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Abstract

Optical technology is used to measure and monitor water quality, to date mainly
in drinking water treatment, where water is typically much cleaner than in heavily
polluted agricultural streams. To characterize suspended sediments (SS) and
dissolved organic matter (DOM) in surface water some optical measurements have
been used (absorbance and fluorescence spectroscopy). This study aims to use
laboratory optical instruments (using turbidimeter and fluorescence and absorbance
spectrophotometer) to evaluate how different sediment concentrations measured as
turbidity affect fluorescence and absorbance determination of the dissolved organic
matter. In the study, ten agricultural catchments located in southern Sweden were
analyzed. Clay and sandy soils are most dominant in these catchments with
predominant intensive crop production and high livestock in some like F26, E23.
Turbidity was measured using a nephelometric turbidimeter to measure the
absorption and scatter properties of suspended sediments in the water. Higher turbid
waters were found in catchments with clay soil textures (C6, M36, O8, E23, and
U8) than sandy soils (E21, F26, 128, M36, and N34). Absorbance and excitation
wavelength at 240-600 nm and emission wavelengths at 211-260 nm were used to
measure SS and DOC in the water samples. A strong correlation was identified
between turbidity and absorbance at 240 and 600 nm range than it was with the
fluorescence index vs. turbidity. The result showed a variation in fluorescence
index (values range from 1.51 to 1.79) among catchments, these indicate where
DOM is coming from. DOM in most catchments is delivered from terrestrial
sources, only F26 with a value of FI=1.51 DOM might be derived from a microbial
source. The results show a variation among agriculture catchments. UV and FI can
be used as a substitute to measure turbidity (SS and DOM) but according to results
obtained UV correlates well with turbidity than FI. Implying that UV254 can be a
better surrogate parameter to estimate the suspended sediment and DOM in water
measured as turbidity for both filtered and unfiltered samples. Additionally, it
would be useful to use large quantities of water samples to be able to identify the
size effect between turbidity and fluorescence correlations.
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Popular science summary

Eutrophication of streams, lakes, and marine ecosystems is an ongoing problem
globally and in the Baltic Sea region and it results in a deterioration of water quality.
Eutrophication is caused by human actions i.e. bad agricultural practices such as
the high rates of fertilizer applications. All these activities in addition to soil erosion
and runoff contribute to the transportation of sediments and nutrients in the streams,
lakes, and marine ecosystems. Then when the aquatic environments are loaded with
suspended sediments, dissolved organic matter and other nutrients affect the water
bodies in many ways such as reducing the amount of light penetration in the water.
Nutrients loads in water lead to high production of organic matter, a reduction in
water transparency (turbidity), algae and plant growth, and change in species
composition.

Eutrophication is very pronounced in agriculture areas and the consequence is
that there is low water clarity in agricultural streams because of the presence of the
dissolved organic matter (DOM) and sediments. At that point, it is important to
assess how the quality status of water for better management in the agriculture
catchments. For this purpose laboratory, optical technology can be used to monitor
water quality. Optical instruments are useful to: describe the clarity in surface
water, determine the level and the effect of suspended particles, characterize DOM,
and determine the pool of organic carbon in natural water.

In this study, the goal was to use laboratory optical instruments to evaluate how
different sediment concentrations measured as turbidity affect fluorescence and
absorbance determination of the dissolved organic matter. The study was conducted
in 10 agricultural catchments located in southern Sweden. The samples were taken
from 10 study catchments and analyzed in the laboratory. Unfiltered (UF) and
filtered (F45) 900 samples were analyzed for the following properties: turbidity,
absorbance, and fluorescence spectroscopy.

A series of spectroscopic (absorbance and fluorescence) indices to characterize
the chemical composition and source of DOM were recorded. But for our study, we
used two parameters ultraviolet-visible absorbance at 254 nm and the fluorescence
index (FI) because they provide useful information on the characteristics of the
water quality. Comparisons were made to evaluate the correlation of different
sediment concentrations measured as turbidity with fluorescence and absorbance
measurements for both unfiltered (UF) and filtered (F45) samples. The result
showed that in some catchments ultraviolet-visible absorbance at 254 nm increase
with turbidity for both UF and F45 samples. For the fluorescence index against
turbidity, most of the catchments have a negative correlation for both unfiltered and
filtered samples. No significant correlations were found between the fluorescence
index and turbidity. There is a variation in water quality among the different
agricultural catchments. Catchments with clay soils have a higher mean value of



turbidity compared to the catchments with sand soil texture. UV and FI can be used
as a substitute to measure turbidity but according to results obtained UV correlates
better with turbidity than FI. Although further validation is needed to confirm the
above mention correlation, there is a potential to use FI and UV as a substitute to
measure turbidity. The recommendation for better water quality some measures
should be taken to reduce soil erosion and the application methods for trapping
sediments. For FI to correlate with turbidity large quantities of water samples may
be needed to be able to identify the size effect between them. Also, other water
quality data like sediment concentration or phosphorus and nitrogen concentration
can be used to improve the study.
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Abbreviations

To make it easier for the reader, you can make a list with common abbreviations in
alphabetical order. Here you have a table you can use to make your list.
See example below:

a absorbance coefficient

AT ratio between humic- and tryptophan-like fluorescence
CA humic-to fulvic-like fluorescence

C:M humic-to marine-like fluorescence
C:T humic to tryptophan-like fluorescence
T:C tryptophan- to humic-like fluorescence
E2:E3 ratio between absorption at 250 nm and 365 nm
EEM excitation-emission matrix

FDOM fluorescence dissolved organic matter
FIX fluorescence index

SUVA specific UV absorbance

BIX biological index or Freshness index

HIX humification index

FIX fluorescence index

CDOM chromophoric dissolved organic matter
SSC suspended sediment concentrations

SS suspended sediment

oC organic carbon

oM organic matter

DOC dissolved organic carbon

DOM dissolved organic matter

COM colloidal organic matter

uv/iv ultraviolet-visible
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1. Introduction

High sediment and nutrient loads to the aquatic ecosystem are considered as the
cause of the eutrophication and loss of biodiversity which are the key challenges
for water quality management in the countries located in the Baltic Sea basin
(HELCOM, 2007). The sediments in the water bodies come from surrounding land
use (e.g sewage, agriculture, etc.) or seasonal input from the surrounding
catchments, for example; the increase of dissolved organic carbon in the water due
to the melting snow (Thurman, 2012). Nutrients enrichment in the streams, lakes,
and marine environments deteriorate water bodies by changing species
composition, increasing turbidity, clogging benthic habitats, and causing a
dangerous elevation in algal and plant growth (HELCOM, 2007).

Intensive agricultural practices and soil erosion are responsible for nutrient losses
in the catchments. Erosion and sediment load in the aquatic ecosystem have a
significant effect on organisms and the quality of water (Bryan, 2000). Surface
runoff erodes soil through rill and rain splash erosion, sediments reach into the
streams and other receiving waters by the detachment and transport process (Bryan,
2000). Sediments are not transported as a single particle but as flocculate and
aggregate particles, thus the material reaches the river in two forms: solid or in
solution (Owens et al., 2005).

Water quality is often affected by land use and is determined by the amount of
dispersion of suspended solids (organic matter, clay, algae, etc.) it contains. Water
clarity is typically low in many agriculture streams and lakes, due to the presence
of dissolved organic carbon and a high amount of phytoplankton (Pérez-Fuentetaja
etal., 1999).

The aim of this study was to use laboratory optical instruments (turbidimeter and
fluorescence and absorbance spectrophotometer) to evaluate how different
sediment concentrations measured as turbidity affect fluorescence and absorbance
determination of the dissolved organic matter.
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2. Literature review

2.1. Importance of turbidity measurements

Suspended sediment concentrations (SSC) or colloidal matter have an impact on
the freshwater systems (Schima et al., 2019). To describe the clarity and to
determine the level and the effect of suspended particles in freshwater and marine
environments turbidity is often used. Turbidity is a measurement of loss of optical
transparency of a medium resulting from the presence of suspended solids or other
interfering matter in water (Schima et al., 2019; Sinfield & Monwuba, 2014).
Ziegler (2002) also defined turbidity as the degree of light scattered by suspended
particle size in the water sample. Particle size, the shape and color of suspended
sediments (SS), dissolved of organic matter, and dissolved mineral substances may
influence turbidity reading (Kitchener et al., 2017; Bilotta & Brazier, 2008;
Ankcorn, 2003). Turbidity has been positively correlated with different types of
land use and anthropogenic activities (Ryan & research, 1991). In some studies, it
was found that increasing SS in the water body is due to natural or anthropogenic
perturbations, this can alter its biological, chemical, and physical properties.
Therefore some consequences cause the mortality of fish; e.g. the reduction of light
penetration, change of temperature, and oxygen reduction in the water (Bilotta &
Brazier, 2008). Additional turbidity has a linear relationship with SS and is often
used as a surrogate to measure the number of suspended particles in the water body
(Bilotta & Brazier, 2008; Downing, 2006). Turbidity has some limitations when
used as a surrogate to measure SS; first, it used as a measure of the effects of SS,
and the second can answers many factors than SS concentration see Figure 1
(Bilotta & Brazier, 2008).
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Turbidity
(NTU)
Sediment Algal Cells Dissolved Dissolved Detrital
Humic Minerals Organic
(>0.45 um (> 0.1 um)
- <63 um) Substances (< 0.45 pm) Matter
(<0.45 pm) (All sizes)
Suspended Solids
(mg ")
Sediment Detrital Organic Matter

>0.7 ym — <63 ym >0.7 ym

Figure 1. Diagrams that indicate different components while measuring turbidity (Bilotta & Brazier,
2008)

Turbidity can be quantified in Nephelometric turbidity units (NTU), Foramazin
attenuation units (FAU), or Formazin turbidity unity (FTU) depending on the
technology or method used. NTU and FTU are specifically used for drinking water
assessment while FAU is used for wastewater assessment (Ankcorn, 2003; Ziegler,
2002). There are two basic methods for measuring turbidity; turbidimetry where the
degree of transmission of light is determined and nephelometry where the degree
of light-scattering is assessed (Kitchener et al., 2017; Rymszewicz et al., 2017;
Ziegler, 2002). Different turbidity methods and their characteristics are listed in
Table 1. In this study, we used the nephelometry method (USEPA method 180.1)
defined as the intensity of light scattered or attenuated at 90° angle from the fixed
light beam by suspended particles or absorbed in the water column (Saraceno et al.,
2017; Ziegler, 2002).

Table 1. Different turbidity methods and units. NTU (Nephelometric turbidity units), FTU (Formazin
turbidity units) and FAU (Formazin attenuation units) according toZiegler (2002)

USEPA Method ISO Method 7027
180.1 (nonratio ISO Method 7027  (attenuated
Characteristic mode) (diffuse radiation) radiation) GLI Method 2
Use of data Drinking water Drinking water Wastewater Drinking water
Range of method 0-40 NTU 0-40 FTU 40-4.000 FAU 0-40 NTU (dilution
(dilution permitted) (diluted permitted) penuitted)
Light source Tungsten Lamp Photodiode Photodiode Photodiode
Wavelength 400-600 nm_ 860 nm 860 nm 860 nm
Spectral bandwidth ~ Not specified 60 nm 60 nm 60nm
Detector onientation ~ 90+/-30 degrees 90 +/-2.5 degrees 90 +/- 2.5 degrees Two sources, two

measurement a.ngle

Aperture angle
Path length

Primary standard
Secondary standards

Not specified
Less than 10 em
Formazin polymer

Polymer
microspheres

20-30 degrees
Less than 10 em
Formazin polymer

Polymer
microspheres

20-30 degrees
Less than 10 cm

Formazin polymer

Polymer
microspheres,
cubes, or filaments

detectors at 90 +/-
2.5 degrees
unknown

Less than 10 cm
Formazin polymer

Polymer
microspheres
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Nephelometry is divided into 3 categories (Figure 2): (1) Side scattering which is
measured on 90° angles to the incident beam, (2) back-scattering (referred to as
optical back-scattering) has an angle that varies 90°<6<180°nd (3) forward
scattering has an angle of 0°<0<90° (Kitchener et al., 2017). In water, suspended
particles absorb and scatter light while dissolved compounds absorb the light
(Baker, 2005). The concentration of the particles in solution, refractive index, size,
shape, and color influence the intensity and direction of light scatter (Sadar, 1999).

Direct Beam Forward Scattering

lo > > b

Side Scattering Back Scattering

Iy
A

Ig > Iy » 14

Figure 2. Schematic showing the path of light-scattering angle (Kitchener et al., 2017)

2.2. Organic matter in water

Anthropogenic modification of terrestrial ecosystems alters the sources and
concentrations of the organic carbon (OC) within streams (Lu et al., 2014). Organic
matter in the aquatic and terrestrial environment exists in different forms; colloidal,
dissolved, and particulate forms which are complex mixtures of humic substances
and other organic compounds (Derrien et al., 2017a; Deb & Shukla, 2011). When
measuring the optical properties of samples it’s important to distinguish dissolved
(filtered), colloidal, and particulate organic matter fractions (Coble, 1996).

In aquatic environments OM controls geochemical processes by acting as pH
buffer, proton donor or acceptor, OM affects the transport of pollutants and aids in
dissolution and precipitation reactions of minerals (Weishaar et al., 2003). Most
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present dissolved organic carbon on the molecular are polymeric organic acids
known as humic substances( Figure 3) and are polyelectrolytes of carboxylic,
hydroxyl, phenolic functional groups, their molecular weight varies between 1000
to 2000 and all anions present 5-10% of dissolved humic substances in streams and
river (Thurman, 2012).

Structure of tryptophan, tyrosine, phenylalanine

o}

PP i
N— NH, NH
H HO NH2 2

trp w Tryptophan tyr y Tyrosin phe f Phenylalanin

Theoretical humic acid
Stevenson, (1982) cited in Aitken et al., (1985)

HC=0
(Sugar)

|
(HCl—OH)4
COOH COOH COOH HC=0 SH

I
O O R- CH COOH
\\\
o wz Sose
OH OH b COOH

4’ OH
_| (Peptide)
o=
I‘IIH
Theoretical fulvic acid
Buffle, {(1977) cited in Aitken et al., (1985)
COOH ?HEOH
HOOC CHp
CHz — COOH
HOOC CH2 2
COOH OH
CHOH
CHz f— (I.'li -
o COOH

Figure 3. Aquatic fluorophores: three amino acids (tryptophan, tyrosine, and phenylalanine)
structures, humic acid and fulvic acids structures (Hudson et al., 2007)

Amount of dissolved organic carbon varies depending on the type of water; rivers
and lakes contain more DOC that typically ranges from 2 to 10 mg It and the
lowest value of DOC is founded in seawater of an average of 0.5 mg It and last 10
to 60 mg/L concentration of DOC for swamps, marshes, and bogs (Thurman, 2012).
Carbon, energy, and nutrients budget are represented in the aquatic ecosystem as a
dissolved organic matter (DOM) that can be defined as a portion of organic material
that can pass a pore size less than 0.7 um filter. Dissolved organic compounds have

17



a molecular weight that ranges from 100 to 100,000 Dalton (Da) and has a role of
mediating the availability of dissolved metals and nutrients as well as modifying
the optical properties of water bodies in aquatic food webs (Findley, 2003).

2.2.1. Dissolved organic matter

Dissolved organic matter (DOM) is among the form of organic matter in the
complex mixture of aromatic (DOM from terrestrial and plant sources) and
aliphatic hydrocarbon (DOM from marine and aquatic sources) and plays an
essential role in the aquatic ecosystem (Schima et al., 2019; Fellman et al., 2010).
It is composed of all dissolved organic compounds in water and has a significant
role in the control of light attenuation, biological activity, nutrient availability, and
buffering capacity (Schima et al., 2019; Chen et al., 2010; Maie et al., 2005).
However DOM may be present in different forms: natural or anthropogenic (e.g.
manure), autochthonous (e.g. plankton, macrophytes, dead bacteria, and animal
bodies) or allochthonous (e.g. soil organic matter and plant litter) and ecosystem
limited or limiting (Zhang et al., 2020; Lozovik et al., 2007; Baker, 2005). Among
important DOM constituents, there is colloidal organic matter (COM), described as
natural organic matter and its particle size ranges from 1 nm-0.2um. COM is an
important part of DOM and has shown that it makes up a significant amount of up
to 73% of organic carbon in aquatic systems (Stolpe et al., 2010).

Colloids are large aggregates of humic acids (Thurman, 2012) produced from
natural processes like disturbance and bacterial activity or anthropogenic activities
like wastewater treatment plants (Yan et al., 2016)and they are correlated to clay
minerals or oxides of iron and aluminum (Thurman, 2012). Higher quantities of
COM are founded in shallow lakes, rivers, and estuaries due to the high loading of
OM from surrounding environmental (Ren et al., 2010). DOM fractions include
chromophoric that only absorbs light and fluorophoric which absorbs and emit light
(Gabor et al., 2014).

Chromophoric DOM or colored dissolved organic matter (CDOM) is the fraction
of total DOM that absorbs visible and ultraviolet light exponentially (Helms et al.,
2008; Kirk, 1994) passes through a submicron filter of 0.2 um to 0.4 um (Nelson
& Siegel, 2013). Also, CDOM is known as gelbstoff, gilvin and yellow substance,
chromophoric dissolved organic matter also absorbs light in the UV-A (wavelength
range from 315 to 450 nm) and UV-B (wavelength range from 280 to 215 nm) in
the open ocean (Coble, 2007; Del Vecchio et al., 2004). Oceanic CDOM comes
from terrestrial runoff and aquatic plant matter, it can be used as a tracer of
terrestrial DOC (Mopper & Kieber, 2002; Stedmon et al., 2000). Chromophoric
DOM plays important roles in cover biota harmful UV radiation, biogeochemical
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and photochemical process (Mopper & Schultz, 1993) and mostly responsible for
the optical properties in marine waters (Helms et al., 2008). Chromophoric DOM
is usually assessed by its optical properties; absorption or fluorescence properties
(Mopper & Kieber, 2002).

2.3. Measurement of optical properties

Different optical measurements have been used to study and characterize DOM;
namely fluorescence and absorbance spectroscopy. Dissolved organic carbon
measurement is the most and simple measurement in organic geochemistry because
this measurement determines the pool of organic carbon in natural water (Mopper
& Kieber, 2002).

To characterize OM sources different optical properties of fluorescence DOM and
chromophoric DOM can be used (Blough et al., 1993). Chromophoric DOM or
colored dissolved organic matter is an important parameter for anticipating the
concentration of DOM in the water column (Ferrari et al., 1998). Absorption of
CDOM is stronger in the ultraviolet region and reduces to near zero in the red region
(Stedmon et al., 2000).

2.3.1. Do you Absorbance spectroscopy

The concentration of natural organic matter (NOM) in water absorbs light over a
wide range of wavelengths. The structures that absorb light are referred to as
chromophores which are associated with the humic fraction of the NOM (Coble,
2007). The absorbance of UV-visible of CDOM for marine and terrestrial increases
exponentially toward shorter wavelengths, with no detectable peaks (Helms et al.,
2008). To identify the concentration of the CDOM absorption coefficient on
different wavelengths are used for example, like 254, 280, 300, 355, 375, 412, and
443 nm (Coble, 2007; Blough et al., 1993). The absorption degree of CDOM vary
seasonally depending on the river input to the near-shore bay waters and inversely
to the salinity in the Southern Baltic Sea (Ferrari et al., 1998). CDOM light
absorption dominates ultraviolet radiation penetration into the ocean and which has
an impact on phytoplankton and bacteria productivity (Mopper & Kieber, 2002).

Studies on composition and concentration of dissolved organic matter in an aquatic
system are used for optical properties like fluorescence spectroscopy, specific slope
parameter, ultraviolet-visible spectroscopy, and specific UV absorbance
(SUVA:2s4)(Helms et al., 2008; Weishaar et al., 2003). Ultraviolet absorbance of
light at 254 nm wavelength is used to indicate the presence of carbon content in
aquatic ecosystems (Alberts & Takéacs, 2004) and is typical for the aromatic groups
(Korshin et al., 2009).
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2.3.2. Florescences spectroscopy

Fluorescence is an easy measurable property of DOM (Coble, 2007) where
emission is scanned over a range of wavelengths for known excitation wavelengths
(Hudson et al., 2007). Fluorescence spectra are affected by aliphatic structures in
DOM through a blue shift (Coble, 1996). On the other hand, fluorescence
spectroscopy technique is a method used to study and characterize the light
absorption of nature and the source of DOM. Fluorescence is measured in the
range of excitation-emission wavelengths using the excitation-emission matrix
(EEM) that produces a 3-dimensional dataset. Nowadays fluorescence excitation-
emission matrix (EEM) spectroscopy is a technique being used to characterizing
FDOM in the aquatic system (Hudson et al., 2007; Stedmon et al., 2003; Baker,
2001; Coble, 1996) but it was not in the mid-1990s (Coble, 1996), EEMs have been
used to figure out the amount of humification by assessing (quantifying) the amount
of shifting of the emission spectra toward longer wavelengths with increasing
humification (Derrien et al., 2017b; Krishnarao et al., 2001). In EEMs, excitation,
emission, and fluorescence intensity are scanned across a range of wavelengths and
plotted on one chart (Figure 4) that shows maps of optical space (Hudson et al.,
2007). There is a three-dimensional excitation-emission matrix (EEM)
spectroscopy that is used to study fluorescence substances (Mopper & Schultz,
1993; Coble et al., 1990). Excitation emission matrices spectra determined by
acquiring emission spectra at a continuously long excitation wavelength and can be
used to describe different types of aquatic fluorophores (Kowalczuk et al., 2005).
Examples of aquatic fluorophores are shown in figure 3.
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Figure 4. Excitation emission matrice of @) Humic acid, b) fulvic acid, c) tryptophan, d) tyrosine
adapted in (Hudson et al., 2007)

2.3.3. Fluorescence dissolved Organic matter (FDOM)

Fluorescence dissolved organic matter (FDOM) provides information on the
composition and biogeochemical cycling of the organic material. The FDOM is a
fraction of CDOM known as the emission after the absorption of UV radiation from
organic chromophoric (Del Vecchio et al., 2004; Coble, 1996). Optical properties
of fluorescence dissolved organic and chromophoric dissolved organic matter are
used for tracing organic matter sources (Coble, 2007) and for distinguishing
different classes of organic matter (Senesi, 1990). Fluorescence excitation (EX)
spectra, fluorescence emission (Em) spectra, and three-dimensional excitation-
emission matrices can be used to identify the spectral characteristic of FDOM. The
fluorescence EEM has been introduced as a method to describe different types and
sources of naturals waters according to the excitation/emission maxima of
fluorescence peaks observed in the soil organic matter, river, and seawater (Coble
et al., 1990). In DOM samples fluorescence peaks can be identified with their
Ex/Em values and commonly used peaks and their corresponding group of
fluorophores are summarized in Table 3 (Coble, 2007). Peak C comes from
terrestrial sources and is founded in aquatic ecosystems while peak M dominates in
seawater whereas peak T and B can be originated from algal and bacterial activities
(Kowalczuk et al., 2003; Coble et al., 1998).
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Table 2. Fluorescence components and their peak-picking according to Coble et al. (2014)

Peak Excitation maximum Emission  maximum Description of fluorophores
(nm) (nm)
B 270-280 300-320 Tyrosine —like, protein-like
T 270-280 330-370 Trytophan-like, protein-like
A 240-270 380-480 Humic-like
M 290-320 380-420 Marine Humic-like
C 320-360 420-460 Soil fulvic acid
D 380-400 505-515 Soil fulvic acid
N 270-290 360-380 Plankton derived

2.3.4. Spectroscopic indices

A series of spectroscopic (absorbance and fluorescence) indices to characterize the
chemical composition and source of DOM are used: (1) Specific ultraviolet
absorbance (SUVA2s4) is the absorbance of a water sample at 254 nanometers
measured inverse meters (m™) divided by the DOC concentration in milligram per
liter (mg I). SUVAzs4 has been used as a surrogate measurement of DOC
aromaticity (Helms et al., 2008; Weishaar et al., 2003) the higher absorbance is the
higher aromaticity it is (Dilling & Kaiser, 2002). (2) Humification index (HIX) was
calculated by dividing the emission intensity in the 438-480 nm by intensity in the
300-345 nm. HIX is the fluorescence intensity at each wavelength and analyses the
amount of humification and tends to increase with a higher degree of humification
(Ohno & technology, 2002; Zsolnay et al., 1999). (3) Fluorescence index (FI) is
obtained from the ratio of fluorescence intensity at the emission wavelength of 470
nm and 520 nm and an excitation wavelength of 370 nm (fs70520)) and it has been
known as an index differentiating between terrestrial and microbial DOM (Cory et
al., 2010; McKnight et al., 2001). (4) Biological index (BIX) is equal to the ratio
of fluorescence intensity between wavelengths of 380 nm and 430 nm (emission)
and 310 nm excitation (Huguet et al., 2009; Wilson & Xenopoulos, 2009). (5) The
absorbance ratio E2:E3 is determined by dividing absorbance at 250 nm to
absorbance at 365 nm (Peuravuori & Pihlaja, 1997). (6) And the spectral slope
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illustrates a decreasing trend of the absorption with longer wavelengths and be
negatively on the same wavelength to the aromaticity and the average molecular
weight (Stedmon et al., 2000). For calculating spectral slopes researchers have used
a different range of wavelengths values such as 275-295, 290-350, 300-650 nm, etc.
(Helms et al., 2008; Blough, 2002; Stedmon et al., 2000). (7) The absorption
coefficient is the ratio of absorbance at a specifical wavelength with a concentration
unit of organics in the molar unit. In our study, we looked only on absorbance at
UV 254 and fluorescence index. To address specific questions about the nature of
the organic matter in the ecosystem, for example in lakes and streams (McKnight
et al., 2001) and soils and grounds water (Kalbitz et al., 1999), these indices have
been applied. Table 4 summarizes the spectroscopic indices and their source. For
our study, we used absorbance at 254 nm and the fluorescence index (FIX). Fl has
been used to differentiate microbial and terrestrial DOM, therefore FI~1.8 indicates
that the source of organic is from microbial whereas source from nature or
terrestrially has IF~1.2 (Gabor et al., 2014; Cory et al., 2010; Huguet et al., 2009;
McKnight et al., 2001).
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Table 3. Spectroscopic indices for characterizing the sources for organic matter

Name and index Calculation Source References
Absorbance ratio A250 Aromaticity (Peuravuori &
E2:E3 A365 Molecular weight Pihlaja, 1997)
Specifi uv A254 100 Aromaticity (Weishaar et al.,
absorbance at 254 DOC 2003)

nm
SUV Az,

Absorption
coefficient
(Abs220)

Humification
index
HIX

Fluorescence
index
FIX

Spectral slope

Biological index
or Freshness index
BIX

Humic to
tryptophan-like
fluorescence

AT ratio

Humic-to fulvic-
like fluorescence
C:Aratio

Humic-to marine-
like fluorescence
C:M ratio

Humic to
tryptophan-like
fluorescence

C:T ratio

Tryptophan-  to
humic-like
fluorescence

T:C ratio

(Zlem 436 - Iem480)

(Z1em 436 —» em480) + (X1em 300 — em 346)

(Iem450)
(Iem 500)

a(x):a(}\o ) e-S(?\O -A)

(I'em 380)
(max I (em 420 — em 436))

A excitation(ZOOnm)/ }bemission (400-500nm)

A excitation(300-350nm)/ 7Lemission (400-500nm)

A excitation(ZBOnm)/ kemission (350nm)

A excitation(300—350nm)/ Xemission (400-500nm)

Nitrate signal

Terrigenous
Biological/Aquaticbacterial

Microbial
Terrestrial

Aromaticity
Molecular weight

Allochthonous
Biological/Aquaticbacterial

Degree of humic-like vs fresh-
like fluorescence
Recalcitrant ~ vs
fluorescence

fulvic-like

Degree of humic-like vs fulvic-
like fluorescence

Degree of blue-shift in the
fluorescence

Degree of humic-like vs fresh-
like fluorescence
Recalcitrant ~ vs
fluorescence

fulvic-like

Manure/human waste origin vs
plant origin

(Ohno &
technology, 2002;
Zsolnay et al.,
1999)

(McKnight et al.,
2001)

(Helms et al,
2008; Twardowski
etal., 2004)

(Huguet et al.,
2009)

(Huguet et al,
2009)

*a,. absorption coefficient at the wavelength 1, Ao is a reference wavelength, S: slope
coefficient over a given range of wavelength the absorption spectrum exponential decrease.
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3. Material and method

3.1. Study area and sampling sites

The study catchments are located in the main agricultural areas in the south and
the center of Sweden. The catchments C6, E21, F26, 128, M36, M42, N34, 018,
E23, and U18 used in this study were chosen depending on their high rate of
agricultural land and intensive crop production (Table 5). These ten catchments are
part of the Swedish National Agriculture Monitoring Programme, which consists
of 21 agricultural catchments see Figure 5 (Kyllmar et al., 2006). Among the
catchments climatic conditions; temperature and precipitation vary significantly,
where the annual precipitation ranges from less than 600 mm year in the east to
more than 1000 mm/year in the west and the annual temperature varies between 5.5
°Cto 7.8 ° C (Kyllmar et al., 2014; Kyllmar et al., 2006). The catchments are
dominated by arable land, the soil texture varies from loamy sand to clay (Kitchener
et al., 2017; Bilotta & Brazier, 2008; Kyllmar et al., 2006). These catchments are
characterized by intensive crop production with high input of fertilizers and high
yield which implies high loading and leaching of nutrients (Kyllmar et al., 2014)
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Produktionsomrdden enligt SCB

G55 Gitalands sddra slatthygder
Gosk Gitalands skogsbygder
Gmb Gitalands mellanbygder
Gns Gotalands norra slattbygder
Ssk Svealands skogsbygder

5= Svealands slattbygder

Nn MNedre Morrland

&n Gvre Norriznd

Figure 5. Ten of in total 21 catchments were used for the study (C6, UB, 018, E21, E23&E?24, 1128,
F26, N33&N34, M26 and M42). (Stjernman Forsberg et al., 2015)
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Table 4. Agricultural catchments characteristics adapted from (Kyllmar et al., 2014)

Catchm  Soil texture Area  Arable Precipitation Temperature Drained Production Pasture Livestock

ents (ha) land (mm) (’c) area (%) (%) density
code (%) (au ha?)
C6 Clay loam 331 59 623 55 95 Cereals 2 <0.1
E21 Sandy loam 16.3 89 506 6.0 95 Cereals 1 0.2
F26 Loamy sand 1.8 70 1066 6.2 = Grass 3 1.3
128 Sandy loam 4.8 84 587 6.9 99 Cereals, 2 0.3
grass,
potato
M36 Clay, 7.8 86 719 7.6 88 Cereals, 1 0.3
sand loam grass,
potato
M42 Sandy loam, 8.2 93 709 7.7 100 Cereals 0 0.1
loam
N34 Sandy loam, 13.9 85 886 7.2 93 Cereals, 2 0.3
silt loam grass,
potato
018 Clay 7.7 92 655 6.1 100 Cereals 0 <0.1
E23 Clay 7.7 54 594 6.3 - Cereals, 8 0.6
grass
us Clay 5.7 56 539 5.9 - Cereals, 2 0.2
grass

3.2. Laboratory procedures

Samples were taken from 10 study catchments and stored in a refrigerated room of
8 °C in dark. Samples were delivered biweekly throughout the year of 2017 and
2018. Unfiltered and filtered samples were analyzed for the following properties:
turbidity, absorbance, and fluorescence. The samples were divided into two parts:
one part was used unfiltered (UF) and the other part of the samples was filtered
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using a Whatman glass microfiber filter 0.45 um membrane filter (F45) before
further analyses.

Turbidity of both unfiltered and filtered samples was measured using 2100AN
turbidimeter, in nephelometric turbidity units (NTU), and calibrated using reference
samples (0, 50, 200, 1000, 4000, 7500 NTU). Simultaneous measurement of
absorbance and fluorescence for unfiltered (UF) and filtered (F45) were done using
Aqualog (Horriba, US) spectrophotometer. A sealed cuvette containing distilled
water was used to perform a validation test, to measure water Raman intensity and
then used as reference (blank). Absorbance and excitation wavelength at 240-600
nm and emission wavelengths at 211-260 nm were measured with 1s data
integration time and 2 nm scanning interval. Also to measure the absorbance
AvaSoft (Avaspec-3648) was used at 180-800 nm wavelengths.

3.3. Data analysis

Nine hundred fluorescence data points were collected and modeled using MatLab
and Microsoft Excel 2016. Exported Matlab data, turbidity, UV254, and
fluorescence index (FI) were compiled together for statistical analysis. For each
catchment, a linear regression analysis was used to see the correlation between
spectroscopic indices: fluorescence index (FI) and absorbance at 254 nm and with
suspended sediments quantified as turbidity. Descriptive statistics were also
considered for the dataset and the mean and standard deviation values were
reported.
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4. Results

The detailed results for all experiments are in Appendix 1. Comparisons were made
to evaluate how different sediment concentrations measured as turbidity correlates
with fluorescence and absorbance measurements. Correlations of the absorbance at
254 nm (UV254) vs. turbidity and fluorescence index vs. turbidity (NTU) for both
unfiltered (UF) and filtered (F45) samples are shown in Figures 6 and 7. Descriptive
statistics of all parameters can be found in Table 5 and Appendix 2.

In Table 5 values for mean and standard deviation (SD) are presented for turbidity,
ultraviolet absorbance at 254 nm, and fluorescence index. When observing the
mean values of turbidity before and after filtration, the values after filtration are
lower because the turbidity has been removed by filtration, e.g. mean values for
turbidity range from 2.6 to 50.9 NTU and the standard deviation (SD) from 1.5 to
84.5 NTU for UF samples; for F45 samples concentrations are lower: mean values
are between 0.82 to 31.04 and SD=0.51 to 68.72 in all catchments. The UV254
have values that range between 0.19-0.64 (UF) and 0.16 to 0.58 (F45). The reported
values in Table 4 show that the fluorescence index has a mean that varies from 1.51-
1.71 for UF and 1.51 to 1.69 for F45, standard deviation varies between 0.02 to
0.40 (UF) and 0.03 to 0.06 (F45).

By plotting absorbance spectra (UV254) vs. turbidity (Figure 6), generally, the
graphs show a significant positive trend in most of the catchments for both
unfiltered (UF) and filtered (F45) samples. The O18 catchment has the highest
mean value of turbidity before and after filtration (UF= 50.8 NTU and F45=31.0
NTU) and the lowest value of turbidity is found in F26 and E21 catchments see
table 4. The highest average value of UV254 was found in catchment F26 for both
UF and F45 (0.64 nm and 0.58 nm) and E21 catchments have a lower value of 0.2
nm for both. UV254 remains constant in E21 catchment for UF samples and
slightly increasingly for F45 samples. In catchment M42 the value of UV254
remains constant for both unfiltered and filtered samples but the turbidity is
increasing (Figure 6).

When looking at the most graphs (Figure 6) the R? is much stronger in samples after
filtration than for unfiltered samples, the R? ranges between 0.00-0.90 for the
unfiltered samples and from 0.00 to 0.97 for filtered samples. Observing catchment
M42 the correlation between turbidity and UV254 is relatively poor 0.00, UV254
range from 0.1 to 0.7 nm, and turbidity cluster range from 0 to 30 NTU for UF
samples. The distribution in the graph found in the catchment O18 shows a positive
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trend and a good correlation of R?= 0.90 in UF and R?= 0.97 in F45, where UV254
varies from 0 to 2.5 nm and turbidity between 0 to 400 NTU for UF samples and
F45 samples UV254 varies between 0-3 nm and turbidity between 0-300 NTU. The
filtered samples show higher slopes than for unfiltered samples, the highest value
of the slope is observed in C6 and E23 catchments for F45 samples.

Figure 7 shows data for the fluorescence index against turbidity analyzed for all
catchments with most of them having a negative correlation for both unfiltered and
filtered samples. For the fluorescence index, the E23 has a higher value (FI=1.71)
and the lower value is 1.51 in F26 catchment. The correlation is poorer for filtered
samples (R?= 0.00 to 0.20) compared to unfiltered samples (R?= 0.00 to 0.26). For
catchment E21 the correlation between turbidity and fluorescence index is
relatively poor R? = 0.0082 and the fluorescence index range from 1.4 to 1.6 and
the turbidity cluster range from 0 to 60 NTU for UF samples. The distribution in
the graph found in the catchment C6 shows a negative trend and a good correlation
of 0.20 (UF samples) with fluorescence index that varies from 1.45 to 1.80 and
turbidity between 0 to 100 NTU for UF samples and F45 samples fluorescence
index varies between 1.55-1.85 and turbidity between 0-30 NTU. The linear
regression between the fluorescence index and turbidity has an R? of 0.26 for F45
samples in catchment U8.
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Figure 6. UV254 vs turbidity concentration for all 10 catchments, the graph shows a positive trend.
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Figure 7. Plot illustrating fluorescence index vs turbidity for 10 study catchments, the graph shows
a negative trend between turbidity and absorbance.
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Table 5. Means and standard deviations (SD) values for all catchment

Turbidity (NTU)

Catchment code MeanUF SDUF MeanF45 SD F45
C6 27.1 28.1 6.5 11.6
E21 10.7 14.0 0.8 0.9
F26 2.6 15 0.8 0.5
128 14.7 59.0 14 2.3
M36 37.3 50.5 18.7 38.6
M42 15.7 21.1 1.3 1.2
N34 14.0 11.4 25 3.9
018 50.8 84.4 31.0 68.7
E23 29.1 32.1 17.2 25.6
us 38.7 56.2 16.7 33.1

UV254 (nm)

Catchment code MeanUF SDUF MeanF45 SD F45
C6 0.3 0.1 0.3 0.1
E21 0.2 0.1 0.2 0.1
F26 0.6 0.3 0.6 0.3
128 0.3 0.1 0.2 0.1
M36 0.5 0.4 0.4 0.4
M42 0.3 0.1 0.3 0.1
N34 0.3 0.1 0.3 0.1
018 0.5 0.5 0.4 0.6
E23 0.5 0.2 0.4 0.3
us 0.5 0.4 0.4 0.3

Fluorescence index
Catchment code Mean UF SDUF Mean F45 SD F45

C6 1.64 0.1 1.64 0.1
E21 1.68 0.1 1.69 0.1
F26 151 0.1 151 0.1
128 1.68 0.0 1.68 0.0
M36 1.63 0.0 1.64 0.0
M42 1.60 0.0 161 0.0
N34 1.62 0.0 1.62 0.0
018 1.69 0.0 1.69 0.0
E23 1.71 0.4 1.64 0.0
U8 1.64 0.1 1.65 0.1
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5. Discussion

5.1. Effects of turbidity on UV254 measurements

Figure 6 illustrates the optical measurement for absorbance spectra (UV254) in nm
and corresponding turbidity NTU for 10 catchments. Of all possible correlations of
UV254 against turbidity, only M36 and O18 catchments showed a strong
statistically significant relationship for both filtered and unfiltered samples with
(R*> 0.80). For the filtered and unfiltered samples absorbance increases with
turbidity. Some catchments show a linear increase in absorbance with turbidity for
both filtered and unfiltered samples e.g. C6, F26, M36, O18, E23, and US.
Increasing ultra-violet absorption at 254 nm among catchments is proportional to
the number of sediments in the water samples (Hoorman et al., 2008). Other
catchments like 128, show constant UV254 throughout the experiment for UF
samples and show a small trend after filtration. The UV254 measurements vary in
different water samples with varying degrees of turbidities before and after
filtration. Often a reduction of color in the strongly colored samples after filtration
is observed, this is due to the adsorption of colloidal or dissolved substances in the
filter and thus cause the decrease in turbidity (Karanfil et al., 2005).

As in Figure 6 the absorption increases in all catchments after filtration as well as
the turbidity decreases. An exception is catchment F26 where the UV254 for
samples after filtration remains constant but the range of turbidity decreased from
0-8 NTU to 0-2 NTU. It appears that there was an appreciable amount of suspended
sediment higher than 0.45 um was retained by the filter. In catchments E21and
M42, there is a significant decrease in turbidity between before and after filtration
(Figure 6). In all catchments, the effect of turbidity was significant because after
filtration the turbidity decrease and UV254 increase, moreover one catchment
showed a higher significance effect of turbidity on UV254; catchment 128 where
the absorption increases from 0-0.3 nm to a range of 0-0.5 nm after filtration and
turbidity decreased. The higher residual turbidities in water samples influence the
UV254 measurements reported by Karanfil et al. (2005). Some research suggests
measuring the turbidity of filtered water is a simple way to assess the role of organic
matter on the measurement of UV254 and the characteristic of turbidity e.g. particle
size distribution and characteristic of a membrane filter may influence in UV254
measurements (Karanfil et al., 2005). In spectrophotometric measurements,
relatively constant attenuation of light through the visible part of the spectrum is
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caused by suspended particles in natural water. Suspended sediments contribute
little to nephelometric turbidity because they cause little scattering (Hongve &
Akesson, 1996). When the particle size is almost equal to the wavelength of the
incident light although there arise of maximum scattering of light for a given weight
of sediments. Then the degree on which turbidity affects the ultra-violet absorbance
at 254 nm might depend on the size and number of SS in the water (Dobbs et al.,
1972).

5.2. Effects of turbidity on fluorescence index
measurements

The source of DOM can be described using the fluorescence index (Huguet et al.,
2009) and FI is often used as a proxy for DOM origin means from allochthonous or
autochthonous (McKnight et al., 2001). For this study, we focused on the
fluorescence index describing origin from terrestrial and microbial DOM (Cory et
al., 2010; McKnight et al., 2001). The different correlations between fluorescence
index versus turbidity plot (Figure 7) for all 10 catchments show that there is a
pronounced significant negative trend in C6, F26, 128, and U8 catchments and
small significance in E21, M36, M36, N34, and E23. In catchment E21, M36 and
E23 there is slightly different for UF samples and F45. Interesting in catchments
M42 there is a positive trend for UF and a negative trend for F45. While a
significant positive trend is shown in catchment O18 for both filtered and unfiltered
samples.

The turbidity affects the fluorescence index when observing the graph (Figure 7),
the overall variation of FI was constantly decreasing with high turbidity for UF
samples and high FI with low turbidity values. According to (McKnight et al.,
2001) fluorescence index is a technique being used to characterize the change in
FDOM in the aquatic system and analyzing of the fulvic acid source. Higher Fl is
delivered from microbial precursor whereas low FI is derived from a terrestrial
precursor material. Higher turbidity can affect the calculation of the fluorescence
index (Karanfil et al., 2005). Low intensities of fluorophores may be resulting in
high turbidities that cause light attenuation (Downing et al., 2012).

5.3. Effects of turbidity on optical properties
measurements

The turbidity and spectroscopic indices were correlated (Figure 6 and 7). The effect
of turbidity on optical measurements is that it differed depending on the
concentration of sediments and particles size. Optical measurements tend to have
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errors when done in streams with high suspended sediment content (Downing et
al., 2012).

The mean values of turbidity after filtration were lower because the suspended
sediments that were higher in size than 0.45 um were removed by filtration (Table
4). The 018 catchment had the highest mean value of turbidity before and after
filtration (UF= 50.8 NTU and F45=31.0 NTU) this might be the result of soil
texture (clay), and high precipitation (655 mm) that contribute to erosion (Table 4).
The effect of inner-filter might influence the increase in turbidity in this catchment,
caused by sediments and colloids that pass through a 0.45 um membrane filter and
organic carbon present in the dissolved form (Karanfil et al., 2005). Also, higher
turbidities indicate a higher level of organic particles and suspended sediments in
and around the stream (Lenhart et al., 2010) due to agriculture practices and
livestock production. Some studies showed that suspended solid can pass through
a filter of 45 um (Karanfil et al., 2005). The lowest value of turbidity was found in
the F26 catchment (2.57 NTU).

The highest average value of UV254 was found in catchment F26 for both UF and
F45 (0.64 nm and 0.58 nm) which may indicate that this catchment has more
organic carbon-absorbing light at 254 nm than other catchments. Lower ultraviolet
absorbance at 254 nm of E21 (UF &F45) varying between lower value reflects that
samples from this catchment have few particles that absorb light (Alberts & Takacs,
2004). These results could be correlated with soil texture and structure in this
catchment reported by Kyllmar et al. (2014) also the source of CDOM. CDOM has
different absorbtivities depending on the degree of UV (Coble, 2007; Blough et al.,
1993).

The variation among catchment could be related to the source of FDOM and its
origin which can be determined by the fluorescence index. A higher mean value of
Fl= 1.7 was found in E21, 128, 018, and E23 catchments which may correspond to
the DOM derived from a plant litter and soil. A lower mean value (FI=1.51) is
observed in F26 catchments of dissolved organic matter which may result from both
microbial and terrestrial sources. Emission intensity at 450-500 nm has a ratio from
1.5to 1.7 (Table 4) for both microbial and terrestrial samples. The slight change in
FI can be related to the age of DOM, from more recently to more decomposed
(Parlanti et al., 2000) or interpreted depending on FDOM origin (McKnight et al.,
2001). This ratio represents a decline in emission with increasing turbidity and it
is referred to as fluorescence index. Many of the DOM in all catchments are
delivered from terrestrial sources.

The lower value of the fluorescence index (FI~1.2) indicates a low contribution of
DOM from the microbial origin and FI~1.8 indicates DOM derived from the
autochthonous sources (Cory et al., 2010; Huguet et al., 2009; McKnight et al.,
2001). The FI was developed to study the source of humic substances more
particularly fulvic acids.
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The catchment properties also might contribute to the observed difference (Table
4). The soil texture differs between catchments, for example, catchments with clays
soils texture have a high mean value of turbidity (C6, M36, O8, E23, and U8)
compared to the catchments with sandy soils texture (E21, F26, 128, M36, and
N34). This is because clay colloids that are being dissolved in water and increase
the color in the water than sandy soils (Bilotta & Brazier, 2008). Also, it implies
that turbidity has a strong relationship with SS. For all catchments, very small
trends could be observed for UV254 and FI (Table 4) for both unfiltered and filtered
samples. For UV254 mean values ranged between 0.2-0.6 nm and 1.5-1.7 for FI.
The effect of turbidity on fluorescence measurements increased linearly with
decreasing fluorescence index and been applied to understand the control of DOM
and sediments. The absorption degree of CDOM vary seasonally depending on the
river input to the near-shore bay waters and inversely to the salinity in the Southern
Baltic Sea (Ferrari et al., 1998).

In some catchments there is no significant temporal trend according to p-value as it
is shown in Appendix 2, e.g. F26, 128, M42 have p-value greater than 0.05 for
UV254 against turbidity. And in most of the fluorescence index versus turbidity
catchments, there is no significant trend C6, E21, F26, 128, M36, M42, etc. The
reason for not showing significance for these cases it might be because samples
were not enough, and there is a, therefore, need to increase samples to be able to
detect if there are the effect sizes. For catchments that show a significant temporal
trend based on p-value obtained (p<0.05, p<0.001, and p<0.001), a low p-value
indicates a higher statistical significance. The R-square value increase as the p-
value decreases.

Suspended particles and DOM can affect optical measurement significantly
(Downing et al., 2012; Bunt et al., 1999). Even both absorbance and fluorescence
measure the fraction of dissolved organic matter that is most similar and optically
active, they have some differences in particles that absorb and fluoresce light
efficiently (Korak et al., 2015). Absorbance measures the degree of chromophores
that absorb light at a certain wavelength (Coble, 2007). While fluorescence
measures fluorophores which absorb and emit light at long wavelengths (Gabor et
al., 2014; Downing et al., 2012). Turbidity scatters light along the optical path
length affects both UV254 and fluorescence measurement, where turbidity (a proxy
of suspended concentration) less than 50 NTU affects more ultraviolet absorbance
than fluorescence (Yoo et al., 2014).
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6. Conclusion

This work aimed to use laboratory optical instruments; turbidimeter and
fluorescence and absorbance spectrophotometer to evaluate how different sediment
concentrations measured as turbidity affect fluorescence and absorbance
measurements of dissolved organic carbon. SS and DOC are important pollutants
in the water bodies, and environmentalists are using turbidity and spectroscopic
indices analysis to monitor water quality in the water ecosystem. Absorbance and
fluorescence measure the optically active fraction of DOM.

The results showed a variation in water quality among the different agricultural
catchments. Factors such as particle properties of SS (size, composition, color, and
shape), dissolved of organic matter and soil characteristics may influence the
measured value of turbidity and it’s a correlation with UV254 and fluorescence
index. Catchments with clay soils have higher turbidity and absorbance compared
to the catchments with sandy soils. This is because of the clay colloid in the water.

However, UV254 vs. turbidity measurement showed a higher linear correlation
compared to the fluorescence index vs. turbidity. UV and FI can be used as a
substitute to measure turbidity (SS and DOM) but according to results obtained UV
correlates better with turbidity than FI. This implies that UV254 can be a better
surrogate parameter to estimate the suspended sediment and DOM in water
measured as turbidity for both filtered and unfiltered samples. Of all possible
correlations of UV254 against turbidity, only M36 and O18 catchments showed a
strong statistically significant for both filtered and unfiltered samples. The results
of Fl indicates that the source of suspended sediments and dissolved organic matter
in the catchments mostly come from terrestrial sources.

The results of this study show that some agriculture catchments are loaded with
suspended sediments and DOM in their water. The recommendation for better water
quality is good to advise farmers to reduce erosion and apply methods for trapping
sediments before they get to the water bodies. Additionally, it would be useful to
use large quantities of water samples to be able to identify the size effect between
turbidity and fluorescence.
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This study can be considered as the potential to use UV as a substitute to measure
SS and DOM. Although further validation is needed to confirm the above mention
correlation.
To improve this work further studies can be carried out:
e by measuring also other water quality data like phosphorus and nitrogen
concentrations in addition to suspended sediment concentrations.
e Correlating suspended sediments and turbidity.
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Appendix 1

Catchment C6 (CLAA, UP1)

Catchment CLAA_UF Catchment CLAA_FAS
‘Week|uv254 nm _|Fluorrscence indices| Turbidity Week uv254 nm |Fluorrscence indices |Turbidity

44 |10.2973138 1.722979662 6.77 44 0.337228 1.606018775 0.341
42 | 0.2681625 1.726797856 7.2 42 0.279544 1.694776316 0.43

46 | 0.2693057 1.706363401 8.91 46 0.266458 1.690086313 0.44
1 0.2892726 1.646911938 13.9 1 0.17883 1.720030457 0.634
17 | 0.2317963 1.619191331 17.7 17 0.256094 1.626660771 0.672
36 | 0.3258719 1.670591548 21.7 36 0.318836 1.673906828 0.672
28 0.301456 1.667104524 21.8 28 0.199147 1.667340344 0.896
38 0.322028 1.680119613 22.1 38 0.307832 1.676833486 1.65

15 0.325867 1.60196433 28.4 15 0.276525 1648295815 2.08
7 0.2633113 1.525996717 29.8 7 0.2233 1.644983936 2.32
51 | 0.3800066 1.633768754 30.4 51 0.180023 1.673802413 2.82
34 |0.3483521 1.684715521 31 34 0.157218 1.684299182 3.89

40 0.348712 1.682435366 34.9 40 0.197868 1.684425069 4.17
22 | 0.15956269 1.65320107 38.5 22 0.154048 1.493453076 4.33

9 0.5456071 1.565259873 61.7 9 0.210866 1.57799721 6.46
26 0.227312 1.704663097 63.1 26 0.306897 1.678380497 8.91
8 0.6004809 1.517032332 64.2 g 0.171735 1.571173826 11.1
11 | 0.4442579 1.578736065 66 11 0.573806 1.574101651 23.8
11 | 0.6455185 1.570948132 77.8 50 0.453035 1.529882572 26.4
11 | 0.2569344 1.662507065 89.2 24 0.535064 1.587137783 33.8
11 | 0.8187362 1.569372331 98.6 13 0.811302 1.69507853 60
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51 | 0.2275697 1.74559635 0.21 36| 0.189723 1.677510185 0.209
36 | 0.313962 1.651142941 0.902 51| 0.269151 1661053002 0.215
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40 |0.3053849|  1.655438449 2.29 34| 0.207783 1685947935  0.518
19 101576325 1670925575 2.35 51| 0.113112 1.737182235 0.522
28 102345051 1.64261436 2.38 17| 0.174974 1.654976404 0.629
32 [0.3395739|  1.664192201 3.68 2o 0.36276 704588112 0700
34 [0.3222265|  1.675403052 2.09
50| 0.400663 1.570736356 0.72|
17 | 0.185193 1650716791 5.17
1 [o.606655]  1.670487512 6.81 15| 0.133023 1.657818458 0.886
51 |0.2989779|  1.668065914 6.87 32| 0.323633 1.685098504 101
30 |03170301]  L645307343 3.3 30 0.296648 1.646972232 161
15 |0.2282744] 1576935821 9.68 40 0.301234 1.654485304 2.24
11 |0.2765278 1.576384376 17.4 15| 0.23153 1.580400434 2.97
13 |0.3378149 1.533896437 19.7 1] 0.136709 1667785451 4.1
7 |o.z01467a|  1.49a440176 25.6 7| 0.270498 1.49262119 7.31
9 |o.a774605|  1.548995501 35.7 13| 0.383883 1.553892511 10.2
50 05414923 1.59137978 93 11] 0.320932 1.591956422 11.3
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: 0 20 40 60 BO 100 0 20 40 60 B0 100
Turbidity Turbidity
Catchment E21 (EMAA, OG6)
Catchment EMAA_UF Catchment EMAA_f45
Week |uv254 nm|Fluorrscence indices| Turbidity] Week [uv254 nm |Fluorrscence indices| Turbidity

5 0.083302 1.71660825 0.547 3 0.182221 1.71532923 0.202

M 0.201515 1.723650082 0.717 44 0.20327 1.764352771 0.303

9 0.168274 1.678657492 0.803 20 0.095898 1.770515248 0.316

19 0.100542 1.689860465 1.39 38 0.090921 1.700583494 0.325

50 0.20617 1.71520859 152 5 0.079916 1.753781615 0.337

50 0.181554 1.737855898 1.59 E 0.103204 1.69767831 0.368

3 0.112754 1.708498982 17 19 0.169786 1.658189434 0.38

11 0.12893 1.728549456 2.06 9 0.130377 1.685269697 0.386

46 0.097833 1.692082473 2.48 11 0.071811 1.700411308 0.424

15 0.093427 1.756653328 2.59 40 0.195419 1.719687514 0.448

20 0.096095 1.713479903 3.85 28 0.119266 1.718871531 0.463

17 0.121021 1.74961271 5.15 13 0.093946 1.734255432 0.478

7 0.167345 1.513630645 7.7 15 0.124624 1.718056575 0.539

28 0.201334 1.751134367 8.41 17 0.182366 1.730290718 0.607

40 0.204951 1.708642951 8.69 30 0.205642 1.736708524 0.653

38 0.224377 1.683434736 11.2 7 0.15949 1.512888933 0.683

30 0.198383 1.700840233 20.3 46 0.089634 1.687282197 0.766

32 0.217159 1.68672602 41.8 22 0.095112 1.749865769 1.05

36 0.222162 1.686504229 43.3 32 0.203% 1.698252984 1.12

34 0.219579 1.677317356 47 34 0.100833 1.740161664 2.39

22 0.0895 1.717535071 51.8 36 0.096503 1.722875029 4.31

UV254vs Turbidity Fluorescence index vs Turbidity
0.25 18 ¥ 36K+
0wz P e : . i 175 &
. : & .
k o £ 17 gt »

g 015 [ e EMAAUF 8 y ¢ o EMAALF

o ® & 165

ERTR EMAA F45 2 EMAA F45

g . ] S 16
Linear (EN E
0.05 Linear [EMAA F45) “ s Linear (EMAA F45)
0 15 ¢
0 10 20 30 40 50 60 ] 10 20 30 40 50 60
Turbidity Turbidity
Catchment 0G6_UF Catchment 0G6_F45
Week |uv254 nm|Fluorrscence indices ‘Week [uv254 nm|Fluorrscence indices| Turbidity

40 0.213473 1.705756022 38 0.098709 1.665298416 0.138

9 0.155242 1.719681651 3 0.173326 1.74203%401 0.227

13 0.103286 1.713402217 42 0.208047 1.642640542 0.271

11 0.12003 1.691201467 36 0.104625 1.661770573 0.314

15 0.664987 1.46443693 34 0.144397 1.643062019 0.37

44 0.216096 1.660181662 46 0.116085 1.648449306 0.405

38 0.213413 1.651216701 9 0.12022 1.651721452 0.456

1 0.204471 1.688162215 1 0.151271 1.694016678 0.472

36 0.261432 1.618036615 17 0.0937139 1.675641661 0.495

50 0.24115 1.656344283 40 0.142852 1.677037845 0.495

19 0.186948 1.679657468 13 0.214027 1.6459677022 0.502

17 0.144011 1.674809045 4.22 19 0.1057 1.741120256 0.572

34 0.232313 1.653908823 4.89 11 0.159015 1.666356387 0.575

46 0.131654 1.641799334 5.8 15 0.119759 1.7124126 0.73

5 0.177768 1.757341743 5.9 50 0.634969 1.477605272 0.764

42 0.115404 1.674689273 15.3 30 0.258511 1.647259573 0.954

28 0.258228 1.635481362 23.1 30 0.21968 1.686548459 1.07

7 0.22674 1.548242967 25 32 0.128879 1.655690353 2.34

32 0.263579 1.633976635 26.2 a4 0.236183 1.664827792 249

30 0.230886 1.683263659 28.9 7 0.217155 1.566164679 3.62

48



UV254 vs Turbidity

Fluorescence index vs Turbidity

0.7 18
L]
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0 14
10 0 30 40 0 10 20 30 40
Turbidity Turbidity
Catchment F26 (FDRA, JK1)
Catchment FDRA_UF Catchment FDRA_F45
Week uv254 nm|Fluorrscence indices [Turbidity | Week |uv254 nm|Fluorrscence indices| Turbidity
36 0.513049 1.560427374 0.514 46 0.494543 1.556808733 0.11
19 0.39059 1.500679844 0.912 36 0.388358 1.55492066 0.231
42 0.435483 1.555240351 1.04 9 0.896985 1.463092703 0.351
44 0.488442 1.478044669 1.09 38 0.177125 1.635649514 0.409
46 0.50694 1.550252971 1.74 19 0.376947 1488963478 0.514
9 0.934242 1.461410422 1.8 42 0.436287 1.56757729 0.6
11 0.86736 1.455584586 1.88 44 0.370262 1476149058 0.672
7 0.679673 1.450111998 2.14 51 0.86363 1.500977633 0.748
51 0.910093 1.511480949 2.3 13 0.873302 1447432257 0.979
24 0.396372 1.447415951 2.6 11 0.82671 1.469614542 1.12
17 0.413171 1.51514923 2.65 24 0.385747 1484977488 1.13
13 0.914383 1.449872268 3.06 17 0.411912 1.516223609 1.31
40 0.395856 1.551101001 4.56 7 0.625078 1437173726 1.33
38 0.425242 1.52745621 4.8 40 0.277089 1.539797901 1.89
22 0.53367 1.459735134 24.3 20 0.65005 1.46108376 2.22
20 0.757891 1.453019612 38.6 22 0.449856 1.473306088 2.24
UV254vs Turbidity Fluorescence index vs Turbidity
1 LE5
09 gl
0.8 . 16
07 | & z
%‘ ii o . s FDRAUF g 155 \ . @ FDRAUF
304 2 FoRA Fes 215 v FORA T3
03 Linear (FORA UF) E b ) Linear (FDR& UF )
0.2 = :';:iEEKE?::E'SEEE Linear (FDRA F45) =145 ‘ e - Linear (FDRA& F45)
0.1
o 14
10 20 30 40 50 0 10 20 30 40 50
Turbidity Tubidity
Catchment JK1_UF Catchment JK1_F45
Week |uv254 nm|Fluorrscence indices | Turbidity| Week uv254 nm|Fluorrscence indiceqTurbidity
48 0.41111 1.567340637 0.706 38| 0.275039 1.556770741 0.159
42 0.369021 1.68497493 1 36| 0.39207 1.561884864 0.195
36 0.513915 1.552334149 1.15 43| 0.390641 1.545669697 0.213
11 1.130914 1.432348755 1.34 40| 0.228312 1.5806083224 0.349
40 0.362435 1.554594232 1.95 9| 0.546324 1.463315167 0.443
9 1.006067 1.46152231 2.15 50| 1.064172 1.500695479 0.652
1 0.752348 1.526645586 2.54 42| 0.367502 1.718783638 0.765
50 1.138108 1504437868 2.56 51| 0.681317 1.522069854 0.804
38 0.285409 1.543862813 2.61 11| 1.07387 1.447897242 0.865
44 0.656032 1.541170276 3.53 7| 0.897718 1.465636064 1.01
51 0.736941 1.52513088 3.74 13| 0.871382 1.462407988 1.08]
15 0.462556 1.453409998 3.82 19| 0.452697 1.512076633 1.18]
15 0.531606 1.500458688 3.99 15| 0.495031 1.498074301 1.18]
13 0.905153 1.460576678 4.92 1| 0.577025 1.535266554 1.68]
7 0.970424 1.458664544 6.73 44 0.6087 1.559243338 1.93
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Turbidity Turbidity
Catchment 128 (IBAA, BA1)
Catchment IBAA _UF Catchment IBAA_F45
Week |uv254 nm|Fluorrscence indices| Turbidity| Week |uv254 nm|Fluorrscence indices| Turbidity|
15 0.175767 1.709000388 1 28 0.158934 1.731788223 0.177
13 0.20007 1.63370225 1.23 38 0.306964 1.714225749 0.203
3 0.250549 1.730252144 131 34 0.286384 1.697293024 0.213
42 0.316696 1.625149356 1.86 36 0.220211 1.616597332 0.221
36 0.487396 1.656830405 4.54 15 0.163831 1.74225485 0.366
38 0.3434594 1.696112753 5.35 7 0.219036 1.654732121 0.478
34 0.28955 1.689543209 5.55 13 0.19789 1.634897741 0.624
50 0.268315 1.672017522 5.66 3 0.273245 1.728491609 0.81
32 0.385692 1.670304243 5.74 22 0.184697 1.679578473 0.954
28 0.210671 1.657743599 6.51 42 0.287345 1.639597412 0.996
24 0.142775 1.639323936 6.6 24 0.118795 1.6622735336 116
22 0.187796 1.704976091 6.71 30 0.262243 1.669768267 117
20 0.193338 1.666254055 8.39 26 0.118233 1.672561246 1.2
7 0.233777 1.650625095 9.62 32 0.272063 1.662506552 1.95
34 0.428675 1.675260892 10.5 44 0.264179 1.683141633 2.29
26 0.134598 1.670005338 24.4 20 0.178822 1.654070401 2.38
11 0.71266 1.605210574 25.4 15 0.169236 1.646182217 2.59
19 0.184718 1.649434047 28 11 0.6537485 1.59462947 7.66
17 0.587575 1.614291637 381 17 0.26179 1.658449911 13.5
UV254 vs Turbidity Fluorescence index vs Turbidity
08 176
. 174 e V= 3x+ 16795
o . 267
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01 16 ¢
0 158
0 100 200 300 400 500 o 100 200 300 400 500
Turbidity Turbidity
Catchment BA1_UF Catch Bl F45
Week |uv254 nm|Fluorrscence indices| Turbidity Week |uv254 nm|Fluorrscence indices| Turbidity|
32 0.305849 1.687864221 0.335 32 0.312868 1.661610674 0.163
51 0.328865 1.676379359 0.484 51 0.25204 1.716915864 0.197
40 0.258037 1.718923182 0.672 40 0.102425 1.670222632 0.231
1 0.603924 1.643327589 0.792 1 0.144805 1.737230986 0.237
46 0.272955 1.734520709 0.827 46 0.19143 1.690753582 0.257
3 0.272432 1.822162327 0.954 3 0.258581 1.756373736 0.338
7 0.260326 1.610482862 1.01 7 0.223736 1.674073481 0.431
34 0.236336 1.643187287 1.19 34 0.169076 1.671889263 0.444
38 0.196814 1.646779101 13 38 0.159943 1.694909918 0.447
5 0.187229 1.705954166 1.38 3 0.264829 1.809581255 0.465
36 0.168571 1.685984503 1.5 36 0.45886 1.650877513 0.489
28 0.167108 1.665171083 1.62 28 0.18811 1.652393112 0.584
48 0.192276 1.694126917 1.72 48 0.268579 1.747828299 0.6
13 0.27764 1.729288951 2.07 13 0.197112 1.666572712 0.704
30 0.259241 1.664450391 2.33 30 0.261036 1.627706707 0.936
15 0.468475 1.667850005 2.83 15 0.1734 1.700750558 0.959
44 0.23488 1.636402043 4.28 44 0.442358 1.640465973 0.97
17 0.291129 1.657487318 5.12 17 0.159835 1.702030949 101
50 0.257132 1.740046366 5.5 50 0.314558 1.685709879 111
42 0.307537 1.626426826 7.63 42 0.258822 1.680643491 1.33
11 0.526056 1.625912356 8.87 11 0.300446 1.627383612 3.16
19 0.315204 1.675970271 12.1 19 0.259881 1.674153665 3.37
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0 155
0 5 10 15 0 5 10 15
Turbidity Turbidity
Catchment M36 (LKAA, LKAL)
Catchment LKAA _UF Catchment LKAA _F45
Week [uv254 nm Fluorrscence indices| Turbidity| _ Week |uv254 nm|Fluorrscence indices| Turbidity
46 0.2978 1.66003306 0.67 51 |0.318841 1.660457361 0.189
19 0.207456 1.596538939 2.18 19 0.20957 1.606113655 0.335
38 | 0.300376 1.602761593 3.17 48 [0.285595 1.642467288 0.374
42 | 0.270835 1.652936648 3.71 42 |0.265407 1.657960965 0.497
36 0.319962 1.633086527 5.37 32 0.141969 1.664126839 0.497
17 0.195697 1.589244282 6.77 50 0.322027 1.63157633 0.529
15 0.284874 1.617204228 7.46 30 0.250731 1.65554882 0.585
22 | 0.145837 1.620994342 10.7 22 | 0.148194 1.645786895 0.623
32 | 0.278556 1.663589992 14.5 36 | 0.195982 1.63705191 0.816
28 | 0.280282 1.635090253 14.6 46 |0.280581 1.651733974 0.817
30 | 0.257729 1.641806865 16.4 28 | 0.262597 1.643266823 0.883
48 | 0.268576 1.621533197 17.8 17 | 0.192067 1.609257673 117
44 0.21885 1.644121443 25.3 38 0.306743 1.677185651 145
34 0.312489 1.632222075 30.4 34 0.174613 1.650993048 1.88
51 0.427775 1.666956854 411 20 0.188432 1.635834824 2.04
3 0.406784 1.642833733 417 15 0.283788 1.611668253 4.89
50 | 0.675253 1.664194436 65.1 44 |0.227422 1.625367587 8.78
20 | 0.270698 1576113457 67.8 3 0.323466 1.661861361 20.6
13 1.275322 1.591533668 113 7 0.803896 1.637646071 67.8
7 0.869362 1.641824054 114 9 1.018185 1.619966048 83.8
9 1.074656 1.639699224 120 13 1.187899 1.570657745 87.4
11 1.504204 1.611262444 155 11 1.435191 1.552004797 124
UV254 vs Turbidity Fluorescence index vs Turbidity
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168
Ziesgoe * o =
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156
0 50 100 150 200
Turbidity
Catchment LKA1 _UF Catchment LKA1_F45
Week |uv254 nm|Fluorrscence indices| Turbidity Week |uv254 nm|Fluorrscence indices| Turbidity
46 0.246139 1.685659896 1.56 30 0.38414 1.624434422 0.174
36 0.2858 1.64412741 1.89 36 0.16946 1.654155718 0.267
42 0.259336 1.637952401 2.01 48 0.22554 1.643297979 0.319
19 0.270625 1.586256613 2.61 44 0.361463 1.63378259 0.404
32 0.240338 1.662402044 2.63 5 0.129063 1.676226584 0.436
40 0.234451 1.650895172 2.73 19 0.262609 1.546839346 0.439
43 0.229265 1.655981913 3.12 51 0.245047 1.656641711 0.455
3 0.144869 1.659682105 3.34 32 0.236947 1.643432902 0.521
30 0.246189 1.65433451 3.85 46 0.135885 1.662715793 0.65
15 0.228201 1.582252095 4.61 42 0.255352 1.6616402 0.84
3l 0.269848 1.684626591 4.67 40 0.23363 1.693898832 0.864
28 0.251814 1.634356953 5.94 30 0.234889 1.65386804 0.867
13 0.892267 1.454218651 13.6 28 0.247223 1.659685811 1.43
a4 0.463751 1.636603649 28.8 15 0.219507 1.618865991 1.85
1 0.534774 1.684156046 59.4 13 0.357501 1.606463321 9.61
9 0.583324 1.627446046 59.8 9 0.636264 1.619339744 3L.9
30 0.695198 1.659486989 111 1 0.371271 1.661669555 40.8
11 1.295775 1.595674233 143 11 1.3171 1.622129632 107
7 1.231766 1.624745032 196 7 1.574772 1.646393835 157
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Turbidity Turbidity
Catchment M42 (MVEA, UT10)
Catchment MVEA _UF Catchment MVEA _F45
Week |uv254 nm|Fluorrscence indices| Turbidity, Week |uv254 nm|Fluorrscence indices| Turbidity
9 0.369429 1.580234224 0.881 1 0.365859 1.600737342 0.096
5 0.446435 1.598599191 1.5 5 0.439555 1.596169271 0.104
44 0.393346 1.600126323 1.74 50 0.36367 1.626492102 0.134
19 0.289705 1.651039072 3.23 3 0.38202 1.59127181 0.338
3 0.385434 1.612364446 3.4 9 0.360771 1.572885403 0.371
1 0.500479 1.601016586 3.86 36 0.162778 1.628601096 0.381
22 0.184469 1.615780517 4.35 30 0.29621 1.60318134 0.426
50 0.354805 1.61180078 5.11 40 0.234164 1.64241873 0.458
26 0.200572 1.61288064 5.39 38 0.344783 1.671335926 0.585
28 0.298585 1.619968205 6.12 32 0.138826 1.659329727 0.884
7 0.338085 1.587950349 8.9 26 0.194772 1.609951646 124
13 0.348366 1.568814919 10.2 24 0.213745 1.598223345 146
24 0.223297 1.588673974 12.2 44 0.299082 1.627228289 157
15 0.335811 1.559686932 12.5 19 0.249846 1.673161503 2.06
11 0.355769 1.563905874 17.9 15 0.324617 1.554532291 2.1
17 0.340426 1.577557084 21.3 17 0.31196 1.575536624 2.34
32 0.284888 1.615834881 38.3 7 0.323395 1.588576729 246
38 0.326865 1.593141617 513 34 0.151574 1.637554428 292
30 0.38369 1.611921096 54.6 28 0.297324 1.628519575 295
34 0.356544 1.589521697 66.5 22 0.227243 1.58814942 3.44
40 0.368131 1.627922417 67.4 13 0.341435 1.575591686 3.52
36 0.380464 1.609557277 92.2 11 0.334329 1.578951149 5.3
UV254 vs Turbidity Fluorescence index vs Turbidity
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0 20 40 60 BO 0 20 40 60 20
Turbidity Turbidity
Catchment UT10 _UF Catchment UT10 _F45
Week |uv254 nm|Fluorrscence indices| Turbidity| Week |uv254 nm|Fluorrscence indices| Turbidity
17 0.311841 1.562834837 112 5 0.335334 1.578301682 0.125
19 0.358435 1.560423243 123 40 0.273424 1.634351315 0.157
9 0.343266 1.572287047 14 38 0.153182 1.645200832 0.194
15 0.316065 1.54669538 1.81 48 0.265673 1.643296053 0.236
30 0.241917 1.647062973 3.15 32 0.121756 1.659264809 0.334
36 0.26805 1.579139722 3.52 30 0.23809 1.655045196 0.375
13 0.352631 1.551473779 3.65 36 0.152805 1.620381395 0.439
28 0.408503 1.583914895 4.08 28 0.404438 1.582618811 0.585
32 0.141631 1.653801949 4.22 9 0.341188 1.59110459 0.587
1 0.507384 1.592323523 5.07 50 0.506327 1.59681074 0.691
38 0.231842 1.619251519 6.82 17 0.303529 1.562176262 0.756
7 0.335099 1.576090349 7.8 15 0.313215 1.542208717 0.792
3 0.459713 1.608842685 8.74 1 0.362558 1.586758178 0.796
46 0.625301 1.643197181 9.04 13 0.340702 1.541974577 0.831
50 0.519102 1.597681043 9.35 19 0.247783 1.56884239 0.844
40 0.289153 1.645263707 9.49 34 0.130605 1.620704577 0.856
11 0.3305 1.563931819 9.89 46 0.60661 1.65055474 117
48 0.287129 1.638605893 10.7 3 0.43545 1.597107401 1.51
34 0.252812 1.637033312 22.2 a4 0.30981 1.550477098 178
44 0.368586 1.620983246 25 11 0.316343 1.557380175 2.83
e 0.352025 1.595116098 39.5 7 0.327893 1.584717273 3.4
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Turbidity Turbidity
Catchment N34 (NDAA, DAL)
Catchment NDAA _UF Catchment NDA _F45
Week |uv254 nmrscence in| Turbidity Week |uv254 nmrscence in| Turbidity|

5 0.263684 | 1.635716 | 0.722 1 0.152097 | 1.670864 | 0.112
3 0.255096 | 1.66067 1 42 0.296318 | 1.622523 0.252
17 0.183106 | 1.613733 1.64 50 0.305438 | 1.659515 0.365
20 0.23735 | 1.587698 2 34 0.16608 | 1.600528 | 0.392
15 0.215001 | 1.604654 2.13 40 0.164293 | 1.624848 | 0.405
1 0.283589 | 1.658722 4.84 32 0.261334 | 1.627774 0.41
51 0.303112 | 1.644361 5.82 30 0.274959 | 1.62107 0.451
22 0.242604 | 1.59173 8.02 28 0.290146 | 1.613962 | 0.491
30 0.285892 | 1.622232 10.3 5 0.255256 | 1.641584 | 0.4%4
38 0.214845 | 1.631899 11.1 3 0.248932 | 1.652062 | 0.676
42 0.330376 | 1.644475 16.8 17 0.185722 | 1.595124 | 0.777
50 0.338845 | 1.625053 17.8 51 0.173353 | 1.648907 | 0.831
34 0.320905 | 1.616599 18.6 38 0.189148 | 1.644096 | 0.979
32 0.313266 | 1.622594 19.1 22 0.226311 | 1.597988 1.04
13 0.433309 | 1.585233 19.5 20 0.236639 | 1.626717 1.1

28 0.344692 | 1.615356 19.8 15 0.213059 | 1.61013 1.29

40 0.312583 | 1.624402 20.6 36 0.225106 | 1.627359 1.95

36 0.352775 | 1.6004% 21.3 44 0.285195 | 1.606083 5.05

9 0.284805 | 1.636889 27.4 13 0.438742 | 1.614533 13.4
7 0.330312 | 1.606706 34.7 7 0.713454 | 1.494224 13.8
44 0.3383433 | 1.626422 36.5 9 0.418643 | 1.625258 17.7

UV254 V5 Turbidity Fluorescence turbidity vs Turbidity
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o 10 30 40 0 10 20 30 40
Turb Turbidity
Catchment DA1 _UF Catchment DA1_F45
Week |uv254 nmrscence in| Turbidity] Week |uv254 nmirscence in| Turbidity,
42 0.311819 | 1.625439 1.71 34 0.271434 | 1.584064 0.328
15 0.20738 | 1.637755 3.88 30 0.295319 | 1.59768 0.489
19 0.251746 | 1.590683 4.12 51 0.164578 [ 1.651336| 0.563
51 0.309505 | 1.631892 5.08 38 0.194457 [ 1.620475| 0.612
9 0.254643 | 1.622338 5.75 44 0.24976 | 1.643643 [ 0.711
1 0.30615 | 1.630808 6.51 42 0.298968 | 1.607702 0.729
28 0.277373 | 1.599093 6.79 28 0.269628 | 1.62241 0.783
32 0.242835 | 1.615109 741 9 0.250553 | 1.61091 0.873
40 0.280666 | 1.636694 7.6 15 0.208044 | 1.756283 1.01
30 0.317521 | 1.607974 8.83 50 0.307496 | 1.647773 116
11 0.334716 | 1.613897 5.95 15 0.23985 | 1.584211 1.33
3 0.302355 | 1.647718 10.2 40 0.28403 | 1.642733 1.59
50 0.334454 | 1.664196 12.2 1 0.172256 | 1.664483 177
44 0.249909 | 1.628016 12.3 17 0.165028 | 1.594687 2.05
13 0.285153 | 1.579759 15.3 36 0.209335 | 1.626202 2.11
7 0.304286 | 1.607716 16.4 13 0.2559523 | 1.574136 2.83
36 0.350319 | 1.621634 25.7 32 0.242563 | 1.607614 3.22
34 0.431572 | 1.561047 27.2 3 0.271551 | 1.664073 5.49
17 0.175727 | 1.593714 34.6 11 0.322976 | 1.617012 5.64
38 0.272446 | 1.599202 51.5 7 0.287069 | 1.611176 7.15
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Catchment 018 (RUVA, RUV1)
Catchment RUVA _UF Catchment RUVA _F45
Week |uv254 nm|Fluorrscence indices| Turbidity] Week |uv254 nm|Fluorrscence indices| Turbidity
19 0.100513 1.697320805 3.46 30 0.305291 1.662293827 0.121
17 0.115414 1.715859854 9.81 50 0.280335 1.676850913 0.385
38 0.260458 1.670434939 10.3 36 0.283969 1.668140151 0.385
36 0.421162 1.667882918 14 33 0.247385 1.664640998 0.44
24 0.158072 1.735091212 14.6 19 0.101962 1.715279965 1.03
22 0.1294 1.667512351 18.5 28 0.235352 1.666985973 1.21
30 0.318483 1.659881869 18.7 17 0.113575 1.701358672 411
20 0.205045 1.68818501 21.4 22 0.108361 1.746888421 5.21
28 0.257355 1.676478911 27.1 24 0.148509 1.66759677 6.2
15 0.36139 1.732743777 80.2 20 0.184103 1.6626856069 12.6
7 0.551437 1.628452619 82.2 15 0.352009 1.769863137 40.4
50 0.807651 1.677825676 89.4 7 0.534054 1.618474175 45.2
9 0.8858144 1.710266904 121 9 0.925313 1.693774558 101
11 2.431133 1.740826329 315 11 2.265745 1.724120217 251
13 1.934292 1.682517279 383 13 2.728398 1.74995585 303
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Turbidity Turbidity
Catchment RUV1 _UF Catchment RUV1_FA5
Week |uv254 nm|Fluorrscence indices| Turbidity Week |uv254 nm|Fluorrscence indices| Turbidity|
42 | 0.338205 1.663097887 2.19 36| 0.286689 1.650742954 0.229
36 | 0.407194 1.644731978 3.04 24| 03025 1.652382578 0.28]
38 |0.154431 1.692363723 3.63 24| 0.18791 1.668573504 0.308|
34 |0.419234 1.634259915 3.99 50| 0.179091 1.745323682 0.363
19 | 0.098948 1.730640258 4.06 an| 0.28591 1.645415896 0.387]
17 | 0.264308 1.598764012 4.17 23| 0.25695 1.657007824 0.644
44 | 0.206421 1.683457914 4.6 30| 0.386564 1.640073163 0.97]
15 | 0.089978 1.707571156 7.01 17| 0.201461 1.583782568 1.14
30 | 0.407477 1.647195656 8.47 42| 0.326041 1.696298311 1.62]
50 | 0217182 1.763588425 9.92 19| 0.096336 1.678828494 1.89
40 | 0.30819 1.659166464 12.5 28| 0.148594 1.6974773 2.68|
28 |0.274127 1.652209489 17.7 15| 0.086318 1.735705445 3.3
1 0.248629 1.775988978 18.1 50| 0.242103 1.680069496 3.89
13 |0.159399 1.729693752 26.5 1| 0.12645 1.727889358 10.7]
E] 0.333409 1.674338397 33.3 13| 0.221342 1.678159362 17.3
46 | 0.493875 1.674772384 49.4 46| 0.396643 1.667406109 29.3
7 0.453827 1.670801438 72 9| 0.350161 1.667430136 30.3
50 | 0952394 1.715489731 115 7| 0.503057 1.724376492 56.7]
11 | 0.939609 1.701917385 123 11| 1.260867 1.716176869 118
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Turbidity Turbidity
Catchment E23 (EHE, EHEA)
Catchment RUVA _UF Catchment RUVA _UF
Week |uv254 nm|Fluorrscence indices| Turbidity Week |uv254 nm|Fluorrscence indices| Turbidity
29 0.352682 1.637450874 1.07 49 0.439567 1.604333838 0.135
43 0.400072 1.671827465 1.1 37 0.319853 1.662755533 0.266
37 0.441495 1.660832996 119 19 0.265159 1.589047406 0.331
39 0.417056 1.668129739 144 39 0.300605 1.684953536 0.365
41 0.369235 1.677057077 2.96 48 0.248624 1.666944314 0.493
17 0.142803 1.616418083 3.42 43 0.389213 1.671903822 0.71
13 0.249273 3.455046969 4.14 29 0.381119 1.639332098 0.852
15 0.138882 1.597432608 4.9 41 0.366651 1.652233434 0.9
48 0.28536 1.667213112 8.73 17 0.14415 1.615458538 0.938
47 0.44642 1.663373474 13 15 0.175549 1.6258413624 1.75
31 0.553773 1.631831797 25.8 7 0.391751 1.546136368 4.61
13 0.415237 1.574296125 26.2 47 0.397078 1.685329156 6.36
9 0.424774 1.645235958 318 13 0.445517 1.603230855 15.7
45 0.650634 1.607327774 33.6 9 0.428654 1.603376127 13
11 0.485727 1.591850874 40.6 51 0.460079 1.656552139 20.9
7 0.454665 1.538026862 41.5 1 0.49573 1.610852083 34.1
1 0.754724 1.65264022 81.3 1 0.695596 1.660030167 33.3
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x+ 16787

Catchment RUVA _UF Catchment RUVA _UF
Week [uv254 nm|Fluorrscence indices| Turbidity Week |uv254 nm|Fluorrscence indices| Turbidity|
7 0.339724 1.53943937 35.5 7 0.140056 1.721121464 10.3
9 0.604934 1.617825892 41.3 9 0.57766 1.597327352 28.8
11 1.008002 1.627517117 90.5 11 1.026262 1.624713782 72.3
13 0.343707 1.624098442 115 13 1.191481 1.638914275 89.7
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Catchment U8 (UF1, UFIA)

Catchment UF1_UF Catchment UF1_Fa5
Week |uv254 nm|Fluorrscence indices| Turbidity Week |uv254 nm|Fluorrscence indices| Turbidity
42 0.709546 1.617216194 0.351 2 0.165699 1.669393046 0.13
46 0.280402 1.686220418 4.47 40 0.279933 1.700966347 0.207
34 0.283457 1.675021901 6.63 32 0.269282 1.671101992 0.212
40 0.285862 1.683486323 7.66 38 0.180157 1.689231824 0.216
2 0.322443 1.678910264 8.3 42 0.270826 1.680671098 0.22
7 0.175609 1.527765565 8.33 36 0.162644 1.684287498 0.246
30 0.283852 1.672191749 8.57 34 0.169038 1.691036544 0.303
28 0.299188 1.695791662 11 46 0.280109 1.695327909 0.323
36 0.292626 1.675172717 11.3 28 0.296533 1.668190693 0.887
38 0.299298 1.674989325 15.2 50 0.379344 1.61307594 0.508
11 0.679909 1.617698373 57.4 30 0.281712 1.674539748 117
9 0.796281 1.564849244 74.9 7 0.150597 1.55121572 2.99
50 0.971399 1.648575279 121 11 0.651765 1.591546625 40.3
13 1.485733 1.616111102 141 9 0.73%9427 1.53385699 57.3
32 0.505904 1.640855628 222 13 1.434074 1.606401091 113
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Turbidity Turbidity
Catchment UFIA_UF Catchment UFIA _F45
Week |uv254 nm|Fluorrscence indices| Turbidity| Week |uv254 nm|Fluorrscence indices| Turbidity
48 0.168933 1.730766354 1.51 28 0.306475 1.700362706 0.167
1 0.346602 1.666651799 4.29 5 0.290822 1.679672773 0.186
5 0.325158 1.685404092 5.05 48 | 0.155768 1.707065445 0.258
34 |0.302051 1.651482976 5.1 34 |0.178195 1.665631994 0.52
28 | 0.328097 1.665101875 6.95 32 0.28427 1.663173214 0.596
24 |0.251375 1.653330484 8.13 24 |0.248051 1.659151024 1.15
7 0.170376 1.553765809 11.9 2 0.205369 1.689300945 1.81
32 0.307202 1.669553108 16 7 0.154634 1.565584245 3.75
15 0.376626 1.578803225 22.7 15 0.339106 1.59256349 116
11 | 0.663673 1.597416435 51.3 11 |0.636813 1.603842366 38.8
9 0.774525 1.570238343 73.9 9 0.71876 1.548668438 56.5
13 1.452903 1.596434327 141 13 1.433221 1.624834697 116
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Appendix 2

UV254 vs Turbidity

UF F45
Ci Coefficients |P values |Standard Error |Coefficients |Pvalues  [Standard Error
6 0.239 i 0.0220 0.220 i 0.015
Turbidity 0.003 i 0.0006 0.010 i 0.001]
R? 0.49 0.67
Significance F| 0.00000043 0.00000000014
E21 P 0.181 = 0.018656487| 0.152243832 e 0.019582158
Turbidity 0.001 o 0.001070072 0.005911275 | 0.016078774
R 0.01 0.003453738
Significance F | 0.569410543 0.715125952
F26 Intercept 0.537 T 0.095532238| 0.522986306 T 0.096484437]
Turbidity 0.041 2 0.032452594| 0.065128203 | 0.100169009]
R? 0.06) 0.015415607
Significance F | 0.219706156 0.521068272
128 Intercept 0.272 e 0.026018706| 0.191868933 e 0.018489816
Turbidity 0.003 o 0.003015728( 0.044950453 i 0.010746252]
R 0.027 0.315273565
Significance F| 0.314819315 0.000163515
M36 Intercept 0.21925395 T 0.030612095| 0.225497965 T 0.014129361]
Turbidity 0. 7 T 0.000451958| 0.009321576 T 0.000332455]
R 0.812187372 0.95273669
Significance F| 9.63795E-16 1.84856E-27,
maz 0.341141872| i 0.017518068( 0.303472277 i 0.022668855
Turbidity 0.000218691 o 0.000669961( -0.000881412 o 0.013040896
R’ 0.002592098 0.000111407|
Significance F | 0.745764522, 0.946441906|
N34 Intercept 0.267571357| i 0.013328256 0.215668799 i 0.012115913]
Turbidity 0.001946442 | * 0.000741692( 0. i 0.002624181]
R 0.150087773 0.547572362
Significance F | 0.012331425 3.2303E-08|
018 Intercept 0.177238342 T 0.032550743 0.17430311] T 0.018341608
Turbidity 0.00560144| T 0.000333867| 0.008253447 T 0.000254335]
R 0.897921033 0.870550539
Significance F| 2.04594E-17 4.5427E-26
E23 0.301446817| i 0.032005542( 0.282372017 i 0.027280545
Turbidity 0.006030424 = 0.000749228( 0.009413521 == 0.000900058
R’ 0.773226428 0.8521699
Significance F | 1.53088E-07 2.51659E-09
us Intercept 0.31076139% o 0.058942732( 0.224255046 i 0.014425311}
Turbidity 0.004544394 o 0.000874718( 0.010244837 i 0.000395073]
R 0.519145773 0.964155166
Significance F| 2.25052€-05 1.36864E-19

Fluorescence index vs Turbidity

UF Fa5
Coefficients |Pvalues |Standard Error|Coefficients |PvaIuEs ‘Standani Error
6 Intercept 1.664727358 =% 0.012722884 1.649573175' i ‘ 0.011242305
Turbidity -0.0010229 **| 0.000328425| -0.00142504 o 0.000851111
R 0.203363995 0.06870421]
Significance F| 0.003495678 0.102279419
E21 Intercept 1.68435425 ***|  0.011937699] 1.69250161] ***|  0.012851683
Turbidity -0.00038985 o| 0.000684706| -0. | 0.010552428
R 0.008243677 0.018267703
Significance F| 0.572373852 0.399482354]
F26 Intercept 1.539550999 ***|  0.019640408| 1.550075887| *=*|  0.019777134]
Turbidity -0.01108917 m  0.006671903| -0.04205272] *|  0.019346787|
R 0.09281749 0.148926992
Significance F| 0.108067119 0.038673268|
128 Intercept 1.685515294 ¥+ 0.008364024| 1.696687207 ***|  0.007883476|
Turbidity -0.00188327| o 0.000969442| -0.0146506| * 0.004581864]
R 0.090339507 0.212012833
Significance F| 0.059457649 0.002792354|
M36 Intercept 1.633176381 ***| 0.007909018| 1.642500807| ***|  0.004758389
Turbidity -6.1408E-05 m  0.000127103) -0.00021221] o 0.0001113962)]
R 0.005949487 0.084343038|
Significance F| 0.420564859 0.114865837|
mMaz2 Intercept 1.59717406 | L 1.614608674 o 0.007655803
Turbidity 0.000171087 L -0.00709493 o 0.004404216|
R? 0.01588911 0.005498365| 0.059527919
Significance F| 0.66197166 0.000210279| 2.595127196
N34 Intercept 1.626911679 ***|  0.005412465 1.6308181) = 0.006681953
Turbidity -0.0005743 ©| 0.000301193| -0.00302481] * 0.001447242]
R 0.085273263 0.10072623
Significance F| 0.063939916 0.043181746|
018 Intercept 1.683174674 ***| 0.007834999| 1.678299401] ***|  0.007115556|
Turbidity 8.29689E-05 m  8.03622E-05) 0.000227335 * 9.55427E-05
R 0.03223638| 0.150327361
Significance F| 0.309607767 0.023471936
E23 Intercept 1.78552152| *=* 0.120039186| 1.637965225 i 0. 1
Turbidity -0.00250854 m| 0.002810035| -9.3414E-05 o 0.000360796
R 0.040255041 0.003515726
Significance F| 0.383181538 0.798488811)
us Intercept 1.650989758 ***  0.011510599| 1.658821174| i 0.010069786
Turbidity -0.00027041 u| 0.000170819| -0.00081686 |  0.000275786|
R? 0.091108898 0.259766654|
Significance F| 0.125980205 0.006614985

Pvalues
p<0.05
p<0.01
p<0.001
p>005
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