
now or in the future.

(From the website of U.S.EPA, 2013)



Scope of risk assessment

Major Small area Mobile _
(0n- and off-road) Wastewater effluent Landfill

; Outdoor air Indoor air
Path WGyS/ Media microenvironments Water ‘ Food ‘ Soil
| |
¥ T T
Routes ‘ Inhalation ‘ ‘ Ingestion ‘ ‘ Dermal ‘
| |
4 L 4 L 4 4
Subpopulations ‘ Young Children ‘ ‘ Adolescents ‘ ‘ Adults ‘ ‘ Elderly ‘

I
y Y Y ¥ Y

. . . . . Other health
Endpomts ‘ Cancers ‘ ‘ Respiratory ‘ ‘ Liver & kidney ‘ ‘ Cardiovascular ‘ ‘ effects ‘
| |

. 2

{ {

Distribution of high-
end cancer risk
estimates

Estimated percent of

Estimated number estimated index population within
Estimated percent of population of cancer cases | specified ranges of index
within specified cancer risk ranges values values

(From NRC, 2008)

Distribution of

Metrics




A framework for risk-based decision-making that maximizes

the utility of risk assessment

Phase Il
Planning and Conduct
Of Risk Assessment

Stage 1: Planning

Stage 2: Risk Assessment

Phase Ill
* Hazard Identification Risk Management

* Dose-Response Assessment

Phase |
Problem Formulation
and Scoping

A 4

* Risk Characterization

, 2
* Exposure Assessment

Stage 3: Confirma;c\ion of Utility

2

Formal Provisions for Internal and External Stakeholder Involvement at All Stages

(From NRC, 2008)



Elements in health risk assessment

Hazard Identification

What adverse health or environmental effects
are associated with the agents of concern?

Dose-Response Assessment

For each determining adverse effect, what is the
relationship between dose and the probability of the
occurrence of the adverse effects in the range of
doses identified in the exposure assessment

What risk decreases (benefits) are
associated with each of the options?

Exposure Assessment Are any risks increased? What are

What e&posurgs/doses are mcu.rre.zd by eac'h. the significant uncertainties?
population of interest under existing conditions?

Risk Characterization

What is the nature and
magnitude of risk associated with
existing conditions

How dose each option affect existing conditions and

resulting exposures/doses ?
(From NRC, 2008)



Scope of risk assessment

Major Small area Mobile .
(On- and off-road) Wastewater effluent Landfill

Fertilizer

y

Pathways/ Outdoor air  Indoor air
Media microenvironments Water Food Soil
| [

Y ¥ ¥

Routes ‘ Inhalation ‘ ‘ Ingestion ‘ ‘ Dermal ‘
I |
v v v 4

SprOpUthiOﬂS ‘ Young Children ‘ Adolescents ‘ ‘ Adults ‘ ‘ Elderly ‘

y Y ¥ Y

. . . . . Other health
Endpo,nts ‘ Cancers ‘ ‘ Respiratory ‘ ‘ Liver & kidney ‘ ‘ Cardiovascular ‘ effects ‘
I | Il
2

Hazard Identification
&
Dose-Response
Assessment

Exposure
Assessment

{ L

Estimated Distribution of
Distribution of high- Estimated percent of population number of cancer estimated index
end cancer risk within specified cancer risk cases values
estimates ranges

Metrics

Estimated percent of
population within
specified ranges of index
values

Risk Characterization




Hazard identification

* What adverse health or environmental effects are associated with
each of the agents of potential interest?

* What is the weight of scientific evidence supporting the classification
of each effect?

* What adverse effects are the likely risk determinants?

(From NRC, 2008)



Database e in hazard identification

ated Risk Information System, IRIS

oncise International Chemical Assessment Document, CICAD
itional Agency for Research on Cancer, IARC

* USEPA Provisional Peer Reviewed Toxicity Values, PPRTVs

* Agency for Toxic Substance and Disease Registry, ASTDR

* Health Effects Assessment Summary Tables, HEAST

(From NRC, 2008)



in hazard identification

bncentration of pollutants of release

ent pollutants (bioconcentrated and bioaccumulative)
stance transportation

* Critical hazard ( HAPs, metal, and radiation)

* Toxicity (cancer, mutations, birth defects, reproductive toxicity,
Immunological toxicity, neurobehavioral toxicity, organ-specific effects,
endocrine modulation or disruption, ecosystem

(From NRC, 2008)



Dose-response assessment

* For each adverse effect, what is the relationship between dose and
the probability of the occurrence of the adverse effect in the dose

region identified in the exposure assessment

Percentage of population at risk

100

50

N

Distribution of
requirements

Cumulative risk
of deficiency

Acceptable Range
of Oral Intake
(AROI)

Cumulative risk
Of toxicity

Normal
Homeostasis

Distribution of
risk of toxicity | 90

100

A
Total oral intake

B

Dose

(From NRC,2008;WHO, 2002)



Parameters of dose-response assessment in HRA

Cancer Slope Factor (CSF) Reference Dose(RfD)
in risk(dose)/(mg/kg-day) in (mg/kg-day)
/ /_




S IEEESessment

e agents under study, what exposures and resulting doses are
ed by each relevant population under existing conditions?

do the technical analyses reveal about how existing conditions
sulting exposures/doses would be altered by each proposed
lanagement option?

. + y ¥

Indoor air
microenvironments

Qutdoor air

Water Food Soil

! T 3 I

Inhalation Ingestion ‘ ‘ Dermal

| I |
v v v

Young Children Adolescents Adults Elderly

r . r 1 i i

(From NRC, 2008)



Environmental transport in exposure assessment

mg

3.00E+06
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WINIEGIET transport in exposure assessment

Animal

Intake

Air Emission
|

Vegetable Intake

R¢ot uptake

Vapor

Deposition .
Degradation

N%

Release
Undergrou na \/
Water
% Surface _
Waste Water Drailn Water
=

—» Sediment




WITEEM/2y in exposure assessment

[nlniziliniel ouiteloo)p

[nipizlinie lnieloo)r
Breathing IMISHGE

Coptacted in showen

@ Contacted by soill "

DRNMKINOAELER

Innalation

SHOMETRNALET:

lnieizsitiog



Intake dose in exposure assessment

C MY chemical j X CR[ kgMedium j x EF [daySContactj x ED (years)
CDI _ kgMedium dayContact year

BW (kg)x AT (days

Averaging)

mgChemicaI

B kg o da-yAveraging

where

CDI means chronic daily intake

C = the concentration of pollutant ( mg/L or mg/kg )
CR= consumption rate ( L/day or kg/day )

EF= exposure frequency ( days/year )

ED= exposure duration ( years)

BW= the body weight ( kg )

AT= the average life time ( days )




Risk chara "

h population, what is the nature and magnitude of risk associated
Isting conditions?

e r)i?sks altered by each risk management option(both decreases and

the distribution of individual risks in the population and
ubpopulations if concern, and what is the distribution of benefits under
each option?

e Considering the weight-of-evidence classification of hazards, the dose-
response assessment, and the exposure assessment, what degree of
scientific confidence is associated with risk characterization?

* What are the important uncertainties, and how are they likely to affect the
risk results?

(From NRC, 2008)



Risk characi@greidlels

» RA (Risk Assessment) & HQ (Hazard quotient)

» PEC (predicted environmental concentration)
& PNEC (predicted no effect concentrations)




Risk management and risk characterization

- Technology
* Engineering

o Law
Dose-Response Assessment
_—— \
Hazard Identification :
~ /Bisk Characterization Risk Management

Exposure Assessment

e« Economic factor
* Social justice



Risk management

* Technology
* Engineering

Y * Law \
Dose-Response Assessment

. I~
Hazard Identification / B .
" S~ k}/B‘isk Characterization R IS k M an age me nt

Exposure Assessment
7 7 ¢ Economic factor
* Social-economy
* Social justice
* What are the relative health or environmental benefits of the proposed options?
 How are other decision-making factors (technologies, costs) affected by the proposed
options?

* What is the decision, and its justification, in light of benefits, costs, and uncertainties in
each?

e How should the decision be communicated?

e How is the effectiveness of the decision evaluated?
(From NRC, 2008)



NI \AIOr health risk assessment

a case study

Location

Weather

Pollution
Situation

In the northwest of Taipei, a wetland between Keelung
River and Tamsui River

Average rainfall is 2220 mm; average temperature is
22.1°C

The concentration of As is more than the control

standard (=60 mg/kg)
The weight of As is more than 61.5 tons

28




Case study for health risk assessment

a case study

] Ingestion
Animal NE Plant

Ingestion
Root Plant Uptake

N

Ingestion
Sk

Uptake

Drinking

/

Dust

roundwater g
eachate



Runof f Skin

» Soil concentration —— o . Farmer
£ Soil ingestion
<
“ Groundwater :
@) Leachate Groundwater drinking Recreational
S > concentration Skin contact
o
o3 | Farmer
© c
=R Dust
ch 8 » Air concentration ——— Dust Inhalation Residents
(-
o)
@)
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— Uptake plant ——— Ingestion Tourists

- Root plant



gelile=lnlicitions in media

Soi1l 148. 03 (mg/kg)

Earmer Dust 146E-6 (ug/m"3)

Outdoor burning 0.00099 (ug/m"3)

Soil 148. 03 (mg/kg)

- Recreational Dust 146E-6 (ug/m3)
The concent lfg:n(fn of As Earmer Food chain 5. T4E-4/17. 26E-4(ng/kg)

groundwater 2. T5E-8 (mg/kg)
_ Food chain 5. T4E-4/7. 26E-4(mg/kg)

Residents groundwater 2. 75E-8 (mg/kg)

_ Soi1l 148. 03 (mg/kg)

Tourists Dust [465-6 (ug/m 3)




Results tor ielinEls

Receptor : Farmer
Air

Soil

Soil
ingestion

Groundwater

Drinking | Skin with |  Total
Shower | Shower risk
water water

9.54E-07 2.99E-09 38.22E-07 2.48E-10 5.04E-06

Outdoor
burning

Drinking

Cancer
Risk
Percentage 18.93% 0.06% 16.31% 0.00% 100%

Cancer
Risk

2.12E-03 | 6.64E-06 | 7.23E-03 | 1.83E-03 | 5.50E-07 = - - 1.12E-02

Percentage | 18.95% 0.06% 64.63% | 16.36% AN - - - 100%




EHikRel@ ecreational frarmer

Receptor : Recreational Farmer
Soil Air Groundwater

Soil Drinking | Skin with Total
' ' Shower risk
Ingestion

Outdoor

burning Drinking

c%?sc;r 2.99E-09 8.22E-07 1.88E-09 1.88F-11 3.74E-12 5.23E-06

Percentage 0.06% 15.73% 0.04% 0.00% 0.00% 100%

C?{?Sclfr 2 54E-03| 6.64E-06 | 7.23E-03 | 1.83E-03 i 4.17E-06 | 4.17E-08 | 8.31E-09 | 1.16E-02
Percentage | 21.88% | 0.06% 62.27% | 15.76% - 0.04% 100%




Results of reSielEin

Receptor : Residents
Soil Air Groundwater

Soil Drinking | Skin with Total
et Shower risk
Ingestion

Outdoor

burning Drinking

Cancer
Risk
Percentage

C?{?Sclfr 2 12E-03] - ] ] i 4.17E-06 | 4.176-08 | 8.31E-09 | 2.12E-03
Percentage | 99.80% - = - - 0.20% 100%




Results for ellgs

Cancer
Risk
Percentage

Cancer
Risk

Receptor : Residents

Soil

Air

Groundwater

Soil
ingestion

1.38E-07

1.51E-04

3.80E-05

Outdoor
burning

Drinking

Drinking | Skin with
Shower

Percentage

0.07%

79.84%

20.09%

Total
risk

1.89E-04

100%




WEREEEINE 1t of contaminated sites
Sustainability

Sustainable Remediation

Green Remediation

Brownfield

Decontamination




Decontamination
Sustainability

Health Risk Assessment
(Environment)

) Scope




Remedial process of contaminated sites in the US for Decontamination

Preliminary Assessment (PA)/
Site Inspection (SI)

Hazard Ranking System (HRS)/
National Priorities List (NPL)

Remediation Investigation(RI)/
Feasibility Study (FS)

Record of Decision (ROD)
Remedial Design (RD)
Remedial Action (RA)

Construction Completion

Post Construction Completion
NPL Delete

Reuse

PA is designed to determine whether a site poses little or no threat to human health
and the environment or if it poses a threat, whether the threat requires further

investigation.
SI identifies sites that enter the NPL site listing Process and provides the data needed

for Hazard Ranking System (HRS) scoring and documentation, typically collect
environmental and waste samples to determine what hazardous substances are

present at a site.

(From the website of U.S.EPA, 2013)



Remedial process of contaminated sites in the US for Decontamination

Preliminary Assessment (PA)/
Site Inspection (SI)

Hazard Ranking System (HRS)/
National Priorities List (NPL)

Remediation Investigation(RI)/
Feasibility Study (FS)

Record of Decision (ROD)
Remedial Design (RD)
Remedial Action (RA)

Construction Completion

Post Construction Completion
NPL Delete

Reuse

Rl serves as the mechanism for collecting data to (1) characterize site conditions,
(2) determine the nature of the waste,(3) assess risk to human health and the
environment,(4) conduct treatability testing to evaluate the potential performance
and cost of the treatment technologies that are being considered.

FS is the mechanism for the development, screening, and detailed evaluation of
alternative remedial actions.

RI/FS process includes (1) scoping, (2) site characterization, (3) development and
screening of alternatives, (4) treatability investigation, and (5) detailed analysis..

(From the website of U.S.EPA, 2013)



Remedial process of contaminated sites in the US for

Preliminary Assessment (PA)/
Site Inspection (SI)

Hazard Ranking System (HRS)/
National Priorities List (NPL)

7

Remediation Investigation(RI)/
Feasibility Study (FS)

N\

Record of Decision (ROD)

Remedial Design (RD)

Remedial Action (RA)

Construction Completion

Post Construction Completion

NPL Delete

Reuse

RD is the phase in contaminated site cleanup where the technical specifications for
cleanup remedies and technologies are designed.

RA follows the RD phase and involves the actual construction or implementation phase.

(From the website of U.S.EPA, 2013)



Remedial process of contaminated sites in the US for

Preliminary Assessment (PA)/
Site Inspection (SI)

Hazard Ranking System (HRS)/
National Priorities List (NPL)

R diation Obiecti Baseline Risk Assessment h )
emediation ective H Risk A men

Record of Decision (ROD)

Remedial Design (RD)

Remedial Action (RA)

Construction Completion

Post Construction Completion

NPL Delete

Reuse




Remeadial Process of Contaminated Site in the USA tor

Preliminary Assessment (PA)/
Site Inspection (SI)

Hazard Ranking System (HRS)/
National Priorities List (NPL)

R diation Obiecti Baseline Risk Assessment h )
emediation eCtive Gr————————————————— :

. -term risk
Record of Decision (ROD) rm risk
: : ) Analysis of potential alternatives Criteria
Remedial Design (RD) y P
< ( Overall protection of human health
Remedial Action (RA) Overall protection of environment
. Long — term ef fectiveness and permanace
Construction Completion ) Short — term ef fectiveness
Reduction in toxicity, mobilityand volume through treatment
. . ) Implementabilit
Post Construction Completion P Cost Y
8 L Community acceptance
NPL Delete
Reuse




Brownfields
Sustainability

HRA and Brownfield
(Environment and Economy)

) Scope




Essentials inle

The tetrahedron represents the connection and interdependency
of four key factors for brownfield redevelopment.

'f\ Site Preparation

\.

i / Future Use '
/ /L‘/’ " /\ \ v N ) '\\-
/; i /5@5._ -3§?— =
R/ /f ./ L AN ,’%‘7 ! ?f/.»__,\ f /

A/ L FIAVAN .-

/ 74 .,.5,—_-3:_-:-;“-7 PRl

/ / S _‘ 3 R o
Economy  /lSeileSra ST Legal
Famework

(CLARINET, 2002)



efinition of

-

Previously

Land and/or

development buildings
Rural or ° Not in
urban
current use
> Brownfield <
Green belt
Partially MAY |
occupied BE
Statutory Land
contaminated land contamination
Vacant Abandoned /
(Alker et al., 2000)




Process of brownfield assessment

Urban/Regional Environmental
Redevelopmaent Remediation Aspects

Analysis of demand for further Analysis of actual situation
development purposes Data Evaluation of existing data
Evaluation
Analysis of existing land use plan Determine need for additional investigations

Communication/consultation with major stakeholder groups

Risk Assessment
Initial evaluation

Development of preliminary development
concepts, and evaluation of viability
of different development scenarios

Pre-
Feasibility

Definition of site specific remediation goals and target, taking into account of current development concepts.
Further stakeholder participation to elicit views on willingness to bear risks

Financing and investment possibilities Remediation options and concept evaluation
for available draft development Feasibility of Environmental Impact Assessment
concepts-detailed development appraisals

Detailed design phase: the chosen options for remediation and for development are planned in detail,
and the costs are precisely calculated. Public relations campaign to explain choices.

Implementation of site imolementation Implementation of remediation activities
(World Bank, 2010) development work P Monitoring of results



Categories gilis

Land Value
After Remediation

oping sites are driven by Potential development sites

Reserve sites are driven by

- Public sectors
Reclamation Costs

(RESCUE, 2004)



Connection between Brownfields and Sustainability

Ultimate Goal:
Sustainable Development

Other Successful Green Development Other
Brownfield Green Building
Redevelopment
Livability Health Environmental Financial Social and
Issues Concerns Goals Objectives Economic
Issues

These objective hierarchies are continued on subsequent, individual pages in the full SBR Tool.

(Wedding and Crawford-Brown, 2007)



Green remediation

Sustainability

Life Cycle Assessment (LCA)
(Environment)

) Scope




Green remediation

Sustainability

Green Remediation

The practice of considering all
environmental effects of remedy
implementation and incorporating
options to minimize the environmental
footprint of cleanup Actions

) Scope




Objective of green remediation

————

A ===

* Achieve remediation action goals

es

* Achieve greater long-term finance from investments

* Increase operational efficiencj

Stewardship

Materials

& Waste . Flements

Land &

Core

Ecosystems

* Support use and reuse of reme

2diated parcels

Energy
ObjeCtiVe ofF
/nance

Air

Water ~

* Minimize impacts to water quality and water cycle

* Increase sustainability of site c

* Conserve nature resources

(U.S.EPA, 2008; 2010)

leanup

*Reduce airemission and greenhouse gases

* Reduce total pollutant and waste burdens on the
environment

* Minimize degradation or enhance ecology of the
site and other affected area



Green remediation in Superfund

Preliminary Assessment (PA)/
Site Inspection (SI)

VIinimize field mobilization, materials and natural resource consumption,
and waste generation

Hazard Ranking System (HRS)/
National Priorities List (NPL)

Remediation Investigation(Rl)/ | Avoiding unnecessary consumption of materials and natural resource
Feasibility Study (FS) during a remedial action.

Record of Decision (ROD)
Remedial Design (RD)
Remedial Action (RA)

Construction Completion

Post Construction Completion
NPL Delist

Redevelopment (U.S.EPA, 2010)



Green Remediation in Superfund

Preliminary Assessment (PA)/
Site Inspection (SI)

Hazard Ranking System (HRS)/
National Priorities List (NPL)

Remediation Investigation(RI)/
Feasibility Study (FS)

Record of Decision (ROD)

Reducing onsite and offsite footprints of a cleanup.
Using clean fuel and renewable energy sources for vehicles and equipment, retrofitting

Remedial Design (RD)

Remedial Action (RA) diesel machinery and vehicles for improved emission controls.
Reusing construction and routine operational materials, reclaiming demolition or
Construction Completion processing and installing maximum controls for storm water runoff.
Post Construction Completion Short-and Long term remedy operations and five year review
NPL Delist

Redevelopment (U.S.EPA, 2010)



Life cycle framework in Green Remediation

AQUEOUS STRESSORS
Toxics
COD/BOD
Nutrients




Sustainability

Sustainable Remediation

(Environment, Economy, and Sociely)

) Scope



Jevelopment is a balance between
i RInGE tal, social and economic factors

SUSTAINABLE

Economic

SOCIAL

(SuRF-Australia, 2009)




HNEEREInOf sustainable remediation

Transparenc
Risk-based land P Y
and
management
engagement

Sustainable
Remediation

Acceptable
wider impact

Balanced
outcome




Energy Input

m——

Resource Input

Boundary

Remedial
Design
and
Construction

el

Remedial
Action

Monitoring

Waste generation

l

Emission to Water

Emission to Soil

Vv
Environment

v
Economy

v
Society




Possible indicators for a
options

assessment of

impacts on air
impacts on soil
impacts on water
impacts on ecology

use of natural resources and
generation of wastes

intrusiveness

Impacts on human and safety

Ethical and equity consideration

Impacts on neighborhoods or regions
Community involvement and satisfaction

Compliance with policy objectives and
strategies

Uncertainty and evidence

Direct economic costs and benefit
Indirect economic costs and benefit
Employment and capital gain
Gearing

Life-span and project risks

Project flexibility

(SuRF-Australia, 2009)



y framework tool

Process tools

to support

decision
making

Tools f Impacts
00 S.f c'>r —p Fate and Transport
qu.antl ying Health Risk Assessment
Impacts

Intensity Tools
Carbon calculators
Water footprints
Material intensity

> Life cycle analysis

Net Environmental Benefit Assessment
Multi-Attribute Analysis
. Cost Benefit Assessment

Environmental Impact Assessment
Sustainability Assessment
Risk Assessment

(NICOLE, 2012)



Setting the
remediation
technical approach

SUSTAINABILITY BENEFIT

PROJECT STAGE >
L. 4 (NICOLE, 2010)




of contaminated Sites

Preliminary Assessment (PA)/ e
———— T Criteria @me—— Type of Reuse

Site Inspection (SI)
( N
Hazard Ranking System (HRS)/
3 National Priorities List (NPL)
r — — \ o o Baseline Risk Assessment _
Remed|at'|o.n- Investigation(RI)/ Remediation Objective Feedback to Acceptable Value Health BISk Assessment
Feasibility Study (FS) ) Short-termrisk

Long-termTisk

Analysis of potential alternatives

. Goal Process alternatives

Low Pollution Equipment

Recyclable Materials

High-performance Equipment

Minimize Natural Resource

Establishing Renewable Resource System
Generating electricity by Byproduct

Record of Decision (ROD)

Remedial Design (RD)

Remedial Action (RA) educing emission

Construction Completion

Reducing energy and resource use

Post Construction Completion

NPL Delist

Redevelopment




ScHERleor sustainable remediation

® Pollutant Trichloroethylene (TCE), with cancer and non-cancer effects

® Sampling concentration 5mg/L, more than the control standard (0.05mg/L)

® Remediation cost high, when the remediation target is the control standard;
health risk chosen to be the criteria of remediation

® In Industry area with use potential

® Through preliminary investigation, the remediation duration is 10 years, and
the cost is 250 millions NT dollars

® Based on the pollutant, geology, groundwater, the duration and cost,
Groundwater Circulation Wells (GCW)and Enhanced Reductive
Dechlorination (ERD) were chosen as the best technology.

63



Remediation alternatives

Remediation
Technology

Alternativel Groundwater
Circulation Wells
(GCW)

Alternative 2 Enhanced Reductive
Dechlorination
(ERD)

Alternative 3 Enhanced Reductive
Dechlorination
(ERD)

Procedural
Design

Using alcohol gasoline
Employing local workers
Using recycle steel
Establishing acoustic barriers

Using alcohol gasoline and Biofuel
Establishing working place

carbon compensation

Establishing rainfall recycled system

Employing local workers
Establishing working place
Establishing rainfall recycled system
Electricity generated by solar energy
Aggregate reused

Establishing acoustic barriers



System boundary

i Boundary |ecccc oo -
Raw Material Input | | Emission to Air
|  —
0 |
; Remedial | Emission to Wat
Renewable Material Input. . . ) -mission to YWater
I Design Remedial . I
! — ) —  Monitoring |-
: and Action !
Additive Input i Construction EEmission to Soil
A ]  —
0 |
S :

Waste generation

4 v v
Environment Economy Society




Water Y

Wool

Electricity T —————
Asphalt Boundary | oc oo -
Cement :

Paint Raw Material Input : !
Concrete | : :
Aggregate i Remedial E
Steel Renewable Material Ipput ! Design R Remt.edlal + Monitoring | |
PVC J I and Action I

0 . 0

Metal | |__Construction :

) )

| 0

v ;




Boundary | oc oo

Raw Material Input

Water )
Electricity Remedial

]

]

] ]

] ]

] ]

] ]

] ]

] ]

] . . ]

] i 1 Design Remedial . ]
0il > Renewable Material | ut | 4 R . »  Monitoring | |
Reusd Material ﬂ : and Action :
] ]

] ]

] ]

] ]

] ]

] ]

Construction
Additive Iniut




i Boundary | -cccco oo eeeeeeeeeeeeo

]

]

]

]

: Remedial

] . q

] Design Remedial e
—— . —  Monitorin

i and Action g

: Construction

:

]

4

Waste generation

Emission to Air

l

.\

Emission to Water

Emission to Soil

( SO,
NO,
co
PMi,
voc
Pb

L CO,



Boundary | -cccco oo eeeeeeeeeeeeo

Remedial
Design Remedial . .
. . — Monitorin
and Action 8
Construction

et

Waste generation

Emission to Air

l

)

Emission to Watern

Emission to Soil

4

Inorganic Pollutants

COD
Chloride

Sulfate

Dissolved solides
Oil



Boundary | -cccco oo eeeeeeeeeeeeo

Remedial
Design Remedial . .
. . — Monitorin
and Action 8
Construction

et

Waste generation

Emission to Air

l

Emission to Water

Emission to Soil

Ca
Chloride
Oil




Boundary | -cccco oo eeeeeeeeeeeeo

Remedial
Design Remedial . .
. . — Monitorin
and Action 8
Construction

et

Waste generation

ALa.cte.cnil
Lt

Emission to Air

l

Emission to Water

Emission to Soil

VvV Aot C OuU
Waste active carbon
Others




Boundary |eedcdsdddiddddadddidaddedsddassdsda

Emission to Air

]

)

L}

]

]

]

Remedial | Emission to Water

Design Remedial | Moniftoring :-

and Action :

. ]
Construction | Emission to Soil
| e—

)

--------------------------------------------- 1

Waste generation

’ ‘ Others
< G ~_\/ Carbon Compensation

Environment Economy Society e Purchase

* Deduction by planting
Employee

* Local

* Foreign
Cost
Subsidy




Indicators 4

Boundary L LR R EEE R
Raw Material Input | Emission to Air I i i
i - Direction Indicator
Renewable Materialinput | "eMed iemissiontowater | ENVIFONMeNt | Human Health
i Design | __ | Remedial i o !
- E and Action | Monitoring :- Eco I Ogy
Additive Input ! L Construction iEmissiontoSoiI
Ai | — Resource Used
e e e e e 1
lWastegeneration ; Cllmate Change
............ Water Use
l Waste Generation
\ 4 4 \ 4 o
Environment Economy Society Economy Remediation Cost

Benefit of Land Reuse

Cost of Employment and
Training

Society Noise ~ Odor and Dust

Traffic Problem
Community Engagement

Commonalty acceptance



Indicator

Human Health (DALY)
Ecology (Species*yr)
Resource Used ($)
Climate Change(kg CO2 eq)
Water Use (m3)
Waste Generation(kg)
Remediation Cost ($)
Benefit of Land Reuse ($)

Cost of Employment and Training ($)

Alternative 1

13.630
0.00169
103,674,428
21,366,932
4,213
3,497,607
201,699,340
5,803,840,000

1,470,000

Alternative 2

Alternative 3

0.234 0.333
0.0155 0.0156
1,365,319 1,880,410
280,413 479,116
2,717 3,648
I 95,782 94,981
- - .- - - - - . -
81,980,935 83,452,743

6,166,580,000

o 4,842,00

0

6,166,580,000

4,802,000 _I



Results L2

1
Alternative 1

0.8 —
0.6 —
04 m Alternative 2
0.2 — I

0 —— —— T T T —— T T —— T T T 1

)

® Alternative 3

éz}’& & > 'b&% & @;&\0 o 5 & @"\&
@%QQ\ <<,<J°\O% Oé& '5@6\ $’5& eoe(\e e'}\’b&\oo ‘v@sz:) @&\“&b&
‘2‘\) ng’ (>\<° &’b"} ?}(\e’ %\) \04)&
<« Qé& {O@
¥ &
Human Health Ecology Resource Used | Climate Change | Waste Generation Remediation Cost
! (DALY) (Species*yr) $) (kg CO, eq) (kg) %)
1.17E+01 9.77E-04 8.79E+07 1.79E+07 2.94E+06 9.62E+07

ERD 8.05E-05 6.73E-09 6.05E+02 1.23E+02 2.03E+01 6.62E+02



Human Health (DALY)
Ecology (Species*yr)
Resource Used (S)
Climate Change(kg CO2 eq)
Water Use (m3)
Waste Generation(kg)
Remediation Cost (S)

Benefit of Land Reuse ()

Cost of Employment and Training

($)

Alternative 2

clean fuel

-2.00E-04

2.54E-05

-1.07E+04

-1.72E+03

-2.30E+00

0

0

0

Carbon
Compensation

0

0

0

-1.00E+05

0

0

1.20E+04

0

Local
Employee

-6.30E-04
-2.60E-06
-1.13E+04
-1.98E+03
-6.66E+00
0
0

0

-1.12E+05

Project of

Solar Energy

-1.27E-03

-8.00E-08

-1.40E+04

-2.82E+03

2.93E+01

-5.50E+02

1.82E+05

0

Alternative 3

Reused Materials

-6.16E-05

-7.40E-07

-5.92E+02

-1.36E+02

-3.69E+00

0

-3.19E+02

0

IAcoustic
barrier

I
9.95E-02

6-79E-05
I5.05E+05

|9.74E+O4

8.94E+02

|1.62 E+06

0



Thank you for
listening...
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Program of 2016 International Training Courses on Survey an

Remediation of Soil and Groundwater Contaminated Sites

ENVIRONMENTAL RISK
MAPPING FOR EVALUATION
THE IMPACT OF THE
BROWNFIELD SITES

Ming-Chien Su
Department of Natural Resources and

Environmental Studies, National Dong
Hwa University




The course contents:

Brownfield

Definition

Regulations
Brownfields problems

Assessing and Mapping Technology
Brownfield Sites Assessment
Risk Assessment Methodology

Brownfield Regeneration Solution



USA Brownfield Definition

Brownfields Site: means real property, may related to the
presence or potential presence of a hazardous substance,
pollutant, or contaminant.

The 2002 Brownfields Law defines “the term
to include a site that is “contaminated by a

controlled

substance: contaminatec

by

petroleum or a petroleum product excluded

from the @

efinition of ‘hazardous su

or mine-scarred land.”

pstance;’

In the USA a brownfield site often refers to an abandoned
“Industrial land” that has been contaminated with the levels of
hazardous waste and pollutants.



EU Brownfield Definition

- EU: Brownfield sites are sites that have been affected by
the former uses of the site and surrounding land, are
derelict or underused, may have real or perceived
contamination problems, are mainly in developed urban
areas and require intervention to bring them back to
beneficial use.

- No specific law or regulation for the “Brownfield sites”

- In the UK a brownfield site is defined as "previously
developed land" that has the potential for being
redeveloped. It is often (but not always) land that has
been used for industrial and commercial purposes and is
now derelict and possibly contaminated.



20160326_mcsu )

Brownfield Regulations

- US: The 2002 Small Business Liability Relief and
Brownfields Revitalization Act (the "Brownfields Law")



http://www.epa.gov/brownfields/summary-small-business-liability-relief-and-brownfields-revitalization-act

Brownfields problems

Older industrial properties -- even those with just small
amounts of environmental contamination that could easily be
remediated -- are placed at a considerable disadvantage in the
real estate market, compared to clean greenfield locations.

A property owner -- unable to sell a contaminated property —
simply abandons it, undermining the local tax base.

Vacant facilities deteriorate and invite abuse -- unsupervised
stripping of parts or material, vandalism or arson, and
"midnight" dumping.

Untended pollution may worsen and spread, further diminishing
the property value and adding to its cleanup cost, as well as
threaten the economic viability of adjoining properties.

The site becomes an unwanted legal, regulatory, and financial
burden on the community and its taxpayers.

Charles Bartsch, 2006



The common characteristics of brownfields

Abandoned

often but not always contaminated,
require reclamation/revitalization

relict of industry, construction, agriculture, military or other
anthropogenic activities

(G. Siebielec (ed.), 2012)
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Before....Industrial site.... After Regeneration....

Underused post-industrial site in Piekary,
Poland (G. Siebielec (ed.), 2012)

(TEPA 2013)

(TEPA 2013)



Brownfield Sites Assessment

analysis of the solil, groundwater and surface water through
testing for hazardous compounds, and ensures that
appropriate measures are taken to reduce identified risks and
liabilities.

Environmental Site Assessment (ESA), ASTM and AAI
Standards

Phase | ESA. Often conducted before a property transfer, this process
assesses site history and helps determine whether a site has potential
for contamination.

Phase Il ESA. A Phase Il ESA involves on-site sampling and helps to
determine the extent, types, and probable sources of contamination;
risks to human health and the environment; and the need for cleanup.

Expedited Site Assessment. This process is used to more rapidly
characterize underground storage tank sites by analyzing and
interpreting data on the site as it is collected.



20160326_mcsu

ASTM Standards for Conducting
Environmental Site Assessments

ESA type ASTM standards

Phase | E 1527- 13 AAl in 40 CFR 312; I1ISO
E 2247- 08 14015
Phase Il E 1903- 11

1. American Society for Testing and Materials (ASTM)
2. “All-Appropriate-Inquiry” (AAI)

Sources: DNR-WI, AM-465 2014
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Phase | ESA

Basic Information Profile & Identified potential
Contamination

- a review of records,

- a site inspection,

- IntenaewWs Weebwi
government officials.

- Phase One Concep

-/ Phase One Study Area




Table of Areas of Potential Environmental Concern
(Refer to clause 16(2)(a), Schedule D, O. Reg. 153/04)

Location of Area

Media Potentially

DT T z P el Potentiall SEEEUIE contaminants Impacted
Potential Environmental - Y PCA = ; P
) Contaminating . of Potential (Ground water,
Environmental Concern on - (on-site or 3 -
1 Activity?® - Concern soil and/or
Concern Phase One off-site) .
sediment)
Property
Motes:

1

area of potential environmental concermn means the area on, in or under a phase one property where one or more

contaminants are potentially present, as determined through the phase one environmental site assessment,
including through,
(a) identification of past or present uses on, in or under the phase one property, and
(b) identification of potentially contaminating activity.

2

occurmng or has occumred in a phase one study area

potentially contaminating activity means a use or activity set out in Column A of Table 2 of Schedule D that is

? when completing this column, identify all contaminants of potential concern using the Method Groups as identified
in the "Protocol for in the Assessment of Properties under Part XV _1 of the Environmental Protection Act, March 9,
2004, amended as of July 1_201 1asspeaficd BSiow:

ABNs
@rs
1,4-Dioxane

Dioxins/Furans, PCDDs/PCDFs

QCs
Fhids

PCBs Metals
PAHs As, Sb, Se
THMs MNa

VOCs B-HWS
BTEX cr

Ca, Mg CN-

Electrical Conductivity

Cr (VI)

Hg

Methyl Mercury
high pH

low pH

* When submitting a record of site condition for filing, a copy of this table must be attached.

LJI“.F‘:

Guide for Completing Phase One Environmental Site Assessments under Ontario Reqgulation 153/04




Table of Current and Past Uses of the Phase One Property
(Refer to clause 16(2)(b), Schedule D, O. Reg. 153/04)

Description of Other Observations from
Year Name of Owner P P U Property Use' Aerial Photographs,
roperty Use Fire Insurance Plans, etc.
Notes:

' for eaCh owner, spedify.one of the following types of property use (as defined in O. Reg. 153/04) that applies:

Agniculture or other usk
Commercial use
Community use
Industnal use
Institutional use
Parkland use
Residential use

* When submitting a record of site condition for filing, a copy of this table must be attached.

Guide for Completing Phase One Environmental Site Assessments under Ontario Reqgulation 153/04




Phase || ESA

Sampling and laboratory analysis to confirm the presence
of hazardous materials.

surficial soil and water samples
subsurface soil borings

groundwater monitoring well installation, sampling, and
analysis (may be appropriate on neighboring properties as
well to determine the presence of contamination)

drum sampling (if any were left on the property)
sampling of dry wells, floor drains and catch basins

transformer/capacitor sampling for Polychlorinated
Biphenyls (PCBs)

geophysical testing for buried tanks and drums
testing of underground storage tanks



Site Inspection

Field Survey Sampling

(TEPA 2013)



Risk Assessment
Paradigm

20160326_mcsu

Ecological Risk
Assessment

Stressor Response &
Exposure Analysis

-~

(&

Risk Characterization

Human Health

Risk Assessment

Planning & Scoping

Hazard

Identification

Exposure Assessment

Risk Characterization

~N

J

Risk Management
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Risk Assessment Methodology

ldentified Hazards, Scenarios & Assumption
Exposure Assessment

Risk assessment

Risk mapping

A
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EXposure assessment

Dermal
Route:
Biclogically
effective
dose
Exposure Paotential Applied Intemal
T dose * dose H""P--‘ dose
Chemical e Organ — Effact
Mﬂiﬂhﬂ-llsml—
Skin
.l
o Uptake

(USEPA, 1992)
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EXposure assessment

Respiratory o
Route:
Biologically
effective
dose
Exposure Potential Applied Intermnal
OSe dose dose
Chemical N L Organ
Metabolism
Mouth / Nose Lung
4= :
Intake Uplake

(USEPA, 1992)

Effact
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EXposure assessment

Oral
Route:
Biclogically
effective
dose
Exposure Fotential Applied Internal
b L/"dmm dose ~~__ | dose
Chemical e Organ Effact
Metabolism
3,], Tract
Mouth
. -
Intake Uptake

(USEPA, 1992)



3 Ways to Approach the Quantitative
Exposure Estimate

The exposure can be measured at the point of contact
(the outer boundary of the body) while it is taking place,
measuring both exposure concentration and time of
contact and integrating them (point-of-contact
measurement),

The exposure can be estimated by separately evaluating
the exposure concentration and the time of contact, then
combining this information (scenario evaluation),

The exposure can be estimated from dose, which in turn
can be reconstructed through internal indicators
(biomarkers,'’ body burden, excretion levels, etc.) after
the exposure has taken place (reconstruction).

(USEPA, 1992)



The Risk MAP Saolution

Qutcomes &
Benefits

= Engaged
. communitias
making informed

STRENGMTEN STATE LOCAL, TRIEAL : W decisions
CAPABILITIES s

| n Increasein
precision of our

Project Life Cycle R products
B el
o : » Effective risk

ENHANCED TECHNOLOGIES & £ o assessments &
TOOLS o mitigation plans

m Communities
commumicate risk

more effectively

What 1s Risk Map? 2012. www.fema.gov/plan/prevent/thm/rm_main.shtm - 1 - 877 - FEMA MAP



Mapping Tools: DRASTIC Method

US-EPA developed method for evaluating ground water
contamination.

4 Assumptions: (a) the contaminant is introduced at the ground
surface; (b) the contaminant enters the groundwater by
precipitation; (c) the contaminant has mobility; and (d) the area
should be 400 m2 or larger

Seven parameters: parameters—depth to water table(D), net
recharge(R), aquifer media(A), soil media(S), topography(T),
Impact of vadose zone material(l), and hydraulic conductivity(C)
DRASTIC Index=DiD+R,R ,+AA,+SS, +T,T,+1,+CC,
r is the rating and w the weight.
Risk Index = DRASTIC Index + L,L,,

L: land use



Rawdata —» Parametermaps [ Processing ™ Final product
E;g? EEE —/ Depth of water /
Rainfall
landform ﬁ/ Net Recharge /
information
Well logs / Aquifer media /
published Y
reports
DRASTIC
Soil data |~ Soi media / P GIS MAP
Topography —/ Slope /
Well logs | o of
published g mga 0 Flow chart of methodology for ground
s vadose zone . : :
repo water vulnerability analysis using
DRASTIC model in GIS
Transmi B-E-H”t'f . (A. Rahman / Applied Geography 28 (2008) 32-53)
L ».~ Hydraulic
saturated / conductivity /

thickness




DRAST

20160326_mcsu

|IC parameters

(D) (R @ ()]
rating Depth to Net recharge Aquifer Topography Impact of Vadose Conductivity
Soil media

water (m) {(mm) media (% slope) zone material (m/d)
No
1 =304 508 - shrinking =18 Confining layer 00441
Clay
Massive
2 228-304 - Muck - - 41-123
shale
Metamorphic Silt/clay Shale
3 152228 50.8-101.6 . Clay loam 12-18 _ -
1gneous clay limestone
Weathered )
4 - - . Silty loam - - 123287
metamorphic
5 91-152 - Glacial till Loam 612 - -
Sandstone bedded
Bedded
Sandy limestone and
6 - 101.6-177.8 sandstone - ) 28 741
) loam limestone shale,
limestone )
gravel and w. silt
Shrnking
7 4691 - - - - -
clay
Massive
limestone
8 - 177.8-254 Peat - Sand and gravel 41-82
sand and
gravel
9 1546 - basalt Sand 2-6 Basalt -
Thin or
Karsts
10 0-15 =254 ) absent 0-2 Karsts limestone =82
limestone Gravel
— (Yeganeh et.al.,2013)
weight 5 4 3 3 1 5 3
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Groundwater vulnerability

concentrations and risk map of pollution

nitrate risk map
\ Combined probability map of nitrate

Probability map of
nitrate concentration

Source: Narany et.al., Spatial Assessment of Groundwater Quality
Monitoring Wells Using Indicator Kriging and Risk Mapping, Amol-Babol
Plain, Iran. Water 2014, 6, 68-85

(Yeganeh et.al.,2013)
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Mapping TooI ARCGIS software

T-IEIHH 11!1'&1"

Spatial variation (IDW) in Zn concentration in soils of Ladhran district.
Ahmad et.al., CH15, Soil Remediation and Plants. 2015 Elsevier Inc.
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Mapping Tool: ARCGIS software

- Krigging to forecast the values at non-sampling sites.

Spatial variation (Krigging) in Cd concentration in soils of Jinnah Town .
Ahmad et.al., CH15, Soil Remediation and Plants. 2015 Elsevier Inc.



20160326_mcsu yAY)

A Framework of Brownfield Environmental Risk Screening Model

Environmental Risk Screening Model

TS S  IEREe + 8 Rt T Ak LS
(Source) ( Pathway ) [ ( Receptor ) }
30% 30%

f 1 |

Site Characterization Site Parameters Risk Assessment

~

1. Area 1. Soil properties 1. Population

2. Pollutants released 2. Hydraulic data

2. Possibility of exposure

-

to soil & groundwater 3. Aquifer media )

3. Site history \

4. Site investigation

SRR - BRE - BEEREES SRR TE - 2012 (TEPA 2013, p.4-20)
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Environmental Risk Mapping of Brownfields
O omEas (0 |

= |

© EEMER{G

EARE | REE | BRI S IEeREERTE . (TEPA, 2013, p. 4-169)
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Developed Mapping Model by Taiwan EPA

mE Tn EE &SN ﬂ

L

Flml:ﬂl:\! ' ,___

g e T i

ER 74 FEE

EH 82 F8E

EE 92 FE#E

(TEPA 2013)




Environmental Risk Maps Developed
By Taiwan EPA

¥}

® High
© Medium-High

Medium
® Low e

TEPA, 2013 (p.4-470)
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Brownfield Regeneration Solution
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Common Examples of Brownfields

- light-industrial factory sites - oil-tank farms, rail corridors
- gas stations in cities - municipal buildings with

- dry-cleaning stores asbestos insulation

- manufactured gas plants  * municipal landfills and

. metal-plating, electronics,  'legal dumping sites

pharmaceutical plants, - military reservation land,
chemical, automobile, Included house listed as
tannery, textile...factories ~ Industrial uses, munitions

storage, firing ranges, and
proving grounds

Hollander et. al., 2010
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Approaching Brownfield Redevelopment

- STEP 1:

FIGURE OUT WHO WILL BE INVOLVED

- STEP 2:

CREATE A COMMUNITY OUTREACH PLAN

- STEP 3:

FIND RESOURCES AND SUPPORT SERVICES

Hollander et. al., 2010



20160326_mcsu

Steps to a Brownfield Remediation

Initial Site Investigation

Comprehensive Site Assessment

|dentification, Evaluation, and Selection of
Comprehensive Remedial Action Alternatives

Implementation of Selected Remedial Action
Alternative

Operation, Maintenance, and/or Monitoring

of Comprehensive Response Actions
Hollander et. al., 2010
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Phase | Initial Site Investigation

street address of site - Waste management
topographic map « environmental permits and site
number of workers on site compliance

residential population within a * site hydrogeological

fixed radius characteristics, including soll

uses of surrounding land type (por_o_sity and
institutions with 500 feet of site” PerMeability)

natural resources with 500 feet” 9roundwater flow conditions
of site - nature and extent of

site records (included previous contamination

site operations) - potential

hazardous material usage * eXposure ways
records

Hollander et. al., 2010
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Phase || Comprehensive Site Assessment

- Advanced Analyze all Phase | data
- Decide on the environmental fate and transport
- Determine the nature and extent of contamination.

- Update the history of disposal of industrial waste
materials on the site.

- Update assessment of hydrogeological characteristics.
Assess exposure levels.

« Characterize risk.

Hollander et. al., 2010
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Phase llI: Identification, Evaluation, and Selection of
Comprehensive Remedial Action Alternatives

 Planning alternatives
- Analysis of alternatives: bench-scale or pilot testing

« Selection of optimum remedial action alternative to
Implement on-site

- Preparation of a remedial action plan

Hollander et. al., 2010
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Phase IV: Implementation of Selected
Remedial Action Alternative

« Documentation of construction

- Implementation of remedial action plan and final
Inspection

Hollander et. al., 2010
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Phase V: Operation, Maintenance, and/or Monitoring of
Comprehensive Response Actions

- Operations and Maintenance

- Performance monitoring
- “fine tuning” the ongoing long-term remediation, such as
pump-and-treat installations.

Hollander et. al., 2010
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Land Use and Design Considerations

(Hollander et. al., 2010, illustration by Luisa Oliveira)



WHAT ARE THE LAND USE AND DESIGN
CONSIDERATIONS INABROWNFIELD PROJECT?

Urban brownfield lands have appropriate “public
Infrastructure” such as: road and often rail access as
well as public transport, power, communications, and
sewerage.

Also be considered to be extended to new IT businesses,
educational facilities, and residences;

Redeveloped need to have a new or reworked storm-
water systems to capture rainwater before it leaves the

site:

Hollander et. al., 2010
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Three Indices of Brownfield Sites Redevelopment

Socio- Smart Environm
economic Growth ental

« population » accessibility * source of

e — q potential
y O BUINEES <l contamination,
- property values transport,

- * soil permealbility,
« reducing e provision of

oy e proximity to water
unemployment e bodies and parks

opportunities and

housing and presence of

wetland and
floodplains

Design the evaluation Indices model for the brownfield
redevelopment projects ought to base on the individual
needs, but which it can be served as a preliminary
screening tool. (Chrysochoou et.al., 2012; UWE Ed.,
2013)
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1. Save money and save lives by
making right decision

* Are you going to apply the same
remediation standard for these contaminated
sites?




What choices do we have?

No action
Site management only

Site remediation

— In-situ vs excavation/off-site

— Phytoremediation (slow) vs chemical
injection (fast)

Land use restriction

— Prohibition of entry, etc.

— Ban agricultural use, etc.



How to make a decision?

The amount of
Cost of human risk/
remediation environmental

impacts

reduced

S~




2. Risk assessment Is the
scientific basis of remediation
decision-making

» Baseline risk assessment (to identify
people under high risk and protect
them)

» Setting remediation goals/clean-up
standards

» Risk assessment for hypothetical
scenarios of remediation alternatives



The role of exposure assessment in a

Site
investigation

Risk assessment \-‘
Current state

Remediation
alternatives

Scenario #1 h

Scenario #ZH

Scenario #3H

risk-based decision making process

Exposure
” : assessment P
Hazard Risk .

identification characterization
.
L/ Dose- Q
response
relationship

v

Risk
reduction
estimation

[Cost analyses P

|

-
Remediation
decision
making

\_

~




3. The elements in an

Human behavior eXpOS U re pathwa Scenario #1
Y
Intake rate exposure IRXEF XED v
(expose) by duration and =(C X X source of
human beings, frequency BW AT pollutants
IR EF, ED w - /

Transpon

///'/‘-;_"_.___.—. T~ Medium {Air)
A e [=C \ \' Releass Mechanism
' / v i '\“ (Volatization)
Aﬁ v”"l TR ’ Elposuve
U Innal:llon
3 \? Exposure g}dj}. "g
A L L_f Q ule
Rnlaaun
Mechanism .
===y (Spay “Waste Pile
| Exposure (Source)
. | Medwum

Concentration | (S | Reloase Mecheniam:

| | (Site Leaching)
of pollutants, ... : s T

! . — -

| [ prnd - o r'h'

C Sy i - . Transport,

] o -

| - - n edum

o W— L s transfer anc_l
IR, ~ transformation

7



IRXEFXEDX;L_
BW AT

| = exposure factor (mg/Kg-BW/day)

C = the concentration of the pollutant (mg/L)
IR = intake rate (L/day)

EF = exposure frequency (day/year)

ED = exposure duration (year)

BW = body weight (KQ)

AT = average time (year) (lifetime for cancer
risk)

[=C X




4. How to estimate the
concentration, C




4.1. Transport of contaminants

« How fast the contaminants move?

— The contaminants move as fast as the
carrying fluids (air, groundwater) as long as
there is no adsorption by soils and no
diffusion/dispersion

 Then, how fast the fluids move?

10



4.1.1. Movement by advection

 4.1.1.1. Linear velocity
of water in groundwater
aquifer

« Darcy’'s Law
« Darcy velocity

q = Q/A = - K dh/dx
(m/d)

* h =water head (m)

« X =distance (m)

« K = Hydraulic
conductivity (m/d)

- : sectional Q F|?/\éV rate
— Linear velocity area (m?) 'Q (m¥iday)

* Vv, =qg/n(m/d) (n=porosity) @( 11



How to estimate K

* Hydraulic conductivity,

K, is function of soil
type, texture, moisture
content (in unsaturated
zone) and (maybe)
direction.

Very often you have to
measure it in lab with
soll columns or in the
field by pumping test or
slug test.

TABLE 3-1 Representative Hydraulic Conductivity Estimates for Several Types
of Porous Media“

Unweathered marine clay

Glacial till

Silt, loess

Silty sand

C ]L an s md

(l‘)\tl

1019110 °[10"%|10"7|10"¢{107° |10 *|10 1110 21107 1 |10 |10?
ﬂ._‘,
1 10

K

(cm/sec)

K 10°¢ {107°{10"*|10 3|10 2|10! 102 |10° |10*|10°|10°

(gal/day /ft?)

‘Adapted from Freeze and Cherry (1979).

Particle Size

fine coarse

well
sorted
F}]
P 1
( \\\ |
O
higher

Size Distribution

Hydraulic Conductivity

sorted
#
lower —=

poorly

lower —_— higher

Hydraulic_Conductivity

FIGURE 3-3 Particle size, size distribution, and hydraulic conductivity in soil. Well-sorted
means that all the particles are similar in size, giving the soil a relatively high hydraulic 2
conductivity compared to an otherwise similar but poorly sorted soil in which small soil
particles block the pore spaces between larger particles, thereby decreasing the hydraulic
conductivity of the soil.



Simplified example for calculate the
travelling time, t

— A groundwater well has just been contaminated with
a chemical and has a water level of 30 m above sea
lever (asl). If there is no decay of the chemical in
the aquifer, no dispersion and only one direction for
the flow, when will the chemical plume reach
another well 100 m down stream with a water level
of 25 m asl? (K is 102 cm/s, soil porosity is 0.4 cm?3/
cms3).

— Answer:

« Darcy velocity: g = 102 cm/s x (30-25)m/100 m
= 0.5 x 103 cm3/cm?/s,

 Linear velocity: v, = 1.25 x 103 cm/s,
« Travelling time: t = 8000000 seconds =93 days ™



« 4.1.1.2. Mass transported by advection
— Flux f,=v,nC  (g/m?/d)
n = porosity
C = concentration (g/m?3)

14



4.1.2. Diffusion and dispersion

Mass transported by diffusion and

dispersion

Diffusion/dispersion flux in x direction
f, =-n Dy (dC/dx) — n D, (dC/dx)
Diffusion/dispersion flux in y direction
f, =-n D4 (dC/dy) — n D, (dC/dy)
— D4 = molecular diffusion coefficient

- D,, Dy = dispersion coefficient, which is related to
Vyo Vy

Longitudinal dispersivity, a, = D,/v,

Transverse dispersivity, a, = D, /v, "



How to estimate molecular diffusion coefficient
and dispersion coefficient?

* molecular diffusion coefficients
— You may check some reference book for the
molecular diffusion coefficients in air (~ 10-1 cm?/s)
and in water (~ 10-°° cm?/s)

~ 03 L= 10
& [ 1.55 s o I—
3 D= 135 ! Z  310%h
- | ' ' o
& 02| &
- €7 210
= 8 |
S 8 &
o , CH3CH,OH S
S 0 - S
g QH @ Cng:OCHZCF B Q§
8 CHaCHCH2 { CHy =3 -
S 0.1 OH \. | @ NC. , % 1105 |
— |
[ CH3;CHCH,CHy—® -
- | Al .
£ CH,CH,CH,CH,0H—7r, /' -
= - [}
5 007 O* \v.0 @
= " Q ! .
3 . CHGHEH,CH,CH, O g 0510° .
[=) (b) OH 20 50 100 200 300
E 005 R —
10 20 30 40 S0 100 200 molarmass M; (gmol?)

molar mass M; (g mol)

(e.g. Schwarzenbach et al.,2003, Environmental Organic Chemistry) 16



dispersion coefficients

— are function of soil structure and fluid velocity

— You have to do tracer test in the field or estimate
from the dispersivity, which is function of soil
structure and site scale

« Longitudinal dispersivity, a, = D,/v,,
« D,=v, a,

* Transverse dispersivity, a, = D, /v,
- D=v, 3,

17



4.1.3. The change of
concentration with time

_%_f:ai(fx o +fX dis)+&%ik(] For 1-D problem
x\ : n

a_C:i D E)_C —i(vC)—&d—Sﬂ(C

ot Jdx\ *odx ) oJx n dt

p, = bulk density of soil (g/cm3)
* n = porosity (cm3/cm3)
« S = adsorbed concentration in solid (mg/qg)
« k = degradation or reaction rate constants (1/d)

18



4.1.4. With adsorption and
reactions

» Retardation of the transport by sorption

» Adsorption effects
Freudlich isotherm: S = K, CP
Linear isotherm S=K,;C, ifb=1
« S = adsorbed concentration (mg/qQ)
« C = aqueous concentration (mg/cm?)
« K, = distribution coefficient (cm?/g)
* b = constant

19



1-D example

If there is no difference of concentration in y direction
and z direction (i.e. 1-dimension problem)

If the adsorption follows linear isotherm (S = K, C)
If all parameters are constant with time and place

dK C
WC_9|p 9 —i(vc)—pb 4" 2 kC
ot odx| “dx | ox n dt
daC D 9°C v aC All transport processes
=— — FTk'C  are retarded by a factor
ot R dx* Rox of R
R= 1+& K . Retardation factor

n 20



How to solve the equation to get the value
of concentration at any time and place?

21



Transport of a Conservative Substance
from Impulse and Continuous Sources

Dimensions

Pulse input

of mass M

Continuous input of mass per
unit time M starting at time t=0

Continuous input of mass per
unit time M in steady state

1-D

M,M are instantaneous or
continuous plane sources

M -
C= — erfc £
2nv 2 [D,t

(for x > 0)

M mass input here front at time t mass input here
L 2 b S
y M =0 ——
M AL X v
LZT]
Hunt, 1978 Hunt, 1978
2-D ) 2 -
C= exp— (:——Dv:)+4—DY '} C= M ; exp{(x2 )v}orfc<—r vt C= i ; “p{(ngr)V]
M.A-l are instantaneous or 4ntJD,D, x 4 4“"1"&(\")'i jﬁy ¥ 2Dyt 2nm % (V")'i f— *
continuous line sources
t=0 f=f| plume at time t
M [M
L —>to oo
v M —
s _ v —_— v
Wilson and Miller, 1978 Wilson and Miller, 1978 Wilson and Miller, 1978
3-D
C= % ;i” .
8nm 2t /D‘Dy D, - M exp[(x—r)v] orfc| IV c= M “p[(x—r)v}
M.A.l are instantaneous or (x_vf)’ Yz 22 Bnﬂr/DY D, 2D, 2/D,t 4n1rr/D, D, 2D,
continuous point sources | &Xp— 4_137 +AT,1 +4DT

[ ]

&

y

V..

Hunt, 1978

plume at time t

Hunt, 1978

Hunt,

1978

FIGURE 3-19 Solutions to the advection-dispersion equation (Eq. [1-5]) for a conserva-
tive solute. Cases for continuous input of mass at time t =0 are adapted from references
cited, assuming x and/or r are much larger than D /v; r equals (x* + y?D, / Dy )2 in
two dimensions or (x2+ y2D, /Dy + z2D, /D,)V/? in three dimensions. Note that the
definitions of M and M vary with the number of dimensions. .

TABLE 3-4 The Complementary Error Function

x erfe(x) x erfc(x)

0 1.0
0.05 0.943628 11 0.119795
0.1 0.887537 12 0.089686
0.15 0.832004 13 0.065992
0.2 0.777297 14 0.047715
0.25 0.723674 15 0.033895
0.3 0.671373 1.6 0.023652
0.35 0.620618 17 0.016210
0.4 0.571608 1.8 0.010909
0.45 0.524518 19 0.007210
0.5 0.479500 2.0 0.004678
0.55 0.436677 21 0.002979
0.6 0.396144 2.2 0.001863
0.65 0.357971 23 0.001143
0.7 0.322199 24 0.000689
0.75 0.288844 25 0.000407
0.8 0.257899 2.6 0.000236
0.85 0.229332 2.7 0.000134
0.9 0.203092 2.8 0.000075
0.95 0.179109 2.9 0.000041
1.0 0.157299 3.0 0.000022

Erfc(x)=1-Q2/Vr)[fe
Erfc(— x) = 2 —erfc(x)

e

"Adapked from Freeze and Cherry (1979).

Hemond and Fechner, 2000
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Example of transport of a conservative substance by using Excel

Example1 2-D Pulse Input of Mass

N linear
_|dispersion |dispersion ‘
POTOSItY. |coeffiient, |coeficien, |VeIOCity.
Mass _|(n) ox oy in x n
1 0.3 1.00E-02 1.00E-03 0.1) 3.1416
(g/m) _[unitless [(m2/day) [(m2/day) [(m/d)
symbal M n Dx Dy v i
distance in x direction (m)
3 4 5 6 7 8 9 10 1 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39
5 0 o 0 0 o 0 0 0 0 0 0 0 0 0 0 0 0 0 0 o 0 ° 0 0 o 0 ° 0 0 o 0 0 0 0 o 0 ° 0 0 o
distance in 4 0 0 o 0 0 o o 0 0 o 0 0 o 0 0 o 0 0 0 0 o 0 0 0 0 o 0 0 0 0 o o 0 0 0 o 0 0 0 0
y direction 3 o o o 3 o o 3 o o 3 o o 3 o o 3 o o 3 o 3 o o 3 o 3 o 3 o o o o 3 o o o o 3 o o
(m) 2 o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o
174376107 359416116 142886146 109SGE198 162026272 o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o
13465607 535293638 AI0MAESD  GOTEISH 17314E259 o o o o o o o o o o o 0 o o o o o o o o o o o o o o 0 o o o o o o o
174376107 35941E116 142886106 109S6E198 162026272 0 o o o o o 0 o o 0 o o 0 o o o o o o o 0 o o o o o o o o o o o o o o
o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o
o o o o o 0 o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o




4.2. Transfer of pollutants
among phases

i

v

A < 2
dissolved | | vaporization _ BIO-CO}’é;tratlon
condensation vaporization

ik e ———
advection sorption e - 'élissolution
[ L — partition/v
mrption

« The transferring direction depends on the distribution
coefficient, partition coeff., Henry’s law constant, etc.

* The mass transfer rate depends on the boundary
layer thickness and the diffusivity of the pollutant



4.3. Transformation processes

£
reduction oxidation

Cu(NH,),?* < ‘J NH, +«——NO,, —— NO;"

complexation acid-base reaction Cu?*

. surface l
Eemu complexation
/ NH4+ A LC '
v/ hydrolysis — NH,*
oxidatio adsorption
ion-exchange precipitation
dissolution

AI(OH),’

25



Chemical processes

* Inorganic
— acid/base reaction
— dissolution/precipitation
— oxidation/reduction
— surface reaction: adsorption, complexation,
e organic
— hydrolysis
— oxidation/reduction
« first-order approach
— Disappearing rate = d[C]/dt = - k [C][A]?[B]°...
=-k'[C] if[A],[B], ... are all constant

26



Biological processes

* biodegradation: aerobic, anaerobic
— Microorganisms are catalyst

first-order approach
Disappearing rate = d[C]/dt = - k,,,, [C][DJP[E]°
=-k ,,[C] if[D],[E], are all constant

 bioaccumulation

27



5. Dose-response relationship

 Health risk of toxic substance

28



5.1. Non-carcinogenic
substances

* Acute toxicity

» Quantified with the Lethal dose (LDs)
or Effective dose (ED;,) of a chemical

» Chronic toxicity

* Quantified with non-observable
adverse effect level (NOAEL)

» Uncertainty factors (UF) are added to
obtain ADI

29
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Dose-response relationship for non-
carcinogenic acute toxicity and chronic

toxicity
100 —+ o
S
s
2
QO
=
= 50 4+
= NOAEL
gl
<
D)
= 0 a 7 I }

LD;, or EDy, 5

0 10

Dose (mg/kg for acute toxicity)
Dose (mg/Kg/day for chronic toxicity)
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* Lethal Dose-50% (LD4,)

— “The amount of the substance required (usually per body weight)
to kill 50% of the test population”
« Wikipedia- http://simple.wikipedia.org/wiki/LD50

o Effective Dose-50% (EDx,)

— Amount of a substance required to produce a specific effect in
half of an animal population comprising a test sample.

* businessdictionary.com - http://www.businessdictionary.com/definition/
effective-dose-50-ED50.html



NOAEL and RfD

* NOAEL : No-Observable-Adverse
Effective Level (mg/Kg-bw/day) -

* CDI: chronic daily intake
CDI = chronic uptake rate x C/BW
(mg/kg-bw/day)
* RfD: Reference Dose (the dose that will
not make harm to the human)

NOAEL
RfD =
32 'fD UF




Factors providing UF and the values of UFs

TABLE 3. Range of Values Generally Adopted for the Inter- and Intraspecies Variation UFs by the Jurisdictions
Under Review

UFs Canada WQHB U.S. EPA WHO Australia
Interspecies variation 1-10 1-10 1-10 10
Intraspecies variation 1-10 1-10 1-10 10

L. RITTER ET AL.

TABLE 4. Additional UFs Used by the Jurisdictions Under Review When Deriving Drinking-Water Limits

UFs Canada WQHB U.S. EPA WHO Australia
Database/studies deficiency 1-10 1-10 1-10
LOAEL instead of NOAEL 1-10 1-10 1-10
Subchronic to chronic extrapolation 1-10 10
Nature and severity of effect 1-10 1-10
Potential interaction with other 1-5

chemiaals
Carcinogenic compounds acting 1-10 1-10 1-10 10

only above a threshold
Modifying factors 1-10 1-10
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5.2. Carcinogenic substances

— Cancer risk
 No threshold

» Usually by extrapolation from animal to
human, high dosage to low dosage

 Acceptable risk, 106 ~ 104

— Quantified by cancer slope factor (SF) or
cancer potency



Cancer 1ncidance

Dose-response relationship for
carcinogenic toxicity

0.14 T
0.12 T

01T
0.08 T
0.06 T ® -

""" Dotted line is
004 T 7
““““ Slope factor (SF) (mg/kg/day)! the
02T extrapolation
0+ : : : i from test
0 2 4 6 g  results

Dose  (mg/kg/day)



6. Risk characterization

* 6.1. For non-carcinogenic contaminants
Hazardous Quotient, HQ
HQ = CDI/RfD
Acceptable risk: HQ < 1

36
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6.2. For carcinogen

 Example: Risk from drinking contaminated
groundwater

IR (L/day) x C (mg/L) x SF (mg/kg/day)’
Cancer risk =

BW (Kg)

SF



 Example: What will be the allowable maximum
contaminant level in groundwater (clean-up goal)

Allowable risk (10°) x 70 (kg)

Clean-up goal (mg/L) =
2 (L/day) x SF (mg/kg/day)’

38



 Hazardous Quotient, HQ
HQ = CDI/RfD
» Acceptable risk: HQ < 1




/. Intake of pollutants from
agricultural products

We want to know the human health risk
due to intake agricultural products (the
intake factors)

The exposure factor from intake:
Intake;, .y = 2: [C, X IR] x ED x EF
[(BW x AT) ]

We need to estimate the values of C,,
IR,, ED and EF

40



7.1. Predicting the concentration of
pollutants in vegetables and animals, C,
from the concentrations in soill

« 7.1.1. Vegetables belowground

Csoit * RCF *x VG,
Kd;

Cbg =Prbg —

C,q: conc. of pollutant in vegetables below ground, mg/kg

Pry4: concentration in below-ground vegetable due to root
uptake, mg/kg

C,,;: soil concentration, mg/kg
RCF: root concentration factor (= C,,,/C,,4tcr), CM3/g
VG,,: empirical correction factor for root crops, unitless

Kd,: soil-water partition coefficient (= C;/Cater), CM/g 41



* /.1.2. Vegetables aboveground

Cag = C,, X Br
C,, : total concentration of aboveground
vegetable

C,,; : soil concentration

Br : plant-soil bioconcentration factor for
aboveground vegetable

42



e 7.1.3. Animal tissues

Canimar = <Z F; * QPL * Pr; + Qsoil * Csoip * BS) * BAgnimal
[

animal

* C,.ima : CoOncentration of animal tissue, mg/kg

 F, : fraction of plant grown on contaminated soil and eaten by
the animal, unitless

* Qp, : quantity of plant type i ingested by the animal, kg/d
* Pr, : concentration of the plant type i due to root uptake
* Q, : quantity soil eaten by the animal, kg-soil/d

» Bs : soil bioavailability factor, unitless

+ C, : soil concentration, mg/kg

* Ba . biotransfer factor for animal, day/kg

animal -

43



How to obtain the plant-soill
bioconcentration factor, Br

* 1. The type of soils matters

(a) (b)
20 |- 20 -

3L

%0.4 -

3 o I'il‘ 1 1 oI5 e N

& 0770821 2 3 07412524 6 8 10

() (d)

F 20| The relationship between Cd
£ concentration in brown rice
= . and its concentration in soils
3

o

in four different Japanese
counties: (a)Fuchu,
(b)Kurobe. (c)Annaka%
(d)Bandai (Morishita, 1975)

1.0

04 t-af o

s o« o
] | oftifit—ry—y
12 16 274 8 "|112 16 20

Cd concentration in soils (mg/kg)

EPA, ROC, 2003, The Investigation of Regulation of Heavy Metals in Contaminated Soils, 44
EPA-91-H103-02-150 , National Taiwan University, Department of Agricultural Chemistry



» Higher Cd conc. in polluted soils but no
correlation with conc. in solls

61
= +: A2 region| N=63
g. e ! A3 REGION R2=O,04
a S
: ------------------——--___-____--_----
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g 5o
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[ 3 s ~ )
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R
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Bio-available Cd in soil vs Cd in rice
grains and brown rice

1.6 r 83-854E (n=120)
14 + .
¢ a

/5\0 1.2 B ]
ERRR * #5k-Cd|  Brown rige
z s = Bk-Cd| Polished [rice
5 08 . .
= *
8 a a
o
@)

Cd in soils (0.1N HCl extracted) mg/kg



e 2. The pH of soil matters

(%) @14 4q axoidn p)
£ o 8 R .8

R & o
(udd) unaghos uy p)




3. Oxidation-reductive state of soils
matters

5.0 1 .« Dryrice field
s Lo
Saof vt
@ A
e Cd in'r'ice. -
-: 3.0 = Cd in soils W D
7] O OH
N
'r 2.0 ° A AT
S
oo
| R o .- ———
= 5
all 1 - ------g----o--o---—--%_ Flooded
© pgolelala ! ! ] 1 . .

0.5 1.0 5.0 10 50 100 rice field

Cd in soils (ug/q)

FIG. 3 — Influence of water management of paddy soils on Cd contents in
unpolished rice in pot culture experiment. D, drained after tillering stage; W,
submerged during whole growth period; H, soil of Hokuriku Natl. Agric. Exp.
Stn.; T, soil of Toyama City (16).

(18) Ito, H., and Iimura, K. 1976. The absorption and translocation of
cadmium in rice plants and its influence on their growth in comparison
with zinc. Bull. Hokuriku Natl. Agric. Exp. Stn. No. 19: 71-139.




e 4. The estimation of RCF or Br

— Difficult to extrapolate from one soil to
other solls

— May be different under different soil
conditions

— Br is function of soil texture, soil
composition, pH, ORP, moisture content,
efc.

49



/" .2. Human intake rates for agricultural
products ( IR, EF, ED)

o 7.2.1. Intake rates, IR

— Resources of the values of intake rates

 National Food Intake Data Bases

— e.g. 335 g/person/day of leaf vegetables for age 19
to 65 in Taiwan

— More detailed: 122 g/p/d of small leafy vegetables,
66.7 g/p/d of bulking leaf vegetables (like cabbage),
etc.

— Or further detailed: 119 g/p/d of fresh small leafy
vegetables and 3 g/p/d of processed small leafy
vegetables

— But, what is the problem of using this data?

50



But, what are the problems of using these data?

The farmers on the contaminated site may not grow
certain kind of vegetable all year around. They grow
different kinds of vegetables, which may have
different concentrations of the concerned pollutant.

The person at the contaminated site may not all eat
the vegetables or animals produced on the site.

The person in the neighborhood may not either.

The person purchases vegetables from the market
may not have purchased the products from the
contaminated site not mention that the products
produced on the site may be distributed to several
different markets.

51



« Conducting a survey by questionaires on the
site, neighborhood, the distributing system, the
vendors in the market and the customers in the
markets.

52



Some interesting results of a survey of a
As-contaminated agricultural site

» Rate of intake of on-site vegetables by farmers on the site
before the disclosure of the contamination

Y SRR AR

0
8

8

6

4

2 -
J— — L

0-7

8 -14 >15

# of person

Frequency in a week
K

%
12 1
10

8

# of person

6
4
2
0

Intake per meal (bowl) 53



* Intake rate of vegetables after the disclosure

of the contamination

— Not changed much.
— Why?

TR B HBER
12

# of person

Intake per meal (bowl)



« 7.2.2. Frequency (EF) and duration
(ED) depend on the

— Location of the residence
— Diet habit
— Shopping behavior

— Distribution system of the agricultural
products

95



« 7.3. Management of contaminated
agricultural land

— Change the plants to less sensible, less
accumulating species
« But it is very difficult because of the habit, the
business connections, the availability of skill
and other reasons.
— Modify the properties of soils to lower the
activity of the pollutants
* For example, adjusting the pH, adding calcium
carbonate and others.
— To identify the most vulnerable group of
people and protect them from the risk
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») Company Profile

= ’.; —;—‘-’,‘-—L}:fj{ [’JJ}J,JE.f?f 'ff f’?é./,},: ZJ Webslite: http://www.sinotech.com.tw

|

. SINOTECH ENGINEERING CONSULTANT S, LTD. E-mall: sinotech@sinotech.com.tw

! « Contact: Kevin Chang
AT 4 » Email: biz-dpt@sinotech.com.tw
« Address: 14th Fl. 171, Nanking East Road, Section 5, Taipei 105,
Taiwan, ROC
» Tel: 886-2-2769-8388
» Fax: 886-2-2763-4555 ~ 886-2-2763-4558
#% . Address: 9th Fl., No. 260, Chungshan 2nd Road, Kaohsiung 806,
Taiwan, ROC
» Tel: 886-7-537-2606
* Fax: 886-7-537-5127

Southeast Asia Regional Office ) Contg.ct: van Chen
 Email: sea@sinotech.com.tw

» Address: Graha Iskandarsyah, 11th Floor, JI. Iskandarsyah Raya,
No0.66C, Kebayoran Baru, Jakarta 12160, Indonesia

» Tel: 62-21-720-1563

« Fax: 62-21-725-7335
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http://www.sinotech.com.tw/
mailto:sinotech@sinotech.com.tw

Company Profile

 As of Feb, 2016:
* 1,459 employees
» 47% of staffs hold advanced degrees(M.S.
or Ph.D.)
» 282 licensed professional engineers
» 89% of staffs have 5+ years of experience

« Scope of services:

« study, investigation, planning, design,
Inspection, construction supervision, project
management and turnkey contract

* Fields of expertise:

« electric power, hydraulic, urban
development, industrial and agricultural
development, environmental, civil,
transportation, architectural, mechanical
and electrical engineering




Company Profile

« $106.5 million USD net revenue in

2014
« Up to date, completed ~4,500 America ® Georgia Y, .l China
domestic assignments, ~240 overseas o=y ® Saudi 8 Taiwan
aSS|gnmentS Hondurasy $ &1 sawvador Africa Arbia o Vit—:tFr"llgllrlrllppmes
South ¢ 2 e anc 2 hdonaa
= = L : rincipe ®Fiji
Reputation from clients for efficient,  America .. gl >

high-quality service

P

ISORcentified
Senvicejguaranteed
Our quality policy
& Ethics and Integrity
& Commitment to Quality
@ Pursuit of Excellent
@ Creativity and Innovation

Awarded an international certificate of the
ISO 9001 Quality Management System

& omTEs €5)



= +) Company Profile

e Batutegi Dam, Lampung, Indonesia

» Cirata Hydroelectric Power Plant i Europe  psia
. eorgia ; ’
(Phase Il), West Java, Indonesia B fang China
Dominican . .:?::iia :;I'I?Ilwan
» Kuching Power Plant, Malaysia Hondurad® WEIalvador - Affrica ® vietmar "
South ¢ 2 e anc % Sonaia
» Various industrial parks development America L. ahl "
In Indonesia, Vietham and
Philippines

» Urban development for Semarang, < Cirebon and Rengtang irrigation
Palembang, Bogor, Surakarta and projects, Java, Indonesia

Malang in Indonesia - Denpasar Sewerage

» Java provincial highway Development Project (Phase I),
improvement project (phase lll), Bali, Indonesia
Indonesia

http://www.sinotech.com.tw/econtent/download/download01.aspg .pr e 6



Water & ' : Waste Soil &
Wastewater mManagement Groundwater

Treatment and Pipeline Control Investigation and Remediation

Our Services :

< Environmental site assessment (ESA Phase I/11); health risk assessment;
groundwater monitoring; design, construction, and operation of remediation work

< Extensive field experiences:

v petrochemical factories and oil v chlorinated solvent contaminated sites
refineries v heavy metal contaminated farmland

v gas stations and oil depots v military bases

v abandoned factories v contaminated sites with accidental

v illegal dumping sites leakage

& smTizan (1)



What is Risk?

Certainty
1_ R|Sk -— ijelim?. ri:ik of total
__ 10 cancer incidence
B Probability of adverse — L
osmic radiafion af . <—— [ndoor radon: smoker
Consequences (41 mrem /yr fur?Oyrs}\ 102 (1.25 pGi/L)
B Quantitative description et fer 10k, s
3
2. Hazard Cosmic radiation af sea IB“"I/. ’ <— Non-smoker sharing room
) (26 mrem /yr for 70 yrs) with smoker (50 ‘."3
B Potential threat to health, e N .
property or env'ronment R e, - \ Dioxins & Furans in foods
. . . . 5 P(Bs in foods
B Chemical, biological, physical " E ooiee
B Qualitative description " in outdoor air 1y,

3. Health Risk

B Probability of diseases or
death caused by hazardous
substances

Risk = Probability (or Frequency) x Consequence
(:?)EPEEIEEEE‘%@



Origin of Risk Assessment System

Risk assessment started in 1940’s

United States National Research Council proposed a 4-
step risk assessment process

*- Hazard Identification
@ Dose-Response Assessment
@ EXposure Assessment

o Risk Characterization

Risk
Assessment

(in the Federal
Governmer i
Managing

the Progress

By

isk Assessment in the Federal Government:
Managing the Process (National Research

Council, 1983)

& smizan (09



Definition of Health Risk Assessment

Risk assessment is the use of the factual data to define
the adverse health effects of individual or population
exposure to hazardous materials and situations

BFactual data

Field measured data or authentic research paper and
database

BMHazardous materials
Materials could possibly cause adverse health effect

BEXxposure

Exposure pathways, frequency and intake dose of
hazardous substances

BAdverse health effect
Abnormal function on organs, diseases, iliness or death

& smizan (10)



Risk Assessment System

: . Using scientific
Purpose of risk assessment | il sl
management decision

SEPA UV Index XA

Find the daily UV Index Forecast
3 Yo
San Francisco, CA
Wednesday, July 10, 2013

Risk Assessment
Quantify the risk with
existing scientific
information and exposure
assumption

Risk Communication
1.Within project team
2.With public or
interested parties

~

Moderate (3t05)
High (6t07)
Very High (810 10)
Extreme ( 11+)

J

Risk Management
1.Risk management goal
2.Planning management
measures according to
risk assessment and

risk communication

()



Why Do We Need Risk Assessment? ~ Introduction

Environmental ST
(e

Pollution
NZ

] PROTeo

OHIA
/,)\Y\N N3
O .

Y agenct

N2

No Action Risk Management Action
Required Range Required

L LY
hY 4

L
>

L
-

Degree of

Contamination? Increasing Risk/Hazard —»

1x10% Cancer Risk 1 x 10 Cancer Risk
Type Of Remedlate tO (One-in-one-million) (One-in-10, 000)
Actions Taken? ll what extent? c HazardIndex el t
ancer .
| : Risk Management Method
Risk Management B Risk
e & |negligible risk, no action taken is
Managing exposure to contaminated media < 10
o Iliemedlgte media , —p Preventkexposure " necessary
Remediation Exposure Prevention acceptable ”Sk’ ”Sk m_anagement
e e " Eposure Sarers 10°~10* \measures shall be decided based
upon site condition
Regllg:;uogc?:t:;mamconoemratignslo + Administrative Controls _ UnaCCG ptable rISk, remedlal
acceptable (protective) k_evels of_nsk for examples: >1O 4 i
s o ey T L actions must be taken
— Site access restrictions (3: q]I*E':'EEEﬁ:ﬂ




5. aj Purpose of Contaminated Site Risk Assessment

Requlator

*- Decide on the remedial and management measures and
ensure can provide protection to human health

Responsible Party .

< Establish risk management measures which can
1)remediate contamination; 2)protect human health and
3)be economical

Public :

*- Understand risk hazard and appropriateness of risk
management measures

o Put forth the health benefits demand

& smTizan (19)



) Whatis Acceptable Risk?

1. The current acceptable cancer risk(10-°) was originally
from Food and Drug Administration (FDA). The number
was chosen for political reason at the time; not scientific
calculation results. Since it Is not possible to achieve
zero risk, 10-° was chosen and designated as no risk.

2. Netherland uses cancer risk 10-* to estimate the
“maximum permissible risk value”. However, 10° was
used to determined whether remediation is needed

3. Health Canada uses 104~10" to develop soil quality
standards.

& smTizan (14)



What is Acceptable Risk?

4. Working area standard (i.e. ACGIH) usually use 103 or
higher as the acceptable risk. This type of risk
categorizes as voluntarily risk and employers have the
right to notify before commencing work.

5. USEPA is using cancer risk 10° as the basis for
preliminary remediation goal and remediation method
selection. When proposing final remediation goal,
acceptable cancer risk will be adjusted depending on site
characteristic, environmental conditions, public opinions,
treatment technology, community acceptance,
uncertainty factors, etc. Risk is usually adjusted between
104 ~ 10,

& smrizme (19



R _ . .
%?ﬂ What is Acceptable Risk?

6. In U.S., one in a million (10-%) cancer risk is usually being
adopted as negligible risk

il PO I |t| Cal d ecC | S | O N -water Quality: Guidelines, Standards and Health,

World Health Organization (WHO)

v Lower than existing risk

Varigg with P v Cost to lower risk is far
o, D greater than benefits receive
and situation v Experts say “Acceptable”

v Public say “Acceptable”

& smizan (16)



—— Risk Assessment and Soil and

Groundwater Pollution

& smTizan (17)



.) Laws and Regulations in Taiwan ana serra "

Article 22 of Basic Environment Act (2002) indicated
“Government entities at all levels shall actively conduct
research and establish environmental and health risk
assessment systems...”

In 2002, National Council for Sustainable Development
Network decided to form "Health Risk Assessment Group”

Dec. 2003, Ministry of Health and Welfare published “National
Health Risk Assessment Guidelines”

!*Nﬂﬁl!ﬂﬁﬁﬁ*ﬂﬂ
R 7 B A (S

SEARBBA - FF AR —RBE L | 35
% Rk 6B B T 4 % 2 B (ADI)? H4

260 I 89 A
i

Health risk assessment has
been utilized and seen in
various field, e.qg.,

environmental impact
assessment, food safety

& smrizme (19)
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Risk Assessment

Integrating Risk Assessment into SGPRA and SGPRA

In 2000, when Soil and Groundwater Pollution
Remediation Act (SGPRA) was first promulgated, risk
assessment concept was already incorporated

When contamination is discovered, environmental and
human health impacts “must” be assessed

Contaminated site management can use health risk as
the basis for necessary remedial strategy design

Combining with contaminated land redevelopment and
reuse, sustainable land reuse Is set as the ultimate
management goal

& smizan (19)



Risk Assessment

Integrating Risk Assessment into SGPRA and SGPRA

@ Soil and Groundwater Pollution

assessment was included in
contaminated site management decision

@ Announced “Human Health
Risk Assessment Reviewing
Guidelines for Control Sites”

Remediation Act (SGPRA) was @ SGPRA was amended to include
promulgated. Concept of environmental risk assessment applicability of soil
impact and human health risk contamination remediation sites

Started establishing ecological risk
assessment methods

lI Established the protocol for TPH
risk assessment

\ Vv v
o T80

@ Amended “Regulations Governing the

one of the decision factor for declaring
contamination site

|
Contlnue strengthen

Preliminary Assessment of Soil and health risk
Groundwater Pollution Control Sites”. Human assessment and
health risk assessment results were included as localized parameters

@ Establishing
ecological risk

@ Completed “Soil and Groundwater Contaminated assessment protocol

Site Human Health Risk Assessment Protocol

and Report Guidelines” and built “Human Health

Risk Assessment System”

& smTizan (20)



*.) SGPRA Contents Related to Risk Assessment Rk dssessment

SGPRA

Upon receiving the notification in the foregoing paragraph, the special
municipality, county, or city competent authority shall test the sediment, and
may order the manager of the surface water body to perform an assessment
on the basis of environment impact, health risk, technology, and economic
effectiveness. When, after reviewing the assessment results, the central
competent authority feels that remediation is necessary and feasible, a
remediation plan must be drafted and submitted to the central competent
authority for approval before remediation may be implemented.

Article 12, Paragraph 5

If the processes of scouring, dispersion, deposition, or irrigation cause the on-
site concentrations of pollutants existing in the natural environment to reach
the situations prescribed in Paragraph 2, ...
With regard to the site in the foregoing paragraph, the special municipality,
Article 12, Paragraph 9, 10 county, or city competent authority may perform an assessment on the basis of
environment impact, health risk, technology, and economic effectiveness.
When it is felt that remediation is necessary and feasible, a remediation plan
shall be implemented after submission to the central competent authority for
approval.

& smizan (20)



. ) SGPRA Contents Related to Risk Assessment i secssment

SGPRA

With regard to the soil and groundwater pollution remediation plan in the
foregoing paragraph, if factors such as the geological conditions, pollutant
characteristics, or pollution remediation technologies preclude remediation until

Article 24, Paragraph 2 pollutant concentrations are less than soil and groundwater pollution control
standards, soil and groundwater pollution remediation goals based on
environmental impact and health risk assessment results may be submitted
after requesting and obtaining the central competent authority's approval.

...a special municipality, county, or city competent authority may submit soil
and groundwater pollution remediation goals wherein pollutant concentrations
are less than soil and groundwater pollution control standards; or may submit
an environmental impact and health risk assessment on the basis of financial
and environmental circumstances, submit soil and groundwater pollution
remediation goals in accordance with assessment results, and additionally
draft a soil and groundwater pollution control plan, which shall be implemented
following the regulations of Article 22 Paragraphs 2 and 4.

Article 24, Paragraph 3

In the environmental impact and health risk assessment in Paragraphs 2 and 3,
the central competent authority shall determine regulations governing hazard
identification, dose-response assessment, exposure quantification, description
of risk characteristics, and other binding matters.

Article 24, Paragraph 8
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%%@ Risk Assessment and SGPRA

Art.12, Para. 5

Evaluation of sediment
contamination

Art. 12, Para. 10

Evaluation of contamination
caused by natural
environment

Art. 24, Para. 2

Unable to reach standards
due to site characteristics

Art. 24, Para. 3

Developing remediation goal
due to environmental and
economic considerations

Evaluation of the
necessity and
feasibility of
remediation

Submit remediation
goal according to
environmental impact
and health risk
assessment results

Risk Assessment
and SGPRA

B Ensure whether
contamination will
affect health and
environment

Decide the
necessity of
remediation and
to what extent

Submit remediation
goal and
remediation plan
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R Human Health Risk Assessment
Protocol

2
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] Human Health
5. »j) Human Health Risk Assessment Protocol il taescsment

Object

< Only applies to sites with soil and groundwater contamination,
which can affect human health. Other types of contamination
are not applicable.

Purpose

<*- To allow responsible parties using risk assessment to develop
less stringent control standards but still can able to protect
human health.

Toxicity consideration

@ Only assess the chronic toxicity to human caused by
contaminants

Limitation

*- Currently, human health risk assessment protocol doesn'’t apply
to total phenol, nitrate and nitrite.
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A Human Health
5. _~J Basic Risk Assessment Framework ~ RikAssessment

Hazard Identification

What health problems are caused
by the pollutant?

R

Exposure Assessment

How much of the pollutant are
people exposed to during a
specific time period?

J

Dose Response Assessment

What are the health problems at
different exposures?

Risk Characterization

What is the extra risk of health
problems in the exposed population?

& smTizan (26)



H Health
.J Risk Assessment Steps ﬁéggggfsic”"tenf

A Collect Site v ket
Information Determine exposure| |
, ¥ : scenario
Identify all possible V
Hazard contaminant of concern Determine
Identification R — environmental media
Confirm the list of V Exposure
contaminant Determine type of Assessment
. stressor
Identify the I
\/ carcinogenesis of each -
= contaminant Determine exposure
7 | 3 pathway
Collect cancer slope
Collecég('esfeerence et toRandiciorene Calculate exposure
| dolse dose v
v v =
Rel:g:se Extrapolate the Calculate cancer risk \
toxicity factor and non-cancer risk
Assessment e J Risk
nit conversion for . . aracterization
. Uncertainty analysis Ch
toxicity factor
v v
( Summarize toxicity Complete Health
—_— factor data Risk Assessment 7




% I ] Hy;(nan Health
5 »J Tiered Risk Assessment s ssment

Tiered approach is established for management needs

M Default scenario and parameters
M Exposure calculation is fixed

M Tier-1 . 2 exposure scenarios; default
parameters and calculation method

S S R W Tier-2 : 2 exposure scenarios; default
M Exposure calculation uses actual human body parameters;

Investigation data _ ’
B Able to choose suitable hydrogeological parameters are from

contaminant transport model actual investigation data

B Tier-3 . exposure scenarios,

: _ pathways, human body and
DR ' crogeological parameters are
P obtained from investigation data;

investigation data :
Vvl B i EsEesiE e calculation method can be chosen by

contaminant transport model asSessor.

Choose der ihet s assessment Needs
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Human Health

“»J Exposure Scenario and Exposure Parameter Risk Assessment

R

Protocol

Tier 1 Tier 2 Tier 3
. Residential, Residential, . .
Exposure Scenario : : : : : : Varies by site
industrial/commercial industrial/commercial

Residential : Adult and child Residential : Adult and child

Stressor Industrial/commercial : Adult Industrial/commercial : Adult Varies by site
SO”, Water, air'“> SO”, Water, air---> SO", water, air1 food chain--->
Exposure Pathway ingestion, inhalation, ingestion, inhalation, ingestion, inhalation, dermal
dermal absorption dermal absorption absorption
1.Default parameters, default
1 Default parameters calculation formula, estimated
Dl e e el s, défault calculation for’mula il A
Exposure Dose maximum concentration _ .. IMEIE 2 L Eling SEWSE elSiflauiom ol
Calculation Method d default ki estimated concentration parameters and estimated
and detault calculation 2.Using model to simulate concentration in calculation formula
formula it ncentration or fate and transport model
DI o e 3.Using model to simulate offsite
concentration
_ _ 1.Maximum concentration 1.Maximum concentration detected
Contaminant Maximum concentration detected on-site on-site
concentration detected on-site 2. Using actual sampling data 2. 95% UCL
to calculate 95% UCL 3. Monte Carlo simulation
1. Default
Hydro- 1. Default .
PRI >|/ ical Default 5> Actual lina dat 2. Actual sampling data
geologica - AClual sampling aata 3. Monte Carlo simulation
1. Default
Human .
bod Default Default 2. Actual sampling data
OBl 3. Monte Carlo simulation
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. ) Human Health
5. +»J Hazard Identification il scssment

1. Definition

1) The process of determining whether exposure to a
stressor can cause an increase in the incidence of
specific adverse health effects (e.g., cancer, birth
defects)

2) Using LD, or organ damage of animal testing results to
determine hazard

Carelnegen? .
R el ontel



. ) Human Health
.J Hazard Identification il taescsment

2.

YES

Determining toxicity

List all contaminants of
concern

¥

Identify the classification of
carcinogens in IARC database

Groupl NO vi=s

or Group 2? g it
NO

Group 3in IARC or not classifiable
Need to look for more information in
USEPA IRIS database

List as carcinogens in IRIS?

YES

IARC carcinogens classification

Group 1 - definitely carcinogenic to humans

Group 2A — probably carcinogenic to humans

Group 2B - possibly carcinogenic to humans

Group 3 — not classifiable as carcinogenicity
to humans

Group 4 — probably not carcinogenic to
humans

USEPA IRIS classification

A — Human carcinogen

B1 - Probable human carcinogen - based on
limited evidence in humans and sufficient
evidence in animals

B2 — Probable human carcinogen - based on
sufficient evidence in animals

C — Possible human carcinogen

D — Not classifiable as human carcinogen

E — Evidence of human non-carcinogen

v
Identify as
carcinogenic and
proceed with cancer
risk calculation

ldentify as not
carcinogenic and
proceed with non-

cancer risk calculation & mTiZEER @




s, ] Human Health
~._»J Hazard Identification ek s s cssment

3. Data collection

1) Site information, site history, sampling results

2) Official published data, academic research, field
Investigation data

3) General rule Is to assess 1km-radius area within the site
4. Determining contaminants of concern
1) All contaminants which are above the control standards

2) Contaminants required by competent authorities or
examination committees

3) Contaminants toxicity (carcinogenicity)

& smTizan (52)



> : Human Health
.J Hazard Identification il taescsment

5. Determ|n|ng assessment SCOpe 0. zmeseEeTER (O Uz [7Ee)

EREMETFREE |FEEMETRKEF EEE T RESR FEE T REE

1 1 1 O %2 — - ez/ge [OmA-OsA OwssEld
1) Contaminant concentration is ||| ga—t
;]J( O Edwe e o w=e OnA-OsA OswsEed

higher than control standards |

@, ZREgEEEnscEl (L8 g 7Es) «
ERE Rk ERE, ERHERKKE (F) | ERHERKERE, |SEEFRKET
[ #ige ¥ _hE/ e [OmAc A OEwEE)d

2) Stressor Is affected by
contaminant 1| Bt —— =0 O Demn

. . Q. seeEggtren (e U UFes) ¢
6. Questionnaire

RE i e &

2 EELIERRES EELTIEERS FEELTIEEES
-i D.I/ﬂ';g TR 74-L] D%)\"Dﬁf)\"lj.’iif‘%ﬁ"
1 = (] zze el |Oma Osa Ozwsse
1) Understand the stressors o D=2 L ner D8 D Deees

Ww. =eEgpgEsrEn (2 Ugs FeEs)
EEERIEC EEERESRS BEERETS

O] T~ wiEe  |OsA Owsse
O s#ze o JR/Be O=i-OzmssEe
O =me - Ae/ge O O=wzse

living behavior pattern and
parameter

A G e 0 R SR i BB R R

FE ol o T

2) To be used as the reference 5 EnEzmAEREA (B [IE LR -

3 EFSHAEYEH | BER (E/ R EEEE /s ENEES
for exposure assessment L EE_T —— Ppeowe
4 O mae ¢ @ Oam- O em O #Eee |4
B O w4+ @ el el
= |O==- E = =
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Huzpan Health
Risk A
+J Dose Response Assessment o

1. Definition

1) A dose-response relationship describes -
how the likelihood and severity of adverse ~ *]
health effects (the responses) are related to 7

the amount and condition of exposure to an 7o+
agent (the dose provided) 4

o]
O
{

2) Exposure dose is usually extrapolated from

Response
L&l
o
]

high dose to low dose; animal to human 40—
. . 30
2. Decision factor .
20
1) Threshold effect (linear, non-carcinogenic o0+
assessment) ] |
IREAL R LR AL T 1 PHTTIn 1
10 20 50 100 200 400 800 2,000
2) Reference dose (RfD) or reference Dose
concentration (RfC) Figure 2-2. Diagram of dose-response relation-
. ship. Dosage is most often expressed as mg/ke
3) Non-threshold effect (non-linear, and plotted on a log scale.

carcinogenic assessment)

4) Slope factor (mg/kg-day)?
& smizan (o8



Hyzvan Health
.. »J Dose Response Assessment e

3. Toxicity factor database
1) USEPA Integrated Risk Information System (IRIS)

2) WHO Concise International Chemical Assessment Document
(CICAD), WHO Environmental Health Criteria (EHC)

3) USEPA Provisional Peer Reviewed Toxicity Values (PPRTVS)

4) Minimal Risk Level (MRL) in USEPA Health Effect
Assessment Summary Table (ATSDR)

5) USEPA Health Effect Assessment Summary Table (HEAST)

6) Toxicity factor established by US California Environmental

Protection Agency (Cal/EPA)
DECREASING

PRIORITY
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Hu;(nan Health
Risk A
5 ») EXposure Assessment i essment

Definition

*- The process of measuring or estimating the magnitude,
frequency, and duration of human exposure to an agent in
the environment, or estimating future exposures for an
agent that has not yet been released

*- EXposure can be measured through various exposure
pathways into human and assess the damage done

Principle of estimation
< Evaluate contaminants in different environmental media

o Key element of evaluation — contact probability and time
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Hylr:)an Health
~_+J Exposure Assessment T esment

1. EXposure scenario, environmental media and type of
stressor selection

sDefauI_t Selection Principle m
cenario

If the site is located or near Residents — including

: : residential area, exposure adults (12 or older)
Residential scenario should be set as and children (12 or
residential younger)
If the site is located or near Workers
Industrial/ current or future industrial/

C Al commercial area, scenario
ommercia should be set as industrial/
commercial
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Human Health

Risk Assessment
Protocol

= +) Exposure Assessment

2. Site Conceptual Model

B Using words, charts or graphs to describe the actual

Investigation and research data on contamination,
surrounding area and hydrogeological situations

» Describe exposure scenarios and all possible
exposure pathways

» Add detailed geology, hydrogeological data

\ Rosident -
D D drinking/®Hathing
O D Inftil Ecological
v Lagoon recoptors
PRare K N vea, J
vy fE N
e - ~
- Leaching Seepage
Wate
ta .

3
e

-
)

I B

Groundwater flow




Hu;(nan Health
Risk A
EXpOSUI‘e Assessment P;Ztocsgfﬁme”t

3. Choose exposure pathways

1. Risk assessment protocols provides default exposure
pathways

2. Complete exposure pathways must have .

>
>

>

contamination source or release point

point of exposure which is in contact with
contaminants

exposure pathways which point of exposure is In
contact with contaminants
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Exposure Assessment

Human Health

Risk Assessment

Protocol

PRIMARY PRIMARY SECONDARY SECONDARY EXPOSURE RECEPTOR
SOURCES RELEASE SOURCES RELEASE MEDIA
MECHANISM MECHANISM
" E::UEPEHSIDH Exposure Resident Curtdoor Recreator
Valatilization Route | Worker
Inhalation ® & ® ®
Infiltration | Groundwater/ Exposure | Resident | Outdoor Indoor | Comp, Recreator
> And Surface Water Route | Worker Worker | Worker
Percolation : | |
i 3
i Ingestion F &
i Inhalation ]
)
i
i Dermal o E
!
. I i ] {
ﬁg:;:;; —~ g;!ﬁﬂSE' or Soils/Sediment : . Exposure Resident | Outdoor Indoor | Comp. Recreator
Araa . ;'"' Route | Worker Worker | Worker
: : | |
i ' &
| | Ingestion 2 ] @ & . ]
: i
b e ; Inhalation 8 & & & &
i
i
)
E Dermal & & @ ®
i
1

| Resident | Outdoor Recreator

‘ 5 Exposure
Route
Conceptual Site Model of Quantified Exposure Pathways for Regional Screening Levels.

Black lines are direct exposure routes. Fish ®
Dashed black lines are indirect exposure routes.

| Worker
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H_ulr:)an Health
5. +J Exposure Assessment i essment

3. Special exposure pathways

» Since many contaminated gas stations in Taiwan use
groundwater for outdoor watering or vehicle washing;

therefore, this kind of exposure pathway is specially
considered to be included in the risk assessment protocol




Hulr:)an Health
Risk A
) Exposure Assessment Risk Assessiment

4. How to choose parameters?

Parameters| Description Value Unit
1) Source Ratio of upper
: arm skin surface
» default = most conservative fea area to body 0.2 no unit
skin surface
» research paper and area
questionnaire IR Inhalation rate ACUSREE m3/day
N | field i el " Child13.95
actual field investigation i
J IRy e '”gef;'o"ig "€ | Adult 100/Child 200 | mg/day

2) Contaminant concentration Ingestion rate

IR Adult 3/Child 1.3 l/day

. . oral-water
> highest sampling R B
) = Skin surface Residential Adult
concentration within a year . 17300
SA | areaavallable | oo ijential child | ™
> Exposure dose can be for contact 11400
i 0 Shower duration
calculated using t_he 95% t | (tme in comact 0e o
UCL of the sampling with skin)
concentration onsite Time stay in
t, bathroom after 0.2 hour

shower
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DA Hulr:)an Health
\ Risk A
5 »J) EXposure Assessment fih sessment

5. Exposure dose calculation

Inhalation _ _ _ _ _ _ _ _ _ _ _ __________
[ _ _ I
|| Intakeinn = (Calrx |Rinh X EF X ED) :
1 (BWx AT) |
— e e e e e e = = = = = = = = = = = = =
N1 IO SR e M
| I
| Intakengestion = (CX | Ringestionx AFx LFC x ED) |
ﬂ (BW x AT) J
Dermal absorption_ _ _ _ _ _ _ _ ___ ______
|
I 1 [ | = (CXx Ms x SA X AFskinabsomptionX ED) ::
: (BWx AT) I



Human Health

Exposure Assessment Risk Assessment

Protocol

Food chain assessment

4 "\
¢ Meat and dairy product
Cbeef/milk =BT Ffood|:_z (Ci ) CRi 'fi) + (Csoil -CR soil I:Biosoil):| + BT I:water (Cwater ) IRwater)
. Feed Soil ingestion Water
¢ Produce o e
Cabovegrouml produce - CsoiI—RZ : BCI:soil—plant
CsoiI—RZ ) BCI:root ) E\CFroot
Crootproduce: K
d
Conversion G Nea el
factor for root ' -
vegetablos Vi and shellfish
N~ - Cﬁsh - Cwater ’ (BCFﬁshorBAFﬁsh)
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] ) . ' Human Health
5. »J Risk Characterization Description O scssment

1. Risk calculation

1) Overall analysis on contaminants exposure dose and
toxicity

2) Carcinogenic and non-carcinogenic risk are calculated
separately

3) If one of the two kinds of risk iIs exceeding the acceptable
risk, it might cause damage to human health and
remedial actions are needed immediately
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‘ ] i ! I ) Human Health
~~J Risk Characterization Description il scssment

. . h 2 . o )
Carcinogenic Risk Non-Carcinogenic Risk
Calculation Calculation
1. Calculate cancer risk of all 1. Calculate the hazard quotient (HQ)
exposure pathway of all exposure pathway
Rorai = Intakeoraix SF HQ,, = 2 taKSnn
oral ralX SForal Qinn RTD, .
Intake,,,
R . = Intake . xSF . HQora =5 '
R = Intake x SF — INtakeermay
dermal dermal dermal HQderma| RfDdermaI
2. S_um up all risk to get total cancer 2. Sum up all HQ to get total hazard
risk index
Rtotal = Z Roral + Z Rinh + Z Rdermal HI — z HQoraI + Z HQinh + ZHQdermal
3. Acceptable cancer risk can be 3. Acceptable hazard index (H!)
between 10 to 10* depending on should be below 1
\_ €exposure scenario /) )
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] ) . I ) Human Health
~_+J Risk Characterization Description ek s s cssment

2. Uncertainty analysis

1) Qualitative Description

» WiIll site specific data over or under estimate the risk?

» |s fate and transport modeling result different from actual
site conditions due to selecting wrong model or misjudging
site condition due to insufficient information?

» Is there any toxicity cannot be quantified?

» Using historical sampling results to extrapolate

concentration trend over time might over or under estimate
the risk

Uncertainty can be minimized by collecting

more reliable or site specific information
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N Human Health
~. ~J Risk Characterization Description O scssment

2) Quantitative Description
» Sensitivity Ratio (SR)
» Contribution percentage of each exposure pathways and
contaminants

» Monte Carlo analysis

<+ Deterministic risk assessment vs. Probabilistic risk
assessment

+ Deterministic risk assessment uses a single & fixed value to
calculate risk:; thus, the assessment result is a fixed value and
tend to be over conservative sometimes

+ Based on the probabilistic distribution of parameter,
probabilistic risk assessment can utilize Monte Carlo analysis
to obtain probabilistic risk assessment results
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] ) . ' Human Health
.. ~J Risk Characterization Description O scssment

Sensitivity Ratio

* |f SR is high — parameter Sensitvit: SHRRERD
Influence Is great and should =momaison |
be used In a more cautious BRI A SR
EREafAEEgsEEELLe (%)
way
BT Ky | 60%

« Helpful for planning out future — rl
risk management decision HIEFIEHEE (mokg) | 18%

BEAFGEASREELA® 1%
<*- Concentrating resources on REBRLBEE(r) | 04
parameters/exposure mﬁiﬁ;f””@:
pathways that are more |
sensitive
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Human Health
.J Risk Characterization Description s essment

Contribution percentage of exposure pathways

i x100%%0

total

RiskPercentage =

R, : Risk for each contaminant or
exposure pathway
(carcinogens or non-
carcinogens)

R . Total risk value

total

HHLEFIEA REIE RIS s

(£+ZM) _ 8 51E-06 705 RAEHA
4, 34E-04 (0, 001%) (0. 00%) 2 TTE-11
(0, 05%) :
: (0. 00%
5 85— Ak
™ — P X
e (8 9%
T
R
1. 17€-04
(0, 01%
S
4, 156-01
(47, 08%) S
3. 50E-01
(39, 70%
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] ] ) ] ) Human Health
+J) Risk Characterization Description s ssment

Monte Carlo Analysis m s
<« Demonstrate the distribution of calculation results 7RS¥ =

when changes In different parameters

< |llustrated as probability distribution, not a single
evaluation result

Distribution : :
Parameter Type Unit Define parameters
: Average, standard
Body Weight normal kg deviation
, : Maximum, minimum, .
Consumption amount = triangular L/day highest probability D> i
Contact time when — .
using groundwater for normal hour Avergge_, st,_tandard
showering eviation -
n _AJ ’MAW * ! = ’;:m IR .m;i;u 10 s mr 22 e Mjl;:s am o ww mm wmt
~IA AN A Different Parameters
ATAAL Gombination
e e
e o E)EP@AIEEEE‘:?@




. Human Health Risk Assessment
Tools and Application

>
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HHRA Tools and

Risk Assessment Application Application

Site screening and classification

Conduct a site-

No Further Study specific RA to Response Action
warranted under determine if cleanup warranted
CERCLA is warranted

A A A
[ Y Y AR

| | |
“Zero” Concentration PRGs & ** Cleanup Levels

Screening Level * Removal Management Level *
(106 and/orHQ=1) (10# and/orHQ = 3)

* -Screening Levels and RMLs are forindividual chemicals
** - Cleanup levels take into account exposure to multiple chemicals
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' : ' HHRA Tools and
~+J Risk Assessment Application Application

Remediation Goal Development  [FEESNTA=

« USEPA and state soil Assessment
screening level

Remediation goal Select suitable
* Netherland soil intervention development remedial actions
value/target value Decide future
<« USEPA preliminary land use plan
remediation goal Conduct risk

g assessmenton
remediation goal

For parameter with uncertainty,

ing Conduct contamination
reassess risk after collecting S - YES

acceptable control when risk
[isK assessment is high
NO

more data or conducting
additional site investigation.

' Eliminat r
Lower uncertainty by Iminate exposure

_ Conduct pathways when aggressive
closer to actual site on remediation possible based on economic

condition goal or safety consideration
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HHRA Tools and

Application

Remedial Actions Planning

"Hot" Spots

1. No action

1x10 " Risk

Soil
Exceeds
1x10°8 Risk
Background
2A. All Contaminated Soil oB. Al Soil Above 1x10 ~*
Excavated and Treated l-_ Excavated & Treated
_ N
R Clean Fill
Clean Fill ©
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IN : HHRA Tools and
5. »J Human Health Risk Map Application

Currently, it is lacking efficient tool to conduct
contaminated site management using risk assessment
as the basis

Starting from 2015, EPA started planning, researching
and drafting the guidance and protocols for developing
risk maps

Long term goal is to fully utilize risk map tool for
contaminated site management and risk communication
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HHRA Tool d
Human Health Risk Map Application

5,000 10,000 5,000 10,000
] 5,000 10,000 Meter: T
) Meters =

Combine GIS tool
and risk assessment

calculation, turn
single-value risk
assessment result
into 2-D spatially
varied risk
assessment result

v' Closer to actual situation
* risk varies with time
* risk varies with space

v" Visualized results are easier for
public/non expert to understand
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HHRA Tools and
Application

Risk management measures should be planned
for the high risk area => restricted land

redevelopment

= GW usage should be
B restricted in areas
with risk > 10°

Legend

H [ >t Legend
A0 ki s -+ = g | 1507~ IE-06 4 Smplig Des 4 Semplng Daw s
N feobidat of T [ s f -— R [ mismmssme e v i
; Sty [ TEG8 ~ 1E07 Rk Map_ original 2 3
Ry EAt r— } [ [T o=3
= 73 [ ‘ il s »e7 10928 2>
i { 1E-10 ~ 1E-09 [ lisves-205s B o5 20154
0o . - | PR FETI
{t' : [ 1E-11 ~ 1E-10 | B | EEIFEEER
i [ <ik-n
0 26 %0 100 150 200
o™ ™ s Y Mators -
6 PETZE™




" HHRA Tools and
Human Health Risk Map Application
Health risk changes with time when assuming no remediation is done

185 R9(2015 ~ 2020 ~ 2025 - 2030 - 2035 - 2040 - 20455) 7 7. 185 R1(2015 ~ 2020 -~ 2025 - 2030 - 2035 - 2040 ~ 20454) 7 7. 185 R9(2015 ~ 2020 - 2025 -~ 2030 ~ 2035 - 2040 - 20454) 7 7.

-_—
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- HRA Tools and
.J) Human Health Risk Map Application

SHELL

Risk Management Measures it g
Planning Example

Cancer Risk Map
Port Arthur Study Area

Cancer Risk Isopleth

B eosto1E05
I te-0s5t0 1E-08
[ ] <1e0e

£ school

" Land Usage
Site Type Risk Management Measures after
Remediation

m Prohibited constructing senior medical center
m  Prohibited constructing daycare center
m  Prohibited constructing hospital
A Z decasing Battery ] Signi.ng of land usage agreement | | |
company Reuse and = Prohibited destroying pavement without proper  Residential

Storage Plant agreement

Routinely inspected for cracks

m Health and safety plan should be drafted
before any underground work
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HHRA Tools and
Application

Data Pre-
Treatment Tool

R | RsEY EEEE | I | Sek LA | S8 T | BERE | BABE EISMENE | s tres | e T | BEnE |
) ERER : CEmeTEEE -
T e | EE— T oy — - — B
7 %o P S o L Tk B TopEs =
=B oY DCM-ET‘E = TRE POm T o MAPEETEISIE
fERE =5 hee_id - TTE-— R 70
HEESE vl %%EE%%% _bee il CEB TR << MAFIEHREIIE
WCEEC % —SEEE —iF
VS =] — BT EIAE
EHFIEEE : [t - HAFRRTR A EUBERIE FEBHEE
- LimEE  BA 51 st
LAREE © ) -
B = S e g ARd R 52 [ h@EEAT | [ se [ EBREa
" i REEEER WTAGHE G I 61 il
il @O EA - EREA S o2 o2
AR R T 5 RTRRERE WTHRERE Wk BT A2 B AR G4 [ WTFAREST | o4 [ HTREEAE
[ O-LSAMTAZEE || O-2HBEEA ZEE I O-4 SR T e e =
et | en B | ConneSiD [ O3 2 A =RaEE R - )
= —I FIRREAE I GBS EARR ) Z AL +ERERE iigigﬁgﬁﬁ 'l: ﬁf :: if
= o I SlEtE [~ a4 A BRI TR PERER [ SZEEEELES o ) )
EREENE: | | = | T 508 TP £ IR T A R Ljes Lles
mnme SR A 2R a5 o5
SEREHIGE ; [CUmreskmldppDabilocl ey BEAResull | FERL | = o A AT A ST, e e
[ AL EEAE BT REAT ey | A5 [ OEREEASt | [ A5 [ EREEAT
125 A RS Gt
RfkassE | F g oG I e I SRR
T HEBRASIET S EFRMEIE
O DRSS, _ _ _ =
EESE HESE TERSERE iy BT/ R
ippDietanliFolier | CAUserseatenal ppDatiL ocali Templare28EAY T BEAME [ EMEEAN WTHEEEN [ ERGERN [ Emes WS |
AppDefaultGDE : CM\Isersvatenal i ppDatalocaliTemplarc 28E A\Default. 2d by FIBERE [ RBSESI [ R TEESIT [ EREESTT [ EMEES Kt BETS /IS
AppResuliFolder | CMTwrdicatenal \b ppDatailocal\ Templare 28E 4 R esults\Pollutant, AR REE.
IR ;fﬁlﬁ Eé% s CAIOTGHY SHE S EFMERE |
SRR
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] _ HHRA Tools and
s »J Online Human Health Risk Assessment Syste Application

EPA established online risk assessment system for the
ease of conducting risk assessments on contaminated
sites

According to different needs, the system has built-in
parameter database for risk calculation; other functions
Include uncertainty analysis, sensitivity analysis and data

d IStri bUtion teSt ii‘f Qe ARG

¥ _;_’_._.

------

http://sgw.epa.gov.tw/Risksystem/Default.aspx
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_ : HHRA Tools and
s »J Online Human Health Risk Assessment Syste Application

Basic System Structure

Project Management Online Risk Assessment

= Start new proiect M Risk calculation
. project B Uncertainty analysis
W List of projects(edit

existing projects) Data quality analysis

| B Normal distribution test
)

Parameter Database

Reference

M Risk assessment related
links

W Contaminant parameter

W Default exposure
parameter

W Other parameter

M Health risk assessment
related news/information

& smizan (o)



. . HHRA Tools and
»J Online Human Health Risk Assessment Syste Application

* @ @ IEmBHARE

#\ ~ ~
. ' FEBURSE &K FERER

EBERE E£EZEMN L5EE

sm=E | :I
FEERE s ]

FEES |[EET v|
sieE | [y ]
S | ]

mat ‘ A

v’ Start and add new projects
v' Enter project basic information
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HHRA Tools and
Application

WS L - 2wl

BEEVREE FrERER SHERE

v Search and open old projects under personal account
v View project basic information or assessment history

ExEE [ ]

FEEE [ ) () ==

ERTES(ESRESHEE | )
g EIES

ExEE ZBUBE BUEE FEERR EBlEE

SRR

TestProject 20150120 20150120 LB 2015/01/20 11:07 xE1z
test01 FEER 2015/01/21 09:54 Hlg
test02 =8 2015/01/28 0940 =20=E

EETEE =y 2015/01/28 09:47 222
20150128 FEIFE 001 BEE 2015/01/28 10:34 E2E

test1040204 H=E 2015/02/04 16253 Z0=E



_ : HHRA Tools and
.J Online Human Health Risk Assessment Syste Application

Select tiered assessment

= ﬁEﬁTﬁE%ﬂ EEREER EERELRE WA STWHEER mAE2H EEETE BRESEEER

AEEER

=i EEERinEE EES=E =Rt EIEFEEH A - ShEEE

EEEETEEER EEERIEXE FE IR mE
SEFE

TEC#TRK ERZEABRA CEEE ITE-#TRK EREIRACBRACEEE I1E-#TK-ER-2HEZEAR
EiE BEE A EEESRE

SEERE

_ ExviEEsHENEY  EEREE2E EAEEOTEHERAREIIREEERE
FREEHSS ERESEY - " - - -
ES|FEmEH MEEERE S EEH S EENEN
s=sy a -

o

v If choose to start with new project, select appropriate tier and
its associated exposure scenarios, pathways and parameters
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HHRA Tools and
Application
Select exposure scenario

EERERE AT R HBE RN WMASR Rt E IS BHEREEN

SEMED : | ]

< o] F—3 BMAZE T4 C

SEEE @tz Olreze EEBEEL

REEECF :

Tier 3
=g | | 2
Com p| ex g= (@psutr  [OlgirshgEl 2R

& smTizan (68)



HHRA Tools and
Application

= FERRERE. GENERGER)

SSHRET

TS T K

SEEay . F1: ans
EVEE . vHESREEEY@BEREY ORI T K ZSEMEE O SRESN O BRA O BRESFE O B

o Br% @ BARE . F—%
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HHRA Tools and
' Application

RiaE BN EBEREREEH

VR A RE= ESY(TPH)
EVIbEESY ' +1ZE(mg/kg) \ ' T 7K (mg/L) \
@) EHE 1 | |.1 )
QB il | l )
() S l ) il )
S [ ) [ )
EWEHE i | {l )
v' Enter COCs, soil or groundwater concentration i :l

v" TPH is mixed compound, thus, it should be
entered separately in hydrocarbon fraction format & iz (10



HHRA Tools and
" Application

BSEY Hr T K (mg/L) =g
(e M )
O AT HBE LS M(TPH)

v Contaminants can be

consisted of multiple
sampling results

v' System offers normal
distribution test and can

: T 71ﬁ calculate 95% UCL
2 11
3 12
4 101
5 10.2
6 103
7 104

BELRE "HBEEN A" FEERI5% ucl = 11.201 (t-distr)
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HHRA Tools and

Application

Qeez= Qee3sEx (ssRstz (WasRzitE Oa@As

v Tier 1 only can select soil type

v All other parameters are default value

I HE

SREFFERESES

T RKEEERE
TETARESE
AB=E
TESRFEREE
TETERSE
LEE
ZHEEEASEE
TEFRSEE
TEEE

SRE LS

E

|_2 0 d

(200

fELEEEnE
ETEEETE

(100

ELiEEEmE
0.96

T

ELiEEEmE
ErEESETE

(200

cm

d-carbon/g-soil

cm/year

cm

-water/cm’-soil EiE

cm’/om’-soil
~water/cm’-soil
-water/cm’-soil

g/cm’

cmy/sec

cm/fyear

Tier 2 can enter parameters manually
v' Any modified parameters must state reasons

and source

SHF EXRR - XEiRH A

i

bt
J-
(m
i
T

b
by
[t

boN R

bt
4
(m

i
T
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HHRA Tools and

Online Human Health Risk Assessment Syste Application

Assessment Results
v' Results are organized and shown in 4 different tabs

Basic Input Data

EFXBAER BAESESR SEEMEARESELR EREZEZAREGESR

Exposure Dose Calculation Result

R PxEE TEFEEE(mg/k) HTFKEEERE(IMg/L) T KESEE(Mg/L) EREHEE (MY

CuUMm 7] 1111E+03 1.000E+00 3.316E-26 2.875E-08
T2 246-=HESE 1.000E+00 1.000E+00 3.316E-26 2.594E-09 S E S ZiE SEERE jﬁ}\g(;ﬂﬁ) }ﬁ)\g(ggﬂﬁ)
DTA IE-12-Z“8Z% 1.110E+02 1.000E+00 3.316E-26 2.919E-01 CUM 2 51 - 1.234E-03
CLM Ehi] 1.000E+00 1.000E+00 3.316E-26 3.219E-03 CUM g 52 2.989E-05
CuM 4 Al . 2508E-44
SERHE SHEE S8E Efi CUM & A2
d =IEE 100 em CUM = A3
delta_air SRELseEEcEER 200 cm —— pe -
T A REBEE N
delta_gw T EEES 400 cm UM P a3
foc TERDEREESE 0.002 g-carbon/g-soil )
CUM = G5 |
I AEE 3175 cm/year o __ ) _ ~
T2 246-ZHEFFE S1 3.702E-07 1111E-06
Ls TESERERZEE 100 em
172 2A6-=BEFRE S2 2.869E-08 8.608E-08
Pe EEesEs 6.9E-13 gfem?-sec
T2 2A-=EHERE Al 7.795E-48 2.338E-47
theta_as TEFEESE 031 2 _wat 3 g0il
= e swaterem=-sol T2 246-=HETE A2 4.417-44 1.3256-43
3, 3
theta.T 043 cme/em®-soll ™ 246-THESE A3 7.816E-46 2.345E-45
. I e ’ o T2 246 =HEFE G2 3.648E-04 1.094E-03
172 246-—HERE G3 3.798E-04 1.139E-03
T2 2A6-=HEFRE G5 7.105E-04 2.131E-03
DTA B-12-Z87ZE s1 - 1233E-04
DTA B-12-287& S2 = 2.986E-05

& smizan (79)



HHRA Tools and

Online Human Health Risk Assessment Syste Application

Assessment Results
v' Health risk calculation results can be displayed by contaminants or by exposure pathways

Risk Assessment Results
for Each Pathway

NE EHE
ElRE ERESEG ElRE Y=
Sl AEsRLE 1.481E-08 <0.1% 1.249E+00 <0.1%
. S2: EEEESSEE 8.608E-10 <0.1% 5.562E-02 <0.1%
Risk Assessment Results
for EaCh Contaminant G2: ER= 8.511E-04 25.1% 3.564E+02 250%
G3:EEEE 8.861E-04 26.1% 3711E+02 261%
1.658E-03 48.8% 6.942E+02 48.8%
65.964E-49 <0.1% 9.357E-42 <0.1%
Er@mAER BASSHELER [ ZEEANERESEER ‘ ZRERE7ERESEER 1.529E-43 <0.1% 6706E-28 <0.1%
7.856E-41 <0.1% 2.645E-35 <0.1%
e T NERRE FHEEREE
TE Tk ZER sWE 25 TiE HTFK T2 EsME £5 = 3.395E-03 1423E+03
CUM 7 S - - 1.286E+00 - 9.084E-42 -  1.286E+00 REES
TT2 24,6-=THEE5 1.197E-08 1.213E-05 3.750E-46 - 1215E-05 2.393E-03 2.425E+00 7.493E-41 - 2427E+00 =§§ﬁ
DTA IE-12- s 7% - - - - - 1.531E-02 1.416E+03 2.644E-35 -  1.416E+03
5 3.702E-09 3.383E-03 7.872E-41 3.383E-03 1.380E-04 3.132E+00 7.289E-38 3.132E+00
Al A2 A3
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_ : HHRA Tools and
»J Online Human Health Risk Assessment Syste Application

™ 0 ARG

SExEUEEE R EE

Uncertainty Analysis
v' Select parameter and distribution type o
ez SHETE sxE| snEm  esrmETaw| Dowbdtion Type :
R 1.Normal
_— BEEA oLo7 2.Triangular
BWonig BEEE) 17 5 3.Uniform
EF SEES . —ESENEE 350 M 4.Log-normal
IRzt ort-acut BETERE(EA) 100 ¥
IR gt ortchit BalEExEE) 200
WHF sRAKRE 1000
ER SEREEE 216 W
Q SRR RES 30 M

T—%(Step2) C
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_ : HHRA Tools and
.J Online Human Health Risk Assessment Syste Application

Uncertainty Analysis
HEST v According to type of distribution,
LY ZE W iafE meEe entering required input accordingly,
BEHEA) l6157 ] (10 ] I.e. mean, SD, maximum,
e 17 | 2 | minimum, etc.
REAE (850 ' 10 ' v #of analysis can be performed
matiases | | 1o | between 5,000~20,000 times
BE5%
S LT  BAE -
ERERE 30 | l20 J
SEEKEES 2000 | 500 ‘
—RELSH ‘
LHETE ER 1EBR —
BEHEEEEA) 200 | ls0 | 100 |
HEHENT REEE TR E(5,000~20,000) : (10000
LHEE Eiy{E
SRRk 30

T—%(Step3) C

& smizan (76)
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HHRA Tools and

Application

1.76E-004

HE=E

BT E

0120 — 1.0
0.100 = 02
o
0.040+ 0.4
0.020- -0.2
0.000- o 0.0

1.532E-004

2.032E4004

2.532E4004

3.032E-004
E AT

3.532E-004

4.032E-004

EHYE

Uncertainty Analysis
v" Enter desired confidence level
manually

v" Analysis results can be shown in
probabilistic distribution

HESEE M (Local SR) FERESEEIEM (Local SR)

HOKEE: HoKE(E:

g) g)

gk Bk

! 4
aEEs B -

e e

e - rEE

50% -20% 20% 60%
-40% 0% 40%

Bk

50% -20% 20% 60%
-40% 0% 40%

B
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HHRA Tools and
Application

& FREEES 2EEN G EE

O 2= O =

33 hTEE RN A
ASM fi# Arsenic, As
BAA F@)FEHE benzia)anthracene
BAP F(a)EHEE benzo(a)pyrene
BBF E(b)ESE benzo(b)flucranthene
BEE T Benzene

BKF EWTEE benzo(k)flucrathene
CoOM R Cadmium, Cd
CFN mER Carbofuran
CHE gaf Chlordane

CLM am Chloroform
CME FFIR Chloromethane

Parameter Database

v’ Parameters are
grouped into 3
categories :

S 2R

oroethane DDTRIEFH

and other parameters

v" More than 80 soil &
groundwater
contaminants related
parameters

v Can be filtered by key

224

M B SE A
EL" SO E T

characteristics, i.e.
organic compound,
carcinogenic, etc.

contaminants, exposure

words or contaminants

& smizan (78)



HHRA Tools and

Application

T EE:

CAS Mumber:
IARCHEMTSE:

Tk ERREE/SE " E(mg/L):
TESHEEEmMY/K):
HEHIARCHEHESE):
EEESKPY):
tevent:

ABSd:

Koc:

Dair:

SCEEE)
FERESIEEFRD)/O Eoral):
SERESHEFRM)/MA (inhal):
FRESHETFRD)/EERY
(dermal):
HESEETF(SH/ORE((oral):
HESHETF(SF/RA(nhal):
HESHETF(SF/ EERE(dermal):
EREaamacS2(TPH)
't

_A_FE-RIRRETE

50-29-3
Group 2B
-1
3
7
0.27
10.45
0.03
2630000
0.0137
0.025
0.0005
0.0005

0.0005

0.34
0.34
0.34

fL85: DDT

BXEE

IRISEE T S8
TR ERIEEE/S—E(ma/L):
SERfEYZEHEREE

SERESIE
Bdermal‘&:

FA:

H:

Kd:

Dwat:

EERFEW
FEMESHETF(RMD)/O R (oral) 2#iF:
FEHESERF(RD)BA(nhal) FE&E:

FFHESEEFRMD)/ EERY(dermal)
HESEE F(SF/O R oral 3R
HESHEF(SA/RA(nhal) =R

HESUREF(SR/EERK (dermal) FEE:

EERA W
ik

DDT 4-Dichlorodiphenyl-

trichloroethane

19
0.7
0.000341
=1l
4.95E-06

Parameter Database
v' Detailed contaminant
data sheet includes
control standards,

toxicity factors,
exposure parameters,
physico-chemical
parameters, etc.

& smrizmn (19



HHRA Tools and

Application

SHBER | SR RESE
ZiE 2818 E=ind
AF 41y tiEnE A BS80S 02 mg/cm?
S adult 1 m3/hour
i ga8 m3/hour
858 AF_adult
==l et = P
ZE1E
. FHRRR
=i
iz (EREEXZR
SRR
SENEREER
sxEREE B S T2 HES S5 EA T E (TN
seENDEEL Z W RRIEM A 02mglem” > £ F 1 0
R =R SRR ¢ B AR 2 $ L
et I Preliminary Remediation Goal PRG Intercald|
HHEREE PR o
EHREEEN m AR BRARE % -
EnETERE A BARFBARR : =% -
GRE = 5 £

SHERBERSUSE

i

1. Preliminary Remediation Goal PRG Interc:
USEPA Region 9 Office, 2004.

=i HY

Parameter Database

v' Under default
exposure parameter
data sheet, detailed
parameter
information, source
and data quality can
be examined

SEIEE/RE TEHESIEMESUIA)/AF 4,

EFISHATERE 007 mg/em?

ZHEE/ME

|

EeEE |
BRNEETE __ |
= T
BHRSHE
TEEE sas
Eane =
BRSBTS P
fir
HSEEEZEIE O FEHE
|ESRE =
£l ZH= -
"
|ESRE

SRS OSERAEZER

T —

05t
® sEBRMBE AR

FEMERE 0

HnEmE

CEREEREZE © £EREEEES
RIES Ex=

Em/EE @ BEHAR/AFER

BMANMGEZSE @ ERERKEZEER

=T — 3
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HHRA Tools and

Application

al IhRGL

ExRUESE HLERER ! SEEN ES R-§:d

Reference

v Links to other
toxicity information
database or risk
assessment related
guidance
documents

ENNEEEFEHES(Agency for Toxic Substance and Disease Registry, ATSDRIZE/AEEE(Minimal Risk
Level, MRL)

HEX &
LEEH TN ESS I EEEET e ERA (L)
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Conclusion

1. Risk assessment is established on the basis of
toxicology, biological testing, contaminant transport model
simulation, etc. This systematic, quantifiable evaluation
tool is not an accurate science but still can be used in site
management decision making.

2. SGPRA Is one of the few laws or regulations that includes
risk assessment concept and assign it a clear and
specific role.

& smizan (69)



Conclusion sy

3. Risk assessment involves with many assumption and test
results. Quantify the possible adverse effect helps the
communication between government and public.

4. Risk assessment is only an assessment tool. In order to
reach the goal of protecting human health anc
environment, risk assessment must be combining with
proper and sufficient risk communication and risk
management.

& smizan (o)
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Outline

« About Human Health Risk Assessment (HHRA)
* Myth about Acceptable Risk

* Application in Contaminated Site Management
« Case Study



About HHRA

* What is risk
* Risk
* Probability of the occurrence of adverse consequence (injury, iliness, or
even death)

* Quantitative concept

* Human Health Risk

* Probability of iliness and death caused by the hazardous materials
(e.g., contaminants)

Non-

Carcinogenic : :
Carcinogenic

= Page 3



About HHRA

* Role of Risk Assessment
* A scientific tool within risk analysis system

Risk Analysis

Risk Management
(Policy based)

1.  Evaluation
2. Management option

assessment
3. Implementation of

management dedsion
4.

Risk Assessment
(Science based)

Hazard identification
Hazard characterization
Hazard assessment

Risk characterization

o el o

Monitoring and
review

Risk Communication
Interactive exchange of
information and options on
risk among risk assessors, risk
managers, and stakeholders

&

iFEM

o Page 4



About HHRA

* The occurrence of risk consists of three elements

Receptor

S-P-R Model




About HHRA

» Basic Concept and Framework

(

\_

Hazard Identification
Examines whether a stressor has the potential to
cause harm to humans and/or ecological systems,
and If so, under what circumstances.

\

J

\_

Dose Response Assessment
Examines the numerical relationship
between exposure and effects

) 4

J -

Exposure Assessment
Examines what is known about the
frequency, timing, and levels of contact

with a stressor.

J

-

\_

Risk Characterization
Examines how well the data support conclusions
about the nature and extent of the risk from
exposure to environmental stressors

~N

J




About HHRA

* hazard identification
* Define CoC
« Site (assessment) boundary

*dose-response assessment
* Toxicity information

* Define toxicity factors to be uses (carcinogenic slope factor and
non-carcinogenic reference dose)

* exXposure assessment
* Site conceptual model (SCM)
 Fate and transport of CoCs
* Intake

 risk characterization

* Carcinogenic risk and non-carcinogenic hazard index
> * Uncertainty analysis

&

iFEM



About HHRA

» Sources of uncertainty

* One value representing the risk (non probabilistic)
e conservative assumption (often over-conservative)

/®6Hazard identification
(@} completeness of site

formation
@é Exposure assessment
(? transport of contaminants
(V model selection

@é Dos-response assessment\

( P ) toxicity factors
>

Risk characterization

interaction of toxicity

interaction of contaminants

@ rationale of acceptable risk

/

\ @ exposure parameters



Risk Assessment Objectives

» Assessment target

* Potential effects on human (public) health by the soil and
groundwater contamination

* Objectives
* Decision makers: decisions on remediation and management
measures to protect environment and human health

* Polluters: Implementation of cost-effective risk management to
protect environment and human health

* Public: Understand the risk and appropriateness of the risk
management strategy so that rational demands can be proposed
based on proper benefits



Myth About Acceptable Risk

» General accepted rules
e carcinogenic risk: 1x10-6
* non-carcinogenic (hazard index, HI): 1

» Two dimensional drivers
» Objective definition
* quantitative risk
* scientific based
* Subjective perception
* Public awareness and knowledge
* social based

= Page 10



Myth About Acceptable Risk

* Aresearch in 1991 tried to reveal the myth or origin of

acceptable risk (1x10-6)

-The White House

-The U.SS. Environmental Protection Agency (EPA)
-The EPA's Science Advisory Board

-The EPA's Risk Assessment Forum

‘The US. Food and Drug Administration (FDA)

The USS. Department of Agriculture

-The U.S. Conference of Mayors

- Oak Ridge National Laboratories

-The Congressional Office of Technology Assessment
-The Natural Resources Defense Council

- Citizen's Clearinghouse for Hazardous Waste
- Greenpeace

“Two former EPA Administrators

A former state environmental commissioner

-Rockefeller University
- Environmental divisions of major law firms
- Staff members of several Congressmen

-And many other contacts in government and industry

o Page 11

e "My mind is a complete blank."

"My, what an interesting question!"

"l think it came from pesticides legislation or the Delaney
Clause."

"It came from the FDA in the 1950s."

"It was derived from the Virtually Safe Dose used in the
Safe Drinking Water Act."

"It's an economic criterion."

e 'It's based on the chance of being hit by lightning, which

is one Iin a million."

"l just assumed it was because one-in-a-million sounded
like such a nice phrase."

"It was selected because it was 'doable.' Or at least
that's what we thought at the time."

"It was a purely political decision made by several of the
major agencies behind closed doors in the 1970s. |
doubt very much you'll get anyone to talk to you about
it

"You really shouldn't be asking these questions"




Myth About Acceptable Risk

* Phrases about acceptable risk
* Lower than a specific value
* (much) lower than existing risk
* Cost for lowering the risk less than benefit
« EXxperts recognize/endorse the risk to be acceptable
* Public say acceptable (no objection)

o Page 12



TPH-The Characteristics

» Methodology
- Similar to single contaminant risk assessment

« CoC

- Benzene, Toluene, Ethylbenzene, Xylene
(BTEX)

- Naphthalene
- Total Petroleum Hydrocarbons (TPH)

o Page 36



TPH-The Characteristics

* Property of TPH
- Structural complex
» Wide spectrum of carbon numbers
- Difference resulted from refinery process

- Challenges
- Difficult to conduct ALL compounds individually
- Employ method for mixture
- More toxic compounds (indicator)

» Divide into different ranges of carbon
number (fraction)

o Page 37



TPH-Conducting the Assessment

 Hazard Identification

- Toxicity and physical chemical properties vary
with the number of carbon of compounds

- Divided into aliphatic and aromatic
- Major carcinogenic components

- smaller oxidant

- aromatic

o Page 38



TPH-Conducting the Assessment

« Dose-Response Assessment
- Lack of TPH mixture toxicity data

« TPHCWG recommended to divide TPH into 6
groups and compiled existing researches to
obtain reference dose for the 6 groups

Carbon RID (mg/kg/day)
Structural Group Number Ingestion Inhalation Dermal
Csq 5.00x10° 5.26x100 4.00x10°
Aliphatic Cog16 1.00x10-! 2.86x10! 8.00x102
C. 1635 2.00x100 NA 1.00x10°
Cqq 2.00x10! 4.00x10! 1.60x10!
Aromatic C.s.16 4.00x102 2.00x10! 3.20x1072
L 4 > Page 39 C.roe 3.00x102 NA 1.50x10°
iFEM




TPH-Conducting the Assessment

* Dose-Response Assessment

 TPHCWG recommended
to use representative
components for
carcinogenic risk
assessment (including

benzene and PAH)

o Page 40

CoC CAS Number
Benzene 71-43-2
Toluene 108-88-3

Ethylbenzene 100-41-4
Xylenes 1330-20-7
Total Naphthalene 91-20-3
n-Hexane 110-54-3
MTBE 1634-04-4
Ethylene Dibroide (EDB)
1.2 Dichloroethane (EDC) 107-06-2
Benzo(a)anthracene 56-55-3
Benzo(b)fluorancthene 205-99-2
Benzo(k)fluoranthene 207-08-9
Benzo(a)pyrene 50-32-8
Chrysene 218-01-9
Dibenzo(a.h)anthracene 53-70-3
Indeno(1.2.3-cd)pyrene 193-39-5




« Exposure Assessment
e Follow the general principles of risk assessment

« TPHCWG compiled physical-chemical properties for
the six groups

e solubility

e Vapor pressure

o Log K,

e boiling point

e Henry’s constant

e Molecular weight
o Diffusivity in air

o Diffusivity in water



e Risk characterization
« From exposure and dose-response assessment
« Higher uncertainty
« Uncertainty analysis is similar to single compound
e Challenges
e Regulatory rationale
e Acceptable risk or not
e Public acceptance
e Technical and scientific sound or not
« Availability of tool (e.g., standard analytical method)



Application in Contaminated Site Management

* Principles of risk management
* Employ proper remediation and institutional control to unlink/
mitigate the S-P-R
* Non-technical factors
*comply with regulatory requirement
e avoid future liability
* planning for future use of land
* cost effective remediation or measures

= Page 13
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Application in Contaminated Site Management

« HHRA Applied in

* The environmental impact and risk by different remedy strategies
and subsurface contamination

*Land use strategy and condition

* With the risk identified, assessing the risk in space, remedy
effectiveness, and remediation time needed

* Remediation decision making
* Regulatory decision

o Page 14



Case Study-Remediation Decision Making

« Site

*Natural Gas Manufacturing Plant in Canada

*CoC

* Total Petroleum Hydrocarbons (TPH)

* BTEX
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Case Study-Remediation Decision Making

* HHRA and baseline assessment

10 years 40 vears 100 years

----------------------------------- - - ——

59 P

No Action Scenario
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Case Study-Remediation Decision Making

« HHRA and different remediation scenario assessment

10 years 40 vears ' ' 10 years

0 -

O TERH N eme—
90% Source Removal

i N

J
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Case Study-Remediation Decision Making

* Risk management and remedy decision considerations

* To close the site in a reasonable time frame, excavation the source is a
necessary measure

* Integrated remediation strategy is needed (treatment-train)
* Clustered management
* Prohibit use of groundwater

* Remediation strategy assessment
| - Excavation and Landfarming |
* Excavation+SVE+in-situ bioremediation
« Excavation and Landfarming+AS/SVE+in-situ bioremediation
« Excavation and Low-Temperature Desrpption+in-situ Bioremediation

N

o Page 18
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Case Study- Regulatory Standard

* Introduction

* Regulatory standards need to be revisited after 10 years since the
promulgation of Soil and Groundwater Pollution Remediation Act
(SGPRA)

 Standards requires attention and revision for better contaminated
site management practices

Monitoring Control Preliminary
Standard Standard Assessment

! !

Contaminated

Clean

Control Remediation
Site Site

o Page 19
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Case Study- Regulatory Standard

 Risk Based Control Standard Has been in practice for

decades

* Soil Screen Level (USEPA)

* Soil Guideline Value (UKEA)

 Target and Intervention Values (Netherlands)

* Localization for actual needs
* Availability of risk assessment protocol



Case Study- Regulatory Standard

Define Problem

« Conceptual Approach

Background
g Information Collection

Scenario Selection

Human Health Risk
Assessment

Recommendin FEEESETO
9 Condition Alternation
Values
Information

Requirement

a

Is information
sufficient for
decision making?

CJ Contaminant

N Standard Review
iFEM Statement
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Case Study- Regulatory Standard

* Approach

* Defining problem
* management objective clarified
* prioritizing the targets of concerned

* Background information collection
* regarding the management target

* Risk assessment

* the Human Health Risk Assessment Guideline for Soil and
Groundwater Contaminated Sites published by TWEPA

* Acceptable risks for carcinogenic and non-carcinogenic are defined as
1x106 and 1, respectively

* Represents residential use assessment

iFEM
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Case Study- Regulatory Standard

 Panel Evaluation

*recommendation values are then submitted to a panel for
evaluation

*the economic and policy resource are taken into account along
with the multiple decision choices for a feasible standard setting

 Standard Review Statement
*provided as the basis for public comment and discussions

* offer a scientific sound information
* a vehicle for better communications

iFEM
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Case Study- Regulatory Standard
 Control Standards for MTBE

* Current Status
* the Soil Control Standard and Groundwater Control Standard do not
include Methyl tert-butyl ether (MTBE) which is a common gasoline
additive used as an oxygenate
* recent comprehensive gas station investigation, MTBE contamination has
been found in soil and groundwater

* Defining Objective and Scenarios
* historical investigation results suggested that the gas station is the main
source of contamination
* mitigate the MTBE contamination to the most probable receptors and
reducing the risk by limiting the migration
* based on the characteristics of MTBE, the Control Standard for
groundwater is more important than the Control Standard for soil

o Page 24



Case Study- Regulatory Standard

» Control Standards for MTBE
* Defining Objective and Scenarios

uncovered
ground

vaporization
Station Operator \ y
Worker (car-wash) . :\\ oz

pavement
cracking PA— |~ Drinking

d UEN,

vaporization
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Case Study- Regulatory Standard

» Basis for Decision Making

* operator of car washing machine exhibits the higher exposure
risk than the general station worker

Exposure Pathways Regommerwdmg Sail Concen’Fro’non (.mg/kg)
cacinogenic based |non-carcinogenic based

Inhalation (Dust) 2.29E+07 4,08E+09
Inhalation (vaporization from soil) 9.51E+03 1.69E+06
inhalation (car washing machine) 3.22E+01 1.74E+02
Ingestion of soil 1.50E+03 6.17E+03
ingestion of groundwater* 6.00E-01 NA

*: based on the groundwater MCL of 0.03 mg/L recommended by USEPA.

iFEM
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Case Study- Regulatory Standard

* Lesson Learned

e groundwater MTBE concentration dominates the decision for soil
regulatory standard

*recent investigation data

Percentile (%) MTBE Concentration (mg/L)
20 <0.01
30 0.01
40 0.01
50 0.03
60 0.05
70 0.12
80 0.28
90 0.98

MTBE Control Standards promulgated in 2013 are 0.1 mg/L and | mg/L for protected

@y  areas and general areas, respectively.
iFEM
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Case Study- Regulatory Standard

* Focus of panel evaluation
* the MCL might create a demanding resource input for site
management
* might face a challenge of listing over 50% of gas stations as
contaminated sites
*the policy and economic factors come into play at panel
evaluation

iFEM
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Case Study- Regulatory Standard

* Lessons Learned

* The risk-based Control Standard setting can provide a scientific
sound basis and a defensible regulatory statement

* The panel evaluation plays an important role in final decision
making due to the characteristics of economic and policy making,
the qualitative indicators should be defined and evaluated along
with the quantitative risk assessment results

* Challenges
* process of defining assessment target
e parameters used for the risk assessment
e comprehensive investigation and background information

o Page 29



Case Study- Regulatory Standard

e Summary
* TWEPA recognizes risk-based approach is the best practice for
setting regulatory standards
* While the supporting tool and past experience are vital, practicing
the concept involves economical and political considerations

* The rational decision could be made through a panel evaluation
to compensate the probable doubt

iFEM
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Thank you for your attention
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Chih Huang
TEL: +886-2-2/66-6808

(J E-mail: chih.huang@ifem.com.tw
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