
Publication No. 93-e46

SNOQUALMIE RIVER BACTERIA STUDY

by
BarbaraR. PattersonandBetsy Dickes

April 1993

WashingtonStateDepartmentof Ecology
EnvironmentalInvestigationsand LaboratoryServicesProgram

WatershedAssessmentsSection
Olympia, Washington98504-7710

WaterbodyNos. WA-07-1060,WA-07-1100
(SegmentNo. 03-07-13)

ABSTRACT

Five swimming areasalong the SnoqualmieRiver were monitored during summer1992 to
evaluatebacterial contamination. The resultsarecomparedto the stateClass A criterion for
fecal coliform (FC) and to the federalcriteria for enterococciand Escherichiaco/i (E. co/i).
Threeswimmingareashad bacterialconcentrationsthat exceededoneor both of the criteria.
Theseareasare located at river mile (RM) 9.8 at Duvall, RM 24.9 near Carnation, and
RM 39.6 near Fall City. The areaat Duvall had significantly higher FC and E. co/i
concentrationsthan all other areasexcept for Carnation. Further investigationof bacterial
sourcesand implementationof sourcecontrolsis recommendedat thesethreeswimmingareas.

INTRODUCTION

TheSnoqualmieRiverbasin is locatedin King andSnohomishCounties,Washington.Theforks
of the river originatein theCascademountainsandflow westto form themainstemnearNorth
Bend. The studyareaincludestheportionof the SnoqualmieRiver from Duvall at RM 9.8, to
approximatelyone mile downstreamof theSnoqualmieWastewaterTreatmentPlant(WWTP)
at RM 39.6 (Figure 1). The Departmentof Ecology has classified the mainstemof the
SnoqualmieRiver asClass A (WAC 173-201-045).
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Joy et al. (1991)determinedthat sectionsof the mainstemSnoqualmieRiver and manyof its
tributarieswerenot meetingthe ClassA fecal coliform (FC) criterion. Thecausesof high FC
were suspectedto be wastewatertreatmentplants and nonpoint sources. Possiblenonpoint
sourcesincludelivestock in the river, bank-sidemanurestoragepiles, improperplacementof
manureguns,and septictank leachate.

Due to concernof possiblepublic healthrisksfrom bacterialloading, theWatershedAssessments
Section of Ecology performedwater quality monitoring at five swimming areas along the
mainstemSnoqualmieRiver. The studyobjectiveswere to: 1) evaluateFC, enterococci,and
Escherichiacoil (E. coil) contaminationat eachswimming area;and 2) comparePC resultsto
the stateClassA criterion, and enterococciand E. coil resultsto federalcriteria. TheClassA
criterion for FC is usedto determinethe presenceof bacterial pathogens. Enterococciand
E. coil freshwaterbathing criteria establishedby the United StatesEnvironmentalProtection
Agency (USEPA) have not yet beenadoptedby Washington. Epidemiological studieshave
shownthat thesebacteriaarebetter indicatorsof humanhealthrisksthanPC (USEPA, 1986).

This reportsummarizesdatacollectedat five swimmingbeacheson theSnoqualmieRiver during
summer1992. FC,enterococcus,and E. coil bacteriaresultsaresummarizedandcomparedto
stateand federalcriteria.

METHODS

Five swimming areas,basedon recommendationsfrom Joy (1992), were sampledalong the
SnoqualmieRiver (Figure 1) onceweekly for six weeks,July 20 throughAugust25, 1992. An
A andB sitewereestablishedat eachswimmingareato assessspacialvariability. Sampleswere
takenin the morning,9:00a.m.to 12:00p.m.,and afternoon,1:00p.m.to 4:00p.m., at each
site to assesstemporalvariability.

Site descriptions,samplingmethods,and QA/QC are summarizedin Appendix A.

RESULTS AND DISCUSSION

All dataareprovidedin AppendixB.

Site Comparison

Notchedbox plots in Figure 2 illustratethe differencesin bacterialconcentrationsamongthe
sites. As illustrated in the example, the notcheson eachbox representthe 95 % confidence
interval aboutthe median. If the notcheson different boxesdo not overlap,the mediansite
valuesfor the givenparameteraredeemedsignificantly different.

Within eachswimmingareatherewas no significant differencebetweenthe A and B sites,
indicating little, if any, spatialvariability.
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Figure 2. Snoqualmie River site comparisons for log concentrations (cfu/i 00 mL) of fecal coliform,
E. coli, and enterococci.
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Both sitesat RM 9.8 (at Duvall) had significantly higherconcentrationsof FC andE. coil than
all other sites, exceptRM 24.9 sites (aboveCarnation). RM 24.9B had the highestsingle
sampleconcentrationfor eachbacteriatype, andRM 36.2B(at Fall City) had thelowest single
sampleconcentrationfor eachbacteriatype (Table 1).

Enterococciconcentrationsdid not differ significantly amongthe sites.

Morning versusAfternoon Comparison

In general,morningbacteriaconcentrationswerehigherthanafternoonbacteriaconcentrations
at eachswimmingarea. Significantly highermorningbacterialconcentrationswere measured
at RM 14.7 (NE 124thSt.) andRM 39.6 (below SnoqualmieWWTP), as illustratedin Figure3.
At RM 14.7, EC andenterococciconcentrationswere significantly higherin the morning. At
RM 39.6, FC and E. coil concentrationswere significantly higher in the morning. These
morningconcentrations,althoughsignificantly higherthanafternoonconcentrations,did not lead
to any violations of stateor federal criteria. Light and temperatureare important factors
attributing to increasesin coliform decayrates(Bowie et al., 1985). This may explain lower
afternoonFC andE. coil concentrationsat the swimming areas. Pointand nonpoint sources
may also be contributingto this trend.

Study Period Variability

Data for eachsitewereexaminedfor generaltrendsin bacteriallevelchangesover thesix-week
period. Therewere no similar trendsamongthe sites, nor were there trendsof increaseor
decreasein bacteriaat any one siteover the studyperiod.

Comparison to StateandFederalCriteria

StateCriterion for FecalColiform

The ClassA criterion for FC consistsof the following two parts: 1) the geometricmeanshall
not exceed 100 coliform forming units (cfu) per 100 mL; and 2) not more than 10% of the
samplesshallexceed200 cfu per 100 mL. All sitesmet thefirst partof the criterion(Table 1).
FC concentrationsof 220 cfu/100 mL and280 cfu/100mL atRM 24.9B (aboveCarnation)led
to 20% of the samplesexceeding200 cfu/100 mL, an excursionof the secondpart of the
criterion (Figure4). Nonpoint sourcesarelikely thecauseof thesehigh levels. Contamination
from knownpoint sourceswould havebeenapparentat upstreamsites.

FederalCriteria for Enterococciand E. Coil

The federalcriteria for enterococciand E. coil consistof two parts (USEPA, 1986). Thefirst
part requiresthat the geometricmeannot exceedeither 33 cfu per 100 mL for enterococcior
126 cfu per 100 mL for E. coil. This is based on an acceptableswimming associated
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Table 1. The geometric mean (GM) and range for each site sampled on the
Snoqualmie River, July 20 — August 25,1992. All values are expressed
in cfu/100 mL.

GM RANGE

64 32—160

60 44—79
35 17—64
35 17—60
54 19—180
53 18—280

33 16—80

31 11—77

26 18—100

33 13—53

GM RANGE

10 1—170
10 1—160
6 1—22
5 <1—20

10 5—80
7 <1—500
9 3—37
4 <1—23
8 2—79
4 1—18

GM RANGE

45 28—110
41 29—55
28 16—47
27 14—40
42 16—130
41 17—210
24 14—37
20 8—47
20 13—40
20 9—31

CRITERIA 100 33 126

SITE

FECAL COLIFORM E. COLIENTEROCOCCI

98A

98B

147A

147B
249A

249B
362A

362B

396A
396B

12
10
12
10
12

10
10
12
12
10
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Figure 3. Comparison of morning and afternoon bacteria log concentrations (cfu/100 mL) at
RM 14.7 and RM 39.6 on the Snoqualmie River.
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RM 24.9B
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Figure 4. Fecal coliform concentrations at RM 249B on the Snoqualmie River.
If more than 10% of the samples exceed the line at 200 cfu/100 mL, there is an
excursion of the second part of the Class A criterion.
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gastroenteritisrateof 8 per 1,000swimmers. Thegeometricmeanvaluesfor all sitesmet the
first part of the federalcriteria (Table 1).

The secondpart of the criteria requiresthat no sampleexceeda one-sidedconfidencelimit
(C.L.) for enterococcior E. coli basedon thefollowing guidance:

75% C.L. for a designatedbathing beach1
82% C.L. for moderatebathing use
90% C.L. for light bathing use
95% C.L. for infrequentbathing use

Eachconfidencelimit is calculatedusing thegeometricmeanfrom the first partof thecriteria
and the log standarddeviation of each site (Appendix C). The 75% C.L. is the lowest
calculatedvalue. This limit is applied to designatedbathing beachesbecauseit providesthe
greatestprotectionof public health. The 95% C.L. is thehighestcalculatedvalueand allows
highersinglesampleconcentrationsat infrequentlyusedswimming areas. It wasnot possible
to determinea uselevel for eachswimming areabasedon only six mid-weekvisits.

Appendix D lists theconfidencelimits for eachsite. All sampleresultswereeither below the
75% C.L. or abovethe 95% C.L. Threeswimming areashad one or more samplesthat
exceededall four confidencelimits for enterococcior E. coil (Figure5). Confidencelimits for
enterococciwereexceededat RM 9.8 sites (at Duvall) on August3 andAugust25, at RM 24.9
sites (above Carnation) on August 18, and at RM 39.6A (below SnoqualmieWWTP) on
August 11. Confidencelimits for E. coil were exceededat RM 24.9B on August 18. Due to
high enterococciandE. coil concentrationsat thesethreeswimmingareas,a gastroenteritisrate
greaterthan 8 per 1,000 swimmerscouldbe expected(USEPA, 1986).

Nonpoint sourcesare likely contributing to elevatedbacterial concentrationsat RM 9.8,
RM 24.9, andRM 39.6. Chlorineresidualvaluesin dischargemonitoringreportsfrom Duvall
WWTP, SnoqualmieWWTP, and North BendWWTP indicatedthat thesepoint sourceswere
not contributing to elevatedbacterialconcentrationsat theseswimmingareas.

CONCLUSIONSAND RECOMMENDATIONS

S Two of the swimmingareas,RM 14.7 at the NE 124th StreetBridge, andRM 36.2 at
Fall City, did not exceedstateor federalbacteriacriteria. The datafrom this study
suggestthat theseareasposea low healthrisk for swimming relatedillness.

1 Designatedbathingbeachis defined by the EPA as a swimming areathat is frequently

lifeguard protected,hasprovidedparking and otherpublic access,and is heavily usedby the
public (USEPA, 1986).
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95% CL. for enterococci. Graph f) illustrates the only sample that exceeded the 95% CL. for E. coli at any site.
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• Threeof the five swimmingareasthat we monitored had elevatedbacterial levels that
mayposepublic healthrisks. Theseareasareprioritizedbelow for further investigation
of bacterial sourcesand implementationof sourcecontrols.

RM 9.8 at Duvall

This beachwas one of the most popular swimmingareasand hasbeenproposedfor park
development(Richard Haag Associates,1992). Further investigation into bacterial sources
leading to periodicexcursionsof thefederalcriteria for enterococcishould bea priority before
this areabecomesa designatedswimming beach.

RM 24.9aboveCarnation

This swimmingareawasalsovery popular. Sourcesof thebacterialeadingto excursionsof the
statecriterion for FC andthefederalcriteria for enterococciandE. coli shouldbe investigated.

RM 39.6below SnogualmieWWTP

Although this swimmingareawasnot aspopular, swimmerswere often observedat locations
justupstream.Bacterialproblemswerenotassevereat this area,however,furtherinvestigation
of sourcesleading to the single excursion of the federal criteria for enterococcimay be
warranted.
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Appendix A. Site descriptions,sampling methods, and QAIQC for the SnoqualmieRiver
BacteriaStudy, July 20 - August 25, 1992.

SiteDescriptions

RM 9.8 at Duvall, is approximatelyonemile downstreamof theDuvall WWTP. Both sitesare
near the right bank on the same side of the river as the WWTP. Site A is immediately
downstreamof thebeacharea;siteB is mid-beach.Swimmerswereobservedon five of thesix
samplingdays.

RM 14.7, at the NE 124th Streetbridge, is aboutfive miles upstreamof Duvall. SiteA is on
theleft bankanddownstreamof thebridge. SiteB is alsoon the left bank andupstreamof the
bridge at the primary beacharea. On two occasionsthere were peoplefishing at Site B.
Swimmerswere observedon oneoccasionat this area.

RM 24.9, approximatelyone mile upstreamof Carnation,is at a Departmentof Wildlife boat
launch. SiteB is locateddirectly out from theboat launchneartheright bankand siteA is 50
feetdownstreamand closerto the mid-sectionof the river. Peoplewere observedswimming
at site B on five of the six samplingdays. Thereis anotherpopularswimmingarea500 feet
downstreamat the confluenceof theTolt River.

RM 36.2,at FallCity, is just downstreamof theRagingRiverconfluence,a boatlaunch,a large
campground,and a golf course. SiteA is nearthe left bank, closestto theparking areaand
mostpopularwith swimmers. SiteB is alsoneartheleft bankapproximately200 feetupstream,
closerto the confluenceof RagingRiver, andusually had fewer swimmers. Swimmerswere
observedon five of the six samplingdays. Peoplewere alsoobservedswimmingupstreamof
both sites at theboat launch.

RM 39.6, approximatelyone mile downstreamof the SnoqualmieWWTP, is at a Department
of Wildlife boat launchand beachon SE HatcheryRoad, downstreamof the confluencewith
Tokul Creek. SiteA is neartheright bankat theswimmingbeach. SiteB is alsoneartheright
bank, approximately200 feet upstreamof thebeach. Swimmerswereobservedon oneof the
six samplingdays. The stretchbetweenthe confluenceof Tokul Creekand the site contains
otherpopularswimmingareas.

SamplingMethods

Samplingwasdonedownstreamto upstreamto avoid samplecontamination.Grabsampleswere
collected8-12 inchesbeneaththe surfaceby wading into the river to a depthof approximately
two feet. All threebacteriatypeswereanalyzedfrom the same500 mL glassautoclavedbottle.
Sampleswere stored on ice and shippedwithin 24 hours to the EPA/EcologyLaboratoryin
Manchester,Washington. Samplecontainers,processing,and analysisby the membranefilter
techniqueconformedto proceduresdescribedby USEPA (1983),Huntamer(1986),andAPHA
et al. (1989).



QAIQC

In order to assessfield variability, randomly selectedreplicate sampleswere taken in the
morningandafternoonat oneof theswimmingareas.The replicatesamplewastakenat thesite
thatappearedto bemostpopularfor swimming. Thegeometricmeanof replicatesampleswas
usedin subsequentcalculations.

A separate500 mL samplewas collected for eachbacteriatype in the afternoonat the same
swimmingareabut at theothersampling site. Thesesampleswere split at the lab to assesslab
variability. Thesevalueswere not includedin dataanalysis.

Therelativepercentdifference(RPD) wasdeterminedfor eachset of replicatesand eachset of
splits. TheRPD is thedifferencebetweentwo valuesexpressedasa percentageof theirmean.
FigureA-i illustratesthereplicateRPDsandthesplitRPDsusing box plots. Forbothreplicates
andsplits theRPD wasgenerallybelow50% for FC andE. coil. Thesevaluesareacceptable
consideringthe natural patchinessof bacteria. The higher RPD for enterococci is also
acceptabledue to concentrationscloseto the detectionlimit yielding an artificially high RPD
(e.g., replicatevaluesof 1 and 3 per 100 mL yield an RPD of 100%).

Valueswith a ‘U’ qualifier (the analytewas not detectedat or abovethereportedresult) were
includedin dataanalysisat thedetectionlimit. It wasdeterminedthat this would not skewdata
analysisbecausethe limit wasequalto one and far belowcriteriavalues.

Samplesite locationswerechangedslightly after thefirst day of samplingon July 20 to better
reflect the stretch of eachbeach. Data collected on July 20 from relocatedsites were not
includedin dataanalysis.
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Appendix B. Snoqualmie River Bacteria Study data, July20- August 25,1992.

Site Date Time Rep! Lab# Swimmers Fecal Coliform Enterococci E. Coli

Split (cfu/100 mL) (ofu/i 00 mL) (cfu/100 mL)

9.8A 20-Jul-92 1005 308091 No 81 11 52
20-Jul-92 1005 R 308089 No 84 12 88
20-Jul-92 1320 308101 No 170 8 130

20-Jul-92 1320 R 308103 No 160 13 100
20-Jul-92 1320 SP 308102 No 130 9 100
20-Jul-92 1320 SP 308104 No 160 8 120
28-Jul-92 1015 318115 No 59 17 43
28-Jul-92 1315 318127 Yes 48 17 39

03-Aug-92 1025 328150 No 78 100 45
03-Aug-92 1305 328138 Yes 52 4 40

03-Aug-92 1305 SP 328141 Yes 48 1 39
03-Aug-92 1305 SP 328152 Yes 55 3 48
11-Aug-92 1015 338166 No 84 19 35

11-Aug-92 1310 338177 Yes 75 7 51

18-Aug-92 1005 348190 No 32 4 28
18-Aug-92 1315 348202 Yes 49 1 32

25-Aug-92 1005 358214 No 52 3 40

25-Aug-92 1305 358227 Yes 63 170 47

9.8B 28-Jul-92 1015 318116 No 64 20 48

28-Jul-92 1315 318128 Yes 60 16 49

03-Aug-92 1025 328151 No 88 150 47

03-Aug-92 1025 R 328153 No 71 80 44

03-Aug-92 1305 328139 Yes 43 2 39

03-Aug-92 1305 R 328141 Yes 49 3 35

11-Aug-92 1015 338167 No 72 12 41

11-Aug-92 1310 338178 Yes 44 13 29

18-Aug-92 1005 348191 No 67 8 33

18-Aug-92 1315 348203 Yes 49 5 37

25-Aug-92 1005 358215 No 57 1 48

25-Aug-92 1305 358228 Yes 69 160 55

14.7A 20-Jul-92 1025 308087 No 64 8 45
20-Jul-92 1340 308099 No 64 5 47

28-Jul-92 1035 318113 No 31 11 25

28-Jul-92 1335 318125 No 32 6 24

03-Aug-92 1040 328148 No 45 22 36

03-Aug-92 1330 328136 No 23 2 22

11-Aug-92 1030 338164 No 41 14 28

11-Aug-92 1330 338175 No 31 4 27

18-Aug-92 1025 348186 No 43 6 31

18-Aug-92 1340 348198 No 23 3 20

18-Aug-92 1340 SP 348188 No 28 3 24

18-Aug-92 1340 SP 348200 No 29 2 28

25-Aug-92 1025 358211 No 36 6 29

25-Aug-92 1320 358222 Yes 17 2 16

25-Aug-92 1320 SP 358213 Yes 20 2 19

25-Aug-92 1320 SP 358225 Yes 23 1 22

B = Replicate sample
SP = Split sample to check lab variability

S = Spreader (colonies possibly masked by other bacteria).

U= The analyte was not detected at or above the reported result.



Appendix B Continued.

Site Date Time Rep! Lab# Swimmers Fecal Coliform Enterococci E. Coil
S lit _______ (cfu/100 mL) (cfu/100 mL) cfu/100_mL

14.76 28-Jul-92 1035 318114 No 43 11 29
28-Jul-92 1335 318126 No 24 5 20

03-Aug-92 1040 328149 No 39 13 28
03-Aug-92 1330 328137 No 31 1 28
11-Aug-92 1030 338165 No 60 20 40
11-Aug-92 1330 338176 No 47 7 32
18-Aug-92 1025 348187 No 39 6 32
18-Aug-92 1025 R 348189 No 40 9 27
18-Aug-92 1340 348199 No 35 1 25
18-Aug-92 1340 R 348201 No 37 1 29
25-Aug-92 1025 358212 No 35 4 31

25-Aug-92 1025 R 358213 No 37 10 32
25-Aug-92 1320 358224 Yes 15 2 12
25-Aug-92 1320 R 358226 Yes 19 1 u 17

24.9A 20-Jul-92 1055 308085 No 64 18 47
20-Jul-92 1410 308097 Yes 35 18 28

28-Jul-92 1105 318111 No 51 15 35
28-Jul-92 1405 318123 Yes 35 7 31

03-Aug-92 1110 328146 No 41 6 33
03-Aug-92 1400 328134 Yes 19 7 16
11-Aug.92 1100 338161 No 150 13 110

11-Aug-92 1355 338173 Yes 51 5 35

18-Aug-92 1050 348184 No 180 5 130

18-Aug-92 1405 348196 Yes 160 80 120

25-Aug-92 1045 358209 No 27 5 21
25-Aug-92 1345 358220 No 33 5 28

24.96 28-Jul-92 1105 318112 No 61 11 47
28-Jul-92 1405 318124 Yes 23 4 20

03-Aug-92 1110 328147 No 41 2 33
03-Aug-92 1400 328135 Yes 32 4 25
11-Aug-92 1100 338162 No 83 9 55
11-Aug-92 1355 338174 Yes 40 9 29
18-Aug-92 1050 348185 No 220 6 140
18-Aug-92 1405 348197 Yes 280 500 210
25-Aug-92 1045 358210 No 25 1 U 20
25-Aug-92 1345 358221 No 18 3 17

36.2A 28-Jul-92 1125 318109 Yes 40 9 29
28-Jul-92 1420 318121 Yes 18 7 17

03-Aug-92 1130 328144 Yes 28 3 23
03-Aug-92 1415 328132 Yes 22 9 20

11-Aug-92 1115 338157Yes 92 14 32
11-Aug-92 111SR 338159Yes 69 14 41
11-Aug-92 1410 338169 Yes 52 39 29

11-Aug-92 1410R 338171 Yes 4.5 35 33
18-Aug-92 1110 348182 Yes 72 13 37
18-Aug-92 1420 348194 Yes 31 7 29

25-Aug-92 1100 358207 No 22 14 18
25-Aug-92 1400 358218 Yes 16 4 14

R = Replicate sample
SP = Split sample to check lab variability
S Spreader (colonies possibly masked by other bacteria).

LI = The analyte was not detected at or above the reported result.



Appendix B. Continued.

Site Date Time Rep! Lab# Swimmers Fecal Coliform Enterococci E. Coil
Split (cfu/i 00 mL) (cfu/1 00 mL) (cfu/1 00 mL)

36.28 20-Jul-92 1120 308083 No 72 23 47
20-Jul-92 1434 308095 No 63 19 39
28-Jul-92 1125 318110 No 21 4 13
28-Jul-92 1420 318122 Yes 21 1 U 20

03-Aug-92 1130 328145 Yes 21 1 LI 19
03-Aug-92 1415 328133 Yes 24 5 5 22

11-Aug-92 1115 338158 No 77 11 27

11-Aug-92 1410 338170 Yes 44 2 24
11-Aug-92 1415SF’ 338160Yes 35 3 17
11-Aug-92 1415 SF’ 338172 Yes 45 6 21

18-Aug-92 1110 348183 Yes 29 11 26

18-Aug-92 1420 348195 Yes 43 5 36
25-Aug-92 1100 358208 No 19 5 14
25-Aug-92 1400 328219 Yes 11 1 8

39.6A 20-Jul-92 1145 308081 Yes 100 26 40
20-Jul-92 1450 308093 No 63 14 40

28-Jul-92 1145 318105 No 25 4 16

28-Jul-92 1145 R 318107 No 31 5 22
28-Jul-92 1440 318117 No 16 3 14

28-Jul-92 1440R 318119 No 20 4 16
03-Aug-92 1150 328142 No 25 2 23

03-Aug-92 1440 328130 No 24 8 17

11-Aug-92 1135 338155 No 43 79 27

11-Aug-92 1440 338167 No 27 41 19
18-Aug-92 1125 348180 No 35 15 29

18-Aug-92 1440 348192 Yes 22 9 19

25-Aug-92 1120 358205 No 28 6 20

25-Aug-92 1420 358216 No 18 3 13

39.6B 28-Jul-92 1145 318106 No 32 5 22

28-Jul-92 1440 318118 No 24 1 20

28-Jul-92 1440 SF’ 318108 No 20 4 15

28-Jul-92 1440 SF’ 318120 No 31 1 27
03-Aug-92 1150 328143 No 23 1 22

03-Aug-92 1440 328131 No 22 8 17
11-Aug-92 1135 338156 No 53 18 31

11-Aug-92 1440 338168 No 22 1 10
18-Aug-92 1125 348181 No 37 1 29

18-Aug-92 1440 348193 Yes 28 5 25

25-Aug-92 1120 358206 No 43 2 29

25-Aug-92 1420 358217 No 13 4 9

R = Replicate sample

SF’ — Split sample to check lab variability

S = Spreader (colonies possibly masked by other bacteria).

U = The analyte was not detected at or above the reported result.



Appendix C. Calculatingconfidencelimits for the federalcriteriafor enterococciandE. coli.

To understandhow confidencelimits arecalculated,an exampleof thecalculationsfor RM9.8A
for enterococciis provided:

Usethe equationx% C.L. antilog (GMIOg + t(1x)(5k,g) I n112)
Where:

x = The level chosendependingon how heavily thebeachis used.
GM = The geometricmeanfederalcriteria for enterococci= 33 cfu/lOOmL
s = The log standarddeviationof RM9.8A sampleresults = .62
n = The samplesize 12
t(l..x) is the areaunder thenormalprobability curvefor the t distribution, found

in thetablesof all standardstatisticstexts(McClaveand Dietrich, 1991)
t
05 for a 95% C.L. = 1.796

t10 for a 90% C.L. = 1.363
t18 for a 82% C.L. = 1.03
t25 for a 75% C.L. = .697

Using the aboveequationand substitutingin thevalues,the confidencelimits for RM 9.8 are
asfollows:

95% C.L. = antilog (log(33) + 1.796 * .62 / (12)1/2) = 70
90% C.L. = antilog (log(33) + 1.363 * .62 I (12)1/2) = 58
82% C.L. = antilog (log(33) + 1.03 * .62 /(12)1/2) = 51
75% C.L. = antilog (log(33) + .697 * .62 /(12)1/2) = 44

On August25, the sampleconcentrationat RM 9.8A was 170 cfu/100mL. This concentration
exceededeven the least restrictive 95% C.L. If there had been a sampleresult with a
concentrationof 55 cfu/100mL, therewould havebeenexceedancesof the75% and 82% C.L.



Appendix D. Confidence limits (cfu/100 mL) foreach site on the Snoqualmie River with the number of
samples that exceeded the 95% C.L. No samples fell between the 75% and 95% C.L. at any site.

ENTEROCOCCI CONFIDENCE LIMITS
-___

E.COLICONFIDENCELIMrrS
_

SITE 75% 82% 90% OF SAMPLES

j>95%C.L I

75% 82% 90% 95% # OF SAMPLES

I>

98A 44 51 58 70 2 136 141 146 153

9.8B 47 55 65 81 2 132 135 138 142

14.7A 38 41 44 48 134 138 143 148

14.7B 42 47 53 62 134 138 143 148

24.9A 39 42 46 51 1~ 145 155 165 180

24.9B 48 57 69 87 1 152 167 183 2061

36.2A 39 42 45 50 136 141 146 153

36.2B 41 46 51 59 139 146 153 163

39.6A 43 49 55 65 1 133 137 140 145~

39.6B 42 47 53 62 139 145 152 161




