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Abstract

Keywords

The anthropization processes can cause complex, often irreversible changes in natural ecosystems. 

of anthropic interventions took place, which resulted in several new accumulation lakes. Above the so-

the structure and functioning of the existing ecosystems. In the present study, we have analysed the rate 
of the detrital organic matter decomposition processes achieved by the heterotrophic microbial com-
munities in several ecosystems located on the upper course of the river. The obtained results revealed 

ecosystems attain - rural or urban, and by the sampling time.
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Introduction
The riparian ecosystems are often the subject of the 

anthropic exploitation regarding their wealth in goods and 
-

man communities – especially the urban ones. Usually, they 
-

cally harboring numerous endemic species. Their develop-
-

tercourses that often isolate them naturally from other types 
of aquatic ecosystems. Therefore, human interventions on 

animal species. However, the authorities mainly consider 
riparian ecosystems as important in the socio-economic sys-
tems development (based on their exploitation) and rarely 
impose concrete protection measures, such as the creation of 

et al.

these categories of ecosystems is considered a necessity of 
high importance in our present context.

through the S-SE part of Romania. It has a length of 350 km 
and the surface of its river basin of 12.550 km2. The river 

rivers originating in glacial lakes - Capra and Buda - cur-

asymmetrical lateral distribution, the debit of the tributaries 
on its left side being six times higher in comparison with the 
right-side ones. It crosses numerous rural and urban locali-
ties, the most important in its upper course, being the cities 

source of tap water supply for the localities along its course 

Several decades ago, following a national development 
plan that considered the economic interest of local communi-

-
-

anthropic habitat alterations, along with the exploitation of 
the riverbed substrate, poaching, intensive agriculture in the 

-

in the species composition of the previous (unaltered) natu-
ral ecosystems. Due to these changes in the structure and 

-
peared, while other populations developed in the dam areas 

Monitoring the intensity by which decomposition pro-
cesses take place can provide important information about the 
quality and availability of the existing nutritional resources 

Microbial extracellular enzymes are involved in the 
-

ing the biogeochemical circuits with chemical elements. 
Most of the DOM is made up of large polymeric macro-
molecules, which cannot be introduced directly in the 
microbial metabolism. As a result, microorganisms syn-
thesize extracellular enzymes that hydrolyze the organic 
macromolecules into simple molecules that could be then 
internalized, and thus, the extracellular enzymes play an 
important role in the transfer of matter and energy through 
the ecosystem. Taking into account this aspect and the fact 
that extracellular enzymes are sensitive to anthropogenic 
changes of the ecosystems (especially pollution), their 
analysis can provide valuable information about the trophic 
state of an ecosystem and the impact of the human activ-
ity. Nowadays, the activity of the extracellular enzymes is 
evaluated in most of the studies which assess the ecosys-

 et 

Considering the mentioned contextual aspects, we de-
cided to assess the decomposition activity of the aquatic 

present study was to determine whether DOM decomposi-
-

the increase of the localities number that the river crosses, 
they are expected to vary regarding the mineralization of 
the organic matter. Thus, through this study we want to see 

to downstream of the river, or if they have a random varia-
tion.

Materials and methods 

Sample collection 
The area where the study was conducted is geographical-

County. It is characterized by the presence of a mountainous 
region in its northern part, that is often populated with mixed 
and conifer forests. In the southern part of the study region 
can be found the Subcarpathian hills, mainly dominated by 
mixed forests. 
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them located in a natural ecosystem - the Capra River - 
upstream the Lake Vidraru (UV). The other ten sampling 

River - 9 of them corresponding to dam locations: Vidraru 

-
raru L. and Capra River sample stations are located in the 
mountain area, while the sampling points are located in the 
Subcarpathic Hills area. In order to assess the variation of 
the enzymatic activity along the areas that were subjected 
to the anthropic changes, we measured the dynamics of the 
extracellular enzymatic activity in the accumulation lakes 
built along the river.

Surface water samples were collected over a 12-month 
period (September 2017 to September 2018) from all 11 

50 cm below the surface, and from the immediate vicinity 
of the shore. After that, the samples were stored in a refrig-
erated bag during transportation to the laboratory, where 
they were subsequently stored at 4oC. Before processing, 

-
isms.

Measurement of Extracellular Enzymatic 
Activities

In the present study, we analyzed the activity of several 

alanine aminopeptidase - involved in the decomposition of 
some categories of macromolecules present in various types 
of habitats and involved in biogeochemical circuits of C, P 

-
lected site regions. 

such as starch, a widespread molecule in natural environ-
-

considered a key enzyme in the mineralization of cellulose, 
one of the most common molecule on Earth used by many 
organisms (especially plants and green algae) (KAUSHAL et 

-
phoesters with the releasing of orthophosphate, while alanyl 

The activity of four extracellular microbial enzymes in-
volved in the hydrolysis of some organic substrates frequent-

-
phatase (EC 3.1.3.1) and alanine-aminopeptidase (EC 

The extracellular enzymatic activity was determined 
colorimetrically, by evaluating the substrate (p - nitrophenyl 

-
ranoside, 4 - nitro phenyl – phosphate for AP and L - alanine 
- 4 - nitroanilide – hydrochloride for AMP) consumption 

mixed with 0.5 mL of enzyme substrate solution and incu-
bated for 6 h at 30oC. For each enzyme the substrate solution 
had a concentration of 1m/mL, dissolved in a 0.14M NaCl 
solvent solution. After incubation, the enzymatic reactions 
were stopped by adding 0.5 mL 1M of Na2CO3 solution. Prior 
to spectrophotometer reading, the samples were centrifuged 
at 2000 rpm for 5 minutes in order to remove any impurities, 
and the supernatant was used for spectrophotometer reading, 
using a CECIL CE 1010 spectrophotometer. The absorbance 

three enzyme or p-nitroanilline for AMP – was read at 405 
nm wavelength, and product concentration was determined 
by extrapolation on the standard curve. The samples were 
processed in triplicate.

Vidraru Lake, Os – Oesti Lake, Cb – Cerbureni Lake, CA 
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Total Dissolved Solids 
Total Dissolved Solids (TDS) was measured directly in 

the water column using a Sheenzy TDS-3 tester device.
Statistical analysis
The PAST software (Paleontological Statistics) (HAM-

-
formed data.

Results 

Extracellular Enzyme Activity
The spatial and temporal dynamics of the enzymatic ac-

tivities intensity along the site locations during the study pe-
riod is shown in Figure 2. 

in September 2018 in the Cerbureni lake (Cb), but its 

(Gl) in June 2018 (38.45 nmol p-nitrophenol h-1L-1). In 

value was recorded in Lake Cerbureni (Cb, 1.55 nmol 
p-nitrophenol h-1L-1) in September 2018, and the maxi-
mum - in the station located downstream the Pitesti city 
(DP, 46.98 nmol p-nitrophenol h-1L-1), in June 2018. 
The phosphatase activity presented a minimum intensity 
in Lake Cerbureni (Cb, 5.13 nmol p-nitrophenol h-1L-1), 
in September 2018, and the highest in Lake Zigoneni 
(Zg, 105.28 nmol p-nitrophenol h-1L-1), in June 2018. 
Regarding the aminopeptidase activity, the lowest value 
was found in the station located upstream of Lake Vidraru 

(Vd, 10.63 nmol p-nitroanilline h-1L-1), in September 

163.03 nmol p-nitroanilline h-1L-1) (Fig. 2a). 
Also, the enzymatic decomposition processes appeared 

to be the most intense in June 2018, and the lowest in Sep-

on the Capra natural river), which suggests a more abundant 
presence of polysaccharide molecules in the water column 
in this area, compared to the following anthropized stations 

(Fig. 2a).

TDS (Total Dissolved Solids) values in the studied 
ecosystems

In order to enrich the enzymatic activity assessment 
meaning frame, we also measured the TDS – that include 
dissolved solids of organic or inorganic nature, present in a 
molecular, ionized or colloidal state. It is mainly represented 

sulfates, nitrates, etc.) and positively correlates with the wa-

In the case of our sampled ecosystems, the TDS values 
varied between 10-89, corresponding to a high quality in 

-

same period of time. A weak correlation was found between 
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present in the water column.

Cluster analysis 
Using the cluster analysis, we compared the intensity of 

the hydrolysis processes within the sampling sites (Fig. 3). 
The obtained clusters (I and II) revealed that the association 
followed the anthropic area criteria type - the highest simi-
larity being assessed between the urban (CA, BD, BS, Gl, 
DP) and rural (Os, Cb, Zg, Vl) sampling sites.

mainly grouped according to their geographical proximity. 
Also, the station positioned in the Capra river natural area, 
upstream the Vidraru dam, belongs to another cluster group. 

at the same time, the absence of the anthropogenic altera-
tions in the region. For the rest of the stations in this group, 
the similarity in terms of their bacterial enzymatic activity 
could be explained by a lower level of the anthropic impact 
in the territory.

In the second cluster (II), the aggregation based on prox-
imity is less present, except Bs and DP stations. This aspect 
suggests that each studied lake has a characteristic dynamic 
of the mineralization processes determined by its unique en-

noted in this case that Zg and Gl lakes, located downstream 
of an urban area, had a high degree of similarity in terms of 
the microbial enzymatic activity.

Discussions 
Dams’ construction along river courses is often consid-

ered a solution to problems related to drinking water supply, 
irrigation and electricity supply. For a long time, dams were 
considered an ecological solution, without too many nega-

-
struction has increased in recent decades, including for the 

The most intense enzymatic activity was recorded 

-
cesses during the summer, with a greatly increased amount 

of the AP and AMP in this lake (Fig. 2a). In spring and at 
the beginning of the summer season there are frequent algal 

algal blooms increase the amount of DOM, a source of nu-

-

- an essential element in the algae development, which leads 
to the synthesis of phosphatases - enzymes that release phos-

Also, an intense enzymatic activity was shown down-
stream of Pitesti (Fig. 2a), the most important city located on 
the upper course of the river, in the hilly region. The sewage 
water discharge from the settlements frequently determines 
the nutrient enrichment of water bodies, which leads to the 
growth of the aquatic organism communities and implicitly 
to the increase of DOM quantity in these ecosystems. These 
alterations are frequently associated with intense decompo-
sition processes and the synthesis of extracellular enzymes 
by the inhabitant aquatic microbial communities (BERRIO-

practices, more than half of its surface being occupied by 
arrable land, and by horticulture and fruit trees growing. The 
meadows of the river are traditionally used in agriculture. 
The practice of intensive agriculture involves the use of arti-

-
pounds such as pesticides and insecticides. One of the con-

characteristics, including the quantity and quality of organic 
matter. Following the elution processes determined by the  

-

Figure 3. Cluster analysis of the enzymatic activity across 
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rently there are not many comprehensive studies about the 

enzymatic activity in the aquatic environments. However, 
most likely, their presence in water does not exert a direct and 

and implicitly the rate of the decomposition processes, are 
represented by the presence of heavy metals (APONTE et 

pollution have not revealed a very high amount of heavy 

an important industrial and commercial city (STOICA et al. 

The polysaccharide macromolecules representing an im-
portant input of substrate (especially cellulose and starch) 
are coming most likely of the forest soils located close to 
the river. The area is largely populated with deciduous trees 
that sometimes fall in the river, and the organic matter from 

(having the largest surface and volume) the enzymatic de-
composition processes take place with a lower intensity. In 
lentic ecosystems the surface water currents transport DOM 
and nutrients, thus diluting the amount of substrate avail-
able for the extracellular enzymes near the shores. In large 
lakes, the speed of the surface currents is stronger, due to a 

Zigoneni Lake also recorded high values of the microbial 

no other studies have reported a high concentration of the 
detrital organic matter in this lake, the dynamics of the mci-
robial enzymatic activities determined in the present study 
suggests that the decomposition processes take place with 
higher intensity near the lake shores.

Conclusions

that springs from the Vidraru dam reservoir. During the time, 
important anthropization processes occurred on its upper wa-
ter course, including the building of several reservoir dams. 
One of the main occupations of the inhabitants of the county 

-
dards regarding its use for the domestic consumption (ION 

The extracellular enzymatic hydrolysis processes taking 
place at the upper layer of the water column were detected 
throughout the entire study period in all but one of the sam-
pled stations. They were more intense in the summer, most 
likely stimulated by the higher temperatures. 

The enzymatic activity has shown an increasing gradient 
from the upstream to the downstream of the river. Its highest 
values were often observed in the stations from the southern 
part of the studied area, which correspond to the highest an-

-
genic impact on the decomposition processes performed by 
the microbial communities present in the river water. This 

crosses the localities along its watercourse, especially in the 
urban areas. 

The analysis of the mineralization processes carried out 

a better understanding of the way in which the human activ-

the anthropogenic impact on the role that heterotrophic mi-
croorganism communities play in this ecosystem, additional 
studies are needed in order to consider other factors, such as 

environmental factors.
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