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Abstract. Emr[iwélal mass-specific absorptiog(f)’) and scatteringb{(\)’) coefficients of suspended particulate matter
(SPM) were
surface waters (i.e., 0-5 m depth) of the Saint lesee Estuary and Saguenay Fjords (SLE-SF) andgjL][jn2013.

pecific

ured for four size fractions (i2-0.4 um, 0.4-0.7 um, 0.7-10 pum, and >10 pm,wavelength in nm) in

The response of two optical proxies (the specthapes of particulate beam attenuation coefficient anas

particulate absorption coefficient, hereafyesind Svis, respectively) to changes on particle size andnite composition
was also examined. For the spectral range 400-#ij0nass-specific absorption coefficients of tot@Ms(i.e., particulates
> 0.2pum) (hereaftermspy) had low values (i.e., 0.01-0.0Z i) in areas of the lower estuary dominated by |aiged
particle assemblages with relatively high partitalarganic carbon and chlorophyll a per unit of sn@onversely, largest

i ') corresponded wite-locations of the upper estaamy SF where particulates are relatively
. The differenti::]e sIop@ particle size distribution had adargorrelation wit)EC.j

(Spearman rank correlation coefficiemf up to 0.37) ‘wi-&h-::espe/ct ta  (ps up to 0.32). Conversely, the ratio between

small-sized and/or mineral-ric

and SPM concentrafiad.a stronaer influence @ (ps up to 0.50). The magnitude pfvas

of SPM

particulate i

res the reQ nse pfto particle composition variability was secondary.

sensitive to change}ﬁpn size fractign

Lastly, in areas o ary with a larger mavinfluence (i.e., IOJ::Jestuary), the magnitudeSag was inversely

correlated WitraspM*(440) values and thneral content of SPM. F ties betweeBvis andaSpM*(44O) distributions

and unusual high values af measured F waters suggest that iron boundrnicies is likely a major factor explaining

relatively high values odispy (440) in our study area.

1 Introduction

The distribution of suspended particulate mattéd?M$ in coastal and estuarine environments has armiafluence on

several biogeochemical processes (e.g., phytoglartiboms) (Guinder et al., 2009), ecosystem siracte.g., food webs)
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(Dalu et al., 2016) and dispersion of pollutantg.(ecopper, mercury, polycyclic aromatic hydrocars) (Ma et al., 2002;
Ramalhosa et al., 2005). Light absorption by sudeérparticulates is essential for several photoatemrocesses related
to the carbon cycle (e.g,=2atosynthesis, prodoatiodissolved inorganic and organic carbon) (Estepal., 2012). Lastly,
the concentration of SPPM) (Table 1) is andntgnt variable for modeling thermodynamic procesagd 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 (Doxaein al., 2002; Miller and McKnee, 2004; Montes-Hugmd

Mohammadpour, 2012. However, acean color algoritlfmnsestimating\pSPM will never have the accuired for

optical inversions because SPM is fined oyi€ae., an unknown mixture of inorganic and origamatter). Therefore,

partition of SPM into at least major chemical coiion—=lasses (particulate inorganic and organatten or PIM and

POM, respectively) and estimation of size distiibntare regoted independently for optically-basehote sensing models

Despite this, there is still a lack of understandiagarding how SPM microphysical characteristeg.( particle chemical
composition and size distribution) relate to mgsseffic optical properties. This knowledge is esisdror deriving new
optical inversions for retrieving second-orderibtites of SPM (i.e., chemical composition, sizdribstion).

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-gssat iron has two
specific light absorption bands (wavelengbh= 360-390 nm and\ = 400-450 nm). Also, Estapa et al. (2012) demaietr
that optical proxies such as the spectral slopgadficulate absorptiors{is) within the visible spectral ranga & 400-700
nm) could be used for estimating dithionite-extaéad® iron and organic carbon content in marine $asnfron can be part
of organic (e.g., complexed forms) or inorganig/esilicate sheets) particulates having a broad Kinge (e.g., from clays@
to amorphous aggregates) (Bettiol et al., 2008usTthe analysis of different fractions of SPMdsential 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 miag 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 trainechigicians.

The optical characterization of particle size dsttion (PSD) and/or chemical composition in colatad oceanic waters
has been attempted based on four main methodold@ileznalysis of spectral changes of inherentcapiroperties (Boss et
al., 2001; Loisel et al., 2006), (2) empirical telaships between mass-specific optical cross aestand biogeo-physical
characteristics of PIM (e.g., mean diameter) (Bewet al., 2009) and SPM (e.g. apparent density asfiqulates)
(Neukermans et al., 2012), (3) optical inversiofdifferent volume scattering functions (Zhang &t 2014), and (4)

2
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changes on water leaving polarized reflectancesglat al., 2008). A widely used methodology fdireating particle size
@spectra changes is the use of the spectral sloparti€ulate beam attenuation coefficiept due to its relationship with the

differential Junge-slopecof particle size distribnt(€) (Boss et al., 2001).

The Saint Lawrence Estuary (SLE) and the Sagueiayld-(SF) constitute a large sub-Arctic systemrati@rized by

5 relatively high concentrations of chromophoric dised organic matter (CDOM) (Nieke et al., 1997heTremote sensing

of SPM microph=<@al characteristics in these waatgrcrucial for understanding regional climateeef§ on coastal erosion

(Bernatchez anG—oubois, 2004) and occurrence aihfudralgae blooms (Fauchot et al. 2008). Howevaroider to
accomplish this task it is essential to know hovssaspecific optical coefficients of suspended paldites are influenced by
particle composition and size distribution changesour knowledge, mass-specific absorption anttextiag coefficients of
10 SPM size fractions have never been reported ifitdi@ture even though it has a potential applaratin biogeo-optical
inversions and biogeochemical studies regardinglymamics of trace metals, sediment transport aimdapy productivity
models.
This study has two main objectives: (1) to chamm#ethe mass-specific absorptiog(X)) and scattering b{(\)’
coefficients of four size fractions of SPM (i = @2 um, 0.4-0.7 pum, 0.7-10 um, and >10 An% wavelength in nm
15 different locations of the SLE-SF and during sproanditions, (2) to establish relationships betwegass-independent
optical coefficients calculated in (1) and-miereplapl properties of particulates related to PSD riveral content of SPM,
and (3) to examine the response of two optical ipofy andSvis) to changes on PSD and chemical composition of 88M
inferred from PIM and POM contributions.
This study is organized in three sections. In tinst fsection, mass-specific absorptiamp*) and scattering blspw*)
20 coefficients of total SPM (i.e., particulates >Qu®) are calculated for different optical environneeat the SLE-SF that are
characterized by distinct particle assemblages \arihble contributions of CDOM, non-algal partidelss (NAP) and
phytoplankton to light attenuation. @ e secoadtien, the%rﬁ{of m Q pecific optical adeffts of different SPM
size fr@MD ar 'neraltenhef—suspended—parﬁr: reeees IS investigatedtly &s the third section,
the infloence of PSD-and minerat-entichr em:a&pal&es—ojry andSvisis examined.

25 2 Dataand methods

2.1 Study area

The SLE can be divided in two main regions haviagtrasting biological productivity;=7 bathymettlye upper (UE) and
the lower (LE) estuary (Levasseur et al., 1984) PNend CDOM dominate-the—tunderwater light attennatibUE waters
(Nieke et al., 1997). This is in part related te thflow of CDOM-rich and NAP-rich waters comingfn the St. Lawrence

30 River and Saguenay Fjord (Tremblay and Gagné, 200¢;et al., 2012). Unlike NAP and CDOM, contribwrti of
phytoplankton to inherent optical properties insesatowards the mouth of the SLE (Montes-Hugo amthdvhmadpour,
2012; Xie et al., 2012).
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The study of optical properties of suspended palgtes in SLE waters began during the late 80'hirBat al. (1993)
investigated the horizontal variability of the sifiecabsorption coefficient of phytoplankton (i.eabsorption coefficient
normalized by concentration of chlorophyll + phaigopents) in surface waters during summer of 1989 E00. During
the summer of 1990, Nieke et al. (1997) studiedsihetial variability of CDOM in terms of fluoresaanand absorption
spectra. Also, this study reported for the firsetirelatively high (up to 3 M particulate beam attenuation coefficients
(cspw) @and inverse relationships between saliniiys,, and CDOM absorption coefficientactoy). Larouche and Boyer-
Villemaire (2010) proposed remote sensing modalestimating PIM in the SLE and the Gulf of Saivirence. Xie et al.
(2012) showed inverse relationships between sglanit absorption coefficients of NAP and highlightee extremely high
values ofacpo (i.€., up to 5.8 MatA = 412 nm) along the Saguenay Fjord.

Historical studies performed during summer of 18é§gest that size distribution of SPM differs betwé&JE, LE and SF
regions (Poulet et al., 1986). Based on surfacepEmnPoulet et al. (1986) found a dominance ditingdly 'small-sized'
(i.e., mode diameter < 10m) and 'large-sized' (i.e., > 3@m) particulates over the UE and the mouth of thé&,SL
respectively. Conversely, the remaining locatiohthe LE were characterized by particulates hadngntermediate size.
In surface waters of SF and during spring montli&MSs commonly composed by very small particles.(i2-3 pm)
(Chanut and Poulet, 1979). Several investigatiariatput that suspended particulates in SLE-SForegiare principally
composed by inorganic matter (D’Anglejan and Smit®,73; Larouche and Boyer-Villemaire, 2010). Thisnenal
contribution varies between 60 and 95% of dry weigpending on the geographic location and perfatieyear (Yeats,
1988; Larouche and Boyer-Villemaire, 2010). Desypiteir important contribution, none of these stadieported mass-
normalized optical coefficients for different sifimctions of SPM nor an assessment of particle awmitipn and size

distribution effects on these coefficients.

2.2 Field surveys

Discrete water samples for biogeochemical and abtieasurements were obtained in 22 locationsildiséd 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 osgeaphic rosette equipped with Niskin bottles (wodu= 12 L). For each
sampling location, mass of different size fractioh$SPM, optical coefficients for different SPM sifractions, and particle

size distribution spectra were measured insideviitdab of the vessel.

2.3 Biogeochemical analysis

Size fractionation of SPM was done after sequdnptidilering the original samples through pre-wetigth membranes having
a diameter of 47 mm and a pore size of 10 um (Whatmolycarbonate), 0.7 um (GF/F, Whatman, gldss)j 0.4 um
(Whatman, polycarbonate), and 0.2 um (Nucleopasbjcarbonate). The contribution of size fractioto ithe total mass of

SPM (Rpu, | = 0.2-0.4 pm, 0.4-0.7 pm, 0.7-10 um, and >1Q was computed by normalizing the weight of thetien i
4
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by the sum of weights derived from each size foactiThe mineral and organic composition of suspdnprticulates
(FseM, Where j superscript symbolizes PIM or POM, resipely) was only computed for particulates with gig size
greater than 0.am (i.e., after filtering the original unfractiondteample trough a GF/F filter membrane). In thisecahe
mass of PIM and POM was assumed to be negligilsipddticulates with a diameter smaller than @d. Thus, resulting
PIM and POM determinations correspond to total endpd particulates. This approximation should b#ied in the future
since the authors are not aware of publicationsemsthg the contribution of relatively small pautates (i.e., < 0.7am) to
PIM and POM. The mass of PIM was obtained afteronéng the organic mass (i.e., POM) by combustiorooginal
samples at 450°C and during 6 h (Mohammadpour.e2@l15). The mass of POM was calculated as ttierdiice between
the dry mass of particulates concentrated in GiRé#¥$ minus the dry mass of PIM.

The precision of SPM mass determinations based i Glters was 15% (Mohammadpour et al., 2015hisTprecision
was computed as the percentage: df standard deviation with respect to the arithmatierage of weight corresponding to
10 replicas. Based on loss on ignition factors {(BaBoyer et al., 2003) and clay composition dat#ained in the Saint
Lawrence Estuary (D'Anglejan and Smith, 1973),akémated error of PIM determinations due to deatjdn of clays was
3.1%. Thus, PIM mass determinations have a maximooertainty of 18.1% due to the additional errorS&fM mass
measurements by gravimetry. Notice that error ilVR@ass estimates was slightly greater than thatcéeted to PIM mass
estimates (18.2%).

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 mead 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 rembyadsual 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). Spéelues ofagpy in M were derived in unfiltered samples by subtracting
acpom and the absorption coefficient for pure seawadg) {o a at each wavelength. The contributicsgon + ay were
measured by using thetube (i.e., reflective tube) of the ac-s and aftex-filtration of total samples through a membrane
having a pore size of 0.2m (nucleopore, Whatman). Similar &py calculations, the magnitudepy was computed in

unfiltered samples after subtracting CDOM and m&a@water contributions tas derived by using thetube (i.e., opaque
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tube) of the ac-s instrument. Notice that pure sgemcontributions ta andc values are removed when the ac-s instrument
is calibrated by the manufacturer. Lastly, parételscattering coefficientddpy) in m* were derived by subtractiragpy to
Cspm Values.

The particle size spectra within the size ranger@-fim were measured on unfiltered samples and img @sred laser
(wavelength = 670 nm) diffractometer (LISST-100Xpe& B, Sequoia Scientifics) (Agrawal et al. 199SST bench
determinations were discrete and performed on boktte ship. Lab measurements were performed gws chamber
and a magnetic stir bar in order to homogenizestmaples and avoid sinking of particulates. Thecappath was covered
with a black cloth to minimize ambient light contamation during the scattering measurements. TheSTI00X
instrument can measure 32 scattering angles wdhirangular range of 0.08-13.5°, thus, particulatéh a diameter
between 1.25 and 250m can be quantified. However only the interval ® 1¥h was analyzed due to variability of particle
shape and refractive index in the first bins (ke3.2um) (Agrawal et al., 2008; Andrews et al., 2010)agtlight effects in
the first bins (Reynolds et al. 2010), and biastezl to particle sinking in the last bin (i.e., 42280 um) (Reynolds et al.
2010). Measurements were made during a period mfnBites at 1 Hz, and resulting raw data were gualintrolled by
using the Hampel filter algorithm for eliminatingtbers (Pearson, 2005). The number of particlesupé& of volume within
each size class (N(D)) was computed by dividingpheicle volume concentration (V(D) ) by the diaergD) of a volume-
equivalent sphere for the midpoint of each indieidzlass:

N(D) = 6 V(D) (tD%* 1)

A total of 25 particle size bins were calculateddzhon inversions of the scattering pattern anégdptying an inversion
kernel matrix derived from scattering patternspiferical homogenous particles as predicted fromtkBery and a realistic
range of index of refraction. The particle sizetritimition (N'(D)) was defined as the average numddeparticles 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 seddo 35.17 pum because is the midpoint of the kigarithmic size
range. Calculations of were done by least square minimization of logdfaimed data (Reynolds et al., 2010). The
uncertainty of & calculations, as estimated from 2 standard erm@ased between 1.6 and 10.2% with smaller errors i
samples obtained in LE locations. Although partgifee distribution in natural waters may not follawdunge-type slope, its
use here was justified since our main interest todsave a first-order assessment of size effectzadiculates on optical
coefficient’s variability. Indeed, the definitiorf § based on LISST measurements applies for partesigteater than 2m.

A more realistic representation of PSD is the mguteposed by Risovic (1993). This parameterizati@inly includes two

particle populations (‘large’ and ‘small’) havingffdrent refractive index and has been recentlyliadpin littoral
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environments by different studies (Zhang et al132®hang et al., 2014; Zhang et al., 2017). Theistionships betweeh

and optical coefficients in this study are locall @hould not be generalized to other littoral emwinents.

2.5 Optical proxies and particle microphysical characteristics

The parametey is positively correlated with the exponent of faticle number size distributiod €y + 3 — 0.5 8, Boss
et al.,, 2001) and negatively related with the mparticle size for particles smaller than gth (Boss et al., 2013). The
parametey was derived as the exponent of a power-type regmesnodel otspy as a function of wavelength:

Cspm(A) =Cspm (488) Q/Ar)Y (4)
where Ar = 488 nm and it is the reference wavelength (Bxdsd., 2013).

The uncertainty off determinations varied between 2.2% and 6.4% withelst errors for samples obtained in LE waters.
The spectral slope of empirical mass-specific paldite absorption coefficient$4s) was calculated by nonlinear fitting of
a single-exponential decay function over the vésitainge 400-700 nm:

a )= A gSis(-400) 4 g (5)
where x corresponds to total SPM or the size dlab® termB corresponds to an offset at near-IR wavelengtlactmunt
for nonzero absorption by mineral particles (Badtial. 2003; Rottgers et al., 2014). The uncenyadfitvis estimates varied
between 0.5 and 21.5% with largest errors corredipgrwith samples obtained in LE locations. Theadiun (5) is valid in
waters where non-algal particulates are the maiicalpcomponent contributing to light absorptioreffaient of SPM. The
magnitude ofSvis is inversely correlated with extractable iron fremystalline and amorphous iron oxides and organic-
complexes in measurements corresponding to masimples (Estapa et al., 2012). Also for the samé&@mwents,Svis is

expected to have a negative covariation with tlgauoic carbon content of particulates (Estapa gp@l?2).

2.6 Mass-specific optical coefficients

Spectral values of mass-specific absorptien(X)) and scatteringh{ (A)) coefficients in m g* and for different size
fractions of SPM were calculated as:

a (A) =a) (wp)* (6)
bi'(A) = bi(A)(wpy) ()
For each size classa, andb; are the coefficients of particulate absorption acaltering, respectively, and wjs the mass

of particulates per unit of volume in g’m

2.7 Statistical analysis

The influence of particle size and chemical comimsivariations on empirical mass-specific opticalefficients of

particulates for different size fractions (i.e, andb;) and optical proxiesy(and Svis) was investigated based on
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PIM

correlations with respect t and kpy ~ variables, respectively. In all cases, the intynand sign of correlations were

guantified based on non-parametric Spearman ragfficient (p;) (Spearman, 1904).

3 Results
3.1 Spatial variability of microphysical properties of SPM

In terms of particle size distribution, contrastargas in the SLE-SF were identified. In generaffipulates with a diameter
larger than 10 um had a relatively large contritutio the total SPM mass in UE locationggf°"™ as percentage up to
17%). This proportion was lower in the LE (up td?d)land SF (up to 15%) subregions. The largest massibution of
smallest-sized particulates (i.e., diameter < 0 was calculated in the lower estuary (up to 27%j%tly, the intermediate
size classes 0.4-0.7 um and 0.7-10 pm were in gedfrge fractions having the largest mass contobgtito SPM in SF
locations (up to 14 and 87%, respectively). In gahdehe Junge slope calculations suggested theepee of relatively
larger particulates in the LE (arithmetic averagetandard deviation = 3.280.38, N = 15) with respect to UE (3.46).36,

N = 3) and SF (3.42 0.39, N = 5) subregions. Unlike PSD, chemical cosifpon of SPM was less variable throughout the
PIM

study area (kpum
minerals (Bpv ™ = 0.65+ 0.13, 0.67% 0.14 and 0.6% 0.14 for SF, UE and LE, respectively).

range = 37 to 87 %). In average, particle comjuosiin UE, SF and LE subregions was dominated by

3.2 Mass-specific optical properties of SPM

For the spectral interval 400-710 nm, the magnitideegionally-averagedspy Was higher in SF (e.g., for at= 440 nm,
arithmetic average standard error = 0.5280.102 i g) with respect to UE (0.122 0.068 i g*) and LE (0.05@ 0.010
m? g%) locations (Fig. 2a). Conversely, regionally-agmdbspy values were highly variable within spatial domaéven
though highest and lowest values tend to be adsdcigith UE (0.499 0.278 M g*) and LE (0.12% 0.046 m ¢
locations, respectively (Fig. 2b). In general firsize fractions of SPM, mass-specific absorpioefficients tended to be
higher in SF (e.g., at = 440 nm, up to 2.81 Tw") with respect to other subregions of the SLE @@.11 i g*) (Fig. 3a).
However for the smallest size range 0.240d, highesta* values where measured in UE waters (e.qg., s{24p nf g%
(Fig. 3a). Spectral curves with the highastvalues (e.g., up to 4 hgatA = 400 nm) corresponded with the smallest-sized
and largest-sized fractions of SPM (Fig. 3a,d).sEhealues were up to 8 and 5 times higher tharetbbaracteristic of size
fractions 0.4-0.7um and 0.7-1Qum, respectively (Fig. 3b-c). Similar &*, highestb* values (up to 5.70 g’ atA = 400
nm) were computed in size-fractionated samplesesponding to particle size ranges of 0.24017 and >10um (Fig. 4).
Highest scattering efficiencies in termsbgfwere not always measured in the same region eddemaximunb* values for
size fraction 0.7-1Qum (up to 1.25 rhg* atA = 556 nm) and >1@um (up to 4.58 rhg™) were obtained in UE and LE
domains, respectively. Notice that mass-specifiicapcoefficients in the near-Infrared (NIR) spettrange are not shown

due to the presence of negative values at somelevaytas.
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Spectral variability of mass-specific optical caaéints for two size fractions of SPM and averagedr the whole study
area is illustrated in Fig. 5. For the spectrabenf 440-556 nng;* values for the size range 0.2-Qus tended to be higher
with respect to those associated with the partiealdarger than 1@m (Fig. 5a). Conversely, this trend appeared to be
reversed at wavelengths within the red-NIR speataalge. In general for the visible-NIR wavelengttis®e arithmetic
average ob* for the size fraction 0.2-0.4 um were larger widspect to that associated to the size fractidh ph (Fig.
5b).

The subregional variation of mass-specific optmagfficients for different size fractions of SPMeatepicted in Fig. 6. For
all size fractions of SPM, the regionally-averageagnitude ofy" (440) was higher in UE-SF with respect to LE looas
(Fig. 6a). These differences are consistent wititispchanges oégspy in Fig. 2a and 3. In Saguenay Fjord waters, the
maximum regionally-averaged (440) values (up to 4.6 7rg’) were associated with the size fraction of SPMirmgv

particulates with a size grain larger thanpr (Fig. 6a). In genera€ and Rpy™™

correlations with mass-specific optical
coefficients of different size fractions of SPM gast that particle chemical composition has a laifuence ong; (440)
(ps up to 0.50P = 0.0009) with respect to particle sizg (p to 0.32P = 0.0033) (Table 2).
Geographically-averagehi’(550) values were generally comparable among sidimegFig. 6b). However for the size
fraction 0.7-10um , averaged (550) values of UE-SF (0.432-0.501° ;%) domains were larger with respect to the
arithmetic average computed for LE waters (0.236027 ni g*). Unlike a (440), b (550) variability was less influenced
by changes on particle compositions (p to 0.42,P = 0.0015) (Table 2). Conversely, the impact of diag particle
dimensions, as inferred from correlations, was greater for (550) (s up to 0.37P = 0.006) with respect ta’(440) (s up

to 0.32,P = 0.009) values.

3.3 Optical proxies

Correlations between size and chemical fractionSR¥, as derived from mass ratios, and optical ipeoare 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 this response changed depending osizbeclass under investigation (e.g., positivesfoall-sized, negative for
intermediate-sized particulates). Although positiveorrelated, there was not a clear relationshgiweeny and §
determinations@s = 0.15,P = 0.49, N = 23). The range gfvalues was 0.759-3.282, 1.389-1.534, 2.873-3.2820a759-
1.802 nnit for the SLE, UE, SF and UE domains, respectivehe spectra slope @fpy Was not substantially affected by

PIM

Fspm  changesgs = -0.06,P = 0.78, N = 23), howevedvis variability was strongly influenced by particlesichanges

(Table 3). Also, size effects ddvis were more remarkable for relatively small-sizedtipalates (i.e., 0.2-0.7um). This
pattern was consistent with a positive correlatetweeny andSvis (ps = -0.489,P = 0.018, N = 23). However, there was

not a clear relationships betwe8rnsand¢ (ps= 0.123,P=0.57, N = 23).
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Range ofvis values of total SPM was 0.005-0.051, 0.009-0.01014-0.051 and 0.005-0.016 Hrfor the SLE, UE, SF and
UE domains, respectively. Over the whole study aftea range oBvis values was 0.004-0.026, 0.007-0.052, 0.004-0.109
and 0.001-0.028 nihfor size fractions 0.2-0.4m, 0.4-0.7um, 0.7-10um and > 1Qum, respectively. In generdyis slopes
were not correlated between size fractions eveanghdhe magnitude @vis for total SPM was strongly influenced Byis

calculated for the 0.7-10 fraction s = 0.66,P = 0.004).

4 Discussion
4.1 Uncertainty of optical measurements

Inherent optical properties in this study were ki from an ac-s instrument. Thus, large errorslasorption coefficients
may be anticipated in relatively turbid waters iifginal measurements are not corrected by scatfezifects (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 ¢batsponding to the
LISST-100X diffractometer (~0.027°). Thus, a largerderestimation o magnitude is expected in ac-s with respect to
LISST-100X measurements due to a larger contrinubibforward-scattered photons arriving to the dieteof 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 respetihose determinations based on LISST-100X. Bhi®nsistent with
Boss et al. (2009) who reported that uncorrectet Mibs ac-9 attenuation values are approximatedg-80% of equivalent
LISST attenuation data. Unfortunatetydeviations due to acceptance angle variations weteorrected 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 barettes measurements (e.g., < 1% at532 nm).

In this investigation, the ‘flat’ baseline corremti was selected for correcting residual scattelingbsorption coefficient
estimates as derived from ac-s measurements. &tisiigue was chosen due to the lack of PSICAM nmreants 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
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% decreagberNIR spectral range) afvalues in relatively turbid waters (e.g.> 0.2
m?) such as the Baltic/North Sea. Also, this issugrissent when the proportional correction metho@arfeveld et al.
(1994) is applied. Unlike the ‘flat’ baseline, theattering residual of the proportional methodpectrally dependent but
still relying in one reference wavelength in theRNdpectral range. Approximations justifying the oé¢he ‘flat’ (i.e., zero
absorption signal in the NIR) and ‘proportionale(i wavelength-dependent scattering phase furctim@thod are still in
debate (McKnee et al.,, 2013). Lastly, the Montel&aorrection method (McKee et al., 2008) has imegal better
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agreement (error <10%) with trizevalues as derived from an integrating cavity apon meter. However, this approach
may also have major uncertainties due to assungptigarding optical coefficients (e.g., particulbbéekscattering ratio and
volume scattering function) and changes on scatjeeifficiency by the inner wall of the reflectivabe due to aging
(McKnee et al., 2013). Thus in conclusion, the hasy optical coefficients and mass-specific opticaefficients of
particulates measured in SLE-SF waters may prézegd errors (i.e., > 50%) with respect to truarealand at wavelengths

longer than 550 nm. This bias is anticipated tonagimum (minimum) in UE (LE) locations.

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 tharutOwere 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 yerals (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 suppistbhical 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-nor malized 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 temperatestadawvaters (e.g., Mobile Bay, River of La PlatdheEEstuary, Gironde
Estuary) (Stavn and Richter, 2008; Doxaran et 2009) (Table 4). This is remarkable given the ladieersity of
methodologies used to estimaigy andbspy values. In general, loweagpy Vvalues (i.e., 0.01-0.02g™" atA = 440 nm)
commonly corresponded with samples obtained in wetyid environments (i.e., > 100 g mMississippi River and Delta,
Gironde River, La Plata River) (Bowers and BindiB§06; D’Sa et al. 2006; Doxaran et al., 2009).i¢¢othat part of this
decrease can be attributed to an incomplete remuivaiultiple scattering effects. Relative loaypy values have been
linked to high POC/SPM (Wozniak et al., 2010) arld/SPM concentration ratios, where chl means clpbyd a
concentration (Estapa et al., 2012). In this steti/SPM presented values as high as 2 that are comparable to relatively
high ratios reported by D'Sa et al. (2006). Thtss suggested that some locations in our stuéw are characterized by
relatively high POC/SPM as other turbid coastalimments such as adjacent waters to the MissisBipjta (D’Sa et al.
2006).
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A well-known mechanism explaining the general daseeofaspy in very turbid waters is related to packaging etffe
(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 aisplain the spatial differences @fs\, (440) in our study area where larger
values corresponded with surface waters dominayephlticles assemblages having a smaller mean téarfiee., 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 positigetyelated with the
median particle diameter. Indirect size effectsagsi (440) due to changes on iron content per partialetbeen discussed
by Estapa et al. (2012) in environments where appcoperties are dominated by NAP. In general llemparticulates have

a greater surface for adsorbing organic compourtdseviron can accumulate (Mayer, 1994; Poulton Ragwell, 2005).
Thus, SPM fractions with smaller particulates afeeeted to have an enhancemenagf, (440) due to relatively high iron
concentrations. This phenomenon likely explainedtogheraspy (440) in SF regions with respect to LE waters withee
water salinity range is 0-29 and 29-33.5, respebti(El Sabh, 1988). Indeed, relatively high corications of iron bound to
particulates have been measured in surface watdhe GGaguenay Fjord (Yeats and Bewers, 1976; Tiegménd Gagné,
2009). In coastal Louisiana and the lower Missjsisand Atchafalaya rivers, Estapa et al. (2012nébthat magnitude of
aspm  Within the UV Q ~ 360-390 nm) and blué (~ 400-450 nm) spectral range is commonly highefréshwater with
respect to marine samples. This difference waselo the greater concentration of particulate mides and hydroxides
derived from terrestrial sources in freshwater dampnd later transport and reduction in marindrenments. Notice that
unlike our study, Estapa et al. (2012) used aewkfit method for measuriregpy and based on absorbance changes inside
an integrating spehere. Iron oxide and hydroxideemals have a major light absorption within thecse range of 400-450
nm due to the absorption bands of iron (Estap#,e2@l2). Pigmentation of mineral particulates dméron hydroxides has
been suggested to be a major factor increaaipg (Babin and Stramski, 2004; Estapa et al., 2012foktunately, no
chemical determinations of iron hydroxides werefqgrened during our study in order to test theseti@bahips. Likewise
and and unlike optical measurements made by Estiagla (2012), the resolution of our ac-s measurgsng-4 nm) did not
allow a gquantification of iron bound to particulate

Similar to aspy , bspm Values were highly variable between locations wasittin the range of measurements obtained in
other environments (Table 4). In this study, thecsl 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.

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

Correlations of and Rpy ™

with mass-specific optical coefficients for diféet SPM size fractions were shown in Table 2.
For all size fractionsf was positively correlated with (440) s up to 0.32P = 0.006). This pattern suggests a higher
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absorption efficiency of relatively small-sized faulates. As previously discussed, these partiealdave a greater light
absorption per unit of particle mass due to a fessle of shading effects and presumably a greaderenrichment. Since
particle aggregates were altered during our expmris; the influence of particle density on massi§ijpe optical
coefficients cannot be quantified as this effectnainly observed in undisrupted marine aggrega®=sdé et al. 2011;
Neukermans et al., 2012, Neukermans et al 2016)veider and based on Estapa et al. (2012) simulatibesimpact of
aggregation oagpy is anticipated to be small (i.e., ~10%) with resfe the spatial variability aispy in SLE-SF waters.

In general& was positively correlated with"(550) (s up to 0.37,P = 0.008) and pointed out as expected an increbse o
scattering efficiency as particulates become smailtel the influence of packaging effects is lespdrtant. Notice tha
correlations withy; (550) were greater with respectaa(440) and more remarkable for relatively large-diparticulates. In
Arctic waters, Reynolds et al. (2016) observed raareéiase on mass-specific particulate backscattdangnineral-rich
particle assemblages that tend to exhibit steejger distributions. Although no particulate backsedhg measurements
were available in this study, Reynolds et al. (9ti§hlight the importance of relatively small-sizparticulates for driving
variations on mass-specific optical coefficientdkéd 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 concomitartatians a, (440) may be explained by by a greater contributin
mineral-associated iron to light absorption. Ald® combustion method used to measure PIM in aglystould be another
factor explaining the increased particle absorpitiothe blue range (Babin et al. 2003). Iron cd® tanany forms in mineral
particulates (oxides, hydroxides, monosulfides) aad be deposited over the particle surface or dré qf its internal
structure (e.g., clays). Since the mean diametaslayf particles is less than #m, the aforementionedsk™ -a; (440)
correlations were also likely affected by iron asated (adsorbed or structural) to other typesiofganic particulates that
are characterized by larger dimensions. In SF ioest reduced iron is mainly associated to dissblsganic 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 betweerpy values and dithionite-extractable iron contenbxitles 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 compute and kpy — and particle size classes derived by

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

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

FSPMP
Fsem ™ with mass-specific optical coefficients of 0.2-Qu# and 0.4-0.7im 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&nUE, 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
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Fser ™ and€ values. No measurements aff ' and& were done in size fractions of SPM, thus it ididlifit to compare
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 fikd sample and underestimate the weight of the fibsdtion step
consisting in a membrane having a smaller pore Sigce 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.{xi0and >10um with the
total sample filtered trough a GF/F filter (i.e.7 @m nominal pore size). The arithmetic average (médiérelative bias for
the whole study area was 29.7% (24.9%) or a 2924/9%0) overestimation of mass for particulates Zp0n when total
weight is computed based on sum of partial weigbtsesponding to different size fractions. An ofptiation scheme to
adjust the mass for each size fractions (i.e. #idgighe various masses to sum up to the total rfiiesed) was not
attempted since we didn't filter total samples tigie 0.2 or 0.44m membranes due to the sequential mode of ouatfdim.

Thus, ‘filtration weighting factors’ for size fraohs > 0.2um 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 responseydd 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
al., 2001; Twardowski et al., 2001). Our rang€ afalues 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 pfn our
samples (0.29-2.22 nthwas 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 spectraipy and particle size distribution slopes to changéstwip non-covarying optical
contributions: minerals and phytoplankton. Als@ thduced number of sampling locations and thergpbdc 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 samples @ deviations on Mie-based models (e.g, absgripineres) oy 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 nif) (Estapa et al., 2012). No statistically signifitaorrelations at 95% confidence level were

PIM

computed betweengk/ ™ and Svis (ps = -0.06,P = 0.781).. This is counterintuitive asgy ™ is strongly correlated to
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a, (440) (see Table 2) and presumably iron contemanficulates. This discrepancy might be relatedht® inclusion of
freshwater or brackish samples into the correlatioalysis asSvis is only expected to change with extractable-irédn o
measurements made in marine samples (Estapa €204P). Additional correlations betweerpf ™ and Svis values
measured in LE locations confirmed this hypothésis= -0.62,P = 0.018, N = 14) and suggest a direct link betwietvi
content of SPM and," (440) variations. Likewise as expect&iis was inversely relatedspy (440) in marine waters of the
SLE (ps = -0.55,P = 0.04). Sincaspy (440) tends to increase in iron-enriched parti@sdEstapa et al., 2012), lowdiis

values in LE locations are likely associated witimenal particle assemblages having a greater ptiopoof iron.

5 Conclusions

The measure of mass-specific optical coefficieritSBM is essential for developing optical inversiand improves our
understanding regarding the origin of optical stgres in remote sensing studies and map biogeoichEoomponents in
surface waters. In this contribution, we preseritedhe first time, mass-specific scattering andaaption coefficients of
size fractioned SPM in estuarine waters of thetSaamwrence River and a major SLE tributary, the (®amy 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 comparsis inferred from changes orpff ™, 2. changes on PSD had a
larger impact orbspy With respect toagpy variations, and 3. regional variations 8uis are likely suggesting iron-
enrichment of suspended particulates in LE watBrsummary, these relationships will be usefulifmestigating local and
regionally-limited functionalities and properties ®PM. Without separate independent studies of dptécal properties of

PSD, the application of the relationships to othtaral environments will remain problematical.
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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 g m?
Fspm 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
A Light wavelength nm
aspum Absorption coefficient of total SPM ™
bspm Scattering coefficient of total SPM n
CspMm Particulate beam attenuation coefficient of tofaV5 m'
aspm Mass-specific absorption coefficient of total SPM m? g*
bspy Mass-specific scattering coefficient of total SPM m* g*
Number of particulates
3 Differential Junge slope of particle size distribat
per pm
D Diameter of a volume-equivalent sphere at michpof size class um
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V(D)
N(D)

N'(D)

Svis

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
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15

20
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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 mass-derived size and chemical fractions of SPM. Spear man rank correlations based

on 23 samples.

Mass fraction

_ y Svis

of particulates

For™ -0.34 -0.06
Fapy 0204 0.53* 0.49*
Fpy, O407Hm -0.43* -0.49**
Fapy 07-108M -0.38* -0.30*
FSPM>loum 0.13 0.19
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Table 4. Mass-specific optical coefficients of suspended particulatesfor different littoral environments. Acronymsand unitsare

defined in Table 1.

Location A aspy bepr, CSPM References
UE 440 0.01-0.28 0.01-1.06 2.28-30.6 This study
488 0.01-0.14 0.01-0.97
556 0.01-0.06 0.01-0.86
665 0.01-0.02 0.01-0.73
708 0.01-0.012 0.01-0.68
SF 440 0.32-0.73 0.20-0.56
488 0.17-0.39 0.18-0.49
556 0.08-0.17 0.15-0.42
665 0.02-0.04 0.13-0.34
708 0.01-0.02 0.12-0.31
LE 440 0.03-0.07 0.04 - 0.22
488 0.02-0.04 0.04-0.21
556 0.01-0.02 0.04 -0.19
665 0.003-0.006 0.04-0.18
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Elber River,
German Bight,

Baltic Sea,

Caledonia lagoon

Monterey Bay, US

Mobile Bay, US

Mobile Bay,

Southwest Pass, US

Coast of New Jersey,
Monterey Bay,
Great Bay

Mobile Bay

New

708 0.015-0.002 0.04-0.17

650 0.001 - 0.020 0.5-10 Réttgers et al. (2014)

750 0.001-0.019

850 0.001-0.014

532 0.46-2%4 0.11-2.37 Zhang et al. (2014)
532 040-1.78  0.26-7.36
440 0.44-1.95 0.23-25.32 Stavn and Richter (2008)

488 0.41-1.89
550 0.40-1.80
676 0.36-1.63

715 0.34-161

440 0.44-6.6 Snyder. €2@08)
488
556

665 0.05 = 0.0T

(arithmetic
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mean +

standard
deviation)
Irish sea, UK 665 0.08-045 1.9-26.5 Binding et al. (2005)
Irish sea, UK Bowers and  Binding
443 0.062+0.013 0.17-0.19 1.6 -50
(2006)
490 0.20-0.22
555 0.20-0.24
665 0.14-0.15
Coast off Europe and Neukermans et al. (2012)
676 0.63-2.07 1.2-824

French Guyana

Elbe Estuary, Germany 555 0.05- (007 0.35-0.47 73.5-294.2 Doxaran et al. (2009)
715 0.01-0.03 0.32-0.44

Gironde Estuary, France 555 0.02 - 0.06 0.28 - 0.5021.9 — 344.1

15 501-002 0.27 — 0.45

Coastal Louisiana andg4q 0.056+ 0.012 Estapa et al. (2012)
lower Atchafalaya and (0.05 - 0.065)
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Mississsippi Rivers

488 035-0.05

556 25.0.35

665 (.125-0.02
West of Mississippi D’'Sa et al. (2006)
Delta 443 0.012-0.079
Imperial Beach, 440 3.90 Wozniak et al. (2010)
California 0.03-0.1 0.1-1.2

488 502_0.08 0.18-0.9

556 01-0.03 0.2-0.9

665 $.004-002 02-08

708

0.001-0.02 0.2-0.8

%ac-s measurements and sum of weights of SPM sizéidns 0.2-0.41m, 0.4-0.7um, 0.7-10um and >1Qum, “integrating
sphere coupled to spectrophotometer for suspenaimhpad-technique, SPM weight based on GF/F (§ipes= 0.7um)
and nucleopore Whatman (pore size =) filters, “Multispectral volume scattering meter and opticablels for
different particle subpopulations with assymetrigizpeac-9 measurements and SPM weight based on GR/Efilt
®Irradiance meter PRR600 and optical models fonedting inherent optical properties and SPM weigistdnl on GF/F
filters, ‘comparable tSbut pad-technique for estimating absorption coieffits of SPM%omparable td but using ac-s
measurement§comparable t8 but using only suspensions and weight based o @lfers,"comparable t8 but using

only GF/F filters for SPM weightconcentration of SPM for particulates >Qum.
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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 for total 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 different regions of

the study area. Number of observationsfor UE, SF and LE are 3, 5 and 15 respectively.

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 lin€), UE (red line) and LE (blueline).

Figure 4. Spectral variation of mass-specific scattering coefficients for different size classes of suspended particulates. Symbols of

size classesidem as Fig. 3. Curves presenting negative values at some wavelengths are not depicted

Figure 5. M ass-specific optical coefficientsfor sizefractions of SPM and as a function of wavelength. (a) particulate absor ption, (b)

particulate scattering . Each bar isthe arithmetic average £ 2 standard errors. as computed over the whole study area.

Figure 6. Subregional variation of mass-specific optical coefficientsfor size fractionsof SPM . (a) particulate absor ption 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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