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Groundwater contamination

Groundwater resources are important. However, the contamination of the
subsurface environment pose threats to human health.

Chlorinated solvents are common contaminants found in contaminated groundwater.

« Used for dry cleaning, metal degreasing
» Dense non-agqueous phase liquids (DNAPLS) ‘ [ Contaminated site evaluation ]
« Carcinogenic
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Human health risk assessment (HHRA)

« HHRA Is the process to estimate the potential adverse health effects in humans who are exposed to
chemicals in contaminated environmental media.

 HHRA helps in decision-making for site remediation and risk management, also can help governments to
deliver technical knowledge to the public.

How much dosage cause people sick:

Contaminants of concern Reference dose, RfD; Cancer slope factor, SF
Site eXter?t ] Hazard Dose-Response
Geology information Identification Assessment
) : What health problems ===l What are the health [==
Hyd rology |nf0|‘ma‘[|0n are cauﬁecrhy the problems at different
pollutant? axposuras?

Risk
s Characterization
What is the extra risk of

health problems in thea
Exposure exposed population?

Assessment
How much of the pollutant

arae people axposed to during
a specific time pariod? How

How, where, and how long people are exposed BEIE e T I

Four steps of human health risk assessment process 4



Previous contaminants transport analytical solution software

« BIOCHLOR « HYDROSCAPE

» Excel-based table software. « MATLAB-based window software.
« Most used software simulates remediation by e Wi i
natural attenuation released in 2000. With map_wew result
* Released in 2017.

All contaminants can only use the same _ _ _
retardation factor. Only can simulate single contaminant.

BIOCHLOR Natural Attenuation Decision Support System Cape Canaveral 2 Input Instructions:

" 2o Introduction Domain Source Transport/Geology Map Options Outputs General View Map View
Version 2.2 Fre '[ranmg Area 115 1. Enter value directly...or
E xcel 2000 Run Name 4 ,2. Calculate by filing in gray Geology Transport Properties
TYPE OF CHLORINATED SOLVENT: Ethenes @ 5. GENERAL 0.02 cells. PressEnter, then ¢ | Volume Plot 20.0yr
Ethanes O S ion Time* ) e =" store fomulss, hit “Restore Formulss™ b e = - 53.542
1. ADVECTION I odeled Area Width™ [ 700 k&) w E Varable*- . Data used direcly in model. Choose Layer Toplayer v - - o
Seepage Velocity" Vs 1117 Jy)  [Modeled Area Length® t | Testi ; | 53.54 I 005
or [Zone 1 Length® 77085 k) Biotrans formation ';:":f’\::i’;::;‘:; : 0005
Hydraukic Condudivity K g omisec) [Zone 2 Length® 0 () Zone2= fs Ocourring 3
Hydraulic Gradient i 0 fuft) L-Zone 1 Accept ProPemeS? | 53.538 |- 1
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Alpha x* G o M RN 53.536 Sy
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{Aipha z)/ (Alpha xF* TEST ) Y1 e e
3. ADSORPTION wiath* @) [_10s Solute _ Retardation_| 1 il ; / Buildine
Retardation Factor* - R 3 - LA / Building
o R g r. €4 % Properties _ Solute Decay (1/yr) [
: *@_ 53.532
Soil Bulk Density, tho 76 ] ko) FCE 058 ; -
FractionOrganicCarbon, foc ITCE {153 3 Vie wofPlume Looking Down n . o
Parttion Coefficient Ibce 965 Advection _ Velocity (ms) | 206 | 2| 53.53 -
PCE ) vC 3.08 Observed Centerine Conc at Monitoring Welis Porosity 02 _’7_]
TCE &) JETH 0.03
DCE 5 53.528
Ve o) 7. FIELD DATA FOR COMPARISON ‘s g - i
ETH s 3 IPCE Conc. (mg/L) 056 Dispersion _Alphal (m) L 2 &5 85 Aoz | f i 1
CommonR (used in model) = = 2,87 ™ [TCE Conc. (mgil) 158 -2_25 o171 024 ] 018 AlphaTH (m) 1 2] 113535 -11353 -113525 -11352 -113515 -11351 -113505 -1135
4. BIOTRANSFORMATION .13t Order Decay Coefficient” CE Conc. (mgil) 365 | 348 | .78 | 1.2 | 556
Zonet —T i (1) naitife [yrs) Yied  VC Cone. (moil) 31 1308 1757 | 252 15022 AlphaTV (m) 001 | 2]
PCE _, 1CE 2000 | <= 07  [ETH Conc. (mgl) 00 | 188 107 | 15
TCE . DCE 1000 | & 0.74 Distance from Source (ft 0 L sl I : Volume Plot U Volume Plot v View Current Figure
DCE > WC 070 | ¢ 064  [Date Data Collected 1998 Diffusion Effective Diffusion Coeff. (m2/s) | 0 =i
ve ETH 00 | ¢ Joes  [B. CHOOSE TYPE OF OUTPUT TO SEE:
ez T > A0 Ta¥ e (73] _ Export | <| changeTime | ﬂ _] Play j
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BIOCHLOR interface HYDROSCAPE interface 5



MUSt software

MUSt (MUItiSpecies transport analytical model):

Using analytical solutions (Liao et al., 2021) for o

File Help About Run Reset

sssssss
nnnnnnnnnn

simulating transport of chlorinated solvent contaminant |-

and its degradation products, without the limitations of
those previous software.

Integrated with human health risk assessment for
groundwater ingestion.

With user-friendly interface and multiple visualize output
results.

What other features may be needed?
« Site information management module
« Multiple exposure pathways

wwwwwwwww

MUltiSpecies Transport o X
analytical model

®

o 10 20 30 40 50




Why new features?

File

o Setup hydralic head
W © import Import file QO Input

Generate flow field

Name X Y Hydralic_He
» 237647.5...| 2732199....

« Site information management module:

Site
.

. BH-2 237505.7... | 2732062....
o BH-3 237405.6...| 2731874....
BH-4 237603.7... |2731787....
- - Hydrology BH-5 237659.3... | 2731605....
 Improve the efficiency |
S Select to show/hide the item
 Better management of data steconesn | g
ntegration

« Multiple exposure pathways:

o Accurate Dose Estimation

@ Flow field
Risk Assessment

@ Average flow direction

Output

~Ar el y
Hydralic_Head (m)
P - I - - t. f. - File
rOVI d e a SO I d SC I e l I I I C baS I S 4 Options Tce v‘ ‘Camev risk v‘ |Ingesﬁnn through wate v Show data value
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Settings
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Objective

« This study enhances existing software MUSt, integrating advanced
functionalities for (GIS),
and expands the human health risk assessment module to consider



Software usage flow chart
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Contaminant transport model

« MUSt software base on the three-dimensional multispecies ADEs from Liao et al., 2021

Concentration (g/m?) Concentration (g/m?)

PCE ) )
B Tm u KCE HE = 4 4m

0.002 0.01 0.018  0.026 0.034 0.5 35 6.5 95 12.5

T
e B 5 3
- z(m)

Groundwater W y

flow

C;(x,y,z,t): concentration(mg/L)

X, Y, Z: spatial coordinates(m), t: time(year)

v: constant pore-water velocity in the x direction(m/year)
Dy, Dy, D,: dispersion coefficients(m? /year)

R;: retardation factor (-)

u; - first-order degradation reaction rate constant(1/year) 10
Ji—1-i. Yyield coefficient(-)



Exposure dose calculation and exposure pathways | USEPA. 1989

2 Andelman, 1990
Exposure dose (average daily dose, ADD) are calculated as:

- Groundwater ingestion!: ADD = C,, x “——>-2
BWXAT

« Groundwater inhalation through shower: ADD = (C,; X IR X t; + Cgp X IRy X t5) X 22220

BWXAT
where C,, = = x WXt o op ¢ = WX XEXG o op
2 a Va
+ Groundwater inhalation through indoor washing: ADD = ¢, x ===
where ¢, = wXI*XFw o cp
ViR XERXMC
» Groundwater dermal contact through shower or washing®: ADD = DA x SA x ===
Fort < 2.4t
TXt :
DA =2XFA X Kp XCy X |6 X—XCF ADD: average daily dose (mg/kg-day)
T C,, : contaminant concentration in groundwater (mg/L)
Fort > 2.4r1 EF: exposure frequency (days/year)

ED: exposure duration (years)
X CF BW': body weight (kg); AT: average lifetime (days)

DA =FA X K, X Cy, X
p X Cw XT3

Lo 143X B+ 3 XxB?
¢ (1 + B)?




Parameters in ADD calculation

IR water ingestion rate (L/day)

IR,: shower inhalation rate (m3/hour), IR,,: inhalation rate (m3/day)

EV: event frequency (events/day), E'V;: shower event frequency (events/day)

C,: contaminant concentration in air (mg/m?)

C,: contaminant concentration in air while shower (mg/m?3), C,,: contaminant concentration in air after shower (mg/m?3)
t,: shower time (hour), t,: the time still stays in bathroom after shower (hour)

V,: bathroom volume (L), V;,: house volume (L)

F,: shower water flow rate (L/hour), F,,: daily water usage (L/day)

f: evaporation fraction (-)

ER: indoor air exchanged rate (air changes/day)

MC' air mixture coefficient (-)

DA: exposure dose in single event (mg/cm?)

FA: absorb fraction (-)

SA: skin surface area (cm?)

K, skin permeability coefficient (cm/hour)

7. lag time per event (hour)

B: Relative permeability coefficient ratio of the contaminant from the stratum corneum to the epidermis (-)
t: time of skin contact in single event (hour)

CF: unit transfer factor (L/m?3 or L /cm3)



Risk calculation

« Non-carcinogenic and carcinogenic risk indexes are calculated as:

: . __ ADD
Non-carcinogenic: R, = RFDor
« Carcinogenic: R, = ADD X SF,,

ep = oral, inhalation, dermal contact

 The total non-carcinogenic and carcinogenic risk are calculated as:

Riotai = Rorai + Rinn + Raermai

ADD: average daily dose (mg/kg-day)

RfD: reference dose (mg/kg-day);  SF: cancer slope factor (W—day
RfC: inhalation reference dose(mg/m?3); IR: inhalation rate(m3/day)

ABS;: fraction of chemicals absorbed in the gastrointestinal tract(-)

)

Transfer function

Inhalation:
IR,
RfDorar = RFC X — 7
BW

SForar = SFinp X

IRinh
Dermal contact:
RfDdermal = RfDoral X ABS¢;

SFEyral
SFgermal = ABO.;Z
1



Development tools _ _ _

« .NET is a platform provides a large class library,
enabling developers to create high-performance
applications.

Microsoft

NET

 Csharp is the most popular programming
language in .NET which can build a wide range
/ \ of applications from desktop to mobile.

NET provides interactive
maps from various providers,
supports creating objects on
map.

* Visualization toolkit is a library for 3D
computer graphics, image processing,
and scientific visualization.

 Liepoja
Wazeikiai 1 i i
e TR A « Gmap.NET is a libra
S T AT ap. is ibrary in
— 1 £262]
213 iee | g o bl Rokaski
s ¥ ! Daugpilis
aipeda bns anevezys is %
" 2 arasal
62| it

 Widely used in fields like medical
imaging, computational fluid dynamics,
and geological data visualization.
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User interface : Site

BH-9

b

237647,
237505,
237405,
237603,
237659,
237910,
237966,
238083,

575

7507
h2d7
7981
3649
071

2291
3117

2732199,
2732062,
2731874,
2131787,
2731605,
2731836,

2732019,
2731886,

YEs
319
484

419
549

543

By importing shapefile and text file,
the boundary of the site and the well location can be shown on the map.

File

—_

Geology

Hyd

Chemistry

Site Conceptual
Model Integration

Risk Assessment

Output

Setup boundary

Import file O Input

Edit Clear
Setup well location

© Impo, Import file O Input

Edit Clear
Name X ¥

3 237647.575 2732199.988
BH-2 237505.7507 |2732062.319
BH-3 237405.6247 |2731874.484
BH-4 237603.7981 |2731787.782

Select to show/hide the item

@ Boundary 8 well

1aos-tg'npe

RrIm_lE

Hrestaurant

©2025 Google- Map datz ©2025

@ Ui B >
- ) 3—
(=% ‘\
"‘%% xmv\ it
")
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%
-;lé E IRt
- Thai resti
)
Q &
&
9
§€a‘
¢
&
9’ XKinbei St
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S | B
[°

7y 1) SBIR A IR SBARLE IR

Korean restaurant

=
EBEMNPL 5 3
Rl s 3
Supermarket E 4}
2 Atlas, Imagery 63025 Tenah@s 5] 9
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User interface : Geology

E site_Boreholes.txt X +
wE HRE W8 ‘——“—__——“————————

tlamne X ¥ z S0i1l ID Material Nane

EH-1 237647 575 2732199,988 6,996 1 candy_Silt

EH-1 237647575 2732109 088 1.996 2 Fine Sand

EH-1 237647 575 2732199, 9588 0646 3 Gravel with_Sand

EH-1 237647575 2732199, 088 7044 Huddy _Sandstone

EH-1 237647 .575 2732199,988 -16.004 4 Huddy_Sandstone

EH-Z 2375057507 2732062.319 7.5348 1 Sandy Silt

EH-Z 2375057507 2732062.319 -0.1152 2 Fine Sand

EH-Z 2395057507 2732062.319 -2.2152 3 Gravel with_Sand

BH-2 237505.7507 2732062319 -T.4652 4 Huddy_Sandstone

EH-Z 2375057507 2732062.319 -15.9652 4 Huddy Sandstone
EH-3 2374056247 2731874, 4584 3.2259 1 Sandy_Silt

EH-3 2374056247 2731874, 484 -1.9741 3 Gravel with_Sand

BH-2 237405.6247 2731874, 484 -9.5741 4 Huddy_Sandstone

EH-3 237405 6247 2731874 . 484 -15.2741 4 Huddy Sandstone
EH-4 237603 7981 2731787782 3.2550 1 Sandy_Silt

EH-4 237603 7981 2031787782 1.0550 2 Fine_Sand

EH-4 237603.7981 2731787782 n.onsa 3 Gravel with_Sand

EH-4 2376037981 2731787.782 -8.3941 4 Huddy Sandstone

EH-4 237603 7981 2731787782 -15.2441 4 Huddy Sandstone
EH-5 2376593649 2731605, 419 7.2087 1 sandy_Silt

EH-% 237659,3649 2731605, 419 n.54s87 2 Fine_Sand

EH-5 237659 3649 2731605, 419 -0.8513 3 Gravel with_Sand

EH-5 237659 3649 2731605, 419 -7.7513 4 Huddy Sandstone

EH-5 2376593649 2731605, 419 -16.0513 4 Huddy _Sandstone
EH-& 237910,071 2731836, 549 2.3415 1 sandy_Silt

EH-6 237910.071 2731836.549 1.7415 3 Gravel with_Sand

EH-6 237910.071 2731836, 549 -5.3085 4 Huddy Sandstone

EH-6 237910.071 2731836, 549 -14.5585 4 Huddy_Sandstone
EH-7 2379662291 2732019724 2,867 1 sandy_Silt

EH-7 2379662291 2732019.724 5.0676 3 Gravel with_Sand

EH-7 2370966 .2291 2732019.724 -6.8324 4 Huddy Sandstone

EH-7 2379662291 2732019,724 -12.9324 4 Huddy Sandstone

File

W’

Set up borehole data record

Import file l

o Imgg

X

Name Y

237647.575 |2732195.988

BH-1 237647.575

2732199.988

BH-1 237647.575

2732199.988

BH-1 237647.575

2732199.988 |-

Hydrology BH-1 237647.575 |2732199.988 |-
BH-2 237505.7507 | 2732062.319

Chemistry BH-2 237505.7507 | 2732062.319 | -
BH-2 237505.7507 | 2732062.319 | -;

Site Conceptual BH-2 237505.7507 | 2732062.319 | -

Model Integration

Risk Assessment

Output

By importing text file,

the borehole record can be shown as the cylinder inside the boundary.
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User interface : Hydrology
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tzme
EH-1
EH-Z
EH-3
EH-4
EH-5
EH-#
EH-7
EH-9

=2
=]

i

237647,
237505,
237405,
237603,
237659,
237910,
237966,
238083,

4.3-11

T
575
7507
h247
7981
3649
071
2291
3117

Hydralic Head
2732199.988
2732062.319
2731874.484
2731787.782
2731605.419
2731836.549
2732019.724
2731886.543

=] ] = = T =] T

File

Site

Geology

emistry

Site Conceptual
Model Integration

Risk Assessment

Output

Setup hydralic head

© import Import file O Input

G%ﬂow field

A Name X Y Hydralic_He
» 237647.5...|2732199.... \
BH-2 237505.7...|2732062.... | 6.263
BH-3 237405.6...|2731874.... | 7.89
BH-4 237603.7...| 2731787.... | 6.9507

BH-5 237659.3...|2731605.... | 7.84

Select to show/hide the item
Hydralic head
Flow field

Average flow direction

By importing text file,
the hydraulic head record can be shown on the map picture,

also to generate flow field and average flow direction.
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User interface : Chemistry

site_Concentration.txt

BE HE =R

fane
EH-1
EH-2
EH-3
EH-4
EH-5
EH-6
EH-7
EH-9

L

237647
237505
237405
237603
237659
237910
237966

238083,

T
75
L1507
L6247
L1981
3649
071
2291
3117

TCE

2732199
2732062
2731874
2731787
2731605
2731836
2732019
2731886

DCE
988
319
484
182
419
549
124
543

File

ND 0.00714
0.029 0,108
ND ND
0.0192 1.46

ND ND
0.00653 0.018%
0.00703 ND

ND ND

\VUStd

Site

Hydrology

Site Conceptual
mMndg| Integration

Assessment

Output

Q m Import file O Input

i
) %
-
won map: |DCE v Edit ar Z

b Wiz

Setup concentration record Unit : mg/L

uS
EN

Name X Y TCE DCE C?
237647.575|2732199.988 ND | 0.00714 / §
P
5

BH-2 | 237505.7507 | 2732062.319 0.029 0.109

BH-3 | 237405.6247 | 2731874.484 ND ND

BH-4 | 237603.7981 | 2731787.782 | 0.0192 1.46

BH-5 | 237650.3649 | 2731605.419 ND ND >
' B \unicipal
BH-6| 237910.071|2731836.549 |0.00653| 0.0189 B E Zhaananquain™anisr=
Taoist t HEER0E T A R RS
BH-7 |237966.2201 | 2732019.724 | 0.00703 ND Y Al LA ”'emﬁ***
BH-0 |238083.3117 | 2731886.543 ND ND

st o SEBHERITID
g i S

0 Supermarket

- e
S2025 Google - Map data 82023 Tele Atls, Imageﬁﬁms TernMetrics

Hot pot restaurant

©

9

5=}
[+4

areatek
BEW I RERLLE

Ut

£
&
inyi Rd

= FiRFRl

Thai restaur

FRORA N ERURL BT AR

Korean restaurant

=

1S ueuU

©

By importing text file, the contaminant concentration record
can be shown on map with colors.
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User interface : Output

File
Options v Concentration Total risk Show data value
Concentration contour on map
gt FycE ©  um
Saitiiigs 7 -1.102-007  0.0007505 42 e 190 000235 0.90330 00@
Site X-location:  7910.071 Flow direction: 346.475935¢
— I MRIAR BHA
. Y-location :  31836.549 {in) Siii Doy cae o [ (
Gaoli —_— R ERARR .
. o8y Parameters Value i 0 ’TET-IOE’X. 3 ’mz‘%’%ﬁrm‘:’
New result option: FR— - %, Z
xL 200 m § 5 “. 0 Lrugn Min g (o)
yo 0 § 5 2 739 Ffoadimemory o w;_’.‘:g
yL 100 m 55“ é\? (=) Z-ELEVENY i
- X3 § Zhao
Apply the concentration contour on the map | © 2 L F e e,
&
o o oo 5 . S
with specified location and average flow 5

direction. ©

R T FIRE)

£

S Santai St
(2]

Tonya Hause @i
§

Lang 129, Lida St

Zigiang St
Shopee Xpress
Zhunan Weixin
F BEEDE mmia—:z

X (m)

e
o] 1152t /NE Comunity center
Bakery *'”0'
O g I
PR EHIRAR

.
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Show data value

x (m)

1.322229916...

R ()

-
l ' Se r I n te rface [ ] O I lt l It ‘TCE v| |Canter risk v‘ Inhalation through was ~
-
L] TCE
1.4E05
1.2605|
|TCE v| |Cancer risk v| Inhalation through sho ~ Show data value
x (m) R (-}
a.- TCE 1.269951076... 1E054
20 2.807260273...
1.4E05
40 5.681360078...
60 9.691731898... 8E067
80 1.069432485...
12805
| 100 7.018150684...
l
\ 120 2.506482387... BE-06
l
l 140 4.678767123...
1605 |
160 4.678767123...
180 2.339383561... AE06
200 6.015557729...
BE-06 -]
o 2606 ]
-4
GE-06 |
© T T T T T T T T T
0 20 a0 60 80 100 120 140 160 180 200
2E-06 -]
x [m]
2606 r TCE
\\
C T T T T T T T T T
0 20 40 60 80 100 120 140 160 180 200
x [m]
— TCE

New result option:

d.

Inhalation through shower using groundwater

b. Inhalation through indoor washing using groundwater

c. Total risk

20 2.922824026...
a0 5.915239100...
60 1.009070199...
80 1.113456771...
100 7.307060065...
120 2.609664308...
140 4.871373376...
160 4.871373376...
180 2.435686688...
200 6.263194341...
|TCE v| |Cancer risk \/| |‘I’ota|risk ~
C ] TCE
3E-D5
2.5605 | |
2605 |
= 1se05. |
= 1
1E-05 ]
SE-06 |
o T T nn T T T T T T
0 20 a0 60 80 100 120 140 160 180 200
x [m]
— TCE

Show data walue

x [(m)

R ()

2.79742561

20 6.183782930...
40 1.251479878...
60 2.134877440...
80 2.355726830...
100 1.545945732...
120 5.521234759...
140 1.030630488...
160 1.030630488...
180 5.153152441...
200 1.325096342...




Conclusions and future work

» This study enhance the software’s ability, incorporate geographic, geological, hydrological, and chemical
visualizations, while also consider multiple exposure pathways. These improvements provide a
comprehensive framework for site evaluation and decision-making.

« The new version software can improve the efficiency of site management while enhancing risk
communication, enabling more informed decisions and fostering better stakeholder engagement.

* Future work :

» Improve the risk calculation function with more exposure pathways considered.

 Add probabilistic method into software for the more complex contaminated site evaluation.



Thank you for your attention!
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