Water Quality Analysis in Mountain Freshwater:
Poiana Uzului Reservoir in the Eastern Carpathians
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Water demand has increased, while water resources have decreased. The most important aspect of water
is quality. For this reason, mountainous waters are captured for drinking water supply, because they are
cleaner and their flow is more constant. The great dams constructed in Romania also have the role of
preserving water resources. Poiana Uzului Reservoir comprises waters ranked in the first and the second
water quality class, because the physicochemical parameters range within normal limits. For this reason,
the reservoir supplies water for the towns of Darmanesti, Comanesti, Moinesti, Tg. Ocna, Onesti and Bacau.
Only the amount of total suspended materials is greater, but it does not exceed normal limits. This study
analyzes the physicochemical parameters of Poiana Uzului Reservoir waters, in order to highlight their

qualitative status.
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The analysis of water quality within reservoirs used for
drinking water supply in localities has been a topic of major
interest for human society. The contamination of these
water reserves with polluting substances can affect
significantly the socioeconomic context, by altering
irremediably the aquatic ecosystem and the health status
of local or regional population. From this viewpoint, Poiana
Uzului Reservoir represents a subject of study at regional
level, because it supplies water for most of the population
inhabiting the Curvature Carpathians area. The physico-
chemical parameters specific to waters within large
reservoirs vary greatly in time and space, while the risk of
contaminating water with polluting elements is determined
by a multitude of factors: lithology, wastewater dumping,
use of chemical or natural fertilizers, etc. National and
international scientific literature underscores the qualities
of captured waters distributed through reservoirs for the
supply of human settlements [1-16].

This study conducts a descriptive and statistical analysis
of 22 chemical and physicochemical parameters
highlighting the water quality index within Poiana Uzului
Reservoir. The water resource in the Curvature Carpathians
area is distributed outside this region, which most often
suffers from acute lack of water. In the mountainous sector,
precipitations are relatively scarce because this sector is
influenced by the foehn, which is a warm dry wind [17-
20].

Experiemntal part
Study area

Poiana Uzului Reservoir is situated in the Nemira
Mountains Nature Reserve, in the Eastern Carpathians. Itis
placed on the Uz stream, which is a right tributary of River
Trotus (in its turn discharging into River Siret, namely the
most important river on the Romanian territory). On the
right, its tributaries are the creeks of Secatura, Izvorul Alb,
Groza and Tulburea, while on the left Rachitis, Paraul
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Plopilor, Plopul and Alunul. The distance from the Uz dam
to the confluence with River Trotus is 13 km. In the
upstream sector of the reservoir, there is the locality of
Cremenea, while the downstream sector includes the
locality of Darmanesti (County of Bacau). Its limits are as
follows: to the north - 46°20'17”N; to the south -
46°19'17”N; to the west - 26°20°'26"E; to the east -
26°23'55”E (fig. 1).

The dam was builtin the period 1956-1972. Itis a buttress
dam; for its construction, the villages of Poiana and Pivniceri
—comprising 260 dwellings on 150 ha - had to be relocated.
At the same time, five ha of woods were deforested. The
dam provoked discontinuities in the evolution of the Uz
riverbed and of adjacent slopes [21]. The reservoir occupies
a rocky sector of the former River Uz, while at the narrow
end of the lake a locally important wetland is in
development [22-24].

Poiana Uzului Reservoir was built to supply water for
the localities of Darmanesti, Comanesti, Moinesti, Tg. Ocna,
Onesti, Bacau and for some villages that do not benefit
from water supply facilities. The dam has a drinking water
intake, an industrial water intake and a micro-hydropower
station (SMW installed power). During higher waters, the
reservoir covers 334 ha; it is 3.75 km long, its volume
reaches 98x10° m?® and its depth 64.7 m [21]. During
droughty periods, the flow ensured for drinking water is 1.5
m?/s, while for industrial water it is 6.5 m¥s (table 1).

Methodology

For Poiana Uzului Reservoir, three water sampling sites
were selected: S.1 Upper area of Poiana Uzului Reservoir;
S.2 Middle area of Poiana Uzului Reservoir (2.5 km distance
from the dam); S.3 Lower area of Poiana Uzului Reservoir
(0.2 km distance from the dam). The water samples were
collected in conformity with the water monitoring system
manual drafted by the specialists with the Siret Water Basin
Administration, Bacau (fig. 1). The monitoring period
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a Fig. 1. Geographic position of Poiana

S. Uzului Reservoir in the Eastern

Carpathians (Romanian territory) and the
water sampling sites

E Legend
‘ Water samples
[S.1, 5.2 and 5.3]
‘.t"’ja ﬂ Uz Lake
I T T T T T T T 1 Hydrographic
0 0.5 1 2 Km ? network
Placement Om Biver Uz
Dram type Buttreszes
Buldmg period 19361972
~ - Water supply — main purposs; elactric power production — Table 1
Purpose of dam buildms :
secondary purpose CHARACTERISTICS
Inznguration of partial exploitation 1970 OF POIANA
Inauguration of expleitation within desisned paramaters 1972 UZULUI
hdasommum dam height m RESERVOIR
Length of dam crest 500 m
Reservoir volums Blml0*m’
Miaxmnmm resarvoir volume (during highar waters) 9Ex10°m®
Izimnon reservoir length (during higher waters) 3175k

consisted of four samplings/ year. Water samples were
collected from three representative areas. Water quality
was assessed pursuant to the quality standards issued by
the Order of the Ministry of Environment and Water
Management no. 161/2006. A second method was used
for evaluating water quality (statistical method) in order to
determine the weighting of the 22 chemical and
physicochemical parameters.

The data collecting method led to the determination of
the 22 chemical and physicochemical parameters:
Thermal regime and acidifying -Air and water temperature
(°C), pH (pH units) and alkalinity (mmol/L); Oxygen regime
- Dissolved oxygen (mg O,/L), Dissolved oxygen saturation

(%), Biochemical oxygen demand (mg O,/L) and
Chemical oxygen demand (mg O,/L); Nutrients-
Ammonium (mg N/L), Nitrites (mg N/L), Nitrates (mg N/
L), Total nitrogen (mg N/L), Soluble orthophosphates (mg
P/L) and Total phosphorus (mg P/L); Salinity - Fixed residue
(mg/L), Conductivity (uS/cm), Chlorides (mg/L), Sulfates
(mg/L), Calcium (mg/L), Magnesium (mg/L), Bicarbonates
(mg/L), Dissolved iron (mg/L) and Total manganese (mg/
L); Other chemical indicators- Total suspended materials
(mg/L). The pinpointing of chemical characteristics and
of water quality - at the end of one-year monitoring cycle -
is based on the interpretation of descriptive statistical
parameters: Med., Min., Max., Q1 - Quartile 1 (25%), Q3 -
Quartile 3 (75%) and S.D. - Standard Deviation (tables 2, 3

Table 2
DESCRIPTIVE STATISTICS FOR 22 ELEMENTS, CHEMICAL AND PHYSICO-CHEMICAL PARAMETERS ANALYZED IN [S.1] - UPPER AREA OF
POIANA UZULUI RESERVOIR

REV.CHIM.(Bucharest)¢ 67¢ No. 11 ¢ 2016

Water sample [5.1] - Upper area of Poiana Uznli Reservoir
[ater quality Elements, chemical and

indicators physicochemical ndicators Count | Med | Mm | M 2 Q| 5D
Air tempezatur= (°C) 4 19.25 14 1 152 | 2175 27
T‘?W:d Water temperature (°C) 4 1325 | 700 | 2100 | 730 | 1800 | 683

IEQIDE . TET T T T 5 TT
e iy pH (pH units) 4 767 751 783 754 R E
Alkalimity (mmolL) 4 245 160 | 330 174 233 | 08l
D'“(i'fgﬁﬁgm 4 508 | 801 | 1037 | 823 547 | 099
Oxyzen regime Dissolved oxygen saturation (%) 4 2350 | 8500 | 9200 | 8580 | 8975 | .89
Biochemical omyzen demand (mz OyL) 4 2.02 130 | 234 154 223 | 032

Chemical oxyzen demand (ms O2L) 4 3571 | 500 | 10300 | 200 | 4063 | 45.8
http://www.revistadechimie.ro 2319



Ammenium, N-NEL, 4+ | oz | oo | 075 | ooz | 022 | 036
(me NL)
Tifirites, N-NO,
(me 3L 4 | 002 | 000 | 004 | 000 | 002 | 001
Tiitzates, N-10y, . n
Nutsients (me L) 4 | 038 | 031 | 046 | 032 | 042 | 006
Tetal mitrogen I, e o -
(meNT) 4 | 08 | 075 | 120 | 075 | 08 | 022
Soluble orthophosphates, P-PO., (mg P/L) 4 [ o001 [ 001 [ o004 | 001 [ 001 | 001
Total phosphorus
oz D) 4 | 001 | 001 | 004 | 001 | 001 | 001
Foeed residue - - n <=
fmel) 4 | 11050 | 97.00 | 12800 | 98.80 | 117.50 | 13.63
Conductivity (uS/am) 4 [ 17050 | 14500 | 138.00 | 15170 | 18175 | 2207
Chlorides, CT., (mzL) 1 | 250 [ 250 | 250 | 250 | 230 | -
N Sulphates, S0.7, (meL) 1 | 355 | 335 | 355 | 335 | 335 | -
Salimity Caleium, Ca~, (mzL) 2 | 3135 | 2905 | 3360 | 2954 | 3247 | 318
Maznesium, Mz, (melL) 2 | 443 | 252 | 585 | 322 | 519 | 24
Bicarbonates, HCOy (mzL) 4 [ 14950 | 9800 | 2140 [ 1067 | 17275 | 45.70
Dissolvad iron, Fe~ +Fe™, (mgL) 1 | o002 [ o002 | 002 | 002 | o002 | -
Total manganase, M + Mn ", (me/L) 3 | ooz | oor | 003 | 001 | o002 | 00l
Other chemical Total suspended materials (me'L) 4 | 2133 | 530 | 3500 | s41 | 2825 | 1233

Table 3
DESCRIPTIVE STATISTICS FOR 22 ELEMENTS, CHEMICAL AND PHYSICO-CHEMICAL PARAMETERS ANALYZED IN [S.2] - MIDDLE AREA OF
POIANA UZULUI RESERVOIR (2.5 Km DISTANCE FROM THE DAM)

Water sample [5.2] — Middle area of Poiana Uznloi Reservoir (2.5 km distance from the dam)
Water )
o Elements, chemical and . -
_ quality physicochemical indicators Comnt | Med. | M. | Max Ql & sD.
indicators
Air temperature (°C) T | 1050 | 1400 | 2400 | 1520 | 2230 | 443
T}.‘E‘:ﬂ:;d Water temperature (°C) T 1305 | 700 | 2100 | 760 | 1875 | 6.80
’fmmiﬂg pH (pH mits) 1 765 | 748 | 798 | 733 | 768 | 01l
Alkcalmity (mmol'L) 1 100 | 150 | 220 | 164 | 2322 | 035
o 4 | 895 | 809 | 1006 | 816 | 952 | 0:
Oxygen Dissolved oxyzen saturation (%6 4 | 88325 | 9300 | 9300 | 8420 | 9075 | 427
fegme Biochemical oxyzen demand (mgz O2L) | 4 101 | 135 | 278 | 141 | 216 | 063
Chemical oxygen demand (mg OzL) T | 1518 | 1300 | 1664 | 1420 | 1546 | 1.00
Ammonium, N-NH; 4 | o019 | 002 | 070 | 002 | 019 | 034
img NL)
Nifrites, N-NOy, 4 | o001 | oo | oo1 | o001 | 001 | 000
(mg N/L)
Nitrates, ‘_EI.-ND{, 4 042 033 049 037 044 | 006
Nutrients (mg N1L)
Total mtrogen, N, - -
of 4 084 | 075 | 112 | 075 | 084 | 018
img NL)
Soluble ‘-"ﬂhﬂP}lD;Elﬁtes, PPO:, (mg 4 001 | 001 | 001 | 001 | 001 | 0.00
Total phosphorus, 4 | o001 | oo1 | 002 | 001 | 001 | om
(mgPIL)
Fixed residue, (mg/L) 3 | 17567 | 13600 | 191.00 | 15360 | 18750 | 2421
Conductivity, (uS/cm) 3 | 17567 | 13600 | 19100 | 15360 | 18750 | 2821
Chlorides, CT, (mg/L) 1 632 | 632 | 632 | 632 | 632 -
Sulphates, 5047, (mz/L) 1 150 | 150 | 130 | 150 | 150 -
Salinity Calcium, Ca™, (mgL) T | 3680 | 3680 | 3680 | 3680 | 3680 | -
Magnesium, Mz™, (mg/L) 1 165 | 195 | 165 | 105 | 195 3
Bicarbonates, mz/L, 3 | 13167 | 121.00 | 12000 | 12360 | 13700 | 971
Dissolved mon, Fe© + Fer, (maglL) 1 002 | 002 | 002 | 002 | 002 -
Total manganese, M = W™, (mgL) 3 002 | 002 | 003 | 002 | 003 | 001
ke
chemical Total suspended materials (mg/L) 3| 2060 | 780 | 4500 | 1344 | 4050 | 1941
mdicators
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Table 4
DESCRIPTIVE STATISTICS FOR 22 ELEMENTS, CHEMICAL AND PHYSICO-CHEMICAL PARAMETERS ANALYZED IN [S.3] - LOWER AREA OF
POIANA UZULUI RESERVOIR (0.2 KM DISTANCE FROM THE DAM)

Water sample [5.3] — Lower area of Poiana Uznlm Eeservoir (0.2 km distance from the dam)
Water quality Elements, chamucal and .
e phveisochamical inficstors Count Med Min. Max. Ql Q3 sD.
Air temperature (*C) 11 13.18 1.00 24.00 4.00 19.00 745
nﬂﬁd Water temperature (°C) 11 9.45 1.00 20.00 2.00 14.50 693
TEEINE . = - = = e
acidifying pH (pH units) 11 7.61 7.03 788 7.48 7.77 023
Alkalinity (mmolL) 10 1.66 1.20 158 138 185 025
Dizsolved cxyzen 11 877 0.20 2.00 7.45 10.31 316
{mg 021-:] L . L fad . | F.
Omyzen Dissclved oxygen saturation (%) 11 8336 80.00 93.00 80.00 89.00 476
regime Biochamical on) demand (mg | g 180 0.98 1435 1.10 158 3.86
Chemical mﬁj‘lm‘l (g 11 1483 5.00 27.90 5.00 15.00 6.44
Armmennem, N-KH™
(mz ML) 11 0.04 0.02 0.20 0.02 0.02 0.06
Nitrites, N-NOx,
(e NIL) 11 0.01 0.00 0.02 0.00 0.01 0.00
hm’a’;f;ﬁf‘;']’? 11 0.4 0.14 0.68 0.34 0.57 0.16
Mutrients = -
Total mitrogen, I¥, - - 2 -
(mz N1 10 0.70 036 0.75 0.59 0.75 0.12
Solible orthophosphates, P-POL,
(mePL) 11 0.01 0.01 0.02 0.01 0.01 0.00
Total phosphors,
(mePL) 11 0.01 0.01 0.02 0.01 0.02 0.01
Fixed residue, (mg/L) 11 13391 73.00 366.00 90.00 12350 | 79.35
Conductivity, (u8/cm) 11 20327 | 12000 | se400 | 13800 | 19000 | 12233
Chlorides, CT, (mz/L) 11 3.08 250 632 2350 250 131
Sulphates, 30.7, (m=/L) 11 3.69 1.50 B.56 1.50 517 247
N Calcnum, C™, (mg/L) 8 32.00 24.24 40.00 25.19 3450 571
Salinity Magmesiur, Mz, (mzL) g 489 202 11.79 20 161 305
Bicarbonates, mg/L, 10 10110 | 73.00 121.00 83.80 11325 15.61
Dizzolbved wem, Fa™™ + Fa™, - -
(mezL) 9 0.07 0.02 0.15 0.02 0.10 0.03
Total manganasze, M + Mn"™
ganese, . 2 2
(mz/L) 9 0.03 0.01 0.06 0.01 0.03 0.01
Crther
chemical | Total suspended matarials (mg/L) 11 20.06 10.00 45.00 10.00 22385 13.22
mdicators
and 4). Data interpretation was also based on the analysis 25.0 25.0 1
of previously edited thematic papers [25-44]. 20.0 ii - 20.0 - |
. . = 15.0 " — 150 4
Results and discussions o 100 7 ™ o 100 . i E
Thermal regime and acidifying = -
~ The thermal regime of Poiana Uzului Reservoir waters 97 1 ey Air | T [°cl Water
is influenced directly by air temperature regime. While 0.0 o1 s2 s <

taking water samples, the average air temperature varied
between 13.25 and 19.50°C. The great difference in thermal
amplitude is provided by the fact that samples were
collected in different days. In this case, the difference
between the thermal regime of air and water must be
calculated separately. For the S.1 sample, the average
thermal amplitude between air and water is 6°C. For S.2
samples, a difference of 5.55°C was recorded, while for
S.3 the difference was 3.73°C. The temperature difference
drops from upstream to downstream, with a constancy of
around 1°C for the three collection points. The difference is
induced by the variation of water depth and aquatic surface
under the direct influence of sun radiation. Water
temperature has different values, by season. Thermal
amplitude is provided by intervals: S.1 -7+21°C; S.2-
7+21°C; S.3 -1+-20°C. In summertime, water temperature
ranges between 20 and 21°C, while in wintertime it ranges
between 1 and 7°C. During spring and autumn,
temperature has different oscillations because of the
thermal mixture with runoff waters from ice melting or

REV.CHIM.(Bucharest)¢ 67¢ No. 11 ¢ 2016

http://www.revistadechimie.ro

Fig. 2. Thermal regime

from precipitations, (significantly reducing the altitude
influence of sun radiation) (fig. 2).

Temperature also regulates the water-acidifying regime,
through both seasonal distribution and the cycle of day
and night. pH records a great variation gap during the day
because of photosynthesis and breathing of aquatic
organisms [26-28, 32]. pH has a relatively even distribution,
recording the following average value at the three sampling
points: S.1 - 7.67; S.2 - 7.63; S.3 -7.61. The maximum pH
value was recorded for sample S.3- 7.88. A weakly alkaline
concentration was measured in the spillway area at the
dam level. PH level is directly related to water alkalinity,
ranging between 1.20 and 3.50 mmol/L. This is typical
behaviour for a lake situated in a mountainous area. Most
of the year, waters are alkaline, except for the spring shock,
when acidity increases due to rapid snow melting (fig. 2).
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Oxygen regime

Oxygen is important for the breathing of organisms
(biodiversity maintenance). The necessary amount of
dissolved oxygen for economically important ichthyofauna
to survive must not drop below 3-5 mg O,/L. Oxygen
decrease below this value indicates the presence of an
oxygen-replacing mechanism [26-28]. The average value
of dissolved oxygen (DO) within Poiana Uzului Reservoir
ranges between 8.77 and 9.08 mg O,/L. The DO amount
drops from upstream to downstream due towater turbidity.
As for samples S.1 and S.2, the average value of DO is
>0.25 mg O./L. Concernrng sample S.3, minimum DO
value is 0.20 mg O,/L. The phenomenon is closely
connected to water dynamrc because water stagnates
for alonger period in the dam area. The maximum values
of DO range between 10.06 and 12.00 mg O,/L. DO%
saturation indicates descending average vallies from
upstream to downstream: S.1 - 88.50%, S.2 - 88.25%, S.3 -
85.36%. The maximum values of saturation in dissolved
oxygen range between 92 and 93%, while the minimum
between 80 and 85% (fig. 3).

The seasonal regime of dissolved oxygen (DO)
increased significantly during winter and decreased in
summertime. The correlation between DO and water
temperature is negative and values are inversely
proportional. Seasonal differences are due to algae.

Biochemical oxygen demand (BOD,) represents the
amount of dissolved oxygen (DO) necessary for aerobic
organisms to decompose organic matter in the water [26-
28, 45]. A high level of BOD, may indicate high organic
carbon contents from naturaf sources and contamination
with wastewater from anthropic sources (containing a
significant amount of faecal matters). BOD, value varles
as follows: $.1 - 1.3+2.54 mg O,/L; S.2 - 1.35%-2.78 mg O
L;S.3-0.98+14.35 mg O,/L. The great amplitude of BOIf
for .3 sample is due “to the accumulation of non-
decomposed organic matter within the dam area.
Maximum value corresponds to a time interval where water
was not evacuated and organic matter was already
decomposed. Minimum value corresponds to periods with
intense water circulation. Average values of BOD, - at the
level of the entire water body - vary between 1. 9'and 2.8
mg O./L. Chemical oxygen demand (COD) is an indicator
that determines the oxygen demand of water mass
bacteria (it takes less to be determined). For this reason,
only 60-70% of the organic substances presentin the water
mass were identified. The variation of COD values is the
following: S.1 - 5.00+103.00 mg O,/L; S.2 - 13.99+16.64
mg O,/L; S.3-5.00+27.9 mg O,/L. Average values ale COD

- at the level of the entire water body - vary between 14.83
and 35.71 mg O/L (fig. 4).

High forestation degree and the lack of agrozootechnical
and industrial infrastructures within the catchment basin
of the lake reflect in the low values of BOD, and COD
indicators. The values of these indicators increase in
summertime, when the amount of organic substances is
great due to the vegetative season of plants. The sudden
increase in chemical and biochemical oxygen demand
also occurs after periods with high amounts of
precipitations, due to the great quantities of non-
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Fig. 4. Oxygen regime

decomposed organic matters, transported and deposited
by high waters [25-32].

Nutrients

The analysis of nutrients was conducted by pointing out
the concentration of ammonium ion (N-NH,*), of nitrites
(N-NO,), nitrates (N-NO,’) and soluble phosphorus (P-PO*
). Whereas their toxrcrty Is low, their presence within water
mass can be considered an indicator of anthropic pollution.
The average concentration of ammonium ion (N-NH,*)
varies between 0.04 and 0.21 mg N/L. The maximum value
of 0.75 mg N/L was recorded for the S.1 sample at the
narrow end of the lake. This concentration occurs in the
spring and it is correlated with the emergence of floods.
The lowest values were recorded for the middle sector
(S.2) and the dam area (S.3), but they do not drop below
0.02 mg N/L. The low values of ammonium ion
concentrations correlate with the lack of agrozootechnical
and industrial activities within the lake area (the result of
natural contaminations) (fig. 5).

The distribution of the amounts of nitrites (N-NO,’) and
nitrates (N-NO,’) shows a reduced value of contamination.
The concentration of nitrites ranges between 0.01 and 0.04
mg N/L, while the concentration of nitrates between 0.14
and 0.68 mg N/L. The higher value of nitrates is due to the
use of nitrogen-based chemical fertilizers and manures to
fertilize agricultural fields. Transportation to the lake is done
through the drainage network, while the accumulation of
nutrients in the dam area is a consequence of water

| - N-NH#*| 003 d T N-NOZ'
— | T —
04
<7 Z 002 |
202 g
| M
00 4 L] 000
si S2 53 s1 S22 S3
06 -
{1
=04 | i ......... a T,y HTTER
2 . .
3 - = .,
Eop2 | Epa4
N-NO3 Total N
00 0.1
s1  S2 s1 s2 53
0.03 003
T 002 | T 002 |
- - -
] | T ) .,
E o001 l\_‘__‘_i E o001 4 . - i
| P-PO4* Total P
0.00 + 0.00
S1 S2 53 s1 s2 S3

Fig. 5. Nutrient concentrations
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dynamic. For this reason, the highest value of average
annual concentration of nitrates corresponds to S.3 sample
-0.44 mg N/L. The average value of total nitrogen indicates
a quantitative decrease from upstream to downstream:
S.1-0.86 mg N/L; S.2- 0.84 mg N/L; S.3-0.70 mg N/L. The
phenomenon is due to water depth and to the emergence
of vegetation that settles the nitrogen for a long period (in
the wetland at the narrow end of the lake and on banks
with low declivity) [46]. Water contamination with nitrites
and nitrates is still low, due to natural conditions and less
to anthropic conditions.

The increase in phosphorus content is usually a
consequence of anthropic pressure (faulty storage of
animal wastes and use of phosphates-based fertilizers)
[26-28]. The average concentration of soluble phosphorus
(P-PO,*) and total phosphorus is 0.01 mg P/L. The most
|mportant seasonal variation was recorded for .1 sample,
where the concentration amplitude of phosphorus is
situated within the interval 0.01-0.04 mg N/L. As for
samples S.2 and S.3, the maximum value of soluble
phosphorus (P-PO,*) concentration does not exceed 0.02
mg P/L. Phosphorus distribution indicates low
contamination in the area where Uz discharges into the
lake (fig. 5).

Salinity

Chemism is influenced directly by the geological
conditions within the catchment basin. The presence of
friable sediment deposits - specific to Palaeogene flysch -
determines the accumulation of relatively important
amounts of mineral substances. The average value of fixed
residue within the water mass indicates a relatively high
erosion capacity at the level of the catchment basin: S.1 -
110.50 mg/L; S.2- 173.67 mg/L; S.3 - 133.91 mg/L. The
high concentration of fixed residue within S.2 sample
indicates significant erosion activity conducted by
tributaries on the sides. Annual salinity regime is reflected
in the total concentration of suspended materials. The
annual average of this parameter is the following: S.1 -

REV.CHIM.(Bucharest)¢ 67¢ No. 11 ¢ 2016

21.33 mg/L; S.2 - 29.6 mg/L; S.3-20.06 mg/L. The presence
of a significant amount of salts is also illustrated by the
value of water conductivity, which varies as follows: S.1 -
149+199 uS/cm; S.2 - 146+191 pS/cm; S.3 - 120+564
pS/cm. The high value of conductivity in S.3 sample is due
to solid transportation and to the accumulation of mineral
substances in the dam area (fig. 6).

The maximum concentration of chlorides (CI) increases
from upstream to downstream, from S.1-2.5 mg/L t0 S.3 -
6.32 mg/L. Total sulphates (SO, 2+) increase from S.1- 3.55
mg/L to S.3 - 8.96 mg/L. The value of maximum total
calcium (Ca?") increases from S.1 - 33 mg/L to S.3 -40 mg/
L, and magnesium contents (Mg?*) from S.1 - 5.95 mg/L to
S.3-11.49 mg/L. Bicarbonates feature a reverse distribution
compared to previously mentioned mineral substances.
The value of maximum concentration drops from
upstream to downstream from S.1- 214 mg/L to S.3 - 121
mg/L. The presence of dissolved iron (Fe** + Fe*") is due
to geological context, but it can also be an anthropic
consequence (mining, water use). Average values of
dissolved iron vary between 0.02 and 0.07 mg/L (fig. 6).

The frequency of maximum salinity values is higher
during winter. This value can also be high during the autumn
or spring. High values are specific to cold season because
during this interval the lowest water flow rate was recorded.
Ice bridge emergence represents a factor of control. The
distribution type of lake salinity is specific to most reservoirs
[25-32].

Water quality

Two methods were used for water quality index. The
first is the determination of water quality by the value of
concentrations for the 22 chemical and physicochemical
parameters analyzed, in conformity with freshwater quality
standards [21, 25, 26, 33, 43]. The parameters were
grouped into five categories (thermal regime and acidifying,
oxygen regime, nutrients, salinity and other chemical
indicators) (table 5).

For thermal regime and acidifying, all three samples (S.1,
S.2and S.3) are included in the first quality class. The even
value of the pH is the main argument for this parameter.
Oxygen regime includes S.2 and S.3 samples in the first
quality class, while S.1 sample in the second quality class
(dueto hrgher BOD, and COD values at the narrow end of
the lake, where thére is a human settlement). The low
concentration of nutrients indicates higher water quality
(first quality class). Salinity within S.1 and S.2 samples
includes water in the first quality class, while S.3 sample in
the second quality class (due to the accumulation of
mineral substances at the level of the dam). The total
concentration of suspended materials classifies the Poiana
Uzului Reservoir waters in the second quality class.

The second evaluation method for water quality was
conducted using statistical methods consisting of
calculating the weighting of the 22 chemical and
physicochemical parameters. The arithmetic value of
water quality index was obtained using the following
formula:

WQ, = ZWQ/ZW,
where:

Q, is calculated for each parameter analyzed using the
formula WQ, = 100[(V,-V)/(S,- V )] and W, is calculated
for each parameter analyzed through the formula W, =K/
S, where: K =1/3(1/S); Q- quality rating scale; W, - Welght
uhit; V. -the estimated concentration of the parameter in
water; V the ideal value of the parameter, V_ = 0 (except
for pH = °7.0and DO = 14.6 mg/L); S, - the recommended
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Table 5

ELEMENTS, CHEMICAL AND PHYSICAL STANDARDS OF QUALITY IN THE FRESHWATER WITHIN THE WATER QUALITY CLASSES OF POIANA

UZULUI RESERVOIR

Water quality Elements, chemical and Standard clazses of water quality Potana Umilm Eeservoir
mdicators phveicochamical indicators 1 | I | m | v | v 21 ) 21
Aur temperature ("C) Mo morms
wd Water temperature () Mo morms I I i
B pH (pH units) 6583
T Alkalinity (mmolL) -
Dhssolved oygen -
h 7 Iy
(me 051 ’ ° M
Omygen Dizzolved coygen saturation (%a) o070 | 7030 3030 3010 =10 I I I
regima Biochermeal n'::r]:j.%ejflu demand (mg 3 5 - 20 30
Chemical oxygen demand (mgz O2L) 10 25 30 123 =123
Armmonnom, M-INELT -
(mg N/L) 04 0.8 12 32 =32
Mitrites, N-INO-
(g N/L) 001 003 0.06 03 =03
N’”Emm_f_,ﬁﬂﬂ 1 3 56 | 12 | =112
Mutrients = I I I
Total nitrogen, K 15 7 12 16 =16
(mg ML) - i -
& o
Soluble “’MMP__TTE* PPOS e | gy 002 0.04 018 | =019
Total phosphorns, - = -
(mg PIL) 0015 0.04 0.075 12 =112
Fixed residue, (mg/L) 500 750 1000 1500 =1300
Conductivity, (pS/cm) - - - - R
Chlorides, CI, (mzL) 23 30 250 300 =300
Sulphates, 50", (mz/L) 60 120 250 300 =300
Salinity Calenm, Caﬂ':n(mg,'l.j 30 100 200 300 =300 I I il
Magnesium, Mz, (mgL) 2 30 100 200 =200
Bicarbonates, mz/L, -
Dissclved irom, Fe'~ + Fe™™, (mzL) 03 0.3 1 2 =2
Total mangﬁneee., Mn™ +Mn", 0.05 01 03 1 =1
imzT)
Other
chemical Totzl suspanded materials (mzT) - I i I
indicators
Total water quality I i} I

!

Thermal régima ané:l acidifying

Oxygen regime

Legendd
D ity chieks |
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1
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Fig. 7. Spatial distributions
of water quality index
[WQI] in Poiana Uzului

Reservoir
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standard value of the parameter; K = the proportionality
constant.

In the first phase, the purpose was to determine the
water quality index [WQI] by season, but the amount of
data was low, which made itimpossible to obtain a relevant
result. For this reason, WQI was calculated based on
annual average values for each of the 22 parameters under
analysis. In this case, the result led to the classification of
water into a specific quality class, depending on the section
where the sampling was done. According to the calculation
of the value ascribed to physicochemical parameters used
in the calculation formula for WQI, the dominant
parameters for establishing the quality class are as follows:
BOD,, COD, water salinity and the amount of suspended
materials. From this viewpoint, oxygen regime at the
narrow end of the lake (S.1 sample) and the accumulation
of mineral substances in the dam area (S.3 sample)
determines the decrease from the first quality class to the
second quality class. The total amount of suspended
materials is very important for the calculation formula of
WQI. High values determine the decrease from the first
quality class to the second quality class for all samples.
The statistical method highlights the existence of second-
quality water, which corresponds to the Very Good class

(fig. 7) [271.

Conclusions

Poiana Uzului Reservoir uses the water of the Uz
catchment basin for drinking water and industrial water
supply and for electric power production. The volume of
accumulated water is insufficient, but it is substituted by
the high quality of mountainous waters. The modest
development of anthropic activities and the high resistance
of the geological substrate lead to highly qualitative waters
(first and second quality class). It is necessary to maintain
the current natural and anthropic parameters in the area of
the Poiana Uzului catchment basin. Only total suspended
materials determine the decrease in water quality from
the first quality class to the second quality class, which
corresponds to the Very Good category. Electric power
production does not influence the quality or the amount of
water distributed in the supplying network for human
settlements.
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