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Screens Sedimentation
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Biological Separation
treatment
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Preliminary Primary Secondary
Large objects Large particles and Dissolved organics and
organics nutrients as well as
particles
Biochemical oxygen demand (BODyg) 25 mg/L
Chemical oxygen demand (COD) 125 mg/L

Total suspended solids
Urban wastewater

35 mg/L for more than 10 000 p.e.
60 mg/L for 2 000-10 000 p.e.

treatment directive Total phosphorus

1 mg/L for more than 100 000 p. e.
2 mg/L for 10 000 - 100 000 p. e.

Total nitrogen

10 mg/L for more than 100 000 p.e.
15 mg/L for 10 000 - 100 000 p. e.

Treated effluent



ey | Wastewater treatment plant

Screens

Raw sewage /

Sedimentation
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Typical raw sewage characteristics

Biological
treatment

Separation

Treated effluent

Units Low Medium High
BOD, mg/L 110 190 350 Budds Farm WwTW Treated Effluent
COD mg/L 250 430 800 0
Mini Maxi A 95 Count
Total suspended solids mg/L 80 140 260 inimum - Maximum AVerageé oo centile oun
Total nitrogen mg/L 20 40 70 BOD; mg/L ND 25.6 3.25 7.63 238
Total phosphorus mg/L 4 7 12 COD mg/L 14.7 318 57.4 92.7 244
Total coliforms No./100 mL 108-10%8 107-10° 107-10% TSS mg/L ND 94.3 13.2 27.3 249
TN mg/L as N 5.6 11 7.75 10.2 27
TP mg/LasP  0.622 4.97 2.89 4.57 248




Advanced treatment for indirect potable water recycling
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Microfiltration Reverse Osmosis Advanced oxidation Ativated carh
process (H,0, + UV) ctivated carbon
‘L —‘L> To reservoir
Treated effluent —> RN T
€

\ ) Y \ J /
f | | | f f

Particles including Dissolved compounds Trace organics and Remove peroxide and
pathogens (nutrients, salts, pathogens trace organics
organics ...) and
pathogens
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Important parameters for water recycling

Micro-organisms: seen as the most significant risk

Helminths
- 1-60 pym
(parasitic worms)
Protozoa 1-20 ym
Bacteria 0.2-10 um
10-300 nm

. Viruses

Very resistant to environmental stresses
but easily removed by conventional
treatment

Very infectious but found in low
numbers in secondary treated effluent

Found in very high concentrations in
wastewater but not all are pathogenic

Persistent and very infectious



=y ) Important parameters for water recycling

Micro-organisms: seen as the most significant risk
Pathogenic microorganisms
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USEPA (2012) S5 2 g5 g3q g 5 & E
Type of Microorganism o E ) T = i w0 G} S £
Bacteria X X X
Protozoa and helminths X X X
Viruses X X
Secondary treatment 1-3 05-1 05-25 1-3 05-2 05-15 05-1 0-2
Dual media filtration” 0-1 0-1 1-4 0-1 05-3 1-3 15-25 2-3
Membrane filiration (UF, - - -
NF,andRCl}S 4 =6 =6 2-=6 =6 2-=6 =8 4->6 =6
Reservoir storage 1-5 N/A 1-4 1-5 1-4 3-4 1-35 1.9-=3
Ozonation 2-6 0-05 2-6 2-6 3-6 2-4 1-2 N/A
UV disinfection 2-=6 N/A 3-=6 2-=6 1-=6 3-=6 3-=6 N/A
Advanced oxidation =6 N/A =6 =6 =6 =6 =6 N/A
Chlorination 2-=6 1-2 0-25 2-=6 1-3 05-15 0-05 0-1




=y ) Important parameters for water recycling

S N S T

Negative impact on fresh waters, Advanced treatment required such
Salts soils and crops as reverse osmosis, distillation or
Cause scaling and /or corrosion electro-dialysis

Significant removal by
Toxic to plants, animals and conventional systems
humans Advanced treatment required for
high-risk application (potable uses)

Metals

y - R
f : Contribute to eutrophication Removed in conventional
1 -
p N+P ;l Al Help micro-organisms growth treatment
“ 7
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Organic matter

Aesthetic: odour and colour

Important parameters for water recycling

Help micro-organisms growth Significant removal by conventional
Reduce efficiency of disinfection treatment
systems

Trace organics:
pharmaceuticals, pesticides, personal care products,
endocrine disrupting compounds (EDCs) and disinfection
by-products (DBPS)

Advanced treatment required such as RO, advanced
oxidation processes (AOPs) and/or adsorption



Important parameters for water recycling
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Suspended solids Aesthetic: odour and colour
Help micro-organisms growth Significant removal by conventional treatment
Turbidity Reduce efficiency of disinfection systems

pH Can promote scaling and /or corrosion Adjustment at any stage



i) Microfiltration

mono  multi
Porous membranes water lons lons viruses bacteria SS

<onumma(ed fluid concentrate

MF

Microfiltration
(0.1-0.5 pm)

mono  multi
water 1ONs ions  viruses  bacteria  SS

UF

Ultrafiltration
(0.01-0.1 pum)

Separation by size exclusion
(removes things bigger than pore size)



‘gmg Microfiltration

Why do we use membranes?

Physical barrier to pollutants (effective
removal of particulate matter and
pathogens)

Small footprint
Easily automated




Osmotic Process
pressure (bar) pressure (bar)

v ) Reverse osmosis membranes Sea water 23-32 40-80
Treated effluent 0.4-4 2-17
Osmosis Reverse OsSmosis

Applied pressure >
Osmotic pressure

Osmotic pressure

Semi- Semi-
permeable permeable
membrane membrane

Water Water




) Reverse osmosis membranes Dense membranes

(1) Polyamide (PA)
@ Poly (ether sulfone) (PES)
() Polyester

mono multi
water 10NS ions  viruses bacteria SS

DEI PN DI PN
—N—O N-C C c(u--»(/l\N»('—f‘\r—(-)-
¢=0 ﬁm
N-H
N=H

RO

Reverse Osmosis

Separation by diffusion/selectivity

Commonly used for desalination

Will produce deionised water (>90% removal
of salts and other dissolved compounds)

They can’t remove very small uncharged
inorganic and organic molecules




sy ) Reverse osmosis membranes

Staging to increase recovery
|

Concentrate

interstage pumping

Permeate

First stage Second stage



‘ﬁ;ﬁ;‘tﬁ, Reverse osmosis membranes

Concentration ‘ o 80% Recovery
| _ | ~5Xx Concentration " Permeate
- Feed water |

i N

TDS = 3000
=7
mg/L ', ﬂ{/////}b— % -
7
Concentrate

20% of volume
TDS up to 15000
mg/L




Membrane operation
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Membrane fouling = reduce flow and/or increase pressure

undesired adsorption and deposition of material present in the feed on
the membrane surface

" Particulate fouling  Inorganic fouling

Mieroorganism

Organic fouling Biofouling




‘s;*::eﬁ;is Membrane operation

Fouling control

« Remove material in pretreatment (e.g. particles with MF membrane)

« Control during operation (chemical dosing: disinfection for biofouling and anti-scalant for
Inorganic fouling)
 Remove periodically:
« Physical cleaning (backwash — only for MF/UF)
« Chemical cleaning (acid and alkaline chemicals)



‘S;?&&ﬁ? Reject streams

Backwash from MF
Concentrate from RO

&

Will contain the compounds rejected by the membranes which would have been discharged with
the effluent

The risk is associated with the concentration (rapid dispersion needed)

Anything else?
Chemical cleaning solutions (they have to be neutralised)
Antiscalant



‘gmg Polishing steps

Advanced oxidation processes: Hydrogen peroxide (H,0O,) + UV

Hydrogen peroxide reacts with UV light to form a
very strong oxidant (OH") which will decompose
the trace organics remaining in the water

Activated carbon

Removal of hydrogen peroxide and any trace
organics remaining by adsorption




Remineralisation
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To reduce the corrosivity of the water

« Aggressiveness index
* Ryznar index
« Langelier Saturation Index

Dosing of salts/minerals

» Carbon dioxide
Calcium carbonate
Lime

Sodium chloride

Possible disinfection



Cranfield

University

Trace organics — RO rejection

Impact of molecule size Pharmaceuticals Pesticides
100 — . | & 110 bar [ 1pH4
a & & B - B & T gHS Pesticide | [0PUt | Permeate | Retention factor | Concentrate
gof & g B - = z = o @ElpH7 [ug/dm’] | [ug/dm’] [%] [pg/dm’]
D % ' % o-HCH 135 0.8 99 4 1430
= 6ol © i | é % B-HCH 67.2 0.6 99.1 723
s | = %5 é é 7 y-HCH 372 0.6 98.4 402
8 40l 3 ] 3 % é HCB 9.0 <0.2 >978 98.0
¢ | = A swes s é é 24 DDE | 07 <02 - 73
20} ) ESPAB : 8_ S é % 4.4-DDE 35 <02 — 334
O ESPA2 & % g 24'DDD | 391 <02 >99 5 415
0 _'\ _"\ _"\ . _'\ _"\ _L _'\ é é 44" DDD 0.8 =02 - 8.5
ST I P g r&sye 85 % % 24 DDT | 633 0.2 99.7 625
S §@ Q@ g@ JQ S a}‘Q TQ J@ g g 44 DDT | 201 0.6 997 2130
o o~ g Q % % Total 556.8 3.0 99 5 58722
S EgFs sy wl L8 |V ,
q;? Acetaminophen lbuprofen  Diclofenac  Dipyrone Caffeine https://app.amanote.com/v4.1.9/research/note-
https://www.sciencedirect.com/science/article/pii/S1383586613 https://www.sciencedirect.com/science/article/pii/S2214714418301958 taking(modal:authentication-modal/modal/login)
00381X?via%3Dihub
28 1519
100 700
11§ m§§§ D;?%s LE 0 51_5 BAWTP 1 | |
80 1 20% % o2z e N . 430 - S AWTP 2
2 ; Disinfection g 5007 T 40  ®uaw
= s g
< = 400 -
- o] e o3 byproducts &
S - . 8 < 300 -
g o -
5 “ }%% %3 {6 Z. 200
o i 1 {5 o
m 100 A
e :‘ 6 <5 5 <5 <8 <5
20 A 0 — T T ——
https://Www‘sciencedirect‘com/science/ 2 Raw Water E::SLE);; MF/UF feed RO tl"eed RO permeate  Post AOP Ray::led
article/pii/S0376738814004050?pes=vor | HAcAm I e e
_ ; _ 0 . .
&utm_source=scopus&getft integrator= 60 80 100 120 https://iwaponline.com/wst/article/63/4/605/16161/Occurrence-of-N-

SCopus

Molecular volume (A%)

nitrosodimethylamine-precursors-in



https://www.sciencedirect.com/science/article/pii/S138358661300381X?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S138358661300381X?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S2214714418301958
https://app.amanote.com/v4.1.9/research/note-taking(modal:authentication-modal/modal/login)
https://app.amanote.com/v4.1.9/research/note-taking(modal:authentication-modal/modal/login)
https://iwaponline.com/wst/article/63/4/605/16161/Occurrence-of-N-nitrosodimethylamine-precursors-in
https://iwaponline.com/wst/article/63/4/605/16161/Occurrence-of-N-nitrosodimethylamine-precursors-in
https://www.sciencedirect.com/science/article/pii/S0376738814004050?pes=vor&utm_source=scopus&getft_integrator=scopus
https://www.sciencedirect.com/science/article/pii/S0376738814004050?pes=vor&utm_source=scopus&getft_integrator=scopus
https://www.sciencedirect.com/science/article/pii/S0376738814004050?pes=vor&utm_source=scopus&getft_integrator=scopus
https://www.sciencedirect.com/science/article/pii/S0376738814004050?pes=vor&utm_source=scopus&getft_integrator=scopus

m=y) Hydrogen peroxide/UV

Pharmaceuticals Example of NDMA
=
14,000 g 100%
Sum of pharmaceuticals 5 | *
= 12000 p & 80% +
= < 1
2 z :
£ 10000 2 60% +
g zZ |
= 8000 =
E 8 40% i
£ 6000 5 1
< o 20% +
e 4000 = 1
o S
2000 z T ° .
- Hm :
0 O -20%
= g g g g S g = s g g Ccc - Secondary  Chloraminated, Post-MF Post-RO Post- Post.-
g % E g & 8 f B B8 8 B 8 % & Effluent Pre-MF UV/H,0, Blending
= = — — —
=
https://www.sciencedirect.com/science/article/pii/S0043135407004976?via%3Dihub
H202 11 12 11 22 22 22 44 54 50
(mg/L)

https://www.ivl.se/download/18.694ca0617a1de98f4738c9/1628417207067/FULLTEXTO1.pdf



https://www.sciencedirect.com/science/article/pii/S0043135407004976?via%3Dihub
https://www.ivl.se/download/18.694ca0617a1de98f4738c9/1628417207067/FULLTEXT01.pdf

sy ) Activated carbon

Concentration of TOPs (ng/L) and the removal of TOPs at 30 g/L shell GAC dose.

Category Chemicals GAC dosage (g/L) Removal (%)
0 25 5 10 20 30

Pesticides Atrazine 5.8 4.6 3.7 29 1.7 1.2 80.00
Prometryn 0.2 0.2 0.1 - - - 100.00
Chlorpyrifos 3.5 2.8 1.7 1.8 1.7 - 100.00
Dipterex 6 4 3.1 25 1.6 0.4 9333
Acetamiprid 18.6 14.5 11.7 9.1 49 2.8 84.95
Imidacloprid 2.2 1.5 1.2 0.7 0.2 0 100.00
Thiamethoxam 5.8 4.6 438 34 1.8 1.6 72.41
Azoxystrobin 6.3 4.7 3.8 2.7 1.3 0.7 88.89
Carbendazim 284.8 199.2 149.6 939 38.8 20.5 92.80
Dimethomorph 54 4.1 3.5 2.7 1.4 0.9 83.33
Difenoconazole 1.5 0.9 0.7 0.3 - - 100.00
Prochloraz 1.2 0.7 0.4 0.2 - - 100.00

Pharmaceuticals Diclofenac acid 521.1 476.5 405.4 342 209.1 160.1 69.28
Ibuprofen 22.1 15.1 17.2 15.6 11.3 8.3 62.44
Mefenamic Acid 112.5 93 80.6 61 28.5 227 79.82
Clarithromycin 4.4 3.9 3.1 2.5 1.5 1.1 75.00
Roxithromycin 28 245 20 15.4 9.2 6.3 77.50
Sulfamethoxazole 16 12.6 10.9 9.2 6.2 3.95 75.31
Trimethoprim 7.5 5.5 4.4 2.9 1.2 0.7 90.67
Carbamazepine 27.5 216 16.8 12.5 7.6 4.3 84.36
Diphenhydramine hydrochloride 71.6 48.2 36.5 238 10.1 5.7 92.04

https://www.sciencedirect.com/science/article/pii/S0048969720351408?via%3Dihub
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Microplastics

Definition:
Plastic particles/debris of size ranging from 1 to 5000
pm and 1-1000 nm are referred to as micro plastics
(MPs) and nanoplastics (NPs), respectively.

https://www.sciencedirect.com/science/article/pii/S0048969723052749

https://iwaponline.com/wst/article/88/1/199/95676/A-review-of-microplastic-removal-from-water-and

Treatment plant MP abundance in LT
peLocaton mMessbrane Chara svistics effleenn (MPLY wffickency %) Reference
MF Labaratory Material: PWDF and Pore size: 01 pm Up to 915 Pramanik ot ai.
[2021)
MF Laboratory Maderial: PC and pore size: 5 pm F3,000-127.000  96.8-90.46° Pizzichetti f al.
Maderial: CA and pore size: 5 um E000-27,000 94 3-00.8 [2021)
Material: FTFE and pore size: 5 pm 46,000-47 000 96-99.6 *
MF WTP/ Indonesis Pore size: 0005 um 5 815 Marsano of al.
[2022)
MF Laboratory Material: 5iC support and SiC 1,250 985 Luogo ef ol (202Z)
membrane, maximum pore size:
604 nm
MEF WWTRS Pore size: 01 um 067 pg/L =04 Bitter of ol (2022)
Germany
MF WWTF Iran Material: PVDF and PET, pore size: -2 9E.1-100 Yahyanezhad ef al.
0.1 um [2021)
UF Labaratory Material- PES, MWOO: 100 kDa Up to 96 Pramanik af af.
[2021)
UF LLTPF/China ~0.1 15 Zhang et al. [2021)
UF Labaratory Material: SiC support and Zr(), 450 9492 Luoogo of ol (H122)
membrane, maximum pore size: 74 nm
UF WTP/ Indonesis Pore size: 0007 um xn 371 Marsano of al.
(2022)
UF Labaratory Material: PYDF, Pore sioee:30 nmy, 1] 10 Ml ef @il (2015
muosdule: flat sheet
UF WWTP/Thailand Material: PES/PVF blend, pore size: 2733 TE16 Tadsuwan & Bahel
0.1 um 2022y
UF LLTF Turkey B35 96 Karn e ol [2023)
UF LLTP/Turkey =10 96 Kara et al. [2023)
NF 2 99
NF DWTP/ France Material: polypiperazine-amide and PSP 0-0.018 Barhier el al.
AWICO: 400 D, Pore size: ~ 1 nm (2023}
RO WP/ Spain 006 54+ 27 Dalmaw-Saler
ef al. (2021)
RO (permeate) LLTFY China Pore size: 01 nm 0.4 - 95 E Sun of il (3021)
RLY [retentsie) 85
(8] WWTES Australia o2l Zinjahromi ef al
(2007)
MER sludge WWTF/ Haly Pore size: 004 um EL1w 10° i Bella af al.
mdule: hollow fiber submerged UF (MPS kgh (2022}
MER LLTP/China =035 50 Zhang et al. (2021}
MER WWTP/Spain Module: flat sheet submerged membane 121 79 Bayo ef ol [ 2020)
MER WWTF/China Material: PVIDF, pore size: 0.1 um, 821 Lv et @l [2019)
midule: hollow fiber submerged
membrane
MER (permeate)] WWTP/Finland  Pore size: 0.4 um, module: fiat sheet 04 994 Lares &f al. (2018)
MER (shedgei submerged membrane 7.3
(273 [24.7) (MP/gh
MP/g dw

{Cortimued. )


https://iwaponline.com/wst/article/88/1/199/95676/A-review-of-microplastic-removal-from-water-and
https://www.sciencedirect.com/science/article/pii/S0048969723052749
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PFAS (

“forever chemicals”)

Commarcial
RO

LTl
LI

ERFAT

EErA-27H40

SWIOKLE

4.0
4.0
4.0
4.0
4.0
4.0
E5-7.1
4.0
4.0
4.0
T.0 L 04

E5-7.1
E5-7.1

18 = 10" (P

5.0 = 10718 = 10° (PPOS)

1.0 = 100 (PrROE)

L0 = 19 (PIE]

5.0 = 10718 = 10° (PPOS)

5.0 = 10716 = 10" (FPOS)

1.0 = 10" {PFHzA}

5.0 = 10718 « 10" (PPOS)

L0 = 107 (PRas)

5.0 = 10718 = 10° (PPOS)

0.3-384 [FFreet Iz, FFHA PO PIPS,
FIrEs,

FIPeS P S, PRHES PGS

0.1-2.7 (FFPeh, FRHLA PTH pl PR FEFCS, FRAS,
7

FPeS, PRHS, PIHpS PROS )

1.0 = 10" {PFHzA}

1.0 = 10" {PFHZA}

ATTT Spiked waivs

AITT grourd waier

=50 (PROS)
=59, 0 (FFOS)
5.0 (FFO5)
=50 (FFOS)
=590 (FFOS)
=92.1 (FFOS)
DE.O-=30.9 (FFHZL}
5.0 (PROS)
5.0 (FFO5)
=50 (PROS)
5.0 (ALLY

=FF.5 (FFHeA
-0 0 (PFERAL)

Membeans Type Foed veaber PFAS Rajection (%) Rei
= Cascemization gL ) Campeaiticas
A L0 = 100 (MDA} S00.0my L * B (HFPO-DA)
a1 00.0 my-L " Macd
ok w080 15004000 { PYFrA, FYES FFHob, PIHpA SFHCSF O] waiss chrumamgeaphically rosclved (44
TP ;2 FTS, FIFRA, PR FOSA, PYTAL FFURALPIT IPFPRAL
SFTIuAFITA} =450 ({0 ba)
a0 10 = 10" (#ras) Ol weater SOO-99.0 (PROS) 31
oL .0-8.0 L50.0-400.0 | PIFri, PFES, PT A, FIMpA FFHCS, P D) wates chmmampraphacally rosslved (44
I ZFTS, PR RA, PR, FOSA, PITA, PR APID IPPRaA),
S FFDoA FETA} AT (POSA), =90 (Others)
w200 s0-80 L50.0-400.0 { PYFrA, PYES FF MLk, FIMpA PSP O] water chmmamgeapkarally rescived (44
I ZFTS, PR RA, PR, FOSA, PITA, PR APID IPPRaA),
5 FFDoA FITA} =05 0 [l ber]
Eut KA 10 = 10710 = 10° (PEOA) ol water SED-P00 (FROAY s
2L4D-ACHE- TSR KA LRI CPPEA] spkead growndwaier BEH-99.2 (PROA}
Ol water U199 (PPOA)
HYDEACDRE KA L0 CPEOS) ol water SE0-40.0 (PROSH =3
momgi’Ba S0.0-55.0 (PPUS)
NETD s L5 (PROS FTOA ) Ol i TLO (PITALELO (PITISH 3
71 Seciars waser TR (PIOALESO (PIOS)
™o Graendwesier BELD {PITLA,FTOS)
NTRTASD TATEIO0 L6 « 16520 « 10° (FFHEA) ol i 88,0 (FFHaA)
EENAT-KD T L. (PRI 0.0-2.0mul af Fe™*, Mg™', 9L1-95.1 (PPOS)
Ma', 500, PO and o
HrG KA L0000 CPTMEA PFDIA, IS, PRSP IBA FICS] Ol water 40,0 (PFMEALA0D
PP, 54.0 (PTRS,
B0 (PIBALISD
FFHES)LI00 (PFOS)
Lab-ryrebaized  TRC" 128 Lo (PrOS) Ol water BR.0-97.0 (PPOS)
Ky o 0.1-2.0mM Ca B40-99.3 (FROS)
AN KA 28« 10" {FraA) aoa-ssitleable pawde 550 (PITA) s
activassd caskan
HT N noo-ssitleable {within 1 b} BE.D(PIOAT
hydraialcis
e o Lo = 10" (praa) sompl’ oy BR.0-92.0 (FROAY
5.0 myl" MaS0,
25.0,50.0,100.0,130.0 [FFOS FFRS) Ol water BED-92.3 (PPOS),S.0-30.5
)
B0 {FIOE FIEE] 100200 0d 1000 a8 BOb-919 (FROS), 81.5-20.5
Mari IPFES)
SO0 {FIOE FIBE] 100 mgd " BsA ar 5 U496 (PPOS),80.3-84.8
[
™e o L8 = 187 (FraN) 5.0 M NaCL sl Nia S, BE.O-55.0 (FPOA)
Ol water
4 Wi OOMT o 20.0-200.0 (FROSH Ol waies TLEFLS (FROSH
manzcompaaes LI.0 (PFOS) 10700 mME07, POY, and WR.0-97.0 (PPOSH
mambrae o
1000 (PP D100 gL PR HLO-93.0 (FROS)
FEM" 0 L0 = 107 (FPOSPFOA) S.0my-L" Macl, Cacl,, 09000 (PPOALESO-S00 (54
Magsl, ]
ES an Lo = 10 (Fras) [RTp—— 9.0 (FPOS)
40 5.0« 10714 = 10° (PFOS) Ol waier W0 (PPOS)
el 40 Lo = 10' (Fras) Ol waier .0 (FFOS)
Commercial  LFC3 0 Lo = 10 (Fras) Ol water B0 (PFOS)
RO 0 50 = 10718 = 10° (PrDs) ol water 8.0 (PFOS)
] 0 5.0« 10718 = 10" PrOs) Ol water W1 (PFOS)
571 1o = 10" (Frmaap ol water BE.0-599.9 (FIHzA}
0 50 = 10718 = 10* Prs) ol water 8.0 (PFOS)
L] an Lo« 10 (Fras) Ol i 9.0 (FPOS)
40 5.0« 16718 = 10" (PROE) Ol waiss 9.0 (FFOE)
ESFA-2HO TOE G4 O3-3EA FIFRASIHZL PR A PFOA PITS, AITF Spiked waiss W0 (ALY
Pras,
PIPES FIHIS, PTHRE PITS]
0.1-27 (PFPaA PTHTAPFHPAFPOAFTPSS FFOS,  ATTT prousd waier
r
TP, RS, PIHpS FP0S)
e 571 Lo = 10" [Py ol water 7.5 (PTHIA)
SWINKLE 571 L8« 10" (P ol ek 88,00 (FFHaA)

https://www.sciencedirect.com/science/article/pii/S1383586622017166?via%3Dihub



https://www.sciencedirect.com/science/article/pii/S1383586622017166?via%3Dihub

sy ]  Energy use

4.5
4
—_—
o
25 : : : : £ 35
[ Water loss £
I oWt =
-Transport ﬁ 3
—~ 2 | [ Buffering i p
e I 5P Sop
= [ JaopP = &
E I RO e
= 1.5 | I VIF/UF S5 9
9 7]
2 c
= g
2 = 1.5
8 2
S e 1
: i
“os
0.5
0 0
DPR DPR w/DWT IPR w/RO IPR w/BAF
Q
ol

https://www.sciencedirect.com/science/article/pii/S2589914721000396
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