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Method Development (USDA, NOAA, USGS,
SCCWRP-EPA, DEQ). ARA, PEGE, Biolog +
TFargeted Sampling: (Hartel); Ribotyping (Harweod),
BOX-PCR (Stoeckel and-Nakatsu):
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MST Is neing deployed in tne U.S.
(Www.2ozLgov/oWwow/nos)

e RIVerk ana-Sircame:10% assessed, 61od 39% A
'_'_-.-_.-.,..lmpalred Fecals#l cause of|mpairment AL

'.'Lakes 45% assessed 55% good, 37% |mpa|red 8%
threatened Fecals #3 after nutrlents and metals.

_Estuarles 36% assessed 49% good 51% impaired.
Fecals #4, after metals, pest|C|des and nutrlents xR




l:’ SOIIENIMES a source is obvious...
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Sometimes you suspect a source...




SANCRSOmMENMES Vou have no idea...
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deverial Targets

il
Jeloielf]zl "~ Advaniages

Disadvantages

Totzl/Feeel VEly as iecal

collierms

-

Ecology, prevalence,
resistance to stress differ
from pathogens

eilly ]J::' jogenic to

BHESENT at concentrations Migher
lanrpathogens

May not be a good
indicator in
tropical/subtropical
environments

Enterococe =ESpecially useful in marine
SVironments and recreational

Valers

Found in environmental
reservoirs

Regrowth possible

Less common in animals
Human isolates ferment sorbitol

Evidence of recent
contamination

Baciteroides/Bifido.

Survivability in
environment is variable

Culture methods not well
defined

Clostridium
perfrigens & f”‘z‘g,%é

Good for prediction of viruses or
remote fecal pollution

Persistent in environment
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Virus Advantages Disadvantages

CLENI6 ESHIEGIIINES Abundanimhuman feces | Phage found to be absent
?HOOHHJ “Pheges don't replicate in In some highly polluted
. Savironment environments

“Blesencercorrelates with
presemnce of human enteric
Viruses

Gfoup 'and Il associated Sensitive detection
ithi human feces, group IV | methods required

associated withranimal Only small percentage of

feces human feces contain
Easy to perform phages
Rapid detection Unreliable in marine
waters
Human Enteric Viruses Human specific Low numbers in
No need to detect environment

indicators Over 120 enteric viruses
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“peypesporditmy/Giardia
SDIrEcCmonitoring of these human pathogens
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Cryptosporidium Giardia
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AIEnNLypic Methods

VIEtoO Llof=iny g et Description

PDEPEnEER

¢zl f ecal Humans have ratio of >= 4
collfeEmnyecal -‘9(‘ orms/fecal while animals have ratios

e reit]o . below 0.7
T ANRET TR Vs E.coh o) Based on antiobiotic
| ! Enterococcus | resistance patterns unique
r p to different sources of
- pollution
CUP (BIOLOG) E.coli or Based on differences in

Enterococcus | bacterial usage of a wide
range of carbon and
nitrogen sources

Immunological No E.coli Sereogrouping of organisms
Methods based on presence of
(sereotyping) different somatic O antigenic

determinants
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eenow/pic Methods 1.

Description

ReYEING fes

EJ‘IWC S

i d—
S

=C )| Nelg - Genetic fimgerprint comes from the genes

that code for rRNA which are highly
conserved in microbes. DNA is extracted
and fragments are separated by gel
electrophoeresis to form patterns of 4-12
pands

»
iy

E.coll

YEes

Conserved sequences in bacterial
repetitive elements are used as PCR
primers to distinguish among different
strains of the same bacterial species

PFGE Yes =, co)[e]} DNA fingerprinting using cutting
Enterococcus | restriction enzymes coupled with
electrophoresis analysis
LH-PCR No Bacteroides Based on the premise that there are
and T-RFLP Prevotella species composition differences in

Bifidobacterium and Bacteroides-Prevotella
populations of humans and cows
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senotypic Methods 2.

FElfc| i

Description

co'il.
(I

Discriminates between different PCR
PredUCES of similar size based on
Clianges In electrophoretic mobility
Wil 1s influenced by melting properties
off BINATfragments

Transcriptase
PCR

Y es - E.coli DNAfingerprinting using rare and
r frequent cutting restriction enzymes
coupled with PCR amplification
Toxin N@ E.coli Biomarkers are used to detect bacterial
Biomarker contamination by identifying genes that
code for toxins in E.coli populations
Reverse No Enterovirus | Can be used to detect the RNA of any

organism whose genome has been
seguenced by using primers
complimentary to conservative RNA
sequences found in the viruses




Viethiedr Compaisen Sj#&lies

Thiree clurent MSi metied companson stidies
N progress 4 s & B S
“WSDA: trlelsc) ait twe-yezir Sttfely f Q,LQOH] p? S ARA,
REGE, eiel RS Eicol] ar_f cl Enrig e cus
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o - -_ 5 e~
_|§: - ¥ " . E s

USES funded gfdejrzlif) (0 corfgelis thl < zlg ||
RT, PEGE, ARA, PCR, and BIGOLOG to identify
sources of E. colifmrthewaters of Berkeley

County: WY/

Southern California Coastal-\Water Research
Project has funded-the largest MST methods
comparison study comparing ARA, RT, T-RFLP,
Rep PCR, CUP, PEGE, F+ coliphiage, Viruses,
Toxin-gene biomarkers




Celigejory ON€risrzl

Specific Evaluation Criteria

INEIS NV EESUEmERISEsREProducibility of results
REIIC J””Y RACCUIECY 0TI ect classification of isolates into correct

Relevance

Tier anagement |
RElenship te public health eutcomes

¢JroLo
sleonidence tha@entified indicator Is from presumed

source

Wel i [ESIO) 1;[;ion
m Vi Stability

EieEwucphc siaeity/Tempoeral stability

Iatlo.@rshlp toractual source of contamination

Relatiensinprter commaoenly used water quality indicators
[EASelol communication to public
[Ease el communication to management audiences

Tier 3: Cost and
Logistics

Equipment and lab facilities required

Training required

Library size required

Implementation time

Cost of ensuring results are legally defensible
Cost per sample/Turnaround time




10er’s Dream Table

M=t od ‘_‘ J,D,r't roac! Spedlie Promising
i Ca@orles Sources

RYOLPING Tt X
ARA L B

SEG X

NUtrHen r X ? X
Box/Rep-PCR X

Specific Pramer P/A X
PCR/ VIR

PCR t-RFLP P/A 7
F+ coliphage X

Entero Virus P/A X
Adeno Virus P/A X




ource Tracking — Where do we go
from here?

_ OMF@!]Q [US NEEAS [OIWOrk oult 2 non- Ilbrary
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"._Concentrate on’ Iocati(SrTS Where remedlatlon f
efforts are underway.. | 7

' L

! |

Examine the links between sources and ysiagid \-L
fecelving waters. . :
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Examine the links between sources and

receiving waters. %
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MST Is neing deployed in tne U.S.
(Www.2ozLgov/oWwow/nos)

e RIVerk ana-Sircame:10% assessed, 61od 39% A
'_'_-.-_.-.,..lmpalred Fecals#l cause of|mpairment AL

'.'Lakes 45% assessed 55% good, 37% |mpa|red 8%
threatened Fecals #3 after nutrlents and metals.

_Estuarles 36% assessed 49% good 51% impaired.
Fecals #4, after metals, pest|C|des and nutrlents xR
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SICCWRPE Prgjact [f] A

Pulsed-field gel electrephoresis (E. coliiand Enterococecus)
RiBOW/PIMgNE: collr and  ERterococcls)

iepPCR (E. colli Entereacoccus, and enterovirises)
Enterotoxin genes in E. coli as blomarkers
Dmces in Bactermdes *
LAnbidIoLicys tan e rmr.[\ SCHE




Rep/Bex-PCR
Ribetyping (R1)
Bl lee]-= i
PEGE/RT

RA-EC

70
66




Lower Boise River
PIse.id.us/dna.htm)
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Classifications and No. of Isolates
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Impreving Methodologlgsq
.

.  Compare rmugb (eo pPlENGLY, r)](
SENEOCOGCIS gutoerforis =, rF 11).
e air‘
-Mmgﬂ 3:- ﬁ‘fng
s e s0lziie

Of]flf( L SOur

| TSC ci012) |Osml

AUMBEY fior deswea‘ statlstlc}al confidence);
Quantification of presence/absence tests.
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s o llorary-gzasad rreirod Jll
gezien elositifas (4-8 plf e
| by Wﬁwa relatively:—
LI '-,.Tjexpenswe Iarge numbers of

Comblne methods“t@vbolster Confldence ;
(USDA/USGS/SCCWRP). -




Impreving I\/Iethodologle&;%

JProtozoal and enam;cal £1e .,_ Jamrrr o
Jam- frieinocds, mrl lrlac m,@ [IPEIISONS:

ar] arship anc rﬁ detalls

and guran eo"ho t ;

Nov. 03 Issue Journal 0)if Water and Health
dedicated to results of CA methods
comparisen stuady
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r cking Methods:
e Py pic y

Hlooty glalg S
L Hngrrri:-f"f- el PCR

o HenmimeliRestriction Fragment Length .
Polygps SO |
REpetitve PCR i i
DENBUINNG Gradient Gel Electrophored HH#EEs

Pulse Field Gel Electrophoresis (PFGE)
Amplified Eragment Length Pelymorphism
Toxin Biomarkers

Reverse Transcriptase PCR




