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Practical Applications

» There are now over 300 commercial UV/oxidation
systems installed worldwide treating waste
waters at up to 1000 gpm. There is at least one
very large system for treating drinking water.

» Catalyzed processes and technology hybrids
have dramatically increased the range of
application for UV/oxidation.

« Some of the case histories given here are
courtesy of Calgon Carbon Corporation (formerly
Solarchem Environmental Systems)

Recent Example of Research and
Development in Reactor Design -

The UV-FSR
Institute for Sanitary <

Engineering, Water
Quality and Solid Waste
Management,

University of Stuttgart
Prof. Dr. Erwin Thomanetz

Ref.: Cutec Serial Publication No. 57, 3 International
Conference on Oxidation Technologies for Water and
Wastewater Treatment, A. Vogelpohl (ed.), Papierflieger
Verlag, Clausthal-Zellerfeld, Germany, 2003
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Schematic Drawing of the UV Free

Surface Reactor (UV-FSR)
(Ref. E. Thomanetz)
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Treatment Examples using the UV-
FSR with one 15 kW MP Hg Lamp:
Exploratory Design Experiments

(Ref. E. Thomanetz)

* Real waste water: tar-oil contaminated
ground water @

* DMSO-glycerol contaminated water

Prof. Dr. Thomas Oppenlander, HFU
Germany 2
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Can UV be used to Treat

Micropollutants in Drinking Water?

e Today there is concern about many

“micropollutants” in drinking water, such as:

« pesticides and herbicides [

« endocrine-disrupting compounds (EDCs) [
« pharmaceutical products (PhPs)

¢ N,N-nitrosodimethylamine (NDMA)

Conventional water treatment technologies
cannot treat these micropollutants, with the
possible exception of ozone treatment.
Ultraviolet alone will not work (except for
NDMA) because most of these compounds do
not absorb UV.

September 2012

Treatment of Micropollutants

* The novel UV/H ,0, process can degrade these
micropollutants

« UV is absorbed by added hydrogen peroxide
(H,0,)

H,0, + UV - 2.0H

* The hydroxyl radical ( ¢OH) is one of the most
powerful oxidizing agents known. It attacks and
oxidizes most micropollutants. End products are
biodegradable or may go to total mineralization.

Design treatment scheme of the

Andijk WTP in North Holland (1968)

Source Water - [Jssel Lake
straining - Filtration: this process

removes small aquatic

e T plants such as algae
ikt il and other small debris.

Coagulation - Coagulation involves the

rapid mixing of a chemical

(e.g. Aluminium Sulphate)
into the water.
The small particles are

attracted to this chemical
and hence they

gradually clump together.

Prof. Dr. Thomas Oppenlander, HFU

Germany
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Upgrade Objectives

« Avoidance of the use of chlorine for breakpoint
chlorination thereby restricting the by-product
(THM) formation;

< Introduction of multiple barriers against
pathogenic micro-organisms such as  Giardia [
and Cryptosporidium ;[§ll

« Introduction of a disinfection credit for treatment
steps based on a 10 - health risk;

< Introduction of a general barrier against organic
micro-pollutants such as pesticides, endocrine
disrupting compounds, algae toxins and
pharmaceuticals based on EC and Dutch
standards and/or a health risk approach.

Retrofit treatment scheme of the
Andijk WTP (1978 — 2004)

Organic Contaminant Control

< In the Netherlands, around 350 pesticides are used
with a great variety in persistence, degradability and
toxicity.

« Monitoring programs have shown the presence of
many of these pesticides in drinking water sources,
such as the 1Jssel Lake.

< Priority pollutants such as atrazine, pyrazon, diuron n
bentazone, bromacil, methabenzthiazuron, dicamba,
2,4-D, TCA and triclopyr are found in concentration s
uptol pglL.

« For these compounds, the standard of the EC and
Dutch drinking water act (0.1 mg/L) must be satisfi  ed.

« Inview of the raw water concentrations after stora ge,
the required degradation was set at 80 %.

Prof. Dr. Thomas Oppenlander, HFU
Germany 4
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Endocrine Disrupting Compounds
(EDCs)

¢ In the raw water sources, up to several hundred
ng/L were found for bisphenol A, diethylphtalate, (i)}
diclofenac, ibuprofen, phenazone, carbamazepine
and several antibiotics and X-ray contrast media.

< For these compounds, no standards have been
set at this moment, but they are of concern.

* The UV/H,0, design targeted all micropollutants,
including pesticides, herbicides, pharmaceutical
products and EDCs.

« The target reduction level was set to 80% (log
reduction = 0.7).

UV/H,O, Treatment of Atrazine in
Drinking Water

10

Ego = 0.60 kWh/order/m?

01 r

[atrazine] ( g g/L)

0.01
0.0 0.5 1.0 15 2.0 25

Electrical Energy Dose (kWh per m ®)

Current treatment scheme at the
Andijk WTP (2004 - )

Source Water — IJssel Lake

GAC Filtration
GAC Filtration

Chlorine Dioxide Dose
Drinking Water

Prof. Dr. Thomas Oppenlander, HFU
Germany 5
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PWN Water Treatment Plant

* Flow rate:
100 mL/d

* UV dose =560
mJ/cm 2

¢ H,0,dose =6
mg/L

* 12 large medium
pressure UV
reactors

« Total Power =
2.4 MW

« Courtesy Trojan
Technologies

Treatment of Industrial
Wastewater

Rayox UV Reactor

Prof. Dr. Thomas Oppenlander, HFU
Germany 6
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Model 30-3 (90 kW System)

POVER:
SUPPLY.

< e .
\/\/ Control Panel View

Typical Rayox ® Operating Costs

Influent Contaminant Load $/m 3
<10mg/L $0.08 - $1.3
10 - 1000 mg/L $0.25 - $13
> 1000 mg/L $2.5-$25

Selection of UV Oxidation Process

« UV Oxidation process selection is dependent on
several water parameters including:

transmittance of UV light in subject water
volatility of contaminants and their reaction rates
with «OH
presence of pH dependent *OH scavengers such
as carbonate and chloride
UV lamp output and reactor design

* UV/H,0, is generally more economic than UV/O 4

« UV/Fentons or UV/Ferrioxalate processes (patented)
are more economic than UV/H ,0, or UV/O; when water
has low UV transmittance and chloride interferences
are low.

Prof. Dr. Thomas Oppenlander, HFU
Germany 7
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Application Case Histories

* UV/H,0, with GAC Treatment.

* UV/H,0, with Air Stripping for groundwater
remediation.

* UV/H,0, with Precipitation/Filtration Pretreatment.
 Iron-catalyzed UV/H ,0, treatment of Mixed Wastes.

» Fenton’s Process followed by UV/H ,0, treatment of
high-strength industrial wastewater.

Case Histories

« Ultimately, the selection of a treatment process
involves selection of the optimal oxidation
process from amongst:
» Conventional Oxidation: O 5, H,0,, O,, NaOCI
» Dark Advanced Oxidation: O 4/H,0,, Fe?*/H,0,,
O,4/OH-
* UV Advanced Oxidation: UV/H ,0,,
UV/O3,UV/Fe?*/H,0,, UV/Ferrioxalate/H ,0,

and

* The combination of technologies, e.g., GAC, air
stripping, precipitation/filtration, biodegradation ,
with UV/Oxidation

Integrated Systems

e Complex mixtures of compounds that
are not all amenable to one type of
treatment process.

e Target compounds that are readily
treated by UV/Oxidation but
interferences such as TSS, nitrates or
high COD are also present.

Prof. Dr. Thomas Oppenlander, HFU
Germany 8
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Integrated Systems

* High concentrations and stringent effluent
quality requirements allow treatment to be
divided into a bulk removal step followed
by polishing.

« Air quality control regulations require air
emission control from an air stripper.

Case #1 - UV/H,0, with GAC

* In some instances, combining UV/H ,0, with GAC
treatment will result in overall treatment savings,
for example:

« Mixture of poorly adsorbed, easily oxidized
contaminants with strongly adsorbed
refractory contaminants.

* Moderately adsorbed contaminants present at
high concentrations (>10 ppm) treated by
UV/H,0, followed by a GAC polish

Case #1 - UV/H,0O, with GAC

« Extending life of GAC by removing easily
oxidized contaminants

* Mixture of poorly adsorbed, easily oxidized
contaminants with strongly adsorbed refractory
contaminants.

¢ Using GAC as pretreatment to remove UV
absorbing water constituent

¢ Using GAC as a safety net for AOP for
concentration and flow fluctuations

» Using GAC for residual H ,0, destruction

Prof. Dr. Thomas Oppenlander, HFU
Germany 9
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Case #1 - UV/H,0, with GAC

AOP is more economical and strongly adsorbed
contaminants for which GAC is more economical.

Site Characteristics

* Location: Fort Ord, Monterey, California
* Water Source:  Groundwater
*  Flow Rate: 710 gpm

e Contaminants: Dichloroethylene (DCE)
(strongly adsorbed)
Trichloroethylene (TCE)

(strongly adsorbed)
Dichloromethane (DCM)
(poorly adsorbed)

Mixture of poorly adsorbed contaminants for which

September 2012

Integrated
UV/Oxidation/
GAC System

at Fort Ord

Case #1 - UV/H,0, with GAC

Treatment Performance

DCE TCE

(ppb) (ppb)
Influent Concentration 21 34
GAC Effluent <0.5 <0.5
UV Oxidation Effluent <0.5 <0.5

DCM
(ppb)

6.9

<0.5

Prof. Dr. Thomas Oppenlander, HFU
Germany
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Benefits of an Integrated Approach

UV/Ox GAC | Combin-
Alone Alone ation

Controlling DCM DCM DCM
Contaminant

Elect. Energy Dose 17 8.5
(kWh/1000 gal)

Carbon Usage 3.3 0.16

(Ib/1000 gal)
System Size: GAC
UV/IOX | 8x 90 kW

4x10t 2x10t
4 x 90 kw

Benefits of an Integrated Approach
(cont.)

UV/Ox GAC | Combin-
Alone Alone ation

Capital Cost ($1000) 970 300 700

Operating Cost ($/m 3) $0.56 $0.87 $0.30

Annual Operating 755 1,109 401
Cost ($1000)

Case #2: UV/H,0, with Air Stripping for
Groundwater Remediation - New Jersey

In some instances, combining UV/H ,0, with Air
Stripping will result in overall treatment
savings, for example:

1. AOT as pretreatment to air stripper to
reduce air discharge.

2. Mixture of low volatility contaminants (AOT)
and high volatility contaminants (Air Stripping).

Prof. Dr. Thomas Oppenlander, HFU
Germany 11
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Case #2: UV/H,0, with Air Stripping for
Groundwater Remediation - New Jersey

AOT is used as pretreatment to air stripping to
reduce total mass of emissions.

Site Characteristics

Site Location: Millville Municipal Airport,
Millville, New Jersey

Water Source: Groundwater
Flow Rate: 200 gpm

Contaminants: Perchloroethylene (PCE),
Trichloroethane (TCA), Dichloromethane
(DCM)

September 2012

Case #2: UV/H,0, with Air Stripping for
Groundwater Remediation - New Jersey

Treatment Performance

PCE TCA DCM
(ppb)  (ppb)  (ppb)

Influent Concentration 6,000 100 60
UV/H,0, Effluent 10 80 50
Air Stripper Effluent <1 <1 <1
Mass Removed by Air (3.3 Ib/day)
Stripper

Case #2: UV/H,0, with Air Stripping for
Groundwater Remediation - New Jersey

Economics
UV/H202 UV/H202 Plus
Alone Air Stripper
System Size
UV/H,0, >3,000 kW 180 kw
Air Stripper - Shallow Tray®
Capital Cost >$1.0 million $325,000
Operating Cost $6.10 $0.50
($/1000 gal)
Annual Operating Cost $2-3 million $150,000

Prof. Dr. Thomas Oppenlander, HFU

Germany
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Case History #3 - UV/H ,0, with
Precipitation/Filtration Pretreatment

« In some instances, the pretreatment of a
contaminated water by precipitation/filtration will
result in overall treatment cost savings, for
example:

< Precipitation of organics that add to COD/TOC
to reduce overall demand on UV/H ,0, system.

« Filtration of UV light absorbing water
constituents to improve efficiency of UV/H ~ ,0,
system.

Case History #3 - UV/H ,0, with
Precipitation/Filtration Pretreatment

Precipitation of organics that add to COD/TOC to
reduce overall load on UV/H ,0, system.

Site Characteristics

< Site Location: Pine Bluff Arsenal, Pine BIuff,
Arkansas, USA

« Water Source: Process wash water, ordinance
production equipment

¢ Volume: 8,000 gal/day

¢ Requirement: Reduce TOC from ~ 4,000 ppm to

less than 15 ppm

Case History #3 - UV/H ,0, with
Precipitation/Filtration Pretreatment

Integrated System Description

Precipitation: Ferric sulfate as flocculant
pH adjusted to 4.0
Inclined plate clarifier
UV/Oxidation: One 90 kW UV/H ,0, batch system
Wastewater is circulated back to a
batch tank
Hydrogen peroxide injected in the
recirculation loop

Prof. Dr. Thomas Oppenlander, HFU
Germany 13
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Precipitation + Rayox B at Pine Bluff Arsenal
<o
[reuee )
KTV
L
i -
SURGE
TANK HOLDING ” | H | H
3000 Gal TANC RAvoX gocw Monute | |
oo | § o L]
o RAYOX UV/OXDATION
E -J
OMHET:I'ATH

September 2012

Influent Concentration
Chemical Precipitation Effluent
UV/Oxidation Effluent

Case History #3 - UV/H ,0, with
Precipitation/Filtration Pretreatment

Treatment Performance

TOC
(ppm)

4,000
<700
15

Case History #3 - UV/H ,0, with
Precipitation/Filtration Pretreatment

Economics

UV/Ox | Precipitation +

Alone UV/Ox
System Size 7 x 90 kW 1 x 90 kW
Capital Cost ($1,000) 793 295
Operating Cost 451 92
($/1000 gal)
Annual Cost ($1,000) 244 48.3

Prof. Dr. Thomas Oppenlander, HFU

Germany

14



Lecture 4 September 2012

Case #4: Iron-Catalyzed UV/H ,0,
Treatment of Mixed Wastes - Argonne

« Nuclear treatment facilities and nuclear power
plants build up inventories of organic wastes
contaminated with radioactive elements.

< Organic wastes metered into a large amount of
water in a mixing tank, 100 mg/L iron (as ferrous
sulfate) added and treated by the  Rayox °-F

process in a 2000 L batch system with a 30 kW
UV reactor.

Rayox ®-F

» For Waters of:
* Moderate to high UV Absorbance
* Moderate to high COD
* Moderately high pollutant concentration

Involves the addition of iron (as ferrous sulfate)

and lowering the pH to about 3. Hydroxyl radicals
are generated by:

Fe(OH)?* + hy —— Fe?* + ‘OH

Fe?* + H,0, — Fe® + :OH + OH

Mixed Waste Treatment Results

TOC TOC
Waste before after Treatment
Mass polish  polish Eem Cost
Compound | o (mgl) (mgl) awmieg  (Sko)

Isopropanol 1 21 0.2 330 59
Toluene 4 27 0.8 193 34
1,4-Dioxane 1 21 13 303 54
CHCl, 1 0.3 385 58
1,2,4-Tri-
chlorobenzene 1 03 303 39
Hexane 1 0.7 <0.2 165 33
Ethylene glycol 1 0.6 0.3 330 55

Prof. Dr. Thomas Oppenlander, HFU
Germany 15
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Mixed Waste UV Treatment Unit

\NW

Case #5: Dark Fe/H ,0, Followed by
UV/H,0O, Treatment of High-Concentration
Industrial Wastewater - Taiwan

* UV/H,0, will not effectively treat waters with
extremely high UV absorbance (e.g., COD > 1000

ppm).

< High concentration wastewaters can be pretreated by
Fenton’s process (dark Fe/ H ,0,) to remove the
majority of the COD.

* UV/H,0, can then be used as a polish to meet strict
COD/TOC or specific pollutant criteria.

Case #5: Dark Fe/H ,O, Followed by
UV/H,0O, Treatment of High-Concentration
Industrial Wastewater - Taiwan

« Treatment Objectives:

* reduce COD in TDI wastewater from 2280 ppm to
100 ppm

e 20 m%h

* Treatment costs:
e $9.40/m3

» cost components: H ,0,, Fe catalyst, power, UV
lamps, pH control

Prof. Dr. Thomas Oppenlander, HFU
Germany 16



Lecture 4 September 2012

Case #5: Dark Fe/H ,O, Followed by
UV/H,0O, Treatment of High-Concentration
Industrial Wastewater - Taiwan

3000

N

o

[S]

[S]
T

COD (ppm)
S
8

0 2000 4000 6000 8000 10000
H,0, Consumed (ppm)

Some Installed Systems
Site Controlling Flowrate Influent Effluent
Contaminant (gpm) Conc. (ppb) Conc. (ppb)

Aberdeen Proving Thiodiglycol 30 34,000 <10
Ground, MD
Mobil Albany BTEX 100 200,000 <10
Argonne National Laboratory Mixed 1000 gpd 400,000,000 <1
Laboratory, IL Waste
Arvin, CA (EPA) Dinoseb 2000 gpd 600,000 <100
International Pentachlorophenol 120 1,000 <10
Paper

Some Installed Systems (cont.)

Site Controlling Flowrate Influent Effluent
Contaminant (gpm) Conc. (ppb) Conc. (ppb)
Rohr MEK (Methylethyl 0.5 35,000,000 <1000
Aerospace ketone)
NASA Hydrazines & 400 gpd 7,000,000 <1
NDMA

Norfolk Phenolics 50 25,000 <100
Naval

Pine Bluff Total Organic 2600 gpd 700,000 <15,000
Arsenal Carbon

Kelly AFB  Trichloroethylene 425 4,000 <5

Prof. Dr. Thomas Oppenlander, HFU
Germany 17
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Hyperlinks >>>>
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Giardia lamblia

From Wikipedia, the free encyclopedia

Giardia lamblia (forretly also Lamblia also known as Giardi Giardia lamblia
Giardia intestinalis) is  flagellated protozoan parasite that infects the gastrointestinal tract and causes
giardiasis.

Contents [ric]
1 Hosts
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3Life cycle
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7Research
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9References

10 External links
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Cryptosporidium

From Wikipedia, the free encyclopedia

Cryptosporidium is a protozoan pathogen of the Phylum Apicomplexa and causes a diartheal ilness
called cryptosporidiosis. Other apicomplexan pathogens include the malaria parasite Plasrmodiurn, and
Toxoplasma, the causative agent of toxoplasmosis. Unlike Plasmodiurm, which transmits via a mosquito
vector, Cryptosporidium does not utiize an insect vector and is capable of completing its i cycle
within a single host, resulting in cyst stages which are excreted in feces and are capable of
transmission 1o a new host

Cryptosporidium
£

dod
P

human fo
Scientific classification

A number of species of Cryptosporidium infect mammals. In humans, the main causes of disease are C.
parvum and C. hominis (previously C. parvum genotype 1). C. canis, C. felis, C. meleagridis, and C.
muris can also cause disease in humans.

Cryptosporidiosis is typically an acute shortterm infection but can become severe and nor-resobing in
children and immunocompromised individuals such as AIDS patients. The parasite is transmitted by

environmentally hardy cysts (oocysts) that, once ingested, excyst in the small intestine and result in an Phylum:  Apicomplexa
infection of intestinal epithelialtissue. The gename of Cryptosporidim parvum was sequenced in 2004 Clase:.  Conoidesida
and was found to be unusual amongst Eukaryotes in that the mitochondia seem not to contain DNA

Kingdom:  Protista

Subclass: Coccidiasina

loa e 2
ecial page: F Order:  Eucoccidiorida
fintable version Life cycle ledit] | Suborder: Eimerio
Frmanent ink A

e this article = Ciyptosporidium has a spore phase (oocyst) and in this state can Family:  Cryptos|
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Chemical Structures of Priority Pesticides
and Herbicides (1)
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Urea derivatives

Chemical Structures of Priority Pesticides
and Herbicides (2)
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Dicamba .

Chemical Structures of Endocrine
Disrupting Compounds (EDCs) (1)

o i i

o o
g e
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N
O A\O cl % ci
o
Bisphenol A Diethylphthalate Diclofinac

Nonylphenol (NP) is a starting material to
produce some surfactants (cleaning agents)
used in household and commercial products.

This is a high volume chemical with production

\ 7/ 4-Nonylphenol The surfactant products produced from NP are
called "nonylphenol ethoxylates" (NPE).

exceeding 1 million pounds annually in the U.S.

Prof. Dr. Thomas Oppenlander, HFU
Germany
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Chemical Structures of Endocrine
Disrupting Compounds (EDCs) (2)

Ibuprofen Phenazone Carbamazepine

Further information:

Chemical Search Engine: www.neis.com/apps/chemicals
PAN Pesticide Database: www.pesticideinfo.org/Index.html
Pesticides US EPA: www.epa.gov/pesticides/
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U.S. Environmental Protection Agency
About Pesticides

Recent Addition: | Contactuz  Search: O AIEPA © This Area| Gol
You are here: EPA Home » pasticides » About Pastiddes

What is a Pesticide?
+ Whatis a pesticide? il

* Whatis 3 pest? Emergency Information
h FOIA

: . ! 2 E
* What is the balance between the risks and benefits of pesticides? * Hotlines
* Are some pesticides safer than others? * Publications.
* What about pest control devices? * Pesticides Docket
* What substances are not requlated as pesticides? * More,
What is a pesticide? A herbicide is a
4 pesticide is any substance or mixture of substances intended for: pestlude
+ preventing, used to kill
* destroying,
* repelling, or
- o sy unwanted plants

Though often misunderstood to refer only to insecticides, the term pesticide also applies to herbicides, fungicides, and various|
other substances used to control pests.

Under United States law, a pesticide is also any substance or mixture of substances intended for use as a plant regulator,
defoliant, or desiccant.
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| Health and Human Services | Eood and Drug Administration | NCTR |
| EDKE Home | Database | Endocrine Disruptors | Expenmental Program | Models | Publications |

EDKB Endocrine Disruptor Knowledge Base

What are Endocrine Disruptors?

Endocrine distupting compounds (EDC's) are chemicals that either mimic endogenous hormones, interfere with phammacokinetics or act by
other mechanisms. A comprehensive definition of endocrine disruptors, given in [Kaviock, 1996 #40] follows

"An exogenous agent that interferes with the production, release, transport, metabolism, binding, action or elimination of natural hormones in the
bady responsible for the maintenance of homeostasis and the requlation of developmental processes "

“This definition includes the general types of mechanisms for endocrine disruptors. Such adverse effects as compromised reproductive fitness,
functional or morphological birth defects, cancer and altered immune functions, among others, have been reported in the scientific press for
wildife, invitro, and in vivo studies. These findings have received considerable attention in the popular press, led to government regulatory
actions and expanded research in Europe, Asia and the U.S. Many suspected endocrine disruptors (ED's) are high-volume, econornically
important chemicals, a factor that magnifies the need for resolution of the scientific issues [Kaviock. 1996 #40 2001 #1724

Overview of Mechanisms of Estrogen Action

‘The estrogen, androgen and thyroid receptors are members of the nuclear receptor superfamily and are conserved across vertebrates
07 #447 Manceleciort 1905 #)40) Theee nroteins functinn ae lianractivated tranecrintinn factore_raiiaing surhasis of nroteine |
® Intemet
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