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The purpose of this study was to determine heavy metals content including Pb, Cd, Cr, 
Ni, Mn, Zn and Fe, in surface water, depth water and mud samples collected from six 
salt lakes from Prahova and Dambovita counties, Romania. The concentrations of these 
elements were determined by atomic absorption spectrometry. The results indicate that 
concentrations were highest in mud samples from all six salt lakes compared with the 
surface water and depth water samples. In general, metal content in mud is indicative of 
the degree of pollution and serve as source of solubilization into water depending on the 
physicochemical properties (pH, salinity, conductivity, temperature etc.) and the uptake 
by benthic organisms. 
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1. INTRODUCTION 

Romania is famous for its health resorts, for the special therapeutic effects of 
salt lakes on human health. Unfortunately, the therapeutic properties [1] of salt 
lakes have changed over the time due to direct or indirect anthropogenic pollution. 

The origin of the salt lakes is closely related to the salt exploitation, these 
being formed, most often after the collapse and flooding of old salt mines (where 
the exploitation has ended). These salt lakes can be classified as [2]: antroposaline, 
developed on the ancient salt exploitation sites, and karstosaline which were 
formed in sinkholes resulted from the collapse of caverns, generated by the 
karstification process of surface salt massif by groundwater and infiltration waters. 
The common characteristics of  these salt lakes are  high salinity  that increases 
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towards the contact with the wall of salt, the heliothermic phenomenon and fossil 
sapropelic mud from the bottom of these lakes. All these increase the beneficial 
properties of the salt lakes [2, 3]. The heliothermy is meant the phenomenon in 
which the water of lakes salt is heated to a certain depth under the action of the sun 
[2]. The heating can be explained due to the degree of mineralization of water, and 
due to the existence of a fresh water layer at the surface, which prevents the heat 
loss to the atmosphere. Sapropelic muds are black colored deposits which contain 
colloidal iron hydrosulfide. These deposits are formed on the bottom of salted lakes 
by the action of microorganisms on flora (i.e. algae such as Cladophora 
vagabunda, Cladophora crystal) and fauna (i.e. Artemia salina) of the aquatic 
basin at which is associated several minerals [2–4]. 

Anthropogenic activities have substantially increased trace metal 
concentrations in the atmosphere, pluvial precipitation and soil as well. These 
metals, which acting at the molecular scale, cause the effects that are propagated up 
to the ecological systems damaging both their structure and functions [5]. During 
to the last decade it was observed that the pollution, especially with heavy metals, 
as well as the poor management of the profile agencies led to the degradation of the 
beneficial properties of some salt lakes from Romania, many of them being taken 
out of touristic circuit. 

In this study it were chosen six salt lakes from Prahova and Dambovita 
counties, Romania which have a similar origin, being created by the collapse of old 
mines (i.e. Bride Lake, Doftana Lake, Stavrica Lake, Central Bath Lake) or salt 
water filling of some salt exploitation (i.e. Ocnita Lakes). Each lake has its own 
particular salinity regime and biological and pollution characteristics although the 
therapeutic uses are similar. According to the literature it is known that the effect 
of high salinity of the water lakes leads to a significantly lower number of taxons 
showing negative effects on taxonomic diversity of diatom communities [3]. Also, 
heavy metals pollution are responsible for the reducing the number of the diatoms 
and thus, for the reduction of the therapeutic effect of these lakes [2]. In this 
investigation, heavy metals concentrations were determined by Atomic Absorption 
Spectrometry (AAS). Areas of investigation have not been chosen accidentally, 
these areas over the time have suffered various changes due the pollution especially, 
and from this reason some lakes are often abandoned as a result of land subsidence. 

2. MATERIALS AND METHODS  

2.1. DESCRIPTION OF SITES 

The Doftana Lake, from Prahova County was formed after the collapse and 
flooding the Carol (126 m) and Elizabeth (96 m) galleries. The lake has maximum 
24 meters depth, an approximately 140 meters width and the 9200 m2 area. The 
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water layer on 4–5 m surface has a very low salinity and in this layer lives 
freshwater fish. The salinity increases sharply on the lake bottom till 205 g/L after 
5 m down. At over 10 m depth the homothermic phenomenon occurs, this means 
that the water temperature is constant (14–15 °C), regardless of the season. 

Telega site, from Prahova County as well, has several salt lakes formed in the 
place of the old mines, being fed by springs and sometimes by water of torrents. 
From Telega old mines was extracted salt over 330 years, and after their collapse 
five salt lakes were formed in this place (i.e. Central Bath Lake, Stavrica Lake, 
Sweet Lake, Mocanu Lake, and Palada Lake). The concentration of sodium 
chloride is over 270 g/L, but the water also KCl, NH4Cl, CaCl2, MgSO4, MgHCO3, 
and ZnCO3, which have a beneficial effect in the treatment of large number of 
disorders with diverse pathology. 

In Slanic Prahova is the second biggest salt mine in Europe. This natural site 
contains the Bride Lake (or Bride Grotto), covering an area of 1300 m2, depth 32 m 
and salinity of 260 g/L, which appeared after an old salt mine caved in. Analysis 
about chemical composition of Bride Lake revealed the presence of NaCl, KCl, 
NH4Cl, MgCl2, as well as other compounds including CaCl2, MgSO4, K2SO4 etc. 

In Ocnita site, Dambovita County, are two salt lakes (i.e. Ocnita 1 Lake and 
Ocnita 2 Lake) formed after the abandonment of salt exploitation in this area. 
These salt lakes are used only in locally interest by the peoples who know the 
beneficial properties of these. The lakes are extremely vulnerable at the anthropic 
pollution (e.g. crude oil exploitation, domestic pollution etc.) and were never 
placed in the Romanian therapeutic circuit. 

2.2. SAMPLING AND ANALYTICAL TECHNIQUES 

Samples were collected from six salt lakes located in different sites of the 
central part of Romania, from Prahova County (i.e. Doftana Lake, Stavrica Lake, 
Central Bath Lake and Bride Lake) and from Dambovita County (i.e. Ocniţa 1 and 
Ocnita 2 Lakes). Samples were collected in October, 2012 from different areas of 
the lake (Table 1): from center of the lake, was collected water from the surface 
and at different depths, and mud from the bottom of lakes, and from the shore of 
lakes was collected water and mud (sediment). The sampling was performed by 
using a special dispositive by using Bou-Rouch procedure [6].  

Minimum 6 samples were collected per area (surface, different depth and 
bottom of lake) from 10 m around (central area or shore of the lake), which were 
introduced in a HDPE bottles, washed with HNO3; the samples were homogenized, 
in order to obtain a single representative sample (1000 mL for water and 300–400 g 
wet weight for mud). Muds (sediment) samples were dried in oven for at least 24 
hours at 1050C, then was disaggregated by grinding, manually, sieved through a 
stainless steel sieve and finally were weighed.  
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The collected samples were prepared in order to determination the 
concentration of heavy metals. In this respect it was achieved the mineralization of 
water samples with aqua regia (HNO3 67%:HCl 37% = 3:1). The mud samples was 
digested with an acid mixture (HNO3 67%:H2SO4 98%:HCl 37%:HF 40% = 
2:1:1:1). Mineralization of samples was performed by using a Berghof MWS-2 
microwave digester.  

Flame and furnace spectroscopy has been used for years for the analysis of 
metals from different materials and environment. This is due to the need for lower 
detection limits and for trace analysis in a wide range of samples. Flame Atomic 
Absorption Spectrometry (FAAS) is a very common and reliable technique for 
detecting metals and metalloids in environmental samples. This technique is based 
on the fact that ground state metals absorb light at specific wavelengths. Metal ions 
in a solution are converted to atomic state by means of a flame. Light of the 
appropriate wavelength is supplied and the amount of light absorbed can be 
measured against a standard curve [7–9].  

Graphite Furnace Atomic Absorption Spectrometry (GFAAS) has several 
advantages over a FAAS. First it accepts solutions, slurries, or solid samples and 
second, it is a much more efficient atomizer than a flame and it can directly accept 
very small absolute quantities of sample (ppb). Samples are placed directly into the 
graphite furnace, is heated in several steps to dry the sample, ash organic matter, 
and vaporize the analyte atoms. The total metal content of the solid samples were 
performed by flame atomic absorption spectrometry or graphite furnace atomic 
absorption spectrometry [7]. The GBC Avanta AAS with flame and GBC Avanta 
Ultra Z (equipped with graphite furnace) spectrometers and autosampler, which 
provided a good sensitivity, were used. 

To estimate the analytical precision and accuracy and to assure the proper 
quality of analytical results [10], some necessary requirements for both techniques 
were achieved. Analysis of duplicate samples was performed. Also, replication 
improves the quality of the results and provides a measure of their reliability. 

Table 1  

Locations and depths of sampling in different areas of the salt lakes from central part of Romania 

Geographic Coordinate  
System (GCS) 

Code Salt lake  Type of 
sample 

Sampling depth 
[m] 

Latitude Longitude  
DL1 Doftana Lake   water surface-central 
DL2 Doftana Lake  water 18  

DLM1 Doftana Lake  mud 24  

 
45° 8'29.45" 

 
25°46'25.39" 

 
DL3 Doftana Lake  water shore 

DLM2 Doftana Lake  mud shore 
45° 8'29.69" 25°46'23.37" 

SL1 Stavrica Lake water surface-central 
SL2 Stavrica Lake  water 15  

SLM1 Stavrica Lake  mud 22 

 
45° 8'27.55" 

 
25°47'43.36" 
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Table 1 (continued) 

SL3 Stavrica Lake water shore 
SLM2 Stavrica Lake mud shore 

4508'27.59" 25047'43.69" 

CBL1 Central Bath Lake  water surface-central 
CBL2 Central Bath Lake  water 10  

CBLM1 Central Bath Lake  mud 20  

 
45° 8'24.84" 

 
25°47'39.78" 

CBL3 Central Bath Lake water shore 
CBLM2 Central Bath Lake mud shore 

45° 8'25.31" 25°47'40.26" 

OL1 Ocnita 1 Lake  water surface-central 
OL2 Ocnita 1 Lake  water 9  

OLM1 Ocnita 1 Lake mud 14  

 
44°58'19.89" 

 
25°32'41.44" 

OL3 Ocnita 1 Lake water shore 
OLM2 Ocnita 1 Lake mud shore 

44°58'19.71" 25°32'42.36" 

OcL1 Ocni�a 2 Lake   water surface-central 
OcL2 Ocni�a 2 Lake  water 13  

OcLM1 Ocnita 2 Lake  mud 17  

 
44°58'23.01" 

 
25°32'42.93" 

OcL3 Ocnita 2 Lake water shore 
OcLM2 Ocnita 2 Lake mud shore 

44°58'22.28" 25°32'43.76" 

BL1 Bride Lake  water surface-central 
BL2 Bride Lake  water 12  

BLM1 Bride Lake  mud 32  

 
45°13'52.83" 

 
25°56'3.29" 

BL3 Bride Lake water shore 
BLM2 Bride Lake mud shore 

45°13'54.58" 25°56'2.22" 

 
Blank and standard solutions have been used to calibrate the devices. A 

typical set of standard calibration curves with good linear regression and better 
relative standard deviations [11] that were employed to measure the concentration 
of heavy metals in water and mud samples. To check the analytical precision, 
randomly chosen samples, were measured in triplicate according to Standard 
Reference Material: NIST SRM 1643e - Trace Elements in Water and NIST SRM 
4354 - Lake Sediment Powder. Average recoveries (e.g. mud) were 85, 78, 80, 87, 
104 and 99% for Zn, Cd, Cr, Mn, Pb, Ni and Fe, respectively. 

The properties of fresh water samples including pH, conductivity, salinity 
and Total Dissolved Solids were analyzed by using an YSI 556 MultiProbe Meter. 
Then the obtained data where compared with the analysis achieved on the 
laboratory, when was used a Multi-parameter analyser C3030.  

3. RESULTS AND DISCUSSION  

The experience gained in the last decades about salt lakes reveals that the 
distribution, mobility and biological availability of elements depend not only on 
their concentration but also on the physical and chemical associations which they 
can support in the natural systems [12–15]. 
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The average of pH compared results (see 2.2 Sampling and analytical 
techniques) show a high value of pH for all water samples collected from the shore 
of salt lakes (Fig. 1). The averages of pH values (surface, bottom and shore) for 
each salt lake are: 8.49 for Doftana Lake; 8.3 for Stavrica Lake; 8.43 for Central 
Bath Lake; 8.07 for Ocnita 1 Lake; 8.15 for Ocnita 2 Lake; and 8.66 for Bride Lake 
(near salt wall). Elevated alkalinity of water samples can be explained by the 
longer period of carbonate mineral dissolution.  

 

 
Fig. 1 – The pH values of studied salt lakes. 

The measurements show stratification from point of view of lake salinity 
(Fig. 2). Thus, the surface layers are the least salt, observing an increase tendency 
of salinity with increase the depth of lakes, passing from hyposaline category  
(3–20 ‰ that mean < 50 g/L) on the surface, to mesosaline (20–50 ‰ which mean 
about 100 g/L) for Central Bath Lake, Ocnita 1 and Ocnita 2 Lakes, and reaching 
to hypersaline (> 50 ‰ that mean over 200 g/L) at depths higher than 10 m (i.e. 
Doftana Lake, Stavrica Lake, Bride Lake). This increased salinity in the deep of 
lakes represents an abiotic environmental factor which exerts a great pressure on 
planktonic communities [16], especially at concentrations higher than 50 ‰. 

 
Fig. 2 – The salinity values of samples collected from salt lakes. 

As it was expected the values of turbidity, TDS and conductivity have values 
much higher at depth than at the surface of lakes (Figs. 3, 4 and 5). 
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Fig. 3 – The turbidity results of samples collected from salt lakes. 

 
Fig. 4 – The TDS values of salt lake samples. 

The mean concentrations of heavy metals including Pb, Cd, Cr, Ni, Mn, Zn 
and Fe in water and mud samples are shown in Tables 2 and 3. An interesting 
observation from Table 2 is that the all metals presented consistently high 
concentrations in water samples collected from the surface of lakes. 

Elevated Pb concentration in central and shore of surface water for all 
samples reflect the anthropogenic pollution (traffic, salt extraction, domestic waste). 
Concentrations differences in surface water relative to depth water for Pb, Cd, Cr, 
Zn, Mn and Ni (higher concentrations in surface water) and Fe (higher concentrations 
in depth water) were determined by differences in pH and redox conditions.   

 
Fig. 5 – The conductivity values of samples collected from salt lakes.  
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Table 3  

Mean concentration of heavy metals in saline water samples collected from different depths 
Mean concentration of heavy metals [µg/mL] Water 

sample Pb* Cd** Zn* Ni* Cr* Mn* Fe* 
DL1 4.153±0.5 0.954±0.2 257.077±7.2 12.154±1.2 1.973±0.2 37.830±3.3 351.63±5.2 
DL2 0.216±0.1 0.025±0.01 230.441±6.8 1.525±1.1 0.783±0.2 12.285±3.5 471.71±7.2 
DL3 5.242±1.0 0.971±0.1 281.282±5.2 15.125±1.2 2.491±0.2 41.738±3.3 415.31±5.2 
SL1 9.211±3.5 0.901±1.2 234.567±6.7 11.901±1.0 4.157±0.6 34.032±3.4 440.31±4.6 
SL2 0.540±3.6 0.082±0.01 232.781±4.7 0.982±1.1 0.758±0.1 13.027±3.2 460.11±4.5 
SL3 9.843±1.1 1.221±0.1 271.442±4.8 12.775±1.8 4.871±0.2 43.443±3.5 495.40±7.2 
CBL1 3.112±1.9 0.112±1.0 220.803±6.9 10.112±1.0 4.723±0.5 29.394±3.1 311.22±4.5 
CBL2 0.353±0.01 0.092±0.02 238.365±5.0 1.892±0.9 0.745±0.3 13.815±2.7 241.19±4.3 
CBL3 4.211±3.5 0.784±0.05 298.574±4.7 11.096±1.7 4.852±0.6 40.347±2.4 411.69±4.6 
OL1 7.889±1.2 0.873±0.1 229.890±6.5 9.873±1.0 3.601±0.2 22.228±2.8 349.12±4.5 
OL2 0.487±0.2 0.032±0.01 226.095±5.5 1.932±0.9 0.452±0.1 11.777±2.5 399.59±4.3 
OL3 8.326±1.6 1.694±0.2 286.223±4.7 10.134±1.7 4.272±0.1 34.181±3.2 574.78±9.5 
OcL1 5.366±0.9 0.761±0.1 242.697±6.3 7.761±0.8 3.092±0.1 21.098±2.5 381.34±8.0 
OcL2 0.208±0.2 0.052±0.02 231.190±5.3 1.652±0.8 0.532±0.2 10.821±2.5 372.55±5.0 
OcL3 6.827±1.9 1.834±0.1 284.334±4.9 9.874±1.3 4.713±0.5 33.791±2.1 514.91±5.5 
BL1 5.458±1.6 0.935±0.8 218.023±5.3 7.435±0.8 7.103±0.4 20.324±2.3 267.11±3.4 
BL2 0.862±0.1 0.052±0.01 248.976±3.0 1.452±1.0 0.908±0.1 12.903±2.4 240.99±4.0 
BL3 5.691±1.2 1.074±0.1 265.495±4.5 9.231±1.0 8.293±0.2 21.381±2.3 356.43±4.5 
*Flame Atomic Absorption Spectrometry (FAAS) 
**Graphite Furnace Atomic Absorption Spectrometry (GFAAS)  
 

The reducing conditions and pH values predicted that Mn, Ni, Cd and Pb are, 
in both surface water and depth water, as divalent cations. Depletion of Pb and Cd 
in depth water relative to surface water can be explained by precipitation of PbS 
(galena) and CdS, respectively. These sulfides are commonly found in higher 
concentrations in mud samples relative to surface water samples (Figures 6–10).    

Table 4  

Mean concentration of heavy metals in mud samples collected from the bottom of salt lakes. 
Mean concentration of heavy metals [mg/kg d.w.] Mud 

sample Pb* Cd* Zn* Ni* Cr* Mn* Fe* 
DLM1 4.94±1.5 38.97±4.2 1644.28±4.2 15.82±1.2 25.49±1.2 61.73±3.3 21532.71±5.2 
DLM2 9.55±1.2 39.11±3.9 1721.28±5.2 17.04±1.5 27.33±1.4 62.99±3.5 24522.66±4.2 
SLM1 7.34±3.1 26.42±2.1 1721.44±6.8 21.77±1.8 24.67±4.2 63.44±3.5 30355.40±7.2 
SLM2 10.33±2.1 28.22±5.0 1848.11±6.1 22.86±1.5 26.19±1.3 65.13±2.3 31501.71±5.2 
CBLM1 11.21±3.5 29.08±1.2 1345.67±4.7 27.09±1.7 24.85±2.6 54.32±2.4 21131.69±4.6 
CBLM2 14.12±1.1 31.77±4.8 1504.18±5.1 27.92±1.6 26.41±1.5 56.66±2.3 23112.33±4.1 
OLM1 26.32±2.6 37.69±2.2 1246.41±4.7 14.13±1.7 54.77±2.1 66.68±5.2 29574.78±9.5 
OLM2 26.84±1.9 38.88±4.6 1411.25±4.2 15.66±1.3 55.11±1.9 67.79±3.5 30511.22±6.2 
OcLM1 22.82±2.9 59.83±3.9 1234.41±5.9 15.87±1.3 71.71±2.5 76.79±3.1 27140.91±5.5 
OcLM2 24.14±2.5 58.99±4.2 1433.18±3.5 17.11±1.1 72.44±2.2 78.22±3.5 29212.31±6.2 
BLM1 17.69±4.2 96.07±4.1 1465.44±4.5 59.90±1.8 25.23±1.2 117.88±2.8 23568.43±4.5 
BLM2 23.26±2.7 68.37±5.2 1597.23±5.3 45.02±1.9 27.19±1.4 108.11±4.3 26772.40±5.7 
*Flame Atomic Absorption Spectrometry (FAAS) 
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The concentration level of Pb, Cd, Ni, Mn and Cr in mud samples (Table 3) 
is higher by at least an order of magnitude comparative with the concentration level 
of the same elements in water samples (Table 3). Thus, this can be explained by the 
fact that the suspended particulate matter from water, especially from depth, is the 
main agent that promotes the transport of contaminants in natural aqueous medium. 
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Fig. 6 – Distribution of heavy metals concentrations in surface water – central of salt lakes. 
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Fig. 7 – Distribution of heavy metals concentrations in depth water – central of salt lakes. 
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Fig. 8 – Distribution of heavy metals concentrations in mud – central of salt lakes. 
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Fig. 9 – Distribution of heavy metals concentrations in surface water – shore of salt lakes. 
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Fig. 10 – Distribution of heavy metals concentrations in mud – shore of salt lakes. 

It is well known that the black sapropelic muds of salt lakes are used in 
therapeutic treatment [2, 3]. The presence of iron in higher concentration in these 
muds (Table 4 and Figures 8 and 10) are explained by the colloidal iron hydrosulfide 
and iron sulfate from the initial composition of mud (i.e. Fe-reduction bacteria). 

Figure 11 shows the mean concentrations of Ni, Cr, Cd and Pb in surface 
water – central and depth water – central of six salt lakes.  
 

 
Fig. 11 – The distribution of Ni, Cr, Cd and Pb on the surface water of studied salt lakes. 
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4. CONCLUSIONS 

The concentrations of trace metals from three different samples (i.e. surface 
water, depth water and mud) from six salt lakes were determined. The obtained 
results show that heavy metal concentrations were highest in mud samples 
comparative with water samples. Most metallic elements such as Pb, Cd, Cr and Ni 
are toxic for aquatic biota, modifying the therapeutic properties of salt lakes. The 
toxicity of metals increases with alkaline pH, salinity, temperature, conductivity. 
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