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Summary. Our research goal was to study the environmental impact of mining activity 
on the Turţ Creek. For this aim we performed on site and laboratory investigations. The 
pH and electric conductivity values (e.g. 2.5–3.4 for pH, and 2088 µS cm-1 for electric 
conductivity) indicated that the mining activity has a strong and unfavourable effect on 
physico-chemical parameters of the aquatic environment and on living organisms that 
inhabit the creek. The phytotoxicological test revealed that inflowing acid mine drainage 
creates a specific toxic habitat in the surroundings of the Turţ Creek.  
 
Rezumat. Rezultate preliminare despre impactul mineritului asupra mediului în 
pârâul Turţ, judeţul Satu Mare, Romania. Scopul lucrării de faţă este studierea 
impactului mineritului asupra mediului înconjurător, de-a lungul pârâului Turţ. Au fost 
întreprinse multiple investigaţii geologice şi biologice, atât direct în teren, cât şi în 
condiţii controlate de laborator. Determinarea conductivităţii electrice şi a pH-ului apei 
în diferite puncte de-a lungul pârâului (de exemplu pH de 2,5-3,4 şi conductivitate 
electrică de 2088 µS cm-1 în zona de vărsare a apei din mină în pârâu) arată impactul 
puternic şi nedorit al mineritului asupra parametrilor fizico-chimici ai mediului acvatic şi 
asupra diferitelor organisme care populează acest pârâu. Testul fitotoxicologic efectuat 
evidenţează că apa acidă de mină crează un habitat toxic specific în regiunea afectată. 

 
 

Introduction 
 

The Oaş Mountains represent the north-western part of the volcanic chain of the 
inner part of the Romanian Carpathians. They consist of Neogene volcanic and 
sedimentary rocks located in the north-western part of the small Oaş Basin, an eastern 
extreme of the Pannonian Basin. Epithermal lead and zinc ore formation was 
connected to the Neogene volcanic activity in the area (Manilici et al., 1970). The area 
belongs to the Maramureş Region, the Romanian main centre for mining and 
metallurgy of lead, zinc, copper and gold. It is, in the same time, one of the 
environmental "hot spots" of the country due to the significant pollution with heavy 
metals (Cordos et al., 2003). In the 1970s a mine was opened in the valley of the Turţ 
Creek, near the Village Turţ. In 1996 and 1997 (Sárkány-Kiss and Sîrbu, 1999) and in 
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1999, as a result of technological problems, the mine seriously polluted the by-flowing 
Turţ Creek, and, through that creek, the pollution was extended to the river Tur. The 
pollution of the creek occurred again in the summer of 2005. We studied the area 
both in February and in the July-September period of 2005 by applying a larger 
selection of methods. The current report presents the preliminary results on acid mine 
drainage on the Turţ Creek, focused on on-site pH and electric conductivity 
measurements and laboratory germination test of oat seedlings. 
 

 
 

Fig. 1 Map of the studied area 
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Sampling sites, material studied, methods applied 
 

There are several mining sites in the Oaş Mountains. Some of them started to be 
exploited by the Rákóczi family already in the 17 –- 18th centuries (Szellemy, 1896; 
Kövecses-Varga, 1995). From the point of view of our study the Ghezuri and 
Penigher adits, both established in the 1970s, were important. Both sites belong to the 
Turţ Mine Exploitation Agency. The acid mine water from the Ghezuri adit flows in a 
separate pipeline – along the Turţ Creek – to a purification station (see Fig. 1). 
Though the Penigher adit had already been out of operation by 2005, it still 
contributed to the acid mine drainage (AMD) during our field observations. The 
AMD points, as well as our sampling sites, are presented in Fig. 1. The 8j, 8, 9, 11 and 
12 sites mark inflowing AMD on the map. 

For describing the mineralogical background and the biological effects of acid 
mine drainage AMD we applied a wide selection of analytical methods. Electric 
conductivity (EC, WTW LF-56 type conductometer) and pH (CONSORT C534.1 
type instrument) of water were measured on-site at several points along the Turţ 
Creek (Fig. 1). 

Polarised light optical microscopy and scanning electron microscopy (SEM) 
combined with energy dispersive X-ray analysis (EDX) were performed on uncovered 
thin sections of rock fragments and their recent, brownish-yellow encrustation 
collected from the creek bed. X-ray powder diffraction (XRD) and Mössbauer 
spectroscopy of the rock encrustations and XRD of non-consolidated creek sediments 
as well as inductively coupled plasma optical emission spectroscopy (ICP-OES) of 
water samples was also completed. During the latter study we paid special attention on 
1) solved and fine-grained (< 450 nm) solid and, 2) coarser (> 450 nm), but still 
suspended solid components of the creek water. 

The biological investigations covered germination tests of oat seeds with polluted 
and non-polluted water samples collected from the creek, algal toxicology test, effects 
on phytoplankton biodiversity, and chlorophyll fluorescence analysis with PEA 
fluorometer in leaflets of germinated oat seedlings (Schreiber et al., 2000; Fodorpataki 
and Papp, 2002).  
 
 

Results and discussion 
 

ELECTRIC CONDUCTIVITY (EC) AND pH MEASUREMENTS 
 

July 2005 
Fig. 2 and 3 show how inflowing acid mine drainage influenced the physico-

chemical parameters of the Turţ Creek during the July sampling. At one extreme site 
(sampling point # 12AD) the pH decreases down to 2.5 and the EC value increases 
up to 1918.9 µS cm-1. The slight increase of pH at sampling point # 9 is due to a small 
inflow of pure stream. 
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Fig. 2 pH-values in the water of Turţ Creek in July 2005 (“BD” – measurement before 
inflowing AMD; “AD” – measurement after inflowing AMD; first arrow represents inflowing 

oil-water from Ghezuri-tunnel’s engine-house, all others are inflowing AMDs) 
 
 

 
 

Fig. 3 Electric conductivity values in the water of Turţ Creek in July 2005 (“BD” – 
measurement before inflowing AMD; “AD” – measurement after inflowing AMD; first arrow 

represents inflowing oil-water from Ghezuri-tunnel’s engine-house, all others are inflowing 
AMDs) 
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Fig. 4 pH-values in the water of Turţ Creek in August 2005 (“BD” – measurement before 
inflowing AMD; “AD” – measurement after inflowing AMD; first arrow represents inflowing 

oil-water from Ghezuri-tunnel’s engine-house, all others are inflowing AMDs) 
 
 

 
 

Fig. 5 Electric conductivity values in the water of Turţ Creek in August 2005 (“BD” – 
measurement before inflowing AMD; “AD” – measurement after inflowing AMD; first arrow 

represents inflowing oil-water from Ghezuri-tunnel’s engine-house, all others are inflowing 
AMDs) 
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Fig. 6 pH-values in the water of Turţ Creek in September 2005 (“BD” – measurement before 
inflowing AMD; “AD” – measurement after inflowing AMD; first arrow represents inflowing 

oil-water from Ghezuri-tunnel’s engine-house, all others are inflowing AMDs) 
 
 

 
 

Fig. 7 Electric conductivity values in the water of Turţ Creek in September 2005 (“BD” – 
measurement before inflowing AMD; “AD” – measurement after inflowing AMD; first arrow 

represents inflowing oil-water from Ghezuri-tunnel’s engine-house, all others are inflowing 
AMDs) 
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August 2005 
Fig. 4 shows that pH values dropped significantly (below pH 5, at some sites even 

below 4), not only in comparison with the unpolluted water (pH 8.1), but also in 
comparison with the July, less polluted period (typical values around pH 6). This is 
result of increasing inflow of acid mine drainages, confirmed also by the electric 
conductivity measurements (Fig. 5). The EC values increase parallel with the decrease 
of pH, and reach, on a longer part of the creek, five times higher (>1000 µS cm-1), at 
an extreme even seven times higher (1466.4 µS cm-1) values than the background 
(around 210 µS cm-1). The buffering effect of the creek is reflected by the gradual pH 
increase and EC decreases at the last measuring point. 

 
September 2005 
Fig. 6 and 7 show the pH and EC values measured in September. Two different 

features can be read from the data:  
Both pH and EC confirms that the number of the polluting sites, especially close 

to the Ghezuri adit decreased, while in the lower part of the creek (sampling site # 13) 
pollution reached the highest amount we measured in the Turţ Creek (EC: 2088 µS 
cm-1).  

It is worth to mention that between pH 4.5-5.0 most fish species die (Jambor et al. 
2000; Wilhelm, 2000). The inflowing acid mine drainage (average values for pH is 3.76 
and 4968.77 µS cm-1 for EC) form a specific toxic habitat for the majority of living 
organisms (Brake et al., 2001). The low pH has a strong influence on the solubility of 
metals just as on special mineral formation, like formation of iron-
oxyhydroxide/s/sulfates (Bigham et al., 1996; Malmström and Banwart, 1997; Forray, 
2002, 2003; Dold, 2005; Majzlan and Myneni, 2005; Majzlan et al., 2006). The 
spectroscopic research of Manilici et al. (1970) on trace element concentration in 
minerals from the Turţ mine showed concentrations of Cd (1000–4700 µg g-1), Mn 
(1070–4730 µg g-1), Sb (350–805 µg g-1), As (500–4170 µg g-1) and Co (120–2600 µg g-

1), which is consistent with the polluting effect of the mine drainage water. In the 
presence of low pH values, caused by the oxidation of sulphides to sulphates, these 
elements are highly water-soluble and may be fixed to the surface of small particulates 
transported by the creek, conferring a pronounced toxicity to the inflowing mine 
drainage.  
 
GERMINATION TEST OF OAT SEEDS 
 

Young seedlings are very sensitive to the characteristics of the environment, 
especially to chemical stress factors that interfere with their mineral nutrition during 
the early stages of development (Felföldy, 1980). The young plants bioaccumulate 
many chemical elements dissolved in the water (e.g. heavy metals), and their 
development is influenced by the nature and the amount of polluting agents, hence 
they are very useful in the ecotoxicological tests.  
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We have used polluted and non-polluted (control) water samples from the Turţ 
Creek and oat (Avena sativa L.) caryopses collected in Turţ Village. The seeds and the 
resulting plantlets were watered with water samples taken from: 1. the spring of the 
Turţ Creek, 2. small drainages before the main AMD zone, 3. main AMD zone, 4. 
downstream to main AMD, and 5. after the last AMD zone. For each of the 
experimental variants 50-50 oat seeds were used. The seeds were watered every 
second day with 6 ml water sample, and held at room temperature (21°C) under the 
same photon flux density.  

After one week, in the case of control plant culture (oat seedlings watered with the 
sample from Turţ Creek spring zone) the germination energy was 12%. The mostly 
developed seedlings had 5 cm long leaflets. When the seeds were treated with the 
main AMD, the germination energy dropped to 2%. The germination energy was 
close to the control (10%) in the cultures treated with water samples taken from the 
site located before the main AMD, and the longest leaflets (13-15 cm) were developed 
in this group. In the case of the other two cultures the germination energy was 12% as 
in the control, but the embryonic root was much shorter than in the control culture. 

Two weeks after the start of the experiment, oat seedlings of the control culture 
had the largest radicula (approximately 20 cm) and the germination ability was 14%. 
The plantlets treated with water originating from the main AMD died by the second 
week.. It is very possible that the inflowing main AMD brings into the creek toxic 
amounts of heavy metals (e.g. Pb and Cd). Although the other water samples also 
contained different proportions of diluted AMD, in the second week the germination 
ability was 18 % in the other three oat cultures.  

Three weeks after the onset of the experiment with polluted water samples, the 
germination ability of the control plantlet culture reached 24%, and 75% of the young 
oat seedlings had two well-developed leaflets. The fact that all oat seedlings treated 
with the water outcoming directly from the mine were dead in the third week indicates 
that the inflowing mine drainage has a high toxicity (related to its very low pH and 
high TDS). Although the germination ability was slightly (but not significantly) higher 
(26%) in the culture receiving moderately polluted water from the small drainages 
before the main AMD, only 15% of these plants succeeded to develop two leaflets. 
The highest germination ability was registered during the third week in the seed 
population watered with the sample collected from the Turţ Creek in the section 
located after the last AMD, but these plantlets exhibited the shortest and narrowest 
leaflets and only 7% of the seedlings developed during this period two young leaves. 
We can conclude from these experiments that germination energy, total germination 
ability and growth parameters of the plantlets may be used as sensitive parameters to 
bio-indicate the toxicity of water environment. 
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Conclusions 
 

The subsequent pH and EC measurements monitored the pollution status of the 
Turţ Creek in the July–September 2005 period. The inflowing main mine drainage was 
of a high toxicity, as all oat seeds were destroyed by this niche, germination was 
completely inhibited. The macroscopic mineralogical observations support that not 
only the solved ions, but also the recent encrustations on the pebbles and rock 
fragments in the creek bed, consisted obviously by different iron-hydroxide-
(sulphate?) phase(es), may play a role in the environmental impact of AMD on Turţ 
Creek, as a habitat for living organisms. A report on the detailed mineralogical 
characterisation of these encrustations, just as on the results of the water-chemistry 
data is under preparation. 
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