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ABSTRACT 
Modeling is one of the basic approaches for preventive management of the water quantity 
and quality, as well as for the ecological sufficiency of the river. The approach for selec-
tion of parameters and data collection, specific and unique for each model, is an impor-
tant element in this aspect. This data plays a critical role for the calibration and verifica-
tion of models. In this paper two years of investigations of the gradual adaptation of the 
experimental plan of data collection as well as the adequate development according to the 
HSPF (EPA) model and specificity of Iskar River (Bulgaria) have been presented. The 8 – 
degree experimental evolution was accomplished in line with the principles of EMS, ISO-
14000, WFD, ecological complexity and interdisciplinary approach. The obtained results 
confirmed that mathematical instruments of the model require individual experimental 
scenario for data collection, specific for each catchment parameter, application of variety 
of approaches for measurement of the real rate of the processes – opposite scaling up, 
physical and analogous modeling, selection of critical control points, parameters and 
temporal scheme. 
 
Introduction 
Nowadays, the integrated management of 
water resources in regional and global as-
pect requires the simultaneous and effec-
tive application of several multidisciplinary 
approaches. (1) Long term monitoring of 
Ql&Qn of natural and anthropogenically 
influenced waters according to the WFD 
and the rules of EMS. (2) Various types of 
modeling to predict the evolution of water 
resources. (3) Highly satisfactory verifica-
tion strategies of models. (4) Adaptation of 
modeling tools to the catchments [6, 7, 13, 
19, 20, 37, 62] (Fig. 1). 

The application of the above approaches 
will bring about the creation of adequate 
models describing the highly complex wa-
ter systems. In spite of the huge amount of 
models and information in this aspect, the 

existent gaps are still calling for further 
research. The attempt at the improvement 
of water management tools generated the 
following problems: 

Data scarcity is unfortunately strongly 
correlated to water scarcity. This includes 
the data for water Ql & Qn, which not only 
determine waters as resources but also in-
dicate the ecological status and sufficiency 
of water systems [5, 11, 14, 22, 24, 33].  

Another important aspect is river/sewer 
interaction – that is delivering excellent 
results for river levels and sewer perfor-
mance with a view to lessening of flooding 
events (32). One of the ways to solve these 
problems is by establishing various models. 
Yet, the creation of models generated fur-
ther need to fill in certain gaps. The models 
require  extensive  knowledge on  the  mul- 
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tiple relationships between channel hy-
draulic morphometry, hydrodynamics, bi-
ology, biogeochemistry – application of the 
principle of ecological complexity [29, 34, 
36, 38, 49, 56]. 

End user concerns pose the questions 
about the common time/spatial density of 
available data as well as the strong need for 
integration of biology, economics, hydro-
logy as a part of the world integrative ap-
proaches and possibilities to realize LTER 
(long-term ecological research) [2, 15, 61, 
64, 66]. 

The globalization of environmental pro-
tection requires to point out the new ten-
dencies in this integrative processes: inte-
gration of pre-accession countries like the 
Republic of Bulgaria in EU together with 
an evaluation of potential solutions and an 
awareness of the WFD, integration of bio-
logy and technology, integration of mathe-
matical models and the real ecological re-
sources and events by means of specially 
designed satisfactory verification programs 
[21, 28, 30, 39, 40, 52, 57]. Scientists apply 
new generation of indicative connections 
and processes to describe the ecological 
complexity. Modelers are following the 
idea of simplification of rather complicated 
ecological events. The feeling this gap is 

vitally necessary [32, 60, 62, 63]. 
On the other hand, the highly specific 

nature of ecological events poses new 
challenges to the application of existing 
models. In some cases separate critical 
events are important, while in other - such 
events play only a secondary role. In this 
aspect, flexibility and adaptability of the 
models become increasingly necessary [1, 
4, 25, 31, 41]. This affects not only 
mathematical instruments but also verifica-
tion strategy and the methods and indi-
cators used [47, 53, 65]. The so-called 
perceptual model needs to be gradually 
approximated to the reality of water catch-
ments in order to be potentially prepared to 
satisfy their ecological, economic and stra-
tegic needs [44, 48, 55].  

All of the above issues were a target for 
extended discussions among the team of 
TempQsim EU project. This paper presents 
the realization of a part of the team ideas 
about the evolution of the verification 
strategy and data collection plan in appli-
cation of HSPF model for the Ql&Qn. The 
hydrologic aspects have been already re-
ported in our previous papers [40, 52]. In 
this paper we place an emphasis mainly on 
the evolution of verification instruments, as 
well as on the biochemical, microbiological 
and ecological aspects. The strategy is build 
up on the principles of EMS1 [2, 21] and 
presents an instance for a gradual adapta-
tion of general modeling tools to respond to 
the specific nature of the catchments. 

Materials and Methods 
Study area 
The Iskar River, situated in the Western 
part of Bulgaria, is the longest river (368 
km)  which  entirely  flows  through the ter- 
ritory of  the country. It belongs  to  the Da- 
                                                           
1 EMS requires the application of standardized me-
thods (ISO-14000), selection of critical control points 
(CCPs), as well as gradually improving of the expe-
rimental scenario according to the Deming Cycle – 
“Plan-Do-Check-Action”( Dess Gregory and Lump-
kin 2003). 
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Fig. 2. Location of upper Iskar subwatershed. 
 
nube River Basin. The selected subcatch-
ment begins at the river spring, ends at 
Iskar reservoir and covers an area of 892 
km2 with an average altitude of 1314 m 
above sea level (Fig. 2). Geographically 
Bulgaria is located in the Southern part of 
the temperate zone, in close proximity to 
the subtropical Mediterranean climatic 
zone, which determines the moderate con-
tinental climate. During the second half of 
the summer and the beginning of autumn, 
the climate is very often affected by Azores 
anticyclones, which cause long-lasting dry 
periods (Fig. 2).  

The management and realistic forecasting 
of the Qn&Ql of Iskar River is a subject of 
social, economic, ecological and health 
protecting interest because it is the main 
source of water supply of the capital of 
Bulgaria – the city of Sofia. For this reason 

the river was nominated as the most appro-
priate candidate for investigation in the 
TempQsim EU project. More data about 
special dynamics has already been pub-
lished [42, 52, 69]. 
The design of the data collection and 
verification strategy 
Running waters were characterized by lon-
gitudinal, vertical, lateral and temporal 
gradients. In our strategy we rely on the 
following general assumptions: 
1. Selection of 10 key points – stations for 

collection of samples (7 located on the 
stream and 3 located on the main tribu-
taries) on the basis of point and diffuse 
sources of river pollution, water extrac-
tion, extended investigation of physico-
chemical and microbiological parameters 
every  season  at  high  and  at  low water 
(Fig. 3). 
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Fig. 3. Scheme of a part of Iskar River with the location of sampling stations. Stations: 1 - before Beli Iskar 
Village; 2 - after Beli Iskar Village; 3a - Cherni Iskar River; 3 - after the confluence of Beli and Cherni Iskar 
River; 4a - Borovishka Bistritza River; 4 - after Samokov Town near by WWTP "Samokov"; 5 - after Dra-
gushinovo Village; 6 - Iskar River before Palakarya River; 7a - Palakarya River; 7 - before Iskar Reservoir. 
 
2. Vertical investigation of the processes – 

water, hyporheic water, river sediments 
at all sample stations in stream. 

3. Seasonal influence of main tributaries on 
the water and sediment quality and in the 
case of accidental changes of water 
Ql&Qn. 

4. Selection of three CCPs on the basis of 
monthly obtained results for intensive in-
vestigation and situations of risk events – 
station no. 6, no. 7a and no. 7. 

5. Application of the physical (portrait) 
model – a small part of the river is se-
lected for detailed investigation of the 
cross parameters – ripal, medial (Fig. 
10a). In this case we applied the principle 
of opposite scale up in the modeling and 
selection of critical reach part of the river 
before the reservoir 10 times longer than 
the width of the river in this section. In 
the reach in question the special set of 
analyses has been realized to analyze the 
longitudinal and cross gradients in the 
river. 

6. The flush events in the river dynamics 
have been monitored by means of auto-
matic equipment and simultaneous labo-
ratory analysis according to the time 
scale of water Ql&Qn changes. 

7. The critically important processes (respi-
ration and denitrification) in the sedi-

ments are simulated at the same time in 
laboratory and in situ to extract the real 
velocity of these processes. 
In Table for the evolution of the experi-

mental design the following principles have 
been observed. (1) Opposite scale up. (2) 
Simulation of the processes – analogue 
models (denitrification/respiration cham-
bers). (3) Application of mini model – 
physical model (reach scale – a segment 
before the reservoir 500 m long). (4) Vari-
ous combinations depending on the signifi-
cance of the ecological event and geo-
graphic point. (5) Combination of indica-
tors and indicative connections with a view 
to optimize the low-cost but realistic ma-
nagement. (6) Extraction of algorithms for 
risk management [2, 21]. 

The multi-parameter automatic equip-
ment has been used at st. no. 7 (Fig. 4a). 
The sampling of hyporheic (sediment) wa-
ter has been realized by Bou-Rouch pump 
[9, 10]. In all experiments the standardized 
methods for determining water and ground 
water parameters have been applied ac-
cording to the ISO 14000, APHA [3]. The 
microbiological parameters have been 
measured by plate count technique ac-
cording to the routine practice [43]. Func-
tional parameters (the rate of the sediment 
processes)  have  been  measured by means  
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TABLE  
Spatial/temporal steps and contents of the verification plans. T ºC – temperature of water, pH, DO – 
dissolved oxygen (mg/l), Saturation – oxygen saturation (%), Stream rate (m.sec-1), Depth of ground 
water (cm); COD – chemical oxygen demand, SS – suspended solids, TMC – total microbial count (bac-
terial abundance), OliTB – abundance of bacteria - indicators for low organic concentration, Endo – 
abundance of bacteria from family Enterobacteriaceae - indicator for fecal pollution, important for risk 
assessment 

Steps Number of stations Density of sampling Part of River 
Ecosystem 

Analyzed parameters 

1 10 (Fig. 3) 
 
Points 1, 2, 3, 7 from 
design 

Every season and at risk 
situation  

 
Water 
 
and 
 
Sediment water

Physicochemical – T ºC, pH, DO, 
Saturation, Stream rate, Depth of 
ground water 
Chemical – NO3, NO2, NH4, PO4, 
COD, SS 
Biological – TMC, OliTB, 
Enterobacteria 

2 3 CCPs – st. no 6, 7a, 7 
 
Point 4 from design 

Every month and at risk 
situation  

 
 
Water 

Physicochemical – T ºC, pH, DO, 
Saturation, Stream rate 
Chemical – NO3, NO2, NH4, PO4, 
COD, SS 

3 Reach (small model of 
the river part 500 m long) 
 
Point 5 from design 

3 repetitions  
 
Water 

Physicochemical – T ºC, pH, DO, 
Saturation, Stream rate 
Chemical – NO3, NO2, NH4, PO4, 
COD, SS 

4 Reach (st. no 7) 
Automatic Equipment 
 
Point 6 from design 

Every season 
Every month 
2 times per day at 
flush event 

Water, sedi-
ment water 
Water, sedi-
ment water 
Water 

Physicochemical – T ºC, pH, DO, 
Saturation, Stream rate, Depth of 
ground water 
Chemical – NO3, NO2, NH4, PO4, 
COD, SS 

5 Reach (st. no 7)  
Laboratory Simulation – 
(Analogous Model) 
(according to the modi-
fied by us method of 
Uehlinger et al. 2002) 

3 repetitions in lab, 24 
hour dynamics – measu-
ring every 3 hours 
in situ control chambers 
– measuring every 3 
hours 

Sediment 
and 
sediment water

Physicochemical – T ºC, pH, DO 
Chemical – NO3, NO2, NH4, PO4, 
COD, SS 
Functional Parameters – Rate of 
respiration, Denitrification, Organic 
transformation 

 

 (a)          (b)    
Fig. 4. Denitrification/respiration chamber (a) and automatic equipment (b) for analysis of Ql&Qn at the reach 
/sampling point 7/. 
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(a)                (b)    
Fig. 5. Sampling of sediment water (a) and general view (b) of sampling point 3 (see Fig. 3). 
 
of simulating chambers according to the 
modified by us method described by 
Uehlinger et al. [50, 58, 70]. 
Results and Discussion 
The presentation of our results will follow 
the idea to illustrate the gradual evolution 
of the experimental plan based on the le-
vels. (1) To receive combinations of data 
that will meet the requirements of HSPF 
model. (2) Data reflecting the real ecologi-
cal situation of Iskar River [40, 52]. (3) To 
select the critical control points (CCPs) 
(such as spatial, temporal and other indi-
cators) that plays a key role in the assess-
ment of water quality, sediments and rate 
of the processes in the water ecosystem [8, 
68]. (4) The flexibility of this plan to be 
coordinated with the spatial and temporal 
dynamics of the river. (5) In the selected 
CCPs the analogous and physical models to 
be applied to elucidate the mechanism of 
functioning of the Iskar River ecosystem 
[12]. (6) In the development and testing of 
the experimental design, it was especially 
important to follow the principles of effi-
ciency and effectiveness of the in situ and 
in lab data collection. Thus, in this paper 
we demonstrated the application of the 
“opposite scale up”1, as well as the appli-
                                                           
1 “opposite scale up”:  Large scale – CCPs – reach 
scale – simulating of the critical processes in lab 
analog models – extracting the algorithms – verifica-
tion of the algorithm in situ. 

cation of the principle of “experimental 
leverage” [21].  

Because the purpose of this article is not 
to describe in detail the spatial/temporal 
and functional dynamics of water and 
sediment parameters, we will present the 
gradual adaptation of the plan on the basis 
of different case studies, as well as the ap-
plication of the “opposite scaling up”. 
Therefore, first we will start with extensive 
investigation in large scale and gradually 
focus attention to the deeper and intensive 
decoding of the processes in the selected 
CCPs.  
Seasonal dynamics of water quality pa-
rameters 
Initially the extended seasonal/spatial dy-
namics of the chemical, hydrological, mi-
crobiological parameters has been studied. 
Seven sampling points were chosen. They 
were located at all spots where changes of 
water quality and quantity, as well as spe-
cial fluctuations of the ecological status 
were expected according to the previous 
investigation of this part of the catchments 
(see Fig. 3). The illustration of the spatial 
and seasonal dynamic of selected key pa-
rameters for the water quality is shown in 
Fig. 6a, 6b, 6c. 

In the period with low waters (February, 
September, October) the main source of 
nitrogen and phosphorous pollution is town 
of Samokov and Wastewater Treatment 
Plant  оf   town  Samokov.   Depending  on  
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Fig. 6. Seasonal Dynamics of (a)-TCN (mg.l-1), (b)-P-PO4 (mg.l-1), (c)-TMC-wat (ln CFU.ml-1). 
 
temperature and water quantity, the most 
polluted spatial points were no. 4 and no. 5. 
In stream the water quality was improved 
as a whole for each season. The results 
showed that the other sources of pollution, 
respectively the sources of N and P were 
located before point 7. These sources and 
other small point sources of pollution (ag-
riculture, fertilizers, leaves etc.) played a 
role for the water quality dynamics. The 
large amount of N and P in winter low 
water at point 4 corresponded with the low 
activity and abundance of water microbial 
societies [23, 26, 27, 59, 69]. By further 
analysis of this data and having in mind the 
fact that water quality is a complex func-
tion of the rate, temperature, water quan-
tity, horizontal and vertical exchange, and 
the experimental plan was expanded. The 
seasonal dynamics of the chemical, bio-
logical and physicochemical parameters 
has been included in the investigations. 
Seasonal dynamics of hyporheic water 
quality parameters 
The vertical exchange of water/hyporheic 
water/sediments played an essential role for 
water quality and deeply influenced water 

and sediment processes. The dynamics of 
chemical and microbiological parameters 
of hyporheic water has been studied at an 
extensive spatial/seasonal plan – all 7 
points were subject to thorough study. A 
part of the data, in the form of illustration 
of this direction of the experimental plan, 
has been shown in Fig. 7 a, b, c and d. 

In addition to the confirmation of the 
main sources of N, P, dynamic process of 
exchange between sediment water and river 
water, this extension of the study revealed 
that adsorbed microbial societies in sedi-
ments are more abundant and more active 
than free swimming interstitial microflora 
[6, 12, 69]. This data leads to the conclu-
sion that the role of microbial biofilm is 
essential for the rate of the river system 
processes [16, 25, 27]. The rate and the 
mechanisms of these processes need to be 
examined and included in the dynamic as-
sessment of water quality. This is a reliable 
ground for the prediction and management 
of the role of microbial societies and sedi-
ment biofilm for water quality [14]. Con-
sidering the CCPs of the exchange in verti-
cal direction and elaborating these CCPs in  

25 May  2003

0

1

2
3

4

5

1 2 3 4 5 6 7
station

m
g/

l

10 Oct 2003

0

1

2
3

4

5

1 2 3 4 5 6 7
station

m
g/

l

25 Febr 2004

0

1

2

3

4

5

1 2 3 4 5 6 7
station

m
g/

l

1 June 2004

0

1
2

3
4

5

1 2 3 4 5 6 7
station

m
g/

l

18 Sept 2004

0

1

2
3

4

5

1 2 3 4 5 6 7
station

m
g/

l

25 May  2003

0

0.2

0.4

0.6

0.8

1 2 3 4 5 6 7
station

m
g/

l

10 Oct 2003

0

0.2

0.4

0.6

0.8

1 2 3 4 5 6 7
station

m
g/

l

25 Febr 2004

0

0.2

0.4

0.6

0.8

1 2 3 4 5 6 7
station

m
g/

l

1 June 2004

0

0.2

0.4

0.6

0.8

1 2 3 4 5 6 7
station

m
g/

l

18 Sept 2004

0

0.2

0.4

0.6

0.8

1 2 3 4 5 6 7
station

m
g/

l

25 May  2003

0

5

10

15

1 2 3 4 5 6 7
station

ln
 C

FU
/m

l

10 Oct 2003

0

5

10

15

1 2 3 4 5 6 7
station

ln
C

FU
/m

l

25 Febr 2004

0

5

10

15

1 2 3 4 5 6 7
station

ln
 C

FU
/m

l

1 June 2004

0

5

10

15

1 2 3 4 5 6 7
station

ln
 C

FU
/m

l

18 Sept 2004

0

5

10

15

1 2 3 4 5 6 7
station

ln
 C

FU
/m

l



 

Biotechnol. & Biotechnol. Eq. 20/2006/3 90

 

0

1

2

3

4

1 2 3 4 5 6 7
station

25 Feb.04
01 Jun.04

0

0.04

0.08

0.12

0.16

1 2 3 4 5 6 7
station

25 Feb.04
01 Jun.04

0
3

6
9

12
15

18

1 2 3 4 5 6 7
station

25 Feb.04 01 Jun.04

0
3

6
9

12

15
18

1 2 3 4 5 6 7
station

25 Feb.04 01 Jun.04

 
           (a)                (b)        (c)     (d)  
Fig. 7. Spatial Dynamics of (a)-TCN (mg.l-1), (b)-P-PO4 (mg.l-1), (c)-TMC sediment water (ln CFU.ml-1), (d) - 
TMC adsorbed bacteria (ln CFU.g-1). 
 
a temporal aspect, our experimental plan 
has been expanded in a horizontal direction 
too. The river system is completely open, 
and as such it strongly depends on the input 
of tributaries as well as on the structure and 
functionality of the whole all catchment 
area. The next step in the design was the 
investigation of the influence of tributaries 
on the water quality dynamics. 
Influence of tributaries on the water 
quality 
Three significant tributaries play a role in 
the dynamics of water quality and water 
quantity of Iskar River – Cherni Iskar, 
Borovishka Bistritza and Palakariya (Fig. 
3). The ecological status of these tributaries 
differs greatly. River Cherni Iskar is highly 
mountainous and relatively anthropogeni-
caly unaffected, while the river Borovishka 
Bistritza collects the untreated or partially 
treated waters from hotels and ski tracks of 
the Borovetz winter resort, and the third 
one – Palakariya is the most polluted river 
due to the intensive agriculture in the re-
gion. The influence of waters coming from 
tributaries on Iskar River at different sea-
sons has been studied in the next phase of 
our scenario. The results obtained in this 
phase of the experimental plan are shown 
in Fig. 8. 

The results unmistakably confirm the im-
portant influence of the tributaries on the 
water quality of Iskar River. The larger 
amount of pollution is coming from the 
tributaries Borovishka Bistritza and 
Palakariya. The river Palakariya most 

strongly influences water quality in Iskar 
River and plays a significant role in the 
dynamics of water quality before Reservoir 
Iskar i.e. the dynamic connection of main 
river and tributary Palakariya is important 
for the description and prediction of water 
quality. For this reason the three CCPs (6, 
7a and 7) have been selected for more de-
tailed investigation every month.  
Monthly variation of parameters at the 
three CCPs 
The temporal dynamics (monthly and often 
in some critical cases) of the connection 
Iskar River-Palakariya has been deter-
mined. The results are presented in Fig. 9. 

The results showed that in the periods of 
low water (winter low water – February; 
summer low water – July-September) the 
tributary Palakariya supplies Iskar River 
with organics, nitrates, phosphates and 
ammonia. At the high water season (May-
June), the strong influence of tributary 
Palakariya has been confirmed, regardless 
of the fact that concentration gradients of 
biogens and organic matter in the water 
were lower. The deeper investigation of the 
functioning of the connection of 
Palakariya-Iskar River showed that in point 
no. 7 self-purification properties of Iskar 
River neutralize the negative effect of 
Palakariya and the water quality of CCPs 
no. 7 is improved. All this brings us to the 
conclusion that the ecological status, dy-
namics and rate of the processes in this 
important segment (reach) of the river de-
termine the water quality in the reservoir as  



 

Biotechnol. & Biotechnol. Eq. 20/2006/3 91

      Febr 2004            June 2004     Febr 2004                               June 2004 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 8. Influence of tributaries on the water quality of Iskar River (3a – Cherni Iskar, 4a – Borovishka Bistritza, 
7a – Palakariya).  
 
a main source of water supply for the capi-
tal Sofia. These conclusions became the 
basis for the new development of the ex-
perimental plan directed to the deeper study 
of the role of this reach, availability of hot 
spots, water, hyporheic water, sediment 
processes, vertical, longitudinal and cross 
gradients of the parameters, changes at the 
time of flush and risk events. Therefore, the 
next step in the development of the ex-
perimental plan is the selection of the part 
from Iskar River before the reservoir to be 
modeled, including point no. 7. This river 
segment plays the role of a physically 
smaller model of the whole previously in-
vestigated river section. Such kind of in-
vestigation can be called “opposite scaling 
up” which is opposite to the scaling up in 
biotechnology (lab scale, pilot scale, full 
scale). In our experimental plan we started 
from large scale examination and gradually 
identified the most important part of the 
river (500 m long) to play the role of a 
mini-model for detailed study of the com-
plex relations – water quantity/water qua-

lity, availability of hot spots; flush 
events/water quality, role of rate of the 
processes in the sediments for water qua-
lity, as well as for ecological status and 
sufficiency of the waters and sediments etc. 
In our study we considered the reach as a 
model for detailed study. Due to the key 
role of the reach, the extracted relations 
have been discussed as essential for the 
whole river and especially for the part of it 
with key importance for the water quality 
of the reservoir. 
Longitudinal and cross parameters at 
reach site 
The hot spots in the reach have been de-
termined for sampling. The purpose of this 
step of the experimental plan was to ana-
lyze the significance of the longitudinal 
and cross gradients of parameters at the 
section. The scheme of the set of sampling 
at the reach is shown in Fig. 10a and the 
results are shown in Fig. 10b and 10c. 

At the reach the longitudinal and cross 
gradients of investigated parameters have 
not been measured. The reason behind that  

0

1.5

3

4.5

6

2 3a 3 3 4a 4 6 7a 7

TC
N

, m
g.

l-1

0

0.15

0.3

0.45

0.6

2 3a 3 3 4a 4 6 7a 7

P-
PO

4,
 m

g.
l-1

0

20

40

60

80

100

2 3a 3 3 4a 4 6 7a 7
station

C
O

D
, m

gO
/l-1

0

1.5

3

4.5

6

2 3a 3 3 4a 4 6 7a 7

TC
N

, m
g.

l-1

0

0.15

0.3

0.45

0.6

2 3a 3 3 4a 4 6 7a 7

P-
PO

4,
 m

g.
l-1

0

20

40

60

80

100

2 3a 3 3 4a 4 6 7a 7
station

C
O

D
, m

gO
/l-1

0

3

6

9

12

15

18

2 3a 3 3 4a 4 6 7a 7

TM
C

w
at

, l
nC

FU
.m

l-1

0

3

6

9

12

15

18

2 3a 3 3 4a 4 6 7a 7

TM
C

se
dw

at
, l

nC
FU

.m
l-1

0

3

6

9

12

15

18

2 3a 3 3 4a 4 6 7a 7
station

TM
C

ad
se

d,
 ln

C
FU

.g
-1

0

3

6

9

12

15

18

2 3a 3 3 4a 4 6 7a 7

TM
C

w
at

, l
nC

FU
.m

l-1

0

3

6

9

12

15

18

2 3a 3 3 4a 4 6 7a 7

TM
C

se
dw

at
, l

nC
FU

/m
l-1

0

3

6

9

12

15

18

2 3a 3 3 4a 4 6 7a 7
station

TM
C

ad
se

d,
 ln

C
FU

.g
-1



 

Biotechnol. & Biotechnol. Eq. 20/2006/3 92

 
 
 
 
 
 
 
 
 
 
 
 
     (a) February 2004 
 
 
 
 
 
 
 
 
 
 
 
     (b) June 2004 
 
 
 
 
 
 
 
 
 
 
 
 
     (c) July 2004 
Fig. 9. Monthly variation of the influence of the tributary Palakariya on the water quality. 
 
fact is the high mixing, respectively the 
high rate of stream. These results are basic 
for the selection of the section (CCP no. 7) 
where the automatic station was installed in 
order to automatically monitor the water 
level, water quantity and some important 
physicochemical parameters – pH, DO, 
turbidity, every 6 hours. This section CCP 
no. 7 plays the role of a target sampling 
point for determining the dynamic relation 
water level/water quality not only at the 

time of normal seasonal changes but also 
and especially for flush events and risk 
situations. We considered such kind of 
disturbances of the ecosystem to be very 
important for the prediction of the ecologi-
cal sufficiency of the system as well as for 
the dynamic reactions for the ensuring of 
the high water quality.  
Relationship water level/ water quality 
at flush event 
The  results  showed  that  an accidental in- 
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   (a)      (b)    (c) 
Fig. 10. Longitudinal and cross gradients in the target area (reach) in November/December, 2003: (a) set of the 
sampling at the reach,      - point of sampling; (b) longitudinal gradients in water; (c) cross gradients in water. 
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     (a)     (b) 
Fig. 11. (a) and (b) Relationship among water quantity (level), suspended matter (SS – soluble and unsoluble), 
total calculated nitrogen (TCN) and phosphorus (P-PO4) at the reach scale (sampling points no. 7). 
 
crease of water level correlated with the 
increase of the biogens and suspended 
matter (Fig. 11a and 11b). Study of these 
fluctuations will create the ground for de-
velopment of the modeling aiming at the 
prediction of specific ecological situations 
and will allow the application of the veri-
fied measures for the rational and safe wa-
ter use.  

Up to this moment, water quality, water 
quantity and realized processes in the water 
phase were in the centre of the experimen-
tal plan. Another important aspect of our 
scenario was the measurement and simula-
tion of the rate of the processes in the 

sediments [46]. 
Rate of the processes in the sediments 
In our research this simulation was realized 
by means of analogous model in the respi-
ration/denitrification chambers which make 
it possible to measure the rate of respiration 
and the rate of denitrification in the river 
sediments (Fig. 12 and Fig. 4). The results 
are shown in the Fig. 13a and 13b. 

The respiration processes in sediments go 
through three distinct phases. The first 
phase includes the time from 0 to 6th hour. 
The respiration rate is the highest and is 
equal to 0.55 mg O.l-1.h-1. The rate during the 
period 10th – 72nd hour is 0.11 mg O.l-1.h-1.  

1

Reach – 500 m 

 1       2a           3            4 

2b 
 
 
2c 
 
 
2d 

0

0.1

0.2

0.3

1 2 3 4
points of  sampling

m
g.

l-1

NH4+ NO2-
PO43-

0

0.1

0.2

0.3

2a 2b 2c 2d
points of  sampling

m
g.

l-1

NH4+ NO2-
PO43-



 

Biotechnol. & Biotechnol. Eq. 20/2006/3 94

y  = -0.55x + 10.283
R2 = 0.9924

y  = -0.1077x + 7.9666
R2 = 0.9594

y  = -0.0042x + 0.9
R2 = 1

0

2

4

6

8

10

12

0 50 100 150 200
hours

m
g.

l-1

O2 (0÷6)

O2 (10÷72)

O2 (72÷144)

Linear (O2 (0÷6))

Linear (O2 (10÷72))

Linear (O2 (72÷144))

y  = -0.0382x + 4.0773
R2 = 0.8804

y  = -0.0031x + 0.628
R2 = 0.8832

0

0.5

1

1.5

2

2.5

3

3.5

4

4.5

0 50 100 150 200
hours

m
g.

l-1

NO3- (0÷72)

NO3_anoxy 

Linear (NO3- (0÷72))

Linear (NO3_anoxy )

 
Fig. 12. (a) and (b) Rate of respiration and denitrification in the sediments at reach scale. 
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    (a)             (b) 
Fig. 13. The abundance of the Endo-bacteria in ln CFU.m-1 for sediment water (a) and abundance of the ad-
sorbed Endo-bacteria in ln CFU.g dw-1 sediment (b). 
 
The oxygen level after the 72nd hour is 
approximately 0 and the rate is negligible.  

Denitrification is takes place in aerobic 
and in anoxy conditions. The process of 
denitrification is strongly dependent upon 
nitrate concentration, as well as upon or-
ganic matter concentration [58]. At 3.5 
mg.l-1 initial concentration of nitrates the 
rate is 0.038 mg NO3-.l-1.h-1. At an initial 
nitrate concentration of 0.6 mg.l-1 the rate 
is 0.003 mg NO3-.l-1.h-1. These results il-
lustrate how the analogous model tools can 
provide data, received by means of diffe-
rent experimental approaches applied by 
the interdisciplinary ecological team, pur-

suing the purposes to collect information 
about the ecological complexity [18, 19, 
67]. At the same time, the most effective 
indication has been followed to obtain 
maximum verification information at a 
minimum cost, selection of the critical 
control points and standard methods and 
indicators according to the ISO and APHA. 
Indicative microbial groups of bacteria 
in the river sediments 
Another important parameter for the po-
tential of the sediments enriches the water 
with the bacteria from family Enterobacte-
riaceae is the abundance of this group [35]. 
The greater part of this family is patho-

(a) (b)
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genic or conditionally pathogenic. The 
abundance of these bacteria and their loca-
tion in various river microhabitats can be 
used for forecasting the changes of river 
water and sediment quality as well as the 
pollution with municipal waters in the 
stream. This was the argument to include 
the informative bacterial indicator in the 
experimental plan. The data illustrated dy-
namics of the numbers of bacteria in the 
sediment water and adsorbed Endo-bacteria 
in the sediment particles have been shown 
in Fig. 13a and 13b. 

The results confirmed two important de-
pendences. (1) At all the sampling stations 
in the stream and during all seasons the 
Endo-bacteria adsorbed in the sediment 
particles are considerably higher in number 
than free swimming bacteria. All this con-
firms that the rate of biochemical transfor-
mation processes on the sediment surface is 
higher, due to the concentration of sub-
strates, microorganisms and extra-cellular 
enzymes [54]. (2) At the time of flush 
events together with the turbulence of sus-
pended matter, sediments become the 
source of bacteria for the water. These 
processes play the role of critical factors 
for the changes in water quality and the 
rate of the transformation processes in the 
water, sediment water and sediments. The 
facts presented in this paper confirm the 
necessity the mathematical tools of the 
models to develop, to verify on the princi-
ples of ecological complexity. In parallel 
on the base of the mathematical instru-
ments as well as on the base of the speci-
ficity of the river ecosystem to develop a 
specially constructed experimental plan for 
data collection [45, 51]. These data will 
contribute to the authentic calibration, veri-
fication of the modeling tools as well as to 
the realistic forecasting of the river water 
quality and quantity.  

Conclusions 
In conclusion, it is important to point out 
that mathematical modeling remains an 

important instrument for river ecosystem 
management. Nevertheless, the applicabi-
lity of this instrument is strongly dependent 
on the experimental plan of data collection, 
its evolution and adequate adaptation to the 
particular ecosystem, and to the predicted 
events. In this aspect the paper illustrates 
an example of gradual development of the 
data collection scenario for application of 
the HSPF model for the upper part of Iskar 
River. Here it is important to pay attention 
on the other demonstrated approaches for 
the ecological modeling – simulation of the 
critical processes, application of the princi-
ples of physical and analogous models in 
different moments on the basis of EMS, 
opposite scaling up (large scale, reach 
scale, “hot spots” (key microhabitats) pro-
cesses simulation. The interdisciplinary 
team will continue with the further deve-
lopment of the experimental plan in the di-
rection of deeper biochemical characteri-
zation of the most important microhabitats 
as well as their role in the formation of the 
general parameters of river water quality 
and ecological sufficiency. 
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