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CHARTING THE COURSE FOR
THE FUTURE OF WATER

KIWW [11/12/2024

Who is AWWA?

American Water Works Association

24
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waterzoso

Founded in 1881 by 22 water professionals.

AWWA is the oldest and largest organization of
water supply professionals in the world.

50,000 total members represent the full spectrum
of the water community.

43 Sections across North America

800 International members and partners

A\
o Nater2050

WATER 2050
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* Multi-year, inclusive thought process to chart
a course for a sustainable and resilient water
future

* Visualize future of water through prism of (5)
drivers

/,//77/ 4f / I!H!‘v\}\;\\

* Engagement from inside and beyond water
community

* 5 Think Tanks
* 124 Experts

* 36 consolidated recommendations organized
into five Strategic Priorities

Today’s 2050’s Water Cone of Possibilities

2025

AWWA has a 5-year view
responding to what is known

2040

We can now drive to a future in 5-year steps and...

2050

TOCTOTCa S S TatCE TP oSO
I- influence water’s future

26
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What are our top water
challenges today?

What will some of our top
water challenges be in 20507

\/ 1. Watershed/source water protection (#5 in 2023)
2. Financing for capital improvements (#3 in 2023)
\/ 3. Renewal and replacement of aging infrastructure (#1 in 2023)

4. Long-term water supply availability (#2 in 2023)

\/ 5. Financial sustainability (New in 2024)

\/ 6. Public understanding of the value of water systems/services (#7 in 2023)

\/ 7. Workforce issues (#6 in 2023)
8. Groundwater management and overuse (#9 in 2023)

9. Drought or periodic water shortages (#14 in 2023)

\/ 10. Cybersecurity issues (#13in 2023)
11. Public acceptance of future water and wastewater rate increases

12. Climate risk and resilience

\/ 13. Affordability for low-income households
14. Integrated water planning

15. Compliance with future regulations (#15 in 2023)




What will 2050 Look Like?

0
. QalerZOSO

?1,. Qaterzoso

Water utilities
may be managing
complete % é

watersheds.

:_: 0a!et2050

Increased cooperation between
water utilities across watersheds or
regions is likely to enhance resilience
lo severe hydrological events.

N\

American
Warter Wineks
Association

A
(Jater2050

FIVE THINK TANKS
FOCUSED ON THE
FUTURE OF WATER

b

Sustainability

B

Economics

Technology

Governance
..0
W

Socio-Demographic

5 Strategic Priorities

A
(»)ater2050

Vision

28
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‘ Nater2050 VISION

A secure, sustainable, affordable, resilient, and
innovative water future for all, in which
everyone in the water community is
collectively responsible for the management

and preservation of this vital resource.

A\
o water2050

THE PATH FORWARD
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Realizing the vision:

¢ Teamwork — Strategic Implementation
Teams (SITs)

¢ Begin with the end in mind!

¢ Collaboration and partnerships

N

i waterzoso ALYZ 'VISION

an £l ]
01 Start with the 02 Chart 03 Set sail /
end in mind the course Run the course Reassdess
an
Define the vision and Identify the foundational Activate the first 3-yr realign
strategic priorities recommendations implementation plans
We are here

30
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Sustainability & Innovation & Finance & One Water Equity, Access &
Resilience Circular Economy Affordability Governance & Policy Community
Engagement

a\\ A
. (n)ater2050

WATER 2050

STRATEGIC PRIORITIES




‘Naterzoso

A sustainable and resilient water future that
can withstand environmental, technical,
economic, political, and demographic challenges.

Proactively and Define a "net zero" Use real-time
consistently addresses water community and monitoring to enhance
cyber risks reduce climate impact resource resilience.

‘Nater2050 CIRCULAR

A circular water economy can transform treatment
outputs—Iliquid, solid, and energy—into valuable
resources, minimizing waste.

Maximize reuse and conservation
while using Al to drive equitable,
sustainable outcomes.

Optimize efficiency through a
circular water economy
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The water community will recognize water’s
full costs while maintaining affordable access

for low-income communities
Create a pricing model that Implement best practices

covers costs while ensuring that improve a utility’s
affordable access to water. financial sustainability.

Identify and share
funding resources.

A One Water future ensures water is
governed to maximize its value, serving
communities and preserving ecosystems.

Achieve economies of scale

through consolidation

Integrate governance of Encourage national
drinking water, governance with a One Water
wastewater, and reuse regulatory framework.
20
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Deepen understanding of
community needs and build
trust.

UNITY
/' VISION

Water will be provided equitably and
affordably, with a shared commitment
to preserve and protect this resource.

Attract a diverse, skilled, and

tech-savvy water workforce.
21
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THE EVOLUTION OF INFRASTRUCTURE ASSET
MANAGEMENT: THEN, NOW, AND THE FUTURE

COLIN CHUNG, PH.D. (PRESIDENT, KAYUGA SOLUTION / AWWA INTERNATIONAL RELATIONSHIP MANAGER)
University of Seoul (November 12, 2024)

INFRASTRUCTURE
DON'T LAST
FOREVER




2021 REPORT CARD FOR
AMERICA'S INFRASTRUCTURE

STATE OF
INFRASTRUCTURE

(ASCE 2021)

Source: ASCE 2021 Infrastructure Report Card

US DRINKING WATER INFRASTRUCTURE FUNDING GAP

HIGHLIGHTS

Our nation’s By 2018, It is estimated
(19,312 km)
drinking water infrastructure is utilinies were replacing beoween that more than 12,000 miles of
compased of 1% and 4.8% of thelr pipelines water pipes were planned to be
2.2 million miles of pipe PEr Year on average replaced ?; iﬁ[:::lﬂﬂ Woaks
(3,540,557 km)

across the country in 2020

Source: ASCE 2021 Infrastructure Report Card

K

KAYLICA
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By the nnmbers

(10,830 km)
730 — M= of pipe m the DAVP wailzr main

WATER LEAKS IN LOS ANGELES

nEhwori
Widess. o hetenioraiad weaier mans that DVWF

(700 km)

435

wants to replace, about & 5% of the network
.8 trillion KRW),
%1.34 h%un - Cost toveplace atoik water
mains by 2025

(59.4 billion KRW)
ngl lll.lﬁjl]ll — il average amount IWP
s spont on piee replacemint in e RSt eight fiscal
s
82 billion KBY .
135 nl].ﬁlﬂ“ — Anugal spending ressded 1o
reach Hlkyear pape replacems goal
Boaace I.nnhgduﬂepnm'nﬂul Wiaber and P oy

K

KAYLICA

HOW MUCH PIPE ARE WE TALKING ABOUT?

= City of Los Angeles (LADWP) have about 6,730 miles (10,830 km) of pipe

]

g A

L0sAngeIes - Seoul

= 5,956 miles
(~9,600 km)
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HISTORICAL DEVELOPMENT TREND OF US INFRASTRUCTURE

§

.y
n
&=

Percentage of Inventory
-
=
=®

§

!
1870 1880 1810

Year Installed

T

T
1930 1950 1980

Source: US EPA

K

KAYLICA

TABLE 21 * Design Life of Drinking Water Systems

COMPONENTS

Reservoirs and Dams

Treatment Plants—Concrete Structures
Treatment Plants—Mechanical and Electrical
Trunk Mains

Pumping Stations—Conerete Structures
Pumping Stations—Mechanical and Electrical
Distribution

Sllllﬁ US EPA Chean Water s Drinking Water Infrastructure Gap
Amalysis Report, September 2002

YEARS OF DESIGN LIFE
50-80
60~70
15-256
65-85

60-70

ESTIMATED
INFRASTRUCTURE

ASSET DESIGN
LIVES

33




FUTURE NEEDS OF U.S.
INFRASTRUCTURE

Water Distribution Pipes

4

Replacement Needed
(in Billions of Dollars)

AN

olllll'll"'TT‘TTT"
¢°°° 'P\Q '8@ ';°°° 1"9 'ﬁ‘p 1"@ 1‘90 1°°° 1&0 1‘@

Year Source: US EPA

US POPULATION
GROWTH TREND

= Transitioning from Development
to Management

Figure 1.
Annual Percent Change in the U.S. Population: 1900-2021

25

1900 10 20 5 40 0 60 70 80 ‘20 2000 10 a1

Note: 1947-1919 incluges U.S. Armed Farces cverseas.
Source: U.S. Census Bureaw, Vinlage 2020 Estimates. Vinlage 2021 Estmates: 1900-1930. 1990-2000 &
2000-2010 Intorcensy Estimates.




Glory days
American public spending on transport
and water infrastructure, % of GDP

CAPITAL VS.
0&M

Dperation
and maintenance

1956
Source: Congressional Budget Office

EVOLUTION OF ASSET MANAGEMENT IN US

Condition Asset R&R Cost of
Assessment Inventory Projection Service
Information AM Business Risk-Based Optimization
System Processes Prioritization

K

KAYLICA
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CONDITION ASSESSMENT
e (6 © © o o o0 o
= R e

ilormation
SrEem

1999 - GSBY 34 (Governmental Accounting Standards Board)
Modified Approach - Based on asset’s actual condition rather than straight-line depreciation

| |
= 2005 - CMOM (Capacity, Management, Operations, and Maintenance)
Encourage to management of wastewater systems to prevent SSOs (Sanitary Sewer Overflows)

irlormatian
Sysam

®  CMMS (Computerized Maintenance Management System)

= GIS (Geographic Information System)
Became widely used with the rise of the internet in the 2000s

= ERP (Enterprise Resource Planning System)

Finance
Human resources

INFORMATION SYSTEM
| 6 (&6 ¢ & o o o

K
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ASSET INVENTORY =]

R&F
Projection

Boya-lancd

PN

Copgf
Serdas

Cptimimton

K

KAYLUGCA
]
Condton Bamet e of
ASLESLTIEN] Lt F‘I".I,Eﬂﬂr Servce
l'l'l:l'ﬂa'..l}f AM Bus ness. sk Haged OpEimizatios
FrociEsses Priortiratian
2014 -1S0 55000, 55001, 55002 :
ISO 55000 - AM Qverview, Lifecycle Approach, Organizational Goals,
Risk Management, Stakeholder Engagement, Continual Improvement
ISO 55001 - Requirements for establishing, implementing, ‘ ‘
maintaining, and improving asset management system
1SO 55002 - Guideline for the application of ISO 55001
[
LY
KAYLUGA
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Cooemt of
Sarvice

ASSET REPLACEMENT PROJECTION
e 6 & o 6 (&6 0o o
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RISK-BASED PRIORITIZATION
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COST OF SERVICE

Condition

At
ASSEsLTIEN iy
e @ ©
o Etn
Sysoam

Friaction

® o

AM Besness

G of
Serdce
gk Hased (OEimizanos
Prigeitiratian
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L b Y
K AYLGA
Conditon At RER o of
ASSESATIEN reeningy Frojecion Service
OPTIMIZATION e ¢ © @& ¢ o ¢ ¢
momaten AM Sesness sk Haged Oz Cios
Sysoam Frocosses Prigeitiratian
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EVOLUTION OF ASSET MANAGEMENT IN US

Condition Asset R&R
Assessment Inventory Projection
Information AM Risk-Based Optimization
System Business Prioritization
Processes
Demanded
by forward
thinking
leaders

K

Driven by
KAYLUGA

forward
thinking
managers

R

Core Information Systems Integration Model

TYPICAL ASSET MANAGEMENT INFORMATION SYSTEM NETWORK




INTEGRATED ASSET MANAGEMENT INFORMATION SYSTEM

Human
Finance Resources

EE B B E3
= E3 = e

=M= -
===

Engineering Operations &
aintenance

o
ALY

KAYLICA

ASSET MANAGEMENT INFORMATION SYSTEM ARCHITECTURE

i

Applications
Finance
. CMMS
il
N — m CIP Planning
T
IRIS s
Financial
GIS .N’ Planning
t‘ % Work Resource
Planning
- . =
Applications Expert Systems [ ~ 4~ Risk Management
-~
E ¥
. -
(IViewOps, SCADA, Hydraulic Model) AN LG A
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2020
Citywide

EVOLUTION OF ASSET MANAGEMENT IN US

Seaport / Airport

Stormwater /
Watershed

Roadway

2000

Water
[Wastewater

K

KAYLICA

WHERE IS ASSET
MANAGEMENT GOING?

OPTIMIZATION

Decentralization
Centralized System > Decentralized System

Automation

Sensory
Artificial Intelligence

Health & Safety
Real time protection of public health




ASSET MANAGEMENT IS ABOUT...

® Proactive

+ Budgets based on future
needs
° Reactive * Replace high risk assets
before failure
* Budgets based on last year - Prioritize work based on risk
+ Reactive projects + Focus on high benefit to cost
+ Projects based on budget ratio
+ Money invested with little

risk reduction

K
ASSET MANAGEMENT IS A JOURNEY

K

KAYLICA
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AN UPHILL JOURNEY!
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Strategies for achieving net-zero GHG

emissions by 2050 in the material cycles
and waste management sector in Japan

12 November 2024

In-Hee HWANG
Hokkaido University

Planetary

9 boundaries
estimated
6 crossed

in 2023

Source
Stockholm Resilience Centre

boundaries

CLIMATE CHANGE

BIOSPHERE
INTEGRITY STRATOSPHERIC OZONE

DEPLETION

ATMOSPHERIC
AERDSOL

LAND-SYSTEM
CHANGE LOADING
.__H‘EH
/,. K'H
e
- 3 -
;__,-""i F';-;ﬁ:vl:fmu;é Green - \\.,
s water i
OCEAN
ACIDIFICATION
FRESHWATER CHAMNGE
/ BIQGEQCHEMICAL \\
! FLOWS \ °
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4-July 2020
Hitoyosi, Kumamoto Prefecture, Japan

Source: THE MAINICHI NEWSPAPERS

20 July 2020

Source: CHINA DAILY

(with respect to a 1961-1990 base period)

7 August 2020

Data Source: GHCN-M version 4beta

Land—-Only Percent of Normal Precipitation Jul 2020

Source: KOOKMINILBO

Guangxi Zhuang Autonomous Region, Chlna

Gokseong, Jeollanamdo, Korea

0 26 50 75 100 125 50 176
w Percent
u Natioral Centers. for Ernvinonmantal Information Please Note: Gray ancas repeesent missing data
: Map Prosection: Robingon
https://www.ncdc.noaa.gov/sotc/global/202013
tAZeR FE50FE 7|8 SHEx




Roadmap to tackle the climate change
in Japan

L&00

Base year

1400

1200

Million t-GHG (as CO,)

2050

2013 2030

g

1990

1995 2000 2005 2010 2015 2020 2025 2030 2035 2040 2045 2050

Net Zero
GHG Emission

5

Medium- and long-term scenarios for
net zero GHG emissions in material cycles
and waste management sector

02




GHG emissions from waste sector in Japan

Total GHG emissions
(FY2019)

1,212 Mt-CO, eq 40 Mt-CO, eq
Waste sector CO,31 Mt KT 0,
3.3% (78%) (12%) (10%)
Etc
- 1 Mt-CO,
.. g — gtg;: (3%)
Energy related \ /Wastewater Solid waste
0 Etc treatment disposal
85.5% 0.3% ) ) 3.6 Mt-CO, 2.8 Mt-CO,
Incineration Incineration (9%) (7%)
WTE 13.0 Mt-CO,
19.2 Mt-CO, (33%)
(48%)
J
%
Over 80% from waste incineration
ﬁ::ﬁ:ﬁgr;ﬁiﬁtute for Environmental Studies 7

Direction of measures and priority area of action

3R+Renewable Direction of measures Priority area of action

I

Ay

Decarbonization of

4

N,

Reduce the entire life cycle B Wavsvte tplas_tlics
of materials through J aste ol
Reuse 2 t  Others (paper, fiber, etc.) |

material circulation

s

Development of [P II
waste treatment and

disposal system that
contributes to
4 regional

decarbonization

Recycle

Carbon capture
and utilization

Organic waste management

Advanced utilization of
waste energy and CCUS

B
N o o

Heat recovery

Proper waste treatment and § e L i
disposal disposal facilities, : Electrification
vehicles, etc. { Utilization of biomass energy

REF: K. Yamaji et al.(2023), J. Material Cycles and Waste Management, 25, 1807-1823 8




Medium- and long-term scenarios

| Scenario | Description

Assumes current measures around FY2019 will be continued without changing

S by 2050
Assumes the implementation of existing government plans, regulatory
frameworks, and industry efforts for GHG emission reductions and material
Planning cycles (Japan’s National Climate Action, Resource Circulation Strategy for
Plastics, Roadmap for Bioplastics, Act on Promotion of Resource Circulation for
Plastics, industry targets, etc.)
Assumes that in addition to the Planning Scenario, additional measures are
Expanded K d lated CO 2 f -
lanning taken to reduce energy-re _a_te 2 emissions from waste treatn_'lent emissions
p from waste treatment facilities, waste collection & transport vehicles, etc.
Building upon the Expanded Planning Scenario, assumes further GHG emission
Innovation reductions through technical innovations in each priority area, gauged
realistically considering current innovation trends, etc.
Advanced Building upon the Innovation Scenario, assumes further progress, gauged
innovation more optimistically based on current innovation trends
Net Zero Building upon the Advanced Innovation Scenario, assumes waste treatment
Emissi facilities will adopt CCUS (actually, CCS for this scenario) to completely offset
mission o -
GHG emissions from the material cycles and waste management sector
Maximum Building upon the Net Zero Emissions Scenario, assumes waste treatment
Action facilities will use CCUS to the maximum possible
REF: K. Yamaiji et al.(2023), J. Material Cycles and Waste Management, 25, 1807-1823 9

40

30

20

GHG emissions (Mt-CO, eq)

50 /\/,f“*"v\

Comparison of GHG emission by scenario in
waste sector by 2050

m Energy-related

m [ncineration WTE
Incineration

m Biological treatment

m Solid waste disposal

10 L-.

Advanced innovatio

1990

6,164 kt-CO, o | — —
2000 2010 2020 2030 2040 2050
[
- A\
Fiscal year w Ll “NetZero

Emission Scenario”
(Application of CCUS1)0

o4
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Storage

Direct
utilization
Carbon -
recycling -

Carbon dioxide Capture, Utilization, and Storage

Enhanced
oil recovery

Fuel

Etc

CO, gas,
dry ice

Chemicals

Polymer

Minerals

11

Potential area of
CO2 emissions

Potential source

* of COZ emissions

Praoject number far

L] 202 Emission

Fotentlal area of
CO2 storage

Project transporting
CO2 by ship

Project transporting
CO2 by pipeline

2) Tohoku Reglon West

e, COASE CCS
ATOCWY, i NPPOH STIPL o lasaroivsi
A BT iy raiai

50

Capture CO2 fram
wids-arsa smission
sources in Japan,

3) East Nilgata Area CC5
LU (¥t Nt s £, 1

A BN

L

1) Tomakemal Area CC5
SAREX
F<Th.

W idemitsy

4) Metropolitan Area CCS
INPEX

&) Northern and Western |- - 1
Kyushu Offshore CCS | “O

e

&) Offshore Malay CCS

Transpertstorage

to Dceania

Japanese advanced CCS projects (June 13, 2023)

B & Feowew | L
jl’-" "' “The areas shown are lor illusirative
B Trang:porﬂ;mrag. purposes only and do nol represent exact
= to Malaysia locations.
Source 12
Full-scale Commencement of Japanese CCS Projects (2023) : Ministry of Economy, Trade and Industry
ST HRS0FE J|E BEEY - 5O



Roadmap for Carbon Recycling Technologies

Volume of utilized CO.
4 i | ry
Phase 1 | Phase?2 ~ Phase3

> AfIEMEL I reduce costs of lechnologes nat are
* Pursue all potential technologles gpﬁﬁﬁw spread from 2000 umﬂgs.

¥ Pursue furthy

fer carbon recyelng imbiatve s, 3 Priodty shoud be given to technobgies for
¥ Prierity should be given to producing general-purpess commeodity in
technologles requiring ne robust demand, among technologies expected to

diffuse on the premise of Cheap ydrogen supphy

hydregen andler producing high-
it # Rt Trom 2040 arvwards.

value added products, which can
be expected 10 be implermented
from around 2030 onwards,

(Chemicals {polycarbonate, ate. ) _)
Further CO: emission cuts

Liquid fuels (Bio jet fuels, etc) ) - |

Cost must be reduced to around
148 -1 6 of current levels

(I:urn:rnm Products (Foad turhhlnm.a:a_ *Technology r,emi'i‘ng no *Expansion into commodity
Cost must be reduced to 1/3 xmgen and/or high-value markets with robust demand
— 1/5 of current levels. products will be
commercialized first. TTarget for 50
wiragen JEY Z0MM® (cost ot delivery sﬂl:rb
| Oy caplure technology Raducing cost Less than ¥ of current cost )
Current 2030 From 2040 onwards

Source
Roadmap for Carbon Recycling Technologies (July 2021 Revision) : Ministry of Economy, Trade and Industry in cooperation with
the of Cabinet Office, Ministry of Education, Culture, Sports, Science and Technology & Ministry of the Environment

13

Thermal treatment of solid waste
based on CCUS
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Waste incineration rate in Japan

B KR,
Fams L.

.
Recycling etc.
Landﬁl [ II|||||||||||
20 || |‘

Incineration

Million ton
=S

10 B

et et e e e e

eI

e e e e e R e e e R e R e e e e e e e e e e e e e e e e R ]

15

Trends in GHG emissions in waste sector

GHG emission in the waste sector in 2019 - 40 Mt-CO, eq
“About 3% of total GHG emission in Japan”

Incineration with WTE

Mt-CO, eq

Landfill Biological treatment

1]
T
& FF IS PP ESFFFFESS S

Year

Data source
National Institute for Environmental Studies 16




Heat and energy recovery of MSWIs in Japan

2000
1800 B No heat recovery
e 105 O Heat recovery
1600 1490 m Heat recovery (power generation)
1396 1374
1400 {|[604 | f'50p | 1318 1301 1285 1500
1200 S22 1201 1189 1172 1162 1341 50 o

1082 1067

455
Sl ||
el Lo} [lao] 0N 1008
2l aad Lol Loost ooal s o] [e] [oeo] [Sor]| [

S s

12000 16

Number of MSWI

-+

c

é 10000 Average power generation efficiency | 14
5 12
CC) o 8000

52

S = 6000 .
G

2 6
‘1;-’ ~ 4000

o . . )
iy 2000 Total power generation capacity

e 2
2

i 0

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

Fiscal year

Average power generation efficiency

(%)

17

CCU of WTE incineration facility (Saga city)

MSW incineration capacity
300t/d (100t/24h*3 lines)

* Heating using
: recovered heat
from MSWI

N, 79%, O, 9%
Co, 12%

Heat exchanger

Cco, co,
regeneration adsorption
tower tower
Microalgal Quality of COZ gas

culture Pipeline supply ==
of CO, L

Co, capture tower Concentration 99.5%

___(E?B?Eity: 10t-CO,/d i Hgand Hg compounds} Not
LR L L LT T T PP H AS and As Compounds
i . i Pb and Pb compounds
Plant factory 3 *.. DXNs < 0.02 pg-TEQ/m;
Source: Saga City T nssmssEsssEssEEEEEssEEEEEEsEEEEEEEEEEEEEEEEE®

.
3
D
Q
Q

detected :

3
g
g
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WTE type from the perspective of
CO, separation and capture

High cost
- - v"  Chemical absorption
Air combustion v" Physical adsorption
v" Membrane separation
C02 v" Cryogenic separation
~150
Waste — Furnace Boiler Flue gas |10~15% o, |, CO,
treatment separation recovery
Air N,, H,O
Oxyfuel combustion
Cco,
Waste —{ Furnace Boiler |—| [1U€ 9as |70~80%, Conden- |  CO,
treatment sation recovery
0, N |
Flue gas recirculation
H,O

What are the impacts of oxyfuel combustion on
flue gas treatment in waste incineration?

To evaluate NOy generation in the vertical type waste incinerator
under oxyfuel and air combustion using CFD simulation

Step 1. Create a reaction
mechanism for the waste bed

: Combustion
under oxyfuel combustion and Wastejvof Dyrolysis

_air combustion conditions gas Air
T i
Drying+Pyrolysis
Step 2. Model the re-combustion
chamber using NOy reaction _
mechanism Char combustion
. =2 BA
Step 3. Simulate the chemical

system in a space-dependent tb;;iﬁﬂj 4 '
model and include the species : Air
transport, heat transfer, and
fluids flow using CFD Vertical type waste incinerator

20




Comparison of NO, concentration in oxyfuel
and air combustion

| 0.00007 | .
Both physical and chemical properties of 2D-air
CO, reduce NOy generation 1 ’I |
Re-combustion 7
g 000005 | chamber temperatt _rcef,’ - 2D-oxy
— > -
B : -1 7 ogOD-air
fE 0.00004 I : l
P . OD-oxy
E’ 0.00003 |— - — ‘
> > e e e e - — -
% 0.00002 . I |
The high CO concentration in oxyfuel may
— contribute to H* and OH- radicals, lead to
' NO, reduction
0 I
900 1000 1100 1200
Temperature (°C)

21

Thank you for your attention
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MO+ CO, <> MCO; + Heat

Stabilization of CO, as mineral carbonates via chemical reaction
with metal oxides (MO, M=Mg, Ca, Fe) releasing heat.

(IPCC 2005)
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Disposal

j Generation Slorage procass Re-use/Disposal

3-2 ASEHIIC F
Ca(OH),(s) + COZ(g) + H,0(l) - CaCO,(s) + 2H,0()

[ Direct carbonation ] [ Indirect carbunation]
CO, CaSiO, CaSiO,

Extraction Si0, + H,0

Carbonation
Carbonation CO,
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Klaus S. Lackner (- Columbia Univ.)
='90'ACH LANL 0f|A CO, E& EHitst (1 E RE5| T AS.
= CO; sequestering using ultramafic rocks and residue chrysotile asbhestos
William K. O'Connor(- NETL)
= 2000CH X ARCOA CO, 3 THite} Y H(FE MY E5)E TY
(DOE L0 A Mineral Carbonation Study Program ).

= Direct Mineral Carbonation (w/ carbonic acid), Carbonation using a direct

aqueous process, Supercritical CO, Mineral Carbonation

Prof. Richards at MUST

S« HEZH &S 0|23 co, X I H2BH Y

A

o7 A2l (3he])

gz

Katsunoi Yogo(RITE)
» Chemical Research Group 4 &R 7|X A(2000'ACH S,

Yukio Yanagisawa(Univ. of Tokyo)
« |23 2|E/concrete sludge & 0|88 M2 EHME} 7|5 71T 5.
= Concrete sludge X282 3% bench-scale ¥E HTE HAl 5
(Kawashima - Nippon Concrete Industries)
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Carbonation Caco,

Raw materials
Alkaline earth metal containing materials

Power Plant
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Utilization of product
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4-2. A RAE S Al

Ekcke FUE H| 2

HAE Sl ~ 0

AR A 12 &2 30~ 50% MgO, Ca0
LIAR TS 30~ 35% MgO, Ca0
lrl. -E—E_E E ~ 0

A 7|2 _1| |E/CKD 15~45% CaO
oIf| A ~41% MgO

gt qH3 ~ 41% Mg (M=248)

T, AR «H| £FxY 2~35% Ca0

7| Ef g L 40~60% MgO, CaO

(2= &241) Fly Ash(SE{gH 24LS) AIHE H7|S &8

4-2. M BEAE §E Al
HE3REE $2 LEEHY 2

Ca(OH), + CO, » CaCOs3 + H,0

* f Frecipitation reactor |
OOz pressure: Low
Waste comcrete Caleam

arbonale

[ ] | l l (CaCO3)
aaliiin | o) o~
Hydrated 1 :
Demalition site L ' mm,imr -"

qt'% Recyckd
= Carban & “‘55’?%”’
E . d¢ side: ["’"If .l :‘}

LR, {03

El:}}p'es Lire: HL:,h
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HE3REE §28 YEEY 2

Ca?* Extraction

Mineral
Carbonation

PCC Separation

PCC Eff.

Recirculation
Low pH
High Ca?*
High pH
High Ca?* ?ﬁ?
o /&l
PCC

4-2, M A §E Al
HE3REE $2 LEEHY 2
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HZ32EE §28 YEENY 29 - PCC

r.fi‘tgi ‘ﬁ %

COylaq) L L {Ca, MigHC0,fs)

b 1N

\C':'-"u {aq) ME+{Cas, Mig™*)ag)
nmI
HCO) fag) MOS0 )

Reaycle

'\‘ MiCa, MgiHCO,) :u'-’

(Lol g ) N— Grnc-:-g- Faciirg
| mater &lﬂd:r\g

.;m CalOy + *m + (0,

G,.—pf.ufn
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4-2, Y RihE 8 Al
CKDE §2% LEEHs 33

NalH
KOH
MalH KOH
= Mo additon

CO, Concentration
~ e M

CO, Concentration
©
nH
CO, concentration( %)

Time(hour)

2=EHMel AHE EDS At
Spectrum 1 Spectrum 2 Spectrum 3
norm. C | Atom.C | norm. C | Atom. C | norm. C | Atom. C
wt.% | at.% | wt.% | at.% | wt.% | at. %
87.41 | 7316 | 80.67 | 61.25 | 71.47 | 47.34
7.01 14.7 10.39 | 19.77 | 15.56 | 25.81
3.57 9.97 6.6 16.73 | 11.66 | 25.77
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BFS 303 138
SFRCA 241 03
SS 19.0 1.2
CA 1.8 2.2

A252 3 (BFS)

- HHEHEAN (SFRCA)
« 13FE2X| (SS)
. MEH} (CA)

o ca Mggl OI-?I-E'
. -.—E Cas 1L egojLt
| ME}IX

§

= A70M AL E Y

E}
Ca 30| B2 Mg &2

AOH:HX'IOE _'-|-_o

AOX
E'—'T'.': H

B

OI'J

n

+ 50% CO,Z 1L/min2 & F2
« 30°C ol-27<7-{

« 152 717 H|E co, 5k &M

2. (2020). MQH7|E 28 FEEHIRIE 3 HIISW AL o2 M 7t5’d Bt S AHASEEK|, 57(2), 176-184.
4-2. M9 2o ©E ALl
MAUH7|ES CO, ZEHS M
Content of
: : CO, removal PCC production
Industrial by-products alkali metal (% 2
usinat By-procu %) g CO,/t SM) Kg PCC/t SM)
CaO | MgO
BF-slag 40.0| 8.6" 52 (EAF)")
Slag 227 (BFS)'® | 56 kg PCC/t BFS™®
14) 14)
Convertslag | 41.5 6.5 25~98 (Slag)™®
Waste concrete 37* 1.5*% 40-12020 68-204%0)
Coal ash 759 1.7 31.1% 1709
Cement Kiln Dust 43.9* 0.7* 450* 340*

* (012 Tiotet A5 S2|X| in press, 2022)
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4-3. o5 0| 8¢t =kl
B4 HIS S BT B
- S =sl AA FSEML
Perforated plates
with elecirodes co, {COy+ Ay MEC
SENsO (CO,+Air),, o
p— . - Efflent R I;'£=.-°:|
» e oA (Abaime souon) 41_171
Effluent - {_} J
Inffient Mineral Electrolysis cells
lia-'sln.; plates ::ﬂ?g;:!lon
o e &3Sl of =Haf W37 4 of =75 HA ST
L. Hy|Ee =H - ST =Y
S -100AWEE oH 139] 834 - 5% CO, (400 mL/min)
. - =
\ - 83U HFAIZE: 3.3 min %,g”':%_' - PH*%'M?-I' =§u -
), 87 eag e -HiE 0, 55 UAZ Y
EEEEEEE ”
51 13
- =ll A E= ==
4 3- aHTE olgsh} ‘gﬁﬂﬁﬂ 4 coz| [
diMalE QA2 FEEMS} 3T §° a
2 10
- S=EMs 1
1 r9
(== /N
0 i i i . . 3 =T
0 500 1000 1500 2000 2500 3000 'IQI'IO=! 'Igl'%tol
Time (s) 100mL/min® o
—— 8mL/min
51 — Janimn
8 37.9 16.9 . — Somimi
16 34.7 15.5 g
o
25 53.4 23.8 °
50 56.3 25.1 |
100 66.1 29.5 ,
0 5(;0 1(;00 15‘00 2060 25‘00 3(;00
Time (s)
- MI|2o H3I|2Q o+ RYFHO| 7.6 mL/min, FEEHE HHSI| 29 34 FYREO
100 mL/min@! ZH2Z HSA ZSEMSIE NS A, 36.1 mmol/hre| CO, MA
E - Y ZH2Z 1 tonQ 3 +E 0| 85HH 0.8 kg CO,E MAHE 4 AUS
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Vikesland 2018. Nature
Nanotechnol 13, 651-660.

Fig. 1. Combined magneto-
fluorescence approach for detection
of E. coli using Magneto-
fluorescent nano: sors (MFnS). E.

oli specific antibodies provide

fluorescence. CFU, colony-forming
unit.

———— s

Das et al. 2017. Chem Soc Rev 46,
6946—7020.

Fig. 41. Experimental illustration of
Pb?* detection on the GOQD sensor
through electron transfer mediated

fluorescence quenchi
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Monitoring

Sensors
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Adsorbents
Catalysts

eatment

Adsorbents
Catalysts

T o

Liu et al. 2015. Environ Sci
Technol 49, 7726-7734.

As(V) removal by magnetite
nanoparticles under anaerobic and

aerobic conditions

e~y
Das et al. 2017. Chem Soc Rev 46,
6946—7020.

(a) Synthesis of CNF—Fe;0,, (b)
adsorption of MB and RhB dyes
onto CNF-Fe;0,, and (c) magnetic
hysteresis loops of CNF—Fe,0,,.
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\ Current issues in water treatment

‘ Potential of novel materials
RODUCTION

‘ Metallic nano-structures
CONTENTS VEL MATERIALS & APPLICATIONS I Carbon based materials
' Other materials

©MMENDATH©NS FOR FUTURE RESEARCH
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Current issues in water treatment
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Polybrominated diphenyl ethers (PBDEs)

Persistent organic pollutants (POPs) E———

sources and analytical

lated i of high concern: Potential
ies for ion, quanti ion, and Environ

Pharmaceuticals and personal care products
(PPCPs)
Endocrine disrupting chemicals (EDCs)

Nano-materials
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1 Current issues in water treatment
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= EOCS: PPCPs, EDCs
= Various EOCs in surface water and
groundwater, with PEC/PMEC > 1

Products

Endocrine
Disrupting
Chemicals

Table 5 Derivation of hazard quotients of the test pharmaceuticals

Antimicrobial resistance

Alteration of physiology
Biotransformation enzymes and hormones
Influences microbial communities
Feminization of fish

Recalcitrant, bio-accumulative
Reproductive disorders

Reduced sperm counts

Reduced fertility & egg production in fish
Fish feminization

Jietal. 2012. Ecotoxicology, 21(7), 2031-2050
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Vultures in India close to extinction because of
cattle drug. Diclofenac, an anti-inflammatory

Table 2.

Pharmaceutical substances in the UK with PEC/PNEC ratio >1.

Sebastine & Wakeman, 2003, Trans IChemE, 81 (B), 229-235.
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= An example: Antimicrobial resistance could cause 10 million deaths annually by 2050

Deaths attributable to AMR every year

(compared to other major causes of death)

AMR in 2050
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= EOCs may induce adverse effects

= EOC:s in water systems may be refractory

Rasheed et al.
2019.
Environmentally-
related
contaminants of
high concern:
Potential sources
and analytical
modalities for
detection,
quantification,
and treatment.
Environ Int 22, |

52-66 < =l

oxcretory
waste
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= Various pathways of the micropollutants to the water environment
= A number of waters and receptors are involved in the pathways of EOCs

= Wastewater treatment plants (WWTPs) are the hotspot where the pharmaceuticals are concentrated.

Pharmaceuticals
in Water

https://www.usgs.go
v/special-

topics/water-science-

school/science/phar

‘maceuticals-

water?qt-

science_center_objec
ts=0#qt-

science_center_objec

ts
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Current issues in water treatment
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= Various pathways of the micropollutants to the water environment

= A number of waters and receptors are involved in the pathways of EOCs

= Wastewater treatment plants (WWTPs) are the hotspot where the pharmaceuticals are concentrated.

‘Wastewater treatment

‘Water treatment

DO GUN KIM

—— — —

Leachate treatment

dogun kim@khuacis
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= Various pathways of the micropollutants to the water environment

= A number of waters and receptors are involved in the pathways of EOCs

= Wastewater treatment plants (WWTPs) are the hotspot where the pharmaceuticals are concentrated.
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Stuart et al. 2011.
Emerging
contaminants in
groundwater. British
Geological Survey
Open Report,
OR/11/013.123
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Current issues in water treatment
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Fig. 1. (a) Geographic location and (b) treatment train of the
monitored WWTPs (GB, GJ, KWC, and SY). The red circles in (b)
indicate the sampling points. The secondary (biological) treatment

included MLE (modified Ludzach-Ettinger), A20 (anaerobic-
anoxic-aerobic), CAS (conventional activated sludge), and A20-
MBR (A20-membrane bioreactor) processes.

OMPs concentration in wastewater influent, ng/L

Metformin
Naproxen
Ibuprofen
Cimetidine

Acetaminophen

lopromide
Carbamazepine

2
S
S8
3
54
3

£
®
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Figure S1. Measured and estimated concentration of target pharmaceuticals in
wastewater influent of South Korea. The estimated concentration was calculated

Diclofenac
Lincomycin
Estriol
Trimethoprim
Propranolol
Estrone
Ranitidine
Gemfibrozil

Metoprolol
Clofibric acid

by multiplying the production volume and excretion rate in humans and then
dividing it by the population of South Korea in 2023 (51,558,034) and the water

consumption rate per capita (200 L/d).

Choi et al. 2024. Chemosphere 361, 142460.
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Figure S4.
Prioritization of
OMPs with high

concern in
WWTP effluents

based on
persistence,
bioaccumulation
and toxicity
(PBT).

gL
Fig. 2. Comparison plots of OMP effluent concentration as a function of influent concentration for
the four WWTPs monitored. The data are separately shown in four different OMP groups (classified
considering class, concentration level, and removal rate) to avoid complexity: (a) pharmaceuticals
such as ant betics, pain relief drugs, NSAIDs, and H2-blockers, (b) pharmaceuticals such as f3-
blockers, antibiotics, estrogens, antidyslipidemia medications, X-ray contrast, and anticonvulsants, (c)
nal care products and pesticides, and (d) perfluorinated compounds such a PFCAs and PFSAs.
he symbols show the median value of the measured data (n = 22) and error bars indicate the
interquartile range (IQR). The lines indicate no OMP removal, and removals corresponding to 1-
log10 (90%), 2-log10 (99%), and 3-log10 (99.9%) concentration units, respectively.

Choi et al. 2024. Chemosphere 361, 142460.
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= Various EOCs in groundwater, from uses of: agrochemicals,

medical/veterinary, industrial and lifestyle

Richards et al. 2021. Emerging orgamc contaminants in

gr under a rapidly devel pi g city (Patna) in northem
India i d by high of lifestyle ct 1
Environ Pollut 268, 115765
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= Various EOCs in groundwater, from uses of: agrochemicals,

medical/veterinary, industrial and lifestyle

.-

of mtrareme mod s metabolnes i the B ironson

S ety e

Tgure 1.7 Dy of mean of ealling & the Lovitosment Apensy povsduatsr  Frute 73 L of mean

orgamis mctepediutan datehane Agomcy grouninsbet onganie cuicopol bt
Stuart et al. 2011. Emerging in d . British Geological

Survey Open Report, OR/] 1/013.123
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= Most of the EOCs in GW are surface-derived, particularly at shallow depths
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Ellis et al. 2003. Experimental studies of sewer exfiltration. Water Sci Technol 47, 61-67
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Fig. 4. Well depth versus (A) number of EOC compounds and (B)
concentration of EOCs, total and subcategorized by dominant usage
(agrochemicals, medical/veterinary, industrial and lifestyle), and (C)

sucralose in pre- and post-monsoon groundwater. Non-detected E all
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sucralose concentrations are plotted as 0 pg.L~'. Symbols with blue
edge and center mark are from Ballia; others from Patna.

Richards et al. 2021. E ing organic i in d under a rapidly
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= The concentration of EOCS my lower in GW than surface water

= Ariver (surface water) can be a receptor of the EOCs in GW: GW can be a source of EOCs in surface water

B Unireated wastewaler F Treated wastewater = Quitlber =z T
B Sisrface water B Groundwater * Extrems value 20 - .
10 -

-
L=

I

Figure 5.3 Box plots of micropollutant concentrations in w:
samples from Leipzig (from Musolff et al., 20

Concentration (gL
g g
ol | ——e——
—
e ———
Poa
——
——
L —

3 Fig. 5. (A) Number of EOC compounds and (B) concentration of EOCs,
? total and subcategorized by dominant usage (agrochemicals,
medical/veterinary, industrial and lifestyle), and (C) sucralose in pre-
and post-monsoon groundwater against perpendicular distance from the
Ganges River. Non-detected sucralose concentrations are plotted as 0
pg.L~!. Symbols with blue edge and center mark are from Ballia; all
others are from Patna.
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Stuart et al. 2011. Emerging i in d . British Geol
Open Report, OR/11/013. 123

1 Survey

Richards et al. 2021. Emerging organic contaminants in groundwater under a rapidly
developing city (Patna) in northern India domi d by high i of lifestyle
chemicals. Environ Pollut 268, 115765
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1 Current issues in water treatment ©DU@TU©N

= The removal of pharmaceuticals are limited in conventional biological treatment

= Costly quaternary treatment has been applied for pharmaceuticals removal in WWTPs
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= The removal of pharmaceuticals are limited in conventional biological treatment

= Costly quaternary treatment has been applied for pharmaceuticals removal in WWTPs
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-
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¥ .

[ ASM-K - o
o Rl T -
W Red 150 LB The pathway to clean
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Polesel et al. 2016.Environ Sci Technol 250, 10316. O tank,

. . . evaporator
Figure 2. Operating plots showing parent-based (7,,) and total

removal efficiencies (#7,,7) for SMX predicted by ASM-X
and measured in full- and pilot-scale WWTPs. (a) literature
studies presenting only parent-based removal efficiency

Neugut wastewater plant, Switzerland
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= The removal of pharmaceuticals are limited in conventional biological treatment
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= Costly quaternary treatment has been applied for pharmaceuticals removal in WWTPs

hpEAHE Lo} Sl A 6H ShpRE. e UReHs fhpajnid, s
a7 @ M2 Eh= Shermi | YA Fok g, Yo R sl WThe
P, 2oeh FE1RE AR, 30 HPE s, s
ARG, SR v SR M 2 R, SRR s fapeh 100 Rushst e
elftel shipn AlMeahE AcielMd Sl B2 Belu, Solviele 549

1

S N

Current issues in water treatment

C’@: ,'.

B,
——i—

w 1.2 Nomooint source pollution

= The majority of pollutants load in water environment are assigned to nonpoint sources

———
-

> 68% of BOD and 59% of T-P in Korea

» More than 50% of T-N in USA

= A significant nutrients discharge from agricultural area

.
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Puckett 1994. US Geological Survey

Figure 7. Proportion of in-stream nitrogen
accounted for by point sources in selected
National Water-Quality Assessment
Program watersheds.

Treated wastewater

Point sources Nonpoint

Sewer system
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1.2 Nonooint seurce polluticn

= Difficulties in collection & treatment due to the significant fluctuation of flow and quality

= Environmental standards of stormwater quality have become stronger

s . . . Table 1. List of Selected Stormwater Priority
= Clear limits of conventional BMPs to satisfy future needs

Eriksson et al. 2007. Sci Total Environ 383,

41-51.
Hishway runoff Horwatich & Bannerman 2009; USEPA 2005; Gupta etal. 1981; Driscoll etal. 1990; . —
im 3('m | Waschbusch2003; Thomsonetal. 1997 Baneman tal. 1992; Waschibusch 1996 Legret & Tam. CAS arbat AMsvimbnm Moww
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= Nanomaterial: A material having one or more Wiler  Ghiow Astibody Views  Boctenum  Cancer ool Apened Teouss ball
external dimensions in the nanoscale or .
which is nanostructured (British Standards Institution) e N

= Increased surface atoms and specific
surface area 1% 55%  75%

= A superior catalytic activity and

adsorption capacity than larger analogues

= A variety of structures can be prepared

1.0 T 120
\ : 4 200
bas \.t g o
wl N g [ fa
H o an
- ] H gy o b 5
L N Fe—MC+H;0% 3 F
o
. H MC+H202 o 1 E a [
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R Chen et al. 2019. Water Sci Technol 80,
T i 1076-1084.
‘Wang et al. 2015. Appl Catal B 164, 396-406.

Figure 4. Effect of different dosages of

Fig. 7. The degradation of 100 mg/L BPA at the starch-stabilized nanoscale zero-valent

initial pH 3.0, 30 mM H,0,, catalyst dosage iron (S-nZVI) and commercial
300 mg/L and 25 °C nanoscale zero-valent iron (C-nZVI)
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= Macroporous materials
> Stability, high water permeability
> An excellent media of rapid filtration

= Highly alkaline materials
> An excellent performance of heavy metals
immobilization by hydroxides preCipitation Figure 1. (a) Schematic diagram of the filter system
and (b) SEM image of the fiber.

Guerra et al. 2014. Water Sci Technol Water Supply 14,
735-742.

Figure 5. Filtration at different filtration rates.
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1 Metallic nano-structures
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= Evolution of nano-structures

Simple @ articles Multi- @ ctures
. ‘ Hetero-structures

Intermetallic/
alloyed structures

Core/multi-shell
structures

Fe/Bi

Amorphous
Fe,05-Fe-Mn

FeO(NZVI)

DO GUN KIM,

Kim et al. 2013; Zhang et al. 2015; Shan & Tong 2013;
Gong et al. 2015; Zeng et al. 2014; Cuong et al. 2018

Spindle
SiO,@Fe,04
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V 9.2 Rerformance

= Improved catalytic activity
Simple @ articles < Multi-
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&" 1.2 Performamnce

= Improved catalytic activity of a special nano-structure: A core-shell structure

vl
. o ™ i . — .
i ] i 2h PR =TEE L]
P |: RE] (] L l'_ P 4] iRk
7] g #iTi
LS
& a 08 s
g . i
i
) L] -
. T S i
L] |-
- . o K ey .  —
u o W M a in W W s
Thmer sl Vimie s

Fig. 6. Effects of the catalysts on OTC degradation: (a) at pH 3.0 and (b) at pH 6.0.
Reaction conditions: (1) 20 mM H,0,, (2) 1 g/L Fe;0,, (3) 1 g/L Fe;0, and 20 mM
H,0,, (4) 1 g/L Cu, (5) 1 g/L Cu and 20 mM H,0,, (6) 1 g/L Cu@Fe;0,-CSNs, and (7)
1 g/L Cu@Fe;0,-CSNs and 20 mM H,0,.

Pham et al. 2018. Sci Total Environ 631-632, 608—618.

TEM photograph and elemental mapping
mages of Cu@Fe;O, core-shell NPs

Pham et al. 2018. Chemosphere 191, 639-650.

Fig. 3. EEM spectra of LP-TREA before and after
treatment with Cu@Fe304 core-shell: (a) Lp_1rga, (b)
TREA 3 (pH 3), (c) TREA6 (pH 6)

Fig. 12. Effects of
radical scavengers on

OTC removal. Reaction - B
conditions: 10 mM ¢- o4 - g
butanol, 20 mM sodium -3 -

azide, 20 mM p- o | Fom— ) .
benzoquinone, 0.1 g/L y
dosage material, 20 mM " 5

il prig (0
OTC, 20 mM H,0,, and I Ve

PpH 3.0. F = i T TN, ) T

Tiemsr s

T metcoa

Vo comer 1oe
I BB EREERR R
Vet e
I BEREEREEN
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&’ 1.2 Perfornance
Cuongs et al. 2017. ACS Appl Mater
= Improved catalytic activity of a special nano-structure: A yolk-shell structure Interfaces 9, 28508—28518.
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taminophen removal (a) in the presence of H,0, (15.0 mM) and (b) in the
absence of H,0,

Yolk: Reactive particle

o—ill— Hollow space

A .\—> Shell: porous layer
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y 1.2 Performance
Trans et al. 2018. J Hazard Mater 344,
= Improved catalytic activity in combination of metal oxides and biochemical 350-359.

reactions: Biogenic Mn Oxide (BMO)
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2.9 Joes _

= Excellent catalytic activity
= Chemical & thermal stability

S e

Zheng et al. 2022. In: Gao Ed. Emerging Contaminants in Soil and Groundwater
Systems: Occurrence, Impact, Fate and Transport, 165-204

Figure 6.5. Different types of carbon ENPs including fullerenes (C60 and C70),
graphene and its derivatives, and carbon nanotubes (CNTs).

X

L
(A Craphene {15} Fon-layer gaphcss ) Craphite

e

https://www
.carbotecnia
.info/?lang=
en
(D¥h Rsduced graphems oxide (niy (E) Crapheme code (0201
Zhang et al. 2018, Small 01983.
Figure 1. Main types of graphene family nanomaterials
including A) graphene, B) few-layered graphene, C) [
graphite, D) reduced graphene oxide, and E) graphene
oxide. Reproduced with permission.[61].
D
e
e Mansor et al. 2016.
Tr e
e {j" ‘}}?‘ ECS Trans. 75(14), —
o < 885-897.

T < 3 .
g{x ’{,-‘r{r Graphitic carbon nitride
> (g-C5Ny)
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&, 2.1_Kyoese Zlvdrochalr, Pr@char. EydrePyrochar
= Types and raw materials Biomass

Lignocellulosic Non-lignocellulosic Plastics

-

“Douglas fir wood Swine;manure &
(Seft'wood) A x chars

SN

‘Waste hair-
derived
biochar

Suliman et al. 2016

Poplar
(Hard wood)

o

ad et al. 2015 High Tech

The European Biochar Industry Consortium (EBI)
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y 2.4 Tivoes: [Hydrochar, Pyrochar, HydrePyrochar

= Carbonization

\
LY > :
1 — \
{
' x '
' '
\ Riomuss N .
W o i o g it s - Deyog Wmeh |t Faumt
00 o o v W “ cmm— —_— —
P (a) - Pyrolytic ¥ (b)~ Hydrothermal o an Scrvwning o

|

Temperuture (300.1300 “C)

| i ¥ I

- s e ( - KO,
Temperntwre (100.250 “C) e — ————

pEm----—

Inert atsmosphers 2 ’ Presswre (2223 Mps)

!

Hydrochar

Chen et al. 2023. Heliyon 9, €14930

Fig. 1The activation process of hydrochar

Silva et al. 2023. J Braz Chem. Soc 35, e-20230143

Figure 2. Schematic representation of different
biomass thermal conversion processes to obtain
biochar (a) and hydrochar (b)
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= Carbonization

2 Carbon based materials

NOVEL MA@ALS
APPLICATIONS

Residence
time
(minutes)

Temperature

9

Hydrothermal carbonization © 180~260 ° 5~240

- 200~300 - 10~240
- 200~400 < 52120

* 400~600 ° 0.5~2 sec

Torrefaction

Pyrolysis

* 500~1000 © >60

Atmosphere P(II:;::;;(
. 25 © 30~60
Partial air °© 60~30
* 60~80
Inert © 12
Inert © 35

Yaashikaa et al. 2019. Bioresour Technol 292, 122-130; Yadav et al. 2023. Technology and Nutrition, 537-559; Konsomboon et al. 2019. Fuels 33,
3257-3266.

https://totallifecycle.ca/biochar

Biomass to biochar
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= Conversion of raw materials: hydrothermal carbonization vs. pyrolysis

(Aryre ht e

1. Graphic diagram of wol
materials manu

§ =) ¥
= =
r )

Khan et al. 2019. Bioenergy 130, 105384.

Fig. 2. Hydrothermal conversion process on
biomass

HTC: Hydrothermal Carbonization

HTL: Hydrothermal Liquefaction

HTG: Hydrothermal Gasification

DO GUN KIM, 010-2759-0424,




2 Carbon based materials
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= Conversion of raw materials:

hydrothermal carbonization vs. pyrolysis
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Cao et al. 2017. RSC Adv 7, 48793-48805.

Fig. 1. A possible pathway of pyrochar
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Cao et al. 2017. RSC Adv 7, 48793-48805.

Fig. 2. A possible pathway of hydrochar
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= Carbonaceous materials as catalysts: A long history

Nitrogen-Doped Carbon Nanotube
Arrays with High Electrocatalytic
Activity for Oxygen Reduction
Bartaty G S B Bl S At Dt L B
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Activated Carbon as a Catalyst in Certain Oxidation-Reduction
Reactions.
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ACTIVATED CARBON A5 A CATALYST IN CERTAIN
OXIDATION-REDUCTION REACTION®

BELMER C. LARSEN axn JAMES H. WALTON
Department af Chemistry, Usiversity af Wikconnsin, Modisen, Wisconain

Received June 00, 1083
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Lesmoine (17) in 1007 first roported that carbon ks an effoctive eatalyst 1
I for the mmum of hydrogen peroxida solations In 1923 Firth
A TR (T P T AT A T L R AT TR AT S B ST Tt S ThT T e
ita activity pu!ly. b\n that dw the reaction has proceeded for about
10 he. the Mectl Thnynhofo\md(ﬂ)lhnllh
mate of decomposition is proportional to the quantity of catalyst used
It has since been observed (15) that heating in an atmosphere of nwlu
oxygen results in o still more active carbon.  King (11) obtained a earbon
of maximum activity on setivating sugar earbon at 900°C, and a produet
of minimum sctivity at 450°C.  He found the catalyst to become ineffoes
tive after tho reaction had continued for about 00 min, He attributed
the docay in activity to a chemical roaction botween the peroxide and the
surface oxide of the carbon.

It is the purpose of this investigation to develop a technique for obtain.
ing samples of activated carbon whose catalytic properties can be repro-
duced, and to use this earbon (oobﬂdnmonmunlednuon‘hefuw‘
affecting the rate of & Special em-
phasis is given to the docay nlnuly‘lk' ulh’hy ln part ll of this paper

" This lnvestigation was Saanced by a grant from the Research Committee of the
Unlversity of Wisconsin, Dean E. B. Fred, Chairmen.
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2.2 Performamee

= Carbonaceous materials as catalysts: Diverse organic compounds oxidation mechanisms

(radical & non-radical pathways)
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2.2 Performance

= Carbonaceous materials as catalysts: Activation of PMS/PDS

In water On surfaces In water

QO Radical pathway
QO Non-radical pathway
(Non-radical reactive species)

‘OH
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SO,~
o."
102
O,
cr
Clye

e e o e o o o o

y—m S T APPLICATIONS

Redox potential (eV)
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= Carbonaceous materials as catalysts: Activation of PMS/PDS

* The doped O provides electron rich O atoms, especially in the C=0 in defective edges, donating
electrons to PMS and/or PDS to reduce to "OH and SO4.- (Komeily-Nia et al. 2020, Phys Chem Chem Phys 22, 3112-3121; Xiao et al. 2018, Curr Opin Chem Eng

19, 51-58)

» For carbonaceous materials, the proposed reactive sites, which form 10, through the oxidation of PMS
and PDS via the dissociation of O—O bond, are the defects, electronegative N in graphitic structures,
and the electron-deficient carbon atoms neighboring graphitic N (o cta. 2020, smviron. sci. Technot. 34, 1232-1241).

* The doped C increases the electron poor C atoms nearby the O atoms, leading to the electron transfer
from PMS, i.e., PMS oxidation, to the C atoms to generate SO; - and the subsequent formation of 'O,

(Zhu et al. 2020, J Hazard Mater 393, 122395)

* Nguyen et al. 2020. Chemosphere 307, 135870: “That is, the properties of a catalyst play an important role
in the efficiency of organic pollutant degradation both by radical and non-radical pathways, which
determine the generation of reactive species (such as SO, and “OH) and the electron transfer from the
organic pollutant to an Oxidant (such as PDS and PMS) (Duan et al., 2015, 2018; Gao et al., 2018; Zhu et al., 2021).”

, adsorption/desorption

XRD

Structures
Crystallinity Raman spectroscopy

Func al
groups
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Pham et al. 2021. Environ Res 201,

Time (min)

Fig. 1. SEM images of (a) raw CNT, (b) Fe/N- Fig. 4. The degradation of ACT by T - -
CNT, and (c¢) SEM imaging and elemental various catalysts Fig. 8. Influence of NOM for the AC

mapping of Fe/N-CNT by Fe/N-CNT/PS system

= Catalytic reactivity: Fe/N/CNT 111535
(a)1.0 - »
0.8 1 —&—CNT o
—*—H-CN »
—B8—Fe-CNT
—_ —&—N-CN -
o —O—Fe/N-CNT
© 06 —a— CNT+PS -
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Fig. 11. Cyclic voltammetry measurement of catalyst in
the solution containing 10 mg/L ACT and 1 M KOH
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2.2 Performamee

= Catalytic reactivity: reducing size of activated carbon

2 Carbon based materials

-y
i

2!%'7..- -

—— T

NOVEL MA@ALS
APPLICATIONS

ACT (C/Co)
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Fig. 2 The catalytic capability of AC at different sizes (0.1g/L

catalysts, 10 mg/L ACT, 0.21 mM PS, no adjusted pH and RT)

Kim et al. 2022. J Environ Chem Eng

10, 107179.
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= Catalytic reactivity: Heteroatoms-doped graphitic carbon nitride (COCN)

2 Carbon based materials
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O-doped graphitic cark nitride (OCN)

Nguyen et al. 2024. Chem Eng J 480,
148348

C & O co-doped graphitic carbon nitride (COCN)

Fig. S3. (a) SEM and TEM images, and elemental maps of OCN; (b) N,
sorption and desorption isotherm (the inset is the pore size distribution), (c)
XRD patterns, (d) FTIR spectra, (¢) Raman spectra, and XPS spectra of (f)
full survey, (g) Cls, (h) N1s, and (i) Ols, of OCN.

Fig. 1. (a) SEM and TEM images, and elemental maps of COCN; (b) N,
sorption and desorption isotherm (the inset is the pore size distribution), (c)
XRD patterns, (d) FTIR spectra, (¢) Raman spectra, and XPS spectra of (f)

full survey, (g) Cls, (h) Nls, and (i) Ols, of COCN.
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= Catalytic reactivity: Heteroatoms-doped graphitic carbon nitride (COCN)

—— B
- N——

Nguyen et al. 2024. Chem Eng J 480,
148348

e
I E
-, ]
i

o 5.

Fig. 5. (a) Changes in the components of the (a) Cls and (b) N1s XPS
spectra of COCN after used 5 times in COCN/PMS and COCN/PDS. (¢)
Changes in the I D /I G and 1 2D /I G in the Raman spectra of COCN after
used 5 times in COCN/PMS and COCN/PDS.
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| - o o - chiiriay
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el | e f—s | 5
Fig. 4. The ACT removal in (a) ACT/PMS/COCN and (b) ACT/PDS/COCN E o J ﬁ ' b ]
in the presence of different quenching agents. Conditions: [COCN] = i~ o wat
mg/L, [ACT], =5 mg/L, initial pH = 5.1, [PMS] = [PDS] = 0.5 mM, T =25 ° ] - X S
C, [MeOH] = [TBA] = 500 mM, [pBQ] 5 mM, [NaN 3 | = [L-his] = ' BT ¥ C [ th  m  dm

mM. The concentration of reactive species in (¢) ACT/PMS/COCN and (d) ol LT N it

ACT/PDS/COCN. Condition: ACT 5 mg/L, COCN 300 mg/L, PMS and PDS Fig. 2. The (e) Adsorbed PMS in COCN/PMS and PDS in COCN/PDS and

0.5 mM. The ESR spectra at different reaction times in COCN/PMS and
e) DMPO in H 2 O, (f) DMPO in MeOH, and (g) TEMP in H 2
O. The results of (h) LSV and (i) EIS of the systems of COCN.

(f) correlations between ACT removal rate (k m ) and adsorbed PMS or
PDS on COCN. Conditions: [COCN] =300 mg/L, [ACT] 0 =5 mg/L,
initial pH = 5.1, [PMS] = [PDS]=0.5 mM, T =25 > C.
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= Catalytic reactivity: Heteroatoms-doped graphitic carbon nitride (COCN)
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Figure. S31. The time-courses of ACT
in (a) COCN/PMS and (b) COCN/PDS
in real secondary treatment effluent
(STE) of municipal wastewater. [COCN]
=300 mg/L, [ACT]0

=5.1, [PMS] =
25 oC. The removal of ACT at various
doses of ACT, PMS, and PDS in (c)

e ) BN Bew
T o WL Egl ==

=

nat
-

—
[

P

COCN/PMS and

STE. [COCN] = 300 mg/L unless noted

otherwise, [ACT]0 = 5 mg/L, initial pH

=5.1, [PMS] = [PDS] = 0.5 mM unless
noted otherwise, T =25 oC.

Figure. S18. Possible pathway for ACT degradation in
COCN/PMS and COCN/PDS system.

Nguyen et al. 2024. Chem Eng J 480,
148348

C & O co-doped g

Figure S19. (a) Fathead
minnow LC50, (b) Oral rat
LD50, (c) Bioconcentration,

(d) Development toxicity,

and (e) mutagenicity of
ACT and its degradation
products by using T.E.S.T
software.

5 mg/L, initial
[PDS] 5mM, T =

(d) COCN/PDS, in the
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2 Carbon based materials NOVEL MA@ALS

. = = APPLICATIONS
. = S e

= Feasibility in In-situ Chemical Oxidation (ISCO): Transport of )-dope graphitic

Nguyen et al. 2024. Water 16, 6.

carbon nitride in porous media

27T,

ac _&C  ac ip, s\ 208 _ 3(1-6,)v,
o U ok e, o/ 6, o K = 2d, o Wang et al. 2008.
e Environ. Sci.
25 ko C—kyy 208 4 3(0-0,)v, an ! Technol. 4
0, ot 0, a 2d, 0 3 594
%% =k C =Ky %: ko= Wano
%% =k C+k,yS ko = 3(1;7:?)‘}"0010
[ iy . e
. i . . e Figure 4. Experimental results and modeling
. . breakthrough curves of the transport of OgCN of
£ =" £ different concentrations in the column filled with
- / - : quartz sands of different grain sizes: (A) 10 mg L
- E:: 3 v 1, (B)50 mg L !, and (C) 100 mg L ~'. Flow rate
o = = . - =5mL min~!, =7%0.2.
[
ok i - ™ A e
frp] - Figure 6. (A) Experimental and modeled
N by N . ! o breakthrough curves of OgCN with various IS and
§ (B) the correlations of the parameters of the
g : HYDRUS-1D model with IS. The flow rate was 5
mL min~!, [OgCN] =50 mg L !, pH = 7%£0.2. (C)
The size of the OgCN aggregates with respect to

IS (KCI concentration).

DO GUN KIM ) dogun.kim@khu.a

NOVEL MA@ALS
APPLICATIONS

Kim et al. 2020. J Water Process Eng
= Biochar was superior to AS in 33,101019.

AB 10 AB 20 AB 40

ciprofloxacin (CIP) adsorption (40%. 9.8 )

= The removal of CIP in an MBBR
system was dominantly
attributed to biochar

= Biochar enhanced COD removal

* Hydrophobicity of CIP . o
--@--Control --@--AB10 --@®--AB20 ---@-- AB40 -~ Control
g \ i - 10 "‘_"- - - 200 ; -0~ AB10
* T-¢ accepting ability of CIP . - - AB20
< /e 355E0.5% 5 e . COD:~97% o ABI0
i o 2 os A e oo g + NH,"-N: 46-50%
ey e Tats potential o ya PO ° § 100  Suspended VSS: 1.0-1.3 g/L
i . s -
.- » Electrostatic|attraction ot I o 54.150.7%
oz 94.3%0.7%
: : = § WS eaeee e T
o T 15 2 2 % 35 40 45 0 5 1 15 2 3 m s 4 4
Time (day) Time (day)

Fig. 1. (A) CIP concentrations in effluents from the four bioreactors. The dash-dot
line represents the influent CIP concentration. (B) sCOD concentrations in effluents
from the four reactors. The CIP and COD concentrations were measured at the end
of each feeding cycle (3.5 days of a cycle duration). Markers represent the mean
value of triplicate measurements wit o of standard deviation from the mean.
The COD removal r at steady state (days 24.5—42) among the four reactors did
not diffe gnificantly (P>0.05 by Mann-Whitney U test).

qimg g’}
potential
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3 Other materials NOVEL MA@ALS
; APPLICATIONS

Kim & Ko 2020. Chem Eng J 399,
= The catalytic activity of a 125377.

biochar was greatly improved by [ Thermed muditicntion |
simple thermal modification * g * )

= QOrganic compounds oxidation >
T! o g

mechanisms can be controlled

by the modification

PG
- - L33 »
Kim & Ko 2020, Chem. Eng. J. 125377 . a -

2" - " . e . »
G- P " ' o~ z

T T e g 2. -~ »
e " T W 3187 T k4

LICR il * il nd IO »

- & o . " - ah
T B ] - A - nle » ° ot )
- et o BCiR0 = BN . " » » - rd " . N - - - -
= = L A NI -y B -y
——— ey
. -
o

e "

T— u
. - g
B ‘e
\ - . -

L »

e - - .

Tl ] 12

Fie. 6. EPR specira Fig. 7. Correlations between the surface area normalized ACT
Fig. 5. (B) ACT degradation o - pe removal rate constant (ky) and (A) I,/I; and C/O, (B) the fraction
of (C) BC550 and S S P S e
(D) BC700 of graphitic carbon (sp?-C+sp3-C, sp?-C), (C) the fraction of C=O
and the basicity, and (D) the fractions of O-C=0 and C-O.
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NOVEL MA@ALS
APPLICATIONS

Hwang et al. 2019. Environ. Technol.
= A fibrous medium was a successful in simulated stormwater filtration 42,2132-2144

with a high SS removal efficiency and a low head loss

= The behavor of the media was described using several models

L 0,
© Kinetic model  F-=k#C(en-) ko,

+ The k-C* model S=C e

c,-Cc

o0 oeC 614C7£( g)

. e A=2, lfija
© Deep bed filtration model & o e &\ e e (

A

» Steady-state, porous media capture equation ,,,[%]:,% X(1-e)L

i 20 sy =
- b Y SR
] [ ] s HEN
= i E ® adderh
g "
Z. »} 2.,
© o= 8 E e
8 A ? b L=}
b4
- 0 "
] !
C 18
1 -]
L ] ==
5 8 12

Figure 2. Cumulative SS load and SS removal @ Figure 5. (b) The correlation between filtration Figure 7. The value of A at different filtration
with respect to time. velocity and the parameters of kinetic model. velocities
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8 Other materials NOVEL MA@ALS
— """‘{-:-;""" i, e APPLICATIONS
y 3.4 licatiorn if )

Kim & Ko. 2022. Water 14, 3567; Kim
= A dual media bed consists of granular mortar and zeolite was & Ko. 2023. Water 15, 3560.

excellent in the removal of heavy metals in strowmwater runoff

Pilot scale test

140
‘@Sand filter ‘®Mortar-Zeolite filter
120
Ni Ccr Zn .
- o
Lab. scale test g 1o ’,:?:“L“
Tg 80 o+ ¢
E
5
g
| e
7™ 20
) ol
5 -10 -8 -6 -4 -2 o 2
3 In Cipuent
£
g % o0 —e—Influent 100
R —
X Y [ "
g | |£ |g |£ |€ |€ |€ |€ |€ | |¢ —o— Effluent, Mortar-Zeolte fiter ®
FHEHEHEEHEHEHEHEHEHEHEE 3z gn
S| 9f |83 |3 (o8| 3|98 |8y |gy |88 2 [
$3|%B|f5 (%3 (%2 |%5 %R |s2 |5 (%R %25 7 £
o | gs | g7 ||| g7 |g° | g |87 || 85| g7 g®
= = = = = = = = = = = = @ o
Ccu zn Ni 20
o
Time (min) R —— e 8 Conustvny
] ] ° 8
o © ! ° 8 05
° g o & e —e—intuent 120 S fiter mMortar Zoolte ter
e ® s o [DE—
. w
e A A A 4 4 a a o Effluent, Mortar Zeollte fiter
° a A =
° z €
ANaCi Zoolte, 60 molL. H HE
. e giosy H
A ‘®NaCl-Zeolite, 100 mg/L. g«
eoraraci 2ol 120 ok
w0
T S S Y S— T—1 oo )
Time (h) Time (min) cu zn cr Ni Fo Metals.
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Activity, stability

« Electron transfer
» Oxidants activation

Composites

* Immobilization
* Simple synthesis

Basic materials

* Shape control
* Size control
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FUTURE RESEARCH

Field applications

* Filed tests
* Mass production

Processes

* Reactors
» Separation units

Mechanisms, Kinetics

» Pathways, byproducts
* Optimization of property
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- Thioarsenic- Kfﬁ‘m

- Methylated-As |

- Microbial reaction
- Volatilization of As
from soil

- As air pollution

- Speciation in L/S
- Redox-related
reactions

- Complex biotic/ 2024

- Fe(ll), S, clay... abiotic reactions
- Anoxic conditions - Changing redox

- Biotic co_ntrol conditions
- Mechanism - Noble materials

Introduction

Serious arsenic pollution and its adverse effect

As-contamination -~
of groundwater

& Gm_""dwalcr
ONtamingtion by As

Arsenic effects
Liver, kidney & brain canc
Respiratory discases
Hematopoietic
Non-pitting oedema
Reproductive disorders
Blood vessels diseases
High blood pressure
Diabetes

Skin lesions
Cardiovascular problems

As-contaminated aquifer
of the world

(Image source: Shahid et al., 2018, Environmental Pollution, Vol 242, 307-319)

® Arsenic contamination is recognized as a global problem in water, soil and atmospheric systems

® 100 million people worldwide face the risk of poisoning due to arsenic-containing groundwater
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Introduction

Various arsenic speciations and their impact

Oxidized arsenic Reduced arsenic
— Organic arsenic — Organic arsenic

EHy e [NOrga@NIc Arsenic TH:
CH— s —HO memmm———————— As
o e on oo
! 1
MMAS(V) | HO— As—OH H NG MMAS(|||)
i I I HO oH
|mmm e ———— - i = ! it
1 GHy : 1 . : . *
1 1 Arsenate Arsenite
1 | : 1 v : 1t Az
A el B SO (A% o
P o i
i_ DMAs(V) ! DMAs(IIN)

Less toxic L —— More toxic
Less mobile More mobile
There are more than 50 arsenic species

Source of inorganic arsenic: geogenic, volcanos, industry (wood, smelting, mining), coal---

Sources of organic arsenic: agriculture, food processing industries

Organic and inorganic arsenic undergo transformation reactions to each other 5

N

= HEX| 2P| X|sistd &4 mref

= HSX| 2Ho| RYUE HIAL| AT 8 =it Xz X2 7= o

= SHAX| SHAD A Microcosm AlE O 2 H|A Q| M X|3}8HE] HE mjete S 9H
o} 7' JHE T
AN I|H HE

(Biochar 0|-2) 3! Hekd ot j

Ve it
ALtz
VO E X2t
B

Condenser Detector

" Head space

CH,, CO, gas

- 0 Ebullition
T CHj-Me, M,]\e : Diffusion
| | :

Wetland water




&X| ME73 - Microcosm BA} A#

s bl 429
Microcosm i (100-:uM DMA)

Husle *nr
SN 0

Wetland microcosm
without plant

Wetland
alr
. Wetland
water
SXAE %
=
§xl £ 22 g
=4
8
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Microcosm &g

Microcosm $7{| L DMA 5t

Plant ) No plant
8 —m— As(lll) 8 - —m— As(lll)
. —@— DMAs T —@— DMAs
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c 6+ = 6
9 o
.g 5 g 5
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3 3
< 4 c 44
o o
(&) o -
83+ 834
[&] [&]
[ [
&2 32
< <
14 14
0 T II 1 0 T T T T T T T T 1
30 35 40 0 5 10 15 20 25 30 35 40
Days Days
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Microcosm E|&XZ(solid) £ - H|A gk

0~
-2 -
4 1_Root
-4 n 1_Stem
| 1_Water plant
-6 < 38
—_ . g 2_Stem
g _8 — @ 2_Water plant
.|-C_‘ 7 3_Algae ,_’_<
Q10 4
gk oo |
o R A AR ALY S LA
-1 2 -1 Total As concentration (ppm)
b —=— Cosm1
-14 —@® Cosm2
l Cosm3
167 v Cosm4
-1 8 T T T T T T T T 1
0 10 20 30 40 50
Total As concetration (ppm)
11

H#2]: 0.65%

m Healthy : 20| 3{S
X 9 A A

As

m AlZtoj otet st 0t
Y

(0)'{[e

Anoxic

m Healthy : 20| 3}
X 4 A A

w/ plant

m Ef=37}: SO, rich
Sediment A HH3}
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Microcosm E|&X2(solid) 2 - H|A =x|| SE|

As(V)

§ ol
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1. B35 > As(V), SI58 > As(lll) 32t
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Arsenic bio-geochemistry

CH, gas flux measurements i Multiphase arsenic Aqueous phase As speciation
o . SiEh. B f // ~
| Prant_1
| Pant_2 ° —8— A(IT)
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E Ho plant_2 §‘ v ANV
kY ="l @
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Microbial characteristics
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As reaction in CH,-producing wetland

As immobilization

#
3

S0, reduction oo
‘ -~ &5 e J
S0 = ; 2 )
~ /. — ‘_ i . dissolution I(numow
+ Sand grain Reduction

%ﬁ‘" O & ", Melasomee
R

> ", e . Mothylation/ *
- . Demethyintion ¥
/
.°' 0:

& abundant
Feo** oxidation

«
ot

.i‘e{:

“% Formontation

et IS
Ao

(Image source: Glodowska et al., 2021, JHM, Vol 407, 124398)

A positive correlation between arsenic, iron (oxy)hydroxide, DOC concentrations in sediments
Redox potential is another key factor that can change the mobility of arsenic in sediments
Arsenic releasing + methane producing anaerobic condition : Wetland/paddy soil

Correlation between arsenic-methane concentration and methylation/demethylation of As need
to be studied

15

Research objectives

Asvs. CH, : Are they directly interplay to each other?

palure > the sone jounal > aicies > artice MR > DAt QesoeTRE > adics > article

Adticle | Opan Access | Published. 21 June 2019 Aticle | Pubiabest 2 Movember 2020

Sulfate-reducing bacteria and methanogens are Coupled anaerobic methane oxidation and reductive
involved in arsenic methylation and demethylation in arsenic mobilization in wetland soils

paddysoils Ung Dana Six. Tioo Guo, Pao Lena Lx, Z2Fes N Yaie Zhow Sianin Tang &4 Prog Do, U Doeg
Chuaan Chen, Lingan L Ko Huang, Jun Zhang. Wan Ying Xie, Yahai Lu. Xiehy Dong & Fang e Zhae Alul, Jong<dhiinn Thag Sncedm Kasiting ' b Bng. Il

Ihe SME Josenal 13, 2523-2538 (20199 | Cite this anticle — M SR IS TOS TN Faihaagte

shes ) communatarn st A sttt 3 atles » @ve Research Questions

Arsenic mobilization by anaerobic iron-dependent
methane oxidation occurrence of elevated methane gas and high

Martyne Gladvmaha Lsdiens Siopeth Macrais Schrmden. Shaster Batty, Darse! Sacaum Ades Lntetocs. Bt

e arsenic contamination.

® Many anoxic soil environment, there is a high

ey, Michas Beon Mibe Jestery Sacn Sisosderut, Andeas Lopsdy & Adve

At W, Avticts menbor &2 C00) | e the aricle ® Could it be that the arsenic concentration itself
affects the activity of methanogens?
Research Objectives

® Figure out the abiotic and biotic reaction of iAs(V) and DMAs(V) in an anaerobic wetland
® |nvestigate the correlation btwn arsenic reaction and methane generation in wetland sediment

® \erify the toxic effect of arsenic on methanogen activity

16
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Experimental setup

Anaerobic microbial batch test with arsenic pollution

@ Wetland sediment incubated

Gas :

methane GC-FID under anaerobic condition w/
As(V) or DMAs(V) measurement
injection

Incubation

@
3

3g wetland sediment

or w/o organic matter addition

@ iAs(V) or DMAs(V) added with
varying conc. (0.01,0.1, 0.5, 5
mM)

® Gas: CH, emission measured

15ml PBS
w/o Yeast extraction

e @ Liquid: Amount and speciation

of arsenic measured

® Solid: microbial community
solid phase XANES

Centrifuge

Supernatant : 7 Gl3 =
Sediment: arsenic 3 - '
@ Microbial community measurement 4 ' > I

analysis
Soilglphase XANES @ HPLC-ICP-MS
17

4.Results  Aqueous As conc. with varying organic matter (OM)

"""""""""""" DlmMins(Videwos- T e M DMV dow 08 DMASs(V) to iAs(V)
100 & 100 | |~ transformation
P ) : assumed
% 3- 60 E- 60
= 3
§ E 40 T .
2 :E 20
! By n B——@ ——iAs(lil)
o T 14 21 28 35 42 o T 14 n 28 E13 FF3 :
............................... Reaction Bme (85) ool Ronction i () | [ —E—DMASs(V)
PO -0AS(V) 1O DMAS(V)..ccovorieenisseisseissesssessssessssnenens | —a— MMASYY
: 0.1 mMiAs(Y )-high OM. | TE < 0.1 mM DAV )-high OM .
100 (> ey s 100 3 P —e—iAs0v)
g PRl . L] T e 5
% g.m - . 01234567 o
- - —0—-"_4“'% k!
= [ 3o/ iAsVtoiasi) o
ﬂE- a0 P . &
o - —s = 0
Q - 7 14 M 2B 35 42 o T 14 Fa | 28 LLY a2
............................... Reactiontima(day) e, JERCHOREE () e
® Higher adsorption of iAs(V) compared to DMAs(V)
® \With high OM: Initially adsorbed iAs(V) released as a form of reduced iAs(lIl)
® \Vith low OM: DMASs(V) transformation to iAs(V) is assumed 18
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4. Results

30

CH4 generation (pmol)
w o m e O

=]

® Batches with low OM content (No YE addition) did not show meaningful amount of CH, production
® High OM batches generated CH4 with higher amount from less toxic DMAs(V) batch
- Toxicity of iAs(V) might control the methanogen activity
- As concentration-dependent batch tests conducted

CH, production fromn OM-dependent batches

K

n DMASs(V)-
- high OM

@D

24

30
Reaction time (day)

18
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Microbial community analysis

Biav-£uiTh dl ety

b 01 Rz 03 o4

1

/

Helative
abumelance (%a]

B Methsscbactiommm

Methanothrix/Methanotrichaceae
- Acetoclastic pathway

B
i

Msthamotheix

Merhanoirichacens

Mthanasarsma

® Methanobacterium
- hydrogenotrophic pathway

Imitial

Q00 mAd DA

001 md As(V)

0.3 mM As(V)

S md DA

Control T

Cantral_1

05 mhd DA

L
1

S mb As(V)

g Methanacepula ®
. Methanocella

Klethasosarcinales

Micthanorogulscoas

Mfethermicocencene

Delthanoced o

I

Mdethanalinea

& Methanc pirilluss

No significant difference found from
added different batched polluted with

arsenic species

20
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{A) Normalized p(E)

— data

S

DM ASL)-Low O

iAs(v)-Low OM

B -High OM

iAs{In) B As2ES
miAs(1I)
AsySy B 0MAS(V)
BiAsSV)
B Dessolvied Asi{total)
118680 11870 11880 11890
Encrgy (¢V)

DMAs(V) to iAs(V)
transformation

confirmed
[34] E'\G“III.I/I o nrsenic species

|06 20% 40% 60% BO% 100%

LOF model compound

oo | e

Lt | vz | DMAS(V) toiAs(V)
e Bt transformation
|L: @ R E @ assumed

Solid phase As speciation results
shows additional information that we
can not see from aqueous phase

In iAs(V) batches, dominant form of As
is iAs(V) in low-OM batch (@) and iAs(V)
and iAs(lll) together in high-OM (@)

In DMASs(V)-low OM batch (®), DMAs(V)
to iAs(V) transformation confirmed

21

Arsenic reaction &

—

-

| ias roxicity on

Low CH, : mathanagen
emission
CH,
Low Llﬁﬁfﬂ_‘ """"

High
orga "l||rganics
=0

A.r]:.mpliurl Released
on sediment back to water

methane emission

)
cH )

s

Low CH, CH.,
emission
CH,
{ DMAS(V) |

Low High
organics/l\arganics

imited arsenic

Immaobilization by sediment

Interplay between arsenic toxicity and methane production

® The amount of DOC, redox condition

is a key factor to achieve
methanogenic condition.

® jAs(V) reduced to iAs(lll) under CH4
generating condition

® DMASs(V) transformation to iAs(V)
occurred when OM is not sufficient

® 0.07 mM of arsenic (in both form)
conc. is high enough to cause toxic
effect on methane production

® \With high conc. iAs(V) is more toxic
than DMAs(V)

Not only the geochemical environmental conditions of wetlands but also the
toxicity of arsenic mutually influence the environmental changes in wetlands.
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On-going research
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On-going research
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