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ABSTRACT
KATHERINE H. HARROLD: Stratification Influences on Instream Carbon Chemistry
and Export within a Beaded Arctic Streamd Evaluation of Fluorescence
Instrumentation
(Under the direction of Rose M. Cory
| investigatedhie effect of stratification in beaded strepoolson the quantity
and quality of dissolved organic matter (DQMjoil waterdeeding thepool bottom
waters overlapped ichromophoric (CDOM) and fluoresnt (FDOM)quantity and
guality, while pool surface waters had on average 56 and 32 % less CDOM ai] FDO
respectively, compared to pool bottom wateFbe observed differences between pool
surface and bottom waters were consistent with shifts in CDOM and FDOM following
experimental photodegdation of pool bottom waters. TaproveFDOM
characterizatiomcross time and instrumenEDOM analysiswas evaluatedsing the
Aqualog a new instrument optimized for FDOnd the Fluoromax®, a conventional
spectrofluorometegcross a range @DOM and FDOM concentrationdVhile the
application of an empiricanhter-instrument correction factor improved the inter

instrument FDOM comparisomter-instrument variabilitywas notfully removedby

application ofa range otorrection factors.
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Weather variables were measured at Imnavait Creek and Toolik
Field Station (TFS). Solar radiation measured at TFS exhibited
diel fluctuations in both the UVB (dashed line) and UVA (solid
line) (A). Air temperature at Imnavait Creek during the study
period exhibited diel fluctuations and the average air
temperature aring the study period was 8.7 °C (B). The 2011
summer was overall dry with a few small precipitation events
and a total of 7.4 cm of precipitation at Imnav@ieek during
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Temperature at depths measurenhfithe bottom of the pool.

Pools 2, 3, 5, 6, and 7 were stratified for most of the summer;

they were mixed briefly following a storm on 17 July 2011 and
re-stratified within four or five days. Pool 1 mixed every night.

The shallow depth of pool 4.2 m) likely contributed to it
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The light attenuation coefficient&{,) were positively

correlated with both (A) CDOM absorption coefficients

(ac b om) shown with a 1:1 line (thick solid line) and (B)

concentrations of total dissolved iron in pool waters on 27 June,

2011. Linear regressions betwdéqn,.and bothac p o m agd

total dissolved iron are shown (thin solid linekK) . was less

thanac p o m ineach pool except pool 2 (i.e., points fall abthee1:1 line)..35

Representative EEMs of surface and bottom waters of a mixed

(pool 1) and unmixed (pool 2) pool in Imrat Creek and soil

water feeding into Imnavait Creek frotd July, 2011 The

three characteristic FDOM peak regions (A, C, and T) are

indicated on the soil water EEM. FDOM peak positions and

intensity are similar in soil water and stratified bottom wate

Likewise, the FDOM peak positions and intensity of surface

water and mixed bottomwatarr e al so si mi | ar ééeEéeeééeeéé

DOM gquantity was greater and more variable in quality in the
bottom waters (shaded bars) of stratified Imnavait Creek pools
compared to the surface waters (open bars). The quantity of
DOC was greater in the bottom waters of the stratified pools on
14 July, 201XA) and again on 4 August, 2011 (B), following
re-stratification after a storaimduced mixing event. The
absorption codicient of DOM at 320 nm&cpowm 320 Was
consistently higher in the bottom waters of all stratified pools on
both14 July, 201XC) and 4 August, 2011 (D). Similarly, the
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Average (n = 3) absorbance spectra of SRFA (hominal DOC =
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Absorption coefficients (mean = SE) were highly correlated
with DOC (e.g., decadic absorption coefficient at 254 nm;
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(black squares) and 3 nm (hollow diamonds) increments and
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The fluorescence intensity (RU)@gaks A, C, and T (mean +

SE) collected with excitation/emission increments of 5/1.64

nm/nm (black squares) and 3/3.28 nm/nm (hollow diamonds) is

plotted against CDOM concentration (decadic absorption

coefficient at 254 nngeccpom 259 along with the hear

relationship between fluorescence intensity at each peak and

CDOM concentration of samples witleccpom 2540 6 ® émg é é .....59

The uncorrected fluorescence intensity (RU) of peaks A, C, and

T (mean £ SE) collected with excitation/emission increments of

5/1.64 nm/nm (black squares) and 3/3.28 nm/nm (hollow

diamonds) are plotted against CDOM concentrationgdie

absorption coefficient at 254 nmecpowm 254 all show a
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Emission spectra at excitation 255 nm of an EEM corrected
following the Chapman Conference order of operatiooksd(s
line) and an EEM corrected following the Horiba Aqualog
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against each other along with a 1:1 line. Triangles are used for

samples where the Fluoroméxdata was coected using
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S1.2 Specific UV absorbance at 254 nm (SU)4 values of surface
(open bars) and bottom (shaded bars) waters on 14 July, 2011
(error bars of average replicate instrumental analytical error are
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CHAPTER ONE

Stratification Influences on Instream Carbon Chemistry and Export within a
Beaded Arctic Stream

| investigatedhe effect of stratification in pools of a beaded stream on the
guantity and quality of dissolved organic mafie©M) exported fronimnavait Creekn
the Alaskan Arctic.Conductivity, pH, temperature, and dissolved oxygen measurements
were used to evaluated stratification of the pools and further characterize the different
waters. Analysi®f the chromophoric (COM) and fluoresent (FDOM) fractions of the
DOM poolwere used to characterize the DOM in the soil water feeding into the pools,
and the surface and bottom waters of the creek pools. Soil waters and pool bottom waters
overlapped in CDOM and FDOM quantiyd quality, while pool surface waters had on
average 56 and 32 % less CDOM and FDOM, respectively, compared to pool bottom
waters. There were also significant shifts in CDOM and FDOM signatures among
samples consistent with photochemical processingibfvater DOM exported to sunlit
surface watersindeed, the observed differences between pool surface and bottom waters
were largely consistent with shifts in CDOM and FDOM detected following experimental
photodegradation of pool bottom wateSDOM wasfound to be the main UV light
absorbing constituent, accounting for 86 % of UV sunlight attenuation on average. Thus,
given that sunlight attenuation by CDOM contributes to the stratification in this system,
CDOM absorption sets up a feedback whereby CO@Me surface layers experiences
greater photoexposure, allowing for extensive photodegradation of DOM, while DOM in

pool bottom waters is protected from photodegradation.



INTRODUCTION

Dissolved organic matter (DOM) is arguably the most important domdrbon
(C) on Earth.lIt is the largesC poolin the ocearfSarmiento and Sundquist, 1992)
similar in size to the amount of C in the atmosph@®M is also théargest flux of
organic C fromand to oceans worldwidg€auwet, 2002; Schlesinger and Melack, 1981)
Despite its relatigly refractorymeannature and age (mean age ~1000 yeamme
DOM fractions are highly reactive and each year the conversion of D@&fthon
dioxide (COy,) accounts for as much G@eleased from inland waters to the atmosphere
as the net ocean absorptioom the atmospher@attin et al., 2009; Cole et al., 2007)
DOM from land is thus a critical intermediate in the global C cyd#henDOM enters
aguatic systems it meets one of three fates: (1) complete oxidati@y tm@carbon
monoxide (2) partial oxidation to compounds that may be biogeochemically labile or
recalcitrant and subsequent transport to marine systems, or (3) conversion to particulate
organic matter by flocculation or incorporation into microbial bissydollowed by
sedimentation and buriaDf these fates,anplete and partial oxidation of DOM by
sunlight and microorganisntge CO, or to DOM exported to the ocean are dominant.
What controls the relative magnitudes of these two pathways is poorlynkbotvboth
pathways have impom&implications for C budgets.

Transfers of C from soils to surface waters are especially strong in the Arctic
(Kling et al., 1991)where soils currently store twitlee C found in the atmosphgiing
et al., 2008; Tarnocait al., 2009and where C fluxes from surface waters to the
atmosphere and from land to ocean could represent up%oaf@he net land

atmospher€ exchange(maximum flux of approximatel§.16 Pg C ¥ and a net



terrestrial sink of 0.4 + 0.4 Pg C'yMcGuire et al., 2009)Recent work has shown that
photodegradationf DOM from arctic soilscan increaséhe microbial processing of

DOM by more tha 40 %(Cory et al., 2013) Therefore, rates of DOMhotodegradation
arecritical to understand the impact tifawing arctic soil @n greenhouse gases sources
from the Arctic that magreate a positive feedback on global warn{@@ghuur et al.,

2008; Serreze and Francis, 2006)

Rates aneéxtentof DOM photodegradation depend onetgposure historand
residerce time in sunlit surface watgiSory et al., 2007, 2013; Miller et al., 2009b)
Residence time in sunlit surface layers depends on light attenuatioewéter column,
stratification,and water transit timeThe residence time of O®in sunlit surfaces also
influenced by storage within hillslope, riparian, and transient zones, which includes in
channel and hyporheic stora@eg., Bencala and Walters, 1983; McGlynn et al., 1999;
McGuire et al., 2007; McNamara et al., 1998; Morrice et al., 1997; Mulholland et al.,
1990; Stieglitz et al., 2003)The balance of sunlgurface exposure vstoragen dark
areas may be particularly important for DOM fate in tundra environnfergts Brooks
and Williams, 1999; McNamara et al., 2008here headwater streams ahallow (high
light exposure) ashunderlain with permafrost

For example, Merck et a[2012)showed differences in DOM quantity and
quality between bottom and surface waters of a beaded stream in the AlaskathAtctic
were consistent with extensive photodegradation of DOM in the surface waters.
Specificdly, theyinvestigated the fluorescent fraction of DOM (FDOM), and reported
decreased fluorescence intensities and shifts in FDOM quality in the surface waters

compared to bottom waters that are consistent with DOM photodegraflatignet al.,



2007) They attributed DOM photodegradation in the surface watengreasedn-pool
storage due to strong stratification in the podleey hypothesized that absorption of
solar radiation by DOM was a key factmntributing to stratification becausanight is
rapidly attenuated in waters with highromophoridOM (CDOM), restricting the
warming of water by solar radiation to the surfegeers. Theconsistent separation of
surface and bottom water masses in each pool of the beaded streasmrestitased
travel times througbeaded streams arctic watersheds, tis affecting the evolution of
DOM chemistry and its downstream export.

However,although FDOM has been used as a tracer for DOM source and its
photoexposure historfe.g., Cory et al., 2007inost of this work has been conducted on
isolated fractions of DOM orroDOM in low-iron waterge.g, Biddanda and Cotner,
2003; Miller et al., 2009b)High dissolved iron concentrations in surface waters of the
Alaskan Arcticdue to export of reduced ferrous iron from soil waferg., Lipson et al.,
2010, 2012ynay comfiicate the interpretations of DOM source and degradatiomng
soil flowpaths and in streamdhis is because iron can quench DOM fluorescence
(Pullin et al., 2007)thereby directly alterinthe FDOM signature Alternatively,
oxidation of ferrous iron in surface waters may lead to adsorption and subsequent
precipitation of DOM(Pullin et al., 2004)which has been suggested to alter DOM
quality in a manner similar to DOM photodegradation.

In addition, whileCDOM is the mainJV and PAR lightabsorbingconstituent in
most natural waterd-ee et al., 1996pther dissolved constituents or particles may
contribute to light absorption-or exampledissolved iron andon-containing particles

absorbUV and visiblelight (e.g., Pullin and Cabaniss, 2003b; Pullin et al., 2007,



Weishaar et al., 2002ndmay thuscontribute to light attenuationWhile Gaeis (2010)
suggested that CDOM was important for light absorption and attenua#ontio lakes
of the Mackenzie Delta, the role of CDOM in light absorptionighiiron waers has not
been investigated.

Thus, to expand on the Merck et @012)findings that suggesteaaifeedback
between absorption of sunlight by DOM in beaded strdaating to extensive
photodegradation of DOM in sunlit surface watéiayestigated (1) the rolef @OM in
sunlight attenuation in beaded streams, (2) whethetodegradationould account for
thedifferences in DOM qualitpreviously observed between surface and bottom waters
and (3)the influence of iron on CDOM and FDOM quantity and quality.

SITE DESCRIPTION

Imnavait Creek is headwatebeaded stream located the North Slope of
Alaskain a glacial valley formed during the Sagavanirktok glaciatiothe Kuparuk
River basimat latitude 68.616N and longitude 149.318VN (Detterman et al., 1958;
Hamilton, 1986) The creek primarily liegn the organisoil layer and only occasionally
cuts through to the mineral sgNcNamara et al., 1998)The connected pools, or beads,
were formed by the erosion and melting of large ice deposithalkatnderlairthe creek
(McNamara et al., 1998; Walker et al., 1989)

Water enterémnavait Creekrom melt and associated runoff of snow pack and
frozen soilas wdl as from precipitation events, wignowmelt dominating inputs in the
spring(Kane et al., 1989)Previous studiesf Imnavait Creelhave found that spg
snowmelt associated strefionv accouns for 23 to 71 %dKane et al., 20049nd32to 75

% (McNamara etal.,2008)f t he wat er s h ecbhihmrecto@ A% | water



produced by the largest summer storm ev@vitiNamara et al., 2008)Runoff travels
both overland and through thebswirface, especially through water trattkat occur
along the hillslope Thewaterpaths ardimited to the active layer as the region is
underlain withup to several hundred meteafspermafrostwhich effectively separates
theactive layer from any deegground watergOsterkamp and Payne, 198 Brevious
studies found typicadeasaally thawed active layatepthsat this siteranged fron25 to
40 cm, occasionally extending to 100 didinzman et al., 1991}his is consistent with
thaw depths measured in this study, which ranged 8o 81 cm. Inputs from the
riparian zone occur throudiothsurface flow and diffuse subsurface flgane et al.,
2000) In addition to connecting chutes, water travels between pools througesikie
with both subsurface flow through the active layer and above surface flow during high
water event¢Merck et al., 2011)

| studied a approximately120 m reach of the creelonsistingof a series of
sevenpools connected by short chutd2ools were named starting with pool 1 and
proceeding downstream sequentially to pooPoolsurface areas rang&om 2 to 129
m? and volumesangedirom 0.1 to 102 rh Along the reach of creek studieone water
track drains from the adjacesasterrhillslope referred to awater track 8

METHODS

Weather

Air temperaturd m above the groursmhd precipitation were measureourly at
a meteorological station on the wésting ridge of themnavait Ceekbasin
approximately 1 km upstream of the study sgeng a temperature profmodel

HMP45C, Campbelf Scientific, Logan, UTand tipping bucket rain gge, respectively



(Kane and Hinzman, 201L1UVA andUVB solar radiationveremeasured at 5 min
intervalsat Toolik Field Statioff TFS)locatedapproximately 11 km west of Imnavait
Creekwith pyranometersy{VA-1 and UVB1; Yankee Environmental System, Turner
Falls, MA).

Sunlight attenuation

Light attenuation with depth was measured in poos B,and 6 on 28ure,
2011 using @ompact optical profiling system for UV light in natural watéts/ C-OPS
Biospherical Instruments IncSan Diego, CA The C-OPSmeasured downwelling
cosinecorrectedrradiance at 7 wavebands (305, 313, 320, 380, 395and 412 nm)
andphotosynthetiddy active radiation PAR). Attenuation coefficiats (Kqo) Were
calculated from the downwelling irradian(®,) as a functiorof depth(z) at each
waveband:

Op ©OpQ = (@)

Based on multiple casts in egobol (n= 1to 5), the coefficient of variatioof
Kgoranged from 1 t@ % inthe UV and %% for PAR. Mears £ standard deviation (SD)
of Ky.are reported unless otherwise noted.

In-situ monitoring

Temperature sensor arrays (HO%Water Temp Pro2; Onset Computer
Corporation, Inc., Bourne, MA) were deployed vertically in each froel 1 to5 per
pool) from lateJunethrough midAugust, 2011 measuring at 5 minute intervalbe
probeswerewrapped with aluminum foil to prevent radiattoaused heatin@Neilson et
al., 2010)andplaced starting 10 to 15 cm from the bottohthe pool and then at

intervals ranging from 15 to 50 cup tonearthe surface Additionally, intensive



monitoring of pool 2 was conducted for one week in July, 2011 consisting of two sondes
deployed near the surface and bottom of the pool with oxyg¢rspecific conductance,
and temperature probes (YS! 6920 V2 sonde with Rtoptical dissolved oxygen, 6561
pH, 6560 conductivity, and 6560 temperature sensors; YSI Inc., Yellow Springs, OH)
measuringn-situ at 15 minute intervals.
Sampling

Water sample were collected from the surface and bottom of the seven
consecutive poolsonthly from June throughAugust 2011,soil water was collected
from water track8 once in June and twice each in July and August, 2&idsoil water
was collected from an array sites on eastern hillslope adgmt to the study pools
monthly from June through August, 201Temperature, conductivity, and pH of each
samplefrom pook and water track &/ere measuredt the time of collection using WTW
meters (models 3210; Xylei/hite Plains, NY).Pool water was collected from the
surface and bottom of each pool thygpuMasterfex® tubing (Cole-Parmer Vernon Hills,
IL) using a peristaltic pumgSeoRimpinc., Medina, NY). Seventeen sitesere sampled
along water track &om thehill top to the valley bottom along the cre¢ke distance
between sites ranged from 30 to 190 Mgrid of 55 soil watersiteswas sampledvera
150 m by 90 nareaof the hillslope Soil water was sampled using stainleg=sel soil
needles insertedhio the soilthrough Masterlex® tubing, intoplasticsyringesthat were
used to applgentlesuction. Allpool and soilvater samples were filtered in the field
into highdensity polyethylene bottlesAliquots for analysis of DOM quantity and
guality and total dissolvedron via ferrozine assayere filtered though precombusted

Whatman GF/Rlass fiber filtergWhatman, Clifton, NJand aliquots for totadissolved



iron analysisvia inductively coupleglasmaoptical emissiongectrometer (ICFOES
were filtered through 0.45 pum polypropylene filtéi&hatmar). Filtering introduced air
into water samples collected from anoxic pool bottom or soil waters.

DOM quantity and aality

Dissolved organic carbon (DOC) samples were acidified with-retal grae
hydrochloric acid (TMG HCI) to approxiately pH 2 ta3 after filtration and storeith the
dark at 4 C until analysis using a higtemperature platinurnatalyzed combustion
followed by infrared detection of G@Shimadzu TOE000; Shimadzu, Columbia,

MD).

Thechromophoricand fluorescent fractions of DOM (CDOM and FDOM,
respectively) were analyzed within hours to at most several days of collection. Samples
were stored in the dark at 4 °C unttrmed to room temperature (202% °C) just prior
to analyss.

UV-Vis absorbance spectra of CDOM were colleatsithgl-cm path length
guartz cuvettewith a spectrphotaneter(USB 2006G-UV-VIS; Ocean Optics, Inc.,
Dunedin, FI). Sample absorption was measured against laborgtade deionized (DI)
water blanks (Brnstead BPure and BPure; Barnstead Thermolyne, Dubuque, 1Ahe
spectral slopeatio (S) was calculated from the absorbance spectrum of each sample
the ratio of the slope from 275 #95 nm to the slopigom 350 to400 nm following

Helms et al(2008) CDOM absorption coefficientéc p o v) Were calculated as follows:
Acoon = 22303 @

whereA is the absorbance readingt w a v eand is the phtleragth in meters.

SUVAzs4Was calculated following Weishaar et @003)asabsabance at 254 nm
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divided by the cuvette pathlength (m) and then divided by the DOC concentration (mg C
L.

Excitationemission matrices (EEMs) were measured on all water samples with a
Fluoromax4 fluorometer (Horiba Scientific, Edison, NJ) following fhrcedures of
Cory et al.(2010) An aliquot of ample was placed in thecin quartz cuvette faeach
EEM and diluted with DI if necessary to briAgss< 0.6. EEMs were corrected for
innerfilter effects and for instrumerspecific excitation and emission corrections in
Matlab {rersion7.7) following Cory et al.(2010) The fluorescence indg¥l; McKnight
et al., 2001yas calculated froreachcorrected EEM as the ratio of emission intensity at
470 nm over themission intensity at 520 nm at an excitation wavelength of 370 nm
(Cory et al., 2010) Emission intensity &DOM peaks A, C, and Was evaluated at
excitation/emission pairs 250/450, 350/450, 275/340 (nm/nm), respectively, in RU
(Coble et al., 1990)Meanz SD are reported unless otherwise noted.
Total dissolvedron
ICP-OES

Aliquots of filtered water were acidified to pH 23awith TMG HCI and stored in
the darkat 4 °Cuntil analysis usingnICP-OES erkin ElmeiOptima 4300DV Perkin
Elmer Inc., Waltham, MA Concentratns were calculated using a calibration curve
made from serial dilutions of a standard rfthgh-Purity Standard<Charleston, SC).
Soil water samples from the hillslope were not analyzed viaOEB. Mean = SD are

reported unless otherv@sioted.
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Ferrozine assay

Aliquots of filtered water were shipped to the laboratory in Chapel Hill, North
Carolina for iron analysis. Total time between collection and analysis ranged from two
weeks to two months. Samples wstered at 4 C until analyss, but were not acidified.
Althoughoxidation of ferrous iron is expected to be slower in the acidic water of
ImnavaitCreek(mean pH = 5.8 £ 0)xompared to neareutral watergPullin and
Cabaniss, 20G8 Stumm and Lee, 1961} is likely that thedissolvedotal iron
concentratioomeasured in the lalvere lower tharfield valuesdue to oxidation of ferrous
iron and precipitatiof ferric iron

Total iron was quaifted on all samples using therfozine assayStookey,
1970) Briefly, 2 mL of samplevasreduced via the addition @0 pL of6.25 M
hydroxylamine hydrochloride artienreactedwith 100 uL of 15 mM &rrozine in 15
mM HEPES buffepH 7) for 45 minutes prior to measuring the absorbance at 562 nm.
Absorbance of the sample solution plus ferrofareous iron complex was corrected for
the absorbance of CDOM at 562 nm. The concentration of iron was calculated using a
nine-point calbration curveconsisting of similarly analyzed solutions of ferrous
ammonium sulfateQ(to 50 UM in 0.01 M TMG HCI). Samplesxceedindp0 UM were
diluted with DI at the time of analysidlean + SD are reported unless otherwise noted.
Effects of iron on MOM and FDOM

Filtered soil water samples were reacted with afhgrescent iron ligand
(deferoxamine mesylate, DFB) to competitively scavenge iron from complexes with the
natural DOM in order to evaluate the effects of iron on CDOM and FDOM signals.

Sanples were filtered at the time of collection through-poenbusted GF/F filters and
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stored in the dark at 4 °C prior to experimentation. A stock solutior2@mM DFB in
DI was prepared immediatepyior to addition to samples. DFB was added to amatiq
of each sample to achieverelarratio of 0.2 DFB to totabissolvedron measured via
ferrozine assayControlsconsisted ofample plus Dproviding the same dilutionDFB
reacted samples am controlswere allowed to equilibrate f@8 hoursatroom
temperaturen the darkand thersubsamples were analyzed for CDOM, FDOM, tutdl
dissolvedron via ferrozine assags described above.
DOM photodegradation

Pool bottom watecollected in amber HDPE bottles in the fisddsbrought back
to TFSfor photochemical degradation experimeassdescribed in Cory et §2013)
Briefly, four replicates of GFAfltered water samples placed in-tl. pre.combusted
borosilicate Eetainef’ vials (LabcoLtd.; Ceredigion, UK)were exposed to naral
sunlight for 12 hours alongside folail -wrappeddark control vialsat temperatures
ranging from 10 td.6 °C. Although borosilicate glass is not as UV transparent as quartz
the difference is quite small for light from 280 through 400 nm, 83 vpe8&nt
transmittance respective{iiller et al., 2009a) After exposure to light, subsamples
were analyzed for CDOM and FDOM as d#sed above Changsin DOM quality are
reported as meanstandard error (SE)nless otherwise noted.

RESULTS

Weather patterns

Average daily peak solar radiation wa&W m in the UVA and 1.3V m?in the
UVB. Air temperaturgangedfrom -2 to 19°C, with a mean of 8.7C. Solar radiation

and temperature both exhibited diel fluctuations during the study period of June through
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August, 2011 (Fig. 1). Four precipitation events exceed2dnm ofwater per houand
a total of 74 cmof precipitationoccuredat Imnavaitduring the study periofFig. 11).
Physicalcharacteristics of Imnavait Creek

Pools 2 3, § 6, and7 werethermallystratified on43 to 46 out of S@ays
investigatedn the summer of 201 Wwhere stratification was quantified lagers @
continuously different temperature waférg. 1.2). Pools 1 and 4 did not exhibit the
samestratification patterns observed in pooJ325 6, and7. Pool 1 mixed dailyand
the shallow depth of pool 4 (0.2 m) in comparison to the mean depths ppotie (.5
m) likely prevented stratification.

Theregularly stratifiedoools(2, 3,5, 6, and7) mixedwithin hoursafter a
precipitationeventon 17July, 2011(Fig. 1.1 and1.2). Temperature profiles of the pools
show that restratification occurredvithin four to five daydollowing theinitial
precipitationdrivenmixing event(Fig. 1.2).

UV attenuation coefficientsy., decreased exponentially with increasing
wavelength, ranging from 88 + 12*at 305 nm to 17 + 3 that 412 nm. PAR
attenuation coefficients were 3 + I'mThusthe depth of 1% surface irradiancez
was < 8&m in the UVB and o 27 cm in the UVArange. PAR penetrateleepesin the
water columnwith z;o,up t01.8 m. Given that the depth goolsin which sunlight
attenuation was measurezhged froml.0 to 1.6m and the bathymetry of the pop&to
12 % of thewatervolumeof each pooleceival UVB light, 28 to 37 % of thewater
volume of each poakceivedUVA light, andpoolwater at all deptheeceived PAR

light.
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Kgein the UVBwasstronglypositively correlated with DOC concentratians
Imnavait Creelpools(?O 0. 80, p pddls data hdd shown)Kswadalso
strongly positivelycorrelated withacpom »at all wavelengths measured except 380 nm,
00 . 81, p (ool Fig. D33). ®n averagcoom-was 84 % oKgein the
UVB compared to 88 % in the U\, Differences betweeacpom . measured on filtered
waterusing a U\ Vis spectrophtometer, andn-situ Ky variedby wavelength{Fig.
1.3a). For example, differences betwesibom .. andKy.were smaller in th&VA
compared to the UVB (Fid..3a).

Kaswas strongly positively correlated with concentrationstd! dissolvedron
at all wavelengths measured except PARQ(r 0 . 8 5, n p4pools Big. 113b).
The slope 0Ky.Vs. total iron was greater lawer wavelengths (305 to 380 nim)
contrast tasmallchangsin Kq.with increasing iron concentration at 395 and 412 nm
and PAR(Fig. 1.3b). However, likely due to the smaample size foKq.(n = 4 poolks),
there were no significant differences in the slopes of the correlations beétwsemd
total dissolvedron.

Soil water
Water track 8

Water track &oil water samplesad a meawsonductivityof 26 + 14uS, mean
pH wasb.2 Water track 8 @il water DOCconcentratioaranged from 493 to 4953 uM
C with a mean of 1357 &18uM C (Table 1) The mean CDOMIasorption coefficient
at 320 nm(acpowm 320), @ measure of the concentration@POM, was60+ 44m™. Mean
SUVA_s, aproxy for DOM aromaticityWeishaar et al., 2003)as 4.4 + ® m™* (mg C

LY. Mean slope ratio (§, a proxy foraverage molecular weigbf the DOM(Helms
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et al., 2008)was 0.75 + 0.08Mean fluorescence index (F§ proxy foraromaticityof
the fulvic acid fraction(McKnight et al., 2001dr photeprocessing(Cory et al., 2007)
was1.49 + 0.05

Analysis ofFDOM provides insight into three types of carbon within Er@M
pool: carbon associated with terrigenous or microbial source mafeeiaks A and C)
andcarbon associated with free or combined fluorescent amino (peidk T)
specifically tryptophan, tyrosin@and phenylalanin€Coble et al., 1990; presentative
EEM shown in Figl.4). The neanpeak A intensity fowater track &oil waterwas?2.2
+ 1.2 RU. The mean ratio of FDOM intensities agks C ad A (C/A) was 0.54 + 0.05
and the mean ratio oepks T and AT/A) was 0.14 £ 0.05

There was overlap inoththerangeand mearconcentratiorof total dissolvel
iron in the water track soil water measured by-l0PS and the colametric ferrozine
assay(Table 1) Thewater track &oil waterconcentratios of total dissolvedron
measured via IG®ESranged fron? to 107 uM with amean concentratioof 26 + 26
MM. Concentrations dbtal dissolvedron measured via ferrozine assay ranged from 1
to 111 pMwith a mean of 24 + 2AM.
Hillslope soil waters

Hillslope il water DOC concentrations ranged from 442 to 638I1C with a
mean 0f1882+ 1206puM C (Table 1) MeanacpomszoWas 16% 165m™. Mean
SUVAs.was 6 + 2nt (mg C LY. Mean % of hillslope soil water was 0.69 + 0.10
and mean Fl was 1.52 + 0.0MeanFDOM intensityat peak A was 2.6 + 1BU. The
mean ratio of FDOM intensitigS/A was 0.62 #.06 and the mean ratio ©fA was 0.19

+ 0.07 (representative EEM in Fifj.4). Totaldissolvedron concentrations in the
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hillslope soilwatersmeasured via ferrozine assayged fronx 1to 563uM with a
mean of 96 = 103 uM
Pool bottom water

Whenstratified, pool bottom waterbad amverage conductivity @37 £ 30 uS
cm™* and average pH &.5. The bottom wateof pool 2wasalwaysanoxicwhen
stratifiedbased on weelong in-situ probe data collected in JuB011 during stratified
conditions(supporting information Figl.1).

The mean concentration of DOC in the pool bottom water was 13562 gM C.
Meanacpom szoWas 78+ 56 m™ (Table 1) MeanSUVAs,was 5 + 2nt (mg C LH)™.
Mean & of the pool bottom water was 0.70 + 0.08 arsbmFI| wa 1.45+ 0.04 Mean
bottom wateiFDOM intensiy at peak Awas2.4+ 0.5RU. The mean ratio of FDOM
intensitiesC/A was0.49+ 0.04and the mean ratio /A was0.13+ 0.04 (representative
EEMs in Fig.1.4).

There was overlap in bothe range and meawomcentration ofotal dissolved
ironin the pool bottom waters measured byJGPS and the colametric ferrozine
assay (Table 1)Total dissolvedron concentrations in the pool bottom wat@esasured
via ICP-OESranged from 4 td 14 pM, with a mean of®8+ 33 pM. Total dissolvedron
concentrations measured via ferrozine asaagedrom 3to 87 uM with a mean of 28 +
28 uM.

Pool surface water

The pool surface watetsd araverage conductivitgf 13+ 2 pScm® and

average pH of 5.7 The mean concergtion of DOC in the pool surface waters was 785 +

60 UM C. The mearacpom szowas34 + 5 m* (Table 1) MeanSUVA s, was 4.5 + 0.5
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m?*(mg C LY. Mean & of DOM in the surface waters w8s78 + 0.08 and mean FI
wasl.41 + 0.03.Mean surface watdfDOM intensity at peak Awas1.2+ 0.2RU. The
mean ratio of FDOM intensities peaks C and A was 0.45 * 0.82d the mean ratio of
peaks T and A was 0.12 + Q.Qrepresentative EEMs in Fitj4).

Therange oftotal dissolvedron concentrations the waer track soil water
measured by ICIES and the colametric ferrozine ssayoverlappedutthe mean
concentratioeas measured by the two methods were significalitigrent(;Table 1).
Total dissolvedron concentrationgn pool surface watersieasurd via ICROESranged
from 4 to 46pM with ameanof 21 + 10 uM. Total dissolvedron measured via
ferrozine assay ranged fra2io 7 UM with a mean o#t £ 1uM.

Effect of stratification on pool chemistry

High temporal resolutiodata collectedinder strafied conditions(i.e., no mixing
events occurredh pool 2from 8 to 15 July 2011showed stronglifferencesn
conductivity, pH and dissolved oxygen (DO) between surface and bottom pool water in
Imnavait Creek During this period of strong stratificgah, the specific conductancé
thesurface water wasignificantly greatethanthebottom wateKpaired ttest, p < 0.01)
with mean values df3and25uS cm, respectively.Likewise, he pH wassignificantly
higher in the surface water compared tttdoro water(paired ttest, p < 0.01) witlmean
values of B vs. 54, respectively The surface watddO concentratioexhibited diel
fluctuation butwasconsistentlywell oxygenated throughout this perjqeercent
saturation ranged from 73 to 95 %ith ameanconcentratiorof 240 pMO,. The DO of

the bottom water wasonsistently less tha®huM after the initial stabilizatiofsupporting
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informationFig. 1.1). The concentration of DO in the surface water was significantly
greater than the bottom watépmired ttest, p < 0.01).

Stratified pools exhibited large differences in DOM quantity and qudfioy.
example on 14uly, 2011 DOC concentrations were up tbhreetimes highein pool
bottom waters compared to the surféiég. 1.5). In contrastmixedpool 1 had similar
DOM quantityand qualityin surface and bottonvaters(Fig. 1.5). Stratified ol bottom
watess also hadsignificantly greatefevels of CDOM and FDOM compared to surface
waters(paired ttest,p < 0.01 Fig. 1.5). In addition, statified pools exhibited differences
in DOM quality. For examplesurfacewaters almost alwaysadsignificantlylower
SUVA,s, (paired ttest,p < 0.05 supporting information Fidl.2), significantlyhigher &
(paired ttest, p< 0.0%, supporting informaon Fig. 1.3), andsignificantly lower FI
compared to bottom watefgaired ttest, p< 0.03, Fig. 1.5). There was no significant
difference inNSUVAs4, S, Or Flin mixedpool 1 on 14July, 2011 Stratified pool 7 also
had no significantiepthdifferene in SUVAs, Stratified pool 7hadlower & in the
surface compared to bottomaters which is the only pool sampled on any datth
lower Sk in the sirface compared to the bottomaters

Total dissolvedron had similar patterns tthe observed deptiifferences in
DOC, CDOM, and FDOM:total dissolvedron was significantly higher in pool bottom
waters compared to pool surface wateesred ttest, p < 0.05Table ) except in mixed
pool 1 where similar concentrations were observed in the surfad®#nc waters.
Concentrations dbtal dissolvedron were correlated witboncentrations ddOM
guantity(DOC,P e a r $ 0008 and quality é.9., FI,P e a r $ 0080 is pool

waters
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DOM quality and quantity antbtal dissolvedron concentratios were similar
between differenpool surface waters throughout the summer of 2011, in contrast to the
variability as measured by S bottom water valuesver the seasoffable ). For
example on 14uly, 2011 the averagsurface wateDOC across all pols was 723 £ 23
eM C, while theaveragebottom water DOC was 1305445 MC. acpowm,z2o €xhibited
similar patternswith amean of 47 + 3 min pool surface waterompared to higher
mean and larger variability in pool bottom waters, 119 + 87 MeanSUVA,s,was4.9
+0.2m™* (mg C LY in the pool surface waters compared to 6mt2(mg C L) in the
pool bottom watersLikewise, total iron concentrations d4 July, 201wvere lower and
less variablen pool surface waters, 3.2 +£eM, compared to bottom wate 26 +31
eM.

After the pools miedon 17 July2011 (Fig.1.1), thetemperature datshowthat
the mols began to rstratify on 21 througl23 July 2011 (Fig.1.1). Thedirection and
magnitude of thelepth differences iDOM quantity and quality anith iron
concentration inmnavaitpool watersampled on August,2011, two weeks after the
mixing event and the onset i@ stratification, weresimilar tothedepth differences
measured in the poajgst prior tothe mixing eveth(14 July, 2011Fig.1.5).

Effects of ironon CDOM and FDOM

Dissolved iron and its comples absorb UV and visible ligttius resulting in
higher ac p om and SUVAs,than expected based on DOC concentrations alone
(Weishaar et al., 2003)in addition, dissolved iroalters FDOM signals because iron
guenclesDOM fluorescencaonuniformly as a function of wavelengRullin et al.,

2007) A nonfluoresceniron ligand (deferoxamine mesylate, DRBas added to soll
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water samples to competitively scavenge iromficomplexes with the natural DOtd
evaluate the effects afon on CDOM and FDOMAddition of DFB decreased the
ferrozineaccessible iron by 27 + 5.%f the iron bound by DFB (measured as iron no
longer accessible by ferrozine) had been associated with CDOM and RBOM,
expectation was that complexatiop DFB would result in significant shifts in CDOM or
FDOM quality and/or quantity

There was no significant differenceappom 254 0f samples with and without the
addition of DFB (itest, p > 0.05)DFB itself is weakly absorbinggss© 0 *ih Dimat
concentrations added to soil water samples compa@g#® 1 0'6f umaltered soil
watersand therefore is not expected to significantly alter absorbance measurements.

As expected based @mevious work(Pullin et al., 2007)the adition of DFB to
soil waters from Imnavait Creekduced iron quenching of fluorescence auleased
FDOM peak intensitiesAddition of DFB to soil waters resulted in a significantrease
in fluorexence intensityt peaks AC, andT (-t e s t , .prhe@uoréscedce )
intensityof peak A increased by 10 194, peak C increased by 5 £ 2 %, and peak T
increased by 7 + % compared to samples without DARBese changes in fluorescence
intensity werenot explained by changes in absorbance which was approximately 1 %
Because there was no significant difference
there was no detectable influence of immthe ratios of peakC/A or T/Acompared to
the ratos in samplewithout DFB. Further, here was no significant change in FI after
addition of DFB compared to samples not reacted with RE8st, p > 0.05) There was

no detectable fluorescence in solutions of DFB in DI.
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Photodegradatiorof DOM in Imnavait Creek water

Exposure of Imnavait Creek DOM to 12 hours of sunlight resulted in significant
loss of CDOM and FDOM compared to dark contrpisifed ttests, p < 0.05Table 2);
on average tlre was a 9 % decrease in CDOM &10IOM (depending on wavelength
Photobleaching resulted in a significamtrease in S(from 0.74 £< 0.01to 0.87 +<
0.01) and a significant decrease in the(ffdm 1.55 +< 0.01to 1.35 +< 0.01). There
was a preferentidoss of fluorescence at peakc@mpared to loss of intsity for peaks
A or T upon exposure to sunlighfor example, peak decreased b6+ < 1 %, peakA
decreased b¥1 + 1 %, andthe fluorescenintensity ofpeak T increasely 5 +2 % after
exposure to sunlightThis preferential loss of fluorescenmsulted in a significant shift
in the ratio of the fluorescent intensity ©fA from 0.53 £< 0.01to 0.44 + <0.01(t-test,
p < 0.05)anda significant shift irthe ratio of the fluorescent intensity DfA from 0.09+
<0.01t0 0.11 +< 0.01(t-test, p <0.05) Sunight exposure alscesulted in aignificant
blue-shift of the excitation and emission maxima of peaks A andeC shifted tdower
wavelengths For examplefor photeexposed DOMhe excitation position gieak C
was blueshiftedto lowerwavelengths by 13 + 8m (t-test, p < 0.05and the emission
peak was shifted to lower wavelengths by 6 + 1(ftest, p < 0.05¢ompared to dark
controls

DISCUSSION

Pool bottom water chemistry driven by soil water inputs

In all measures of water chenmis pool bottom water me closely resembles soill
waterthan pool surface water suggesting that the source of pool bottom water was

primarily inputs of soil watefMerck and Neilson, 2012; Merck et al., 20®thyiched in
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DOM and iron compared to surface watet#is is evident from the overlap in pH,
conductivity andconcentrations dbOC, CDOM, FDOM, andtotal dissolvedron
betweerbothwater track8 and hillslopesoil waterswith pool bottom wateréTable 1)

In contrastpH, conductivity andconcentrationef DOC, CDOM, FDOM, andotal
dissolvedron in pool surface waters wesggnificantlydifferentcompared to soil waters
and pool bottom wate(J able 1 t-test, p < 0.0p Soil waterinputsto the poolsvere

also evident based on teenilarities of the peak positiorsd intensities of EEMs of soil
water ancpool bottom water from a stified pool (Fig 5; Merck et al., 2011)

Both the soil waters and tip@ol bottom waters exhibited larger variability in the
concentration and quality of dissolved constituéetg., Fig.1.5) both spatially and
temporallyacross the seasoitt is likely thatpool bottom water chemistry depends
strongly onsoil waterinputs, which are affected byowpaths and inflow volumes. The
flowpaths, and thus the sources of soil waters tdliffierentpools, likely change over
the season due to shifts in preferential flowpaths along the hillslope and riparian zone. In
contrast tdhe pool bottom waters, the smaller range of concentrations and quality of
dissolved constituents across the pool surfaces suggest that the surface waters of the
pools are connecteahd weltmixed (Table 1; Figl.5). This mixing is highlighted by
the fact that surface waters may stratify daily but tend to mix at night {F2Q

The highvariability observed in the pool bottom watdremistry Fig. 1.5; Table
1, based on standard deviations of mean valaksctedamongpoolsandover timg, is
likely a reflection of thénigh variability in soil waterchemistrybothspatially and
seasonallyTable 1, based on standard deviations of mean values colédatdterent

sites on the same day, and at the same sites on differejt Baygexample, the
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variability observed at soil water sites located at the bottom of the hillshopasured as
standard deviation of each site sampled repeatedly during the study, peeddpped

the range of standard deviation of all soil water sitdbe bottom of the hglopefor

each specific sampling date for DCdgpom 320 SUVA2s4 Sk, peak A, FI, and Fe. In
other words, theange ofvariability in concentrations observed at a given site across all
sampling datesverlapped withthe variabilityon a given sampling ¢laacross althose
sitesoverlapped. Thudothspatial and seasonal variability likely altered the inputs to
the pool bottom waters. Despite these variations as well as likely changing flowpaths,
soil water inputs still were high in DOC and iron andwér the light attenuation and
thereby photegprocessing of the pool surface waters and ppodtection of the pool
bottom waters.

ac p omiSsthe main UVlight absorbing constituent in Imnavait surface waters

CDOM accounted for most of the UVB and UVAHigattenuation in the pools,
given thatacpom.Was 84to 88 % ofKy.in the UVB and UVA, respectively, consistent
with the literature showing th&DOM is the predominarlight absorbing constituent in
many surface watef&areis et al., 2010; Morris et al., 199%pr exampleacross a
range of lakesac p o m agcounted for on avera@® and75 % of Kq.at 305 nmandPAR,
respectivelyMorris et al., 1995)

KyeoiS expected to be larger than or equaddgon »in all water bodieslue to
removal of other light adorbing or scattering particles during filtratibefore acpom.»
analysis.However the observations in pool 2 did not follow this expectadind thus
fall below the 1:1 lin€Fig. 1.3). The larger values @pom.Ccompared tdyoin pool 2

are likely due to (1) flocculation after filtration but befaaigoom,e.@analysis resulting in an
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elevated baseline due to scattering or (X)ES measurement error. Only on®©ES
cast was made in pool 2, the standard error oéplicate casts (n = 3 to 5) inetlother
pools ranged from < 1 to 8 hdlepending on wavelength and palpresenting on
average 0.2 to 7.% of the average replicat&;.. In pool 2,acpomWwas 3.5t0 10.5 %
greater thafy,. Thus, measurement errorkcould account for mostf ¢he observed
difference inKgsandac p om inspool 2.

Previous work has found that DOM increases the solubility of iron, likely due to
the formation of iroAdDOM complexegLuther Il et al., 1992; Maranger and Pullin,
2002; Pullin and Cabaniss, 2003#ddition of iron to salitions containing DOM
isolatescanincrease absorbance in the visiligght range(Pullin et al., 2007)whereas
freshly formed colloids ofulvic acid isolatesnd iron have been found to absorb most
stronglyin the UVregion(Pullin and Cabaniss, 2003ajhus, thdarger increase in light
attenuation with increasing iron concentrat{or., greater slopef the UVBcompared
to theUVA region (Fig.1.3) suggests thairganic complexes of iromay be an
important factor irJVB light attenuationn Imnavait Creekin addition toattenuation by
particulate iron and other particles not captlby eitheBcpowm ..0r total dissolvedron
analyss.

Photodegradation of DOM in surface waters can account for depth differences in
DOM quality

Differences in the CDOM and FDOM concentrations of the surface and bottom
waters of stratified pools welargely consistent witkthe effects ophotochemical
degradatioron CDOM and FDOM Photeexposure of bottom water resulted in loss of

CDOM and FDOM, and increased,Slecreaseé|, decreaseratio of peak C t&\, anda
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small but significanincrease in the ratio of peak TAocompared to dark controls.
Similarly, pool surface waters had lower CDOM and FD@iicentrationshigher &,

lower Fl,anda lowerratio of peak C to Abut, no significant difference in the ratio of
peak T to Acompared to pool bottom waters. These ltesuggest that photochemical
reactions may be important controls on the differences observed between surface and
bottom waters in stratified pools.

One difference in FDOM quality between surface and bottom waters not
explained by DOM photodegradation vitas ratio of peak T to A. This ratio, which is a
proxy for the labile fraction of DOMCory and Kaplan, 2012 and references therein)
increased after experimental ph@&gposure consistent with previous work showing that
phaodegradation increases the ratio of amino-#ikelto terrestrial DOMCory et al.,
2007) but there was no significant difference in the ratio of T/A between pool surface
and bottom watersA lack of observedlifference in T/A between surface and bottom
waters could be due to rapidaof the more labile fractioof DOM in the surface
following photodegradatio(Cory et al., 2013)thus minimizing the photochemical
fingerprint of increased T/A ratio of the FDOM.

Assessingheinfluence of iron on CDOM and FDOM

Despite the lack of detectable changeadpow, spon addition of DFB, at the
averageotal dissolvedron and DOC concentrations of soil water samples from Imnavait
we estimate that)V light absorption by free or complex@dn mayincrease SUVAg4
by 0.8 to 1.8n™ (mg C LY compared to 0.5 to.8m™ (mg C L'} in pool surface
waters and 1.0 to 1.3 L mg'@n™ in pool bottom waterssing the relationship developed

by Weishaar et a(2003) however, the magnitude likely depends on the nature of the
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iron-organicligand. Using the average measured values of Skkyi the surface and
bottom waters of Imnavait Creek pools (Table 1) and the relationship betweern,GUVA
and aromaticity developed by Weishaar e{2003) we estimatethe percent aromatic
carbon content of the pool surface and bottom waters as 33 and 36 %, respectively.
These values adightly higher than the 23 % measured on the fulvic acid fraction of
Imnavait DOM via**C-NMR by Cory et al(2007)given that analytical error is + 5 %
(KogelKnabner et al., 1991)DOM in unfractionated whole water likely has an aromatic
C content less than or equal to the fulvic acid fraction of D@Gbty et al., 2007)thus
23 % is likely a maximum aromatic C content for Imné20OM, assuming the DOM
collected in previous work is representative of the water in this study. Taken together,
the SUVA,s54 based oveestimate of aromati€ is consistent witlthe presence of iron
increasinBcpomse.and thus SUV A,

DFB stronglyand peferentiallybinds ferric iron(stability constants range from
107°to 16° Albrecht-Gray and Crumbliss, 1998; Neilands, 1981; Witter et al., 2800)
studies suggest that alossof ferrous ironactually occurwia initial oxidation to ferric
iron followed bybinding(e.g., Goodwin and Whitten, 1965T he equilibration time and
conditions used in the literature range from 12 hours to 2 weeks and 4@qQ., Gao
and Zepp, 1998; Hammerschrmahd Fitzgerald, 2010; Southworth and Voelker, 2003;
White et al., 2003; Xie et al., 2004ye chose a midange equilibration time of 48 hours
at room temperatureGiven that most iron in the samples Wwhksly ferrous iron, and
that ferrous iron wasetatively stable to oxidation in these low pH waters, it is not

surprising that minimal effects of DFB were observed on CDOM and FDOM. Ferrous
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iron may be strongly associated with DOM, slowing its oxidation and slowing its
competitive complexation with OB=

Quenching of FDOM by iron likely alters the fluorescence of DOM in all waters
sampled from Imnavait Creek, but the obserdé@rences between pool surface and
bottom watersre not fully explained by fluorescence quenching alone.pdbksurface
watersexhibited lower fluorescence at all peaks as welllasvar ratio of peak C to A
and no change in the ratiopéak T to Acompared to thpool bottom waters. However,
guenching of DOM fluorescence would be expected to occur in both the surface and
bottom waters due to the presence of iron at both depths (Tabléné )average ratios of
DOC tototal dissolvedron in the surface and bottom waters are similar when using the
iron concentrations measured via FOES(37 vs. 32uM DOC C peruM Fe,
respetively) in the 045 umfilter fractionbut quite different using the iron
concentrations measured via ferrozine ag$8¢vs.45uM DOC C peruM Fe,
respectively)n the 0.7um filter fraction. These ratios of DOC to ircare not consistent
with iron quenching explaimg the lower fluorescence observed in the surface waters
because there was equal or greater DOC Qugieiron in the surface waters compared to
the bottom waterslIf iron quenching was driving the observed differences between the
bottom andsurface waters we would expect a lower ratio of DOC C to iron in the surface
waters Pullin et al.(2007)foundthat higher molecular weight DOM is more susceptible
to binding with ferric irorthan lower molecular weight compoundBhus we might
expect thaDOM in the larger sizélter fraction would be more susceptible to binding

with iron and therefore fluorescence quenching
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Theobservedncrease in fluorescenoé soil waterdollowing theaddition of
iron-ligand DFBshows thatiron quenchd the fluorescence of DOM in Imnavait Creek
watersbut did not altethe FI or fluorescenceatiosbetween samples before and after
addition of DFB suggesting that these measures of DOM quality weraltesed by the
presence of ironFurther, the increase in fluorescemeaoil water sample®llowing the
addition of DFB (5 to 10 % depending on the pea#$ much less than the observed
percent difference between pool surface and bottom waters, 80tod@pending on the
peak. The patterns of DOM qualityetween the surface and bottoratevsarenot
consistent witithe changes observed in samples equilibrated with DFB.

Iron may play a role in depth differencasDOM chemistryunder stratified
conditions because adsorption of DOM to iron particles or formation ofli @M
colloids and subsequent precipitation in oxic surface waters may preferentially remove
fractions of DOM(Brinkmann et al., 2003; Gao and Zepp, 1998; Pullin et al., 2004)
Pullin et al.(2004)showed that adsorption to iron particles and photochemical
degradation both alter DOM chemistry in the same way, suathth net effect of
sunlight exposure on DOM in the presence of iron is greater than either process acting
alone. Adsorption of photochemically reacted DOM to goethite produced solutions with
lower molecular weighandless aromatic DOM than addition gbethite in the dark or
photodegradation of DOM in the absence of goe(Ritdlin et al., 2004) These
processewould be expected to result in an incressgr the proxyinversely related to
average molecular weight of DQMnNd adecreasén SUVA,s4, a proxy for aromaticity
compared to unexted DOM. Surface waters of Imnavait Creek are well oxygénate

likely resulting in the formation of iron oxfyydroxides. Thus, it is likely that DOM in
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the surface waters of Imnavait Creek is altered by the dual effects ofghidadion and
adsorptia to iron particles. For example, higl&rin the surface waters suggests lower
average molecular weight of the DOM compared to the bottom waters, consistent with
fractionation due to adsorption of DOM to goethite, and lower SidMA the surface
waterscompared to the bottom waters suggests lower aromaticity. Although the depth
differences are consistent with photochemical degradation of the DOM, the strong
gradient in iron and DO between surface and bottom waters likely means that both photo
processig and ironinduced adsorption occur in this system.
CONCLUSIONS

An important consequence of high concentrations of terrestdaliyed CDOM
and iron in Imnavait Creek was that nearly all UV light was attenuated within the top
layer of water (i.e., &, of UV light < 30 cm at all wavelengths) and even PAR light,
which reached the bottom of each pool measured, was attenuated by 50 % at 17 to 28 cm.
Thus,DOM in the bottom vaterswasprotectedoy the surface watefsom
photodegradatianin pools where thevater column mixedall the DOM in the pool was
susceptible to phottegradation. fe fact thaexperimentaphotodegradatioof
Imnavait DOM reproduces most of the observed differemc€OOM and FDOM
guality between surface and bottom watsteongly sggess thatthe soil waterDOM
delivered tgpool bottom waters inmnavaitCreekis protected fronphotoprocessing In
contrastthe DOM in surface waters isiore extensively photodegradgidenits greater
exposure to sunlightinteractions between inoand DOM, especially photexposed

DOM and iron containing particles, may also be important in preferentially removing
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specific fractions of DOM from the surface waters and contribute to the observed
differences between the bottom and surface watersatifigtd pools.

It is also important to recognize thatotodegraded DON& continually mixed
with DOM from soilsthat has no history of light exposure dhghedinto surface
waters Thus,to understand the dynamics of DOM degradatonatural systemshort
term kinetic studies which mimitie varied inputs and processing of DOM unaiural
conditionsis the best approachFinally, to evaluate how changes in climate will alter
carbon cycling, experimental studiesist be placedhto the context otontrols at larger,
landscape scales. These controls are essentially the water residence time and the total
sunlight exposure of the DOM as it moves from lakes and streams on its way to the

ocean.

30



T€

Table 1. Mean and gtandard deviatiof of iron and DOM chemistry by sample location at Imnavait Creek.

Total Iron® Total Iron © DOC © acpomazo 0 SUVAz, ™° S i9 F| 9 Peak A PeakC?® Peak T°

FZ°(uM) ICP (M)  (uMC) (mY) (m*mgcLhh ¢ (RU) (RU) (RU)
‘S’\éﬁt\‘fvratt;arc" 24 (29) 26(26) 1357 (818) 60 (44) 4.4(0.9)  0.75(0.08) 1.49(0.05) 2.2(1.2) 1.2(0.7) 0.3(0.2)
Is_:lali||5\|/8§tir 96 (103) - 1822 (1206) 169 (165) 6 (2) 0.69 (0.10) 1.52 (0.04) 2.6 (1.6) 1.6(1.1)  0.5(0.3)
Pool bottom 28 (28) 39(33)  1252(362) 78 (56) 5(2) 0.70 (0.08) 1.45(0.04) 2.4(0.5) 12(0.3) 0.3(0.1)
Pool surface 4 (1) 21 (10) 785 (60) 34 (5) 45(05  0.78(0.08) 1.41(0.03) 1.7(0.2) 0.75(0.08) 0.19(0.02)

&n = 53 for water track 8, 179 for hillslope, 12 for poottbm, and 14 for pool surface samples
P FZ indicates totaflissolvedron detected via ferrozine assay
“n = 36 for water track 8, 12 for pool bottoamd 14 for pool surface samples

4|CP indicates totaflissolvedron detected vinductively coupleglasmaoptical emissiongectrometeanalysis
®n = 55 for water track 8, 144 for hillslope, 18 for pool bottom, and 21 for pool surface samples

" acpom sz0indicates absorption coefficient of CDOM at 320 nm

9n = 55 for water track 8, 181 for hillslope, fi8 pool bottom, and 21 for pool surface samples
" SUVA,s4indicates specific UV absorbance at 254 nm

' Srindicates slope ratio

'Fl indicates fluorescence index
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Table 2. Mean percent change argtgndard erroj of DOM chemistry 6 Imnavait
Creek pool bottom waters after exposure to 12 h of sunlight relative to dark controls.

acDoM.320 SR Fl° Peak A Peak C Peak T

% -9.5(0.2) 17.9(0.3) -12.9(0.3) -11.2(0.6) -26.0(0.3) 5 (2)

% acpowm.az0indicates absorption coefficieaf CDOM at 320 nm
P s indicates slope ratio
°Fl indicates fluorescence index
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Figure 1.1. Weathewariablesvere measured &nnavait Creek and@oolik Field Station
(TES). Solar radiatiormeasured at TF&xhibited diel fluctuations in bothe¢hJVB
(dashed line) and UVA (solid line) JA Air temperature at Imnavait Creek during the
study period exhibited diel fluctuations ame taverage air temperatutering the study
period was3.7°C (B). The 2011 summer was overall dry with a few srpadcipitation
eventsanda total of7.4 cm ofprecipitationat Imnavait Creekluring the study period

(©).
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Figure 1.2. Temperature at depths measured from the bottom of the Pools 2, 3, 5,
6, and 7 were stratified for most of the summer; they waéxedrbriefly following a
storm an 17 July 201J1and restratified within four or five days. Pool 1 mixed every
night. The shallow depth of pool 4 (0.2 m) likely contributed to it never stratifying

34



120 - OA305
XA313
100 - 0 ©A320
4 AAN340
_. 80 0
< <>>< XA380
£ 60 -
= OA395
X 40 - A +A412
20 | -PAR
0 T T T T T 1
0 25 50 75 100 125 150
A -1
acpom, (M)
120 - OA305
XA313
100 O ©OA320
80 - AN340
T X A380
E 60 -
< OA395
©
X 40 A +A412
20 | W oAn
0 T I-- T l- T I- 1
0 10 20 30 40 50 60 70
B Total Dissolved Iron (uM)

Figure 1.3. The light attenuation coefficient&q.) werepositively correlated with both

(A) CDOM absorption coefficient&c p o m) sShown with a 1:1 lin€thick solid line)and

(B) concentrations atal dissolvedron in pool wateron 27 June2011. Linear
regressions betweddy ,.and bothac p o v apd total dissolved iron are shown (thin solid
lines). Kgawas less thaac p o v ineach pool except pool 2 (i.e., points fall above the 1:1
line).
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Figure 1.4. Representative EEMs of surface and bottom waters of a mixed (pool 1) and
unmixed (pool 2) pol in Imnavait Creek and soil water feeding into Imnavait Creek from
14 July, 2011 The three characteristic FDOM peak regions (A, C, and T) are indicated
on the soil water EEM. FDOM peak positions and intensity are similar in soil water and
stratified ottom water. Likewise, the FDOM peak positions and intensity of surface
water and mixed bottom water are also similar.
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