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Summary

This chapter covers physio-chemical processes including advanced oxidation processes
for wastewater treatment. The approach used in this chapter is to first provide a brief
introduction to each of the processes followed by a brief description of the process
fundamentals in removing organic matter. The removal of effluent organic matter
(EfOM) in terms of dissolved organic carbon (DOC), molecular weight distribution
(MWD) for each process is then explained followed by removal of endocrine disrupting
chemicals (EDCs) and pharmaceutical and personal care products (PPCPs) by each
process.

1. Introduction

The physico-chemical method of wastewater treatment involves either physical process
or chemical process or at many times a combination of both these processes. Although
their basic principles are quite different, the processes are sometimes hard to distinguish
as the two processes may occur simultaneously in a single treatment unit. Sometimes
the physical entrainment of organic micro pollutants in water and wastewater is also
associated with biological degradation depending on the treatment environment. The
sorption (definition included in the following section) of micro pollutants onto solids
and, accordingly, their behaviour during the physico-chemical treatment, depends
basically on their physico-chemical properties, such as lipophilicity or acidity (Carballa
et al., 2005). Two types of coefficients (Kow: octanol-water partition coefficient) and
(Koc: organic carbon partition coefficient) are usually used to determine the sorption
effectiveness and the affinity of a given substance to effluent organic matter (EfOM).
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However some limitations for its applicability in endocrine disrupting chemicals
(EDCs) and pharmaceutical and personal care products (PPCPs) have been reported
(Holbrook et al., 2004) and another indicator known as solid—water distribution
coefficient (Kd), defined as the ratio between the concentrations of a substance in the
solid and in the aqueous phase at equilibrium conditions have also been sometimes used
as a suitable parameter (Ternes et al., 2004).

This coefficient takes into account the two main sorption mechanisms: absorption
(hydrophobic interactions characterized by the Kow value) and adsorption (electrostatic
interactions related to the tendency of the substance to be ionized or dissociated in
aqueous phase, which is characterized by the dissociation constant, pKa). According to
their physico-chemical properties, EDCs/PPCPs can be divided into three main groups:
lipophilic (with high Kow values), neutral (non-ionic) and acidic (hydrophilic and ionic)
compounds (Carballa et al., 2005).

At sewage treatment facilities, the wastewater is subjected to various treatment regimes
(depending on the size and sophistication of the treatment plant), resulting in "removals”
of PPCPs that range from nearly complete to nearly zero. Although the removal
efficiencies are a function of the individual EDC/PPCP properties as well as the
treatment process(es), their removal is also essentially a collateral or incidental function
of a sewage treatment plant, as these facilities were never specifically designed to
remove exotic, bioactive xenobiotics (Daughton, 2007).

In the following sections the physicochemical processes such as coagulation-
flocculation, adsorption, biofiltration, ion exchange (IX) and advanced oxidation
processes (AOPs) have been reviewed for their roles in removing dissolved organic
matter, molecular weight distribution and EDCs and PPCPs.

2. Overview of Physico-Chemical Processes

One of the main reasons for applying physico-chemical processes in the advanced
treatment of biologically treated sewage effluent (BTSE) is to remove particulate
organic_matter (> 0.45 pum) and dissolved organic matter (DOC < 0.45 yum). EfOM
removal can be shown in terms of DOC, MWD, fraction and EDCs/PPCPs. DOC
presents a surrogate for general organic contaminant removal by physico-chemical
processes, MWD provides specific removal of different organic sizes, fraction
represents removal of different hydrophobic/philic fractions and removal of EDCs and
PPCPs can be used as an indicator for the smallest MW compounds (about 150 — 500
Da). The four parameters provide a better understanding of organic removal by physico-
chemical processes.

The effectiveness of specific processes in treating EfOM is strongly influenced by the
size (or MW) and structure of EfOM. The size ranges of EfOM removed by different
treatment methods are shown in Figure 1. In general, flocculation and biofiltration
remove the majority of particulate organic matter. Adsorption, 1X and AOPs remove the
small size of EfOM.
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Figure 1 Size ranges of the applied treatments in treating EfOM

2.1 DOC Removal by Physico-Chemical Processes

Figure 2 shows the removal of EfOM from the same BTSE by different physico-
chemical treatment at an optimum condition (Shon et al., 2006). The DOC removal
depends significantly on the treatment processes used. Powdered activated carbon
(PAC) adsorption and granular activated carbon (GAC) biofiltration result in relatively
high DOC removal of EfOM in comparison to that of flocculation, 1X and AOPs. This
suggests that the EFOM consists mainly of small MW organic matter in the BTSE used.

Figure 3 shows the removal efficiency of EFOM from BTSE with chemical coupling. As
expected, the removal increases significantly with chemical coupling. Enhanced
removal was observed especially when coupling PAC adsorption with MIEX and PAC
adsorption with flocculation which may be due to removal of different range MW by
each process.
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Figure 2 DOC removal by different physico-chemical processes (FeCls flocculation,
powdered activated carbon (PAC) adsorption, IX with magnetic ion exchange resin
(MIEX®), AOPs (photocatalysis) with TiOs, granular activated carbon (GAC)
biofiltration) in BTSE from a wastewater treatment plant
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Figure 3 DOC removals from BTSE with different chemical couplings

2.2 MWD Removal by Physico-Chemical Processes

MWD of EfOM is very important in understanding the removal of micropollutants under
different sizes by different treatment methods. Figure 4 shows the MWD of EfOM
following treatment by different physical-chemical processes. The MWD of EfOM in
the BTSE used is comprised of small (260 Da, 580 and 870) and large (43100 Da) MW
compounds.

The organic concentration of biopolymers, humic substances, low MW acids and low
MW neutrals including amphiphilic in BTSE was 0.7 mg/L (6% content), 6.3 mg/L
(53%), 2.3 mg/L (20%) and 2.5 mg/L (21%), respectively (Haberkamp et al., 2007).
Flocculation removed mainly the large MW compounds and did not remove the
majority of small MW (263 Da, 330 and 580) while adsorption mainly removed the
small MW compounds.

The five general MW peaks in BTSE are found in i) 30 kDa — 50 kDa, ii) 1500 Da —
800 Da, iii) 800 - 500 Da, iv) 250 Da and v) < 250 Da. The compounds in the range of
30 kDa - 50 kDa are biopolymers; 1500 Da — 800 Da are humic substances; 800 - 500
Da are building blocks; 250 Da are acids, and less than 200 Da are low MW neutrals
and amphiphilics (Huber, 1998).
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Here, biopolymers include polysaccharides and proteins; building blocks include
hydrolysates of humic substances; acids include all free mono- and diprotic low-molar-
mass organic acids; low MW neutrals and amphiphilics (slightly hydrophobic
compounds) include sugars, alcohols, aldehydes, ketones and amino acids.

10
Initial MW. 260
----------------- After flocculation
] [T After adsorption
———— After IX
.E_‘
g
< 07
= MW: 330
2, MW: 870 MW: 580
2
4
g
4
[
: -
MW: 43100
0
500 600 700 800 500 A
Time (second)
. MW: 260
Initial
8 1 3 e GAC biofiltration
—————— Photocatalysis
5 4
=}
< MW: 330
> MW 870 MW: 580
=
g 47
s
2.
g
e {
2 1 ﬂ
N
_ =\
MW: 43100 Pt \
LNF Ay
¥ el o]
N = e, — S -
500 600 700 800 200 1o

Time (second)
Figure 4 MWD of the influent BTSE and effluents from different physico-chemical

treatments (flocculation, adsorption, GAC biofiltration, photocatalysis, and IX with
MIEX®)

©Encyclopedia of Life Support Systems (EOLSS)



WATER AND WASTEWATER TREATMENT TECHNOLOGIES - Physico-Chemical Processes for Organic Removal from
Wastewater Effluent - H.K. Shon, S. Phuntsho, S. Vigneswaran, J. Kandasamy, J. Cho, J. H. Kim

2.3 Fraction Removal by Physico-Chemical Processes

Removal of different organic fractions is also helpful in determining the efficiency of
different physical-chemical treatments in removing hydrophobic (HP), transphilic (TP)
and hydrophilic (HL) fractions (Table 1). FeCls flocculation removed a higher amount of
HL fraction. This is probably due to the ionic effects of EFOM. Flocculation removes HL
fraction when the pollutants are more negatively charged. In general, flocculation and
adsorption are used mainly to remove the HP fraction of large and small MW organics.
The removal of HL by flocculation (in this case) may be due to the large dose of FeCls
used (through sweep flocculation mechanism) (Shon et al., 2005). The removal of HL by
adsorption could be attributed to the physical affinity between HL organic molecules and
PAC (through Vander Waals, electrostatic forces and chemisorption) (Shon et al., 2004).
lon exchange with MIEX® also exhibited very high removal of hydrophilic compounds
(Zhang et al., 2005).

Initial | MIEX® (mg/L) PAC Flocculation | Photocatalysis
(mg/L) adsorption (mg/L) (mg/L)
(mg/L)

HP | 1.645 0.715 (56.5%) 0.460 (72.0%) | 0.999 (39.3%) | 0.802 (51.2%)
TP | 1.034 0.705 (31.8%) 0.282 (72.7%) | 0.802 (22.4%) | 0.703 (32.0%)
HL | 3.822 1.180 (69.1%) 1.258 (67.1%) | 1.540(59.7%) | 2.810 (26.5%)

Table 1 Efficiency of different physico-chemical treatment processes in the removal of
different fractions from BTSE

2.4 EDCs/PPCPs Removal by Physico-Chemical Processes

It is difficult to remove EDCs and PPCPs within the range from 100 to 500 Da in
EfOM. Removal of EDCs and PPCPs is thus considered as the main parameter in
determining the efficiency of a particular treatment method. Considering treatments by
flocculation, adsorption and oxidation, the removal of these compounds showed very
different trends (Table 2). Some of them are removed by up to 90%, while the others
can only be partially removed (Barceld, 2003). This suggests that removal of the
emerging contaminants requires the careful selection of treatment methods depending
on the individual EDC and PPCP structure and treatment application/dose.

Treatments Compounds

Flocculation >50% removal of: benzo[a]pyrene, benzo [g,h,I]perylene,
benzo[k]fluoranthene, mirex, benzo[b]fluoranthene,
benzo[a]anthracene
<10% removal of: diazepam, diclofenac, meprobamate,
sulfamethoxazole, trimethoprim

Adsorption >90% removal of: triclosan, fluoxetine, oxybenzone, mirex,
DDT
<50% removal: meprobamate, sulfamethoxazole, iopromide,
trimethoprim, gemfibrozil

Chlorination >90% removal of: 17p-estradiol, oxybenzone, triclosan,
sulfamethoxazole, benzo[a]anthracene
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<40% removal of: androstenedione, progesterone, DDT, tri(2-
chloroethyl) phosphate, mirex

Ozonation >90% removal of: 17p-estradiol, fluoxetine, carbamazepine,
progesterone, trimethoprim

<50% removal of: lindane, musk ketone, iopromide, TCEP,
meprobamate

Table 2 Unit processes and operations used for EDCs and PPCPs removal in WWTP

Group Classification AC* O3/AOP | UV | CI,/CIO, | Flocculation
adsorption

EDCs Pesticides E L-E E P-E P
Industrial chemicals E F-G E P P-L

Steroids E E E E P
Metals G P P P F-G

Inorganics P-L P P P P
Organometallics G-E L-E F-G P-F P-L
PPCPs Antibiotics F-G L-E F-G P-G P-L
Antidepressants G-E L-E F-G P-F P-L

Anti-inflammatory E E E P-F P
Sunscreens G-E L-E F-G P-F P-L
Antimicrobials G-E L-E F-G P-F P-L
Surfactants/detergents E F-G F-G P P-L

*AC, activated carbon; E, excellent (>90%); G, good (70-90%); F, fair (40-70%); L, low (20-
40%); P, poor (<20%)

Table 3 Anticipated physico-chemical processes and operations for EDC and PPCP
removal

Table 3 presents the universal performance of different unit processes in removing
typical classes of EDCs and PPCPs (Snyder et al., 2003b). In general, flocculation
cannot remove the majority of EDCs/PPCPs, while activated carbon can be used to
adsorb many different EDCs/PPCPs. AOPs can moderately remove specific
EDCs/PPCPs. Snyder et al., (2003b) reported that dissociated acidic EDCs/PPCPs were
more reactive than protonated forms, suggesting that removal of EDCs/PPCPs is pH
dependent. Functional groups that affect removal are in the order of thiols > amines >
hydroxyl > carboxyl. Aromatic group of EDCs/PPCPs showed better removal in
comparison to aliphatic compounds.

TO ACCESS ALL THE 59 PAGES OF THIS CHAPTER,
Visit: http://www.eolss.net/Eolss-sample AllChapter.aspx

©Encyclopedia of Life Support Systems (EOLSS)


https://www.eolss.net/ebooklib/sc_cart.aspx?File=E6-144-07

WATER AND WASTEWATER TREATMENT TECHNOLOGIES - Physico-Chemical Processes for Organic Removal from
Wastewater Effluent - H.K. Shon, S. Phuntsho, S. Vigneswaran, J. Kandasamy, J. Cho, J. H. Kim

Bibliography

Abdessemed, D. and Nezzal G. (2002) Treatment of primary effluent by coagulation adsorption—
ultrafiltration for reuse. Desalination 152, 367—-373. [This presents approaches to the study of coagulation
and adsorption pretreatment to UF]

Adams C., Wang Y., Loftin K., and Meyer M. (2002) Removal of antibiotics from surface and distilled
water in conventional water treatment processes. J. Environ. Eng., 123, 253-260. [This presents
approaches to the study of the removal of antibiotics from surface and distilled water]

Adin A., Soffer Y. and Ben Aim R. (1998) Effluent pre-treatment by iron coagulation applying various
dose—pH combinations for optimum particle separation. Water Sci. Technol. 38, 27-34. [This presents
approaches to the study of the performance of FeCl; flocculation as pretreatment for wastewater]

Al-Bastaki N.M. (2003) Performance of advanced methods for treatment of wastewater: UV/TiO2, RO
and UF. Chem. Eng. Processing, 43, 935-940. [This presents approaches to the study of waste water
treatment using advanced methods]

Al-Rasheed R. and Cardin D.J. (2003) Photocatalytic degradation of humic acid in saline waters. Part 1.
Artificial seawater: influence of TiO,, temperature, pH, and air-flow. Chemosphere 51, 925-933. [This
presents approaches to the study of Influences of different parameters on PCO of humic acids in saline
water]

AnT., GuH., Xiong Y., Chen W., Zhu X., Sheng G., and Fu J. (2003) Decolourization and COD removal
from reactive dye-containing wastewater using sonophotocatalytic technology. Journal of Chemical
Technology and Biotechnology, 78, 1141-1148. [This presents approaches to the study of decolourization
and COD removal using sonophotocatalytic technology]

Andreozzi R., Caprio V., Insola A. and Marotta R. (1999) Advanced oxidation processes (AOP) for water
purification and recovery. Catal. Today, 53, 51-59. [This presents approaches to the study of AOP for
water purification and recovery ]

Barceld D. (2003) Emerging pollutants in water analysis. Trends in Analytical Chemistry. 22, 14-16.
[This presents approaches to the study of pollutants in water analysis]

Beltrdn F.J., Gonzélez M., Rivas F.J. and Alvarez P. (1996) Aqueous UV radiation and UV/H202
oxidation of Atrazine first degradtion products: Deethylatrazine and Deisopropylatrazine. Environmental
Toxicology and Chemistry 15, 868-872. [This presents approaches to the study of of Atrazine first
degradtion products using UV radiation]

Bertanz G., Pedrazzani R., Collivignarelli M.C. and Urbini G. (2002) 11-086 — Comparison among
hydrogen peroxide advanced oxidation processes for the treatment of industrial wastewaters. ABES -
Associacdo Brasileira de Engenharia Sanitaria e Ambiental. [This presents approaches to the study of
comparison of H202 advanced oxidation processes in wastewater]

Bila D., Montalva™o A.F., Azevedo D.A. and Dezotti M.R. (2007) Estrogenic activity removal of 17p-
estradiol by ozonationand identification of by-products. Chemosphere 69, 736-746. [This presents
approaches to the study of Estrogenic activity removal of 17B-estradiol using ozonationand identification]

Blanco J. and Malato S. (2003). Solar Detoxifications, UNESCO Publishing, France. [This presents
approaches to the study of solar detoxifications]

Bolto B., Dixon D., Eldridge R., King S. and Linge K. (2002) Removal of natural organic matter by ion
exchange. Water Research 36, 5057-5065. [This presents approaches to the study of removal of NOM by
ion exchange]

Bourke M., O’Leary B. and Smith P. (1999) Scale-up of the MIEX DOC process for full scale water
treatment plants. 18th Federal Convention AWWA Procedings 99, Adelaide, Australia. [This presents
approaches to the study of MIEX DOC process for full scale water treatment plants]

Bowman J.C., Zhou J.L. and Readman J.W. (2002) Sediment-water interaction of nature oestrogens
under estuarine conditions. Mar. Chem. 77, 263-276. [This presents approaches to the study of sediment—
water interaction of nature oestrogens]

©Encyclopedia of Life Support Systems (EOLSS)



WATER AND WASTEWATER TREATMENT TECHNOLOGIES - Physico-Chemical Processes for Organic Removal from
Wastewater Effluent - H.K. Shon, S. Phuntsho, S. Vigneswaran, J. Kandasamy, J. Cho, J. H. Kim

Boyd G.R., Reemtsma H., Grimm D.A. and Mitra S. (2003) Pharmaceuticals and personal care products
(PPCPs) in surface and treated waters of Louisiana, USA and Ontario, Canada. Sci. Total Environ. 311,
135-149. [This presents approaches to the study of PPCPs in surface and treated waters of Louisiana,
USA and Ontario]

Brattebo H., Odegaard H. and Halle O. (1987) lon exchange for the removal of humic acids in water
treatment. Water Research 21, 1045-1052. [This presents approaches to the study of humic acid removal
using ion exchange in water treatment]

Carballa M., Omil F. and Lema J.M. (2005) Removal of cosmetic ingredients and pharmaceuticals
innsewage primary treatment. Water Research 39, 4790-4796. [This presents approaches to the study of
removal of cosmetic ingredients and pharmaceuticals in sewage primary treatment]

Chang S., Waite T.D., Ong P.E.A., Schéfer A.l. and Fane A.G. (2004) Assessment of Trace Estrogenic
Contaminants Removal by Coagulant Addition, PAC Adsorption and PAC/MF Processes. Journal of
Environmental Engineering, 130, 736-742. [This presents approaches to the study of coagulantion, PAC
Adsorption and PAC/MF to remove Estrogenic contaminants]

Chapman H., Vigneswaran S., Ngo H.H., Dyer S. and Ben Aim R. (2002) Pre-flocculation of secondary
treated wastewater in enhancing the performance of microfiltration. Desalination 146, 367-372. [This
presents approaches to the study of enhancing the performance of MF using wastewater pre-flocculation]

Chaudhary D.S., Vigneswaran S., Ngo H.-H., Shim W.G. and Moon H. (2007) Biofilter in water and
wastewater treatment. Korean Journal of Chemical Engineering 20, 1054-1065. [This presents approaches
to the study of water and wastewater treatment using biofiltering systems]

Chen P.-J., Rosenfeldt E.J., Kullman S.W., Hinton D.E. and Linden K.G. (2007). Biological assessment
of a mixture of endocrine disruptors at environmentally relevant concentrations in water following
UV/H202 oxidation. Science of The Total Environment, 376, 18-26. [This presents approaches to the
study of biological assessment following UV/H202 oxidation of a mixture of endocrine disruptors]

Chen P.-J., Linden K.G., Hinton D.E., Kashiwada S., Rosenfeldt E.J. and Kullman S.W. (2005)
Biological assessment of bisphenol A degradation in water following direct photolysis and UV advanced
oxidation. Chemosphere, 65, 1094-1102. [This presents approaches to the study of Biological assessment
of bisphenol A degradation following direct photolysis and UV]

Chiron S., Fernandez-Alba A., Rodriguez A. and Garcia-Calvo E. (2000) Review paper - Pesticide
chemical oxidation: state-of-the-art. Water Research, 34, 366-377. [This presents approaches to the study
of review of pesticide chemical oxidation]

Choi K.J., Kim S.G., Kim C.W. and Park J.K. (2006) Removal efficiencies of endocrine disrupting
chemicals by coagulation/flocculation, ozonation, powdered/granular activated carbon adsorption, and
chlorination. Korean Journal of Chemical Engineering 23, 399-408. [This presents approaches to the
study of coagulation/flocculation, ozonation, P/GAC adsorption, and chlorination to remove EDCs]

Choi K.J., Kim S.G., Kim C.W. and Kim S.H. (2005) Effects of activated carbon types and service life on
removal of endocrine disrupting chemicals: amitrol, nonylphenol, and bisphenol-A. Chemosphere, 58,
1535-1545. [This presents approaches to the study of effects of activated carbon types and service life on
removal of EDCs]

Choo K.H. and Kang S.K. (2003) Removal of residual organic matter from secondary effluent by iron
oxides adsorption. Desalination 154, 139-146. [This presents approaches to the study of iron oxides
adsorption for removing of residual OMs]

Chu W. and Wong C.C. (2004) The photocatalytic degradation of dicamba in TiO2 suspensions with the
help of hydrogen peroxide by different near UV irradiations. Water Research 38, 1037-1043. [This
presents approaches to the study of PCO of dicamba in TiO2 suspensions using H202]

Clancy J.L. and Hargy T.M. (2004) UV inactivation of microorganisms in water—A review. Water J. 31,
19-21. [This presents approaches to the study of complete review of UV inactivation of microorganisms
in water]

Cook D., Chow C. and Drikas M. (2001) Laboratory Study of Conventional Alum Treatment versus
MIEX Treatment for Removal of Natural Organic Matter, Proc. of 19th Federal Convention, Australian

©Encyclopedia of Life Support Systems (EOLSS)



WATER AND WASTEWATER TREATMENT TECHNOLOGIES - Physico-Chemical Processes for Organic Removal from
Wastewater Effluent - H.K. Shon, S. Phuntsho, S. Vigneswaran, J. Kandasamy, J. Cho, J. H. Kim

Water Wastewater Asso, Canberra, Australia April. [This presents approaches to the study of removal of
NOM using alum and MIEX treatment]

Crittenden J.C., Sanongraj S., Bulloch J.L., Hand D.W., Rogers T.N., Speth T.F. and Ulmer M. (1999a)
Correlation of aqueous-phase adsorption isotherms. Environ. Sci. Technol. 33, 2926-2933. [This presents
approaches to the study of the correlation between aqueous-phase adsorption isotherms]

Daughton C.G. Pharmaceuticals in the Environment: Sources and Their Management," 2007, Chapter 1,
1-58, In Analysis, Fate and Removal of Pharmaceuticals in the Water Cycle (M. Petrovic and D. Barcelo,
Eds.), Wilson & Wilson's Comprehensive Analytical Chemistry series (D. Barcelo, Ed.), 50, ; 2007, 564.
[This presents approaches to the study of pharmaceuticals in the Water Cycle]

DeWolfe J., Dempsey B., Taylor M. and Potter J.W. Guidance Manual for Coagulant Changeover.
Denver, Co: AWWA Research Foundation, 2003. [This presents approaches to the study of species
dynamics]

Dillert R., Vollmer S., Schober M., Theurich J., Bahnemann D., Arntz H., Pahlmann K., Wienefeld J.,
Schmedding T. and Sager G. (1999) Photocatalytic treatment of an industrial wastewater in the double-
skin sheet reactor. Chem. Eng. Technol., 22, 931-936. [This presents approaches to the study of
photocatalytic treatment of industrial wastewater]

Drewes J. E., Fox P. and Jekel M. (2001) Occurance of iodinated X-ray contrast media in domestic
effluents and their fate during indirect potable reuse. J. of Env. Sci. Health part a-Toxic/Hazard Subs.
Environ. Eng. 36, 1633-1645. [This presents approaches to the study of occurance of iodinated X-ray
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of effect of chemical coagulation and oxidants for removing of phenylamide pesticides]

Fearing D. ., Banks J., Jefferson B., Wilson D., Hillis P. and Campbell A.T. (2004) Combination of ferric
and MIEX for the treatment of a humic rich water. Water Research 38, 2551-2558. [This presents
approaches to the study of the humic rich water treatment using ferric and MIEX ]

Frederick K., A look at uniform ion-exchange resins. Ultrapure Water. September, 66-67, 1997. [This
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the study of the chemistry of water treatment processes involving ozone, H202 and UV]

Goel S., Hozalski R.-M. and B. E. J. (1995) Biodegradation of NOM: Effect of NOM source and ozone
dose.” J. Am. Water Works Assoc. 87, 90. [This presents approaches to the study of effects of NOM
source and ozone dose on NOM biodegradation]

Gogate P.R. and Pandit A.B. (2004) A review of comparative technologies for wastewater treatment I:
Oxidation technologies at ambient conditions. Adv. Environ. Res. 8, 501-551. [This presents approaches
to the study of review of oxidation technologies for wastewater treatment]

Gottlieb M. The reversible removal of naturally occuring organics using resins regenerated with sodium
chloride. Ultrapure Water, November 53-58, 1996. [This presents approaches to the study of using resins
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the study of removal of EDCs and PPCPs in water treatment]

Westerhoff P., Yoon Y., Snyder S. and Wert E. (2005) Fate of endocrine-disruptor, pharmaceutical, and
personal care product chemicals during simulated drinking water treatment process. Environmental
Science & Technololgy 39, 6649-6663. [This presents approaches to the study of the fate of different
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