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Abstract. Empirical mass-specific absorptioasgy) and scatteringbgpy ) coefficients of suspended particulate matter
(SPM) were measured for four size fractions (iZ0.4 um, 0.4-0.7 um, 0.7-10 um, and >10 um) ifeserwaters (i.e., 0-5
m depth) of the Saint Lawrence Estuary and SaguEjags (SLE-SF) and during June of 2013. True giigm (o) and
scattering &) cross sections for total particulate inorganidV{Pand organic (POM) matter were also measuredgtlizathe
response of two optical proxies (the spectral slojpparticulate beam attenuation coefficient andsrspecific particulate
absorption coefficient, hereaftgr and Svis, respectively) to changes on particle size andmited composition was
examined. For the spectral range 400-700 nm, velgtiow agpy values (i.e., 0.01-0.02g™) indicate large-sized particle
assemblages with relatively high particulate orgamirbon and chlorophyll a per unit of mass. Coselgr largestspy
values (i.e., > 0.5 fg?) corresponded with locations having relatively Bmed or mineral-rich particulates. Particle-
associated iron likely explained the relatively higgpy (440) values in low-salinity environments of SF.eTtifferential
Junge slope of particle size distribution had gdacorrelation witt,” (Spearman rank correlation coefficigntup to 0.37)
with respect t@, (ps up to 0.32). Conversely, the ratio between PIM SR/ concentration had a stronger influenceyon
(ps up to 0.50). Size spectrum (chemical compositafrf§PM appears to be more important affecting inadt large (small)
particulates. The magnitude pfvas sensitive to changes on size fractions of $fds. In LE locations, the magnitude of
Svis was directly correlated with the mineral contehtS®M. This may indicate a potential associatiotwkeen iron and

inorganic enrichment of particles in areas of tsiary with a larger marine influence.

1 Introduction

The distribution of suspended particulate mattéd?M$ in coastal and estuarine environments has arniafluence on
several biogeochemical processes (e.g., phytoglartiboms) (Guinder et al., 2009), ecosystem siracte.g., food webs)

(Dalu et al., 2016) and dispersion of pollutantg.(ecopper, mercury, polycyclic aromatic hydrocars) (Ma et al., 2002;
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Ramalhosa et al., 2005). Light absorption by sudeérparticulates is essential for several photoatemrocesses related
to the carbon cycle (e.g, photosynthesis, prodoatiodissolved inorganic and organic carbon) (Estepal., 2012). Lastly,
the concentration of SPM (CSPM) (Table 1) is anangmnt variable for modeling thermodynamic processed computing
heat budgets (Loptien and Meier, 2011) due torifiénce on underwater light attenuation (Morel aoine, 1994;
Devlin et al., 2008).

Remote sensing allows synoptic mapping of SPM therkl environments where the spatial and tempwaaiability of
suspended particulates is relatively high. Indemgadical measurements derived from spaceborne ocelan sensors are
commonly applied for estimating CSPM based on ias{be., wavelength A = 400-700 nm) (Miller and McKnee, 2004;
Montes-Hugo and Mohammadpour, 2012) and NIR-SWiga(and short-wave infrared) € 700-3,000 nm) (Doxaran et
al., 2002) spectral bands. Despite this progrdsgetis still a lack of understanding regarding H8RM microphysical
characteristics (e.g., particle chemical compositiad size distribution) relate to mass-specifieinent optical coefficients.
This knowledge is essential for deriving more aateiremote sensing algorithms for estimating CSRMdeveloping new
optical inversions for retrieving second-orderiatites of SPM (i.e., chemical composition, sizeridistion). The optical
characterization of particle size distribution (BSihd/or composition in coastal and oceanic wabas been attempted
based on four main methodologies: (1) analysigetsal changes of inherent optical properties(Bxsd., 2001; Loisel et
al., 2006), (2) empirical relationships between srgecific optical cross sections and biogeo-playsibaracteristics of
particulate inorganic matter (PIM) (e.g., mean ditan) (Bowers et al.,, 2009) and SPM (e.g. appadamisity of
particulates) (Neukermans et al., 2012), (3) opiiveersions of different volume scattering functso(Zhang et al., 2014),
and (4) changes on water leaving polarized refteetaLoisel et al., 2008). A widely used methodgldgr estimating
particle size spectra changes is the use of thetrgpeslope of particulate beam attenuation cokeffiic () due to its
relationship with the differential Junge slope aftjtle size distributiong) (Boss et al., 2001).

Lastly, the biogeo-optical modeling of size androlml fractions of SPM has a major scientific ietgrfor understanding
the dynamics of different mineral iron forms in st waters (Estapa et al., 2012) as particle-éssaciron has two
specific light absorption bands (wavelengihz= 360-390 nm and\ = 400-450 nm). Also, Estapa et al. (2012) demeuesti
that optical proxies such as the spectral slopgadficulate absorptior§(is) within the visible spectral ranga & 400-700
nm) could be used for estimating dithionite-extafd¢ iron and organic carbon content in marine sasnpron can be part
of organic (e.g., complexed forms) or inorganig(esilicate sheets) particulates having a broae nge (e.g., from clays
to amorphous aggregates) (Bettiol et al., 2008)sTthe analysis of different fractions of SPMssemntial for understanding
the complex fate of iron in aquatic systems. Liigkiron distributions with optical properties of siand chemical fractions
of SPM may allow the development of proxies for piag iron based on opticain( water and remote sensing)
measurements. This is particularly advantageoudofog-term monitoring projects as direct iron measwents are very

expensive, difficult, and demand highly trainechigcians.



10

15

20

25

30

The Saint Lawrence Estuary (SLE) and the Sagueiayld-(SF) constitute a large sub-Arctic systemrati@rized by
relatively high concentrations of chromophoric dised organic matter (CDOM) (Nieke et al., 1997xcArate remote
sensing measurements of CSPM and SPM microphysieahcteristics in these waters is crucial for ustd@ding regional
climate effects on coastal erosion (Bernatchez @miois, 2004) and occurrence of harmful algae b®¢Rauchot et al.
2008). However, in order to accomplish this task issential to know how mass-specific opticalffi@ents of suspended
particulates are influenced by particle compositimmd size distribution changes. To our knowledg@ass¥yspecific
absorption and scattering coefficients of SPM $iaetions have never been reported in the liteeagwen though it has a

practical application in biogeo-optical inversiaaral biogeochemical studies regarding the dynanfitece metals.

This study has two main objectives: (1) to chammtethe mass-specific absorptioasd,) and scattering bspy®)
coefficients for four size fractions of SPM (0.2Qum, 0.4-0.7 pm, 0.7-10 um, and >10 um) and akieorffo,) and
scattering &) cross sections for total particulate inorganitMPand organic (POM) matter in different locatioof the
SLE-SF and during spring conditions, and (2) taalalgth relationships between mass-independent apticefficients
calculated in (1) and 'bulk’ microphysical propestof particulates related to PSD and mineral econgnd (3) to examine
the response of two optical proxigsahdSvis) to changes on PSD and chemical composition.

This study is organized in three sections. In the $ectionaspy®, bspy®, s, and g, coefficients are calculated for different
optical environments of the SLE-SF that are charad by a variable CDOM contribution to lighteattiation and distinct
particle assemblages. In the second section, 8ponse of mass-specific optical coefficients anticapcross sections of
SPM fractions to variations in PSD and mineral-eahbf suspended particulates is investigated ly_asthe third section,
the influence of PSD and mineral enrichment ofipaldtes ony andSvis is examined. Also, spatial distributioSsis are

interpreted in terms of salinity changes and p@éparticulate iron-rich environments.

2 Data and methods
2.1 Study area

The SLE can be divided in two main regions haviagtrasting biological productivity and bathymettlye upper (UE) and
the lower (LE) estuary (Levasseur et al., 1984)nidtmal particulates (NAP) and CDOM dominate thelamvater light

attenuation of UE waters (Nieke et al., 1997). Tikisn part related to the inflow of CDOM-rich amAP-rich waters

coming from the St. Lawrence River and SaguenaydHGremblay and Gagné, 2007; Xie et al., 2012)likénNAP and

CDOM, contribution of phytoplankton to inherent igat properties increases towards the mouth ofstheé (Montes-Hugo
and Mohammadpour, 2012; Xie et al., 2012).

The study of optical properties in SLE waters bedaring the late 80's. Babin et al. (1993) invextiég the horizontal
variability of the specific absorption coefficienit phytoplankton (i.e., absorption coefficient naimmed by concentration of

chlorophyll + phaeopigments) in surface watersriusummer of 1989 and 1990. During the summer 8D18lieke et al.
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(1997) studied the spatial variability of CDOM &rins of fluorescence and absorption spectra. Até® study reported for
the first time relatively high (up to 3 Hhparticulate beam attenuation coefficientss() and inverse relationships between
salinity, cspy, and CDOM absorption coefficientacbom). Larouche and Boyer-Villemaire (2010) proposemate sensing
models for estimating PIM in SLE and Gulf of Salrwrence regions. Xie et al. (2012) showed inveedationships
between salinity and absorption coefficients of-satgal particulates and highlighted the extremeghtacpom values (i.e.,
up to 5.8 it atA = 412 nm) along the Saguenay Fjord.

Historical studies performed during summer of 18@§gest that size distribution of SPM differs betwéJE, LE and SF
regions (Poulet et al., 1986). Based on surfacepkmnPoulet et al. (1986) found a dominance dftingdly 'small-sized'
(i.e., mode diameter < 1(m) and 'large-sized' (i.e., > 30m) particulates over the UE and the mouth of thés,SL
respectively. Conversely, the remaining locatiohthe LE were characterized by particulates hawéngntermediate size
(i.e., 8-40um). In surface waters of SF and during spring men8PM is commonly composed by very small parti¢les,
2-3 um) (Chanut and Poulet, 1979). However, thitsepa is reversed during autumn. Several investigatpoint out that
suspended particulates in SLE-SF regions are pafgi composed by inorganic matter (D’Anglejan a@dhith, 1973;
Larouche and Boyer-Villemaire, 2010). This minezahtribution varies between 60 and 95% of dry weidgpending on
the geographic location and period of the year {¥,eE088; Larouche and Boyer-Villemaire, 2010). [estheir important
contribution, none of these studies reported massialized optical coefficients for different size @hemical fractions of
SPM nor an assessment of particle composition emeddistribution effects oraspy*, bspii', @and optical cross sections of
PIM and POM.

2.2 Field surveys

Discrete water samples for biogeochemical and aptieeasurements were obtained in 22 locationsilaliséd throughout
the SLE (N =17) and SF (N = 5) regions (Fig. 1)eQliscrete sample was obtained in each samplirsditots but in site 6
where 2 measurements were made during June 3 ah@@®L3. Samples corresponding to a sampling depfh2 m were

collected during June 3-9 of 2013 by using an ocgeaphic rosette equipped with Niskin bottles (wodu= 12 L). For each
sampling location, mass of different size fractiofi$SPM, optical coefficients for different SPM sifractions, and particle

size distribution spectra were measured insideviitdab of the vessel.

2.3 Biogeochemical analysis

The concentration of SPM (CSPM) in g°mvas measured gravimetrically after filtering aurak of seawater through pre-
weighed GF/F filters (47 mm, average pore size =0n, Whatman). The precision of CSPM determinatiosas 15%
(Mohammadpour et al., 2015). The precision of M86 computed as the percentage dfstandard deviation with respect
to the arithmetic average of weight correspondindQ replicas. Size fractionation of SPM into feize classes (>10 um,
0.7-10 pm, 0.4-0.7 pum, and 0.2-0.4 um) was dorer aftquentially filtering the original samples tgb pre-weighted
membranes having a diameter of 47 mm and a poeecdiA0 pm (Whatman, polycarbonate), 0.7 um (GWhRatman,
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glass fiber), 0.4 um (Whatman, polycarbonate), @2dum (Nucleopore, polycarbonate), respectivehe Tontribution of
size fraction i to the total mass of SPMsdff) was computed by normalizing their weight by thensof weights
corresponding to the 4 size fractions i. The mdd23lll was obtained after removing the organic fi@tt(i.e., POM) from
the total mass of SPM as computed for CSPM detetioins. The mass of POM was eliminated by combnstioGF/F
filters at 450°C and during 6 h. The concentratbdiPOM was calculated as the difference betweerditiilanass of SPM
and the dry mass of PIM. Based on Barillé-Boyerlet(2003) factors and clay composition data ole@im the Saint
Lawrence Estuary (D'Anglejan and Smith, 1973),akémated error of PIM determinations due to deatydn of clays was
3.1%. Thus, PIM mass determinations has a maximoeoertainty of 18.1%. Notice that error in POM mastimates is
slightly greater than that associated to PIM mag8s2@% of loss on ignition PIM mass). The contritmitPIM and POM to

SPM mass is & where j superscript symbolizes PIM or POM, resipebt.

2.4 Optical measurements

Total absorptiond) and beam attenuation) (coefficient measurements were done on unfiltened size-fractioned filtered
water samples previously described in sectionRigcrete samples for optical coefficients were rmead onboard by using
an absorption-beam attenuation meter (ac-s, Wethab<100.3-747.5 nm, average spectral resolutiommd4path-length =
10 cm, accuracy 0.001 n"). In order to minimize the presence of bubblesymp (ISMATEC MCP-Z) was used to gently
circulate the samples through the ac-s tubes. Sgikeraw signal associated to bubbles were rembyeadsual inspection..
Residual scattering on absorption measurementsewasved by applying a flat baseline at a referamaeelength of 715
nm (Bricaud and Stramski, 1990). This is a firsdesrcorrection for scattering effects on non-watesorption coefficient
estimates. Thus, the calculation of particulateogitton coefficients in this study is expected &vé a bias with respect to
true values measured using absorption-meter instntsrthat are less influenced by particulate stati€e.g., point-source
integrating-cavity absorption meters) (Rottgerslet2013). Lastly, values @ andc were corrected by water temperature
and salinity variations (Pegau et al. 1997). Sp¢atalues ofagpy were derived by subtractirgpon and the absorption
coefficient for seawateig) to a at each wavelength. The contributiaagom + a, Were measured by using thdube (i.e.,
reflective tube) of the ac-s and after pre-filtatiof total samples through a membrane having & pae of 0.2um
(nucleopore, Whatman). Similar t&spy calculations, the magnitudespy was computed after subtracting CDOM and
seawater contributions to as derived by using thetube (i.e., opaque tube) of the ac-s instrumeastlly, particulate
scattering coefficientdbgry) were derived by subtractiragpy to cspy Values.
The particle size spectra within the size rang&g@4im were measured on ‘bulk’ (i.e., without sizacfionation) samples
and by using a red laser (wavelength = 670 nmyadifbmeter (LISST-100X, type B, Sequoia Scient)figsgrawal et al.
1991). LISST bench determinations were discretepmmtbrmed on board of the ship. Lab measuremeets performed by
using a chamber and a magnetic stir bar in ordéotoogenize the samples and avoid sinking of pasies. The optical
path was covered with a black cloth to minimize @nblight contamination during the scattering megaments. The
LISST-100X instrument can measure 32 scatterindeangithin an angular range of 0.08-13.5°, thustipalates with a
5
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diameter between 1.25 and 24 can be quantified. However only the interval 3 iith was analyzed due to variability of
particle shape and refractive index in the firstsbfi.e., < 3.2um) (Agrawal et al., 2008; Andrews et al., 2010jagtlight
effects in the first bins (Reynolds et al. 2010\ &ias related to particle sinking in the last thie., 170-25Qum) (Reynolds
et al. 2010). Measurements were made during agefi@ minutes at 1 Hz, and resulting raw data vegrality controlled
by using the Hampel filter algorithm for eliminagiroutliers (Pearson, 2005). The number of partiplrsunit of volume
within each size class (N(D)) was computed by dingdhe particle volume concentration (V(D) ) by thiameter (D) of a
volume-equivalent sphere for the midpoint of eaatividual class:

N(D) = 6 V(D) (mD?* (1)

A total of 25 particle size bins were calculateddzhon inversions of the scattering pattern anagplying an inversion
kernel matrix derived from scattering patternsgiferical homogenous particles as predicted fromthBery and a realistic
range of index of refraction. The particle sizetriisition (N'(D)) was defined as the average numdfeparticles within a
given size class of widthD and per unit of volume (Reynolds et al., 2010):

N'(D) = N(D) AD™ 2)
The parametef was computed as the exponent of the following petyyee function:

N'(D) = N'(Do) (D/Do)? ()
where Do is the reference particle diameter and setsto 35.17 um. Calculations §fwere done by least square
minimization of log-transformed data (Reynolds let 2010). Although particle size distribution iataoral waters may not
follow a Junge-type slope, its use here was jastiince our main interest was to have a firstioedsessment of size
effects of particulates on optical coefficient'siahility. Indeed, the definition of based on LISST measurements applies
for particulates greater than@n. A more realistic representation of PSD is thedeh@roposed by Risovic (1993). This
parameterization mainly includes two particle pagiohs (‘large’ and ‘small’) having different re@tive index and has
been recently applied in littoral environments lif§edent studies (Zhang et al., 2013; Zhang et2114; Zhang et al., 2017).
Thus, relationships betweé&nand optical coefficients in this study are locatiashould not be generalized to other littoral

environments.

2.5 Optical proxies and particle microphysical characteristics

The parametey is positively correlated with the exponent of fieticle number size distributiod €y + 3 — 0.5 &Y, Boss
et al., 2001) and negatively related with the meanicle size for particles smaller than 2®. The parameterwas derived
as the exponent of a power-type regression modgkgpfas a function of wavelength:

Cspm(A) =Cspm (488) Q/Ar)Y 4)
where Ar = 488 nm and it is the reference wavelength (Exss., 2013).
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The magnitude o$vis is positively correlated with extractable ironrfrerystalline and amorphous iron oxides and organic
iron complexes in measurements corresponding tonmaamples (Estapa et al., 2012). Also for theesamvironments,
Svisis expected to covary in a direct way with the migaarbon content of particulates (Estapa etéall2).

The spectral slope of empirical mass-spec#igy coefficients Bvis) was calculated by nonlinear fitting of a single-
exponential decay function over the visible rang@-200 nm:

aspm (\)= A g4, g (5)
where the ternB corresponds to an offset at near-IR wavelengthectmunt for nonzero absorption by mineral paricle
(Babin et al. 2003; Rottgers et al., 2014).

2.6 Optical cross sections and mass-specific optical coefficients

Spectral values of mass-specific absorpting) @nd scatteringol) cross sections for mineral and organic fractiohSPM
were estimated statistically by partitioning eagdtical coefficient with respect to the concentratiof PIM and POM in
each sample (see section 2.7). The superscripiigates PIM or POM chemical fractions. For the cafssize fractions of
SPM, a mass-specific optical coefficient was caltad for particulate absorption and scatteringfooehts:

a'(A) =a(A) (m)* (6)
b’ (A) =biA)(m)™ 7

where m is the mass in gfor each size class i.

2.7 Statistical analysis

Optical cross sections for chemical fractions oMSRere calculated based on multiple regression mbdmalysis (i.e.,
independent and response variables have randoms)e(Bmkal et al., 1995; Stavn and Richter, 2008):

Y =p1 [CPIM] +p2 [CPOM] 8) (
where Y is the response variable representing eifgpeptical coefficient for unfractionated SP§1 andf2 are partial

regression coefficients that correspond vath” and g™

, respectively. CPIM and CPOM are the concentratiohPIM
and POM, respectively, in g

The influence of particle size and chemical contfmws variations on mass-normalized optical coedfits of particulates
(&', b", 0, 0y) and optical proxiesy(and Svis) was investigated based on correlations with retspes and Rey ™
variables, respectively. In all cases, the intgresitd sign of correlations were quantified based@mparametric Spearman

rank coefficient §s) (Spearman, 1904).
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3 Results
3.1 Spatial variability of microphysical properties of SPM

In terms of particle size distribution, contrastagas in the SLE-SF were identified. In UE, pattites having a diameter
larger than 10 pm had in average a contributiohl®b to the total SPM mass. This proportion was tawehe LE (Rpy™°

M =0.01-0.11) and SF (0.03-0.15) sub-regions. &hgelst mass contribution of smallest-sized pasdtesl (i.e., diameter <
0.4 um) was calculated in the lower estuarp(#* ~**™ = 0.02-0.27). Lastly, the intermediate size clagkd-0.7 um and
0.7-10 pm were in average the fractions havingahgest mass contributions to SPM in SF locatidn81-0.14 and 0.66-
0.87, respectively). In general, the Junge slopeutations suggested the presence of relativelyelaparticulates in the LE
(arithmetic average standard deviation = 3.280.38, N = 15) with respect to UE (3.48.36, N = 3) and SF (3.420.39,

N = 5) sub-regions. The uncertainty &fcalculations, as estimated from 2 standard erk@sed between 1.6 and 10.2%
with smaller errors in the LE. Unlike particle sidistribution, chemical composition of SPM was lgasiable throughout
the study area @y " range = 37 - 87 %). In average, particle compmsith UE, SF and LE sub-regions was dominated by
minerals (Bpv ™ = 0.65+ 0.13, 0.67% 0.14 and 0.6% 0.14 for SF, UE and LE, respectively).

3.2 Mass-specific optical properties of SPM

For the spectral interval 400-650 nm, the magnitederegionally-averaged mass-specific absorptioeffagent for
unfractioned samples of SPM was higher in SF (éog.atA = 440 nm, arithmetic averagestandard error = 0.5280.102

m? g*) with respect to UE (0.122 0.068 ni g*) and LE (0.05& 0.010 mi g?) locations (Fig. 2a). Conversely, regionally-
averaged mass-specific scattering coefficientsnifagtionated samples were highly variable withiattal domains even
though highest and lowest values tend to be adsdcigith UE (0.499 0.278 mi g*) and LE (0.12% 0.046 m ¢
locations, respectively (Fig. 2b). Size-fractiomadss-specific absorption coefficients tended thigker in SF (e.g., &t =
440 nm, up to 2.806 Ty™") with respect to other locations of the SLE (u@tb11 i g?) but for the smallest size range 0.2-
0.4 um where some locations belonging to UE (e.g., $shéwed higher absorption efficiencies per unimaiss (2.187 m
gh) (Fig. 3a). Spectral curves with the highastvalues (e.g., up to 4 ThatA = 400 nm) corresponded with the smallest-
sized and largest-sized fractions of SPM (Fig. B&,Hese values were up to 8 and 5 times higher tthase characteristic of
size fractions 0.4-0.jim and 0.7-1Qum, respectively (Fig. 3b-c). Similar &, highestb* values (up to 5.7 g™ for A =
400 nm) corresponded with size fractions havingdiglas with the smallest and the largest diamdkag. (4). In general, the
spectral slope ob* was very variable in all size fractions (-6 1€ 6.28 10° nm™) with the greatest spectral changes
associated to particulates greater thamrh0 Highest scattering efficiencies in termshgfwere not always measured in the
same region. Indeed, maximuxyt values for size fraction 0.7-10m (up to 1.246 mg™ atA = 556 nm) and >1Qm (up to
4.579 M g%) were obtained in UE and LE domains, respectivAl}common finding was the larger magnitude of size-

fractionated mass-specific particulate absorptind acattering coefficients with respect to trueiagtcross sections of
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chemical fractions (up to 2 and 3 orders of magistfor total absorption and scattering, respectjv@tig. 5). To exemplify
these differences, the rangeagh o 4um » @ >10um, Oa '~ anda,”° values measured at a wavelength of 440 nm andtbeer
whole study area was 0.05-2.14, 0.18-1.20, 0.06-ar@ 0.01-1.03 fig?, respectively (Fig. 5a). Likewise, for a waveldngt
of 556 nm, the range o 9.4 um, b >10um, Op ' anday, " values was 1.82-2.39, 1.05-1.49, 0.08-0.36 an@-0.88 ni g,
respectively (Fig. 5b). In general for the spectaatge of 440-556 nm, empirical mass-specific gltsmm coefficients
tended to be higher for particulates within thedowize range (i.e., 0.2-Ou4n) (Fig. 5a, left-axis). Also, this trend appeared
to be reversed at longer wavelengths. Unlike mpssiic absorption coefficients of size fractiorisje optical cross
sections of chemical fractions showed only diffeeswithin the red and near-IR wavelengths (Fig rigit-axis). For the
whole study area, the arithmetic average of massiép scattering coefficients for the size fractid.2-0.4 um were larger
with respect to that associated to the size fractibO um (Fig. 5b, left-axis). At a wavelength @4nm, the true scattering
cross sections for PIM were substantially highed§0+ 0.206 m g*) than those corresponding to POM (0.359.123 mi

g’ (Fig. 5b, right-axis). The spatial variation ofass-specific coefficients and true optical crosstises of different
fractions of SPM are depicted in Fig. 6. Noticet tinae absorption or scattering cross sectionsliemical fractions of SPM
are not shown in UE locations given the insuffitimumber of samples to perform a multiple regressinalysis. In
Saguenay Fjord waters, the maximagay (440) values (up to 4.6 ') were associated with the size fraction of SPM
having particulates greater than én (Fig. 6a, left-axis). Unlike mass-specific absmmp coefficients of SPM size
fractions, no substantial sub-regional differensese detected for,”™(440) ando.” °™(440) values® > 0.05,t up to 11.5,

Student-t test) (Fig. 6a, right-axis). In genef@land Rpy ™

correlations with size-fractionated mass-specifitical
coefficients suggest that particle chemical contmsihas a larger influence aq (440) (s up to 0.50,P = 0.0009) with
respect to particle size{up to 0.32P = 0.0033) (Table 2). The regional averagédb50) in UE-SF (0.432-0.5017g %)
was larger with respect to that computed in LE vga(6.136+ 0.027 i g*) only for particulates within the size range 0.7-
10 um (Fig. 6b, left-axis). Also for SPM fraction hagitthe largest particulates (i.e., > fifh), UE locations had typically
larger by (550) values with respect to SF-LE regions. In gahand unlikeb’, no clear sub-regional differences were
observed betweea,”™ (440) ando, °™ (440) values R > 0.05,t up to 13.2, Student-t test) (Fig. 6b, right-axidplike

a, (440), b (550) variability was less influenced by changesparticle compositiong; up to 0.42P = 0.0015) (Table 2).
Conversely, the impact of changing particle dimens;j as inferred frorps correlations, was greater fby (550) (s up to

0.37,P = 0.006) with respect ta"(440) (s up to 0.32P = 0.009) values.

3.4 Optical proxies

Correlations between mass contributions to diffeseze and chemical fractions of SPM and opticakj@s are presented in
Table 3. Over the whole study area, there was t¢a relationship betweerand chemical fractions of SPM fractions (
= -0.34,P = 0.11). Howevery responded to variations on size fractions forrdmge 0.2-1Qum (ps up to 0.53P = 0.01).

The sign of the relationship changed dependinghersize class under investigation (positive for Ikgized, negative for

9



10

15

20

25

30

intermediate-sized particulates). Although positiveorrelated, there was not a clear relationshgiwieeny and §
determinations@s = 0.15,P = 0.49, N = 23). The range gfvalues was 0.759-3.282, 1.389-1.534, 2.873-3.28R20a759-
1.802 nnt for the SLE, UE, SF and UE domains. The unceraiiity determinations varied between 2.2% and 6.4% with
largest errors for samples obtained in LE wateltse $pectra slope afspy Was not substantially affected bypf ™
changesgs = -0.15,P = 0.49, N = 23), howevedvis variability was strongly influenced by particlesichanges within the
interval 0.2-0.7um (ps = -0.49,P = 0.008). Range dbvis values of unfractionated samples was 0.005-0.0209-0.017,
0.014-0.051 and 0.005-0.016 firfor the SLE, UE, SF and UE domains, respectiv@lye uncertainty oBvis estimates
varied between 0.5 and 21.5% with largest errorsesponding with samples obtained in LE locatio@ser the whole
study area, the range 8fis values was 0.004-0.026, 0.007-0.052, 0.004-0.1@90a001-0.028 nrhfor size fractions 0.2-
0.4 um, 0.4-0.7um, 0.7-10um and > 1Qum, respectively. In generadyis slopes were not correlated between size fractions
even though the magnitude 8fis for total unfractioned samples was strongly infleed bySvis calculated for the 0.7-140
fraction (s = 0.66,P = 0.004).

4 Discussion
4.1 Uncertainty of optical measurements

Inherent optical properties in this study were i from an ac-s instrument. Thus, large erroralmsorption coefficients
may be anticipated in relatively turbid waters iifginal measurements are not corrected by scagterifects (Boss et al.,
2009; McKee et al., 2013). These effects are maittiybuted the acceptance angle of the transmistamand the multiple
scattering of photons. The acceptance angle oatke instrument is ~0.9° and much larger than ¢batesponding to the
LISST-100X diffractometer (~0.027°). Thus, a largerderestimation or magnitude is expected in ac-s with respect to
LISST-100X measurements due to a larger contributibforward-scattered photons arriving to the deteof the former
optical instrument. Further comparisonsc(832) measurements derived here by ac-s and LISBK-showed that values

as derived from ac-s were 23-84% lower with respetiiose determinations based on LISST-100X. Bhi®nsistent with
Boss et al. (2009) who reported that uncorrectetl Milbs ac-9 attenuation values are approximate¥-80% of equivalent
LISST attenuation data. Unfortunatetydeviations due to acceptance angle variations wetreorrected in this study due
to the lack of truec values as obtained by using an integrating caafityorption meter (e.g., PSICAM) (Réttgers et al.,
2005). Notice that these errors are much greatéh wespect to the optical variability associated elach sample
determination in SLE-SF waters and computed baseates measurements (e.g., < 1% at532 nm).

In this investigation, the ‘flat’ baseline corresti was selected for correcting residual scatteiingbsorption coefficient
estimates as derived from ac-s measurements. gtimijue was chosen due to the lack of PSICAM mreasents or
critical ancillary optical information (e.g., paé backscattering efficiency) to tune up a Mongl€ scattering correction

approach (McKee et al., 2008). The ‘flat’ scattgroorrection approach is expected to provide adairection ofa values

10



10

15

20

25

30

in oceanic waters (up to 15% underestimation ateleagths shorter than 600 nm, see Fig. 8b, McKhag,&013) but may
result in large deviations (up to 100% decreashénNIR) ofa values in relatively turbid waters (e.g.> 0.2 m") such as
the Baltic/North Sea. Also, this issue is preselnémvthe proportional correction method of Zanewtldl. (1994) is applied.
Unlike the ‘flat’ baseline, the scattering residoélthe proportional method is spectrally dependuritstill relying in one
reference wavelength in the NIR spectral range.régimations justifying the use of the ‘flat’ (i.ezero absorption signal in
the NIR) and ‘proportional’ (i.e., wavelength-degent scattering phase function) method are stillébate (McKnee et al.,
2013). Lastly, the Monte Carlo correction methodcKkée et al., 2008) has in general better agree(esrdr <10%) with
true a values as derived from an integrating cavity apson meter. However, this approach may also haagom
uncertainties due to assumptions regarding opticafficients (e.g., particulate backscatteringoraind volume scattering
function) and changes on scattering efficiency hmy inner wall of the reflective tube due to agiMrKnee et al., 2013).
Thus in conclusion, the resulting optical coeffiteand mass-specific optical coefficients of paitttes measured in SLE-
SF waters may present large errors (i.e., > 50%) reispect to true values and at wavelengths lotihger 550 nm. This bias

is anticipated to be maximum (minimum) in UE (LBY&tions.

4.2 Variability of microphysical properties of SPM

A striking finding in this study was the importameight contribution of relatively large particulaté.e., >10 pm) in UE
waters. This phenomenon was likely attributed te #ttive resuspension of sediments associated wgitiical mixing
produced by tidal currents and winds (Yeats, 1988nversely, this effect was secondary in relagivdgdep waters of SF
and LE where large and heavy particulates are lsapanoved from the water column and deposited glsabmarine
canyons (Gagné et al., 2009). Although chemical pmsition of size-fractioned SPM was not analyzedhis study,

additional correlations withdpy™™

suggest that particulates smaller thanutOwere richer in inorganic matteps(= 0.62,P

< 0.001, N = 23) with respect to particulates vatliameter greater than 1n. This finding confirms previous studies
showing that relatively small (~2m) particulates in the SLE are mainly composed nyenals (Yeats, 1988; Gagné et al.,
2009). In this contribution, a large proportionpafrticulates with a diameter above |5 and lower values were typically
found in LE locations. These results also suppistblical observations made during July and August showing a greater

proportion of relatively large particulates (i.2.5 and < 50 um) over the LE locations (ChanutRadlet, 1979).

4.3 Spatial variability of mass-specific optical coefficients

In this studyaspy Mmeasurements in the visible and near-IR rangeaHache variability that was comparable to the eaofy
values reported in the literature for temperatestadavaters (e.g., Mobile Bay, River of La PlatdheEEstuary, Gironde
Estuary) (Stavn and Richter, 2008; Doxaran et24lQ9; Dogliotti et al., 2015) (Table 4). In genedalestaspy values
(i.e., 0.01-0.02 g™ atA = 440 nm) commonly corresponded with samples nbthin very turbid environments (i.e., > 100

g m?, Mississippi River and Delta, Gironde River, LatalRiver) (Bowers and Binding, 2006; D'Sa et 80&; Dogliotti et
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al., 2015; Doxaran et al., 2009). Notice that pdrthis decrease can be attributed to an incompktgval of multiple
scattering effects. Relative loaspy values have been linked to high POC/SPM (Woznialalet2010) and chl/SPM
concentration ratios, where chl means chlorophyftstapa et al., 2012). In this study, chl/SPM enésd values as high as
2 10° that are comparable to relatively high ratios regbby D'Sa et al. (2006). Thus, it is suggested some locations in
our study area are characterized by relatively RGIC/SPM as other turbid coastal environments asdcdjacent waters to
the Mississippi Delta (D’Sa et al. 2006).

A well-known mechanism explaining the general daseeofaspy in very turbid waters is related to packaging effe
(Morel, 1974; Zhang et al., 2014). At higher tuibés, larger particulates contribute to PSD vaoia, thus as mean
diameter of particles increases, the light absompgfficiency per averaged particle decreases (he. interior of larger
particles has a greater ‘shading’). This could alsplain the spatial differences @y (440) in our study area where larger
values corresponded with surface waters dominagephhticles assemblages having a smaller mean thariee., UE and
SF). In nearshore waters of California, Wozniakle{2010) demonstrated inverse relationships bemagey (440) and the
median particle diameter for inorganic- and orgatominated assemblages. Also and consistent with poevious
discussion regarding particle composition, Wozrgakl. (2010) observed that POC/SPM was positigelyelated with the
median particle diameter. Indirect size effectsags, (440) due to changes on iron content per partialetbeen discussed
by Estapa et al. (2012). In general, smaller paletes have a greater surface for adsorbing orgamigpounds where iron
can accumulate (Mayer, 1994; Poulton and Rais@élD5). Thus, SPM fractions with smaller particudasge expected to
have an enhancement afpy (440) due to high iron concentrations. This phenonelikely explained our higher
aspwm (440) in SF regions with respect to LE waters whbeewater salinity range is 0-29 and 29-33.5, eetipely (El Sabh,
1988). Indeed, relatively high concentrations atipalate iron have been measured in surface wateitse Saguenay Fjord
(Yeats and Bewers, 1976; Tremblay and Gagné, 2009oastal Louisiana and the lower Mississippi @tdhafalaya
rivers, Estapa et al. (2012) found that magnitutlespy, within the UV @ ~ 360-390 nm) and blué\ (~ 400-450 nm)
spectral range is commonly higher in freshwatehwitspect to marine samples. This is related tgthater concentration
of particulate iron oxides and hydroxides derivednf terrestrial sources in freshwater samples ater transport and
reduction in marine environments. Iron oxide andrbyide minerals have a major light absorption imitthe spectral range
of 400-450 nm due to the absorption bands of ifestgpa et al., 2012). Pigmentation of mineral paldites due to iron
hydroxides has been suggested to be a major famtoeasingaspy (Babin and Stramski, 2004; Estapa et al., 2012).
Unfortunately and unlike optical measurements mag&stapa et al. (2012), the resolution of our aeessurements (~4
nm) did not allow a deeper analysis of iron absorppeaks by performing a second-derivative catata In general,
a7 and o;”™ values were within the range of values reportethénliterature with the exception of SF locatiavisere
mass-specific absorption cross sections were sutizta higher (up to 1.71 and 0.86°m", respectivelyA = 440 nm). This
difference was likely attributed to the aforemenéid enhancement of light absorption due to pagteuron-enrichment in

SF waters.
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Similar toaspy , bspw  Values were highly variable between locations wiftthin the range of measurements obtained in
other environments (Table 4). In this study, thecsml variationbspy between regions showed a spectral flattening as
particle assemblages become dominated by orgarttemfae., LE). This finding is consistent with \&f@ak et al. (2010)
measurements made in Imperial Beach, California. i@easurements of scattering cross sections ofiRItle SLE were
higher with respect to other littoral regions o thorld. For instancesg” (440) in the SLE was up to 2-fold the magnitude

of maximuma,™™

(440) values measured in off New Jersey coast lyg&@net al. (2008). The origin of these differenises
unknown and could be mainly related to mineral cosifpn variations and associated iron as parsize distribution
measurements during our surveys were comparahieos® published by other studies. Unlig€™', our g,"° estimates

were within the range of values obtained in thef@iMexico and along the east coast of US.

4.4 Particle size and chemical composition effects on mass-specific optical coefficients

Correlations of and Rpy ™

with mass-specific optical coefficients for diféert SPM size fractions were shown in Table 2.
For all size fractionst was positively correlated with (440) (s up to 0.32P = 0.006). This pattern is consistent with the
higher absorption efficiency of relatively smalkai particulates. As previously discussed, thesiicptates have a greater
light absorption per unit of particle mass due tonienrichment and a lesser role of shading effeBisce particle
aggregates were altered during our experimentsnthence of particle density on mass-specificdaadtcoefficients cannot
be quantified as this effect is mainly observedndisrupted marine aggregates (Slade et al. 20&aké&imans et al., 2012,
Neukermans et al 2016). However and based on Estaph (2012) simulations, the impact of aggremanaspy iS
anticipated to be small (i.e., ~10%) with respedhe spatial variability céspy in SLE-SF waters.

In general,£ was positively correlated with; (550) (s up to 0.37,P = 0.008) and pointed out as expected the higher
scattering efficiency of small-sized particulate do the smaller influence of packaging effectstidé¢ thaté correlations
with b, (550) were greater with respect @(440) and more remarkable for relatively large-diparticulates. In Arctic
waters, Reynolds et al. (2016) observed an increasmass-specific particulate backscattering fonamal-rich particle
assemblages that tend to exhibit steeper sizeibdisons. Although no particulate backscatteringasmweements were
available in this study, Reynolds et al. (2016)hhight the importance of relatively small-sized fmarates for driving
variations on mass-specific optical coefficientdkéid to scattering processes.

In all cases, &v ™ had a stronger correlation with (440) compared withy, (550) values, and these relationships were
stronger when SPM was dominated by particulatels aitintermediate size (i.e., 0.441f). The enrichment of suspended
particulates on inorganic matter and concomitaniatiansa; (440) may be explained by a greater contributiomaferal-
associated iron to light absorption. Also, the castibn method used to measure PIM in our studyccbel another factor
explaining the increased particle absorption in tthee range (Babin et al. 2003). Iron can take meomgns in mineral
particulates (oxides, hydroxides, monosulfides) aad be deposited over the particle surface or dé qf its internal

structure (e.g., clays). Since the mean diametaslayf particles is less than #m, the aforementionedsk™ -a; (440)
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correlations were also likely affected by iron asated (adsorbed or structural) to other typesofganic particulates that
are characterized by larger dimensions. In SF ioest reduced iron is mainly associated to dissblseanic compounds
that can be strongly adsorbed to hydrous metalesx{@eflandre et al., 2002). Babin and Stramskd{2®btained positive
correlations betweeagpy and iron content of dust and soil particles sudpdnin seawater. Estapa et al. (2012) found a
strong covariation betweespy values and dithionite-extractable iron contenbxifles and hydroxides.

PIM

An important objection to correlations §fand kpy  with mass-specific optical coefficients of SPMesizactions was

PIM

related to differences in terms of particle sizage used to computé and kpy — and particle size classes derived by

sequential filtration of water samples. More spealfy, & is not representative of submicron particles thas 2um. Also,

™ is only a valid particle composition parameter farticles mostly larger than Opm. Thus, correlationg and

l:SPMP
Fsem ™ with mass-specific optical coefficients of 0.2-Qu# and 0.4-0.fxm may only reflect indirect dependencies between
mass-normalized optical coefficients of differeizesclasses. This possibility (i.e., correlatioesvieena” orb;” of different
size classes) was confirmed based on samples ebt@inUE, LE and SF waters. Lastly, it is importémtdiscuss the
potential bias o andb,” determinations due to size fractionation angbsteriori impact on correlations with respect to

™ and &. No measurements ofsff ™ and & were done in size fractions of SPM, thus it isfidifit to compare

FSPMP
particulate size distribution and chemical composithanges before and after the size fractionatifothe samples. Size
fractionation is anticipated to cause retentiosmfller particulates in membranes having a largee gize. These primary
particles will overestimate the weight of the fitd sample and underestimate the weight of the filisdtion step
consisting in a membrane having a smaller pore Si&ce particle sieving begins with large-sizedtiples and finishes
with small-sized particles, the magnitudeapfandb; for relatively large (small) particulates is ligkefo be under-(over-)
estimated. Bias on mass of size fractions wasigdrify comparing the sum of masses for 0.{ti0and >10um with the
total sample filtered trough a GF/F filter (i.e./Qum nominal pore size). The arithmetic average ddtied bias for the
whole study area was 31.4% or a 31.4% overestimationass for particulates > Oim when total weight is computed
based on sum of partial weights correspondingffereéint size fractions. An optimization scheme diguat the mass for each
size fractions (i.e. adjusting the various maseesutn up to the total mass filtered) was not attethgince we didn't filter
total samples through 0.2 or Oudn membranes due to the sequential mode of ouatfdm. Thus, ‘filtration weighting

factors’ for size fractions > 0j2m or > 0.4um could not be calculated.

4.5 Optical proxies of particle characteristics

In terms of fractioned mass, the size of parti@datvas the dominant variable driving changesy ¢ps up to 0.53,P =
0.004). Conversely, the mineral content of SPMrhtihave a statistically detectable impact at 98¥fidence interval. In
particular, the strongest responseydb size effects was manifested for the mass fsadtiaving the smallest particulates
(i.e., 0.2-0.4um). Despite the major effects of particle size stasory, values ofy were not clearly correlated withslopes.

In oceanic waters, andy values are expected to covary in a linear wayfepecific range of refractive index afi@Boss et
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al., 2001; Twardowski et al., 2001). Our rang€ aflues was within the natural variability reporiaccoastal and oceanic
environments§{ = 2-4.5) (Reynolds et al., 2010; Neukermans et28l12; Xi et al., 2014). Also, the magnitude wpfn our
samples (0.29-2.22 rifpwas within the range of values that charactesizeanic environments (0.2-2) (Twardowski et al.,
2001, Boss et al., 2013). Unlike oceanic waters,pibor correspondence betwdeandy values in this study was linked to
different responses of spectrapy and particle size distribution slopes to changéstwnp non-covarying optical
contributions: minerals and phytoplankton. Alse thduced number of sampling locations and thergpbir variability of
&-y relationships were additional factors likely expiag the lack of a general functionality for theidy area. Lastly and

y were not substantially correlated in our samplas i deviations on Mie-based models (e.g, absgriperes) of as a
function of & (Twardowski et al., 2001). Indeed during our sys/ehigh absorbing particulates were present in-SEE
waters.

The variability ofSvis values in this study was relatively high (~10-foldjh respect to other littoral environments (1083f
Svis = 0.009-0.0113 ni) (Estapa et al., 2012). Sin&eis was preferentially influenced in a direct way by gontribution

of small-sized particulates within the range 0.240m, it is feasible a potential link betwe&ais and particulate iron of
small-sized mineral particulates (Estapa et all,220No statistically significant correlations &% confidence level were
computed betweengk,” ™ and Svis. This is counterintuitive assky ™ is positively related t@ and presumably iron
content of particulates. This discrepancy mightrékated to the inclusion of freshwater or brackstmples into the
correlation analysis aSvis is only expected to change with extractable-irbmarine measurements (Estapa et al., 2012).
More specific correlations by only using LE measoeats supported this hypothesgs € 0.58,P = 0.023). Thus, our

results suggest th&is s likely an indicator of iron associated to miseenriched particulates in LE waters.

5 Conclusions

The measure of optical cross sections of SPM isrgisg for developing optical inversions and impgewur understanding
regarding the origin of optical signatures in reens¢nsing studies and map biogeo-chemical componestirface waters.
In this contribution, we presented for the firghéi, mass-specific scattering and absorption caoeffis of size fractioned
SPM in estuarine waters of the Saint Lawrence Rivera major SLE tributary, the Saguenay Fjord.

Despite the intrinsic variability of weight-normadid optical coefficients due to variations of paeti micro-physical
attributes, the following patterns were identified: the mass-specific absorption coefficient of SRisls preferentially
influenced by changes in particle chemical comjmisiais inferred from changes ogsF ", 2. regional variations o8vis
suggest a substantial iron-enrichment of suspepégitulates in LE waters, 8gpy (440) values were usually higher in SF-
UE with respect to LE locations for all size fracts and indicate that iron is not selectively bathtb specific size class of
particulates, 4Svis- Fspy ™ correlations in LE locations suggest a potentiahienrichment of particulates having a larger
mineral content, 5. salinity was an important valeacorrelated with changes ag-y at the regional scale, 6. size spectra of

particulates had a larger impact by thanasey , and 7. no clear regional differences were esthbtl in terms Obspy
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magnitude or spectral variation. In summary, therethentioned relationships will be useful in ingesting local and

regionally-limited relationships and propertiesS&fM.
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Table 1. Summary of acronyms

Abbreviation Definition Unit
SLE St. Lawrence Estuary
UE Upper Estuary
SF Saguenay Fjord
LE Lower Estuary
CSPM Concentration of suspended particulate matter gm?®
Fspu Contribution of size fraction i to total mass &8 dimensionless
Fspu Contribution of chemical fraction j to total massSPM dimensionless
NAP Non-algal particulates
CDOM Chromophoric dissolved organic matter
PIM Particulate inorganic matter g
POM Particulate organic matter g’m
A Light wavelength nm
aspm Absorption coefficient of SPM h
bspm Scattering coefficient of SPM ™
aspm Mass-specific absorption coefficient of SPM 2 gt
bspy Mass-specific scattering coefficient of SPM 2 gt
o Absorption cross section of SPM chemical fraction j m? g*
oy Scattering cross section of SPM chemical fraction j m? g*
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V(D)
N(D)

N'(D)

Svis

Differential Junge slope of particle size distribut

Diameter of a volume-equivalent sphere at michpof size class
Volume concentration at size class D
Particle number concentration at size class D
Particle number density at size class D
Spectral slope of particulate beam attenuationfiooerft

Spectral slope of mass-specific particulate absmrmoefficient

within the visible spectral range

Number of particulates

per um
pHm

pt L

10

15
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Table 2. Particle size and chemical composition effects on mass-specific optical coefficients. Spearman rank correlationsfor a and
b," are computed at a wavelength of 440 and 550 nm, respectively.

Mass-specific g Fepm ™V
Optical fraction

802 0.4um 0.32* 0.31*
0.4-0.7um 0.28 * 0.50 **
807 _ 10 0.26 * 0.49 *
a->10pmk 0.31* 0.44 *
Po.2 —0.4pm* 0.15 -0.17 *
b0.4—0.7pmk 0.05 -0.06
o7 - 1Q4m* 0.23 * 0.42 *
b>10pmk 0.37* 0.26 *
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Table 3. Correlation of optical proxieswith particle size and composition. Spearman rank correlations based on 23 samples.

Mass fraction

_ y Svis

of particulates

For™ -0.34 -0.15
Fapy 0204 0.53* 0.49**
Fpy, O407Hm -0.43* -0.49**
Fapy 07-108M -0.38* -0.30*
FSPM>10um 0.13 0.19
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Table 4. Mass-specific optical coefficients of suspended particulatesfor different littoral environments. Acronyms are defined in

Tablel.
Location A asey bspyt gFfoM  gPM  gPOM aFM CSPM References
UE 440 0.01-025 0.01-106 015 011 0.84 2.27 7.38.6  This study
488 0.01-0.14 0.01-097 0.06 0.05 0.76 2.04
556 0.01-0.06 0.01-0.86 0.01 0.01 0.71 1.82
665 0.01-0.02 0.01-0.73 0.01 0.05 045 1.67
708 0.01-0.012 0.01-068 0.01 0.02 0.11 1.31
SF 440 0.32-0.73 0.20-0.56 1.71 086 1.78 0.94 2.2868 3.
488 0.17-0.39 0.18-0.49 184 043 114 0.88
556 0.08-0.17 0.15-0.42 0.85 0.17 0.45 0.56
665 0.02-0.04 0.13-0.34 012 011 0.23 0.12
708 0.01-0.02 0.12-031 0.01 0.01 0.12 0.04
LE 440 0.03-0.07 0.04-0.22 007 0.02 264 2.04 2.23.%
488 0.02-0.04 0.04-021 003 0.01 213 1.88
556 0.01-0.02 0.04-0.19 0.01 001 188 1.36
665 0.003 -
0.006 0.04-0.18 0.02 0.01 142 0.89
708 0.015 -
0.002 0.04-0.17 0.02 0.01 0.98 0.67
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Elber River, 0.001 -
650

0.020
German 0.001 -
) 750
Bight, 0.019
Baltic Sea,
New 0.001 -
850
Caledonia 0.014
lagoon
Monterey
532
Bay, US
Mobile Bay,
532
us

Hudson Bay,
675 0.001-0.12
Canada

Mississippi
River, US 450 0.02-0.11

550 0.017-0.06
650 0.012-0.035

700 0.01-0.025

0.46 — 2.54

0.40-1.78

Rottgers et

0.5-10
al. (2014)
Zhang et al.
1.23-3.39 0.08-0.77 0.1B%2.
(2014)

0.35-3.85 0.27-0.79 0.2667.3

Xi et al
0.2-25

(2013)

Bowers and
7-25 Binding

(2006)

27



Mobile Bay, Stavn  and

440 0.44-1.95 0.01-1.91 0.36-0.80 0.23-25.3Richter
(2008)
Southwest
488 0.41-1.89 0.01-1.82  0.36-0.73
Pass, US
550 0.40-1.80 0.01-1.65 0.33-0.70
676 0.36-1.63 0.04-1.48 0.34-0.63
715 0.34-1.61 0.02-1.39  0.33-0.58
Coast of New 0.23 - 0.08- Snyder et al.
440 0.7-5.1 0.3-13 0.44-6.6
Jersey, 0.59 0.17 (2008)
Monterey 0.18 - 0.07-
488 065-48 04-16
Bay, 0.39 0.13
Great Bay 0.13 - 0.05-
556 0.4-4.3 05-18
0.21 0.08
Mobile Bay 0.05 + 0.01
(arithmetic
0.09 — 0.05-
665 mean * 0.35-38 04-17
0.11 0.06
standard
deviation)
0.02 - 0.01-
708 0.4-3.9 0.3-1.7
0.03 0.02
Irish sea, UK 0.01 - Binding et
665 0.08 — 0.45 047-049 19-265
0.02 al. (2005)
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Irish sea, UK

0.062 +
0.013
490
555
665
English
J 550
channel, UK
Coast off
Europe and
676
French
Guyana
Guyana coast,
Scheldt River,
Gironde 240
River, Rio de 0.02-0.12
la Plata
Estuary

0.17-0.19

0.20-0.22

0.20-0.24

0.14-0.15

0.62-1.04

0.63 -2.07

0.05 -
0.06

0.03 -
0.04

0.03 -
0.03

0.02 -
0.03

29

0.25-0.27

0.33-0.37

0.37-0.39

0.27-0.29

0.12-1.83

0.37-0.89

1.6-50

0.01-72.8

1.2-824

30-120

Bowers and
Binding
(2006)

Neukermans
etal. (2012)

Dogliotti et
al. (2015)



Elbe Estuary, 5

Germany

Gironde
Estuary,

France

Coastal

Louisiana and

lower
Atchafalaya
and
Mississsippi

Rivers

West of
Mississippi
Delta

Imperial

Beach,

California

55

715

555

715

440

488

556

665

443

440

488

556

665

0.05-0.07

0.01-0.03

0.02 -0.06

0.01-0.02

0.056  +
0.012
(0.05-0.065)

0.035-0.05
0.25-0.35

0.125-0.02

0.012-0.079

0.03-0.1

0.02-0.08
0.01-0.03

0.004-0.02

0.35-0.47

0.32-0.44

0.28 - 0.50

0.27-0.45

0.1-1.2

0.18-0.9

0.2-0.9

0.2-0.8

30

Doxaran et

73.5-294.2

al. (2009)

21.9-344.1

3-90

Estapa et al.
(2012)

D'Sa et al.
(2006)

Wozniak et
al. (2010)
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0.2-0.8

10

15

31



10

15

20

25

Figure captions
Figure 1. Study area. UE (green triangles), LE (blue rectangles) and SF (red circles). GSL isthe Gulf of St. Lawrence.

Figure 2. Spectral variation of mass-specific optical coefficients of SPM for unfractionated samples. (a) particulate absorption at A
= 440 nm, (b) particulate scattering at A = 550 nm. Each bar isthe arithmetic average + 2 standard errors as computed by using

the whole dataset.

Figure 3. Spectral variation of mass-specific absor ption coefficients for different size classes of suspended particulates. (a) 0.2-0.4
um, (b) 0.4-0.7 pm, (c) 0.7-10 um and (d) >10 um. Curves presenting negative values at some wavelengths are not depicted. SF
(black line), UE (red line) and LE (blueline).

Figure 4. Spectral variation of mass-specific scattering coefficients for different size classes of suspended particulates. (a) 0.2-0.4
um, (b) 0.4-0.7 pm, (c) 0.7-10 um and (d) >10 um. Curves presenting negative values at some wavelengths are not depicted. SF
(black line), UE (red line) and LE (blueline).

Figure 5. Comparison of mass-normalized optical coefficients for different SPM fractions. (a) mass-specific (left-axis) and true
optical cross section (right-axis) for particulate absor ption, (b) idem as (a) but for particulate scattering. Each bar isthe arithmetic

average + 2 standard errorsas computed by using the whole dataset.

Figure 6. Sub-regional variation of mass-specific optical coefficients of SPM. (a) particulate absorption at A = 440 nm, (b)

particulate scattering at A = 550 nm. Each bar isthe arithmetic average + 2 standard errors as computed for each spatial domain.
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