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Drinking water in industrialised and populated states

IS contaminated... ..IWW.,2014.




What are Emerging Contaminants (EC)?

Types of ererging cortani rants
Pharmaceticals Endocrinedisrupting Personal care product Manarmaterials Perfluorirated Pesticides
cornoodrd
L COMpourds
J| ertibictics Phenclic Disirfectants | | —— L
[sulfamethorasl e GOrnp U Triclasan Zno Perfluorodecanci ici
.| nitrophencl Erfluoro C Algicides
Phenol chloroohens acid i
Orti-diabetics F
—&  [sulphonures) Jenostrogens; estradial, mgmrFe ] Herbicides >‘_
~ 172 -ethinyestradiol polyedic rusk
| erti-epileptic bisphenal & —
[carbamazepine] Prezervative | Biocides ’l>
[paraben]
| . Prdim!c_rn_bialﬁ e ||;
[penicillins]
TIJANI, J. O., FATOBA, O. O., BABAIJIDE, O. O.
o Arti-inflammatories AND PETRIK, L. F. (2016). Pharmaceuticals, Insecticides "
and analgestics . .
fdicl ofenas, pameetand | endocrine disruptors, personal care
products, nanomaterials and perfluorinated Furnigart= ’._
—=| Artirnalarial pollutants: A review. Environmental
[cimchorni dne] Mractarts

| Amti-ulcer and
antihistarmine [ranitidire|

o  Anti-retrovials
[Larivudine]

Ortidepressants
[Benzod =zinepires |

B-blockers [atendd,
| &l metopraoldd ]

Chemistry Letters, 14:27-49. DOI
10.1007/s10311-015-0537-z

TIJANI, J. O., FATOBA, O. O., PETRIK, L. F.
(2013). A review of pharmaceuticals and
endocrine disrupting compounds: sources,
effects, removal and detections. Water, Air
and Soil Pollution, 224, pp. 1770-1799. DOI
10.1007/s11270-013-1770-3.




What is in our drinking water (patterton, 2013)

Analyte
Benzocaine Anaesthetic
Paracetamol Analgesic
TemazUSEPAmM Antianxiety
Flecainide Antiarrhythmic
Nalidixic acid Antibiotic
Sulfisomidine Antibiotic

Carbamazepine Anticonvulsant /antiepileptic

Oxcarbazepine Anticonvulsant /antiepileptic
Phenytoin Antiepileptic
Fluconazole Antifungal
Telmisartan Antihypertensive
Atenolol Antihypertensive

Antihypertensive vasodilator
Cinchonidine Antimalarial

Cinchonine Antimalarial

Bronchodilator



Emerging contaminant’s
Impacts

WRC Project No. K5/2369, March 2016

Feminization and downward trends in semen quality
Declining sex ratios

Sexual & Developmental abnormalities
Reproductive impairments

Endocrine disruption

Persistent antibiotic resistance

Structural deformities

Gene alteration

Testicular and thyroid cancers

Risk depends upon concentration, exposure time, volume,
complexity of mixtures, organism type, metabolism rate,
etc



CEC pathways and flows
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Number of WWTPs (and %) in
each performance category

National Green Drop Results for 2010/11

243

W90 - 100% Excellent situation
W 80 - 30% Good Situation
W 50 - 79% Average Performance

I 31 - 49% Very poor performance

B0 - 30% Critical state



Marine Outfalls, Estuary and Surfzone discharges

metors per day

wlbyic

Dishcarpe volume «

Severtty of wastewater discharges continues to grow
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discharged into the marine
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Surfzone, riverine and estuary sewage
effluent discharges Western Cape

(Mi/d) These partially treated effluents

Cape Flats 161.0 are ultimately discharged into the
Athlone 110.0 marine environment.

Zandvliet 73.6 Discharged effluents only comply
Bellville 56.0 with a few quality criteria
Fisantekraal 58.0

Potsdam 43.9

Mitchells Plain 35.3

Borchards Quarry 35.3

Macassar 30.7 Source:

Kraaifontein 28.0 WATER SERVICES AND THE CAPE
S B 10.0 TOWN URBAN WATER CYCLE

August 2018 City of Cape Town
Other ~10.0



Marine Outfalls

Seapoint/Greenpoint marine outfall serves the greater CBD
from Woodstock to Bantry Bay,

Discharges 44.0 Ml/d, outfall is 1700 m long and discharges
28 m below sea level

Campsbay, discharges 10.78 Ml/d
Houtbay, discharges 5.5.Ml/d

The sewerage is merely screened through a 3 mm mesh to
remove large objects such as nappies

Maceration may be done- microplastics issue???

No further treatment occurs before release into our marine

environment

WATER SERVICES AND THE CAPE TOWN URBAN WATER CYCLE
August 2018 City of Cape Town



i .‘ BT ST
§ ar y

LA el -u:' B bl —
[ . —

—




Recommended priority list of contaminants of emerging concern (CECs) for
assessing water quality for direct potable reuse (Swartz et al, 2017)

GROUP TYPE CHEMICALS
Flame retardants TDCPP and TCEP
Industrial chemicals X-ray contrast fluid lopromide
PAH Benzo(a)pyrene
Herbicide Atrazine
Pesticides, biocides and herbicides Herblt:.lc?e Terb Uthyla.m e
Insecticide Imidacloprid
Pesticide Simazine
Stimulant Caffeine
Natural chemicals
Hormone 17-beta estradiol
_ _ Lamivudine
Antiretroviral drugs Stavudine
Anti-epileptic drugs Carbamazepine
Pharmaceuticals and metabolites : . Cinchonidine
Anti-malarial drugs A :
Cinchonine
Analgesic Paracetamol
Antibiotic Sulfamethoxazole
Personal care products Anti-microbial Triclosan
Household chemicals and food additives | Plasticiser Bisphenol-A
Transformation products By-product ?&:gijodlmeihylamme

The priority list cannot be seen as an exhaustive list, as each reclaimed potable water
reuse project should interrogate the relevance of each of the chemicals




Detection and Quantification of Emerging

Micropollutants

There are
sophisticated
analytical tools

available to detect
these micropollutants

YV VY

Y VYV

PROTOCOL

Sampling

Filtration

Liquid-liquid extraction or solid-phase
extraction

Derivitisation

Gas liquid Chromatography-Mass
Spectrometry (GC-MS)

High Performance Liquid
Chromatography (HP-LC)

Liguid Chromatography-Mass
spectrometry (LC-MS),

14
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Desalination and seawater quality at Green Point,
Cape Town: A study on the effects of marine
sewage outfalls

This paper presents our collection methods, laboratory protocols and findings in respect of sewage pollution
affecting seawater and marine organisms in Table Bay, Cape Town, South Africa, then moves fo consider their
implications for the governance of urban water as well as sewage treatment and desalination. A series of seawater
samples, collected from appromately 500 m to 1500 m oftzhore, in rock pools at low tide near Granger Bay,
and at & depth under beach sand of 300-400 mm, were invesfigated for the presence of bacteriologicel load
indicator organizms including Escherichia coli and Enferococcus bactenia. & second series of samples comprised
limpets (Pataliz vuigats), mussels (Midius galioprovincialis), sea urchins (Tipneustes ventricosus), starfish
(Fromiz manilis), sea snails (Teguls funebralis) and seaweed (Uve facfuca), collected in rock pools at low tide
near Granger Bay, and sediment from wet beach sand and where the onganizms were found, close to the sites
of a proposed desalination plant and & number of recreational beaches. Intermittently high levels of micrabial
pollution were noted, and 19 pharmaceutical &nd common househald chemicals were identified and quantified in
the background seawater and bioaccumulated in marine organisms. These indicator microbes and chemicals point
to the probable presence of pathogens, and literally thousands of chemicals of emerging concem in the seawater
Their bioaccumulation potential is demonstrated.

In respect of proposed desalingtion, the findings indicate that desalinated seawater must be subjected fo
treatment protocols capable of removing both bacterial loads and organic chemical compounds. The terms of
reference for desalination plants must specify adequate testing and monitoring of chemical compounds as well as
microorganizms in the intake and recovered water. Drinking water supplied by the proposed seawater desalination
plants =hould be carefully tested for its todcity.

In rezpect of water management, our findings suggest the need for the City of Cape Town to move to an integrated
water and sewage management plan that treats urban water, including seawater, &s & circulating system that is
integral to the health of the City, and which excludes marine outfalls.

Petrik L, Green L, Abegunde AP, Zackon M, Sanusi CY, Barnes J.
Desalination and seawater quality at Green Point, Cape Town: A study
on the effects of marine sewage outfalls. S AfrJ Sci. 2017;113(11/12),

Art. #a0244, 10 pages. http://dx.doi. org/10.17159/sajs.2017/a0244




Testing for synthetic chemical compounds of emerging concern
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Selected Herbicides

Compounds Molecular Molecular structure
mass (g/mol)
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Concentration (ng/L)
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YES-These compounds are found in the seawater close to the marine outfalls!

Concentrations are low but their presence is indicating that many more
compounds escape into the environment through the sewage discharges




Are these EC compounds found in marine sediment and beach sand?

Green Point data
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Yes, these compounds found in sewage are also contaminating the shoreline
Concentrations on the shoreline are 10-100 times higher than in the seawater

Shows that sewage from the marine outfall flows back to shore



Limpets: Cymbula granatina and C. oculus
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Mussels: Mytilus galloprovincialis

. . . Top shells: Oxystele tigri
Starfish: Marthasterias africana Op shelis. xystele tgring

Are these compounds found in Marine Biota?



EC Chemicals found in Green Point
Marine Biota

Perfluorinated compounds
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Yes- these sewage linked emerging contaminants are present in marine biota
Concentrations are higher than the sea-water and sediment levels

Indicates bioaccumulation

Many other compounds may also be present



Does Camps Bay environment also show
impacts of the marine outfall?

5 Perfluorinated compounds
Triclosan (biocide)

Bisphenol-A (plasticizer)
Diclofenac ( anti-inflammatory)
Sulfamethoxazole (antibiotic)
Phenytoin (antiepileptic)
Carbamazepine (anticonvulsant)
Lamivudine (antiretroviral)
Caffeine (stimulant)
Acetominophen (painkiller)
2-Nitrophenol (hairdye etc)

PESTICIDES/HERBICIDES
Simazine

Atrazine

Alachlor

Butalaclor

Metalachlor



Does Camps Bay also show impacts of the marine outfall?

CoCT commissioned a study by CSIR in 2016 which showed many chemicals
were in the raw sewage being pumped out to sea

We found these sewage related compounds in CampsBay seawater

Dilution factor was not the same for different compounds as compounds
differ in their properties

Table 1: Dilution factor of diverss compounds dischargad into the marine environment in Camps Bay

Compounds Sewage at pump station | Seawater Dhlution factor
(ng'L) (ng/L)

Carbamazepme 280-380 005-014 | 4142

Diclofenac 6301500 073-286 | 324

Paracetamal 250000 - 950000 009-0.10 | 9700000x




EC Chemicals in Campsbay marine biota and seaweed
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Diverse chemicals were found in
the marine biota at higher levels
than at GreenPoint



CampsBay G reen Polat
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Figura 5: Comparison of concentrations of compounds in sediment, seavwesd and marine organisms from Camps Bav and Green Point

More chemicals found at GreenPoint, much higher levels found at CampsBay,
Both seashores and biota were impacted by chemicals in sewage from marine outfalls



Hazard quotient (HQ) for samples from Camps Bay
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HQ values
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Is the food chain being affected?

Environmental Pollution (2019),
Environmental Pollution 252
(2019) 562-572,
https://doi.org/10.1016/j.envpol.
2019.05.091

Emwvironmenial Polluiion 253 [ 3018) 563 =512
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Environmental Pollution 7
journal homepage: www _elsevier. com/locatefenvpol

Occurrences, levels and risk assessment studies of emerging )
pollutants (pharmaceuticals, perfluoroalkyl and endocrine disrupting 5=
compounds) in fish samples from Kalk Bay harbour, South Africa

Cecilia Y. Ojemaye’, Leslie Petrik

Eeironmental anid Noss Scence Bessarch Groag, Department of Chesstry, Dniversily of the Western Cape. Cape Fown, South Afnon
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Risk assessment

ABSTEALT

A comprehensve anatyss of 15 target chemical compounds (phanmsrenticals and personal care product,
perflumrnalkgd compoands and indisstrial chemicals) were carmied oot to detenmans their concentrations
in selected commercially explioited, wild canght small and mediom sized pelagie fsh species and their
organs [ Thyrsites mhm (snoek), Sardn onentafs (bonito), Pacfymetopon biochi [panga)) and Pleropymms
Inmiaris (hottenint]) obtained fom Kalk Bay harbowr, Cape Town, Solid phose extraction (SPE) method
based on Oasis HLE carinidges were peed fo oonoentrate and  deanoop the amples. Liqpmd
chromatopraply—mass spegctrometry analysis of these chemical compounds. revealed the somullaneos
e off afl keast 12 compounds in different parts of B selected Behospocies in namogr am-per-gram
dry weight [(ope dw) concentratioms. The mesulis mevealed tha  perflosrodecanoi aod,  per-
Mrcromonanoic acid ansd perfluorsheplasic sod svere e mod predominan among Uhe perfloormated
vompounds and ranged between: (AL3-179.2 ngiel (ZL22— 11400 ngke) amd (90006 1583 ngle). Alsa,
dichohenac had thie highest conceniration o these edible fsh species ool af all e phamanricals
detectod (range: S5LE—TR1Z nglg). The ridk assesamont valis were abiwe 05 and LDl aoute and
chiranis risk respeotively whach shises that these cliemscals hawe 3 igh health risk o the pelags b,
afuatic organisms and to hamans wha oomsame them, Therefore, there i an epent need for 2 pre-
cantinnary approach and the adeguate regulation of the use and disposal of synthetic chemaralc that
peersist in agEaticfmarine smvironment in this provieee and ather parts of Soth Affica, o prevent im-
pacts o the sedtainability of our marine snvimament, elibiood and Dves,

@ 9 Esevier Lid. Al rights reserved




DO THESE EC COMPOUNDS ACCUMULATE MORE AT A HIGHER TROPHIC LEVEL?

Is False Bay impacted by EC from WWTP sewage effluent
discharged into estuaries, surfzones and rivers?

»

Four species of fish namely:
Thyrsites atun (snoek)
Sarda orientalis (bonito)
Pachymetopon blochii (hottentot)
Pterogymnus laniarius (panga) |

The samples of fish
fillets, intestines and
liver and gills were
separately evaluated




Concentration (ng/g)

EC Chemicals detected in fillets of fish
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Concnetration (ng/g)
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EC Chemicals detected in fish liver samples
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Concentration (ng/g)
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EC Chemicals detected in fish intestine samples
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Concentration (ng/g)

EC Chemicals detected in fish gill samples
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Hazard quotient for fish samples from Kalk Bay harbour

HQ values
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Hazard quotient values:

Simazine, perfluorinated compounds
and pharmaceuticals higher than the
recommended values 1.0

Indicating the severe danger of these
pollutants to the ecosystem

There is possibility of people
developing non-carcinogenic health
issues.



How does Cape Town EC contaminant levels
compare with other places?

Comypartson of PRAS compaands in fish samples obgined in this sudywith arhers in presbously published sudies
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Cecilia Y. Ojemaye and Leslie Petrik. 2018. Pharmaceuticals in the
marine environment: a review. Environ. Rev. 00: 1-15 (0000)
dx.doi.org/10.1139/er-2018-0054

E.G The perfluorinated compounds contaminant levels in fish
samples from Cape Town are much higher than reported
elsewhere



What is the case elsewhere?

\ %

Pharmaceuticals in the marine environment: a review
Cecilia Y. Ojemaye and Leslie Petrik

Abstract: Despite the increasing presence of pharmaceuticals in marine environments and their potential negative impacts,
little research has been reported on the level and occurrence of these contaminants in the marine ecosystem. This review
provides information on the occurrence (level-concentration) of pharmaceuticals in marine environments including seawater,
sediments, and organisms within and (or) around this ecosystem. Also, the classification, sources, metabolism, and fate of these
contaminants in the marine environment were discussed to identify knowledge gaps. We showed that antibiotics are the most
commonly investigated and detected drugs in marine environments. In addition, this review suggested that focused case studies
should be a priority for future research and highlighted the need for future assessments of the potential risks of pharmaceuticals
to marine species. We also suggested that it is necessary to monitor the level of the most frequent and widespread pharmaceu-
ticals like antibiotics and nonsteroidal anti-inflammatory drugs in sewage and marine outfalls. Finally, we concluded that there
is a need for the development of effective treatment methods for the removal of these pollutants from wastewater before their
discharge into the receiving marine environment or the main drinking water networks,

Key words: persistent organic pollutants and contaminants, seawater, sediment, marine organisms.

Cecilia Y. Ojemaye and Leslie Petrik. 2018. Pharmaceuticals in the
marine environment: a review. Environ. Rev. 00: 1-15 (0000)
dx.doi.org/10.1139/er-2018-0054



DESALINATION??




False Bay Preliminary Results:

Escherichia coli and

Enterococcus bacteria

False Bay
3000 - 7-21 November 2019 - 1600
- 1400
2500 -
- 1200
8E 2000 - mmE Coli/Avg ——Entero/Avg - 1000
& 1500 - | 800
z
- 600
S 1000 -
- 400
500 -
)\ | N
0 ey /\\ I 0
> ¢ & 3 SECICANCINS
2 e;"? e@%@%”’(’@@"’bé 1\ Z@?\ @@\QO\ @E’b@‘”a}@:@@i@*\@“\ N @"’@0%‘@ S
S S P e Y @ &7 & @
e S \“&" Fr St P S S S ¢ io\o Q% S
\ \ P » PR AT
Q§1§§§ 43;>dﬁ \ q:’<3:;53;$§}<§§$;S§%S§§} é$§xxf§Qé§§k<S§éb‘§b~§§§? :;§ P & Q§45§b
A PP Rt @2 F 2T e R
o AR S SR NI S 9\‘2’
& Pad @ FP Fed TS & & 4§x\ &
& %«\b%&\“\& C’\){\v& ‘2560 & 0&0\'&00@&@@0 °0Q ¢ &
@@@@ Ky « \/& o oé’\ N %\(o IS
? § 4 &
o q;§b ‘§§5} \$>‘§§ o

Entero cfu/100ml

2000

1500

1000

500 -

Mean False Bay (+/- SD)

Iy

EcoliA

EcoliB E.ColifAvg

Biological contamination

Entero A

EnteroB  Entero/Avg




Legend

B Wastewater Treatment Facilities = |
i o W by
Cyanobacteria | p - \\,
Log Cyanobacteria A >
o 247 e S (
\\_;h-/(h. \
o 26% i 3
0 2 : Cape Peninsula .
Q 12 § -
Q 43104517 { \'\-[,
# SamplingSite f /ﬁ)
0 z Zandvliet WWTW kl,rwx
\ ’ 2 N,
L \ Mltchell $ Plain WWT\W Macassar WWTW I \
@ &pe FIatsJAlW'W — & i )
{ Mmzenberg . B '
$
S e StrarRk‘k F{j
o o N 7
Bikini Beach -, e
i e
¢
\\
Camp3|te§
z
RooiEls /~
\
False Bay
- N,
.} ‘i .
L\“.\ o |
0 4 8 16 u 1 W

- — s 0 meters




False Bay: MicroAlgal blooms
November 2018
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Desalination outputs
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Algal blooms and bacteria

Bacteria levels show high level of sewage
contamination of ocean

Associated with high load of nutrients

No harmless scenario of major algal bloom
Die outs of fish due to lack of oxygen
Potential toxicities and pathology to humans
Clogging desalination plants

Aesthetically a disaster

Slow response rate and no early warning
system

City and Province no line of communication to
public or to scientists

Data is not made public




STUDY RESULTS

Measurable presence of selected EC chemicals
Indicates probable presence of many other EC chemicals
Combined effects and concentrations are mostly unknown

Compounds present in organisms’ tissues in concentrations
much higher than the background level in the ocean

These compounds thus bio accumulate in marine organisms
and up the food chain

It is clear that, under certain conditions, sewage flows back to
shore in detectable quantities that could be harmful

Sewage is contaminating fish stock wild caught in the marine
environment

Determined by hydrophobicity, molecular mass, hydrogen
bonding, polar surface area (PSA), and rotatable bonds,
Lipinski’s rule of five

Risk =hazard x exposure



Conclusions

The detected compounds represent a variety of
chemical types and therapeutic uses

None of these compounds would of themselves
be found in seawater and should definitely not
be present in these marine organisms.

With the exception of caffeine, all are
manufactured substances

High dilution of sewage in seawater did not stop
bioaccumulation



Take home message

These compounds are in the marine organisms because we use
them

They do not “disappear” after use
They “reappear” in the environment in unexpected places
Species die-out partially due to our over use of chemicals

Many of these chemical compounds come back to us in our food
and water....

Cause all kinds of metabolic problems, birth defects, cancers,
feminization, changes in sex ratios etc..

Please think very carefully about your chemical usage

Potable water recovery from unconventional sources needs
careful and thorough testing for risk to be determined
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ANY QUESTIONS?




TREATMENT: Can we remove these
compounds??

Physicochemical treatment

« CONVENTIONAL

v" Chlorination

v' Reverse Osmosis

v’ Coagulation/flocculation

v Adsorption (activated carbon)
v Filtration

v lon Exchange

v" Biological




Typical Wastewater Treatment Plant (WWTP)
Process

Primary r 4 Secondary ———s +—Tertiary —

PRIMARY Usually NO tertiary treatment
CLARIFICATION KERATION CLARIFICATION

SANTD AND GRIT
REMOYAL DISINFECTION

EFFLUENT

HUTRIENT
REMOVAL

............................... ¥ mbﬁ%ﬁ'ﬁ
or
ACTIVATED SLIDGE LEGHT- 1LV

COARSE DERRIS
SLREEN LUDGE (HBESTERS

Shn R R souns isposal 4= VERY TOXIC — do not dispose
solids on agricultural land

WWTPs TESTED: WRC Project No. K5/2369, March 2016

WWTP A (Beaufort West): Primary+ Secondary + Tertiary treatment
process (ultrafiltration, reverse osmosis, and UV/H,0,)

WWTP B (Zandvliet): Primary + Secondary (CAS + MBR)

WWTP C (Bellville): Primary + Secondary (CAS)

WWTP D (Scottsdene): Primary + Secondary (CAS)



Our study showed poor EC removal from sewage effluents by WWTPs
WRC Project No. K5/2369, March 2016
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Sulfmethoxazole

e o 2o o o
2 8 B ® B

WWTPInlet ~ WWTP WRPInlet ~ WRPSF WRP UF WRPRO  Final Water
Clarifier

Concentration (pg/L)
(=]

Sampling point

MCampaign1 MCampaign2 B Campaign 3

Carbamazepine

—
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il | )
0

WWTPInlet ~ WWTP WRP Inlet WRP SF WRP UF WRPRO  Final Water
Clarifier

Concentration (pg/L)
-

Sampling point

mCampaign 1 mCampaign2  mCampaign3

Carbamazepine for all the sampling campaigns for WRP A. * Limit proposed for potab

water (NRMMC, 2008 Guideline value)

17 Alpha Ethynyl Estradiol

0.0015 pg/L* II | I

WWTPInlet  WWTP WRPInlst  WRPSF WRP UF WRPRO  Final Water
Clarifier

.

wa

Concentration (pug/L)
~

= =

Sampling point

mCampaignl mCampaign2 mCampaign 3

17 Alpha Ethynyl Estradiol for all the sampling campaigns for WRP A. * Limit proposed

for potable water (NRMMC, 2008 Guideline value)

Bisphenol A

P Potable reuse?
o d ald a0 ;| Swartzetal, 2017

WWTP Inlet WWTP WRPInlet  WRPSF WRP UF WRPRO  Final Water WRC PrOJeCt NO
o Sampling point K5/2369
EMERGING
CONTAMINANTS IN

Bisphenol A for all the sampling campaigns for WRP A. * Limit proposed for potable water

miampaign1 mCampaign2 m Campaign 3

WASTEWATER

PFHPA TREATED FOR DIRECT
%gg Perfluoroheptanoic acid POTABLE RE-USE: THE
cx HUMAN HEALTH RISK
PRIORITIES IN SOUTH
POk ok ol semice

WWTP Inlet ~ WWTP WRPInlet  WRPSF  WRPCOzone WRPGAC Final Water
Clarifier
Sampling point
BCampaign1l MCampaign2 W Campaign 3

PFHPA for all the sampling campaigns for WRP A

This water reclamation plant makes use of the modern
dual-membrane treatment process treated using a
sand filter, ultrafiltration (UF) reverse osmosis (RO)
membranes and finally advanced oxidation before
blending with treated water from a WTP, and then
distributed to the public



Conventional systems?????

Some EC chemicals removed by WWTP but inconsistent removal
Removal was highly variable and different for different compounds
Chemicals moved from liquid to solid in some cases = phase change
Phase transfer means that solids are highly toxic

% Removal from waste water is NOT destruction, but = transformation
Could not test for transformed secondary byproducts

Waste water treatment, even in best operational system, is not
adequate

Reverse osmosis is not 100% effective for potable water recovery +
brine is very toxic (e.g.Beaufort West)

Potable water from waste water is highly problematic
Single advanced oxidation system (e.g.UV or peroxide) is not adequate

Need a tertiary treatment stage including combined advanced
oxidation



WHAT IS THE SOLUTION? ADVANCED OXIDATION
Advanced oxidation systems work by producing short-lived highly reactive
free radicals

v

AN N NN

uv

Photocatalysis UV/TiO,,
Ozonation

Fenton Process Fe?*/H,0,
Electrochemical oxidation
Electrohydraulic discharge or DBD
cavitation

Combined:

uv/0s,,
UV/H,0,,

Fe2* /H,0,/UV,
UV/H,0,/TiO,,
UV/0,/TiO,
UV/OH/H202

® The radical is non-selective, highly
reactive, powerful oxidant compared
to other known oxidising agents like
potassium permanganate etc

=» Reactions

= O, +hv - 0, + O(!D) ozonation

= O(!D) +H,0 - 2 OH-:

= H,O, + hv - 2 OH- Fenton process
» Fe3*+H,0+UV - Fe?*+H*+ OH
= Photo-Fenton

» Ti(')2 +hv > e +ht Heterogeneous
photocatalysis

» H,0+h*> OH +H*

» HZO H' + OH' vultrasound

Combinations of three work better
than single or double systems



Non-chemical

Cavitation Jet loop Cavitation

Steps ina Cavitating Bubble

¥ e
IL S—y A
[

[ N
l A
i [

1
)
1
)
|
|
\ 2y
A
Y "
V| 55 4
v
i

Imploding High Light
Shock Wave Temperature  Emission

Collapsing
Vapor Bubble




OH radical as nonselective oxidant

Advanced Oxidation Process

Uy

A

V

b

H

A

\%

’

"
/o

—>

#0

OH

A

\%

)

)
—>

Uy

).)

0
/ OH

\%

i

i




% degradation
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Orange Il sodium dye degradation by cavitation
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Kassim Olasunkanmi Badmus ' - Jimoh Oladejo Tijani” - Emile Massima' - Leslie Petrik'

Abstract

Persistent organic pollutants (POPS) are very tenacious wastewater contaminants, The consequences of their existence
have been acknowledged for negatively affecting the ecosystem with specific impact upon endocrine disruption and
hormonal discases in homans. Their recalcitrance and circumvention of nearly all the known wastewater treatment
procedures are also well docomented. The reported successes of POPs treatment using various advanced technologies
arc not without scthacks such as low degradation cfficiency, gencration of toxic intermediates, massive shidge produc-
tion, and high encrgy expenditure and operational cost. However, advanced oxidation processes (AQPs) have recently
recorded successes in the treatment of POPs in wastewater, AOPs are technologics which involve the generation of OH
radicals for the purpose of oxidising recalcitrant organic contaminants to their inert end products. This review provides
information on the existence of POPs and their effects on humans. Besides, the merts and demernits of vanous advanced
treatment technologies as well as the synergistic efficiency of combined AOPs in the treatment of wasicwaier containing
POPs was reported. A concise review of recently published studics on successful treatment of POPs in wastewater using
hydrodynamic cavitation technology in combination with other advanced omidation processes i presented with the
highlight of dircction for futare research focus.,

Keywords Persistent organic pollutants - Advance oxidation process - Wastewater - Degradation - Cavitation - Fenton and
. i



Recommendations

Prevent release of untreated or partially treated sewage to surface waters
and ocean

Include limits for indicator ECs in drinking water guidelines

Make WWTW discharge standards stricter

Initiate a chemical awareness campaign to consumers

Practise great caution with unconventional water sources for potable reuse
Employ combined advanced oxidation as tertiary treatment

Treat the retentate from RO as highly hazardous

Treat sludges from sewage plants as highly hazardous

Implement barriers, monitoring programmes and assessment programmes
to eliminate or minimise the risks

Carefully test drinking water from the seawater desalination plants or
reused sewage water for toxicity, which need not be costly



