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Abstract. The purpose of this paper is to show the results of the investigation of the environmental
components quality (surface water, groundwater and sediments) in the winter — spring 2008 cam-
paigns. The systemic characterisation of the physicochemical and biological environment is realised
by development of investigation program of the water body represented by the Suceava river and
main affluents: Pozen, Solonet and Salcea streams. Based on the investigations performed, the time
and space evolution of the main stock-up (surface water and sediment) and cycling (phytoplankton,
zooplankton and macrozoobenthos components) reservoirs characteristics of the aquatic ecosystems
in the analysed area are shown. Also, investigations of the underground water aim to underline
connections between its quality and surface water quality. Therefore, accumulation of sediments
of the chemical quality indicators was follow-up. The investigations results were integrated in the
mathematical model using Spline functions to mark out evolution and transportation: oxygen regime
(as COD and BOD) and nutrients (ammonium, nitrates, nitrites, total nitrogen, total phosphorus) for
the Suceava river; salt (TDS, chlorides, sulphates, sodium) for the Solonet stream. The solutions
of the equations can be used in modelling and estimations predictions of water river parameters for
established period of time.

Keywords: aquatic ecosystem, water body, investigation program, abiotic and biotic components,
modelling.

AIMS AND BACKGROUND

The relationship between quality and quantity of surface water on the one hand, and
health of the peoples, on the other, is an acute problem of nowdays, as water is one
of the most important environmental factors that contributes to quality of life.
The European Commission has adopted Directive 2000/60/EC amended by
Directive 2008/32/CE, which establishes the framework for Community action in

* For correspondence.
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the field of water policy. The general aim of this directive is to establish a framework
for the protection and management of surface waters in the European Union by
reaching ‘good’ condition of all bodies of water in the natural scheme of Europe
until 2015, preserving ‘good’ and “very good’ condition for bodies of water where
there already was achieved a ‘good’ ecological potential for heavily modified and
artificial water bodies; compliance with the environmental objectives set by the
other Directives in water protected areas'.

The main objectives of the Directive are: damage prevention, protection and
improvement of aquatic ecosystems condition, taking into account their water
requirements, permanent interactions between aquatic ecosystems and terrestrial
adjacent ecosystems and wetlands; promote sustainable water use based on the
long-term protection of water resources; enhance protection and improve the condi-
tion of aquatic environment by specific measures for the progressive reduction of
emissions and loss of priority substances and the total or staged closure of emis-
sions and loss of hazardous priority substances in water; groundwater pollution
prevention and progressive reduction of their pollution; reduce the adverse effects
of dangerous hydrometeorological phenomena — floods and droughts.

These objectives will be achieved through proper management of the aquatic
environment of the basins of the rivers and the proper combination of limit values
and environmental quality standards to control discharges into water bodies?.

The objective of this study is to assess the quality of the Suceava river water, in
order to emphasise the effects induced by discharges of wastewater under various
degrees of purification, by defining and tracking in time and space the changes of
the characteristics of storage tanks (water surface and sediment) and cycling (phy-
toplankton, zooplankton and macrozoobentos) based on the interaction between
surface waters and groundwater.

EXPERIMENTAL

The Suceava river is part of the Siret river basin, it springs in the north of the
country from Bukovina Obcinele (Mestecanis Obcina) of the Lucina massive and
after 170 km, it flows into the Siret river, near Liteni.

In order to determine the control sections for surface water and sediment, it
was aimed to cover the entire emissary route and a number of its representative
tributaries (i.e. Pozen, Solonet and Salcea brooks), taking into account informa-
tion on businesses in the Suceava county which are allowed to exhaust and/or get
supplied from the Suceava river and its tributaries, provided by the Suceava Water
Management System, part of the National Company ‘Romanian Waters’.

Field investigations have highlighted the following aspects about water as natu-
ral resource and economic activities carried out over the river course Suceava:

— throughout the Suceava river human settlements are using groundwater
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as a source of drinking water, from Brodina until Liteni wells were identified in
individual households;

— economic activities are concentrated in urban settlements, the largest city is
the city of Suceava, followed by Radauti, Dornesti, Milisauti, Partestii de Jos;

—prevalence of agricultural activities in rural settlements, followed by operat-
ing activities and wood processing (in Brodina, Faget, Radauti, Partestii de Jos,
Todiresti, etc.), food industry (Radauti, Milisauti, etc.);

— field observations have highlighted the pervasive exploitation of mineral
aggregates along the Suceava river (in Dornesti, Upper Vicovu, Milisauti, Dar-
manesti, Mihoveni, Liteni, etc.).

In the area of interest, 3 surface water and sediment sampling campaigns
were organised in February, March, May 2008, and groundwater campaigns in
March and May, aiming to establish the quality of these components of environ-
ment in order to distinguish any pollution as a result of activities in the area and
the changes in time.

In the winter campaign for the month of February there were taken samples from
20 control sections, and in the spring campaign (March/May) samples were collected
from 27 control sections, aiming to evaluate the physicochemical and hydrobiological
parameters. Geographical location of control sections was done using the technique
of Satellite Positioning via GPS (Global Positioning System) (Fig. 1).

Fig. 1. Location of sections

To assess the quality of groundwater aquifers in the area of mutual interaction
with surface water (the Suceava river) 5 drilling control objectives were performed
taking into account the spots located in the area of interest and that can generate
pollution: F1 and F2 upstream/ downstream location of the deposit waste (sections
near the sampling SV2 and SV4); F3 near the discharge point of effluent purifica-
tion station of the city of Suceava, corresponding section of SV1; F4 ‘Itcani’ in
the area of namesake neighbourhood, near the section SV15; F5 ‘Solonet’ in the
confluence of the Suceava river with Solonet brook, near SV23.
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Sampling in order to realise analytical and hydrobiological investigations was
conducted in accordance to the standards and methodologies in effect’".

RESULTS AND DISCUSSION

Values of determined parameters were compared with the limits established by
current regulations, according to MMGA Order No 161/2006 for the approval of
the Norm regarding reference objectives for grading the quality of surface water
(Tables 1 and 2) (Ref. 8).

Table 1. Quality standards for surface water according to MMGA Order No 161/2006

Indicators M.U. Class quality / ecological status under
Order No 161/2006

I (very 1I(good) III (mod- IV (weak) V (bad)

good ) erate)

TDS mg/1 500 750 1000 1300 >1300
COD mg O,/1 10 25 50 125 >125
BOD mg O,/1 3 5 7 20 >20
Ammonium (N-NH,")  mg N/l 0.4 0.8 1.2 32 >3.20
Nitrates (N-NO;") mg N/1 1 3 5.6 11.2 >11.2
Nitrites (N-NO,") mg N/ 0.01 0.03 0.06 0.3 >0.3
Total nitrogen mg/l 1.5 7 12 16 >16
Total phosphorus mg P/l 0.15 0.4 0.75 1.2 >1.2
Chlorides mg/1 25 50 250 300 >300
Sulphates mg/1 60 120 250 300 >300
Sodium mg/1 25 50 100 200 >200
Saprobic index Phyto-  — 1.8 23 2.7 32 >3.2

plankton

Table 2. Standards for quality sediment (fraction <63 um) according to MMGA Order No 161

Indicators M.U. Quality standard under Order No 161/2006
Copper mg/kg d.s. 40

Zinc mg/kg d.s. 150

Cadmium mg/kg d.s. 0.8

Lead mg/kg d.s. 85

Table 3 presents the results of physicochemical analysis performed on samples
of surface water from the 3 campaigns. Based on the analyses of these investigations,
the quality indicators ammonium, sulphates and TDS, are shown the existence of an
ecological ‘very good’ and ‘good’ state in all sections of the studied aquatic emissary
(the Suceava river and its main tributaries), except an ‘ecological moderate state’ in
February 2008 on the Solonet brook (SV13) for the quality indicator TDS.
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Spatio-temporal evolution of physicochemical characteristics for storage
(surface water and sediment) and cycling (phytoplankton, zooplankton and macro-
zoobentos) tanks quality indicators which have induced environmental conditions
modification for the Suceava river and its major tributaries are presented in the
graphical form in Figs 2-10, as follows:

ENVIRONMENTAL COMPONENT - SURFACE WATER

Figure 2: For the indicator of quality organic loading (measured as COD) the exist-
ence of an ecological ‘very good’ and ‘good state’ in most sections of the aquatic
emissary studied, except the values recorded punctual in SV12 section (the Suceava
river downstream to the confluence with the Solonet brook) and SV19 (the Salcea
brook) in February 2008 with the ‘ecological state weak’ can be observed. An
organic loading expressed by COD is higher in the pouring area (SV17) compared
with the origin area (SV20) in all investigation campaigns.
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Fig. 2. Evolution of COD — surface water of the Suceava river and tributaries winter—spring cam-
paign 2008

Figure 3: For the quality of organic loading (measured as BOD) it is found
that there are insignificant differences between the investigation campaigns, with
the existence of an ‘ecological very good and ‘good state’ for most sections of the
aquatic emissary studied, except in February 2008 in: SV12 (the Suceava river
downstream to the confluence brook Solonet) with an ecological bad state, SV15
(the Suceava river at Itcani) with ‘ecological status weak’ and SV19 (the Salcea
brook) with an ‘environmental bad state’ in May 2008, and ‘ecological state mod-
erate’ for the Solonet brook (SV26' + 500).

Figure 4: A relatively uniform trend for quality indicator nitrates on the entire
Suceava river route, the existence of ‘very good’ and ‘good’ ecological state, except
‘moderate’ ecological state for the Pozen brook downstream Radauti (SV7) in
February and the Solonet brook upstream the Suceava river (SV24+500) in March,
environmental state ‘weak’ for the Salcea brook in February and March.
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Fig. 3. Evolution of BOD — surface water of the Suceava river and tributaries winter—spring cam-
paign 2008
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Fig. 4. Evolution of nitrates — surface water of the Suceava river and tributaries winter—spring
campaign 2008

o

Spatio-temporal evolution of the zooplankton component shows:

— the entire section studied in all investigation campaigns presents a small
number of organisms from zooplankton, both in terms of numerical abundance
and abundance in the biomass;

—in February, on the upper — middle water course of the Suceava river there
are species of rotiferas, cladoceras and/or copepodas and on the lower course of
emissary species of rotiferas or cladoceras dominate; in March and May for the
entire studied section there are present organisms from zooplankton species of
cilias, rotiferas, cladoceras, copepodas or rhizopodas;

— in terms of the numerical density the lowest values were recorded in Feb-
ruary for control sections: SV4, SV1, SV2 in the area of the waste deposit of the
municipality of Suceava and the SV19 on Salcea brook; in March for SV2+500,
+1000 and in May SV17, SV4+SV2+1000. We mention that in March organisms
from zooplankton were absent in sections SV1, SV2.

ENVIRONMENTAL COMPONENT — SEDIMENT

Simultaneously with investigations carried out for the environment component —
the surface water, physicochemical and biological samples of sediment from
the Suceava river and its tributaries (Pozen, Solonet and Salcea) were taken and
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characterised. For sediment quality indicators standardised by MMGA Order No
161/2006 (iron, copper, zinc, cadmium, lead) were considered and also physico-
chemical parameters measured for the surface water (chloride and sodium).

Following the spatio-temporal evolution of physical, chemical and biological
parameters of sediment in the sampling for the winter—spring 2008, it was found
that:

— values by the tens and hundreds of mg/kg d.s. for quality indicators sodium
and chloride; there were recorded values g/kg d.s. for sodium in the control section
SV1 (the Suceava river right in the landfill of the Municipality of Suceava);

— exceedance of the limit allowed for the quality indicator cadmium in most
control sections and for quality indicator zinc only in the control section SV7 (the
Pozen brook downstream Radauti) in spring campaign 2008;

— the quality indicator copper is within the limits allowed for the majority of
sections, except sections: SV9 in winter campaign and SV20, SV7, SV26+500
in the spring;

— values by the tens and hundreds of g/kg d.s. for the total iron on the entire
section of aquatic emissary studied;

—on the upper course of the Suceava river (in sections of SV20, SV5, SV5' and
SV6), benthonic macroinvertebrates present a rich heterogeneous, being present
bodies from the following groups: mites, amphipodas, ephemeropteras, pleco-
pteras, trichopteras (benthos elements indicators of low impurification), followed
by oligochete and/or chironomide; for all other control sections, complexity and
diversity of benthonic biocenosys are drastically reduced, dominating in different
proportions oligochetas and/or chironomidas;

— the absence of benthonic macroinvertebrates in sections SV11 and SV2 in
winter 2008, and sections SV23, SV3 and SV1 in spring campaign 2008.

ENVIRONMENTAL COMPONENT — GROUNDWATER

Results of tests carried out on samples taken from the 5 drillings, in the two harvest
campaigns are presented in Table 4.

Analysis of results from analytical determination compared with the limit
imposed by Drinking Water Law 458/2002 completed by Law No 311/2004 re-
veals the following:

— the quality indicators: pH, nitrates, nitrites (except drilling F4 in March),
chlorides, sulphates (except F3 drilling in March—May), sodium in the May cam-
paign, are included in the limits imposed.
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In Table 4 evolution from upstream to downstream of quality parameters in-
vestigated in surface water and in groundwater is represented graphically; there is
found a greater load for quality indicators sodium, sulphates in groundwater aquifers
than in surface water (natural background ). The indicator ‘sodium’ has very high
values in March, which decrease significantly in the next sampling campaign. The
exception is the ‘organic load’ (expressed as COD) which has significant values
for both types of water investigated.

APPROXIMATION BY SPLINE FUNCTIONS INTERPOLATION ANALYSIS OF PHYSICAL
AND CHEMICAL INDICATORS VARIATION

The realisation of a quality estimation model of the physical and chemical indicators
required the analyses of the physical and chemical indicators variation, on different
river sections using Spline functions. Consequently, we will have a polynomial
segment approximation of indicators evolution on certain river sections, others
than the monitored sections during the 2008 winter—spring campaigns.

THEORETICAL CONSIDERATIONS

Spline functions are piecewise polynomial functions that tie together with a certain
number of their derivates forming nodes’. In order to approximate f: [a, b] — R
by a function S, we use the following method: the interval [a, b] is divided in n
subintervals which correspond to the following points:

a=x,<x,<..<x,<x,,<..<x,=b (1)

It is necessary for this function to be determined using the 2 polynomials
(S S [%p X1 ] = R, one of them on each interval in such a way that at the
endpoints i 1n relation (1) the S function be several times differentiable. We con-
sider any 2 sections in S function where y = §,(x), x € (x,, x,.,) and y = §,, (x),
x € (x,,,, X,,,) are equal at the coordination point (x,,,, y,,,). The result is that the
set of functions (S,)_g;— forms a piecewise polynomial curve, which is denoted
by §=(S), .- We can notice that instead of approximating the f function by a
single polyndmial on the whole interval [a, b], we approximate this function by n
polynomials. Thus, we can obtain an approximated function .S which can be used
in solving different approximation and interpolation problems. The S function that we
thus obtained is named Spline function. The name Spline comes from the thin rods
called ‘spline’, used by specialists to transform the rectilinear movement in rotation
movement. This instrument helps to fit curves through given points. From a practi-
cal point of view, the cubic Spline functions are the most important ones. They are
functions with smooth, continuous curves. When they are used for interpolation,
these functions do not have oscillatory behaviour which is characteristic to high
degree polynomials. The cubic Spline functions are easy to calculate and use.
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A function S € (?[a, b] is called cubic Spline function for a set of points @ =
Xy <x,<..x,<x,,<...x = b corresponding to f, if there exist n cubic polyno-
mials, S(x), k = 0,n—1, with the properties:

S)=80x) =5, T 5,(x —x) 5, —x) +5,—x), x€ [x,x,], k=0n-1 (2)

S(x,) =y, =fx,), k=0,n (the cubic Spline function passes through all data
points);

S(x,.,)=S,,,(x,,), &=0,n-2 (the cubic Spline function is a continuous func-
tion);

S/ Ce) = 8,/(x
tion);

S (x,.,)=S,_,"(x,,), k=0,n—2 (the second derivative is continuous).

If the cubic Spline function satisfies the condition $"(x,) = $"(x,) = 0 then
it is called the natural Spline function. This condition is based upon the solution
of the following problem: from all the functions g € C*[a, b] which satisfy the
condition g(x,) = y,, k = 0,n, we choose the function g that minimises the integral

b

J e coy’ax.

@ The solution to this problem resides in the natural cubic Spline function and
has to display a minimum oscillatory behaviour since g”(x) is small. The condi-
tion S"(x,) = S"(x,) = 0 has the interpretation that S(f) is linear on (-, x,) and
[x , 00).

1+1)» k=0,n—2 (the cubic Spline function is a smooth func-

n’

CALCULUS METHOD OF THE COEFFICIENTS

The calculus method of the coefficients S k=0, n—1,j=1,3, for the construction
of natural cubic Spline function is:

Si0 =V k=0,n-1 3)
SnZ = Sn() = 0 (4)

1
Skz - k_(bko - (xk+1 - xk) sk+l,2)5 k =n-— 191 (5)

k

3
dyo = (hksk—l‘o =y + Iy )syo + My 1Skino ),k =0,n-1 (6)
hkhk—l
1 = e =% %)
where
h =20 (8)
2
Xpg —X
M =2(x, =%, )—% ©
k

b= (10)
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bk+1,0:dk+1,0_wbkoﬂk:17n_2 (11)
k

Ve = Vi K —

X1 — X 3

S (28, 450 bk =0,n—1 (12)

Spigy —Sp, ——
k1,2~ Sk2
S =————=0,n—1

3(xk+l X )

CALCULUS MODELS OF THE COEFFICIENTS

(13)

Calculus models of the coefficients s,; for the following set of points are shown
in the table below.

Using Mathematica, we calculate the s,; coefficients according to relations
(3)—(13), we replace them in relation (2) and thus obtain function (14) which ap-
proximates the concentration evolution on the monitored sections. The graphical
representation of function (14) is as shown in Fig. 5.

N

kO Skl sk2 Sk}
SySus 59.85 102.013 0 ~6.69016
210.35 -23.427 -50.1762 14.2448
76.75 -53.1937 35.2928 15.3893
60.90 ~6.35893 58.3768 ~38.9179

S(x) =S0x,) = 8,0+ 5, —x) 5,6 —x ) + 5,6 —x,), x € [x, %, ], k=0,n-1 (14)

1
H

sodium concentration (mg/l)

ey a8 L) s
Spline ¥ « 5[x]

data points = ({0, 59.85), (2.5, 210,35}, (4.5, 76.75}, (5, 60.9}, (5.5, 67.45}}

Fig. 5. The Spline function which describes the evolution of sodium concentration in the monitored
sections (Table 1)

The results were obtained by using Spline functions for the evolution mod-
elling of physical and chemical indicators taken from the Suceava and Solonet
rivers (Table 5).
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— Evolution of physical and chemical indicators on the Suceava river
(Fig. 6).
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Fig. 6. Spline functions analysis of physical and chemical indicators on the Suceava river: a — COD;
b — BOD; ¢ — ammonium ion N-NH,*; d — nitrates N-NO,"; e — nitrite N-NO,; /' total nitrogen;
g — total phosphorus
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Table 5. Spline function calculus example of sodium concentration variation on the Solonet river
(spring campaign)
x, (km), k=0,3 0 2.5 4.5 5 5.5

f{x) (Na concentration, March campaign
the Solonet river)

SVi (the Solonet river sections) SVI10 SV26 SV25 SV24 SV23

59.85 21035 76.75  60.9 6745

CONCLUSIONS

Investigations conducted in the winter—spring campaign 2008 in the considered
area demonstrates:

» For environmental component — surface water:

— lengthways the entire emissary existence of ‘very good’ and ‘good’ en-
vironmental conditions, except damage points in the area of the landfill of the
Municipality of Suceava and Solonet and Pozen brooks;

— value of saprobe index induces ‘very good’ and ‘good’ ecological state
over the entire emissary; biocenosys zooplankton showed a reduced number of
zooplankter.

» For environmental component — sediment:

— overcoming of the values accepted for the quality indicator cadmium in
most control sections;

— benthonic macroinvertebrates present a rich heterogeneity on the upper
emissary studied, the complexity and diversity oh this biocenosis being drastically
reduced in other sections.

» For environmental component — groundwater:

— high values of quality indicator organic loading for all drillings and for
quality indicator ammonium in the landfill area.

Investigations results have been integrated into a mathematical model using
Spline functions that will be used later for estimating the prediction of the evolu-
tion of quality parameters in determined time intervals.
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