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1.0 INTRODUCTION

Indicatorbacteriasuchas Escherichiacoli (EC) or fecal coliform(FC) areusedto assess

the suitability of a water body for contact recreation.Concentrationsof these indicator bacteriain

Houston-areabayous and other streamsin southeastTexas have been documentedto be amongthe

highest in the state. In response,the Texas Natural ResourceConservationCommission(TNRCC)

initiated a Total Maximum Daily Load (TMDL) studyon two representativestreams,Buffalo andWhite

Oak Bayous,to determinethe reasonsfor the high levels andto identify meansto reducethe bacterial

concentrations.

This projectwas designedto gatherbacterialsourcedatato supportthe TMDL studynow

being performedunder contract to the TNRCC by the University of Houston and PBS&J. In brief

overview, the projectwas designedto collect split watersamplesin the two bayousin coordinationwith

the ongoing routine monitoring of the City of Houstonand the TNRCC regional office (Region 12) in

Houston.In this way all the waterquality parametersanalyzedin normal monitoringwould beavailable,

andthe effort couldfocuson the uniquesourceidentificationchallenges.The split samplescollectedwere

analyzedby Dr. ShelleyPayneandDr. Ana-MariaValle attheUniversityof TexasatAustin. Thesewater

sampleswere analyzedfor specific types of geneticmaterial using PolymeraseChain Reaction(PCR).

The geneticmaterial analyzedincludedthat for coliform bacteria,EC, two Bacteroidesspeciesthat are

closely associatedwith human sources,and a pathogenthat is normally not from human sources.

Together,thesetestshelpdeterminethe sourceof the high levels of bacteriathat arereportedin routine

monitoring. The resultswerecoordinatedwith theTNRCC’sTMDL effort as theywereobtained.

The main challengefacing the TMDL project is to understandthe reasonsfor the high

bacterialevelsand if possible,the sourcesof the bacteria.In particular,it is importantto determinethe

extentto which the bacteriaareof humanorigin and thus correctablethrough specific actions.As has

beendocumented(PBS&J,2000)naturalstreamstendto exhibit low bacteriallevels in dry weather,but

high concentrationsduring runoff eventswhenbacteriafrom manysourcesarewashedfrom watersheds

and transportedin runoff. Streamsin urban areashaveadditional potential sourcesfrom leakageand

overflow of sanitarysewer systems,which can havea dramatic effect particularly under dry weather

conditions.

Buffalo and White Oak Bayousare both highly urbanizedstreams,and sanitarysewer

inputsmaybemajor candidatesourcesof bacteriain the bayouduringdry weather.However, thereis an

additional complicatingfactor in that essentiallyall of the dry weatherflow in the two streamsis from

treatedhumansewage.For sourceidentification to be effective, not only must therebe a distinction

betweenhumanwasteandnaturalrunoff, but alsobetweentreatedanduntreatedhumanwaste.

4405111010280 1-1



2.0 SAMPLING PROGRAM

The sampling program was intended to take maximum advantageof existing data

collection efforts in the area. In this way most of the project resourcescould be concentratedon the

sourceidentificationobjective.Routinephysical, chemicaland microbiologicalparametermeasurements

arenormallymadeon the split samplesby the datacollectionagencies.

Two agencieswere involved in the effort, the TNRCC and the City of Houston

Departmentof HealthandHumanServices(HHS).Linda Broachwas the samplerfor theTNRCCandthe

City of Houstonhaddedicatedpersonnelfor eachbayou.

White OakBayou— David Whiteside

Buffalo Bayou— SteveLewis

Supervisor— JohnMay

All of the routinemonitoringstationsamplingwas from bridgesusinga bucketto collect

the sample.All samplingproceduresfor HHS followed the CleanRivers ProgramQuality Assurance

Project Plan (QAPP), and the TNRCC samplingfollowed similar requirementsof the SurfaceWater

Quality Monitoring ProceduresManual(TNRCC, 1999).

Thebasicprocedureinvolved a PBS&Jsamplerpicking up sterilizedbottlesfrom the UT

Laboratoryat Austin in the afternoonanddriving to Houston.Early the next morningtheywould meet

the agencysamplingcrew andtravel togetherto the routine sites.At eachsite the agencypersonwould

conducttheir normal sample collection and probe measurementsand provide 1 liter of their bucket

sampleto thePBS&Jcrew. Thissamplewould bestoredon ice.

Theend of the agencycollectiontrip was typically at mid-dayto allow time for samples

to beprocessedatthe laboratory.The PBS&Jsamplerwould thendo additionalcollections,usuallyatone

of the City of HoustonWastewaterTreatmentPlants(WWTPs),andthen drive backto Austin. The iced

sampleswould be dropped off at the UT laboratorycold room with a UT lab techniciansigning for

samplereceipt.

The additional sampleswere typically of raw sewage, treated wastewaterprior to

disinfection,andtreatedwastewaterafter dechlorination.In addition to the wastewatersamples,towards

the end of the project sampleswere collectedfrom chamberstudiesbeing conductedfor the TMDL

projectdirectly.

Figure 2-1 containsa numberof picturestakenduring the monitoring processon both

Buffalo andWhite Oakbayous.Severalpicturesillustratethe bucketsamplecollectionwork. Someof the

440511/010280 2-1



picturesweretakenon the June13 samplingtrip, approximatelyone weekafterTropical Storm Allison

causedmajor flooding in the area.Othersillustrate the chambersusedfor bacterialratestudiesthat area

part of theTMDL effort.

Before any sampling began, a QAPP was completedand approvedby all involved

agencies.A copyof this QAPP is on file with theHGAC andtheTNRCC as well as the projectteam..

440511/010280 2-2 PB5~







3.0 MONITORING RESULTSAND DISCUSSION

The projectwas originally plannedfor samplingto begin in the March or April of 2000

andcontinuefor a year, allowing time to completea yearof datacollection andproducingthe reportby

July, 2001.Foravarietyof reasons,the first monitoringtrip did not takeplaceuntil 14 November,2000.

Samplingcontinuedon a monthlybasisas originally planneduntil May 2001,when it shifted to a semi-

monthlyschedulefor theremainderof the summer.The final collectionwas on August 15.

In keepingwith the overall studydesign,the stationselectionwas left to the monitoring

agencywith eachsamplingrun. Somesamplingtrips involved bothbayouswhile othersfocusedon one

or the other. Also, sometrips involved collectionsfrom oneor moretributariesto the bayous.Figure3-1

shows the locationsof the samplingstations.Each station is listed within the Houston-GalvestonArea

Council (H-GAC) QAPP.

As datawereobtaineda masterdatatablewas constructed.The final versionof this table

is presentedas Table 3-1. The table includes the conventionaldata collected along with the source

informationfrom UT, dataon the bayouflow at amid-point gageon eachbayou,andantecedentrain at

two representativerain gages.Notethat theconventionalchemicaldatawerenot availablefor the June13

samplingbecauseof floodingatthe City of Houstonlaboratory.

Figure3-2 showsthelocationsof the streamandrain gagesemployed.Table 3-2 lists the

completedaily rain datafrom eachrain gage.As can be seenby examiningthe tableof daily rainfall data,

therewasa substantialdegreeof consistencybetweenreportedrainfall amountsat nearbyrain gages.

3.1 DISCUSSIONOF CONVENTIONAL SAMPLING RESULTS

The first samplingwas on 11/14/00with TNRCCand includedstationson both Buffalo

andWhite Oak bayous.After that samplingwas with HHS andalteredfrom onebayouto the next in the

following months.

Buffalo BayouData

Dataon Buffalo Bayouwerecollectedon 11/14/00,12/13/00,2/21/01,4/18/01,6/13/01,

7/18/01,and8/15/01.Briefly—

11/14 Rain occurredon 11/12 and flows were still fairly high on the
14

th• Bacteria

concentrationswerestill elevatedatmostBuffalo Bayou stations.

12/13 Therewas high bacterialevelsandrain on dayof collection.
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West Belt
8073600

11/9/00 619
11/10/00 963
11/11/00 109
11/12)00 392
11/13/00 1,070
11/14100 990

Rainfall (In)
Buffalo White Oak

RG32 RG23
0 0
0 0
0 0

1.48 1.39
0 0
0 0.05

0 0
38 001 0
38 0 0
38 0.03 0.02

0 0
349 0.61 0.79

115 0 0
62 009 0.07
61 0.04 002
46 0.01 0.01

479 0.7 0.79
402 0.24 0.32

0

0

0

0

TABLE 3-1
PROJECT MASTER DATA TABLE

Date Flow (cfs)
Buffalo ~ White Oakc~

Heights
8074500

44
39
36

285
506
85

4ovember14,2000
Station

ffaloBayooTidal@McKeeStreet
ulTalo Bayou@Woodwav
,.ffaloBavou~Dp,i~’yAshford

Station
Number

11345
11354
11362

E. coli FC uidA
cfu/dL cfuldL I~Z

aid
l&3

old
1&2

Baa.
din,

Bact.
theta

Cam TSS
nsg/L

VSS NH<N ttO~-N TKN PO<P
mg/I nsg/L mg/I. mg/I. mg/L

TP TOC TDS
mg/L mg/I. mg/I.

1,968 2L 14 18 0.73 10 7.50 031 ‘ 207
24,792 21 12 17 0.73 1.0 7.54 034 038 209

19717,329 77 ,,,_j,~ ,,,,,Q.
9

.,J,~0 0.3 032
White Oak@Heights 11387 3,873 3 Pos 7 02 2 1.20 0.4 036 287
WhiteOak~Heights-Dup. 11387 3,088 3. 4 8 0.2 2. 7.22 0.4 0.56 374
WhiteOak@Hogan
WhiteOak@TCjester

15825 3,609 1, Pos.
PO~

5
7

02
0

1
23

1.22
130

03
56

°

0.55
306
32015828 . 5,475 2

W,stDistrictRawSewa~e
West District Effluent before Chlorination Pos.
West District Effluent after Dechlorination Pos.

ecember 13, 2000 Station E. cull FC uidA old old Bad. Bad. Cam TSS VSS NH<N Cond. pH BOD S04 Cl TDS
Station Number cfu/dL cfu/dL lo~Z l&3 t&2 diri, theta mg/L mg/I. mg/L s~’~ SU mg/L mg/L mg/L mg/L

uffalo Bayou ~ Loop 610 11353 4 ~ Pos. ii 0.2 7.8 14.7 34.8 232
uffalo Bayou @Voss 11356 1 Pos. Pot. Pos. IS 0,3 7.7 25.3 71.9 364
offalo Bayou ~ San Fehpe 11357 — — Pos 1 02 76 787 518 276
uffaio Bayon@Gessner 11359 3 — Po~ 29 0.2 56 756 427 43
offaloBayou~ChimoeyRock
offalo Bayon~Briar Forest

15845
15846

S.~
2 ~os

— Pos. Pos.
— P0< — 171

0.
0

— 4 56 —

77 —

79.4
j,~6

48.7 28
~l

rimans~Memoriai 16597 3 — Pos. 5 0. 56 I 6.4 4.7 114
ringBranch@Wirt 16592 Pos. Pos Pos. 3 0.2 79 13 6. 5.6 II

anuary 17, 2001 Station E. coIl FC uidA uid old Bact. Burt. Cans TSS VSS NH
3

- Cond. pH BOO S04 a TDS
Station Number

11390
15829
15831
16637

cfu/dL cfu/ I. IoeZ t&3 1&2 dist. theta mg/L mg/L mg/I.

009
0.10

0.12

SU
732
7.53

~

733

mg/I. mg/L nsg/L mg/I.

—

I — P~

4
‘siteOakBayou@West34thSt

White Oak Bayou ~ West 43rd St.
<4 17.7 247 217
<4 IS 26.2 227

WisiteOakBayon~WestTidwetl <4 172 20 222
99siteOakBayou~WestTCJester <4 17.5 244 223
oleCreek@Bolivia 16593 — — Po< 3] 009 7.16 <4 169 251 ~7
rickhouoe Gully ~ US290
‘hiteOakTrib@US290

16594
16595 1,

Pos. Pos.
Pos.

Po<

24 —

8 —

<0.0 — 734
<.0 — ‘56

NH
3

-N Cowl. pH

<4
<4

749
17.7

20. 245
17.4 220

aw sewage
n”chlorination
echloronation

February 21, 2001 BOD S04 CI TDSStation E. coli FC uidA uid aid Bad. Bad. Cam TSS VSS
Station Number cfu/dL cfo/dL IcrZ 1&3 1&2 dist. theta mg/L mg/L mg/I. SU mg/L mg/L mg/L mg/I.

uffalo Bayou (~McKee 11345 14 — 03 804 78 <4 37~7 94.9 473

112
92
76
74
60

261

1019
733
292
207
402
411

uffalo Bayou @Main (& Commerce)
halo ~/ Shepherd

alTalo at Voss
ahab Bayou /8/South Jensen
‘halo ~ Sabine
~hTaloBayou 8/ Westcott
affalo Bayou /8/ Westcott (QC

)

‘halo Bayou ~ Chimney Rock
ahab Bayou ~ Glenwood Cemetery
ahab Trih. @Clinton (#1)
ahab Trih. at Clinton (#2, duplicate)

12/8/00
12/9/00

12/10/00
12/11/00
12/12/00
12/13/00

1/12/01
1/13/01
1/14/01
1/15/01
1/16/01
1/17/01

2/16/01
2/17/01
2/18/01
2/19/0 1
2/20/01
2/21/01

_-~
11356 _________

15841 ________ 2.300
_ 2I,~

_-~
__~0

15845 _________

16675 _________ 590
16649 240

Pos. l’os.

16649

20 0.22 827 7.8 5 45.4 978 495
17 0.3 793 7.8 4 31 937 447

16 0,34 945 7.8 44.8 144.6 552
IS
14
20

0.15
0.26

0.3

827 7,8
765 7.7
732 7.8

4 31.8
6 31.6
6 31.8

93,]
95.6
95.5

45~
442
449

‘1
3

1,91
1.5

988 7.9
704 7.]

6
<4

52.7
58.4

100.6
62.5

600
420

75 71 006 0.08
83 47 0 0
70 44 0 0
74 44 0 0
78 43 0 0
73 43 0 0

9
Pos.



a

0

0

0 3/21/2001 (started using estracted DNA)
Station

‘bite Oak Bayou @West 34th St
White Oak Bayou ~ West 43rd Sc.
White Oak Bayou /8/West Tidwell

TABLE 3-1 (CONTINUED)
PROJECT MASTER DATA TABLE

Vhite Oak Bayou ~ West TCJesler

E. coIl
cfa/dL

Station
Number

11390
15829
15831
16637
16593
16594

FC uldA oid aid Bact. Bact.
cfaldL IosZ I&3 1&2 dist. theta

67
Il Pos. Pos.
32

~ °2L.. —
8

’2L — —

73
4,600 Pos, Pos. Pos, Pos.

~priI 18,2001

Cam T55 VSS NH,-N Cond.
mg/L mg/I. mg/L p~th~

I]

Station

pH BOO S04 Cl TOS
SU mg/L mg/L mg/L mg/L

I’

S 0.253 5 S,16 <41 48. 88.8 40/
SOS <0.32’

0.0’
0.77:
006

<.0

50.
<

91.2
7,9
S,3

7.
8.

49:

(Westcott

93.7 . 49]32
46
IS.
20.

uffabo I

Cam

16595

Station
Number

11345
11347
11351
15841
15543
15844
15844
16675
16649
16649

Station
Number

63

TSS VSS
mg/I. mg/L

45]
33:

Date Flow (cfs) Rainfall (in)
Buffalo t~ White Oak@ Buffalo White Oak

West Belt Heights
8073600 8074500 RC332 RG23

3/16/01 1610 164 0 0
3/17/01 1610 89 0 0
3/18/01 599 67 0 0
3/19/01 735 62 0 0
3/20/01 636 55 0 0
3(21(01 341 52 0 0

E. coIl
cf&dL

E. coIl
cfu/dL

lay 16, 2001

3’

Cond.
mg/I. oa~

pH
SU

SOD
mg/L

SO4
mg/L

Cl
mg/I.

TDS
mg/I.

0,5

Pos.

29 0.2 7 < 16 24,7 24

Station

7.

<

FC uidA old aid Bact. Sort.
cfu/dL taoZ 1&3 t&2 dist. theta

— —
— ,,,,P,~,,, — —

,,j,~000POS. 76 0 <4 IS. 25.6 25
26 0.33 < IS 22.6 22’

,,,,,,,,,~00Pos 21 3 < 15. 23.] 21/
65 0.3 17. 259 27:

Pos, 5 <0.05 870 7,6 <4 47.1 73.7 541

_2QQ~Q2PPos. Pos. Pos. 6 67.2 724 486
Pos.

Pos. Pos. Pos. Pos.

FC oldA uid old Bact. Bact. Cam TSS VSS NH<N Cond. pH BOO S04 ~l TOS
cfo/dL IOCZ 18,3 t&2 dist. theta mg/I. mg/L mg/I. ~ SU mg/I, mg/I. mg/I. mg/I,

7
13.

0.
3 7
3 7.

79.7 227

7,

15829

1.40 741

‘bite Oak Bayou /8/West 34th St 11390 ~ Pos. Pos. Pos Pos. 12 1.29 744 S.19 <4 31.3 79.6

7.2

/hite Oak Bayou ~ West 43rd St

.

‘hite Oak Bayou /8/West Tidwelb
/hite Oak at West Tidwell (Dup

)

‘hite Oak Bayou ~ West TC Jester
‘sIc Creek @: Boliv,a
“ickhouse Gully @US 290
Vhite Oak Trib :8/US 290
‘est District Raw Sewage

“est District Prechborination
‘est District Dechlorinated

June 13, 2001

‘,ffabo Bayou ~ I
..n’_I._ n___..(0:s

16637

6

2,100 P
300

>200000 Pos.16595

Pos, Pos.
Pos.

Pos, Pos
Pos.

Pos. Pos.
Pos, P~.

Pos.

Pos.

Pos.

23
34

25

6

Station

/0 visible
Commerc

hle DNAI

Station
Number

E. coIl
cfu/dL

1.35 750 7.97 <4 31,2 76.6 459
3.06’ 643 7.65 <4 23.7 67.7 390

7.14 743 8.22 <4 31.1 80.5 461
600 567 7.94 ~4 14 46.4 331
(0.05 708 8.87 <4 79 61.5 437
0.061 561 7.55 5 14.5 38.] 338

FC uidA old
cfa/dL lodZ 18,3 1&2

11345
11347
11351
11364
15541
15543
16675

Bact. Bact.
dist. theta

Cam T55 VSS
mg/I~ mg/L

4/13/01 85 75 0 0
4/14/01 80 72 0 0
4/15/01 78 69 0 0
4/16/01 471 465 1.15 0.90
4/17/01 236 370 0.02 0.05
4/18/01 629 98 0 0

5/11/01 1350 253 0.57 1.03
5/12/01 1019 227 0.04 0.07
5/13/01 585 319 0.01 0.05
5/14/01 470 139 0 0
5/15/01 200 75 0 0
5/16/01 126 64 0 0

6/8/01 489 1,780 3.79 4,5]
6/9/01 2,680 4.81 7.78

6/10/01 427 0 0
6/11/01 268 354 0 0
6/12/01 1,350 179 0 0
6/13/01 1,760 118 0 0

-~-

-~-

<99
77,000 Pos.16649

Cond. pH
SU

BOO
mg/I.

S04
mg/I.

a
mg/L

TOS
mg/I.

Pos.
P

05
.

Pos. Pos.

Pos. Pos, Pos.



a
0

0

Station

TABLE 3-1 (CONTINUED)
PROJECT MASTER DATA TABLE

Station
Number

E. cull
cfu/dI.

PC
cfu/dL

aidA
Io,6

ITrimble

15825
15825
15826
15827
11148

11387 Pos, 12 .358 672 8,36 <4 32.7 6.66 404

old old Burt. Burt. Cam ‘rSS VSS N15
3

-N Cond. pH BOO S04 CI TOS
I&3 18,2 dist. theta mg/I. mg/I. mg/L ~ SU mg/I. mg/I. mg/I. mg/L

Os.

‘Os.
‘Os

‘Os,

25,000

~Q20 P
2

S~

_~Q20~
Pos.

Pos

20

6—.

.560

.391

.465

538

667
687

14

763

8,15
8.53

Pos
Pos.

Pos. Pos.
Pos. Pos.
°o~. Pos.

P05.
Pos.

<4

<4
<4

(Os.

.160

June 27, 2001

‘bite Oak at Hej
‘bite Oak 01Cr

White Oak at Cr
‘bile Oak at Sts

%‘hile Oak at N

.

Little White Oak
“bite Oak Trib. at West 14th Street

Little White at ‘Q
urkey Creek to

West District ra

,

W. District uerul
West District pr

orkey Creek p
T’trkey Creek dl
West District 66

,rkey Creek d

,

tank (No visibl,

July 18,2001

tifalo at Barkt
tifabo Bayou ~
‘tifabo Bayou ~
sifabo 8/ Shepl
tifalo Bayou ]~
‘iffalo 8/ Jense

’

sifalo 8/ Sablo
‘,ffalo Bayou ~
‘,ffalo Trih. 8

/

.,ffabo Trih. 8

/

urkey Creek rt
West District ra

,

.trkey Creek p
‘est District pr
‘trkey Creek d

Vest Dislrirl de,

July 31, 2001

Pos.

28.2

32.2
34.0

228

45.9 350

65.7 425
70.2 422

7,37 <4

Station

12.9 10.5 160

Flow (cfs)
Buffalo @ White Oak~

West Belt Heights
8073600 8074500

568 277
920 69
361 49
101 49
84 170
93 70

E. coIl
cfa/dL

Rainfall (in)
Buffalo White Oak

RG32 RG23
0.35 0.49

0 0
O 0
O 0

0.02 0.94
o 0

PC
rfu/dL

uth Jensen (No visible I

Station

Number
11142
11345
11347
11351
15841
15841
15843
16675
16649

Cam pH
#tl

uldA old aid Suet. Buct.
IocZ l&3 1&2 dlvi. theta

Pos.

Pos.

Pos.
Pos.

Pos. Pos.
Pos. Pos.

2~22P
21~~

-~-

-~ P
2~

_

Pos.
P05.

TSS VSS NH,-N Cond.

19 .118 568
51 .128 580

24 .050 390
23 III 412
22 .107 408
49 .090 641

5 .241 630
16 .210 580

BOO SO4 CI TDS
mg/I. mg/L mg/I. mg/I.

<4 24,4 64.3 320
<4 23.3 69,4 326
~4 165 409 283
<4 22.0 44 I
<4 19.1
(4 26.0 77.3
(4 55,3 383
5 440 49.3

Date

6/22/01
6/23/01
6/24/01
6/25/01
6/26/01
6/27/01

7/13/01
711 4/01
7/15/01
7/16/01
7/17/01
7(18/01

7/26/01
7/27/01
7/28/01
7/29/01
7/30/01
7/31/01

Station

224
41.5 236

384

E. cull
cfu/dL

370

(No visible DNA)

Station
Number

11387
15825
15826
11148
15827
16596

320

5/bite Oak Bayou at Heights
‘/hite Oak at Crockett
5/bite Oak at Studewoo,
,ittle White Oak at Trimble
.Vhite Oak Trib at North Durham
‘/hite Oak Trib at West 14 St

.

,ittle While Oak 8/White Oak
.
1

ttbe White Oak at Cottage
‘est Dist. Raw Sewage
‘tiTalo, Clear, covered (No visible DNA
‘tifabo, Clear, covered (No visible DNA
‘tiTalo, Clear, uncovered (No visible Dl -

visible DNA) 123

PC
cfo/dL

-~

-~

240.000

12,000

aidA old aid Burt.
IocZ l&3 l&2 dist.

P
05

.

P
05

.

Pos,
16648

63
63
61
88
170
179

138
170
52
43

356
1622,800

pH
SU
8,24
7,66
8.02

Burt. Cam iNS VSS N11
3

-N Cond.
theta mg/I. mg/I. mg/I. ~

I’ — .30° 710
15 .777 722
8 .331 722
9 1.7°

12 .320
2 .073
7 .412

BOO S04 a TDS
mr/I. mg/I, me/I. mv/I,

Pos

56 0 0
57 0 0
60 0 0

226 0 0.14
214 0 0.35
82 0.15 0

423 1.37 0.98
378 0.26 0.4
161 0 0.01
74 0.17 0.12
61 0 0
46 0 0

667
5,231

835
893

43/
730

1230
411

7.47
8.35
7.79
7.55

<4 31.6 81.6 440
<4 324 77.3 417
<4 31.2 80.6 431

5 17.0 246 254
<4 32.6 85.5 455
<4 52.6 164 ~~‘]5~3
<4 20.3 23.] 242

I (No visible DNA) 132 644



TABLE 3-1 (CONCLUDED)
PROJECT MASTER DATA TABLE

Noles on PCR results
Blank means non-detect.
Pos. = Band was seen at the tight molecular weight for that organism.
Bejuida/lacZ=only IacZ was detected in this assay, soil gives a total coliform.
uid I & 3 = amplificationof the E.cola gene uidA from the sample and/or extracled DNA loss sensitive than expected, it may have to do with how many intact copies ofgene arepresent during PCI..
raid I & 2 semi-nested amplafication of aid I & 3 for a more sensitive assay only if uid I&3 products are presenl there will bea positive result,
Bucleroades distasonis = found mainly in humans and in rare Occasions in pets that have very close relationships with their owners.
Bacteroides tethaiolaotnicron indicates general colaform present mainly human, but it can he animal relaled also.
Campylohacter = indicates animal run-off inthe water.
Muddy orafter ruin waters that are lurbid produce bad DNA extoaction as DNA will bind to the sediments.

0

0

August 15, 2001 Station E. coIl PC oidA
cfu/dL IouZ

aid
l&3

old
I&2

Sort.
dist.

Bad.
theta

Cam TSS VSS NH
5

-N Cund. pH SOD SO4 a TDS
Slation Number rf&dL mg/I. mg/I. mg/I. etth~’an SO mg/I. mg/L mg/I.

halo Bayou8/MrKee (NovisibleONA) 11345 3,400 P20.., ,..._15 .._,±~ ._2L~ 12 ...2i~
elTaloBayou8/Main(&Commerre) 11347 5,500 49 .15 695 7.8 323 98/7

halo 8/Shepherd 11351 2,400 24 1.05 72’ 7.9 31.2 965
-halo 8/Jensen 15041 1,900 25 ~2 845 77 41.3 1403
halo 8/Sahine (Novisible DNA)

offabu Bayou 8/Glenwood Cemetery
15843 4,600
16675 >240000 Pos Pos Pos it 290 752 73 1-67

—

87.9
‘halo Trib. 8/Clinton 16649 52,000 Pos. Pos.

—

2 1.22 592 7,1 48.1 50,3
uffuloTrih.8/Clinton(Dup) 16649 Pos. 605.

West 01st. Raw Sewage 156 Pos. Pos. Pos.
Vtst Dist. Prechborination 144 Pos. Pox,

West Distridl Dechlorination 145 Pos.
V~stDistrict Effluenb 152 6,867 Pos. Pos.

Clear Chamber, SB 8/Wilcrest 146
lrarChumber,WO8/6l0 72

DorkChamber,BB8/WilcrestISO 169
— —

—.

—

—

Dark Chamber,WO8/6l0 153 132 Pos. Pos.
Upstream Chamber, BB@ Wilrresl 146

Date Flow (cfs) Rainfall (in)
Buffalo l~l White Oak@ Buffalo White Oak
West Belt Heights
8073600 8074500 RG32 RG23

8/10/01 84 52 0.05 0
8/11/01 69 47 0 0
8/12/01 60 46 0 0
8/13/01 59 41 0 0
8/14/01 58 44 0 0
8115/01 57 39 0 0



TABLE 3-2

RAINFALL DATA FOR BUFFALO AND WHITE OAK WATERSHEDS

Date RG14
Upper WO

RGI5
Upper WO

RG21
Upper BB

RG23
Middle WO

RG3O
Upper BB

RG3I
Upper BB

RG32
Middle BB

RG34
Confluence

RG35
Below

BB&WO confluence
11/01/00 0.13 0.19 0.28 0.90 0.21 0.17 0.59 0.87 0.30
11/02/00 0.42 0.03 0.00 0.07 0.05 0.03 0.02 0.00 0.00
11/03/00 0.65 0.83 1.07 0.34 1.13 1.26 0.64 0.17 0.10
11/04/00 0.53 0.46 0.26 0.09 0.07 0.07 0.14 0.16 0.14
11/05/00 0.00 0.00 0.00 0.02 0.00 0.00 0.00 0.01 0.02
11/06/00 1.97 2.40 1.81 1.65 1.68 2.46 1.52 1.41 1.11
11/07/00 0.00 0.00 0.00 0.00 0.01 0.01 0.00 0.00 0.00
11/08/00 0.13 0.12 0.04 0.16 0.03 0.06 0.14 0.20 0.12
11/09/00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
11/10/00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
11/11/00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
11/12/00 0.82 0.62 0.87 1.39 1.47 1.54 1.48 1.28 1.44
11/13/00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
11/14/00 0.00 0.00 0.00 0.05 0.00 0.00 0.00 0.00 0.00
11/15/00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
11/16/00 0.88 1.06 1.14 1.32 1.02 0.99 1.06 1.43 1.11
11/17/00 0.46 0.56 0.63 0.58 0.50 0.41 0.45 0.56 0.50
11/18/00 2.08 2.00 2.16 2.44 2.00 1.90 2.19 2.44 2.00
11/19/00 0.16 0.15 0.18 0.18 0.13 0.11 0.14 0.17 0.16
11/20/00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
11/21/00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
11/22/00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
11/23/00 0.14 0.35 0.08 0.20 0.07 0.00 0.08 0.24 0.33
11/24/00 0.71 0.89 0.83 1.04 1.00 0.00 0.98 1.12 1.11
11/25/00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
11/26/00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
11/27/00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
11/28/00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
11/29/00 0.01 0.02 0.01 0.01 0.02 0.00 0.01 0.06 0.00
11/30/00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
12/01/00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
12/02/00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
12/03/00 0.02 0.02 0.02 0.01 0.02 0.02 0.01 0.01 0.01
12/04/00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01
12/05/00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
12/06/00 0.34 0.35 0.29 0.38 0.23 0.25 0.17 0.22 0.35
12/07/00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
12/08/00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
12/09/00 0.01 0.01 0.01 0.00 0.01 0.01 0.01 0.00 0.01
12/10/00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
12/11/00 0.00 0.00 0.00 0.02 0.01 0.00 0.03 0.00 0.00
12/12/00 0.01 0.01 0.00 0.00 0.01 0.00 0.00 0.00 0.00
12113/00 0.76 0.59 0.79 0.79 0.79 0.41 0.61 0.60 0.56
12/14/00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
12/15/00 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.01
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TABLE 3-2

RAINFALL DATA FOR BUFFALO AND WHITE OAK WATERSHEDS

Date RGI4
Upper WO

RG15
Upper WO

RG21
Upper BB

RG23
Middle WO

RG3O
Upper BB

RG31
Upper BB

RG32
Middle BB

RG34
Confluence
BB&WO

RG35
Below

confluence

12/16/00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
12/17/00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
12/18/00 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.00 0.01
12/19/00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
12/20/00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
12/21/00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
12/22/00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
12/23/00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
12/24/00 0.85 0.89 1.08 1.04 1.05 0.77 0.60 0.55 0.51
12/25/00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
12/26/00 0.25 0.13 0.19 0.40 0.17 0.23 0.48 0.72 0.76
12/27/00 0.06 0.12 0.07 0.04 0.09 0.05 0.03 0.05 0.03
12/28/00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
12/29/00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
12/30/00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
12/31/00 0.14 0.15 0.13 0.14 0.12 0.10 0.13 0.17 0.14
01/01/01 0.06 0.07 0.09 0.10 0.06 0.06 0.05 0.07 0.04
01/02/01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
01/03/01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
01/04/01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
01/05/01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
01/06/01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
01/07/01 0.06 0.07 0.06 0.04 0.07 0.06 0.09 0.09 0.08
01/08/01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
01/09/01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
01/10/01 1.43 1.46 1.26 1.77 1.28 1.21 1.43 1.71 1.36
01/11/01 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.01 0.00
01/12/01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
01/13/01 0.08 0.05 0.05 0.07 0.04 0.06 0.09 0.08 0.06
01/14/01 0.01 0.01 0.01 0.02 0.01 0.00 0.04 0.15 0.05
01/15/01 0.00 0.00 0.00 0.01 0.02 0.02 0.01 0.00 0.00
01/16/01 0.74 0.86 0.68 0.79 0.72 0.59 0.70 0.87 0.86
01/17/01 0.27 0.28 0.25 0.32 0.21 0.19 0.24 0.24 0.18
01/18/01 0.52 0.36 0.53 0.41 0.51 0.35 0.38 0.57 0.59
01/19/01 0.05 0.06 0.05 0.11 0.05 0.06 0.08 0.10 0.09
01/20/01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
01/21/01 0.02 0.07 0.01 0.03 0.01 0.01 0.03 0.06 0.06
01/22/01 0.00 0.01 0.01 0.00 0.00 0.00 0.01 0.00 0.00
01/23/01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
01/24/01 0.10 0.11 0.17 0.15 0.17 0.14 0.10 0.10 0.10
01/25/01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
01/26/01 0.24 0.01 0.05 0.00 0.00 0.00 0.00 0.00 0.04
01/27/01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
01/28/01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
01/29/01 0.74 0.48 0.61 0.66 0.60 0.51 0.53 0.48 0.45
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TABLE 3-2

RAINFALL DATA FOR BUFFALO AND WHITE OAK WATERSHEDS

Date RG14
Upper WO

RG15
Upper WO

RG21
Upper BB

RG23
Middle WO

RG3O
Upper BB

RG31
Upper BB

RG32
Middle BB

RG34
Confluence

RG35
Below

BB&WO confluence
01/30/01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
01/31/01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
02/01/01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01
02/02/01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
02/03/01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
02/04/01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
02/05/01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
02/06/01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
02/07/01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
02/08/01 0.01 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00
02/09/01 0.15 0.10 0.18 0.19 0.19 0.11 0.18 0.11 0.14
02/10/01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
02/11/01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
02/12/01 0.02 0.00 0.03 0.00 0.00 0.00 0.00 0.01 0.02
02/13/01 0.01 0.02 0.00 0.00 0.00 0.01 0.00 0.01 0.02
02/14/01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
02/15/01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
02/16/01 0.07 0.12 0.14 0.08 0.10 0.09 0.06 0.03 0.01
02/17/01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
02/18/01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
02/19/01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
02/20/01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
02/21/01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
02/22/01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
02/23/01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
02/24/01 0.10 0.04 0.03 0.07 0.04 0.03 0.14 0.01 0.07
02/25/01 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00
02/26/01 0.00 0.03 0.00 0.01 0.00 0.00 0.02 0.00 0.00
02/27/01 0.02 0.03 0.00 0.02 0.00 0.00 0.00 0.01 0.02
02/28/01 0.03 0.06 0.07 0.04 0.08 0.01 0.04 0.01 0.00
03/01/01 0.10 0.07 0.07 0.33 0.08 0.06 0.33 0.25 0.30
03/02/01 1.65 1.29 1.49 1.16 1.50 1.10 0.88 0.90 0.76
03/03/01 0.26 0.28 0.24 0.31 0.23 0.23 0.30 0.38 0.39
03/04/01 0.00 0.01 0.01 0.00 0.00 0.00 0.00 0.00 0.00
03/05/01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
03/06/01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
03/07/01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
03/08/01 0.77 0.55 0.43 0.53 0.58 0.58 0.49 0.72 0.77
03/09/01 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00
03/10/01 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00
03/11/01 0.16 0.18 0.21 0.50 0.32 0.41 0.34 0.16 0.10
03/12/01 0.16 0.17 0.23 0.38 0.29 0.17 0.30 0.12 0.18
03/13/01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
03/14/01 1.47 1.53 1.51 1.73 1.50 1.46 1.45 0.99 0.70
03/15/01 0.01 0.00 0.01 0.00 0.01 0.01 0.00 0.00 0.01
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TABLE 3-2

RAINFALL DATA FOR BUFFALO AND WHITE OAK WATERSHEDS

Date RG14
Upper WO

RGI5
Upper WO

RG21
Upper BB

RG23
Middle WO

RG3O
Upper BB

RG31
Upper BB

RG32
Middle BB

RG34
Confluence
BB & WO

RG35
Below

confluence

03/16/01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
03/17/01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
03/18/01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01
03/19/01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
03/20/01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
03/21/01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
03/22/01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
03/23/01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
03/24/01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
03/25/01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
03/26/01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
03/27/01 3.47 3.43 3.29 4.31 3.55 2.88 2.78 3.05 2.77
03/28/01 0.70 0.86 0.83 2.47 1.32 1.87 2.61 1.52 1.50
03/29/01 0.13 0.08 0.09 0.04 0.07 0.05 0.03 0.04 0.04
03/30/01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
03/31/01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
04/01/01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
04/02/01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
04/03/01 0.01 0.00 0.01 0.02 0.01 0.00 0.01 0.01 0.00
04/04/01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
04/05/01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
04/06/01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
04/07/01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
04/08/01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
04/09/01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
04/10/01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
04/11/01 0.20 0.03 0.10 0.03 0.08 0.00 0.03 0.07 0.10
04/12/01 0.01 0.00 0.02 0.00 0.00 0.01 0.01 0.02 0.00
04/13/01 0.02 0.01 0.02 0.00 0.00 0.01 0.00 0.00 0.00
04/14/01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
04/15/01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
04/16/01 1.75 0.70 2.27 0.98 0.78 1.12 1.15 0.46 0.16
04/17/01 0.11 0.13 0.05 0.05 0.01 0.01 0.02 0.05 0.00
04/18/01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
04/19/01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
04/20/01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
04/21/01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
04/22/01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
04/23/01 0.03 0.01 0.01 0.18 0.15 0.00 0.00 0.03 0.18
04/24/01 0.04 0.01 0.04 0.04 0.06 0.15 0.02 0.09 0.06
04/25/01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
04/26/01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
04/27/01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
04/28/01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
04/29/01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
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TABLE 3-2

RAINFALL DATA FOR BUFFALO AND WHITE OAK WATERSHEDS

Date RGI4
Upper WO

RG15
Upper WO

RG2I
Upper BB

RG23
Middle WO

RG3O
Upper BB

RG31
Upper BB

RG32
Middle BB

RG34
Confluence
BB&WO

RG35
Below

confluence

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0004/30/01
05/01/01
05/02/01
05/03/01
05/04/01
05/05/01
05/06/01
05/07/01
05/08/01
05/09/01
05/10/01
05/11/01
05/12/01
05/13/01
05/14/01
05/15/01
05/16/01
05/17/01
05/18/01
05/19/01
05/20/01
05/21/01
05/22/01
05/23/01
05/24/01
05/25/01
05/26/01
05/27/01
05/28/01
05/29/01
05/30/01
05/31/01
06/01/01
06/02/01
06/03/01
06/04/01
06/05/01
06/06/01
06/07/01
06/08/01
06/09/01
06/10/01
06/11/01
06/12/01
06/13/01

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.80 0.71 1.00 0.67 1.26 1.28 0.42 0.37 0.25
1.23 0.26 1.02 0.00 0.62 0.02 0.00 0.00 0.00
3.76 1.71 1.93 1.31 1.81 1.45 1.36 1.02 0.95
0.01 0.02 0.00 0.01 0.01 0.01 0.01 0.00 0.00
0.00 0.00 0.11 0.03 0.02 0.39 1.13 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.02
0.32 0.18 0.12 1.03 0.00 0.00 0.57 0.20 0.72
0.03 0.04 0.10 0.07 0.05 0.01 0.04 0.06 0.08
0.01 0.02 0.02 0.05 0.04 0.05 0.01 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.24 0.04 0.00 0.01 0.00 0.00 0.01 0.03 0.00
0.02 0.03 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.04 0.04 0.02 0.04 0.03 0.01 0.02 0.03 0.04
1.01 0.93 0.94 1.56 1.27 0.60 0.84 1.51 0.67
0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.04 0.21 0.14 0.01 0.02 0.00 0.02 0.11 0.31
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.01
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.28 0.02 0.02 0.02 0.00 0.20 0.12 0.09
1.83 2.74 2.14 4.93 1.43 0.00 3.45 6.44 8.10
0.07 0.04 0.08 0.01 0.09 0.00 0.00 0.03 0.02
0.20 0.20 0.24 0.67 0.13 0.17 0.14 0.41 0.86
3.52 5.05 2.58 4.81 2.38 2.01 3.79 2.91 3.59
4.91 7.25 3.02 7.78 1.95 1.51 4.81 10.86 8.68
0.19 0.06 0.04 0.00 0.03 0.00 0.00 0.06 0.01
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
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TABLE 3-2

RAINFALL DATA FOR BUFFALO AND WHITE OAK WATERSHEDS

Date RG14
Upper WO

RGI5
Upper WO

RG21
Upper BB

RG23
Middle WO

RG3O
Upper BB

RG31
Upper BB

RG32
Middle BB

RG34
Confluence
BB&WO

RG35
Below

confluence
06/14/01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
06/15/01 0.41 0.48 0.33 0.18 0.46 0.32 0.19 0.24 0.09
06/16/01 0.00 0.00 0.00 0.00 0.00 0.00 0.03 0.00 0.00
06/17/01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
06/18/01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
06/19/01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
06/20/01 0.00 0.09 0.29 0.01 0.00 0.00 0.06 0.00 0.00
06/21/01 0.01 0.00 0.00 0.04 0.00 0.00 0.00 0.00 0.07
06/22/01 0.48 0.44 0.13 0.49 0.29 0.17 0.35 0.26 0.18
06/23/01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
06/24/01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
06/25/01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
06/26/01 0.00 0.00 0.00 0.94 0.00 0.00 0.02 0.16 0.09
06/27/01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
06/28/01 0.13 0.00 0.02 1.27 0.15 0.68 0.71 0.10 0.11
06/29/01 0.32 0.14 0.26 0.15 0.40 0.45 1.30 0.50 2.42
06/30/01 0.05 0.01 0.03 0.00 0.03 0.01 0.00 0.00 0.00
07/01/01 0.00 0.00 0.00 0.00 0.00 0.00 0.03 0.27 0.07
07/02/01 0.04 0.06 0.58 1.18 1.17 0.18 0.21 0.15 0.16
07/03/01 0.01 0.01 0.00 0.00 0.00 0.00 0.00 0.01 0.29
07/04/01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01
07/05/01 0.36 0.63 0.12 0.07 0.00 0.00 0.00 0.49 0.02
07/06/01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
07/07/01 0.04 0.00 0.22 0.00 0.22 0.12 0.96 0.00 0.00
07/08/01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
07/09/01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
07/10/01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
07/11/01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.41 0.00
07/12/01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
07/13/01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
07/14/01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
07/15/01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
07/16/01 0.05 0.44 0.02 0.14 0.58 0.00 0.00 0.44 0.00
07/17/01 0.00 0.00 0.01 0.35 0.31 0.02 0.00 0.34 0.26
07/18/01 0.00 0.00 0.01 0.00 0.00 0.01 0.15 0.00 0.00
07/19/01 0.00 0.00 0.00 0.00 0.00 0.03 0.00 0.00 0.00
07/20/01 0.22 0.06 0.10 0.23 0.00 0.00 0.00 0.00 0.02
07/21/01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
07/22/01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
07/23/01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
07/24/01 0.00 0.00 0.20 0.00 0.08 0.00 0.23 0.00 0.00
07/25/01 0.00 0.00 0.00 0.00 0.00 0.00 0.03 0.00 0.00
07/26/01 0.01 0.21 0.05 0.98 0.02 0.84 1.37 0.04 0.45
07/27/01 0.44 0.13 0.13 0.40 0.12 0.11 0.26 0.75 1.42
07/28/01 0.02 0.14 0.03 0.01 0.01 0.00 0.00 0.00 0.06
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TABLE 3-2

RAINFALL DATA FOR BUFFALO AND WHITE OAK WATERSHEDS

Date RGI4
Upper WO

RG15
Upper WO

RG21
Upper BB

RG23
Middle WO

RG3O
Upper BB

RG3I
Upper BB

RG32
Middle BB

RG34
Confluence
BB & WO

RG35
Below

confluence
07/29/01 0.02 0.02 0.01 0.12 0.00 0.02 0.17 0.17 0.00
07/30/01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
07/31/01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
08/01/01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
08/02/01 0.00 0.00 0.00 0.04 0.03 0.00 0.17 0.51 0.54
08/03/01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
08/04/01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
08/05/01 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.00 0.04
08/06/01 2.68 0.84 1.38 0.00 1.28 0.65 0.19 0.00 0.00
08/07/01 0.14 0.11 0.03 0.13 0.00 0.02 0.63 0.28 0.00
08/08/01 0.20 0.13 0.04 0.00 0.00 0.00 0.00 0.35 0.00
08/09/01 0.00 0.05 0.00 0.00 0.00 0.00 0.00 0.00 0.00
08/10/01 0.00 0.00 0.00 0.00 0.00 0.00 0.05 0.00 0.00
08/11/01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
08/12/01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
08/13/01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
08/14/01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.06 0.00
08/15/01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
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2/21 Bacteriawere moderatein downstreamstationsbut higher in upstreamstations.

Therewasno rain for five daysandlow flows.

4/18 Bacteriawere moderateexcept for a downstreamtributary station that was high.

Therewasrain on 4/16andfairly highflows remainedon the 18th.

6/13 Sampling was precededby Allison a week earlier and the bayou flows were

moderatelyhighwith the waterbeing in a muddy browncolor. Bacterialevelswereonly moderateon the

main stem, but high in one tributary. Conventionalparameterswere not available due to laboratory

flooding.

7/18 Moderateflows and bacteriaconcentrationswereobserved.Therewas a small rain

eventon the dayof sampling.High bacteriaconcentrationswere seenat a tributary nearClinton.

8/15 A dry day with bayou flows at low levels.The EC bacteriaconcentrationswereat

moderatelevels.Therewasonehigh concentrationvalueon themain stembutnot thetributaries.

White OakBayou

11/14Therewasrain two daysearlierbut flows haddeclinedandtherewere low bacteria

levels.

1/17There were fairly high bacterialevels with rain on the day before and the day of

sampling.

3/21This dayhadfairly low bacterialevelswith no rain and low flow.

5/16 There was a moderate rain five days earlier and bacteriaconcentrationswere

moderateexceptfor two tributary stationsthat werehigh.

6/27This day had very high bacterialevels probablyassociatedwith a one-inchrain on

the daybefore sampling.

7/31 There were moderatebacteriaconcentrationsand bayou flows on this day. Small

rains occurred two days before sampling and still larger rains occurred earlier. High bacteria

concentrationswerefound in onetributary.

An initial conclusionis that thereappearsto be areasonablycloserelation betweenrain

andflow andbacterialevels.A secondobservationis that the tributary stationssuchas BrickhouseGully

andthe tributary nearClinton Dr. hadmorevariability andhigher levels than themain stemat sometimes

but notothers.
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Figures3-3 and 3-4 plot the FC bacteriadata for the main stemof the two bayouswith

flow measuredat central United StatesGeologicalSurvey (USGS)gages.There doesnot seemto be a

relationshipbetweenflow andbacterialevel in Buffalo Bayou,probablydueto theregulatingeffectof the

upstreamreservoirs.However,thereappearsto be a positiverelationshipbetweenflow andbacterialevel

in WhiteOak Bayouthat doesnothaveupstreamreservoirs.

3.2 ANALYSIS

The TNRCC sampling included analysesof both FC and EC bacteriawhile the HHS

monitoring only reportedFC resultsthroughJuly andEC resultsin August. Anotherdifferencebetween

TNRCC andHFIS samplingwasthat TNRCC analyzedmostof the nutrientsas well asvolatile suspended

solids, while theHHS analysesfocusedon chlorides,sulfatesandBOD. While thereare differencesin the

monitoring parameters,the essentialpoints of indicator bacteriaand measuresof the degreeto which

streamflow was impactedby runoffare similar.

The ammonia-Nconcentrationsin bothbayoustendedto be in the tenthsof a milligram

per liter (mg/L) range.Valuesof over I mg/L wereobservedwhenbayouflows were at the lowest levels.

BOD concentrationsoverthe HHS reporting limit of 4.0 mg/L wererareandappearedlimited to timesof

high flow and/orcoldertemperatures.

Figures 3-5 and 3-6 presentplots of TSSversusFC in Buffalo and White Oak bayous,

respectively.While neithershowsastrongcorrelationbetweenbacteriaandsolids,it is interestingto note

the differencesbetweenthe two systems.BecauseWhite Oak is concretelined for much of its length,

mostof the TSSdataare less than50 mg/L. Conversely,mostof theBuffalo Bayou TSSdataare greater

than 50 mg/L. Also, the FC datain White Oak appearto havea muchgreaterrangethan theBuffalo data.

Comparingjust main stemdata, the averageTSS concentrationin Buffalo is 2.5 times higher than in

White Oak. The geometricmeanFC concentrationin Buffalo Bayou is about2 timeshigherthan that of

WhiteOakBayou.
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FIGURE 3-5
RELATIONSHIP BETWEEN TSS AND FC IN BUFFALO BAYOU

FIGURE 3-6
RELATIONSHIP BETWEEN TSS AND FC IN WHITE OAK BAYOU
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4.0 ANALYSIS FOR HUMAN SOURCEIDENTIFICATION

The presenceof specific bacterialDNAs was used as an indicator of the presenceof

particular types of bacteria in the water samples.PolymeraseChain Reaction (PCR) was used as a

specific method for detectingDNA sequences.Two genes were targetedas indicators of coliform

bacteria:lacZ, which is presentin mostcoliforms anduidA, which is morespecific for EC.

Sampleswerefurther analyzedfor Bacteroidesspecies.The presenceof thesebacteria

indicates fecal contamination.Becausetheseare strict anaerobes,they cannot be detectedin surface

watersor environmentalsamplesby plating, but the DNA presentin the cells can still be detectedby

PCR.Two Bacteroidesspecies,B. distasonis(Bd) andB. thetaiotamicron(Bt) werechosenfor detection,

becauseone or both of thesespeciesare found in mosthumansbut are muchless commonly found in

otheranimals(Kreader,1995). However,Bd can occasionallybe found in dogsand catsthat arekept in

closecontactto humans.The presenceof oneor both of the Bacteroidesspeciesin samplesthat alsohave

relatively high levelsof fecal coliform is likely to indicatea humanfecal source(Kreader,1998).Kreader

(1998)hasalso shownthat Bd can be found in waterfor as longas a week from introduction,but only in

cold temperatureenvironment.Temperaturesabove22 °Chavebeenshown to increasethe degradation

andpredationon thesebacteria.Thus,mostofthesebacteriadetectedin Houstonareawouldbe expected

to bethe resultof recentfecal contamination.Sampleswerealsotestedfor the presenceof Campylobacter

jejuni. The presenceof this pathogenrepresentsa healthhazardbut its sourceis normallynon-human.

Controlsfor eachsetof assaysinclude samplesof eachof the bacterialstrains,samples

containingall the reagentsexcepttheDNA, andsamplesof wastewaterpre- andpost-treatment.

4.1 METHODS

Watersamples(1 liter) werekeptcold (4°)until processed.The sampleswerecentrifuged

as the first analytical step. The pelletsproducedby the centrifugewere lysed and extractedwith the

Qiagen QIAamp DNA mini kit using an adaptationof the tissue protocol. The DNA pellet was

resuspendedin 200 mL buffer andstoredat -20°C.The DNA was electrophoresedin a 1.5%agarosegel

to assessthe amountandqualityof DNA presentin the sample.

A. Two setsof PCRreactionswere performedto detectECi DNA in the samples.

1. PCR was performed with uidl and uid3 primers with the following

conditions: 94°C/30s followed by 30 cyclesof (94°C!1’, 58°C!1’,

72°C! 1’), ending with 72°C/3’. PCR products were analyzed by

electrophoresis;the presenceof a 164 bp bandindicateda positiveresult

for the presenceof uidA, which is presentin EC,but absentin mostother

coliforms.
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2. uidA!lacZ multiplex PCR: PCRwas performedwith primersBejuidAl,

BejuidA2, lacZR and lacZL with the following conditions:94°C!30s,

30X(94°C!1’, 60°C!1’, 72°C!1’), 72°C!2’. The presenceof two bands

indicateda positiveresult. If only a lacZ band wasseenthen the sample
was considereda non-ECcoliform.

B. Bacteroidesdistasonis(Bd) andBacteroidesthetaiotamicron(Bt) by PCR. PCR
wasperformedwith Bdistl andBdist2 primersor Btethal andBtetha2primersas

follows: 94°C!30s, 30X(94°C!1.5’, 56°C!1.5’, 72°C! 1.5’), 72°C!3’. The

presenceof a band following gel electrophoresisindicateda positive result for

the presenceof Bacteroidesfor eachprimerpair.

C. Campylobacterjejuni PCR. PCR was performed with flagellin primers as

follows: 94°C!30s,30X(94°C!1’, 42°C!1’, 72°C!1’), 72°C!3’.The presenceof

a band indicateda positive result for the presenceof Campylobacterjejuni for

eachprimer pair.

4.2 RESULTS

For the first threesetsof samples(11/14/00,1/17/01, 2/21/01),the ratesof detectionof

fecal coliforms by the PCRtechniquewas lower than expected.Six of the 30 sampleswerepositivefor

coliforms by multiplex PCR. Threeof the 6 werealsopositive for Bacteroides.It was notedthat the water

hadparticulatematerialandtherewas interferencewith the PCRreactions.Thereforea DNA extraction

stepwas addedto the protocolto lyse thebacteriaandfree the DNA from possibleinterferingsubstances

in the water samples.Using this protocol for the remaining setsof samples,the rate of detectionof

coliforms by PCRwas improved.Ultimately, 55% of the bayousamplestestedwerepositive for the EC

gene. The negativecontrols (chlorinated water samples)were consistentlynegative,and the positive

controls (raw sewage)were positive for coliforms and both Bacteroidesspecies.CampylobacterDNA

was not detectedin anyofthe samplestested.

Table 4-1 summarizesthe resultsobtainedfrom the monitoringeffort. Data aregrouped

into threeclasses,wastewater,bayoumonitoringandchamberstudiesdirectly for theTMDL project.The

goal of the wastewatersampleswas to provide a benchmarkusingwater of known characteristicsand

source.The goalof the bayoumonitoringsampleswas to assessthe capabilityof PCRtestingto indicate

the contribution of human sources.The chambertesting was performed to take advantageof the

availability of data and to shed additional light on the source identification process.The following

sectionsprovidea discussionofthetestingresults.

440511/010280 4-2 J~fl5J



4,.

Sn

0

SUMMARY OF BAYOU SAMPLE FC AND TSS DATA

Type of sample TSS
Num of

samples
Geomean

(cfu/dL)
Num of

samples
Mean
(mg/L)

Buffalo (main stem)
Buffalo (tributary)
White Oak (main stem)
White Oak (tributary)

35
5

21
17

5,962
29,839
2,929
9,531

35
5

22
17

64.0
17.2
24.4
14.0

SUMMARY OF CHAMBER SAMPLE EC DATA

Type of sample EC
Num of Geomean

samples (cfu/dL)
Buffalo Bayou
White Oak Bayou
Effluent

9
2
1

518
97

6,867

TABLE 4.-I

SUMMARY OF PCR TEST RESULTS

Type of sample Total

number

uidA lacZ
(Total coliform)

uid 1 &3 uid 1 &2
(E. coli)

Bacteroides distasonis
(Human sources)

Bacteroides thetaiotamicron
(Human sources)

Campylobacter jejuni
(Pathogen)

Num of
Pos.

% Pos. Num of
Pos.

% Pos. Num of
Pos.

% Pos. Num of
Pos.

% Pos. LAmong uid 1&2 Pos.
Nuts of Poo. % Pos.

Num of
Pos.

% Pos. ~
NamOfPos. % Pos.

Num of
Pos.

% Pos.

Was(ewater samples
Rawsewage
Aeration basin

Prechlorination
Chlorinated wastewate
Dechlorinated effluent

13
1
9
1
9

12
0
4
0
0

92.3%
0.0%

44.4%
0.0%
0.0%

3
0
0
0
0

23.1%
0.0%
0.0%
0.0%
0.0%

12
0
9
0
3

92.3%
0.0%

100.0%
0.0%

33.3%

12
0
3
0
0

92.3%
0.0%

33.3%
0.0%
0.0%

11
0
3
0
0

91.7%
NA

33,3%
NA

0.0%

5
0
0
0
0

38.5%
0.0%
0.0%
0.0%
0.0%

4
0
0
0
0

33.3%
NA

0.0%
NA

0.0%

0
0
0
0
0

0.0%
0.0%
0.0%
0.0%
0.0%

TOTAL 33

Bayou samples
Buffalo (main stem)
Buffalo (tributary)
White Oak (main stem)
White Oak (tributa~y)~
TOTAL

46
6
22
18
92

11
4
7
6

28

23.9%
66.7%
31.8%
313%
30.4%

0
0
2
2
4

0.0% 19
0.0% 5
9.1% 16

11.1% 11
4.3% 51

41.3%
83.3%
72.7%
61.1%
55.4%

4 8.7%
2 33.3%
3 13.6%
61 33.3%
15 16.3%

2
2
3
5

12

10.5%
40.0%
18.8%
45~5%
23.5%

3
0
3
2
8

6.5% 1 5.3%
0.0% 0 0.0%

13.6% 3 18.8%
11.1%~2 1~2%
8.7% 6 11.8%

0
0
0
0
0

0.0%
0.0%
0.0%
0.0’Vo
0.0%

Chamber samples
Buffalo Bayou
White Oak Bayou
Effluent

9
2
1

0
1
1

0.0%
50.0%
100.0%

0
0
0

0.0%
0.0%
0.0%

1
1
1

11.1%
50.0%

100.0%

0 0.0%
0 0.0%
Oj 0.0%

0
0
0

0.0%
0.0%
0.0% ,

0
0
0

0.0%
0.0%
0.0%

0
0
0

0.0%
0.0%
0.0%

0
0
0

0.0%
0.0%
0.0%

TOTAL 12 -

Blanks 5 0 0.0% 0 0.0% 0 0.0% 0 0.0% 0 1 NA 0 0.0% 0 NA 0 0.0%



4.2.1 WastewaterAnalyses

Overthe ten-monthperiod 33 sampleswere collectedfrom areawastewatertreatment

plants.The sampleswereobtainedfrom two City of Houstonplants (WestDistrict andTurkey Creek)at

several locationswithin the plants, including the raw sewage,after treatmentand settling but before

chlorination,and after dechlorination.In addition, 5 field blankswere collectedand analyzed.Because

thesewastewatersampleswerenot on the routeof the routineagencymonitoring,therewereno analyses

for bacteriaby culturemethodsor otherwaterqualityparameters.

Almost all of theraw wastewatersamplesturnedout to be positivefor theuidA genethat

is indicativeof “total EC” andthe lacZ genethat is specific to the “total coliform” organismgroup.This

is simplified to an approximationof a“total coliform”.

The uidl&3 test was generallynegativedespitethe presenceof E. coli by plate counts

and in agencymonitoring data. This may reflect apoor sensitivity of this particular PCRreaction,or it

may bethe resultof inhibition of this reactionby componentsin the sample.Therefore,asecondset of

primers,uidl&2 was tested,andPCRusingthissetwas found to bea moresensitivemeasureof E. coli

DNA. The numberof uid I &2 positiveresultswasequalto the lacZ testfor raw wastewater,but markedly

higher than lacZ for treatedwastewaterbefore disinfection(prechlorination).Becauseof that it will be

usedas the benchmarkfor whatPCRtestingis capableof identifying in watersamples.

The next groupof resultson Table 4-1 is that for the two Bacteroidesspeciesthat are

associatedwith humansources.BacteroidesdistasonisandBacteroidesthetaiotamicron(Bd andBt) are

usually found in human intestines,but much less frequently found in other animals.Both Bacteroides

speciesareadaptedto the high organiccontentenvironmentof the intestinesandarestrict anaerobesthat

die quickly in the presenceof dissolvedoxygen.At that point theybecomesubstratefor microorganisms

that areadaptedto aerobicenvironmentssuchas wastewatertreatmentplantsor surfacewaters.

Both the lacZ (total coliform) anduidl&2 (EC) genetictestswere positivefor essentially

all of the raw sewagesamples.Resultsfor Bacteroidesarepresentedfor the numberof positivesoverall

and for the number of positiveswhen uidl&2 (the EC gene)was detected.When the EC gene was

detected,theBd genewas found in II of 12 sampleswhile the Bt genewasonly founda third of the time.

Moving throughthe treatmentprocess,samplesobtainedaftertreatmentwith activated

sludgeandsettling,but beforedisinfection,were alwayspositivefor the EC marker,but positivelessthan

half the time for the total coliform marker.This suggestsa limitation in the sensitivity of the lacZ total

coliform test. It should benotedthatsamplesfrom this point in thetreatmentprocesshavebeensubjected

to at least 8 hoursof treatmentby adifferent mix of microorganismsthan thosethat dominatein the

intestinaltractof birds and mammals.In addition,therehasbeentime for the microorganismsto settle

leaving a samplewith relatively little particulatematter.Despitethis, sampleswerealways positivefor
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the EC geneticmarker.In addition,a third of the sampleswerestill positivefor theBd geneticmarkerfor

a humansource.While the wastewaterwas clearlydominatedby humansource,it is somewhatsurprising

that athird ofthe sampleshadthe geneticmarkersurviving. The Bt markertest hadno positiveresultsin

the treatedwastewaterbeforedisinfection.

After chlorination anddechlorination,onethird of the sampleswere still positivefor the

EC marker,but nonewere positivefor the Bacteroidesmarkers.This is encouragingin that it suggests

that Bacteroideswill not exist in bayousamplesfrom wastewatereffluent,eventhoughthe effluent is the

greatmajority of the flow. However, it is alsosomewhatsurprisingbecausethe only differencebetween

the prechiorinationanddechlorinatedsampleswas chlorination.This is designedto kill microorganisms,

without necessarilydestroyinggeneticmaterial, but indicatesthat DNA may becomefragmentedor

otherwiseunsuitablefor magnificationfollowing chlorination.

4.2.2 BayouWaterAnalyses

A total of 92 surfacewatersampleswerecollectedfrom Buffalo and White Oak bayous

and tributariesover a ten-monthperiod.Theseare groupedin Table 4-1 by main stemandtributaryfor

each bayou. The table also lists the geometric means of the FC bacteria and the averageTSS

concentrationswhereavailable.Someof the agencybacteriaobservationswerewith the IDEXX EC test,

and most were with the membranefilter fecal coliform test referredto as the FC test. The August 15

samplinghadonly EC data,which is not includedin thebayoupart of the summarytable.

Overall, more thanhalf of the surfacewatersampleswere positivefor the EC genetic

marker,while only 30% werepositivefor thetotal coliformmarker.This is a similarpatternof relatively

poorsensitivityof thelacZtotal coliform test relativetothe two stepuidl&2 test.

TheBd testsuggestinghumansourcewas positiveoverall 16%of thetime, but somewhat

moreoften for thosesamplesthat werepositivefor the EC geneticmaterial.The Bt markerwasdetected

abouthalfas often asthe Bd marker.

Theredoesappearto be somerelation betweenthe frequencyof positive Bd detections

and the level of bacteriapresent.The tributary sampleswere detectedas Bd positivemuch more often

thanthe main stemandthesetributary sampleshad markedlyhigherbacterialevelsthan the main stem

stationson both bayous.For the tributarysamples,over40% were positivefor Bd if the samplewas also

positive for uidl&2. ThreeBd and two Bt positive results(20%and 25% respectively)were obtained

whenthe uidl&2 testwasnot positive.

The main stembayousamplestendedto havelow detectionsof the Bd andBt markers.

Only about 10% of the time on Buffalo Bayou was a humansourceindicated if an EC sourcewas

detectable.If the EC sourcewas not detectablefor reasonsof testsensitivity,it is not reasonableto expect

that the humansourcemarkercan be detectedfor the samereason.The percentagewas 19% on White
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Oak Bayou. Knowing that Bacteroideswould not survive for too long under aerobicconditions, this

suggeststhat the bulk of the high indicator bacteriareadingsthat are consistentlyobtainedon the main

stemof the bayous,are not from untreated,freshhumansources.

4.2.3 ChamberStudyTests

The last two samplingperiodswereconductedat a timewhen TMDL studiesof bacteria
dynamicswerebeingconductedin Buffalo Bayou.Thesearewatersamplesisolated in plasticbagsunder

ambientbayouconditions.The main focus of thesetestsis on the rateof changein concentrationas a

function of light, bacterial regrowthafter wastewaterdischargeand resupply from sediment.Samples

from thesechamberswerecollectedto help addressthe humansourceissueassociatedwith the EC data

from the chambersamples.

On July 3 I, 2001 the chambersweresetup to analyzethe effectsof light level on therate

of bacteriadie-off. Buffalo Bayou water from the Beltway 8 location had been placed in the plastic

chamberson the previousafternoon(7!30). The EC level of that waterwasabout3,000-4,000MPN!dL.

On the next day water sampleswere collected from the chambersfor DNA testing using sterilized

beakers.Watersampleswerealsocollectedfrom thechambersfor EC analysisusingthe IDEXX method.

The results listed in Table 3-1 show that after one day most of the chamberEC concentrationshad

droppedto the 400 to 900 MPN!dL range,but one chamberhadincreasedto over 5,000MPN!dL. The

water in this chamberalso showedpositive for uidl&2, while noneof the otherchambershad positive

DNA test results.The reasonfor the spike in EC concentrationin that chamberis not known. Given that

this chamberwas the first oneon the float, a possibleexplanationcould be awave bringing fresh bayou

water into the chamber,or someotherform ofcontamination.

On August 14, 2001 therewere two types of chamberstudiesunderway.One was a

regrowthstudyusingWestDistrict effluent andwatersamplescollectedfrom Buffalo Bayou at Wilcrest

andBeltway 8, andthe otherwas a light level studywith watercollectedfrom Buffalo Bayouat Wilcrest

andWhite OakBayouatIH-610. All the DNA testsampleswerecollectedon thesecondday(8!15) ofthe

chamberoperation.

The regrowthstudy chamberwas different in that the WestDistrict effluent samplewas

unusually high when first collected, almost 20,000 cfu!dL. The reasonfor the high EC count in

chlorinatedand dechlorinatedwastewateris unknown.The chamberthat contained100% effluent had

droppedin concentrationto just under7,000cfu!dL after oneday. It was this waterthat was testedand

found to be positive for both uidl&2 and lacZ (total coliform). It did not show positive for Bd or Bt.

Togetherwith earlier results,this indicatesthat EC DNA could survive the chlorination processbut not

BdorBtDNA.
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The other sampleswere day old water originally collected from Buffalo Bayou at

Wilcrest andWhite Oak Bayou at610. The initial sampleshadbeenat or slightly lessthan 500 MPN/dL

EC. After the secondday the levels had droppedstill further to less than 200 MPN!dL. While most

showedno positiveDNA results,the White OakBayou samplewas positivefor both lacZ anduid I &2. It

hadno positiveBd or Bt results.

There is no definitive explanationavailablefor this result, but it is perhapsusefulto note

that the waterin the chambersis relatively quiescentthatallows particulatematterto settlemorethan is

the casein the bayouitself. A reducedamountof suspendedparticulatemattercan be expectedto both

reducethe level of bacteriain the waterand alsoto reducethe interferenceproblemsencounteredin the

PCR tests.This could allow the DNA testing resultsto be more sensitiveat the sametime the overall

level of bacteriais reduced.Overall, the chamberstudyresultsappearto be consistentwith the bayouand

effluent samples,exceptthat the bacteriaconcentrationsare somewhatlower and the detectionsless

frequent.Combiningthe Buffalo andWhite Oak Bayouchamberdata,therewere2 detectionsof uid I &2

out of 11 samplesor 18%. This is a little lessthan half the 41% found on the Buffalo Bayoumain stem

samples,but the averagebacteriaconcentrationin the chamberswas near500 MPN!dL, onetenth that of

the Buffalo Bayousamples.

4.3 CONCLUSIONS

TheresultsindicatethatPCRis a specificmethodfor detectingbacteriain water; positive

PCRreactionswerenot detectedin samplesthat did not containculturablebacteria.The BacteroidesPCR

reactionsappearto indicatehumancontamination;humansewagesampleswereconsistentlypositive for

theseDNA sequences.Most of the bayou samplestestedwerenegativefor Bacteroides,indicating that

the majorsourceof coliforms in thesesampleswasunlikely to be untreated,freshhumansources.

The majorproblemwith theseassayswas insufficient sensitivity.A numberof samples

that werepositiveby culturewere negativefor coliformsby the PCRreaction.This appearsto be a result

of presenceof substancesin the waterthat interfere with the PCRreactionandpoor recoveryof DNA

from the samples.The addition of a DNA extractionstep improvedthe sensitivity of the reactions,but
increasedsensitivity is still needed.Futureefforts will focuson improvingthe recoveryof DNA from the

samplesprior to PCRanalysis.

Otherfindings of the work include:

e DNA concentrationshouldbe usedin combinationwith uidl!2 for a more sensitive

assayof EC

• lacZ PCR test must be mademore sensitive if it is to be usedfor total coliform

detection
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• DNA extraction is possible but is impactedby particulatematter in the water, so

eventsthat addparticulatemattersuchas flooding, posespecialproblems.

Campylobacter,a pathogengenerallyassociatedwith animalwaste,was neverdetected.

This suggeststhat animalwastemaynot be a major sourcein a systemwherebacterialevels are rarely

less than 1000 cfu!dL even in dry weather.While birds undoubtedlyprovide fresh droppings in the

bayousduringdry weather,few otheranimalsdo. Accumulatedanimalwastemaybe oneof the reasons

why levelstendto be elevatedwhenrain runoffbecomesasignificantpart of bayouflow.

A factor maybe that the bayousedimentscontainand supportelevatedbacterialevels.

This is a separatesubjectof theTMDL processandwill be discussedin otherpublications.
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5.0 DISCUSSION

The major finding of the study is that the indicatorsof freshhumansourcesof bacteria,

Bd and Bt, were found relatively infrequently in bayou water samples.Of the 35 main stembayou

sampleswherethe EC markerwas detected,only 5 (14%) showedpositivefor Bd or Bt. This should not

be takenas a definitive resultbecauseof the sensitivity problemsdiscussedabove,but it nevertheless

suggeststhat sourcesotherthanuntreated,freshhumanwastemaybe significant in thesesystems.

Thereappearsto be a relationshipbetweensuspendedparticulatematter,as represented

in the TSS measurement,and detectionof Bd. Buffalo Bayou samples had over twice the TSS

concentrationof White Oak Bayousamples,and twice the bacteriaconcentrations,yet the frequencyof

Bd detectionon Buffalo was half that of White OakBayou samples.The tributary samplestendedto have

the highestbacterialevelsandthe lowestTSSconcentrations,andtheir frequencyof Bd detectionif the

EC genewas detected,was muchhigher thanthemain stemstations.

Another finding is that while someEC genetic material is capableof surviving the

chlorination process,the human source indicators do not. As mentioned earlier, one third of the
wastewatersampleswerestill positivefor the EC markerafter chlorination anddechlorination,but none

werepositivefor theBacteroidesmarkers.

It must be recognized that determining the presenceof fresh human wastes in a

backgroundoftreatedhumanwastewill alwaysbe achallenge.If the sensitivity is raisedtoo far it maybe

possible to detectresidualgeneticmaterial from Bacteroidesafter the treatmentprocess.Accordingly,

therewill alwaysbe a challengein a systemsuchasthe effluent dominatedHouston-areabayous.While it

can alwaysbe expectedto be a challenge,it is a challengethat must ultimately be met in order to

formulate effective policies for dealingwith a systemthat exceedswater quality criteria for contact

recreationby asubstantialmargin.

Thesedataandpreviousstudiessuggestthat the predominantsourceof coliforms andE.

coli in areabayousis non-human.Ideally, thereshouldbe a methodfor determiningthe sourceof these

bacteria.The availableliterature indicatesthereis not a high correlationbetweenparticularBacteroides

speciesand specific non-human animals. Thus, while the presenceof Bacteroidesdistosonis or

thetaiotamicronindicateshumanfecal contamination,thepresenceofotherBacteroidesspeciescannotbe

used as a marker for specific animal sources.An alternativeapproachwould be to takeadvantageof

RFLP data analysis that has shownthat E. coli isolates associatedwith certain animal specieshave

distinct RFLP patterns.By incorporatinga PCRreactionspanningone or moreof thesesites andadding

an additional restrictionenzymedigestionstep, it maybe possibleto determinethe likely sourcefor E.

coli DNA detectedin watersamples.
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