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Water quality criteria are all physicochemical and biological indicators that characterize a body
of water. The current study aims at investigating the quality of two natural waters in the Gorj
County sub-mountainous area (Susita, Vaidei and Runc, capture Runc) used as drinking water
sources of Targu-Jiu. Sampling and determinations use spectrophotometric, gravimetric,
volumetric or electrometric techniques in accordance with standard methods (SR ISO and / or SR
EN) for a series of physicochemical indicators analyzed between January - December 2017:
thermal and acidification, oxygen regime, nutrients, salinity, relevant pollutants. Experimental
values, annual averages related to the quality standards for potable water, ecological status and
classification of water bodies, place the water of the two rivers in the drinking water category Al
and the first class of ecological quality. The Water Quality Index (WQI) for 9 selected parameters
highlighted a sensitively close overall level of the water of the two rivers Susita (88) and Runc
(85.2), the good quality category (70-90), reported to national quality standards for surface
water which can be used for delivery as drinking water.The study of indicators of the two rivers in
relation to national rules aligned with the European water requirementsand research shows a high
gualitative status corresponding to community uses.
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Water quality requirements vary depending on the demand for drinking water for human consumption or industrial
water. Depending on the nature of the raw water and the sector of use, the resources are selected and the degree of
treatment of raw water.Fresh water represents a very low percentage of the Earth's total water content, ie 2.5% of
surface water, but only 0.6% is directly accessible through springs, rivers, lakes, underground waters as vital resources
for the current population [1].As a renewable, vulnerable and limited natural resource, water is considered a natural
heritage that must be protected and preserved. The importance of water quality conservation has led to the monitoring
and assessment of watercourses at regional, national and European level [2].

According to the requirements of Law 310/2004 and 311/2004 [3, 4], which took over the provisions of the Water
Framework Directive 60/2000 / EEC [5] and other EU Directives, the national water monitoring system comprises two
types of monitoring: surveillance and operational monitoring surveillance applied to bodies of water at risk of failing
to meet water protection objectives. From the point of view of the environmental indicators, the surface water body in
Romania in the year 2018 is in moderate 45% and high 55% [6].

Water quality assessment can be defined as assessing the physical, chemical and biological nature of water in
relation to natural quality, human effects and intentional uses. Parameters analyzes that determine the quality of
surface water bodies follow the main quality indicators according to quality standards, thermal regime and
acidification, oxygen regime, nutrients, salinity, specific toxic pollutants of natural origin, other relevant
physicochemical and biological indicators. Most water quality assessment studies generally use reports of the
maximum admissible concentrations in relation to national, international or statistical and mathematical models,
among which are the Water Quality Index (WQI), the Water Pollution Index ( WPI) and river habitats survey (RHS)
[7-13].

Rivers are the main source of drinking and industrial water in Romania. The main rivers that have the upper basins
in the high mountain area of Gorj have high annual average flows, provide natural water supplies or are sources of
water supplies for towns and rural communities. The water quality in the Gorj Rivers is periodically monitored by Jiu
Water Basin Administration, Gorj Water Management System, analyzing the main quality indicators according to the
chemical and physico-chemical quality standards in river water. Based on the surface water characteristics used to
produce potable water, three categories of standard river water treatment technologies are defined for drinking, to
which the experimental results obtained are reported: Al, A2 and A3 [14].
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The present study focuses on the analysis of the main water quality indicators of two mountain rivers in the sub-
Carpathian of Gorj County (Susita, Stanesti Commune and Runc, Runcu Commune), water supply sources for the
water purification and treatment stations for Tg Jiu and other settlements on the river bed. River water quality
parameters are reported to national and European standards for surface water quality, based on maximum allowable
concentrations and water quality index (WOI).

Experimental part

Water samples were taken from the rivers of Susita (capture of Vaidei) and Runc (capture of Runc) during 2017
(January-December), rivers included in the Jiu Water Basin Administration, Gorj Water Management System. The
sampling was performed by the Water Quality Laboratory, in accordance with the standards in force SR ISO 5667-6:
1997 [15], using plastic containers, washed with water at the sampling points, filled with water and sealed. Analyzes
of physicochemical indicators were performed according to Romanian standard methods, approved internationally (SR
ISO and / or SR EN), using reference materials, high purity chemical reagents using spectrophotometric, gravimetric,
volumetric or instrumental techniques (Table 1).

Table 1
STANDARDS FOE QUANTIFICATION OF DETEEMINED PHY SICO-CHEMICAL PARAMETERS
Indicators Standard methods (DL} QL)
Suspended matter (mg/L) SEEN 57272003 14 3
Temperature water/an{” C) SEEN 162272007 - -
Dizsolved Oxygen DOmgTL) SR EN 2381572000 0.4 1.2
O=xygen saturation (~a) Sl ENI3ET372000 - -
Chemical oxygen demand COD Cr (mgL) DI 3E409-H44200E 13 3
Biochemical Oxygen DemandCEOs (mg/L) SEEN 18%0.272007 [N 0.3
Conductivity SR EN ZTE88/1997 186 ]
Filterable residue at T037C (mg/T) STAEOIETIOEL 3 10
pH at 20.37C (u pH) SE IS0 1032373013 - 2
alkalmity (mg L) SR TS0 99483172002 017 04
N-NHe(mgL) SR IS0 T150-172001 0.018 0.0I3
N-NUz(mz/L) SELEM 2671 Ca L2008 0.002 003
N-NOs (mzL) SR 150 TEI)-372000 0.004 0.01
Ntot (mg/L) SR ENTS0 11003-172003 0.1 0.3
F-Fl: (meL] SE.EN 6ETEI003 0006 0.012
Prot (mg/L) SE.EN 6ETEI003 0.004 0.007
Chlorides (mgT) SE TS0 329773001 2.200 3
Sulfates (mg/L) EPA ST 41003 202 3
Fe total (mgL) SR TS0 633271556 0.040 0.090
Mangan total (mgT) SR TS0 633371557 0.0213 0.034
Bicarbonate (mgL) Calcul 1037 244
Detergents (mg/L) SR EN B0572003 0.0z 0.1
Phenols (mgL) SET50 643973001 0.001 0.003
Fluenide (mgL) WMetoda E070- Hach DEIE00 0.0z 0.10
Canide (mg/L) MMetoda E027-Hach DE 2500 0.002 0.010
Extractzble substances{mzL) SR T3ET1956 33 20
Petroleum products (mgL) SETETT - 1719598 3 10

{(DL)Deetection Limit; (QL) Quantification Limit

Determination of concentrations of NH4*, N-NOg", P-PO4* ; SO4%, detergents, phenols, metals were made using
CAMSPEC M330 B Spectrophotometer, measuring range A -190-900 nm, pH meter WTW InoLab 720 for sample pH.
Volumetric concentrations of chlorine, dissolved oxygen and biochemical oxygen demand (BOD5) were determined
using Hirschmann Laborgerate biurette, AS class, div.0.05 mL, and chemical oxygen demand (CODCr) level with
Biuretto 10ml Energo Metro. Verification of standardization of methods was done by plotting calibration curves,
instrument recalibration and statistical processing for all analytical determinations. For confirmation, we present the
calibration curves for the determination of the nitrate content, the spectroscopic method with sulfosalicylic acid, the
SR 1SO 7890-3 / 2000 method standard, CAMSPEC: A- 415nm, 40 mm cuvettes, range 0.15 - 5 ug N-NOs™ (Fig. 1).
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Fig. 1. Calibration curve for nitrates: A - Calibration function; B - Analytical function

In the assessment of water quality are presented a series of models - water quality index (WOI) models, depending
on the nature of the parameters considered [16-18]. For this study, the water quality index formula / model applied by
Mr. Brian Oram, PG, (2010) (formula 1) was applied:

9 2
WOl = I'][lll(Zq,u',) (1)

=1
where i — the quality parameter; qgi — the registered value; wi — the rank of implication of the parameter in the
computation formula. The steps of applying this methodology are: selection of the parameters, bringing the
measurement units to the same scale, the determination of the weight of each parameter, the calculation of the water
guality index and the establishment of the use domain.The water quality index (WQIi) varies between 0-100 and
gualitatively assesses the importance and type of water quality by achieving a five-level classification: 90-100-
excellent; 70-90 Good, 50-70 Medium, 25-50 Bad, 0-25 Very bad. Recently an online computer water quality index

program has been completed based on the Field Manual for Water Quality Monitoring, Brian Oram (2010).

Results and discussions
Physicochemical parameters

The results of quantification of the water physicochemical parameters of the rivers selected for potable water
consumption and the consumption of the population from Targu-Jiu Municipality are presented in Table 2.

Tahle 2
ANNUAL AVERAGE VALUES OF SOME QUALITY INDICATOES OF RIVEERS SUSITA AND EUNC®
Susita Fiver | Faume Eiver Mac.
Indicators Iin Tlax. Sled HMin. Tlax. hed. AT TI4] LTI%]
1 2 3 4 3 . 7 8 9
T water/air ("L} 311 17729 11163 6l 15730 117185 - -
Turbidity(mg/L) 1T 15.0 1475 140 00 1710 23 -
DO (mgL}) ] 13.0 11.55 ED S 10.45 - 9
Saturation (7e) 903 101.0 PR a7k og.7 ORED =70 =]
CBO3(mgT) 0.70 1.00 N 1.1I0 112 115 =3 3
COD:r(mgL) =300 7.0 .80 54 7 .20 - 10
Conduc (p3/cm) LT 1243 10762 1841 2000 1304 1.000 -
Flesidues (mgT) a0 20 2140 a5k gL 123 1413 110.50 - 300
pH (upH) 737 T 137 A7 706 1.80 8585 B3B3
N-MNH:(mgz/L) 025 =0.023 003 04
N-NO:{mgT, <003 <0003 - 0.01
N-NO:; (mg/L) 0.2a 038 036 (1% Y] K} 033 2 1.0
Ntot (mzT) <1130 = 30 031 050 10 13
PP (mzT) =0.012 R 0.019 =012 0023 0.019 ! 01
Ptot. (mg/T) 0009 ER 0020 0.011 0033 0024 - .15
CT {mgTL) =3 =3 200 23
S0 (mg'L) R 1470 1031 54T 1238 11.33 1310 al
Detergentimg/L) =1 =01 ¥ 100
Phenols (mgL) <003 =003 0.001 1.0FI
Fetot. fmgTL]) =0.08 =0.08 0l 03
In tot-fmg/L) =0.03 =0.0% 003 0.05

aSource: Gorj Water Management System, Water Quality Laboratory, 2017.
M.a.c.-Maximum admissible concentrations:

Al- Category 1 of surface water for potable water [14];

| - Ecological quality class I, Ecological status [19];

FI —phenolic index
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The analysis of the results of the determinations presented in Table 2 are related to the quality standards that the
waters of surface area used for potable water and the Norms on measuring methods and frequency of sampling and
analysis of samples from surface water intended for the production of drinking water [14].The results of quantification
of the water physicochemical parameters of the rivers selected for potable water and the consumption of the
population from Targu-Jiu (Table 2).

The analysis of the results of the determinations presented in Table 2 are related to the quality standards that the
waters of surface area used for potable water and the Norms on measuring methods and frequency of sampling and
analysis of samples from surface water intended for the production of drinking water according to GD 567/2006
[14].According to the quantitative physical and chemical parameters (Annex 1b, NTP13), three categories are
established for categorizing the rivers in the drinking criteria: category Al - simple physical treatment and
disinfection; category A2 - normal physical, chemical and disinfection treatment; category A3 - advanced physical
treatment, perchloration and disinfection.

By comparing the values of the physical-chemical quality indicators determined by the quality horms that must be
met by the surface water used for potable wateraccording to GD no 567 of 2006), it is found that all the quality criteria
of the parameters determined for the two rivers in the sub-Carpathian area, they are in the Al category of water
sources. The mean values of the analyzed indicators are sensitively close to the two rivers, where most of the
concentrations are well below the limits set by quality standards (Table 2, column 8) or above the value of the quality
standard at the dissolved oxygen saturation indicator with mean values 99.80% Susita and 98.20% Runc, even with
monthly 100% saturation values. The physicochemical level of parameters highlights the quality of water in these
rivers that qualifies it for minimal operations for drinking: simple physical treatment and disinfection and low
pollution of the adjacent area.

Ecological status.

Reporting the determined parameters (Table 2) to the biological, chemical and physico-chemical quality indicators
for establishing the ecological status according to OrderMMGAL61 16/02/2006 (table 6 C), assessing the ecological
status of the two rivers in order Susita and Runc [19].The thermal regime, natural water temperature of 11 to 16.5 °C
and 11.7 to 19.5 °C, vary depending on the origin and the season, and can be considered an indirect indicator of
pollution and acidification. The pH of the analyzed water that defines the neutral, alkaline or acid character of the
water with annual average values ranging from 7.57 and 7.80, includes them in ecological quality class I. The average
dissolved oxygen concentrations (DO) of 11.55 and 10.45 mg / L relative to the standard of 9 mg/ L for class I place
the two rivers taken into study in class | of ecological quality and in the Epilimnion category (stratified waters 90 -
110%) with average values of 99.80% and 98.20% respectively. Biochemical oxygen demand-BOD5, which provides
valuable information on the level of water pollution with organic substances showing average values of 0.76 mg / L
and 1.15 mg / L, compared to 3 mg / L for the first class, and CODCr with average values of 5.6 mg / L and 6.20 mg /
L, compared to the norm of 10 mg / L for Class I, places the two rivers in first class of ecological quality. Annual
average nutrient levels determined / reported, class | (mg / L): N-NH4* with <0.025 vs. 0.4, N-NOs" with 0.36 vs. 1.0,
N-NO. with <0.003 vs. 0.01, P-PO,*<0.019 vs. 0.1, reflects a high degree of ecological status of these mountain
rivers well below the normative values of class | indicators. The same classification (classl) also applies to total
nitrogen, total phosphorus, specific conductivity, chloride, sulfate or specific toxic pollutants of natural origin: Fe, Mn
and other relevant chemical analytes, such as detergents or phenols, (col. 8 Table 2).

Water Quality Index

To assess the level of pollution and at the same time to express the water quality, the quality index (WQI) of some
rivers at the national level was used [20-23, 1, 13]. The determination of the WQI index for the two rivers comprises
nine physico-chemical and biological indicators: turbidity, DO saturation, pH, BOD5, temperature change, P-PO4*, N-
NOgz, total solids computed using on-line computerized software [Brian Oram, PG, 2010]. The results of the
application of the calculation program to the selected parameters are presented in table 3 and fig. 2.Individual WQI
differences with lower values in relation to the standards, are found in particular in the following indicators (Susita-
Runc): temperature change 73 versus 56; turbidity 86 versus 82 ; total solid particles 88 versus 85. Individual
differences may have an explanation for the relatively arid run of the Runc River, located in the vicinity of a currently
degraded limestone quarry, compared to the river Susita (popularly called Susita -Green) with a lot of forest
vegetation that ensures a lower temperature regime and a turbidity or slightly different solids. It is noteworthy that
some individual quality parameters are at very high levels of standardized WQI quality indices, reaching values close
to the maximum limit for both rivers: DO and 99 phosphates, nitrates 97, BOD 96 respectively 94.Globally, with WQI
values of 88 versus 85.25, the two rivers fall into the Good Water Quality category (70-90) and thus with minimal
technological potable operations - category Al, ensures good water supply of the population of Targu Jiu City.
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Tahel 3
WATER QUALITY INDEX DATA FOR BIVERS SELECTED

Indicators Weight | Indicators | WOI | Indicators | WQI
Susita Susita Faumne Faumne
Oded) 2ded)
OSaturation 017 o0 g0 og OEI0 o
rH 011 T3 ] TED ol
BODs 011 0.7a 96 1.13 od
1 Change = R ) i3 ] ifi]
Total P-POs 010 0oig a0 0oig o
F-NOs 010 036 a7 033 o7
Turbidity 003 14 i) 17 [i§]
Total Solds a7 AEED Ba 110,30 kel
Orverall WOl - - BE - L]
HBange Quality ® - - Good - Good
70-90 10-90
*B.Oram, 2010
wQI
100 M —
] u 18 DO%
30 1@ pH
3o BOD . . .
60 Fig. 2. Water Quality Index for rivers selected
4mT
5m P-PO4
40 § m N-NO3
7 Turbidity
0 88 50lid Total
0 0 @ Overall
12345678 9 12345678 9
Susita River Runc River

The WQI level for the two mountain rivers ranging from 88-85.25 is within the variation limit of some rivers in
Romania such as Timis River (2004-2014), at six sampling points with values of 81-86 [13]; Motru River 2000 - 2009
with values between 80-88 [21], and over the variation level of other rivers in the country such as: Bahlui rivers with
WQI between: 53.893 — 64.345 [1]; Miletin River with WQI varies between 64-78, Halceni Dam range 65-82, Vladeni
Pond 61-81, Larga Jijia 59-81 and Jijia River 41-61, [20].

Conclusions

The physico-chemical parameters of water in selected rivers selected monthly in 2017 in the ABA-SDG Gorj
laboratory, were compared (average values) by correlation with the national quality standards that surface waters used
for drinking water have to meet, and establishing ecological status.

The comparative analysis of the determined physicochemical parameters revealed the classification of both rivers
in Al drinking category with the application of simple physical treatment and disinfection technology and the
classification in ecological quality class | for all analyzed parameters (Order 161). Calculation of the WQI water
quality index - the model agreed at European level and applied in this study to determine the ecological status
determined the classification of these rivers globally with 88 Susita and 85.25 Runc in the Good category (70-90).

The quality parameters determined, reported to the national standard, aligned with the European water
requirements and the WQI water quality index compared to a series of national researches mentioned in the paper,
highlight the special quality of river water, the low impact of factors anthropic environment, and polluting the flow
area upstream of the capture stations of the two studied rivers, the only industrial activities being wood exploitation,
limestone quarry and tourism.
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