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ORAL PRESENTATIONS
CURRENT ACTIVITIESOF HEALTH CANADA’'S WATER QUALITY PROGRAM
V.M. Morisset and K.S. Subramanian

Hedlth Canada
Jeanne Mance Building
Tunney’s Pasture, Address Locator 1912A
Ottawa, Ontario, Canada K1A 0K9

The qudity of drinking water is of continuing concernto al Canadians. Everyday, each of us comesinto contact with this
most precious resource and expects our drinking water to be safe, clean and palatable. Hedlth Canada s Drinking Water
Program monitors the issues that are of concern to Canadians and provincia and territoriad governments and ensuresthat
the necessary guiddines are established.

The Guidelines for Canadian Drinking Water Quality are developed in collaboration with al provincesand territories,
through the Federa-Provincia Subcommittee on Drinking Water (Subcommittee); Hedlth Canada provides the technica
Secretariat to the Subcommittee. The first comprehensive Canadian drinking water quaity guiddines were published in
1968; the latest ediition (Guidelines for Canadian Drinking Water Quality- 6" Edition) incudes guiddines for
microbiologicd qudity, for more than 80 physica/chemica parameters, and for 78 radiologica parameters.

Because drinking water is conddered a naturd resource, the respongbility to provide safe drinking water to Canadians
generdly fdls under provincid/territorid jurisdiction. The Guidelines for Canadian Drinking Water Quality are used
by the provinces and territories as a bass for establishing their own enforceable guidelines, objectives or regulations for
drinking water quality. As the Secretariat to the Subcommittee, Hedlth Canada s Water Quality Program plays a key
leadership role by conducting nationa drinking water quality surveys and research on hedth effects and trestment
technology, and by evauating contaminants found in drinking water. The results of these evauations are published in the
Guidelines for Canadian Drinking Water Quality. Health Canadais aso responsible for the safety of materids that
come into contact with drinking water and has introduced legidation into Parliament to that effect.

M ost enforcegbleprovincid/territoria drinking water quaity requirementsare based on the scientific assessments prepared
by Health Canada s Drinking Water Program for publication in the Guidelines for Canadian Drinking Water Quality.
Current issues of concern which will be discussed during this presentation include duminum, arsenic, chlorinated
disinfection by-products (CDBPs) and cyanobacteria toxins (Microcystin-LR).



SESSION 1

GROUND WATER QUALITY IN RURAL SASKATCHEWAN
- EMERGING | SSUESFOR DRINKING WATER

By:
Joanne Sketchedll and Nolan Shaheen

Sask Water, Water Resource and Infrastructure M anagement
Victoria Place, 3 Floor, 111 Fairford Street East, Moose Jaw, SK S6H 7X5

In Saskatchewan, alarge portion of rural resdents obtain their domestic and drinking water from ground water supplies.
In 1997, Sask Water initiated an advisory program for rural residentsto address growing public concern about the safety
of ground water supplies for domestic and consumption use. Through this program, Sask Water has monitored over 500
wells covering arange of different agquifers, well types, and depths. The analytical resultsto date have identified a number
of parameters that exceed aesthetic objectives, as well as a number of emerging hedth related issues that need to be
addressed if ground water is utilized as a drinking water supply.

Most Saskatchewan ground water supplies experience problems with high total dissolved solids, iron, and manganese.
Monitoring results have a so shown that many of the source waters tested experience € evated sulphate, sodium, and tota
hardness levels. In most cases, one or more aesthetic objective set for drinking water was exceeded. A number of health
related parameters have aso been identified, including: arsenic, seenium, coliform bacteria, and nitrates.

While the presence of dissolved organic carbon has been well documented for surface water supplies, organics are not
routingy monitored in ground water supplies. The findings of this monitoring program have found organics to be present
a levelsabove 5 mg/L in asgnificant number of wels, with concentrations up to 46 mg/L observed for one supply.

The results of this program provide the first comprehendve assessment of ground water qudity throughout rura
Saskatchewan and form an important component of the Provincia ground water database. This paper presents an
overview of the water quality information collected to date, highlighting the hedth and aesthetic parameters found in
Saskatchewan ground water supplies. The results emphasize the importance of regular monitoring, to provide adequate
treatment and protection of rurd drinking water supplies.



DEVELOPMENT OF A BOIL WATER EMERGENCY RESPONSE PLAN FOR A WATER UTILITY
By:

L. Gammie, Epcor Water Services, D. Pdlletier, Epcor Water Services, N. Fok, Capitd Hedlth

Withtheidentification of protozoans such asGiardia and Cryptosporidiumbecoming morewidespread in surfacewaters
and in treated drinking water, it is advisable for water utilities and hedlth boards to develop plans for deding with the
occurrence of these organisms and to define the guidelines under which "boil water advisories' would be cdled, and dso
to confirm conditions whereby the advisories could be rescinded. The cdling of boil water advisories is generdly the
legidated responghbility of the local Medicd Officer of Hedth, but in practice the process will go much more smoothly if
dl partiesinvolved are awvare, in advance, of the conditionsfor caling such advisories, and of the consequencesin terms
of dealing with customer concerns, handling the media, and evauating water treatment plants and water quality data.

AQUALTA, thewater utility supplying Edmonton and surrounding areas, undertook an exercisein conjunctionwith Capita
Hedlth, thelocd health board, to develop such aset of guiddines, following thefinding of protozoan cystsin some samples
of drinking water in 1997, dthough no increase in waterborne disease cases was observed in the community.

The process involved the setting up of aWater Quality Advisory Committee in 1998 with representatives from the loca
Hedth Boards, from Alberta Environment (the water regulator), from the University of Alberta, and from regiond
municipdities supplied by the Aqudta drinking water system. Sub-committees of this group looked at Water Qudity
Issues and a Communications in more detail. These groups met regularly and will continue to meet on ongoing issues.

The Water Quality group reviewed risks, the need for action plansfor water utilities and health boards when water quality
problems occurred, and developed a set of "Boil Water Guiddines' which dl parties could agree upon, and which were
accepted for ongoing usein early 1999. Theguidelineslisted the possible reasonsfor caling such anctice, the parameters
of concern with corresponding intermediate action level's, and emergency boil-water levels, and therationdefor rescinding
any advisory notice.

The Communications group looked a ways of improving the exchange of information among dl parties involved,
developing arapid response system for derting reponsible agencies of any emergency condition, preparing information
materids ready to go out to the public if required. The group aso looked at the development of generd information
pamphlets on waterborne disease, Giar dia/Cryptosporidiumrisk scenarios, and the provison of information to high-risk
groups (theimmune-compromised). A number of tabletop exerciseswere held to confirm the workability of the boil water
advisory plan.

A red bendfit of the whole processis that everyone involved met with people in the other areas, and was exposed to a
variety of points of view. The communication pathways were greetly improved, and the developed plan was reached by
consensus and had appreciable buy-infrom dl parties. Customersand stakeholders can now rely on prompt coordinated
action if thereisany risk to public hedth. The processis strongly recommended for al water utilities.



EXPERIENCE WITH PRODUCT FAILURESTO NSF STANDARDS
By:
Stan Hazan, NSF Internationd, Veronique Morriset, Health Canada

NSF Internationa has worked with Hedlth Canada to develop important statistical information on product testing results
for companies seeking certification to ANSI/NSF Standards 60 and 61, for Drinking Water Additives, andto ANSI/NSF
Standards 42, 44, 53,58, and 62 for Drinking Water Treatment Units.

These standards address the hedlth effects and toxicology issues of products used to collect, treat, distribute, store, and
filter drinking water from municipal source to the tap, and to residential water filters. The standards, and related
certification programs have served to protect consumersfrom potentidly harmful levels of contaminantsin drinking water.

Legidationin the US. mandates certification to standards 60 and 61 in more than 85% of dates. Severd provincesin
Canada a so require certification through policy or legidation. The standards have become widely accepted in plumbing
codesin Canadaand the US. Additiondly, Standard 61 isreferenced in ANSI/ASME plumbing products standards and
will be referenced in, their counterpart, CSA plumbing standards.

HedlthCanadacommissioned NSF Internationd to review itsfilesand records, and document thetypes of productsfailing
initid certification caused by leaching of contaminants (not performance of devices), the contaminants causng the fallures
and the levels & which the contaminants would have occurred in drinking water had the products been alowed to enter
the marketplace.

The presentation will provide detalled information on initid product falures due to leachates and will outline how the
standards, and accompanying certification programs have protected drinking water quality in the US. and Canada.



THE EUROPEAN DRINKING WATER DIRECTIVE -
A SCOTTISH PERSPECTIVE

By:

Colin McLaren
The Scottish Executive
Water Services Unit

The European Union published anew Drinking Water Directivein December 1998. The Member States of the European
Union have 2 years to trangpose the Directive into nationd law and 5 years to meet the standards set.

The standards in the new Directive that pose the greatest difficulties for the Scottish water authorities are those for
trihdomethanes and lead. At present the national standard for trihdomethanes is 100ug/l based on a rolling 3 month
average. In 1998 nearly 50% of supplies in Scotland failed to meet the existing standard. The new Directive sats an
interim standard of 150ug/l as amaximum to be achieved by 2003 and atighter standard of 100ug/l to be met by 2008.
It would not be politically acceptableto set alower standard for THMsthan already exists. The new regulationstherefore
are likely to set agtandard of 100 g/l as amaximum from the outset. As can be seen from thefalureratein 1998, much
work remainsto be done to achieve the 100 pg/l standard across Scotland. To date, the view has been that in controlling
THM formation disinfection should not be compromised. The high falure rate for THMs, while of concern, has not
therefore been the primary focus of the Scottish water authorities attention. However, the position ischanging and the new
regulations reinforce the need to reduce THM formation.

Although 50% of suppliesin Scotland failed to meet the THM standard in 1998 it should be noted that the vast mgjority
of thefailing supplieswere smdl rura supplies serving just afew hundred people. Thelarge population centres generdly
have compliant water. Therurd supplies often receive very basic water treatment and the highly coloured upland waters
from which the supplies are drawn, react with the chlorine to form THMs. One of the favoured solutions for small rura
suppliesis the use of a membrane treatment plant. A number of these plants have now been ingdled in Scotland with
consderable success. They are however an expensive solution benefiting ardatively smal number of people.

The Scottish water authorities must meet the new standards set in the Drinking Water Directive by the specified dates.
Fallureto do so could result in significant fines being levied on Scotland by the European Court of Justice. To ensurethat
the water authorities are working towards compliance with the Directive, they are required to provide Scottish Ministers
with legdly binding undertakings to implement the necessary improvement measures. Failure to meet their undertakings
would result in enforcement action being taken againg an authority.

The other parameter in the new Directive that is of concern to Scotland is the lead parameter. The current standard for
lead in Scotland is 50ug/l in arandom daytime sample. The Directive imposes an interim standard of 25ug/l to be met by
2003 and afind standard of 10ug/l to be achieved by 2013. Thereare nolead water mainsin Scotland but alarge number
of lead communication pipes (the pipe between the main in the street and the property being served) remain in the
ownership of the water authorities. Inaddition, alarge number of older propertiessill havelead internd plumbing. While
it should be possible to achieve the interim standard of 25ug/l through the use of pH correction

and orthophosphate dosing to reduce the plumbod ovency of the water, it isnot considered possible to achieve the 10ug/l
standard without replacing the lead pipework. There are substantia costs involved in this exercise and athough the
Directive allows 15 years to meet the 10ug/l standard, the scale of the problem is so great that the Scottish water
authorities are planning their lead replacement programmes now.



Not included in the Drinking water Directive but of concern to Scottish water authorities is cryptosporidium in water
supplies. Regulations were adopted in England and Waes in July 1999 that set a standard of 1 oocyst per 10 litres for
cryptosporidium. The view was taken in Scotland that while this may be acceptable as a treatment standard it did little
to protect public hedth. A decision was madethat in order to protect public hedlth, the most effective measure would be
to require the Scottish water authorities to implement the recommendations contained in the third report of the Group of
Experts on Cryptosporidium in Water Supplies. The report of the Group chaired by Professor Bouchier was published
inNovember 1998. Oneof the Groups key recommendationswasthe carrying out of risk assessments on water supplies.

A common risk assessment methodol ogy was agreed between the three water authorities and the Scottish Executive. A
score was assgned to individua water supplies following an assessment of the risk of cryptosporidium being present in
a supply. Depending on the score alocated to a supply, the water authorities are required to carry out improvement
measures by agreed dates. Where Stes are identified as being a highest risk, continuous monitoring of the supply for
cryptosporidium has to be carried out until the necessary improvement measures are implemented

These are just some of the chalenges that face the water industry in Scotland over the next few years. Itismy job asa
regulator to ensure that the industry rises to and meets the chalenges.



SESSION 2
RISK OF WATERBORNE GIARDIASISBASED ON M ONITORING DATA
By:
Peter M. Wallist, D. Mattsor?, David W. Eryol?, Michagl Jones* and John Jamiesor?

'Hyperion Research Ltd., 1008 Allowance Ave. SE, Medicine Hat AB T1A 3G8
2City of Thunder Bay, 500 E. Donad <., Thunder Bay, ON P7E 5V3
2Eryou Barristers, 131 N. Court St., Thunder Bay, ON P7A 4V1
3Azimuth Environmental Consulting Inc., 122 Saunders Rd., Barie ON L4M 6E7
“Dept. of Psychology, Lakehead University, 955 Oliver Rd., Thunder Bay, ON P7B 5E1
5To whom al correspondence should be addressed.

The andysis of water samplesfor Giardia cysts and Cryptosporidium oocystsistill an evolving process so public hedth
authorities are reluctant to use the data because its strengths and limitations are not well understood. Protozoan cyst
detection relies upon trapping the parasites on filters and direct enumeration by microscopy. The efficiency of cyst
recovery depends upon the methodology and the nature of the other particulate matter present in the sample.
Concentrationestimatesthereforetendto below and variable. Strengthsand wesknessof the conventiona (ICR) methods
and the new 1622 and 1623 EPA methods are reviewed. Monitoring data from outbreak and non-outbreak conditions
are used to calculate risk usng an exponentiad modd and the usefulness of these predictionsin the setting and rescinding
of Boil Water Advisoriesis discussed. Viahility estimations and human infectivity of waterborne parasites are difficult to
evauate but can be compensated for to some extent in the risk modd. Estimates of the effectiveness of water treatment
must also beincorporated. Despitethese difficulties, risk model predictionstally reasonably well with waterborne disease
in the community.



HUMAN EXPOSURE TO HALOGENATED DISINFECTION BY-PRODUCTS
By:

Steve E. Hrudey', Samantha Rizak? , Kenneth Froese' et d.
YUniversty of Alberta, Edmonton, Alberta, Canada
2Monash Medical School, Mebourne, Austrdia

Epidemiologic studies seeking to establish links between disinfection by-product exposures and adverse health outcomes
ranging from bladder cancer to adverse reproductive outcomes rely upon acquiring knowledge of both the disease state
of theindividud and the exposures of the same individua to hypothesized causative agents. If individua exposures to
contaminants are not directly measured, the ability of epidemiology to support causd inferenceisseverdy limited. Y et the
body of evidence available to date from human studies of disinfection by-products has failed to achieve meaningful
assessment of individua exposure to the disinfection by-products.

Recent studies of cancer (King and Marrett 1996) and adverse reproductive outcomes (Waller et d. 1998, Gallagher et
d. 1998) have estimated disinfection by-product exposure in terms of estimated exposure to trihalomethanes at the
trestment plant or in the digtribution system. While these studies deserve to be considered substantial improvements over
earlier sudies that compared exposures by using individuals served only by chlorinated surface water suppliesin contrast
to unchlorinated groundwater supplies, they Hill fal far short of providingindividualized exposure assessment. Furthermore,
withthe possible exception of bromodichloromethane, toxicologica evidence on the trihal omethanes does not suggest that
this class of compounds are likely to be causal agents for the adverse outcomes which have been studied. Hence, the
greatest vaue of trihdomethanes in epidemiologica studies may be as surrogates for other disinfection by-products.

In order for trihalomethanes to serve as viable surrogate measures for other disinfection by-products they must be
correlated with those other disinfection by-products after creation and they must follow similar patterns of changein the
digribution system. While there is some evidence to support a correlation between trihalomethanes and some other
hal ogenated disinfection by-products, smilar behaviour in distribution systemsismuchlesscertain (Chen and Weisel 1998)

Thisresearchinvolvesandydssof disinfection by-product datafrom four Canadian municipd distribution systemsand from
systems sarving Addaide, Audtraiato determinethe correlation of hal oacetic acids and other chlorination disinfection by-
productswithtrihalomethanesasafunction of travel time, temperature, pH, chlorineres dua and dissolved organic carbon.
Theimplications of the rdaionships determined will be explored in terms of the viability of THM s asasurrogete measure
of exposureto other chlorination disinfection by-products. Thesefindingswill haveapplication both to futureepidemiologic
studies and to the reinterpretation of completed studies.



VALIDATION OF SEROLOGY M ETHODSFOR DETECTION OF CRYPTOSPORIDIUM
IN HUMAN POPULATIONS

By:

Judith L. Issac-Renton, William R. Bowie, Corinne Ong, Anna Li, Mohamad Khan,
Mark McLean, Patrick J. Lammie and Jeff Priest

Department of Pathology and Laboratory Medicine, University of British Columbia, Vancouver, British Columbia,
Vancouver Hedth Department, Vancouver Richmond Hedth Board, Vancouver, British Columbia, Centers for
Disease Control and Prevention, Atlanta, Georgia

Background

Cryptosporidiossisamgor concernto water utilitiesand public hedth authoritiesworld-wide. Althoughit may be spread
by severd routes, Cryptosporidium has recently emerged as amajor cause of waterborne disease. A number of large
waterborne epidemicsof cryptosporidios shave been reported including, Swindon and Oxford, England with an estimated
5000 persons infected and Milwaukee, Wisconsin with over 400,000 persons infected. Some mgjor outbreaks have
occurred incommunitiesin which drinking water trestment met current sSlandards. These outbreaks havefocused attention
on the lack of understanding of the epidemiology of thisinfection.

Itiswidely recognized thet |aboratory teststo identify this parasitein fecesareinsendtive; many moreinfectionsoccur than
aredetected and reported. It appearsthat an estimate of the preva ence of human Cryptosporidiuminfectionsis provided
by the detection of specific antibody responsesin blood samples. This project isintended to validate atest which could
be used to determine an individud’ s prior exposure to Cryptosporidium and to estimatethe prevaence of infectioninthe
community.

New information from this project will include an estimate of the usefulness of Cryptosporidium antigens as markers of
recent infection, an estimate of the sengtivity, and if possble specificity, of both the CDC ELISA and the miniblot, and
an assessment at a population level, of seroprevaence of antibodies to Cryptosporidium in outbreak and nonoutbreak
Setings.

Objectives

The specific objectives of this project are to:

1) Determine the sengttivity of the new CDC ELISA and the immunoblot (miniblot) assay.

2) Determine the specificity of the ELISA test and the immunoblot assay.

3) Andyze changesin antibody reactivity over time in persons with [aboratory-confirmed cryptosporidioss.
4) Evauate sdlivafor usefulness in detecting antibodies to Cryptosporidium.

5) Compare results of the ELISA and immunoblot.

6) Assess the ELISA assay at a population leve.

Preiminary Results(testing isdueto be completed in December 1999 and find anaysiswill beavailableafter thisdate):
| nter-laboratory comparison of the EL1SA 1gG assay of Cryptosporidium antibody to both 27 kDaand 17 kDaantigens
showed excdlent corrdation. Median vauesfrom ELISA 1gG testing of cryptosporidios's caseswere cdculated for each
collectionperiod (timepost collection) for thekineticssera. Peak valueswere seen at the 1 - 10 weeksinterval post-onset.
Overdl, afdl to what appearsto bea”basdineleve,” was seen by the 51 - 60 week period. Cryptosporidium ELISA
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IgG testing of toxoplasmosisand giardiasi s cases showed poor correl ation betweentests. Sdlivasamplestested by ELISA
1gG assay for both Cryptosporidium antigens showed alow positivity rate. Changes over time during the collection period
were seen in the few postive sdiva samples. Half-life of serum antibody responses to the Cryptosporidium antigens
cdculated for one case was gpproximately 52 weeks for the 27 kDa and 22 weeks for the 17 kDa antigens. Further

andyds of these datawill be carried out.

This project is funded by the American Water Works Association Research Foundation.
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TRICHLOROACETIC ACID ASA BIOMARKER OF HUMAN EXPOSURE FOR
NON-VOLATILE DISINFECTION BY-PRODUCTS

By:

Barbara Ells!, Kenneth Froese!, Samantha Rizak?, Martha Sinclair? and Steve E. Hrudey!
YUniversty of Alberta, Edmonton, Alberta, Canada
“Monash Medica School, Mebourne, Austrdia

Chlorination produces awide range of disinfection by-products, both volatile and non-volatile. While the trihd omethanes
are the dominant volatile disinfection by-products in drinking water, the haloacetic acids are the dominant non-voldile
disnfection by-products identified to date. Upon ingestion, disinfection by-products are taken up across the gut and
transported directly to the liver. Research has shown that ingested trihal omethanes are rapidly metabolized in the liver and
accordingly fail to appear in the bloodstream from this exposure route. Measurement of trihdomethanes in generd
circulation has been attributed to uptake by inhaation or derma absorption, exposure routes which avoid the first pass
through the liver and the corresponding rapid metabolism.

Ha oacetic acids offer negligible uptake from inhaation or dermal exposure routes making ingestion the only sgnificant
exposure route for these disinfection by-productsin drinking water. Evidence suggeststhét trichloroacetic acid hasahaf
lifein the body of gpproximately 3 days, on average, making it a potential candidate as a biomarker of human exposure
to non-volatile disnfection by-products. Biomarkers of exposure offer the possibility of objective measuresto determine
individud exposure to disinfection by-products, adeficiency in dl currently available epidemiology studies on disinfection
by-products.

This study involves apilot scae evaduation of volunteers among our research collaborators who normaly drink tapwater
containing readily detectable levels of hdoacetic acids. Urinary levels of trichl oroacetic acid, along with other detectable
haoacetic acids, will be compared with their levels in samples of drinking water consumed according to daily diaries
documenting how they have used their drinking water (consumed cold tapwater, heated beverages, etc.). After stable
patterns of excretion are established, intervention with bottled water shown to be free of haoacetic acidswill be used to
vaidate whether trichloracetic acid in urine can document exposure levelsfrom drinking water. Theresultsof the pilot trid
reported here will be used to design a larger scale intervention trid that will provide important information about the
variability of human absorption and excretion of potentia biomarkers of human exposure to non-volatile disinfection by-
products. Theseingghtswill ultimately alow meaningful individua exposure assessment such that future epidemiologica
studies can begin to test causal hypotheses about disinfection by-products causing adverse reproductive outcomes.

-11 -



SESSION 3

| DENTIFICATION AND TREATMENT OF OFF-FLAVOURSIN DRINKING WATER
By:
Trevor Satchwill*3, Susan B. Watsor?, Elisabeth Dixor? and Edward McCauley?

! City of Cagary Engineering and Environmenta Services Dept., Waterworks
Division, Glenmore Waterworks L aboratory (#35), P.O. Box 2100, Calgary,
AB. T2P 2M5. Canada.

2 Dept. of Biosciences, University of Cagary, 2500 University Drive N. W.,
Cagary, AB. T2N 1N4. Canada.

3 Dept. of Chemidtry, University of Cagary, 2500 University Drive N. W.,
Cagary, AB. T2N 1N4. Canada.

Drinking water supplies are often impacted by seasonal taste and odour (T/O) episodes caused by volatile organic
compounds (VOCs) from agd blooms. Trestment and control of VOCs during these events is important to utility
operators, as customer confidence in the safety of drinking water suppliesisinfluenced by aesthetic perceptions, such as
taste and odour. In the nutrient poor Glenmore Reservoir (Calgary, Alberta) the chrysophytesUroglena americana and
Dinobryon spp. are known to produce fishy odour compounds during bloom events. These compounds, specificaly
unsaturated dienals (2,4-heptadienal 2,4-decadiend and 2,4,7-decatriend) result from the enzymatic breakdown of
intracellular polyunsaturated fatty acids (PUFAS). Where prevention of bloom eventsis not possible, amndiorative water
trestment Strategies target physical remova of the algae, or absorption and oxidation of the resultant T/O compounds.
Disolved air floatation (DAF) has been used as an efficient means of removing particulate matter and has the potentia
to remove intact dgae from the treatment process. By the removal of intact cells the production of T/O compounds from
cdl lysis can be minimized. Preiminary results from this study are presented. DAF was compared to conventiona gravity
sedimentation (CGS) using bench scale jar-test gpparatus with auminum sulphate coagul ation. Chlorination was used as
an oxidizing agent in order to observe changesin both the T/O compounds and disinfection by-products (DBPs). Natural
and synthetic test waters containing chrysophyte species were used. The treatment efficacy was evauated in terms of
particle remova by measuring turbidity, particle counts and taxonomic enumeration of the dgae. Havour profile andyss
(FPA) was used to monitor changes in the magnitude and character of the odour. Changes in soluble congtituents were
monitored as a composite parameter using total organic carbon (TOC) and as specific organic compounds. T/O
compounds were quantified using solid phase microextraction / gas chromatography — mass spectrometry (SPME/GC-
MS) while the DBP trindomethanes (THMs) and hdoacetic acids (HAAS) production were measured usng gas
chromatography.

-12 -



CYANOBACTERIAL TOXINS: THE DEVELOPMENT AND EVALUATION OF M ETHODS TO DETERMINE M ICROCYSTIN
LEVELSIN CANADIAN WATER SUPPLIES.

By:
Michéle Giddings', Abde-ilah Sadiki, Joanne Sketchell? and Tim Macaulay

! Hedlth Canada, Hedlth Protection Branch
2 Sask Water, Water Resource and Infrastructure M anagement

Microcydtins, potent toxins that affect the liver, are naturaly produced by many species of blue-green ageae
(cyanobacteria). These dgae grow in the shalow, warm, dow-moving or still bodies of water common throughout
Canada. Many rura farm-type water supplies used for domestic purposes and for livestock watering are subject to
repeated blue-green algdl blooms, particularly during the hot summer months. While most speciesof blue-green dlgae are
capable of producing toxins, not al blue-green dga blooms do. When present, the concentration of toxins varies
dramatically within the body of water and over time. Microcydtins are extremely stable and will persast for long periods
once they are released into awater supply.

During the summer of 1993, the cyanobacteria toxin Microcystin-LR was identified in Winnipeg's drinking water
digtributionsystem. Thisdiscovery prompted the Manitoba Department of Environment to ask Hedlth Canadato establish
an‘Emergency Hedth Advisory’ (EHA) for thistoxin. Subsequent to the establishment of the EHA, the Federa -Provincid
Subcommittee on Drinking Weater initiated the devel opment of adrinking water guiddinefor thesetoxins. A drinking water
guiddine of 1.5 pg/L for Microcystin-L R was proposed in 1998. During the guideline development process, however, a
number of gapsin the database wereidentified. The most significant gap wasthelack of exposure datafor the populations
at risk, dueto the absence of readily-available, cost-effective anaytica and field test methodsfor toxin identification. Very
few |aboratoriesin Canada are capable of quantifying blue-green algae toxinsin water and the cost of andysis per sample
isexpensve.

At the request of Saskatchewan Hedlth, and with the participation of a number of provinces and non-governmental
agencies, Hedth Canada began developing a laboratory method (HPLC-UV) that could be used by the provincia
laboratories and agencies for routine monitoring of the toxins in dl water supplies. In addition to the lack of a routine
laboratory method for quantifying toxin levels, therewas aneed for areadily availablefied test for rapidly determining the
presence or asence of these toxins within blooms. These methods were developed in collaboration with the University
of Alberta protein phosphatase bioassay laboratory, and included surveys of water sources in various provinces during
the summers of 1998 and 1999.

The presentation will focus on the survey results, the devel opment, evaluation and testing of both the andytical method and
of the prototype field test kit. The agpplicability of the andytical method and fidd test kit for routine monitoring will be
discussed.  The success and implementation of these two methods will provide a more accurate and cost-effective
gpproach to the management of risk associated with blue-green dgd toxins to humans and livestock.
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RURAL DRINKING WATER ON THE PRAIRIE AND WATERBORNE DISEASES
By:
H.G. Peterson, R.D. Robarts, T. Preston, A. V. Zhulidov and M. Kumagai

Safe Drinking Water Foundation, UNEP-WHO GEM SWater, Scottish Universities Research and Reactor Centre,
Centre for Preparation and Implementation of Internationa Projects on Technicd Assstance (Russia), Lake Biwa
Research Indtitute (Japan)

High leves of dissolved organic materid (DOM) and particlesin rurd prairie water are hampering the production of safe
drinking water. A casein point is made by examining two diseases that can be spread by water, giardiasis and Hepatitis
A. Saskatchewan will be used as an example and compared with therest of Canada. These two diseases were two and
three times more common per capita in Saskatchewan than the national average (1993-1996 average data for which
officid information exigt). 1n Saskatchewan the number of reported Hepatitis A casesincreased from 64 in 1994 to 450
in1996. Itisagenerdly accepted practice to multiply the reported cases of waterborneillnessesby 10 or moreto reflect
actual numbers. Thetota number of reported Hepatitis A casesin New Brunswick, Nova Scotia, Prince Edward Idand,
Newfoundland, the Northwest Territoriesand Y ukon was 25in 1996. Saskatchewan therefore had 18 times more cases
of Hepatitis A than dl of these provinces combined. On aper capitabasistherate of giardiasiswas4 and 5 times higher
in Saskatchewan than in Nova Scotia and New Brunswick; for Hepatitis A the Saskatchewan rate was 14 and 71 times
higher, respectively. In addition, water sourcesin rurd Saskatchewan will typically contain highlevelsof naturaly occurring
DOM. When thiswater is chlorinated large quantities of new chemicds are formed; the amount of these chemicas are
higher in rura Saskatchewan than in the rest of Canada. The concern is that when chlorinated, the chlorination by-
products formed can potentialy cause cancer and spontaneous abortions.  Detection of microbia illnesses through
“indicator” testingisdiscussed. The hedlth costs of providing unsafe drinking water to rural people has been assessed for
the Saskatchewan stuation and will be presented using criteria from both Canada and internationally.
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SESSION 4

AN EXAMINATION OF NITRIFICATION TRIGGER CONDITIONSWITHIN A
BENCH-SCALE, CHLORAMINATED DISTRIBUTION SYSTEM

By:
KaarinaD.M. Pintar> 2, Robin M. Slawsont, Peter M. Huck?*

INSERC Industrid Research Chair in Water Treatment
Department of Civil Engineering, University of Waterloo

“Department of Biology, University of Waterloo

With the recent promulgation of the new disinfectant/disinfection byproduct (D/DBP) component of the surface water
trestment rule (SWTR) in the United States and lower THM maximum contaminant levels (MCLS) in Canada, some
utilities are switching from free chlorine to chloraminesto control disinfection byproducts (DBPS). In these chloraminated
water trestment systems ammonia has been found to promote the growth of autotrophic nitrifying bacteria, primarily
ammonia-oxidizing bacteria in water digtribution systems. Nitrification episodes can lead to a decrease in disinfectant
resdua, anincrease in heterotrophic bacteria, and in certain cases, regrowth events of opportunistic pathogens, such as
coliforms. Research suggests that nitrification episodes are triggered by certain factors, including water temperature,
retention time, and chlorine resdud levels.

Anexamination of trigger conditionsresponsblefor these episodeswasinitiated in June of 1998, with astudy to determine
whether nitrification occurs in a non-chloraminated, bench-scale distribution system. Laboratory annular reactors
(continuous flow reactor) operated with amended tap water, were used as mode distribution systems for these
invedtigations. The tap water was firgt fed through a granular activated carbon (GAC) column, to remove any chlorine
resdud, followed by a BAC, or biologicdly active carbon column, to further remove any easily biodegradable organic
meatter (BOM) in the tap water. The levels of BOM and chloramine resduals within the reactors were strictly controlled
and manipulated according to the pre-sdected experimenta conditions. As expected, prdiminary trids with BOM
amended tap water did not provide conclusive evidence of nitrification within the non-chloraminated bench-sca e reactors.

Following the preliminary study, an experiment was initiated in January of 1999 to determine whether anmonia oxidizing
bacteria (AOB) areindigenous in tap water. A 1 mg/L solution of ammonium sulphate was fed a arate of 1 mL/min on
to the BAC column, to sdect for ammonia-oxidizing bacteria within the column. It was found that over a three-month
period, the leve of nitrite increased in the column effluent, and thelevels of ammonia-oxidizing bacteriaincreasad. Levels
of heterotrophic bacteriadropped as AOB increased, suggesting acompetitiveinteraction within the column environment.

Current experiments are examining the effects of temperature, retention time, and chlorine resdua on the incidence of
nitrification, following atwo-leve factoria design, utilizing four annular reector systems. The study will run for an extended
period of time, to dlow for colonization of the AOB. The ammonium feed is being maintained on the BAC column, to
ensure an adequate inoculum of AOB to the system. Temperature as atrigger condition isbeing examined in both ahigh
(20-25/C) and low (10-15/C) range. The reactors are being chloraminated, with maintained residuals of 0.05-0.1 mg/L
and 0.2-0.3 mg/L. The retention time in dl of the reactorsis being maintained a 6 hours, and the growth substratum of
choiceis polyvinyl chloride. These variables were chosen to Smulate aportion of afull-scae digtribution pipe, in adead-
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end portion of the system.
One of the gods of this research isto better predict the occurrence of nitrification episodes, by understanding the effects

that certain trigger conditions have on a nitrifying popul aion within adigtribution system environment. Thisinformation will
be ussful in future for predicting, and potentidly avoiding, nitrification episodes in full-scale water digtribution systems.
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EXAMINING SUSPENDED AND DEPOSITED PARTICULATE M ATTER
IN A CANADIAN DRINKING WATER DISTRIBUTION SYSTEM

By:

Vincent Gauthier, Ben Barbeaur, Julienne Douki:, Karine Juliennet,
Patrick Laurent:, Robert Millettez, Michdle Prévost:

1Ecole Polytechnique de Montréd, NSERC Industrid Chair in Drinking Weter, Civil Geologicd and Mining
Engineering, CP 6079, Succ. centre-ville, Montréal (Québec), Canada, H3C 3A7

Ville de Montrédl, Usine de traitement Atwater, 3161 rue Joseph, Verdun (Québec), Canada, H4G 1H8
*Corresponding author: tel: 1(514)340 4711 ext 5927, fax: 1(514)340 5918, e-mail: vincent.gauthier@eau.civil.polymtl.ca

Particulate matter is present under different forms (suspended, deposited) in drinking water distribution systems. As
suspended meatter, its concentration is usualy low under normal flow conditions (Gauthier et al., 1997), but may increase
dragticdly during loose deposits resuspension events. These result from unwanted hydraulic disturbances (pipe bresks,
fire flows, consumption peeks). The nature of resuspended deposits may be evaluated by characterizing the water quality
during flushing procedures. For most examined cases (de Rosa, 1993; Maier et al., 1997), deposits resuspension was
associated to a microbid and/or chemica contamination of weater. Moreover, loose deposits accumulate bacteria
(LeChevallier et al., 1987) and organic matter ingde distribution systems (Schreiber et al., 1994), and may represent a
food reservoir and a refuge againg disinfectants for micro and macro invertebrates ingde drinking water distribution
systems (Van Lieverloo et al., 1997; Gauthier et al., 1999).

At this time, increasing efforts are provided to limit the number of particles entering distribution systems through the
implementation of particles counters at the outlet of filtration units. However, limited efforts have been dlocated to the
determination of the concentration (as ng/L) and nature (organic/minerad/biologicd) of particulate matter in digtribution
systems. This project was designed to consider most aspects of particlesin the distribution system of Montreal (Quebec).
Suspended particles were characterized in trested and distributed water in normal flow conditions after filtration of 10to
150 L on fiber-glass or membrane filters. Loose deposits were dso collected (a) by pumping them from the bottom of
tanks during boat inspection and (b) by resuspending them during pipe flushing procedures.

Results show that in norma flow conditions, suspended particles concentration is lessthan 100 ng/L both in treated and
distributed water, and that organic matter (measured as volatile suspended solids) represents the major fraction (40 to
64%) of these particles. During specid turbidity eventsin raw water, suspended particles concentrationsin finished water
may increase by afactor 3to 4 corresponding to the penetration of someminerd particlesin the ditribution system, mainly
dlicon/aduminum and iron compounds. In distribution tanks, the quantities of accumulated depositswere smal and mainly
composed of mineral matter (>80% of dry weight). Microbiological examination only revedled in afew casesthe presence
of coliform bacteria, and smilar results were obtained for pipe deposits. Detailed chemica andysis of the different types
of particles indicated differences— mainly in the iron content of particles - between upstream and downstream locations
of the digtribution systems, and between tank and pipe deposits.

Globally, under normd flow conditions, sugpended particles concentrations were found in smal quantities compared to
organic and total dissolved matter. However, they correspond to severa dozen of tons of materid per year, afraction
of which is susceptible of accumulating by sedimentation inside the digtribution system, thus cregting favorable
conditions for microbia regrowth, and potentialy water quaity degradation.

-17 -



PATHOGEN M ONITORING — OLD BAGGAGE FROM THE LAST M ILLENNIUM
By:

Martin J. Allen
AWWA Research Foundation, Denver, CO

Jennifer L. Clancy
Clancy Environmental Consultants, Inc., St Albans, VT

Eugene W. Rice
U.S. Environmentd Protection Agency, Cincinnati, OH

At the close of the last millennium, a prevailing concept within the regulatory agencies, public hedth organizations, and the
drinking water community worldwide was that public hedth could only be ensured by monitoring for pathogens. This
concept endures because it is (1) directed by regulations, eected officias, and utility management; (2) expected by
consumers and specid interest groups, (3) supported by the belief that data from monitoring protects public hedth; and
(4) considered to be a sign of acting responsibly. Experience to date, however, casts doubt on whether pathogen
monitoring in the context of protecting public hedth will become aredity even within the new millennium. During the past
decade, millions of dollars have supported the development of a sensitive, specific, and reproducible method for
Cryptosporidium, and we redtill waiting. Should thissame scenario continueto be played for other pathogensof concern
or isit time to “check the baggage’ now?

Given the enormity of the technica and administrative issues associated with protozoan and other pathogen monitoring--
and the experience from the ill-fated U.S. EPA Information Collection Rule and the Sydney, Audrdia Stuation--the
drinking water community and the regul atory-health agencies need to abandon any thought of monitoring asa pretensefor
protecting public hedlth. Water supply professonals must embrace watershed protection, process optimization, and
digtribution system integrity as the strategy for public hedlth protection. Nationa regulatory agencies need to accept the
fact that pathogen monitoring is not a practical option for ensuring wholesome drinking water.

This presentation describes the overwhel ming obstacles inherent in pathogen monitoring and more practical approaches
to ensure public hedlth protection.
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SESSION 5

INACTIVATION OF ENCYSTED PARASITESUSING M EDIUM-PRESSURE ULTRAVIOLET RADIATION IN DRINKING
WATER

By:

G. R Finch*1, S. Craik?, K. Bircher®, J. Boltor?, L.L. Gyurék®, N.F. Neumann?, M. Belosavic?
*IUniversty of Alberta, Department of Civil & Environmenta Engineering,
Edmonton, Alberta T6G 2M8

The effect of medium pressure ultraviolet radiation on encysted Giardia and Cryptosporidium was investigated usng
abench-scale collimated beam gpparatus with infectivity in anima models as the inactivation assay. The data show that
Giardia and Cryptosporidium are readily inactivated by medium-pressure UV with 2.5 log-unitsof inactivation of both
parasites at UV dosesof lessthan 40 mJ¥cn?. UV aso was shown to effectively inactivat the parasites over awide range
of temperatures.

UV dose-parasite response curves were devel oped over arange of UV doses that can help develop design criteriafor
goplication in drinking water.
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FULL-SCALE ASSESSMENT OF DISINFECTION FOR GIARDIA CYSTSAT THE CITY OF BRANTFORD: BALANCING
INACTIVATION AND DISINFECTION BY-PRODUCT FORMATION

By:
EliaM. Edwards!, William B. Andersont, Susan A. Andrews?, and Peter M. Huck?!

INSERC Chair in Water Treatment
2Department of Civil Engineering
Universty of Waterloo
Waterloo, Ontario N2L 3G1

The 1986 amendments to the Safe Drinking Water Act (SDWA) require the United States Environmental Protection
Agency (USEPA) to routingly assessthe national drinking water regulaions for public water syssems using surface weter
or ground weater under thedirect influence of surfacewater asitssource. As part of thison-going commitment, the Surface
Water Treastment Rule (SWTR), a component of the SDWA, was promulgated in 1989 to regulate turbidity, Giardia
lamblia (G. lamblia) cysts, viruses, and Legionella and heterotrophic plate count (HPC) bacteria. Most recently in 1998,
the Stage 1 B Disinfectants and Disinfection By-products Rule (D/DBPR) was promulgated to regulate the formation of
disinfection by-products (DBPs), such as trihalomethanes (THM) and haoacetic acids (HAA), resulting from treatment
practices. Although no such regulations currently exist in Canada, some form of more stringent guiddines will likely be
adopted in the ratively near future. In the meantime, the US requirements provide a useful benchmark againgt which
Canadian utilities can assess their performance.

Experiments were conducted at the City of Brantford (COB) Water Purification Plant, located in Southern Ontario, to
assess the overdl trestment capabilities of the process configuration and treatment Strategies in adhering to the SWTR
guiddinesfor disnfection and physica removd of G. lamblia cyds. Alternate strategies for optimizing the performance
of the various trestment processes are being investigated. This investigation includes an assessment of the ability of these
drategies to comply with the D/DBPR regulations regarding the formation of DBPs during chemica disinfection.

The SWTR requires that a minimum overal treetment guideline of 3.0 log-inactivation/removd for G. lamblia cysts be
provided for adl communities usng a surface water source. The actual requirement, however, is dependent on the
concentrationof G. lamblia cystsinthe sourcewater. With five wastewater treatment plants, severa industria discharges,
and kilometers of agricultura land upstream of the COB intake, the overdl trestment guiddinewill likely be higher for this
plant. Indl cases, aminimum of 0.5 log-inactivation of G. lamblia cysts should be achieved through disinfection.

Higtoric datafrom upstream of the COB intake suggeststhat adrinking water treetment facility using the Grand River water
as its source should provide between 5.0 and 6.0 log-inactivation/removal of G. lamblia cysts. A regular sampling
program for protozoan cysts and oocysts has been initiated to confirm the overdl level of treatment required from
disnfection and physicd remova drategies a the COB facility.
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An examination of historical datawas used to provide atheoretica assessment of thelevel of disinfection achieved by the
current treetment configuration. This disinfection assessment was achieved through a sengtivity andysis of the obtainable
C-t for log-inectivation of G. lamblia cysts, based on the SWTR guidelines, under typica COB operating conditions.
More recently, full-scale tracer studies were conducted on the chlorine contact basins to determine the actud t,, values
and establish thered dignfection level from the process configuration and proposed disinfection strategy. Theresultsfrom
the C-t sengtivity andyssindicate that under the existing process configuration and disinfection drategy, the COB facility
may face occasona challenging periods during colder raw water conditions. The assessment aso identified severd
dternative drategies, such as pH adjusment and ultraviolet irradiation, as promising technologies, which could be
consdered. The COB is currently reviewing these preliminary findings

This research will assess the overdl treetment performance of the COB facility in adhering to the more stringent SDWA
guiddinesfor G. lamblia cyst inactivation/remova and DBP formation. In addition, this research will identify dternative
conceptua srategiesfor optimizing the performance of the various treatment processesfor thisvarying raw water source.
The comprehensive assessment of the disinfection and physical remova drategies utilized in Brantford may be used by
other utilities that wish to be proactive with respect to potentia new regulations in Canada.
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BROMATE FORMATION AND STRATEGIESFOR CONTROL
By:

Ron Hofmann, Ph.D. Candidate!
Dr. Robert C. Andrews

!Department of Civil Engineering, University of Toronto

Bromate is formed when drinking water containing bromide is disnfected usng ozone. Due to its reported toxicity, the
Federd-Provincid Subcommittee on Drinking Water is consdering recommending alimit on its allowable concentration
indrinking water. Such alimit aready exigtsin the United States (10 ng/L) and in severa European countries. Inthepas,
only waters containing e evated bromide concentrations (+ 50+ ng/L) might approach or exceed such aregulatory limit,
but as ozone disinfection begins to target Cryptosporidium, avery resstant pathogen, ozone doses may increase and
bromate formation in waters containing even relatively low concentrations of bromide may begin to form unacceptable
levels of bromate. The need to control bromate formation may therefore become much more widespread.

This research addressed the effectiveness of ammoniafor controlling bromate under awide variety of trestment
conditions. The ammonia nitrogen-bromine-ozone system was modelled for a pure agueous system, supplemented by
bench-scale experiments to determine the kinetics of the pertinent reactions. Computer smulations were used to predict
the effect of ammonia on bromate formation, with the predicted results compared to measured results from bench-scae
ozonation tests in a pure agueous system. The datareflected theimportance of therole of pH in bromateformation. Key
componentsin the bromate formation pathway are pH dependent - bromine (OBr vs. HOBr), ammonia(NH," vs. NH;),
and bromamines (NHBr, vs. NH,Br) —and their peciation, influenced by pH, in turn greetly influenced the formation of
bromate. Theratio of anmoniato bromide was dso a key factor in determining the level of bromate formed. Greater
amounts of ammonia could be more effective a inhibiting bromate formation in the short-term, however a high ammonia
to bromide ratio would aso result in the formation of more unstable intermediates, tending to counteract the long-term
bromeate inhibition.

Important trends identified in the bench-scale experiments and modelling were then tested at the pilot scale.

Together with the bench-scale data, this work provides the water treatment industry with practical guidance to using
ammoniafor bromate minimisation.
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M AINTAINING DRINKING WATER QUALITY — SUMMARY OF RESEARCH PROJECTS ON CRYPTOSPORIDIUM AND
DISINFECTION BY-PRODUCTS

By:
Kenan Ozekin, Misha Hasan, and Frank Blaha

American Water Works Association Research Foundation

Providing safe drinking water is becoming an increasingly difficult task as water providers recognize that water supplies
are contaminated with difficult-to-detect, and sometimes difficult-to-treat, pathogens. A number of waterborne
outbreaks of Cryptosporidium have occurred worldwide over the last 15 years where the source was directly linked
to drinking water. Consequently, water agencies and public hedth officias have become increasingly concerned over
how to protect source water and optimize treatment processes to prevent such occurrences and to protect public
hedlth. On the other hand, pending drinking water reflect the challenges of increasing disnfection levels necessary to
reduce the risk of microbid-induced disease, while at the same time imposing stricter standards on the by-products
from these disinfection processes. In response to the need, the American Water Works Association Research
Foundation (AWWARF) has put forth considerable effort into defining research needs and issues regarding the control
of disnfection by products (DBPs) and Cryptosporidium sin drinking water.

In fact, Cryptosporidium and chlorinated DBPs were identified, by AWWARF subscribers, in awater utility survey
as the highest priority issue each year from 1995 through 1999. Through convening issue groups, comprised of
researchers and utility managers, specificaly focusing on Cryptosporidium and DBPs research needs, AWWARF
has been able to formulate multi-year research plans addressing current research gaps. The issue groups evaluated
past and ongoing research on Cryptosporidium and DBPs and defined multi-year research agendas to best address
remaining knowledge gaps. In this paper, past and on-going Cryptosporidium and DBPs research objectives will be
presented aong with completed results.
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SESSION 6

AN EVALUATION OF FILTER PERFORMANCE IN NOVA SCOTIA WATER TREATMENT PLANTS
By:
K.C. O'Leary, JD. Eisnor, L.A. Maddison and G.A. Gagnon

Department of Civil Engineering
Dahousie Universty, Haifax, Nova Scotia

Increased interest in the prevention of waterborne epidemics such as cryptosporidiossand giardiass have lead the water
industry to examine particle counting as an additiond tool to monitor trestment performance. Currently in Atlantic Canada
very few water trestment plantsemploy particle counters. Consequently the amount of dataregarding raw and finish water
particle 9ze digtributions, remova efficiencies and potentia Igpses in protection from pathogensis very limited.

Inresponseto the need for particleremova information, asurvey of particleremova capabilitiesat varioustreatment plants
in Nova Scotia was undertaken. The survey will evaduate plants that have filtration and will include communities ranging
from 5,000 to 250,000 in population. Each facility utilizes one of a number of trestment options, which include direct
filtration, flocculation with sedimentation, pressurized filtration and flocculation with dissolved air flotetion (DAF). The
survey is currently underway and is expected to include at least five utilities.

The equipment used for thewater analysisincludesapair of turbidimeters (HACH Company, Modd 1720D) and particle
counters (HACH Company, Mode 1900). The equipment is mounted on a portable skid and is easily transported to
different plants. Particle datais collected on-lineand in red timefor both raw and post-filtered data. The particle counters
will aso record the particle counts both by number and size that have been discretized into appropriate Szes.

The data anadysis will examine the performance of dl the treatment facilities. In particular, atention will be given to filter
ripening, aging and removd efficiencies over the course of afilter run. The andyss will dso focus on the rlaionship
between turbidity and particle counts, specificaly the ability of particle counting to act as an appropriate measure of filter
performance for timing filter events such as backwashing.

Preiminary results have been collected from a direct filtration plant that adds alum and anionic polymer for coagulation,
horizonta flocculation and filtration with anthracite/sand. Typica raw water turbidity at the plant is0.45NTU and the plant
objective is to produce water that has aturbidity lessthan 0.1 NTU. A figure will show the total number of particles (>2
nm diameter) per mL for both raw and filter water over the course of one complete filter run (96-hours). Particle counts
for the raw water ranged from 1,200 to 1,600 particlesmL and 3 to 200 particlesmL for thefiltered water. Thefirst half
of thefilter run was cgpable of achieving at least a2-log removal for particleshaving adiameter greater than >2 nm. During
the last hdf of the run, the efficiency gradualy decreased to 1-log removad.

-24-



A second figure will show the turbidity for both raw and filtered water. The average raw water turbidity over thefilter run
was 0.33 NTU with occasiond peaking to 0.45 NTU. The average filtered water turbidity during the first half of thefilter
runwas 0.04 NTU. Over the last 24 hours of the filter run the turbidity increased to 0.09 NTU, till lower than the plant
objectives and wel within the Canadian Drinking Water Guidelines.

Preiminary results of this research indicate that particle counters are able to detect degradation of filter performance in
terms of log-removal for particle szes greater than 2 mm. From a practical perspective, degradation in filtration
performance is Sgnificant because design engineers often take a 2-log credit for the remova of Giardia lamblia during

rapid filtration. These data suggest that long filter runs, that meet low turbidity guidelines, could compromise the ability of
afilter to remove potentialy harmful pathogens.
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REMOVAL OF ARSENIC (111 AND V) IN DRINKING WATER BY M ANGANESE GREENSAND FILTRATION AND | ON
EXCHANGE TREATMENT

O. S. Thirunavukkarasu,! T. Viraraghavan,? K. S. Subramanian,®
and J. Aruldoss’

! Doctora student, Faculty of Engineering, University of Regina, Regina
2 Professor, Faculty of Engineering, University of Regina, Regina
3 Director, Product Safety Bureau, Hedlth Canada, Ottawa
4 Environmental engineer, Stantec Consulting Ltd., Cagary, Alberta

Arsenic, ardaively scarce dement in the earth's crugt, is found in measurable quantities in soils and rocks and generdly
present in combination with other mineralsin rocks. It is the twelfth most dbundant eement in the human body. Arsenic
isagroup V metdloid, with atomic number 33 and atomic weight 74.92. It occurs in severd different forms depending
upon the pH and oxidation potentid of the water. Under aerobic conditions arsenic occurs as arsenate (AS(V)), while
under anaerobic or reducing conditionsit occursasarsenite (A(I11)). Arsenic presents serious problemsto man and other
livingorganismsbecause of itstoxicity, andisclassfied asclass A carcinogen by USEPA. Varioustreatment methodssuch
as coagul ation-precipitation, adsorption on a umina, adsorption on amorphousferric hydroxide, and reverse osmosishave
been reported in the literature to remove arsenic from drinking water. Chemica precipitation-coagulation is a Smple
method, in which chemicals are added to water to form precipitates or flocs containing arsenic that are removed by
subsequent sedimentation process. The disadvantages of the chemica methods are the production of large amounts of
dudge containing arsenic (hazardous in nature) that will pose serious problems for safe disposd. The promulgation of a
lower standard for arsenic worldwide necessitated adoption of advance trestment technologies for achieving alow leve
of arsenicindrinking water. The objective of the present study isto assessthe effectiveness of KMnO, oxidation followed
by manganese greensand filtration, including the influence of Fe (111) addition for the remova of As (both as Ag(l11) and
AgV)) beow the current maximum contaminant level of 25ngy/L. Arsenic remova with ion exchangeresinsin the cupric
form was dso studied. Batch isotherm studies were conducted by varying the mass of manganese greensand from 0.25
to 2.3 g for the remova of Ag(I11) spiked in tap water. In case of ion exchange resins the mass was varied from 0.25 to
2 gtoremove A1) spiked in tap water. Column studies were conducted at different filtration rates. Two 4" diameter
columns, each 6 feet high were used in thisstudy. Thewater was pumped from a55-galon tank and the flow was adjusted
using aflow controller to achieve afiltration rate of 2.75 to 4 gpmVft? for the manganese greensand and 3 to 3.5 gpnVft?
for the ion exchange resin. Studies were conducted at intermittent and continuous modes for manganesefiltration. In both
modes iron was added at a particular ratio (Fe: Asratio of 7:1, 10:1, and 20:1) to study the effect on As removd. The
results of the study showed that the presence of iron enhanced arsenic remova. Maximum arsenic (assAS(V)) removad of
93.4% was obtai ned with manganese greensand in continuous mode at Fe: Asratio of 20:1. The capacity of the greensand
mediato remove arsenic per cubic feet of the media was 3.30 g/ft® & Fe: Asratio of 20:1, and highest among al other
runs. The remova of AS(V) with ion exchange resins was poor resulting in a remova efficiency of 42.53% and a bed
capacity for arsenic of 0.54 g/ft3. The reason for this poor performance could be atributed to the high filtration rates
resulting in alower contact timeto ad Asremova. Prliminary cost andyssfor small water systems (0.25MGD) inorder
to achieve MCL of arsenic using the greensand media showed a cost of $18370/year to operate and maintain the plant.

- 26 -



The resultsfrom the studies indicated that manganese greensand can be effectively used for arsenic removd in smdl water
systems.
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REDUCTION OF DISINFECTION BYPRODUCTS, DI1SSOLVED ORGANIC CARBON AND COLOR USING
IMMERSED M ICROFILTRATION M EMBRANES

By:

D. Mourato, Ph.D, S. Lenhardt, G. Best, B.Sc. and M. Singh, M.Eng, ZNON Environmenta Inc.,
S. Basu, Ph.D. Stanley Consulting Group Ltd.

Natural organic matter (NOM) present in raw water can not only impart color to water but can aso cause hedlth risks
associated with disinfection by-products (DBP). The most common DBPs found in drinking water are trindomethanes
(THM) and hdoacetic acids (HAA) which are formed when NOM reacts with chlorine or chlorine based disnfectants.
Inorder to prevent the formation of DBFP's, the US EPA has proposed atwo stage Disinfectants-Dis nfection Byproduct
Rule (D/DBPR). Stage 1 findizedin November of 1998 established the maximum contaminant level (MCL) a 0.080 mg/l
for totd trihdomethanes (TTHM’s) and 0.060 mg/l for haoacetic acids (HAAS). Thiswill befollowed by Stage 2 of the
D/DBPR which is anticipated to set lower contaminant levels.

Enhanced coagulation has been i dentified asthe best avail abletechnol ogy for meeting the requirementsof the D/DBP Stage
1 Rulefor totd organic carbon (TOC) reduction and the remova of disinfection byproduct precursors. With enhanced
coagulation, NOM, color and TOC reduction are achieved using a higher coagulant dosage than would be utilized for
turbidity removd. The pH of the raw water is dso commonly optimized to maximize process efficiency.

The gpplication of immersed microfiltration membranes using enhanced coagulation has recently been developed and
gpplied for disinfection byproduct precursor, color and TOC remova for drinking water gpplications. With this process
coagul ation-floccul ation-sedimentation-filtration stages of a conventiond treatment plant are replaced by a sngle tank
coagulation-micrafiltration process. Enhanced coagulation microfiltration has three stages. 1) rapid mix, 2) coagulation/
adsorption of NOM, and 3) microfiltration. A high solids concentration is maintained in the membrane tank to promote
the adsorption of organics onto the floc. Subsequently, the barrier characteristics of the microfilter is used to separate
small non-settling floc, precipitates, and colloidd particles.

Compared to conventiond treatment, this novel method of water treatment resultsin higher color and TOC removad and
requires less coagulant. The use of alower chemica dosage results in Sgnificantly less trestment resduas and reduced
disposal cogs. The system dso hasasmall footprint Snceit is designed with alower hydraulic retention time associated
with the need to only form floc that exceeds the membrane pore size.

This paper will present the gpplication of immersed microfiltration membranes using the enhanced coagulation processfor
the reduction of trihdomethanes, haloacetic acids, DOC and color. It will aso present pilot and full scale operating data
on anumber of gpplications where the process is being effectively used and compare it with performance data reported
for conventiond trestment facilities usng enhanced coagultion.

- 28 -



POSTER PRESENTATIONS
P-01 to P-15

P-01 EVALUATION OF TECHNIQUESFOR THE REMOVAL OF CHLORINATED DISINFECTION BY-PRODUCTSFROM
DRINKING WATER AT THE POINT OF USE

By:
Frank M. Benoit, Guy L. LeBel and Brian Jay
Research Section, Product Safety Laboratory, Hedth Canada, Environmenta Health Centre

A prdiminary study of theeffectivenessof aeration, boiling, Sorage andfiltration for theremova of chlorinated disinfection
by-products (CDBPs) in drinking water at the point of use was completed recently. Each remedia technique was applied
at two locationswithin each of two drinking water distribution systemsthat used different secondary disinfectants (chlorine
or chloramine). The suite of compounds monitored conssted of residud chlorine and 21 commonly occurring CDBPs
induding, 8 haoacetic acids, 4 trihalomethanes, 4 haoacetonitriles, 2 haloketones, chlord hydrate, chloropicrin and
cyanogen chloride.

Filtration was the only technique that was effective for the remova of the full suiteof 21 CDBPs. One particular pressure
filter achieved > 99 % removal of the total CDBPs but there was considerable variation (48 to >99 % remova rate)
between pressure filters (N = 3) from different manufacturers. The only drip filter (N = 1) that was tested achieved a54
% removad rate. Thelimited results obtained here represent the effectiveness of new filters(conditioned with 10 L of water)
only and cannat be extrapolated throughout the lifetime of the filter.

Water samples were stored in open and closed containers in a refrigerator and at room temperature and sampled
periodicaly over aperiod of 8 days. In the best case, an open container stored at room temperature showed an average
total CDBPs reduction of 68% (day 8); in the worst case, a closed container stored in the refrigerator showed average
total CDBPs reduction of 13 % (day 8). The remova rates for individua group of CDBPs varied consderably; only 21
% of the HAAs were removed after 8 days storage at room temperature in a open container compared to 99 and 100
% for the THM and HAN, respectively, and only 8 % of the HAAs were removed after 8 days storage in a closed
container in the refrigerator compared to 94 and 60 % for the THM and HAN, respectively. In contragt, chlora hydrate
increased by 10 and 21 % during storage in open containers at 4 °C and 21 °C, respectively .

Bailing water for 2 and 5 minutes in akettle or in a pot reduced the average total CDBP leve by 66 % but only 4 % of
the HAAswere removed compared to >96% for the remaining CDBPs. Therewas no evidence of formation of additiona
CDBP following bailing. Aeratiion usng afaucet aerator or a blender achieved an overdl average reductionof 1t05 %
in the total CDBPs and was the least effective remedia technique.

The effectiveness of the remedid techniques was independent of the sample collection location within a drinking water
digribution system and of the secondary disinfectant. The remedia techniques that were effective for the reduction of
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CDBP were d =0 effective for the reduction of the resdua chlorine.
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P-02 CRITICAL PHYSICAL - CHEMICAL CONSTANTS FOR ESTIMATING EXPOSURE TO
SELECTED DISINFECTION BY-PRODUCTS

By:

KarinaA.M. Bodo, Steve E. Hrudey, Kenneth L. Froese
University of Alberta, Edmonton, Alberta, Canada

Key physico-chemicd properties of compounds of interest in human headlth studies can provide essentid information for
exposure and risk assessment. Two of these properties are the octanol/water partition coefficient (K ) andtheHenry's
Law congant, or ar/water partition coefficient (K ,,). TheK,, isameasure of the degree of partitioning of the compound
of interest between the water and octanol phases, with the octanol phase being a surrogate for lipid phases found in the
human body and the environment. Thus, the K, is a measure that can ad in estimating likely routes of exposure; for
example, whether ingestion or dermal absorption is the more likely route of exposure, and whether a compound is likely
to partition into adiposetissueor be excreted intheurine. TheK ,, isasmilar measureinvolving ar and water phasesand
it indicates the propensity of a compound to volatilize from water.

These measures can be gpplied to the study of human hedlth effects reated to disinfection by-products (DBPs) in drinking
water. Many epidemiological studies have investigated possible adverse human hedth effects related to exposure to
products formed during the disinfection of water using chlorine-based disinfectants. While severa studies have concluded
that there isalink, these same studies have relied on exposure assessment that was inadequate. Without adequate and
accurate quantification of contaminant exposure, the power of an epidemiologic study to support acausa link is severey
limited. Therefore, a god for future epidemiologic sudies must be improved exposure determination.  Biomarkers of
expaosure present a potentia solution to this problem.

There are, however, questions that must be answered before a representative biomarker or biomarkers can be found.
Firdly, the question of which chemica or chemicads are the causa agents must be addressed. The trihdomethanes and
haoacetic acids have received the mogt attention, but comprehensive, individua human exposure assessment of these
contaminants has been limited. Comprehensive exposure assessment must address how the compounds get into the body,
i.e. routes and methods of exposure. Routes of exposure include inhaation, ingestion, and derma exposure via many
different uses of water. In addition, it isimportant to determine the destination of these compounds in the body for the
purpose of sampling for biomarkers. Possible candidate destinations for exposure assessment sampling include breeth,
blood, and urine, among other body fluids.

The K, and K, provide important predictors for addressng these questions. Knowledge of the physical chemica
properties of compounds of interest can be a powerful aid in predicting exposure routes and possible partitioning in the
body, aswell asfor designing pharmaco-kinetic studies to address the absorption, distribution, metabolism and excretion
of contaminants. A paper exercise can determine the most significant exposure routes, based on likely concentrations of
the compoundsin various phases and probable partitioning behaviour during various water uses. These physica chemica
properties can adso be used to predict likely partitioning behaviour in the body.

-31-



While the K,,, and K, are known for many DBPs, they are not known for some common DBPs, including severd
ha oacetic acids, ha oketones and ha cacetonitriles. Sinceit is currently unknown which DBPs are potentia causal agents
of adverse hedth effects it is prudent to devel op toolsto investigate as many DBPs as possiblein any epidemiologic study.
To thisend, the purpose of this study isto fill in gapsin the literature with respect to the K, and K, of various DBPs.
The vaues of these physico-chemica properties were experimentaly determined using the stir-flask method and are
presented inthisposter. They are compared to val ues ca cul ated using estimati on software published by the Environmental
Sciences Centre at the Syracuse Research Corporation. Examples of some caculated vauesare provided in theresearch
report. Knowledge of these physico-chemica properties, in addition to those aready known, will provide useful insights
towards methodicaly investigating biomarkers of exposure for usein epidemiological sudiesinvestigating alink between
exposure to DBPs and adverse hedth effects.
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P-03 BIOFILTRATION OF TOXIC AND RADIOACTIVE ELEMENTSBY AZOLLA
By:
N. Cohen-Shoel, D. llzycer?, H. Zdfrir?, |. Gilath2 & 1E. Tel-Or*

The Hebrew University of Jerusdem, Faculty of Agriculture, Rehovot, Israd;
2Soreg, Nuclear Research Center, Israel

Our research task amsto test and improve the binding and absorption of radioactive trace metals: S, Zr, Cs, U, Ru by
the Azollabidfilter. It has proven high affinity of the Azollabiofilter to theseions. The research investigates the mechanism
of binding to Azolla column by examining the optima ion concentration, pH dependence, competing ions etc.

We suggest in our research that the carboxylic groups of pectinin Azollacel wall are mainly responsible for heavy metd
bindinginthe Azollabidfilter. The hypothes swas proven by thefollowing experiments: Trestment of Azollawith pectinase
reduced the binding capacity of Azollato Sr ion. Methylation of Azolla biomass, known to block the carboxyl groups of
pectin by esterification, also reduced markedly the Sr binding.

Azollabiomassis apotent and practica tool to decontaminate heavy metas and radioactive e ements with high polishing

cgpability. Our researchisoriented to devel op applicable usesfor environmenta protection agencies, and to Ssmplify water
management control.
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P-04 BIOLOGICAL FILTRATION FOR TREATMENT OF PRAIRIE SURFACE AND GROUND WATER SOURCES
By:
Darrell Corka and Hans G. Peterson

Prairie Farm Rehabilitation Administration, Saskatoon,
WateResearch Corp., Saskatoon

Theuseof biologica filtration to treat surface water suppliesin Saskatchewan was pioneered by Saskatchewan Research
Council’s Water Quality Section in collaboration with Napier University (Scotland) and the Prairie Farm Rehabilitation
Adminigration(PFRA). Through aNapier University research grant the study of theremova of dissolved organic materia
usng Biologicaly Activated Carbon (BAC) was sarted. The content of dissolved organic materid in surface water
reservoirs across Saskaichewan was documented. Consistently high levels of dissolved organic materiad (>10 mg/L)
rapidly exhausted the binding capacity of Granular Activated Carbon (GAC) whilebiologica activity on the GAC showed
promising capacities for DOC removas. 1n 1993 thefirgt full-scae on-farm biologica reactor (composed of one sand
and one GAC filter) was congtructed to treat water from asurface water reservoir. Thisfilter isgtill in operation with the
origindly ingadled filter materid. Severad more surface water trestment filters have been indaled across Saskatchewan.
In 1995 the biologica filtration work was expanded to treating iron, manganese, arsenic aswell as DOC in ground water
supplies. Severd ground water trestment systems have been ingtaled successfully removing iron, arsenic and DOC, with
less success in terms of manganese remova. The long-term treatment performance of both surface and ground water
trestment unitswill be presented. It isbelieved that biologica trestment of both surface and ground water supplies on the
Canadianprairiesoffer solutionsfor long-term, sustainabl etreatment of difficult to treat sourcewater supplies. Filter media
do not need to be replaced at regular intervals (as with GAC) and chemica use is much reduced making biologica
trestment a cost-effective treatment as well. Chalenges that remain to be resolved include manganese remova and
optimum reactor design. It isaso recommended that for drinking water purposes the biologicaly filtered water should
be treasted with amembrane system, such asanancfiltration or reverse osmossmembrane. Problemswith the proliferation
of bacteria in under-the-counter membrane systems do, however, pose some concerns about their suitability for on-farm
uses. Biologicd filtration can dso be an effective treetment of surface and ground water for other water-use gpplications,
such as consumptive uses by livestock, industria and irrigetion water uses.
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P-05 NITRATE REMOVAL FROM POTABLE WATER
By:
A. Darbil, T. Viraraghavar?, D. Corkal® and R. Butler*

! Doctord student, Faculty of Engineering, University of Regina, Regina, Saskatchewan, Canada
2 Professor, Faculty of Engineering, University of Regina, Regina, Saskatchewan, Canada
3 Water Quality Research Coordinator, PFRA, Saskatoon, Saskatchewan, Canada
4 Water Qudlity Engineer, PFRA, Manitoba Canada

Many water agenciesface problemsof increasing concentrations of nitratein groundwater. The main reasonfor increasing
nitrate concentrations in groundwater is the agricultura practice of extensive gpplication of atificid fertilizers and animd
manure on land. The contamination of groundwater by excessve concentrations of nitrate is a sgnificant public hedth
problem. The threat of methemoglobinemiaiswell documented and reflected in the U.S. drinking water standard of 10
mg/L as nitrate-nitrogen. A wide range of physico-chemical processes such as ion exchange, reverse 0SmMoss,
electrodiadyss, chemica denitrification and biologica denitrification processes are currently being developed for remova
of nitrate from drinking water. Although nitrate/nitrogen remova systems are in use in wastewater trestment, no specific
nitrate remova system isin operation in Canadaas part of drinking water trestment, especidly in point-of-use sysemsin
rurd regions. Only limited research on nitrate remova from drinking water has been conducted in Canada. Approximeately
45% of Saskatchewan’s population use groundwater for drinking purposes, out of which, approximately 23% (230,000)
arerurd resdents. The water used is made available from over 48,000 privately owned wells in regions where there is
extensve gpplication of agricultural chemicals. Data was obtained from Sask. Environment on nitrate concentrations in
different groundwater distribution systems throughout Saskatchewan. Three main distribution systems - Alida, Eyebrow
and Rudddl| - have mean nitrate levels exceeding the MAC of 45 mg/L. Reverse osmos's, ion-exchange and biologica
denitrification systems are proposed to be tested for their nitrate removal efficacy. Reverse osmosis (RO) and
eectrodidyss (ED) can effectively separate nitrate from well water. They are proven and reliable processesfor seawater
and brackish water desdination and for the production of ultra-pure water from tap water. The commercidly available
RO membranes are generdly highly sdlective for inorganic sdts. RO and ED cannot separate nitrate selectively. The
processeswill reduce the concentration of dl dissolved solids. Biologica denitrification (sulfur/limestone process) isbased
on autotrophic denitrification by Thiobacillus denitrificans, where nitrate is converted into nitrogen gas under anoxic
conditions. Sulfur is used as electron donor and limestone is used to maintain the pH. Anaerobic fixed-bed reactor can
achieve sulfur autotrophic denitrification. The reactor can be seeded using denitrifying cultures that will develop and
concentrate in the laboratory. A series of laboratory experiments will be conducted to see the effect of some variables.
Some of the variables to be tested include the effect of the sulfur: limestone ratio on reactor performance, the effect of
nitrate loading rate on nitrate removal capacity, and the effect of HRT. Data available from Saskatchewan Environment
and Resource Management (SERM), Saskatchewan Water Corporation and Prairie Farm Rehabilitation Adminigtration
(PFRA) will be examined to identify the extent of the nitrate problem in groundwater. Data from Manitoba and Alberta
will also be examined. Laboratory evauation of RO, lon exchange and biological systems will be conducted. The fina
gtage of thestudy would involvefiddingalation of the selected systemsand monitoring. Preiminary resultsof batch sudies
on the sulfur/limestone process, conducted over a period of 14 days usng a sulfur:limestone ratio of 3:1 with an initid
sample concentration of 34 mg NO;7/L as nitrogen, showed that nitrate remova efficiency was close to 100%.
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P-06 THEUSE OF JAR TEST TO SCALE UP AND SCALE DOWN M ICROSAND WEIGHTED
FLOCCULATION

By:
Chrigtian Degardins, Boniface Koudjonou, Raymond Degardins, Jean Francois Beaudet

Background and Objectives

Since the beginning of the year 90s, the weighted flocculation technology is applied to drinking water production. This
innovative technique uses microsand as the core of the flocs formation which results in an increasing the floc density and
the settling speed. This dlows high hydraulic loading rates (up to 60 m/H) and thus reduces the space requirements.
Moreover, this dynamic process produces more stable water quaity than the conventiona systems. The two objectives
of thisstudy arefirst to develop a Jar-test procedure capable of smulating the full-scae plant and secondly to predict and
optimise the full-scale performance through laboratory smulations.

Experimental Setup

The experimenta device congsts in the Jar-test equipment with six 1-litre beakers. The conventiona Jar test procedure
was adapted to the parameters of this new concept especidly the injection of microsand and polymer. The study was
conducted through laboratory experiments followed by vaidation on three full-scale drinking water trestment plantsusing
the weighted flocculation system called ACTIFLO®.

FindinggResults

To achieve the first objective, various water trestment plants making use of weighted flocculation were smulated in
laboratory under their respectivetreatment conditions. Theresultsonthequality of the settled watersobtained in laboratory
were then compared to full-scale data. The comparisons were based on the removd of turbidity, natura organic matter
and UV absorbance. The characterigtics of the settled waters using the modified Jar-test procedure showed a good
laboratory smulation of the actual process gpplied at the three different drinking water production plants (less than 9 %
vaiation).

Inasecond step, an experimental design using adtatistical approach made it possible to optimise the method by reducing
the number of tests and identifying the principal parameters controlling weighted flocculation and to conclude on the
importance each parameter on water qudity. Other than the quantities of micro-sand and polymer used, the mgor
parameters arethe dosage of coagulant and the pH of coagulation, asin conventiona coagulation-floccul ation-decantation.
For waters that do not coagulate easily (low SUVA), it isdifficult to find a parameter that has a preponderant effect.

To address the second objective, preiminary lab-smulated conditions were test in an actua plant. Results showed very
good smulations near optima operation conditions but significant discrepancies between smulation and full-scde when

non-optimal conditions were applied.

The dynamic aspect of the process ensures the production of decanted water of ardatively stable qudity, probably due
to the satisfactory eimination of the micro-flocs that are most often responsible for the degradation in the quality of
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decanted water. Contact timeswere not key factorsin the processwhen treating either warm (20°C) or cold water (below
3°C).

Relevanceto Industry

The main gpplication of the modified jar test procedure would be to predict performances of any system employing the
welghted flocculation concept under any given conditions without the use of a full-scae or pilot-scale unit that are more
time and energy consuming. The advantages would not only be economica but aso include mohility of the method and
prediction of performances before any larger scale testing agendais considered.

-37-



P-07 DETECTION OF TASTE AND ODOUR-PRODUCING ACTINOMYCETESIN DRINKING WATER AND RAW WATER
USING A NOVEL POLYCLONAL ANTIBODY AND | MMUNOFLUORESENCE M ICROSCOPY

By:
Paul Fox, Andrew C. Scott, and Garry A. Pamateer
GAP EnviroMicrobia Services Inc., London, Ontario, Canada

Filamentous actinomycetes responsible for causing taste and odour problems in water treatments plants were detected
and enumerated using anovel polyclond antibody coupled with immunofluorescence microscopy. The antibody was
generated specificaly againg taste and odour causing environmenta isolates and againg ATCC drains (Streptomyces
griseus and Streptomyces odorifera). A rapid 4 hour method was developed to quickly sample and analyse treated
and raw water samplesin order to determine relative numbers of actinomycetes present in the samples. The polyclond
antibody effectively detected actinomycetes isolated from 4 water digtribution systemsin Ontario aswell as
actinomycetesisolated from the Nile river in Egypt. Ontario isolates were dl isolated during taste and odour problems
occuring in the digtribution systems. No cross-reactivity was detected with Gram negative and Gram positive bacteria
(Escherichia coli, Pseudomonas aeruginosa, Streptococcus faecalis, Staphylococcus aureus, and Alcaligenes
faecalis), or with Rhodococcus coprophilus and Nocardia amar ae.
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P-08 A NOVEL M ETHOD FOR RAPID, SPECIFIC AND SENSITIVE ANALYSISOF
HALOACETIC ACIDSAND OTHER POLAR DISINFECTION BY-PRODUCTS
IN DRINKING WATER

By:

Barbara Ells, Kenneth L. Froese, Steve E. Hrudey
Department of Public Health Sciences, University of Alberta, Edmonton, Canada

David Barnett, Randy Purves, Roger Guevremont
National Research Council of Canada, Ottawa, Canada

Introduction

We have shown that a new andytica technique that combines direct injection el ectrospray ionization mass spectrometry
withion separation based on gas-phase ion mohility in an dectric fidd (ES-FAIMS-MS) can provide extremely rapid
and sengtive quantitative determination of polar compounds, such as haloacetic acids, chlorate and bromate, in drinking
water. Electrogpray ionization (ESI) has been shown in recent literature to dlow for the direct determination of HAAsIn
both water and plasma samples (Hashimoto and Otsuki 1998; Brashear et a. 1997), as well as larger polar DBPs
(Richardson et d. 1999). While ESl andysisis consdered feasible, it isnot practical because of the intense background
of solvent- and sdt-related ions produced by the ionization technique, which interfere with the detection of the compound
of interest. Tandem MS has aso been used to diminate the effect of the high background, with Brashear et a.(1997)
reporting detection limits at low ppb levels for the chloro-substituted HAASs in plasma.

ESI-FAIMSMS

High field asymmetric waveform ion mobility spectrometry (FAIMS) is a continuous flow device that separates ions a
amospheric pressure and room temperature (Purves et a. 1998, Guevremont and Purves 1999). FAIMS s based on
the change of ion mohility a high dectric fidds. The change in mobility at high dectric field gppears to reflect the sze of
theion, itsinteraction with the bath gas, and its structurd rigidity. The technique can remove the complex continuum of
electrogpray background ions, which typicaly limits the lower levels of detection of smadl ions (below mvVz 200), and the
detection limit for these ions can be improved by over afactor of 100.

M ethods

A concentrated standard hal oacetic acid solution was diluted appropriately in 9:1 methanol :tap water containing 0.2 mM

ammonium acetate. In order to evauate the improvement in the signa to background ion intengity ratio, it is useful to
compare mass spectra collected with conventional ESI-M Swith those collected using the new tandem ESI-FAIMS-MS
system. In Figure 1 are mass spectra of asolution containing the nine chloro- and bromo-acetic acidsin 9:1 methanol :tap
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water (v/v) containing 0.2 mM ammonium acetate. Monobromoacetic acid (MBAA) and trichloroacetic acid (TCAA)*
are in the solution at concentrations of 400 ng/mL and 200 ng/mL, respectively. The upper trace, Figure 1 (a), collected
usng conventiond ESI-M S, has been expanded verticdly suchthat the MBAA ion (m/z-137) isfull scale. Fragment ions,
suchasmay result from theloss of CO, from the bromo-containing acids (e.g., bromo-chloroacetic acid (mv/z -171)), will
overlap with other acids (e.g. dichloroacetic acid (m/z -127)) making quantitation difficult in the presence of severd of the
haoacetic acidsin solution. Thelower trace, Figure 1 (b), was acquired using ESI-FAIMS-MSat DV=-3300V and CV
=18.0V. The spectrum isdramaticaly smplified over that observed from ESI-MS, with only TCAA, MBAA, and Br
(m/z-79 and-81, resulting from fragmentation of MBAA in the mass spectrometer interface), d ong with some background
ions, trangmitted at this CV. The TCAA sgnd in Figure 1 is not seen to be subject to overlap from acetate dimer ions
as is the case with ESI-M S as observed in Figure 1 (), and the expected isotope distribution for the ion is readily
apparent. The overdl abundance of the ions has increased with ESI-FAIMS-M S due to ionfocusng mechanisms. This
focusng, aong with the decreased background signd, provides improvement in the lower level of detection of these
compounds in solution. Using Figure 1 (a), the lower limit of detection of MBAA would arguably be near the 200 ng/mL
concentration shown here, whereas the detection limit of MBAA using FAIMS (Figure 1(b)) isreduced to approximately

2ng/mL.

Usng ESI-FAIMS-MS, the detection limitsfor the regulated HAA'sand BCAA tested to date lie between 0.5 and 4 ppb
from a9:1 methanol:tgp water solution (v/v) with no preconcentration of the samplerequired. Preconcentration methods
have been described in the literature, and a further concentration of at least 10 to 200 times appears feasible.

Thereisavery red potentia for enhanced sengtivity for many polar contaminantsin surface, ground and drinking waters.
This has dready been demondtrated for chlorate and bromate aswell. Thistechnique holds great potentia for sgnificantly
enhanced sample throughput capability for andysis of polar contaminants in water. We anticipate that the technique will
be easily automated and it hasthe potentia for anaytical throughput of hundreds of samplesper day. Overdl, thetechnique
promises to be highly rdevant for the drinking water industry.

! Note that it is always the corresponding acetate ion that is analysed, however, the analytes are referred to as the
protonated acids for simplification.
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P-09 CHLOROFORM ASSOCIATED HUMAN HEALTH R1SK AND WATER TREATMENT CONTROL TECHNOLOGY: A
CASE STUDY OF NEWFOUNDLAND

By:
Rehan Sadiqg, Tahir Husain, Sudip Kar

Faculty of Engineering and Applied Sciences, Memorid Universty of Newfoundland, St. John's, Newfoundland,
Canada

Chlorine is the most commonly used disinfectant for water treetment and when it contacts with organic precursors, it
produces trihdomethanes (THMs). The common forms of trihdomethanes include chloroform (CHCL,),
dichlorobromomethane (CHBrCl,), dibromochl oromethane(CHCIBr,) and tribromomethane (CHBY;). Chloroformisthe
maost commonly occurring THM and hasthe highest concentration. The solid phase micro-extraction capillary column gas
chromatography and mass spectrometer detector (GC/M S) method wasemployed for THM sconcentration determination
in water samples. A study was conducted in Newfoundland for estimating the chloroform content in the drinking water
supplies a various locations of the province. Limited number of drinking water samples was collected in Clarenville and
. John's. The sample collection period was divided into two stages. Thefirst stage of sampleswere collected during July
1998 wheresas, the second stage was done during October and November 1998 as the summer and winter sampling,
respectively. Due to limited information from collected data, satistical analysis was performed to evauate the variations
and uncertainty in thedata. Bootstrap smulationswere performed to ca culate the possible variationin collected data. The
normd distribution was found to be the best distribution among various candidate distributions. For each bootstrapped
data set, Monte Carlo Smulations (MCS) were performed. The human hedlth risk associated with chloroform was
evauated using dose-response relationship of chloroform, for both communities. The excess lifetime human cancer risk
varied from 0.5x10* to 1.2x10* and zero to 3x10° for Clarenville and . John's, respectively. However, the
corresponding average risks in Clarenville and . John's communities were 8.1x10° and 8.1x10°.  The 0.25 million
smulaions generated using bootstrgp and Monte Carlo smulations, which were then used to ca culate the probability of
exceedence of 100 ppb drinking water standards proposed by Hedth Canada (1998). The estimated probability of
exceedence for Health Canada Chloroform Standards of 100 ppb, were 100% and 2.45% for Clarenvilleand St. John's,
respectively. The higher violations of the hedth sandards emphasised the need for remedid actions. Granular Activated
Carbon (GAC) was reviewed as viable treatment technology to reduce the potentid risks. The treatment efficiency of
proposed technology of GAC was assumed as the random variable and appropriate distribution was selected for
caculating the revised risks after trestment.
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P-10 A TRI-COMMUNITY STUDY TO COMPARE WATER TESTING M ETHODS QUANTITATING THE GIARDIA CYSTS
AND CRYPTOSPORIDIUM OOCYSTSIN RAW DRINKING WATER SOURCES

By:
Lorraine Mclntyre, Joe Fung, Judith L. Isaac-Renton, Corinne Ong and Mohamad Khan

British Columbia Centre for Disease Control, Vancouver, British Columbia, Department of Pathology and Laboratory
Medicine, University of British Columbia, Vancouver, British Columbia

Background

Inamethods eva uation study to quantitate Cryptosporidium oocysts and Giardia cystsfrom raw drinking water sources
in British Columbia, 156 filterswere collected and andyzed from 3 different locationsin the province a biweekly intervas
over oneyear. This evauation compared 2 different types of filters (polypropylene string wound filters with envirochek
capaule filters), 2 types of clarification methods (traditiona Percoll-Sucrose gradient centrifugation with immunomeagnetic
separation (IMS), and 2 methods of reading purified pellets (cdlulose acetate (CA) membraneswith direct dide Saining).
Viahility of recovered organisms was assessed with the nucleic acid vitd dyes propidium iodide (on CA membranes),
4= 6-diamidino-2-phenylindole (DAP!) and SYTO-59 (on dides). Water collected was split between the 2 filters and
run concurrently. An additiona 200 ml of bottled water to characterize drinking water samples collected at the time of
water filtration was tested for total and fecd coliforms, and indicator organisms E. coli (Ec) and C. perfringens (Cp).
Other water quality data pH, turbidity, and dkalinity was provided by the participating heath unit or water utility.

Results

Priminary data andyss seemsto indicate that (predictions based on initid viewing of deta):
String wound filters detected cysts and oocysts more frequently and in higher quantities
IMS did not significantly increase recovery compared to PS clarification

Slide staining of purified pellets from one location adlowed sgnificantly more numbers of Crypto to be identified, with no
differences detected in recovery of Giardia

Percentage viahility using Pl was sgnificantly different in comparison with DAPI & SYTO-59, higher percentages of
oocydts and cysts were viable when stained with PI.

Percentage viability of organisms collected by IMS were sgnificantly lower

Turbidity, pH, Cp, Ec corrdated with higher numbers of cysts'oocysts?

This study ends February 2000. Fina data analysswill be available after this date.
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Thisproject is partially funded by the Greater Vancouver Regiond Didtrict, Capitd Regiona Didrict and Hedth Canada
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P-11 DISSOLVED ORGANIC M ATERIAL IN RURAL WATER SUPPLIES
By:
H.G. Petersont, R.D. Robarts?, T. Prestor?, A.V. Zhulidov* and M. Kumagai®

! Safe Drinking Water Foundation, 2 UNEP-WHO GEM S/Water, 3 Scottish Universities Research and Reactor
Centre, “Centre for Preparation and Implementation of International Projects on Technical Assstance (Russia), ° Lake
Biwa Research Indtitute (Japan)

Disolved organic materid (DOM) in rura water supplies can be severd times higher than in city drinking water supplies.
Sometimes these differences can be extreme as was the case for the rurd community of Weldon which had a dissolved
organic carbon (DOC) content exceeding40 mg/L. In contrast, Cagary’ swater supply hasaround 1 mg/L. Rural surface
water supplies in Saskatchewan typicaly exceed 10 mg DOC/L. Thisis of concern because if this water is properly
disnfected usng chlorine, the levels of disinfection by-products will by far exceed the Canadian Drinking Water Quality
Guiddines. In addition to presenting difficulties in the formation of disinfection by-products, it also becomes more
chdlenging to actudly produce awater where the microbes have been inactivated. Thisis because chlorine reacts with
the DOM ingtead of the microbes. A large amount of the DOM can be used by microbes making the water biologically
ungtable. Thisresultsin bacterid regrowth in distribution sysemsand potentia lossof chlorineresduds. Decreasingthese
high levels of dissolved organic materid is chalenging. Conventiona chemicaly assgted filtration removes only a smdll
fraction of the DOC. High coagulation doses (enhanced coagulation) when optimized, can yidd relaively high DOC
removals (up to 50%), but to reach atarget DOC level below 5 mg/L will require further treatment. It has been shown
that conventional Granular Activated Carbon (GAC) adsorption is not sustainable for most of these high DOC water
supplies with DOC exhaustion occurring within one or two months. The use of Biologicaly Activated Carbon (BAC)
offers amore promising route to deding with this problem. Membranes d o offer promiseif the high fouling potentid of
prairie source waters can be decreased. Tofind optimum trestment techniquesit isnecessary to characterizethe dissolved
organic materid in terms of molecular Sze distribution and chemica properties. The Safe Drinking Water Foundation has
made this a priority research area.



P-12 IRON & M ANGANESE REMOVAL FROM DRINKING WATER - PRAIRIESSTYLE
By:
Elmer Sommerfeld
AWI Filter Optimization, Cdgary, AB

For severd decades in Western Canada, a single iron and manganese (Fe/Mn) remova process was frequently used.
Namely, oxidation of soluble Fe/Mn by dosing potassium permanganate followed by solids/liquids separation by filtration
through manganese greensand.

Studies over the last decade identified some of the reasons so many traditiond plants experienced difficulty in removing
Fe/Mn to lessthan 0.3 mg/L and 0.05 mg/L respectively. In apreponderance of cases manganesewasmoredifficult to
remove to low levels than iron.

Almogt every groundwater source in Western Canada contains iron bacteria. 1n some well waters dmost three quarters
of theiron was dready oxidized biologicaly or held captive by iron bacteriacolonies. 1n most instances where sgnificant
resduas of oxidized iron isfound, oxidized manganese is found aswell, though more of it than theiron wasin acolloidd
species. Other bacteria are also abundant, ranging from fluorescing pseudomonads to sulfate reducing species. Some
species can be troublesome to water treatment processes.

Whereiron bacteriais present it is not unusua to identify eight FelMn species. Methods have been devel oped to rapidly
identify Fe/Mn speciesinthefied. Thisinformation can assist in choosing gppropriate remova processesfor pilot testing.
For example, if the gpecies dataindicates significant percentages of the Fe/Mn are part of filterable bacteria colonies, use
of potassum permanganate or ozone may be deleted as process choices. Strong oxidants stress bacteria, forcing them
to release Fe/Mn held captive. In turn, the Fe/Mn so released may be troublesome to remove without adding another
trestment step such as particle agglomeration using a polymer filter aide.

Because large areas of the prairies was once the floor of the great inland sea, total organic carbons up to 16 mg/L were
found in some ground water. In these waters Fe/Mn frequently behaves as though it is organicaly complexed. In the
presence of organic carbons an oxidation/direct filtration process without additiona detention time for oxidation to reech
concluson may not produce low resduds of Fe/Mn, or may result in elevated levels of colloidd Fe/Mn in the treated
water. Organic carbons aso sgnd the potentia presence of hydrogen sulfide. Its remova may become necessary to
prevent reduction of manganese dioxide(s) media

Removal processes have been devel oped that may usetwo or more processesin one treatment train and onefilter vessd.
For example, controlled oxidation of iron usng aimospheric oxygen and calculated contact time followed by adsorption
of manganese on ste specific volumes of pyrolusite while using precise doses of sodium hypochlorite to redrict
development of interfering bacteriacolonies, is smple to operate, uses only one chemica and can reduce Fe/Mn to trace
amounts. Depending on raw water chemistry, ahigh rate Fe/Mn adsorption process has been successfully used at rates
up to 40 m/hr (17 USgpm/sg.ft.).
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Reduction of Fe/Mn to trace amounts frequently results in drinking water with turbidity in the range of 0.1 to 0.5 NTUS,
less than 50 totd particles per mL >2 mm, extremely low true color, and water free of tastes and odours.
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P-13 INFLUENCE OF NOM ON ALUMINUM IN DRINKING WATER
By:
By P. T. Srinivasat and T. Viraraghavar?
! Doctora Student, Faculty of Enginesring, University of Regina, Regina, Canada
2 Professor, Faculty of Engineering, University of Regina, Regina, Canada

Natural Organic Matter (NOM) isaterm collectively used to define the complex matrix of organic materid present inthe
natura waters. It isardatively undefined materid cond sting of numerous organic compounds but isknown to contain many
functiond groups such as carboxyl, phenoxy and hydroxyl radicas that can participate in the formation of metdlic
complexes during coagulation of natura waters using either Al based or Fe based metd coagulant sdts. NOM is
approximated by dissolved organic carbon. Fulvic and humic acidsrepresentsamgjor fraction of DOC. Aluminum present
in dum aswel asnaturaly occurring duminum in raw water istransformed into various forms (peciation) during drinking
water treetment. The use of a coagulant containing auminum may ether increase or decrease auminum concentration in
the finished water, depending on its speciation in the source water as well as species change during water treatment.

Literature documents that natural organic matter (NOM) or dissolved organic carbon (DOC) a moderate to eevated
concentrations strongly interferewith duminum precipitation and may have amarked effect on the solubility and speciation
of Al. Federd - Provincid Subcommittee on Drinking Water recommended for conventiona treatment plants using
auminum - based coagulants, that an operationa guideinevaue of 100mg/L astotal duminumisapplicable. Inthe current
context of studies on hedth effects of duminum, it is prudent to keep the duminum levels a the lowest possible level and
aso examine how aduminum content in the finished water at a water trestment plant would be affected by the universaly
present substances such as NOM in any drinking water source.

Literature suggeststhat NOM or DOC playsamgor role during coagulation at awater treatment plant and for given water
quality characterigtics, depending upon the quantity of alum added during coagulation, NOM present intheraw water aters
auminum speciation. The exact nature of the Al species change has not been reported at an operating water treatment
plant. The authors investigated the influence of NOM on the duminum content of drinking water at the Buffalo Pound
Water Treatment Plant, Saskatchewan.

The objectives of the present study arei) to conduct experiments at the pilot scae trestment plant located within the main
plant of BPWTP, only changing dum doses to see how duminum levels are dtered in finished water for a particular
(background) organic carbon present in theraw water and ii) to conduct jar testsin order to examine the a uminum species
change inthe settled water (prior tofiltration) by supplementing thetota organic carbon present in theraw water by adding
fulvic acid obtained from the International Humic Substances Society (IHSS) and at varied dum doses.

Aluminum was fractionated into eight different forms during the present sudy. They are i) totd duminum; ii) suspended
auminum iii) particulate duminum iv) soluble + colloida duminum v) soluble auminum vi) organic duminum vii) inorganic
auminum viii) organic duminum. The results of the present study showed that depending upon the quantity of aum added
during coagulation, dissolved organic carbon, present in theraw water dtered Al speciation. Experimentsat thepilot scae
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water trestment plant, showed that when the AlumyDOC ratio was 5.3, most of thetotd duminum inthefiltered water was
in the form of particulate duminum. Such an increased particulate duminum level did not increase the finished water
turbidity. Soluble organic duminum aso did increase when the Alum/DOC was 5.3. Al speciation study conducted during
jar testing showed that organicaly bound auminum increased two times (compared to raw water levels) in the finished
water when the Alun/DOC = 1.44. If adequate mixing and settling and optimum pH (pH of near minimum theoretica
solubility of Al) are maintained during dum coagulation, jar test results showed that it is possible to avoid both increase
in soluble and organicaly bound duminum. Jar test results dso showed that an Alum/DOC of at least 7. 7 should be
maintained in the main plant in order to meet the proposed operating guideines of 100 mg/L of total duminum suggested
by Health Canada.
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P-14 CHRYSOPHYTE TASTE AND ODOUR: UNDER-I CE BLOOMSIN GLENMORE RESERVOIR
By:
S. Watson, T. Satchwill, E. McCauley and E. Hargesheimer

In generd, adgd taste and odour is associated with open water blooms. However, some taxa show anability to produce
appreciable biomass under the low light and temperature regimes during ice-cover, and may produce sufficient cell
numbers to impact water qudity. This study presents a synopsis of the odour-causing alga species that have shown
outbreaksin winter and early spring in the Glenmore Reservoir, an important oligo-mesotrophic drinking water source for
the City of Cagary. During two of these events, we monitored raw water quality with sensory, chemica and microscope
anayses. We used bench-scal e teststo eva uate the two widely used treatment options (DAF and CGS) for dgal biomass
and odour removal. In particular, we focus on the most recent event, in December 1999, when the reservoir experienced
an under-ice increase in the chrysophyte Dinobryon, and an increase in source water odour due to the production of 2,
4-decadiena and 2,4,7-decatrienal.
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P-15 ULTRAVIOLET (UV) DISINFECTION: A BEST AVAILABLE TECHNOLOGY?
By:
Harold Wright, Jm Cosman and Bill Carns
Trojan Technologies, London, ON

Ultraviolet (UV) disinfection is emerging as a strong candidate for one of the Best Avallable Technologies that can be
combined with othersinto multiple barrier processes for production of potable water. This paper reviews the basis for
this satement, including integration of new and exigting information relevant to development of guiddines and regulations
for design and operation of UV systems for water treatment. The issues are addressed within the context of getting UV
recognized as an enabling technology that alows cost-effective reduction of risk both to pathogens such as Giardia and
Cryptosporidium and to disinfection byproducts (DBPs) such as chloro-organics or bromate formed by chemica
disnfectants. These are the same issues that the U.S. Environmenta Protection Agency is currently facing in preparation
for the next round of regulation negotiations.

The relative sengtivity of different microbesto UV and the narrow UV dose range needed to cover these sengitivitiesare
key to defining the strategic role of UV when combining it with other unit operationsinto new and/or retrofitable processes
offering effective multiple barrier gpproachesto pathogen risk reduction. The spectrum of microbe sengtivity to both UV
and chlorine are compared and used to define different optional processes that provide cogt-effective reduction of
microbid risk.

The sengtivity of Cryptosporidium oocysts and Giardia cysts to UV, but the resstance of these same organisms to
chemicd dignfectants, pointsnot only to cost-effective Srategiesfor combining chemica and UV disnfection for pathogen
control, but a so to effective strategiesfor dramatic reduction in byproduct formation. The ba ance point between UV dose
and chemicd disnfectant dose will be determined by how low the chemica disinfectant dose must be reduced to control
byproduct formation with the particular water under congideration, and how high the UV dose must beincreaseto provide
the target control of pathogens not addressed by the chemical disnfectant. Examplesof byproduct control with effective
disnfection areillustrated for combination of UV with ozone and with chlorine-based disinfectants.

The cogt-effectiveness of UV isinfluenced by the choice of thetarget pathogen for design, theresulting UV doses needed
to inactivate these organismsto levelsthat provide thetarget risk levels, and the safety factorsimposed by regulators upon
UV doses to account for uncertainty. The current debate is presented on the choice of target pathogen for design
purposes, and datais presented that arguesfor afar lower safety factor than currently recommended to addressuncertainty
associated with UV inactivation of microbes. It is additionally argued thet the insengtivity of UV disnfection to pH and
temperature removes a trestment uncertainty present with chemical disinfectants. Finaly, the safety factors inherently
present in UV system design are examined.
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