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Groundwater contaminants

* There are many contaminated sites worldwide, and the contamination of the subsurface environment pose
threats to human health.

 Chlorinated solvents like tetrachloroethene (PCE) and trichloroethene (TCE) are common contaminants in
groundwater that cause different kinds of cancer.
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Human health risk assessment (HHRA)

« HHRA is the process to estimate the probability of adverse health effects in humans who may be exposed to
chemicals in contaminated environmental media.

« HHRA can be the reference of the remedial actions, also can help governments to deliver technical knowledge
to the public.

How much dosage cause people sick
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Previous contaminants transport analytical solution software

« BIOCHLOR

Material and method ©©®@®

e Excel-based table software.

» Most used software simulates remediation by natural
attenuation released in 2000.

 All contaminants can only use the same retardation

factor.
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« HYDROSCAPE

Conclusions and future work

« MATLAB-based window software.

e Released in 2017.

* Only can simulate single contaminant.
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MUSt software

File Help About Run Reset

. . . . S MUltiSpecies Transport
« MUSt (MUItiSpecies transport analytical model) is a © analytical model

software based on analytical solutions (Liao et al., 2021) |~ .

for simulating transport of chlorinated solvent |2 :
contaminant and its byproducts, integrated with health ... °~ |
risk assessment. P — :

 Developed from our lab, fixed the disadvantages of those
previous software.

« Featuring with user-friendly interface, health risk
assessment and multiple visualize output results.
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What other features may be needed?
Site information management
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Objective

* To develop a new version of MUSt software (MUSt 2), extends the site
management module, help users better know the information of the
contaminated site and have better evaluation:

« Manage and visualize the data collected from site.

 Data combine with map view.



Material and method ( I Preliminary results ©000®® Conclusions and future work

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

Material

Microsoft

NET

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

_» Gmap.NET is a library in
NET provides interactive
maps from various providers,
supports creating objects on
map.
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* Visualization toolkit is a library for 3D
computer graphics, image processing,
and scientific visualization.

 Widely used in fields like medical
imaging, computational fluid dynamics,
and geological data visualization.
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Software development flow chart

[ Requirement gathering }—

Turn requirement into function

\ 4

[ Feature development }-—

Build up beta version

\ 4

[ Testing
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Function test, performance test, user test...
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[ User interface design ]

Good-looking and User-friendly
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Software usage flow chart
[ Input } [ Steps } [ Result }
Site data
AN » Site information management
TXT
Transport Contaminant
E’) F;R » [Contamlnants transport model ] » [concentration C.,
« VR ..
Cw: RID, CSF, : Cancer risk
Exposure factor » Risk assessment » Non-cancer risk
BW,IR ...

Conclusions and future work

D,.: longitudinal dispersivity

v: groundwater velocity

R: retardation factor

IR: water ingestion rate (L/day)
BW:': body weight (kg)

RfD: reference dose

CSF: cancer slope factor
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User interface : Site

Preliminary results

the boundary of the site and the well location can be shown on the map.

Conclusions and future work
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User interface : Geology

[ !
5, MUst - o X

Set up borehole data record
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User interface : Hydrology
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User interface : Chemistry
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Set up concentration data to show on map
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By importing text file, the contaminant concentration record
can be shown on map with colors.
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User interface : Output

New result option:

Apply the concentration contour on the map .,
with specified location and average flow

direction.

Preliminary results

Conclusions and future work
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Conclusions and future work

Conclusions and future work

» The software is still under development, but after completion, it will provide users with a more
comprehensive evaluation process and have better risk management and communication.

* Future work :

 Improve the risk calculation function with more exposure pathways considered.

 Add probabilistic method into software for the more complex contaminated site evaluation.
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Thank you for your attention!



Development of site management module for multi-species transport
analytical model software for chlorinated solvents contaminated site

MUSTt 2 : A subsurface modeling software
for natural attenuation and health risk assessment
of groundwater chlorinated solvent contaminated sites,
Integrating multispecies transport analytical solutions, a user-friendly
graphical interface, and geographic information system

Smart GIS site management tool for decontamination of
recalcitrant solvents in groundwater
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SoftwareX 6 (2017) 261-266
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Original software publication
HYDROSCAPE: A new versatile software program for evaluating n
contaminant transport in groundwater i
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» Exposure dose (average daily dose) is calculated as:

IRXEFXED
BWXAT

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

* ADD = C X

- - ADD
* Non-carcinogenic: R = —
RfD

 Carcinogenic: R = ADD X SF

C: contaminant concentration (mg/L)

IR: water ingestion rate (L/day)

EF: exposure frequency (days/year)

ED: exposure duration (years)

BW: body weight (kg); AT : average time (days)

RfD: reference dose;

contaminant

VUE 2 &PCE

=& IHTCE

SF' slope factor

cancer

Bladder cancer, liver cancer, kidneys
cancer and blood system related
cancers

Kidney, liver, and lymphoma

Liver cancer, brain cancer, lung cancer,
blood cancer
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