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Related terms:

Emerging contaminants, persistent pollutants

and trace organics

e Pharmaceutically Active Compounds (PhACs)
e Personal Care Products (PCPs)

e Endocrine Disrupting Compounds (EDCs)

10 years ago? Development in analytical instruments
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Take one thvee fimes a day. Or

Yov can Just dring the [ocal water.,

March 09, 2008

AP reported that 41 Million
Americans drink water
contaminated with
antibiotics, anticonvulsants,
mood stabilizers and sex
hormones

August 08, 2004

UK guardian reported
about Prozac in the
drinking water.




-ncern to water utilities?

 Occurrences of OMPs in water sources are increasing

« Conventional water and wastewater treatment plants are not able
to remove them effectively

« Some compounds are suspected to cause serious impacts on
aquatic environments

 No guidelines or standards for most of them

«  Water recycling and reuse (zero discharge concept) may increase
the concentration of OMPs unless remove them during recycling
processes

« Effects of many of these contaminants on human health and
aquatic environment are not fully understood, but people need to
drink (No choice!)



ropollutants

« Advanced oxidation processes(e.g., Ozone/UV/H,0,)
« Granular activated carbon

«  Membrane Filtration (NF/RO)
« Natural Treatment Systems: Managed Aquifer Recharge
- Drinking Water Treatment
¢ Bank Filtration (BF) —river or lake
¢ Artificial Recharge (AR)
- Wastewater Treatment and Reuse
¢ Soil Aquifer Treatment (SAT)



_______

1) To investigate the fate of EDCs (estrogen compounds) and
PhACs during BF

2) To analyze removals of selected OMPs with hydrogeochemical
conditions and spatial parameters using principal component
analysis in order to statistically delineate removal trends at BF and

AR sites.

3) To develop a modeling framework for the assessment and
prediction of treated water quality from a BF system, especially
focusing on OMPs



____

Laboratory-based soil column and batch studies

 Understand removal mechanisms of OMPs

Analysis of field data from BF and AR field sites
e Use PCAto find factors influenced OMP removal

« Develop a screening tool for OMPs for a BF system

QSAR (Quantitative Structure Activity Relationship)

*Predict the fate (% removal) of known and unknown

compounds based on compound properties
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Physicochemical properties of selected PhACs and odour compounds

Name (gl\//lrr\1/gl) pKa log Kow  log D (pH=8) (;hljige
Gemfibrozil 250.3 4.7 4.77 2.22 HP-lonic
Diclofenac 296.2 4.2 4.51 1.59 HL-lonic
Bezafibrate 361.8 3.6 4.25 0.69 HL-lonic
Ibuprofen 206.3 4.9 3.97 1.44 HL-lonic
Fenoprofen 242.3 4.5 3.9 1.11 HL-lonic
Naproxen 230.3 4.2 3.18 0.05 HL-lonic
Ketoprofen 254.3 4.5 3.12 0.41 HL-lonic
Clofibric acid 214.6 3.2 2.88 -1.08 HL-lonic
Carbamazepine 236.3 n.a. 2.45 2.58 HP-Neutral
Geosmin 182.3 n.a. 3.57 3.27 HP-Neutral
2-MI1B 168.3 n.a. 3.31 2.70 HP-Neutral
Phenacetine 179.2 n.a. 1.67 1.68 HL-Neutral
Paracetamol 151.2 n.a. 0.27 0.23 HL-Neutral
Pentoxifylline 278.3 n.a. 0.29 0.48 HL-Neutral
Caffeine 194.2 n.a. -0.07 -0.45 HL-Neutral

For anionic PhACs, HP: Hydrophobic =log D > 2, HL: Hydrophilic=logD <1



» Most of the selected hydrophilic-neutral PhACs and some anionic PhACs
exhibited removal efficiencies greater than 90% using different water

types (batch study, contact time: 60 days).

* Biodegradation was found to be the important mechanism for anionic

PhACs which has high mobility during infiltration.
« Carbamazepine showed a persistent behavior in all water types.

 Removal efficiencies of paracetamol, pentoxifylline, phenacetine and
caffeine (hydrophilic-neutral) were significantly reduced under abiotic

conditions.

 The removal of carbamazepine, clofibric acid, diclofenac, and gemfibrozil

was not influenced by microbial activity (ATP)



PCA analysis is a useful tool to investigate intercorrelations among many
variables observed at BF and AR sites and illustrated the dependence

between OMP removal and hydrogeochemical conditions

Due to complexity of hydrogeochemical conditions, SWITCH organic
micropollutant assessment (SOMA) based on residence time and travel

distance can be used as a screening tool to assess the behavior of OMPs



m Natural Systems for Treatment

SWITCH ORGANIC MICROPOLLUTANTS ASSESSMENT (SOMA)
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Endocrine Disrupting Compounds

Initial Concentration pg/l

Residence Time 30 Days
Distance of Well from Surface Water | 30 Metres

Residence Time Qutput - Removal Efficiency Range '}B
Distance Qutput - Removal Efficiency Range '.|'E~

Instructions

Input Required ?
Output/Result

Instruction [ ]

Input either distance of well from surface water or
residence time but NOT BOTH.

Limits of Application
These guidelines also applyto complexing agents.
The limits of application ofthe guidelines proposed are:-

Influent range: 0.0008- 1000 (pg/)
Effluent range: 0.0001 - 22.4 (pal)
Residence Time: 0- 32 Days
Distance:0-35m

Taview full guidelines developed click link: Guidelines
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Proposed Guidelines for the Removal of Pesticides

Influent Effluent Distance | Removal Eff.| Residence | Removal Eff.
Range (pg/l)| Range (pg/l) | (Metres) (%) Time (days) (%)
0-29.350 0- 22860 0-20 20-38 0-10 23 - 67

20-40 38 - 58 10 - 40 67 - 86
40-110 58 -70 40 - 60 =86
110 - 190 70 -82
190 - 230 82 -99

Sources used forGuideline development

Sites: Sites: Platte River, llinois River, River Lek, Mohawk River, column experiments, Cedar River, River Elbe,
Lake Tegel, Lake Wannsee, River Glatt,
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LOW < 25%

Relatively high
51-79%

High > 80%

ciencies of PhACs during BF and ARR

Antibiotics

Sulfamethoxazole

Rhine A (0-25),
Rhine B (0-25)

LaKe Tegel-ARR!

Griinheid et al. (2005)
Schmidt et al. (2007)
Heberer et al. (2008)

Acetyl-
sulfamethoxazole

oo |
1

Heberer et al. (2008)

Clarithromycin

RhQZSA (>70), Elbe
(>XQ), Ruhr (>70)

Schmidt et al. (2007)
Heberer et al. (2008)

Roxithromycin

RURr (>70)

Heberer et al. (2008)

Trimethoprim

L § ; ege F! (75), Ruhr (>80)
Lake Wannsee? (>90) /{
Lake Wannsee? (>90) )
Lake Wannsee? (%90)

Lake Wannsee? (>90), Rhine A (>80), Elbe (>80), Ruhr

. (>80)

Schmidt et al. (2007)
Heberer et al. (2008)

Clindamycin Rhine B (>7W_)\Lakw Rhine A (>80) Heberer et al. (2008)
(>70), Ruhr (>70) Schmidt et al. (2007)
Non- Diclofenac Column 1 (67), Lake | Rhine A (>80), Rhine B (>80), Elbe (>80), Ruhr (>80), | Heberer and Adam (2004)
. Wannsee-well* (60), LaKe Tegel-ARR? (93), Column 2(>99), Column 3 Snyder et al. (2007)
steroidal >99), Lake Wannsee-well® (>80), Lake Wannsee-well® Schmidt et al. (2007)
anti- /W\ (80), Heberer et al. (2004)
) Ibuprofen \< 7| Rhine A’(>80), Elbe (>803‘\Rg&r (>80), Column 1 (>99), |  Schmidt et al. (2007)
inflammato /_ Column 2(>99), Calumn 3 (>99) Snyder et al. (2007)
ry d rug Indomethacin /( Rhine A (>70), Elbe | LaKe Tegel-ARR? (>95%), LaI}Wannsee-well“ (>99), Schmidt et al. (2007)
(>70), Lake Wannsee-well> (>99), Lakeg Wannsee-well® (>99), | Heberer and Adam (2004)
(NSA| D) Heberer et al. (2004)
and Naproxen ( Elbe (>70), Ruhr (>70) Rhine A (>80), Column 1 (598), Column 2 (>98), Schmidt et al. (2007)
. Column 3 (>98) Snyder et al. (2007)
analgesiC  [Phenazone Lake Wannsee? (10) »\ Lake Wannsee! (66) LHKKTegeI-AW (90) Massmann et al. (2006)
Massmann et al. (2008)
FAA Lake Wannsee? (36) Lake Wannsee! (72) Lake RR* (89) Massmann et al. (2006)
Massmann et al. (2008)
AAA Lake W) WQO), LaKe Tegel-ARR* (96) Massmann et al. (2006)
\ Massmann et al. (2008)
AMDOPH Lake Wannsee! (0), Lake Massmann et al. (2006)
Wannsee? (0), LaKe Tegel- Massmann et al. (2008)
ARR* (0)
Propyphenazone LaKe Tegel-ARR? LaKe Tegel-ARR* (100) Heberer and Adam (2004)
(67%), Lake Massmann et al. (2006)
Wannsee-well° (79) (Heberer et al. (2004))
Anti Carbamazepine Rhine ine B (0-25), 7 \\ Elbe (51-70) Ruhr (>80) Massmann et al. (2006)
LajKe Tegel-ARR* (0), Column Schmidt et al. (2007)
convulsant 1/(-3), Column 2 (22), Column Snyder et al. (2007)

[

(13), Lake Tegel-LBF° (15),
Lake Wannsee’(10)

Mechlinski and Heberer
(2005)

Dilantin

\

Column 1 (-11), Column 3 (22)

p~—

Snyder et al. (2007)

Primidone

Tucson (0)

\X)\

Lake Wannsee-well® (83)

Heberer and Adam (2004)
Heberer et al. (2004)
Drewes et al. (2002)




iciencies of PhACs during BF and ARR

LOW < 25% Relatively high High > 80%
51-79%
Antidepressants Meprobamate Column 1 (53), Column 2 (71), M Snyder et al. (2007)
Column 3 (74)
Fluoxetine Column 1 (>99), Column 2 (>99), Columnﬁ\{>99) Snyder et al. (2007)
Diazepam Column 1 (-8), Column 2 (42), Column 2 (65 P Snyder et al. (2007)
Beta blocker | Atenolol Rhine A (>80), Elbe (>80), \ Schmidt et al. (2007)
Ruhr (>80)
Metoprolol, Rhine A (>80), Rhine B (>80), Elbe (3%0), Rubx (>80) Schmidt et al. (2007)
Bisoprolol Rhine A (>70), Ribr (>70) Ji Schmidt et al. (2007)
Sotalol Schmidt et al. (2007)

RhineA>E>80), Rhine B (>80), Elbe £#80), Ruhr (>80)

Lipid regulators

Bezafibrate

<

N

Rhine A (>86), Rhine-B(>80), Elbe (>80), Ruhr (>80),
LaKe Tegel-ARR? (>97%)

Heberer and Adam (2004)
Schmidt et al. (2007)

Fenofibric acid [ Rhine\A (>70) Schmidt et al. (2007)
Clofibric acid Tegel-LBF¥(-20), Rhing/B (>70) Ruhr (>80) Heberer and Adam (2004)

ake Wannsee-well* (-52), LaKe TegeKARRS (75), Lake Heberer et al. (2004)
ake Wannsee-well° (-48), Tegel-LBF*(64), Lake Tegel- Schmidt et al. (2007)

L annsee-well® (-37) F5(75), Lake Tegel- Scheytt et al. (2004)

F5(71)

Gemfibrozil Column 1 (-3), Column1 (> Col 9~ n3(>99 Snyder et al. (2007

N Column1(3) [ J 11(90), Colmn2R3%)-Eoha 3 (>99) v (2007)
X-ray contrast |AO! S— W Lake Tegel-LBF* (60), Lay o ‘\ Griinheid et al. (2005)
. 30) Tegel-LBF’ (63) Schittko et al. (2004)
media lopromide Column 1 (64), Lake Tegal- Lake Tegel-LBF* (82), Lake Tegel-ARR! (89), Rhine Griinheid et al. (2005)
LBF8 (75) A (>80), Rhine B (>80), Elbe (>80), Ruhr (>84), Schmidt et al. (2007)

Column 2(93), Column 3 (95), Lake Tegel-LBF7 (93) Snyder et al. (2007)
N Schittko et al. (2004)
lopamidol Rhine A (0-25) Rhine B (26-50) Elbe (>70) ( Ruhr (>80) \ Schmidt et al. (2007)
lomeprol Rhine A (>80), Rhine B (>80), Elbe (>80)/Ruhr (>80) Schmidt et al. (2007)

]
loxhexol \Rm\nwmne B WO), Ruhr (>80) Schmidt et al. (2007)
Psycho- Caffeine Column 1 (95), Column 2(97), Column 3 (98) Snyder et al. (2007)
stimulant

Steroid hormone

Estradiol (E2)

e VN
L Tolumm<(>99), Colliimn 2 (>99), Column 3¥=99),
NW2 (>99), NW4(>99), 2U(>99%), 6U(>99%)

Mansell and Drewes (2004)
Snyder et al. (2007)

Estriol (E3)

Column 1 (>99), Column 2 (>99), Column 3 (>99
NW2 (>99), NW4(>99), 2U(>99%), 6U(>99%

Mansell and Drewes (2004)
Snyder et al. (2007)

Estrone (E1)

Lake Tegel-LBF? (>99), Lake Tegel-ARR? (>99),
Column 1 (>99), Column 2 (>99), Column § (>997,

Zuehlke et al. (2004)
Snyder et al. (2007)

Progesterone,

/
ﬁ
<

| Column 1 (>99), Column 2 (>99), Colump/3 (>99)

Snyder et al. (2007)

Testosterone

, Column 2 £499), Column 3 (>99),
NW2 (>99), N , 2U(>99%), 6U(>99%)

Mansell and Drewes (2004)
Snyder et al. (2007)




Many organic micropollutants with limited information

QSAR as a screening tool

QSAR models

Physical-
Selected

chemical .
descriptors

properties




The proper selection of the molecular descriptors that define or correlate
with different mechanisms taking place during BF is very important to get a

representative QSAR model.

The developed QSAR model can link important physicochemical properties
to the removal of OMPs, and the models could be useful to predict the fate

of a new compound with limited information during BF.
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-al implications of the finding and further research

BF is an effective barrier in the multi-barrier approach for removing OMPs

for safe drinking water supply.

Most OMPs can be removed during bank filtration, although to varying

extents.

The developed QSAR model can link important physicochemical properties
to the removal of OMPs, and the models could be useful to predict the fate

of a new compound with limited information during MAR.

Further research is necessary to investigate the fate of OMPs during soil

passage using different types of soil.

More research should be carried out on the combination of managed
aquifer recharge with other advanced water treatment processes (e.g.,

NF/RO, AOPs and ion exchange systems).



o
T
Biowin3

4.0 classification
M HL-ion & HL-neu HP-icn OHP—HEH
GLLU
GLY -
3.5 A &
sSUC
ETH VET
-
EET . mmp  NAT
NP X
3.0 SAB
oanL ANPSTL Fpp D 8
@) J,}‘,EMD|oxane(2‘99 V\eekS)]DL MLN MTP%D
.| @ NDMA (2.65- wedl¥'to m IPT
’ o AMTZS
LIR DU CTL EsT DMF
o O mTx ©°
sMz  CPA DCF
i o A
=0 ATzDaATP
DkEL
LID
1.6 (o]

0

20

40

1
a0

g0

100

Rejection(%) by Trisep TS—80 — NF membrane

Membrane

PS using

BIOWIN 3

5.0
4.5
4.0
3.5
3.0
2.5
2.0
1.0

hours

hours - days
days

days - weeks
weeks

weeks - months
months

longer



10) supported by SWITCH

Book Chapters: 3
International journals: 5 (published) + 2 (submitted)
International conferences (Full paper): 8

International referred journals
Maeng, S.K., Sharma, S.K., Amy, G.L, Magic-Knezev, A, 2008. Fate of effluent organic matter (EfOM) and natural organic matter (NOM) through riverbank filtration. Water Science & Technology,
57(12), 1999-2007.

Baghoth, S.A., Maeng, S.K, Salinas Rodriguez, S.G., Ronteltap, M., Sharma S.K,, Kennedy M., Amy, G.L, 2008. An urban water cycle perspective of natural organic matter (NOM): NOM in drinking
water, wastewater effluent, storm water, and seawater, Water Science & Technology: Water Supply, 6(8), 701-707.

Maeng, S.K,, Ameda, E.A,, Sharma, SK. Gritzmacher, G, Amy, G.L, 2010. Organic micropollutant removal from wastewater effluent-impacted drinking water sources during bank filtration and
artificial recharge. Water Research, 44 (11), 4003-4014.
Maeng, S.K. Sharma, S.K. and Amy G.L, 2010. Modelling of removal of wastewater-derived organic micrga
Technology, Accepted.
Yangali-Quintanilla, V., Maeng, S.K,, Fujioka, T., Kennedy, M., Amy, G.L., 2010. Proposing nangi e barrier for organic contaminants in water reuse, Journal of Membrane
Science, 362, 334-345.
Book Chapters
Maeng, S.K., Sharma, S.K.,, Amy G.L., 2010. Framework for assessment ofa g managed aquifer recharge and recovery (MAR): In “Riverbank filtration
for Water Security in Desert Countries”, C. Ray and M. Shamrukh (g yringer, Dordrecht, The Netherlands, (In Press).

Sharma S.K, Baghoth, S.A., Maeng, S.K,, Salinas Rodriguez, S.G.)
Chapter 3. Natural Organic Matter: Characterization Profiling as
Process Selection and Performance Monitoring. In "Handbook on
Processes”, A. van Nieuwenhuijzen and J. van der Graaf (eds.),
Sharma, S.K., Maeng, S.K,, Nam, S., Amy, G.L, 2011. Chapter 68. Cha

Tools for Differentiating NOM from EfOM. In "Treatise on Water Sci SC
Aquatic Chemistry and Microbiology, Elsevier Publications (In Press). 6

ts during managed aquifer recharge and recovery, Water Science and

Conferences proceedings
Maeng, S.K.,, Sharma, S.K., Magic-Knezev, A, Amy, G.L, 2008. Characteri Organic matter upon soil column passage to simulate the impact of wastewater effluent during riverbank
filtration, Netherland Scientific Symposium, Soil and Water, 9-10, June, 20 t, The Netherlands.

Amy, G.L, Maeng, SK, Jekel, M., Ernst, M., Villacorte, L.O., Yangali Quintanilla, V., Kim, T.U., Reemtsma, T., 2008. Advanced water/wastewater treatment process selection for organic
micropollutant removal: a quantitative structure-activity relationship (QSAR) approach. In: Singapore International Water Week, 23-27, June, 2008, Singapore.

Maeng, S.K., Ameda, E.A,, Sharma, S.K., Gritzmacher, G., Amy, G.L, 2009. Riverbank filtration and artificial recharge and recovery for organic micropollutants removal - NASARI, Korean Society of
Environmental Engineers Biannual Conference, 30 April - 1 May, 2009, Changwon, South Korea.

Amy, G.L, Ameda, E.A, Sharma, S.K. Maeng, S.K.,, Grutzmacher, G., 2009. Bank Filtration of Wastewater-Impacted Drinking Water Sources: A Robust and Effective Barrier for Organic
Micropollutant Elimination in Indirect Potable Reuse 6th IWA Leading-Edge Conference on Water and Wastewater Technologies Leading Edge 2009, 23-25, June, 2009, Singapore.

Maeng, S.K. Abel, C.D.H., Sharma, S.K., Amy G.L, 2009. Impact of Biodegradability of Natural Organic Matter and Redox Conditions on Removal of Pharmaceutically Active Compounds during
Riverbank Filtration, High Quality Drinking Water Conference 2009, 9-10, June, 2009, Delft, the Netherlands.

Maeng, S. K, Sharma, S.K., Amy, G.L, 2009. Framework for assessment of organic micropollutant removal during soil/aquifer-based natural treatment processes, NATO workshop 2009, 24-27,
October, 2009, Luxor, Egypt.

Maeng, S.K., Abel, C.D.H., Sharma, S.K., Amy, G.L, 2009. Effect of biodegradable organic matter and microbial activity on removal of geosmin and 2-MIB during riverbank filtration, IWA Benelux
Regional Young Water Professionals Conference, 30 September - 2 October, 2009, Eindhoven, The Netherlands.

Maeng, S. K. Sharma, S.K.,, Amy, G.L, 2010. Modelling of removal of wastewater-derived organic micropollutants during managed aquifer recharge, Proceedings of the IWA World Water
Congress and Exhibition, 19-24, September, 2010, Montreal, Canada.



______

* Prof. G. Amy and Dr. S.K. Sharma

 MSc fellows: Mohammed Ibrahim, Emmanuel Ameda, Sharada Devkota,

Henny Simarmata and Chol Abel

 Aleksandra Magic-Knezev, Theo van der Kaalj and Ineke van der Veer-

Agterberg (HetWaterlaboratorium)

« UNESCO-IHE Laboratory Staff

 Dr. Gesche Grutzmacher, KWB, Berlin (Germany)

* This study was supported by EU SWITCH Project, K-Water, UNESCO

fellowship and Halla Energy and Environment

O e [T T /1 I = aasxugy =
SWITCH | &

HWEIII:'I" WATERLABORATORIUM
.....

United Nations Educational, -
Scientfic and Cultural Organization .


http://www.kompetenzwasser.de/

Thank you




|. Laboratory-based batch and soil column
studies

- Removal of EDCs
- Removal of PhACs

* Analytical methods ,
- ELISAKkit and F-EEM for EDCs measurement |

- ATP measurement for microbial activity
- PhACs measurement by LC-MS; GC-MS



II. Analysis of field data from BF and SAT field sites

- Investigation of intercorrelations among many variables
observed at BF and AR field sites with OMPs using PCA

- Develop a prediction tool for managed aquifer recharge
systems to estimate the fate of OMPs with travel
distances and residence times
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. . Proposed Guidelines for the Removal of inoantipyrine (FAA)

Distance Output - Removal Efﬁmenw Range T4 -9 b [The guideline for the removal of formylaminoantipyrine as a function of residence time and well distance. is [ I
based on the simple kinetic model fittad to data from the Lake Tegel bank filtration study site awned by the

Berliner Wasserbatriebe (BWE) and collected during the pericd May 2002 to August 2004 as part of the NASRI

project The aquifer atthe 100m length. study transect comprised of coarse ta fine sands of hydraulic To FAA Page |

conductivity 4E-5m/s to 1. 1E-3m/s. The model used forthese estimated guidelines are shawn in the figures

below. This model would best be applied in candidate sites with similar hydraulic conductivities. and within the

influent concentration range stated.
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for the Removal of Oraanic Bromine (AOBr)




I1I. QSAR Modeling

- Prediction of the fate of known and unknown compounds
based on compound properties and field conditions



Removal % = f (Chemical structure, physico-chemical properties)

(' Descriptors ) Activity )  QSAR )

* Descriptors could be related to size, structure, and functionality of MPs



Approach

« Effects of redox (oxic vs. anoxic)
« Effects of travel (residence) time
« Effects of temperature
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