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ABSTRACT. Heavy metals such as lead and cadmium are regarded as common pollutants of our 
environment, with both natural and anthropogenic origins. Some of them can form highly poisonous 
compounds which, when inhaled or swallowed, affect almost every organ and system in the body and thus 
pose a serious threat to both the stability of the ecosystems and the human health. A series of samples from 
water sources located in the western and south-western part of Romania was analyzed according to the 
methods prescribed in the Romanian Pharmacopoeia to assess their levels of heavy metals and other ions, 
both cations and anions. The results were compared and supplemented with those obtained by atomic 
absorption spectrometry and microwave plasma atomic emission spectrometry for specific elements, namely 
aluminium, arsenic, calcium, cadmium, cobalt, chromium, copper, iron, magnesium, manganese, nickel, 
lead, selenium and zinc. 
Keywords: heavy metals, Romanian Pharmacopoeia, colorimetry, atomic spectrometry, water pollution 
 
 
INTRODUCTION 

Heavy metals are a complex subject to discuss, 
their study being covered by a wide range of 
disciplines: geology (origin and natural occurrence), 
chemistry (detection and interaction with 
environmental media), biology, toxicology and 
medicine (impact on ecosystems and their effects on 
human and animal health), but also a few engineering 
disciplines (concerned with their remediation in soil 
and water) (Bradl, 2005). Because of this inherited 
transdisciplinarity, the term “heavy metal” is today 
recognized by I.U.P.A.C. as being a misnomer, being 
defined in the relevant literature in over thirty ways 
(Duffus, 2002) and including genuine metals (e.g., 

lead, mercury, uranium), metalloids (arsenic, antimony, 
tellurium) and even non-metals (selenium). 

Sources of heavy metals can be both natural and 
anthropogenic. The former include rocks (magmatic, 
sedimentary and metamorphic) which contain metallic 
minerals, and soils, while the latter stem from human 
activities, like industry, agriculture and transportation 
(Bradl, 2005; Grd et al., 2012). Heavy metals are used 
in a large variety of industrial products, which in the 
long term have to be deposited as waste. 

Chemistry of surface waters (streams, rivers, 
springs, ponds and lakes) is strongly influenced by the 
kind of soil or rock the water flows on or flows 
through. As an example, water flowing over limestone 
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(which contains mostly CaCO3) will develop a slightly 
alkaline pH of about 8. Groundwater from wells drilled 
into the aquifer is an important direct source of 
drinking water and is also used for irrigation. 
Maintaining its quality is thus of utmost importance for 
human society, as tainted groundwater contaminates all 
food chains, being a direct threat to human health. 
Heavy metals can be introduced into groundwater by 
agricultural and industrial activities, including 
landfilling and mining, but also through waste disposal 
(Bradl, 2005; Tabari et al., 2010). 

There are three principal ways through which heavy 
metals can come into contact with a living organism: 
through the atmosphere, through drinking 
contaminated water or using it for cooking and crop 
irrigation, and through accumulation in the food web. 
One should be aware that to date more than one third 
of the world population have no access to clean water 
for cooking, drinking, personal hygiene and sanitation. 
Contaminated drinking water is one of the major 
hazards, for example, in West India and Bangladesh, 
where millions of people are affected by arsenicosis 
(Bradl, 2005; Ngila, 2008). 

Symptoms and diseases related to heavy metals 
poisoning vary greatly, depending on the form and 
concentration in which they enter the human body. For 
example, lead, which has no physiological function, 
damages the nervous system and causes brain, blood 
and kidneys disorders. Mercury is another neurotoxin 

with no biological role that accumulates, similar to 
lead, in both the soft tissues and the bones. It causes 
tremors, impaired cognitive skills, sleep disturbances at 
low concentrations, while the acute exposure results in 
chest pain, dyspnea, cough, hemoptysis, impairment of 
pulmonary function and psychotic reactions. Cadmium, 
which is a common poison from tobacco smoking, is 
considered carcinogenic to humans and may cause 
renal abnormalities and cardiovascular disease. On the 
other hand, manganese is considered a micronutrient 
(micromineral or trace element) because it has many 
important biological function. However, in larger 
amounts, it can cause neurological damage, being 
linked to impaired motor skills and cognitive disorders, 
and has severe effects on the kidneys and liver. 
Likewise, copper is another important trace dietary 
mineral, but in excess generates reactive oxygen 
species that damage proteins, lipids and DNA (Cotrău 
et al., 1991; Ionescu, 2003; Gafencu, 2008; Adal et al., 
2014). 

A few examples of LD50 values for common heavy 
metal compounds are given in Table 1. The lower the 
LD50 value, the more toxic the corresponding 
compound will be. Although alkaline earth metals 
would not normally be considered to be heavy metals 
(Duffus, 2002), a calcium compound (CaCO3) and a 
magnesium compound (Mg(NO3)·6H2O) are also given 
in the table as reference. 

 
Table 1. Some LD50 (oral, rat) values for common heavy metal compounds (ScienceLab.com, 2014) 

 
Compound AlPO4 As2O3 CaCO3 CdCl2 CoCl2·6H2O CrCl3·6H2O CuSO4·5H2O 
LD50 
[mg/kg] 4640 14.6 6450 88 766 1790 300 

Compound FeCl3 Mg(NO3)2·6H2O MnO2 NiSO4·6H2O Pb(CH3COO)2·3H2O Na2SeO4·10H2O ZnCl2 
LD50 
[mg/kg] 900 5440 >3478 264 4665 2 350 

 
The most common analytical methods for the 

determination of heavy metals in environmental media 
are optical spectroscopic methods (Carrondo et al., 
1978). These are based on the measurement of 
radiation intensity in the ultraviolet to infrared range of 
the spectrum emitted or absorbed by atoms or 
molecules. The atomic spectrometric methods are of 
higher importance for the determination of heavy 
metals at the trace element level. One of these, atomic 
absorption spectrometry (AAS), is a widely used 
analytical method. If a valence electron in the atomic 
shell is hit by a photon of exactly the energy which 
amounts to the difference between the ground state and 
an excited level, the photon is absorbed and the 
electron is moved to the excited level. This effect is 

used in atomic absorption analytics (Bradl, 2005; 
PerkinElmer, 2014). 

The heart of the atomic absorption instrument is the 
atomic cell, where the sample is introduced, desolvated 
and atomized. The light consisting of the characteristic 
line spectra of the analyte is focused into the atomic 
cell. This transmitted light beam of specific wavelength 
has exactly the energy necessary to move the electron 
to the excited level, so the analyte atoms formed in the 
atomic cell will partially absorb the radiation. With 
electrothermal atomization (graphite furnace or 
ETAAS), the sample solution is introduced into a 
graphite tube. The sample is then dried just above the 
boiling point, ashed to remove as much of the matrix as 
possible, and atomized at high temperatures (Bradl, 
2005). 
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According to Lambert-Beer’s law the intensity ratio 
of the incident beam (I0) and the transmitted light beam 
(It) of wavelength λ depends on the concentration of 
the analyte atoms (c), according to the following 
formula: 

 
ln(I0/It) = K·c 

 
where K represents a constant containing the 
absorption coefficient at wavelength λ and the length 
of the absorption path (Bradl, 2005). 

In contrast to AAS, which is based upon the 
absorption of a characteristic radiation, atomic 
emission spectroscopy (AES) uses the emission of the 
characteristic wavelength for the determination of the 
analyte element. AES belongs to the most useful and 
commonly used techniques for the analysis of heavy 
metals, providing rapid and sensitive results in a 
variety of sample matrices although the detection limits 
are higher than AAS. An atomic emission system 
includes an excitation source for generation of plasma 
in which the analyte is atomized and will be excited to 
emit its light of characteristic wavelength. When a 
sample solution is introduced into the emission source 
it will be vaporized with dissociation of existing 
compounds, and ideally all lines of the analyte 
elements of interest will be excited. The intensity of the 
emitted light of characteristic frequency for the 
elements of interest is proportional to the concentration 
of the analyte element in the sample solution (Bradl, 
2005). 

In this paper several sources of water from the 
western and south-western part of Romania were 
analyzed for the presence of heavy metals and other 
ions (cations and anions). The tested cations include 
ammonium (NH4

+), arsenic (As3+), calcium (Ca2+), iron 
(Fe3+) and other heavy metals (e.g., lead Pb2+), while 
the anions that were searched for include chlorides (Cl-

) and sulfates (SO4
2-), all of these being determined 

according to the methods stipulated in the Romanian 
Pharmacopoeia, 10th edition. The results were 
compared and supplemented with those obtained by 
AAS for arsenic, cadmium, cobalt, chromium, copper, 
lead and selenium, along with those obtained by MP-
AES (microwave plasma atomic emission 
spectrometry) for aluminium, calcium, iron, 
magnesium, manganese, nickel and zinc (Senila et al., 
2007; Chiriac et al., 2010; Uruioc et al., 2010; 
Crivineanu Faier et al., 2011; Obradović et al., 2011, 
Albulescu et al., 2012). 

The water point sources are located in the counties 
of Arad (Fig. 1) and Caraș-Severin (Fig. 2 and 3), both 
situated in Romania. Crișul Alb (in the town of Ineu), 
Cigher (in the village of Seleuș) and Mureș (in the city 
of Arad) rivers were considered in Arad County, while 
Cerna River with some of its tributaries and 
surrounding springs, located in the area around the 
town of Băile Herculane, were inspected in Caraș-
Severin County. The springs include a high-altitude 
spring and a lower altitude karstic spring, both located 
in Feregari Valley, but also an anthropic mineral water 
hot spring. 



 
 

Jurnal Medical Aradean (Arad Medical Journal) 
Vol. XVI, issue 1-4, 2013, pp. 91-99 

© 2011 Vasile Goldis University Press (www.jmedar.ro) 
  

 
 

 
 

Jurnal Medical Aradean (Arad Medical Journal) 
Vol. XIV, issue 1-4, 2013, pp. 91-99 

© 2011 Vasile Goldis University Press (www.jmedar.ro) 
  

 

 
 

Fig. 1. Sampling locations from Arad County: A – Crișul Alb River, underground and tap water, Ineu; B – Cigher River, 
Seleuș; C – Mureș River, Arad (Atlasul Geografic al României) 
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Fig. 2. Sampling locations from Caraș-Severin County: D – Anthropic thermal mineral spring, Băile Herculane; E – Prolaz 
Creek, near Pecinișca; F – Feregari (Ferigari) Valley, near Pecinișca (Negrea et al., 2002) 
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Fig. 3. Sampling locations from Caraș-Severin County: G – Cerna River, 10 km upstream from Băile Herculane; H – 
Scochina Creek, 9 km upstream from Băile Herculane (Grigore, 1991) 

 
The above mentioned watercourses can be 

classified in three types of hydrographic basins. Cigher 
River has a non-karstic basin, and its water flows over 
volcanic agglomerates, andesite, granite and crystalline 
schists. Prolaz Creek, a tributary to Cerna River, has a 
karstic basin, with its water flowing over (and flowing 
through) limestone. Rivers with mixed basins include 
Cerna River, which traverses both granite and 
limestone, and also Mureș and Crișul Alb rivers, which 
encounter all three types of rocks: igneous, 
sedimentary and metamorphic (Atlasul Geografic al 
României; Ujvári, 1972; Diaconu, 1990). 

 
MATERIALS AND METHODS 

Heavy metal content of solutions may change 
between sampling and analysis due to adsorption 
effects on the container walls or by contamination due 
to extraction of heavy metals already contained in the 
material of the storage bottles. To prevent these 
contaminations thoroughly cleaned bottles were used, 
taking some special precautions (Bradl, 2005; Ogoyi et 
al., 2011; Pütz, 2014). Thus, the plastic recipients were 
prepared by protracted soaking with 2M nitric acid 
followed by rinsing with double distilled water and 
conditioning with several aliquots of the water to be 
sampled. Only after completing this protocol a volume 
of 350 mL of water was finally collected. Also, to 
avoid the loss of elements by adsorption on the wall of 
the storage bottles the samples were stabilized by 
acidification to pH~1 by adding 20 mL of 10% nitric 
acid. All glassware was washed with 2M nitric acid 
and thoroughly rinsed with double distilled water just 
before being used. 

Preliminary analyses were performed on filtrated 
samples the day after they were collected according to 
the general procedures stated by the Romanian 
Pharmacopoeia, 10th edition. A blank solution (350 mL 
double distilled water with 20 mL 10% nitric acid) was 
also prepared in a similar plastic bottle and tested for 
comparison. 

An Analytik Jena novAA® 400 G (2005, Germany) 
spectrophotometer was used for AAS (Fig. 4), the 
heavy metal concentrations being established 
according to the ISO 15586:2003 (E) international 
standard. The samples were diluted 250 times (a 
volume of 100 μL of sample was brought to 25 mL 
with 0.5% nitric acid) after which they were 
automatically injected in the graphite oven by a 
MPE60 autosampler. The maximum atomization 
temperature for this system is 2100°C. The analysis 

were performed using the WinAAS 3.17.0 software 
which allows for control of the used methods and for 
results evaluation. 

 

 
 
Fig. 4. novAA® 400 G atomic absorption spectrometer 

 
For MP-AES an Agilent 4100 (Fig.5) with web-

integrated Agilent MP Expert software were used. The 
instrument was adjusted using as calibration standard 
the provided Wavelength Calibration Concentrate for 
ICP-OES & MP-AES (Al, As, Ba, Cd, Co, Cr, Cu, Mn, 
Mo, Ni, Pb, Se, Sr, Zn 50 mg/L, K 500 mg/L). For 
calcium analysis only, samples were diluted 25 or 250 
times as necessary. 

 

 
 
Fig. 5. Agilent 4100 microwave plasma - atomic 
emission spectrometer 

 
RESULTS AND DISCUSSION 



 
 

Jurnal Medical Aradean (Arad Medical Journal) 
Vol. XVI, issue 1-4, 2013, pp. 91-99 

© 2011 Vasile Goldis University Press (www.jmedar.ro) 
  

 
 

 
 

Jurnal Medical Aradean (Arad Medical Journal) 
Vol. XIV, issue 1-4, 2013, pp. 91-99 

© 2011 Vasile Goldis University Press (www.jmedar.ro) 
  

 

The complete list of analyzed samples, together with time, location and a brief description, is given in Table 2. 
 

Table 2. List of sampling locations 
 

Sample Date Time Location Details 

1 27.04.2014 10:30 Crişul Alb River, Ineu, railway iron bridge 
Location used for hydrological 
measurements, close to the left bank of the 
river, at the exit from the town 

2 27.04.2014 11:00 Crişul Alb River, Ineu, road bridge (from 
towns center) 

Location used for hydrological 
measurements, close to the left bank of the 
river 

3 27.04.2014 11:30 Crişul Alb River, Ineu, road bridge (eastern 
bypass) 

Close to the left bank of the river (stones), 
near the entrance in the town 

4 27.04.2014 14:30 Ineu, town’s center, block of flats Tap water 

5 27.04.2014 18:30 Ineu, house on Crişul Alb River’s right 
bank Garden water fountain, drilling depth: 40 m 

6 27.04.2014 13:30 Cigher River, Seleuş Close to the left bank of the river, stagnant 
water aspect 

7 29.04.2014 17:09 Mureş River, Arad (railway red bridge) Close to the right bank of the river, at the 
entrance in the city, before the bridge 

8 29.04.2014 17:10 Mureş River, Arad (railway red bridge) Close to the right bank of the river, at the 
entrance in the city, before the bridge 

9 10.05.2014 18:30 Spring in Domogled mountain (Feregari 
Valley), near Pecinișca village ~600 m altitude, close to the right slope 

10 10.05.2014 19:30 
Spring of Prolaz Creek, Domogled 
mountain (Feregari Valley), near the 
entrance in Pecinișca village 

~250 m altitude, karstic spring located in the 
river bed 

11 11.05.2014 15:00 Cerna River, a few meters upstream from 
confluence with Țăsna and Bedina creeks 

10 km upstream from Hotel Roman - Băile 
Herculane, close to the right bank of the river 
(stones) 

12 11.05.2014 16:30 
Waterfall on a right tributary of Cerna 
River (Scochina Creek), downstream from 
Vânturătoarea waterfall 

9 km upstream from Hotel Roman - Băile 
Herculane (stones ) 

13 12.05.2014 09:30 Neptun II thermal spring, Băile Herculane 
resort 

Anthropic source of natural mineral water, 
sulfur, chloride, calcic, saline, hot (~46°C) 
spring (Negrea et al., 2002) 

 
The preliminary analyses, performed according to 

the procedures outlined in the Romanian 
Pharmacopoeia, allowed for a few general conclusions 
to be drawn (Jurcă et al., 2014). 

Firstly, a large quantity of ammonium ion (NH4
+) 

seemed to be revealed with the tetraiodomercurate(II) 
reagent in sample 13, producing an orange-brown 
precipitate (Jurcă et al., 2014). However, the 
ammonium ion is scarcely located in the mineral reign, 
being usually found as a product of decaying organic 
matter and also as a byproduct of fish and invertebrates 
metabolism. Thus, it was unlikely to originate from the 
mineral spring from which the sample was collected. 
Another reasonable explanation, which considers the 
strong reducing character of this particular sample, was 
then proposed. This reducing character originates from 
the sulfide ion (S2-) present in relatively large 

quantities in this mineral water, and easily detected by 
the strong hydrogen sulfide (H2S) foul odor of rotten 
eggs, produced by hydrolysis of the sulfide ion. This 
hot spring (40 - 54°C), along with the other Neptun 
springs (I, III and IV) from Băile Herculane, has the 
highest concentration of hydrogen sulfide (3,12 – 64,06 
mg/L) (Negrea et al., 2002). This reducing character 
was tested by the reaction with oxidizing agents such 
as potassium permanganate (KMnO4), which almost 
instantly lost its purple color, being converted to 
manganese dioxide (MnO2). Keeping this in mind, it 
appears obvious that the high concentration in 
ammonium ion is the result of the reduction of the 
nitric acid used for the sample stabilization (Dunnicliff 
et al., 1929), according to the following overall 
equation: 

 



 
 

Jurnal Medical Aradean (Arad Medical Journal) 
Vol. XVI, issue 1-4, 2013, pp. 91-99 

© 2011 Vasile Goldis University Press (www.jmedar.ro) 
  

 
 

 
 

Jurnal Medical Aradean (Arad Medical Journal) 
Vol. XIV, issue 1-4, 2013, pp. 91-99 

© 2011 Vasile Goldis University Press (www.jmedar.ro) 
  

 

NO3
- + 10H+ + 8e- NH4

+ + 3H2O
 

Regarding the other samples, the highest 
concentration of ammonium, which gave a faint orange 
color with tetraiodomercurate(II) reagent, was found in 
Cigher River from Arad County (sample 6) (Jurcă et 
al., 2014). This was to be expected, this slow flowing 
water course having a stagnant water character, which 
means ammonium can be produced from the decaying 
organic matter found on the shores of the river (from 
where the sample was collected), as well as a 
byproduct of fish and invertebrates metabolism. Also, 
it is worth mentioning that, after a few weeks, almost 
all the samples presented an increased level of 
ammonium compared to the first analysis performed 
immediately after the samples were collected. 
However, sample 9, which came from a high altitude 
spring, retained an extremely faint orange color at the 
addition of the tetraiodomercurate(II) reagent, a clue 
towards its high purity regarding the content of 
microbes and free organic matter. 

Secondly, calcium, which is considered a heavy 
metal after some definitions (Duffus, 2002), seemed to 
be omnipresent in all the analyzed samples, but in 
different quantities (Jurcă et al., 2014). The highest 
concentration of calcium, which is the main cation 
responsible for water hardness, was found in sample 
13, which gave a milky mixture and a large quantity of 
precipitate when coming in contact with the oxalate 
reagent. This was to be expected, giving the fact that 
this mineral spring, having a pH of about 7.5, comes 
from limestone/marlstone deposits (containing the 
calcite mineral, CaCO3), also responsible for the many 
caves and other speleological phenomena found in the 
area. It is also worth noticing that a somewhat increase 
calcium content relative to the tap water (from both 
Arad and Ineu) was found in sample 5 coming from 
untreated Arad County’s groundwater. The results 
were confirmed by MP-AES analysis. 

Thirdly, all samples showed the presence of 
chloride ion (Jurcă et al., 2014). The highest 
concentration was detected in samples 5 and 13, both 
originating from underground sources. Their chloride 

content was clearly higher than the one found in the tap 
water (from both Arad and Ineu). This was followed by 
samples 7 and 8, which gave an opalescence somewhat 
similar to that of the tap water from the city of Arad. 

Fourthly, iron (usually considered a heavy metal) 
showed the highest concentration in sample 7, which 
immediately gave a blue coloration when the 
hexacyanoferrate(II) reagent was added (Jurcă et al., 
2014). This was followed by samples 6 and 8, and then 
by sample 5, the results being confirmed by MP-AES 
analysis. However, it is difficult to establish if the iron 
content in sample 5 is native to the groundwater or if it 
comes from the plumbing used to channel the water 
towards the surface. 

Fifthly, sulfates were shown to be generally in very 
low concentrations or even undetected, with samples 5 
and 13 presenting a weak opalescence when the barium 
chloride reagent was added (Jurcă et al., 2014). 
However, for sample 13 this ion can also be formed, 
according to the redox reaction given below, by the 
sulfide oxidation in the presence of nitric acid (which 
was added for stabilization), and so it may not be 
native to the mineral spring, which has a strong 
reducing character as previously mentioned: 
 
SO4

2- + 10H+ + 8e- H2S + 4H2O
 

Lastly, both arsenic (chemically a metalloid, but 
usually included in the category of heavy metals 
(Duffus, 2002)) and heavy metals (lead and related 
species) remained undetected or below the sensibility 
of the reactions employed for their identification (with 
hypophosphite reagent for arsenic and with sodium 
sulfide for heavy metals) (Jurcă et al., 2014). The 
samples remained colorless after adding the 
corresponding reagents even after standing a few days, 
and these results were in agreement with those 
provided by AAS technique. 

AAS and MP-AES results are summarized in 
Tables 3 and 4. 

 
Table 3. AAS and MP-AES cation content results (Al, 
As, Ca, Cd, Co, Cr, Cu) 

 

Sample 
Concentration [mg/L] 
Al 
(AES) 

As 
(AAS) 

Ca 
AES 

Cd 
(AAS) 

Co 
(AAS) 

Cr 
(AAS) 

Cu 
(AAS) 

1 0.10 * 44.66 * 0.04 * 1.69 
2 0.10 * 35.41 * 0.08 * 1.34 
3 0.08 * 32.24 * 0.02 * 0.19 
4 * * 37.00 * * * 0.22 
5 0.06 * 85.89 * 0.07 * 0.28 
6 3.02 * 29.86 * 0.08 2.10 2.34 
7 2.55 * 20.61 * 0.03 * 0.04 
8 1.00 * 20.09 * 0.06 * 0.11 
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9 * * 61.58 * 0.05 * * 
10 0.01 * 56.29 * 0.12 * 0.06 
11 0.12 * 11.89 * 0.06 0.18 * 
12 0.02 * 46.78 * 0.09 0.05 * 
13 0.01 * 597.29 * 0.07 * * 
*under detection limit 
 
Table 4. AAS and MP-AES cation content results (Fe, Mg, Mn, Ni, Pb, Se, Zn) 

Sample 
Concentration [mg/L] 
Fe 
(AES) 

Mg 
(AES) 

Mn 
(AES) 

Ni 
(AES) 

Pb 
(AAS) 

Se 
(AAS) 

Zn 
(AES) 

1 0.29 10.05 0.08 * * * 0.04 
2 0.30 9.92 0.08 * * * 0.01 
3 0.30 9.82 0.10 * * * 0.02 
4 0.08 12.43 0.03 * * * 0.17 
5 0.68 31.48 0.11 * * * 0.01 
6 2.78 12.25 0.27 * * * 0.03 
7 3.54 5.79 0.30 * * * 0.08 
8 1.29 5.13 0.10 * * * 0.04 
9 0.01 3.11 * * * * 0.02 
10 0.02 1.15 * * * * 0.02 
11 0.17 1.38 0.01 * * * 0.04 
12 0.03 1.83 * * * * 0.03 
13 * 2.05 0.04 * * * * 
*under detection limit 

 
The drinking water standards from both WHO 

(1998), UE (1998) and “Legea nr. 311 din 28 iunie 
2004” (2004) are given in Table 5 for comparison with 

the analyzed samples (Lenntech, 2014; 
http://www.rowater.ro, 2014). 

 
Table 5. Drinking water standards comparative table (Mebrahtu et al., 2011; Lenntech, 2014; http://www.rowater.ro, 
2014) 

Cations 
WHO standards 
1998 
[mg/L] 

EU standards 
1998 
[mg/L] 

Legea nr. 311 
2004 
[mg/L] 

Al 0.2 0.2 0.200 
As 0.01 0.01 0.010 
Cd 0.003 0.005 0.0050 
Co Not mentioned Not mentioned Not mentioned 
Cr 0.05 0.05 0.050 
Cu 2 2 0.1* 
Fe No guideline 0.2 0.200 
Mn 0.4 0.05 0.050 
Ni 0.07 0.02 0.020 
Pb 0.01 0.01 0.010 
Se 0.01 0.01 0.010 
Zn No guideline Not mentioned 5.000 
*is allowed as 2.0 mg/L if the distribution piping material contains copper 

 
The sampled drinking water (samples 4, 5 and 13) 

complies with both EU, WHO and Romanian 
standards, with the exception of sample 5, whose iron 
content exceeds by more than three times the accepted 
EU and Romanian Government limit, while its 
manganese content is double the accepted EU and 
Romanian Government limit (although it is acceptable 
according to the WHO limit). Also the copper content 

is between two and three times greater than the 
accepted Romanian Government limit for samples 4 
and 5, but this is tolerated if the plumbing contains this 
element (being under 2 mg/L). 

The Romanian environmental legislation regarding 
surface water quality is stipulated in “Ordin nr. 161 din 
16 februarie 2006” (www.rowater.ro, 2014), 
summarized for the considered ions in Table 6. 
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Table 6. Surface water quality classes depending on cation content, as stated in “Ordinul nr. 161 din 16 februarie 2006” 
(www.rowater.ro, 2014) 

Cations 

ORD 161 
2006 
[mg/L] 
I II III IV V 

Aluminium (Al3+) * * * * * 
Arsenic (As3+) 0.010 0.020 0.050 0.100 >0.100 
Cadmium (Cd) 0.0005 0.001 0.002 0.005 >0.005 
Calcium (Ca2+) 50 100 200 300 >300 
Cobalt (Co3+) 0.010 0.020 0.050 0.100 >0.100 
Total chromium (Cr3+ + Cr6+) 0.025 0.050 0.100 0.250 >0.250 
Copper (Cu2+) 0.020 0.030 0.050 0.100 >0.100 
Total iron (Fe2+ + Fe3+) 0.3 0.5 1.0 2 >2 
Magnesium (Mg2+) 12 50 100 200 >200 
Total manganese (Mn2+ + Mn7+) 0.05 0.1 0.3 1 >1 
Nickel (Ni) 0.010 0.025 0.050 0.100 >0.100 
Lead (Pb) 0.005 0.010 0.025 0.050 >0.050 
Selenium (Se4+) 0.001 0.002 0.005 0.010 >0.010 
Zinc (Zn2+) 0.100 0.200 0.500 1.000 >1.000 
*not specified 

 
All sampled waters seem to belong to the first 

quality class according to As, Cd, Ni, Pb and Se 
contents, which were all under the detection limit of 
the instrument employed for their measurement. 

Aluminium was found in larger concentrations in 
Cigher (sample 6) and Mureș (samples 7 and 8) rivers, 
twenty to sixty times higher the average concentration 
for the other samples. 

The low calcium content places all samples in the 
first (samples 1 to 4, 6 to 8, 11 and 12) or the second 
(samples 5, 9 and 10) classes, but a very pronounced 
exception was found as expected for the anthropic 
calcic spring (sample 13), which belongs to class 5. 

Regarding the cobalt content, the analyzed surface 
waters belong to either the first (sample 4), third 
(samples 1, 3, 7), fourth (samples 2, 5, 6, 8, 9, 11 to 13) 
or fifth (sample 10) class. 

Chromium ions remained undetected, with almost 
all sampled waters belonging to the first class, except 
for sample 12 (class III), sample 11 (class IV) and 
sample 6 (class V). 

Copper was detected in samples 1 to 8 and 10, 
which belong to class III (sample 7), class IV (sample 
10) or class V (samples 1 to 6 and 8). Samples 9 and 11 
to 13 thus belong to the first class. 

According to total iron content, almost all surface 
water samples can be classified as first class waters, 
with the exception of samples 5 (class III), 8 (class IV), 
6 and 7 (both class V). 

Regarding the magnesium content, most samples 
belong to first class waters, exceptions being samples 
4, 5 and 6, all belonging to class II. 

The manganese content allows the sampled waters 
to be included in either the first class (samples 4 and 9 
to 13), class II (samples 1 to 3 and 8) or class III 
(samples 5 to 7). 

Finally, according to the zinc content, almost all 
sampled surface waters belong to the first class, the 
only exception being the tap water from Ineu (sample 
4) which belongs to class II (probably because of 
piping materials). 

Regarding the water hardness, the top of the list is 
therefore easily occupied by the calcic spring from 
Băile Herculane resort (sample 13), which has a huge 
calcium concentration. Rated on the second place 
comes the underground water from the town of Ineu 
(sample 5), which has the highest magnesium content 
and also a high calcium content. 
 
CONCLUSIONS 

Fortunately, for all samples considered in this 
paper, very dangerous heavy metals like arsenic, 
cadmium, nickel, lead and selenium were non-existent 
or at least under the limit of detection for the chemical 
reactions employed and also under the sensitivity of 
AAS and MP-AES method applied. Also, the sampled 
drinking water complies with the WHO, EU and 
Romanian recommendations, except for a somewhat 
raised iron and manganese content in the underground 
water from Ineu. 

However, Cigher River stands out, showing the 
highest levels of aluminium, chrome and copper, and 
also high levels of iron and manganese. Also, by 
comparison with other samples, Mureș River has raised 
levels of aluminium, iron and manganese. The highest 
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zinc concentration was detected in the tap water from 
Ineu, but this level complies with the limit imposed by 
law regarding drinking water. The highest 
concentrations of alkaline-earth metals, which are 
responsible for the water hardness, were found in the 
underground sources from Băile Herculane resort 
(calcium) and the town of Ineu (magnesium). 
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