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Abstract

Electron-donating activated aromatic moieties,udoig phenols, in dissolved
organic matter (DOM) partially control its reactiwivith the chemical oxidants ozone
and chlorine. This comparative study introduces s&asitive analytical systems to
directly and selectively quantify the electron-diomg capacity (EDC) of DOM,
which corresponds to the number of electrons teansfi from activated aromatic
moieties, including phenols, to the added chemioaldant 2,2'-azino-bis(3-
ethylbenzothiazoline-6-sulphonate) radical catiae.,( ABTS"). The first system
separates DOM by size exclusion chromatography {S&@wed by a post-column
reaction with ABTS and a spectrophotometric quantification of recarctof ABTS™
by DOM. The second system employs flow-injectioralgsis (FIA) coupled to
electrochemical detection to quantify ABT®eduction by DOM. Both systems have
very low limits of quantification, allowing determation of EDC values of dilute
DOM samples with <1 mg carbon per liter. When agaptio ozonated and chlorinated
model DOM isolates and real water samples, theamadytical systems showed that
EDC values of the treated DOM decrease with inongaspecific oxidant doses. The
EDC decreases detected by the two systems wereeralbgood agreement except
for one sample containing DOM with a very low EDQwe combination of EDC with
UV-absorbance measurements gives further insights the chemical reaction
pathways of DOM with chemical oxidants such as ezonchlorine. We propose the
use of EDC in water treatment facilities as a ngadneasurable parameter to
determine the content of electron-donating aronrabgeties in DOM and thereby its

reactivity with added chemical oxidants.
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Abbreviations

Aosa Absorbance at 254 nm

ABTS: 2,2'-azino-bis(3-ethylbenzothiazoline-6-hwpate)
ABTS™: One-electron oxidation product of ABTS
DOC: Dissolved organic carbon

DOM: Dissolved organic matter

EDC.: Electron donating capacity

EDCy: Electron donating capacity of unaltered DOM
FIA: Flow-injection analysis

MEO: Mediated electrochemical oxidation

SEC: Size exclusion chromatography

SUVA,s. Specific UV absorbance at 254 nm
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1. Introduction

Dissolved organic matter (DOM) is a complex mixtwklow- and high-
molecular weight organic molecules originating fra@rious biological precursor
materials (Stenson et al. 2003). Because of thersity of its source materials and
extents of biogeochemical processing, DOM coversdg range of physicochemical
properties. In water treatment, DOM interferes vattagulation, membrane filtration,
adsorption, and chemical oxidation processes (A®§82 Kennedy and Summers
2015, Kohler et al. 2016, Velten et al. 2011, vam@ag and von Gunten 2012, Yuan
and Zydney 1999). In the latter case, DOM is ai@ant sink for chemical oxidants
such as chlorine and ozone and may thus lower ffieeeacy for disinfection and
micropollutant abatement (Deborde and von Gunté¥82Dee and von Gunten 2016,
von Gunten 2003, von Sonntag and von Gunten 20¥B)le the oxidant dose may
be increased to compensate for oxidant consump§ddOM, this may also increase
the formation of undesired disinfection by-produ@BPs) from the reaction of the
oxidant with DOM. In the case of chlorine, these-dogducts are potentially
carcinogenic (Hammes et al. 2006, Krasner et all320.avonen et al. 2013,
Richardson 2003, Richardson 2011, Richardson €08i7, Zhang and Minear 2006).
Reaction of DOM with ozone produces assimilableanrg carbon, which in turn
leads to biological growth in the treated waterI[i@® and Vaughan 1995, Escobar
and Randall 2001, Hu et al. 1999, Van der Koo#let1989). High ozone exposures
also increase bromate formation in bromide-conmtginvaters (von Gunten 2003).
Therefore, the oxidant dose has to be optimizedaforeffective disinfection and
abatement of micropollutants while minimizing th8® formation. For this purpose,

the concentration and the reactivity of the DOMypla crucial role.
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A common approach in water treatment for onlineegeination of DOC
concentration is the measurement of the UV-visiiglet absorption of DOM (Her et
al. 2002, Huber et al. 2011, Korshin et al. 199&erhheer and Croue 2003) or the
specific UV-absorbance at 254 nm (SU)4, which is obtained by normalizing the
measured absorbance at 254 nm by the DOC congentr&UVAgs, is commonly
used as a proxy for DOM aromaticity, the fractidnacomatic to total carbon. The
SUVA,s5, values of numerous organic matter isolates weoadato correlate with
aromaticity determined by’C-NMR (Traina et al. 1990, Weishaar et al. 2003,
Westerhoff et al. 1999). Several studies showettktigaconcentrations of chlorinated
DBPs formed by reaction of chlorine with DOM weresiiively correlated with
SUVAs4 values and that the chlorination of DOM resultedaidecrease in the UV
absorbance (Korshin et al. 1997, Reckhow et alOL98owever, the correlations
between SUVAes, and DBP formation vary among differing DOM sampkasd
SUVA,s4 has only limited value as a predictor for the fatimn of DBPs during
chlorination of DOM from varying sources (Fram 199®eishaar et al. 2003). These
limitations were ascribed to SUV4& values providing only a measure for DOM
aromaticity but not for the entire fraction of DRBRPducing moieties
(trihalomethanes, Weishaar et al. 2003). For ozooesumption kinetics during
reactions with DOM (natural waters and isolates)satsfying correlations could be
found with SUVAs, (Elovitz et al. 2000). Nevertheless, UV absorbanhanges
during ozonation have been successfully applied asirrogate parameter for the
abatement of micropollutants during enhanced waswozonation (Bahr et al.
2007, Wert et al. 2009). This approach is basedth@n competition for ozone

consumption between chromophoric DOM reactive sites micropollutants.
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We recently introduced mediated electrochemicaldatkon (MEO) to
quantify electron-donating activated aromatic megt(mostly phenols) in DOM
(Aeschbacher et al. 2009, Aeschbacher et al. 20l method relies on the
electrochemical quantification of the number ofceiens transferred from DOM to
the radical cation of 2,2'-azino-bis(3-ethylbenzatbline-6-sulphonate) (i.e.,
ABTS™). ABTS™ was used as chemical oxidant because it has &isnffy high
standard reduction potentiabE *(ABTS*/ABTS)= 0.7 V) (Scott et al. 1993) to
oxidize phenols and is readily reduced in a pH-{omhelent, reversible one-electron
transfer. The number of electrons transferred fid@M to ABTS™ per mass of
DOM is referred to as the electron donating caga(BDC). While the EDC is
operationally defined (i.e., EDC increases withréasing pHE4 and reaction time,
(Aeschbacher et al. 2012)), the EDC values of ardey set of model DOM isolates
were found to linearly correlate with their titrdtphenol contents (Aeschbacher et al.
2012). We quantified changes in the EDC of DOM upmxdation with chlorine
dioxide (CIQ), chlorine (HOCI) and ozone gD(Wenk et al. 2013). We demonstrated
that chlorination resulted in pronounced decreasdsDC values but comparatively
small decreases in SUV& values, suggesting that chlorine primarily reachsd
electrophilic aromatic substitution leading to eblohenols, which still absorb UV
light, but cannot be oxidized by ABTS Ozonation of the same DOM resulted in
more comparable relative EDC and absorbance losagggesting that ozone reacted
by electrophilic addition to aromatic structureslJdwed by ring cleavage (Ramseier
and von Gunten 2009). These findings demonstrdtatl MEO allows quantifying
changes in DOM redox state during chemical oxiga@gmd —in combination with
SUVA,s5, measurements— provided insights into possible atikid pathways of

DOM. This is further supported by a recent studwmch the decreases in both EDC
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and SUVAs, during DOM ozonation were applied as proxies facropollutant

abatement and bromate formation (Chon et al. 20B&jthermore, in a chemical
oxidation study of low molecular weight model phiEn&DC was shown to correlate
with chlorine demand, suggesting that monitoring CEDuring chemical water

treatment may help identifying optimal oxidant dogge Vera et al. 2017).

While these studies demonstrated the usefulne§D@f for monitoring the
oxidation state of DOM during chemical oxidationdadetermining DOM oxidant
demand, the original MEO method (Aeschbacher e2@L0, Aeschbacher et al.
2012) required advancements on two levels for eenmedespread application during
oxidative water treatment: an automated sampleyaisadnd an improved sensitivity
to quantify EDC under realistic conditions. To tkisd, two analytical methods have
recently been introduced. First, an LC-based systemvhich DOM is first passed
through a SEC column followed by post-column oxwmiatof DOM by preformed
ABTS™. The extent of reduction of ABTSwas quantified based on the loss of
absorbance of ABTSat 405 nm (Chon et al. 2015). Second, a flow-tijacanalysis
(FIA) system in which DOM is reacted with electreatically-generated ABTS
followed by chronoamperometric —instead of a sp@ttotometric— detection in an
electrochemical flow-through detector to quantifytioe extent of ABTS reduction
by DOM (Walpen et al. 2016). While both methodsevenown to reliably determine
EDC in water samples with low DOM concentrationsyatematic investigation of

the capabilities of the methods to monitor chemi®@@M oxidation was missing.

The objective of this study was to provide a systiitnassessment of the
performances of the two analytical methods, subsetty abbreviated as SEC-EDC
and FIA-EDC, to quantify decreases in the EDC ofetie DOM samples upon

chemical oxidation. To this end, we treated watngles containing DOM with
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different doses of ozone or chlorine and quantifiesl resulting losses in EDC using
the two methods. To span a wide range of DOM chariatics, the treated samples
included solutions prepared from three model DOMlates and three real water
samples collected in Switzerland and in Swedene®as the results, we evaluate the
applicability of the two MEO methods in water tmeant facilities to monitor DOM

oxidation during chlorination and ozonation.

2. Material and methods
2.1 Chemicals
The chemicals used in the study are listed in thygpmentary Material in

Appendix A.
2.2 DOM samples
2.2.1 Model DOM isolates

Three model DOM isolates were obtained from theerhmtional Humic
Substances Society (St. Paul, Minnesota, USA) asatl las received: Pony Lake
Fulvic Acid (PLFA, 1R109F), Nordic Lake Aquatic Niaal Organic Matter (NNOM,
1R108N) and Suwannee River Il Standard Fulvic AGRFA, 2S101F). We selected
these three isolates because they cover a rangéysicochemical properties and
have different origins. Detailed information on tli®olates, including selected
chemical characteristics (aromaticity and elementahposition), are provided in

Table S1.

Stock solutions of the DOM isolates were prepangdibsolving the material
in unbuffered, ultrapure water (approximately 50cnd). The exact concentration
of each stock solution was determined by dilutinguats 10- and 50-fold in

phosphate buffer (5 mM phosphate buffer, pH 7; Bl11NaCl), measuring the
8
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absorption coefficient at 254 nrag€,) using a spectrophotometer (Cary 100, Varian,
USA) and calculating the DOC concentration fromdetermined SUVAg4 values

(Table S2).
2.2.2 Real water samples

Three real water samples were included in thisystadnvestigate chemical
oxidation of DOM that have not been pre-extractBae first sample was collected
from the wastewater effluent (WWE after biologitaatment (Bourgin et al. 2018))
of the wastewater treatment pldeugut in Dibendorf, Switzerland. The other two
samples were collected from the surfaces of Lak&dy (SLW) and Lake Vomb
(VLW) in Sweden. We selected Lake Sjokop becausehas high DOC
concentrations, presumably due to organic matjgutifrom a peatland surrounding
the lake. In contrast, Lake Vomb is a drinking was®surce with low DOC
concentrations. The exact sampling locations atettszl physicochemical properties
of the samples (pH, DOC, and SUM4 are provided inTable S3. The water
samples were filtered through pre-rinsed cellulogeate membranes (0.45-um pore
size; Sigma Aldrich, Switzerland) on the day thewrsv collected to remove
particulate organic matter and microorganisms. Sa@mples were stored at 4 °C in
the dark until use (within 10 days of sampling).eTabsorbance spectrum of the
filtered real water samples did not change betvgzenpling and analysis, suggesting

minimal if any microbial degradation of the DOM thg sample storage.

2.3 Chemical oxidation of DOM

We used a commercially available hypochlorite sotu{6-14%) to prepare
chlorine stock solutions (10 mM HOCI) in unbufferadtrapure water. The exact
chlorine concentrations of the stocks were detesthispectrophotometrically either
by absorbance measurements at 290 s3g~(350 M*-cm® (Soulard et al. 1981)) or

9
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by reaction withN,N-diethyl-p-phenylenediamine (DPD) followed by qucation
of the oxidation product of DPD by absorbance meament atA = 515 nm

(American Public Health Association, 2012).

Ozone stock solutions of approximately 1.5 mM ozwoeee obtained with an
ozone generator (Innovatec CMG 3-3 ozone gene(Bioeinbach, Germany)) from
pure oxygen. The generated ozone gas was spargaagithunbuffered, ultrapure
water cooled on ice. The exact ozone concentratiathe resulting stock solutions
was determined spectrophotometrically at 260 syg< 3200 M*-crmi! (von Sonntag
and von Gunten 2012)) or by reaction with indiga@Br and Hoigné 1981, von

Sonntag and von Gunten 2012).

Prior to the chemical oxidation with chlorine orooe, the model DOM isolate
stock solutions were diluted to 2.5 g™ in phosphate buffer (final phosphate
concentration: 10 mM; pH 7). The real water samplese diluted to 2.5 mgL*
with ultrapure water and subsequently adjustedHo7pusing HCI (0.2 M; a final
concentration of 24 and 45 pM of HCl was required VLW and WWE,
respectively). We oxidized the DOM solutions by iadda defined volume of the
oxidant stock solutions to obtain the desired dmecixidant dose from 0 to 0.2
moluocrmolc™ for chlorine and from 0 to 0.5 mglhsmolc™ for ozone. We stored the
ozonated samples at room temperature for 24 h taneldsthe chlorinated samples in
the dark for 48 h at room temperature, to ensurmeptete reaction of the respective
oxidant prior to sample analyses. Complete react@s confirmed by control
measurements of the residuals of the respectivaaaki All experiments were carried
out in the presence &fBuOH (100 mM). In ozonation experimentsBuOH served

to quench hydroxyl radicals, which are formed dgrzone decay (von Sonntag and

10
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von Gunten 2012). To match the solution matrix loé tozonation experiments,

chlorination experiments were also run in the preseof 100 mM-BuOH.

2.4 Quantification of EDC of DOM samples
Figure 1 shows a scheme of the two analytical system setuppuantify
EDC, SEC-EDC and FIA-EDC. The components and tinepga analysis principles

of the two systems are described in the following.
2.4.1. SEC-EDC system

The SEC-EDC system was briefly described in a previpublication (Chon
et al. 2015). In this system, DOM samples (volu@é&: mL) were analyzed using a
high performance liquid chromatography system (hdtie 3000, Thermo Fisher
Scientific) connected to a SEC column (8 mm x 300, mMoyopearl HW50S, Tosoh
Bioscience, Japan) packed with macroporous hydabegti methacrylic polymer
beads with a mean bead diameter of 35 pum. The tetoesisted of 50 mM borate at
pH 7.8 with a flow rate of 0.2 mL-ni The SEC column had an exclusion limit of
80’000 Da (Tosoh Bioscience, 2018). Following SHt solution passed through a
UV detector (PDA 3000, Thermo Fisher ScientificheTSEC column was used to
separate DOM from dissolved ions in the injectddtgmn that may affect the reaction
of DOM with ABTS" in the post-SEC reaction. The solution was thess@a through
a mixing tee, in which the ABTSreactant solution was mixed in at a flow rate @f 5
uL-mint. The ABTS' reactant solution was delivered pneumatically (@@lionex,
USA) from a reservoir to the mixing tee and wasppred by adding sodium
hypochlorite sub-stoichiometrically to ABTS (Chana¢ 2015, Pinkernell 2000). The
combined SEC-effluent and the reactant solution &gaH of 7.8 and were passed
through a knitted polytetrafluoroethylene (PTFEgateon coil (Dionex, USA; internal
volume of 750 pL, corresponding to a delay time3ahin), in which ABTS was

11



269 reduced by electron transfer from electron-donatimgeties of the DOM. The extent
270 of ABTS™ reduction was subsequently quantified spectrophetacally in a flow-
271 through cell (path length: 1 cm, UltiMate 3100 VWIDV-detector, Thermo Fisher
272  Scientific) in which the absorbance at 405 nm wagtiouously recorded. ABTShas
273 a strong absorbance at 405 nm, whereas the redpeeces, ABTS, shows negligible

274  absorbance at this wavelength (Pinkernell et @719

275 The EDC was calculated from the absorbance lodsspad05 nm as follows
276 (eq. 1):
_ i . . f(A4—05(t)_A405,baseline)dt
277 EDC = - = (qV o~ ) Eq. 1
278 where mc is the mass of carbon injecteqgl, is total volumetric flow rate

279 passing through the detector (2> L-min™), e405 is the molar absorption coefficient
280 of ABTS™ at 405 nm €405= 31'600 M*-cm’™) (Pinkernell et al. 1997),is the optical
281 path length of the flow cell (1 cmf4os is the absorbance measured at 405 nm, and
282 Auos, baselindS the baseline absorbance measured at 405 ninttjeeabsorbance in the
283 absence of a sample). The term in parenthesiseoright side of equation 1 converts
284 the ABTS' absorbance loss peak to moles of electrons domgtéite injected DOM
285 sample to ABTS. This conversion from a concentration dependeatlirg (i.e.,
286 absorbance) to an absolute amount of substancestedv(i.e., ABTS reduced) is
287 well established for spectrophotometric detectiondlow injection analysis systems

288 and is considered to also apply to the SEC-EDCGesystudied herein.

289 (Figurel)
290 2.4.2 FIA-EDC system
291 We used a previously described FIA system (Walpeal.€2016) to quantify

292 EDC values of DOM samplegigure 1). Briefly, DOM samples were sequentially
12
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309
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311

312
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314

315
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317

loaded through a 11-port/10-position selector vahte a sample loop (volume 100
pnL) of a 10-port/2-position injector valve, from wh they were injected into a
buffered carrier stream (pH 7, 100 mM phosphatgiier = 75 pL-mift). The carrier
stream was delivered to a mixing tee where it wasticuously mixed with the
reagent stream Qfagent = 15 uL-minY). The reagent stream contained
electrochemically produced ABTS(450 uM) and was weakly buffered to pH 4 (1
mM acetate, 100 mM KCI) at which ABTSwas stable (note that the stability of
ABTS™ decreases with increasing pH (Walpen et al. 20T8) combined carrier
and reagent solutions were then delivered througknited PTFE reaction coil
(Biotech, Sweden) with an internal volume of 2 robrresponding to a reaction time
of 22 min. The extent of reduction of ABTSby DOM was quantified
amperometrically in an electrochemical flow celltlwia glassy carbon working
electrode (ALS, Japan). The working electrode endbtector was polarized to tkg
measured in the solution in the absence of injestdples (i.e., the open-circuit
potential defined by the ABTSABTS couple in solutionEy= +0.71 + 0.01 V),
resulting in background currents <10 nA. Electraamsfer from DOM to ABTS
lowered the ratio of ABTS to ABTS and hence thg, of the solution relative to the
En applied to the working electrode. Thg offset led to the oxidation of ABTS and

hence oxidative current peaks.

To calibrate the current response of the electnoited detector, we injected
solutions containing the redox standard ascor&E {scoraiz 2.00 Mol.- MObscorbate
! (Walpen et al. 2018gt concentrations of 10, 5, 1 and 0 uM. The cafibn curve
of oxidative current peak area versus number ofteles donated by ascorbate to
ABTS™ was used to convert the measured oxidative cumesponses of DOM

samples to EDC values according to the followingagigpn:

13
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EDCaSCOT ate
EDC = — — - ——ascorbate ., f(l(t) - Ibaseline)dt Eqg. 2

mc Qascorbate

wheremc is the mass of carbon injectefscorate(C- MOkscomaie) is the slope
of the linear calibration curve of the area of thadative current peaks from the
injections of ascorbate standards (see abavs)the oxidative current in response to
an injected sample, andascineis the oxidative current baseline (i.e., the ofda

current in the absence of an injected sample).

The ABTS reagent solution was prepared by direct electroataraxidation
of an ABTS solution (total ABTS concentration of076M, pH 4 (1 mM acetate)) in
an electrochemical cell with a glassy carbon cy@mas working electrode polarized
to a reduction potential &= 0.82 V until the concentration of ABTSeached 450

UM (Walpen et al. 2016).

All electrochemical analyses were controlled withedectrochemical analyzer
(630D, CH Instruments, Austin, TX, USA). All redw potentials Ey) were
measured against Ag/AgCl reference electrodes beitr@ported relative to the

standard hydrogen electrode.

We conducted the FIA measurements and preparededmgent and redox
standard stock solutions inside an anoxic glove @d&xatmosphere, ©< 2.3 ppm)
with anoxic water. Water and buffer solutions weparged with B for two hours
before transferring them into the glove box. TheND8&amples were sparged for 15
min with N, prior to being transferred into the glove box. TW@®M samples were
diluted outside the glovebox two- to four-fold ioncentrated phosphate buffer (200

mM) in order to match the carrier buffer (100 mMopphate).

14
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3. Results and discussion

3.1 Perfor mance assessment of the SEC-EDC system
3.1.1. Size separation of DOM on the SEC column

We assessed size separation of the three model 3Olsites (i.e., SRFA,
NNOM and PLFA) on the SEC column in the SEC-EDCtaysby continuously
monitoring the absorbance of the SEC column eluate254 nm.Figure 2 shows
representative area-normalized absorbance traeesebulted from the injections of
the three DOM isolates (injection volumes of 2.5 mt solutions with DOM
concentrations of 2 mgL™). All three DOM isolates eluted between 30 or 88 &85
min after injection in the form of broad peaks. $R&hd NNOM started to elute from
the SEC column approximately 30 min, whereas PLkAed at approximately 35
min after injection. This finding suggests that taegest molecules in PLFA were
smaller than those in SRFA and NNOM. The broad miatographic peaks of all
three DOM isolates are consistent with the wideaowlar size distributions of DOM
(Chin et al. 1994, Huber et al. 2011) and demotedrtheir separation on the SEC. A
detailed discussion of the separation is providedhe Supplementary Material in
which we compare the SEC-EDC system to a previopsiylished SEC system

(Huber et al. 2011).
(Figure 2)
3.1.2. Linearity in the response on SEC-EDC system

The SEC-EDC system quantifies the oxidation statesjected DOM by
determining the extent to which electron-donatingieties in the DOM reduce
ABTS™ to ABTS, which results in a solution absorbancsslat 405 nm. We

established linearity in the absorbance loss at A@b with increasing injected
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concentrations of the model DOM isolatésgure 3a shows the baseline-corrected
absorbance loss peaks, which increased in sizdneasnjected amount of SRFA
increased from 1.25 to 7.5 gdi.e.,, 2.5 mL of SRFA solution standards with
concentrations from 0.5 to 3.0 m#). Similarly, injections of increasing amounts
of NNOM and PLFA resulted in increasing sizes & #ibsorbance loss peaksgure
S2 andS3 (SM) for PLFA and NNOM, respectively). For all é& DOM isolates, the
areas of the absorbance loss peaks increasedyimatr increasing injected amounts
of DOM (Figures 3b for SRFA andS2 and S3 for PLFA and NNOM, respectively;
the R-values of linear regression fits were 0.994, 0.6488 0.992 for SRFA, PLFA

and NNOM, respectively).

We converted the areas of the absorbance loss peaksmber of electrons
transferred to ABTS and, subsequently, to the EDC of SRFA, NNOM, ah&/®
(Equation 1). The obtained EDC values were positively correlatethe EDC for the
same DOM isolates reported determined by MEO (Aescher et al. 2012). At the
same time, the EDC values quantified by SEC-EDCevegaproximately 43% of the
values determined by ME@Frigure $4). These smaller values reflected the relatively
short reaction time of 3 min between DOM and ABT#® the reaction coil of the
SEC-EDC system. It has previously been demonstthtadEDC values increase with
increasing reaction times between DOM and ABT® a reaction coil and that
reaction times >20 min are needed to approach EBIOes obtained by MEO
(Walpen et al. 2016). While the reaction time oe tREC-EDC system can be
increased by increasing the length of the reactoil (or by decreasing the
volumetric flow rate), such measures would incresetime for analysis per sample.
Also, we subsequently report and discuss decreasdse EDC of DOM during

chemical oxidation in relative instead of in abselterms by normalizing EDC of
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treated samples to the EDC of the respective wetldaOM sample (see sections 3.3
and 3.4). This normalization allows comparing tkeo tanalytical methods with

regards to the trends in the EDC values of tresémaples.

The absorbance loss peaksHigure 3a and Figures S2a and S3a indicate
that the limit of quantification (LOQ) for EDC oh¢ SEC-EDC system was below
1.25 pg. At an injection volume of 2.5 mL, this amount @sponds to solutions
with a concentration of 0.5 rag_ ™. We therefore expected that the sensitivity of the
SEC-EDC system was sufficiently high to allow quigirig changes in DOM redox

states during chemical oxidation in real water das)y@s demonstrated in section 3.4.
(Figure3)

3.2 Perfor mance assessment of the FIA-EDC system

In the FIA-EDC system, the DOM sample is directhyected into a carrier
stream, which is continuously mixed with a reagsalution containing ABTS.
Reduction of ABTS to ABTS by DOM in the reaction coil lowers the
E4(ABTS™/ABTS) in solution relative to th&y applied to the working electrode of
the electrochemical flow-through detector, therghwng rise to an oxidative current
responseFigure 3c shows oxidative current peaks that resulted frarocassive
injections of increasing amounts of SRFA into tHA-EDC system. Both the peak
heights (not shown) and are&3dure 3d) increased linearly with increasing injected

amounts of SRFA.

To quantify the absolute EDC value of SRFA fronsttiata, we calibrated the
FIA system using the oxidative current responsdsioéd from injecting different
amounts of the redox standard ascorbate with EDO& ok Mokscomaie (Current

responses also shown Kigure 3c). This calibration was necessary because the
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working electrode in the electrochemical flow cefily senses the solution in close
proximity to its surface. Using equation 2, we cered the linear regression line in
Figure 3d to an EDC of SRFA of 5.75 + 0.19 mmef . This value and the EDC
values of PLFA (2.15 + 0.06 molg-!) and NNOM (4.15 + 0.13 mglg:?)
qguantified on the FIA-EDC system were in very gaggeement with the EDC of the
same DOM isolates previously quantified by MEO Htpand an applied reduction
potential of Ex= 0.71 V (Aeschbacher et al. 2012) (Segure $S4). The good
agreement of EDC quantified by FIA-EDC and MEO shbat the 22 min reaction
time of the model DOM isolates with ABTSin the reaction coil of the FIA-EDC
system was sufficiently long to approach the ED@emeined in MEO with an

approximate reaction time of 40 min (Aeschbachei.€2012).

We previously determined a limit of quantificatigphOQ) on the FIA-EDC
system of approximately 10 to 50 fpr model DOM isolates (depending on their
EDC) (Walpen et al. 2016). This LOQ range is in@@greement with the oxidative
current peak ifFigure 3c in response to the smallest injected amount of AS&FL90
ngc (well above the LOQ). With an injection volumedio pL, the LOQ of 10 to 50
nge corresponds to solutions with DOM concentration®.d to 0.5 mg-L™. This
range is at the lower end of DOM concentrationsnf@any natural water samples,
suggesting that the FIA-EDC system allows quantdythanges in DOM redox states
during chemical oxidation of natural DOM water sd@spas demonstrated in section

3.4.

3.3 Effects of ozonation and chlorination on redox states of model DOM isolates
Figure S5 shows the changes in the absolute EDC valueseomtbdel DOM
isolates upon treatment with ozone and chlorinequamntified by FIA-EDC. In the

following discussion, we report the EDC of DOM texh at a specific oxidant dose
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relative to the EDC of the respective untreated D@E®DC,) (i.e., EDC-(EDG)™).
This normalization allows comparing results frome t8EC-EDC and FIA-EDC
systems, despite the different absolute EDC theddlsystems quantify for the same

DOM sample Figure $4).
3.3.1 Effect of ozonation on EDC of model DOM itel

We exposed all three model DOM isolates to increpspecific ozone doses
(from 0.05 to 0.5 m@lone mok™Y), followed by quantifying the resulting changes in
EDC of the treated DOM samples. On both the SEC-BDEFIA-EDC systems, the
EDC-(EDG)" of the treated DOM decreased with increasing sjgecifone doses
(Figure 4a, b). At the highest specific ozone dose of 0.5 g mok™?, the EDC
values had decreased to between 20 and 5% of the &Dthe untreated DOM
samples. The pronounced decreases in EDC-{FDd@monstrate that reaction of the
added ozone with the DOM resulted in the loss ettebn-donating moieties, most
likely activated aromatic moieties, including phkenorhese results are consistent
with previous studies which reported that ozonatbDOM samples decreased their
EDC (Chon et al. 2013, Wenk et al. 2013).

The decrease in EDC-(ERQC with increasing specific ozone doses was
approximately linear at the lower doses but leval&#dt non-zero values for higher
ozone dosed{gure 4a, b). Per unit of ozone added, more electron-donatingeties
in the DOM were therefore lost at the lower thathat higher specific ozone doses.
This dose dependency in the EDC indicated that allsiraction of the electron-
donating moieties was resistant to reaction witbnezand thus remained in the DOM
even at the highest tested ozone doses.

(Figure4)
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3.3.2 Effect of chlorination on EDC of model DOMlates

Consistent with the results of ozonation, analgdishlorinated model DOM
isolates on both the SEC-EDC and the FIA-EDC systeshowed decreasing
EDC-(EDG)™ for the three DOM isolates with increasing specifi©CI| doses
(Figure 4c, d). This finding is consistent with earlier work whi used MEO and
more concentrated DOM solutions to show that chédron of three model DOM
isolates decreased their EDC (Wenk et al. 2013YhAthighest chlorine dose of 0.2
molyocr (Mok)™, only the responses to injections of SRFA, the eh@DM with the
highest initial EDC, were sufficiently large on hothe SEC-EDC and FIA-EDC
systems to allow for an accurate quantificationesidual EDC.

On both analysis systems, the EDC- (BPf all three model DOM isolates
appeared to decrease in a more linear fashioningtieasing specific HOCI| dose as
compared to the decreases in EDC:(gDCduring ozonation. The more linear
decrease in EDC-(ERE' during chlorination may have reflected increasixgents
of chlorination of phenolic moieties in the DOM Wwiincreasing specific HOCI doses
(Gallard and von Gunten 2002, Wenk et al. 2013ghSipoly)chlorinated phenolic
moieties form by electrophilic attack of HOCI oretphenolic moiety of the DOM.
The attack initially starts at thatho- andpara-position of the phenols, and continues
with a gradual increased chlorination of the phanoieties in the DOM. It can be
expected that formed (poly)-chloro-phenols are eddizable by ABTS and thus

led to decreasing EDC- (ERQC.-
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3.4 Effects of ozonation and chlorination on redox states of real water DOM

samples
3.4.1 Quantification of EDC of DOM in real watengales

We first quantified the absolute EDC values of @M in the three real
water samples (at concentrations of 2.5, 2.5 a8 fg-L* for SLW, VLW and
WWE, respectively) using the FIA-EDC system. Thecafic EDC values decreased
in the order SLW (4.86 mmol(g)™?) > WWE (3.72 mmal- (o)) > VLW (1.17
mmok.- (g)™Y). The high EDC value of SLW likely reflects thaetlake from which
the sample was collected contained (poly)phenol@vDfrom the nearby peatland.
We previously showed that DOM from peatlands haseptionally high EDC as
compared to aquatic and terrestrial model DOM tssldWalpen et al. 2018, Walpen
et al. 2016). By contrast, VLW had a lower EDC tlaany other DOM we previously
analyzed ((Aeschbacher et al. 2012)Walpen et d82Walpen et al. 2016). This
finding suggests that the DOM of VLW had a very loancentration of oxidizable,
activated aromatic moieties consistent also wehvery low SUVAs, value Table
S3) as compared to previously analyzed aquatic mbd#\ isolates (Walpen et al.
2016). While the SUVAss of WWE was even smaller than that of VLW, it had a
much higher EDC, indicating that this DOM had a pamnatively high content of

hydroxylated aromatic rings.
3.4.2 Effect of ozonation on EDC in real water shsp

Ozonation of real water samples showed decreasid@- EEDG)™ on both
the SEC-EDC and the FIA-EDC systems for increasimerific ozone dosegiQure
5a, b). This finding implies that (i) ozonation resultada loss of electron-donating

moieties also in DOM in real water samples (andamdy from model DOM isolates
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dissolved in the laboratory, as shown in sectiaBsl3and 3.3.2) and (ii) both systems
can be used to measure these losses. Similar toltbervation for model DOM
isolates, the EDC- (ED{E" decreased linearly with increasing specific ozdoses at

low doses but leveled off at higher doses.

On the SEC-EDC system, the EDC- (EfpEof WWE and VLW decreased to
<20% for the sample with the highest specific ozdnse. The abatement of these
moieties appeared less efficient in SLW, for whielhC- (EDG)™ decreased to only
about 40% for the highest ozone dose. Analyseseo$ame samples on the FIA-EDC
system showed comparable relative EDC decreasdsiméteasing specific ozone
doses for SLW and WWE. However, the measured dsesea EDC for VLW upon
ozonation were much smaller on the FIA-EDC syst®e will discuss potential
causes for this apparent discrepancy between theahalytical systems in section

3.5.
(Figureb)
3.4.3 Effect of chlorination on EDC in real watangles

Similar to the effects of ozonation, SEC-EDC an&-EDC analyses of the
chlorinated real water samples showed decreasinG-EHDG)™* with increasing
specific HOCI dosesHgure 5c, d), demonstrating that (i) HOCI removed electron
donating moieties in the DOM of all three real wasamples and (ii) that both
analytical systems were capable of monitoring H@@liced oxidation of DOM in
real water samples. With the exception of VLW or tRIA-EDC system, the
decreases in EDC-(ERQC as a function of the specific HOCI doses againeapgd
to be more linear than the decreases in EDC- ggb®ith increasing specific 0zone

doses. Over the entire range of specific HOCI ddseth analytical systems showed
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that chlorination resulted in higher EDC decredee¥ LW and WWE than for SLW,
suggesting that the latter contained a higher ivacof the total electron donating

moieties that did not readily react with HOCI.

The two analytical systems showed a large diffezeimc the decreases in
EDC-(EDG)™ for VLW (Figure 5c, d). On the SEC-EDC system, the EDC of VLW
decreased continuously with increasing specific H@gSe to approximately 15% of
its initial value at the highest tested chlorins@lof 0.2 malocr (mok)™. Conversely,
the EDC values of the same samples measured oRI#EDC system decreased
more readily with increasing HOCI doses to negavatkies (i.e., the electrochemical
cell yielded reductive instead of oxidative curreesponses) above a specific HOCI
dose of 0.04 mabci (mok)™. Furthermore, the errors in replicate analysesewer
larger, as shown by the relatively large error kmargshe VLW data. These apparent
differences in the results generated by the twdytoal systems will be discussed in

section 3.5.
3.5 Comparison of resultsfrom SEC-EDC and FIA-EDC systems
3.5.1 Analyses of ozonated and chlorinated moddViD§dlates

To compare the results obtained from the two amalysystems, we plotted
the decreases in EDC-(EBC of the three model DOM isolates during ozonation
and chlorination determined by FIA-ED@#xis) versus the EDC- (ERL" decreases
of the same samples determined by SEC-ER@Xx(s). Figure 6a shows that the
results from the two analysis systems were in \ggd agreement for ozonated
model DOM isolates (i.e., the data scattered ardbad.:1 line). This finding implies
that ozonation of the model DOM isolates resultedimilar relative decreases in the

contents of DOM moieties that readily donate etettrto ABTS' during the 3 min in
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556 the reaction coil of the SEC-EDC system and of mha@eties that reacted with
557 ABTS™ over 25 min in the reaction coil of the FIA-EDGssym.

558 While the results from the two systems were alsgaod overall agreement
559 for chlorinated model DOM isolates-igure 6b), the data of SRFA and PLFA
560 showed more systematic deviations from the 1:1.linethe case of SRFA, the
561 slightly smaller decreases in EDC-(E{)€ on the FIA-EDC than the SEC-EDC
562 system may have resulted from the longer reactina of the DOM with ABTS in
563 the FIA-EDC system. Chlorination of SRFA likely foed chlorinated phenolic
564 moieties, which had slower reactivities with ABTS$han the corresponding non-
565 chlorinated moieties. Monochlorinated phenols, Wwhate formed for small chlorine
566 doses, may have been oxidized by ABT® the FIA-EDC system with longer
567 reaction times but not in the SEC-EDC system whbr&er reaction times, which
568 explain the observed larger decreases in EDC-¢ED6n the SEC-EDC than the
569 FIA-EDC system. With higher chlorine doses, wherely)-chlorinated phenols may
570 be formed, there is no reaction with ABT@nymore, and both systems measured
571 low EDC-(EDG)™. By increasing the length of the reaction coil ahdrefore the
572 reaction time of ABTS with DOM in the SEC-EDC system this potential s
573 the deviation could possibly be eliminated.

574 The slightly smaller decreases in EDC- (RptCof chlorinated PLFA on the
575 SEC-EDC than the FIA-EDC systerigure 6b) may indicate that PLFA contains a
576 larger fraction of electron donating moieties taa only slowly oxidized by ABTS
577

578
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(Figure6)
3.5.2 Analyses of ozonated and chlorinated reaémsamples

Similar to the model DOM isolates, analysis of tmnated and chlorinated
SLW and WWE samples on the SEC-EDC and the FIA-Ey§lems showed very
similar changes in EDC- (ERE" (Figure 6¢, d). The agreement between results from
the two systems was again very good for the ozdnsémnples Kigure 6¢). Slight
deviations of data points from the 1:1 line for tblelorinated SLW and WWE
(Figure 6d) likely resulted from shorter ABTSreaction times in the SEC-EDC than

the FIA-EDC system, as rationalized above for SRIF&ure 6b).

An overall good agreement could be observed faretimodel DOM isolates
and two real water samples. Only the analysis ohaied and chlorinated DOM in
VLW showed larger differences between the two swste The decreases in
EDC-(EDG)™ of VLW with increasing oxidant dose were smaller the FIA-EDC
than on the SEC-EDC system for ozonated samplegie 6¢) but larger for the
chlorinated samplesF{gure 6d). While the cause for this apparent discrepancy
between the systems (as well as the very diffelesgonses on the systems) remains
unidentified, a number of factors likely contribdtd=irst, the DOM in VLW had an
exceptionally low EDC, resulting in comparativelynal spectrophotometric and
amperometric responses close to the LOQ on the HEC-and FIA-EDC systems,
respectively. These small responses further deedeagth increasing chemical
oxidation. Second, it is conceivable that inorgaioies in VLW samples interfered
with the electrochemical detection on the FIA-EDgstem but not with the
spectrophotometric detection on the SEC-EDC systémally, it remains a

possibility that the differences in the reactiamds in the reaction coils of the SEC-
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EDC and the FIA-EDC system contributed to the appiadiscrepancy in the results

obtained by the two systems.
3.6 Implicationsfor water treatment and processresearch
3.6.1 Monitoring chemical oxidation of DOM in watieeatment facilities

The SEC-EDC and the FIA-EDC systems are capabtietgicting changes in
the concentrations of electron-donating moietie®®M, both in samples prepared
from model DOM isolates as well as in real watemgkes, during its chemical
oxidation by ozone and chlorine. The sensitivifyamalyses on both systems is
sufficiently high to be applicable to samples intevareatment facilities with very
low DOC concentrations (0.5 - 1 @d ™). Furthermore, both systems allow for
automated sample analyses. The presented analyyst@ms therefore overcome the
two major analytical challenges of mediated elaxttemical oxidation, the approach
previously used to monitor chemical DOM oxidatiMignk et al. 2013: insufficient
sensitivity for low DOM samples and manual sampiedtion. With the previously
applied method, quantification of EDC by MEO regdirapproximately four-fold
higher DOM concentrations (i.e., 10 ;™) and, at the same time, sample volumes
of 5 to 7 mL, corresponding to 50 to 70g4ger analysis. Both the SEC-EDC and the
FIA-EDC systems require much smaller amounts of D@®I, < 1 ug; see sections
3.1 and 3.2), which highlights their superior sévitsy over MEO and thus their
applicability to real water samples with low DOOhcentrations. In addition to their
higher sensitivity, the SEC-EDC and FIA-EDC systepngvide automated sample
injection, whereas MEO requires manual sample mufdifo electrochemical cells.
Taken together, both SEC-EDC and FIA-EDC have pateto become central
analytical tools to determine changes in the comagans and reactivity of electron-
donating moieties in DOM during chemical water tneant.
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For routine EDC analysis in water treatment, weonemend using
spectrophotometric rather than electrochemical afiete to quantify ABTS
reduction by DOM. While spectrophotometric measieets are less sensitive, they
are insensitive to variations in the conductivifyimgected sample solutions and thus
more robust than amperometric measurements. Theofuaa SEC column allows
separating DOM from inorganic sample matrix constitts that may interfere with
the analysis of the redox state of the DOM (e.¢.\\WMwater). However, the use of an
SEC column increases the analysis time (90 min)thad decreases overall sample
throughput. The frequency of sample injection dngtoverall sample throughput on
a FIA system is limited by sample peak broadenivigch increases with the reaction
time in the system. The FIA-EDC system used hehaid a ten-minute injection
interval and a total sample analysis time of 25.nfihis is typically sufficient for
oxidation processes in water treatment, becauseytm@mics of changes of raw water
guality are in the order of hours to days. For magibns that require more frequent
sample injections, we recommend segmented-flow yaisal coupled to
spectrophotometric detection. Such systems woudlnlvafor a close-to-real time
assessment of the chemical oxidant demand of speater samples and of changes

in the oxidation states of DOM during chemical @tidn.
3.6.2 Mechanistic insights into chemical oxidatadrDOM

Changes in DOM oxidation state during ozonation amdbrination are
currently inferred from decreases in the DOM abande, typically at 254 nm. While
these absorbance measurements are a semi-quaatiagiasure of changes in the
contents of aromatic moieties in the DOM, they @b provide (i) information on the
contents of activated aromatic moieties that rgadibct with the chemical oxidants

and (ii) further insights into the reaction pathwdy which the oxidants react with
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the activated aromatic moieties. This informatieravailable when complementing
absorbance measurements with EDC measurements|dttedpthe decreases in the
EDC-(EDG)" of the three model DOM isolates with increasingrital oxidant
doses versus the concurrent decreases in the abserlat 254 nmA,s4, Normalized
to the absorbance of the untreated sanfgle, o (Figure 7). Ozonation of the DOM
isolates resulted in large decreases in both EDOCEE' and Agss (Aoss o7
consistent with the electrophilic addition of ozotte activated aromatic moieties
under ring opening. Conversely, chlorination resiilin comparable decreases in
EDC-(EDG)™, while the decreases ilvss (Aoss 9 were much smaller than
determined for ozonation. This finding suggestst tekectron-donating activated
aromatic moieties were oxidized under comparatigehall losses of aromatic units
in the model DOM. Similar distinct effects of ozdioa and chlorination on DOM
were also previously reported when using MEO tontjaEDC values (Wenk et al.,
2014). Figure 7 also shows that each of the two chemical treatsnessgulted in
comparable trends of EDC:(ER)Cversus Asss (Aoss, 9 decreases for the three
different DOM isolates, suggesting that the obsgrdestinct reactivity patterns of
ozone and chlorine apply to DOM from different smg and with different
physicochemical properties. A more detailed, meigtiandiscussion of changes in
EDC andAys4 of the DOM upon ozonation and chlorination is pErt forthcoming

publication (Onnby et al. 2018).

(Figure7)

4. Conclusions
This study presents two analytical approaches, EBC-and FIA-EDC, to

guantify changes in the EDC of DOM isolates and D@Neal water samples during
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ozonation and chlorination over a range of specdicdant doses. The major

conclusions are:

The high sensitivity of SEC-EDC and FIA-EDC ancebity in the analytical
response allows quantifying changes in the EDCeslof DOM in aqueous
solutions at concentrations as low as 1crhg. The two analytical systems
can thus be used to quantify the EDC of DOM in meater samples from
natural and engineered systems that typically cotdager DOM contents.
For five out of the six DOM samples studied, analys the treated DOM
samples on the two systems yielded comparable asesdn the relative EDC
with increasing specific oxidant doses. The reauctf ABTS' by DOM can
thus be quantified either spectrophotometricallelectrochemically. For one
real water sample with an exceptionally low absoleDC, the results of the
two analytical systems deviated from each other higthlighted superior
robustness of the spectrophotometric over therelgoémical detection.
Quantifying changes in the EDC of DOM during chemhioxidation,
particularly when combined with monitoring changes UV absorbance,
provides a direct means to monitor loss of eleettonating aromatic moieties
in DOM during chemical oxidation and provides iy into the distinct
chemical pathways by which DOM is oxidized by diéfiet chemical oxidants.
In water treatment facilities, monitoring of EDClImhelp to adjust oxidant
doses to variations in the contents of activatednatic moieties in the DOM

and hence the oxidant demand.
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Figure 1. Schematic designs of the two analytical systempsetised to quantify the
changes in the electron donating capacity (EDCijnoflel DOM isolates and real
water samples during ozonation or chlorination: $56C-EDC (top) is based on size
exclusion chromatography (SEC) and the FIA-EDC t(obo) is based on flow-
injection analysis.

Figure 2. Absorbance measured at 254 nm for the three D@Mtes (SRFA, PLFA,
and NNOM) eluting from the size exclusion chromaapdy (SEC) column on the
SEC-EDC system. The concentrations of the analj@hl solutions were 2 mgL™
for all three DOM samples. The absorbance of ea®@MDs normalized to the total
area of its elution peak.

Figure 3. Linearity in the absorbance and oxidative curn&asponse on the SEC-
EDC and FIA-EDC systems, respectively, for injegticof the model DOM isolate
SRFA. (@) Increases in the heights of the absoskdogs peaks at 405 nm on the
SEC-EDC system with increasing injected amountSRIFA (injected carbon masses
from mc= 1.25 to 7.5 pg. The absorbance loss peaks resulted from thectieduof
ABTS™ by electron-donating (i.e., oxidizable) moietiasSRFA. (b) Linear increase
in the areas under the negative absorbance peatte SEC-EDC system (shown in
panel a) with increasing injected amounts of SR{A.Oxidative current responses
on the FIA-EDC system for injections of increasiamounts of SRFA (injected
carbon masses fromgn 0.19 to 0.93 pg and of decreasing injected amounts of the
redox standard ascorbate (electron donating cgpaCEDC= 2.00 mal- MObLscorbate

1) used to calibrate the FIA-EDC system responsealisolute EDC quantification of
DOM sampiles. (d) Linear increases in the areaBebkidative current peaks (shown
in panel c) with increasing amounts of SRFA injdat@o the FIA-EDC system. The
linear regression curve corresponds to an EDC &8& 5.75 + 0.19 mmel gc™.

Figure 4. Changes in the electron donating capacities (EBfGhe DOM isolates
SRFA (blue squares), PLFA (red circles), and NNQ@&én triangles) upon chemical
oxidation at different specific doses of (a, b) mecand (c, d) chlorine (HOCI),
analyzed on (a,c) the SEC-EDC system and (b, dFtAeEDC system. All EDC of
DOM isolates reacted with a specific oxidant daeraported relative to the EDC of
the respective untreated DOM, ERThe DOM samples were chemically oxidized in
pH 7 buffer (10 mM phosphate) and in the presericeBuOH (100 mM; for both
ozonation and chlorination). The concentration lbtraee model DOM isolates was
2.5 mg-L* (corresponding to 0.208 mmeL™). The EDC of PLFA and NNOM
samples treated with the highest specific HOCI dase not shown because their
responses were too small to be accurately analyzed.



Figure 5. Changes in the relative electron donating capacifitDC) of the DOM
from natural and engineered aquatic systems, Suwpl@ diamonds), VLW (orange
triangles), and WWE (brown inverted triangles) uptiemical oxidation at different
specific doses for (a, b) ozone and (c, d) chlo#®Cl), analyzed on (a, c) the SEC-
EDC system and (b, d) the FIA-EDC system. All EDMO®M samples reacted with
a specific oxidant dose are reported relative @ EDC of the respective untreated
DOM samples, EDg The DOM samples were chemically oxidized in pHuffer
(10 mM phosphate) and in the presenceB®iOH (100 mM; for both ozonation and
chlorination). The DOC concentration of all threalrwater samples was 2.5 glg*
(i.e., 0.208 mma}- LY.

Figure 6. Comparison of the relative decreases in the @eationating capacities
(EDC) of DOM samples measured by the FIA-EDC sys{graxis) and the SEC-
EDC system (x-axis). All EDC of DOM samples reactath a specific oxidant dose
are reported relative to the EDC of the respeativteeated DOM samples, ERC'he
decreases in EDC are shown for (a, b) model DON&atiss and (c, d) real water
DOM during both (a, ¢) ozonation and (b, d) chlation. The data is replotted from
Figures 4 and 5 above. The grey dashed line repietiee 1:1 line (i.e., same relative
decreases in EDC for FIA-EDC and SEC-EDC).

Figure 7. Changes in the relative electron donating cajgsctEDC) of the DOM
isolates SRFA (blue triangles), PLFA (red circles)d NNOM (green squares)
guantified on the FIA-EDC system plotted versus tieative changes in the
absorbance values at 254 nmyd/ of the same isolates during ozonation and
chlorination with different specific oxidant dos@sxidant dose increases as indicated
by the arrows in the figure). All EDC ags, values of DOM samples treated with a
specific oxidant dose are reported relative to H2C and Ays4 values of the
respective untreated DOM samples, BR@dAs, o respectively.
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Highlights

Determination of electron-donating capacity (ED@) DOM by two analytical
methods

EDC is a quantitative measure of activated aromamiieties in DOM, including
phenols

High sensitivity of methods allows analysis of t#lDOM samples (<1 nagL™)
Ozonation and chlorination results in dose- andlaxi-dependent EDC decreases
EDC provides a means to assess oxidant reactivitty BOM and adjust oxidant

dosing



Monitoring Chemical Oxidation of Dissolved Organic Matter (DOM)

untreated chemically oxidized
@ Specific HOCI or Ozone Dose m
@@@ Extent of Chemical Oxidation ... @

B
... quantified by the ABTS

ABTS™* . . .
ABTS Electron Donating Capactiy (EDC) to ABTS ABTS



