/ \3 . - ° :“‘1
4 ‘\\‘ 2019 Taiwan-Korea Technical Forum on Soil and Groundwater B
N4

%

A Study on the Improvement of Mercury
and Arsenic Pollution Treatment
Technologies of Soil and Groundwater in
Korea and Taiwan

Chih Huang, Ph.D., P.E.

@ EPICNOVA Engineering Consultants Co., Ltd.




(]

ne

0]

[

Introduction and Background

Ou
1

\

e Current Status of Hg and As Contamination Challenges in Taiwan
\

e Remediation Technologies for Hg and As
/

e Case Study

/

e Conclusions and Recommendations




Introduction and Background

The objectives of this study

¥ Seeking for ways to advance the management system
for Hg and As contamination in soil and groundwater;

¥ Proposing an advanced Hg and As management
system for discharge, exposure reduction, and
monitoring in Taiwan (and Korea);

¥ Seeking for ways to improve law, system, and policies
to advance the mercury contamination management
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Current Status of Hg and As Contamination Challenges in Taiwan

Taiwan's regulatory standards and principles

« Soil Pollution Monitoring  Soil Pollution Monitoring
Standard:30 mg/kg Standard:10 mg/kg

» Soil Pollution Control « Soil Pollution Control
Standard:60 mg/kg Standard:20 mg/kg

* The first type of Groundwater * The first type of Groundwater
Pollution Control Standard is Pollution Control Standard is
0.05 mg/L, and the second type 0.001 mg/L, and the second
is 0.5 mg/L, while the first type type is 0.01 mg/L, while the first
of Groundwater Pollution type of Groundwater Pollution
Monitoring Standard is 0.025 Monitoring Standard is 0.002
mg/L, and the second type is mg/L, and the second type is
0.25 mg/L 0.02 mg/L




Current Status of Hg and As Contamination Challenges in Taiwan

Mercury Contamination

¥ Mainly from industrial operation such as alkali
chloride industry, fluorescent tube manufacturing

¥ Some are agricultural land and illegal dumping sites

¥ There are two listed sites from industrial operation.
One site has been delisted and under post delisting
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Current Status of Hg and As Contamination Challenges in Taiwan

Soil Parent Arsenic-containing Arsenic-containing "
\ . Feed additives
Source Material process pesticide
l i |
Sedimentary Igneous Waste Fxhaust gas Solid waste Animal
rock rock water * maure
Underground  Hot spring Climate & .
. Leaching
water water topographic factor
Pathway 5
Irrigation Ditch Fertilize
| | |
v Deposition v
Water transport Deposition
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The sources of As contamination are more various
compared to Hg. Thus, it needs to consider the

nature cause in addition to human activities.




Current Status of Hg and As Contamination Challenges in Taiwan

Arsenic concentration in soil affected by
human activities

¥ Extract arsenic-containing groundwater as irrigation
water

¥ Surface arsenic-containing hot spring water as
Irrigation water

¥ Conversion and accumulation of arsenic species
caused by the use of fertilizers and pesticides

¥ Emissions pollution from industries containing arsenic
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Current Status of Hg and As Contamination Challenges in Taiwan

Arsenic concentration in groundwater is
mostly caused by nature environment

¥ Mainly, the geological setting and mineralogy

¥ The environmental conditions may influence the
release of As into groundwater, such as

¥pH value
¥Redox environment
¥ Organic matter

¥ For natural cause of contamination, risk based
assessment, remedy, and management are allowed
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Current Status of Hg and As Contamination Challenges in Taiwan

Risk Management Framework for Nature Cause

[ Risk assessment

» Nature cause confirmation

« Human health risk assessment
(usually Tier 3 due to the
involvement of food chain)

» Related authority and agency
assemble the committee

Risk management

» Potential remedy choices

« Find alternative sources of
water (for irrigation)

 Change the behavior of
receptors (e.g., farmer)

« Continuous and long term
monitoring

Risk communication

« Release of information and
notices to stakeholders

» Meeting and advice to
stakeholders with respect to
daily behavior (e.g, production,
diet, and used of groundwater)

» Risk-based remediation goal
reveal




Current Status of Hg and As Contamination Challenges in Taiwan

Investigation of the arsenic in soil [nVestigation of the arsenic in

groundwater
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,{ Arsenic concentration

Arsenic concentration in soil in monitor well(mg/L)

b
® >60 mg/kg ~ ® <0.05
® 30~60 mg/kg ®0.05-0.25
® <30 mg/kg 0.25-0.50
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Remediation Technologies for Hg and As

Remediation Technologles for Mercury

[
I
I
I
I
I
I
I

~ Volume Reduction

Cezexdl Processes 20 mm seil
refilling
)
Excavases -—T‘{ Pre-Screemung
,Sccnmo Flow No

Clean soul Sy onate TD (1)
Clean soul by off-ae TD
Cortamirmtedscel S S

Clan sl B SW L on s TD (4N
Clansnl b SW L off ute TD XD
Comamintad sl SWE SS O

I yssparatm

—

(3 Off-a0e
Thern ol Treatment

(6 On-mte
Sonl washing

<O S

I (1) On-ute

|Th-lftutaen j

Thermal Desorption

ag
OfY. mte
Landfilhrg
Soil Washing
On-wte
Sed Feflirg

Most frequently used of technologles for Hg contaminated soil are
thermal desorption and soil washing(screening) or combination of

both.
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Remediation Technologies for Hg and As

The advantages and disadvantages of
remediating arsenic in soil

SOI| disposal Ex-situ

Vertical soil
mixing

In-situ

In-situ
Ex-situ

Solidification

In-situ
Ex-situ

Leaching
extraction

Operation easily
Shorter remediation
period

Operation easily

Easily to control
remediation period and
cost

Multipoint operation
Lower cost

Shorter remediation
period

Suitable for sandy soil
Lower energy cost
Good efficiency in
medium/heavy pollution

o,

A lot of waste soil

Noise and dust problems
Not sustainable
Contaminant is not removed
Making deeper soil polluted
Not suitable for high water
table and concentration
Hard to stir well

Possible leaching

Need monitoring for a long
time

Waste water

Reduce fertility

Different Eluent for each site
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Remediation Technologies for Hg and As

The advantages and disadvantages of
remediating arsenic in soil

V|tr|f|cat|on In-situ
Ex-situ
Smelting recovery §3'eXyis

Bio-remediation W/&x1i{/]

Electrode In-situ
Ex-situ

Stabilize

Economic benefit in
recovery

Lower cost

Less effect for original
soil and underground
water

Operation easily
Good efficiency

Unable to cultivate

Spend a lot of energy

Water table need lower than
the distance that plant root
can reach

The efficiency depends on
the growth of plant

Waste plant

Unable fo high
concentration

Longer remediation period
Need power supply

Suitable for low permeability

Smaller efficient range
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Remediation Technologies for Hg and As

The advantages and disadvantages of
remediating arsenic in water

Pump and treat Ex-situ

Irrigation channel In-situ
treatment

In-situ bio-remediation §/i&X7i17

Lower cost
Can combine with other
process

Lower cost and operation
easily

Can observe directly
Recycling

Reduce the toxicity of
contaminant
Contaminant degradation
No waste

Good social perception

Dead zone

Cost a lot of energy
Risk of secondary
contamination

Only for channel
Longer retention
time

Bad efficiency

Not suitable for low
permeability soil
It might rise the
concentration of
trivalent arsenic
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Remediation Technologies for Hg and As

The advantages and disadvantages of

emediating arsenic in water

Electrode

In-situ

In-situ

Chemical coagulation F3'&Xyi7,

Precipitation and Ex-situ
filtration

In-situ aeration

Alumina adsorption Ex-situ

ARRRRRRRRRRRR R -

Less effect on landscape
Suitable for
saturated/vadose zone

Less effect on landscape
Lower cost

No waste water

High efficiency

Less effect on landscape
Lower cost and operation
easily

Can observe directly
High efficiency

Lower cost and operation
easily

Cost a lot of energy
Change the
underground
environment
Precipitation
problems of
electrode

High setup cost
Dead zone

Produce waste

Produce waste

Produce waste



Remediation Technologies for Hg and As

Arsenic Contamination Soil I

 According to the remediation methods of the three remediation
sites in the domestic implementation control plan, it can be
found that except for risk control, the off-site treatment method
is adopted.

'Arsenic Contamination Groundwater

« After evaluating of area, time course, cost and ease of operation,
etc., chemical coagulation and aeration Precipitation filtration
for arsenic removal in water is the recommended preferred

solution.




Case Study — Hg (1)

Site History &.f%‘r

¥ EPA conducted an mvestlgatlon in ' : -
2008 and found sail is
contaminated with mercury (Hg) '_.. 4

concentration up to 27,900 - f .
, - MW9606-02
§ 1543~ WY
- - { ,
" " .

mg/kg and Up to 0.578 mg/L of
Hg in groundwater

¥ The Site was listed as the Control
Site in 31 August 2009 for a
contaminated area approximated
12,581 m

¥ Remedy Implemented (2010)
¥ Soil:

On-site thermal desorption

¥ Groundwater: Pump & Treat

17
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Case Study — Hg (1)

Bag filter
Contaminated
soil ‘ ’ . ,‘
D Va 2 N '
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Mercury
Recovered

Water softener

Waste water treatment system 8



Case Study — Hg (1)

Mercury Recovery & Treatment

| Indirect-heating to recover Hg , Hg (uity':.89.45%)

The recovered mercury were reused for the fluorescent light
manufacturing process.




Case Study — Hg (1)

¥ The contaminated soil was treated using thermal
desorption technology and the contaminated
groundwater was treated with P&T technology

¥ A total of 770 kg Hg with an average purity of 89.5%
were recovered from thermal desorption system and
reused by EPA-certified waste treatment facility

¥ The site was officially delisted on July 2016
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Case Study — Hg (2)

Site History

¥ Highest concentrations detected
¥ Soil:
9,550 mg/kg (vs. 20mg/kg standard)
¥ Sediment:
1410 mg/kg (vs. 1 mg/kg standard) R,
¥ Total Hg mass estimated to be over 40 tons

¥ Some hot spots in soil have been removed and contained
In temporary storage areas

¥ The storage place zone contains highly contaminated soil
¥ Mercury derivative

¥ React with CL,/NaOH/S to form HgCl, /Hg(OH),
/amalgam/HgS

P02 )
¥
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Case Study — Hg (2)

Soil Washing Treatment Process

Physical washing
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Case Study — Hg (2)

Physical Washing

Sand Classifier

water
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Case Study — Hg (2)

Chemical Washing

Vacuum Pump

A

featment
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Case Study — Hg (2)

Mercury Mass Balance During Commissioning

i . / < Ron | . Sand Screen " 40.02mm [ Attrition L | Belt Vacuum
Feed ’ Wash'zr V‘ t Hydrocycloncs sm and San Cells Filter
002mm / Washed Soil
< Soll Ksm and Clay / (Qualified)
Output Hg
Silt and Clay Silt and Clay | Washed | Washed
(unqualified soil) i Filtrate 1obel
Conc. (mglkg) 27.8~283 115~835 0~0.5 0~49.7 1.09-626
M) 108.82 _ 89,08 : -~ 036 4 . 16.86 _1se2

< Sediment
Silt and Clay Silt and Clay | Washed | Washed Total
(unqualified soil) Filtrate Soil Filtrate ¢
HgMass (kg) 20345____ 179. 0; l ‘ :=6 202 o 187. 2‘,
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e Case Study — Hg (2)

¥ While thermal treatment is a common practice, soil
washing treatment could be another practice that can
be used effectively in mercury remediation.

¥ Furthermore, if the two treatments can be combined
In the remediation process, the results is not only
effective, but economical.

¥ The soil washing plant in An-Shun site is currently in
process. Other than mercury treatment, the plant s
also proved valid for treating dioxins at lower
concentration.

P
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Case Study - As

Site History

¥ Former Taiwan Metal Mining Co.,
Ltd. (hereafter referred to as Taijin
Company)

¥ After the Company shutdown, it
was found that the waste was not
properly disposed, which
resulting in the pollution of heavy
metal from the Xiaotong copper
smelting plant and its three waste
flue pipes.
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e Case Study - As

¥ The pollutants have been scattered with soil erosion
and surface runoff, and the concentration of arsenic in
the surrounding soil is up to 104,000 mg/kg, the
maximum concentration of arsenic in groundwater is
0.657 mg/L.

¥ Although there is no large-scale agricultural farming
behavior around this site, it still affects the human
body and threats the health care.

¥ It has been 30 years and still need the environmental




Conclusions and Recommendations

Conclusions

¥ Mercury contamination is mainly from industrial
operation such as alkali chloride industry, fluorescent tube
manufacturing. Some are agricultural land and illegal
dumping sites

¥ Arsenic concentration in soil is affected by human
activities. Arsenic concentration in groundwater is mostly
caused by environmental background.
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e Conclusions and Recommendations

¥ Risk assessment, risk management and risk
communication are three major aspects of Taiwan's
current risk management work

Recommendations

¥ Strive for collaboration between two parties to extend the
partnership to work at third country in need

¥ Further discussion on the synergy of collaboration works
and topics
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