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INTENSIVE SURFACE WATER MONITORING SURVEY

FOR

SEGMENT NO. 1903

MEDINA RIVER

INTRODUCTION

DIRECTIVE

This intensive survey was accomplished in accordance with

the Texas Water Quality Act, Section 21.257, as amended in

1973. The report is to be used in developing and maintaining
the State Water Quality Strategy required by regulations
published in 40 CFR 130.40 pursuant to Section 303(e) of the

Federal Water Pollution Control Act as amended on October 18,
1972:

PURPOSE

The purpose of this intensive survey was to provide the

Texas Water Quality Board with a valid information source:

1) to determine quantitative cause and effect

relationships of water quality;

2) to obtain data for updating water quality
management plans, setting effluent limits,
and where appropriate, verifying the clas-

sifications of segments;

3) to set priorities for establishing or improving

pollution controls; and

4) to determine any additional water quality
management actions required.



SUMMARY

AnintensivemonitoringsurveywasconductedAugust23-25,

1976onSegment1903oftheMedinaRiver.TheMedinaRiver

withinSegment1903beginsdownstreamoftheMedinaDiversion

Reservoirandflowsinasoutheasterlydirectionapproximately
72milesthroughMedinaandBexarCountiestoitsconfluence

withtheSanAntonioRiver.Intheupperportionofthe

segmenttheMedinaRiverischaracterizedbyclearwater,

swiftvelocity,steepbanks,andastreamchannelinwhich

largepoolandriffleareaspredominatemorphometry.The

lowerportionofthesegmentisdeeperandslowermovingand

thewaterismoreturbid.Thissurveyincludedsampling
stationsinthemainbodyoftheMedinaRiverthroughoutthe

segment,atselectedlocationsonallsignificantlyflowing
tributaries,andatthemajorwastewaterdischargers.

Municipalsewagetreatmentplantsarethemostcommonfacili-

tiesfromwhichwastewaterisdischargedtothesegment.The

CityofSanAntonio'sLeonCreekPlantisthelargestand

dischargedaneffluentthatcontained1455lbs/dayofBODs
and4925lbs/dayofnutrientcompounds(ammonia,nitrite,and

nitratenitrogenandortho-phosphorus).Thedischargefrom

thisplantactuallyentersLeonCreek(Segment1906)approxi-

matelyonemileupstreamfromitsconfluencewiththeMedina

River.

Atotaloffourflowingtributarieswassampledduringthis

survey.Hydrologicaldatacollectedfromthesetributaries

indicatedthemajorityoftheinflowtotheMedinaRiveris

suppliedbyMedioCreekandLeonCreek.Thetworemaining

tributaries,ElmCreekandSanGeronimoCreek,weresmall

andcontributedlessthan3cfseach.

TemperatureandpHvaluesvariedfromstationtostation

withintheMedinaRiver,butnonewereinviolationofthe

respective90°Fand7-9streamstandards.Theslightly
alkalinepHvaluesobservedatalltheMedinaRiverstations

maybepartiallyexplainedbytheunderlyinglimestoneforma-

tions.Totalalkalinityvalueswithinthesegmentwerehigh

and,withtheexceptionofonevaluefromMedioCreek,were

duetotallytobicarbonates.Conductivityvaluesinthe

MedinaRivergenerallyincreaseddownstream.Thisdownstream

increaseiscommoninrivers,suchastheMedina,thatare

utilizedforirrigation.

ThefielddissolvedoxygendatacollectedattheMedinaRiver
stationsindicatedgenerallygoodwaterqualityconditions

existedthroughoutmuchofSegment1903.Meandissolved

oxygenlevelsremainedabovethe5.0mg/lsegmentstandard

atallstations.TheCityofSanAntonio'sLeonCreekSewage



Treatment Plant discharge, which enters the Medina River via

Leon Creek immediately upstream from Station 16, caused a

Slight depression in dissolved oxygen levels. The carbon-

aceous and nitrogenous oxygen demand of this wastewater

reduced the natural oxygen content from approximately 90

percent saturation to less than 80 percent saturation at

Stations 17, 18, and 19 downstream. Station 17 had the lowest

minimum dissolved oxygen level (4.9 mg/l) of any Medina River

station sampled.

Levels of and ammonia nitrogen were higher downstream

from the discharge of the Leon Creek Sewage Treatment Plant

(Stations 16, 17, 18, and 19) than upstream. Ammonia nitrogen
levels in this lower reach ranged from 0.2 mg/l to 0.7 mg/l.
High nitrite nitrogen levels (above 0.5 mg/l) were also ob-
served in the area between Stations 16 and 19. The presence
of ammonia and nitrite nitrogen in such concentrations

provides evidence that nitrification was occurring within

this reach of the Medina River. Since nitrification is an

oxygen consuming process, its occurrence may partially account

for the slight depression in dissolved oxygen noted in the

lower reach.

The same general area that had higher BODs and ammonia nit-

rogen levels attributable to discharges of treated sewage
effluents also had the highest phosphorus levels. Ortho and
total phosphorus levels in the Medina River were less than

0.1 mg/l at Stations 1 through 14. Further downstream, at

stations influenced by the Leon Creek Treatment Plant dis-

charge, levels for both parameters exceeded 1

Dissolved oxygen levels in the tributary streams were generally
high. Only Medio Creek (Station 10) had dissolved oxygen
levels that were considered low (less than 5 mg/l). This
creek also had elevated levels of nutrient compounds (ammonia
nitrogen and ortho-phosphorus). Flow in this tributary is

dominated by the treated sewage effluents from five small

plants located in the upper portion of the basin. Discharge
from Medio Creek had no noticeable effects on the various
field physico-chemical parameters from the Medina River.

The swift velocity and limestone bedrock underlying the
Medina River within the segment are factors that combine to

prohibit accumulation of sediment. For this reason, sediment

samples were not collected for analysis of pesticides and

heavy metals.

Chlorophyll a levels from the Medina River and tributary
stations were generally below the detection limit (0.004 mg/1).
Only Stations 10 (Medio Creek), 15 (Leon Creek), and 19 had

detectable levels of chlorophyll a and they were only slightly
above the detection limit.
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Phytoplanktonassemblagesweregenerallydiverseatmost

MedinaRiverstations.Onlydiatomsandgreenalgaewere

observedatStations1through14.Fartherdownstreamin

theareainfluencedbyLeonCreekTreatmentPlantdischarge,
thephytoplanktoncommunitieswerelessdiverseanddominated

bythepollution-tolerantblue-greenalga,Aphanizomenon.
Thelowstandingcrops,asestimatedbynumericalcountsat

allstations,correlatedwellwiththechlorophylladataand

indicatethatplanktonicalgaegrowthandproliferationwas

notstimulatedanywherewithinthesegment.Apparently,the

swiftvelocityoftheMedinaRiverprohibitsabuildupof

algalbiomass.

Zooplanktonoccurrenceanddistributionwithinthesegment
wasrestrictedtothethreelowermostMedinaRiverstations.

Thezooplanktoncommunitiesweredominatedbyrotifers.

Standingcropanddiversityvalueswerelow,reflectingthe

lownumberofindividualsanddifferenttaxacollectedat

eachstation.Therestricteddistributionofzooplankton
correlateswellwiththeareaoftheMedinaRiverthatis

knowntoreceiveorganicenrichmentfromtheLeonCreek

SewageTreatmentPlant.

Benthicmacroinvertebratecommunitieswithinthesegment
wereverydiverse.Atotalof70differenttaxaofbenthic

organismswasencounteredinthestudy.Compositionofthe

benthosatthevariousMedinaRiverstationsindicateda

definiterelationshipamongorganismtype,diversity,andwater

quality.Communitystructureofthebenthosfromstations

upstreamfromtheinfluenceoftheLeonCreekPlantdischarge
wascomposedofaveryhighdiversityofprimarilyclean

waterorganismsconsideredintoleranttoorganicenrichment.

Thebenthicmacroinvertebratecommunitiesdownstreamfrom

thewastedischargeweremarkedlydifferentandcharacterized

bypollutiontolerantorganisms.Diversityofthecommunities

inthislowerreachwaslower,reflectingthefewertotal

individualsandsmallernumberofdifferenttaxa.

Fecalcoliformbacterialevelsweregenerallylowthroughout
thesegment.Noneofthestationssampledhadfecalcoliform

densitiesthatexceededthesegmentstandardof200/100ml.

TheLeonCreekSewageTreatmentPlanteffluentdidnotcontain

fecalcoliformbacteria.



WATER QUALITY PROBLEMS

Chemical and biological parameters evaluated during this

survey indicate that excellent water quality conditions

prevail throughout most of Segment 1903 of the Medina River.

In the upper portion (65 miles) of the Segment, dissolved

oxygen levels are generally near saturation, oxygen demanding
materials and nutrient compounds are low in concentration,
and biological communities are diverse and composed of

organisms indicative of clean water.

The water quality conditions of the lower portion (7 miles)
of the Medina River are influenced by the treated sewage dis-

charge from the City of San Antonio's Leon Creek Plant.

This discharge tends to reduce natural dissolved oxygen
levels and increase the concentrations of nutrient compounds
in the river. Biological communities sampled from similar

habitats throughout the segment were less diverse and stable

in the lower portion than those located farther upstream and

were composed of organisms that favor organically enriched

waters. Degradation of biological communities in the lower

portion of the Medina River, as shown by this study, occurred

even though the dissolved oxygen levels were in excess of

the 5 mg/l stream standard. This indicates the waste discharge
apparently contained constituents, other than those analyzed

during this survey, that affected the aquatic organisms in

the lower reach of the Medina River.

Additional studies of the Leon Creek Sewage Treatment Plant

effluent and the lower portion of the Medina River will be

conducted by the Special Studies Section. Parametric coverage

during these studies will be expanded to include pesticides,
metals, chlorine, chloramines and other suspected contaminants.

Data from such monitoring efforts will indicate if these

contaminants are routinely found in the waste discharge and

the Medina River at levels considered toxic to aquatic
organisms.

All of the existing water quality studies of the Medina River

and San Antonio River were conducted during periods when Mitchell

Lake was not discharging. Mitchell Lake is utilized by the City
of San Antonio as an oxidation pond to treat domestic wastes which

are diverted to the lake during mechanical or operational
failures at the City's Rilling Road and Leon Creek Sewage Treat-

ment Plants. The wastewater discharged from this lake typically
has a BODs in excess of 30 mg/l. A study of both river systems
should be conducted by the Special Studies Section during a

time when a discharge from Mitchell Lake is made. Existing
information indicates that this discharge may further aggrevate
water quality problems associated with both river systems.



METHODS

Fieldandlaboratoryproceduresusedduringthissurveyare

describedinAppendixA.ThedatawerecollectedAugust23-25,

1976,bytheSpecialStudiesSection,assistedbyTexasWater

QualityBoardDistrict8.Laboratoryanalysesofwatersamples
wereconductedbytheTexasDepartmentofHealthResources,

ChemistryLaboratoryinAustin,Texas.Parametriccoverage,

samplingfrequencies,andspatialrelationshipsofsampling
stationsareconsistentwiththeparticularobjectivesofthis

surveyandwithknownorsuspectedformsandvariabilityof

pollutionoccurringinthearea.



DESCRIPTION OF SURVEY AREA

The Medina River within Segment 1903 begins downstream of the

Medina Diversion Reservoir and flows in a southeasterly

direction approximately 72 miles through Medina and Bexar

counties to its confluence with the San Antonio River. Natural

stream flow within the segment is dependent upon the amount

of water released from Medina Lake, and that discharged from

numerous springs. In the upper portion of the segment, the

Medina River is characterized by clear water, swift velocity,

steep banks, and a stream channel in which large pool and

riffle areas predominate morphometry. The lower portion of

the Medina River is deeper, and slower moving, and the water

is more turbid.

Leon Creek and Medio Creek are the two largest tributaries

feeding the Medina River. Leon Creek is listed as a separate

segment (1906) by the Texas Water Quality Board. Other tri-

butaries of significance include San Geronimo Creek and Elm

Creek.

The land adjacent to the Medina River is utilized extensively

for cultivation of various agricultural crops. Many of the

farming operations along the segment withdraw water from the

Medina for irrigation purposes.

This survey included sampling stations in the mainstem of the

Medina River and on each flowing tributary. Figure 1 is a map

of the area which shows the locations of the sampling stations

and Table 1 provides descriptions of their locations.
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Table 1

Medina River Sampling Stations

Station

Number Location

River at county road 6 miles NW of Riomedina

River at county road 2 miles NW of Riomedina

San Geronimo Creek at FM 1937

River at county road 2 miles NW of Castro-

ville

River at county road 2 miles SE of Castro-

ville

River at county road 1 mile E of La Coste

River at county road 3 miles E of La Coste

River at FM 1604 near Macdonna

River at FM 2536 3 miles SE of Macdonna

Medio Creek at IH-30

River at county road 4 miles NE of Sommerset

River at SH 16

Elm Creek at SH 16

River at Applewhite Road

Leon Creek at SH 16

River at Cassin Road

River at US 281

River at FM 1937

River on private property 1/2 mile upstream
from confluence with San Antonio River



WASTESOURCESINSURVEYAREA

POINTSOURCES

Table2containsasummaryofallTexasWaterQualityBoard

permittedwastewaterdischargersinthesurveyarea(see

Figure1forlocations).ThevaluesinTable2represent
estimatesofaveragequantitiesdischargedandwereobtained

fromTexasWaterQualityBoardself-reporting(1)andmunicipal
returnflow(2)data.

Sewagetreatmentplantsarethemostcommonfacilitiesfrom

whichwastewaterisdischargedtothissegment.Ofthesewage

treatmentplantsthatdischarge,theCityofSanAntonio's

LeonCreekplantisthelargest.Theeffluentfromthis

facilityactuallyentersLeonCreek(Segment1906)approximately
onemileaboveitsconfluencewiththeMedinaRiver.Effluent

dischargedfromtheLeonCreeksewagetreatmentplantcontained

approximately1455lbs/dayofBODs5and4925lbs/dayofnutrient

compounds(ammonia,nitrite,andnitratenitrogenandortho-

phosphorus).

MedioCreekreceivesthepermittedwastewaterdischargesfrom

foursmalltreatmentplants(BexarCountyWCID#16,Community

Treatment-MedioCreekPlant,CommunityTreatment-HuntLane

Plant,LacklandCityWaterCo.).Inaddition,asewagetreat-

mentplant(StationN,Figure1)thattreatsaportionof

thedomesticwastesgeneratedatLacklandAirForceBase

dischargestoMedioCreek.Sincethisisafederalinstallation,

nohistoricaleffluentdataareavailabletotheTexasWater

QualityBoard.
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Table 2

Wastewater Dischargers

Ortho- Ammonia+nitritet+

BODs Phosphate nitrogen

lbs/day lbs/da

Luckey, E. G.

Mitchell, O. R. Ranch

Knowlton Milk Farms

Harlach, Harold R.

Melcher Brothers

Bexar County WCID #16 36.8

Lackland City Water Co. 30.7

Community Treatment Inc. - 25.1

Community Treatment Inc. 9.6

Medina County WCID #1

City of Castroville STP

B

C

D

E

F

G

H

I

J

K

L City of San Antonio, Leon 1786.4

Creek STP

City of San Antonio,

Mitchell Lake

ND - No discharge made from facilities during the survey.

All five of these plants serve various subdivisions in and

around the Lackland Air Force Base complex located near Medio

Creek.

The City of San Antonio also is allowed to periodically dis-

charge wastewater from Mitchell Lake to Cottonmouth creek which

enters the Medina River. Mitchell Lake is utilized by the

City of San Antonio as an oxidation pond to treat domestic

wastes which are diverted to the lake during mechanical or

operational failures at the City of San Antonio's Rilling Road

and Leon Creek Sewage Treatment Plants. Wastewater is also

discharged to Mitchell Lake from the two plants following

periods of heavy rainfall when excessive infiltration upsets

operation. The City of San Antonio is permitted to discharge
from Mitchell Lake only when the water level in the lake is

high and the flow in the Medina River is sufficient. to provide
adequate dilution.
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Approximately18dischargesfromMitchellLakehaveoccurred

since1970.Averagedurationofthesedischargesis4days

(range
=1-8days)andaverageflowrateis223cubicfeet

persecond(range14-900cfs).Thewaterinthelaketypically
hasaBODs5inexcessof30mg/l.Waterqualitydatawere

collectedbytheSanAntonioRiverAuthorityfromtheMedina

andSanAntonioRiversduringmostofthesedischarges.These

dataindicatethatlowdissolvedoxygenlevels(lessthan5

mg/l)occurredintheSanAntonioRiverduringandfollowing
thetimesomeofthedischargesweremadefromMitchellLake.

ThedissolvedoxygenlevelsintheriverwerelowestnearFalls

CityandmayhavebeencausedbytheMitchellLakeeffluent.(3)

TheTexasWaterQualityBoardpermitforMitchellLakehas

recentlyundergonerevision.Thenewdischargeguidelines
containedinthepermitissuedinJanuary1977arebasedon

thewaterelevationinMitchellLake,theflowrate,water

temperature,andexistingdissolvedoxygenlevelsintheMedina

River.Theseguidelineswereestablishedfromthemodeling
effortsandwasteloadevaluationconductedbytheTexasWater

QualityBoard.Dischargesmadeunderthenewguidelinesshould

notcauseviolationsoftheTexasWaterQualityStandards.

Twoadditionalpermitholdersfartherupstreamalsooperate

sewagetreatmentplants.TheCityofCastrovilleandMedina

CountyWCID#1utilizetheirtreatedeffluentsforirrigation

purposeswithnodischargemadetotheMedinaRiver.

Twocattlefeedlots,oneswinefeedingoperation,andtwo

dairiesarealsolocatedalongthesegment.Wastewateris

retainedatthesefacilitiesandutilizedforirrigationof

adjacentfarmlandwithnodischargemadetotheMedinaRiver.

NON-POINTSOURCES

Thereexiststhepossibilitythatvaryingamountsofwastewater

mayenterthesegmentfromnon-pointagriculturalrunoffsince

mostofthelandalongtheMedinaRiverisutilizedforcul-

tivationofvariousfarmcrops.Additionalsourcessuchas

irrigationtailwaters,nonconfinedlivestockoperations,and

malfunctioningruralseptictanksystemshavethepotential
forwastewatercontributiontothesegment.

Non-point
sourcestudiesaretobeconductedinthelower

portionoftheMedinaRiverbytheAlamoAreaCouncilof

Governmentsaspartof208planningactivities.Whenthese

studiesarecomplete,thenon-point
sourcewasteloadcontri-

butiontoSegment1903willbecomputed.
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PRESENTATION OF DATA

The raw hydrological, physico-chemical, and biological data

are available in the Texas Water Quality Board Central Office

files.

HYDROLOGICAL

Hydrological data shown in Table 3 represent discharge measure-

ments of the Medina River and tributary streams which were

flowing at the time of the survey. Flow data from Stations

12 and 17 were taken from United States Geological Survey
(USGS) records.

Table 3

Hydrological Data

Station Discharge
Location Numbe Method | Time Date cfs

San Geronimo Creek 08/23/76

Medio Creek 08/23/76

Medina River 08/23/76

Elm Creek 08/23/76

Leon Creek 08/23/76

Medina River 08/23/76

PM -
Pygmy Current Meter

The majority of inflow to the Medina River within the segment
is supplied by Medio Creek and Leon Creek. The remaining
tributaries are small and contributed less than 3 cfs each.

other tributaries feeding the Medina River were observed

in a non-discharging condition or at a level considered not

Significant. The increase in flow in the Medina River between

Stations 12 and 17 can be accounted for by the flow from Elm

Creek, Leon Creek, and the effluent from the Leon Creek Sewage
Treatment Plant which enter this reach.

FIELD MEASUREMENTS

Table 4 contains a summary of diurnal field measurements made

at the appropriate Medina River stations on August 24, 1976.

Tributary Stations 10 (Medio Creek) and 15 (Leon Creek) were

also sampled on a diurnal basis. San Geronimo and Elm Creeks

were sampled once.
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Temperature and pH values for Medina River and tributary sta-

tions, shown in Table 4, indicate some station to station

variation, but none were in violation of the respective segment
standards of 90°F and 7.0 - 9.0 standard pH units (4). The

slightly alkaline pH values for all the Medina River stations

may be partially explained by the underlying limestone for-

mations. With the exception of Medio Creek, alkalinity within

Segment 1903 was due totally to bicarbonates. The total

alkalinity values for the Medina River stations were similar

to those observed in the nearby San Antonio River (5) and

indicate the river has excellent buffering capacity. Conduc-

tivity values in the Medina River generally increased downstream.

Such downstream increases in conductivity are common in rivers,
like the Medina, that are utilized for irrigation (6). Repeated
irrigation and subsequent runoff tends to increase concentrations

of salts in the Medina River Basin.

The field dissolved oxygen data collected at the Medina River

stations indicated generally good water quality conditions

existed throughout most of the segment. Mean dissolved oxygen

levels remained above the 5.0 mg/l segment standard throughout the

diurnal sampling period. The City of San Antonio's Leon Creek

Sewage Treatment Plant discharge, which enters the Medina River

via Leon Creek immediately upstream from Station 16, caused

a slight depression in dissolved oxygen levels. The carbon-

aceous and nitrogenous oxygen demand of this wastewater reduced

the natural oxygen content from approximately 90 percent
saturation to less than 80 percent saturation at Stations 17,

18, and 19. Station 17 had the lowest minimum dissolved oxygen

level (4.9 mg/l) of any Medina River station sampled during the

survey.

Water quality data collected by the San Antonio River Authority
in November, 1975 from the Medina River shows the same trend

noted in the present study (7). According to their work, the

Leon Creek Sewage Treatment Plant waste discharge was observed

to reduce the oxygen content from a natural level of more than

90% dissolved oxygen saturation down to about 68% dissolved oxygen
saturation in the lower portion of the river. The lowest

dissolved oxygen level of 5.4 mg/l was observed at the U.S.

281 bridge location (Station 17 of this study).

Historical dissolved oxygen data collected by the Texas Water

Quality Board at Station 17 (US 281) indicate a seasonal trend

(Figure Dissolved oxygen levels at this station are

generally lowest in the dry summer months when low flows in

the river retard dilution of oxygen demanding material. Con-

versely, in the wetter winter months when the river flow is

higher, adequate dilution and oxygenation are provided and

dissolved oxygen levels remain near saturation. Although
several of the historical dissolved oxygen levels approach the

Texas Water Quality Standard of 5.0 mg/l, none fall below it.

L5



Dissolved
Oxygen,
mg/1

10

StreamStandard

JASONDFMAMJJASONDFMAMJJ

1973197419751976

YEAR

Figure2.DissolvedoxygendatacollectedatStation17ontheMedina

River,May,1972throughJuly,1976.

Violationsofthedissolvedoxygenstreamstandard,although

notshowninthepresentstudyorhistoricaldata,haveoccurred

inthepast.AccordingtoresultsofanearlierIntensive

MonitoringSurveyoftheSanAntonioRiverinwhichStation

17oftheMedinaRiverwassampledduringlowflowconditions,

thedissolvedoxygenlevelsrangedbetween3.6mg/land4.0

mg/lduringthe18-hourstudy(5).
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Measured dissolved oxygen levels in the tributary streams are

also shown in Table 4. Water quality characteristics of San

Geronimo Creek, Medio Creek, Elm Creek, and Leon Creek upstream
from the Leon Creek Sewage Treatment Plant discharge were

generally good where sampled.

Medio Creek was sampled just upstream from its confluence with

the Medina River. At this location, dissolved oxygen levels

were generally lower than those observed in the Medina River

and other tributaries. Medio Creek had the lowest minimum

dissolved oxygen level (4.6 mg/l) measured during the survey.

Flow in this creek is dominated by the treated sewage effluents

from five small plants located in the upper portion of the

basin. Medio Creek is dammed in the lower portion (2 miles

upstream from Medina River confluence) to form a small reser-

voir with an estimated 30 day detention time (9). A recent

water quality study of Medio Creek by Texas Water Quality
Board District 8 personnel indicated that upstream from the

reservoir, the stream is stressed from domination by treated

sewage effluents (9). The stream in this reach typically has

low dissolved oxygen levels, high BOD5 levels, and is enriched

with excessive nutrient compounds. The District 8 study
indicated that the reservoir functions similar to an oxi-

dation pond and that the creek downstream has generally good
water quality. Water quality data collected from Medio Creek

downstream from the reservoir in the District 8 study are

parallel to data collected during this Intensive Monitoring
Survey and indicate that the creek had recovered somewhat prior
to its confluence with the Medina River. The Medio Creek

discharge had no noticeable effects on the various field

physico-chemical parameters from the Medina River downstream

at Station 1l.

Leon Creek at Station 15 had generally good water quality
characteristics during this survey. Data collected ona

previous Intensive Monitoring Survey of Leon Creek in July
1974 indicated poor water quality conditions (low dissolved

oxygen, high BOD5 and ammonia nitrogen levels, etc.) existed

at the same location (10). Since the time of the earlier

study, two small sewage treatment plants (Southwest Utilities,

Inc., and Community Treatment, Inc.) have connected to the

City of San Antonio's sewage collection system. Presumably,
this reduction in organic load to Leon Creek has resulted in

the improved water quality observed during this survey.

WATER ANALYSES

Laboratory analyses of diurnally composited water samples
collected at the Medina River stations are shown in Table 5.

Medio Creek, Leon Creek, and the Leon Creek Sewage Treatment

Plant were also sampled on a diurnal basis. Grab water samples
were collected for analyses from the two other tributaries.
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Chloride and sulfate levels for all the Medina River stations

were generally low and below the segment standard of 120 mg/l
(annual averages) for both parameters (4). Levels for these

two parameters, like the conductivity data, increased downstream

from Station 1. Historical Texas Water Quality Board Stream

Monitoring data indicate the observed downstream increase in

chloride and sulfate levels is common, particularly during
summertime conditions (8). In the Medina River, some of the

added volume is return flow from irrigation which has an in-

creased mineral content due to evaporation. Leon Creek, the

Leon Creek Sewage Treatment Plant discharge, and Elm Creek

also contributed significant quantities of sulfate and chloride

to the Medina River.

Ortho-phosphorus levels were low (less than 0.02 mg/l) in the

upper portion of the Medina River upstream from the influence

of treated sewage effluents. Medio Creek which receives the

treated sewage effluents from five small plants discharged
water high in phosphorus (1.06 mg/l O-PO4 and 1.1 mg/l
to the Medina River. This discharge increased phosphorus
concentrations in the Medina River downstream at Stations ll,

12, and 14. The largest source of phosphorus input to the

Medina River was the Leon Creek Sewage Treatment Plant effluent.

This discharge contained high levels of ortho (5.8 mg/l) and

total (6.0 mg/l) phosphorus. The highest phosphorus levels

in the Medina River were observed at Stations 16, 17, 18, and

19, and were obviously influenced by the introduction of the

treated sewage effluent from the City of San Antonio's Leon

Creek plant via Leon Creek. The high levels observed at these

lower four stations were considerably above the 0.9 mg/l ortho

phosphorus level considered by Connell to cause excessive bio-

growth and decay in Texas streams (11).

The same general areas that had high nutrient phosphorus loads

attributable to discharges of treated sewage effluents also

had high nitrogen levels. Since ammonia nitrogen is a common

constituent of most treated municipal sewage effluents, its

occurrence within the segment correlated well with areas that

receive effluents. Ammonia nitrogen levels were low and not

detectable in samples from Medina River Stations 1 through 14.

Ammonia nitrogen concentration was highest at Station 16 (0.7

mg/l); however, Stations 17, 18, and 19 also had detectable

levels. These ammonia nitrogen levels were obviously influenced

by the Leon Creek Sewage Treatment Plant effluent which was

high in ammonia (4.2 mg/l). The downstream gradual decrease

in ammonia from Station 16 may be attributed to nitrification

in the river. The oxidation of ammonia to nitrite and on to

nitrate may partially explain the lower dissolved oxygen levels

in the lower portion of the Medina River since nitrification

is an oxygen consuming process.
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Theoccurrenceofnitritenitrogeninthesegmentwasrestricted

tothelowerfourstations.Thepresenceofnitritenitrogen
indicatesrecentsewagepollution(12).Thesenitritenitrogen
levelsmaybeattributedtonitrificationofammonianitrogen
inthetreatedsewageeffluentwhichenterstheriverinthis

area.

Ofthetributariessampled,onlyMedioCreek(Station10)con-

tainedadetectablelevelofammonianitrogen.Thistributary

receivesthetreatedsewageeffluentsfromfivesmallplants.
Thepresenceofammonianitrogeninthiscreeksuggeststhat

nitrificationwasoccurringandmaypartiallyaccountforthe

lowerdissolvedoxygenlevelobservedatthisstation.

NitratenitrogenlevelsintheMedinaRivergenerallyincreased

downstreamfromStation1.Nitratenitrogenlevelsinthe

riverwereapparentlyinfluencedbyreturnflowfromirrigation
andfromspringwatersources.SanGeronimoCreek(Station3),

asmallspringfedstream,hadthehighestnitrateconcentration

(14.2mg/l).Highnitratelevels(above4.0mg/l)wereob-

servedatMedinaRiverStations16,17,18,and19
--

thearea

wherenitrificationwasoccurring.Itisinthisformthat

nitrogenismosteasilyassimilatedbygreenplantsrootedin

thesubstrateorfloatinginthewater(13).

LevelsforBODsthroughoutthesegmentweregenerallylow.

TheintroductionoftheLeonCreekPlant'streatedsewage

effluentincreasedtheBODoftheMedinaRiveronlyslightly.

Nonetheless,thisslightincreaseinbiochemicaloxygendemand

maypartiallyexplainthesomewhatlowerdissolvedoxygen

levelsobservedinthisreach.

DuringanintensivemonitoringsurveyoftheSanAntonioRiver

inSeptember,1975,theLeonCreekSewageTreatmentPlantwas

discharginganeffluentwhichcontainedhighlevelsofoxygen

demandingmaterials(NH3-Nof18mg/landBODs5of30mg/1).

Thecarbonaceousandnitrogenousoxygendemandofthiseffluent

depresseddissolvedoxygenlevelsinthelowerportionofthe

MedinaRiverbelow4mg/lthroughoutthestudy.Duringthe

presentstudy,theLeonCreekSewageTreatmentPlantdischarged

aneffluentlowerconcentrationsofammonia

nitrogen(4.2mg/l)and(5mg/l).Thislargedecrease

inloadofoxygendemandingmaterialstotheMedinaRiverwas

partiallyresponsibleforthesignificantincreaseindissolved

oxygenlevelsnotedbetweenthestudies.

SEDIMENTANALYSES

TheswiftvelocityandlimestonebedrockunderlyingtheMedina

Riverwithinthesegment
arefactorsthatcombinetoprohibit

accumulationofsediment.Thebottomofthestreamchannelat

eachsamplingstationconsistedofsolidrockorgravel.For

thisreason,sedimentsampleswerenotcollected.
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BIOLOGICAL

Chlorophyll a
a)

Chlorophyll a analyses were utilized to provide an estimate

of the relative amount of algal standing crop that was present

at all stations sampled. Chlorophyll a levels from the Medina

River and tributary stations were generally below the detec-

tion limit (Table 6). Only Stations 10 (Medio Creek), 15 (Leon

Creek), and 19 had detectable levels of chlorophyll a and they

were slightly above the detection limit. The chlorophyll a
data indicate that planktonic algae growth and proliferation
was not stimulated anywhere within the segment. Apparently,
the swift velocity of the Medina River prohibits a buildup
of algal biomass.

Table 6

Chlorophyll a Data

Station Chlorophyll a,
Number mg/1

<0.004

San Geronimo Creek

Medio Creek

Elm Creek

Leon Creek

Phytoplankton

Phytoplankton assemblages were generally diverse at most Medina

River stations (Table 7). A total of 11 taxa was encountered

from samples collected between Stations 1 and 19. Diatoms

were the only type of phytoplankton observed in samples from

Stations 1, 4, and 6 in the extreme headwaters of the segment.
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ThephytoplanktoncommunitiesatStations8,11,and14were

alsodominatedbyvariousdiatomtaxa.Fourdiatomphytoplank-

ters(Achnanthes,Synedra,Navicula,andCymbella)were

prevalentatmoststreamstations.

Thephytoplanktoncommunitiesdownstream(Stations16,-18;

19)fromtheCityofSanAntonio'sLeonCreekSewageTreatment

Plantdischarge,
asshownbydiversityindex(d)values,were

lessdiversethanthoseupstream.Althoughvariousdiatom

genera
wereobservedatthesestations,Aphanizomenon

dominated

thecommunities.Thedistributionofthispollution-tolerant

blue-greenalgawasrestrictedtothelowerthreestations.

Thedischargeoftreatedsewageeffluenthighinnutrient

compoundsfromtheCityofSanAntonio'sLeonCreekPlant

apparently
wasresponsiblefortheoccurrenceofthisorganism

withinthisreachoftheriver.

Standingcropvalueswerelowatallstationsandcorrelated

wellwithchlorophyllalevelsobservedattheMedinaRiver

stations.OnlyStation19hadastandingcropvalueover200

individuals/ml.

Table7

PhytoplanktonData

StationNumber

pe[ulpepe TotalNumberof91|117|169|143|143|
143}182|

260

Individuals/ml

DiversityIndex(d)2.5|2.5]2.5|2.52.5
[1-8

1.8|2.0

eee

CHLOROPHYTA(GreenAlgae

392613

1326
Scenedesmus26

Pandorina

CHRYSOPHYTA(Diatoms)

1313131313

3926131.3

13132626

i3391326

2626

Achnanthes261313

Synedra
13393926

Navicula13263926

Cymbella
131339|26

Ammoneis262613

Gomphonema
13

Diatoma

Pleurosigma

13

13

CYANOPHYTA(Blue-green

Algae)

Aphanizomenon

22



In the upper portion of the segment where the water is very

·clear, phytoplankton growth and proliferation is apparently
limited by very low concentrations of phosphorus (nitrate is

abundant throughout the segment) and swift velocity of the

river. Further downstream in the middle and lower portions
of the segment where the water is influenced by treated sewage

effluents, phosphorus and turbidity levels are much higher.
Even though adequate nutrients are available, the turbidity
and swift velocity of the Medina River apparently act together
to limit accumulation of phytoplankton in these areas.

Zooplankton

Zooplankton occurrence and distribution was restricted to the

three lowermost Medina River stations sampled (Table 8).

Standing crop values for these three stations were low.

Diversity within the zooplankton communities, as shown by

diversity index values (d), was low reflecting the small numbers

of different taxa collected at each station.

The two genera of rotifers encountered during this study feed

principally on periphyton, small plankton organisms, and det-

ritus; however, they ingest all organic particles of appropriate
size (14). Their restricted distribution correlates well with

the area of the Medina River that is known to receive organic
enrichment from the Leon Creek Sewage Treatment Plant.

Table 8

Zooplankton Data

+ =Standing Crop

| ¢ [> | o | of of 97fos| se@ ||| ||| oa [a |Organisms as

Ind. /Liter

ROTIFER

Keratella a 24 114 17

Keratella b 3

Brachionus 10 32 ll

COPEPODA

Immature copepods 3 8 8



BenthicMacroinvertebrates

Atotalof70differentbenthicmacroinvertebratetaxawas

identifiedfromsamplescollectedfromsimilarhabitatsat

theappropriateMedinaRiverstationsduringthisstudy

(Table9).ThisassemblageofbenthicfaunafromtheMedina

RiveristhemostdiverseofanyTexasstreamstudiedaspart

oftheIntensiveSurfaceWaterMonitoringSurveyProgramto

data(30differentstreamshavebeenstudiedunderthispro-

gram).

Theresultsofthebenthicmacroinvertebrateidentifications

andcountsfromsamplescollectedattheappropriateMedina

Riverstationsshowadefiniterelationshipamongorganism

type,diversity,andwaterquality.Compositionofthebenthos

consistedpredominatelyofmayflies,caddisflies,dragonflies,
dobsonflies,andclamsatStations1through14upstreamfrom

theinfluenceoftheCityofSanAntonio'sLeonCreekPlant

discharge.Suchorganismsaregenerallyconsideredintolerant

toorganicenrichment(15).Diversitywithinthebenthic

macroinvertebratecommunitiesofStations1through14was

generallyhigh.Stations1,4,5,and11haddiversityindex

values(d)above3.0,whichisthelevelconsideredindicative

ofcleanwater(16).DiversityatStation14wasdepressed

bylargenumbersofParaleptophlebia,
amayflywhichis

generallyassociatedwithcleanwater.

Thecommunitystructureofthebenthosobservedfromsamples

collectedfromStations16,18,and19,whichwereinfluenced

bytheCityofSanAntonio'streatedsewageeffluent,was

markedlydifferentfromthatupstream.Atthesedownstream

stations,thebenthicmacroinvertebratecommunitieswere

dominatedbyoligochaetewormsandflylarvaewhicharecon-

sideredpollutiontolerant(15).Thebenthiccommunities

atthethreelowermoststationswerecharacterizedbyfewer

totalindividualsandnumberofdifferenttaxathanthose

locatedupstream.Manyofthebenthicfaunaassociatedwith

thecleanwaterupstreamstationswerevirtuallyabsentfrom

thoselocatedinthelowerportionoftheriver.Diversity
indexvalueswerelower(2.0

-
2.2)andconsideredindicative

ofmoderatelypollutedwater(16).



Station

Number of Taxa

Number of Individuals/ft?
Diversity Index (4d)

TURBELLARIA (Planarians)

Dugesia

NEMATODA (Roundworms)

Plectidae

Table 9

Benthic Macroinvertebrate Data

25

373

OLIGOCHAETA (Aquatic earthworms)

Oligochaeta A

Oligochaeta B

Tubificidae

EPHEMEROPTERA (Mayflies)

Isonychia

Centroptilum

Habrophelbiodes
Caneis

Paraleptophlebia
Baetis

Habrophlebia

Emphemerella

Choroterpes

Heptagenia

Leptohyphes

Tricorythodes

ODONATA (Dragonflies)

Nannothemis

Agrion

Coenagrionidae

Gomphus

Nannothemis bella

Libelludidae

Octogomphus

Peltodytes

Erythrodiplax
Libellula

Dromogomphus

Erythemis

42

16

TL

ace
3.4

22

24

46

25

203

3.5

13

159 158

2,5 3.1

2

51

58 9 132

2 A

12 13

6

6

1

5

2

1

1

10 8 7 6



Table9(Cont.)

Organisms

HEMIPTERA(Truebugs)

Cryphocricos
103

Rhagouelia
18

Ambrysus

Pelocoris

MEGALOPTERA(Dobsonflies)

Corydalus
cornutus5221312

TRICOPTERA(Caddisflies)

Hydropsyche
146185

Rhyacophila
6|

Hydropsychidae15
|

Parapsyche
32

Ptilostomis1

Smicridea

|

LEPIDOPTERA(Aquaticcatapillars)

Elophila
43

COLEOPTERA(beetles)

Stenelmis456

Gerris1

Limnius1

Elsianus

Narpus
5

Ancyronxx

Brychius|
Psephenus

4

Dineutus

Lara

Elmidae1

=

Rw
oO

DIPTERA(flies)

N=
Simulium7

Metriocnemus61

Tabanus2

Tedipes
tentans

TendipididaeA

TendipididaeB

Procladius

Coelotanypus

Pelopiinae

tN



Station Number

Organisms

GASTROPODA (Snails)

Horatia nicra

Cochliopa

Hydrobia
Amnicolidae

PELECYPODA (Clams)

Corbicula

Atoperla
Amblema

Sphaerium

Table 9 (Cont.)



Bacteria

Asummaryofanalysesforfecalcoliformbacteriaisshown

inTable10.TheTexasWaterQualityBoard'spermissibleand

desirablefecalcoliformlevelsarebasedonnotlessthan

fivesamplescollectedovernotmorethan30days(4).Since

thedatacollectedduringthissurveyarebasedongrabsamples,

directcomparisonofthesedatacannotbemadewiththeTexas

WaterQualityBoardStandards.However,noneofthestations

sampledhadfecalcoliformdensitiesthatexceededthesegment

standardof200/100ml.Theabsenceoffecalcoliformbacteria

intheeffluentfromtheLeonCreekSewageTreatmentPlant

indicateschlorineapplicationwassufficienttobebactericidal.

Table10

FecalColiformData

FecalColiform

#/100ml StationNumber

SanGeronimoCreek

MedioCreek

ElmCreek

LeonCreek
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RELATED TEXAS WATER QUALITY BOARD ACTIVITIES

Several activities presently underway by the Texas Water

Quality Board have direct influence on the protection of the

water quality of this portion of the Medina River.

WASTE LOAD EVALUATION

A waste load evaluation was developed for the San Antonio

River (Segment 1901) by the Modeling and Engineering Analyses

Section of the Texas Water Quality Board on June 25, 1974.

This evaluation also included water quality data from Segments

1906 (Leon Creek) and 1903 (Medina River). This evaluation was

developed to show the relationships among various municipal

and industrial organic loadings, stream assimilative capacity,

and affect on stream standards of these three segments. This

evaluation applies only to oxygen consuming substances being

discharged from the various treatment plants and does not

consider the effect of eutrophication caused by the introduction

of nutrients. The waste load evaluation recommended that the

City of San Antonio's three large plants should be required

to provide a treatment process with the following effluent

limits and monthly averages to assure compliance with the

Texas Water Quality Standards:

BODS
NH3-N

5 mg/l
3 mg/lWil

Based on these recommendations, the effluent requirements (BOD5,

TSS = 20 mg/l) of the existing discharge permit for the Leon

Creek Plant have been changed to a BOD5 and total suspended

solids level of 5 mg/l and an ammonia nitrogen level of 3 mg/l.

The permit indicates that these new requirements will become

effective in November, 1977.

TWOB PERMITS AND REGISTRATIONS; NPDES PERMITS

All wastewater dischargers and confined feeding operations are

required to have a permit or registration from the Texas Water

Quality Board, as well as an NPDES Permit (National Pollutant

Discharge Elimination System) Permit from the Environmental

Protection Agency. These documents place restrictions on the

quantity and quality of wastewater that can be released to the

receiving stream.

COMPLIANCE MONITORING

Personnel from the Texas Water Quality Board District 8 Office

in San Antonio will make periodic inspections of all waste sources

29



inthesegmenttoconfirmthatthequalityofeffluentand

retentionfacilitiesareincompliancewiththeTexasWater

QualityBoardPermitsandtheNPDESPermits.

STREAMMONITORING

PersonnelfromtheTexasWaterQualityBoardDistrict8Office

willcontinuetomonitorwaterqualityofSegment1903atStation

17andatUS90inCastroville,onaquarterlybasis.These

areTexasWaterQualityBoardstreammonitoringStations1903.01

and1903.02,respectively.
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SEDIMENT ANALYSES

Field Measurements

Immediate Dissolved

Oxygen Demand (IDOD)

Laboratory Analyses

Parameter

Arsenic

Mercury

All other metals

Volatile Solids

COD

Kjel-N

T-PO,

Pesticides

mg/l IDOD =

where Do
= D.O. of original

dilution water

dilution water used (m1)

volume of BOD bottle (m1)

_
_amount of sample used (ml)

P
=~

·volume of BOD bottle (ml)

D,
= D.O. of diluted sample

15 min. after prepara-

tion using membrane

electrode method

Method

Colorimetric

Potassium permanganate

digestion followed by atomic

absorption(3).

Atomic absorption(3).

Ignition in a muffle furnace.

Dichromate reflux method,

Micro-Kjeldahl digestion and

automated colorimetric

Ammonium

Gas chromatographic



BACTERIOLOGICAL

Bacteriologicalsamplesarecollectedinsterilizedglass
bottlesprovidedbytheTexasDepartmentofHealthRe-

sourcesandstoredoniceuntildeliverytothelaboratory
oruntilculturesaresetupbysurveypersonnel(within
6hoursofcollection).Bacteriologicalanalysesare

conductedbysurveypersonnelorasuitablelaboratory
inthesurveyarea.

ParameterMethod

TotalColiformMembranefiltermethod(1)

FecalColiformMembranefiltermethod(1)

·FecalStreptococciMembranefiltermethod(1)

BENTHICMACROINVERTEBRATES

BenthicmacroinvertebratesarecollectedwithaSurber

sampler(1.0ft.2)inriffleareasandwithanEkman

dredge(0.25ft.2)inpoolareas.Samplesarepreserved
in10%formalininthefieldandstainedwithRoseBengal.

arelatersortedaccordingtotaxaandcountedin

thelaboratory.

Analysisofdiversityisaccomplishedwithacomputer

programadoptedfromWilhm(5)foruseontheUnivac1106

computeroperatedbytheTexasWaterDevelopmentBoard.

Theprogramcomputesthediversityindex,d,foreach

sampleusingthefollowingequation:
Ss

d=-2
(ni/n)logg(ni/n)

1

wheren
=

totalnumberoforganisms,ni
=

numberofin-

dividualspertaxon,s=numberoftaxaandd=
diversity.

Thenumberofindividualspersquarefootisdetermined

bydividingthetotalnumberofindividualsbythearea

sampled.

PLANKTON

Phytoplankton

Phytoplanktonsamplesinstreams(whichareusually

verticallymixed)arecollectedbeneaththewatersurface



in quart polyethylene containers. Sampling stations are

generally located both upstream and downstream from

pollution sources and care is taken to preclude con-

fusing interferences such as contributions of plankton

from reservoirs, from backwater areas, scouring of peri-

phyton from the streambed, etc.

Phytoplankton samples from reservoirs are collected with

a tube device in which sample collection is integrated
from the surface to depth of the euphotic zone (3 times

Secchi disc measurement). In cases where the euphotic
zone depth is greater than the tube length, samples are

collected with an appropriate water sampler at depths

evenly spaced from the surface to the bottom of the

euphotic zone. These samples are composited and stored

in quart containers.

Phytoplankton samples collected during both stream and

reservoir surveys are preserved in the field ina final

concentration of 3 to 5 percent buffered formalin. The

samples are returned to the laboratory and stored in

the dark until microscopic examination is completed.

Prior to examination, the samples are concentrated

utilizing sedimentation chambers. Identification and

enumeration of phytoplankton is conducted with an in-

·verted microscope utilizing standard techniques. The

diversity index (d) is calculated as described previously.

Zooplankton

Zooplankton are concentrated at the site by either filtering

a known volume of water through a No. 20 mesh standard

Wisconsin plankton net or vertically towing the net a

known distance. Concentrated samples are preserved in

a final concentration of 5% formalin. The organisms
are identified to the lowest taxonomic level possible
and counts are made utilizing a Sedgwick-Rafter cell.

Diversity is calculated as described previously.

NEKTON

Nekton samples are collected by the following

Common-sense minnow seine - 20' x 6' with 1/4" mesh

Otter trawl - 12' with 1 3/16" outer mesh

and 1/2" mesh liner

Chemical fishing
- rotenone



Experimentalgillnets
-

125'x8'(five25'sections

ranginginmeshsizeof

3/4"·to21/2")

Electrofishing
-

backpackandboatunits(both

equippedwithACorDC

selection).Boatunitis

equippedwithvariablevoltage
pulsator.

Theseorganismsarecollectedtodetermine:(1)species

present,(2)relativeandabsoluteabundanceofeach

species,(3)sizedistribution,(4)condition,

(5)successofreproduction,(6)incidenceofdisease

·and/orparasitism,(7)and/or(8)presence

oraccumulationsoftoxins.

Nektoncollectedforpalatability
areicedorfrozen

immediately.Samplescollectedforheavymetals

analysesareplacedinleak-proofplasticbagsandplaced
onice.Samplescollectedforpesticidesanalysesare

wrappedinaluminumfoil,placedinawaterproofplastic

bagandplacedonice.

Asspecialinstancesdictate,specimensnecessaryfor

positiveidentification,parasiteexamination,etc.,are

preservedin10%formalincontaining3gramsboraxand

50mlglycerinperliter.Specimensover7.5cmin

length
areslitatleastone-thirdofthelengthofthe

bodytoenhancepreservationoftheinternalorgans.

Otherspecimensareweighedandmeasuredbeforebeing

returnedtothereservoirorstream.

ALGALASSAYS

Thealgalassayprocedure
wasadaptedfromthe"Algal

AssayProcedureBottleThewatersamplesused

forthealgalassayarecompositesamplescollectedfrom

theeuphoticzone.Theyarestoredinpolyethylenecon-

tainersonicefortransporttothelaboratory.

Upondeliverythesamplesareautoclaved(15psi,250°F;

10min./l).Afterautoclavingandcooling,theyare

allowedtoequilibratebybubblingairtorestorethe

carbondioxidelostduringautoclaving.

Thewateristhendistributedin60mlaliquotsin125ml

Erlenmeyerflasks.Appropriateamountsofsodiumnitrate

andpotassiumphosphatedibasicsolutionsareadded

separately
orincombinationtothetestflaskstoarrive

atfinalconcentrationsof0.005,0.015,0.050mgP/1for



the phosphorus spikes, 0.075, 0.225, 0.750 mg N/1 for
the nitrogen spikes and 0.005 mg P/1 + 0.075 mg N/1,
0.015 mg P/1l + 0.225 mg N/1, 0.050 mg P/1 + 0.750 mg N/1
for the combined spikes. No nutrients are added to the
control flasks.

Finally, all the flasks are seeded with a 7 day old cul-
ture of Selenastrum capricornutum to give a final concen-

tration of 5 x 103 cells/ml. The stock culture of

Selenastrum capricornutum obtained from the National

Eutrophication· Bsearch Program, Corvallis, Oregon is
maintained in the laboratory.

The cultures are incubated for 14 days in a reach-in
incubator (Hotpack Corporation). The temperature is
maintained at 24 + 2°C, and continuous, 400 ft.-c
illumination is provided by 40 watt cool-white fluorescent

lights.

After 14 days, the biomass dry weight is obtained by
filtering the algal suspension through a prewashed
tared Reeve Angel glass filter (AH-934). The filters
are dried for 16 to 21 hours at 110°C then cooled in
a dessicator and weighed.

PRODUCTIVITY/RESPIRATION

Two methods are utilized to estimate productivity and

respiration in the study area. In areas where restricted
flow produces natural or artificial ponding of sufficient

depth, standard light bottle-dark bottle techniques are

used. In flowing water the diurnal curve analysis described

by Odum(7) is utilized.

Light Bottle-Dark Bottle Analyses

The light and dark bottle technique is used to measure

net production and respiration in the euphotic zone of
a lentic environment. The depth of the euphotic zone

is considered to be three times the Secchi disc trans-

parency (3 x Zgp). This region is subdivided into three

sections. Duplicate light bottles (300 ml BOD bottles)
and dark bottles (300 ml BOD bottles covered with electrical

tape, wrapped in aluminum foil and enclosed in a plastic
bag) are filled with water collected from the mid-point
of each of the three vertical sections, placed on a

horizontal metal rack and suspended from a flotation



platform
tothemid-pointofeachverticalsection.The

platformisorientedinanorth-southdirectiontominimize

shadingofthebottles.AnadditionalBODbottleisfilled

ateachdepthfordetermininginitialdissolvedoxygen

concentrations(modifiedWinklermethod).Thebottles

areallowedtoincubateforavaryingtimeinterval,de-

pendingontheexpectedproductivityofthewaters.A

minimumoffourhoursincubationisconsiderednecessary.

Thefollowingequations
areusedtocalculaterespiration

andphotosynthesis:

(1)Forplanktoncommunityrespiration(R),

expressed
asmg/l05/hour

DO

R
=

incubated

whereDOy
=initialdissolvedoxygen

concentration,

and
=

averagedissolvedoxygen

concentrationoftheduplicate
darkbottles.

(2)Forplanktonnetphotosynthesis(Py),
ex-

pressed
asmg/l02/hour

Py.Hoursincubated

where
=

averagedissolvedoxygen
con-

centrationoftheduplicate

lightbottles.

(3)Forplanktongrossphotosynthesis(Pg),
expressedasmg/l02/hour

Po
=

Pyt+
R

Conversionsofrespirationandphotosynthesismaybe

accomplishedbymultiplyingthedepthofeachofthe

threeverticalzones(expressedinmeters)bythemeasured

dissolvedoxygenlevelsexpressedingrams/m5.,These

products
areaddedandtheresultisexpressed

asgrams

05/m2/daybymultiplyingbythephotoperiod.Conversions

fromoxygentocarbonmaybeaccomplishedbymultiplying

grams02by12/32.



Diurnal Curve Analyses

In situations where the stream is flowing, relatively

shallow, and/or contains extensive rooted macrophytes,
the diurnal curve analysis adopted from Odum(7) is

utilized to determine productivity and respiration. Values

for productivity and respiration in grams of oxygen per

square meter per day are calculated with the aid of a

Univac 1106 computer operated by the Texas Water Develop-
ment Board. The program includes options which provide
several methods for determination of diffusion rate

constants as indicated in the program listing which

follows. These options are: (a) calculations from raw

data as described by Odum(7), Odum and Hoskin(8),
Odum and Wilson(9), and Blain and McDonnel(10),

(b) substitution into various published formulas for

determination of Kj, and (c) arbitrary selection of

a value from tables of measured diffusion rates for

similar streams. (11)

HYDROLOGICAL

Parameter

Flow Measurement (1) Pygmy current meter

(Weather Measure Corp.
Model F583) (2) gage

height readings at USGS

gaging stations,

Time of Travel Tracing of Rhodamine WT dye

using a Turner Model 110

fluorometer.

Stream Cross-sections Measure average width and

average depth at each main-

stream station. At least

4 cross-section measurements

are made in the vicinity of

each mainstream station.
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