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ABSTRACT

COMPARISON OF PHOSPHORUS FORMS AT DIFFERENT
SPATIAL SCALES AND ASSESSMENT OF AN
AREA-WEIGHTED RINDEX TO MULTI-FIELD WATERSHEDS

Nicholas A. Reckinge

Phosphorus from agricultural runoff is a major concern to the quality of our water
resourcesPhosphorus in runoff is made apsediment bound P and soluble IR.many
watershed studies, particulate phosphorus (PP) is the dominate form of P. Hpaster
monitoring of rural streams in the Lower Fox River-$asin in northeastern Wisconsin
hasfoundmean concentrations of dissolved phosph@DB) represenihg from 4% to
75% ofthetotal P (TP) concentrationThis study was conducted to better ereland P
formsin tributaries of the Lower Fox River, to determine how theffiaBtion changes
along a flow path at different scaJesd to assess the Wisconsin Phosphbrdex (WI-

P1) on multHield watersheds the Apple Creek watershed

Automated ronitoring stations were installed on four Lower Fox River tributaries in
September of 2003. Three water years of event andldowsamples were collected and
analyzed for total suspended solids, TP, and DP. In conjunction with the automated
monitoring $ation, event grab samples were colleatedr peak flovat 11 multifield

(0.25 to 2.5 krf) andfour integrator(12 to 87km?) sites in the Apple Creek Watershed.

Across the four siteshe TP concentration during event flows was made up of
approximatelyequal portions of PP and DP (36% to 66% DP fracti@®.loads ranged
from 36% to 52% of the TP load in 2004 and froB%4to 61% in the following 2 years.
Duck Creek had the consistently lowest concentrations and yields of P and suspended
solids amag the four tributaries.

For five runoff eventdn Apple Creek durin@004, median TP wa&46mg/L from
multi-field subwatershedites,0.48mg/L from integrator sites, ar@i43mg/L from the
main stemMedianDP percentage wa39%from source areag 1% from integrator sites,
and44%at the main stem. The mediB® percentage for the five events at each source
area site, varied greatly (13% to 83%). The portiobBfn a snowmelt and a low
intensity event in 2006 were twice the median from earlientsv Areaweighted WAPI
(SnapPlus) values were compared to P concentrdtiomsevent monitoring at muti
field subwatershedsField managememtata, including crop rotation, nutrient
applications, and tillage practices were collected from nutri@magement plansThe
WI-PIl was unable to predict the TP and PP losses. Howeseorgrelationship was
found betweem®P concentation in surface water arsbluble PIndex values. It appears
that the factors affecting variability DP export betweesource areas areasonably
described by the WPI.
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CHAPTER 11 INTRODUCTION

Project Background

Agricultural land use can have a significant impact on the quality of water in a
watershed. The central portiohthe Lower Fox River SuBasin is dominated by
agiculture, with the citie®f Neenah/Menasha, Wiscondatated where theower Fox
Riverflows out of Lake Winnebagand the City of Green Bagt the nouth of the Fox
River. A better understandingf the impacts of agricultural land use derprove the
guidance for future land management decisions. The Lower Fox River Watershed
Monitoring Program (LFRWMP) is focused on monitoring and predicting the quality of
water originating from urban and agricultul@nd uses within the Lower Fox River Sub
Basin(LFRS-B). As part of the LFRWMP, this project examines the effects of
agricultural operations on stm water quality witin the LFRSB andexamineghe
forms of phosphoru@P) at different spatial scalesithin the Apple Creek Watershed.

The LFRWMP was established in 2003 with a grant form Arjo Wiggins Appleton. It
is a multryear monitoring and assessment program focused on determining the
relationship between water quality and land uses. Major progoaia gre to 1)
determineP and suspendeakd concentrations and loads for Fox River tributaries and
relate them to watershed characteristics and 2sase ability of models to estimate
stream flows and water quality parameters from different watdssimean event,
monthly, and annual basis. In partnership with the U.S. Geological Siu#&yS)and
Green Bay Metropolitan Sewage Disti@BMSD), five automatic sampling stations

were installed on Lower Fox River (LFR) tributaries.e$t includépple Creek,



Ashwaubenon Creek, Baird Creek, Duck Creek, and the East RikierUniversity of
WisconsinMilwaukee also assisted monitoring the biological integrity of the stream
ecosystems.

This studyanalyzedheforms of P afour of the five tributary gugingstations and
compare them to watershed characteristidhe East River was not analyzed in this
thesis because of the different sample collection procedures between it and the other four
tributaries. To better understand the forms of P that avége in headwater regions thie
watershed, this study alsovestigatedhe forms of P atarious spatiascales within the

Apple Creek Watershed.

The Lower Fox River SubBasin

The Lower Fox River SuBasin(Figurel1.1) drainsapproximately 1,580 square
kilometers ofnortheastern Wisconsin where the Fox Rigschargesnto thebay of
Green Bay.The LFRSB ighe lower most subasinof the FoxWolf River Basin
(16,400 k) thatdrains darge porion of northeastern WisconsinThe Wolf River and
the Upper Fox River contribufiow to Lake Winnebago near Oshkosh, Wisconsin. The
Lower Fox Riverflows out of Lake Winnebagmearthe Cities of Neenah/Menasha
Wisconsin,andflows through twelve dams before it reacheskhg of Gieen Bayin
Green Bay, WisconsinThe Lower Fox River (LFR) has been severely impacted by a
variety of point and noipoint source pollutantsThe Fox River Valley is one of
Wisconsid most urbanized and industrialized ar@ANR, 200§. Howeverthe LR
basin is still dominated by agriculture2®), primarily dairy farm operationsThe

climate is temperate and humid: average rainfall is 741 rifraryd stream flow is about



250 mm yi*. Corn, soybeans, hay, and small grains make up the majority qfectop

land. The majority of soils are relatively impermeable silty clay loams that result in
relativelyhigh runoffrates (Baumgart, 20@pand high runoff P to soil teBt (Andraski

and Bundy, 2003)Fertilizer application and manure from dairy cattletheemain P

sources.

Wolf River
Watershed

3 Aople Creck Lower Fox River N
Eehaubeon Creak Watershed
Baird Cresk |
Duck Cresk e
Ea=st Riwer
+ Monitoring Sites : =l J
Miles B

Figurel.l.  Location d Lower Fox River Watershed irontheastern Wisconsin



The Apple Creek Waershed

The Apple Creek Watershed encompasses approximatelkni?laf southeastern
Outagamie County and a small portion of Brown County, Wisconsin. Apple Creek flows
east into the Fox River as showrFigurel.2. The Apple Creek Watershed is located
thenorth of Appleton, Wisconsin, ants headwaterarebeginning to receive pressure
from increasing thanization. However, the watershed is still dominated by agricultural
operations, comprising approximately 68¥the arean 2000. Soils of the watershed
are classified as Winneconne (Mollic HapludalManawa (Aquollic Hapludalfs),
Kewaunee (Typic Hapludalfs), and Hortonville (Glossoboric Hapludalfs) silty clay

loams. Slopes in the watershed range from 2 to 6 %.



Figurel.2. Location of Apple CreekVatershednd Lower Fox River Watershed
Monitoring Program (LFRWMP) monitoring statioimsLower Fox River
Sub-Basin.



Literature Review

PhosphorusAssociated withAgriculture

Phosphorus (P) is an essential macronutrient to crop and animal produation. A
adequate supply of P is necessary to meet global food requirements and make crop and
livestock operationprofitable (Hedley and Sharpley, 1998)herefore, tiis imperative
that agricultural operations effectively manage nutrients on the farm.

Norfleet(1998) explains the importance of P to crop production. The primary
function of P is the storagmnd transfer of energy through the plant. Adenosine
diphosphate and adenosine triphosphate arednghgy phosphate compounds that
control plant functionsuch as photosynthesis, respiration, protein and nucleic acid
synthesis, and nutrient transport through plant c&llesphorusncreases seed
production, root growth, and grain, fiber and forage yield, enhances early plant maturity
and stalk strength, drpromotes resistance to root rot disease and winter Kill.

Phosphorusas an important physiological role in animal productismwell It is the
element with the most known biological functions in animals, mostly found in bones and
teeth (80%). Rosphousis found in cell walls and cell contents as phospholipids,
phosphoproteins, and nucleic acids. P is located in every cell of the body and is involved
in almost all energy transactions as paraénosine triphosphaté\cid-base buffer
systems of blod and other bodily fluids are dependent on P as well as cell differentiation
(Beede and Davidson, 1999).

Phosphorusn excess of cropeeds leads to a build @b soil P levels.The ecess P

can be transported to streams through runoff and erosion pgeaelsih contribute to



water quality degradationThe amount of P in feed and the amount applied to fields must

be managed to improve water quality in nearby streams and lakes.

Agricultural Non -Point Source Pollution

Improper management of manure aadifizer applicationsn excess of crop needs
leads to a build up in soil P levels. Excess P can be transported to streams through runoff
and erosion processes which contribute to water quality degradatenUnited States
Environmental ProtectioAgen cy 6 s ( U. S. EPA) 2000 National
(U.S. EPA, 2000%tates the numbene impairment to freshwaters lakes of the United
States is eutrophication due to excessive nutrients.

Eutrophication is the natural aging process by which a lakees/oto a bog or a
marsh and ultimately assumes a completely terrestrial statdisappearsGarpenter et
al., 1998. Individual dates estimate that 22% of the assessed lake @utles0 % of the
impaired lake acres receive excessive nutgentributions (U.S. EPA, 2000), with
agriculture being the leading source.

The amount of P transferred from agricultural lands in runafinall compared to
crop and animal productidifaygarthet al, 2005). Total P losses from soil aoa the
order of 1 kg hd year* (Haygarth and Jarvis, 199%yhereas annual fertilizer and
manure inputs are typically between 20 and 50 kgPyeai* (Cameroretal., 2002;
Haygarthetal., 199&). The major source of P imged into dairy farms is from
purchased feed, wth ranges from 45 to 80% of the total P inputs. Between 62 and 86%
of the imported P remains on the farm, and the restpsrted as animal products (Beede

and Davidson, 1999).



Phosphorus and nitrogen are the primautrientsthat causeutrophication Daniel
et al, 1998; Correll, 1998). Phosphorugypically known to be the limiting nutrient in
freshwater systems whitgtrogen limits algae growth imostsaline systems. Mean total
phosphorus (TPgoncentration haa strong correlation to chloroplhy, a good estimator
of algalabundance (Canfield, 1983; McCaulktyal., 1989; Prairietal., 1989; Pridmore
etal., 1985; Seigtal., 2000).

Accelerated etrophicationassociated with increased P in runiwdls damaging effects
to the usabilityand bological integrityof water resources. Increased primary production
increases production at higher trophic levels. This leads to an increase in zooplankton
and fish biomass, each of whibas been correlated with lake concentrations of P (Peters,
1986). An increase in fish bioass may seem advantageous, but it generally means a
decrease ibiodiversity (Foy, 2005). Jeppesetal. (2000) saw proportionately larger
increases in planktivorous fish spexicompared to piscivorous species and a tendency
for average fish size to decease at all trophic levels.

Accelerated etrophicationwith increased Thas also been linked to human health
problems. Cyanobacteriar bluegreen algaes often associated witbxcessive
eutrophicatiorandproduce toxins withpotential adverse effects to humeamd animal
health (Foy, 2005). These toxins may be tumor promaeaeport in Chinghatlinks
eutrophic drinking water supplies to an elevated incidence of liver cancer in humans (Yu,

1995).



Classification of Phogphorus Forms

The multidisciplinary approach necessary to studystheces andnpacts of P has
led to varied and vaguetlefined terminology, which causes misinterpretations and can
impair scientific communication (Haygarth and Sharpley, 2000). HaygadIiSharpley
(2000) attempted to provide a simglassification of terms for&#orms. The
classification of P in water has previously b@ssociatedvith the physical and chemical
definitions (i.e. filtration and chemicatethodologies) (Haygar#tal., 199%).
Operational definitions are preferred to avoid peats that arise from physical and
chemical definitions (Haygarth and Sharpley, 2000).

For Rforms described by filtration methods, it is suggested that sarbpleefined
by the filter sizawith a suffix of the filter pore sizeDissolved phosphoru®@) is thus
defined as the portion of P that passes th
portion that does not pass through the filter. For the chemical methods, the new terms for
P, baed on the Mdlue reactiormethod (Murphy and Riley, 1962) ar@active P (RP),
unreactive P (UP) and total P (TP). The determination of TP involves an acid digestion
prior to the Mablue reaction method.

Although Haygarth and Sharpley (2000) proposedntiore uniform classification of
P-forms, there is still a wide variety of nomenclature used in current literature. Difficulty
in effective communication of-Rorrms still remains. It is essential to clearly state the
nomenclature used when referring tboPms. In the remainder of this pa, when

referring to results from this studpp refers tdhe P that passes through a 0.45um filter.
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PhosphorusRunoff and Reduction

Phosphorus is relatively stable in soils but can be transported thrnatgirunoff
andsedimenerosion. The modes and pathways of P transport to water can be described
by process and pathway termisis important to understand the processes and pathways
thatregulateP transport in order to ideftiand quantify nofpoint sourceP loads to
surfacewater (Johnes and Hodgkinson, 1998hese pathways are important to
understand when determining managens¢rategies to reducel&sses from the

watershed.

Transport Mechanisms and Pathways

Three terms describe P transport mechanigimgsical, dissolution, and incidental
(Haygarth and Jarvis, 1999). Physical transport is the primary mechanism. The simplest
examples ardetachment and soil erosiobBissolution, a mechanism determined by
chemistry, describes the transpord? from the soil particle or absorption site to the
soil solution. Incidental mechanisms are conceptually different from physical and
dissolution mechanisms. Incidental mechanisms are-tdronttransport of farm
amendments of P in fertilizer, manure, or animaége This shotterm transfer of P is
most often a result of effective rainfalhich removes the amendment shortly after
application (Haygarth and Sharpley, 2000; Edwards and Daniel, 1993; Sretrgley
1998; Westerman and Overcash, 1980).

Identificaion of the P pathway$rom soil to surface waters is important to effectively
prevent orcontrol PlossegSharpleyetal. 2000). Transport pathwayare dependent on
the form beinglisplaced (Sharpley and Syers, 1979; Foy and Withers, 1995) and

incorporde a range of sdial and temporal scales of flowhe spatial characteristics
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considered are the plane and scale of water movement. The plane refers to the direction
of water flow (vertical or lateral). The spatial scale is divided into: i) the safilgor

(vertical plane), ii) the slopeffield (lateral plane), and iii) theenstted/catchment scale

The temporal scale is dependent on local conditions and is usually minutes, hours, or

days (Zaimes and Schulz, 2002).

Phosphorus Reductidbtrategies

In order to control or prevent excessivdossesduring event runoffit is importanto
understand the risk of lossmder different farming systemasid realize the large temporal
and spatial variation due to the varying hydrological conditions within differe
landscapes (Withertal., 2000). There ageveraimanagemergtrategiesn use today
that intend to control or prevent excessiegentP losses These strategies may be
divided into three main groups: those that address the transport of P, ticssditess
sources of P, and those that combine the two through risk management techniques.

Transport factorare associated witR runoff pathways and erosion processes.
Management strategiés controlthesefactorsinclude:buffer strips, riparian zorse and
wetland areas to intercept upland agricultural runoff, approsiatk management to
reduce ovagrazing treading damagendto exclude animals from waterwayand
conservatiortillage, contour tillage, crop residue management, and soil drainage
(Sharpley et al., 1999, 2001These methods are generally more effective at reducing PP
thanDP and may increase the ratio@P to PP (Sharplegt al, 1994, 2001)

Source factors refer to inuadf P such atheapplication of fertilizer and organic
manure amendmentRecentlymuchP reduction strategs have switched from

focusing a transport factors to source factors (Sharpley et al. 2001). Suggested
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managemergtrategies foreducingsource factors include: manipulation of dietary P
intake by annals, increasing efficiency of animal uptake of dietary P thorough enzyme
(phytase) amendment, use of amendments such as alum to decrease P solubility in poultry
manure, environmental soil P testing, matching P applications with crop requirements,
incorpomation of fertilizers and manures into soil against broadcasting, and better timing
of fertilizer and manure applications to coincide with periods when P runoff is least likely
to occur (Sharpley et al., 1993, 1994, 2001; Sims, 1993; Sharpley and Tund@), 20
One srategy that combines some of these method®i® exact matching of P
applications with crop requirements througlktrient management platNMP).

Nutrient management planning is becoming the standard for many ste¢dside
nutrienthot spas within a watershed. NMP account for P inputs and output and, if used
correctly, will aid in the decision processwifien toapplyfertilizer and organiananure.
The use of NMP helps control excessive inputs of P to crigmaidceareas in an attempt
to prevent soil P buildip. To simplify the NMP process many states are using a
phosphorus indegystemwhich ranlsaf i el d 6s r i s kbasedon tamgpdrtr i but i

of sourcefactors.
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Research Overview
Problem Statement

It is important that decisiemakers understandfBrms when determining best
management strategies. Understanding the relatiobshigeenvater qualityand
wateshedcharacteristichelps determine the best management strategy for controlling P
losses fronthelandsape The main bjectives of this research are presented below,

along with specific research questions to be explored for each objective.

1. Compare Forms andsuspended solida Lower Fox River Tributaries.
A What is the variation in Borms andotal suspended solids (TE&mong
tributaries?
A How are variable pairs of rms andTSS concentration related?
A How arewatershed characteristioslatel to observedvater quality?

2. Evaluate Pforms in runoff at different spatial scales witluin of the LFR
tributaries (Apple Cregk
A How do Pforms change along a flow path?
A How are variable pairs of ®rms and TSS related?
A How are Plormsrelatedto contributing area characteristics?

3. CompargheWisconsin Phosphorus Index (WI) and runoffP in Eastern Red
Soils at the Multfield scale.
A How do the various types of P loss predicted by theP\elate to Forms in
surface runoff?
A What infaemationis necessary to make VI more useful or applicable?

4. Assess the policy implicatisrof the Rforms research andlRdex comparisons.
A What is the potential effectiveness of BMP strategies to add+ssB in
runoff?
A Will using theWI-PI to predict and regulate P loss be adequate for meeting
water quality objectives?
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Study Limitations

Research projects that quantdiyeam flowand waér quality parameters are heavily
dependent onainfall. The amount and intensity of rainfall can significantly alter
concentrations and loads of water quality parameféng multiscale researcétudy in
the Apple CreekWatershed began in 2004 by memsbef the LFRWMP at U\Green
Bay. Runoff producing precipitation occurred many times in 2004. However, very few
runoff evens of sufficient magnitude occurred in 2005 and 2006. Thus the P forms study

in the Apple Creek Watershed is mostly limited tcadabm one year.

Document Organization

The remainder of this document is divided ifdar chapters, each pertaining to a
separate research topim ChapterTwo, we examinavater qualityand P formsn four
Lower Fox River Tributaes. Chapter Aireefocuses on P forms and sulatershed
characteristics atifferent spatial scales in Apple Creek Watersh€tapter Bur
explores an applicatioof the WI-PI1to source area watersheashin the Apple Creek
Watershd. Chapter fve summarizes research fings,discussetand management
policy implications, anguggest$uture researclopics rela¢d to understanding P forms

in northeastern Wisconsin agricultural fields and streams
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CHAPTER 217 WATER QUALITY IN LOWER FOX RIVER
TRIBUTARIES

Introduction

Phosphorus ahsediments are the primary stressorthe bay of Green Bay
ecosystem. They impair more beneficial uses than any other stressor, including toxins
(Harris et al., 1993)Green Bay is a major contributor of nutrients to Lake Michigan.
Lower Green Bay ahLake Winnebagowhich are located just downstream and
upstream, respectively, of the Lower Fox Ri{l&FR), have characteristically large
amounts of algae arslispendedolidswhich reduce water clarity and impair major
water uses (Harris, 1993; Malldand Sager, 1994; WDNR, 1993 To reach water
clarity and quality goals in Lower Green Bay, the Green Bay Remedial Action Plan
(RAP) Science and Technical Advisory Committee recommended externaldbBRde
reduced by 50% (WDNR, 1993; GBRAP, 2000). Daémpaired surface water quality
related tanon-point sourcepollution, nearly all of the Lower Fox Riv&ubBasin
(LFRSB) tributarieshave been ranked as priority watersheds or 303d listed by the
WisconsinDepartment of Natural Resources

Approximatey 70% of the annual P load to Green Bay and about 25% of the P load
to Lake Michigan is discharged by the Fox Riv€lufnp et al., 1997; Pauer at, 2005).
About half ofthe P and TS®ad originates in LFR watershedisake Winnebago, which
receives flow from the much larger Wolf and Lower Fox River SBdisins, contributes
the remaining load to Green BaBased on SotndWater Assessment Tool (SWAT)
modeling of year 2000 baseline conditions by Baumgart @0@§riculture contributes

about 49% of te annual P and 61% of the annsiaspendedolidsloadto the LFR
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The fraction of total phosphorus (TiR)the dissolved forrmi the LFRtributariesis
uncharacteristically high fanagriculturalwatershed DissolvedphosphorusdP)
accounts for B%to 70% of theTP lost from LFR tributary watershe@Baumgart,
2005). High DP concentrations have been found in watersheds with a large portion of
the land use being pasture and when large partibthe land is tile drained (Haet al,
2004;Gentry etal., 2007) The reason fothe high fractions oDP in theLower Fox
River SubBasin (LFRSB) is uncertain. To meet the RAJ®alof 50% P reduction, it
will be necessary tmentify sourcesobDPand | mpl ement BMPG&6s to
transport mechasms.

In this chapter we present LFR wilary monitoringdata and compare median values
of total suspendesolids(TSS) TP, andDP amongfour tributaries We present the
results oflinearregression to show hol@P responds to changes in TSS,, @Rd flow.
Next, we provide results from multiple regression analysis to determine the best model
for predictingDP loads at each site. Finally, the available environmental characteristics
of each watershearecompared to the water quality results and are tséelp explain

the differences iDP concentratioramongsites.

Methods

Water Quality

Four LFRSB tributaries were monitored from September 2003 to October 2006 at
sites established near their confluence with the LFR or bay of Green Bay (see Chapter 1,

Figurel.1). These included Apple, Ashwaubenon, Baird, and Duck Crdeks.
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cooperation with thé&nited States Geological Survey (USG&)nonitoringstation was
installedon each tributaryo collect automated samplakngwith continuous flow
measurements. Each station inclugedISCO 3700R refrigerateditomaticsampler
(Teledyne Isco, Ind.incoln, NE), a gasbubble water level measuringstem, a tipping
bucket rain gge, a YSI 6200 mukparameter sondgr' Sl Inc., YellowSprings, OH) a
data logger, and a moderRealtime gage height and sonde measurements were
available odine through the bwer Fox River Watershedvionitoring Project

(LFRWMP) and USGS websites.

Sample Collection

Sampling was conducted by established 3S3tethods (Shelton, 1994). Discrete
eventsamples were triggered lchanges in stream gage heightl structured to be
representative of the entire storm hydrograph. Samplesrem@/edirom the
automated samplevgithin 24 to 48hoursand stored on ictr transport to the
University of WisconsifGreen Bay watershddboratory for processing.

Low-flow samples wereollected manuallyat each site on a biweekly basis. The
equal widthincrementmethod was usei collectlow-flow samplegThornton et al.
1999). This method includes dividing theestm width into six to ten equally spaced
segmentgFigure2.1). Atthecenter ofeach segmeng DH-48 depth integrated wading
sampler was lowered and raised abastantate to collect a representative sample.

Low-flow samples were collected 500 mL glass bottkeand transferred to a 500 mL
and two 250 mL polyethylene bottle for TSS, TP, Bitlanalysis respectively. Samples

collectedwith the automatic ISCO sampler warollected in 1L polyethylene ISCO
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bottles. A Teflon cone splitter wélsenused to divide these samples for analysis of TSS,

TP,andDP (Shelton, 1994).

Sampling increment

Sampling
vertical at centrad
of increment

Streambed

Figure2.1. Depthintegrated sample collectéy use of the equal
width-increment method (figure from Leitz, 1999).

Sample Analysis

Dissolvedphosphorusamples were vacuum filtered through a Quabmixed
cellulose ester membrafitéer to remove particulate matter.ofal P andDP samples
were peserved with 3:1 sulfuric acitb a pH less than. 2After processingsamples were
immediatelyrefrigerated at 4°C until transported to the Green Bay Metropolitan Sewage
District (GBMSD) Laboratory for analysis.

The Green Bayetropolitan Sewage Distrigtkaboratoryanalyzed for TSS using
Standard Method 2540 D (Clesceri et al, 899n this processnaliquot is pipetted
from a well mixed sampland filtered through a weighed glaf#ser filter. The filter and
residue are dried to a constant weight@&°C and the difference weights is themused

to calculate TSS. dtalP andDP samples were first digested using faigomated Block
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Digester Method 365.4dm the U.SEPA (U.S. EPA, 1983). lthis process, the TP or
DP sample is digested in sulfaracid(H,SQy), potassium sulfattKSO), andmercuric
oxide (HgSOJsolution for 2.5 hoursThe concentration of the resulting orthophosphate
sample was quantifiedsingthe Murphy Riley procedure atildw injection analysis

The orthophosphate in eachrgale was reactedith ammonium molybdate
((NHz)sM07024A 4,8 andantimony potassium tartrae,[Sb,(CsH406),] A AH This
complexwas therreduced with ascorbic acid to form a blue phosptudybdenum
compound.Theabsorbance adach samplavasmeasured at 88@m andconverted to a
POy-P concentration using standard curve. Since our DP samples were fully digested

they represent the total dissolved P in the water samples.

Load Calculations

Total suspended solids amé loads were estimated by the USGS for the four
monitored streams usirastandardntegraion methodPorterfield, 1972).The
Graphical Constituent Loading Analysis System (GCLABanchard and Miller, 2004)
software was used to relatentinuous stream discharge and instantaneous concentration
data from discrete sample&CLAS computes lads as a function of an equaterval
streamflow time series and an equal or unequatval time series of constituent
concentrations (Koltun et al., 2006). Total suspended solids and TP loads were output
from GCLAS on dive or 15minutetime stepandwere added up to get overaflasonal
and annualads. BecausdOP was measured on fewer sampigs were not able to use
GCLAS toestimatel5 minuteDP concentrationsTherefore continuousDP

concentrationsvere determined from a regression ma®ldopedfrom TSS, TP, and
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DP concentrationgand applied to eadhve or 15-minute output from GCLAS. The

continuoudDP concentrations were combined with flow to estinlakeloads.

Environmental Characteristics

Knowledge about environmental charactergtitat affect the concentration and
loads of water quality parametaran be importarfor development of reduction
strategies. Comparing environmental characteriatimsngwatersheds within close
geographic proximity can be difficult when using statesnad larger landuse
classification databases. Comparisons at this saglet not generate large differences
amongsites and gathering more accurate datslimited by time and resources. In
addition, wagrshed landusedver information that closely peesents the water quality
monitoring periodmightnot be available. Thiendusedata used in our project was taken
from previous work done by other researchesithe year 2000 or before. Since 2000,
urban development has been rapidly changing theactaistics of these watersheds.
Fink (2005) reported the growth of urban development in the South Branch of Baird
Creek Watershed as 5.7% with an additional 4.2% under construction between 2000 and
2005.

Landusetover characteristics were determined fr@@IS coveragereated by
Baumgart (200B). Thecoveragevas created by merging the East Central Regional
Pl anning Commi ssionds (ECRPC) GIS |l anduse
coverage (WDNR, 1998 . The ECRPCO6s | andimageryfacr over age
the year 2000 Soil characteristics for each tributary watershed were tabulated using the

Soil Survey Geographic (SSURGO) Database (USDA NRCS). Basirssigpe
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calculated using the Wisconsin Department of Natural ResouraesC#oM (WDNR,

1998)). All Characteristics were obtained for each watershed using ArcGIS 9.

Statistical Analysis

The mediarconcentratiosof TSS, TP, an@®P and the fraction of TP &3P for
discrete samplesere calculatedor the four streamfor various time periodsThedata
sets werdound to be positively skewed and a natural log transformation was used for
statisticalanalysis.No bias correction factor was used because the medians were
analyzed.The effecs of frozen groundind flow were investigated Isgparahg winter
and norwinter periods along with event and leflows. Winter and norwinter periods
were determined frorolimatological data and observations of whenaffected
conditions ceased in the spring of each y&able2.1). Event and lowflow samples
were classified based on visual inspection of hydrograplistatistical analyss were
performedusing SAS 9.1 computer software (SAS Institute, Inc., 2003)

Concentration and flowlatawere graphically displayed using boxfdo
Concentration differencesmongsites weraleterminedising the multiple comparison
Tukey option for the PROC GLM procedure in SA¥o explainthevariance inthe DP
concentration (dependent variablelnearregressions were computadingTSS TP,
TP/TSS and dischargéndependent variablesWhere sites had significant correlations,
the slope and intercept were compared using the dummy variable approach for the PROC
REG procedure in SAS (@y and Smith, 1997)Finally, multipleregressionsvere

performedo find the best modéb predictDP concentration$or calculatingDP loads



22

The multiple regression equation predicted the natural log of the Dfewrtration and

we multipliedthe mean square errby 0.5to correct for théransformatiorbias.

Table2.1. Cutoff dates for winter and neminter
conditions for the four Lower Fox River
tributaries for water year 20042006.

Water

Year Winter Period
2004 12/12/2003 - 3/04/2004
2005 1/23/2005 - 3/30/2005
2006 12/3/2005 - 3/11/2006

Results and Discussion

Three years of event and lelow samples were collected from the four LFR
tributaries between October 2003 and September 28Q6tal of 975 samples were
collected during that period. Apple Creek255 samples weranalyzedor TSS and
TP, with 103 of thosesamples analyzed f@P. At Ashwaubenon Creek, 268 samples
were analyzed for TSS and TWith 96 of thosesamples analyzed f@P. At Baird
Creek, 264 samples were analyzed for B88 TP, with 102 of those samples analyzed
for DP. At Duck Creek, 187 samples were lgmad for TSS and TP, with 70 tfose

samples analyzed f@P.

Precipitation and Flows

The timing and intensities of precipitation events during the study periclvar

greatlybetween 2004 and tleghertwo years. The 2004 sampling season was
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characterized by heavy springinsfollowed by a period of summer drougfitaple2.2).
According to the National Weather Servaffice in Green BayMay 2004 was the
second wettest May on record with 211.1 mm of precipitatieasured at the{dreen
Bay station However, the precipitation from July through September was 61% below
averaggTable2.2). Precipitation in the @05 and 2006 water yearasmore dispersed
and followed more closely to the normal seasonal patterns.

Precipitaton events during the 2004 watgrar causedhorerunoff compared to the
following two years. In 2004, floswere322 mm, 271 mm, 364 mm, aB44 mm at
Apple, Ashwaubenon, Baird and Duck Creeks, respectival005 and 2006, flows
were 136 mm and 103 mm at Apple Creek, 108 mm and 100 mm at Ashwaubenon Creek,
107 mm and 165 mm at Baird Creek, and 139 mm and 100 mm at Duck Creek,
respectively The flows in 2004 were approximately%Qdo 70% greater then 2005 and
2006 flows. In wategear 2006, Baird Creek received approximately 160 mm to 180 mm
more precipitation tn the other threwatersheds This was evident in watgrear 2006

flow at Bard Creek being approximately 60 mm more then the other three streams.



Table2.2. Summary of monthly precipitation for the Lower Fox Rigr-Basin
The precipitation results are an averaf&reen Bay Natinal Weather
Servicedataand rain gauges at the four tributatgt®ns

Green Bay Mean Departure
Water Precipitation 30-year from 30-year
Year Month (mm) Average Average
Oct. 24.9 55.1 -55%
Nov. 108.0 57.7 87%
Dec. 36.6 35.8 2%
Jan. 290.8 30.6 -3%
Feb. 40.3 25.6 57%
Mar. 95.5 52.3 83%
2004 Apr. 33.2 65.0 -49%
May 202.9 69.9 190%
June 116.3 87.1 34%
July 41.7 87.4 -52%
Aug. 47.0 95.8 -51%
Sept. 13.3 79.0 -83%
Total (mm) 789.5 741.3 7%
Oct. 94.4 55.1 71%
Nov. 45.4 57.7 -21%
Dec. 56.8 35.8 59%
Jan. 38.4 30.6 26%
Feb. 34.9 25.6 36%
Mar. 34.2 52.3 -35%
2005 Apr. 38.4 65.0 -41%
May 56.5 69.9 -19%
June 83.4 87.1 -4%
July 48.0 87.4 -45%
Aug. 118.2 95.8 23%
Sept. 79.0 79.0 0%
Total (mm) 727.7 741.3 -2%
Oct. 36.3 55.1 -34%
Nov. 77.7 57.7 35%
Dec. 25.6 35.8 -28%
Jan. 43.2 30.6 41%
Feb. 34.9 25.6 36%
Mar. 334 52.3 -36%
2006 Apr. 51.8 65.0 -20%
May 133.6 69.9 91%
June 46.7 87.1 -46%
July 75.2 87.4 -14%
Aug. 40.3 95.8 -58%
Sept. 75.9 79.0 -4%

Total (mm) 674.5 741.3 -9%
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Concentration Comparisons

Total Suspende&olidsComparisons

Total suspendesolidsconcentrations were dependent on flow and climate conditions
(Figure2.2). Combining across sites anelays, the median concentration for event
flow/non-winter, eventflow/winter, and lowflow/combinedconditions werd24 mg/L,

61 mg/L, and 6.7 mg/L, respectively. All of the sites except Duck Creekdrmagles
with TSSconcentrations above@0 mg/L, with the maximum of 6,180 mg/L at
Ashwaubenon Creek.

Results olamongsite analyses of TSS concentrations using the Tukey multiple
comparison procedure are showrTable2.3. For all of the treatments exceptent
flow/winter, Ashwaibenon Creek had theghiest median TSS concentratiohgwever,
the only statistically significant differencasmong Ashwaubenon Creek and the other
streamswvere bund during lowflow conditions. These conditiondo not contribute
muchto the oveall load of TSS. Duck Creek had consistently lower TSS concentrations
for all flow and weather conditionwith significantly lower concentrations thahe other
three streams faventflow/non-winter and lowflow/non-winter conditions. Median
TSS concentratiws at Apple Creek and Baird Creskrebetween Ashwaubenon and
Duck Creeks for most conditions and were not significantly different from each other for
all treatments.Concentrations duringW-flow/winter conditions were not significantly
different for he four streams.

These comparisons are a starting poirdiscussvhat is affecting the TSS
concentrations in the LFR tributaries. Of the four monitored streams, Ashwaubenon

Creek seems thavethe highest concentrations and Duck Creek the lowest
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concentations of TSS, howevetthis analysis does not consider loads of TSS. If we can

distinguish what is affecting these concentration differences, we can begin to understand

what is necessary to meet reduction goals.
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Boxplots oftotal suspended solid®ncentration for (AP) Apple Creek,

(AS) Ashwaubenon Creek, (BA) Baird Creek, and (DU) Duck Creek for

WY 04-06. The boxplots represents the medialf, @& 7%’ percentiles,
minimum, and maximumQu t | i er s (1.5 | QRG6s from
represented as circl el3areregpresenteglast r e me
asterisks.Among sites, median values with the same letter are not

significantly different using natural log transformation and Tukey iplelti
comparison procedure in SAS 9.1. Values with two letters are not

significantly different then values with either letter.
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Table2.3. Medianconcentrationand sample count data for Apple Creek (AP), Astlenon Creek (AS), Baird Creek (BA), and
Duck Creek DU) for water years 2002006.

Total Suspended Solids

Dissolved Phosphorus

( mgAL Total Phosph™r|DissolvedPhosphor u?d Fraction (%)

Condition AP AS BA DU AP AS BA DU AP AS BA DU AP AS BA DU
Event-Flow/Non-Winter:

Median 117*  162* 159  72° | 0.44° 0.70° 057" 0.26°| 0.19° 0.33* 022" 0.14° | 48 47* 36 51°

Count 148 156 156 99 148 156 156 99 56 46 56 32 56 46 56 32
Event-Flow/Winter:

Median 106 48%® 99®  32° | 057* 0.60° 0.67*° 027°] 022" 045 036 019° | 57° 66° 49° 59°

Count 51 53 58 42 51 53 58 43 17 16 17 12 17 16 17 12
Low-Flow/Non-Winter:

Median 88" 16.0° 6.4 50° | 0.20° 0.36* 0.14° 0.14°| 0.15° 0.31* 0.09° 0.11° | 71* 80* 66* 78°

Count 47 51 44 37 47 51 44 37 24 29 24 21 24 29 24 21
Low-Flow/Winter:

Median 3.4 38 25 22° | 014* 016 0.14* 0.10%° | 0.11° 0.12° 0.12* 0.07° | 8°* 82 822 91°

Count 9 8 8 8 9 8 8 8 6 5 5 5 6 5 5 5

LC



28

Total Phosphorus Comparisons

Combining across sites and years, the median concentration foiflevenon-
winter, everdflow/winter, and lowflow/combined conditions were 0.50 mg/L, 0.57
mg/L, and 0.18 mg/L, respectivelyll of the sites hadomesampleswith
concentrations over 1.0 mg/L TP with a maximum of 9.46 mg/L at Ashwaubenon Creek.

Information about which tributary watersheds have the highest TP concentration can
be important for developing management stratediedle2.3 shows the results of the
Tukey multiple comparison procedure for TP. Ashwaubenon Creek had the highest
concentration of TP for all treatments except exflent/winter conditions. It was also
significantlyhigher tha the other streams for eveidw/non-winter and lowflow/non-
winter conditions.Differences during evesitow/non-winter conditions are the most
important because this is when most of the runoff and loading epoion source
pollutants occurDuck Creek had the lowest concentration Bfférall treatments and
was significantly lower for everftow/non-winter and eventlow/winter conditions.
Apple Creek and Baird Creek median concentrations fell in between the other two
streams. Foeventflow/non-winter conditions, Baird Creek wagsificantly higher
than Apple Creeland Apple Creek wasignificantly higher then Baird Creek for lew
flow/nonwinter conditions. Lowflow/winter conditions were not significantly different
amongthe four streams.

Differences inTP concettrations can helps determine whiclvatersheds are
contributing more P and what factors affectifferences in watershed characteristics
that may be related to the significant differences in TP observésfavaubenon and

Duck Creek are explored in a latter sectioBxamining the differences in environmental
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characteristicef these two watersheds could help determine Wieabesbptionsare for

reducing TP loads to Green Bay.
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Figure2.3. Boxplots oftotal phosphausconcentration for (AP) Apple Creek, (AS)

Ashwaubenon Creek, (BA) Baird Creek, and (DU) Duck Creek for WY 04
06. The boxplots represents the mediaff, @& 75" percentiles, minimum,
and maxi mum. OQutliers (1.5 &QR6s
circles, and e xd)arerepeseotad ad astarisks. Tk&y
groupings are represented by letters under each boxplot.

Dissolved Phosphorus Comparisons

Dissolvedphosphorus usually makes up a small portion obtrezall TP in stream

flow. HoweverDP is made up of mostly bioavailable P that cannbeediatelyutilized

by aquatic organismsSeasonal differencas DP were less pronounced with median

eventflow/non-winter DP concentration (0.23 mg/lheingabout the same as event

flow/winter concentrations (0.29 mg/L) when combinatgossall sites.
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The differenceamongsites forDP were similar to TSS and {Pable2.3 andFigure
2.4). Ashwaubenon Crealenerallyhadthe highest mddn concentratios) with
significantly higher values for eveflow/non-winter and lowflow/non-winter
conditions. Duck Creek had the lowest meddhconcentrationsluringall treatments
except lowflow/non-winter canditions where Baird Creek hatightly lower
concentratioa Apple Creek and Baird Cre€kP median concentrations were between
the other two streanisr most conditions

Lower Fox Rivertributaries havdeenmonitored over the last decalg the
Wisconsin Department of Natural Resource,W8GS, and FoXVolf Basin 2000. Their
results indicat high fractiors of TP in the dissolved form (400%). High fractions of
DP areunusualn predominantly agricultural watersheds. Therefore, unique conditions
might be affecting the concentrations e various forms oP in the LFRSB and
different management strategieght be needed. The results from our study are
consistent witithe previousstudies. The fraction d@P for the four LFR tributaries
ranged from 36% to 51%6r eventflow/non-winter conditions and 49%o 66%for
eventflow/winter conditiongTable2.3). The greatest fractions were observed during
low-flows as expected, with edlianDP fractions for lowflow/non-winter conditions
ranged from 66% to 80%nd fom 82%to 91%for low-flow/winter conditions The
fraction of P in the dissolved form was not significantly differ@mbngsites for all four

treatments.
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Figure2.4. Boxplots ofdissolved phosphoruonceentration for (AP) Apple Creek, (AS)
Ashwaubenon Creek, (BA) Baird Creek, and (DU) Duck Creek for WY 04
06. The boxplots represents the mediaf, &% 75" percentiles, minimum,
and maxi mum. Outliers (1.5 1 QRO6s fro
crcles, and extr esare repuesentedeas asterik3. TUKEYR 6
groupings are represented by letters under each boxplot.

Linear Regressiondo predict DP Concentrations

Linearregression analysisan be used to determittee correlation betweemo
variables. It helps explain how variables change as str@blesincrease or decrease.
Finding variables that corretatvith DP will provideinsight into which water quality
parameters are importaiatr reducingDP concentrations and load$hevariableswe
used to compare withPwereTSS TP, and dischargeTotal P and TSS explained some
of the variation in th®P concentration andischarge was notsignificantdeterminate

of DP concentratiosin thestreams We first examined theegressioabetweerthese
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waterquality parameters without separating tiaga into the fouclimateand flow
conditions Wheresignificant correlations were found at more then one site, the
regression coefficients were compared to determine if strezanted diférently to
increases in other watguality parameters. Finalljor variables thatvere not
significantlycorrelatel with DP, the samples were analyzed for eachditionto
determine what effects flow or weather conditions might h&amecorrelations
between DP and TSS abdtweerDP and discharge were found when the data was

separated by climate and flow conditions.

Total Phosphorus

Total P was the only variable significantly correlated vidthat all four sitesvhen
bothflows andweather conditions/ere combined.Theregressiorbetweerthe natural
log of DP andthe natural log off P was first determined for each streafach stream
had a significantegressiorwith R-squared valugranging from 0.49 at Apple and Baird
Creekto 0.60 at Duck Creef@able2.4). Using the Dummy Variablepproachthe
regressiorcoefficients were tested to determine if significant differences pregent
amongsites. The null hypothesikat all sitecoefficients are equalas not ejected and
we were able to combine sites to show the overall correlation befeand TP Figure
2.5).

Table2.5 displaysR-squared value®r natural log transformed TP amd among
the differentseasonal and flow conditions. Overall, the variation inlow samples
wasexplained more thaeventflow sanples. Also, winter samples explained slightly

more tha nonwinter samples.The combinedR-squaredf natural log transformed TP
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andDP was 0.57 when all seasonal and flow conditions were combined and is displayed

in Figure2.5.

Table2.4.

Linear regression results comparing natural log transformed DP to
TP and TSSample data from four Lower Fox River tributaries.
Concentration units are mg/L for all samples from water year-2004

2006.

Site Regression Equation R-squared P value
LnTP

AP LnDP = 0.477*LnTP 1 1.219 0.49 <0.0001

AS LnDP = 0.579*LnTP 1 0.831 0.52 <0.0001

BA LnDP = 0.512*LnTP i 1.215 0.49 <0.0001

DU LnDP = 0.587*LnTP i 1.162 0.60 <0.0001
LnTSS

AP LnDP = 0.118*LnTSS 1 2.177 A7 <0.0001

AS LnDP = .056*LnTSS i 1.406 .03 0.1295

BA LnDP = 0.147*LnTSS 1 2.268 .20 <0.0001

DU LnDP = 0.093*LnTSS i 2.337 .07 0.0327
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Table2.5. R-squared values for natural log transformed DP and TP samples for
water year 2002006 combining four Lower Fox River tributaries.

LnDP vs. LnTP - r?

Flow and weather All
condition n AP n AS n BA n DU n Sites
Event/non-winter 50 0.33 39 0.01 49 0.08 30 0.25 168 0.26
Event/winter 13 0.04 12 0.68 15 0.72 10 0.76 50 0.59
Low-flow/non-

winter 23 0.86 28 0.96 23 0.84 20 0.67 94 0.9
Low-flow/winter 6 0.99 5 0.75 5 0.87 5 0.99 21 0.92
Event 63 0.24 51 0.03 64 014 40 0.39 218 0.31
Low-flow 29 0.87 33 0.94 28 082 25 0.75 115 0.89
Non-winter 73 0.48 67 04 72 043 50 051 262 0.51
Winter 19 0.49 17 0.89 20 0.87 15 0.85 71 0.79
All 92 0.49 84 0.52 92 049 65 06 333 057

Total Sispended Solids

Total suspended solids were significantly correlated @Rat all sites except
Ashwaubenon Creek whesamples were combined acrdissclimate and flow
conditions(Table2.4). Althoughthere was a signdantrelationshipat the three sites,
theR-squared values ranged from 0.07 at Duck Creek to 0.20 at BHmekeforenot
much of the variation ithe DP concentration can be explained by TSS. Analyzing the
regression coefficients between the threessitith significantelationshipsound no
significant differencesBy splitting thesamples by season and flow, testedf seasonal
or flow conditions #ectedtherelationship betweebPto TSS. For the four weather and
flow conditions, no more thamvo sites had significant correlations betw&dhand TSS.
Thereforethe concentration oFSSon its ownwas not a good determinate of hB

concentrations in our strearfisable2.4).
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LnDP =-1.0618 + 0.5831LnTP
R-squared = 0.5667
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Figure2.5. LinearRegression between natural ldigsolvedphosphorugLnDP,
mg/L) andnatural logtotal phosphoruéLnTP, mg/L) Thefigure
combinegdata from alfour monitored streamand both flows and
season$or water yeas 20042006.

Multiple Regression

Dissolvedphosphorus was analyzed for approximately 35% of the total samples. To
determineDP concentrations for loadalculations multiple regression equations were
usedto predictunit valueconcentrationfrom five or 15minuteconcentrationsf TSS
and TPdetermined using GCLASAlong with TSS and TP, discharged the ratio of TP
to TSS weravailable to construct the best model for predicbiconcentrations The
distribution ofDP was positively skewed and was firgtural log transformed to meet

the normality assumption of multiple regressioMultiple regression equations were
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determined for each stream for winter and-monter conditions. The best fitting models
for predictingDP concentration are presentiedTable2.6.

The multiple regression equatioasplained a large portion of th¥P variationat all
four strears for nonwinter and winter conditionsThe models used to predict winter
conditions explained between 87#1d 95% of the variation in DP Slightly less of the
variation was explained at all sites for the +vanter conditions.Ashwaubenon Creek
wasexplained well withan R-squared value d3.89 Apple Creek, Baird Creek, and
Duck Creek were explained slightyss with Rsquared values of 0.65, 0.77, and 0.75,
respectively.

The intercepts and coefficients for the independent variables were similar among
streams within weather conditiofiBable 2.6) The coefficients for the natural log BP
were all positiveandhad a range of 0.035 among streams forwarier condition and
0.133 for winter conditionsAs expected, DP concentration increases when TP
concentrations increas@he coefficients for TSS and Q were also similar among streams
(Table2.6.). These two variables were not used in all of the equations, but when they
were used TSS ranged fret002 to-0.04 and Q ranged fror®.0008 to 0.0021As
the TSS concentration increases the DP concentration decréaseasedarticulate
matter in the streammay have resulted in adsorption of P and decre@&ed
concentrationgSharpley et al., 1981, 2001yWhere Q was significantvariableit
caused a decrease in the DP concentration at Ashwaubenon and Ducls @nekedn
increaseat Baird Creek. Baird Creek is characterized by extensive wetlands in the upper
portion of the watershed. It may be that as Q incceB$econtained in the wetlanegas

flushed out.
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Table2.6. Multiple Regression equations for predictaigsolvedP concentration for
Lower Fox River Tributariesd qDP = natural log oflissolvedphosphorus
(mg/L), LnTP = natural log of total phosphorus (mg/LsS = total
suspended solidsng/L), Q = discharge)

Site  Condition Regression Equation R-Squared
Non-winter LnDP = -0.554 + 0.883(LnTP) i .0009(TSS) i

AP 0.0004(TSS/TP) 0.65
Winter LnDP =  -0.539 + 0.824(LnTP) 1 0.0023(TSS) 0.87
Non-winter LnDP = -0.264 + 0.918(LnTP) i 0.0002(TSS) i

AS 0.0014(TSS/TP) i 0.0008(Q) 0.89
Winter LnDP = -0.604+0.802*LnTP 0.89
Non-winter LnDP = -0.67+.883(LnTP) i 0.001(TSS) i

BA 0.0003(TSS/TP) + 0.0021(Q) 0.77
Winter LnDP =  -0.338 +.935(LnTP) i 0.001(TSS) i

0.001(Q) 0.95

Noni winter LnDP = -0.592 + 0.854(LnTP) i 0.002(TSS) i

DU 0.0003(Q) 0.75
Winter LnDP =  -0.354 + 0.914(LnTP) i 0.004(TSS) 0.93

Load Comparisons

Constituent loads were computed for T&®ITP by the USGS Loads ofDP were
calculated from predicted contiousDP concentrations and five or 4&inute discharge.
Seasonal flars, loads, and yields for watgear 2004 though 2006 are givenTiable2.7.

In water year 2004, loads of TSS, TP, &flwere more than 50% greater thihe

following 2 wateryears. Intense rainfalhiMarch of 2004 contributed to the excessive
loading of water year 2004Across the four site®P loads ranged frorB6% to 52% of
theannualTP load in 2004. In the followingyears theDP load ranged from@Rb to

61% of the TP load.t is evider that the timing (before establishment of crop cover) and
intensity of the May and June 2004 events cddsgproportionately greater sediment
losses when comparing annual rainfall amoun&ble2.2). It is possible that therige

amounts of TSS in the stream chanfreim higher intensity precipitaticeind flows in
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2004 are responsible for the lexfractions ofDP (note the negative TSS coefficient in
Table2.6).

In 2006, the greater precigtion at Baird Creek resulted in DP yieliisring non
winter conditions to be much greater than the other strebatde2.7). The Baird Creek
watershed DP yield was @&g/ha compared to ®2kg/ha at Ashwaubenon Credk18
kg/ha at Apple an@.17 kg/ha abuck Creek

For 2004 and 2006 the navinter period (~ 9 months) contributed most of the annual
DP load for all streams. In 2005, however, the winter period (~ 2 months) contributed
from 56% to 60% of the annuaDP load for all streams. The 2005 water year had the
highest winter period flows and the lowest neimter flows during the three year study.
The high winter flows were a result of winter rains and above average precipitation in
January and February4ble2.2). These high flows combined with large event
flow/winter DP concentrations'@ble2.3), presumably caused the unusually high winter

season DP loads.



Table2.7. Seasonahnd annuallow and total suspended solids, total phosphorus, and dissolved phosphorahtbgiesdfor
WY 04-06 (some of thevaluesshown below and in the text weredified from the original thesigo refectupdated

flows which occurrediuring iceaffected periods)

Area Flow TSS Load TSS Yield TP Load TP Yield DP Load DP Yield
Site Season (km?) (mm) (ton) (t/ha) (kg) (kg/ha) (kg) (kg/ha)

Apple Creek 117

Non-Winter 266 10,427 0.89 18,985 1.62 6,124 0.52

2004 Winter 56 488 0.04 3,205 0.27 1,783 0.15

Annual 322 10,915 0.93 22,189 1.89 7,901 0.67

Non-Winter 75 914 0.08 3,206 0.27 1,668 0.14

2005 Winter 69 453 0.04 3,653 0.31 2,122 0.18

Annual 144 1,367 0.12 6,859 0.59 3,792 0.32

Non-Winter 88 1,755 0.15 5,057 0.43 2,135 0.18

2006 Winter 33 147 0.01 917 0.08 542 0.05

Annual 121 1,902 0.16 5,973 0.51 2,719 0.23
Ashwaubenon Creek 48

2004 Non-Winter 221 3,178 0.66 7,693 1.60 2,929 0.61

Winter 50 160 0.03 1,874 0.39 1,086 0.23

Annual 272 3,338 0.69 9,567 1.99 4,014 0.84

2005 Non-Winter 53 819 0.17 1,982 0.41 861 0.18

Winter 59 147 0.03 1,885 0.39 1,130 0.24

Annual 112 966 0.20 3,867 0.80 1,991 0.41

2006 Non-Winter 72 280 0.06 1,763 0.37 1,072 0.22

Winter 29 36 0.01 760 0.16 429 0.09

Annual 101 316 0.07 2,524 0.52 1,497 0.31

6€



Area Flow TSS Load TSS Yield TP Load TP Yield DP Load DP Yield
Site Season (kmz) (mm) (ton) (t/ha) (kg) (kg/ha) (kg) (kg/ha)

Baird Creek 54

Non-Winter 323 3,522 0.65 10,608 1.97 5,497 1.02

2004 Winter 41 425 0.08 1,998 0.37 1,065 0.20

Annual 364 3,947 0.73 12,606 2.34 6,563 1.22

Non-Winter 59 225 0.04 1,160 0.22 695 0.13

2005 Winter 55 296 0.05 1,676 0.31 1,039 0.19

Annual 114 520 0.10 2,836 0.53 1,734 0.32

Non-Winter 141 904 0.17 3,353 0.62 1,918 0.36

2006 Winter 32 51 0.01 556 0.10 395 0.07

Annual 173 955 0.18 3,909 0.73 2,314 0.43
Duck Creek 276

Non-Winter 301 9,255 0.33 30,605 1.11 13,492 0.49

2004 Winter 43 653 0.02 5,170 0.19 2,997 0.11

Annual 344 9,908 0.36 35,775 1.29 16,488 0.60

o005  Non-Winter 85 1,578 0.06 6,712 0.24 3,406 0.12

Winter 55 1,369 0.05 8,930 0.32 4,380 0.16

Annual 140 2,947 0.11 15,641 0.57 7,786 0.28

Non-Winter 89 790 0.03 8,931 0.32 4,664 0.17

2006 Winter 27 68 0.00 664 0.02 535 0.02

Annual 116 859 0.03 9,594 0.35 5,289 0.19

014
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Environmental Characteristics

The availableenvironmental characteristiegere compared twaterquality results
for wateryear2004 througl2006 Table2.8 shows $earmen correlation coetfents for
the annual and thregear combined mean concentrasdgtotal load/total flow) of TP, PP,
andDP compared with some environmental characterigliedle A.]). Becausef the
small sample size (n = 4 streantle only significant correlationsese foundwhen the
point from each tributary fell oastraight line and theorrelation coefficient equaled
one A correlation coefficient equal to 0.8 meant that only one tributaryal line up
with the others.

The soil slope and basin slope werehbo¢gatively correlated with TP abdP. Both
the soil slope anbasinslope varied less then one dega@eongall sites therefore
making conclusions from these result®uld be done with cautiomhe soil slope
measurement included all areas of theansttedsincluding non agriculture landuses.
The negative correlation between slope and the concentration of TP and DP may not be
found if the soil slope of only the agricultural fields was used.

The soil textural characteristics (silt and clay contesgte positively correlatedith
TP, PP, and DP across the three yebable2.8). Silt content was fairly similar among
the four watersheds. However, clay content ranged from 25.9% for the Ashwaubenon
Creek watershedna 14.3% for the Duck Creek watersi@dble A.). The significant
differences in constituent concentratiomsunoff fromthese watersheds may be partially
explained by differences in soil infiltration and water holding capa&eitised by the soll

textural properties of the watersheds
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The only other marginally significant relationships were found betwee®DPRnd
the percent of agricultural land in forage crop production. Forage crops, such as hay,
have been linked to high concentration®éfin other studies (Hart et al., 2004nd TP
and DP have been found to be significantly correlated with the percentage of agricultural
landuse within watersheds in Wisconsin (Robertson et al., 2@D&3rall it is difficult to
draw broactonclusions from thee comparisons. More data, at a smaller srade
matching the monitoring peripavould strengthen theomparisons between watersheds

within the same basin.



Table2.8. Spearmamankcorrelation coefficientbetween annual mean (total mass/total flow) and the@e mean concentrations
of TP, PP, an@®P and specific environmental characteristics for the studied watersheds in the Lower Fox River Sub

Basin.
Total Phosphorus Particulate Phosphorus Dissolved Phosphorus
(total mass/total flow) (total mass/total flow) (total mass/total flow)
CharacteristicsA 2004 2005 2006 04-06 2004 2005 2006 04-06 2004 2005 2006 04-06
g;t\’/z?opmem 0 0.4 0 0 0.8 0.2 0.6 0.6 0 0 0 0
Row Crops 0.4 0.8 0.4 0.4 -0.4 1 0.2 0.2 0.4 0.4 0.4 04
Forage Crops 0.8 1 0.8 0.8 -0.2 0.8 0.4 0.4 0.8 0.8 0.8 0.8
Agriculture (Total) 0.4 0.8 0.4 0.4 0.4 1 0.2 0.2 0.4 0.4 0.4 0.4
Forest 0 0.4 0 0 -0.8 0.2 -0.6 -0.6 0 0 0 0
Wetlands -0.4 -0.2 -0.4 -0.4 -0.6 -0.4 -0.8 -0.8 -0.4 -0.4 -0.4 -0.4
Soil Slope -1 -0.8 -1 -1 -04 -04 -0.8 -0.8 -1 -1 -1 -1
Soil Silt Content 1 0.8 1 1 0.4 04 0.8 0.8 1 1 1 1
Soil Clay Content 0.8 0.4 0.8 0.8 0.8 0.2 1 1 0.8 0.8 0.8 0.8
Basin Slope -1 -0.8 -1 -1 -0.4 -0.4 -0.8 -0.8 -1 -1 -1 -1

A See table A. in Appendix A for watershed characteristic values used in the correlation analysis.

ev
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Conclusiors

To reach watequality objectivedor the Lower Fox River and the Bay Green By,
lossesf TSS and Rrom the contributing watershedsust be rduced. Detemining
source arefactors that contribute large quantities of TSS and TP and determining the
environmental characteristics that account for the differences is necelssgeneral,
Ashwaubenon Credhkadlarge concentratiosof TSS TP, andDP comparedo the other
three monitored streamsiowever, when comparing yields, Baird Creek contributed as
much TSS, TP, anDP, if not more, tlan Ashwaubenon Creek per unit ardauck
Creek, on the other hanldlad concentratisof TSS, TR andDP significantlyless than
the other streasmndwas found to contribute much less peit area.

Linear regressions were used to compare the concentrations of TSS, TP, and
discharge with DP concentrations. Total P was significantly correlated with DP at all 4
streams aass all seasonal and flow conditions. Using TP as the independent variable,
we were able to combine data for all sites to produce an overall equation for predicting
DP concentrations in the LFRE& A relationship between TSS and DP was significant at
sone sites. However, only a small portion of the variation in the DP concentration was
explained.

Drawing conclusiosabout the environmental characteristitat directly #fected the
concentrations and yields of water quality parameters within this pereavas
difficult. Usually, only small changesmongcharacteristics could be distinguished
amongsites. However, a previous research has indicated, the percent of agricultural
landuse, particularly in forage crop productiaas found to have strorg correlation to

the TP andP concentrations Watershed soil texture was also correlated with mean
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annual concentrations. The Duck Creek watershed had soils with the least clay content
and had the lowest constituent concentratioftse monitored LoweFox River Sub

Basin tributaries had significant variat®in constituent concentratioasiong sites.

This variation could be used to determine which environmental characteristics,
anthropogenic or otherwise, contribute to increased rates gimiahsouce pollution

and could help refine management strategies to meet-guaadity goals.
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CHAPTER 317 PHOSPHORUS FORMSAT DIFFERENT SPATIAL
SCALES IN APPLE CREEK WATERSHED

Introduction

The cetermination of phosphorus fornmssurface water runofs importantfor
choosing the most appropriateanagement strategiés controling non-point source
pollution fromtributarywatersheds The literature contains differing assumptions about
which form ofphosphorusK), dissolved(DP) or particulatgPP) is predominant itthe
various P transfer pathways (Hart et al., 200@@sults frommostbasin studies indicate
that PP is the predominate form exported from agricultural rB8oiirpley et al., 1992)
However therepresentativenesd in-stream measurements of {pr@portion of DP to
PP may be confounded by adsorption of DP onto sediment particles during overland flow
and/or in the stream channel itself (Sharpley et a8119000) DissolvedP has been
found to be the dominate form somegrasslandpasture)watersteds and dairy farming
watersheds@ooke, 1988Wilcock et al., 1999; Davie€olley and Nagels, 2002;
Sharpley et al., 1994, P0; Nash and Murdoch, 1997)

Factors #Hecting the fraction oDP in runoff are not well understooseasonal
affects, precipitaton intensities, and watershed factors, suckodipermeability, texture,
andcomposition, basin and stream channel slapd other environmental factorsgit
contribute to differences ithe fraction ofDP. A strong relationsip between soil test P
levels and the amount of DP in runoff water has been found by other researchers
(Sharpley et al., 1994; Daniel et al., 1994; Pote et al., 1999; Andraski and Bundy, 2003)
It may be that reducing solil test phosphorus lewetsitical source areas withi

watershedvill be themost effective management stratéggcontrolling DP loses
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From previous monitoringheLower Fox River SukBasin (FRS-B) tributariescan
becharacterized by high fractions of Baumgart, 200&. A rainfall simulation study
on small plots inWisconsin found higher DP concentrationgunoff fromsoils with
slower infiltration rates (Andraskind Bundy 2003) These soils argmilar to the clay
loam soils of the LFR®. The autha suggest that the slower infiltration ratdbowed
the interface between runoff atite soil to occurto agreater deptlandresulted in more
interaction between runoff and nesarrface soil watethat contained extractable P
However, field scale data are lacking on easterrclag soils of Wisonsin, especially
within the basin. Knowledge of P forms at the field scale is needed because management
strategies to reduce nqoint source P pollution are usually implemented at this scale.

Differences in watequality parameters between source areght be explained by
contributing area characteristics. Some of the more important charactensgiceclude
soil propertiestopography, landise/landcover, and soil nutrient leve{gndraski and
Bundy, 2003) One study on wadeable streams in Wisaouantifed watershed
characteristics and compdrhem to water qualitparameterg¢Robertson et al., 2006).
This chapteraims to determinbow the concentration of watguality parameters and the
fraction of DP differ among multifield source areagndalong flow patls from the source

areascaleto thewatershed scal@ the Apple Creek Watershed.
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Methods

Sampling Sites

In early March 2004, linulti-field (source areanonitoring locations wer&lentified
through field inspection in the Apple Crekatershed.Sampling locations werehosen
on a quasrandom basi$o include predominately agricultural landuaeeas without
significant tile drainageandadequateizefor sufficient dischargéFigure3.1). Four
integratorsites where chosen include runoff from upstreasource area sitesd other
areas in the watershed’he mairstem USGS monitoring station was used as the final
integratorsiteand canbined flowfrom all source aressand integrator sitesRefer to
Chager Two of this document for more details about the automated monitoring station
on the main stemTable3.1 includes the locatiorsize of contributing areaand
conveyance structuffer each site To determine the edributing land areaf thesource
area siteg¢Figure3.1 andTable3.1), watersheds were delineatesing thewatershed
delineatorsubroutine othe Soil and Water Assessment TOOSDA-ARS, 1998),
contour mapsinfield observationsand digital geoprocessing using ArcGIfE8aumgart,
1998)

All source area and integrator sampling sites were located at road cro$3Siegs.
reference points were established at each culvert or bridge from \apigtiawn
measurements of relative water height wesdgomed. Continuous flow was measured
and computeat the main sterstationby the USGSusing a gas bubble flow metaind

rating curve
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Precipitation

Precipitation in the LFR® was measured at 22 ragauge sites by the National
Weather Service, USGSplver Fox River Watershedvonitoring Project (LFRWMP)
and WBAY Weather Service (Green Bay, WI). Five of these gauges were located within
or next to the Apple Creek Watershé&digire3.1) and were used to determine the spatial
variation of storm events for this study. The rain gauge located next to site 4 and one
located to the west of site 5a and 5b were unavailable for the 2004 precipitation events.
For these events, the otttaree rain gauges were used to determine the uniformity of
precipitation. The total precipitation for an event was determined by adding up the total
rainfall for the day of the event. Because prior rainfall can have an affect on the quantity
and rate brunoff, the total precipitatiosevendays before sample collectiovas also
determined. The-Bninute maximum intensity of each storm and the peak flow at the

main stem site were calculated to show relative differences between precipitation events.
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Figure3.1. Map of the monitoring and rain gauge sites in the Apple Creek Watershed. Source area watersheds are represented by

colored polygons. o

o
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Table3.1. Sampling site information for the Apple Creek Watershed phosphorus forms

study.

Site ID Type Location Description Area (kmz) Conveyance Structure
la Source Section Line Road 1.90 Metal pipe arch culvert
1b Source Farrell Road 1.13 Pipe arch metal culvert
2a Source Greiner Road 0.74 Concrete box culvert
2b Source Greiner Road 0.36 Metal pipe arch culvert
3 Source Farrell Road 1.44 Metal pipe arch culvert
4 Source Lau Road 2.24 Metal pipe arch culvert
5a Source Cty. N 0.53 Metal circular culvert
5b Source Vandenbroek Rd. 0.15 Metal circular culvert
8a Source Buchanan Road 0.40 Metal circular culvert
8b Source Buchanan Road 1.63 Metal circular culvert
8c Source Cty. N 0.67 Metal circular culvert
I-3 Integrator Buchanan Road 37.5 Open stream
-4 Integrator Cty. CC 12.4 Open stream
1-6 Integrator Section Line Road 22.3 Open stream
I-7 Integrator McCabe Road 87.3 Open stream

USGS Main Stem Cty. U - Campground 117.2 Open stream

Water Quality

Sample Collection and Processing

Water quality samptewere collected neahepeak flow at source area and integrator
sitesduring or immediately following raieventsthat produced runofindwere
relatively uniform Five events were sampled in 2004, one in 2005, and two in 2006.
Sampling in 2005 and 2006aw limited due to the lack of uniform runoff producing rain
events. Relative flow was determined by repeated tdpe/n measurements of water
surface height at each culvertlwidge. One liter gab samples were collected in
polyethylene bottles and staren ice for transport to tHéniversity of WisconsirGreen
Bay watershethaboratory. At the laboratory, each sample slzaken and then sub

sampledusing a Teflon cone splittefrThe sample wadividedinto one 500 mL
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polyethylene bottle fof SSand two250 mL polyethylene bottsfor TP andDP.
Sample analyzed foDP were filtered using a 0.46m mixed cellulosestermembrane
filter. Total P andDP samples were preserved below pH 2.0 with sulfuric acid. All
samples were stored at 4°C udgliveryto the Green Bay Metropolitan Sewage

Di strictds | abReferatd Ghapter Tivaof thisadocarhentdor farther

details concerning sampling and analysis.

Evaluation ofSamplingProtocol

Taking a grab sample near peak flow provides a relatimelpensive method of
sampling many sites in close proximity. However, therenertairty as tohow
representative a grab sample near the peakifidovan entire eventTo determine the
validity of this sampling method, we used tApple CreekmainstemUSGS monitoring
stationto determine if peak flow samples correlated with event mean concentrations.
Peak flow concentrations were determifgdyraphical fit to discrete samples using
Graphical Constituent Loading Analy$System (GCLASBoftware(Koltun, 2006) The
event mean concentration was determined by dividing the total mass of TSS lapd TP
the total event flow.The concentratiorof DP atpeak flowwas determined from a
multiple regression equation based on TSS an(s& Chapter P, therebre, it was not

necessary tanalyzeits relationship with the event mean concentration.
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Contributing Area Characteristics

Environmental baracteristic®f the agricultural fields within our source area
watersheds were gathered from nutrient managepiansg, ceops, and crop consultants.
The field data included the dominateil type, crop rotation, tillage practice, soil test
phosphorus levels, fertilizer and manure applications, and distance to a water&milrse
samplingdates ranged froif@ctober2002to October 2006vith the majority of samples
in 2004 and 2005In this chapter, only soil test phosphorus was tseadmpare with
monitored watequality results from source areas. In the following chapter, all of these

characteristics will be connted in a phosphorus index tool to predict losses of P.

Statistical Analysis

Boxplots wereusedto canpare TP an®P concentrationand theDP fractionamong
source areas, integrator sites, and the main stem site for the 2004 sarhpl@605 and
2006event samples were not included in the boxplots because the land management
changed each yeaBecause of ousmall sample ge, analysis of variance on the ranks
of the data were @slin conjunction with the Tukey multiple comparison procedure to
deternine if differences in median concentrati@raongsites were significant at theS®.
probability level Robertson and Saad, 19%6nk, 2005. Differencesn median
concentrations of wateguality parameters between source areas, integrator sites, and the
main stem site were tested using this same procedure.

A nonparametric KruskalVallis Test was used to determine the effagfctariation in

2004 runoff producing events the constituent concentrationd/here the source area
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sites wergpairedalong a fow path (e.gsites 1a and 1b), a Wilcoxon SigndRank Test
was used to determinfconstituent concentrations changeil analyses were
performed using SAS 9.1 statistical software (SAS Institute Inc., 2008%1S 9 and
Microsoft Excel2003were usd to calculate an areaeighted soil test phosphorus value
for each source area watershed. These values wenlnumearregressioato explain

the variation in constituent concentrations.

Results and Discussion

Precipitation and Event Hydrology

The2004growing seasowas characterized by above normal precipitation in May
and Jundollowed by a summer drought periotiable3.2). Results from the Lower Fox
River tributary analysegresentedn Chapter 2indicatal loads of TSS, TP, aDP were
more the 50% greater in water year 2004 ththe following two wateyears. The
frequent and large quantity of rain in May 2004 created large flows and high TSS levels.
These conditions likely contributed to DP fractionsigdbwerfor that wateryear
compared to the resTherefore, it should be noted that &P fraction results in 2004

from our source area sitesght be lower tha in years with more normal precipitation.

Table3.3 presentgprecipitation datand mainstem peak flovfor the eight monitored
events from 2004 to 2006. The total precipitafionthe day of the evemanged from

6.6 mm to 48.3 mmEvents four and six had one day total precipitation more than twice
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that of the other events amgrethe greatest intensity stormgvent four also had the
highest peak flow (1073 cfs)These high precipitation events resulted in the greatest
median TSS concentratis(event four = 464 mg/L; event six = 508 mgiklhen citaare
combinedacross siteby event The cumulative precifation for sevendays prior to
sample collectiors alsopresented to illustrateod wetnessconditionsprior to each
event. Several of the small sampling events were preceded by signifaiantThe
maximum5-minute intensitiesanged from 0.25 mm to 12.19 mrhe peak flowg at the
main stenranged from 205 to 1073 cfs. The lowest intensity storms (5/14/04 and
5/14/06) had the smallest peak flows.

The concentration of wateguality constiuentswassignificantly affectedby the
amount and intensity of precipitation eveniesults of the Kruskalvallis test show that
themedianconcentrations of TSS, TP, and PP were all significantly diffépeqt0.01)
across eventsHowever,bothDP concentrations (p = 0.91) and tB& fraction (p = .11)
were both not significantly differenfThe median concentration of Tér all siteswas
consistent with precipitation and flow amounts asmaged from 0.35 mg/L for event
eight to 1.14 mg/L for eversix. The median concentration@P ranged from 0.04

mg/L for event four t®.48 mg/L for event seven.
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Table3.2. Monthly precipitation recorded at the USGS rain gauge at the Apple Creek
main stem monitorig station for water years 2062006 compared with the
30-year average from the National Weather Serfoc€reen Bay.

Green Bay Departure Departure Departure

30-year wyY from WY from wy from
Month Average 2004 Normal 2005 Normal 2006 Normal

Oct. 55.1 26.7 -52% 93.0 69% 35.7 -35%
Nov. 57.7 116.3 102% 38.0 -34% 75.8 31%
Dec. 35.8 29.0 -19% 54.7 53% 25.9 -28%
Jan. 30.6 29.2 -5% 39.1 28% 40.0 31%
Feb. 25.6 39.4 54% 30.1 18% 34.9 36%
Mar. 52.3 91.0 74% 34.0 -35% 37.3 -29%
Apr. 65.0 24.6 -62% 40.3 -38% 52.3 -20%
May 69.9 181.7 160% 55.6 -20% 113.5 62%
June 87.1 108.1 24% 76.6 -12% 35.4 -59%
July 87.4 46.2 -A7% 56.8 -35% 71.6 -18%
Aug. 95.8 39.5 -59% 108.6 13% 28.9 -70%
Sept. 79.0 9.3 -88% 69.2 -12% 56.1 -29%
Total (mm) 741.3 741.0 0% 696.0 -6% 607.5 -18%

Table3.3. Precipitation totals and intensities recorded at the Apple Creek USGS rain
gauge for eight events in 20@006. Precipitationis described by the gla
of the event total and total sevdayprecipitation prior to sample

collection.
Precipitation
Main-stem
Day of Event 7-day Intensity peak flow
Event Date (mm) (mm) (5 min max.-mm) (cfs)
1 3/28/2004 14.7 21.3 0.76 587
2 5/14/2004 8.9 63.1 0.25 205
3 5/21/2004 13.2 38.6 0.51 249
4 5/23/2004 455 89.9 3.30 1073
5 6/11/2004 17.0 42.2 0.51 520
6 6/13/2005 48.3 58.9 12.19 367 R
7 1/29/2006 15.5 0.0 - 61A
8 5/14/2006 6.6 79.5 0.25 208

AAveragedaily flow (ice affected)
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Representativenessf Peak Flow Sampling

Peak flow concentratiagand event mean concentrattameredeterminedor all
eventsn which source eea samples were collectegcept January 2005 when ice
conditions made difficult to accurately predict floyBaumgart, 2007; unlished)
Total P and TS$eakflow concentratioe werefound to have ateong correlatiorwith
theevent mean concentrationsth R-squaredsalues of 0.90 and 0.99, respectively
(Figure3.2 andFigure3.3). Thereforethegrabsampling technique adequately
represergdthe monitored eventandif it is assumed thahe relationshi@lso occurst
the source area siteglhe sampleconcentrationsanbe used to compare between sites and
scales.It should be noted that peak flow at integrator sites likely occurred many hours
after peak flow at source areas. Our sampling of integrators occurred approximately one

hour after source areas and was likely before peak flow.
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Figure3.2. Relationship between T&vent mean
concentratioaandpeak flowTP concentratiopat
the Apple Creek maistemmonitoring station foi?
runoff events in 2002005.
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Figure3.3. Relationship between TS&/ent mean
concentratioeandpeak flowTSS concentratian

atthe Apple Creeknain stem monitoring station
for six runoff eventsn 20042005.

Scale Comparisons

An objective of this research was to detereniithe concenttéon of waterquality
constituents changed at different spatial scales. This experiment allowed us to compare
TSS, TP, PP, andP concentrations and tH&P fraction at the source area scale (0.2
2.3 knf), the integrator scale (1285 knf), and the watshed scale (117 Kin Median
concentrations of TSS, TP, PP, d»d and theDP fraction for five events in 2004 at the
three scales are givenTable3.4. The variability in constituent concentrations for the
five 2004events at each of tH& monitored sites from the three scales is illustrated by
the boxplots irFigure3.4. Within site and amongjte variability of source areas tended

to be large reldve to the integrator and mastem sites. This is not unexpected given
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the potential influence of individual site characteristics on water quality at source areas
relative to the integrative properties of the larger scalEsmparing median
concentrations among source aeategrdors, and main stem scaledl, af the water

guality parameters were not significantly different at ti9® 8ignificanceevel.

Table3.4. Median TSS, TP, PP, af@P concentrations and tH2P/TP fraction athe
source area, integrator and maitem sites in th&pple Creek Watershed
for wateryear 2004 samples. Within source area and integrator sites,
medians with the same superscript letters are not significantly different at
0.05significancelevel.

Median
Site TSS (mg/L) TP (mg/L) PP (mg/L) DP (mg/L) DP/TP
la 168% 0.66% 0.3% 0.2% 0.43%
1b 1122 0.41%* 0.23% 0.17%* 0.42%
2a 100 0.7%* 0.22% 0.26% 0.50%
2b 118% 0.46% 0.3% 0.16™ 0.35%
3 7042 1.51° 1.18° 0.31%® 0.22%
4 582 0.38% 0.13% 0.25% 0.66%
5a 252° 0.36% 0.31% 0.04° 0.11°
5b 92° 0.21° 0.13% 0.05° 0.31°
8a 98° 0.66% 0.13% 0.53% 0.83%
8b 326° 0.62% 0.39% 0.27%* 0.57%
8c 320° 0.37% 0.3% 0.1 0.19"
Source Areas 144 0.46 0.28 0.19 0.39
Int-3 1622 0.33° 0.22% 0.11° 0.38%
Int-4 152° 0.4° 0.23% 0.17° 0.45°
Int-6 130° 0.55° 0.242 0.25° 0.56°
Int-7 228° 0.42% 0.28% 0.15° 0.33%
Integrators 165 0.48 0.26 0.16 0.41

Main-Stem 236 0.43 0.24 0.19 0.44
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Site Comparisons

All Source Areas

Thereare obvious variationsetweenTP andDP concentrations amortge 11 source
area sitegFigure3.4 andTable3.4). Median TSS, TPandPPconcentrationsveretwo
to five times greater at site 3 compared to the other 10 sites. However, thedaagen
among eventéwithin site)resulted in very few significant differenceBissolvedP at

site 3, however, was closterthe average of all sites combin&dhich reflectshigh PP.
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The concentration dDP was higlestat site 8a compared to tbéer sitesand made up

approximately 80% of the TP lost.

NestedSource Areas

Eight of the source area watersheds wegteddirectly upstream and downstream of
eachother These sites were 1a and 1b, 2a and 2b, 5a and 5b, and 8b(BigiBx3.1).
To determine how wateguality constituents changed along these flow paths we used a
Wilcoxon Signed Rank TesiThe pooled analysis deteined that for all constituents
except PRhe downstream site had higher centations tha theupstream sé at a 0.05
significancelevel. This suggestthat dilution of wateiquality constituent concentrations
is not occurring along these flow paths. It is possible that new sources of P become
availabk at dowstream sites. This is evident aesB¢ which has a higher area
weighted soil test phosphorus level then the upstream site 8b. The effect of more
concentrated flow (e.g. greatnmosion potential) on the watquality constituent

concentrations is uncertain andagin help explain thesessults.

Integrator Sites

Determiningwhen peak flow would occur at the integrator siwes much more
difficult due to the range of contributing area sizes. Therefore, it should be noted that
these samples may not represent peak flow. However, sonestinigrresults were
observed fronour sample resultsTable3.4 shows that site Ir® had significantly higher
DP concentrations and site #8thad significantly loweDP concentrations for the five
2004 events. It hdseen observed in the field (not quantified) that the North Branch of
Apple Creek has a large amount of land that is tile draifibése results areonsistent

with previous event and lositow sampling(n = 30) conductedn the North Branch and
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South Branhb of Apple Creek near the confluence from 1999 to Z60Baumgart
unpublished data)Median atho-phosphorugoncentrations frorthe North Branch

(0.36 mg/L)weretwo times greatethen theSouth Branch (A8 mg/L). The fraction of

DP wasalsogreatesin the North Branch56% vs 44%). Other researches have found a
link between tiledrained fields and DP concentrations in streaang. Gentry et al.,

2007)

Integrator #e 3 (Int-3) is directly downstream from source area sites 5a and 5b.
Thesesites have two of the three lowest awwaighted soil test phosphorus levefgure
3.5) and the lowest mediddP concentrationTable3.4) of all source areadt should be
noted, however, that éhcontributing area of 5a and 5b make up only a small fraction of
the total contributing area for K3t The rest of the contribnt area consists of mixed
landuse with approximatel$5% uban, 50%agriculture,and15% forestand open areas

The contrilution of this mixed landuse is unknown.

Area-Weighted Soil Test Phosphorus Analysis

In the previous chapter vatemptedo determine environmental factors that control
the concentration of PP amP. It was mentioned thatvith watershed in close
geogaphic proximity,it was difficult todistinguishdifferencesamongsites and thatoil
phosphorugontentmay explain a large portion of the variatimrthe concentrations.
Figure3.5 represents the relationship betwegaaweightedsoil test phosphorus levels
(Bray P1)andDP concentrations fothesource area site®\ll of the sites, except site 1a,

were included in this analysis. Site 1a was taken out of the analysis becawesstowky
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a 23% spatial coverage of soil testosphoruslata for this source are&overage for the
other sites ranged from 40% to 99%.

A strong response &P to soil test phosphorus levels was detected with a significant
relationship(p < 0.001)and anR-squared/alue of 0.83.Site 8a had anusual influence
on the regression, but did not change the significance of the Slapa. P and PP did not
show a strong relationship to the soil test phosphorus |g%ei.057 and 0.002,
respectively) Total P and PP concentrations arere closely coelated to TSS
concentrations thmaDP and, therefore, would k@ependent othe environmental factors

that control erosion processes.
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(Bray PJ) levels andnedianDP concentrations from source
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2004.
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Comparison among Years

Discrete sample concentratioinem the 2005%eventand the two 2006 events are
displayed separately figure3.4. As previously mentioned, the 2005 event was
triggered by large, intense precipitation (Table 3.3). As can be seen in Figure 3.4, TP
concentrations for nearly all sites exceeded the max valoestfre 2004 monitoring
including a TP measurement at site 8b of 8.26 mg/L and a DP concentration of 2.71
mg/L. Site 3 was the only site with a lower value. In 2005, site 3 was covered nearly
100% by alfalfa, which could explain tf@ver concentration o P. Across the various
sites, he January 2006 event, which occurred on frozen ground, had TP concentrations
both above and below the median. However, DP concentrationsamesistentiyhigher
at all but two sites than the 2004 event samples. Wipteading of manure may be
responsible for the high levels of DP. The May 2006 event was a smalhtensity
storm. The concentration of TP was below 2004 median concentrations at all sites except
for 1b. However, DP concentrations more closely folldwes 2004 median

concentrations and higher DP fractions at all sites.

Conclusion

Knowledge ofP forms at the multfield scale can help determine the most effective
management strategies for reducing4pomt P pollution in the ERS-B. The
concentratn of DP makes up a large portion of the TP at tributary sitiéisin the
LFRSB and at source areas within the Apple Creek WatersRedults from source

area watequality monitoring show that the concentrasaf TSS, TPPP,andDP and
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the fraction & DP did not significantly change from source argatersheds to the main
stem.

Observed watequality measurements were highly variable among source areas in the
Apple Creek Watershed. Median TSS and TP concentrations varied by a factor of seven
and medan DP concentration varied by as much as a factdr@fCritical source areas
exist within the watershed and knowledge about tbeations would be beneficial to
targeting of improved management practices. The proportibPaefas also highly
variablebetween source areas and sampling events. We observed veBPhigh
proportions during a winter runoff event athgringa low intensity storm in 2006.

The concentration dDPin runoff had a strondjnearresponse to the aregeighted
soil testP levelsthat ranged from 14 mg/kg to 101 mgfkgsource area watersheds.
These results were consistent withat other researches have fouStdrpley et al.,
1994; Daniel et al., 1994, Pote et al., 1999; Andraski and Bundy).2008 regression
coefficient (0005) was itermediate tahe coefficients@.012for clay loam plotsand
0.0024 for silt loam plo}sreportedby Andraski and Bundy (2008) their simulated rain
study on small plots Therefore, the relationship between the concentration of DP in
runoff and soil test Pnay bedifferent between watershedslowever, these results agree
with other studies thandicate that lowering soil test phosphorus levels from critical
sourceareas within a watershedud significantly reduce nepoint source DP losse
Controlling losses of TP tbughsediment reduction strategies is important for meeting
waterquality objectivesut might not be enough. A holistic approach to management
strategieswhich incorporate strategies to reduce DP loss®syld be consided.

Therefore, it is important to consider the benefits of nutrient management planning to
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reduce DP losses when considering watershed management strategies for tigz LFRS

and other managed watersheds.
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CHAPTER 417 IMPLEMENTATION OF WISCONSIN
PHOSPHORUS INDEX TO MULTI -FIELD WATERSHEDS

Introduction

The phosphorus index {iRdex) system was developed by the United States
Department of Agriculture Natural Resource Conservation Service (USDA NRCS) as
part of a joint strategy between the USDA and United States EnwraiahProtection
Agency to use a-fhdex to limit P applications on fields at greatest risk of P loss
(Sharpey etal., 2003). Recently, the NRCS changed their nutriemagament
standards (590) from{dased to hased. Under the new NRCS 590 standeadh
statéds NRCS state conservationissnchoose between threellased approaches to
nutrient management planning policy. The three approachésseeoragronomic soil
test P recommendations, environmental soil test P thresholds;iodexto rankields
according to their vulnerability to P loss (Sharpéyal, 2003). Of the three approaches,
the Rindex has been the most widely implemented with 47 stategting some form of
the Rindex(Torbertet al, 2005).

The Rindex is based on a fiekl/stem in which all land available for manure
applications danot have the same potential for nutrient loss (Gburek and Sharpley, 1998;
Sharpley and Tunney, 2000). The use of integrated software tools such as tfuSnap
software program developed byethlW-Extension(2007) thatcombines conservation
planning (RUSLE?2), nutrient management (NRCS BYfased), record keeping (NMP)
and manur@andfeed management into a single program are being widely adopted

(Pearson et gl2004, Goodand Bundy 2005). r&ap-Plus includes the Wisconsin
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Phosphorus IndeX)I-PI) tool to rank fielddoasedon their potential to deliver P to

surface water bodies (Goatid Bundy, 2005).

The Wisconsin Phosphorudndex (SnapPLUS)

TheWI-Plis modeled after the lowalRdex (NRCS IOWA, 2001) and considers both
particulate and dissolved P sources, acute losses under frozen and unfrozen
conditions, and transport factor.incorporates a simplified modeling
approach to calculate a gross estimate of P losses in Ib/acre/year from
particular field (Good, 2004). Sndlus calculates-hdices for each of the
three major P losses: particulate, soluble, and acute (single event) (

Figure4.1). Therefore, the total risk index for P is calculatgcsbmming up the
particulate and soluble P losses for the edligield and the acute P losses from surface
application of manure and fertilizer and multiplying by a P delivery ratio. The particulate
P-index is calculated by multiplying the annual seditalivery to edge of field times
the P concentration in bulk soil times the sediment P enrichment ratio. The sediment
delivery to edge of field is calculated using the latest version of the Universal Soil Loss
Equation, RUSLE2 (USDAARS, 2004). Sedimer® concentration is estimated using
routine soil test P and soil organic matter. The solubtelBx equation incorporates an
estimate of the annual field runoff volume and soil soluble P concentration multiplied by
an extraction efficiency factor. Theiksoluble P concentration is based on adjustments
to soil test P (BrayP1) and a P stratification factor for specific sdil fertility groups
and runoff extraction efficiencies. For calculation of the acute lasddX a worstase
runoff event apprach, instead of the average annual used for calculating particulate and
soluble P losses, is used to estimate the potential loss of P from a field from surface P

applications. The acuteiRdex is calculated for losses of fertilizer and manure from
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nonfrozen ground and losses of manure on frozen ground. The three P loss indices are
first added together and then the P delivery ratio is factored in. The P delivery ratio is
determined by the dominate soil slope and the length of the flowpath from thefedge

field to the receiving waters. It ranges from 1.0 (< 250 ft. flow path) to 0.45 (>20,000 ft.

flowpath < 2% slop&

Figure4.1. Schematic representation of pathways for P movement from field t@surfa
water assumed for-lPxdex calculations (Bundy and Good, 2007).



