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I Successful Reclaimed Water MAR-SAT

i e

Agon-Coutainville

MANAGING
AQUIFER
RECHARGE

Location: 49° 03'18.8"N, 1° 35'40.2"W Quaternary sand dune
Brioverian bedrock

Harbor

MAR-SAF. "\

Golf .

Normandy, France

ond._(3: 5ha)+AqU|fer (2
MAR scheme
“F3 Reed bed infiltration ponds

Purpose: Environmental ; Treated Waste Water Recharged: 500 — 5000 m3 per day

Picot-Colbeaux et al. (2021). Case Study 17: Sustainable coastal MAR-SAT system in Agon-Coutainville, Normandy, Fra

in Zheng et al (eds). Managing Aquifer Recharge: A Showcase for Resilience and Sustainability, UNESCO, Paris.
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Jllll Ongoing studies to assess water quality risks for MAR

WWTP: Secondary Shenzhen Coast

MAR: |
Wetland + SAT + in-channel PRB

ACVPUR e

Under utiIizatio of natural treatment ability and storage capacity of
coastal brackish aquifer ?SUSTech



__B
Ph.D. student & post-doctoral scholar
positions available to work on any
aspect of water quality and health

iIssues across the land-ocean continuum
& MAR

Contact: yan.zheng@sustech.edu.cn
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I Outline

Incidental/Un-Managed Recharge Can
Pollute Groundwater in Farms and Cities

. 2021 Groundwater Management o T

Regulations of China (GWMRC)

Il. Prerequisites:
Amend GWMRC

A risk-based regulatory approach

lll. MAR to MARs

Managed aquifer recharge and storage (MARs), also called
groundwater replenishment, water banking and artificial

recharge, is the purposeful recharge of water to aquifers with

storage time optimized for subsequent recovery or
environmental benefit.

Floodplain Habitat
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Part I: GWMRC

Groundwater Management Regulations of
China
published by State Council 9t Nov 2021

? SUSTech



- GWM RCMT”(% ] e

10 chapters 63 articles (6 articles relevant to MAR)
g—= 2n Chapter 1 General Principles

smeArticle 4  mssxismMinistry of Water Resources (MWR)xesi1nsemi RS
—wmegan e, @EesmEMinistry of Ecology and Environment (MEE) =espi1as28

wRKEnpaneemTE, EgmasaaMinistry of Natural Resources (MNR)) sxepjimmg
RES T ™KARE, WUEHERTIE,

g—= @Easmy Chapter 2 Survey and Planning

+#Article 10  EXRTERAARFEMTKINZEEIFMN T{FConduct

groundwater survey and assessment periodically, strxrmEsInaEs T REER
BTN, WS REETEN AR ETENERS. _
s+azArticle 15 ExavitTkessEEstablish groundwater reserve

management system, BESRKTBEEHINYSAESREAEE. KRNESTER], W TFKESTE
HITIES. MERERE.

http://www.gov.cn/zhengce/content/2021-11/09/content_5649924.htm ? SUSTech



Part |

Bl GWMR Ciirroxemeas)

g== wmusip Chapter 3 Conservation & Protection

s—+)\gArticle 28  axu s ARKRIOCAl government above county levelmmmzasT
KIBAMAIRR, ZORBEASEEtTXINCrease groundwater recharge through better
use of nature, aExEFETKKE o

LR RS S R RAE S, RIESSHmSPONge CitymismEsk, wrSmiEn. BB, I'E. A8,
St FbaEmsEireint s gEfRRsstorm water collection and utilization, s,
sHEsar st ToEREriver and lake restoration should consider protecting
groundwater supply, mmEXEEARSEPRIES.

s ARBEmlocal city governmentrrsmis| e sRava L, e TkEsERKER, SEREEK
encourage use of reclaimed water, EsEkH=.

? SUSTech



Part |

B GWMR Cit rrkemss

gm= #xaE Chapter 4 Mitigation of Groundwater Overextraction
s=++txArticle 37 i RGBSR KRR ity A RBRF R A IBETKE SR, BEIASEHHER .
VERRMESSE, MR, IERTWSK, ST ARG SEE, EsamtTiR4FEEImplement river
and lake based groundwater recharge to reach a balanced state of
groundwater extraction over time,

ExEEKEGRS, ARAKENEIR. P ESEEESSE, AN T KERX S ARBAFRISHFNE.

B T=5F AEHTIREENXE:

T /KEZK T#2groundwater extraction project, ETEﬂB‘WKHbﬁ#&H@Bﬁ
i, SFKF. SKEE. KB, 2R, [FKAFUNEEZERUKRUHER FFE%U
BRI HBVEVKFHFI[EEFHrecharge wells for geothermal energy utlllzatlon

% SUSTech



Part |

B GWMR Cit rrkemss

gr= spmaChapter 5. Pollution Prevention
gmt+=xArticle 43 sEaxERR. BBt TKwxpLEEsRArtificial recharge of

groundwater shall prevent cross-contamination between aquifers.
SEMTKNAKEKEERAN, NUDEFFR,; NEZSROGBKNREK, FMSBETFR,
BRI TKERSRN, MRREHAERIRAEERE A, FEma TSR TAENES.

ALEZMATK, FSSESEEMKEIRE, FEETXKEE®.
Artificial recharge of groundwater shall comply with the relevant water
quality standards and shall never deteriorate groundwater quality.

http://www.gov.cn/zhengce/content/2021-11/09/content_5649924.htm ? SUSTech
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I Recommended GWMRC Amendment

Change Chapter 4 Mitigation of Groundwater Overextraction to:
Chapter 4. Integrated Surface and Ground Water Management

%E-I-‘l:é—j'—:ArUCIe 37 T TKERXAIER A L5 ARBRFN SIBETKEMSEIR, BINASHRETERIRDE. BEMESN. # TKRdk, I05E

Tuk. ST AERSES, EszmerTiriraimplement river-andlake based-groundwater
recharge Implement managed aquifer recharge and storage to reach a
balanced state of groundwater extraction over time,

it

groundwater-quality-

Establish a l.'isk-based regulatory framework to protect the integrity of
target aquifer receiving enhanced recharge. The framework is consisted
of regulations, technical guidelines and standards for managed aquifer
recharge and storage for each source water type. ?SUSTech



Global MAR Inventory Quantity (km3/yr)

Groundwater MAR %MAR of
Oceania Usein 2010 | Quantity | GW Use
95 in 2015

Global 982 9.9

1.0%

USA 112 2.5 2.3%
S || Australia 4.96 0.41  8.3%
9 1 china 112 0.106  0.1%
South India 39.8 3.07 7.7%
America Nort_h (5 states)
o S Denmark 0.65  0.00025 0.0004%
Courtesy: Catalin Stephan Finland 0.28 0.065 23.2%

Si ears of global progress in managed aquifer recharae
Xy g e g qHydrogeoIogyJoumal (2019) 27:1-30

P.Dillon'? - P. Stuyfzand>* - T. Grischek® - M. Lluria® - R. D. G. Pyne” - R. C. Jain® - J. Bear” - J. Schwarz'® - W. Wang "’
E. Fernandez '? - C. Stefan'® - M. Pettenati ' - J. van der Gun'® - C. Sprenger '® - G. Massmann'” - B.R. Scanlon '® -

J. Xanke'? « P. Jokela?® - Y. Zheng?' « R. Rossetto?? - M. Shamrukh?? . P. Pavelic?* - E. Murray® + A. Ross*® +

J. P. Bonilla Valverde? « A. Palma Nava®® - N. Ansems?®’ « K. Posavec®®« K. Ha®' + R. Martin®? . M. Sapiano **

| https://recharge.iah.org/




-Why is MAR not yet an integral part of water

resources management in China? e ~

Perception of Risks e
Too many unknown risks, therefore not worth taking them s /
Fear of using MAR to dispose of waste water ”

Groundwater storage is invisible Managed Aquifer Recharge:
Scientific Understanding of Risks and Benefits Gl wnd Bovmenetros

e Sirategic Monograph Senes No 1

Not many investigations (n<100)

Local government implemented projects without research
Engineering Know-How

Mostly surface methods: In-channel, spreading, and induced bank infiltration
Limited role of private sector

Guidelines/Regulations/Standards

Neither national nor local government guidelines unlike Australia
Neither national nor local government regulations unlike Arizona
Zheng, Y., P. Dillon, W. Wang, and F. Zheng. 2016. China Needs Managed Aquifer Recharge, China Water Risks.

PP i 2R P e B 7 R38R Mg Aquier Recharge: Ovenview and Effegeq e

mE I® newa



Part ll: Prerequisites

Adopt a risk-based regulatory framework

% SUSTech



Towards a Risk-Based
Regulatory Approach

» Challenges in Governance:
water rights and water quality risks

Managed
Aquifer
Recharge

Subsurface Natural Treatment
Contaminant vs Distance

Y Zheng, J Vanderzalm, N Hartog, EF Escalante, C Stefan (2023) The 21st Century Water Quality
Challenges for Managed Aquifer Recharge: Towards a Risk-Based Regulatory Approach. Hydrogeol J.
31 (1), 31-34
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Recovery (ASR)
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Storm & Flood Water
Recycled Water & Blends



Recommendations
v MAR regulations should be part of water recycling and
reuse regulations; but managing risks of reclaimed water
dominant rivers in urban areas is challenging.

v Arisk-based approach over a prescriptive parametric
approach.

v Committee drafting the regulations should have expertise
including but not limited to water resources management,
waste water treatment, urban planning, agriculture,
groundwater, ecology and health.




21st Century Water Quality Challenges

unsafe operating space?

GO
Novel chemical and biological entities
Steffen et al

Climate change

climate change
Genetnc .
- Biosphere integrity diverg) clence 201 5
% Novel entities

Functional
dlvermty

Land-system ' \ Stratospheric ozone depletion
change ‘
?
Atmospheric aerosol loading

Freshwater use

AtmO’Spht’:‘ﬂb
aerosol Joa .
.',,']g
m‘.'ﬁ,e d)

Phosphorus /58
Nitrogen Ocean acidification

(not yet qu,

Biochemical flows

B Below boundary (safe)

B Beyond zone of uncertainty (high risk)
Boundary not yet quantified

In zone of uncertainty (increasing risk)

Current status of the control variables for seven of the planetary boundaries. The green zone
is the safe operating space, the yellow represents the zone of uncertainty (increasing risk). and the
red is a high-risk zone. The planetary boundary itself lies at the intersection of the green and yellow
zones. The control variables have been normalized for the zone of uncertainty: the center of the

figure therefore does not represent values of O for the control variables. The control variable shown
for climate change is atmospheric CO; concentration. Processes for which global-level boundaries
cannot yet be quantified are represented by gray wedges; these are atmospheric aerosol loading,

Figure 1| Beyond the boundary. The inner green shading represents the proposed safe operating
novel entities, and the functional role of biosphere integrity.

i
space for nine planetary systems. The red wedges represent an estimate of the current position for
each variable. The boundaries in three systems (rate of biodiversity loss, climate change and human

interference with the nitrogen cycle), have already been exceeded



21st Century Water Quality Challenges

~ 350,000 chemicals, ~80,000 in frequent use,
>80% with uncertain or unknown toxicity

=~ Balancing Injection Recovery

storage well well

settlement of * filtration
gross pollutants * aerobic degradation
and fines * phyto remediation
* volatilisation

Courtesy: Peter Dillon

* anaerobic degradation '
* pathogen attenuation Inj. Well
Rec. Well

Fresh
Mixture
Saline

MAR regulates hydraulic retention time (storage time):
log reduction of virus, biodegradation of trace organic contaminants, etc

Page et al (20710) Wat Res Ma, M. et al (2019) EST: Ma, Y. et al (2010) Wat Res (2021)




21st Century Water Quality Challenges

Mismatch in goals and scales of toxicology based environmental
health risk assessment and systems approach based risk assessment

Validity of Toxicity Assessment: Metabolism
in vitro tests problems:

Small dams fo capture intermittent

) ,— (a) modeling human metabolism Diflon et a recoversd Gawnwoam rom ———
, 4 % (b) maintaining tissue-specific function in vitro fo b avaton

Rainwater harvested

SERETRAAL - -+ . (c) selecting an appropriate xenobiotic
’~/ NRC,\2007 metabolizing system .
(d) keeping enzyme activity stable over time
TOXICITY TESTING IN THE 21ST CENTURY (e) the adverse effects to toxicity-indicator cells
s L of subcellular metabolizing fractions _——
(f) the testing of mixtures of chemicals that ) jo—Vaie s
might require different enzyme systems
IWVERTITN T Y (g) the inactivation of exogenous
apjcal epd points biotransformation systems, due to exposure to

[nuiggtests and . certain solvents and test substance SRS :
cOmputational %pcgmdugs ———————————
OV

A paradigm shift
-Bxpefiientalianilals and

— — —
— —
—

L.

Priority: Human health>aquatic organisms>microbes>groundwater>soil?




21st Century Water Quality Challenges

In-stream
bioaccumulation
and biodegradation

Borehole Recharge

r + ‘

River bed —__
( colmation layer) ™

Filtration
Biodegradation
Adsorption

Chemical precipitation
Redox reactions

—a-| I Groundwater flow

Unconfined aquifer

| G ittt

Confined Aquifer

https://www.mar-china.geus.dk/

Hellauer et al (2018) J Hydrol

SMART Redox manipulation; Berlin Germany
Sequential MAR Technology

Surface -> unconfined -> confined




Seamlessly integrating MAR into a treatment train

Water Capture Water
source treatment
before
recharge
Mains water | Tap into None
mains pipe or filter
Rain water Tank Filter
Stormwater Wetland Wetland,
or basin MF, GAC
Reclaimed Pipe from DAFF, RO
water water
reclamation
plant
Rural Wetland, Wetland
runoffl basin or dam
A different Pump None
aquifer from well

(4
\QUIFER

STORAGE

®

Post End
treatment use
Disinfection | Prinking

water

None Industrial

water

None Irrigation

Toilet

None | pushing

Sustaining
Rices ecosystems

Figure 12 - All sources of water with appropriate treatment can be used for MAR. Water treatment requirements
in MAR depend on the recharge source, aquifer, recharge method, intended water use, and other preventive
measures to manage risks (from Dillon et al., 2009).

Vanderzalm, J., D. Page, P. Dillon, and Y. Zheng, 2022, Considerations for Water Quality Management, in Managed Aquifer
Recharge: Overview and Governance. IAH Special Publication. https://recharge.iah.org/ ISBN 978-1-3999-2814-4

Managed Aquifer Recharge:
Overview and Governance

|IAH Groundwater Strategic Monograph Series No. 1.

An |AH - UNESCO - NGWA publication
2022

mE I newa
el : — i

[ oucatons Soerthe
Cuttural Organzaie

? SUSTech



4=Unmanaged =P e Managed aquifer recharge g
recharge

Stages of Water Quality Risk Management

Risk-based

management

L adaptedon a
Prescriptive

scheme by
management
L with generic
Qualitative

scheme basis

requirements

management for MAR
L using a sanitary

No formal survey

schemes
L documentation approach

Water quality focus: Not explicit Public health Public health & Public health &
environment environment
Risk assessment: None Qualitative Assumed generic  Quantitative
Sampling and None Visual Genericanalyte  Analytes based on
analysis required: observations only list locally assessed
risk
Level of safety: Unknown Safer Safer Safest

Figure 14 - Approaches for management of water quality in MAR progressing toward risk-based management
of public health and the environment (modified from Dillon et al_, 2014).

Removal time for

Pathogen/indicator 90% loss (Ts) (d)
Escherichia coli 0.1-1.5
Enterococcus fecalis 1-25
Salmonella enterica 0.7-2
Coxsackievirus 17-169
Adenovirus 28-65
Rotavirus 34-185
Cryptosporidium parvum 38-120

/ Gas Bubbles

Resistance

(Abundant Food Supply)

Time
Typical aquifer hydraulic response for different clogging mechanisms (Pyne, 2005).




MANAGING v' Cost-benefit and sustainability analysis of
AQUIFER 28 diverse Managed Aquifer Recharge (MAR)
RECHARGE cases in operation over many years;

A Showcase for Resilience
and Sustainability ‘/

Irrefutable evidence that MAR produces a
wealth of benefits from integrated
management of a wide range of conventional
and un-conventional water resources,
paving the way for global adoption to achieve
sustainable development goals for water.

Sustainability Indicators

https://recharge.iah.org/
unesco-iah-mar-
publications

grounded by water quality risk criteria

.G. and Dillon, P. (eds). 2021. Managing Aquifer
Recharge AShowcase for Resmence and Sustainability. UNESCO, Paris, pp379. 6
https://unesdoc.unesco.org/ark:/48223/pf0000379962 v SUSTech




Table 3.
Six Environmental and Three Social Indicators Established for MAR Schemes following USEPA
Framework of Sustainability Indicators. Source: Own elaboration

I. Environmental Sustainability Indicators

A. Resource Integrity

A.1 Water Quantity

1. Monitoring of groundwater table demonstrates acceptable changes over 10 years, or > 3 7.6
years with high likelihood of maintaining resource integrity

2. The ratio of volume of recovered water vs infiltrated water on an annual basis 6.8

For large 'ECi' emes j’ ange in renewable groundwater resources in target aquiter per capita

A.2 Water Quality
3. Exceedance rate based on time-series monitoring of recovered or ambient water quality 7.8
parameters

4. Exceedance rate based on time-series monitoring of source water quality parameters 1.5

rom target aquirer

B. Ecosystem Services

5. Changes in ecological flow (m3/yr) and improvement in water quality in ecosystem needing 49
protection identified in a catchment water management plan
“hange in peak flow (m3/s) for MAR intended for flooding contro 13

C. Stressors

6. Energy requirements in KWh per cubic meter of recovered water, including monitoring and 7.0

treating recovered water, solving clogging and low recovery efficiency issues 6
. — v SUSTech

) unacceptable seepage, waterlogging, discharge occurs




Il. Social Sustainability Indicators

A. Resource Security/Human Health

7. Clearly defined, transparent requlatory framework for MAR, preferably one that requires 8.6
monitoring of resource integrity

8. Permit granting process is based on sound risk assessment aimed to protect human health 8.9

Assists resilience to adverse impacts ¢ f climate char ge v
B. Sustainable Community/Participation/Education/Environmental Justice
9. Systematic Institutional arrangements for public and stakeholder consultation, preferably 74

with regular publicly available reports of scheme outcomes

*Average score by 11 participants. Score scale: Do not include 0, OK to include 4, Good to include 7, Must
include 10.

Zheng et al (2021). Chapter 3. Assessment of Environmental and Social Sustainability of Managed Aquifer Recharge Case
Studies. in Zheng et al (eds). Managing Aquifer Recharge: A Showcase for Resilience and Sustainability, UNESCO, Paris.

? SUSTech



Part lll:
MAR to MARs

Managed aquifer recharge and storage (MARSs), also
called groundwater replenishment, water banking and
artificial recharge, is the purposeful recharge of water to
aquifers with storage time optimized for subsequent
recovery or environmental benefit.

? SUSTech



Managed Aquifer Recharge in North China Plain

https://www.mar-china.geus.dk/

. MAR C H I N A Home About MAR-China Field Sites Modelling Q G E U S °

Simon Stisen
Jens Aamand
Julian Koch

Grith Martinsen
Jacub Modrzynski

SUSTech:

Yan Zheng
Yunjie Ma
Meng Ma
WELCOME TO MAR CHINA News Wensi Guo

The MAR-China project group got

_ . ; . ; 0
Managed Aquifer Recharge in the North China Plain together In Capenhiagen for a workihiop Yu X I a Ya n g

The project will address the potential of utilizing “low value” reclaimed water (treated waste water) and floodwater through Managed Aquifer Recharge at GEUS; August 19-23. 2019.

(MAR) to replenish the groundwater aquifers in the North China Plain (NCP) region. Our aim is to investigate how MAR can contribute to rehabilitation of
groundwater aquifers. This requires an imp d knowledge of the and deg P occurring during MAR and subsequent storage.
BWSTI: Binghua Li
- Binghua Li
L]
. . .
JinanU: Weiping Wang

In addition, the full potential is best exp using spatially distributed hy ical modelling to quantify the effects of realistic MAR implementation
IWHR: Xin H
. AN e
The aims of the object are linked to three work packages:

through scenario analysis.
» WP1: Integrated hydrological modelling of coupled surface-water and groundwater systems 6
« WP2: Water quality improvements through managed aquifer recharge in the North China Plain e c h
The MAR-China project group attended w

+ WP3: Dissemination of results

The project aims at three outcomes:

« Development of a knowledge base to access the quantitative aspects of the large scale potential of MAR as a tool for water scarcity alleviation
« Development of a knowledge base to access the water qualitative aspects of MAR in NCP

+ Increase the knowledge on MAR among stakeholders, practitioners and policy makers

-china.geus.dk/about-mar

the 10th International Symposium on



I Treated waste water reclaimed for landscaping & env. use

Zhu and Dou (2018)

- Utilization quantity of reclaimed water (109 m")
- Industrial reuse

Landscape environmental reuse

- Urban non-potable reuse
- Groundwater recharge

e
B e IJ I n g Agricultural, forestal and pasturable reuse

0 280 560 1,120 Miles
} + } b + b |

Yr 2020
Urban reclaimed water use: 14.6 billion m3

i @' (23.3% of total urban supply)
/

Beijing: ~ 1 billion m3

Study Site: Beiyun River in Beijing, the North China Plain:
>90% of flow is reclaimed water.

(Geo-Environment Monitoring 2018&2019) ? S U STe C h



Sulfonamide Removal:
Bl biodegration >> sorption > mineralization

« Batch-1: Sorption tests; Batch-2: Mineralization tests; Batch-3: Removal tests — Biodegradation

(A) Oxic condition (Nsegiment = 7) (B) NO;-reducing condition (Neegiment = 7)
100 100
90 90

80
70
60
50
40
30
20
10

80
70
60
50
40
30
20

% el 10
=

0

0

[ Sorption

[ Mineralization

00X

[ ]

[ Biodegradation

| SMX biodegraded to the 3 metabolites

% of the initial sulfonamide
% of the initial sulfonamide

[ Total removal

Day:0-28 Day:0-2 Day:0-28
Percentage of removal attributed to sorption, mineralization, and biodegradation
during (A) oxic and (B) anoxic (NO5-reducing) degradation tests.

Y. Ma, J. J. Modrzynski, Y. Yang, J. Aamand, and Y. Zheng* (2021). Redox-dependent biotransformation of sulfonamide
antibiotics exceeds sorption and mineralization: Evidence from incubation of sediments from a reclaimed water-affected

river. Water Research. 205:117616
? SUSTech



Il SMX Degradation Kinetics: Oxic > Anoxic

Oxic degradation

Anoxic (denitrifying) degradation
- = Anoxic (denitrifying) degradation if no reversible metabolites

10

Ismx
'retrosynthesisw Xe

Supernatant SMX (ug/L)

S —
——— —

Duration of sedimentincubation tests (day)

The first-order degradation kinetics Yunjie Ma et al, Water Res. 2021

ti2.0xic = 12 £ 11 days
t112,anoxic, day 28 =69 * 25 days
t1/2,anoxic, day 2 =11103 days

Smaller molecules

— Oxic condition e.g., 3-amino-isoxazole

4-aminobenzolsulfonate and AmMet

— NOy-reducing condition 9 NH NH,
AS0 Y -
S i CHs y
sulfonamide o RN © 0
cleavage ;
SMX 0 — DeA-SMX
§~NH K S 0
e —
o ) (de)amination 5N
HoN N CH = ; @ ¥ )’_3\
0 3 = N, Deen
\'h - - o ’
“I» 2
:. ! nitrosation . A
i o er \\__ A il
nitration "¢ | | by
[s} 0

9
WL
i [ o I
JJ\HN = N'OLCH]

Other metabolites
e.g., Nd-acetyl-SMX

§-NH A~ SNH
JSLI SO LH 5\
ON N ~CcHy ONTS N.g?~CHy

Nitroso-SMX or Nit-SMX

Proposed transformation processes in SMX
biodegradation under oxic and anoxic conditions.

In situ experiment t1/2,suboxic/anoxic:3'1 + 0.2 days; 6.5 £ 0.6 days Meng Ma et al, ES&T, 201% SUSTech



Sulfamethoxa
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zole (SMX) degradation rates through in situ experiment

M. Ma, P.Dillon and Y.Zheng*. 2019. Determination of
Sulfamethoxazole Degradation Rate by an in Situ
Experiment in a Reducing Alluvial Aquifer of the North
™ China Plain. Environmental Science & Technology 53
(18):10620-10628.
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I Removal is limited by substrates and reaction time!

Removal: +C +NH, Some removal Little removal
(A) Top sand (B) Sediment (C) Bottom sand
[Eﬁﬁ; -20% 0% 20% 40% 60% 80% 100% 20% 0% 20% 40% 60% 80% 100% -20% 0% 20% 40% 60% 80% 100%
Inlet 0 6—>
(top sand) 3 ._.-4_..
Sedimenttop 3 — Oxic Oxic Oxic
(A) (A) (A)
Sediment bottom & —#%
(bottom sand) D—'—'-O b

Oxic @ Oxic to Suboxic Suboxic
(A+C) H : (A.A+C) (AA+C)

° »—.@—4 * *

Qutlet 73
o
‘———" Oxic to NO,-reducing NO;-reducing NO,-reducing
ID66cm (A+N) »-ﬂ ° (A+N) (A+N)
- —

msbz Fe-reducing Fe-reducing
osMmz (A A+C A+N) (AA+C A+N)

SMX 3 *

0O Sum of three metabolites

Sulfonamide removal (%) of SDZ, SMZ and SMX, and the total production of three SMX
metabolites (% to initial SMX concentrations) in different redox zones over 120-day infiltration.
Y Ma, M Ma, A Palomo, Y Sun, JJ Modrzynski, J Aamand, Y Zheng* (2023) Biodegradation of trace sulfonamid

e
antibiotics accelerated by substrates across oxic to anoxic conditions during column infiltration experiments. 6 SUST
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B Conclusion

 Incidental recharge due to large scale reclaimed water use for landscaping and environmental flow
purposes in the North China Plain is a threat to groundwater quality by introducing not-so-
biodegradable contaminants of emerging concerns such as sulfonamide antibiotics and by
mobilizing geogenic contaminant such as arsenic (not shown in this talk).

* |In water-sediment systems, the removal of sulfonamide antibiotics is primarily via biodegradation
involving microbes. However, it is redox-dependent, usually incomplete with unknown
metabolites, with variable degradation kinetics influenced by substrate availability and
retention time. Acceleration of biodegradation and full mineralization through manipulation of
hydraulic retention time, primary substrates, and redox conditions etc. need to be investigated to
tackle the contaminants of emerging concerns, one of the 215t century water quality challenges.

» To protect human and ecosystem health, regulations governing water recycling will do well to
address risks associated with incidental recharge, and better yet, developed with enabling
managed aquifer recharge to take advantage of natural attenuation abilities of aquifers.
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