CHEMISTRY 301

Water Treatment Strategies for
Drinking and Wastewater

DWT = drinking water treatment— safe for human consumption ‘potable water’

WWT = wastewater treatment — minimize impact on environment
(e.g., municipal, stormwater, agricultural, industrial, mining)




Strategies ?

Type/amount of contaminant (source) & end-use dependent




Removal or Destruction ?

Elements can only be removed (isolated and physically separated)

Organic cmpds can be removed or destroyed (mineralized = CO, + H,0)

Processes

Physical (e.g., filtration, co-agulation & floculation, adsorption)
Chemical (e.g., precipitation, oxidation, ion-exchange)

Biological (aerobic = oxidation e.g., {CH,0} = CO, NH,* 2 NOj
anaerobic = reduction e.g., NO;- =2 N,)



Natural Purification Processes provided by the
Water Cycle and Watersheds

» Evaporation/condensation The natural water cycle
P

(distillation) L
Condensation Ls N Q
Evapotranspiration qib

Evaporation

e Percolation through soil, sand
and rock (filtration)

* Sedimentation (coagulation)

*  Photochemical and A _ High-
Biodegradation (oxidation) S MG

o . Bedrock,




Drinking Water Treatments

Concerns Treatments

Microbes/pathogens [Ox] = Cl,, O,, ClO,, UV/HO.

Toxic metals Reverse Osmosis, nano-filtration, lon-exchange
(Pb, Hg, Cd, As)

Toxic organics [Ox], AOPs, charcoal, nano-filtration
(pesticides, POPs, PPCPs, DBPs)

Nuisance organics [Ox], AOPs, charcoal, nano-filtration

(humics, surfactants)
Nuisance in-organics lon-exchange ‘softening’, air oxidation
(Ca2+’|:e2+’|v|n2+)



Approaches to DWT

Distillation
Carbon Adsorption

U.V. Radiation
Filtration

Reverse Osmosis

Ultra Filtration
lon Exchanges



Drinking Water Treatment Plants
Surface Waters

Water treatment

| Abstraction y Clarification g Filter 1 Disinfection g Distribution

! Taking the water out of the river I Making the water clearer I Taking out any bits I Removing germs I Sending clean water
to our homes, schools
and workplaces

Clanficatson tanks

ckened
sludge holding
tank




Nanaimo DWTP — South Forks Road

South Fork Water Treatment Plant Processes
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Inside the city of Nanaimo's
water filtration system

[l The pressure
required to move the
unpurified water TREATED
through the membrane ~ WATER
is provided by gravity,
saving thousands of
dollars in water UNTREATED
pumping costs. WATER
\ FILTRATION
TANK
MEMBRANE
CASSETTE I
%‘
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. D
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\ IMPURITIES
¥ The ZeeWeed system is % \ ‘
composed of thousands of N

individual membranes \. A i)

organized into modules and El Uitra-small filtration N =3

these medules are organized openings prevent various e

info rectangular cassettes. The  impurities from entering the I The filtration tanks enable

system has a very compact membrane, ensuring that the membrane to be cleaned . .

footprint and reduces the land only treated water is filtered regularly which will ensure a htt pS .//WWW. Nanalimo.cC
required for the city. through. long membrane life.
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How BIG is “small"? - -

The ZeeWeed system filters T Sewage/water Su pplv

particles as small as 1/600th

the diameter of a human hair. &m?’:x’x:\. F%?EQTL%" a n d 't re at m e nt/Wa te r‘
in diameter)

(0.1 micrometres)

. treatment-plant

MICROSCOPIC \ GRAIN OF SAND

PARASITES (20 micrometres)
{315 micrometres)

Here's a look at relative sizes.



https://www.nanaimo.ca/city-services/water-sewage/water-supply-and-treatment/water-treatment-plant

Groundwaters
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‘Hard Water’

(Calcium removal)

Calcite scale (esp. hot water heaters and boilers)

CaCO4(s) + CO,(agq) + H,0 === Ca?*(aq) +2HCO;(aq)

Calcium stearate ‘soap scum’

Ca** + C,H;.CO,- > (C,5H;:CO,),Ca(s)




lon-exchange Softening

(Calcium removal)

Softening Reactions

Service
Na’ Ca’
Ca(HCO,), + Q) = () + 2 NaHCO,

Na’
Hardness Resin Exhausted Soft Water

Regeneration

Ca* Na
) + Nacl = (JQ + CaCl, + NaCl
Na®
Exhausted Salt Resin Waste Excess Salt




De-ionization

(ion-exchange)

Cations exchanged with H*
Anions exchanged with OH"

H* + OH - H,0

Ca™ Me™ Ma®

co. e s 5o, | | e , H+ k", Nat
s OH
o OH g ‘ '
H+ OH
Cation Anion NaCl mionn lon Exchanges
+ ol _
. H+ OH ’
H: OH
No Ne
2 H'OH or HaO

HCOy CF 80,7 Si0,

When expired, Na’ When expired, 510,
will leak through first will leak through first



Anion exchange membrane ' Cation exchange membrane
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Desalination stream

A  Anion exchange membrane

Concentration stream C : Cation exchange membrane



Reverse Osmosis

semipermeable
pressure membrane

!

osmotic pressure
difference

semi permeable
membrane

water molecule

contaminants
in water R
(38” v.s' ) rechdon Graphics

Semi-permeable membrane —

Hydrophilic with molecular layers of
adsorbed H,0



Reverse Osmosis

3 - B

Waste water




Filtration

PARTICLE SIZE REMOVAL RANGE BY FILTRATION
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Dis-infection
Cl,, Clo,, O,, UV (OH:)

GERMICIDAL LAMP IN QUARTZ SLEEVE

D CLAMP\ ULTRAVIOLET RAYS \
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Dis-infection by-products (DBPs)



Drinking Water Treatment Facility

(Statoil Leismer Lodge, Alberta)




Filtration and lon-exchange

(suspended particles and As)

lon-exchange for As removal On-line turbidity meters



Dis-infection

(Chlorination)

Cl, injectors On-line Cl, monitor



Municipal Wastewater Treatment

Concerns Treatments

Oxygen Demand Settling, Aeration

(BOD, COD)

Nutrient Loading — eutrophictlon iological for N — Nitrosomonas, Nitrobacter

(NH,*, NO;, PO,*) Chemical for P — precipitation, flocculation
Microbes/pathogens [Ox] = Cl,, O,, ClO,, UV/HO.
Toxic metals RO, nano-filtration, lon-exchange

(Pb, Hg, Cd, As)

Toxic organics [Ox] - AOPs, adsorption ‘activated carbon’
(pesticides, POPs, PPCPs)



WWT Effluent Limits

(Environment Canada)

5 day Biochemical Oxygen Demand

20 mg/L

Suspended Solids

25 mg/L

Fecal Coliforms (MF method)

400 per 100 mL (after disinfection)

Chlorine Residual

0.50 mg/L minimum
after 30 minutes contact time
1.00 mg/L maximum

pH 6t09
Phenols 20 pg/L
Oils & Greases 15 mg/L
Phosphorous (Total P.) 1.0 mg/L

Temperature

not to alter the ambient water temperature
by more than 1°C

Source: http://www.ec.gc.ca/etad/default.asp?lang=En&n=023194F5-11




Wastewater Treatment Plants

(near you)
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Wastewater Treatment Schematic
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French Creek WWTP




Biological Treatments for N removal

Organic N
(proteins
amino acids)

—_—

mast microb

—_
—

02

Nitvosomonas

4H+

TV

NO2-
02

Nitrabacter

-

NO3-

Ammonification

Nitrification
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Biological Treatments for N removal
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Chemical Treatments for P removal

Lime — Ca(OH),
Ca?* +PO,> 2> Cas(PO,),(s) Ksp ~ 10733

AB* + PO, > AIPO,(s) K, ~ 1020

Ferric Chloride — FeCl,
Fe3* + PO,> = FePO,(s) Ky ~ 1022



Pharmaceuticals and Personal Care
Products




ASA and metabolites in WWT

Influent Effluent Influent Effluent Percent
conc conc load load removal
(ug/L) (ug/L) (g/day) (g/day)
Acetylsalicylic 3 0.6 180 34 80
acid (ASA)
Salicylic acid 60 0.05 3100 3 99
Gentisic acid 5 <0.1 250 <5 > 98

Mean flow rate: 55,000 m3/day, sludge age: ~ 8 days

Rate decomposition of micro-pollutant in WWT = k. x SS x [P]
where; n
k4. is psuedo-first order rate constant for decomposition ‘\
SS is the concentration of suspended solids in g/L or
[P] is the concentration of micro-pollutant
O

adapted from Environ. Sci. & Technol., (2004), 38, 393A-399A. O/J'\



Recent Publications on
Treatment/Removal of PPCPs

Elimination of Organic Micropollutants in a Municipal Wastewater
Treatment Plant Upgraded with a Full<Scale Post-Ozonation Followed by
Sand Filtration, Juliane Hollender et al., Environmental Science &
Technology (2009) 43, 7862-7869.

Adsorption of Sulfonamide Antibiotics to Multiwalle@ Nano@

Liangliang Ji et al., Langmuir (2009) 25, 11608-11613.

Uptake of Pharmaceutical and Personal Care Produc@oean P@

from Soils Applied with Biosolids and Irrigated with Contaminated
Water, Chenxi Wu et al., Environmental Science & Technology, (2010) 44,
6157-6161.

Adsorption of Pharmaceutical Antibiotics on Template-Synthesized Ordered

Micro- an@tﬁrﬁ%@uangliang Ji et al., Environmental
Science & Technology 44, 3116-3122.




Acid Mine Drainage

Concerns Treatments

Low pH base (NaOH, CaCO,)
-pH~2-3

Dissolved metals ‘cementation’ & ‘lime’
-Fe*/Fe3*

-CU2+, Zn2+, Pb2+, Cd2+, Ni2+, Sn2+



Acid Mine Drainage

‘Yellowboy’
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‘Cementation’

Sacrificial Redox Chemistry

Cu?* + Fe(s) = Cu(s) + Fer E°=0.78V

Fe’t+ 2e > Fe(s) E°= -0.44V
Cu’*+ 2e > Cu(s) E°= 0.34V

E=E° - 2.3 RT/nF log Q, where Q = {Fe?*}/{Cu?*}



Lime Treatment

Ca(OH),(s)/H,0 slurry
[Ca?] |
[oH] ]

Precipitation of metal hydroxides |

metal hydroxides M(OH), (s) Zn(OH),, Fe(OH),
hydrous oxides  MO(OH)(s) FeO(OH)
oxides MO(s) Zn0O, Fe,0,



Metal Hydroxide Solubility
(pH dependence)
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Britannia Mine (Howe Sound, BC)

waters
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Britannia Mine Site
Cementation Cu Launders

Cu?* + Fe(s) > Cu(s) + Fe?



Storm-water, Agricultural and Urban Run-off
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Phyto-remediation

Plants to sequester and concentrate pollutants







Summary of Processes and Glossary of Terms

DWT WWT
Filtration, Aeration, Disinfection o _
Disinfection (CI2, UV, 0O3)

Dissolved solids . .
Advanced Oxidation

Hard water softening
Deionization Activated Carbon
Electro-dialysis ) )

yoIS. Biological N removal
Reverse Osmosis

Chemical P removal

Disinfection

Chlorine, Ozone, UV radiation Cementation
Micro-pollutants Phytoremediation
Advanced Oxidation Processes Lime treatment

Nano-filtration
Activated Carbon

coagulation, flocculation, lime, alum
mineralization, ion-exchange
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Fate of Perfluorooctanesulfonate and perfluorooctanoate in
drinking water treatment processes

Sokichi Takagi ® A &, Fumie Adachi ®, Keiichi Miyano ® Yoshihiko Koizumi ®, Hidetsugu Tanaka 2, Isao

Watanabe 2, Shinsuke Tanabe ?, Kurunthachalam Kannan ©

Show more

https://doi.org/10.1016/j.watres.2011.04.052 Get rights and content

Abstract

Perfluorooctanesulfonate (PFOS) and perfluorooctanoate (PFOA) have been
recognized as global environmental pollutants. Although PFOS and PFOA have been
detected in tap water from Japan and several other countries, very few studies have
examined the fate, especially removal, of perfluorinated compounds (PFCs) in
drinking water treatment processes. In this study, we analyzed PFOS and PFOA at
every stages of drinking water treatment processes in several water purification plants
that employ advanced water treatment technologies. PFOS and PFOA concentrations



Environ Sci Pollut Res (2013) 20:3890-3899
DOI 10.1007/s11356-012-1334-x

RESEARCH ARTICLE

Applicability of MIEX®DOC process for organics removal
from NOM laden water

Anna M. Karpinska - Rui A. R. Boaventura -
Vitor J. P. Vilar « Andrzej Bilyk - Marek Molczan

Received: 29 June 2012 / Accepted: 12 November 2012 /Published online: 27 November 2012
(© Springer-Verlag Berlin Heidelberg 2012

Abstract The aim of this study was to evaluate applicability =~ Keywords Anionic organics - DOC - Ion Exchange -
of ion exchange process for organics removal from Douro  MIEX® Resin - NOM - Water treatment

River surface water at the intake of Lever water treatment

plant using magnetized ion exchange resin MIEX®,
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Engineered Photocatalytic Material Membrane Assemblies for
Removing Nitrate from Water

Hang Ku,T"t Yang Li,T"JF Mingmei ]:Zl'ing;f"‘T"JF Wei EhF:n,T’I Kang ".-"'q.?':ir1g,T"JF and Chunhui Lu®

T[':Z-r_'f,l' Laboratory of Integrated Regulation and Resource Development on Shallow Lake of Ministry of Education, College of
Environment, Hohai University, Nanjing 210098, China

tHohai University, College of Environmental Science, Nanjing 210098, China

State Key Laboratory of Hydrology—Water Resources and Hydraulic Engineering, Hohai University, Nanjing, China

© Supporting Information

ABSTRACT: LiNbO,, as a nonlinear optical material (NLO), can
remove nitrate from water via photocatalytic denitrification
(PCDN), which has received increasing attention in the field of
water treatment. In this work, efficient denitrification of water was
achieved by coating a poly(ether sulfone) (PES) support
membrane with a hydrothermally synthesized LiNbOy powder.
The photocatalytic membrane could achieve a water flux of 237 +

UOTEZLIR]O]

12 L m 2" per bar with a LiNbO; and polyethylenimine § Permeate "
assembly. In addition, the photocatalytic membrane possess | LiNbOs Coating Liyer

inherent and unique advantages over common ultrafiltration 2 PES Suppon ?

membranes, such as separation performance and antifouling (&) LiNDOs Crystal Mol fo ey o (&7

properties. In addition, the LINbOy has been successfully applied
to the membrane materials, endowing the membrane with high
photocatalytic activity. The photocatalytic denitrification experiments on the membranes indicated that the low concentration of
nitrate( 10 mg L_'} can be reduced to N; via COy"™ radicals under conditions of a 365 nm UV light source, with 81.82% nitrate
removal and 98.29% photocatalytic selectivity toward nitrogen. The abowve results imply that the prepared photocatalytic
membranes have the potential to be used in future separation technologies and for water treatment procedures to remove nitrate.

KEYWORDS: Membrane Nonlinear optical material, LiNb Oy Photocatalytic denitrification
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Catalysis Today

journal homepage: www.elsevier.com/locate/cattod

Wastewater treatment of methyl methacrylate (MMA) by Fenton'’s @Cmmk
reagent and adsorption

Perla Tatiana Almazan-Sanchez?, Ivonne Linares-Hernandez >+,
Verénica Martinez-MirandaP®, Violeta Lugo-Lugo*©,
R.M. Guadalupe Fonseca-Montes de Oca®

* Facultad de Quimica de la Universidad Auténoma del Estado de México, Paseo Colon esq. Paseo Tollocan, 5/N, C.P. 50120 Toluca, Estado de México, Mexico
b Centro Interamericano de Recursos del Agua [CIRA), Universidad Auténoma del Estade de México, Facultad de Ingenieria, Unidad San Cayetano, km. 14.5,
carretera, Toluca-Atlacomulco, C.P. 50200 Toluca, Estado de México, Mexico

© Universidad Tecnoldgica del Valle de Toluca, Direccidn de Mecatrdnica y Sistemas Productivos, Carretera del Departamento del D.F., km 7.5, Ejido de Santa
Maria Atarasquille, Lerma, Estadoe de México, Mexico
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Removal of Organoarsenic with Ferrate and Ferrate Resultant
Nanoparticles: Oxidation and Adsorption

Tao Yang,T Lu Wang,*‘T Yulﬂ Liu,* Jin _]mng, Zhuangsong Hl.:L:mg,Jr Su-Yan Pang,§ Haijun Cheng,T
Dawen Gao,” and Jun Ma* "

"State Key Laboratory of Urban Water Resource and Environment, School of Municipal and Environmental Engineering, Harbin
Institute of Technology, Harbin 150090, China

J‘Technﬂlﬂgj.r R & D Center for Environmental Engineering, Dongguan University of Technology, Dongguan 523808, China
35chool of Municipal and Environmental Engineering, Jilin Jianzhu University, Changchun 130118, China

© Supporting Information

ABSTRACT: Many investigations focused on the capacity of ?H — ?H
ferrate for the oxidation of organic pollutant or adsorption of _ | o=as—oH —+ o=ps—o0H

hazardous species, while little attention has been paid on the = (I_\ R

effect of ferrate resultant nanoparticles for the removal of _% o Fo H,.I “Ewt!-ﬁﬁ Fn{lll}

organics. Removing organics could improve microbiological % % | “""’““'d"“

stability of treated water and control the formation of HE HH, — KO, ';m
disinfection byproducts in following treatment procedures. g .

HETEEI'I., we studied ferrate oxidation ﬂfp-a.rsamlbc acid (P‘ E 2 | Owidanbip-ASA= 301, pH 7.0

ASA), an extensively used organoarsenic feed additive. p-ASA l f‘_‘“g':;ﬁ
was oxidized into As(V), p-aminophenol (p-AP), and 0 L —— —

nitarsone in the reaction process, The released E.S{V:II could MV coddation  Chiorinaton [;:me mm.rmml]:ihh:lerwagawuluu

be eliminated by in situ formed ferric (oxyhydr) oxides

through surface adsorption, while p-AP can be further oxidized into 4,4'-(diazene-1,2-diyl) diphenol, p-nitrophenol, and NOy ™.

Nitarsone is resistant to ferrate oxidation, but mostly adsorbed (>85%) by ferrate resultant ferric (oxyhydr) oxides. Ferrate

oxidation (ferrate/p-ASA = 20:1) eliminated 18% of total organic carbon (T'OC), while ferrate resultant particles removed 40%

of TOC in the system. TOC removal efficiency is 1.6 to 38 times higher in ferrate treatment group than those in Oy, HCIO, and
permanganate treatment groups. Besides ferrate oxidation, adsorption of organic pollutants with ferrate resultant nanoparticles

could also be an effective method for water treatment and environmental remediation.
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Journal of Hazardous Materials

journal homepage: www.elsevier.com/locate/jhazmat

Enhanced adsorption of mercury ions on thiol derivatized single wall @Cmmk
carbon nanotubes

Narasimha Murthy Bandaru?, Nekane Reta®, Habibullah Dalal?, Amanda V. Ellis?,
Joseph Shapter?, Nicolas H. Voelcker ™+

* Flinders Centre for NanoScale Science and Technology, School of Chemical and Physical Sciences, Flinders University, Adelaide, 54 5001, Australia
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HIGHLIGHTS

* A thiol-derivatized single walled carbon nanotube (SWCNT-5H) adsorbent was synthesized.

* SWCNT-5H enhanced adsorption capacity for Hg(II) ions as compared with pristine SWCNTs and activated carbon.
* The maximum adsorption capacity of SWCNT-5H was found to be 131 mg/g.

* The SWCNT-5H absorbent was employed for multiple adsorption cycles after regeneration with acid solution.

* The adsorption efficiency of SWCNT-5H absorbents was retained up to 91% after 5 adsorption/desorption cycles.
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Modular Advanced Oxidation Process Enabled by Cathodic
Hydrogen Peroxide Production
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ABSTRACT: Hydrogen peroxide (H,0,) is frequently used in POTARLE WATER
combination with ultraviolet (UV) light to treat trace organic

United States
complicates the operation of AOPs. To awoid the need for '
replenishing a stock solution of HyO,, a gas diffusion electrode
was used to generate low concentrations of Hy Oy direcly in
the water prior to its exposure to UV light. Following the AOP, \__-n-
the solution was passed through an anodic chamber to lower —
trace contaminants that spanned a range of reactivity with UV
light and hydroxyl radical (HO®) in three different types of source waters (ie, simulated groundwater, simulated surface water,
and municipal wastewater effluent) as well as a sodium chloride solution. Irrespective of the source water, the system produced
enough H,O, to treat up to 120 L water d™". The extent of transformation of trace organic contaminants was affected by the
current density and the concentrations of HO® scavengers in the source water. The electrical energy per order ( Epg) ranged from

Department of Civil and Environmental Engineering, University of California, 407 O'Brien Hall, Berkeley, California 94720-1716,

contaminants in advanced oxidation processes (AOPs) e w_:::

small-scale applications, such as wellhead and point-of-entry =

water treatment systems, the need to maintain a stock solution

of concentrated HyO; increases the operational cost and E PR TR

the solution pH and remowve the residual H,0,;. The

effectiveness of the technology was evaluated using a suite of

1 to 3 kWh m™, with the UV lamp accounting for most of the energy consumption. The gas diffusion electrode exhibited high
efficiency for H,O, production over extended periods and did not show a diminution in performance in any of the matrices.
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Solar photocatalytic degradation of naphthenic acids in oil sands @mﬁmﬂ
process-affected water
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HIGHLIGHTS CRERAPHICAL ABSTRACT
#« One day of solar photocatalytic

treatmment eradicated AED from raw (A CDE
D5PW, O
# AED was completely mineralized 2 R

through a  superoxide-mediated \\
oxidative pathway, O
# HEMS5 showed preferential degrada-

ticn of the more emvironmentally per- S OH
sistent fractions,
# Acube toxicity of the OSPW toward
Vibrio fischeri was eliminated,
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ABSTRACT: Enhanced weathering of (ultra)hasic silicate nocks such
as olivine-fich dunite has been proposed as a brge-scale dimate
engineering approach. When implemented in coastal environments,
olivine weathering is expected to increase seawater alkalinity, thus
resulting in additional OO uptake from the atmosphere. However, the
mechanisms of marine elivine weathering and its affect on seawater—
carbonate chemigtry remain poorly undemtood Here, we present
results from batch reaction experiments, in which fomerntic olivine
was subjected to rotational agitation in different seawater madia R
perisls of days to months Olvine dimolition caused a significant
increase in alkalinity of the seawater with a consequent DIC increase
due to {0 invasion, thus confirming viability of the basic concept of Olivine

enhanced silicate weathering Howewver, our experiments also

identifhed several important challenges with respect to the deiled

quantification of the C0L, sequestration sffidency under fisld conditions, which indude nonstod chiometric dismolution, potential
pore water saturation in the seabed, and the potential oocurrence of sscondary reactions. Befre enhanced weathering of olivine
in coastal environments can be considensd an option R realizing negative C0, emissions for dimate mitigation purposes, these
aspects need further experimental asessment.




