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Upcoming Issue Themes- Deadlines
Iszue#1/2003Iszue#2/2003Iszue#3/2003Issue#5/2003-

Iry In Asia ii AOTs (Feb. 15, 2003)
{ry Curing // Drinking Water (May 1, 2003)
WastewaterTreatment with tIV (Aug 15)
Air and Food Treatment With IIV (Nov 1)

Your Editors are soliciting articles and advertisementsfor these
topics. Pleasecontacteither Rip Rice or Jim Bolton (seebelow)
with (a) intendons to submit, (b) written contributions, or (c)
specialadvertisements(item "c" to Rip Rice).
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AdditionalCommentsfrom the Editor:
For the pastseveralissues,readersshouldhavenoteda phasing
(IndustryUpdates)andeven
out ofpressreleaseannouncements
"Industryin Action" items.

De*r IUV* fulewher
At the sametime, readersshouldhavealsonoticedan increase
in the number of technical articles, which have been peerreviewedby the IUVA NewsEditoial Board. So we are well
alongthe way to the new hard copyformat.

At its Meetingin Seattleon 9 November2002,the IUVA Board
decided to make some significant changesto IWA News
beginningin 2003. Theseareasfollows:

EBe*rtEftts

1. An "e-Newsvercion"of IWA Nelrswill be sentout 8 times
per yffir - Jim Bolton will be the Editor - An email
messagewill be sentto IUVA Memberswith a link to the
IUVA Web site wherethey can downloada "pdf' file.
2. A 'hard copy version" of IWA Neu,swill comeout four
times per year (rather than the current six times peryear),
with Rip Rice as Editor -- it will contain less"news" and
moretechnicalarticles.
3. Advertiserswill be souglrtfor both editions.
4. IUVA Memberswill be offeredthe option of an e-version
or hard copy edition.

Adver'tf.ee*g
Ad packagesfor 2003 have been sent to our current and
prospectiveadvertisers.In it all changeshavebeenexplained.
Two major changesin advertisingarebeing madein 2003.
1. Thosefirms who advertisein all four 2003hardcopyissues
will be allowedto run their adsin all 8 e-mail issuesal no
addilional chargo!! If a firm signsup to advertisein one
hard copy issue,that firm will be allowedto run its adsin
two e-mail issues,alsoat no extra charge.
2. Advertising ratesin hard copyissueshavebeenincreased
somewhatfor 2003. This is the first increasein ad rates
since IUVA began publication (in 1999), and merely
reflects increasesin publications costs tlnt have been
incurredsince1999.

The proposedTable of Contentsfor theIWA e-Newsis:
t
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I

Front Page (with links to all sections),the Newsletter
Masthead (e-mail addressesof E<litor and the Editorial
Board) and with advertisingbannersthat will link to flrll
advertisements.
EditorialfromtheEditor
Lettersto the Editor
IUVA Announcements@oardMinutes, etc.)
UVNews offthe Internet
What is W?
UpcomingMeetings
ReferencestotlVtechnicalarticles
UVlndustryAnnouncements

Overall- for thosefirms advertisingin all four hardcopyissues
during 2003- the increasedadvertisingcostsfor thefour issues
are significantly lower than for six issuesper yearat the older
ad rates. And in addition, hard copyadvertisersareallowedto
e-mailversions.
advertise,7ffin2003
For advertising details please contact Rip Rice (hard copy
Editor) - seeinsert on p. 3 ofthis issue.

As the Editor of theIWA e-News,Iam soliciting input now for
the first edition, which will come out at the end of January,
2003. In particular, I am seeking:
t
t
i
I

totrrr

for

Ilappy New Year,y'awl!!
nt, n24 Editor, IUVA News,hard copy

Lettersto the editor on any subject.
Any W news that you comeacross,inany part of the
world.
Any meetingsthat IUVA Members should be aware of
@leasegive firll details and contactinformation).
Industry news,suchas new products,significant new UV
installations,etc.

BI.ACK& VEATCH
QutrucHtuG t[,e
$o."lJn Thiret fo'.
$ a f e o nJ C I e a n
Water tf,"'orgh

Send all material @referablyin electronic form) to me at
lbolton@iwa.org.
D
/r* 8-2"-,Editor, IUVA e-News
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effrci.entand co#-effectivedecisionmaking by manicipalitics
thd use or proposeto use W disinfedion.

A lbany, NY, 3 Jan,2003 -- The New York StateEnergy
Re.""t"h and Dwelopment Authority (NYSERDA)
f\
L \today announcedsevenprojectschosento receivemore
than$1.2millioninfundingftornitsMuniciplWderandWa$e$at€r
TechnologyProgram.
I.IYSERDA received 38 proposalsfor the prograrn, which
focusedon innovative, energy-efftcientmethodsof water and
wastewaterdisinfection through electro technolory, such as
ultravi,olet(UV) technolosi"s. The proposalswere reviewed,
analyzedand rankedby a Technical Evaluation Panel which
recommendedfunding for the following sevenprojects.

TheNewYo* StateEnergyResearch
andDwelopmertAuthority
(NYSERDA) is a public benefit corporationcreatedin 1975bD'
the New York Statekgislature. NYSERDA'sresponsibilities,
among others, include conductinga multifacetedenergyand
environmentalresearchanddevelopmentprogramto meetNew
York's diverseeconomicneeds;administering the New York
Energr $martK prognm; making enerry more affordablefor
residential and low-income households;assistingindustries,
schools, hospital, municipalities; not-for-profits, and the
residential sector implement energ5refficiency measures;
projectsthat reducecostfor ratepayers.
financingenergy-related
Contact: ThomasCollins:tel: I-866-NYSERDA,ext.3250,or
tgc'rrrrrscrdu.orq.
D

Malcolm Pirnie, Inc., proposesto commissionandoptimizethe
City of Albany's 40 million gallons per day W disinfection
facility at the City's Loudonville Reservoir. Oncecompletedit
will be the largestsuchfacility for drinking waterin New York
State.I*IYSERDAwill provideup to $103,794for this project.
The Village of Cooperstowncurrently uses chlorine gas to
disinfectits water. The Village will receive$124,000from
NYSERDA to install and optimize a W disinfection syfiem
using underutilizedlow-pressure,high-outputlamps.
The Town of Newburgh currently usesan energy intensive
method to control manganesein its Cadwick Lake Reservoir.
TheTownwill receive$67,000from NYSERDA to demonstrate
the benefits of using solar-powercd mixers to reduce
mangnneseconcentrdion s.
The RochesterInstitute of Technology (RIT) will receive
$172,000to designanddwelop an energt-elftcient W system
that is efrective,adaptable,and affordableand will minimize
powerconsumption.
HydroQualInc. proposesa centralized faciliry for testing W
technologiesat a yet to be determinedsite within New York
State. The facility will provide information on energy use,
performanceand designsizing requirementsand will test new
conceptsandtechnologymodificationsin responseto regulatory
changes.I.{YSERDAwill provideup to $250,000in funding for
this project.
CarolloEngineers,P.C.,an environmentalengineeringfirm
specializing in the planning, design, and construction
managementof waterand wastewaterfacilities, will receiveup
to $250,000to develop a toolkit which will enable energy
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Introduction

(higher absorbance)
the abiliry of the UV light to penetratethe
wastewaterand reachthe targetorganismsdecreases.

Beforea UV systemis installedin a wastewatertreament plant
for disinfecting wastewater,it is important to gather enough
informationto determinewhetherit is a suitableapplicationand
that the UV system is designed to meet the disinfection
requirementsunder the worst caseconditions. This paperwill
give an overview of the major parametersthat must be taken
into consideration.

acid"
ThesolubleUV absorbingcompound,parahydroxybenzoic
producesa clear colorlesssolutionin water,but ascanbe seen
in Figure 1, it readilyabsorbsUV light. It is imperativethat the
UV transmittanceof wastewateris measuredbecauseit is
impossibleto estimatethe UVtransmittanceby simplylooking
at a sampleof wastewaterwith the nakedeye.

Thenrajorparameterslisted in Table I belowmustbetakeninto
considerationwhen a UV disinfectionsystemis beingdesigned
for wastewater. The customeror the consultantmust provide
this informationto the UV systemmanufacturersinceeachUV
systemis designedon an individual basis.

l0t)

:

Table l. Major ParametersAffecting the UV Disinfection of
Wastewater
o
o
o
o
o
o
o
o
r

UV Transmissionor Absorbance
SuspendedSolids
Flow Rateor Hydraulics
lton
llardness
Sourcesof Wastewater
DisinfectionPerformance
Lamp Life
UV SystemConfigurationand Redundancy

UV Transmissionor Absorbance
UV light's ability to penetratewastewateris measuredwith a
using&e samewavelengthsthat is produced
spectrophotometer
by the UV lamps. This measurementis called the Percent
Transmittance(o/oT)or Absorbance(A),t md it is a function of
all the factorsthat absorbor reflect UV fight. Figure 1 shows
the efrectof a solubleorganic compoundand suspendedsolids
on the UV VoT(Whitby et al., 1985). As the oZZgets lower
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Figure l. The effect of a soluble UV absorbingcompound
solids(+-+)
(parahydroxybenzoic
acid)(o - .) andsuspended
on [fV bansmittanceat a wavelengtl of 254 nm.
Figure 2 illustrates the effect of this UV absorbingsoluble
compoundon the disinfection ability of a parallel flow UV
system$ith two banks of UV lamps in series(Whitby and
sodoes
Palmateer,1993). As the UVtransmittancedecreases,
the UV fluence (JV dose)and the numberof fecal coliforms
increases.Therefore,the appliedfluenceofUV light required
is dependent on the disinfection standard and the UV
transmittance.Figure 2 also showsthe resultsof doublingthe
UV fluence as the wastewaterpassesfrom one bank of W

lamps through a second identical bank of UV lamps. By
doubling the IIV fluence, lower UV transmittancescan be
treatedto reacha fecal coliform limit of 200 per 100milliliters.
Therefore,the UV systemmust be designedfor the minimum
W transmittance.

organismsare presentin the suspendedsolids @arby et al.,
1999)as a result of the sludgeretentiontime.
r0000
1000

The systemdesignermustobtain samplesof wastewaterduring
the worst conditions, or carefully attempt to calculate the
minimum expectedUV transmittanceby testing wastewater
from plantsthat havea similar inlluent and treatmentproc€ss.
The designermust also strictly define the disinfection limits,
sincetheydeterminethe magnitudeof the UV fluencerequired.
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Figure 3. The effectofadding suspended
solidsto onebank (.)
andtwo banks(r) of identicalIJV lights in series.
If a wastewatertreatnent plant producing high lwels of
suspended
solidsis alreadyin operation,pilot testingwill show
the efficary of the cleaning systemfor the qtnrtz sleevesas a
result of the possible fouling of the quartz sleevesby the
suspended
solids. Pilot testing or fluenceresponsecurveswith
a collimatedbeamof UV light will alsodetenninervhetherthe
indicator organism's limit can be attained (Moreland et al.,

r9e7).
Figure2. The effectof UV transmittanceon thefecalcoliforms
after one bank (uV Unit #l) and two banks (uV Umt#2) of
identical UV lights.
Suspended Solids
Suspendedsolids in wastewaterwill absorbor reflect the UV
lightbefore it canpenetratethe solidsto inactivateanyoccluded
microorganisms@mericket al., 1998). Figure I showsthe
effect of suspendedsolids on the UV transmittanceof water.
This figure showsthat with thesepadcular zuspended
solids,a
level of 20 mglL produces a UV transmittanceof 560/oin
deionizedwater. Therefore,the systemdesignermust be very
carefirl to determineboth the minimum UV transmittanceand
the maximum zuspendedsolids levels.
Figure 3 demonstratesthe effectof adding suspendedsolidsto
aparallel flow UV systemwithtwo identicalbanksof tfV lights
in series(Whitby et al., 1985). As the level of suspendedsolids
increases,the numberof surviving fecal coliforms rises. This
is a result of the fecal coliforms occludedin the suspended
solidsandbeingprotectedfrom the UV light. Doubling the UV
fluencebyaddinga secondidenticalbankin serieswith thefirst
bank reducesthe scatterin the data but doesnot dramatically
reducethe numberof surviving fecal coliforms- It can be very
diffrcult to penetratethe suspendedsolids with the UV light,
and it is also very plantdependent as to how many indicator

Obtainingthe proper information aboutthe maximum level of
suspendedsolids is very important for the sizing of the UV
system.It is wiseto rememberthat conditionstodaymaynot be
indicative of what will be happeningten or fifteen yearslater
when the plant reachesits hydraulic limit.
Flow Rate or Hydraulics
The United StatesEnvironmentalProtectionAgency(USEPA)
providesan indepth analysisof the efrectof hydraulicson the
UV disinfectionof wastewaterruSEPA,,1986). Pleasereferto
Section7.0 ofEPA1625ll-86/ O2lDesignManual- Municipal
WastewaterDisinfection for a detaileddiscussion.
Thenumberof microorganismsthat areinactivatedwithin aUV
reactoris a function of the multiplication of the distribution of
fluence rates and residencetimes. That is, the UV fluenceis
equalto the FluenceRate6)<zl times the RetentionTime (t)
Fluence: (E')
As the flow rate increases,the numberor sizeof the UV lamps
must be proportionately increased to maintain the same
" The aboveEPA documentrefersto the fluencerate as
"intensV'(O.

disinfection requirements. An ultraviolet disinfection system
must be designedfor the minimum fluence. The minimum
fluence occurs at the maximum flow rate, end of lamp life,
maximum fouling of the quartz sleeves and worst-case
conditionsof the wastewater.
The UV unit must be designedso that it provides as much
sidewaysmotion as possiblewith very little forward mixing.
This will ensurethat wery microorganismis exposedto the
averagefluenceof UVlight. This is especiallyimportantwhen
thewaterhasa low tlVtransmittance or high level of suspended
solids. Open channel UV systems,in which lhe wastewater
flows parallel to the submergedlamps provide a very good
hydraulic profile, as shownin Figure 4.

.fl

Figure 4. Typical hydraulic profile of an open channel UV
Disinfection Systemat designflow.
It is important that the wastewaterenteringthe uv systemhas
a uniform velocity profile acrossthe array of UV lamps. This
ensuresthat all the wastewateris zubjectedto the sameprofile
of IJV fluenceratesand retentiontimes.
Level Control
The effluent height within the UV channel must be rigdly
controlled above the uppermost UV lamp, under all flow
conditions,by meansof a counterbalancedlwel control gate
(Figure5) or lwel control weir (Figure6). The W Systemand
flow control device must be designedfor the maximum flow
rate. This is especially important if the wastewatertreatrnent
plant receivesstormwaterrunoff. The UV systemand the flow
control devicemustalsobe designedto operateat the minimum
flow rate. Many wastewatertreatrnentplants encounterzero
flow ratesat night. All lwel control gatesleak soit is important
to usea weir that is designedfor the minimum and maximum
flow rate.

enoughin the wastewater,the UV light will be absorbedbefore
it can inactivate any microorganisms. This is not usually a
problem, since most wastewatertreatrnent is an oxidative
process and iron is precipitated out and removed in the
clarifiers. Iron alsowill precipitateon the quartz sleevesand
absorbthe UV light beforeit entersthe wastewater.This is one
of the reasonsfor using an automaticcleaning system. The
third mechanism,which is now being investigated,is the
solids,clumpsofbacteriaand
adsorptionofiron onto suspended
other organiccompounds.This adsortediron will prwent UV
light from piercing the suspendedsolids and inactivating the
entrappedmicrobes. Unconfirmedresearchhas shownthat if
solidscontain morethan four percentiron,
the total suspended
the wastewaterwill be very difficult to disinfectwith UV light
regardlessof the type of pretreatment.

Figure 5. Counter balancedlgvel control gate.

The UV industry has adopteda level of 0.3 ppm as the
maximum allorpablelevel of iron, but at this time there is no
data to substantiatethis 1imit. The level of iron shouldbe
or exceeds0.3
measuredin the wastewater,and if it approaches
ppm, a pilot studyshouldbe institutedto determinewhetherthe
desireddisinfection level can be attained and what cleaning
frequency would be required. If possible, a wastewater
treatmentplant shouldbe designedwith a non-iron methodof
precipitatingphosphateor sludgeconditioning,suchasthe use
of alum.

Figure6. Weir.
Theweir alsopreventsrycling of the UV lampsthat canreduce
their lifetime. During low flow periods,the wastewaterhasa
greater chance to warm up around the quartz sleeves and
producedepositson the sleeves.Thereis alsothe possibilityof
exposingthe quartz sleevesto the air with a counter-balanced
lwel control gateat extremelylowflows. Becausethelampsare
warm, any compoundsleft on the sleeveswill bakeonto them.
Water splashing onto theseexposedsleevesalso will result in
UV-absorbingdeposits.Theautomaticcleaningsystemmaynot
be activatedbeforethe waterbeginsto flow.

Monitoring
Lamp
System
Germicidal
Monitor & Detector
All-in-One Unit
fromSolarLiqht
TheGLM10
lamomonitoranddetector
Co.monitors
lampoutput
in
UVdisinfection
applications.
lts
costeffective
one-piece
design
includes
detector,
monitor
andalarm
foroperation
in
pressurized
potable
water
treatment
Initial
systems.
lampintensity
is
setto 100%
Whenlampoutput
anddisplayed
onanLEDreadout.
drops
lightactivates
below60%,anindicator
anda switch
initiates
device.
closure
a control

lwel control gateshavea normal flow range
Counter-balanced
of 5:1 andtheyall leakat low flow rates. It is possibleto reach
10:1,but it is betterto split the flow into two or moreparallel
channels.
A sluice gatethat is controlledby an ultrasoniclevel deviceis
anotler solutionfor a singlechannel,but for multiple channels
it may be diffrcult to control the level of the water over the
lamps as a result of the gatesall trying to move at the same
time. The level of the water overtlte top row of lampsis oneof
tle mostcritical control factorsin an openchannelUV system
to the flow.
with the lamps_parallel
Iron
Iron affectsUV disinfectionby absorbingUV light. It doesthis
in three ways. If the concentrationof dissolvediron is high

Tel:215.927.4206 Fax:215.927.6347
72'l OaRLane.Phila,,PA19126 USA

tIGHT CO.'Nc. www.solar.com info@solar.com
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Hardness
Calcium and magnesiumsalts,which generallyare presentin
water asbicarbonatesor sulfates,areknown aswater hardness
materials.Theproblemwith hard wateris that mineral deposits
will form on the qtartz sleeves. For example,when water
containing calcium and bicarbonateions is heated,insoluble
calcium carbonateis formed:
C*. +2HCO3 CaCO,(precipitate)+ CO2+ H2O
This precipitate will coat any wafin or hot surface. Sincethe
optimum operatingtemperatureof the low pressurelow output
mercury lamp (LPLO) is 40 oC, the low-pressurehigh output
mercurylamp (LPHO) is over 100'oC,and the mediumpressure
mercurylamp (MP) is over600 oC,the surfaceof the protective
quafiz sleevewillbe warm to hot. This will createa molecular
layer of warm water, where calcium and magnesiumsaltscan
beprecipitated.Theseprecipitateswill preventsomeof theW
light from enteringthe wastewater.

FromThelnnovators
In 0pticalFilterTechnology

Unfortunately, no rule exists for determining when hardness
will becomea problem. Watersthat approachor areabove300
mglL in hardnessmay require pilot testing of a UV system.
This is especially important if very low flow or no flow
situationsareexpected,becausethey allow thewaterto warmup
around the quartz slewes and produce excessivecoating.
Experiencehasshownthat it is very difficult to getoperatorsto
cleanthequartzsleevesat afrequencygreaterthan everytwo to
three weeks. This is one of the reasonsfor the popularity of
automaticcleaningsystems.

Filters
Interference
UVMetalDielectric
. Fully
forusewithsilicon
blocked
photodiode
detectors:
. Lowcostinsmallto largevolumes
. OEM
pricing
available
. Widerange
ofsizes
. Ring
mount
assemblies
o Customized
packages
inT0-5detector
TypicalSpecifications
. 0ut-of-band
T
<0.01%
transmission
. ln-band
of 10-25o/oT
transmission
o Center
200- 280nm
range
wavelength
. Bandwidth
(FWHM)
10nm- 40nm
Applications
Typical
o LamF
decay
- monitoring
inadiation
Aging
. AirPollution
- gasmonitoring
. Water
- ozone
inwater
detection
Analysis
. Medical
- blood
analysis

WastewaterSource
plant
It shouldbedeterminedwhetherthewastewatertreatment
periodic
influxes of industrial wastewaterthat may
will receive
contain UV-absorbingorganic compounds,iron or hardness,
any of which may affect UV performance. Industries
dischargingwastesthat contain suchmaterialsmayberequired
to pretreattheir wastewater.
For example,a textile mill maybeperiodicallydischarginglow
concentrationsofdye into the municipalwastewatersystem.By
the time this dye reachesthe treatment plant, it may be too
Dyes
diluted to be detectedwithout using a spectrophotometer.
preventing
light,
UV
thereby
readily
ultraviolet
can
absorb
used
to
absorb
the
W
which
was
The
compound,
disinfection.
light to producethe resultsin Figure I is absolutelycolorlessin
solution,evenat the highestconcentrationthat wasused.
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It is impossibleto look at a wastewder and ddermine the W
transmi:ltanceso a W system mufi be designedfor these
periodic worfi-cose conditions of W transmifrance.

l0

2 LybeilyWay,Westford,MA 01886
Tef. 978-692-7513o Fax 978-652-7443
Email:barr@barrassociates.com
www.barrassociates.com

Power costs and lamp replacementcosts are the two main
factorsaffectingUV maintenanceexpenditures.Therefore,tfV
lampsshouldonlybereplacedifno othercausecanbefoundfor
not meetingthe disinfectionrequirements.Examplesof other
causes are quartz sleeve fouling, changes in the W
transmissionor suspendedsolidsin the wastewater.

DisinfectionRequirements
The disinfection requirements,that is, the number of fecal or
total coliforms permittedafter disinfection,alsowill determine
the sizeofthe tIV systemandwhetherUV irradiation canattain
the level ofdisinfection that is required.

Until the developmentof a reliable UV disinfectionindicator
occurs,the operatorshouldplot thenumberofindicator bacteria
suchas total or fecal coliforms versustime on a graph. If the
numberofindicator bacteriashowsa continualincrease,it can
be determined when the quartz sleevesshould be cleaned
through extrapolationor the UV lampsneedreplacing. If the
populationofindicator bacteriacontinuesto increaseevenafter
cleaningthe quartz sleeves,and ifthere are no changesin the
quality of the effiuent, then the LIV lampsshouldbe replaced.

As shorvnin Figure 5, the fecal coliforms and the pure culture
of Escherichia coli can only be reducedto a finite minimum
level. This level is characteristicfor eachtype of wastewater,
and increasing the fluence (UV dose) will have no further
appreciableeffect oncethis minimum level hasbeenreached.
A laboratory or pilot scale study may be required if the
wastewaterhasa high lwel of zuspendedsolids,pr a low UV
transmittance, or iron. A primary effluent will definitely
require a laboratoryand pilot scalestudy,evenif the limit for
the fecal coliforms is increasedfrom 200 to 1000or moreper
100mL.
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Lamp Life

35
e30
I

Themanufacturersof low-pressuremercurylampsratetheir UV
lampsfor 9,000hoursof continuoususe. Ratedaverageuse,firl
life is defined by the UV disinfection industry as the elapsed
operatingtime under essentiallycontinuousoperationfor the
outputto declineto 60 percentofthe outputthe lamp hadat 100
hours. A studyby Noesenet al. (1999) showedthat the end of
lamp life wascloserto 53oh. The UV systemmustbe designed
so that the minimum required fluence or fluence rate is
availableatthe end of lamp life.
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Figure6. Comparisonof a coatedanduncoatedLPLO lampby
Philips Lighting (Giller, 2000).
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Figure5. Fractionsurvival curvesof a laboratory-grownE. coli
B/r andfecal coliforms from wastewater.

Figure 7. Effect of runrdng time on the UV output of the
LPX200 UV lamp from Suntecenvironmental.

The introduction of UV lampswith an intemal coating(Giller,
2000) to retard solarizationhas increasedthe UV output after
8,000hoursasshownin Figure 6 for the LPLO lamp. A similar
processis usedfor the LPHO lampsas shownby the UV die off
curvein Figure 7 for the SuntecemrironmentalLPX200 lamp.

UV System Configuration

and Redundancy

UV system design regulations and guidelines by local
authoritiesalsomustb consideredwhensizingandconfiguring
a UV systemfor a particular application. Oncethe numberof
lampsrequiredto meettherequireddisinfectionpermithasbeen

ll

a
determined,a systemconfiguration must be dweloped that
meets operationalrequirementssuch as plant flow variations
and redundanryrequirements. Redundancyhelpsensurethat
the UV systemcan continueto operateand meetdisinfection
permits in spiteof a subsystemor componentfailure. It allows
regularly scheduledmaintenancesuchas qruartzcleaningto be
performedat any time.
Conclusion
UV light hasbeenshownto be a reliablechemicalfree method
of disinfecting wastewaterbut a UV systemmust be properly
designed and installed to ensurethat it will get the desired
resultsunder the worst caseconditions.
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s a co-chairman of the conference, I have the great
pleasure to brief the UV community about this event,
which was co-organized by IUVA, the Institute of
Envirorunental Science and Engineering (IESE) and Center for
Advanced Technology (CAWT). The IESE is part of Nanyang
Technological University and CAWT is a subsidiary of
SingaporeUtilities International (SUI) which is wholly owned by
Public Utilities Board (PUB), Singapore. The latter is a
government statutory Board.

The Wastewater Session covered interesting papers in UV
disinfection, nitrite production as related to UV irradiation,
indicator bacteria inactivation, UV application to water
reclamation and improved mercury lamp performance.

The event was held 30 October to 1 November 2003 in
Singapore. It consisted of a pre-conference workshop, the
conferenc€, an exhibition and a technical tour. Close to 100
participants attendedfrom 15 countries. ln addition, guestsfrom
local water authorities were also invited to attend the opening
c€remony which was offrciated by Mr. Tan Gee Paw, Chairman,
Singapore Utilities Board.

The Water Session included inactivation and photo-reactivation
mecharrismsof pathogens, UV performance verification, recent
developments in low-pressure high intensity lamps, experiences
from operation of large medium pressureUV disinfection plants,
and UV applications for algae inactivation and ulkapure water
production.

The Advanced Oxidation Technologies (AOT) Session
showcased recent studies on aspects of AOT for removal of
chlorinated or other specific contaminantsand new reactor-based
designsfor specific applications.

The Other Application Session involved papers on UV ballast
disinfection, bacterial growth control in deionized systems,PCR
technology for disinfection assessment and determination of
radicals. ln addition, there was a poster presentation which also
contributed to the UV knowledge pool at the conference.
Discussions after each presentation facilitated two-way
commruricationsbetween the speakersand the audience.

The Pre-Conference Worlishop
The pre-conference workshop had six lectures, which covered
UV fundamentals, basic aspects of water and wastewater UV
disinfection practices, UV reactor design concept, introduction
to advanced oxidation technologies and UV applications to air
qualrty control. The workshop conditioned the 40+ participants
for the conference. Big"Thank You"s go to Jim Bolton, Regrna
Sornmer, Bob Hulsey and Oluf Hoyer for delivering excellent
lecfures.

The conference proceedings on a CDROM can be purchased
from IUVA HQ, CAWT/SUI or IESE for US$50.

The Exhibition
The Conference
UV system manufacturers from Australia, Canada, Japan,
Gennany, The Netherlands, and the United States showcased
their varieties of up-dated UV technologies. Thesetechnologies
consisted of low, medftrm and pulsed lamps for UV applications
to wastewater, drinking and ultrapure water, surface disinfection,
curing, ard air quality contol.
The exhibition provided a
plaform for direct contact between the potential buyers / users
and the technologSizuppliers.

The conference consisted of a plenary session followed by two
parallel sessions, which were held in two half-days with four
themes.
The invited speakers covered appfitations and
regulation of UV disinfection of drinking water and wastewater
in Europe and North America, UV 'reactor design and
effectiveness, UV-based oxidation of water contaminants, and
new developments in UV photolysis and advanced oxidation.
The wide application of UV technologies throughout the world
certainly will promote the technology in Asia and other regions.

The Technical Tour

The four theme sessionswere onwastewater, advancedoxidation
technologies,water and other applications.

The technical tour to the Bedok Water Reclamation Plafit, where
Singapore's NEWater is produced at a demonstration scale of
10,000 m3/d, was well received. Delegates had the oppornrniry
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to learn how secondary effluent is converted into NEWater of
potable standards. The mdn components of the treatment trarn
used at the plant are microfiltration, reverse osmosis and
ultraviolet disinfection. The visitors had the opportunity to be
cooled down with the NEWater and/or get a bottle of the crystal
water as a souvenir from Singapore. During the 30 minute ride,
the delegates crossed half the county and could marvel at the
beautiful tropical gardencity.

The Sponsors
Thanks to Jim Bolton's convincing persuasion, the conference
gained sponsorships from Black and Veatch, CDM, Ebara
Corporation, Philips Lighting / Industrial UV Lamps, Tsukishima
Kikai Co. Ltd. and Wedeco. These sponsorships made
organztngthe event a much easierjob dwing the bear economic
season.

The PeopleWho Made the Event Ilappen
The conference was conc€ived when Jim Bolton @xecutive
DAector, ruVA) and Rongjing Xie met at WASSER BERLIN
October 2000. Thanks to Jim Bolton for throwing his entire
weight behind the event. Appreciation goes to the IUVA Board
that accepted the conference proposal and endorsed the event.
Special thanks are given to Karl Linden for his role of chairing
the technical committee, to Jennifer Clancy, JamesP. Malley and
Rip Rice for their support shown in organizing this conference,
to the invited speakers (Jim Bolton, Regtna Sommer, Oluf
Hoyer, Bob Hulsey, and Charles Sharpless) and voluntary
speakers, to M. Otaki who brought in a big delegation from
Japan, to those who served on the Scientific and Technical
committee and the Organizing Committee, and to Kathy Harvey,
Adeline Soong and Kim Suan Tan who intelligently handled
logistics of the event.

UYCalc Now Online!
UVCalc is a Software Program for UV
ReactorsDesignedto Calculate:
oAverage Fluence Rate (Irradiance) and
hencethe Fluence(UV Dose)
oFluenceRate (Irradiance)Distributions
Now for a limited time, you can submit
parametersonline for a Free Calculation.
Sendfor your copy ofthe Booklet
"Ultraviolet Applications Handbook"
by JamesR. Bolton, Ph.D.
Price:$10 (US) + S&H
Mastercardand Visa accepted

Keeping the Ball Rolling
It has been suggested that Second IUVA Asia Regronal
Conference (ruVA-ARC) be held in Japan in 2004. Preliminary
discussion was held with Dr. M. Otaki, who is to consult with his
Japanesecolleagues for hosting the conference. PR China can
be considered as an alternate country to hold the Second ruVAARC if the Japanesegroup is not able to take on the challenge.
Otherwise, because of its special position in Asia and in the
world, P.R. China could be considered as a host country for the
thtd ruVA Congress (in 2005) or the third ruVA-ARC in 2006.

Inc.
Bolton Photosciences
628 CheritonCres.,NW, Edmonton,AEl,
CanadaT6R 2M5
jbolton@boltonuv.com

It is expected that the Conference / Congress(es) held in this
IT\I
region of the world will promote application of the
technologies to water, wastewater and other environmental areas
in the Asian countries.
D

t4

in theAfiericas

fntroduction

treatmentobjectivesrangry from 200 - 1000 cfu (or MpN)
/100mL.

In the past decade,IIV technolory has receivedincreasing
attention in the Americas for a variety of applications. For
municipal drinking water,the recentdiscoverythat tIV readily
inactivates Cryptosporidium ooqslcsand Giardia cysts has
transformedthe technolog5rfrom a small niche groundwater
disinfeclion market technologr to the most promising
technolog5r
for surfacewater systemsfacedwith concernsover
Cryptosporidium/Giardia and/or disinfrction by-products
(DBPs). Also for municipal drinking water, the useof UVfor
advancedoxidation proc€sses(AOPs) is currently receiving
ample interestfor the destructionof "emerging" contaminants
suchas N-nitrosodimethylamine(NDMA), methyl-tert-butylether (M[BE), endocrinedisruptorsand chlorinated solvents.
The use of UV light has also becomemore prevalentfor air
treatment, including HVAC systems. IManyindustry leaders
considerair treafinentas the single largestapplicationfor UV
in the coming decades.The use of tIV light also is growing
steadilyfor residentialPoint0f-Entry @OE)andpoint0f-Use
(POLDapplications,as well as for bottled water applications.
The advantages of ultraviolet light have been clearly
demonstrated for curing applications. And the list of
applications keeps growing with ultrapure water, pr@ess
applications,etc.

Characterizedby low UV transmitiancesand high TSS lwels,
primary effluents, Combined Sewer Overflows (CSO) and
SanitarySewerOverflows(SSO)representnew challengesfor
UV technologies.
Over the last five years,due to increasingconcernsoverwater
shortages,andled by California Tifle 22 and Florida in the US,
UV technolory has becomevery popular for water reuse
applications. For a given peak flow rate, theseapplications
require significantly larger UV systemstlan conventional
municipal secondarywastewaterdischargeapplications,asthe
treafinent objective is as stringent as nondetect in total
coliforms (Title22 stipulates2.2 cfu/I0DmL of total coliforms
basedon a 7 4ay medianvalue).
_
Latin America,aggressivelyled by Brazil andChile, represents
an emergingmarketfor municipalwastewaterUV disinfection.
Sevemllarge systemsrecentlyhavebeeninstalledin the State
of SaoPaulo@razil) andnearSantiago(Chile). In thepasttwo
yearsonly, over20 wastewatertreatmentplantsin Brazil and 15
in Chile have either installed or are currently evaluating
proposals for a W system. In thesecountries,the treatment
objectiveusually is lessstringentthan in North America (e.g.,
1,000cft/100 mL for total coliforms).

With all the interest generatedfor the aboveapplications,we
have almost forgotten that the largest application of UV
worldwide remains by far the disinfection of municipal
wastewater.

Lower Overall Costs
Capital costsof UV systemscontinueto decreaseasa resultof
fierce competition. Table 1 showscapital equipmentcostsfor
recentlyawardedprojects.TheserecentIfV equipmentcostsare
similar to the costsof conventionallow-pressure,low-output
(LP-LO) published in the mid-1990's (t, 2). However,
improvements in technology efficiency are leading to
significantly lower life cycle costs. First, capital costsother
than the cost of the UV equipmentitself are lower due to, for
example,smaller systemfootprints.

Municipal WastewaterApplicationsand Markets
- Old and New
In North America, the most common application of IfV for
municipal wastewateris as an alternative to chlorinationdechlorinationfor the disinfectionofsecondaryeffluentsbefore
dischargeto the natural environment. For this application,UV
continues to emerge as the preferred technolory over
chlorinationprimarily dueto I ) requirementsfor dectrlorination
subsequent
1othe chlorination step(o eliminate the toxicity to
aquatic speciesassociatedwith residual chlorine), and 2)
concernsassociatedwith handling, transport and storageof
chlorine. For this application,the target organismgenerallyis
fecal coliforms in the U.S. and E. coli in Canada. with

Second,andmoreimportan! i.mprovements
in lamptechnology,
automaticcleaningmechanisms,dosepacing capabilities,and
reactordesign(seenext Section)haveled to significantlylower
power consumptionand labor costs,and consequentlylower
O&M coss.
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Table 1 - Capital fquipment Costsof IIV SystemsRecentlyAwarded in the US*
State
Pennsylvania
lowa
Nebraska
Montana
Ohio

DesignPeakFlow
(MGD)
3.5
6
8.5
I4
22

W SystemTlpe

Costof W System

1us$)
LP.HO
LP-HO
LP.HO
LP-HO
MP

80,000
140,000
125,000
270,000
410,000

LowAllprojectsinTablelwerefordischargeapplicationsawardedin2002,andforadesignpercentagetransmittanceof65o/o.LP-HO:
system
MP:
Medium-pressure
pressure,high-output system;
Due to the disadvantagesof LP-LO systemslisted above,
medium-pressure(MP) W systemsgained a considerable
momenfumin the last decade.However,as projectsare more
andmorewaluatedbasedon a life rycle costanalysis,the lower
germicidal efficiency (and consequently higher power
consumptioncost) of the MP lamp makesthe technolory less
competitivewith LP-HO systems.This canbeeasilyquantified
by consideringthat 1) the power consumptioncost of a MP
systemwill be three to four times grcater than the power
consumption cost of a LP-HO system, and 2) the power
consumption cost is the most important parameterof the
OperationsandMaintenance(O&M) cos, representingbetween
50 and 70%o
of thetotal O&M cost.

Continuous Evolution of the Technology
As discussedat the recent2002WEFTEC Conference(3), lowpressure,higlr-outputW lamp (LP-HO)technologymaybethe
"wave of the future" accordingto one presenter.
Except for very small systems,low-pressure,low-output (LPLO) W systemsno longer are the technology of choice
primarily dueto 1) the very high numberof lampsrequired,2)
the high maintenance cost associatedwith manual lamp
cleaning and lamp change-out,and 3) the lack of dosepacing
capabilities.

MP systemsretain an advantagefor large systemsfor which
footprint considerationsbecomea critical factor.
Significant innovativedevelopmentsare further strengthening
the competitivenessof LP-HO lamps. For the samelenglh of
lamp, mercury-indium amalgam LP-HO UV lamps have a
higheroutputthan liquid mercurylamps,andtheir efficiencyis
significantly lessdependenton watertemperahrefluctuations.
Double-foldedLP-HO UV lamps have a WC output 4 to 10
times greaterthan conventionalLP-HO lamps, and 20 to 35
times greaterthan LP-LO lamps(4).
Theoptimalperformanceof UV systemsishighly dependenton
hydraulics.Designsarebeingoptimizedwith theapplicationof
ComputationalFluid Dynamics(CFD) and the useof mixers.
on
However,with theexceptionof onecommercialqystembased
for
optimized
an innovative single lamp reactor design
hydraulics(2), major commercialqFstemscontinueto rely on
banksof lampssubmergedin openchannels.

We manufacture according to your needs!
r efficientand powerfulUV light sources
r electronicballastsfor UV lamps up to 8 kW
r electronic& electro-opticalcomponentsfor
controland adjustmentof UV installations
contact:AnneSchoen
eta plus electronicgmbh & co kg
7022600280
/ Germanyffi Tel:+49
Nuertingen
psx +49702265854 ffi e-mail:eta.plus@isluv.com
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Looking Ahead
UV technologyhasa bright future for wastewaterapplications.
However,issuesremain and will needto be addressed.The
image of the industry must continue to improve by, among
others, decreasing the number of flrll-scale systemsnot
performing accordingto manufacturer'sclaims and/orproject

alr rc l*"",*l
u9ugo

subsidiaryof the ISTMETZGroup
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specifications. Also, comparison between commercially
availableUV systems"diffrcult dueto the fact that systemsvary
in proprietarylamp technology,reactordesigls, etc.,mustbe
performedon a moreuniform basis.
To tackle theseissues,stricter standardsare required. Among
others, improvements in standards for defining the
measurementof parameterssuchas systemperformance(e.g.,
(e.g.,headloss)
bioassay),
lamp life, and hydraulicparameters
are necessary.This will be one of the major objectivesof the
recently formed IWA Topical Group on Wastewater
Disinfection.
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Figure 44 on p. 5l is only oneof manyexamplesof figuresthat
are "thrown in' - the figure is only obliquelyreferredto in the
text and the curvesarenot identiJied. Thusthe figure is totally
useless.
The equationon p. 51 is oneof manyexamplesof equationsthat
are "thrown in" - no referenceis madeto the equationin the
text and "I" is not defined.
On p. 52,the mostimpoxtantparameter(thequantumyield) for
the iodide-iodateactinometeris not stated. Also the concepts
and units of "absorbance"and "molar absorptioncoefficient"
aremixedup.
On p. 60, it is statedthat the thymine dimer absorbsblue light
- this is not troe. I think the authoris alluding to the conceptof
"photoreactivation",which is stimulatedby absorptionof near
W and blue light by photorepairenzymesin the bacteria.
Figure 49 on p. 61 has no wavelengthscale. The spectrum
to any
shownof protein (lower spectrum)bearsno resemblance
spectrumI have seenof proteins (for example,comparewith
Figure 3.2 on p. 25 of the bookby W. Harm "Biological effects
of ultraviolet radiation", Cambridge University Press,
Cambridge,tlK, 1980).
The vertical axis on Figure 51 (p. 63) is "molar absorption
coefficient", not "absorbance".
The curveson Figure52 G,.63) arenot identified.

This 176pagebookhasjust beenpublishedby Lewis Publishers
and aims to coverultraviolet technologiesas they apply to &e
treatment of drinking water and wastewater,both from the
standpointof disinfectionand of removalof contaminants.The
latter process€s:re usually called "Advanced Oxidation
Technologies"(AOTs). The book has six chapters:(1)
Introduction;(2) AvailableLamp (orBurner) Technologies;(3)
Useof Ultraviolet Light for Disinfection ofDrinking Water;(4)
UseofUltraviolet Light in PhotochemicalSynergisticOxidation
Prmessesin Water Sanitation;(5) Useof Ultraviolet Ligltt for
Sanitationof Wastewater;(6) GeneralConclusions. There is
alsoa Glossaryand254references.

First International Congresson
UV Teehnologies- I 4- I 6 June
2001 - Con"ferenceProceedings

This book is very much neededas there is no otler that
adequatelycoversthis fieid. However,sadlyI must reportthat
I cannot recommend this book. It is so firll of errors,
of fundamentalconcepts
misunderstandings
misrepresentations,
as to render the book unusable. The publisher apparently
allowedthis a book to be publishedwithout first havingthe full
manuscript reviewed by experts in the field. This was a
mistake.
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The following are a few of the most glaring problemswith this
book:
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On p. 7, it is stated that 98oAof the emified extraterrestrial
radiation from the sun is in the ultraviolet region. In fact, this
numberis l2Vo.
On p. 13,the conversionto bar units is wrong.
- mediumpressurelamps
On p. 18,Figure 13 is meaningless
sincethey operate
temperature,
are not affectedby the external
(700-900
C).
at very high surfacetemperatures
On p. 33, the spectrumshown is certainly not that of any low
pressureHg lamp. It is probablya Hgdoped xenonlamp.
On p. 38, Figure 38 illustratesthe conceptof "refraction", not
"reflectance". Also on this page, the reflectanceof water is
not 47oas stated.
2.5%o,

Available!!
IUVA T-Shirts
Light grey with IUVA logo (in color) - medium,large,
and extra large - $(USD)20including regular shipping
EQUIPMENT SIJPPIJERS; To purchaseextracopiesof
IUVA Newsissuesfor distribution to your customersor to
handoutat your booths,contactRip Rice (Editor - seep.
3) for pricesandtiming (e.g.,backissuesvs newissues).
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On p. 68, the conceptofa "secondordet''kinetic equationis
misrepresented,afi, fu is not defined.
On p. 70, again the reflection from a water surfaceis stated
wronglyas4Yo(it is really 2.5YA.
On p. 70, "A" and"E"' arewrongly defined;'7" (shouldbe"a")
is not the "absorbance",it is the"decadicabsorptioncoefficient"
and,*E' (should be "a") is not the "extinction", it is the
"naperianabsorptioncoefficient".
Figure 58 (p. 75) is anotherexampleof a figure that is "tlrown
in'. It is statedin the text that Cryptosporidium oocystsare
being treated,but the caption to the figure saysAeromonas
aerobacter.
In Table l0 (p. 77), the 7oT values do not correspondto the
absorptioncoefficientslisted.
On p. 79, the referenceto PCBsis meaningless- PCBsare not
solubleat a concentrationof 2 mg/L.
The equation at the top of p. 87 is flawed - the units do not
match on the two sidesof the equation.
The equationsat the bottomofp. 89 and the top ofp. 90 are
more examplesof equationsthat havebeen"thrown in", with
little or no explanationand or definition of symbols.
Table 11 (p. 9l) - the rate constants(/r,) are given as negative
numbers- rate constantsare alwayspositive.
In Figure 70 (p. 91), the units of.I.aareprezumablythe sameas
for.I", yet on p. 86,/*, hasno units.
The first firll sentenceon p. 95 is nonsense- one cannotrelate
a flow rateto an electricalenergy- it shouldbeflow raterelated
to electricalpowerfor a given UV dose.
The first paragraphin section4.1.2 on p. I 16 is nonsense
- a
strong oxidizing agent, such as the hydro:yl radical) is
automaticallya very weakreducingagent.
The second table on p. 177 is misleading - the terms
"exothermic"and "endotherrnic"properlyrefer to AH, not AG.
On p. ll8, the discussionabout the absorptionof UV by
hydroxyl radicals is meaningless
the steady-state
concentrationofhydroxyl radicals in such a systemis so low
that absorptionby hydroxyl radicalsis totally negligible.
The equationat the top of p. l2l is very confusing- no units
aregiven for the termsandthe units appearnotto matchfor the
two sidesof the equation.
Onp.l26,J(L) is definedas"absorbanceat / segment"-infact
it is the fraction of light absorbedin a nanow wavelengthband.
The first equation on p. 127 is meaninglessas regardsthe
reactionsofO('D) atoms.Virtually all O(tD; eitherrevertto the
ground stateO(3P)atom by collision with Ozor N, molecules,
or react with water vapor (HrO) to form OH radicals. The
reactionshownis totally negligible.

in the text (e.g., on p. 70), the samesymbolsare usedfor
"absorptioncoefficient"(unitscm-r).
"dose" is defined in terms of radiant power, when in fact it
shouldbe radiant energy.
In the definition of "intensity", "fluence" is not the same
conceptas o'flux".
The definition of "irradiance" bearsno relation to commonly
accepteddefinitions.
Thereis muchusefulinformation in this book. Unfortunately,
a reader that is not well informed cannot separatethe good
materialfrom the bad.
tr
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In the Glossary,thereare additional errors:
'7" is identified as the "absorptioncoefficient" (properly the
"decadicmolar absorptioncoefficient")and"E"' the "extinction
coefficienf' (properlythe"naperianabsorptioncoefficienf'), yet
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