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Abstract A series of abiotic processes affected by

salinity changes involve light-mediated reactions and

different degradation pathways of organic com-

pounds, including altered photo-oxidation, photo-

degradation, and photolysis of organic matter (OM).

Sunlight is known to degrade, oxidize, or mineralize

dissolved organic matter (DOM) in waterways, creat-

ing large changes in compositional structure of DOM

near the water surface and ultimately in the mixed

layer. DOM derived from various vegetation types has

differing levels of susceptibility to photolytic degra-

dation depending on initial chemical composition and

in what matrix degradation takes place (e.g., salinity).

The effect of sunlight and salinity on degradation of

leached DOM derived from three dominant vegetative

species, Avicennia germinans, Juncus romerianus,

and Taxodium distichum, along a riverine continuum

in northeast Florida was determined. Leachates from

these three sources in a deionized or seawater matrix

were irradiated in a continuous flow-through pho-

tolytic system over the course of 20 h. Avicennia

germinans and Juncus roemerinaus DOM readily

degraded as indicated by decreases in absorbance

across all wavelengths during the irradiation period,

while Taxodium distichum DOM was found to

increase in absorbance across all wavelengths in the

freshwater matrix, but not in seawater. PARAFAC

analysis indicated differences in photochemical com-

ponents and % change of absorbance and fluorescence

over time indicate the importance and variability of

individual contributions to the DOM pool across an

estuarine continuum. This work characterizes the

photochemical properties of three individual DOM

sources, exhibits the need for further research on this

topic, and explores the salinity effect on photo-

degradation of DOM from unique plant-derived DOM.

Keywords Photochemistry � DOM � PARAFAC �
Aquatic continuum

Supplementary Information The online version of this
article (https://doi.org/10.1007/s10533-021-00756-0) contains
supplementary material, which is available to authorized users.

Responsible Editor: Sujay Kaushal.

T. Schafer (&) � T. Z. Osborne
Estuarine Biogeochemistry Laboratory, Whitney

Laboratory for Marine Biosciences, University of Florida,

St. Augustine, FL, USA

e-mail: tschafer25@ufl.edu

T. Schafer � K. R. Reddy � T. Z. Osborne
Wetland Biogeochemistry Laboratory, Soil and Water

Sciences Department, University of Florida, Gainesville,

FL, USA

L. Powers � M. Gonsior

Chesapeake Biological Laboratory, University of

Maryland Center for Environmental Science, Solomons,

MD, USA

123

Biogeochemistry (2021) 152:291–307

https://doi.org/10.1007/s10533-021-00756-0(0123456789().,-volV)( 0123456789().,-volV)

http://orcid.org/0000-0002-9736-8359
https://doi.org/10.1007/s10533-021-00756-0
http://crossmark.crossref.org/dialog/?doi=10.1007/s10533-021-00756-0&amp;domain=pdf
https://doi.org/10.1007/s10533-021-00756-0


Introduction

Photo-reactive components of DOM play a vital

biogeochemical and ecological role as a source of

nutrients and organic substrates, as well as a means of

attenuating sunlight. Chromophoric dissolved organic

matter (CDOM) and a portion of CDOM specifically

referred to as fluorescent DOM (fDOM) primarily

make up these photo-reactive species and are struc-

turally complex, consisting of an unknown array of

conjugated aromatic compounds (Wetzel et al. 1995;

Engelhaupt et al. 2003; Osburn and Stedmon 2011;

Chen and Jaffé 2016). CDOM shields aquatic organ-

isms from harmful UV radiation, and upon breakdown

can release nutrients for phytoplankton that fuels

aquatic food webs and microorganisms that drive

biogeochemical cycling (Williamson et al. 2001;

Miller et al. 2002; Walsh et al. 2003; Stedmon et al.

2007; Vahatalo and Jarvinen 2007). Although well

documented in the literature, photochemical degrada-

tion of CDOM remains highly variable with studies

reporting conflicting evidence on effects of pho-

todegradation rates, including both release and inhi-

bition of greenhouse gas emissions, such as CO2

(Johannessen and Miller 2001; Stubbins et al. 2006;

Toole et al. 2006). Therefore, further studies are

needed to understand the nuances of photodegradation

behavior of different CDOM source material, espe-

cially related to specific source DOM derived from

abundant plant communities.

Chromophores and fluorophores that make up

CDOM, as well as fDOM, are derived from vegetative

sources, and these sources of OM more rapidly enter

the DOM pool during disturbance events (e.g., floods)

that can rapidly transport OM into waterways. When

this vegetative material is added to aquatic systems (or

transported into waterways), plant-derived DOM

begins to leach into the water column, creating

DOM in a very early diagenetic state (Wheeler et al.

2017). A few studies have previously observed the

effects of environmental factors, such as pH and

senescence, on the effect of photo-degradation of leaf

litter leachates in a variety of tree species, including

lodgepole pine (Pinus contorta), sugar maple (Acer

saccharum), white spruce (Picea glauca), silver maple

(Acer saccharinum), American beech (Fagus grandi-

folia Ehrh.), yellow poplar (Liriodendron tulipifera

L.), and red mangrove (Rhizophera mangle) (Shank

et al. 2010; Beggs and Summers 2011; Cuss et al.

2014; Wheeler et al. 2017). However, none of these

studies directly investigated the effects of salinity on

leaf litter leachates. In addition, a study by Cuss et al.

2014 using fluorescence analyzed by parallel factor

analysis (PARAFAC) determined that individual

DOM source material did not behave the same under

equivalent experimental treatments; therefore, calling

for more studies examining source-specific material.

Since bulk DOM in waterways will have a much

more complex and altered chemical composition than

source-specific material, it is necessary to look at

source-specific DOM in order to determine each

source’s contribution to the DOM photo-reactive pool.

Some studies used fluorescence to determine changes

to fDOM and CDOM pools, but there has been very

limited research exploring how source-specific DOM

is photochemically affected (Larsen et al. 2010;

Osburn et al. 2012). Therefore, dominant vegetation

types were leached in this study to create source-

specific DOM and observe salinity effects on photo-

reactivity of these specific DOM sources. It is

hypothesized that an increase in salinity will rapidly

enhance photo-degradation of source-specific DOM,

and each source will have unique absorbance and

fluorescence properties that react differently under

varying salinity regimes. The primary objective of this

research was to determine if salinity will change the

photochemical properties of DOM derived from three

unique plant DOM sources, Avicennia germinans,

Juncus roemerianus, and Taxodium distichum, origi-

nating along an aquatic salinity gradient.

Study site and methods

Study site description

The study site consists of a transition zone between an

estuary and a black-water river in St. Augustine,

Florida. Pellicer Creek is the blackwater river that is

the primary tributary of the Matanzas River (also the

Intracoastal Estuary) (Figs. 1, 2). The site spans

approximately 15 km inland and is tidally influenced

with daily salinity fluctuations (0–35), influencing

dominant vegetation species throughout the study site.

Black mangrove (Avicennia germinans) is the domi-

nant species within the Matanzas River at the eastern

edge of the site that grows in salinities between 20 and

35 at this location. Further inland (at salinities 10–25),
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the marsh grass black needle rush (Juncus roemeri-

anus) is the overwhelmingly dominant vegetative

type, spanning a 10 km section of the waterway. In the

farthest western 3 km of the site, where salinity is

primarily 0, a mix of freshwater species exist with bald

cypress (Taxodium distichum) as one of the most

prolific species in this area.

Fig. 1 Map of the study site near St. Augustine, FL where

vegetation was collected for this study from the Intracoastal

Waterway into the fresher headwaters of Pellicer Creek within

the Pellicer Creek Aquatic Preserve within the Guana-Tolomato

Matanzas National Estuarine Research Reserve. Vegetation was

collected from within each of the three sections, including

Avicennia germinans, Juncus romerianus, and Taxodium
disticum
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Fig. 2 Absorbance coefficents (m-1) in fresh and saltwater

diluted samples over k = 250–700 nm. a Avicennia germinans
fresh water b Avicennia germinans salt water c Juncus

roemerianus fresh water d Juncus roemerianus salt water

e Taxodium distichum fresh water f Taxodium distichum salt

water as irradiated over 20 h. Color bar represents time in hours
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Leachate preparation

Senescent leaves were collected from Taxodium

distichum (T. distichum), Juncus roemerianus (J.

roemerianus), and Avicennia germinans (A. germi-

nans). Following the method described by Osborne

et al. (2007) for leachate preparation, 50 g of air-dried

senescent leaves for each species were added to 2 L of

deionized water or to autoclaved 1 lm filtered

seawater (salinity = 35). Leaves were leached for

24 h and filtered through 0.45 lm glass fiber filters.

Leachates were then refrigerated at 4 �C until photo

irradiation. Before irradiation experiments, the fol-

lowing dilutions were calculated for assurance that

absorbance values would remain below 1 m-1 at

230 nm; dilution ratios were J. roemerianus 1: 3, A.

germinans 1: 10, and T. distichum 1:6.

Photo-degradation experiments

Leachates were irradiated over a 20-h period using a

continuous flow-through custom-designed pho-

todegradation system described in detail elsewhere

(Timko et al. 2015). Leachate sub-samples of 15 mL

were placed in a 50 mL three-neck round bottom flask

with an intake and output tubing to consistently uptake

leachate in small amounts and return it to the vial after

irradiation. After rinsing the tubing with at least

300 mL of distilled deionized water (also used for

original blank), 40 mL of sample were pumped

through the flow-through system to avoid dilution

from residual DI. An Orian 8220BNWP micro-elec-

trode pH stat was also placed into the flask to monitor

pH and an attached J-kem Infinity 2 reaction controller

was used to make microliter adjustments to pH with

0.1 M HCl and 0.1 M NaOH to stabilize and maintain

pH between 7.7 and 8.0.

Sample was pumped from the 50 mL vial and was

fully irradiated under a Sol2A class ABA solar

simulator (Newport Oriel SolABA) in a 101 cm2

custom-designed borosilicate glass Archimedean spi-

ral (SCHOTT Borofloat, Hellma Analytics, 70 to 85%

transmission between 300 and 350 nm, and 85%

transmission at wavelengths[ 350) with a 2 mm

wide by 1 mm deep channel to avoid inner filter

effects (Timko et al. 2015 above). Under these

experimental conditions, integrated photon doses

between * 330 and 380 nm were approximately

145 lEinsteins m-2 s-1, determined by NO2

actinometry and methods described previously (Jan-

kowski et al. 1999, 2000). Based on modeled solar

irradiance from 330 to 380 nm from the System for

Transfer of Atmospheric Radiation model (Ruggaber

et al. 1994) calculated just below the sea surface

(Fichot and Miller 2010), 20 h irradiation in this

system is equivalent to 3 days exposure at 30�N in

mid-July.

After irradiation, the sample flowed through a 1 cm

quartz cuvette in an Aqualog spectrofluorometer

(Horiba Instruments). Absorbance/excitation was

recorded between 230 and 700 nm wavelengths at

3 nm intervals and emission was recorded between

290 and 600 nm at * 3 nm intervals to create exci-

tation emission matrices (EEMs). Ultrapure water (18

MX Milli-Q water) served as the fluorescence and

absorbance blank and all fluorescence spectra were

normalized to the area of water Raman peak.

Absorbance and EEMs were collected from the flow

through every 20 min for 20 h, resulting in 60

absorbance and EEM spectra. Because the Aqualog

records absorbance and fluorescence together, fluo-

rescence spectra were corrected for inner filter effects

and resulting spectra were corrected for first and

second order Raleigh scattering using the FLToolbox

1.91 (Zepp et al. 2004) in Matlab� 2018b (Math-

works, Natick, MA,USA). Raw absorbance was

corrected for any offsets between seawater and the

pure water blank and/or instrument drift by subtracting

all spectra by their absorbance at 700 nm. Corrected

absorbance was then converted to the Naperian

absorption coefficient by multiplying spectra by

2.303 and dividing by the cell pathlength (0.01 m).

Difference absorption coefficient spectra were calcu-

lated by subtracting all spectra from that at time zero

(before irradiation).

Statistical analysis

EEM spectra were further analyzed using the DREEM

toolbox in Matlab for parallel factor analysis (PAR-

AFAC), which deconvolutes EEMS into individual

components, each with their own excitation and

emission spectrum (Murphy et al. 2013). PARAFAC

models were generated for each vegetation type by

running an overall model (combined DI and saltwater

results) or DI and saltwater specific models. The

number of PARAFAC components in each model

were chosen following the methods of Murphy et al.
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2013, using core consistency values, peak picking, and

sum of squares values. PARAFAC models were

validated using split-half analysis, which was per-

formed to authenticate each model (Murphy et al.

2013). PARAFAC was rerun with EEMs for individ-

ual irradiation experiments as an extra validation

process. Components generated for A. germinans and

J. roemerianus individual PARAFAC models were

consistent with the overall model, although degrada-

tion rates for samples in each of the experiments varied

(Fig. S1 and S2; Table 1 and S3). Components were

identified through various sources (see Table 1) or

were matched within the Openfluor Database using a

certainty score of 0.97, if not already identified

(Murphy et al. 2014). Additionally, maximum fluo-

rescence (Fmax) values for PARAFAC components

were used to calculate average % change in fluores-

cence over the 20-h irradiation period in all compo-

nents (Table 3).

It is important to note that ‘‘humic-like’’ is a term

used generally in PARAFAC analyses to describe

humic substances within a wide range of excitation

and emissions wavelengths (Ex: 260, 350, Em:

380–460, 420–480, Coble 1996). However, this term

remains practically defined without any real chemical

meaning, because fluorophore structures remain

unknown, but are generally well correlated with the

polyphenolic content in freshwater systems (Jaffé

et al. 2020). Hence, the generic humic material signal

is likely reflecting a solubilized and highly degraded

polyphenolic material. It is unlikely that leaf leachates

contain similar degraded and water-soluble polyphe-

nols, but similar fluorescence can still be observed,

which underlines the dilemma of source tracking

based on fluorescence. However, for simplicity rea-

sons and in order to compare photochemically-

induced changes and samples across this study and

others, the term ‘‘humic-like’’ is still used in this

manuscript as an indication of the differences or

similarities to other PARAFAC models.

Changes in optical properties

Absorbance and differential absorbance curves were

graphed to observe changes in absorbance across

wavelengths over time. Wavelength a(300) was cho-

sen for detailed plotting and analysis because all

samples displayed the largest absolute differences in

fluorescence intensity within this excitation range. In

addition, a(300) is in the UV-B range which is

amongst the most energetic wavelengths that reach

the Earth’s surface, and therefore the most likely to

cause rapid photodegradation (Weishaar et al. 2003).

Optical property changes were monitored for absorp-

tion coefficients at a(300), normalized to T = 0, and

visualized in R (Ver 3.5.2, R Foundation for Statistical

Computing, Vienna Austria), over the 20-h irradiation

interval (Fig. 4). Fmax values generated from PAR-

AFAC analysis were also normalized to T = 0 and

visualized in R (Fig. 8). Data used to generate curves

for a(300) was also used to calculate average %

change in absorbance across 20 h of irradiation

(Table 2).

Results

Absorbance curves across the spectrum

a(230–700) and specifically at a(300)

Absorbance curves displayed a visible difference

between species and water treatment across the entire

measured spectrum a(230–700). Differential absor-

bance over time exhibited the largest absolute changes

in absorbance primarily between a(250–400) (Fig. 3).

A. germinans DOM displayed largest decrease in

absorbance between wavelengths a(300–350) in fresh-

water and a(350–400) in saltwater, but A.germinans

appeared to photo-degrade more rapidly in the higher

salinity samples between a(350–500) than in fresh-

water diluted DOM (Fig. 3a, b). In the visible

wavelengths a(400–700), freshwater diluted A.germi-

nans DOM does not show a decrease in absorbance

over time, whereas the saltwater diluted A.germinans

DOM continues to degrade across those wavelengths.

J. roemerianus DOM displays a similar trend to A.

germinans but J. roemerianus shows a lower overall

change in absorbance (Fig. 3c, d). Taxodium dis-

tichum diluted in DI water appeared to have increasing

absorbance across the entire spectrum throughout the

20-h irradiation period, and this increase is significant

for the a(250–350) region (Fig. 3e). However, the

absorbance change for T. distichum appears to be less

pronounced and even minimal in seawater (Fig. 3e, f).

At a(300), A. germinans and J. roemerianus

presented more consistency between DI and saltwater

replicates (Fig. 4a, b; Table 2). Absorbance in both

species in DI and seawater diluted samples decreased
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over the 20-h interval. All treatments of A. germinans

and J. roemerianus decreased in absorbance between

13 and 18% at a(300). However, T. distichum fresh-

water diluted samples increased by 30%, whereas

saltwater samples decreased in absorbance by only 3%

over the entire 20-h interval (Fig. 5c; Table 2).

Fluorescence, PARAFAC, and component

degradation curves

Fluorescent properties of A. germinans, J. roemeri-

anus, and T. distichum were unique to each species.

All three species displayed diverse patterns of fluo-

rescence and photo-degradation as displayed by EEMs

(Figs. 5, 6, 7). PARAFAC analysis resulted in the

generation of three components for each species, A.

germinans and J. roemerianus yielding the same

components (based on similarity in OpenFluor) across

treatments and T. distichum producing slightly differ-

ent compilations of components between DI and

saltwater treatments and between saltwater replicates

(Fig. S1-S3). PARAFAC analysis for all treatments in

A. germinans resulted overall in three distinct statis-

tical components (Table 1). PARAFAC analysis for

both DI diluted replicates of T. distichum resulted in

slightly different components. T. distichum saltwater

diluted replicate 1 irradiation experiment again

resulted in slightly different components. These

different PARAFAC models reflect the expected

differences in photochemistry depending on water

matrix.

The percent change in Fmax over the irradiation

interval varied between species and components

(Table 3). T. distichum saltwater treatments % change

in components Fmax were not averaged due to

differences in PARAFAC components outlined above.

No commonalities in % change of components were

noticed between species, treatments, or components.

Discussion

Increasing salinity affects photodegradation of DOM

from various sources in complex ways that are not yet

fully understood. Chloride and bromide ions increase

absorbance and increase photo-bleaching in water

samples (Grebel et al. 2009), as shown in J. roeme-

rianus and A. germinans leachates (Figs. 2, 3).

However, T. distichum reacted differently, showing

increased absorbance intensity across the 20-h irradi-

ation period in freshwater samples but not saltwater

samples (Fig. 3). Additionally, at least one component

of all species displayed some difference in photo-

degradation patterns of fluorescent components

between treatments (Table 1), and the increased

photo-degradation of fluorophores at higher salinities

could be due to increases in reactive oxygen species

that form in the presence of salt (Osburn et al. 2009;

Mostofa et al. 2013; Yang et al. 2014b). CDOM

absorption loss at 440 nm has been shown to degrade

10–40% faster in saline water as opposed to fresh,

indicating more rapid photo-bleaching in saline waters

at longer wavelengths (Osburn et al. 2009). However,

photo-bleaching was 20% higher at 280 nm at salinity

0 psu than 14 in a conflicting study conducted in the

Great Dismal Swamp, indicating increased resistance

to photodegradation in terrestrially derived DOMwith

increasing salinity. This study was conducted on bulk

water, containing DOM from a wide variety of sources

in a unique system as opposed to solely one species

(Minor et al. 2006a). The intricacies and unique photo-

sensitivity of DOM from various sources exhibit

distinct reactions to salinity, depending on chro-

mophore and fluorophore sources (Yang et al. 2014b).

Although already commonly accepted, this study

further solidifies the idea that photo-degradation of

primary source material is species specific. Leachate

photochemistry has already been established as sea-

sonally specific due to senesce and seasonal growth

patterns of source vegetation, altering DOM properties

and concentration throughout the year (Wheeler et al.

2017). Variability between species indicates that

irradiation studies conducted on whole water samples

do not capture the intricacies and variability that can

be present across a study site, especially riverine/

estuarine systems since species compositions can

change rapidly across the aquatic continuum (Vannote

et al. 1980; Webster et al. 2016). For example, a study

examining photo-kinetics of red mangrove

Table 2 Average % loss or gain of absorbance at a(300) over
the 20-h irradiation period

Sample a(300) fresh a(300) salt

A. germinans - 18 (1) - 15 (4)

J. roemerianus - 13 (0.9) - 19 (0.4)

T. distichum 30 (0.8) - 3 (0.5)

Numbers in parenthesis are the calculated standard deviation
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Fig. 3 Differential absorption coefficients (m-1) (a(k)t –

a(k)t = 0) in fresh and saltwater diluted samples over

k = 250–700 nm. a Avicennia germinans fresh water b Avicen-
nia germinans salt water c Juncus roemerianus fresh water

d Juncus roemerianus salt water e Taxodium distichum fresh

water f. Taxodium distichum salt water as irradiated over 20 h.

Color bar represents time in hours
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Fig. 4 Decay curves and

replicates for a Avicennia
germinans, b Juncus
roemerianus, and
c Taxodium distichum
freshwater and saltwater

irradiation experiments at

wavelength 300 normalized

for T0

Fig. 5 EMS depicting Avicennia germinans leachate fluores-

cence before and after irradiation. a Leachate diluted with

deionized water before irradiation. b Leachate diluted with

deionized water after irradiation. c Leachate diluted with

sterilized seawater before irradiation. d Leachate diluted with

sterilized seawater after irradiation
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(Rhizophera mangle) and Sargassum spp. leachate

observed very different degradation half-lives

between the two species, mangrove leachate half-lives

varying by senescence from\ 50 h (brown leaves-

late senescence) and 60–90 h (yellow-orange- early

senescence), and Sargassum leachate exhibiting less

variability and a half-life of\ 40 h (Shank et al.

2010). Additionally, a study exploring photochemical

properties of water, soil leachate, and vegetation

leachates from sawgrass (Cladium jamaicense), spi-

kerush (Elocharis cellulosa), red mangrove, and one

species of seagrass (Thalassia testudinidum) discov-

ered a large difference in photo-reactivity after 7 days

of irradiation, exhibiting higher photo-reactivity of

soil and vegetative leachates than bulk water (Chen

and Jaffé 2014). Results of this study in addition to the

ones outlined above, indicate the necessity for further

in-depth analysis on DOM from specific vegetation or

soil types in order to aid researchers in identifying

specific source material in bulk water samples. EEM-

PARAFAC remains a useful tool in determining bulk

fluorescence and photo-induces changes in DOM

associated with specific sources and more source-

specific studies would add value to data repositories,

such as the Openfluor system (Murphy et al. 2008).

Across the most explored and reactive wavelengths

in the UV region and the components generated from

the PARAFAC analysis, clear differences are

observed between species. Although all leachate types

and treatments were most reactive in the lower

Fig. 6 EEMs depicting Juncus roemerianus leachate fluores-

cence before and after irradiation. a Leachate diluted with

deionized water before irradiation. b Leachate diluted with

deionized water after irradiation. c Leachate diluted with

sterilized seawater before irradiation. d Leachate diluted with

sterilized seawater after irradiation
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wavelength range a(250–400), there were apparent

differences in absorbance and fluorescence spectra

(Figs. 3, 5, 6, 7, 8). Additionally, none of the primary

components were the same across species, as C1 for A.

germinanswas ‘‘amino-acid like’’, J. roemerianuswas

‘‘humic-like’’, and T. distichum was variable with

either ‘‘fulvic acid-like’’ or ‘‘terrestrial humic-like’’,

when compared to available literature classifications.

Although differences in components were seen across

species, only T. distichum clearly revealed differences

in primary source material leached in DI as opposed to

saltwater (Table 1; Fig. 7). A. germinans and J.

roemerianus inhabit saline environments and chemi-

cally and biologically adapted to survive in these

environments (Touchette 2006; Liang et al. 2008).

Potentially, due to these adaptations, the leachates

created from these two species are more resistant to

effects of saltwater during leaching and irradiation. A.

germinans can grow in soil salinities up to 90 psu and

can osmotically adjust salt concentrations in cells in

order to survive in varying salinity concentrations

(Suárez et al. 1998; Suárez and Medina 2005; Liang

et al. 2008); therefore, A. germinans is resistant to

leaching and possibly degradation at higher salinity at

the cellular level. T. distichum is non- halophytic and

does not have waxy leaves or the ability to adjust

cellular salinity as an adaptation to saltwater (Thomas

et al. 2015). T. distichum is not considered to have the

ability to exclude salt ions, excrete salt through leaves,

or compartmentalize them in cell vacuoles like

halophytes (Allen et al. 1996). Therefore, T. dis-

tichcum roots, leaves, etc. are not adapted to maintain

Fig. 7 EEMs depicting Taxodium distichum leachate fluores-

cence before and after irradiation. a Leachate diluted with

deionized water before irradiation. b Leachate diluted with

deionized water after irradiation. c Leachate diluted with

sterilized seawater before irradiation. d Leachate diluted with

sterilized seawater after irradiation
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osmotic balance under saline conditions, making T.

distichcum OM more susceptible to leaching and

degradation under saline conditions.

Disturbance events transports fresh OM into water-

ways and affects salinity regimes in a number of ways

that can influence DOM characteristics and reactivity.

Wind and precipitation are primary drivers of many

disturbance events, which have the power to add large

fluxes of OM to riverine systems rapidly and drive

seawater further inland into freshwater areas. Photo-

degradation of fresh or normally photo-resistant

compounds might occur with seawater incursion,

since salt can increase photo-reactivity which effects

the structure of DOM, increasing availability of

material to further biotic degradation (Obernosterer

and Benner 2004). After passage of a disturbance,

such as a hurricane, salinity decreases due to runoff

that transports additional large pulses of fresh OM into

the waterway (Raymond et al. 2016). Reduced resi-

dence times from rapid export of OM into estuarine

environments also has the capability to transport more

allochthonous freshwater DOM into saline

environments.

Hurricanes are likely one of the largest disturbances

that lead to increases in DOM input and changes in

salinity concentration. Hurricane events cause rapid

changes in water chemistry, especially salinity, that

can drastically change the matrix of CDOM (Schafer

et al. 2020). Hurricanes may cause temporary dilution

of coastal brackish environments and an associated

decrease in salinity as seen post-Hurricane Irma

(Schafer et al. 2020). However, these impacts are

storm-dependent and a contrasting effect might

instead temporarily increase salinity through wind-

driven surges of seawater moving inland as was seen

during Hurricane Francis and Hurricane Irma in

Florida (Bonvillain et al. 2011; Edmiston et al. 2008;

Schafer et al. 2020). Salinity has been shown to

substantially affect longwave ([ 350 nm) CDOM

photobleaching, and CDOM absorption decreased by

10% to 40% as salinity was increased from 0 to 33 at

440 nm (Osburn et al. 2009). Decreases in CDOM

photobleaching at 280 nm has also been shown when

humic-rich CDOM was added to a salinity gradient

that simulated estuarine mixing (Minor et al. 2006b).

Quantum yields for photobleaching and hydrogen

peroxide production have also been shown to increase

Table 3 Average % loss or

gain of maximum

fluorescence over the 20-h

irradiation period

Components for salt

treatment T. distichum are

not averaged since the

components are not the

same between runs

Sample Component Ave. % Change (SD)

A. germinans fresh C1 - 4 (7)

A. germinans fresh C2 - 34 (4)

A. germinans fresh C3 - 69 (6)

A. germinans salt C1 1 (11)

A. germinans salt C2 - 42 (4)

A. germinans salt C3 - 77 (0)

J. roemerianus fresh C1 - 25 (1)

J. roemerianus fresh C2 11 (4)

J. roemerianus fresh C3 - 69 (0)

J. roemerianus salt C1 - 40 (1)

J. roemerianus salt C2 3 (2)

J. roemerianus salt C3 - 78 (1)

Taxodium distichum fresh C1 - 20 (1)

Taxodium distichum fresh C2 - 43 (1)

Taxodium distichum fresh C3 - 67 (4)

Taxodium distichum salt1 C1 - 39 (NA)

Taxodium distichum salt1 C2 - 27 (NA)

Taxodium distichum salt1 C3 2 (NA)

Taxodium distichum salt2 C1 - 61 (NA)

Taxodium distichum salt2 C2 - 79 (NA)

Taxodium distichum salt2 C3 - 49 (NA)
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with salinity as an indicator of higher photo-reactivity

(Osburn et al. 2009). Decreasing chromophoric and

fluorescence intensities have been documented in

salinities[ 20 photobleached samples, but the extent

of these affects were observed to be dependent on

specific chromophores and fluorophores (Yang et al.

2014a). The delicate effect of pH changes associated

with increase in alkalinity (Timko et al. 2015) as well

as drastic changes in ionic strength and dissolved

inorganic constituents are all factors fundamentally

changing photodegradation of CDOM with increasing

salinity (Grebel et al. 2009).

Fig. 8 Component

degradation curves

normalized to T0 for

a Avicennia germinans,
b Juncus roemerianus, and
c Taxodium distichum
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Conclusion

There are increasing numbers of studies on the photo-

kinetics, photo-degradation, and photo-transformation

of DOM in natural systems. However, previous studies

have primarily focused on the photochemistry of bulk

DOM, and few have looked at specific sources such as

leaf leachates. This study suggests that individual

DOM sources will vary in reactivity to light, indicat-

ing a lack of understanding about the contribution of

each constituent to the photoreactive DOM pool.

DOM derived from Avicennia germinans and Juncus

roemerianus, two salt-tolerant angiosperm species,

yielded similar PARAFAC components and pho-

todegradation patterns overtime. However, Taxodium

distichum, a freshwater gymnosperm, displayed dras-

tically different photochemical properties in terms of

degradation patterns and PARAFAC components

during irradiation. The differences in morphology of

plant species, potentially the differences between

angiosperms and gymnosperms, may create some

vegetative leachates that resist photo-degradation

under disturbed conditions, such as during saline

intrusion from hurricanes and sea level rise.
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