ABSTRACT

FETZER, BRIAN LEWIS Determination of Subsurface Nitrogen Contamination Using Tree
Leaves and Stable Nitrogen Isotope Ratjosder the direction of Elizabeth Guthrie
Nichols)

Swine waste lagoons and waste application fields are a potentie¢ ssdlNH, and
NO3 contamination in groundwater and surface waters. Stable nitrogen isotopes can be used
to determine nitrogen sources and their contribution to groundwater and surface waters when
sources are specifically known. Swine waste has a entgll signature, usually in the
range of +104& “Nosignatrés foitrees\ark iistiaby inlthe rangdal t o
+2a. This difference can be used to differe
anthropogenic nitrogen sources to waters. $tudy focuses on the use of stable nitrogen
isotope ratios'>N/*N, of tree tissues as an indicator of subsurface nitrogen contamination
from swine waste lagoons and waste application fields. Analysissitti groundwater
parameters, nutrients {NOz and NH,), chlorides, and">N-NOjsisotopic values of
groundwater was used to determine the extent of swine waste contamination in groundwater
at an inactive swine facility in North Carolina. Increased concentrationd\g{y\and
ammoni um, chl ori des 6 PNa\®;indieated areassof smiperwastep o s i t i v
contamination due to lagoon seepage or prior spray application. Comparisons of tree foliage
N and known areas that have swin&Nthamste in
areas not impacted by swine waste. eXisting spray application field, now populated with
4 year old loblolly pine, was evaluated for soiN®;, T K N ;"N alues anil compared
topi ne nheatlliése Ré&sults indicate that pine trees reffett values in soils rather

than groundwier for a majority of the field due to age (shallow rooting depth) although



pines did r eflIN&Osvalugsrirateasdveratheavater table was close to the

surface.
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Chapter 1: Literature Review

1.0 Problem Statement

The extent of nitrogen release to groundwater and surface waters fraen@ated
Animal Feed Operation (CAFQagoonsas well as waste application fiell&AF) is still
poorly undersiod. CurrentlyNorth Carolinas home tcapproximately 4.00 active or
abandoned swine wadgoons excluding buried lagoonsvith ~ 850 lagoons located ihe
Neuse River Basin alone (CGIA, 2003). These lagbane the potential toontribute
elevated concentrations of nitrgté¢Oz) and ammoniunNH,) to groundwater and surface
waters. Elevatedammonia or nitratéevelscan cause not only human healthussvia
drinking water contamination but also threaligastock and wildlife(Cooket al.,, 2008)

Recentstudies havevaluateditrogen transport from CAFO lagoons within the
Neuse River Bas. Researchconducted ¥ Showerset al (2008),Israelet al (2005), Karr
et al (2002), and Karet al.(2001), determined that nitraés&d ammoniuncontamination in
shallow groundwater from swine lagoamsdwaste application fieldeeredominant sources
of excess nutrient®tsurface waterwithin the Neuse River Bas. These studies used
nutrient concentrations, chlorides, and stable isotopes of nitrogen, oxygen, and deuterium to
determine endpoint nitrogen sourc&ecauseswine waste has an enriched nitroggatope
valuesb et we e n + 1 Oswinetwaste-€x@tdrom CAFO operations can be
monitored in groundwaters and surface wafgendallandMcDonnell, 1998 Karr et al.,
2001).

Researchers have used stabt#apes of nitrogen, oxygen, and deuteriundémtify



source®f nitrate contamination in drinking water wells from buried waste lagoons (Showers
et al, 2008),surface ruroff from WAFs(Israelet al, 2005),andlagoon seepage due to
construction métod,age or failure (Huffman, 2004Cooket al, 200§. Currently,
groundwater monitoring wells are used to determine the amount and extérdatef
contamination in groundwateiThe overallostst o det er mine i f swine CA
impacting surrounding subsurface hydrol@gg substantial These costs include monitoring
well installation, sampling and required personnel, as well as lab analyggurpose of
this study is to test an alternag approach to detect CAF@erived nitrogen contamination
in groundwater This approach utilizesttet abl e ni t ¥ gmlgsiofte® t ope ( U
leaves and stem coresThis concept assumes thegds adjacenb and downrgradient of
swine wastelay o n s a n dccedsfedrsugace and subsurfaeater potentially
impacted by elevated nitrate and ammonium concentrdtiomsleaching lagoonand
WA F ansltration.

Trees integrate nutrients through several pathways; ammonainsaesbedhrough
the root system while nitrate can &lesorbedy both leaves and roofg&vans, 2001)
Nadelhofferet al (2004) found that trees treated witfP-enrichedNO; tracer had more
enrichedi™N isotopic valuesn tissuecompared with trees labeled with an Ntacer. This
study demonstrated that N® can beassimilatednore readily into trees than NHN when
nitrate is the main source of N availablardaret al (1997) used foliar tretssues to
determine the impact efastewatenitrogen cycling irdeciduous and coniferous trees. The
authors observed an increasddiiar ("N valuesfrom -24 pre-irrigation to +& aftertwo

yearsfor all trees in the study.



My researctwill deternine if i*°N valuesin trees came used to detestine waste
in the subsurfacel hypothesize thdteesthat utilizegroundwater containing swine waste
will havemore positivai™N valuesthan trees that utilize groundwater that does not contain
swine vaste. The goal of this project is to determine if tree leaves can be used to provide
proxy-maps of swine waste contamination in groundwater.
1.1 Nitrogen Export from Swine CAFO Lagoons

Swine lagoons can release nitrogerdiffuse subsurfaceeepagevolatilization,
inadvertent spillagevertoppingandland application omvaste application fields (WAF)
(Huntet al, 1995; Gilliam, 1996; Sloaet al, 19993. Mineralization,denitrification,
nitrification, ammonia volatilization, as well as sorption/desorption at soil interfaces
represent biological, physical, and chemical processes that alter nitrogen released from swine
lagoong(KendallandMcDonnell, 1998) Thesepathways can cause potential increases or
decreases in ammonia and nitrate concentrations in gratechnd surface waterdsigure
1 showsnitrogenpathways from lagoon to surface watas summarized from the literature
cited in Tables nd2 and discussed in further detail in the next section.

1.1.1Mineralization, Nitrification, and Denitrification

Mineralization, or ammonification, is defined as the production of ammonilkiy) (
from soil organic matter through microbial actions: organ® NHs. Temperature, water
content, and soil architecture (pore size distribution and soil aeration) are the dominate
factors that control N mineralization in sojBessureauiRompreet al, 2010) In
laboratory experiments performed by DessureRolnpreet al, (2010), N mineralization

increased exponentially with temperature and reached maximum N mineralization when the
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Figurel. Nitrogen cycle for swine waste lagoons with ammonium and nitrate concentrations found in prior.ré&ssakatt al.
2008; Karr et al. 2002; Karr et al. 2001; Aneja et al.®6Garper and Sharp, 1998



soils reached fieldvater holding capacity.

Nitrification refers to the oxidation of ammonium into several oxides of nitrogen
including NG, NO, NO, as well as N@through various chemical reactions. Nitrification of
ammonium into nitrate is a tw&tep oxidation reaction in which hydroxylamine, or JOHH,
mediates the reaction between ammonia and water resulting in nitrite followed by a reaction
with water into nitratdKendall and McDonnell, 1998; Jetten, 2008)

Oxidation byNitrosomanas NH;" + H,0 A NH,OH +2[H] + H'

NH,OH + 02A NOy + [H] + H'
Final Oxidation byNitrobacter: NO; + H:OA NOs + 2[H]
(KendallandMcDonnell, 1998)

If nitrification occurs acidityin groundwater will increase and pH will decredse to the
production ofhydrogen ions ohydraniumions (HsO")(StummandMorgan, 1988; Pawind
Clark, 1989;KendallandMcDonnell, 1998.

Heterotrophic dnitrification refers to the reduction of nitrate itNgO, NO, and
gaseous Bthrough the actions of heterotrophic bacteria (utilizes organic n{&ieedall
andMcDonnell, 1998Hill, 2000; Jetten, 2008)

Nitrate reduction byseudomonas denitrificans:
4ANO; + 5C + 2HO A 2N, + 4HCG; + CO;, (KendallandMcDonndl, 1998)

Denitrification usually occurs situwhere oxygen levels are moderately Jdwt studes
showthat it can occur in anaerobic pockets within oxygenated sedimenttemvays
(Kobaet al, 1997) The reducton of nitrate causean increasén groundwater pH due to the

consumption of hydrogen iorfStummandMorgan, 1988KendallandMcDonnell, 1998.



Table 1 Select studies of nitrate and TAN (totahmoniacal nitrogen) concentrations found at swine facilities in
groundwater and surface waters in North Carolina.

Lagoon/WAF Groundwater Wells Surface Water Source
Up-gradient Dowgradient
(mg/L) (mg/L) (mg/L)
Buried Lagoon NOi below | NOi: 0.17 22.0 NA Showerset al (2008)
Det. Limits
Lagoon TAN <0.01 | TAN<2.0 Ditch: TAN Cooket al (2008)
NO3z ~ 20.0 10.071 25.0
WAF NA WAF1: NO;~18.0| Streams: Israelet al (2005)
WAF2: NO;~12.0| NO3;3.0
LagoonSeepage | TAN + NOs| TAN + NO3 NA Huffman (2004)
Moderate to Sevete 0.4 to 35.1 | 3.3t0 116.8 Huffman (2004)
Lagoon NA NH;~ 6.5 Ponds: Karr et al (2002)
NO3; ~70.1 NO;z ~ 23.6
TAN < 0.01
Stream:
NO; ~0.6
(2000 meters)
WAF NA NO;~ 30.0 Streams: Karr et al.(2001)
NO3~0.04 to 8.6
WAF NA NO;~8.7t0 12.1 | Streams: Stoneet al (1998)
NOz~1.12




1.2 Impacts of Lagoon Seepage and Waste Application on Ground and Surface Waters

Severaktudies haveexaminedvaste lagoon seepagad waste application fields
(WAF) as a potential sourc# nitrate contamination in groundwa@oundCAFOs
Groundwaterdowsg r adi ent from subsur f aceexpeadeggtoon di sc
haveelevated Ttal Kdjedhal NitrogenTKN) and nitrate concentratioiisluffman, 2004)
This isdue to watas tendency to flow from a higher potential to a lower poteintial
subsurface hydrologiFreeze and Cherry, 1979fable 1 summarizes recentdies in
North Carolinathatobservecelevated levelammonia and nitrate concentrations in
groundvater derived fronswinesources.

Showerset al,, (2008), Coolet al, (2008), Israett al, (2005), Karret al, (2002),
Karr et al, (2001), and Stonet al (1998)observectlevated nitrateoncentrations in
groundwateat or above the 10 mgfEPA maximum contaminant level (MChyound swine
operationsShowerset al,, (2008), Coolet al,, (2009, and Huffman (2004) observéuat
nitrate and total ammoniacal nitrogem TAN (NH3-N + NH;-N), concentrationsn
groundwateup-gradient of the lagoohsWA Fw@re at or below detectible limits (0.01
mg/L). Huffman (2004pbserved similar trends B4 older lagoonsn North Carolinapre-
1993) Of the 34 lagoons studied8 of the 34 lagoons had moderate to very strong seepage
from lagoons to groundwaterhirty one of the 34 sites had higher concentrations of nitrogen
downgradient of the lagoons (Huffan, 2004).

Nitrification appears to dominate N transformatiorthe near surface groundwater of
WA F 6 s swnelafoons. The resulting nitrate that has leached into the subsurface

groundwater migrates into surface waters unless denitrification occasgaiRh conducted



by Israelet al. (2005) and Sloast al. (1999) observedn increase initrate concentrations

in groundwatebelowa WAF due to nitrification nitrate concentrationdecreaseds
groundwater infiltrated aparian zoneanddenitrification occurred Sloan (1999) observed a
decrease in nitrate concentrations from ~ 60 mg/l; b&ore the riparian zone to < 10 mg/L
NO; after groundwater infiltrated the riparian zone.

Lagooneffluents, through direct seepage or spray application, haystaastial to
impact surface waters with elevated nitrate and ammonium concentr&eepsge from the
lagoons enters the groundwater and migrates to sources of discharge, such as onsite ditches,
streams, or larger waterwayBepending orspecificproceses dominating the subsurface
hydrology, such as nitrification (NHNnto NOs) or denitrification (NQ into NO, N2O, or
gaseoudNy), concentrations of nitrate or ammonium mayhlgherin surface watersCook
et al (2008)observed thah channelized streg downgradient of a swine waste lagoon, had
elevated nitrate concentrations ranging between 10 to 25 mg/L due to the nitrification of
TAN. Stoneet al.(1998 foundelevated nitrate concentratiofis12 mg/L compared to nen
impacted sites closiy) in an adjacent streamext to a WAFjndicating potential
groundwater or runofflischarge The authorseported thatiuring cooler monthsitrate
concentrations increasdddicating reduced denitrification through the riparian zone due to
cooler temperatusgStoneet al, 1998) Karr et al.2002 observedlevated nitrate
concentrations in surface pond waters indicating either deposition or surface runoff of
ammonium and organic Mifrified into NOs) from thesprayapgdication of swinewaste
effluents(Karr et al, 2002)

General water quality parameters, such as dissolved oxygen (DO) aacepH



important tooldo indicate if denitrification or nitrificatioprocessedominate in e
subsurface Karr et al (2002)cross plottedammonium vs. nitrateoncentrationgnd found a
positive correlation fr= 0.77)that these N species originated from the same so(liice
authorscross plottedlissolved oxygen vs. nitrate or ammonium a@rtcations to show a
negative correlation of DO vs. nitraté €-0.56) and DO vs. ammoniunt & -0.64)which
showed thanitrification dominated the subsurface.

An additional tool to source track hog waste to surface water and groundwater is
chlorideion concentrationsSwine waste is concentrated in chlorides due to feed additions
of NaCl and KClI in order to prevent potassium and sodium deficie(idaeld et al,

1998) This chloride is concentrated during digestion and exceetddlisposed ahto

swine waste lagoond.agoons and groundwater wells contaminated Vaigloon effluent

will have elevated chloride concentratioasging from 54 to 153 mg/L for lagooasad 15

to 124 mg/L for groundwater wells (Table 23raelet al (200) found hat chloride
concentrations were greatest near the sources (anaerobic swine waste lagoons, WAF) and
decreasedith distanceaway from the source. Kaet al (2001) usedross plotf chloride

Vs. nitrateor ammonia to show positive correlation (Cl vaiitrate: £ = 0.46; Cl vs.

ammonium: ¥ = 0.7]) between nutrient concentrations and chloiifes.

Table 2 Chloride concentrations found at existing/abandoned swine facilities and WAF

Well/Lagoon/WAF Chloride Concentrations Source
(mg/L)
Well (Closest to Buried Lagoon) 25.5to 124.0 Showerset al, (2008)
Well (WAF) 15.3t0 4.59 Showerst al, (2008)
Well (WAF) 20 to 90 Israelet al, (2005)
Stream 18to 24 Israelet al,, (2005)
Lagoon 547 153 Karr et al, (2001)
WAF 16 to 44 Karr et al.,(2001)




1.3 Impacts of Atmospheric Transport

Animal wastes contain severalti¢aring constituents, but most of the N found in
waste application effluents is in the form of urea. This source of urea is hydrolyzed to
ammaia andthen later nitrified into nitratesThis processancause hydrolyzed ammonia
to diffuse from agqueous ammonia into gaseous ammAmanoniarelease at CAFOs occurs
when ammonia volatilizes from surface soils and open top lagoons; several fabtomses
ammonia release such as warmer temperatures, elevated pH, greatspeaddand air
moisture(KendallandMcDonnell, 1998)

Atmospheric transport dfiH3;, N,O, and N from swine waste lagoons is dependent
on ammonium concentrations within the laggBiarperet al, 2004) Duringwarmer
weather and higher temperaturbmlogicalactivity greatlyincreassin lagoonsludge
producing ammonithat diffuses upwards amdpla@svolatilized ammonia from the surface
(Anejaet al, 2008) Ammonium concentrations and ammonia flux from the waste lagoons
are highly dependent on temperature hadebeen shown to vary diurnally as wa
seasonally. Studies by Anegaal (2008) Harperet al, (2006), Anejaet al (20QL), and
Harper and Sharpe, (1998), indicate major differences in ammonia flux seasonally with
increased concentrations observed during the summer while lower coticestveere
observed during the winteDays with greater wind speeds will also enhance ammonia loss.
Table 3 provides seasonal ammonia flux, TAN, and TKN concentrations from anaerobic
swine waste lagoons.

Deposition of ammonia and aerosol ammonium isligigependent on atmospheric

conditions (i.e. wind speed, temperature, dry or wet deposition, and si{Xaeget al,
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2001; Bajweet al, 2008) Deposition of volatilized ammonia cleso hog lagoon sources is
more likely due to its high dry deposition rates, low source elevation, and relative short
lifespan (1i 5 days) in the atmosphef&nejaet al, 2001) Ammoni abs short
attributed to its reactive tendencies with other atmospheric compounds to form other
molecules. These factors help to inhibit ammonia transport away from the source causing a
deposition rate of about 201 40% of ammonia close to the source. Ammonium aerosols
tend to have a much longer atmospheric lifespahSHays) causing deposition over larger
areas away from the sour@&nejaet al, 2001)

Recent studies evaluated ammonia deposition on different plant surfaces
including crop and forest canopies (Table 3). Waékal (2008) and Bajwat al (2008)
found that the amount of ammonia deposition differed depending on wind speed, wind
direction, temperature, distance, as well as plant surfaces themselves. Thefawtitottsat
the greatest concentrations of ammonia deposition occurred closest to the lagoons,
downwind, during warmer conditions (Table 4). Table 4 provides distance and atmospheric
dry deposition concentrations of ammonia from swine waste lagoons diffargnt

seasonal periods.
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Table 3 Lagoon ammonia emissions (flux) as well as lagoon TAN and TKN

concentrations
Lagoon Lagoon

Period NH3 Flux TAN (NH4 + NHy) TKN

(_e-Nym*min) (ma/L) (ma/L)
Sept. 920, 2002 2349 + 986.4 442 +18.1 561 + 33.3
Anejaet al, 2008
Jan. 617, 2003 153+ 52.4 560 + 19.4 700 + 18.3
Anejaet al, 2008
Sept. 30 to Oct. 11, 2002 1685 +516.4 364+ 35.9 583+ 136
Anejaet al, 2008
Jan. 27 to Feb. 2, 2003  371+147 636 + 36.9 782 +38.9
Anejaet al, 2008

(kg NHs-N/ha/day)

Jan 2001 Mar 2001 l1to3 NA NA
Harperet al, 2006
Apr 20011 July 2001 20 to 65 NA NA
Harperet al, 2006
Aug. 1-15, 1997 34 to 123 NA 587 to 695
Anejaet al, 2000
Feb. 1i 26, 1998 1.3t0 10 NA 580 to 727
Anejaet al, 2000
Aug. 69, 1997 15.4to 22 574 NA
Harper and Sharpe, 1998
Jan. 23 29, 1997 4.7t012.1 538 NA

Harper and Sharpe, 1998
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Table 4 Modeled ammonia dry deposition vs. distance downwind of a swine waste lagoon in North Carolina using ammonia flux and
meteorological (temperature, relative humidity, wind speed, and wind direstEagurements.

Season/Period Distance from Lagoon NH3 Deposition Source

(m) (kg NHg/halyr)
Winter: 2003 2005 O 500 48 to 60 Walkeret al, (2008)
(Forest) .
Spring: 2003 2005 O 500 7210 84 Walkeret al, (2008)
(Forest) .
Summer: 2003 2005 O 500 36 to 48 Walkeret al, (2008)
(Forest) .
Fall: 2003/ 2005 O 500 36 Walkeret al, (2008)
(Fores) .
Cumulative Deposition O 75 50 Walkeret al, (2008)
Season/Year Distance from Lagoon (gram/hr)

(m)
Winter 2002 (Crop) O 500 38 Bajwaet al, (2008)
Winter 2002 (Crop) 500 to 2500 20 Bajwaet al, (2008)
Summer 2003 (@p) O 500 327 Bajwaet al, (2008)
Summer 2003(Crop) 500 to 2500 173 Bajwaet al, (2008)

Note: NH; deposition determined by using the following models: Wagkeal, (2008): short range dispersion/air quality model
(AERMOD); Bajwaet al, (2008): two layer canopy compensation point model.
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1.4 Tracking Nitrogen Contamination in Groundwater and Surfacewaters using
Stable Isotopes

1.4.1 Using Stable Nitrogen Isotopes to Track Swine Waste

A stableisotope iglefined asnatom thahasthe same number of protons but
different numbers of neutrons in an atoms nucleAs.an example, nitrogen has two stable
isotopesthe heavier isotopEN and the lighter isotop¥N. The ratio of thésotopes
(**N:*N) provide valuable informatioaboutnitrogen sourceas well asvhatprocesses may
bealteringnitrogen fromthosesource. The atmosphere is ~ 99.63374 and ~ 0.3663%
>N biological, chemical, and physigaiocessegenerallyutilize the lighterisotope of“N
over™N and cause an enrichment'dl in residual substratesln order toquantifythis
isotoperatio, weexpress the analyzed sample relative to an internationally known standard,
which for N is N or theatmosphere @ ) (KendallandMcdonnell, 1998; BedarHaughnet
al., 2003; Hoefs, 2004; Dawseat al., 2007). Propemotationfor the isotopic ratioi$i d e | t a 0
(1), expressed as permd (), with the formula:

PN @& ) = [(°N/A*Nsample) / PN/ *Nstandard)l] * 1000

Table 5 belowprovides examples af*>N valuesfor both anthropogenic and natural
background isotopigalues

Stable nitrogen isotopes are used in ecology to determine food web positions of
various organisms from primary producers to consumers. Nitrogen isotopes arguseful
determining the contribution of plants and animals to a food web and whether an
anthropogenic source of nitrogen is present. Kelly (2000) and Crawford (2008) have shown

thatt N ratios increase from lower to higher trophic levels on an average of48 per
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Table 5 Stable nitrogensotope ratiost(°N) of anthropogenic and naturaburcegXue et
al. (2009 and references therein)

Source u™N (a)
Ammonium Fertilizer -5t0 +5
Nitrate Fertilizer -4 10 +6
Urea -5t0 +2
Soi N Oto +8
Swine Waste +10 to +20
Sewage +4 to +19
Ammonium Precipitation -13to +13
Nitratein Precipitation -8to +8
Uncontaminated Groundwater -21t0 +6
Uncontaminated Surfad#ater -5to +8

trophic step. This is caused the fact that’N is preferentially removed during urea
production fronmthe nitrogenous waste production in the digestive tract of anirBalsause
swine are omnivoreghey occupya trophic position between herbivores and carnivores with
an averagé™N valuebetween & and & asmeasuredy bone collagerfKelly, 2000)
Thus, relative to natural background nitrogsail N = & to +84 ), swine manure™N
valuesare enriched to approximatebt7a +11a (n = 9)(Cravotta, 2002jhrough
fractionation during digestionThis enriched N valuein swine waste allows for a natural
isotopic tracer in groundwater and surface waters.

1N ratiosin subsurface hydrologgresusceptiblego processethat can cause furthe
fractionationand alteration of>N/*“N ratios. Processes such as nitrification, denitrification,

and ammonia volatilization can alte’N valuesbeyond expeedvalues Hence, inorganic
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fertilizers with low { N ratios mayundergo denitrification aniticrease it$°N/**N ratio to

1N ratios observetbr swine waste The use of other isotopes, such ¥© andt D, can

assist in source identification as well as identify subsurface processes that may be causing
11N isotopic shifts.Figure 2 below sbws expected*°N valuesat swine facilitiesn North
Carolinathat may be impacted by different chemical, biological, or physical processes
(denitrification, nitrification, or ammonia volatilization).

1.4.2 Isotope FractionationsAffecting Ground and Surface Waters

Isotopic fractionation of subsurface and surface watershaecterized bynass
dependent isotopic effects {N"*N, *°N): thesmall differences in mass betwesatopes of
the same element may induce isotopic shifts during physical,ichlernd biological
processescausing a relative proportion of different isotopes in different substiR¢tsrson
andFry, 1987;KendallandMcDonnell, 1998) This isotopic effect can iaeify a particular
nitrogen sourcer processes that formgxrticular nitrogen speciesThere are two main
forms of isotopic fractionations: equilibrium and kingtiendall andMcDonnell, 1998;
Hoefs, 2004; Xuet al, 2009)

Equilibrium fractionations occur in mainly closed systerhequilibriumwhere
reactions areeversible allowing for the redistribution ofsotopicvaluesamong substrates.
In an equilibrium frationation, the heavier isotopsuallyaccumulates in the element with
the highemoxidation state This implies that as a reaction occurs and the state of the element
changes (i.e. liquid to vapor), the more dense, remaining material will besoregogive
with the heavier isotopehile the newly formed product will bmore negative with the

lighterisotope(KendallandMcDonnell, 199840oefs, 2004 Xue et al, 2009)
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NH; Volatilization
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_ UN-NO; +7 . 6 to +15. 4
Organic N & Urea
"\ Ammonification /&
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Fi.'{l/s:age Nitrate & Ammonia
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x

Figure 2 Stable nitrogen isotopealuesof surface and subsurface hydrology found at swine facilities in North Car&@havers
et al 2008; Israekt al 2005; Karret al 2002; Karret al 2001.
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Kinetically driven isotopic fractionations avsually unidirectional, dependent on
mass ratios of the isotopes, their atomic vibrational energies, and occur in systems not at
equilibrium(chemically and isotopicallyKendallandMcDonnel, 1998 Hoefs 2004)

Kinetic fractionation haseveral limiting factors including reaction pathway, reaction rate, as
well as the bond strength of the reactartese limiting factors ensutleat adractionation
occus, the bonds that are easily bewk(lighter isotopes) will react firstausinghe heavier
isotope to become more positivethesubstrate, whiléhe newly formed product will be
isotopicallymore enricheavith thelighter isotopeor more negative than the parent material
(KendallandMcDonnell, 1998 Hoefs 2004; Xueet al, 2009)

Isotopic fractionation can occur during oxidation/reduction reactions
(nitrification/denitrification), ammonia volatilizein, mineralization, assimilation,
evaporation, as well as sorption/desorption at soil interfgssdallandMcDonnell, 1998;
Widory, 2005; Xueet al, 2009) Most of the eactions tha#ffect groundwater and surface
waters are considered kinetic fractionations duentoreversible reactiomnd are the most
relevant to groundwater isotope studiés example of this is denitrification (N@ N and
N>0O), nitrification (NH;, NH3A NOj3), and mineralizatiorforganic NA NH,) (Kendall
andMicDonnell, 1998; Bedartiaughnet al,, 2003; Widory, 2005; Xuet al, 2009) The
only exception is ammonia volatilizatidhat has both equilibrium (reversible) and kinetic
(irreversible) fractionations. In ammonia volatilization, the inputs of ammonia from both
direct input and hydrolyzed urea can have reversgdgailibrium)reactionsof ammonia
between liquid phase and gaseous plaseell as irreversible (kinetic) reactions during

nitrification of ammonia intmitrate(KendallandMcDonnell, 1998; Hoefs, 2004)
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1.4.3 Isotope Fractionations: Rayleigh EquationsFractionation Factor, and
Enrichment Factor

The Rayleigh Equatiois used to determine the partitioning between two isotopic
reservoirs of a material when one reservoiasreasing in sizgkendallandMcDonnell,
1998; Hoefs, 2004) The equation can be used onlylif a material is continuously removed
and contains two elemental speci¥®@nd*®0), (2) thefractionation occurring in the
material is known and expressed as the fractionation facto(3atite fractionation factor
does not changeThis can be useful in estimating isotopic shifts during processes
(denitrification or nitrification) that can t&lr isotopic composition in groundwater and
surface waters.

As mentioned previously, isotopes are subject to kinetic isotopic fractionation causing
the products to have more negative isotoailties(lighter isotope) while the remaining
substrate becomse mor e positive with the heavier isot
characterizes the fractionation procesgsch causes the substrate to become more positive
with the heavier isotope (Xwat al, 2009). The enrichment factor is determined by the
following formula:
U =103 (
whereh is the fractionation factor. The fractionation factoy ié defined as the rate constant
of the heavier isotope divided by the rate constant of the lighter isotope. In a closed system,
isotopic enrichment can be expressed by tagdRyh Equation:

Us= o+ UISH ( S

where U is the s @ ragy it theoisotapic icamnpositioa at ime 0 and tiand
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Sy and Sare the concentrations of the substrate at time 0 and t, respectfullgt(xue
2009).

1441sot ope St udi EMNtotrackWitrdgen ingroumdyandisurface waters

Stable nitrogen isotopes alone canabtaysdifferentiate between nitrogen sources
theuse of other stable isotopes, includiftfO-NOs, canhelp identify N sources to water
These isotopic tracers cae used to determine the source of nitrogen contaminasiovell
as track potential nitrogen plumes that rbayderived fronanimal feed operationslhe use
of dual i sot thNNOsa n BQitOhcanadistindusih betwéen subsurface
denitrification and nitrificatiorprocesses

Israeletal ( 2005) O-N@xa d d°N-KGy valuaswere proportional
indicating similar trends during fractionation. Subsurface denitrification in the riparian zone
caused botlhe isotopic values of nitrafd and nitrateO to become more positive. These
results shOWNCGzhppr aachédeé 4 +504& i ndONBe ripar
approached ~ +20a, which follows a 1:2 vecto
subsurface hydrology (Israek al, 2005). This1:2 denitrification vector occurs because the
isotopic enrichment factor value for nitrogeriwice that of oxygen in nitrat@ravenaand
Robertson, 1998; KendathdMcDonnell, 1998; Seiler, 2005Hence,i*?*0-NO; valuesthat
are not elevated indicate that denitrification is not occurrihge b | e 6 '§Owvatuesi des U
for nitrate from different sources including atmospheric, fertilizers, and organic manure.

Dual pP@NGsv 9 IN-N;can be usedtidentify when nitrification is
occurring(Figure3). Showerset al. (2008) used dual isotopic approach to’¢N-NO; and

1180-NO3) show that nitrification irgroundwateteadsto elevatechitrate concentrations in

20



groundwater.Nitrate concentrations wells downgradient froma buriedanimal waste

lagoonwere20-22 mg/L, with ¢ *®N-NO;valuesranging from+114 to +15& . If

denitrificationis occurring, thedualplot of i™°N-NOz v s *20-NDj3 in wells downgradient

of the lagoorshouldfall along a 1:2/ectorplotr e sul t i ng

Table 6.4 %0 valuesin nitrate from different sources and or biological or chemical

f r °iNQnadfr e

posi t

processes.
Source ufo (&) Source

Background Soil Nitratand -5to +15 Kendall and McDonnell (1998)
OrganicManures -5to +15 Kendall and McDonnell (1998)
Nitrification (process) 0to +18 Xueet al.(2009)

Nitrate Fertilizer +18 to +25 Xueet al.(2009)

Ammonia Fertilizer 0to +15 Showerset al.(2008)

Nitrate Precipitation +23t0 +78 Xueet al.(2009)

30
Precipitation A Hilltop
25 H Central
Nitrate @ Lower
Fertilizers ® Shallow Lagoon
20 @ Shallow Septic
% @
(@)
(ZD L Ammonium f
Denitirifcation
© Fertilizers -
(2= 10 -
@
5 -
0 .

Figure3. Cr o s s PN-NOg a mdPO-MO; of groundwater; a 1:2 vector plot
indicates denitrification is occurring in the subsurface hydrology. Shatvets

(2008).
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this is not the case, other processes may dominate such as nitrifiéatiigure 3, thisl:2
vector plot is not apparent indicating that nitrification dominates subsurface hydrology
(Showerset al, 2008).

Ammonia volatilization igmportantto N isotopic enrichment of nitrogen found
beneath waste application fiel(lAF). Thet™N of N in the remaining materials (soisd
groundwater) may beetween ¥a to+30 &endallandMcDonnell, 1998; Sloast al,
1999b;lsraelet al, 2005; Xueet al, 2009) Karr et al.(2002) observedraincrease from
~15. 0 a (t otbawdoliddt)o i~n 2I8a P tagodn biasolidsluringNspray
application due to ammonia volatilizati¢hable 7)

Volatilization and ammonia loss are at their gesaitluring the summer months with
an ammonia |l oss of approxi maN&Hyalussd® rel ati v
compared to 1@ for lagoon sludge during the winter (Table 7) (Ketral, 2001). Wetted
soil cores were collected in order to deterenhow cooler temperatures affected ammonia
volatilization during spray application.Spray @plication in cooler temperaturesa d°N U
isotopicvaluesthat remained consistewith lagoon samples (+#0) indicating very little
ammonia volatilization.

Shfts in isotopicvalues(more positive or less positive) in groundwaters and surface
waters can result from biological, physical, or chemical reactions. -@lotssof nitrate,
ammoniumpH, and dissolved oxygen can help to differentiate between degatidn or
nitrification. For example, a strong negative correlation between dissolved oxygen and
nitrate indicate that nitrification is dominating subsurface hydrology (&tzat.,2002).

When nitrate concentrations are high, dissolved oxygen contengrare low due to the
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Table 7 Valuesfor + 1°N-NO;, 1 >N-N, 1 *¥0-NO;, 1 **0-water, and ?H-water in groundwater and lagoons at swine facilities.

Well/Lagoon UN-NO3 ( &) U%0-NO; ( &) io-wat er (UHywat er ( Bdurce

Wells (near lagoon) 11.4 to 15.4 6.31t0 8.8 -2.6t0-13.4 -10.9 t0-23.9 Showerset al (2008)
Wells (Central) 7.6 to11.4 2.2t011.3 -3.510-6.9 -18.6 t0-31.8 Showerset al (2008)
Wells (WAF) 18 to 30 51to 28 NA NA Israelet al (2005)
Wells (Streamside) O 2 0 10 to 30 NA NA Israelet al (2005)
Wells (WAF) +14.7 NA NA NA Karr et al. (2002)
Wells (WAF) +16.7 NA NA NA Karr et al.(2001)
Streams +15.2 NA NA NA Karr et al (2001)
Total N UN-Total N ( &) U™N-NH4( &)

Lagoon +15.7 NA Karr et al (2002)
Spray (WAF) +28.0 NA Karr et al (2002)
LagoonSludge(June) NA +Q018.0 Karr et al (2001)
LagoonSludge(Jan.) NA +10.0 Karr et al (2001)
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oxidation reaction, or the utilization of oxygen, that occurs during nitrification (Kendall and

McDonnell, 1998). A similar trend is seen between a cross plot of dissolved oxygen and

ammonium; a strong negative correlation occurs because oxygen hatepésed by

biochemical oxygen demand associated with the nitrification of ammonium into nitrate (Karr

et al, 2002).

One cardetermine which processes dominate subsurface groundwatemparing

U*°N-NO;3 values to pH and concentrationsnitfateand dissolved oxygerKarr et al

(2001) used ™N-NQand nitiate tshowthaodenitriication occurs when

nitrate concentrations were lamdi*°N-NO;z were more positively enriched (Figs).
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Figure4. Elevatedi™®N-NO; and lowNOj3; concentrationgndicatedenitrification Karr et

al. (2001)

Low dissolved oxygen

i n WdNO5ratias s an indicatomiar t h

denitrification (Figure 5). The authors also fouhdtthigher pH values accompanied more

p o s i TN-NOegvaliies during denitrification (Figure 6). As mentioned previously,
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(2001)
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McDonnell, 1998).

Karretal , (2001) observed that shal PSw monit

NOjs values and lower nitrate concentrations than deep wells. The aubheisded that
denitrification is more prevalent in the shallow monitoring wells due to the presence of
higher concentrations of organic matter. Additionally, temperature plays an important role in
groundwater pr oc esNOgvalues weombserven dusirig varmmee U
seasonal temperatures indicating enhanced dentrificationKaky 2001).

1.5 Stable Nitrogen Isotope Studies of Trees

The stable nitrogen isotopu@luesof tree tissues refleaternalnitrogen
translocation and intermixinbetweeni™N sources N sources include atmospheric
deposition &ammonid as well asiitrate and ammoniurassimilation fronsoil, groundwater,
andsurface waters. Robinsenal (1998)discussdseveral factorthat can affecti™N
values in tree tissueg hese factors includéheuptake of differenlN sources with varying
U*N values internal fractionations duringssimilation and translocatipN efflux by the
roots andthe uptake of N from soil microbasich asnycorrhizal fungi.

Thet™N valuesin tree leaves have been used to trace sources of nitrogen deposition
from the atmosphere due to industrial discharge. Xiad, 2010, used leaves of the
CinnamomuntCamphoratree to trace the deposition of anthropogenic nitrogen from
industrial sourcesuch adertilizers like ammoniaand urea The authors observédatfoliar
U*°N valuesbetween9.834 to-4 . 3 & our study, atmospheric depositioiinorganic N is
not as potentially important as atmospheric deposition of ammonia from lagoons. This

ammonia would also have elevat@#d\ values because of the N source, swinstea
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sediment, and years of ammonia loss without replacement of swine N for ongoing CAFO
operations.
1.5.1 Tree PhysiologyEffects Nitrogen Cycling and **N in Tree Tissues

The uptake and assimilation of nitrogen into tree tissues involves the uptake of
nitrogen from the soil solution, nitrogen translocation to the site of assimilation, and finally
inorganic nitrogen assimilation into organic nitrogénree tissuegBloom, 1988; Kozlowski
et al, 1997; Evans, 2001)Evans (20013howedthat ammonium and nitrate are assimilated
in treesby two different mechanisms that alependent on NiHand NQ concentrations.
Ammonium is assimilated in a single process{&3GAT) at me location (roots) while
nitrate can be assimilated (NRA) via multiple pathways (roots, shoots, or leaves) within a
tree(Evans, 2001; Dawscet al, 2002)

Nitrate acquisition into tree tisssi@ccurs through the root system or through leaves
and uses the nitrate reducta¢$ pathway.The conversion from nitrate to ammom in
tree tissues is mediated by two enzynmisate reductase activity (NRAgyhich converts the
nitrate to nitrite, anditrite reductaseywhich converts the nitrite to ammoniuniGebaueand
Schulze, 1997)NRA is localized in the cytoplasm of tree cells while the nitrite reductase
activity is localized in the chloroplasts of green tessor the proplastids of rodtsozlowski
et al, 1997; Evans, 2001Evans (2001) states that the ammonium produced from NRA
enterthe GSGOGAT pahway for further assimilation. Glutaminerglietase and glutamate
synthetase enzymé&S-GOGAT), located in the plastids and in the cytosol of plant cells,
convert the ammonia/ammonium into glutamine for plant upi@edaueandSchulze

1997; Kozlowskiet al, 1997) NRA and GSGOGAT reactiongreferentially consume the
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lighter isotope"*N over the heavier isotogaN, causing a residual accumulation'd! in the
inorganic nitrogen pool of the tr¢Robinsoret al, 1998; Evans, 2001)

The phloem is responsible for the transport of nutrients needed throughout the tree for
growth/survival while the xylem is responsible for the transport of water from the roots to all
parts of he treq(Raghavendra, 1991; Kozlowsd al, 1997) The analyses of xylem and
phloemhavé o und tN aatuesih phleem{L.68 +1 . 9 a@dlesspositivethan
xylem(4.22 N 2 ..X&) e'IN ardalsomore positive tham™N in the rootg0.84 =+
0 . 9 &9dneyamaet al, 1997. T h €°N i$otopicvaluevaries within different tissues of
trees due to organ specific loss of nitrogen, reallocatiomi@igen during translocation and
assimilation, or different patterns of assimilation within different tree tigéhems, 2001;
Dawsonet al.2002; Kolband Evans2002)

Whensoil inorganic/organic N is abundant, plants do not utilize mycorrhizae fungi
for N uptake(Allen et al,, 2003)and isotopiosaluesreflect the abundant N sour(evans,

2001) When nitrogen is limiting, plants will use mycorrhizae fungi to take up N. This
causes a resiMuafl time rfewrsgi™NinthdiplamtgHbgberg, e as e i
1997; Hobbie, 2000; Evans, 2001yVhen mycorrhizae fungi supply N to the plants, percent
foliar nitr og'¥matids are lbwefobbigetdal, 20e0n f U

When the main source of N is nitrate, variatioh$’N within tree tissues are
observed due to various pathways (leaves and roots) of nitrate entry into lkevénes
2001; Dawsoret al, 2002) Kol b and Evans®™(canpoaBitbhoftree und t h
leaves was more positive than roots due to the utilization of prior assimilated N by tree

| eaves. Tree |l eaves use nitroge™Nmad ready pr
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positive relative to nitrogen assimilation by root tissMéhen trees were provided a specific
nitrate source solution, both Yoneyaegtaal.(1989) and Evanst al.(1996) found that
leaves more closely reflect the isotopic valuasdimilated nitrate than rootsyoneyameet
a. (1989) obsMwasgdl®hai™\hemafsr #0.t9 80 when a nit
of 10.338 was proetialded 9t69 torbeses.ve dEWewass | ar t 1
3.34 anWwasdatlali when a nitrate source of 1. 8:
(Lycopersicoresculentum

Table 8 compares isotopic values for Nsouaredt r ee | eav éNvalaess we | |
of nitrate and ammonia in tree leases soil Several important trends are apparent in
Table8. The Hobbieet al (2000) studyshowed y p i ¥ aaluesliirom6.918 to 0.3%
for trees in natural environments without specific anthropogenic N sources. The other
studies demonstraté h &N of leaves more closelgflectedt h €N nitrogensource to
the tree. When th&"N of thenitrogensourcechanged  t ™\ ef trée leaves refleetithat
relative positive or negativehange over time.

When trees drop their leaves, bud, or hibernate, nitrogen goitated among tree
tissuesalteringthe stable nitrogen isotop@luesin leaves and stem cor@solb, 2002)
Trees generally reabsorb half of their total leaf nitrogen before dropping (Eauesenwein
et al, 2001) This translocation of N becomes a source of N for new leaf growthiitPs
valuesin leaves change due to the use of stored N and absorbed NafiblEvans2002).
Kolb and Evans (2002)bservedhatcohortsof newleaveshadii™N values that werenore
positive over timeeflecting the use of absorbed N sources in the ttdewever, although

abscised leaves had 56% lesthhin living leaves, no significant differesde e t w&N n
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Table 8 Stable nitrogen isotopes found in various studies involving soil ammonium and hitlatejood.and foliar tree tissues.

Tree Species N - Enriched BN-NO; N- N-Foliar N-Foliar Source
Tracer (a)sSal(a) Soil( &) (2999)( a) l-yrold ( &)

Tr acebtUrdaa)

Loblolly Pine (July) -2.7(urea) -8.6+15 -49+1.4 -1.3+0.9 -1.2+04 Choiet al (2003

Loblolly Pine (Sept.) -2.7(urea) -8.2+08 -2.8+1.0 -0.6+0.4 -1.5+0.6

Tracer @ )1 Soil N

Populus(genus) none -0.36t0 2.42 NA -6.91t0 0.35 NA Hobbieet al.(2000)

Bole wood Foliari NH, Foliari NO4
UtN (&) N (&) 0PN (a)

Hardwoods (Oak)
Before tracer addition (1996) -1.5 -2.6 Nadelhofferet al. (2004)
After ®NH,Cl addition +965(2003) 17.2 16.4
After K'*NO; addition +761(2003) 17.9 15.6
Pine
Before tracer addition (1996) -1.3 -1.8 0 -
After **NH,CI addition+965(2003) 12.7 139 -
After K®NO; addition+761(2003) 170 - 17.7
Foliar U™N ( &) Fol i™Ifap
Wastewater Irrigati on pre - irrigation (1987) posti irrigation (2years of irrigation) (1989)

Wastewhter +83 to +25 a

All trees (Control) -5to0-2 -4.0 to-1.0 Jordaret al.(1997)
Quercus alba -2.0t0 1.0 4t06.0

Quercus velutina -4.0 t0-3.0 3.0t0 6.0

Pinus Rigida -4.0 to-2.0 40t0 7.0
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values of living leaves and abscised leaves were observediércus rubraor Quercus

alba Thus, an alNvalues shoiild avoid @arle spring budglfort

deciduous trees and composite sampling of new and established leaves/needles should be
used during stable growth periods such assnitimer. The reduction of total N (% N)
inabscised leaves can interfere with isotopic analysis by reducing anadginsaivity;

collection from trees in late fall is not ideal compared to collection duringsomumer

months.

152Us e of 'R dréeiTiasues &s an Indicator of Subsurface Nitrogen
Contamination: Recent Studies

Recent st udi ENvallesotrace subsurface/susfate nitrogen
transport, understand tree uptake and translocation of nitrogen, as Welpdo determine
the environmental fate of nitrogen (Table 8). Cétoal. (2005) determined the extent of
ammonium and nitrate uptaksing foliarti™°N valuesandthe application of fertilizers
containing primarily urea with &N valueof -2 . 7 & cordingito foliar analysis of current
and lyear old needles, loblolly pin®ihus taeda L) preferentially absorbed ammonia to
nitrate. The plots of ammonium v&>N-NH, were positively correlated for 1 year old
needles (averagé+ 0.49) T h u s , N waluesof ieedlesepresented™N-NH, of soil
N, and not*°N-NOj; (Table 8)(Choiet al, 2003; Chokt al, 2005)

Nadelhofferet al.(2004) evaluated nitrogen isotopes of Nithd NQ in various tree
tissues, including foliar, cores, and roots of oak, maple, and pine before and after an addition
of **KNO3or **NH,CI tracers. The study evaluated which N soussasconservednore

within the tree nitrogen pools ovseven yearsii™N-NO; valueswere more positive
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compared to ammonium, especially in the foliar tree tissues (TablEh®) study showed
that nitrate was more likely to enter the tree nitrogen pools dapidassimilation in roots
and leaves.
Jordaret al.(1997) used™N errichedwastewater to study the fate of nitrogen in
grassland and forested ecosystems for two years. WastématdrN differences ofr 1 3 &
to +25atoelageveati on and + 6N Theauther® dbservedime | at i
dramatic increase in foliafr>Nvaluesboy +10&8 over a two year appl
applicationii™N values werdetween2.08 to-4 . 0 & f o r Quartus albg, Piaus s (
ridida, and Quercus velutinand +4.@ to +6.G& for all trees two years after irrigation
started (Table 8).

1.6 HypothesizedisotopicValuesi n Tr ees | mpacted by Swine Wa

Groundwater impactedylswinelagoon effluent will havei*N isotopicvalues
between +& t o + rath nitrate and ammon{Xue et al, 2009) Treeghat use
groundwater enrichedith swine waste should see rooting zen® valuesin the range of
+54 t o +. ZF8lidrtissuesshouldhave more positive'N valuescompared to the stem
and roots, especially if the trpeeferentially absorbsitrate. However, as shown in the prior
secti dN,of heedves mor €NoftheN solroe, parteedlarydfet s t h e
primary N source is nitrate Figure 12 provides hypothesizet!N valuesexpected in trees
if groundwater and soil aiepacted by swine waste lagodeachate or land application of
lagoon waters owaste application fields.
The literature refew supports the premise tHdfN values in tree tissues can be used

as a proxy indicator of subsurface nitrogen contamination from swine waste lagoons. Several
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objectives need to be evaluated to determine the feasibility of this method:
1. Characterizehte extent of swine waste contamination (N) in subsurface.
2. Characterize tree leaves fdrN values.
3. Correlate groundwater data to isotopic tree data.
| hypothesize that when trees utilize groundwater contaminated with swine waste, these trees
will have nore positivel >N valuesthan trees that utilizeon-contaminategjroundwater.
Secondly, | hypothesize that higleemcentration®f swine waste in the subsurface will

result in more positive™N valuesin treeleaves

Foliar 8°N Signatures:
NO; Source: +8 to +25%0
(Could be higherif in a denitrification zone)
NH, Source — Usually lower due to less
‘i? fractionation

/

\
\_ ( Stem/Bole Wood 3'°N Signatures:
| I ¢ Usually lower than fo]i_ar tissues:
! 45 to+15 — Higher 3°N in new growth
|

i i . (xylem) and lower 87N towards the pith.
Rooting Zone §'°N Signatures: ! J

+3to+25 (Nitrification) — Higher in
riparian/denitrification zones. Foliar i »
isotopic signatures can be more positive 2

than theroot and stem 31N if NOsisthe
SOUICE.

Figure7: Hypothesized stabletnbgen isotopes found in tree tissues impacted by swine
waste lagoons/WAF
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Chapter 21 Site Introduction

2.1  Research Site Description
The study site is located in Johnston County, NC, and is an inactive hog operation

with two lagoons (Figure 8). EhJohnston County (JC) site is 127 acres that was given to

Soil Type
Wt - Wehadkee Loam
PaE - Pacolet Loam
PaD - Pacolet Loam
CeC - Cecil Loam
MaB - Marlboro Sandy Loam
AsA - Augusta Sandy Loam

CeB - Cecil Loam
GeB - Gilead Sandy Loam
McB - Mariboro Cecil Complex

—— Contours (0.6m)

Figure 8: Johnston County, NC, research site with soil and 0.6 meter contours.

the NC State Natural Resource Foundation in 2007. The property consists of a 5 acre pasture
on the west side ohe property and a 6000 year old hardwood forest that was logged in

2006 prior to donation of the property to NCSU. The adjoining hog operation, owned by Mr.

Parrish, used the pasture area for land application of lagoon waste from 1978 to 2002
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(Piedmon Geologic, 2006).The Sacre pasture was planted with Loblolly Pifenus
taedg in 2007 by North Carolina State University.

Piedmont Geologic completed a Phase Il Environmental Site Assessment (ESA) of
the site in February 2007. The ESA involvedlection and analysis of groundwater, surface
water, and soils samples (Figure 9; Piedmont Geologic, 2007). Soil samples were analyzed
for nitrates, ammonia nitrogen, and Kjeldahl nitrogen; ground water and surface water
samples were analyzed for nitrgt@mmonia nitrogen, and Kjeldahl nitrogen. At that time,
the regulatory standards were 10 mg/L for nitrate in ground water/drinking water (Piedmont
Geologic, 2007).

2.2 Historical Water Quality Data
2.2.1 Piedmont Geologic ESA Phase Il Data

Resultsof the Phase Il ESA for soil samples and surface waters are shown in Table 9
and 10. Surface water samples were all less than 0.7 mg/L nitrate, 0.10 mg/L or less for
ammonia, and < 1.9 mg/L for Kjeldahl nitrogen (Table 10). Soil samples collected on the
waste application field (WAF) had nitrate concentrations ranging between <1.0 mglkg (S
and 19.0 mg/kg (§). Regulatory standards do not exist for soil and surface waters (Class C
waters, NCDENR Redbook, Surface Waters and Wetlands Standards). ii€kotogic
concluded no major impact on soil or stream quality due to land application of hog lagoon
materials to the pasture area (Piedmont Geologic, 2007).

Piedmont Geologic also installed temporary ground water monitoring wells to
evaluate nitrate, amomia, and Kjeldahl N in ground water at the WAF and down gradient of

the lagoongTable 11) Wells 1, 3, and 5 had nitrate concentrations at 10, 10, and 14 mg/L,
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@ GCroundwater Monitoring Wells

B Soil Samples

A Surface Water
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N
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0 65 130 260

Figure 9: Sampling locations for the Phase Il ESA completed in February, 2007 (PiedrolngiG2007).
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Table 9. Soil sampling results taken in February 2007 at various locations on the WAF, JC.
Sources: Piedmont Geologic (2007).

Sample ID Nitrate/Nitrite N Ammonia Nitrogen Kjeldahl Nitrogen
(mg/kg) (mg/kg) (mg/kg)

Background Sampié& <1.0 <5.0 1200

S1 15 <5.0 1200

S2 <1.0 <5.0 580

S3 4.0 <5.0 3200

S4 1.2 <5.0 970

S5 19 10 1300

Table 10. Surface water sampling resutibected in February, 2007 at various locations
along the stream running through the property. Source: Piedmont Geologic (2007).

Sample ID Nitrate/Nitrite N Ammonia Nitrogen Kjeldahl Nitrogen
(mg/L) (mg/L) (mg/L)
S1-Downsteam 0.66 <0.10 0.56
S2-Midstream 0.68 <0.10 1.7
Sl-Upstream 0.59 <0.10 1.8
S2-Downstream 0.57 <0.10 0.71
S2-Midstream 0.56 0.10 1.9
S2-Upstream 0.60 <0.10 <0.50

Table 11. Concentrations of nitrate, ammonia, Kjeldahl nitrogen (mg/L) in groundwater
collected at site in February 2007 (Piedmont Geologic, 2007).
Sample ID  Sample DeptiNitrate/Nitrite N Ammonia Nitrogen Kjeldahl Nitrogen

(m) (mg/L) (mg/L) (mg/L)

GW:-Background 8.5 0.84 <0.1 1.7
GW-1 4.3 10.0 1.8 5.7
GW-2 5.5 8.7 3.1 5.1
GW-3 4.3 10.0 0.20 5.9
GW-4 4.1 0.15 0.25 4.1
GW-5 12 14 0.14 2.2
NCDENR State Standards (NC 2L)100° 1.5

“NCDENR State Standards, 15A NCAC 02L .0202 Groundwater Quality Standards
P NCDENR State Standards, IMAC, 15A NCAC 02L .0202 Groundwater Quality Standard
(NCDENR Redbook, 2007).
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respectivelywhich is at and above the 10 mg/L NC 2L Groundwater Stand&veds 1 and

2 had ammonia concentrations at 1.8 and 3.1 mg/L which is above the 1.5 mg/L Interim
Maximum Allowable Concentrations (IMAC), NC 2groundwater standard (NCDENR

DWQ Groundwater Standards, 2010). Methods utilized for soil, surface water, and
groundwater for analysis were EPA Method 9056 for Nitrate N, EPA Method 350.1 for
ammonia, and EPA Method 351.2 for Kjeldahl nitrogen. These 20@%&Hatv that

groundwater dowsgradient of the lagoons (well 3) as well as on the waste application field
was contaminated with ammonia and nitrate nitrogen at and above the current North Carolina
regulations.

2.2.2 North Carolina State University Water Quality Data

Students and student interns from the Department of Forest and Environmental
Resources collected surface water and ground water samples from the site in 2008 (Figure
10). NCSU students handugered a onach diameter PVC shallow ground wate
monitoring well in 2007 in accordance with USGS, National Field Manual for the Collection
of Water Quality Data (USGS, 2006). Surface water samples were collected at nine specific
locations along the stream running through the property including theaetive swine
waste lagoons and a natural seep located down gradient of the lagoons.

Surface water and groundwater samples collected from April 2008 through December
2008 were analyzed for nitrate/nitrite, ammonia, total Kjeldahl nitrogen (TKN Ytcaaid
phosphate at the Center for Applied Aquatic Ecology (CAAE) (Table 12). Surface water (7
sampling locations along the stream) remained at or below 0.67 mg/L for nitrates, 0.08 mg/L

for ammonia, 0.64 mg/L total Kjeldahl nitrogen (TKN), and 0.09 mgthltphosphate (TP).
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Nitrate Concentrations (mg/L) 0.58 mg/L+ 0.36 mg/L

Ammonia Concentrations (mg/L 0.08 mg/L+ 0.05mg/L
(n=9) 0.60 mg/L+ 0.40 mg/L
SW-2 0.07 mg/L+ 0.04mg/L
0.61 mg/L+ 0.90 mg/L (n=28)
0.03 mg/L+ 0.03mg/L
(n=7)
0.67.mg/L+0.46 mg/L

0.07 mg/L:+ 0.05mg/L
(n=7)

2.75/mg/L+1.09 mg/L
0.04 mg/L+ 0.02mg/L.
(n=7)

0.06 mg/L+ 0.06 mg/L
0:26 mg/L+0.23mg/L
(n=73) GW-5 (Well 7

0.57 mg/L. +0:34 mg/L
0.07 mg/L+0.04mg/L
(n=86)

SW-6 (Seep)
0.53-mg/L:+ 0.32 mg/L
0.06 mg/L+ 0.05mg/L

e (n=8)
- i SW-8
0.05 mg/L+ 0.04 mg/L 6.96 mg/L+ 0.51 mg/L sw}f\
(1r.]8_9?r’;1g/Li 1.58mg/L ?HO_Ea;?g/Li 0.02mg/L 0.44 mg/Li 0.16 ma/L
- - 0.06 mg/L+ 0.04mg/L:
(n=8)

NC State Regulation®NC 2L Standard@Groundwater)
Nitrate/Nitrite7 10 mg/L
Ammoniai 1.5 mg/L

Figure 10: Mean nitrate/nitrite and ammonia concentrations (mgdhe standard deviation) in surface water and groundwater
samples collected in 2008 (AptilDecember). Mean nitrate concentrations are shown in bold. (persomaunicatiori
Elizabeth Nichols.
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Table 12. Concentrations of nitrate, ammonia, total Kjeldahl nitrogen (TKN), total phosphate (TP) for surface watendnatgrou
samples collected in 2008 by NCSU (personal communicatiflizabeth Nichols).
Samping Date
4/1/2008 5/14/2008 6/18/2008 7/11/2008 8/2/2018 8/16/2008 10/3/2008 11/7/2008 12/19/2008

SW-1

Nitrate (mg/L) 0.15 0.17 - 2.5 - 0.93 0.04 0 0.48
Ammonia (mg/L) 0.02 0.03 - 0.03 - 0.10 0.02 0.01 0.02
TKN (mg/L) 0.26 0.16 - 0.65 - 1.1 0.32 0.19 0.28
TP (mg/L) 0.03 0.04 - 0.06 - 0.28 0.04 0.04 0.04
SW-2

Nitrate (mg/L) 0.37 0.25 1.2 0.32 - 0.48 0.51 0.36 0.57
Ammonia (mg/L) 0.06 0.18 0.03 0.13 - 0.13 0.07 0.04 0.07
TKN (mg/L) 0.52 0.70 0.52 0.83 - 0.89 0.62 0.64 0.53
TP (mg/L) 0.05 0.06 0.08 0.18 - 0.17 0.06 0.05 0.06
SW-3

Nitrate (mg/L) 0.35 1.4 0.41 0.97 - 0.45 0.47 0.18 0.57
Ammonia (mg/L) 0.05 0.05 0.11 0.04 - 0.13 0.06 0.02 0.06
TKN (mg/L) 0.49 0.63 0.82 0.44 - 0.95 0.58 0.58 0.57
TP (mg/L) 0.05 0.11 0.17 0.06 - 0.18 0.06 0.07 0.06
SW-4

Nitrate (ng/L) - - 1.6 0.35 0.84 0.42 0.49 0.33 0.61
Ammonia (mg/L) - - 0.06 0.14 0.03 0.12 0.05 0.01 0.06
TKN (mg/L) - - 0.66 0.86 0.48 0.80 0.65 0.45 0.57
TP (mg/L) - - 0.11 0.19 0.05 0.15 0.07 0.05 0.07
GW-5 (Well 7)

Nitrate (mg/L) 1.9 2.2 - 1.8 - 4.8 29 3.5 2.1
Ammonia (mg/L) 0.07 0.05 - 0.04 - 0.01 0.03 0.01 0.05
TKN (mg/L) 11 0.32 - 1.0 - 0.42 1.0 0.49 0.71
TP (mg/L) 0.28 0.03 - 0.29 - 0.07 0.17 0.09 0.19
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Table 12. (Continued)

Sampling Date
4/1/2008 5/14/2008 6/18/2008 7/11/2008 8/2/2018 8/16/2008 10/3/2008 11/7/2008 12/19/2008

SW-6 (Seep)

Nitrate (mg/L) - 6.7 7.8 7.0 - 6.1 7.0 7.2 7.0
Ammonia (mg/L) - 0.05 0.04 0.10 - 0.05 0.03 0.04 0.02
TKN (mg/L) - 0.17 0.41 0.85 - 0.89 0.30 0.31 0.24
TP (mg/L) - 0.02 0.03 0.26 - 0.10 0.02 0.04 0.05
SW-7

Nitrate (ng/L) - - 1.2 0.39 - 0.41 0.43 0.32 0.64
Ammonia (mg/L) - - 0.12 0.14 - 0.04 0.05 0.03 0.07
TKN (mg/L) - - 0.55 0.48 - 0.57 0.63 0.65 0.52
TP (mg/L) - - 0.09 0.18 - 0.07 0.03 0.08 0.07
SW-8

Nitrate (mg/L) 0.41 0.53 1.3 0.42 - 0.22 0.46 0.31 0.57
Ammonia (mdL) 0.04 0.14 0.05 0.13 - 0.04 0.04 0.01 0.06
TKN (mg/L) 0.47 0.64 0.36 0.87 - 0.48 0.62 0.50 0.56
TP (mg/L) 0.05 0.05 0.06 0.17 - 0.07 0.06 0.05 0.07
SW-9

Nitrate (mg/L) 0.40 0.55 0.69 0.40 - 0.20 0.46 0.29 0.56
Ammonia (mg/L) 0.03 0.12 0.04 0.12 - 0.03 0.03 0.02 0.06
TKN (mg/L) 0.47 0.67 0.35 0.80 - 0.45 0.54 0.46 0.49
TP (mg/L) 0.05 0.06 0.07 0.17 - 0.06 0.06 0.05 0.06
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Well 7, located dowagradient of the lagoons and within close vicinity of the stream had
average concentrations of 2.75 mg/L £ 1.0%(7) for nitrate, 0.04 mg/L £ 0.02 mg/L(n = 7)
for ammonia, 0.72 mg/L £ 0.32 mg/L (n = 7) for TKN, and 0.16 mg/L = 0.10 mg/L for TP.
The seep, located south of well 7, degnadient of the lagoons, had concentrations
averaging 6.96 mg/L = 0.51 mg/L (n7 for nitrate, 0.05 mg/L £ 0.02 mg/L (n = 7) for
ammonia, 0.45 mg/L = 0.29 mg/L (n = 7) for TKN, and 0.07 mg/L £ 0.08 mg/L (n = 7).
Lagoon waters had concentrations of 0.06 mg/L £ 0.04 mg/L (n = 6) for nitrate, 1.07 mg/L
1.35 mg/L (n = 6) for ammonid5.3 mg/L + 16.2 mg/L (n = 6) for TKN, and 44.7 mg/L
19.7 mg/L (n = 6) for TP.

The 2008 data shows that the highest nitrate concentrations are in well 7 (2.75 mg/L =
1.09 mg/L, n = 7) and the seep (6.96 mg/L + 0.51 mg/L, n = 7) while ammonia
concentations remain low over the sampling period except for the smaller swine waste
lagoon. The small lagoon served as the pump out lagoon for waste application and exchange
water with the larger lagoon. The smaller lagoon also has cattle in it during surontesm
which would explain the higher ammonia and phosphorus concentrations when compared to
the large lagoon (Table 13). Low nitrate in both lagoons and higher ammonia concentrations
indicate that ammonia leaching from the lagoons is nitrified in groatetvas it moves
towards the stream which results in elevated levels of nitrate/nitrite in groundwater for well 7
and the seep. Well 7 has lower nitrate concentrations compared to the seep most likely due to

denitrification of nitrate in groundwater asnbves through the riparian zone to the stream.
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Table 13. Concentrations of nitrate, ammonia, total Kjedhal nitrogen (TKN), and total
phosphorus (TP) (mg/L) in lagoon samples in 2008. (personal communic&lmabeth
Nichols).

Sampling Dates
8/16/2008 8/30/2008 11/7/2008

Small Lagoon

Nitrate/Nitrite (mg/L) 0.10 0.03 0.03
Ammonia (mg/L) 2.9 2.7 0.08
Total Kjedhal Nitrogen (mg/L)47 19 4.6
Total Phosphate (mg/L) 69 68 25
Large Lagoon

Nitrate/Nitrite (mg/L) 0.03 0.03 0.13
Ammonia (mg/L) 0.12 0.12 0.52
Total Kjedhal Nitrogen (mg/L)6.9 6.4 8.1
Total Phosphate (mg/L) 32 31 44

2. 2.3 Pri or “Nand&RercehtditroaganrSanipling

Prior tree f ol i &N sigeaturepdnd %N ocduwed ohgptbet h U
summer of 2007. A targeted sampling of trees around the lagoons;giadiant of the
lagoons, as well as north of the lagoons had areas of more pdditives i gnat ures ( 6
12a) ( Fi g Moreepositiie}°N in foliar tree tissues occurred iareasdirectly
surrounding the lagoons mainly concentrated around the small lagoon and several trees
close to as well as dowgradient to the large lagoon. Percent nitrogen was analyzed for
tree foliar samples collected in 2007 finding areas of higitesgen, specifically down
gradient of the large lagoon as well as north of the small lagoon. Higher percent nitrogen
values may be contributed to high amounts of debris/litter due to logging activities (Figure

12).
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Tree Species
Sweet Gum
Water Oak
Tulip Poplar
Beech
Loblolly Pine
Hickory

Red Maple
White Oak
Dogwood
Ash

Muscle wood

Pin oak

O e b %9 @60 HROP»PEO

Unknown

Contours (0.6m)

1 Meters
0 15 30 60

Figure 11. ™Nv al ues ( aopite folar sanplestop individual trees collected in
September 2007.

Tree Species

@® Sweet Gum > 22
Water Oak b
Tulip Poplar
Beech
Loblolly Pine
Hickory 23
Red Maple
White Oak
Dogwood
Ash

Muscle wood

X % ® 60 [JHR O »

Pin oak

< Unknown

—— Contours (0.6m)

| 1215, 18 5 ———
O A g O a
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Figure 12. Percent nitrogen (% N) of individual trees collected in September 2007.
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2.3 Summary

Groundwater was sampled in 2007 as part of a Phase Il Environmental Site
AssessmentESA) as well as in 2008 by NCSU personnel. Piedmont Geologic (Phase Il
ESA, 2007) wells were installed at various locations around the site includinggtadient
of the lagoons and on the waste application field. Comparisons between nutrient
concentations collected in 2007 (GW, N-NO3z = 0.15 mg/L; NH = 0.25 mg/L) and 2008
(GW-5, or Well 7, NNO3 = 2.7 mg/L £ 1.1 mg/L; Ni= 0.04 mg/L £ 0.02 mg/L, n =7)
indicated an increase in nitrate concentrations and a decrease in ammonia concentrations in
thelagoon side riparian area. These findings indicate an increase in lagoon seepage due to
lagoon deterioration or overtopping due to excess precipitation (greatest rainfall event,
10/20071 12/2008 = 22cm, July 08)Drainage pathways located directly badhthe
lagoons (from behind the small lagoon, flowing to the east towards the creek) provide surface
water drainage during heavy rain everiairing lagoon overtoppingyaters can flow
directly down this drainage pathway towards the crédthough an icrease was observed
in riparian zone nitrate concentrations, little impact to the nearby creek was found.

Additionally, a targeted foliar sampling of trees around the lagoons and down
gradient of the lagoons was conducted in September 2007. Largeddmegradient in the
lagoon side riparian area as well as within close vicinity to the lagoons, especially around the
smal | | agoon, 'INasdtopimealues. Tis indicates that treés closer to the
lagoons or within a direct path of lagoseepage are using a source of nitrogen that is

isotopically more positive than trees located further away or not impacted by the lagoons.
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Chapter 3: Materials and Methods

3.1 Introduction

Thegoal of this pr oj e'®tvaliessof tiees cad ketused aniane i f
proxy indicator of nitrogen contamination in groundwater around specific sources such as
hog lagoons and waste application fields. To accomplish this, groundwater, soils, and foliar
tree tissues were collected and analyzedpecific parametersto detérrm e i f°Nf ol i ar
isotopic values reflect a particular nitrogen source, in this case, hog waste versus biogenic
nitrogen. Groundwater and lagoon surface waters were analyzed for nutriepn@NO
NH,), general parameters (pH, conductivipd dissolve® x y gen) , ®NMNOspr i de s,
a n d°N-MH, at times provided in Table 14. These parameters were used to characterize the
extent of groundwater contamination by the inactive hog lagoons. Lagoon sludge was
coll ected aniNara ol to detesch €N afiswing waste source material.

Foliar tree tissues around the lagoons and in the waste application field (WAF) were
coll ected arand Al togampade tof gmundwiater nitrate concentrations
and groundwaterN-NO; isotopic vales. Foliar tree tissues were collected in June 2009,
2010, and 2011 and September 2010; prior 2007 foliar tree tissue data were provided by E.
Nichols for historical context. In June 2010, trees around the lagoons were first inventoried
at the site fodiameter and height then stratified by biomass before trees were randomly
selected for foliar collections (n=129). Tree samples in June 2009 (n=43) and 2011 (n=27)
were collected by tar g8Nvalubsisaeapnkartomewmsel ac g u i

and the timbered portions of the forest. Loblolly pines in the waste application field were
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Table 14. Johnson County groundwater sampling parameters from January 2009 to March 2011.

Average
Depth to Well Water
Well Water Elev. Table UtN N
Well Installation Well Dia. Depth Meanx(SD)Screen Surf. Elev. Sampling NH; NOsz CI NOz NH4
(Coordinates) # (cm) (m) (m) (m) (m) (m) Dates
Jan. 2010 (DENR)1 2.0 13 7.3(0.70) 1213 82 75  2/26/2010 X X
Lat.: 35.59669228 4/1/2010 X X X
Long.:-78.46150557 6/24/2010 X X X X
9/17/2010 X
3/18/2011 X X X
Jan. 2010 (DENR)2 2.0 10 8.2(0.30) 7.310 78 70 2/26/2010 X X
Lat.: 35.5973077 4/1/2010 X X
Long.: -78.46052743 6/24/2010 X X X X
9/17/2010 X
3/18/2011 X X X
Jan. 2010 (DENR)3 2.0 85 7.4(0.30) 7.08.5 76 69 2/26/2010 X X
Lat.: 35.59780734 4/1/2010 X X X
Long.: -78.46056189 6/24/2010 X X X X
8/25/2010 X X
9/17/2010 X
10/6/2010  x
10/19/2010 X
3/18/2011 X X X
Jan. 2010 (DENR)4 2.0 2.7 1.2(0.30)1.22.7 73 72  2/26/2010 X X
Lat.: 35.59807544 4/1/2010 X X X
Long.: -78.46103012 6/24/2010 X X X X
3/18/2011 X X X
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Table 14. (Continued

Average
Depth to Well Water
Well Water Elev. Table aiN  ON
Well Installation Well Dia. Depth Meanz(SD)Screen Surf. Elev. Sampling NH; NOs; ClI NOz NHg4
(Coordinates) # (cm) (m) (m) (m) (m) (m) Dates
Jan. 2010 (DENR)5 2.0 13 11(0.40) 9.8113 73 62 2/26/2010 X X
Lat.: 35.59808843 4/1/2010 X X X
Long.: -78.45967678 6/24/2010 X X X X
9/17/2010 X
3/18/2011 X X X
Jan. 2010 (DENR)6 2.0 7.6 7.3(0.30) 6.1-7.6 77 69 2/26/2010 X X
Lat.: 35.59747598 4/1/2010 X X X
Long.: -78.46053923 6/24/2010 X X X X
9/17/2010 X
2007 (NCSU) 7 25 19 1.6(0.10)0.601.9 57 56 2/26/2010 X X
Lat.: 35.59785875 4/1/2010 X X X
Long.: -78.45807270 6/24/2010 X X X X
8/25/2010 X X
9/17/2A0 X
3/18/2011 X X X
Drinking Well 8 - - - - - - 2/26/2010 X X
Lat.: 35.59673142 4/1/2010 X X X
Long.: -78.46041997 6/24/2010 X X X X
9/17/2010 X
3/18/2011 X X X
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Table 14. (Continued).

Average
Depth to Well  Water
Well Water Elev. Table aiN  ON
Well Installation Well Dia. Depth Meanz(SD)Screen Surf. Elev. Sampling NH; NOs; ClI NOz NHg4
(Coordinates) # (cm) (m) (m) (m) (m) (m) Dates
July 2010 (NCSU)9 25 1.2 0.85(0.400.601.2 62 61 8/25/2010 X X X
Lat.: 3559810045
Long.: -78.45895452
July 2010 (NCSU)11 25 1.3 0.57(0.400.601.3 58 58 7/30/2010 X X X X
Lat.: 35.5978440 8/25/2010 X X
Long.: -78.45859800 9/17/2010 X
3/18/2011 X X X
July 2010 (NCSU)12 25 1.6 1.1(0.40)0.60-1.6 57 56 7/30/2010 X X X X
Lat.: 35.5979830 8/25/2010 X X
Long.: -78.45838700 9/17/2010 X
3/18/2011 X X X
Feb. 2011 (NCSUN13 25 24 1.8 1.42.4 58 56 3/18/2011 X X X X
Lat.: 35.5974345 4/18/2011 X X
Long.: -78.4583581
Feb. 2011 (NCSU14 25 26 1.9 2.02.6 58 56 3/18/2011 X X X X
Lat.: 35.5974360 4/18/2011 X X
Long.: -78.45828465
Feb. 2011 (NCSUN5 25 1.2 1.2 0.601.2 58 56 3/31/2011 X X X X

Lat.: 35.5972797
Long.: -78.45825001
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Table 14. (Continu®.

Average
Depth to Well Water
Well Water Elev. Table
Well Installation Well Dia. Depth Meanx(SD)Screen Surf. Elev. Sampling NH; NOs; CI
(Coordinates) # (cm) (m) (m) (m) (m) (m) Dates

aoN
NO;

aoN
NH4

Feb. 2011 (NCSUj16 25 2.0 1.2 1.42.0 57 56  3/18/2011 X X X
Lat.: 35.5975749
Long.: -78.45810595

Seep 2/26/2010
Lat.: 35.59728285 4/1/2010
Long.: -78.45853435 6/24/2010
3/18/2011
4/18/2011

x

X X

Small & Large Lagoons 4/1/2010
6/24/2010
9/17/2010 X
10/11/2010 x
10/19/2010
3/18/2011 X X X

X X|X X X X X
X X|X X X X X
X
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collected using a simple random approach.

Soil samplesn the waste application field were collected in March 2011 for nutrient,
0N, and %N anal yses by st PNaaliesapdrandomt he si t e
selection of sampled trees in stratified areas. Soils from the waste application field (WAF)
wer e anal yz e'dN, dnd%N tounderstane relationships between isotopic values
of soil N, pine N, and groundwater N. All sampling locations were recorded utilizing a GPS
(Tremble GeoXT Handheld, Sunnyvale, CA) handheld unit. ArcGIS 9.3 (BRRIIS,
Redlands, CA) was utilized to plot all sampling locations and to produce site maps for data
display.
3.2 Sample Collection ContainePreparation

All containers used for groundwater collection were prepared and cleaned according
to proceduresutlined in the USGS National Field Manual for the Collection of Water
Quality Data, Chapter A3, Cleaning of Equipment for Water Sampling (Wilde 2004). To
briefly summarize, containers were cleaned in the lab prior to field sample collection and
sealed tavoid contamination. All glassware and high density polyethylene (HDPE)
containers were triple rinsed with tap water, scrubbed with phosphate free detergent
(Liquinox), and triple rinsed again with tap water. Containers were then dipped in
hydrochloricacid (provide % HCL) to remove any trace nitrogen. Containers were then
triple rinsed with deionized water (Pure Water Solutions, Hillsborough, NC) and allowed to
air dry. All containers were covered with aluminum foil to ensure containers remained

conaminant free and ready for sample collection (Wilde 2004).
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3.3 Additional Well Installation at the JC Research Site

Groundwater welld-6 wereinstalled by NC DENRrom December 2008 January
2010(Figure 13) The holes were augured with a truckunted GeoProbe and 0.75 inch
PVC well linings and 5 foot screens were installed in accordante NC DENR, DWQ,

Well Construction StandardBlC DENRT DWQ, 2009) (Table 4). Each well was

Figure 13. Groundwater monitoring wells installed by NC DEMNRIIs 1-6) during
December 2009 and January 2010. Remaining wedli,7 (2007), wells 92 (2010), and
wels1316 (2011), were installed by NCSU.
gauge on site.
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suppliedwith a dedicated 200 mL TefldacoBailer (Forestry Suppliers, Inc., Jackson, MS)
with nylon rope. In July 2010 and February 2011, threeimete PVC wells with 5 foot
screens (wells 9, 11, 12) and four aneh PVC wells with 5 foot screens (wellsi136),
respectively, were instad by NCSU using Construction Standards, NC DENR (NC DENR,
DWQ, 2009) (Figure 13 and Tahld). Dedicated 200 ml Teflon Ecobailer (Forestry
Suppliers, Inc., Jackson, MS) with nylon rope were supplied for each well and used for
sampling. Wells were degloped by repeated purging of three well volumes over several
days or weeks.
3.4 Groundwater Collection

Groundwater and surface waters were sampled from February 2010 through March
2011 as shown previously in Table 14. Groundwater wells were ppriggedo sampling in
accordance with the USGS, National Field Manual for the Collection of Watality Data,
Chapter A4, Collection of Water Samples (USGS, 2006). To briefly summasarpey, levels
were first recorded using a Keck 100 ft water levelan@Beotech Environmental
Equipment Inc., Denver, CO)Based on water levels, three well volumes were removed
prior to sampling using the dedicated bailer at each well by using the equation:

V (3) = (0.0408*H*D2 )*3

where V(3) = 3 purge volumes (gal),#height of the water column (ft), and D = inside
diameter of the well (inches) (USGS, 2006).
3.4.1General Water Quality Parameters

General water quality parameters, including pH, dissolved oxygen, specific

conductivity and temperature, were recorétsdeach well and lagoon according to methods
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set forth in the USGS National Field Manual for the Collection of WQtality Data
(USGS, 2006). The sampling equipment was calibrated in the laboratory prior to field
collection of groundwater and periodlty checked with known check standards in the field.
The measurement of specific conductivity, dissolved oxygen, and temperature was collected
utilizing the YSI Model 85 (YSI, Yellow Springs, OH). In addition, pH was measured
during the collection of pundwater samples utilizing a Hach Sension 1 portable meter
(Hach, Loveland, CO).
3.4.2Chloride Sampling

Chloride concentrations were quantified for groundwater and surface water by using a
Hach Digital Titrator Model 16900 titration method (Hac0@) (Hach, Loveland, CO).
Samples were collected in peceeaned 250 ml HDPE bottles, transported on ice, and stored at
4° C prior to analysis within 7 days. . In order to analyze each sample, an estimated range of
chloride concentration is required tlect the correct sample volume to analyze. Swine
lagoons and groundwater contaminated with lagoon effluent usually contain chloride
concentrations from 54 to 153 mg/L for lagoons and 15 to 124 mg/L for groundwater wells
(Karr et al, 2001; Israeét al, 2005) This range of chloride concentrations requires sample
volumes between 40 and 100ml.
3.4.3Nutrient Sampling

Nutrient concentrations (NMNO3z and NH,) were determined fagroundwater and
surface waters using discrete grab samples. Each water sample was preserved with seven
drops of 50% HSO, to achieve a pH of less than 2.0, kept cool at 4° C or below, and

analyzed for ammonium (Nfj{and nitrate + nitrite (N©+ NO,) at CAAE within 28 days of
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collection. Analysis was performed on a Bran and Luebbe QuAAtro Segmented Flow
Analyzer (Bran + Luebbe Inc., Delavan, WI) following Standard Methods and EPA methods.
Analysis of nitrate + nitrite followed the Standard Method 4506F@&PA Method 353.2,

by means of Automated Cadmium Reduction. Analysis of ammonia nitrogen followed the
Standard Method500NHH, EPA Method 350.1, by means of Automated Phenate. Sample
analysis occurred within the max-88y holding time allowed bthe Environmental

Protection Agency (EPA).

3.4.4 U*N-NOjs Isotopic Analysis of Groundwaterand Surface Water

Ground water and lagoon surface water samples were collected and analyZeN for
-NOj3 values. The volume of sample required for €abhandysis was based on prior
nutrient concentrations of nitrate for that sample. Samples were collected in-ckeaiter
HDPE containers, kept cool at 4°C, and frozen until analysis.

Nitrate extraction from groundwater followed procedures in Stva. (2000). To
summarize, collected water samples were first filtered through a Whatmakt-bgkass
micro-filter by vacuum (Gast Model #: DOAP704AA, Benton Harbor, MI) to remove
particulates. The sample was then transferred into a 1 liter glasst®ep funnel attached
to a BioRad (Hercules, CA) plastic column filled with an anion exchange resirRB
AG 1-X8, Chloride Form, 10200 mesh). A flow rate of 500 to 1000 ml/hour was
established to ensure complete absorption of nitrate. Tiwedli® was calculated to be
approximately 916 ml/min and determined by running deionized water through the column,
under vacuum, for 1 minute and measuring the amount of liquid that passed through. The

stop cock on the separatory funnel was then adjustedsure total volume for 1 minute of
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flow fell in the range between6 ml.

In order to remove the nitrate from the anion exchange column, 15ml of a 3M HCI
solution was used to rinse the column in 5 ml increments resulting in a solution afadO
HCI. The addition of AgO caused the pH to increase to 6.0 as;iHdOted to form AgN®
and AgClsy, the AgCls)precipitate was removed (Silet al, 2000). The solution of AQNO
+ H,O was frozen and freeze dried resulting in a solid precipitaisdtopic analysis of
U°N-NOs. Samples (0.5 6.0 mg) were tarred using a miebalance (Mettler Toledb
MX5, Columbus, OH), in silver capsules (Costéd 1066, Valencia, CA) with an
additional 2 mg of reagent grade sucrose to ensure complete canbastl then sealed.
Sample weights were determined by calculating the total amount of nitrogen in the sample
and ensuring that 20150 pg N, minimum, was present. Samples were analyzed at one of
three isotope facilities listed in Table 15 below.

Table 15. Facilities and instruments that were used for Stable Isotope Analyses.

Isotope Lab EA IRMS

NCSU Thermoi Flash 1112 Series Thermoi Delta V Plus

UC Davis PDZ-Europa ANCAGSL PDZ-Europa 2620

CornellUniversity ThermeTC/EA Thermoi Delta V
Advantage

3.4.5 U*N-NH, Isotopic Analysis of Groundwaterand Surface Water

Thet™N-NH, isotopic values of groundwater and surface waters were determined by
using an adopted method from Lehmatmal (2001). Samples were collected in clean
HDPE containers, placed on ice for transport and cooled to 4°C or lower. Samples were

processed within 6 hours of collection to minimize ammonia loss. Lagoon waters and
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groundwater were priltered through a Whatman #1 glass microfiber filter unageruum
(GAST1 DOA-P704AA) and processed through an initial anion exchange resinRBadi

AG 1-X8, Chloride form converted to Olfbrm, 100i 200 mesh, Hercules, CA) and finally
through a cation exchange resin (Btadi AG 50W1 X8, Hydrogen form, 100 200 mesh,
Hercules, CA). The initial anion exchange resin removes dissolved organic nitrogen (DON)
which may interfere with the absorption of ammonium onto the cation exchange column.
The cation exchange resin is then oven dried at 50°C for 24 lamgrground until well
homogenized. Approximately 1015 mg of resin was tarred in a tin capsule by
microbalance (Mettler ToledoMX5, Columbus, OH) and submitted to Cornell Isotope
Laboratory (Ithaca, NY) for analysis.

3.5 Lagoon Sludge
Lagoon sludg was collected to quantify thie°N-N isotopic signature of the lagoon

solids. Sludge samples were collected according to modified methods found ind¥labre

(2005). Using a clean sampling pitcher on an extension pole, sludge was collected from
seveal spots around the edge of the lagoon and composited into a 2.5 L HDPE container,
homogenized, and sealed. The sample was placed on ice for transport and frozen for storage.
The sample was then freedged, homogenized, crushed by mortar and pesttepeepped

for isotope analysis. Approximatelyi 57/ mg of dried lagoon sludge was tarred into tin

capsules using a microbalance (Mettler ToleddX5, Columbus, OH) and submitted to

Cornell Isotope Laboratory (Ilthaca, NY) for analysis.

3.6 Foliar Sampling of Trees at Johnston County

Foliar sampling occurred between 2009 and 2011. Foliar samples were collected by
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generating a composite sample small and large leaves around the circumference of the tree at
a height of approximately six feet. Thember of leafs collected ranged fromil124 leaves

per sample. High foliar samples were collected with a 40 foot cutter on an extension post.

All samples were collected wearing latex free rubber gloves and placed in 20 ml glass
scintillation vials, markd, and frozen for storage.

The most prevalent species on site are evergrégngy taedaand deciduous
(Liguidambar styraciflua, Quercus alba, Quercus rubra, Quercus higegs. In June of
2009, a targeted sampling event focused on selectedhetdsad a diameter breast height
(DBH) of ten inches or greaten the periphery of the lagoons. Foliar samplings included
high and low grab sampling to determine if height mattered for the analysrNe.
Approximately 4i 6 mg of freeze dried leaf material was tarred into tin capsules (Costech,
Valencia, CA) utilizing the microbalance (ToletdldX5, Columbus, OH) and analyzed at
the North Carolina State University Isotope Laboratory.

In JuneJuly 2010, a full tree inventory was completed of all trees on the lagoon acre
property (5 acres) and in the riparian zone. Tree species, diameter breast height (DBH), and
height were recorded, and each tree globally positiohkitizing the DBH (m) and hight
data (m), the biomass (m?) of each tree was calculated using the equation (Denny and
Siccama, 2001):

Bi omass = "*((DBH/ 2)])*Hei ght

Using biomass data, the tree popul ation
and small trees (< 1.9 m3). Large and small trees were randomly selected in each strata for

foliar sampling using GIS. Foliar samplefsselected large and small trees were collected
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between June and August 2010. Of the 73 large trees, 60 were selected and sampled at
variable distances from the waste application field and lagoons. Of the 316 small trees, 69
were randomly selected féoliar collection.

In October 2010, needles were collected from loblolly pine trees planted on the waste
application field in 2007 by NCSU. A simple random sample approach was used to collect
composite needles from six different locations of each t#etmtal of 91 trees were sampled
from a total population of 2,647 four year old pines. Needles were storedrh glass
scintillation vials, freeze dried, and homogenized by using a small pair of clean stainless steel
scissors to produce a fine mix¢ur Approximately 4 mg was tarred into tin capsules
(Costech, Valencia, CA) utilizing a microbalance (ToléddX5, Columbus, OH) and
submitted to UC Dauvis Isotope Facility (Davis, California) for N Isotope analysis.

In October of 2010 and June 201dljdr samples were collected from accessible trees
(n =10) in the vicinity of well 12 and in the riparian zone near wel$@.8n both sides of
the creek (n=10). In June 2011, foliar samples were also collected from remaining trees in
the timbered portin of the site between the waste application field and stream (n=14). These
targeted collections were completed to quantify isotopic values of trees that were near newly
installed wells and trees that were on the other side of the creek and thus, hgaliglog
separated from groundwater influenced by lagoon seepage. Approximatélyng of
freeze dried leaf material was tarred into tin capsules (Costech, Valencia, CA) utilizing the
microbalance (Toledd MX5, Columbus, OH) and submitted to Cornell tgu Laboratory

for N isotopic analysis.
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3.7 Soil Samplingof Waste Application Field

In March 2011, soil samples were collected in the waste application field to quantify
soil TKN, N-NO3s, andii™N isotopic values. Soils were collected according to approved EPA
protocols (Mason B., 1992). A 20 manual a
0.15 to 0.30 meters to collect soil from the bottom most part of the hole. Sampling
equipment v&s washed with Liquinox, rinsed with DI water and finally with acetone in
between cores.The samples were placed in a cooler for transport and frozen for storage.
Samples were quartered in the field to homogenize and split between a 20 mL-2@lg)L0
f o PN a8 well as %N analysis and a ziplock bag (300 g) for nutrient analysis (TKN
and NNO;). Soil samples in the 20 mL vials were freelzeed, homogenized, and crushed
in a mortar and pestle for isotopic analysis. Approximately 80 mg of prejolesas tarred
into tin capsules (Costech, Valencia, CA) using a microbalance (Toletkb, Columbus,
OH) and submitted to CUbNane%N analysiso tSanplesinttebor at
ziplock bags were submitted to NCSU Weaver Labs for TKNNuiND; analysis.
3.8 Quality Assurance/ Quality Control

NCDENR required that a quality assurance project plan be prepared and approved
prior to any field work. The quality assurance project plan was approved by NCDENR in
July 2009. The QAPP focused omgding methods (probabilistic versus targeted) for
sample collection, what method would be used for collecting different types of samples (such
as foliar versus ground water), how samples would be handled and processed to ensure
representative samples frahe sampled population, what standard methods would be used

for sample analysis, calibration and maintenance of equipment, and how analytical data
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would be maintained and evaluated for quality control. For each parameter described below,
field blanks, feld duplicates, analytical duplicates, method blanks, and reference standards
were used to demonstrate field sampling precision, analytical precision, accuracy and
precision of equipment, and good field and laboratory practice to avoidcootsmination

of samples.

To determine precision and accuracy, | used relative percent deviation and percent
error, respectively. Precision and accuracy were expected to be less than 10% to ensure
quality control. The equation for relative percent deviation is:

RPD= |[((x17 x2)/((x1 + x2)2))]| * 100

The equation for percent error is:

% Error = [[Experimental Theoretical)/Theoretica] * 100
There was only one deviation from the use of RPD and Percent Error in quality control.
Stable isotope data is not ameleaio RPD and % Error for evaluating precision and
accuracy. Precision and accuracy were determined by calculating the per mil difference of
two samples, whether field duplicates or reference standards. The per mil difference was
expected to be less thanequal to the per difference of the instrument precision.
3.8.1 Groundwater Sampling (QAQC)

For each groundwater sampling event, | randomly selected 1 or 2 wells for duplicate
ground water collection for a minimum percent field duplication of 10&lafells sampled.

A field blank was not collected because each well has a dedicated bailer which helped to
reduce chances of cresentamination. Equipment that was utilized for sampling more than

one well (water level meter, testing equipment, ete3 subjected to a rinsate blank and
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analyzed along with other samples. The following sections describe QAQC efforts for
specific parameters that were determined either in the field or laboratory.
3.8.2 QAQC for Ground Water and Lagoon Water pH, DO, ad Specific Conductivity

All equipment was calibrated in the laboratory prior to field sample collection
according to the USGS National Field Manual for the Collection of \A@tedity Data
(USGS, 2006). Known standards were used to check equipmenatiahlin the laboratory
and later periodically checked in the field to evaluate instrument accuracy and precision over
time. The equipment was recalibrated if the percent error was greater than 10%. RPD * one
standard deviatiofor prefield and field cleck reference standard calibration were as
follows: pH = 0.43% + 0.03%, n = 9; Conductivity = 2.54% * 2.64%, n = 9; and Dissolved
Oxygen = 1.66% + 0.78, n = 5).
3.8.3 Chloride Sampling (QAQC)

Collection of water samples for chloride analysis foboMUSGS methods for

ground water collection and guidance from Hach for proper preservation and analysis of
water samples for chloride. Chloride samples were analyzed at NCSU by myself and an ET
undergraduate researcher. Equipment was properly cali@etedding to the instrument
manual. An accuracy check was performed every 10 samples. The meanqreocevas
103% + 3.34% (n = 10). The mean RPD of field duplicates was 2.10% * 0.9% (n = 5); the
mean RPD of analytical duplicates was 7.45% * 3.75%9). In addition to field and
analytical duplicates, field blanks were collected and analyzed along with the rest of the
samples to rule out cross contamination (mean blank [CI] = 0.20 mg/L + 0.08 mg/L, n = 3).

Lab blanks were analyzed to rule outss@ontamination from lab equipment and to
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determine zero for the pipette before beginning analysis.
3.8.4 Nutrient Sampling (QAQC)

Collection of nutrient samples (N®IO3; and NH,) followed the USGS methods for
ground water and surface water samplifigeld duplicates and field blanks were collected
for QA/QC purposes and analyzed at NGGBAE. A mean RPD of field duplicates was
calculated for both nitrate (2.60 % £ 3.59 %, n = 10) and ammonium (9.12 % + 6.92 %, n =
6). Field blanks were also catked during each sampling session with an average nitrate
concentration of 0.004 mg/L £ 0.005 mg/L, n = 7, and ammonium concentration of 0.016
mg/L £ 0.009 mg/L, n=7.
3.8.5 Ui'°N-NOjs Isotopic Analysis of Groundwaterand Surface Water (QAQC)

| used knowrconcentrations of KNeto check the proficiency of the anion exchange
column for nitrate extraction. Known volumes of Ki§andards, KN@(NOs-N of 0.2, 10,
25 mg/L) were filtered through the anion exchange column. Nitrate was then extracted from
the olumn, and the supernatants containing nitrate were submitted to CAAE for
determination of nitrate concentrations. Thean percent recovewas 106.8% * 0.15% (n
= 3) with four outliers. Two of the samples submitted (0.2 mg/NGor analysis at CAAE
yielded very low percent recoveries most likely due to the low concentration of nitrate
absorbed onto the anion exchange resin. According to the literature, nitrate concentrations
found in groundwater around hog wéermmge | agoon
of 8.7 to 70.1 mg/L (Karet al, 2002; Stonet al, 1998). Since the lower end of standard
range was well below expected values, these samples werearalyeged and another

extraction efficiency test was conducted.
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Another set of KN@standards (N@N of 0.2, 1.0, 10.0, and 25.0 mg/L) were
prepared to test the proficiency of the exchange columns for the analy®isN®s. Nitrate
concentrations were used to calculate the amount gfNNfresent in the sample; at least
200 pgN is required for a propet°N analysis. The same procedure was followed to absorb
nitrate onto the columns and then eluted, freeze dried, and prepped for isotope analysis.
Samples were analyzed at the NCSU Isotope Laboratory finding an average percent recovery
0f 92.9% + 7.13% (n = 6). Table 16 below lists the QAQC results fét\atjroundwater
sampling events categorized for specific isotope laboratories.

3.8.6 U'°N-NH, Isotopic Analysis of Groundwaterand Surface Water (QAQC)

Quality assurance proceds included method recovery using known concentrations
of ammonia chloride. Since th&-NH, isotopic signature was not known for the
ammonium chloride solution, three different concentrations (0.7, 3.5, 20 mg/L) were
analyzed. Duplicate samples for £2AQC sample were processed with an average RPD
of 11.1% % 5.2% (n = 2) with one outlier. A field duplicate was collected for the composite
sample of the JC lagoons finding a RPD of 0.97 %Tdrand 15.4 % for percent nitrogen.

3.8.7 Foliar Sampling (QAQC)

Foliar samples were analyzed at several different isotope labs listed in Table 15. Field
duplicates, analytical duplicates, and known standards were analyzed along with sample
analysis for quality assurance purposes (Table 16). Mean folidudfiplicate RPD for all
i sotope | aboratories averngnd6602.+1.04%%m=N 4. 26
28) for percent nitrogen. Per mil di fferenc

~

N 0. 05 a Méan anaytical@)plicates foll @&sotope laboratories averaged 11.3 % *
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9.8 % (n = 4) foii™N and 5.80 % * 5.06 % (n = 4) for percent nitrog&able 16 provides

for all mean, RPD, permil differences and sample error calculations for QAQC. Foliar
samples were analyzed on an ElerakAnalyzer coupled with an Isotope Ratio Mass
Spectrometer. Known standards were used to calculate a calibration curve to encompass
expected percent nitrogen altl isotopic values.

Lab standards were analyzed as unknowns during sample procesQAJC
purposes. "™NstAandaAERN (0. 44 N 0.2&) was includ
unknown to check for equi pmefNv @plreeeiwaon0 .ah4
0.10& and mean precision or RPD was 1% N 10
leave standard with a %N of 2.31 was included to ensure %N accuracy and precision with

mean accuracy of 2.16% + 0%#or n = 39.
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Table 16. QAQC calculations for all isotopic data processed at Cornell, UC Davis, or NCSU Isotope Labs.

Total Mean % Highest Mean
Samples % Known Error % RPD Std?® Mean Diff Highest
Analyzed n Sample Type Freqg Value Mean (SD) (SD) Error (SD) Error (SD) Diff.
Cornell Isotope Lab, Ithaca, NY
18y ( a
138 28 Lab Std. CBG,™N 20 0.58 0.59(0.15) 18(18) 74 - 3.4 0.11 (0.10) 0.43
138 8 Lab Std. Rice™N 5.8 1 1.0 (0.08) 5.5(4.7) 16 - 1.7 0.06 (0.05) 0.16
138 4 |AEA NCSU Std.™N 2.9 0.4 0.46 (0.11) 23 (16) 40 - 8.2 0.09 (0.07) 0.16
7 1 Groundwater Std., KNQ™N 142  66.1 65 1.65 - - - 1.09 -
92 6 Foliar, Apple Leaves®™N 6.5 - 0.66 (0.06) - - - 0.02 - -
119 7  Foliar Field DUP™N 6.7 - - - - 6.5(4.3) 25 0.18 (0.18) 0.38
2 2 Groundwater, FD**N-NH, 100 - - - - 3231 22 0.78 (0.76) 1.3
7 1 GroundwaterFD,*N-NO; 14 - - - - 0.22 - 0.03 -
40 4 Soil, FD,™N 10 - - - - 3.6 (2.0) 4 0.29(0.11) 0.42
40 4  Soil, AD, **N 10 - - - - 3943 22 0.28 (0.25) 0.63
%N
138 28 Lab Std. BCBG, %N 20 3.4 3.4(0.08) 1.7 (1.5) - - 0.003 - -
7 1 Groundvater Std., KNG, %N 14 2.9 3.4 15 - - - 0.45 -
92 6 Foliar, Apple Leaves, %N 6.5 2.3 2.2(0.04) 5719 91 - 0.76  0.13(0.04) 0.21
119 7  Foliar Field DUP, %N 6.7 - - - - 8.7 (3.4) 2 0.16 (0.04) 0.17
7 1 Groundwater, FD, N©@%N 14 - - - - 2.1 - 0.02 -
2 2  Groundwater, FD, Ni#%N 100 - - - - 18 (4.3) - 0.05 (0.02) -
40 4 Soil, FD, %N 10 - - - - 12 (8.1) 4 0.01(0.01) 0.02
40 4 Soil, AD, %N 10 - - - - 11 (11) 5.5 0.01 (0.01) 0.02
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Table 16. (Continued)

Total Mean
Samples % Known Mean % Highest RPD Std® Mean Diff Highest
Analyzed n Sample Type Freq Value Mean (SD) Error (SD) % Error (SD) Error (SD) Diff.
UC Davis Isotope Lab, Davis, CA
18N ( a
146 39 Lab Std. Nylon,®N 27 9.8 -9.8(0.20) 1.5(1.1) 4.8 - 0.18 0.14(0.11) 0.47
135 11 Lab Std., Glutamic Acid'N 8.1 -43  -4.8(0.89) 14 (20) 67 - 6.2 0.58 (0.83) 2.9
92 4  Lab Std., Glutamic Acid En’’™N 4.3 45 45(0.06) 0.10(0.04) 0.14 - 0.02 0.05(0.02) 0.06
92 2  Peach LeavesN 2.1 2 2.1(0.04) 7.1(21) 8.5 - 1.5 0.14 (0.04) 0.17
92 2 Bovine Liver,"N 2.1 7.7 7.8(0.01) 0.36(0.18)  0.49 - 0.13  0.03(0.01) 0.04
92 1 IAEA NCSU Std.,"*N 1.1 0.40 1.1 162 - - - - -
81 11 Foliar, Apple Leaves™N 14 - 0.42 (0.11) - - - 0.03 - -
173 15 Foliar Feld DUP,**N 8.7 - - - - 26(1.7 096 0.17(0.11) 0.68
43 2 Foliar Analytical DUP,”N 4.7 - - - - 18 (24) 17 0.21(0.12) 0.29
%N
135 5 Lab Std., Glutamic Acid, % N 3.7 9.5 9.4 (0.16) 1.9 (1.6) 4.1 - 0.74 0.18(0.16) 0.39
92 2  Peach Leaw, %N 2.1 2.9 2.9 (0.05) 2.0(1.8) 3.2 - 1.2 0.06 (0.05) 0.09
173 15 Foliar Field DUP, %N 8.7 - - - - 5.6 (4.6) 2.7 0.10 (0.08) 0.37
43 2 Foliar Analytical DUP, %N 4.7 - - - - 9.4 (7.1) 5 0.26 (0.25) 0.44
81 11 Foliar, Apple Leaves, %N 14 2.3 2.2(0.1) 4.9 (4.6) - - 15 0.11(0.11) 0.62
NCSU Isotope Lab (MEAS), Raleigh, NC
"N( &)
145 37 Lab Std., Acetanilide 13°N 26 1.3 1.3(0.15) 8.3(8.8) 39 - 1.4 0.11(0.11) 05
33 12 Lab Std., Acetanilide 9°N 36 1.8 1.8(0.13) 5.8 (49) 17 - 1.4 0.10 (0.09) 0.31
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Table 16. (Continued)

Total Highest Mean

Samples % Known Mean % % RPD Standard® Mean Diff Highest

Analyzed n Sample Type Freq. Value Mean (SD) Error (SD) Error (SD) Error (SD) Diff.

NCSU lIsotopeLab (MEA), Raleigh, NC

15 =

N (a)
73 18 Lab Std., Acetanilide 11N 25 1.6 1.6 (0.11) 4.6(5.2) 20 - 1.2 0.07 (0.08) 0.32
17 2 IAEANCSU Std. N 12 0.4 0.42 (0.13) 23(7.1) 28 - 5 0.09 (0.03) 0.11
34 6 Groundwater, Std., KNQ™N 18 66 66 (0.37) 0.56(0.31) 1.1 - 0.12 0.37 (0.20) 0.69
145 14 Foliar, Apple Leaves™N 9.6 - 0.33(0.22) - - - 0.06 - -
42 2 Foliar Analytical DUP*N 4.8 - - - - 4.3 (3.0) 2.1 0.08 (0.01) 0.08
97 7  Foliar Field DUP,”N 7.2 - - - - 11 (17) 6.4 0.26 (0.45) 1.3
0.66

18 2 Groundwater, AD®N 11 - - - - (0.38) 0.27 0.16 (0.15) 0.26
34 4 Groundwater, Field DUPSN 12 - - - - 6.8 (9.2) 4.6 0.93 (1.4) 3

%N
145 37 Lab Std., Acetanilide 10, %N 26 10 11 (0.25) 1.9 (2.0) 8.1 - 0.32 0.19 (0.20) 0.84
33 12 Lab Std., Acetanilide 9, %N 36 10 10 (0.14) 1.3 (0.96) 3 - 0.28 0.13(0.10) 0.31
73 18 Lab Std., Acetanilide 11, %N 24 10 11 (0.45) 2.6 (3.8) 15 - 0.9 0.27 (0.40) 1.5

Groundwater, Std., KN§)

34 6 %N 18 2.9 2.7 (0.50) 15 (10) 33 - 4.2 0.43 (0.30) 0.97
200 22 Foliar, Apple Leaves, %N 11 2.3 2.1 (0.04) 7.6 (1.9) 13 - 0.4 0.17 (0.04) 0.29
42 2 Foliar Analytical DUP, %N 4.8 - - - - 2.2 (1.3) 0.88 0.04 (0) 0.04
97 7  Foliar Field DUP, %N 7.2 - - - - 7.9 (8.2) 3.1 0.18 (0.16) 0.47
18 2 Groundwater, AD, %N 11 - - - - 17 (14) 10 0.18 (0.22) 0.34
34 4  Groundwater, Field DUP, %N 12 - 16 (13) 6.4 0.14(0.12) 0.3

Note: ?- Standard Error pertains to either Mean % Error (SD) or Mean RPDv(/ﬁIDhever is displayed
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3.8.8 Soil Sampling (QAQC)

Soil sampés were analyzed for TKN and nitrates at the Environmental Analysis
Laboratory (Weaver Labs, NCSU) as well'a8 isotopes at the Cornell Isotope Laboratory
in Ithaca NY. Field duplicates were collected and analyzed for QAQC purposes with a mean
RPD of 749 % + 4.60 % (n = 3) for TKN, 9.67 % + 4%5n = 4) for nitrate, 15.6 % = 1.99
% (n = 4) for percent nitr &N eAnalytical duplicsies 8 4

were processed &N idotopensaniplgszsentdto Gomell withta eveati RPD

\

0f11.1%+109 % (n=4)forperden ni t rogen and 3. 8N. %sal 4. 29

additional QAQC check, two | AEAamlysa@®aBar d s
a, RPD = 54 %; 0. 32a, RPD = 22%).
3.9. Statistical and Spatial Analys

Non-parametric statistical testgere used to analyze between wells and for each well
due to seasonal/temperature changes as well as biological or chemical alterations of
parameters in groundwater. Nparametric tests were used because data were not normally
distributed. All statistical@alysis was performed utilizing SAS software (SAS Institute Inc.,
Cary, NC) including SAS JMP and SAS Enterprise. A Kruskal Wallis test was used to
examine differences between three or more wells. Analysis of individual wells on the waste
application feld and wells located in the lagoon side riparian utilized Matiitney non
parametric (2 wells) tests to determine if parameters differed over time. In order to
determine I f nutrient concentrations sver e
was utilized on wells located on the waste application field. Parametric tests were used on

foliar data that was found to be normal; a-eoveey ANOVA was used to determine if
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bi omass, “Nuoilues differed b&tween large and small trees.

Simple linear regressions and Pearson correlation coefficients were used to describe
relationships between “Nafpiremesdlesrlesg such as %
transformations were cducted on some the data before regression analysis. Basic
statistical analysis including mean, standard deviation, relative percent difference, standard
error, and percent recovery was performed for QAQC reporting.

A spatial kriging statistical anadis was performed on tree folia#l isotopic values
and percent nitrogen data collected in 2010 for both large and small tree populations.

Prediction standard error maps were also produced to show areas of high predictive error to
low predictiveerrorn di cating the strength of Yhaed kri gi
percent nitrogen) utilized ordinary kriging interpolation methods to produce prediction maps.
The model equation is:
Z(s) = O + y (s)

where (J) is the constant stationary functiog | o b a | mean) and (y (s))
correlated stochastic part of variatiGuariability in the datd caused by natural spatial
variation and inherent nois@i@to measurement erfofHengl, 2007). Predictions were
made utilizing the equation:

Tok () To*z o
wherel ok (Sy) is thespatiallypredicted variale pertaining to ordinary krigingt a new
location (), @ o is the vector of kriging weights {(\W(weight assigned bgweighting
function to ensuranunbiased interpolatgrandz is the vector of n observations at primary

locations (Hengl, 2007). Spatial variation was determined and modeled utilizing SAS
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software (SAS Institute Inc.) to estimate variogram parameters (partial sill, range, and
nugget) of an exponential variogram modalcombination SAS (SAS Institute Inc., Cary,
NC) and GIS (ESRI, Redlands, CA), ArcGIS 9, Geostatistical Analyst was used to produce
the Kriged maps and supporting predictive error maps.

Groundwater parameters could not use Kriging methodsodile Imited number of
sampling points. Groundwater nitrate-fDs) |, c h1 oPN-NDewere madeled iising
Inverse Distance Weighting (IDW) due to its simple interpolation methods. ArcGIS,
Geostatistical Analyst package (ESRI, Redlands, CA), was usaddgpoolation. The

general equation for IDW is:
"Y€ _ ez DYQ

wherel () is the value that is being predicted at locatigm$s the number of measured

sampl e points surr oun,diethgweightseassigdteeddchct i on | oc
measured point (decreases with distance), and i5(the observed predictive value at

location $(Johnstoret al, 2001). In order to determine the weights for measured points, the

inverse distances from all points to the new point folldvesequation:

o~y r h
- ¢ B ora vavae P

whered (So, Sijs the distance betweenthee w poi nt to a known sampl
coefficient that is used to adjust weights.
will be put on distant points. This allows points which are close to each other to have large
weights and points that are further away from each other to have small wWeightg,

2007)
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Chapter 4: Results

Eval uati on o f®Nlsotope valesl rdflectfsubsuifame switie N
contamination requires actual characterization of soil and groundwater at the site. Chemical
analyses of soil, groundwater, and lagoon waters were used to establish the extent of swine N
waste contaminationln situmeasurerants, chloride and nutrient analyses, groundwater
elevation levels, and™N isotope values of nitrate were used to evaluate the presence of
swine waste in groundwater. Soil nutrient afitN isotope analyses at the waste application
field were used to di@eate areas of greater swine N deposition by spray application and
thus, residual hot spots of swine N in soil.

4.0 Groundwater Flow Direction

Groundwater flow direction was determined by finding the gradient of the

potentiometric surface frogroundvaterelevationdata(Appendix B Appendix D.

Groundwateflows from the west southwest to the east northaasthown in Figure 14
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Figurel4. Groundwater flow directiofor site(calculations Appendix D)
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Directional flowvaries slightly on th waste application fieldvells 1, 4, and b These flow
directions help predict which wells will likely contain swine N from the waste application
field or lagoon seepage.

4.11In-Situ Measurements ofGroundwater and Lagoons

pH. In situmeasurements @H showed the least spatial and temporal variability among
water quality parameters (Figure 19)he pH of lagoon surface watewgsconsistently
higher than groundwater samples which is expefctestaticwater bodiegontaining aquatic
vegetation and ghe (StumnandMorgan, 1995). When nitrification occurs, groundwater
pH will decrease due to the production of hydronium ions in the formation of r{&tat@m

andMorgan 1988; PauandClark, 1989; KendalandMcDonnell, 1998) Lower pH values
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Large  Water Groundwater Monitoring Wells ACIOSS
(LL) Well Creek

Figure 15.Observed pH in lagoons, natural seep, and groundwater waters between April
2010'2011. The order of wells is presented based on spatial locality.
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were observechigroundwater from the waste application field and riparian areas and are
slightly acidic as expected for groundwater in this area. Excessive loading of groundwater
with organic waste can lower pH due to anaerobic conditions but differences of pH among
wells did not distinguish particular wells with very low pH.

Dissolved Oxygen (DO).Biological oxygen demand increases with greater organic waste
loading which, in turn, will lower dissolved oxygen concentrations. Dissolved oxygen was
lowest for the largéagoon regardless of sample date and time of year (Figure 16). DO for

the small lagoon was much more variable than the large lagoon due to photosynthetic
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(SL) Water Across
L(zErL%e Well Groundwater Monitoring Wells Creek

Figure 16.Dissolved Oxygen (mg/L) observed in groundwater and lagoon waters between
June 2010rd April 2011. The order of wells is presented based on spatial locality.
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production of @ during the day and more,®xchange from the atmosphere due to its
shallow depth. DO in wells-& and 8 at the WAF and in riparian welld.8 did not follow a
corsistent trend based on topographical position in those two areas. A lower DO was
observed for riparian wells and the seep relative to wedlsnithe waste application field.
Conductivity. Conductivity measures total dissolved solids in water, andaseseas water
temperature and the concentration, oxidation, and mobility of dissolved ions in water
increase (StumrandMorgan, 1995).Conductivity can change based on groundwater
exposure to different geological formations. Conductivity also incredses dissolved
solids from erosion, storm water runoff, and wastewater enter groundwater or surface waters.
Higher temperatures can alter conductivity by enhancing dissolution of ions into water and
increasing the relative concentration of ions for s&uiéace waters by evaporation of
surface wate(StummandMorgan, 1995).As shown in Figure 17, conductivity
measurements more clearly aggregate into groups that suggest swine N contamination.

Lagoons waters had the highest conductivity measurem@rdits located on the
waste application fiel@1-6, 8 had conductivity measuremem#ging between 42 uS (well
1) and 179 pS (well 4). Well 4 averaged 186+ 47 pS (n = 3)andwell 1 averaged 5@S
+ 12 pS (n = 3).Conductivity data for wells-5 and 8were not significantly different
(Kruskal Wallis(U = ,® = 0.1%))

Conductivity was higher and more variable for some riparian wells than waste
application field wells (Figure 17). Groundwater wells located in the lagm®riparian
area (7, 11, 1:35) had conductivity measurements ranging betvé8emS (well 15) and 406

uS (well 11). Wells 7 and 11 had the highest conductivity measurements of all wells.
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Figure 17.Total dissolved solids (conductivity (uS)) observed in groundwater and lagoon waters between Apri2@010 The
order of wdls is presented based on spatial locality.
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Groundwater flow direction from the large lagoon is directly in the path of these two wells
(Figure 14). Conductivity data for wells 7, 11, and lagoon waters were not significantly
different (Kruskal WalligU = @ = 0.2D)) but conductivity values in wells 7 and 11
weresignificantly greater than the natural seep and control well 12 (Kruskal \{llis=

0.05) p = 0.04). Additional wells (:36) were installed in April 2011 to evaluate
groundwater quély between the seep and stream relative to wells 7 and 11. Based on the
estimated groundwater flow direction from the large lagoon (Figure 14), these wells would
not receive as much lagoon leakage as wells 7 and 11. Statistical amabsstt possible

due to the limited number of data poirtsit Figure 17 does show that wells 13 and 14 had
conductivities much lower than wells 7 and 11. Well 16, across the stream, had a
conductivity measurement similar to well 12. Well 15 is often but one samplevas

obtained in which the conductivity measurement was lower than all riparian wells.

4.2 Nutrient and Chloride Analyses of Groundwaters and Lagoons

Nitrite/Nitrate (N -NO3). In 2007, groundwater samples were collected by Piedmont
Geologic, Inc. and atged forN-NO3z, ammonia, and Total Kjeldahl Nitrogen (TKN) as

part of a Phase Il Environmental Site Assessment (Piedmont Geologic Inc., 2007). Figure 18
shows the spatial location fbi-NO3 data for Piedmont Geologic and NCSU, respectively.
Nitrate concatrations in groundwater for Piedmont Geologic wells in close proximity to
NCSU wells are shown in Table 17. From 2007 to 2011, groundwater concentrations of N
NOj; decreased in the waste application field (@\end well 4) and increased in the riparian
area (GW4 and well 7; Figure 18).

Groundwater data fd¥-NOs;, ammonia, and TKN analyses in well 7 and lagoon

77



Table 17. Comparison &f-NOgz in groundwater betweediedmont
Geologicwellsand NCSU wellgmg/L).

Piedmont Geologic NCSU Mean(+1SD)
Wells (2007) (N-NO3)  Wells (2010) (N-NO3) n
GW-1 10 Well 4 2.7 £0.65 4
GW-2 10 Well 11 6.5+1.1 3
GW-4 0.15 Well 7 2.3x0.64 5
GW-5 14 Well 3 0.92+0.23 5

0.08+ 0,035

Uy

0.92+0.230
/s
6 o
13+1.1 O Sl
A
. 6016 3, \
21010 O 621705 Oys5
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1.3 +0.83 N
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Figure 18. 2007 Piedmont GeologieN\D; (mg/L) in groundwater and ¢g@mon waters
(Boxed, closed circles; Piedmont Geologic, 2007) and NCSU m&e®4ymg/L) + one
standard deviation for February 201®arch 2011 (bold, open circles).

78



waters were also collected in 2008 by NCSU and analyyedeCenter for Applied Aquati
Ecology (CAAE). There were no significadhfferencesbetweer2008and 2010 NNOs data
for well 7 MannWhitney tesfU = @ = 0.4B))or lagoon waterK uskal Wallistes(U =
0.05) p =0.64). These results would suggest thalNiD; concentrationgn well 7 and lagoon
waters have remained stabletween 2008 and 2011.

Figure 19 shows temporatNO; data for all wells and lagoon waters between 2010
and 2011. In the waste application field, there were no significant differensessanal
(20107 2011- summer or winter) concentratioaseach well (36, 8)( Fr i ed m@n &s t e st
0.05) p = 0.10). There were no significant differences between wdl|$1and 8 for N
NOs concentrations (Kruskawallis (U = ,0p.=0.@4). Only NNOs concentrations in
well 5 were significantly lower than all other wells in the waste agpdio field area
(KruskatWallis test(U = ,@ = @04))

N-NOjs concentrations in wells 11, 13, 14, and the seep were similar and much higher
than wells in the waste application field (Figure 19}N®j3; concentrations in well 11 and
the seep were neignificantly different (Mann Whitney te¢) = ),@=0®3%. Statistical
comparisons for wells 126 are not possible due to limited dafdthough well 7 and 11 are
within close vicinity of each other (~ 10m), lower nitrate concentrations in wedré
observed. These lower nitrate concentrations may be caused by denitrification and/or the
close vicinity of well 7 to the stream. Surface waters, in addition with groundwater recharge,
may beimpacting well 7 causing a dilution, or lowering, of nigdr@oncentrationsWells 12
and 16, located across the creek, and well 15, located on an adjacent hillslope, are not

hydrologically impacted by the lagooasd havdower N-NO; concentrations than the
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seepand wells 11, 13, and 14 as shown in Figure 19.

Ammonia (NH4"). Groundwater samples were analyzed for ammonium in 2007 by
Piedmont Geologic and in 2008 and 2012011 by NCSU. Figure 20 shows thetsda

location for ammonium data for Piedmont Geologic and NCSU, respectively. Table 18
compares 2007 and 2010 ammonium data at wells in close proximity to each other. These
data do not indicate declines in ammonium concentrations; in fact, ammoniunaweay h
increased for areas near to the small lagoon and well 3.

Table 18. Comparison @mmoniumconcentration$mg/L) groundwater
betweerPiedmont Geologic ellsandNCSU welk..

Piedmont Geologic NCSU Mean ¢1SD)
Wells (2007) (NHs)  Wells (2010) (NHz") n
GW-1 1.8 Well 4 0.58+ 053 4
GW-2 3.1 Well 11 1.0£0.53 3
GW-4 0.20 Well 7 0.14+ 007 5
GW-5 0.10 Well 3 0.86+14 6

In 2008, NCSU analyzed groundwater from well 7 and lagoon waters for ammonium.
Obsened ammonium concentrations in well 7 for 2008 were significantly lower than
ammonium found in 20102011(Mann Whitney tes(U = ),(p=0@@) Observed
ammonium concentrations iagoon waters were not significantly differetijskal Wallis
U =),p=m39).

Temporal ammonium data is provided in Figure 21. The small and large lagoons
showed the most temporal variability in ammonium concentrations over the sampling period
as wellasthehighest observed measurements in March 2011. Mean doatcams of

ammonium in small and large lagoons werer2d/L + 3.1 mg/L and 3.8mg/L + 4.7 mg/L,
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Figure 20. 2007 Piedmont Geologic ammon{omy/L) concentrations (boxed, closed circles; Piedmont Geologic, 2007) and NCSU
mean ammoniurfmg/L) + one sandard deviation for February 200®arch 2011 (bold, open circles).

82



12 -

Y YA
/ X 2/26/2010
©4/1/2010
7 A A 6/24/2010
% 7/30/2010
j/ ©5/25/2010
. i +10/11/2010
= A A 3/18/2011
£
£ 03/31/2011
E 04/18/2011
c 3 -
o
g
< + L 2
5 &
g <
&
N % A > YA
L A A A
é + O A O
X
O ‘A—ﬁx\—v—ﬁ—%v—é—ﬁ—j T T % T T * T A T O D 8 T

SL LL 8 1 2 6 3 4 5 9 Seep1l1 7 13 14 15 12 16

Lagoons ~ 100 ft Waste Application Field Lagoon-Side Riparian Area  Riparian
Small (SLPrinking o Area
Large (LL) Water Groundwater Monitoring Wells AcCross

. . , . C
Figure 21. Ammonium concentrations (mg/lopserved in groundwater atajoonwatersbetween Februa@OlOarr?SK/Iarch 2011.

83



respectively. Interestingly, a spike in ammaum, 3.7 mg/L, wasbserved in groundwatet
well 3 (Figure 20 and 21) for June™2010 after several weeks of no rain. Based on the
topographical position of this well relative to the small lagoon, this spike may represent
transpiration pull by treefrom the small lagoon towards well 3.

For all other wells in the waste application field, significant differences in temporal
variability for e@ch )@=01b) and&mrordud mancedtrations e s t
between well§Kruskal Wallis tst(U = ),(p= @9%) were not observed. Similar findings
were observed for ammonium in the natural seep and riparian wells. Significant differences
in ammonium concentrations between wells 7, 11, 12, and the seep were not observed
(Kruskal Wallis tes(U = ), = @15).

Chloride. Elevated chloride concentrations (4.6 mg/L to 90 mg/L) can indicate the presence
of swine waste in groundwaters and surface waters @alr, 2001; Israeét al, 2005).

Figure 22 shows temporal chloride concentratifor 2010 to 2011 at each well, and Figure

23 shows the spatial relationship of mean chloride concentrations for all wells. Wells 4 had
the highest and least variable chloride concentrations (10 mfj/Amg/L) on the waste
application field (Figure 23)well 6 had higher chloride concentrations (7hg/L and 17

mg/L) but greater variability (Figure 2&hd23). Chloride concentrations for remaining

waste application field wells ranged from 21@/L to 4.1 mg/L.

As observed for conductivity and nitratee highest chloride concentrations in
groundwater were observed in lageside riparian wells. Chloride concentrations in these
wells ranged fron8.9mg/L £ 1.4 mg/L (seep) to 6&g/L = 12 mg/L (well 7). Wells 7, 11,

and the seep had significantly hegichloride concentrations than well 12 across the creek
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between June 20JdhdMarch 2011

(Kruskal Wallistest(U = ),® = @03).

Lack of data does not allow for statistical comparison fdlswle81 16, but chloride
concentrations for wells 13 and 14 (@b/L and 26 mg/L, respectivelyyere similar to
chloride concentrations in lagoon waters (19 mg/L #idgiL, n = 6; Figure 22). Well 16
had a chloride concentration of 8 mg/L and was highernieanchlorideconcentrations
observed in well 12 (4.4hg/L £ 1.0 mg/L, n = 3). Well 15, tated on the lagoon side
riparian area but hydrologically isolated from the lagoons, had the lowest chloride
concentration (2.5 mg/L) of any of the wells degradient of the lagoons.

Both chloride and conductivity data were log transformed then-ptoged to
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Figure 2. Cross plot of logransformed conductivity (uS) and chloride (mg/L)
concentratios.

determine if wells would aggregate into groups (Figure 24). Wells do aggregate in groups
that suggesswine waste contamination in groundwatewving from the lagoon to riparian
wells as well as swine waste in groundwater near to the small lagoon and waste application
field. Wells 1,3,5, and 15 aggregate together as expected for wells ertpedignt of
lagoons and waste application field celig peripheral taeexpected groundwater flow
direction from lagoons or the waste application fields.
4.3 Stable Nitrogen Isotopic Analysis of Groundwater and Lagoons
Stable nitrogen isotopes can be used to help elucidate the contribution of nitrogen

saurces or biological or chemical processes, such as denitrification or nitrification, to
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groundwater and surface waters (AravandRobertson, 1998; KendahdMcDonnell,
1998; Israekt al, 2005) Det e r mi n'atvaluestor mitfogefi source materials is
important to track nitrogen once released into the environment. For swine waste, source
materials for nitrogen ar°dfordagoonisiyegewmes st e and
determined to be £8. Uf°Ni-NeH,; signatures for the small and large lagoons were
measured at 24.7& and UNGignatdres fall withipteeaandeofe | y .
measured ani mal wast e beal\edd)nandtatke Padentalnd +20 a
source signatures soil and groundwater on the waste application field.

As lagoons age over time, lagoon sludge and ammonia grow more positive due to
ammonification of sludge and evaporative loss of ammonia from lagoon waters. Because
land application of waste ceased2002, currenii™N signatures of groundwater and soil on
the WAF reflect N sources from past land application inputs and do not directly reflect
current lagoon sludge and ammonia isotopic val@srentii™N signatures of groundwater
down gradient of the large lagowaould more directly reflect N leached from the large

lagoon.Fi gur e 2 5™N\s hioswost otphiec Uv BN-NOg) extraztéd from t r at e (

[an(4

groundwater at all we l"IN4O;valueswelitate githewa hone mo r e
positive N source to thavell (hog waste) atior denitrification of nitrate in the groundwater
t hat e'PNeNDavaleesduetio fractionation.

In the waste applicationfielve | | 4 and 6 had TNNO; most pos
values ofi (In4 & R )2 .a%ad(n22), despBctively. Avell 1 had low
U°N-NOssi gnatures of 3. 84a lateJunk0l0. Botowelllandatnd 0 . ¢

had isotopic shifts greaterthaha f rom April 2010 to June 2010
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new N source such as i norgani gradieatortmorei zer s a
negative nitrate from ammonification and nitrification of residual soil N. Inorganic fertilizers
have “WN-0@ssignatures ranging fronb & @30 ( Xetiaé, 2009). Biological
transformation of soil "N-NPswaudstharepsrenpmatedali ct s W
or reactants. The observed isotopic shifts for well 1 and 4 may reflect both processes;
availabledate annot di stinguish mi X°N-N@inothet wellsslo and ¢
not vary as much and indicate a more constant N source to those wells.

I n some ri par i anN-N®Wwdsmore ppsiticeinwdllecoseeto U
the stream than wielcloser to the large lagoon. This trend was apparent for wells 7 and 11
wi t'IN-NO;val ues ofa (n8& R)l.aand 264, respectfull
(Figure 25). This isotopic shift is attributed to denitrification in riparian areas (Kerzddll
McDonnell, 1998; Xuet al, 2009) whereby nitrate is transformed to nitrous dioxide.
Controlwve | |'s 12, 15, and®™signamed 9 had 8ompaamth| . 5
respectfully and were the least positive of all of the wells dayvadient of théagoons.
4.4 Isotopic and Nutrient Analysis of Soils in Waste Application Field

Forty locationgFigure26) were randomly selected for sbltNOs, soil TKN, and
b ul k N to indp tha extent of residual swine nitrogen across the waste application fiel
to better understand folid@t°N values of pines that were planted on the field in 2007. At
each location, soil was collected at 30 cm depth using a cleaned, steel auger. Soil was
composited, quartered, then split for soil nutrient and isotopic asalygpire 27 shows soil
nutrient and isotopic data for each locatidhe highest soil nitrate and TKN concentrations

were located predominantly in the middle of the field as shown in Figure 26 (grey insert) and
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Figure28(grey box). Soil nitrate conceations ranged between 0.5 ug/g to 8.4 ug/g, and
TKN concentrations ranged between 453 ug/g to 1,655 pg/g (FagWrerhe lowest soil

TKN concentrations were aggregated at the extreme southern and northern end of the field in

®  Soil Sampling Locations

Contours (0.6m) 2

" N
ﬁ_I_I_J%Meters ) E:'A E

0 12525 50

Figure 26. Locations «foil samples collected for nutrient and isotopic analysis at the waste
application field in March 201JAreasof highest observedNO;z; and TKN concentrations
(grey box)correspond tgrey area on theaste application fielth Figure 30.

areas most disté from the reach of spray application (Figu@.2Concentrations of sail
nitrate (0.7 pg/g to 2.0 pg/g) were lowest at the top of pasture directly west of the small
lagoon; moderate soil nitrate concentrations were found at the bottom (northern}lend of

field.

Figure 28 shows a cross plotlog-transformed soil TKN (ug/g) vs. soil-NOs
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(ng/g) for all locations. The highesoil nitrate and TKN concentrations were located

predominantly in the middle of the field as shown in FidtGégrey insert) and Figure 28.

Surface and subsurface transport of nitrate from the top of the field, coupled with generally

lower amounts of@plied swine waste to the top of the field, would explain current soil

nitrate and TKN distributions.

As shown i

at the top of

linearly (Figure 27, R= 0.56)from locations at the bottom of the field (northern end) to

n

N giusroet 02p7i,c ssoiiginalt ur es

ranged

t h eatthie botdmebf thee fiettl. Bkl 3s3ON tharedsed 9 &
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locations at the top of the field (southern end), but concentrations of TKN and soil nitrate did
not follow this trend. The middle of theeld contained the highest concentrations of TKN
and soil nitrBN evawiutehst Intéf a Ti® .tepoaf the fiald contained
more postN,i vien&otihanmi the middle or ™ wer are
values reflect either aanriched N source to this area or a greater degree of biological
transformation and N removal at the top of the field than elsewhere. Greater distances of
aerial transport to the top of°Nbebaasethé el d wou
waste vater would have more time to evaporate ammonia and undergo isoagpignation
(Karr et al, 2002). Biological N transformation also results in isotopic fractionation and
enr i c h'®walue &f maining parent material while providing more negatfl
products (nitrate) to middle and lower reaches of the field (KeaddMcDonnel, 1998;
FaureandMensi ng, 2005) . These PNdistibet®rsaeresstheo s si bl
waste application field as observed in Figure 27.
4.5 Biomass ad Species Inventory of Native Trees

Prior to 2010, some trees had been sampled at the site using targeted sampling as part
of a preliminary &t Seseyal sanapling appréachestwere dsedloi a r U
collect leaves from native trees and pinaghe waste application field. In order to evaluate
if tree size (biomass) was significantftoo | 1°Navalues, a stratified random collection of
native trees leaves was completed in June and July 2010. In June 2010, trees around the
lagoons were inentoried for species, diameter breast height (DBH), and height (Figure 29;
Appendix A). Overall, more than 50% of the native tree populationLvgasdamber

styraciflua(L., sweet gum) followed bQuercus albgL., white oak),Quercus nigraL.,
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Figure 29. Summary of biomass inventory. Trees are identified by common names, number of trees per species, and percent of
total inventory.Bi omass cal cul ation = "~ * ((diameter breast height/
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water oak), an®inus taeddL., Loblolly pine).

Biomass was determined using DBH and height, and the native tree population was
stratified into large trees(1.9 n?) and small treeg< 1.9 n7). Treeswere randomly selected
within each stratum for foliar collections in July 2010. Sixty large trees, which represents
82% of the large tree invento(g=73) and sixtynine small trees, which represents 22% of
the small tree inventoryn(= 316), were selected; composite leaf samples were collected for
each tree. Table 19 shows sampling data and mean biomass for all trees that were randomly
sampled.

Figure 30 shows boxplot distributions of biomass, parcem i t r o'tNdotiar and
signature for each species in the small and large tree collectivresall, biomass
distributions of large trees wereore variableand skewedhansmall treef the same
species (Figure30) Di st r i b d°N weeefikewise §reaferdfdr $malktree$ when
compared to their larger species counterpart. Percent N, %N, appeared more normally
distributed for all species regardless of size excegobbolly pine Pinus taedaandsmall
sweet guntrees(Liquidamber styraiflua).

The waste application field was planted with loblolly pine in July 2007 by NCSU
Department of Forest and Environmental Resources. These trees were sampled using a
simple random sample designevaluate relationships between the distributafrsvine
waste (as indicated by soil TINoilgnowdwateri | ni
U°N- NOs;,  a'PNcpindineedles (Appendix A). Of the total 2,647 pines planted, romety
pineswere sampled which represents 3.4% of the total jpdipual with a precision level of

10% at a confidence level of 95%.
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Table19. Summary of trees randomly selected for 2010 foli
Sample Size Common Name Genus/species n Mean % of Population  Precision (%)
Biomass (M) Sampling Error
Large trees 60 (>1.9m?3) 82 +8.8
Sweet Gum Liquidamber styraciflua 14 26112 23
White Oak Quercus alba 11 47+23 18
Loblolly Pine Pinus taeda 10 40+1.0 17
Water Oak Quercus nigra 8 3.8+23 13
Tulip Poplar Liriodendron tulipifera 6 54134 10.0
Willow Oak Quercus phellos 5 23+0.34 8.3
American Beech  Fagus grandifolia 4 7.0+£3.3 6.6
Red Maple Acer rubrum 2 43+2.7 3.3
Small Trees 69 (<1.9md) 22 +11
Sweet Gum Liquidamber styraciflua 43 0.63+0.34 62
Water Oak Quercus nigra 8 0.38+0.21 12
Black Cherry Prunus serotina 7 0.52+£0.40 10.1
White Oak Quercus alba 3 0.98 £ 0.65 4.3
Red Maple Acer rubrum 3 0.18 £0.15 4.3
Tulip Poplar Liriodendon tulipifera 2 0.84+£0.42 2.9
Laurel Oak Quercus laurifolia 1 0.61 1.4
Loblolly Pine Pinus taeda 1 0.22 1.4
Mockernut Hickory Carya tomentosa 1 0.21 1.4
Pines (waste application field)*
Loblolly Pine Pinus taeda 91 0.08 £ 0.06 3.4 +10

97

ar



Table 19. (Continued)

Sample Size Common Name Genus/species n Mean % of Population  Precision(%)
Biomass (M) Sampling Error
2011 Targeted rize tree$ 28 not applicable
Sweet Gum Liguidamber styracifluad 0.45+0.89 29
Tulip Poplar Liriodendron tulipifera 6 4029 21
American Beech Fagus grandifolia 4 9.7+57 14
Water Oak Quercus nigra 3 0.37£0.18 11
Musdewood Carpinus caroliniana 2 1.2+0.54 7.1
Black Gum Nyssa sylvatica 1 0.46 3.6
Black Oak Quercus veluntina 1 0.56 3.6
Winged Elm Ulmus alata 1 1.6 3.6
White Oak Quercus alba 1 0.02 3.6
Unknown 1 0.06 3.6

1 Loblolly pines (n= 2,647) werdanted on the waste application field by NCSU in July 2007.
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Figure ®. Biomass, %N, and™N foliar signature distributions of large and small samples collected in July 2010.
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In 2011, additional trees in the riparian area and in the 2006 harvestedsmutheast) of the
waste application field, were selected by target sampling; composite leaves were collected
f o PN, and each tree was inventoried for biomass, height, and spEoise trees were
sampled to improve spatial analysis of isotopi@dat adding additional data points to
riparian zones and the harvested area which had low tree numbers from the native tree
stratified sampling event. Metrics for these trees and loblolly pines in the waste application
field are included in Tabl&9 and Rkgure 30.
4 . 6°N and Percent Nitrogen (%N) of Tree Leaves
F o | i*®lLr U™ valuesfor trees sampled in 2007 and 2009 are shown in FRfLieed32,
respectively. These data are presented with-2Q1@ata because they can be used to
evaluate temporal changesii*>N and %N for the same trees over several years. For both
year s ,™Nfofdrées adjaceni to and dowgradient of the small lagoomere more
posi ti ve ™Nabf&ees dovagradiant of the large lagoon. Trees located north of
thelagoos, outsi de of the propert yNvaeesase | ine,
expected for trees in natural sy &Nfertrses 2007
located in the overspill drainage of the small lago®his drainage pathway isdated
directly north of the small lagoon flowireasttowards the creekSome trees in this area had
very positivef o | PNar( 614 to 134) while offloé ™Natrr éles had
values. Differences in these data warranted the separate saai@mgll and large trees to
address potential biomass and root access to groundwater.
F o | M values for large and small trees randomly sampled in 2010 are shown in

Figure 33 and 34, respectively. Large trees (n=60) with a biomass of droneate had
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Figure 34.0""Nsi gnatures (&) for composite foliar
1.9 m3) collected in July 2010.
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Ch a n g é°N forttrees tihat were sampled multiple times between 2007 and 2010
are shown in Table 20 and FiNrepresent8dhaveraggi gni f
per mil differencehat was greater than 0.26 per (i, the upper precision value for field
duplicates. The mean precision of field dup
(#s1t1 4, 20 and 'Nkignathresdhatkithdr beaame riore positiveroaieed
the same between 2007 and 2010. These trees are located in close proximity to the small and
large lagoons. Trees4, 7, and 19 HWM changeeagdate iocated farthek i ar U

away from either lagoon.

19
.1

0
L]
>

|y B Meters
0 10 20 40

Figur éN36a&) c b aessampletl mare tham omce between 20010 as
shown in Table 15. Up or ddWogreaterthram0O®6 i ndi c
per mi l The mean precisioan,noe26 field dupl:i
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Table20. F o'fNivalues( & )  osfsamipledem®re than onfrem 2007to 2010.
2010 2010

2007 2008 2009 Large Small Overall

Sept. June June July July Mean SD  Diff a
Tree SpeciesID N N BN BN N 3 3 3  Changé
Beech 1 3.2 1.9 2.6 091 1.3 z
Beech 2 71 5.7 6.4 1.0 1.5 z
Loblolly Pine 3 9.2 8.9 9.0 0.21 0.30 z
Sweet Gum 4 8.7 74 80 090 1.3 z
Sweet Gum 5 8.8 9.0 8.9 0.13 0.18 z
Sweet Gum 6 19 21 2.0 0.12 0.17 Z
Sweet Gum 7 3.3 23 2.5 0.71 0.69 z
Tulip Poplar 8 49 52 45 438 4.9 0.27 0.03 z
Tulip Poplar 9 40 44 4.2 028 039 'y
Water Oak 10 1.1 19 15 1.5 0.40 0.19 z
Water Oak 11 8.8 9.0 89 8.9 0.06 004 2z
Water Oak 12 7.6 8.7 8.8 8.3 069 063 ¢
Water Oak 13 6.9 7.9 7.4 0.74 1.0 y
Water Oak 14 7.0 9.2 8.1 1.5 2.2 %
Water Oak 15 2.5 2.2 2.4 0.18 0.25 z
Water Oak 16 44 5.7 5.2 5.1 064 039 ¢
Water Oak 17 1.8 1.9 1.8 0.07 0.10 yA
Water Oak 18 2.3 2.2 2.2 0.10 0.14 7
Water Oak 19 0.25 -0.80 -028 074 1.1 z
Water Oak 20 8.4 8.3 8.3 0.07 0.10 z
Water Oak 21 9.1 9.3 9.2 0.16 0.22 z
Water Oak 22 45 4.4 45 0.08 0.11 z
Water Oak 23 15 16 1.6 0.07 0.10 z
Water Oak 24 6.5 7.5 7.0 0.70 099 ¢

4Per mil change determined by compgrabsolutei
precision of field duplicates (20692 0 1 0, O .

Foliar Percent Nitrogen (% N). Isotopic analyses require elemental N or percent nitrogen

analyses as part of the analytical method. Thatewlere also evaluated for spatial trends

di f f emean(£18D)N
N 0.05,

21

-

a

n

and temporal changes. Figures@7show %N data 2007, 2009, large 2010 trees, small

2010 trees, and 2011 trees, respectively. Percent N content is dependent on tree species

(Jordaret al, 1997; Nadelhoffeetal., 2004) as evident in the data distribution shown in
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Figure 37. Percent nitrogen (% N) of individual trees collected in September 2007.
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Figure 38.Percent nitrogen (% N) of individual trees collected in June 2009.
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Figure39. Percent nitrgen (% N) of individual large trees collected in July 2010.
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Figure 40. Percent nitrogen (% N) of individual small trees collected in July 2010.

107



194A
15@

12@

114

21A

¢ >mHO@O

0 e e[

Tree Species

— Contours (0.6m)

Sweet Gum
Tulip Poplar
American Beech
Water Oak
Musclewood
Black Gum
Black Oak
White Oak
Winged EIm
Unknown

Lo 1Meters
0 15 30

60

15@21

16@

19@

14@

1.6 O\_

Figure 41. Percent nitrogen (% N) of individual small trees collected in June 2011.

Figure30 so spatial comparisons must be made by spedit®wvever, Figures 381 do show

a cluster of higher %N for trees sampled east of the large lagoon.

Table 21 and Figure 42 show %N changes for trees sampled multiple times between

2007 and 2010. Changes in %N representhanlute difference greater than 0.20, the

upper precision for field duplicates; mean foliar field duplicates for 2Q®10 was 0.14 %

+0.06%, n

= 39.

Fi fty

percent

of t

he

trees

50% showed an increase or decrease in %N over time. Spatially, no major trend was

apparent in changes to %N for trees sampled multiple times (Figure 42). Table 22 compares
changes

bet ween

c'INamd §oeNss not evident.
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Figure 42. Percent nitrogen of trees sampled more than once betwed&n2Pd@7

Arrows indicate overall percelf) change.

Table21. Foliarpercent nitrogen (%N) for trees sampled betw2@07 and 2010.

2010 2010

2007 2008 2009 Large Small Overall

Sept. June June July July Mean SD Diff a
Tree Species ID BNCOBNSOBNS BN BN 3 a a Change
Beech 1 2.5 24 2.5 0.09 0.13 z
Beech 2 2.5 2.5 2.5 0.04 0.06 z
Loblolly Pine 3 1.0 1.1 1.0 0.03 0.04 z
Sweet Gum 4 14 2.0 1.7 0.44 0.62 %
SweetGum 5 2.1 2.3 2.2 0.15 0.21 V%
Sweet Gum 6 21 17 1.9 030 042 Z
Sweet Gum 7 1.7 2.2 1.9 0.36 0.84 %
Tulip Poplar 8 20 4.1 34 2.9 3.1 0.87 0.30 V%
Tulip Poplar 9 40 24 3.2 1.1 1.6 Z
Water Oak 10 2.0 2.1 1.8 2.0 0.14 0.08 z
Water Oak 11 19 1.9 1.8 1.9 0.07 0.04 z
Water Oak 12 19 2.1 2.0 2.0 0.06 0.04 z
Water Oak 13 20 2.2 2.1 0.11 0.16 z
Water Oak 14 1.8 2.1 1.9 0.16 0.23 %
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Table 21. (Continued)

2010 2010

2007 2008 2009 Large Small Overall

Sept. June June July July Mean SD Diff a
Tree Species 1D BNCOPNOBPN PN BN E a a Change
Water Oak 15 2.5 2.0 2.2 0.36 0.51 Z
Water Oak 16 22 4.2 2.2 2.9 1.1 0.01 z
Water Oak 17 2.3 2.2 2.3 0.06 0.09 z
Water Oak 18 19 19 19 0.02 0.03 z
Water Oak 19 2.7 1.7 2.2 0.72 1.0 z
Water Oak 20 21 17 1.9 0.26 0.37 Z
Water Oak 21 22 23 2.2 0.11 0.16 z
Water Oak 22 2.1 2.0 21 0.08 0.12 z
Water Oak 23 23 1.7 2.0 0.46 0.65 Z
Water Oak 24 1.8 2.8 2.3 0.69 0.98 Vi
4 Percent N change determined by conmmprbsoluted  d i f f e memam{d D) o

precision of field duplicates (20392010, 0.14 % + 0.086, n = 39).

Table22. Foliari*N and %N for trees sampled between 2007 and 2010.

U°N Signatures

Percent Nitrogen

Overall Overall

Mean SD Diff. a Mean SD Diff a
Tree Species ID a a a Change a a a Change
Beech 1 26 091 1.3 z 0.09 0.13 y4
Beech 2 6.4 1.0 1.5 z 2.5 0.04 0.06 z
Loblolly Pine 3 9.0 0.21 0.30 z 1.0 0.03 0.04 yA
Sweet Gum 4 80 090 1.3 z 1.7 044 062
Sweet Gum 5 89 0.13 0.18 Z 2.2 0.15 0.21 ¥
Sweet Gum 6 20 0.12 0.17 Z 1.9 0.30 0.42 Z
Sweet Gum 7 25 071 069 Z 1.9 036 084 §
Tulip Poplar 8 49 0.27 003 2z 3.1 0.87 0.30 y
Tulip Poplar 9 42 028 039 32 11 16 Z
Water Oak 10 1.5 0.40 0.19 z 2.0 0.14 0.08 y4
Water Oak 11 8.9 0.06 0.04 z 1.9 0.07 0.04 y4
Water Oak 12 8.3 0.69 0.63 % 2.0 0.06 0.04 yA
Water Oak 13 74 074 1.0 % 2.1 0.11 0.16 yA
Water Oak 14 81 1.5 2.2 % 19 016 023 §
Water Oak 15 24 0.18 0.25 Z 2.2 0.36 0.51 Z
Water Oak 16 51 0.64 0.39 % 2.9 1.1 0.01 yA
Water Oak 17 1.8 0.07 010 =z 2.3 0.06 0.09 z
Water Oak 18 2.2 0.10 0.14 z 1.9 0.02 0.03 y4
Water Oak 19 -0.28 0.74 1.1 z 2.2 0.72 10 Z
Water Oak 20 8.3 0.07 010 z 1.9 0.26 0.37 z
Water Oak 21 9.2 0.16 0.22 Z 2.2 0.11 0.16 Z
Water Oak 22 45 0.08 0.11 Z 2.1 0.08 0.12 Z
Water Oak 23 1.6 0.07 0.10 Z 2.0 0.46 0.65 Z
Water Oak 24 70 070 099 vy 2.3 0.69 0.98 \
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4.7 U™™N and Percent Nitrogen of Pine Planted on Waste Application Field in 2007

Composite needles from randomly selected-fgear old pines (n=91) were collected
and analyzed for their isotopic and %N composition to compare to soil nutrient and bulk soll
U"Ndataatte waste applicatNnranigeeldd.f r oPm n3e. 1nde etdol
(Figure 43)."°N Madaepoqi8tii te@® W1.9 a4) were ob:
the small lagoon where spray equipment was located and for pines near the top (or southern)
endof t he f i'®ivaueswere absered naar the bottom of the field (northern
end) . Thi s tr en ¢N. wWarsent aitbogea ravgeddroni 00986 tos360% | U
(Figure 43). Percent nitrogen values were dispersed across the pastureapplammt
trend. As shown in Figure 44,"Naaluessnot el at i o
apparent.

A simple linear regression pfne needl@i™N versuss o i"N valiies were positively
correlated with an Rof 0.54(Figure45). In almos all cases, soif°N valueswere higher
than nearbyoliar/pine needlé®N values Higher™N in soils is expected because soil N
must ammonify and nitrify for trees to take up nitrogen. These reactions will preferentially
use the lightet*N availableand result in a fractionation effect. Hence, trees should have
lower i*N values relative to nearby soils.  For pine trees on the waste application field with
groundwater depth > 10m, foligN values largely reflect soif'°N. Near well 4, where
groundwater depth is < 2m, foligN values largely reflect mixed vads of soill*°N and

U*°N in groundwater.
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Chapter 5: Discussion

5.1 Swine N Contamination in Groundwater

Elevated concentrations of nitrate, ammoniamg chloride are indicative of swine
waste contamination in groundwater (Showedral, 2008; Israeét al., 2005; Huffman
2004; Karret al, 2001). As shown in Figure 46, groundwater nitrate at riparian wells (7,11,
13, 14, and seep) were within thegarof values, 3ng/Lto 117 mg/L, reported for
groundwater contaminated with swine lagoon seepage (Huffman, 2004). Prior studies have
reported nitrate concentrations betweend@L and 20 mg/L in groundwater at waste

application fields for swine lagoon ai@ (Karret al.2002;Karr et al,, 2001; Israeét al.,

Figure46. Inverse distance weighting (IDW) of nitrate concentrations (mg/L) in
groundwatesampled in June 2010.

2005. | observedower groundwater nitrate concentrations (~2 mg/L) in gdwater on the
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