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1 Introduction



Groundwater contaminant

© Chlorinated solvents are common contaminants 1n
groundwater.
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USEPA Group A Group A Group A
_ PCE: Tetrachloroethene
USEPA: US Environmental Protection Agency TCE: Trichloroethylene

Group A: Human carcinogen DCE: Dichloroethylene

VC: Vinyl chloride
ETH: Ethene 3



Health risk assessment

A process that estimates human health and
environmental risks associated with chemicals of
concern present 1n the environment.

We can set the remediation goals and 1mprovement
methods of contaminated sites through the health risk
assessment.




Health risk assessment
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Target Risk (Cancer Risk)

Fate and Transport Model
1 )

' - F:C Slope Fact
Cy: Contaminant Concentration (mg/L) CS ancer Slope ractor

(mg/kg-day)

Risk = €. x IR X EF X ED « CSE
BET W T BW x AT x 365 day/year

Exposure Factor

IR: Water ingestion rate (L/day)

EF: Exposure frequency (days/year)
ED: Exposure duration (years)

BW: Body weight (kg)

AT: Average lifetime (years)



RBCA Tool Kit

2l RBCA Tool Kit for Chemical Releases Hi=] E3

NEWS SERVICES SOFTWARE PUBLICATIONS CAREERS CONTACT Q

ENVIRONMENTAL

Environmental site managers, regulatory authorities, and consultants around the world
have increasingly turned to Risk-Based Corrective Action (RBCA) for the management of
contaminated soil and groundwater. RBCA is a practical management approach that focuses
'n?(?flfrr explicitly on the protection of human health and the environment while promoting energy
ahemical™ and cost-efficient remedies to allow limited resources to be targeted to the most

Releases hazardous sites. A keystone of the RBCA framework is the development of site-specific

environmental cleanup criteria following a tiered risk evaluation approach. This approach is
broadly applicable to chemical release sites located in different geographical settings and

managed under various regulatory authorities.
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MUItiSpecies Transport Analytical Model
(MUST)

Man use different retardation factor values am
" individual species M U S T
(Chen et., 2016) (Chen et., 2019b) MUST "
AN
CE 6.3 1.5 0.0005 -
% MUST can use different types of inlet source boundary
TCE conditions 20! 7.6 0.001
DCE 87.2 25.1 0.003
VC 103.3 62.1 0.01
]:.TH MUST carjg use constant, 25E§ponent1al dgcbazy and
. -Arbitrar I SO nditions.

° Depamnem of Nursmg, Fooym University, Dalia

https://www.sciencedirect.com/science/article/pii/S0309170821001731 Open Assess 9
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[109624006_~|/Win32 Debug

[ Workspace ‘109624001
+ @ 109624006_02 files

< >

" #) File¥iew T

t Yiew josen Project fui

Graphical User Interface

Fortran programming language 1s often used to develop

Transport model and *+-='"

Prepare
Buid T =181 x|
-l
-l &E 1 xS g GO VI

Btemp-B(iputtenp) A'I

B(iputtenp)=B(iput) &

B(iput)=Btenp
tstore the multiplier
do i=je1

”
LIS PELIS WS R VLIS IS B

1

a0 w=j+1,m
Al vy=n(i,u)-atd, Jreacj.v)
eng do
B(1)-B¢1)-n(1,§)=B())
end do
end do
Sol(n)-B(n)/A(n,n)
do jem-1,1,-1
Sol(§)~B(§)
do ven,je1,-1
S01(])=S0L(§)-SoL{u)=A(],u)

end do
Sol(j)=Sel(j)sacj. )
end
write(s, =)t --mnmam solutions------- .
do i=1,n
write(s,=) "x',i,'=",Sol(i)

Linking...

109624006_02.exe - 0 error(s), O warning(s)

—------Configuration: 109624006_02 - Win32 Debug---------------=---=

= 1o

Build [ Debug )

S

MUST

MUltiSpecies Transport
Analytical Model

P B R [

A
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Objective

MUIti-Species Transport (MUST)
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Objective

To develop a computer software for human
health risk assessment of a chlorinated solvent
contaminated groundwater site using the most
advanced multispecies transport analytical
model (MUST) equipped with a user-friendly
graphical interface.
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Material and Methods
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Flow chart

Fate and Transport Model

Exposure Factor

Chemical Toxicity Database

Quantify the Health Risk

. Contaminant Concentration
(Cw)

IR X EF X ED
BW X AT X 365 day/year

m

» Reference Dose (RfD)
Cancer Slope Factor (CSF)

» Hazard Quotient (HQ)
Cancer Risk (Risk)
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Results and discussion
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Constituents of concern

g MUST - m] b4

- Constituents of Concern : - l

Consitituents of Concern Site Geometry Mathematical model parameter Output Method

- Site Geometry

- Mathematical model paran

Output Method

After opening a new file, the

Number of Compounds Workspace Will a'ppear'
01 02030495 First, choose the Constituents

of concern.

O Others

NN e .

ct |1 c2 (e ) cs )| c5

Constituents of Concern

:

Cc3 _ c3
4 c4




Mathematical model parameter -

o MusT

Prepare

- Constituents of Concern
éSi!e Geometry
Mathematical model para

Output Method

Source

==

& ® A0

Model Configuration

@ iz e i) e

Model Size (Unit:(m) )
Domain Length  Domain Width ~ Domain Height

Source _ Plume Mathematical model parameters
- s ) . Source Source o . .
Dimensions Boundary Source condition Concentration QT € lel d e d lnt o S ource an d
Dimensions

Plume. After clicking the button,
the button will turn yellow,
showing the position of this page.

| | |

| |

Input the dimension and Model size. %




Step 3. Mathematical model parameter
- Source

& MUST = = X
e e =
? =[S = A

- Constituents of Concern =

W site Geometry iti 1 Sji »Mathematical model parameter

Source Plume 1

- Mathematical model paran Clle Boundary.

i 1 . Dimensions Boundary Souice Som»'c»e Somt_‘e :

- Output Method ’ condition Concentration | I

Inlet Souice Boundary Condition

O First-Tipe O Third-Tipe

Choose first - or third -type inlet S
source boundary conditions. |




Step 3. Mathematical model parameter

s MUST

- Source

+ Constituents of Concern
- Site Geomenry
- Mathematical model para 1

" Output Method

FRE

Source Sounrce
Function Concentration

Dimensions Boundary Source

Number of souices
01 02 03 04 ®5 Choose the Source number.

_ |

[ Source 1 ” Source 2 H Source 3 H Sowrce 4 “ Source 5 ‘

Yl |0 J(m} Zl ‘O (m)

2 |10 |m 22 10 | (m)

Input the Source dimension.

O)

Source Plume CliCk SOU,I'CC .

N




Step 3. Mathematical model parameter
- Source

e MUST

Prepare

Constituents of Concern
é——Sire Geomenry
é-u\farhemarimi model para

Output Method
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Source

A

Consitituents of Concern_Site Geomeny Mathematical model parameter Quipur Method
P

Plume

Dimensions Boundary

Source

Source
condition

Sowrce
Concentration

@]

SDEH'(‘Q t OHH.”IOII
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® A®

Click Source Function

Constant

O] Exponential decay

O Arbitrary time-dependents

Choose the Source Function.  of Source %

If click Exponential decay,

PCE |
TCE |
DCE |

e |

Souice decay

|

|

ETH|[ ]

Inpu

decay will appear.

(-




Step 4. Mathematical model parameter
- Plume

T_’ B ‘ = @ | Ad

| Constituents of Concern

%--Sr'te Geometry Cr"”ﬂ!’m@ COTCOTT STC G COMET T I HETETCT TOe DU teTer NP Nienon
%—-Marherrmrical model parame 1 Source e Clle Decay and Retardatlon

Transport parameter Decay and Retardation

Qutput Method

Deécay Constant ( Unit : (l‘yr) )

@] Oceur in aqueous phase

O Occur in both agqueous and sorbed phase Input th e p aram et er.
KpcE : =

Kr1cE \7‘
Kpce| ‘
Kye
K EIH‘ \
Speaes~spectﬁc Retardation Factor (Unit:(-) )

R pcE | |
R rcE | |

R peE| |

Rye | J

Rem| )
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Step 5. Output Method

+ Constituents of Concern
- Site Geometry
- Mathematical model parameter

: Output Method

1.

=

)

Consitituents of Concern Site Geomenry Mathematical model parameter Output Method

Observation fype

O)

O Point
O  Concentration contour on plane

® Concentration profile along line

— - o
Observation Location

Simulation Time

Concentration profile along line
Profile direction
® X-directio

X0 b

b/ Al L

O Y-direction O Z-direction

(Unit - (yr) )

(Unit:(m) )

If click Concentration profile m
along line, the lower input area il
will display the profile along line
input area.
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Step 6. Result - Chart

Prepare

e -@

- Dataset
{
|

i

[ "o

=
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®

Chart Dataset

PCE TCE
0.0012 — PCE 14 — TCE 20
0.001 12
= o ] b
= 00008 x =
? 0.0006 g a g 10
¢ 00004 (S 04 (S -
0.0002 02
0 0 0

C (mgl/L)

/

/

;

L

After completed, it will jump to the result screen area
of the Review (with one-dimensional demonstration).
Note: One-dimensional display without VTK plane.

— DCE
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Step 6. Result - Dataset

FERE

Chart Dataset
PCE TCE DCE
/CL) me i t om /CL) me i t o) fL) me
» (/] > 0 » MO
2.1E-08 b 0.039 2 0.36
. 0.5 4 57
Click Dataset to move to Dataset result. — p =
8 0.00042 B 8 1.2 N 8 15
10 0.00064 10 L3 10 16
12 0.0008 12 L3 12 17
VvC ETH
¢ 6m) C (mg e i i /C]'_) (mg A
» MO
z 1.5 2 0.054
4 12 4 1.3
6 23 6 4.8
8 31 W 8 9.6 m
10 35 10 15
12 37 12 20




Step 6. Result - VTK

e mmeoE & ® Nolo

-------

VTK

After completed, it will jump to the result screen
area of the Review (with two-dimensional plane
demonstration).

gw
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Conclusions
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Conclusions

® Now the Software is being tested and optimized.

® Establishing a friendly interactive interface and visual
display module will be more conducive to risk
communication and risk management.
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Future work
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Future work

® To make the software easier to use, compare the user
interface with  HYDROSCAPE and optimize the

software interface.

HYDROSCAPE

4, Karanovic V1
ip  Abo

File Dasta Options Help ut
G dB NSO DE >8P
wroduction Domsin Sowes Transpart/Geology M

X-Length (m) J Discretization (X)
Y-Length (m) 2% _7j Discretization (Y)
Z-Height (m) 10 L/ Discretization (Z)
Time (yr) ﬂ Discretization (t)
Nodes [ =
Preferred Units
@ Years Days Seconds Help
Prefered Concentration Units
fative (C/Cmax) Absolute (mg/L) L
Background Noise Level (mg/L) 0.01 ﬂ
Previous
Calculate Estimate Time
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EEEE

Next

Risk Assessment Software

& MUST - u] x
File Help About Run

Constituent of concerns | Geometry ] Source ] Transport Properties ] Output Method [

@
©
§ Model Configuration
o
| Variable Value Unit
2| | X-Length L 100 m
=
& | Y-Length W 80 m
1| Z-Height H 80 m

H=80(m)
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