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Abstract

The extinction of solar UV (290-400 nm) radiation in aquatic ecosystems is a complex phenomena. In this paper, we examine
and model the attenuation of UV radiation in a shallow lake ecosystem. In particular we focus our analysis on the specific role
of the fractions of dissolved and particulate matter in the water column in the attenuation of radiation. This analysis is aimed by
representing the spatial distribution of each fraction making it possible to evidence the spatial variation in habitat quality. In situ
and laboratory measurement are used to elaborate a UV attenuation model. The attenuation model distinguishes between the
contribution of particulate and dissolved matter in the attenuation of the solar UV flux. In the studied wetlahdd¢pkea(lbeg,
sub-tropical latitude, Argentina) the importance of dissolved matter is dominated in the UVB solar spectrum (290-320 nm) but the
effects of the particulate fraction are not negligible, in particular in UVA (320—400 nm). The spatial representation of model results
demonstrate the non homogeneous nature between attenuation of the two fractions. Local and global environmental change can
have importantimpacts on dissolved and particulate matter concentrations, which cam have ecological consequencesin relation to
the high flux of incoming UV radiation. The model developed to examine the relative attenuation of the dissolved and particulate
fractions and is a useful instrument to identify the role that these fractions have on the optical characteristics of aquatic ecosystems.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction on the biological and physical chemical conditions
that permit the system to evolve. The interaction of
The quantity and quality of electromagnetic radia- the solar UV (290-400 nm) and visible (400—700 nm)
tion within an aquatic ecosystem has important effects wavelengths with the ecosystem has elicited a number
of important research effortsl@der et al., 1998; Kirk,
mponding author. Tel.: +39 0577 234369; 1977, BOthwe” _et .al" 1994 The fate (.)f the. elec-
fax: +39 0577 234177, tromagnetic radiation within the medium in these
E-mail addressbracchini@unisi.it (L. Bracchini). solar spectral ranges depends on the components
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of the water medium, as well as the changes in the 3. Materials and methods

radiation environment above the water line and the

condition of the water surface. To determine the The campaign was performed in October 2001 dur-
quantity of available radiation within the water body, ing austral mid-spring. Seventy seven stations were
an attenuation coefficient can be calculated based onselected to cover the entire surfacel@iguna Ibes.

the measurement of the energy flux at different depths. In each site, a vertical profile of the UV irradi-
The attenuation coefficient depends on the chemical ance was measured using a PUV541 spectroradiome-
and physical characteristics of that column of water ter SN 19235 (Biospherical Instruments, San Diego,
in which it is determined. Besides the water itself, the CA). The instrument was calibrated during July 2001,
role of the dissolved and particulate matter plays the by comparing the measured irradiances of the in-

most important role in attenuatioKifk et al., 1994;
Morris et al., 1995; Nieke et al., 1997; Bracchini et al.,
20043.

Interest in the effect of UV radiation and its im-

strument with a second spectroradiometer with 1 nm
of spectral resolution (SUV spectroradiometer, Bio-
spherical Instruments, San Diego, CA). The PUV541
was connected to a portable battery and a portable

pact on the aquatic environment has increased in recentcomputer with a specific programme to collect the
years. This is mostly due to the reduction of the strato- flux data. The instrument was lowered into the water
spheric ozone layer but also due to the modification of column and measurements of UV radiation, water
the aquatic environment due to local and regional pol- temperature and water depth were acquired simul-

lution (Yan et al., 1996; Schindler et al., 1996; Pienitz
and Vincent, 2000; Bracchini et al., 2004bnpacts on
the biotic Dattilo et al., 2005a; Hakkinen et al., 2001;
Smith and Baker, 1973&nd abiotic communityXmyot

et al., 1997; Dattilo et al., 200%have been measured
to be potentially relevant. The impact of specific com-

taneously every 0.3s. The time required for each
profile was 4 min (downward and upward). The spec-
tral irradiance was measured at 305nm (bandpass
7nm), 313nm (bandpass 10nm), 320 nm (bandpass
11nm) and 340nm (bandpass 10 nm). The noise of
the sensors is of the order of 0.00Wv/(cn?nm).

ponents of the aquatic ecosystem on the attenuation ofMeasurements were made between 10:30 and 15:30

UV radiation has been noteHifk, 1994). The present
work is dedicated to modelling the role of the major
water components in the attenuation of UV radiation
within a shallow lake I(aguna Ibeg). The study site

is located in a Ramsar wetland of international impor-
tance in South Americagsteros del Ibeay.

2. Study site

The present study was conducted in Bsteros del
Ibera wetland, in northeast Argentina and in particular
in Laguna Ibeg, which is located at 2& and 57W.
The surface is 54k It is permanent lake with an
average depth of 3.0 m and a maximum of 4.5m. The
lake is divided in two basins (northern and southern
basin,Fig. 10 has two small inlets which drain ex-

in days with limited cloudiness and low wind.
The geographical location of each sampling point
was recorded using a GPS (Garmin GPS lIl). The
measurements were initiated below the water line
(0.02m) and the measurements were recorded while
the instrument was lowered to the lake bottom as
well as during the raising of the instrument just
below the water surface. On average, 60 mea-
surements were use in each station. The resulting
radiation profile was corrected by removing the instru-
ment dark current and temperature effect and plotted
against water depth. All profiles in which tH& of
the exponential fitting was less than 0.40 were dis-
carded.

Simultaneously to the radiation profile measure-
ments, water sample were collected at a depth of
0.30m. The water samples were filtered using a GV

tensive wetland areas, and strongly influence the water Millipore 0.22um filter. The samples are stored in

quality in the lake. The lake is surrounded by float-
ing vegetation mats, that extend up to 1000 m in width
and 2m in depth and consist of decaying vegetation
which is in contact with water below and on each
side.

the dark at 4C and analysed using a UV-vis spec-
trophotometer (Ultraspec 2000, Pharmacia Biotech).
The spectral extinctions valuesy( dimensionless)
was recorded for each samples at 305, 313, 320, and
340 nm.
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4. Results polyenes and polycyclic aromatic hydrocarbons with
two or more rings. For spectrophotometric analysis of
The optical properties of a water medium depend these compounds, wavelengths from 272 to 465nm
largely upon the characteristics of the dissolved and have been use({rk, 1994). The wavelength 272 nm
particulate matter of the medium, which influence the can be used to obtain an estimation of all the dissolved
absorption and scattering of the incoming radiation. organic matter present in the water sample, comprising
The sum of the absorption and the scattering is consid- not only humic and fulvic acids, but also decomposi-
ered the attenuation (or extinction, ). When con- tion products of semi-stable organic materials in solu-
sidering this loss of energy along the water column, tion. TheoreticallyKirk, 1994), the spectral extinction
the radiant flux will diminish in an exponential curve, can be related to the extinction coefficient of the dis-

according to the Lambert—-Beer law (E4)). solved fraction (diameter < 0.2in) by converting the
a, measurement to it (Eq. (2)).
I, = Io,. eXpKa(z — 20)) 1) * (Ea-(2)
2 _q 2.3 x ap
wherelp, andl, [pWattcnm=nm™"] are the spectral 07 = A, 2

irradiance akp = 0.02 m, and at deptt{m]. Kgq;, [m~1]
is the total attenuation coefficient for downward radia- where the factor 2.3 converts the decimal logarithm of
tion. TheKy,,. coefficient considers both the absorptive the spectrophotometer extinction measurement to the
and scattering properties of the medium in the direct natural logarithm of the in situ attenuation measure-
measure of the attenuation of the available radiation ment. The factor 10 converts the cuvette width of
with depth Figs. 1-3. 1cm to meters. Therefor, (m~1) measures the ex-
To examine the role of dissolved matter in the to- tinction of the dissolved matter in the collected samples
tal vertical attenuation, the extinction spectrum of the accordingKq, unit.
filtered samples was determined using a spectropho-  As the vertical attenuation coefficient sums the con-
tometer. The absorption of the dissolved matter can tribution of the extinction due to both dissolved matter
be explained with the electronic transition of the type and particulate matter in the water column, changes
7 — 7 which occurs in the region between about in the extinction due to the dissolved fraction should
270 and 280 nm for benzoic acids, aniline derivates, relate to the total vertical attenuation in the following

35.0 4
30.0 4
25.0
20.0 =

ANY

2

Spectral Irradiance [uWatt/(cm™ nm)]

Model: Lambert Beer for 305 nm Irradiance

Chi"2 = 0.02149
R = 0.89

i 129 +0.06 [Watt/(cm nm)]
4 1 [mh

0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9

Fig. 1. Spectral irradiance at 305 nm plotted against corrected depthy) according to Eq(l) (continuous line = model of Eq1); scattered
line =95% confidence band). All errors are calculated from 95% confidence band.
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Fig. 2. Spectral irradiance at 313 nm plotted against corrected deptih) according to Eq(1) (continuous line = model of Eq1); scattered
line =95% confidence band). All errors are calculated from 95% confidence band.

manner: orated to directly include the measured extinction from
the spectrophotometer.
Kij = A+ Ky, 3)

whereKp, (m™1) is the extinction coefficient of the
particulate fraction of the water column. The above g = _ 2.3 x a, ()

. . A T Ty A
model for the vertical attenuation may be further elab- 1072 b
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Fig. 3. Spectral irradiance at 320 nm plotted against corrected deptih) according to Eq(1) (continuous line = model of Eq1); scattered
line =95% confidence band). All errors are calculated from 95% confidence band.
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Model: Lambert Beer for 340 nm Irradiance
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Fig. 4. Spectral irradiance at 340 nm plotted against corrected depthy) according to Eq(1) (continuous line = model of Eq1); scattered
line =95% confidence band). All errors are calculated from 95% confidence band.

If the vertical attenuatiorKy, is dominated by the The intercept to the least square methbddlues)
concentration of the dissolved matter, E4) will be could be considered the average contribution to UV
nearly linear. To examine this approaéty, and the radiation attenuation of the particulate matter for the
a, of the 77 sampled stations were plotted, for each whole lake.

wavelength Figs. 5-8 measured by the spectroradio- The angular coefficients estimated by the mea-
meter. sured attenuation and the absorbance in four wave-
60 7
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Fig. 5. Linear regression betwelg 305 andagos (continuous line = model of Eq&2)—(4); scattered line = 95% confidence band). All errors are
calculated from 95% confidence band. Thealue is the intercept of regression that is not used in the model elaboration.
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Fig. 6. Linear regression betwelg 313 andags3 (continuous line = model of Eqé2)—(4), scattered line = 95% confidence band). All errors are
calculated from 95% confidence band. Thealue is the intercept of regression that is not used in the model elaboration.

lengths followed the theoretical values of 230"
(Table J). The respective difference between the mea- mate the contribution of particulate matter to overall
sured and theoretical valuesmg(— m,)/m;=Any)

areAmgos=0.013,Amg13=0.004,Amg20=0.009 and

Amgap=0.043.

m*a+b for 320 nm Irradiance

= 4.58681
= 0.94

228 47 [m']
59  +0.5[m’]

Using this attenuation model, it is possible to esti-

attenuation in the water column. THg; (m~1) term
includes also the attenuation of the water molecules,
which is wavelength dependant but will not vary from
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Fig. 7. Linear regression betwelg 320 andagzo (continuous line = model of Eq&2)—(4), scattered line = 95% confidence band). All errors are
calculated from 95% confidence band. Thealue is the intercept of regression that is not used in the model elaboration.
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Fig. 8. Linear regression betwekg 340 andagso (continuous line = model of Eqé&2)—(4); scattered line = 95% confidence band). All errors are
calculated from 95% confidence band. Thealue is the intercept of regression that is not used in the model elaboration.

Table 1 the high incident solar radiation and rainfall, which
Angular coefficients for the theoretical dependence betwégn allow high primary organic production. In such envi-
anda. and from linear regression (séegs. 5-§ forany measured o ants high molecular weight humic substances are

:}a\(/rilin)gth %0 formed by the oxi_dation and poly_merisation o_f lignin
o5 (M) 99748 (_and other phenolic comppunds) in decomposing plaqt
M1z (M~1) 22947 tissue. In some water bodies, the source of most humic
me2o0 (M™1) 22847 materials is runoff water that is leached from the sur-
maao (M) 240+ 10 rounding catchments. In the wetland ecosystems, float-

ing border vegetation provides a significant source of
decomposing plant matter, increasing the concentra-

site to site Kirk (1994) reports that the absorption of tions of dissolved organic matter in the open waters
the pure water in these UV spectrum ranges is less Stevenson (1982Yhese components are the major re-
than 1% of the values df; that are reported here. sponsible of the attenuation in the shorter wavelength of
Therefore, Eq(4) separates the measured total attenu- the solar spectrum (in particular in the U\Hautala et
ation coefficient into the dissolved fractiohy) andthe  al-, 2000. To determine the sensitivity of the total atten-
particulate fraction,, ), this latter being the residual uauo_n coefficient to changes in the dissolved material
from the subtraction of tha, from the total vertical at-  fraction of the water column, the above model may be
tenuation coefficient. This value varies from station to Used. The attenuation coefficient&q(, A, andKp,)
station and from wavelength to wavelength according depend on wavelength: shorter wavelengths are more

to the quantity and qua“ty of the particu|ate matter. sensitive to dissolved matter than hlgher Wavelengths.
To evaluate the relation between wavelengths, dis-

solved and particulate matter on the attenuation coeffi-
5. Discussion cient for downward radiatior(y , ), EQ. (5) was used.

The errors are calculated from 95% confidence band (Origin 6.0).

Organic matter is an important component of most p, — Kps _ Kar=An _ 1-— A (5)

tropical and subtropical lakes. This is partially due to Ka Ka. Ka
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Fig. 9. Contribution of particulate matter to UV attenuation in relation of wavelength. The points are average values of percéhtage of
calculated from Eq(5) for all sites. The errors are standard deviations. The effect of the dissolved matter was high in shorter wavelength but it
is not possible neglect the effect of the particulate matter that increasing in importance with increasing the wavelength.

Eq. (5) quantify the relative importance of the dis- The inflow of a small river in this area of the lake is
solved and particulate matter in the attenuation of the most probable cause of these dissolved materials.
solar UV radiation. For all wavelengths measured, the The river, the Rio Mirinay, drains a small wetland
average and standard deviation of Byevalues onthe  area with bordering agricultural fields. The loss of the
77 stations is reported fig. 9. particulate fraction of this slow moving river water
Spatial variation of the UV attenuation is to be ex- may occur before reaching the lake waters. The central
pected in natural aquatic ecosystems, in the proxim- area of the northern basin showed a less homogeneous
ity of the areas where dissolved and particulate mat- pattern, particularly regarding the particulate fraction.
ter are released. Changes of the optical proprieties canThis basin is more susceptible to wind induced resus-
be measured and the percentage of each componenpension due to its morphology¥Cézar et al., 2006
(dissolved and particulate) in the overiy ;. This is The values off, andKp; in the maps show similar
best demonstrated using a geographical representatiorresults in the higher wavelengths (320 and 340 nm;
of the measured and estimated values. The estimatedrig. 9).
spatial distributions attenuation due to the dissolved  The use of a model that separates the attenuation
fraction (A,) and the particulate fractiofg, ) are pre- due to the dissolved and particulate fractions is an im-
sented irFigs. 10-13As each fraction will degrade in  portant tool in the analysis of the underwater radiation
time through photo-induced and bacteriological degra- environment of aquatic ecosystems. As each fraction
dation, the areas of the highest attenuation are those ar-will have different residence times and different biolog-
eas where the source of dissolved and particulate matterical fates. Dissolved matter is can be incorporated into

are most likely present. the microbial food chain. On the other hand, the plank-
There is no clear relation between the attenuation of ton components are a relevant part of the particulate
the two fractions as the spatial distributionsfgfand matter. In fact, the southern basin (highfpn shows

Kp,. showed. The southern part of the lake shows an ex- the highest concentrations of the microbial chain com-
tremely high attenuation due to the dissolved fraction ponents and the northern basin (higKgp ) shows the
but a low attenuation due to the particulate fraction. highest concentrations of phytoplanktd@ogzar et al.,
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Fig. 10. Maps representation Aos andKp, 305 in the Laguna Ibes using Kriging interpolation method (Surfer 7.0).

2003. The interaction between the UV radiation or the functionality Zagarese et al., 20D1 This
and the dissolved organic matter can form photo- process supports the relative low values of the phy-
products that could be potentially harmful for the toplankton concentration measured in the southern

phytoplankton community in relation to the biomass basin.

S =S4 Nw kO N ® O g Iy

Fig. 11. Maps representation A§13 andKp 313 in the Laguna Ibes using Kriging interpolation method (Surfer 7.0).
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Fig. 12. Maps representation 8§20 andKp, 320 in the Laguna Ibes using Kriging interpolation method (Surfer 7.0).
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Fig. 13. Maps representation Ag4o andKp, 340 in the Laguna Ibes using Kriging interpolation method (Surfer 7.0).

6. Conclusion was found to be characterized by high spatial varia-
tion of both dissolved and particulate matter. The at-

In the present work, the relation between UV atten- tenuation model that was determined, from in situ and
uation and dissolved and particulate fractions of the laboratory measurements, showed the individual con-
water column was analyzed. The studied wetland lake tribution to overall attenuation by each component. The
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good fit of the linear regressiofigs. 5—8 allowed for
the definition of two optical parameterd,(andKp,,,).

These parameters describe the attenuation of the dis-
solved (e.g. humic acids) and particulate matter (e.g. -,

phytoplankton) in the aquatic ecosystem. The high im-

portance of the dissolved matter to attenuate the shorter

wavelengths (305 and 313 nm) is well confirmed. In-
terestingly, the contribution of the particulate fraction
is quite significant, in particular at high wavelength of

53

Cozar, A., Galvez, J.A., Hull, V., Garcia, C.M., Loiselle, S.A., 2005.

Sediment resuspension by wind in a shallow lake of Esteros del
Ibera (Argentina): a model based on turbidimetry. Ecol. Mod.
186, 63-76.
zar, A., Garcia, C.M., Galvez, J.A., 2003. Analysis of plankton
size spectra irregularities in two subtropical shallow lakes (Es-
teros del Ibera, Argentina). Can. J. Fish. Aquat. Sci. 60, 411-420.
Dattilo, A.M., Bracchini, L., Carlini, L., Loiselle, S.A., Rossi, C.,
2005a. The estimate of the effects of UV radiation on mortal-
ity of Artemia franciscanan naupliar and adult stages. Int. J.
Biometeorol.

the solar UV measured spectrum (320 and 340 nm). The pattilo, A.M., Decembrini, F., Bracchini, L., Focardi, S., Mazzuoli,

spatial representation of the model outpyt &ndKp, )
was showed the distribution of dissolved and particu-
late matter and the spatial difference of UV attenuation
in the aquatic environments.

The inclusion of optical measurements (and the
described model) into monitoring programmes offers
useful information about the dynamics of the aquatic

ecosystems characteristics (dissolved and particulate

matter) and in relation also the changing global and
local UV exposure.
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