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Mission Statements

The mission of the Department of timterior is to protect and
provide access to our Nationods
honor our trust responsibilities to Indian Tribes and our
commitments to island communities.

The mission of the Bureau of Reclamation is to manage, develop,
and potect water and related resources in an environmentally and
economically sound manner in the interest of the American public.




Contents

1 0T[5 ox 1o o IO 1
1 11T 1Y/ 1
BACKGIOUNG. ... ..ot e e e e e e e e rmmme e e e e e e e e 1

RESEAICN ODJECTIVES.... it as 5

JLILL= T 1Y, o 11 o] 11T 6
A. Hydrology and Hydraulic Transport MONItOIING ............uuuurueiiiieimeeiiiiiiiiiieeeeeeeeeeee e e 8

R I 00 1] PP 8
N |V =1 o o R TTTPRT 8
A.3. SAMPIING FrEOQUEBNCY: ....eeiiiiiiiiieiee ettt aeeeaaa 8
B. Vegetation SAmPliNG..........uuuiiiiiiiiiiii e 9
o O U [ 010 = PP PP 9
B.2. MEINOUS: ... e e e e e e ereee s e s e e e e e e e e e e e e e eeeeestnnneeeeeeeeeeeeeennnnees 9
B.3. SAMPIING FrEOQUEBNCY:.....uuiiiiiiiiiiiiiii ettt aeeeas 10
C. Macroinvertebrate Sampling..........ooooviiiiiiiiiir e 11
O I U o0 ] = PP PO PRPPPPPPPPPPPPPPPPN 11
O V1= 1 o o £S5 11
C.3. SAMPIING FIrOIENCY ... uutiiiieie e eeeeie et eeae e e e e e e e e e e e eee e emmns 11
D ST o] 5= g To IS =T L1 =T o | € OSSR 12
D 20 R U 0 1 PP 12
D.2. MEBINOGAS: ... . ittt ettt e e e e e e e e e e e e e e e e e e e rmmne e e e e e e e e e e e 12
D.3. SAMPIING FrEQUENCY:.....uuiiiiiiiiiiiiiii ettt 12
E. Water Quality SampPliNg.......cooooiiiiiiiceeee e e e e 12
g O 1 010 =S PP 12
E.2. MEENOUS: ...ttt e e e e e e rrenanae 13
E.3. SamMPliNg FrEOUEBNCY: . ....uuuiiiiiiiiiiiiii ettt 14
F. Endocrine DiSruption BiOASSAYS........cuvuuuuiiiieiiiiiimmeeiiii e e e ee et e e e enme et e e e eeaanans 15
T 100 1S = P 15
e |V =1 T Yo £ USRS 15
F.3. Sampling FreQUENCY......coiiiiiii et e et e e e e ea e e e e e eessmmmees 16



LT I o U] T L] = PO 16
G.2. METNOAS:. ...ttt ettt e e e e e s ennt et e e e e e e e e e e e e s 16
GG N o {<To [V TCT o o Y PP 17

[ TR 1 1= PSP TP TRPROPPPRI 17
H. L WRALNEN ..ot ees bbb e e 17

o T2 YL o | PSSO 18

[ TG T B 1= o T S =T = o (- =T o U 18
B[ 7Y (o 1 (o] £ 1 T 18
Contaminant Fate and TranSPOLL..........uuuui e 19
Wetland Operations and Treatment MeChaniSMS...............uuiiiiceceeeiiiiiiiiiie e eeeeeeens 19
Wetland Health and Habital..............ooooiiiiiiiiec e e 19
] (=] €[00 PP 20



Introduction

Authority

Thismonitoring planwasdevelopedundertheBur eau of RRedadmationy $cierwen 6 s
and Technology (S&TProgram, aswthorizedby P.L. 92149, the Reclamation Act of 1902 and

P.L. 11211, Omnibus Public Land Management Act of 2009. The S&T Program is a
Reclamatioawide competitive, meribagd program focused amsearching and identifying
innovative solutions focomplex watetrelated challenges faced by Reclamation and its partners.
Over the past seven years, Reclamation has provided over $50 million for 800 research projects
that have ld to many important tools, solutions, and improvements in the way Reclamation
manages its water and power infrastructure and related resoGmesfic information about the

S&T Program, including a list of awarded research projects, can be found at:
http://www.usbr.gov/research/scieraedtech/

Background

Growing demands on water resources will require the increased use of treated municipal
wastewater to provide potable water supplies (National Research Council, Zbit@)ghout

theU.S, municipal, industrial, and agriculturalastewaters collectedat wastewatetreatment

plants where it is treated prior to disposal into waterwdsfurther treating that wastewater

and reusing it for beneficial usesatermanagement agencieanstretchexistingdrinking water
suppliesto help ensure that growing tea demands can be met. Water reuse in Texas has been
practiced since the 1800s, with initial uses primarily for irrigation of agriculture. The evolution
of reuse in Texas has seen the range of beneficial uses grow extensively, including power plant
cooling water, commercial and municipal irrigation, river and stream flow enhancement, natural
gas exploration activities, and most recently, augmentation of drinking water supplies.

According to the2012Texas State Water Plan, approximately one millioe-gaet (10 percent)

of Texas 2060 water supply needs will need to be provided through the reuse of reclaimed
wastewater. Most of this will be derived thr
use environmental buffers, either surface or gdwater, to further enhance the quality of

wastewater prior to discharging into a water supply source, vithgiéreceive additional

treatment before entering the drinking water distribution system. This strategy is not much

di fferent thadi Afeopl pohaebdbe reuse projects, a
already occur in any situation where a water user diverts and treats water that emanates from a
water bodywhichreceives wastewater discharges from an upstream water user. Witkelod ca

Apl annedd indirect potable reuse, the user mu
must adhere to Federal water quality regulations.

Constructed wetlands are widely recognized as excellent environmental buffers that enhance the
quality of reclaimed wastewater througteir complex interactiogof physical, chemical, and
biologicalprocesses that reduce concentrations of suspended solidsntsiilissolved organic
carbonyolatile organic compounds, biochemical oxygen demand, anfdroolbacterigWalton
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et al, 200Q Barber et al. 200Keefe et al. 2004; Kadlec 2009)n the United States, it has been
shown that many organic contaminants present in munisigstewatetreatment plant

(WWTP) effluentare alsovidespreadn surfaceand groundwaters that receive WWTP
discharges (Kolpin and others, 2002; Barnes and others, 2008; Focazio and otherQr008).
the issues of concern is the potential for estrogens and other endocrine disrupting chemicals
(EDCs)in WWTP effluent to eliét adverse ecological or human health outcondebl{ng and
others, 1998Sumpterand Johnsar2005; Ankley and others, 2007; Vajda and others, 2008;
Barber and others, 2011A number of chemicals widely present in WWTP effludimsluding
steroidal hormones, alkylphenol nonionic surfactant degradation products, bispheatlral
product$ have been shown to cause reproductive impairment in fish (Barber and others, 2007;
Vajda and others, 2011).ikewise, it has been recenjrown at the operational scale, that
advanced treatment can remdf@Csas well as endocrine disrupting effects in exposed fish
(Johnson and Sumpter, 20@arber and others, 2012).

It is important © address the issue BEDCsin treated WWTP effluents drevaluatethe potential

of uang environmental bufferssuch as treatment wetlands, aresourcananagement todb

further attenuate their concentrations and potential ecosystem and human health impacts
Funding wasnitially provided by the Bureau ofdRlamation in Fiscal Year 12 tdentify a
preferred location to demonstrate innovative treatment wetladésigned to enhance the
removal of EDCs and other biologicalf¢tive consumer product chemicals including
pharmaceuticalsFive locations were eluated using screening critevidich encompasseal

wide range of technical and non technical issues, including costs, constructability, and
sustainability. The preferred locatioecommendedbr implementation of a demonstratignale
project isat the Gty of Waco, Texas WWTRWaco Demonstration Wetlarfd)The City of

Waco WWTP is part of th&/aco Metropolitan Area Regional Sewerage SyqARSS), a
joint wastewater treatment effort by the cities of Bellmead, Hewitt, Lacy Lakeview, Lorena,
Robinson, Viico and WoodwayThis monitoring plan represents one of two products submitted
t o Recl| anf@togramnOdfice asSdkliverables using the FY 12 funding. This monitoring
plan also supports the proposal recently submitted to Reclamation for construction funding in
Fiscal Year 13.

The desigrof this wetlandvas developetlased on an iterative hyalogical/physicochemical
process (Barber and others, in prEpdptimize naturahttenuation mechanisn(iseefe and
others, 2004aKeefe and other2004b; Bradley and others, 2Q@tadley and other2008
Bradley and other£010; Writer and others, 20&1Writer and others201b; Writer and others,
2012). The site design (figure 1) consists of a four compartment wetland-(agtencell A,
subsurface floveell B, turbulent stream flowell C, andhummockhabitatcell D) incorporaing

a sequencef speciic features to promote photolysis, sorption, biodegradatiolatilization,
chemical transformations, solute mixing, and interastwith vegetation communities to
optimize removal pathway3he sequence of independent cells allows for the determiraition
where, when, and how the specific functions occur in the natural wetland systems. While several
different functionsan occuin the same space at the same tfnge, nitrification and
photolysis), only by effectively monitoring the inflow and outikof each of thevetlandcells
as well as internally within the cellsan we gain insight into these hydrological and

! Bureau of Reclamation and USG2012. Demonstration Project Alternatives Analyislanovative Constructed
Wetlands for Attenuating Endocrine Disrupting Compounds from Reclaimed Wastewater
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biogeochemical interactions. In addition, there are niateyactiondetween vegetation, biota,
climate and hydraulic transport characteristics that also are important factbesermmininghow
different types of chemical constituents are assimilated, broken down, and attenuated in the
wetlandwater column.Overall, inderstandinghe operative mechanismassociated with aquatic
system conditions (physical configuration, biogeochemical interactiongtlandds essential

to managhg water reuse projects a safe and sustainable manner
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Figure 1. Waco Metropolitan Area Regional Sewerage System (WMARSS) Constructed Wetland Site Plan, 30 Percent Design Completion




Research Objectives

This documenestablisheshe basidydrological, chemical, and biologicalonitoring plan
necessary to collect the performance data required to determine how well the innovative
constructed wetlantheetsdesign objectivesf attenuating EDCs and endocrine disruption
effects The monitoringplandescribed hereirs necessary for acquiring the data needed to
characterizevetlandstartup conditionsevaluate attenuation functiorss)d to generate a
comparison dataset for the evaluation of treatment performanceasttaedsystemmatures
Althoughmorespecific research studies to explore treatment mechanisms are warfayede
beyond the scope tiiis monitoring planwhichlays out the minimum framework needed to
answer the research queston

1. What is theoverallperformance efficacy dheconstructed wetland in attenuating EDCs
from municipal wastewater treatment plant efflient

2. How do different design featurgsthin the cellsattenuate EDCs and other important
constituent®

3. How does seasamnd vegetation coveragdfectwater chemistry and biological activity,
and thusattenuation?

The objective of this project arentendedto addresgriority researclguestionsdentified bythe

Texas Water Development BogffWDB) as stated in the Texasatér Reuse Research Agenda
(TWDB,2011) namely AUnderstanding the role of env
indirect potable reuse projectso and AEffect.i
wat er .qTheademonsyraiion wetlandsign and monitoring plan wedevelopedy the

U.S. Geological Survey (USGS) and the Bureau of Reclamatitim support from Baylor
University,based on their collective experience with wastewater treatment wetlands at various
locations throughout the wiesn U.S.(Rostad and others, 2000;r&ais and others, 2000; Keefe

and others, 2004a; Keefe and others, 2004b; Barber and othersBa@tdr, and others, 2006;

Keefe and other£010). Two Tiers of monitoring are presented.

TheTier | monitoringplan focuses orevaluating theyeneral performanaef theinnovative

constructed wetlandnd serves as the basis of the Fiscal Year 13 funding request to

Re c | a m&&TiPmgrains The monitoring program begins with baseline sampling conducted

at the completion of the construction phasewaitidcontinue for three years (i.e., three full

growing seasons) as the initial vegetation establishes and mafige$ sampling ncludes

studiesonthe effects of hydrology, chemistry, and biolagyattenuating general wastewater

constituents, surrogate parameters, and indiégd@s and endocrine disruptiom vitro andin

vivo bioassay responsesll be targeted for advancedan ysi s of EDCs at the v
and outflow

TheTier Il monitoringplan identifiesadditional, more focused research opportunities that may
be exploregpendingadditionalfundingthat are considerdaeyond the scope oféfTier |
monitoring program PotentialTier Il investigatiortopics includecontaminant fate and
transportwetland operations and treatment mechanismag wetland health and habitat.



Supplemental research may include additional biologieadtwwe compounds, toxicity studies,
macroinvertebrat@analyses for EDC concentratioas, well asadditionalin vitro andin vivo
bioassays Tier | monitoringactivities will be leveraged during Tier Il activities tactis targeted
research project® better understand mechanisms of attenuation of EDCs by various wetland
design features.

Tier | Monitoring

This sectiorpresents thgeneral performance evaluation plan for the Waco Demonstration
Wetland asonceivedat the 3(Qpercentdesign stageThe monitoring program begins with

baseline sampling conducted at the completion of the construction phase and contithmes for
years (i.e.three full growing seasohfllowing the initial vegetation establishment. This is the
minimum monitoring perid required to evaluate treatment performance because of the length of
time it takes for the vegetation and geochemical conditions to estéhdigirisand others2000;
Keefeand others2010) The schedule of monitoring tasks is presentethinle 1, wih specific
descriptions of the monitoring task in the following sections.

It is important to note that uncertainties currently exist regarding the type®acehtrations of
EDCs present in the existingastewatestreamso before Tier | monitoring begithe
following procedure will be performed to confiraselected list of EDC indicators:

1. Identify EDC Parameters using HistoricalWastewaterData: Evaluate existing
records tadetermine whickEDCsare detected amat whatlevel/concentration.

2. ldentify Other Pollutants of Concern: Evaluate existing records verify that the
indicators used in Tier | monitoring are representative of detected constituents and
include priority pollutants identified in the Texas Surface Water Quality Standards or
thosethah ppear on the United State Environment
Candidate List JUSEPA CCL3).

3. Validate EDC Occurrence with Preliminary Sampling and Analysis Program:in
order to determine the current concentrations and distributions of B @is be
necessary to conduct preliminary sampling and analyses using currently available
analytical methodologiedf the indicator list needs to be modified to include additional
contaminants of emerging concern (CE@Ennew activities need to becluded as a
Tier 1l study.



Table 1. Schedule for monitoring the Tier | parameters at the WMARSS Treatment Wetland. This illustrates the first year of the three year study, but subsequent years will be similar. Monitoring will be performed by WMARSS, USGS,
Reclamation, and Baylor University.

Monitoring Tasks 1 Month 2 Month 3 Month 4 Month 5 Month 6 Month 7 Month 8 Month 9 Month 10 Month 11 Month 12 Month
A. Hydrology and Hydraulic Transport
1. Hydrology
a. Inspect pump and weir boxes D|D
b. Inspect water depths in all cells D|D
c. Influent/effluent flow rates D|D

2. Hydraulic Transport

a.Baseline & Biannualuacerress M | | | | [ [ [ [ [ [ [ [ [T [ T[] [T [ M ITITTIITITTITITITTIITTTT 1]

B. Vegetation

Plant Inspection - general D|D

Plant stem density, diameters, lengths

Areal vegetation coverage

Plant biomass measurements

Plant uptake analyses

C. Macroinvertebrates

Collection for ID & enumeration

Macroinvertebrate uptake analyses

D. Soils and Sediments

Sample collection from cells A, B, and D
Soil analyses

E. Water Quality

In-situ water analysis - MiniSondes, ifavailable |D | D |D |D (D |D|D | D|D|/D|D|D|(D|D|D(D|D|D(D|D|D D|D/D/D/D|ID/D|/D|D|D|D|D|(D|D|D/ D|D/D|/D|D|D|D|D|(D|D|D|D

General wetland constituents

Surrogate parameters

Indicator EDCs

F. Endocrine Disruption Bioassays

In vitro assays
In vivo assays

G. Data Analyses

Data updates
Statistical testing

H. Other
1. Weather D|D
2. Wildlife management D|D
3. Nuisance vegetation removal D|D
4. Debris management D|D

Note: Schedule based on time since operational start up.
Colored Boxes indicate monitoring task ® firerformed during that monti&lank boxes indicate no monitoring.
D = Daily during that week.



A. Hydrology and Hydraulic Transport Monitoring

A.l. Purpose:

Monitoring of water levels and flow rates treatment wetlands is essentmbetermine

hydraulic retention timefHRT), hydraulic loading rateHLR), and subsequerbnstituent
removal rates. Maintaining appropriate water levels and flow rates isrdisal for protecing

the health and survival efetland vegetatioandto ersute that piping and structures are
maintained Quantitative hydraulic characterizationgl be established using tracer
experiments involving conservatiyeonreactive)tracers to determine actual hydraulic retention
times and critical transport prapies for each treatment unit (Keefe and others, 280Rdefe

and others2010). Required information includes design, construction, and initial fill volumes
for the total system and the individual treatment uritesign volumes are calculated from
desgn drawings (Figure 1)Construction volumes are collected from measurements -@nchit
fill soil volumes during wetland constructioffhe initial fill volume is a measurement of the
initial volume of water needed to fill the wetland.

A.2. Methods:

Speific sampling locations and time intervals will be determined from the final design.
Hydraulic tracer testing using a conservative and reactive tracdir@reideandrhodamine
WT) will be done once the wetland is fully operational and the floatsseadystate Follow-up
tracer experiments will be conducted at the beginning and end of each growing season.

Discrete timeseriessamples and #situ fluorescence measurements will be collected at the
outlet of each wetland cell compartment. Analytio&lasurementsf tracers willoe completed

by ion chromatography and fluorescence atiB&SNational Research ProgratdSGSNRP)

in Boulder, Colorado.The duration of the tracer espment will be approximately fiverhes the
calculatechominal hydrauliaetention time. The number of samples collected will be dependent
on the finalized plaibut typically, samples are collectedl one to fouhourintervals. Methods

will generally follow those employed i§eefeand otherg2004s, 2010) andBrooksand otlers
(2011)

A.3. Sampling Frequency:

1. Baseline Once the wetland is fully operational and the flow is consistie@initial
hydraulic characterizatiowill be performedo determine actual hydraulic retention times
and critical transport propertiésr each treatment unifThis initial step to characterize
baseline conditions of the various treatmeeitsis essential for subsequent compargson
of Tier | results by season, year, and location within the wetland.

2. Continuous: Devices for continuouslgneasuringvater flowat hydraulic control boxes
will be deployed, maintainednd data downloadeahd collatedn a regular basis.

3. Daily:

a. Inspect inlet and outlet pumps and weir box to ensure pragter flowdelivery:.
Cleanand/or adjust as needed. Noteservations and modifications

b. Check to ensure water level is maintained as desifgmedl sections, including
the subsurface flow and stream charoadls; if waterlevels are too high or low
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adjust as appropriatémproper water depth is often thancipal culprit for the
failure of constructed wetland systenidote cause of instability anécord
adjustments.

4. Biannual: Biannual tracer experiments (timed to coincide with the beginning and end of
the growing season) will be conducted for threayéallowing initial vegetation
establishment and will be coordinated wiiannualvegetation samplingnd Lagrangian
water sampling (Barber and others, 2011)

B. Vegetation Sampling

B.1. Purpose:

Aquatic vegetation is an important component of any weth@sduseot onlydoes it provide
aesthetics andariouswildlife habitattypes butit is actively involvedn a number oEomplex
water quality functiongBrix, 1994; Tanner, 200l Vegetatiorcharacterizationhealth,
coveragegrowth, density, biomass dtissueanalysesdataareessentiafor evaluating whether
awetland system is working optimalhyAt this site, sbsequenbiannualor annualegetation
assessments will be made using baselatafor comparisos.

While samplingof vegetatiorbiomass, density, and tissue analys@simportanasquantitative
measuremenipercentvegetation coverage is important for evaluating plant establishment and
determininggrowth patterngKeefeand othes, 2010) Percentoverage can bestimatedat

ground leveby an individual to obtain general coverage d&tawever, br a more accurate
methodof measurindarge wetlanescalevegetatiorgrowth patternsaerial photographfy b i r d 6 s
eye view) usingseayraphical Information Systel&IS) analysiss necessary to quantigyeal
vegetation coverage datRercentoveragadatawill thenbe compared by season and years
throughout the project

B.2. Methods:
1. Examine plants for general health (i.e., height, robustness, color, flowers, etc.) and for
stress (i.e., wilted, chlorotic) or damage by animals, insects, or dissas®ed
observations. If problems are noted, contact the wetland manager for remediation.

2. Vegetation percent coverage will be estimated from ground level by the same validated
biologist each time, as objectively as possible.

3. Count the number of stems/culms within three randomly placed 0.0686atrats
within vegetated zones in each of céllsB, and Dand record;

4. Measure the diameters and lengths of 10 representative stems/culms within each of the
guadrats.The stem/culm diameters will be measured at their base as they emerge from
the gravel substrateRecord all measurements.

5. Extract the entire plant biomass from within the quadrats. Separate the plamitparts
above and belowground sections being careful to rinse off all sediment and rocks, place
each section into separate labeled paper bags, dry for 48 hours at 38fCnor further
weight loss occurs, weigh each portion separately, and record.



6. Separate three additional representative plants of each tof bleedeterminedpecies,
into above and belowground sections (similar to the biomass samples), place in labeled
secure plastic storage bags; keep casiid to an agriculturalnalytical laboratory such
as Col orado Y€sUjSeil, Water ancePlast Lalapry ESWPL) for plant
elemental analysis. Plants will be analyzed for their nutrient concentrasiovs|aas
other constituentselectedy project stakeholders.

a. Sendto an analyticalantl abor at ory, such agsla@SUGs SW
analysis ohitrogen (N), phosphorus (P), potassium (K), calcium (Ca),
magnesium (Mg), sodium (Na), Iron (Fe), manganese (Mn), copper (Cu), zinc
(Zn), boron (B).andnitratenitrogen (NQ-N) content

7. Aerial photographynaybe taken biannuallysing true color and infrad-imagery
contingent upon fundingThe imagesvill be plotted ongeareferencednapsusing
ArcGIS software to obtainesial plantcoverage. Data will be usedaorrelatingplant
coverage with plant biomassater quality and hydrology

B.3. Sampling Frequency:
1. Baseline:Will occur at the time of plant installation into the wetland cells.

a. Record plant spacing during planting. Typically plants are planted-amch8o
4-foot centers. Initial plant density will be calculated according to planting
specfications, thereafter, as number of plants per square meter (# pfnts/m

b. All methodsB.2.1-6 above will be performed for baseline monitoring with the
exception that unplanted representative plants will be sampled. This will ensure
data gathered represen t he pl antso initial heal t h p
wastewater.

2. Dally:

a. After plants are planted (installed) in the wetland planting beds, plant survival
should be checked daily for the first two weeksdescribed in methoés2.1
above.

b. In addition, remove all invasive, undesirable plant species by pulling out the
entire root system as soon as it is identified as undesifadlaying weed control
efforts will increase the cost of removal significantly

3. Weekly: Beginning two weeks after pléing:

c. Check to ensure water level is maintained as designed in all sections, including
thesubsurface anstream channel;

d. All daily monitoringabove(methodsB.2.1) extends to weekly monitoring.
4. Eight weeks after planting (theplant establishment period):

e. Plantswill be inspected to determine whether 80 percent of each plant species
installed has survived

f. If less than 80 percent of the installed plants have survived, notify the plant
contractor so dead plants can be replaced, as specified in the ptamtirayt.
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5. Monthly: After the eightweek establishment period, with at least 80 percent survival of
each species, the following task must be deveryone totwo montts (depending on
need) until conclusion of the study:

g. Perform vegetation managemaemnid/or detrital removdb prevent short
circuiting and maintain a uniform flow pattern over the cells.

6. Biannual: MethodsB.2.1-4 and B.2.7abovewill be donebiannually (spring and fall)
during the same time as the hydraulic, water quality, macroinvetégland endocrine
disrupting bioassays monitoring. Timing of the sampling will coincide with the end of
plant dormancy (spring) and at the end of the growing seasonufiilithe conclusion
of the study.

7. Annual: MethodsB.25 andB.2.6 abovewill be done annually each fallhen plants are
mature.

C. Macroinvertebrate Sampling

C.1. Purpose:

Macroinvertebrate sampling provides an additional tool for evaluating the health and proper
functioning of a wetland system. Taxonomic inventories can idengafgmguality issues by the
species present, while chemical analyses of the macroinvertebrates can detect constituents of
concern concentrating in thgota of thewetland.

C.2. Methods:

1. A composite samplesomprisedf at least five sulsamples, will be allected from each
wetland cell to characterize the initial macroinvertebrate community composition within
each treatment unit. The individual sub samples should be collected from representative
locations along the edges of the pond and vegetated aseagthe iminute kick
method with a Eframe net (7088 0 0 & m BEadah somposite sample will be
enumer ated and identified to theforhowest pr
taxonomic inventory

2. Collect five gramgif possible)of macranvertebrates from each wetland cell. Place in
secure plastic storage bag labeled bags, keep cool, and send to an analytical laboratory
(U.S. Geological Survey National Water Quality LaboratdfyQL, or Baylor
University) for analyseef constituents setted by stakeholders.

C.3. Sampling Frequency:

1. Baseline:One month after the wetland beconmady operational and the flow is
consistent, dseline samples of the initial macroinvertebrate community will be collected

2. Biannual: macroinvertebrateampling willoccur concurrently with other biannual
sampling and will uséhe same protocol as the baseline monitoring.
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D. Soils and Sediments

D.1. Purpose:

Wetland soil is another important component of wetlamation. Soil chemistry significantly
impacts plant growth and establishment but also serves as a sink for sorptasforus and
various compoundsncluding EDCssuch as alkylphenols, estrogen, and bisphenol A (Ying and
Kookana, 2005) Thereforecomparing thenitial soil characteriz@on data withsoil data
collectedovertime helps to explairthe pathwaysomeconstituentsakewithin the systemAt

this site, annual sodssessmentsill be compared to initiabaselinedata.

D.2. Methods:

1. Collect composite surface soil samp{egnimum of 5 subsamples composited into a
single sample) from the top 10 cm within each major design feature and place in labeled
sample containers; keep cool;

2. Send to an analyticabilslaboratory s uc h as fGr$%uUtidesoilsavdRdis,of
pH, dectrical conductivity (EC), lime estimate, percent organic matter (%0OM), sediment
organic carbon, N®N, P, K, Zn, Fe, Mn, Cu, B, Ca, Mg, S, Na, As, Se, and Hg content.

D.3. Sampling Frequency:

1. Baseline samples of the surface sediment layer wiltbkected during the initial
baseline period and analyzed.

2. Annual: sampleswill be done like baseline sampling each fall for the duration of the
study.

E. Water Quality Sampling

E.1. Purpose:

Daily flow data andveeklychemical analysisesults will be usé to evaluat®verall wetland
performance.This frequency of sampling will capture variationdMWTP andwetland
operation including inflow rates and individuedatment uniperformance.Wetlandtreatment
efficiencyand contaminant removean be calalated réative to changes in flow rateyflow
compositionhydraulic retention timepresence or absence of vegetation, topography of the
wetland compartmentaind seasonality

Full monitoring of the fate of EDCs in the wetland system reqainesyzingnumerous
compounds using a variety of analytical techniqueamples will be analyzed for the spie
indicator EDCs listed in dble 2 using methods described in Barber and others (2000) and
Foreman and others (2012)hese analyseacludegas chromaigraphy/tandem mass
spectrometrywhich provide aompound specific, pagertrillion analysis for the predominant
contaminants responsible for endocrine disruption.
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To simplify thechemicalanalysis ofEDCsandallow for a greater number of sampled®
analyzedsurrogate parameters aotherindicatorchemicalswill be used fothis assesment
(Dickenson and others, 200Benotti and others, 2009; Dickenson and others, 20ddicators
and surrogates kabeen used iIWWWTPs to evaluatéhe relativeoccurrence of certain
compoundsandtheir behaviorreflecing the efficacy of a given type of treatmeBehottiand
others 2009. Using this approach supports geatial collaboration withTier Il studies while
offering sufficient information to assess the general fate and transport of EDCs through the
wetland.

The EDC ndicators defined for this projeatespecific chemicaused to evaluat&ate and
transporthroughthe engineered wetland sgst. Indicatorcompounds were selected due to
their categorization as EDCs, availabilitf/suitable analytical methods, andcurrence on the
USEPA CCL3 list. Two additional EDCs not on tHéSEPACCLS3 Listalsowill be monitored:
Bisphenol A and 4onylphenol TheU.S. EPA has recently establishtedicity-basedaquatic
life water quality criteria fod-nonylphenol (U.S. Environmental Protection Agency, 2085y
it has been shown to have advesffects on endocrine functigBistodeauvand others, 2006;
Schanfuss and others, 28Ppandbehavior (McGee and others, 2009).

A surrogate is a parameter that can serve as a performance measure of treatment processes that
relates to the raoval of specific contaminangndprovide a means of asssing water quality
characteristics without conducting difficult tracentaminant analysis (Dickenson and others,

2009). Surrogateanalysedor this studywill focus on théoulk characterization adissolved
organicmatterin the systemrad will be comluctedduringbaseline anthiannual monitoring

events

E.2. Methods:

1. Hourly in-situwater quality parameterscluding water temperature, pH, dissolved
oxygen,and conductivity, will be measuredt t h e weandatthe éndlséachn| et
major treatment cell usingn-line multi-probe water quality data loggerghe
instrumentswill need to be serviced and their data downloasedkly (at time of sample
collection)

2. As part of the baselin@aterquality determination, samples will m®llected at the inlet
and outlet of the wetlands during the initial planting peridte following steps include:
1) collect a grab water sample as it is delivered to the new plants; 2) preserve as needed
for the various analyses and/or keep cool; grdi@& to analytical laboratory for analyses
listed in Table2.

3. Grab samples will be collected weekly from the wetland inflow and outflovireend
Wetland General Constituentiss(ed in Table 2will be analyzedAll samples will be
collected on the same dafthe weelkat the same time each d&yeeklysampling
should continue throughout the entire monitoring period.

4. Endocrine disrupting chemicalgll be assessed-annuallyin conjunction with tracer
testingfor evaluation of wetland performance to provide feedback for operating
parameters and overall wetland design. Water quality samples will be collected from the
inlet andafter each major treatment unit Watgrality samples will be analyzed for the
parameters listed in Table 2.
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E.3. Sampling Frequency:

1.
2.
3.

4.

Baseline Include all monitoring described abofrem wetland inflow and outflow
Continuous: Multi-probe watewquality data.

Weekly: generalconstituents (se€able 2) will be collected at the wetland inflow and
outflow locations.

Biannual: performed concurrently with the vegetatimd hydraulic monitoring. Water
samples will be collectefilom sevenn-situ locations within the treatment wetland; at the
inlet, after each major treatment unit, within each major treatment unit, and at the outlet

and analyses faNetland General ConstituentSurrogate Parameteemd Indicator
EDCs (see Table 2yill be perfamed Bi-annual sampling should continue for a
minimum of three full years.

Table 2. Baseline, weekly, and biannually collected water quality monitoring parameters.

Monitoring Parameter ‘ Monitoring Frequency

Wetland Inflow and Outflow to Each DesignFeature

Waterflow rates ‘ Continuous from start of wetland operation
Continuous Water Quality Monitoring 1 On-line multi-probe data logger

pH Hourly during baseline and biannual samplin]
Temperature events or ontinuougy from start of wetland

, operation if instrumens are available.
Dissolved Oxygen (DO)

Specific Conductance

Wetland General Constituentsi Weekly

Total Dissolved Solids (TDS) Onceat the designated time of baseline

Total Suspended Solids (TSS) sampling, then weekly at wetland inflow and

— outflow. For biannual sampling, samples wil
Alkalinity (CaCG;)

be collected at all sampling locations.
Turbidity, in NTU

Total OrganicCarbon (TOC)

Unfiltered UV transmittance (UFT), in %

Nitrogen serie$ NO,-N, NOs;-N, TKN, NHz-N

Orthophosphate

Boron

Surrogate Parametersi Biannually

Dissolved Organic Carbon (DOC) Onceat the designated time of baseline
Full Scan UV transmittance (200800 nm) sampling, then biannually at all sampling

3-D Fluorescence Spectroscopy locations.

Indicator EDCs i Biannually

Bisphenol A Onceat the designated time of baseline
4-Nonylphenol sampling, then biannually at all sampling
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Equilenin locations.

Equilin

1 7-Ektradiol

1 7-Bstradiol

Estriol

Estrone

1 7-Ethinylestradiol

Mestranol

Norethindrone

Progesterone

F. Endocrine Disruption Bioassays

F.1. Purpose:

Each biannual sampling event wlléincorporatel into targeted bioassays t(t) evaluate the
endocrine disruption and modulation potential of the treatment wetland influent and effluent,
(2)assess attenuatiarf endocrine disruption and modulation potential as a function of treatment
units, and(3) define initially the influence of season on endocrine disruption and modulation
potential (Rodger&ray and other200Q Brooks and other2003 Hemming and othey2004
Martinovic and other2008).For examplein vitro andin vivoassays of estrogenic activity have
been widely employed to assess effluent quality (Brooks and o293 Huggett and otheys
2003 Pawlowski and othey2003 Sapozhnikovand others2005 Schlenk 2008 Wehmas and
others 2011, Xie and others2005). Sensitivity of varioum vitro andin vivoassays inevitably
can differ among various EDCs (Thorp and oth2@3 Dobbins and othey2008). However,
severain vitro assgs of estrogenicity (e.gY,east Estrogen ScreedkS), MCHF, T47D

KBIuc) appear quite useful for monitoring effluent activiity diagnostic purposes within
different components of the wetland system proposed here, though each assay inherently
possessestrengths and weakness&spozhnikovand others2005 Dobbins and othey2008
Schlenk 2008).

F.2. Methods:

A robustin vitro assay(e.g.,YES, MCF7) was selectefbr more routine monitoring afach
component of the wetland systelaring each seasonn situstudies with sexually mature
fathead minnows represent robust approaches to idémtifyo responses to EDCdn the
present study, we propose to expissituadult fathead minnowat the inflow and outflovef
the wetland system for aday period during late summer and late wint&hese two study
periods are intended to characterize conditions with differential macrophyte biomass and
temperature regimed-ollowing this exposure period, plasma vitellogeninkéiotestosterone
and 17Bestadiol levels, gonadal and hepatic somatic indisesondary sexual characteristics
and gonadal histopathologyill be assessed follawg commonmethodgBrooksand others,
2003 Vajda and others, 2008, 2011

15



F.3. Sampling Frequency:

1. Baseline Thisapproach will allow us to provide baseline information to evaluate the
efficacy of internal attenuation processasdis consistent with the recent reviewiof
vitro andin vivo monitoring assays by theationalResearciCouncil (2012)report on
Water Reise. Further, it is anticipated that informatamilectedin Tier | will provide a
reasonable baseline for more intensive monitoring and targeted researchistlicied

2. Biannual: Though it is ideal to couple suahvitro assays within vivoresponsg through
caged or other exposure designs (Schl2ak8), the scope of this baseline monitoring
effort will only allow for couplingn vitro andin vivo measures of endocrine function in
fish models twice per yedspring fall) for the wetland influentrad effluent.

G. Data Analyses

G.1. Purpose:
The creation and maintenance of a monitoring databassessary for the documentation of

monitoring data results and observatiohsnonitoring databaseill be createdo archive the
results from thenonitoringprogram It will document general observaticamsdincludedata

from flow metersin-line waterquality monitorsas well asampling events performed during
targeted research studidswill be used as a library tstore angrovideinformation for wetland
performanceand records of wetland event$e monitoring database will be used to assess
wetland performance over the monitoring period through a number of statistical evaluations

G.2. Methods:

1. Data Quality: Monitoring data will be comared to previous monitoring events and
historical city data to address laboratory/operator error in analysis or entering data into
the monitoring databasdata tagged in this quality assessnamdquality control
review will be excluded or noted in tls@tistical assessments.

2. Statigical methods are categorizadd proposed tanswer the proposed research
guestions:

a. What is the performance efficacy of constructed wetlands in attenuating EDCs
from municipal wastewtar treatment plant effluent?

I.  Toassess the overall wetland performamiea will be evaluated and
compared to the null hypothesis scenario, which is the current Waco
WWTP effluent. Statistical methods that can be employed in this
assessment include:

1. Descriptive statistics to describestimdividual WWTP effluent
and wetland effluent data sets (such as thkarmmin, max, sum,
etc)

2. Direct comparison through the use of empirical statistics such as t
tests to verify the null hypothesis.
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3. Cumulative frequency to describe the number of evianighich
the wetland attenuates EDCs when compared to the WWTP
effluent.

b. How do different design features within the cells attenuate EDCs and other
important constituentsAnd how does season and vegetation coverage affect
attenuation?

I.  To assess the afteation potential of individually designed wetland cells
and wetland conditionsnonitoring data will be evaluated between
subsequent intawetland sampling points. For instance, hydraulics,
vegetation coverageyusogates, and bioassays in conjunctiorhniaDC
indicator measurements, can be used to evaluate conditions in which the
wetland system has favorable potential for EDC removal. These
conditions could be evaluated by a number of statistical methods
including:

1. Data set comparison tests to obser@gations between wetland
cell attenuation such as chi square or ANOVA tests

2. Data correlations and similarities using statistical methods such as
spearman correlations, simple/multiple regressions, and factor
analysis.

3. Additional grouped indications oftanuation may also be
observed through factor or cluster analyses.

ii. By classifying the optimal wetland conditions through the combined areas
targeted in the wetland monitoring protocol, potential mechanisms for
each treatment cell may be evaluated. Infdiomeon design, operation,
and maintaining these conditions can be used to evaluate the current
engineered system and be transferred to various wetland system designs.

G.3. Frequency:

1. Baseline: Baseline observations and sampling results will be recorded at the time of
baseline monitoringThe template in which baseline results are entered will serve for the
template foweeklyand biannual data additions.

2. Weekly/Biannually: The monitoring datadse will be updated monthly with continuous
monitoring data and biannually to record data collected during comprehensive biannual
sampling events. The database will be assessed for consistency in sampling and
monitoring plan parameters after biannual esebiata analysis will be performed on the
database upon completion of data entry for betkklyand biannual time points.

H. Other

H.1. Weather
Duringthe monitoring period,ally temperatures, winshtensity and direction, and precipitation
datawill be collected frontheWaco Weather tation located 5.5 miles southwest of the site
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Cottonwood Creek Golf Course (5200 Bagby Avenue Waco, TX 7§s&#)
http://texaset.tamu.edu/datepitstn=85&spready7

H.2. Wildlife

Due to the wetland location and its proximity to the Brazos River, wildlife, especially birds, will
be attracted to itlf nests ofmigratory or otheFederallyprotectedbird species are psenton

the wetland aggregate among the desirable wetland vegetation, then particular care must be
made to allow the eggs to hatch and fledglings to fly befestructive samplingileaning out

or otherwise maintaining the areacurs

If the wildlife, or their activitiesis found to interfere with the proper operations of the wetland
cellsor to significantly impact the water, then care must be taken to discourage them from using
the area.Possible techniqudsr deterring bird or wildlife usage could include netting tresaar

using sound systemst trapping and removingThe US Fish and Wildlife Service (USFWS)

should be informed regardiradl techniques used to deter wildlifét least weekly, check areas
surrounding the wetland for evidence of animetivity.

Mosquitoabatement either through the use of mosquito fish and/or the periodic application of a
biological larvicide to surface waters of the habitat zone shoutdf&deredn an as needed

basis ifmosquitoedecome an issue. Chemical pesticides will be faidmddue to the impact

the chemicals will have on evaluating wastewater chemicals moving through the wetland system.

H.3. Debris Management

The wetland will be inspected weekparticularly at the inflow and outflow aredsr problem
accumulations of datus and debrignd dispose of appropriatglyecord the frequency of
cleaning and amount removed each tirB®jdence of internal clogginguch as water ponding
on the surface of the subsurface flow hed# be recorced

If the wetland site is used as an educational facility providing public tourswitesdy
monitoring and cleatp of trash and waste products should be performed.

Tier 2 Monitoring

As noted aboveTier Il monitoringidentifiesadditional, mordocused research opportunities that
may be exploregendingadditionalfundingthat are considerdoeyond the scope of the Tier |
monitoring program.Tier Il activities represent an important consideration becidugse
treatment wetland design also shoatténuate othdriologically-activeEDCSs such as
pharmaceuticaland personal care products (Boxall and otl#042 Brooks and other2009;
Brooks and other2011;Painter and others, 2009; Schultz and others, 2Gdyever studies

to investigatesuch contaminants are beyond the scope of this prelimifigayl monitoring
program Additional focused studiesill be pursued through other funding agreements and
partnerships with local utilities, and state and national agen€lesse studiesrganizedby

major topic,might include but are not limited tahe following:
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Contaminant Fate and Transport

1. Contaminant fate and cycling coupled witbatment model rate calibration
2. Nutrient fate and removal

3. Perform comprehensive toxicity identification evaluations of EDC and other CEC
removal throughout the wetland system usimygitro andin vivobioassays (Desbrow
and others1998 Snyder and other2001 Brooks and other2003 Huggett and otheys
2003)

Wetland Operations and Treatment Mechanisms

1. Supplement this study with additional research on the wetland sisevelop an
advanced understanding of factors (gphotolysis, adsorption, biotransformation)
influencingthe seasonalate and transpodf specificEDCsand other CECs.

2. Engineered wetland design modificatidadurther optimize various functions

Wetland Health and Habitat

1. Plant tissue analysis to lookEBDCs, and other CE€(including Se, As, and Hg as
potential toxins to wildlifepccumulation irplants

2. Adult macroinvertebrate emergence from specific wetland zones and tissue analysis for
bioaccumulation and trophic transfer of EDCs and othersEBCluding Se, As, and Hg
as potential toxins to wildlifen various macroinvertebi@ instars

Additional wetland research topiost mentionedabove butdentified as importarity partners
and stakeholdensill be pursuedhrough other funding mechanisnatentialpartners include
the City of WacoBaylor University USGS ReclamationU.S. Environmental Protection
Agency,WateReuse Research Foundatemd Texas WateDevelopmenBoard
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