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TEXAS PUBLIC WORKS DEPARTMENT

Blise Shies. Goduew Opporiuniliss.

January 30, 2014

Joel Kiumpp, Team Leader

Technical Review & Oversight Team MC-159
Texas Commission on Environmential Quality
P.O. Box 13087

Austin, Texas 78711-3087

Re: City of Wichita Falls
PWS ID No. 2430001
Wichita County
TCEQ Full Scale Verification Site Visit Follow-up Requests

Dear Mr. Klumpp,

The City of Wichita Falls requested that the TCEQ send officials to witness the
start of the City’s Full Scale Verification test and to ensure that everything was in
accordance with the TCEQ’s guidance letters on the Direct Potable Reuse (DPR) project.
The TCEQ agreed and sent a team for a 3 day site visit, beginning on January 27, 2014.
During the site visit, the TCEQ team and City staff discussed numerous components of
the TCEQ guidance documents for the DPR and the City was instructed to make formal
written requests for follow-ups on several of these discussion items. This letter will serve
as the City’s formal written request to those items.

»  January 22, 2014 Letter, Enclosure A, Page 3 of 21: The TCEQ bas changed the
City’s trigger from Total Chlorine to Monochlotamine.
The City of Wichita Falls has utilized a 1.5 ppm Total Chlorine residual as a trigger
for over 20 years. The City has pointed out that with the differences between
Monochloramine and Total Chlorine, requiting a 1.5 ppm Monochloramine trigger
would effectively push the Total Chlorine trigger up to 2.0 ppm.
Therefore, the City of Wichita Falls respectfully requests that the TCEQ allow the
City to continue to use 1.5 ppm 4s a Total Chlorine trigger, and if they desire a
Monochloramine trigger, that it be set at 1.0 ppm.
As requested by the TCE(, the City has attached documentation from several
representative samples throughout its Distribution System for the TCEQ’s
consideration on this matter.

» It was noted by the City of Wichita Falls staff that the TCEQ documentation
continually refers to the Full Scale Verification test as a 45-day test. However,
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analysis of the Chlorine residual.
The City has since re-programmed and tested the SCADA system to automatically

sound an audible alarm and shutdown the pumps at the River Road Wastewater
Treatment Plant.

The TCEQ noted that the two strap-on, Doppler Flow Meters (1 at River Road
Wastewater Plant Discharge and 1 af the Cypress 2010 SWTP Discharge) would
need to be validated by some means or method, After discussing the available
options, the City said that it would get the units validated, somehow.

The City received a backup, calibrated Doppler Flow Meter on 1/29/14, The City

has used this backup meter to validate the accuracy of both on-line Doppler Flow
Meters.

The TCEQ requested that the shutdown trigger for violating the 50/50 blend ratio for
Treated Effluent/Raw Lake Water be lowered from 15 minutes to 5 minutes. The
City has made that change to the shutdown trigger.

The TCEQ requested that the shutdown trigger for the on-line Nitrate monitor be
lowered from the regulatory 10 ppm. Upon discussing what a recommended
reduction should be, the TCEQ elected o go with the % error of the instrument. The
City of Wichita Falls checked the O&M Manual for the on-tine Nitrate monitor and
found the % error to be 3%, so the City has lowered the shutdown trigger from 10
ppm to 9.5 ppm (5%).

The TCEQ team found that the Temperature Correction Factor that the City of
Wichita Falls was using was an older equation and requested that it be updated with
a more current, approved caloulation,

The City of Wichita Falls has made that equation change.

And finally, there were a few items of clarification that the City would like fo note

for posterity.

»

January 22, 2014 Letier, Enclosure A, Page 4 of 21: The TCEQ has altered the
City’s trigger for Human Pathogenic Giardia and Cryptosporidium and wants the
City to trigger on the more generic Giardia and Cryptosporidium.

The City included the designation of Human Pathogenic to its ¢-PCR trigger because
PCR methods allow for the testing down to the species level, where the EPA Method
1623 only allows testing down to the genus level. This means that the EPA Method
is not capable of determining whether or not the Giardia cysts or Cryptosporidium
oocysts is infective of humans, just that it is Giardia or Cryptosporidium. However,
using PCR, the City is only menitoring the 1 documented Giardia species (G.
lamblia) and1 documented Cryptosporidium species (C. parvum) that are capable of
producing infection in humans, Testing for the remaining 4 morphologically
distinet, non-human infective species of Giardia and the 12 non-human infective
species of Crypiosporidivm.

The City discussed this with the TCEQ staff during the 9/13/13 mesting in Austin,
Texas. At the time, the TCEQ staff agreed with the City that the PCR was only
capable of species level analysis. During the meeting, the City informed the TCEQ



within the TCEQ correspondence, written clarification of the Full Scale Verification
Protocol states that the Full Scale Veriﬁcatio? test should be run for no less than a
30-day petiod (CIP period for the Microfiltration), after which a minimum of 10
additional days shall be run. This is consisterjlt with the City of Wichita Falls notes
from previous meetings with the TCEQ.
Therefore, rather than run for a length of time only stated in a Title, the City’s
interpretation of TCEQ guidance on the Full Scale Verification will allow us to test
for 30 days, take a day to perform the CIP onithe Microfiltration and Reverse
Osmosis systemns, and then run for an additional 10 days, thereby potentially making
the Full Scale Verification test last for approximately 41 days. Using this
methodology, with an initial start date of 1/27%/14 for the Full Scale Verification test,
the FSV will terminate on or near 3/8/14.

The City of Wichita Falls would like to requeﬁ;t the use of SM 20™ Ed. 4500-NH3 D.
Ammonia-Selective Electrode Method for beﬁ ch top ammonia testing in lieu of the
TCE(’s recommendation in the September 5{' letter, EPA 350.1 or SM 4500-NH3
G. SM 4500-NH3-D. is preferable due to thejnumber of samples being testing since
both test methods listed by the TCEQ requireja manifold system and distillation.

Ammonia and Monochloramine Analyzer at the River Road Waste Water Treatment
Plant for the detection of Monochloramine and the Wallace & Tiernan Micro 2000
analyzer for Total Chlorine. The TCEQ team requested that the City of Wichita
Falls submit comparison data for the on-line enalyzer to bench top testing. (Please
gee attachment Chlorine Titration vs. on-line)

It was noted by TCEQ staff that the City was {fully capable of running Dissolved
Organic Carbon (DOC) with the current Total Organic Carbon (TOC) machine that
it uses for regulatory reporting purposes. The TCEQ confirmed that the City was
capable of the filtration process for DOC analysis.

Therefore, as per the TCEQ team, the City of{Wichita Falls is requesting to perform
the remaining DOC analysis for the Full Scal¢ Verification test in-house, with
DOC’s going out every 7 days to confirm the|City’s in-house analysis.

The City of Wichita Falls would like to 1'equegt the use of the Hach APA 6000

Additionally, the TCEQ staff found a few items that they requested be changed or

fixed as the DPR continued. The City has taken a¢tion to correct the following items,

noted by the TCEQ:
»

The TCEQ tearn found the 1961 Plant Weir Gate leaking a small amount of water at
the Splitter Box.
The City of Wichita Falls staff has operated the Weir Gate and found the problem
with the rubber seal. The rubber seal has been repaired and the leak stopped.

The TCEQ team was concerned over a lack 0'{ “gutomatic” shutdown at the River
Road Wastewater Treatment Plant, After discussing each trigger and determining
that all but one of them were operator observation/analysis and thereby incapable of
“gqutomatic shutdown, the TCEQ requested that the City pursue the one possible
“automatic” shutdown. That automatic shutdown trigger would be tied to the on-line




of the human pathogenic species that would be utilized for their PCR analysis,
Additionally, the City once again outlined the rationale for looking at human
pathogenic species of Cryptosporidium and Giardia to the TCEQ team on 1/29/14,
explaining the cost involved in analyzing for all species of Cryptosporidium and
Giardia, thereby making it not feasible. The City believes that the TCEQ staff has
agreed to this methodology on 2 separate occasions.

As requested by the TCEQ, the City has attached documentation on the PCR
methodologies, to include Dr. Rebecca Guy’s research paper, WHO Guidelines for
Drinking Water Quality and correspondence with BioVir Laboratories,

Microfiltration Backwash Schedule: The Siemens Microfiltration system was
approved by the TCEQ for 3 minute backwash cycles every 25 minutes, based on
Pilot data from 2000, Howevet, the units have been in operation since 2008 and the
City had noticed that the backwash cycle was leaving solids infon the filters.
Therefore, the City requested that Siemens evaluate the backwash system for
effectiveness. Siemens was able to determine that a 5 minute backwash every 30
minutes was more effective than the previously programed sequence of 3 minutes
every 25 minutes. Siemens made this programming change in early 2013.

The City of Wichita Falls spoke with Marlo Berg, via phone, on this issue and she
stated that for the Full Scale Verification that the current backwash timing could be
uiilized and that a formal written request would need to be made when the
Microfiltration system returned to normal operation with lake water,

At this time, the City of Wichita Falls would like to request that it be allowed to
change the backwash sequence/time to 5 minutes every 30 minutes, when it returns
to normal operation with lake water.

The City of Wichita Falls had requested a change in the Color Method from SM
2120 B (Visual Comparison Method) to SM 2120 C (Spectrophotometric Method).
The City cited the subjectivity of 2120 B due to it being a human visual test (similar
to the TCEQ disallowed Color Comparator for Chlorine), The City feels that the
2120 C method removes. that subjectivity and will produce a more precise, repeatable
result.

The TCEQ team agreed with the City’s argument and is allowing SM 2120 Cto be
used during the Full Scale Verification fest,

It was noted during the site visit that there were no Methods specified in previous
TCEQ correspondence for Total Culturable Virus, Hydrogen Sulfide and
Perchlorate. The TCEQ team requested that the City make a “written statement” as
to the Methods that would be employed for these analytes.
The City of Wichita Palls’ contract laboratoties will be using the following Methods:
Total Culturable Virus — EPA Method 1615
Hydrogen Sulfide — EPA 376.1 & SM 4500-Sx-F
Perchlorate — EPA 331.0

The TCEQ staff has noted that the only “approved” edition of Standard Methods for
us in drinking water is the 19™ and 20" Editions. The City has been noting the most
current Edition (22°9) in all of its Operations Manuals and Monitoring Plans. The
City will make the appropriate changes to these documents to reflect the use of
Standard Methods, 20" Edition (or 19" Edition where applicable).



» The TCEQ team had questions about the Inlet Pressure at location TCEQ 9J and the
Outlet Pressure, Vacuum (psi) at location TCEQ 10J.
In the operation of the Microfiltration, the SCADA system receives the cell levels
(ft) and the TMP for the cells. We are using the cell level to calculate the inlet or
head pressure at the bottom of the membranes for location TCEQ 9J, and have
already input this equation in the City’s spreadsheets.
However, we do not get a vacuum pressure.
The Siemens PLC calculates the TMP from the feed and vacuum pressures every 30
seconds and supplies that TMP (PSI) to the SCADA, but we do not have the access
to the values used in the Siemens logic.
Therefore, the City can only supply the Cell Level, Calculated Feed PST based on
that level, the Cell Flow and the Cell TMP, but no Outlet Pressure, Vacuum.

If you require any additional information on this matter, or if I can be of any
further assistance, please do not hesitate to contact me at (940) 691-1153.

Daniel K. Nix ’
Public Utilities Operations Manger
City of Wichita Falls

Cc: Russell Schreiber, P.E.; Director of Public Works
Mark Southard, Water Source/Purification Superintendent
Kerry Marony, P.E., Biggs & Matthews, Inc.
TCEQ Correspondence File
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Date Time
1/19/14 Midnight
1/19/14  8:00 AM
1/19/14  4:00PM
1/19/i4 8:.00 PM
1/20/14 Midnight
1/20/14  8:00 AM
1/20/14  4:.00 PM
1/21/14 Midnight
1/21/14 NOON
1/22/14 Midnight
1/22/14  8:00 AM
1/22/14 400 PM
1/23/14 Midnight
1/23/14  8:00 AM
1/23/14  4:00 PM
1/24/14 Midnight
1/24/14  8:00 AM
1/24/14  4:00 PM
1/25/14 Midnight
1/25/14  8:00 AM
1/25/14 400 PM
1/26/14 Midnight
1/26/14  8:00 AM
1/26/14  4.00 PM
1/26/14 $:00 PM

City of Wichita Falls Wastewater

Chlorine Analyzer Comparability Results

MONO
Titration  On-line

310 2.51
2.80 2.77
2.80 2.98
2.70 2.81
2,70 2.63
2.72 2,68
3.20 3.28
3.20 323
2.65 3.09
2.70 2.94
2.80 2,70
2,48 2.95
3,10 3.07
3.10 3.10
3.31 3.20
3.30 3.07
3.08 2.96
3.15 3.19
3.12 3.18
3.01 3.11
3.38 3.31
3.30 3.20
3.24 3.16
3.40 3.33
2.80 3.15

MIN

MAX

AVG

% +/-
-6.13%
-1.07%

6.43%
4.07%
-2.59%
-1.47%
2.50%
0.94%
16.60%
8.89%
-6,90%
18.95%
-0.97%
0.00%
-3.32%
-6.97%
-3.90%
127%
1.92%
3.32%
-2.07%
-3.03%
-2.47%
-2.06%
12.50%

-6.97%
18.95%
1.38%

TOTAL
Titration  On-line

3.85 3.76
3.85 3.76
3.64 3.77
3.60 3,76
3.80 3.75
3.78 3.75
3.92 4.17
4,10 4,15
3.54 418
3.65 4,15
4,15 4.16
3.30 4.16
3,95 4.18
4,24 4,14
4,20 4,14
4,10 4,14
4.36 4,15
4,08 4.16
4,09 4.15
4,04 4,15
4.25 4,17
4.25 4.16
4.16 4,15
4,15 4,19
3.60 4,16

MIN

MAX

AVG

% +/-
-2.34%
-2.34%

3.57%
4.44%
-1.32%
-0.79%
6.38%
1.22%

18.08%

13.70%
0.24%
26.06%
5.82%
-2.36%
-1.43%
0.98%
-4,82%
1.96%
1.47%
2.72%
-1.88%
-2.12%
-0.24%
0.96%
15.56%

-4.82%
26.06%
3.34%



Completed Work Order Detail Report 1/28/2014

Electronics Paga 1 of 1
WO # 17589 Type UnSch f”riarity 5 Cronted /505074
Croate Reason Othar Created By fhill Brintad
Equipment  AJ90 Thrator Amperometrio Theatar, WET Scheduled  1/20/2014
Loocation 05 Chlorinator/Hydra Room Delinquent

Completed  1/20/2014
Task WTP-CAL WTP Instrusnent Galibration Shutdown

Startup

Instructions

Downtime Hours
Verlfy aceuracy of amperometrie titrator uging a lab preparad known standard solution fof total chlorine residual,

Comments  Poured & 200 ml sample of the prepared solution Into the titrator cup. Added 1 m) of potassium lodide and 1 ml of pH4
avetale huffer. Placed on titrator and slowly added phenylarseling oxida from the pipgtte. | measured the total residual
to be 1.78 mg/l.. Buperintendent Harold Burris repeated the procadure end measured 1.75 mgi. Laboratory standard

mean value was 1.79 mo/L; 8 difference of .58% on thefirst fitration and 2.23% on the second titration. The acceptablo
range wes 1.70 - 1.88 my/t.,

Meter And Gauge Readings

{None)
Worlk Order Part
{Norta}

Work Qrder Lahor
Est,  Actual

Labor Glass Degseiiption Labor Account No Employes Hours  Hours Cost
ELEC 2 ELECTRONIC TECH 1 {Unassignad) FHILL ¢ 0.5 $0.00
Labor Total $0.00
Work Order Total Y
Report Totals Downtime Hoars 0.00 ' Part Gost $0.00
Labor Cost $0.00
Vendaor Cost $0.00

Total Cost 000
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Real-Time PCR for Quantification of Giardia and Cryptosporidium

in Bnvironmental Water Samples and Sewage
Rebecca A, Guy,'* Pierre Payment,” Ulrich J. Krull,' and Paul A, Horgen’

University of Toronto at Mississauga, Mississauga, Ontario, Canada L5L 106" and
INRS-Institut Armand-Frappier, Laval, Quebee, Canada H7V 1B7?

Received 3 March 2003 Accepted 23 June 2003

The protoroan pathogens (lardin lumblia and Cryptosporidium parvam ave majov causes of waterborme
entevic disease throvghout the world, Tmproved detection methods that are very sensitive and rapid are
urgenily needed, This i especially the ¢ase for analysls of cavirommental water samples fn which the densities
of Gfardia and Cryptosporidium are very low, Primers and TagMan probes based on the B-giardin gene of G,
lwmblin and the COWP gene of €\ parvum were developed and used to detect DNA concenirations sver a ringe
of 7 deders of magnitude. Tt was possible to detect DNA to the equivalent of o single cyst of 6, lambfia and one
oocyst of O, parvien. A multiplex real-time PCR (qPCR) assay for stimaltaneous detection of G, famblia and £
parvam vesalted in cemparable levels of defection, Comparlsen of DNA extraction methedologies to maxitiize
DNA yield from cysts and oocysts deterntined that a combination of freeze-thaw, sonieation, and parification
using the DNeasy kit {Qiagen) provided a highly eficient method, Sampling of fonr envivonmental water bodies
revealed variation in gPCR inhibitors in 2-liter concentrates, A methodelogy for dealing with qPCR inhibitors
that invelved the use of Chelex 100 and FVP 360 was developed, It was possible to detect and quantify G, lamhli
in sewnge using qFCR when applying the procedare for extraction of BNA from 1-lider sewage samples,
Numbers abtained feom the gPCR assay were comparable to those obtained with fovmunoficorescence micros-
copy. The gPCR analysis revealed both assemblage A and assemblage B genolypes of G. lamblia in the sewage.

No Cryptosporidium was detected in these samples hy either method,

Giardia and Cryptosporidicm sre protozosn paragites that
couse widespread gastrointestival ilness, Ninety perceat of
repovted outbreaks of these patliogenie protozoans occur
through water, while 10% are rehated o Food (29). Direct

transmission by persan-lo-pesson contact aiso resulls in ilness

and is problematic for children in day care centers. Giardin s
the most commanly diagnosed gastrointestinal jrotozoan in
the workd and is more lregquently associated with outhreaks
than Cryptosporidium. However, preater numbers of individu-
als are alfected during outbreaks of Cruptosporidium. The Ml
waukee onthreak in 1993 affected several thousend individuals
sorved by a water treatment plant deficient for several days
(15} The incidence of food-horne outhreaks due Lo protozoan
pathogens is fikely undorestimated due 1o the difficolty of de-
tecting low numbers of organisms, as enrichment techniques
cannot be used (29}, Detection of Glardiv and Crymtosporidium
on domestic fresh vegetables and fruits in Norwsy (27), a
wealthy and moedern country, has important implications for
food safety in North America.

Watctbome cutbreaks ave associated with dripking water,
wells, rivers, Iakes, and recreational swinuming pools. The re-
ported frequencies of oceurrences of comamination of surlace
water with Gigrdia and Cryptosporidinm are from 60 1o 969 in
the United States (12, 22) and from 20 to 54% in Canada (11,
36}, Their levels in surface walers are very low, ranging from
(.5 10 5,000 organisms in K00 liters of water (11, 21, 22, 23, 36).
It has been proposed that sction levels to prevent outbronks

* Cogresponding author. Mailing address: Department of Biology,
University of Toronto at Mississauga, 3359 Mississauga Rd. N, Mis-
sissauga, ON, Canada LSL {C6 Phone: (505} 828-3430. Fax: (903)
H28-3792. E-mail: vgny@utm.utoronto.ca,
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with these protozoa should oceur when concentrations in LOC
liters of water sampled are =5 Giardia cysts (37) and 10 (0 30
ooeysts of Cryprosporidium (6). Detection of such Tow aumbers
of organisms is difficult and requires vory sensitive techniques.

Realtime PCR (qPCRY is a fechnigque thal provides great
sensitivity in detection plus quantitative results (35), Detectica
of the amplifled product using a fluorescent probe during PCR
eyeling eliminates post-PCR proeessing nnd produccs results
within 30 to 90 min, depending on the lype of real-lime instru-
mentalion that is employed.

Bath Gigrdie and Cryprosporidiven have the potential for
zoonotic transmission, CGenetfe variability exisls within species
that are infective to mammals (33, 38). Major genotypes have
been identified in both Gindia famblie and Cryplosporidium
parvie, G, lammblia isolates in humans and other mammals Fall
intor two major assemblages, A and B. Similarly, ¢ paraum
isolates can be segregated into genotype | {recently named
Cryprosperidivim hominds 20} and genotype 2 (O parvuin),
Molecular methods such as qPCR allow not only sensitive
detection of pathogens but alsa the determination of penetic
variability within isolates. A dillerence of 1 nucleniide ig ds-
tingnishable using the appropriste probe chemistry, such ag a
molecular beacon (193, thereby providing invatuable informa-
tion as o the sources of outhreaks and individual cuses, per-
mitting rapid action to be {aken,

The ebjective of this study was to develop qICR primers and
TaqMuan probes for detection of Giardia cysts and Cryplospo-
ridim vocysts in environmental samples. We focused on meth-
ots of extraction of DNA [rom tysis and oocysts and the
development of methods for overcoming PCR-inhibitory sub-
stances in water sanples and sewage that would be detrimental
fo qPCR. The detection of Cryptosporidium using gPCR has
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TABLE 1, Primer-probe sets for detectton of Giardia and Cryptospovidium

Prime-probe sel Typet Sequenee, §-3 4 F::jﬁ:: :‘!c
B-Glardin 241 P CATCCGCOAGGAGOTCAA 220138
R GCAGUCATGOTOTCGATCT 278-296
P PAM/AAGTCCGCCOGACAACATGTACCTAACGA/BHO-| 241268
B-Cracdin P434 (P1 )" s CCTCAAGAGCCTOAACGATCTC 411432
R AGCTGGTCGTACATCETTCTTCCTT 467485
P FAMITTCTCCOTGGOAATGCCCGTCTRITQ-1¢ A42d-d55
B-Gingdin P434 (H3)° F CCTCAAGAQCCTOAACGACCTC 411-432
R AGUTGCTCATACATCTTCTTCCTC 462-485
P CySTICTCCGTAGCOATGCCTATCTY BHQ-2 434455
COWP Pr2 F CAAATTGATACCGTTTOTCCTTCTG 5838057
R UUCATGTCOATTUTAATTCAGCT 711733
P

REX/TGCOATACATTOTTGTCCTGACAAATTGAAT/BIFG- 17

672~1(2

“ 1, forward; [ reverse; T, TagMoan probe.

"1, Pordaad | soquones of 0 fanbliz f-gardin gene (sssembinge A) (Gonliank mo. M36TIE).
© 313, H3 sequence of G, fgmblin 3-giardin gene (assemblage BY (GenBonk no, AY258616).

# Roverse complementary sequence of nuclentides,
¢ Relative nugleotide postion fn the coding sequotico of the fespective gene,

been reported (5, 8, 13, 14, 32): however, the primer-probe
sequences are distinet [rom the ones described here, To date,
there have been no reports of the use of QPCR for detection of
Giardia. In addition, this is the first description of a multiplex
qPCR assay for simultanceus detection of Giordio and Cryp-
tosporidiun,

MATERIALS AND METHODS

Parasites. Live G, Janblia cysts, prodiced by passage of the human strain 3
of G, fambiia thvough Mongelian yerldls, were obtained [rom Waterhorpe Tne.
(Mew Orleans, La, The oysts were i phosphatebulfered saling containiing
antibicstics and were stoeed wl 4°C until they were ased, The WE strain was o kind
gifl from Wik Belosevic, Universig ol Alberta, The Roberis- Thompsen steain
ol Cilardia mars, produced hy passage i insfri oviee, wes uhiatned [rom Whater-
torne [ng.

Live: . pamuen coeysis (TOWA siraln) produced by possege in calves wore
obtained from Waterborne Ine. Queysts In phosphasg-buifersd saline rontainin 2
antiliioties wora stored a1 4°C and usod within 3 menths, The GCHY Ssolale was
obtaed twough the National Testiutes of Fleaith (N1 ATRS Rescareh and
Relerence Reagent Progrim, Division of ATDE, Natlonal Institute of Allorgics
andl Tnicedous Diseases, NIEL € parvien sicain GOHL cooysts were from Sl
Tzipogl.

DNA oxiraction. DNA was extracted fvom cysts asing 1he DNeagy tissao kit
(Qiagon, Fidden, Germany). A modilication of the animal Lissue protocol was
employed, adding the following scqaenes of steps: (1) incubation In ATE (tissue
lysis tutfer: Qingen) and protoinase K for 1 b st $8°C (6) thee [rocgo-haw
ayeles, rach cycle consisting of 2 mint in Jiguid nitrogen followed by bofling walen
and (i} three 20-5 bursts of sonieation (model W-2201° cell disru ptog; Uiirasens
fes Tne.. The manufacturer's protocol was followed Tor purification of TINA
through the celumn, ad the DNA was eluted Trém the eelumns in siedic
doubli-distitled water (ddH,00).

An aliernative niethod to the use of thie senicator probe was the use of a cup
horn (Sunies and Marerinls, Tng., Newton, Conn.), Saniples in seap eap microe
cepirifige nebes were placed in a llosting rack and sonicatod ina eup horn for 30
min at an eulput of 185 W and 876 anplilude. A slow Rovw obwaler was passod
through the cup, mainlalniog the outlow iemperataee botween 30 and HPC.

DINA was guantificd using die PicoGreen double-sieandgd-DNA quentitation
rengent (Mulegular Probes, Bugene, Oreg.). Samples were dituted in Tris-EDTA
w a volume of 23 l and added 10 25 pb of pivogreen Tris-FEYTA solution . a
12200 dilwtion. Lambda DNA (UibcoBRL, Rockvitle, Ml } was used 10 goeneealy
& slandard eurve, Snmples were run. o trplicate weolls, and Huoresconeo wig
determined using the G-emboxylluoreseein (FAN filter st on an Mxagdr mud-
tiplex quantitative PCR systen (Stralagene, La Jolla, Calil). Regrossion anafysis
lo determine concentrations of unkoowns was porformed using Microsoft Fxeel.

Otigomuelentides. Primer-probo sels for detection of Giardie were dosigned
agninst the coding rogion of the 8-giardin gene (GonBinak no. M3OT2H) of 1he
Porltand 1 swain of G famblia (9), Two distinet primer-prote sots that prodes

Pa-bp amplicons in gPCR were designod. The feae primer s, 2241 was based on
reglon 222 (o 296 of B-giordin, nnd e second sct, P43 was based on region 411
1o 85 {Tabile 13 Another primee-probe set. also it region 411 to 485 of B-glardin
(Table 1), was designed based on the sequence of the H3 isolate of G, fimblia
(CienBank no, AY2SR6TA).

The gene for the Craprasporidiunt vovyst wall protein {COWP) (GenBank no.
ALZAR743) {25) wens selectod an the gaue Tor dosigning the primer-probe set for
defection of €. parvam. A §51-bp region frow 583 1@ 733 of the coding sequence
of the precucsor COWP genewas targeted (Table 1). In designing the sequonces,
26 partial soydences toding for the oocyst wall protein, fom dillerent isolates
and spoeics of Cryprosportdinm, were exumined to identify rogions of the gene
spocific 1 €0 parvern and Lo e spoeeific gonotypes 1 and 2 of G parvm. These
sequences were ontered inlo the CluatalW progeam (European Bivinlormarics
Tostitte), wnd a wuliple afignment was performed 10 identity unigue regions of
Lhe gene, The sequences and their GenBank accession numbees arc as follows: ¢
pervey CBAHT (AISWT6S), Cryptesporidium bateyl (AT266276), Cryprospe-
dcliven #, sirain 715-dog (AF266214), Cryprosporidium felis (AF266263), Cryp-
tosportdium sp. Sirain 815-bullsnake (AF2662T7Y, Cnptosporidioen meleagridis
(AVP2AR742), (. meleagriddis (AFI062606), Crptosporidium wroiri (AF266271), €
wraird (U3B02Y), € purvent G2 (AFMETA3), C panum CRACH-1 (AIZ10768),
Cryptospovidim sp. steain b-bevine (AFI66273), € povum G2 [AR161577),
Criplosporidin sp. strain 411-mouse (AF2E6208). Cryprosporidion sp. sipain
S18-monkey (AIR6G222), O, parviner (1 {(AFRA87413, £ v BRL [AT260263), ¢
parvart Gl (AF1G15T8), Crprosporidice sp. steain 35T 6erret (AFG6267). Cripro-
sporiciiz sp. sivain 428-kemyaros (AFIO6268), Crprosporidinm sp. sirain 400-pig
(AYRE62T, Cryprosporidisn seipentls (AFIBG2TS), C. sorpents (AFT6ES80), Cope
tagporiiiim nudersend (AT260202), Crpprosporidiuas murds (AVF06264), and G miris
{ATLBL5H).

Al primers and TagMuin probes were designed using Primer Txpress versions
0 and LS (Applied Blosysienss) and were terted for spesilicity wsing an
aBLAST homology search. The primers were synthesized by Sigme Genosys
{(Oakyiile, Cutario, Canada), Probes wers synihesized by cither Binsearch Tech-
atlogics Ine. (ovalo, Colil) or Tnlegrated DNA Technologics Ine, (Coralville,
Town), The B-giatdin peobos P241 and Pa3d (Portland 1 sequenice) were §°
labohed witle PAM (emission wavelongth {ig,] = 518 noy), the COWY prabe
P2 was 3'-hewchlorolluocescein (HEX, &, = 553 nm) labolcd, and the
B-giardin probe P43 for assemblage B (H3 sequence) was tabeled with 1-{ep-
silon-carborgpontyl)-1'-ethyl-3,3,3" 3-oltamethylindodicarboeyamine-5 (Cyst
Ao 7 067 mun). All probes wors 3 labelad with a nonfluoresecul Black Fote
Quencher (BHQ) dye: BHQ-1 for FAM and HEX and BHO-2 for (Y3,

4IPCR. PCR was carried out using the Brilliant Quantitaive POR core reagent
kit buffers (Suntsgene). Fach 2500 PCR used fina) eonecntestions of 4 mM
nragiesium chloride, 20 nM deoxynucleoside teiphosphate, 300 or 600 aM ¢ach
primer. 200 nM probe, a 50,000 dilotion of the relerence dye (carboxy-x
thiadamine ((ROX]L and 2.5 1 of SurcSturt Tag DNA polymerase. A volume of
tp Lo 5 pd of DNA was added. The PCRs were performed dn am MO0
mudtiples quaititalive PR sestom (Sieatagene). The eveling conditions cone
sisted of 10 min of fncubation a1 95°C followed by 40 cyelos of aliernaing
temperatures of 95°C Tow 15 5 wnel 60°C or 1 min, Fluoreseence data {three data
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poinia} were enllevied at the end of each eyele, Al eadh sanpke was run in
Triphieate wolls, A no-lemplate conteol way Included iy avery v ne erde
threshald (C) values wore consistently oblained alivr 40 cycles of. PCR. Bovine
serum wibumin (BSAJ (fraction V: Sigma, 51, Louis, Mo.) wos atided to the FUR
wix W a fnal concentration of 2 ng/el for eviluations af environinental smiples,
The PCR volume was incteased (o 50 pd lor rosting sewage extriens.

Sequencing. The amplicons oblalned from the Gegrelia ot Oypresporidine
mulkipkes gPCR assay ushug the B-ghurdin P241 primer-probe sct and the COWE
P2 primer-probe set were soparated on a 2% agarose gel, The twe bands (74
and 151 bp) were exvised {fom the gl and purilicd using the Mini Blae gel
extraction kit (Qiagen). The parificd amplivons were sequeseed at the Core
Facility. York University (Toroals, Omiarie, Canadhy by use of the didsoxy
method cmploving an ABI Psm 377 sequeneer,

Eovirowmentad water sompling, Olteation, and DNA extraction. Waley sain-
ples were obtained] from Brindale Tond and the Ceedit River, Mississaugn,
Ontarin, Canuda, sl from Treari and Professor’s Takes, Trampon, Ontals,
Canadn. feoer May o Seplembior 2002, The samples wore collected i 10-Hioer
pastic carboys {Cole Palmer, Chicago, 1LY and stered al 4°Cuntil Uiy were used
{the samc day). Sumpies (2 liters) were fillered thrtogh 3-pan-pore-size, d2-anim.
dinmotor cellulose niteare filters (Savtoriug, Goettingen, Germany) in a parabolic
stainless sleol loonel (Gelman, Aon Atbor, Mich,) uslng a vacuuay of 2530 10 ¥75
mnr of Hg generated by a Millipore vacuum/ressure pumy {115 ¥, 60 bz).
Upon filtvation of the sompde. the fuanel was cinsed with dil 10,

Alfier Wlizaticn, the Kles was romoved, folded twice Tengthwise with the upper
surface Tactag ouwl, and placed ioro a mierocomirifoge whe, DA was cxuacwed
dhirgeily from e tiler wsing the DNeasy kit Following incubation fa 180 pl of
ATL and 20 pl of proteinase K Boe 1 1 Al §5°C, the filter wos washed with 200 p)
of ATL and the wasl was pooted with the initdal eell bysaie, The samples were
then processcel according to the manulacturer’s instructions. DNA was cluted
frown Lhe silica column vaing gither une or byo sounds of 30 plof GOTLC,

PCR {ehibitor ceptoval. Pollowdag Aliaiion of 2 Uiers of wawr through the
Jopm-poce stz celluiose nitete fitter, the filter was treated with 20 mi of 0.5 M
EOTA. pH 8D, for 5 nsin and then washed with ddHL0. Afer the Tilkes was
waghed with 2 volunes of ATE. Chelex 100 (To-Bad, Heecolos, Calillj was
added to the eoll fwate 1o 2 ol coneomration of 200, Polyvinyipyrrolidons
(PVP 360) (TN, Aurora, Ohin) ai » concenlyrition of 8% was alse added to
equal a final eoncentralfon of 265, he 3% stock solution of PVP 360 was made
in AT lysis buller (Qiagen), incubated at $5°C for 1 i, and pipetted gently
tor dissolve fle PYP 366, The semples were ncubated [or 30 min ai 83°C,
subjecied 10 frovze-thaw, md conteifuged a1 12,000 52 g for 10 min, The super-
antant wos processed on & DNeasy column following the procedure recom-
mended ty the menuictrer, and DINA was clutod from the calunn asing 58
of ddi,0.

Collectivn sndd processing of sewage. {Fiardin snd Creptosperidivn were con-
cenlinled Trom raw sewage oblaised at the Auteudd and Fabreville wastewater
tecalment plants in Laval (Québee, Cauadal, Onerliter samples of waslewster
were provessed by canbrifegation far 30 min o1 3,000 < g in T-liter boltles i a
Beckman J6 centrifuge equipped with & 19412 rolor, The peliets wore resus-
pended in phosphale-baffered saline aid pooled w a single volunie (5.5 1w 9.9
mi}. Appeoxissately [ mé of the concentrare was used for detection of Lhese
pathogens using imeueoflucrescence (IF) microscopy, The cemainder of the
sample was senl immediately by courier ta the Toronlo lahuraiory for DNA
extraction angt qPCR deloetion of (fardia and Cryposparidiom,

DNA extraetion fram sewape, Following concentration of the suwige by con-
tritugatien, saeh sample (3 16 9 ml) was sphit smong microcenteifugs whes (3.5
otl was felded 1o each of fous 1o six ubes). The samples were centrifuged a
14800 = g for 15 min, and the DINA was exivacted from the petlets (~0.5 ml of
paoked pollets persnlite sample). The wbes wore tapped w distodge the pellas,
and 360 pl of AT was slded and theroughly mixed by voresing The samplos
were sulbjected W throe cyeles ol Mreczing-hawiog and cooled, and 40 wl of
proteinase K was added per wabe, The tabes wore placed Inn cup hom sonicitor
for 30 min using an ouipul of 185 W, lollowing which the sampl:s wees fneubated
Foe 115 e 55°C The wbes weee eanrliuged for 1 minoal 12,000 g w remove
debirfs, and the supernatant was teealed with Chelex 100 and PVYP 360 o final
concenlralions of 20 mid 2%, reapeetively, and incubated for 30 min al 35°C. The
fubes wore cetlriluged for 10 min at 12,000 0 g, the pellets wore disearded, anid
1he supernatants from all bes for onch sample wore wpplied equally to two
DiNeasy eolumas (Qlagen) 1o sepacate and vollect the DNA. Tho eluted material
(56 pJ) Jrwice) of RITOelamn) was pooled [o obiain a final valume of 200 ),
The purification procedure requived 3 10 4 how porform bul was necessiry 1o
ensure the removal of gFCR-inhibitory substances.

HT miieeoscopy of sewage samples. Approsimatety 1 ml of concentrited sewage
was purificd by Pereall-aserose Aotaiion (density, 1,10 gimi), The entire 1-mi
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volume of the resuspended polion was centrifuyged on e gradient at 100 2 g for
20 min, The upper layer and half of the lower layer were cofleeled and ceniri-
fuged ac LG > g-foe 26 min and resuspensded 1 ml of waler. Fifly microliters
{per stide) was placed on microseopo slides and difod. Cysis and oocysts werd
stafned with endd-G, tasblie and amli-C) penaen meonoclonal antibodies (Aqua-
Glo GGy Waterborne Ine.} and weere counied by epiffuorescenss microscopy al
A0 using so Oiympog B-50 resenreh microscope. The whole surface of the
slicde was exmmined, and all ehacacteristic struvtures that exbibiled bright-groen
oyl o oocyst wall sloining wers counled,

RESULTS AND DISCUSSION

Shuplex ¢gPCR, The p-giardin P241 and COWP P02 prim-
er-probe sets provided sensitive detection of DNAs extracted
from O lamblic cysts and € parnvam oocysts, respectively.
DNA was detected across a yange of dilations of 7 orders of
magnitude (Fig. EA and B). Standard curves were penerated
using 10-fold serial dilutions of DNA purified [rom cysts and
oocysts, wilh carrelation coefficients vanging from (1.984 (o
0.993 and slopes of -3.331 to —~3.908 (Fig. 1) Both the P-gi-
ardin and COWP genes are expressed ds single-copy genes
willin the suclens of each trophazoite and sporozoile, respoc-
tively (10, 31), Cysts of Glardla contain two trophozoites that
have undergone mulliple steps of auclear division, resulting in
16 coples of totul genetic information within each eyst (1),
Bach Cryprosporidium oocyst containg four macleated sporozo-
ites. Therefore, there are 16 copies of the f-giardin pene per
Giardin cyst and 4 copies of the COWP gene per oocyst, A
theorctica} estimate of the TYNA. conlent ol one cyst is 195 (g,
and that of one oocyst is 40 fo. Results from the qPCR assay
demonstrated considerable sensitivily, as seen [rom delection
of us littke as 10 fg of DNA for G femblin and 40 fg of O
parviur DNA, corresponding to one capy of the B-giardin genc
and four copies of the COWP gane.

Our selection of targets for developing primers and probes
for qPCIR assays was based on molecules that are wpigue o
these organisms and whose bielogy is important. The [-giardin
gene of iardie codes for a sbructural protein that is a com-
penent of the adhesive disk of the parasite, important in bind-
ing of trophozoites to the intestinal epithelium of their host.
PCR primers based on the B-giardin gene were first described
by Mahbabani and colleagues (16) and have been used for
detection of Giardia in environmental water samples {17).

The COWP gene was selected bueause it codes For a protein
that is important in maintainiag the integrity of the oocyst wall,
allowing the parasite to withstand harsh envivonmental factors
until it is ingested by a new host. Based on the multiple alipn-
ments of COWP sequences from different C. parvure fsolates
that ate available in GenBank, we designed primer-piobe set
P702, This primer-probe has the potential to deteet Cryprospo-
rdiven that is infective to humans, including €. hominiy, C.
pervum, O, wrald, and C. meleapridis. The COWP pene has
been used in endpoint and restriction. fragment length poly-
marphism analyses [or penotyping Crypfosporidiem (40).

Multiplex qPCR. A multiplex gPCR agsay using the B-giar-
din P241 (FAM-tabeled) and COWP P2 (FILEX-fabeled)
printers-probes detected G. fumblia and € parvien (Fig. 1C)
with sengitivities squivalent 10 that of a simplex assay (Fig. 1A
and B). The amplicons generated by multiplex PCR were se-
cuenced and proved to be identical to smplicons gencrated in
the simplex PCR. Tt was observed that the addition of BSA or
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PIG. 1. Simplex and multiplex detection of G, fanifilia (solid symbols) and € panam (open symbols) using PCR, The stndard curves (right)
eorrespond to the amplifivation plots Jogarithmic viewy on the lefs. (A) Teafold serial dilutions of & lembiia eyst IIINA ranging from 10 ng te |
t and detection using B-giardin P24 1. (B) Tenfold sevial dilstions of ¢ pervm cocyst DNA ranging from 3.7 ng to 3.7 fg and detection using the
COWP primer-probe set PT02. (C) Tenfold sexdal ditutions vanging fram 1 ng o 100 g of TINA fram 6. femblia cysts and O, parver ooeysts and
slmuitanecus detection using the B-giardin primer-probe set P41 and the COWP PRI set, The B-glavdin probe was FAM labeled, and the COWER
probe was HEX lubeled, Horizonial Hnes show thresholds, ¢Rn, baseline-corroeted normalized {luorescence; RS, B (indication of the fit of the
standiid curve to the standard data points plotted),
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TABLE 2. Specificitics of B-giardin and COWP probes for
deteciion of Glardia and Cryprosperidium in qPCR

APPL, ENVIRON. MICROBIOL.

TABLE 3. Concentrations of TINA extracted from eysts and ooeysis
following modifications ro the DNeasy TINA extraction meilixd

Detecioe

DNA. souree {8 fanblin O panian
Paalh | pasr P2
% derbiia 113 + - -
G famblin W3 + + -
Gy (Roberts-Thorpson) - - -
. parvarn GO - +
Copanum TOWA - - +

£ eoll (ATCC B739) - -
¥ coli O1STHT (ATCC 35150) - - -
Cpfiiostormu novo-tlint (VA3D - - -
Microvestiy aeruginese (UTCC 300) - - -

e

o, dotected: -, not deledted,
B Portlernt | sequence ({Tenlinak ac. MIBTAE)

BLOTTO to the PCR assay mixture reduced the eficiency of
the amplication of the COWP gene in the multiplex qPCR
from 100 to 70%, The efficiency of ampiification of the p-
glardin gene was not altered.

Primer-probe specificity in gPCR, The specificities of the
primer-probe sets for Giardia and . parunt were examined by
performing qPCR dssays with a panel of DNAs from refated
and unrelated orpanisms. All primer-probe sets were evaluated
n qPCR with 500 pg of {femphile DNA from the panel of
organisms. The primers-probes were spocille to the targets they
woere designed for and did not detect unrelated organisms
(Table 2). The P241 primer-prabe set deteeted &, lomblin and
Gy mmuirls, the murine species of Gardia, but not ¢ parvam.
The COWP P02 primer-probe set rotognized the two 0 par
vient genotype 2 isolates GCHL and IOWA bul not ¢, fnmbiia,
Nowme af the primer-probe sets detected the waterborne bac-
teria Escherichic coli, E, coli 0157117, and Microcystis aerugi-
nosa or the Fangus Ophiostoma nevo-1dai.

There is 3 to 5% vardability in the sequence of the Begiardin
gene among G lemblin isolates (3 R. A, Guy, C. Xiso, and
P. A, Horgen, unpublished dala). Mismaiches in the nucieolide
sequaences.of the primers-probes were evidenl when the detec-
tions of different straios of (7 Jemdblia with the probss were
compared. The P241 primer-probe set detected the WR and
H3 strains. corresponding to assemblages A aod B of . fan-
blin. However, the eficieney of amplification was lower when
the mismatch was present compared fo detection of a strain
using the fully matched primer-probe set. G, muris was also
detected using probe P24). Primersprobe set P434, designed
against the sequence of the Portland 1 sivain of . lemblia,
detected the WB isolale (GenBank no. AY258617: homolo-
gous to Portland 1 in the S-giardin gene region we examined)
but did not detect the H3 sirain of G. fambitn or G. muris
(Table 2). Tn all cases, the matched primer-probe sets detected
equivalent concentrations of the matched DNAg, demonstrat-
ing that all primer-probe sets were functional, The P434 prim-
et-probe set wis used to distinguish between nssenyblage A and
assemblage B3 isolates of & lambiia,

DNA extracllon eficiency, Maximum sensitivity for detec-
tion. of pathogens in environmental samples requires not only
excellent perlormance from primer-probe sefs but alse the
ability (o extract the entire DNA from the cysis or cocysts in a

Conen sf DNA (ng/.5 >0 107 gysts
or votystsy”

5, fnnibiia C panton
Cysls O0oysts

589 % 1.76
2428 = 2.8Y

DA cxirpetion modification?

1 hoat 35°C + FrT

I hoat 55°C + FAT o+
sanication {probe)

I hoat S5°C + F/T -+
sunication {enp horn)

F/T A sonication (cup hoen)

621 = (183
L322 1.52
62 342 13.59 2: (.64

29.48 1352 16,60 & 1 i4

“FT three eveles of fooze-thaw,
* Data ara presonted us the mean =+ standard deviniion of tripfienio oxiractions
por treatment group.

sample. Therefore, methods of DNA extraction from (lardia
cysts and Cryplosporidium oocysts were evaloaled and com-
pared. The DNeasy system was selected as a preferred method
because it is rapid and provides an inexpensive means of clean-
ing up the NA from contaminates. A comparison was made
ol modifications of the DNeasy method, including freezc-thaw
and sonication, o obtain the bargest quantity and best quality
of DNA for amplification and deteetion in gPCR. The PP
coGreen method of dsDNA quantfication (Moleeular Probes)
was used ko minimize the numbers of cysts and vocysts that
were required for these comparisons. It was datermined that
1.5 % 10° eysts or oncysts was a sufficient number of cells for
accurdfe quantilication of extracted DNA.

A good yield of DNA that was suitable for gPCR was ob-
tained using the tissug protocol of the DNeasy kit, with | h of
inenbation in ATI, lysis bulfer (including proteinase K) fol-
lowed by separation on the silica gel colume. Importantly, the
addition af a lhree-cyele frecze-thaw step and sonication
(three 20-5 bursts) increased the yiekd two- to fivelold (Table
3) DNA concentratlons (determined by PieoGreen quantifi-
catien) of the freeze-thaw- and sonication-troated cysts and
coeysis approached maximal theoretical estimates of the con-
centration that was available from 1.5 X 10° eysts or oocysts.
The percent efficiencies of extraction of DNA from G, lambiic
cysts were 20.14% £ 6.01% without sonication and 83.02% =
8.80%. using the sanication probe. We adopted this modified
DNeasy method for preparing DNA for our standard eurves
and for processing environmental samples,

We alst evaluated the efficacy of DNA extraction using a
closed sonication syslem, the cup born sonleator {Sonies and
Matorials [nc.), Dirvect fysis of cysts and oocysts in the cup horn
for 30 min was as cffective in releasing DNA (108.18% =
LLA9% efficiency) as was prelncubation ol the cells in lysis
buffer for 1 h at 55°C prior to sonication (84.18% + 11699
ellicleney) (Table 33,

qPCR-Inhibitory effects of concentrated environmental wa-
ter samples, Complex matrices, such ag surface water and
sewage, contain numerous organic and Inorganie substances
with the potential to inhibit PCRs (30, 39). A study wos con-
ducted Lo determing the ability to use PCR on DNA extracied
{rom 2-liter water snmples obtained from different sources. To
detect the presence of inhibitors, the PCR mixtures conlaining
the environmental water sample extracts were spiked with 500
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TABLE 4. Effccts of BSA on qPCR detection of spiked (Hurdia
DNA in environments) waler exttacts

oy
Waor satnple” .
Mo BSA BE&A
ddH,0 3141k (144 2147019
Eridale Pond
None 2477 £ 0,21
2 Nong 2167 % 0,53
Cradit River
1 None 2108 £ 029
2 Mone 2146 2 AT

O pd from 100 4l of chel sampde exteae! was assayed.
#Mienn b standard doviation of triplicate wolly,

pg of G lemblia DNA, and DNA was detected using D241 in
the gPPCR assay. The Ct values [rom gPCR were compared (o
those obtained from the same concentration of DNA (hat wag
spiked irito the PCR mixture containing ddt,0. We observed
that DNA extracts oblained from 2-iter samples of either
pond waler or river water were completely inhibitory fo qPCR
(Table 43, The addition of BSA (Iinal concentration, 20 ng/il)
to the PCR mixture removed the inhilitory effect {Table 4),

Samples from two recreational Jakes were evalaated Tor do-
tection of Giardia and Cryptosporidiue: in a mulliplex assay.
The addition of BSA. lo the PCR mixture proved sufficient to
eliminate inhibition when extracts of 2-liter congenteates from
Hearl Lake were tosted, However, extracts from Professor's
Lake were completely inhibitory even in the presence of BSAL
Following application of the qPCR nwethod, these samples
were analyzed on an agarose gel to determine whether inhibi-
tion was due to a lack of amplicon or o inlerference with
fluorescence detection, possibly due to gquenching ol the (hu-
orophore by inhibitory substances. No amplicon was detected
in wells containing the exivacts from Professor’s Lake; there-
fore, the jnhibitory substance(s) was aliecting the PCR and
preventing the amplification of DNA. In comrast, the Heart
Lake samplés revealed [wo bands on the agarose pel of ~151
and 74 bp, corresponding to amplilication of the COWTP and
{3-glardin sequences.

Several chemical treaiment msthods were examined for re-
moval of inhibitory substances from the Professor's Lake sam-
ples. Addition of Chelex 100 to a final congcentration of 5 or
20% had no eflect on reduction of inhibition. However, addi-
tion of 2% PVP 360 along with 20% Chelex L0 during the
DNA extynction process ellactively removed inhibitors, Amplh-
fication and detection of spiked DNAs of both G lamblia an)
. paraan was obgserved in the presence of sxtracts from Pro-
tessor’s Lake in the multiplex qPCR assay (Table 5). Tt was
possible to détect the spiked DNA when 2.5 of the 50 wl of
sample extract (1/20th of the total volume) was added o the
gPCR. Five-microliter volumes of extracl were partially inhib-
itory, increasing Ct values by 10 10 30%. The lower-molecular-
weight material, PVF 40, was Jess eifective at reducing inhibi-
tion than PVP 360. The wse of 2.5 pl of the PVP 40-treated
samples resulted in 159 mhibition, and § pl of sample was
compleiely inhibitory (no €1 abtained in qPCR), Addiifon of
Chelex 100 and PVP 360 during DINA extraction did not re-
duce the yield of DNA as determined by PicoGreen quantifi-
aation {not shown).
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TABLE 5. Effects of Chelex 100 and FVP 360 an multiplex qPCR
detection of Glardia and Cryplosporidinn DNAs spiked into Juke
water extracts

Clh
Water sazple” Ciiardin . .
B COWP P72

ek, 0 24.88 * 0.69 27,36 £ 040
Heagt Lake

Untreated 2398 2 0.09 ZL04 £ (L35

Treatod® 24.34 2 {189 26,70 4 (L8
Protessor's Lake

Lntreated None None

Treated 17 24,89 = {113 2761 =019

Treated 2° 25,15 = {194 27.99 1 0.60

2.5 wl fran 50l of cach sample extrsct was assayed.

# Mean = standard devianion of riplicate wolls.

“Freated samplies bad 0.5 M EDTA, 208 Chelex 100, and 246 PVP 360
reatment durtog IIEA cxrmction.

The chemical action of polyvinylprlypyrrolidone (PVPP; in-
seluble) and PVP {(water solable) in removal of Inhibitars is
biased on the binding of phenolic groups. The formation of
PVP-phenolic complexes removes molecules, sueh as humic
aeids, that cortain phenolic groups (). PVPP has been used to
remove PCR. inhibitors from Crvplosporidivm-contaminated
stool (18 and soil (4) sanples. PVP 40 is a lower-molecuiar-
weight form of PVP containing fewer reactive sites and pos-
gessing greater solubility in water than PVP 360, The lower
elfectiveness of PVE 40 than PVP 360 in blocking inhibition
wag likely due to the reduced capacity of PVP 40 o bind
phenelic compounds in the samples.

Phenols in aguatic cnvirenmen(s conie from natural sources,
such as biodegradation of humic substances, ligning, and tan-
ning, and Trom man-made soutces, such as derivatives of plas-
ties and degradation of pesticides and herbicides (2). Concen-
trations of phenolics have been shown to vary between
different bodies of water and also seasonally (34). In the
present study, only one of the four water bodies required PVP
360 wrealment to enable gPCR to be performed. Professor's
Lake, a former sand and gravel quarey, is adjacent to a historic
landfill site. It s possible that the landfll is a soarce of the
phecl in the lake. An allernative source of the phenol-con-
taining inhibitors may be herbicides applied to the cstensive
Iawns that border the north shore of Professor's Lake.

qPCR versus IF wmieroscopy for cmantification of Glardia
and Cryprosporidizm in sewage, Sewape semples were pro-
cessed and examined for the presence ol G, lamblia and Crp-
tosporidivm. The extraction of DNA rom L-iter sewage sam-
ples wits done by Chelex 100 and PVP 360 treatment to remove
inhibitors and sonication, using a cup horn to disropt the cyst
and vocyst walls. A preat deal of ibrous material was associ-
ated with the sewago, and this had the potential o trap patho-
gens. Within several minutes of being subjecled o sonieation
i the cup horn, clamps that were not disropted by vorlexing
were visibly disrupted, possibly releasing trapped cysts or 0o-
cysts and exposlng them to the lysis reagents and sonication,

The effeiency of extraction from scwage was estimated by
spiking hall of ong sample with 107 cysts of G, fmnblia and 10°
C. parvum oocysts and comparing the extraction of an equiv-
aloitt rumber of cells in the absence of sewage. We found that
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TABLE 6 Moltiplex qPCR detection of 1 ng of spiked DNA 1o
determing the presence of inhibitors in Wliter sewage sample extracts

Arpn, ENvIROR, MICROBIOL.

TABLE 7. Comparison of gPCR and IF microscopy for detection
af G famblia and Cryprosporfdim in 1-liter sewage samples

Vol o
Sumpile “gﬁd[gq - -
wsiy (w)  B-Clacdin P41 COWP PAR
ddH,0 10 23,30 £ (.03 2388 £ 0,25
Extraction conéeol
lrl
10 23.23 % (123 2312 £ 029
H 23,31 20,49 23.63 £ 058
Extraction control
2{!‘
HE 2393 = 0.54 2330 =027
1 233 2073 2351 = 041
Auteuit Al
10 Notie None
1 24.20 £ 0,31 24,12 = (0,28
Auteutl A2
Jii] 26,37 £ .61 25.00 + 0,538
i 2351 £ (070 23.52 = (.46

# Bxtraction controls, all IDNA oxtracifon methods minus sowspe
"Mean = standard deviation of triphieate wells,

the eificiency of extraction in the presence of sewage was not
reduced.

A total of six sewage extracts wers examined for the pres-
ence of inhibiters of qPCR by spiking the qPCR mixture oon-
taining the sewage extracts with 1 ng each of DNAs from G.
lamblin and C. pervan, Inhibitdon was observed when 10wl of
the 200-pl sewage extract was fested in qPCR bl nof Tor 1l
of sample (Table 6). Therefore, to quantify cysls and cocysts in
these sampiles, 2-pl volumes of the sample extracts were used
in gPCR except for sample Avteuil 1 (which mhibited PCR at
2 pl and partially at 1 wl), where 9.5 wl of the 2001 sample
was usud, The multiples assay detected Giardia in all six sew-
age samples but no Cryprosporidium (data not shown),

Guoantitative analysis of G. lammblin cysis in the sewnge sam-
ples was done using the P43 primar-probe set to avoid the
problem of pofential mismatches in the sequence of the DNA
of Gierdin in sewage when using the P241 primer-probe set,
The primers and probe or one sel of 4234 were based on ibe
Porlland L sequence (assemblage A) of G, lfamblin, and the
other set was the same region of the gene but using the H3
sequence (assemblage B}, We used these primer-probe sels in
separate assays and summed the numbers obtained from each
to obiain the total number ol (2 lamblia cysts present in each
sample. Giardi was detected in all six samples from the Au-
tenil and Fabieville (Québee, Canada) treatment facilitics,
with cyst concentrations ranging from 2,653 40 13,408/liter of
sewage (Table 7). No Ct values were obtained in the negative
control samples, consisting of the extraction procedure in the
absence of sowage, suggesting that Ct values obtained in the
sewage samples were specific to G, famblip. The vaiues ob-
tained from gPCR were similar to those obiained by enumer.
ating cysts using IF micrescopy (Table 73,

Both assemblage A and B gonotypes were delected in the
samples, with the majority of oysts (38 » 91%) being of the
assemblage B genotype (Table 7). Recenily, Catclo and ol
leagues (3) reported genotypivg of G, lumblia from dinical
stool samples using PCR and restriction [ragment length poly-

INe of G famblio N, of £, prrue

oYty DOCYSIS
Samplet gPeR
Assemblage I gPCR T
Powl  ieroscopy MIRTOSEOPY

A B
NC 0 0 4 i
Al 496 5,146 5,042 2,380 4} f
A 2476 8340 10816 9,380 ] {1
A3 5672 1,736 13,408 7980 { il
i 835 18IS 2,653 9,900 0 0
2 2,196 3,663 5839 6,660 { {
F3 545 3231 3876 4,29 (¥ 0

" NC, negative control in qPCR: A, Ancull Treatment Facilitg: 12, abreville
Trentment Facility,

morphism of the B-giardin gene. Both genalypes were delected
in the stonl samples, with a predontinance of the assemblape A
genotype, We have also detected assemblage A and B genos
fypes in stool; however, the majority of samples were genotype
B (Cauy et al., unpublished).

Interestingly, no Cnplosporidium was detecled in ady of the
samples (Table 7}, a5 delermined by gPCR using both the
multiples assoy and 2 simplex agsay with the COWEF P702
primer-probe and also using TF microscopy. The lack of defec-
tion of Cryptosporiditen was not due 1o inhibition of cither
COWP amplification or fluoreseence of the HEX Ouorophore,
becavse . parviam DNA spiked into qPCR wells containing
extracls [rom the sewage samples was detectable {Table 6),
Seasonal vatiation in the abundance of Giardia and Cryptospo-
ridismi in sewage has been reported, with higher levels of Gi-
ardia and low o no detection ol Cryprosporidinm in the fall
months (7), the time of year we sampled, Giardia cysts are
consistently seen in sewage influent. For instance, Wallis and
colleagues (30) detected Giardia in 3% of raw sewags in 2

cross-Canada survey. Detection of Cryptosporiditm was spo-

radic: ealy 6.1% of samples contained Cryptosporidivm (36},
and low nambers of pocysts (<<54) were observed (36). High
levels of Giardia and low-level sporadie detection of Crypo-
spoitelium has also been reported by others (7, 24, 26, 28),

The results obtatoed in the present study from spiking ex-
periments revealod that there were additional qPCR-inhibitory
substances in the DNA extracts [rom the sewage samples, as it
was not possible to use lavger volumes of the 200-pl sewage
extract (Do greater than 2 pl, and 0.5 wl in the case of the
sample Auteuil 1) in the qPCR. Therefore, the quantitative
evafuation limit for the qPCR method usting sewage samples
was 100 oocysts. Lack of deleetion of Cnpesporidiunt in the
sewage supgests (hat oocysls were either absent or present at
very low levels.

In summary, new methods {for gPCR were described, and
their application to pathogen detection o environmental sam-
ples; including water and sewage, was demonstrated. With the
appropriate adaptation of sample extraction, qPCR is applica-
ble to a variety of detection systems. These approaches may
provide a sensitive method for detection of low mumbers of
pathogens, and their application would contributs 1o under-
standing the distribution and abundance of Giardie and Cryp-
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fosporidiun in the environment and the rigks they pose fo
human health.
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warter-storage tanks (Pozio et. al, 1997), The results probably represent under-
esteimates of the concentrations that caused the outbreaks. For the 1993
Milwaukee outbreak, however, Haas & Rose (1994) showed (with certain
assumptions) that the measured concencration in drinking-water was close to
the value predicted on the basis of the attack rate, water consumption, and
dase—response relationship.

Low cocyst concentrations in drinking-water have also been found in
situations where there was no evidence for the occurrence of an outbreak
(LeChevallier, Norton & Lee, 1991; Karanis & Seitz, 1996; Rose, Lisle &
LeChevallier, 1997; McClellan, 1998), Current detection methods do not allow
the derermination of pathogenicity of oocysts in water. Detection of oocysts in
treated water should therefore, wherever possible, prompt further tests to confirm
the presence of (viable} C. parvum oocysts, Whether or not the capacity for such
tests exlsts, every efforc should be made to thoroughly examine other warer
quality parameters that may point to faccal contamination and ro wace both the
source of contamination and the eperational conditions that resulted in the pres-
ence of oocysts in the drinking-warer. If the presence of C. parsmum oocysts is
confirmed, control measures (improved source protectian and/or water treat-
ment) sheuld be instituted; ideally, an epidemiological study should also be
undertaken to determine whether there has been significant waterborne trans-
mission, Lack of capacity to confirm the pathogenicity or viability of cocysts
should not delay or prevent further investigation or remedial action if a signifi-
cant threat to public health is suspected.

Giardia intestinalis
Taxonomy

Gigrdia is u flagellated protozoan the wxenomy and host specificity of
which remain the subject of considerable debate. The organism has been found
in more than 40 animal species (Meyer, 1994). Nowadays, five species of
Crinrdin wre established in the scientific liverature, including the three species pro-
posed by Filice (1952)—G. muris in rodents, birds, and reptiles, G, intestinalis
(syn: ducdenalis, syn: lumblia) in mammals (including man), rodents, repeiles,
and possibly birds, G, agilis in amphibians—G. ardae in the great blue heron
(Brlandsen et al., 1990), and G, peistac in the budgerigar (Erlandsen 8 Bemick,
1987). A morphologically distinet Giardda isolated from the sttaw-necked ibis
(Forshaw, 1992) was later sugzested to be o strain of G, ardre (McRoberts et al,,
1996).

Giardia is thought to be predominantly asexual, and the species concept—
defined on the hasis of sexually reproductive compatibility—is therefore ditficult
to apply. The high degree of genetic heterogeneity found in human and animal
isolates (Nash er al,, 1985; Andrews et al.,, 1989; Meloni, Lymbery & Thamp-
son, 1989 Motgan e al., 1994) makes speciation uncertain and suggests that
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coliform level as an indicator for microbiological safety of drinking-water.
Additional means of safeguarding drinking-water are therefore imperacive.

Cryptogporidium parsum
Taxonomy

Members of the genus Cryprosporidium (Apicomplexa, Cryprosporidiidae) are
smal! coccidian protozoan parasites that infect the microvillous region of epithe-
lial cells in the digestive and respiratory tracts of vertebrates, Several species of
Cryptosporidium have been described and appear to be specific for a class of
vertebrates: C. parvwrn, < muris, € felis, and € wredrd infect mammals, C
baileyi and C. meleagridis infect bivds, C. serpentis infects reptiles, and €. nasorum
infeces tropical fish, Infections in humans are almost exclusively caused by C.
parvie, elthough this species is also frequently found in infections of cartle and
sheep and causes infections in marny other mammal species,

Life cycle

Qucysts, the environmentally resistant transmission stage of the parasive, are shed
by infected hosts with their facces (Fayer 8 Ungar, 1986; Fayer, Speer & Dubey,
1997) and are immediately infectous. They may remain in the environment for
very long periods withous loss of infectivity: a very robust cocyst wall protects
the sporozoires inside against physical and chemical damage. When an cocyst is
ingested by a new host, excystation—opening of the suture in the oocyst wall—
is iggered by the body temperature and the interaction with stomach acid and
bile salts, Tour motile sporazoites are released, which infect the epithelial cells of
the small intestine, mainly in che jejunum and ileum. The paragite infects che
apex of the epithelial cells, residing beneach the cell membrane bur ouside the
cytoplasm. The sporozeites undergo several transformations in an asexual (mero-
gony} and a sexual (gametogony) reproduction cycle; it is the lacter thac pener-
ates the oocysis.

Qocysts of C. parvim are spherical, with a diameter of 4-6[tm, and may be
either thick- or thin-walled oocysts, Thin-walled vocysts may excyst within the
same host and sware a new life cycle (autoinfection), This can lead o heavily
infected incestinal epithelia and resule in malabsorptive or secretory diarrhoes.
Thick-walled oocysts are excreted with the faeces.

Pathogenicity

Infection stidies i healthy hurman volunteers demonstrated a clear relation-
ship between probability of infection and the ingested oocyst dose of a bovine
C. parvum strain (Dupont ev al., 1993). Ar the lowest dose (30 oocysts), the
probability of infection was 20%; at a dose of 1000 aocysts, probability increased
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