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Water scarcity and wastewater reuse

Water Stress Levels of Urban Areas with Population Bigger than 3 Million
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A Quarter of Humanity Faces Looming Water Crises, Sengupta S. and Cai W., Aug. 6, 2019, The New York Times

Water scarcity and wastewater reuse

= Wastewater reuse is a possible solution to address water
scarcity problem.

Status of water reuse in Europe : *

DEMOWARE final summary report (2017), Source: (Hochstrat, Wintgens, Melin, & Jeffrey, 2006) Data from EUREAU survey and AQUAREC
results www.aquarec.org)
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Contaminants of emerging concern (CECs)

= Safe wastewater reuse

¥

= Challenges in wastewater treatment

¥

= Contaminants of emerging concern (CECs):

v'pollutants occurring at ng-pg/L concentrations in water and
wastewater;

v antibiotics, antibiotic resistant bacteria (ARB) and other mobile
genetic elements occurring in water and wastewater and may
contribute to antibiotic resistance (AR) transfer.

Contaminants of emerging concern

2
ePharmaceuticals Bmg

eAntibiotic resistance determinants (A, ARB, ARGS)
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Antibiotic resistance

= Antibiotic resistance (AR) has become an ongoing clinical
and public health issue of concern worldwide (WHO 2014).

= UWWTPs are hotspots for the release of AR determinants
(antibiotics (A), ARB and ARGSs) into the environment

» No specific regulations for controlling the release of
A/ARB/ARGs into the environment through UWWTPs
effluents

AR transfer mechanisms

(a) Conjugation:
Resistant donor cell Resistant transconjugant cell
——
exchange
through pilus
Plasmid- or Non-resistant recipient cell
transposon-borne ARG
(b) Transduction:
Resistant, infected denor cell Transport lo and
infection of a non-
R N R Lysis, cell death resistant recipient cell
) — >
' ® a2
/
Phage carrying Resistant transductant cell
Phage carrying bacterial ARG bacterial ARG {in lysogenic growth)

(c) Natural transformation:

Transport to and
Resistant donor cell uptake by competent,

non-resistant

Cell death, lysis _ZpmaX recipient cell
(S
——
Free DNA w/ m
Intact ARG Resistant transformant cell

ARG (chromosomal or plasmid-bome)

Dodd 2012. J. Environ. Monit. 14, 1754-1771




Contaminants of emerging concern

Wastewater reuse

Table 1 Reclaimed water quality criteria for agricultural irrigation.

Reclaimed Indicative Quality criteria
water technology

" E U m i n i m u m q u a | ity q;::;y - E. coli BODs TSS Turbidity Additional criteria
Sta nd a rdS fo r (cfl;ﬁ;OO (mg/1) (mg/1) (NTU)
wastewater reuse... Secondary 510

treatment,

filtration, and  or below Legionella spp.: <1,000
disinfection | detection cfu/l when there is risk
v ... JRC report limit of acrosolization in
(advanced greenhouses.
water
treatments)
Intestinal nematodes
(helminth eggs): <1
ClassB  Secondary <100 Accordingto According to - zggtllr"gz"r rgation of
treatment, Directive Directive livestock.
and 91/271/EEC  91/271/EEC
disinfection
Class C Secondary <1,000 According to  According to -
treatment, Directive Directive
and 91/271/EEC ~ 91/271/EEC
disinfection
Class D Secondary <10,000 According to  According to -
treatment, Directive Directive
and 91/271/EEC | 91/271/EEC
disinfection
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Wastewater reuse

= EU minimum quality standards -
for wastewater reuse... o

e 3 | ScienceDirect
ke
19

‘/SCHEER and EFSA SCientiﬁC r - EU mini quality req its for water reuse in

agricultural irrigation and aquifer recharge: SCHEER scientific

advices on JRC report advice
Luigi Rizzo', Renate Krétke®, Jan Linders™", Marian Scott”,
efsam Marco Vighi” and Pim de Voogt
TECHNICAL REPORT et

In the opinion of the SCHEER, the report
inadequately addresses (i) contaminants of
emerging concern (CECs), (ii) antibiotic

Request for scientific and technical assistance on proposed

FU minimum quaiity mquirements for watar reuse In resistance spread through urban wastewater
agricultural irrigation and aquifer recharge

treatment plants’ (UWWTPs) effluents, and (iii)
possible risks associated with disinfection
and/or advanced treatment of urban
wastewater (e.g. formation of disinfection by
products and related toxicity). Therefore the
SCHEER is of the opinion that, in its current
form, the minimum quality requirements
proposed provide insufficient protection both to
environmental and human health.

The European Food Safety Authority recommends
that: ... and (10) critical discussion on the importance
of the uptake and accumulation of chemical
contaminants, including compounds of emerging
concern and disinfectant by-products, and the
possible consequences for human and animal health,
is included.

Urban wastewater treatment

Un-treated - - —
urban  —] Mechanical | | Primary | | P removal pre-denitrification Nitrification | ,| Secondary
pre-treatment settling tank (anaerobic tank) (anossic tank) (Aeration tank) settling tank
wastewater
R —— 1
Waste sludge ! Advanced
| treatment
I
:
v'An advanced treatment is ' [ Disinfection |
necessary for a safer reuse Sludge disposal or reuse l

(Rizzo et al., 2020)*.

Effluent disposal or
reuse

eFiltration (F)
o(F +) adsorption

eF + membranes
*Best available technologies and treatment trains to address current challenges
in urban wastewater reuse for irrigation of crops in EU countries. Science of

The Total Environment 136312, in press, ° ( F + ) AO PS
https://doi.org/10.1016/j.scitotenv.2019.136312
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Advanced oxidation processes (AOPs)

v'/AOPs promote the formation of radical species (e.g., HO*) that can
effectively (i) degrade/oxidize organic and inorganic contaminants in
water/wastewater as well as (ii) inactivate microorganisms.

v"Homogeneous photo-driven AOPs (e.g., UV/H,0,, photo Fenton
(UV/H,0,/Fe)) have more chance to be used as advanced/tertiary
treatment in urban WWTPs compared to heterogeneous photocatalytic
processes, in the short term;

v Artificial light can be replaced by sunlight to save energy costs

Effect of AOP type on CECs: (solar)photo Fenton

10 g

a8

= Acidic Vs neutral conditions
= UV- Vs Solar-photo Fenton g o

BZ/CB2,

= Mild conditions Vs chelating agents
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IO bR S Maniakova et al., 2020. Sep.
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Water Res. 47, 5836. Dong et al., 2019. Chem.

Eng. J. 366, 539.
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Effect of AOP type on CECs: UV/PMS* and UV/PS*
*persulphate (PS) and peroxymonosulphate (PMS)
Polluant Source water Pollutant Oxidam Wavclength pH  Resctiontime Degradation® (%) References
cancentrat on concent ation (mm) h)

Sultamethazine Mill}-Q water 0.02mM 0.2 mM PS 254 65 075 ~ 0%
Antipy fine MIlQ water 0.0265 mM 0.52mM PS 317 7.2 1 0%
Sultamethazne Mlli-Q water 0.02mM 02mM PS 54 65 075 %5 &
Atenolal Mill}Q water 0.02mM 0.08mM PMS 254 ] 0s > 80
Tetramethylammonum hydroxide Reverse oemoss. L1 mM 100mM PS 54 2 207 100

water
Perflucrooctanaic Acd Secondary effluent  0.15mM 15mM PS 254 71 B L
2 Methvisoborneol River watar 0.238 M 10pM PS 254 70 014 > 90
Oprofloxacin Milli-Q water 50uM 1mMPS 54 7 1 100
Methy| paraben MilliQ water 328uM 1mM PS 254 65 15 ®9 1
Dnjodoacetic acd Deonized water 1.5uM 60uM PS 254 7 3 na 7
Chloramphenicol Deionized water JNpM 025mM PS 254 6w 1 100

JouMm 1mMPS 254 7 2 ~67%

2.4-Diert butylphenal Deionted water smgl~" 1mM PS 2517 70 08 5.6
Haloacetonitnles MIlli-Q water 2pM 02mMPS 254 6 3 w8
Oxcarbarepine Ultrapure water 20pM 1mM PS 2517 n 2 £
Oxytetracycline Mill1-Q water 4oum 1mM PS 54 7 10 100 4
Sulfamethanazole Milli Q water 2369 pM TmM PS 54 58 na T

MIllLQ water 2369 M 1 mM PMS 254 6.M na. -9%
Sults methamarole Deonzed water 20uM 1mM PS 254 s 2 100%

surface water
Lindane MlLQ water 343pM 02smMPMS, 254 3 12 ™4

025mM Fe**

Lindane Milli-Q water 343pM 0.25mM, PMS 54 58 3 w0
Azathioprine Milli-Q water 33pM 0.1 mMPS 254 05 15 o
2-Chlorophenal MillQ water 02mM 10mM PS 365 4 15 100 5
3 (hlorophenal MUll-Q water 0.2 mM 10mM PS 365 4 15 100
4-Chlorophenol MIlLQ water 02mM 10mM PS 365 4 15 100
(2 ethylhexyl) phthalate Reverse smoss. 10mg/1 2gL”" PMS na 7 2 100 s

warer
Sulamerarine sulfamethizole; Ultrapure water 02t 10mgL™" PMS 254 75 05 100% 82

sulbachloropyridazine
Sucralase Deionged water 0.126 mM 378 mM PMS 254 70 1 > &% (TOO) 8
* Hepresents the removal efficiency.
Ultraviolet-activated PS and PMS for the degradation of emerging contaminants (Wang and Wang, Chemical
Engineering Journal 334 (2018) 1502-1517)

Kk (min"")

Effect of AOP type on CECs: UV/free chlorine
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Guo et al., 2018. Water Res. 147, 184-194 2 M
1
o
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Chloroform formation after FC and UV-C/FC treatment, respectively: comparison

.2 B f 0V et v o DEtWEN the end of the treatment (60 min) and 24 h and 48 h post-treatment incubation

Cerreta et al., in press Water Research 169, 115220,
https://doi.org/10.1016/j.watres.2019.115220




Effect of AOP type on CECs: sunlight/ Vs UV/PAA
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Rizzo et al., 2019. Water Research 149, 272-281

Effect of AOPs type on CECs: oxidation interm. and toxicity

! : Maniakova et al., . Separation and Purification Technology, in press,
- - https://doi.org/10.1016/j.seppur.2019.116249
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Effect of AOPs on CECs: oxidation interm. and toxicity

Advanced treatment of urban wastewater by ozonation
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Effect of AOPs on CECs: CECs uptake in crops

Advanced treatment of urban ww by sunlight/H202 1
z oCBZ R1} [
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\ — " § Figure 3. Casb ine (CBZ) and thizbendazole (TBZ) uptake by
N i - + o lettuce leaves during the experimental study. R1 refers to UWTP
. 15 effluent treated within 5 h of HyO,/sunlight and then used as
\ irnigation water; R2 refers to UWTP effluent treated withim 90 min of
ol l ~y 0 H,0,/sunlight and then used as imigation water.

15 20

’ : Q ('kc:l L =¥ ez
i [l [R——
§asa| oTEZRY
= 4 BCBZ (RY
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Figure 4. Carbamazepine (CBZ) and thisbendazole (TBZ) accumu-

Ferro et al., 2015. Environmental Science and Technology 49, 11096-11104,  latien/deposition on top soil during the experimental study. RI refers
to UWTP effluent treated within § b of HAO 4 sunlight and then used
as irrigation water; R2 refers to UWTF effluent treated within 90 min
of HyOy/sunlight and then used as irrgation water.
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Can AOPs effectively control AR spread?

MDR E.coli (GFU/mL)

MDR E.coll (CFU/mL)

Effect of AOP type on AR
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Ferro et al., 2015. Applied Catalysis B: Environmental 178, 65-73

Solar photo Fenton (a), sunlight/H,0,
(b), sunlight/TiO, and
sunlight/TiO,/H,0, (c).

Inactivation of multi-drug resistant E.
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—e—TI0,=50 mg L™
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Effect of AOP type on AR: Sunlight/PAA
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Inactivation of AR E. coli by sunlight/PAA in CPC: effect of initial PAA concentration in GW (a) and WW (b).

Rizzo et al., 2019. Water Research 149, 272-281

Effect of AOP type on AR: solar photo Fenton

Effect of solar photo-Fenton process in raceway pond reactors
at neutral pH on antibiotic resistance determinants in
secondary treated urban wastewater

Fiorentino et al., 2019. Journal of Hazardous Materials 378, 120737,
https://doi.org/10.1016/j.jhazmat.2019.06.014
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Effect of AOP type on AR: sunlight/ Vs UV/H202
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Fig. 1. Antibiotic resistant E coll inactivation by UV/H;0, process,

Ferro et al., 2016. Science of The Total Environment 560-561, 29-35.

—e—0 mmoll H,0, inPBS
—+—10 mmolL H.0, in PBS
—+—350 mmollL 1,0, in PRS

ARB Log (C/Cq)

el ¢ &~ 100 ol H,0, in PBS
0 mmolL 1,0, in NW
SE =0 10 mmell HO, iInNW
=0 350 memolL H,0, in NW
6F 100 mmolL H,0, in NW
L " s . " " i
0 2 4 6 8 10 12

UV, Fluence Dose (mJ/em®)

Fig. 7. P. oeruginosa inactivation under UV irradiation (A = 254 nm) and H,0; addi-
tion.

Guo et al. 2017, Journal of Hazardous Materials 323, 710-718

Effect of AOP type on AR: intra- Vs extra-cellular

w
Ferro et al., 2016. Science of The Total Environment 560-561, 29-35.
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Fig. 5. Concentrations of ARGS in izl DNA as a function of treatment times of LUV/Hz0»
process. &, b, ¢, d, e, [ indicate significantly (p < 0.05) different groups of ARGs
(Log copies mL~") among the investigated treatment times.
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Fig. 12. Effect of TiO; thin film on ARGs removal under UV irradiation (A = 254 nm) in
PBS. Error bars are standard error of themean.INC - intracellular. EXC - extracellular.

Guo et al. 2017, Journal of Hazardous Materials 323, 710-718
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Effect of AOP type on AR: heterogeneous photocatalysis
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ANSWER

Effect of AOP operating conditions on AR: UV/PMS

Hu et al. 2019, Chem. Eng. J. 368, 888—895

(a) = sult (b) = sult
= inti =1
30 3.0
_ 25 _ 25
& &
i‘ 20 §. 20 1
S L]
15 15
1
100 i 10
5 10 f" 30 50 100 200 300
35 00 SIERE ) 25 UVC(Wiem')
(c) = sulf @) = sult
3 inti? [ intit
30 30t
_ 25 _ 25t
o 15}
g iy
720 FELH
3 3
15 150
10 1.0} Etl
5 & 7 s ° o 10 10°
pH initial ARB (CFU/mL)

Fig. 6. Impact factors on the removal of target ARGs during UVC/PMS ((a) PMS dasage; (b) UVC intensity (50, 100, 200, 300 yW/cm® : 30, 60, 120, 180 mJ/cm?; (c)

pH; (d) initial ARB concentration).
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Effect of AOPs on AR

v'"Most of the studies have been focused on the inactivation of specific bacterial
indicators (e.g., E. coli)...

v'but disinfection processes and specifically AOPs can reduce the total amount of
bacterial cells only to some extent...
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Fig. 6c. Effect of different processes on bacterial population measured by flow cytometry:
proportion of inactive cells (C).

Fiorentino et al., 2018. Water Research 146, 206-215,

T T T T
s " 15 20

Time: (min)
Fig. 5. E. coli inactivation by photo-Fenton processes, UV-C/H202, UV-C and H202. The
behaviour of E. coli in absence of treatment is also included (control test in dark).

Effect of AOPs on AR

. they can select for the bacterial population (Alexander et al., 2016)...

v'... and result in genetic mutation too (Fiorentino et al., 2017)...
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Fig. 3. Classifiation by 165 rRNA Ilumina Amplicon Sequencing before and after ozne \/ .. thus potentla”y affectlng AR Spread

application. Only those genera containing 213 of sequences are displayed

Alexander et al., 2016 Sci. Total Environ. 559, 103—-112
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Conclusions/take home
messages/pending questions

v'AOPs can effectively reduce CECs in secondary treated urban
wastewater however, due to the formation of oxidation intermediates...

v....toxicity should be monitored to find the right time to stop the process
and make treated ww less toxic.

v'AOPs can inactivate different bacteria but, in doing so, they also select
for bacterial population ...

v ...will this finally affect antibiotic resistance transfer and spread?

v'The effect of AOPs on ARGs depends on the AOP, target ARGs, ww
characteristics and operating conditions, which may be not sustainable at
full scale ...

v'...further work is needed to evaluate if AOPs can effectively control
antibiotic resistance spread.
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