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ABSTRACT. As a result of the field studies (August 25 — September 1, 2020), new data were obtained
on the optical characteristics of water at the Ob River mouth near the Salemal village (Yamal region,
Yamal-Nenets Autonomous Okrug) during the lowest water level and the maximum development of
hydrobiocenoses. We calculated the light attenuation coefficient E(A) in the spectral range from 400 to
800 nm, which varied from 1.5 to 21.5 m™ during the study period, and the light absorption by yellow
substance x (1) from 0.1 to 12.2 m™. Concentrations of yellow substance C and chlorophyll a Chl were
determined. For instance, chlorophyll a concentrations in water samples taken at different stations of
the Ob River ranged from 12.5 to 22.7 mg-m=. The maximum content of chlorophyll a in our case was
recorded at a depth of 14 m (station 5.3), which was 22.7 mg-m=3. The yellow substance concentration
determined optically by the calculated yellow substance light absorption coefficient at wavelength
A =450 nm ranged within 18.8 and 26.9 g'm~ with an average value of 22.1 g'm=. The average value

of k, (L) at A=450 nm over the study period was 4.7 m.

Keywords: spectral transparency of water, coefficients of light attenuation and absorption, colored dissolved
organic matters, yellow substance, chlorophyll a, suspension, physical model, the Ob River

1. Introduction

Hydrooptical monitoring of natural water bodies
widely uses measurements of spectral light attenuation
coefficients &(A), which are important optical
characteristics containing information about the state
of the aquatic environment. Their value depends on the
content of optically active components in water, namely
suspended solids, chlorophyll, yellow substance, and
pure water (Kopelevich, 1983; Hong et al., 2004;
Churilova et al., 2008; 2018; Man’kovsky, 2011; Levin,
2014; Efimova et al., 2016). Many tasks related to
the assessment of the state of natural water require
knowledge of the contribution of these components to
E(\) at different parts of the spectrum. The universality
of the physical model of light attenuation in aquatic
media used in this work allows to us expressly determine
in real time the physical parameters of individual water
components, in particular, the concentration and size
of suspended solids particles, chlorophyll and yellow
substance as well as to assess the trophicity of water
bodies by their optical properties.

This work is devoted to the study of the optical
characteristics of water at the control site “Salemal”
in the last control section of the Ob River before the
delta during the period from August 25 to September
1, 2020.
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2. Materials and methods

The object of the study is the mouth area of the
Ob River, a compound natural complex located at the
confluence of the Ob, Nadym, Pur, and Taz rivers into
the Kara Sea, within which specific estuarine processes
occur due to the interaction and mixing of river and sea
waters as well as to delta formation processes. It includes
the estuaries of the Ob, Nadym and Taz rivers and the
vast estuarial coastal area: Ob Bay and Taz Bay. The
studies were carried out during the period of the lowest
water level (according to the long-term average data
of the State Committee for Hydrometeorology) and the
maximum development of the river hydrobiocenoses
(Yermolaeva et al., 2021). This combination of biotic
and abiotic characteristics of the ecosystem determines
the special ratio of their contribution to the optical
properties of water.

The work was based on the results of treatment
and analysis of 14 water samples taken at different
depths of the Ob River study site. Observations were
carried out at the mouth of the Ob River near the
Salemal village, Yamal region, YNAO, from August 25
to September 1, 2020. Table shows the station numbers
and sampling depths as well as their coordinates.

Light attenuation €(A) and absorption by
the yellow substance Kys()\,) were measured in the

© Author(s) 2021. This work is distributed
under the Creative Commons Attribution 4.0
License.


https://doi.org/10.31951/2658-3518-2021-A-3-1147
mailto:akulova8282@mail.ru

Akulova O.B. et al. / Limnology and Freshwater Biology 2021 (3): 1147-1151

laboratory in the wavelength range from 400 to
800 nm with an interval of 30 nm using a PE-5400UF
single-beam spectrophotometer operating in the mode
of measuring the spectral transparency (transmittance)
of water. To determine the spectral transparency of
water, we used a spectrophotometric method based on
the principle of measuring the ratio of intensities of two
light fluxes passing through the studied and reference
media. A total of 336 measurements of spectral water
transparency were carried out. Highly purified distilled
water was used as the reference medium, a control
sample, in relation to which the measurements were
made. The light absorption by yellow substance « (A)
was defined after measuring the spectral transparency
of the water purified from aqueous suspension and
chlorophyll a through “Vladipor” membranes of MFAS-
0OS-1 type with a pore diameter of 0.22 pm. The values
of E(A) and x (1) (at the natural logarithmic base) were
calculated by the formula, according to expression (1),
excluding the spectral coefficient of pure water «  (A).

1 1
A)=| = |'In| ——= (1)
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where L is the cuvette length; T (A1) =1(1)/1,(1) -

the transparency (transmittance) in relative units; I(A),
I (A) - the intensity of transmitted and incident light,
respectively, and A — the wavelength of light.

The absolute error of £(A) and K, [(A) is induced
by the spectrophotometer error durmg transmittance
measurement (AT=0.5%) and the error measurement
of a cuvette length. In the experiment, we used cuvettes
L=50 mm long. The maximum absolute error in
defining £(A) and « (A) amounted to 0.1 m™.

The concentration of yellow substance C  was
determined from the expression given in (Man’kovsky,
2015)

C

s

(450) / Ko s (450), (2)
where «_ (A) is specific light absorption by yellow
substance (Nyqu1st 1979) at A=450 nm. The effective
value Kys(?\,) in formula (2) is also given by a similar
calculation as above by summing KZPWO\,).

The nature of light absorption by yellow
substance is due to electronic transitions in the
molecules of organic compounds (Shifrin, 1983). The
spectral dependence of light absorption by yellow
substance k (A) is described by the exponential law
(Kopelevich, 1983)

—ui
K, (A)=e"", (3
where p is the coefficient characterizing the slope of
the spectral absorption curve, the value of which is not
constant for different water bodies.

The relative spectral contribution of optically
active components of water (suspension, yellow
substance, chlorophyll, and pure water) to E(A) was
calculated using a modified semi-empirical spectral
model of light attenuation (Akulova, 2015), which was
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first proposed by O.V. Kopelevich (Kopelevich, 1983).
It looks as

e(A)=r, (A)+x,(2)+0,,(A)+0,(A)+x,, (1)
, (4

where «,(A) and x (L) are spectral absorptions by
chlorophyll and yellow substance, respectively; o (A)
is spectral scattering by pure water; g,(A) is spectral
dispersion by suspension, and « (A) is spectral
absorption by pure water. The calculated attenuation,
according to the formula (1), does not contain data on
the attenuation by pure water £, )= K, ) +a ).
Thus, in (4), the values of 80\.) obtalned due to
spectrophotometer measurements should be summed
up with the values of £, (L) taken from the reference
data (Smith and Baker 1981; Pope and Fry, 1997).
That was done in our research.

The chlorophyll absorption was calculated using
the formula

Kchl (/l) = Ksp.chl (}“) ’ Cchl )

where C, is the concentration of chlorophyll a, mg:m-
%, and x, (1) is the specific chlorophyll absorption,

2mg! (Kopelevich, 1983). To calculate pr(x), we
used the tabular data from (Smith and Baker, 1981;
Pope and Fry, 1997), and for o ,(A) - (Smith and
Baker, 1981).

As suggested in expression (4), spectral light
attenuation is described via a three-parameter model.
In contrast to the previous studies, where parameter
o,(\) is determined experimentally, and Kys(x) is the
difference between the measured £(A) and the sum of
other parameters, we propose an alternative approach.
Since parameter « (1) was determined experimentally,
spectral scattering by suspension o,(A) can be found
from the expression (4) with the following formula:

A=K (2)+5, (R)+0,, (A)+x,,.(2) ]
. (6)

()

The concentration of chlorophyll a was found
by a standard spectrophotometric method according
to GOST 17.1.4.02-90. Relative transparency of Z was
measured using a Secchi disk.

3. Results and discussion

During the study period, the spectral light
attenuation, £(A), within 400-800 nm in water samples
taken at different depths of the Ob River at the site near
the village of Salemal during the lowest water levels
varied from 1.5 to 21.5 m™; the light absorption by
yellow substance « (A) ranged from 0.1 to 12.2 m™.
The average value of x, at A=450 nm over the study
period was 4.7 m. The concentration of yellow
substance, C , in water samples taken at 14 stations of
the Ob River was in the range from 18.8 to 26.9 gm=
with an average of 22.1 g'm= (Table).
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Relative transparency measured by Secchi disk
at different stations was ~ 1.0 m.

For example, Figure shows spectral curves of
individual optical characteristics obtained for the
surface layer of the Ob River station 1.1 (sample taken
on August 27, 2020).

The same methodological approach based
on the physical model of light attenuation in the
aquatic environment was previously used to study the
seasonal dynamics and spatial distribution of optical
characteristics of river waters in Europe (Pawlak et al.,
2003), the USA (Julian et al., 2008) and South America
(Lobo et al., 2017).

Based on the results of two field trips to the Tapajés
River Basin during the period of the highest water level,
data on the total light attenuation, E(\), in the range
from 390 to 750 nm were obtained (Lobo et al., 2017).
We defined €(\) as the sum of light absorption, x(\.),
and scattering, o(\), by aquatic environment. In turn,
the total absorption coefficient, k(\), was determined
as the sum of absorption coefficients by pure water,
pra), dispersed material, x (A), and colored dissolved
organic matter (yellow substance), x,(A). Similarly,
the total scattering coefficient was determined as
the sum of o (A) and o,(A), assuming that the total
scattering is negligible due to the yellow substance
light scattering coefficient, o, (A). Consequently, we
found that the values of x (\) for the presented five
classes of water were in the narrow range from 2.0 to
3.5 m™ at A=440 nm. The values of light absorption
by the yellow substance obtained for the Ob River at
A =450 nm varied within a close range from 4.0 to
5.7 m.

Pawlak et al. (2003) presented seasonal
variations of light attenuation, E(\.), in the 300-800 nm
range at different sites of the Oder River in the Szczecin
region. For example, for the first measurement site at a
wavelength of about A =300 nm, the value of E(\) was
up to 45.8 m! (fall), 30.32 m™ (winter) and 54.16 m!
(spring). At A =750 nm, the value of £E(A) was 6.78 m™!
(fall), 1.99 m (winter) and 7.38 m™ (spring).

Julian et al. (2008) also presented the data on

Optical
characteristics,
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Fig. Spectral dependencies of optical characteristics
1 — light attenuation coefficient g(A); 2 — light absorption by yellow
substance Kys()\.); 3 — attenuation by pure water spw()»); 4 — light
absorption by chlorophyll a x,(A); 5 — spectral dispersion by
suspension G (})

the total light attenuation €(\) obtained for different
sections of the Deep River at Glendon (DR), Big Spring
Creek at Big Spring (BSC), the Baraboo River at La
Valle (BR), and the Wisconsin River at Muscoda (WR),
which accounted to 5.78 m™, 2.73 m, 29.26 m™', and
15.71 m™, respectively. We also determined the yellow
substance light absorption at A =440 nm, which was as
follows: for DR River — 4.44 m™, BSC - 0.41 m™, BR —
1.60 m™', and WR - 2.36 m™.

The calculation of the spectral contribution of
the main optically active components of river water to
spectral light attenuation, £().), at various sampling sites
of the Ob River has shown that the yellow substance
and suspension have the greatest optical influence on
the total light attenuation. Here, the values of £(A) and
K,,(A) are given at the natural logarithmic base.

The largest contribution of yellow substance at
A =430 nm was recorded in the surface layer of station
2.1 where it was 61.1%. At a wavelength of 550 nm,
the yellow substance contribution varied from 21.3%
(station 5.3) to 70.0% (station 3.2). At A =670 nm, the
largest contribution of yellow substance was recorded
at a depth of 5 m (station 3.2) and amounted to 39.4%.

Table. Light absorption by yellow substance (k,), the concentration of yellow substance (C ) and chlorophyll a (Chl) at

different stations of the Ob River

Station |Depth, m Coordinate Kys(450), Cy o gm3 Chl,

number m! mgm™
1.1 0 N 66°46’56,6» E 68°57’37,5» 4.0 18.8 17.0
1.2 2 N 66°46’56,6» E 68°57’37,5» 4.4 20.9 16.2
1.3 8 N 66°46’56,6» E 68°57’37,5» 4.4 20.7 22.6
2.1 0 N 66°46’49,5» E 68°57’35,3» 4.7 22.0 19.2
2.2 5 N 66°46’49,5» E 68°57’35,3» 4.7 22.4 20.5
2.3 20 N 66°46’49,5» E 68°57’35,3» 4.4 20.9 17.7
3.1 0 N 66°46’39,1» E 68°57’36,1» 4.5 21.2 17.9
3.2 5 N 66°46’39,1» E 68°57’36,1» 5.7 26.9 20.3
3.3 25 N 66°46’39,1» E 68°57’36,1» 5.0 23.6 16.5
4.1 0 N 66°46’32,6» E 68°57’°24,4» 4.9 22.9 12.5
4.2 5 N 66°46’32,6» E 68°57°24,4» 4.8 22.8 21.6
4.3 20 N 66°46’32,6» E 68°57°24,4» 4.8 22.8 18.1
5.1 0 N 66°46’19,0» E 68°57’16,6» 4.6 21.7 20.2
5.3 14 N 66°46’19,0» E 68°57’16,6» 4.5 21.3 22.7
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Suspension makes the largest contribution to the
light attenuation at A=430 nm at station 2.3 and is
just over 51%. The suspension contribution increases
to 71.7% at the same station at A=550 nm. At the
other stations, the suspension contribution was within
a wide range from 26.3 to 74.7%. At A=670 nm, the
suspension contribution at the Ob River varied from
22.8% (station 3.2) to 74.7% (station 2.3).

Pure water makes an insignificant contribution
to the light attenuation at A=430 nm at all stations
and is less than 0.1%. However, it increases sharply in
the long-wave region where the values reach 20.7% at
A =670 nm.

The contribution from chlorophyll at A =430 nm
ranged from 8.3% (station 4.1) to 17.5% (station 1.3),
while at A =550 nm, it varied from 1.6% (station 2.3)
to 3.7% (station 1.3). At A=670 nm, the maximum
chlorophyll contribution was observed at station 2.1,
accounting for 36.5%.

Molecular light scattering by pure water in the
investigated spectral range is responsible for a small
contribution (0.1%).

Thus, for the Ob River waters, yellow substance
and suspension appeared to be the most significant
optically active components affecting the total light
attenuation.

Chlorophyll a content at the Ob River site near
the Salemal village was studied on August 27, 2020,
at 14 stations and different layers (from the surface
to 25 m). During the observation period, chlorophyll
a concentration at different sites ranged from 12.5
to 22.7 mgm= (Table). In our case, the maximum
chlorophyll a concentration was recorded at a depth of
14 m (station 5.3) and amounted to 22.7 mgm=. The
amplitude and the maximum concentration of the main
photosynthetic pigment of algae, chlorophyll, indicate
that phytoplankton development at the Ob mouth at
the end of August corresponds to highly eutrophic
water bodies.

The development of phytoplankton in the Ob
River at the end of August was high; in terms of its
biomass, the water body in this period of the year
can be classified as highly eutrophic according to L.S.
Trifonova’s trophicity scale (Trifonova, 1990), more
than 10 gm™=. This also agrees with chlorophyll a
content in the range from 12.5 to 22.7 gm=.

4. Conclusions

New data were obtained on the optical
characteristics of water at the mouth section of the Ob
River during the period of the lowest water level and
the maximum development of hydrobiocenoses. It was
found that light attenuation €(A) in the spectral range
from 400 to 800 nm varied widely from 1.5 to 21.5
m; the index of light absorption by yellow substance
;cys(?\) was from 0.1 to 12.2 m™. The mean relative
transparency measured with the Secchi disk at different
stations was ~ 1.0 m. The concentrations of yellow
substance in water samples ranged from 18.8 to 26.9
g'm= with an average value of 22.1 gm=. New data on
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chlorophyll a content in the studied sites of the Ob river
were obtained. The maximum content of chlorophyll
a was recorded at a depth of 14 m and accounted for
22.7 mgm>. It was found that the yellow substance and
suspended solids were the most significant optically
active components affecting the total light attenuation in
the Ob River waters. The results obtained for the mouth
of the Ob River agree with the data for other world
rivers studied with the methodological approach based
on the physical model of light attenuation in aquatic
environments. This allows us to make recommendations
for the inclusion of hydro-optical characteristics in the
program of monitoring and forecasting the dynamics of
aquatic ecosystems in the region under climate change
and increasing anthropogenic load due to the use of
natural resources.
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