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Abstract. In order to investigate the precipitation chemistry, studies were 

carried out from January 2013 to December 2013 in Odorheiu Secuiesc and 

Miercurea Ciuc, Eastern Carpathians, Romania. During a period of eleven years 
(2006 – 2016), 2013 was the driest year. The rainwater samples were analyzed 

for pH, major anions and cations. HCO3
− concentrations were calculated based 

on the empirical relationship between pH and HCO3
–. NH4

+, Ca2+, SO4
2− were 

the dominant ions in precipitation at both sites. The pH values varied from 6.75 

to 7.46 Miercurea Ciuc, and from 6.69 to 7.67 in Odorheiu Secuiesc. The 

neutralization was mainly brought by Ca2+ and NH4
+. Estimated ratios of sea-

salt fraction (SSF), non-sea-salt fraction (NSSF), and results from Spearman’s 

rank correlation and Principal Component Analysis (PCA), showed that the 

acidic ions (SO4
2−, NO3

−) were derived from anthropogenic activities, NH4
+ 

from soil fertilization, while Ca2+, Mg2+, K+ originated from terrestrial source. 

These influence the precipitations ionic content, especially during droughts. 

Spatial variations and the rim effect of the Eastern Carpathians on precipitation 
chemistry is also shown. 

Introduction 

Precipitation is one of the best scavengers for removing particulate matter 

and gaseous pollutants from the atmosphere, providing information about both 
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the main sources of pollutants and their migration processes (Ciężka et al., 

2015). Precipitation has a considerable influence on the deposition amount of 
inorganic species (Pascaud et al., 2016). Numerous studies have shown the role 

of scavenging mechanisms of atmospheric pollutants, stating that lower 

precipitation amounts can cause greater pollutant accumulation and deposition 

(Cugerone et al., 2017; Ge et al., 2016; Pan et al., 2017; Xu et al., 2017). Air 
pollutants can be removed from the atmosphere during the in-cloud and below-

cloud scavenging mechanisms (Wang et al., 2010; Zhang et al., 2013). Below-

cloud scavenging processes are defined by the characteristics of the rain, 
including the raindrop size distribution and rainfall rate, as well as on the 

chemical nature of the particles and their concentrations in the atmosphere 

(Chate et al., 2003), leading to higher concentrations in lower precipitation 
samples (Anderson and Downing, 2006).  

The accentuated spatial variability of atmospheric pollutants is influenced 

by the regional air mass circulations loaded with different pollutants and by the 

significant local contribution of atmospheric circulation regimes, developed at 
a local scale (Korodi et al., 2017; Petres et al., 2017). This variability is also 

influenced by the mountain systems that interrupt the circulation of air masses 

(Szép et al., 2018). In these conditions, the chemical composition of rainwater 
varies from region to region, due to influence of local sources, being an 

important issue for many regions worldwide, as it can increase stress in 

terrestrial and aquatic ecosystems, leading to eutrophication, affecting 
ecosystems or contributing to global climate change (Behera et al., 2013). In 

the ‘60s and ‘70s intra-Carpathian basins were heavily drained, causing 

significant water loss and lower evapotranspiration. This led to increased local 

anticyclonic conditions, with long episodes of static stability of the 
atmosphere, often involving thermal inversions, causing particulate matter and 

pollutants accumulation (Szép et al., 2017b, 2017a, 2016d, 2016a, 2016c, 

2016b; Szép and Mátyás, 2014). These induced changes in the rainwater 
chemistry and neutralization processes. These local anticyclone conditions 

often overlap with regional and/or intercontinental anticyclones (Siberian 

High). The study area and the sampling sites cover two regions in the Eastern 

Carpathians. Miercurea Ciuc (46’22’N, 25’48’E, elevation ~600 m) lies in an 
intra-Carpathian, enclosed basin (Ciuc), and is one of the coldest areas in 

Romania. Odorheiu Secuiesc (46’18’N, 25’18’E, elevation ~524 m) is located 

in an extra-Carpathian region, with a milder, continental temperate climate. 
The vertical fragmentation of the landscape is due to the neo-eruptive chain of 

Eastern Carpathians, the Harghita volcanic mountains (1800 m), which 

dominates to East the Ciuc basin and to West the Transylvanian Sub-
Carpathians, has a blocking role in front of the north-westerly cloudy systems 
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loaded with rainfall. Hence, the intra-Carpathian basin is subjected to drought 

and to the accumulation of polluting materials. Local climatic factors that 
develop at the basins level, induce the accumulation of chemical compounds 

from both natural and anthropogenic sources, having a great influence on 

precipitation chemistry (Szép et al., 2019). The specific micro-climatology of 

the basin has been found to influence the quality of the ambient aerosols, by 
enriching them with anthropogenic or natural compounds (from the inside to 

the outside of the basin) and non-sea and sea salt constituents (Szép et al., 

2017c). Emissions from small scales industries, road traffic, biomass burning 
and livestock breeding, could be one of the reasons for the differences found in 

the ionic composition of rainwater collected at both sites and its sources.  

In the studied regions, soils are mostly acidophilic and organic, developed 
on peat bogs, alkaline precipitations have a great impact on them (Keresztesi et 

al., 2018). Alkaline precipitation should be treated with the same importance as 

acid rain, since it can lead to changes in the autochthone vegetation and to the 

disappearance of some species. It was observed, that during the driest year, 
more precipitations occurred having alkaline pH (Szép et al., 2017c). Due to 

lesser dilution, the concentrations of the alkaline aerosols increase (Anatolaki 

and Tsitouridou, 2009), which can also explain the higher pH values. The aim 
of this study is to report and to evaluate the differences between two regions in 

the Eastern Carpathians, assessing the chemical characteristics of precipitation 

chemistry at Miercurea Ciuc (Intra-Carpathian Region) and Odorheiu Secuiesc 
(Extra-Carpathian Region) in 2013. These results are important in order to 

understand the specific microclimate conditions at Miercurea Ciuc, and can 

contribute in the development of regional and national specific policies for the 

protection of the atmosphere, that can be further used in the United Nations 
strategy as well.   

 

Materials and Methods 
During the one-year period, at each sampling site 22 rainwater samples 

were collected. To determine quantitatively the anions and cations, ion 

chromatograph and atomic absorption techniques were used. The anions 

(SO4
2−, NO3

−, NO2
−) were analyzed by Ion Chromatograph (Dionex 2000i/SP). 

Cations (Na+, Ca2+, Mg2+ and K+) were quantitatively determined by atomic 

absorption (AAS, Perkin Elmer, model 2380, Air/C2H2, 422.7 nm). The Cl− 

and NH4
+ were measured by U-VIS spectrometer method (Nicolet Evolution 

100, 463 and 440 nm) (Szép et al., 2017c). After each collection, pH was 

measured, using digital pH meters standardized with 4.0 and 9.2 pH buffer 

solutions. In order to verify the completeness of the measured major 
constituents, the ionic balance was calculated. Data is generally considered 
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acceptable if the equivalent ratio of the Σ anions/Σ cations is around one, with 

ion imbalances that does not exceed ± 25% (Keene et al., 1986; Wu et al., 
2016). The ratio of total anions to total cations was 0.90 ± 0.34 and 0.80 ± 0.46 

for Miercurea Ciuc and Odorheiu Secuiesc, respectively. Unpolluted natural 

rain water has a pH value around 5.6, as the naturally existing CO2, NOx and 

SO2 gets dissolved in rain drops (Bayraktar and Turalioglu, 2005; Charlson and 
Rodhe, 1982). Any change in the pH, below or above this level, defines rain to 

be acidic or alkaline, depending upon the type of pollutants transferred to 

rainwater (Singh et al., 2016). 

 

 
Fig. 1. The sampling sites, Miercurea Ciuc (Intra-Carpathian Region) and Odorheiu 

Secuiesc (Extra-Carpathian Region), Eastern Carpathians, Romania 

(map source: www.cartograf.fr ; map modeling: Surfer and MS Paint) 

 
Results and Discussion 

In Miercurea Ciuc and Odorheiu Secuiesc, the measured pH values show 

alkaline character for both sampling sites, being higher than 5.6. The average 
pH value measured for Miercurea Ciuc was 7.08 ± 0.21 and the volume 

weighted mean (VWM) 7.12, while for Odorheiu Secuiesc the mean value was 

7.20 ± 0.27, and the VWM 7.17. Rainwater with pH value below 5.0 is due to 

the presence of natural H2SO4, weak organic acids, or anthropogenic emission 
of H2SO4 and/or HNO3 (Wang and Han, 2011). The higher alkalinity may be 
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due to suspension of particles in the atmosphere, rich in carbonates and 

bicarbonates of calcium, magnesium, which buffers the acidity generated by 
mineral acid (Salve et al., 2008). The pH was alkaline in all the samples as 

compared to the reference level (5.6). The total sum of ions (measured 

chemical constituents) during 2013 for Miercurea Ciuc and Odorheiu Secuiesc 

were 9915.82 ± 762.89μeq/1 and 13597.52 ± 1313.19μeq/l, respectively. The 
anionic balance of rainwater samples showed HCO3

− > SO4
2− >Cl− > NO3

− > 

NO2
− for Miercurea Ciuc, and SO4

2− > HCO3
− > Cl− > NO3

− > NO2
− for 

Odorheiu Secuiesc. The downward order for sum of cations in Miercurea Ciuc 
was NH4

+ > Ca2+ > Na+ > K+ > Mg2+ > H+, while in Odorheiu Secuiesc the 

cations followed Ca2+ > NH4
+ > Na+ > K+ > Mg2+ > H+. In Miercurea Ciuc the 

rainwater chemistry is influenced by the following ionic constituents: NH4
+ 

(~26%), Ca2+ (~16%), and HCO3
− (~14%), while in Odorheiu Secuiesc Ca2+ 

(~29%), SO4
2− (23%) and NH4

+ (~19%) contribute the most. For both regions, 

the total cations contribute more to the composition of rainwater chemistry 

than anions (Salve et al., 2008). The high neutralization potential was in 
accordance with the atmospheric abundance of Ca2+, Mg2+ and NH4

+ ions, 

which are the main neutralizing agents in precipitation, due to the higher 

concentrations of particulate matter under stable atmospheric conditions with 
small amount of precipitation. The high NH4

+ value registered in Miercurea 

Ciuc is due to the Ciuc basins specific climate conditions. In Odorheiu 

Secuiesc, the number of cations is with ~19% greater, while the number of 
anions is with 1.8% smaller than in Miercurea Ciuc, which is due to the cloudy 

systems loaded with regional precipitations. According to Bisht et al. (2017), 

acidity originates primarily from sulfuric and nitric acid and is neutralized by 

Ca2+, NH4
+ and Mg2+. The ratio of (SO4

2− + NO3
−)/ (Ca2+ + Mg2+), 0.94 for 

Miercurea Ciuc and 0.92 for Odorheiu Secuiesc, can be considered as indicator 

for acidity, if the ratio is less than one.  

The value of ammonia availability index (AAI) expressed as: 
 

𝐴𝐴𝐼 =
[𝑁𝐻4

+]

2[𝑆𝑂4
2−]+[𝑁𝑂3

−]
∗ 100 (1) 

 

(Chu, 2004), indicates that NH4
+ isn’t the only responsible for the total 

neutralization. AAI for Odorheiu Secuiesc (57%) is <100%, showing the 
ammonium deficit. In Miercurea Ciuc, AAI (93%) indicates a nearly total 

neutralization of the rainwaters acidity by NH4
+, favored by the peaty soils and 

the static stability of the atmosphere. The ratio of H+/ (SO4
2− + NO3

−) observed 

as 0.0016 and 0.0003 for Miercurea Ciuc and Odorheiu Secuiesc, respectively, 
is also an indicator to determine the extent of the neutralization process in 
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precipitation. This ratio, with a value close to zero indicates extensive 

neutralization, whereas value close to one indicates a lack of neutralization in 
precipitation (Bisht et al., 2017). The average ratio of (NO3

− + Cl−)/SO4
2− 

observed as 1.53 for Miercurea Ciuc indicates that nitric and hydrochloric acid 

influences the acidity of rainwater, whereas the ratio below one (0.59) for 

Odorheiu Secuiesc, indicates the influence of sulfuric acid (Salve et al., 2008). 
The ratio of NH4

+/NO3
− and NH4

+/SO4
2− was observed as 6.80 and 3.01 for 

Miercurea Ciuc, 8.71 and 1.20 for Odorheiu Secuiesc, respectively. The results 

indicate that the acidic components of rainwater are probably neutralized by 
NH4

+ and possible compounds may predominate in the atmosphere in the form 

of NH4NO3 and (NH4)2SO4 (Seinfeld, 1986). The ratio of (Ca2+ + NH4
+)/ (NO3

− 

+ SO4
2−) is 2.95 for Miercurea Ciuc and 2.19 for Odorheiu Secuiesc, which 

indicates that Ca2+ and NH4
+ ions play an important role in the neutralization 

process of acids in precipitation. The average value of NO3
−/SO4

2− for 

Miercurea Ciuc (0.80) and Odorheiu Secuiesc (0.34) indicates that about 68% 

of sulfuric acid and 32% of nitric acid contributes to the acidity in rainwater. 
The ratio of (SO4

2− + NO3
−)/ (Ca2+ + Mg2+) was observed as 0.97 and 0.92 for 

Miercurea Ciuc and Odorheiu Secuiesc, respectively, which are below unity 

showing the alkaline nature of rainwater (Bisht et al., 2017). 
Neutralization factors (NF) show the interactions between acidic and 

alkaline constituents in rainwater, the effect of the alkaline compounds in the 

neutralization process (Rao et al., 2016), and can be calculated using the 
following equation by Kulshrestha et al. (1995): 

 

𝑁𝐹𝑥𝑖 =
[𝑋𝑖]

[𝑆𝑂4
2−]+[𝑁𝑂3

−]
 (2) 

 

where,  [Xi] is the concentration of the alkaline component (Ca2+, NH4
+, Na+, 

Mg2+) expressed in μeqL−1. The NFNH4 was higher than the NFNa, NFCa, NFK 

and NFMg, the factors being 1.52 (NH4
+), 0.38 (Na+), 0.98 (Ca2+), 0.25 (K+) and 

0.22 (Mg2+) at Miercurea Ciuc. The higher neutralizing value of NH4
+ is due to 

the local pollutant accumulation, which is favored by the blocking effect of the 

Harghita Mountains, obstructing the air masses (Szép et al., 2018), while the 
static stability prevents the mixing of pollutants. In the case of Odorheiu 

Secuiesc, calcium had the highest neutralization effect, the value of NFCa being 

1.35, in comparison with the values calculated for NH4
+ (0.84), Na+ (0.26), K+ 

(0.20) and Mg2+ (0.11). The higher values of the neutralization factor of NH4
+, 

Ca2+ and Mg2+ indicates the important role of these in neutralizing the acidity 

in rainwater provided by H2SO4 and HNO3.  
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Spearman’s rank correlation analysis at 0.634 significance level and 0.001 

P-value, was applied to evaluate the correlation between ions in rainwater 
collected at both locations (Table 1) and helps to identify the sources of the 

chemical species and the sources of their components. 
 

Table 1 Correlation coefficients of ionic constituents in rainwater  

 
Miercurea Ciuc      Odorheiu Secuiesc 

 Na+ K+ Ca2+ Mg2+ SO4
2– Cl– NO2

– NO3
– NH4

+ HCO3
– 

Na+ 1 .97* .90* .85* .45* .66* .83* .50* .88* .81* 

K+ .10 1 .90 .92* .58* .69* .48* .07* .62* .81* 

Ca2+ .74 .44 1 .95* .78* .66* .52* .06* .64* .92* 

Mg2+ .43 .69 .78 1 .73* .68* .50* .10* .55* .87* 

SO4
2– .35 .55 .41 .41 1 .75* .37* .30* .41* .57* 

Cl– .81 .31 .83 .60 .51 1 .26* .10* .26* .43* 

NO2
– .83 .16 .70 .55 .35 .90 1 .27* .85 .60* 

NO3
– .83 .29 .83 .57 .45 .79 .71 1 .38* -.26* 

NH4
+ .09 .94 .39 .65 .56 .33 .19 .16 1 .69* 

HCO3
– .11 .74 .48 .62 .56 .38 .16 .30 .74 1 

 

The correlations obtained for Ca2+ and Mg2+ (0.95), K+ and Mg2+ (0.97), 
K+ and Ca2+ (0.90), respectively, for Odorheiu Secuiesc and the correlations 

between Ca2+ and Mg2+ (0.78), and between K+ and Mg2+ (0.69) for Miercurea 

Ciuc, indicate that the presence of these cations can be associated to the same 
sources, re-suspension of soil and crustal origin. Strong correlations between 

Na+ and Ca2+ (0.74) and Cl−(0.81) in the case of Miercurea Ciuc and between 

Na+ and Cl− (0.66), K+ (0.97), Ca2+ (0.90) for Odorheiu Secuiesc were 

considered originated from sea salt aerosol with soil contribution, but the lower 
correlation for Miercurea Ciuc is due to the numerous mofette emanations and 

mineral springs, frequently present in the Ciuc basin. The correlation matrix 

also indicates that a strong relationship exists between Cl−, NO2
− and NO3

−, 
which may probably be due to their similar source or photochemical processes, 

also partial correlation found between nitrate and sulfate suggests similar 

trends in occurrence and abundance, as both are constituents of polluted urban 
atmospheres (Nangbes et al. 2014). The significant correlation between, NO2

− 

and NO3
− (0.71), indicate their origin from similar sources and similar behavior 

in precipitation. Other relatively significant correlations were observed 

between Ca2+ and NO2
− (0.70), Ca2+ and NO3

− (0.83) for Miercurea Ciuc and 
between Ca2+ and SO4

− (0.78), SO4
− and Cl− (0.75) for Odorheiu Secuiesc. 
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Significant correlations were observed among the ions such as HCO3
− and soil 

derived Ca2+ (0.92), CaCO3, and K+ (0.81) at Odorheiu Secuiesc derived from 
fertilization and biomass burning, while correlation between K+ and HCO3

− 

(0.74) can be observed at Miercurea Ciuc too. The above-mentioned ions 

mostly have secondary pollution sources or occur in rainwater as a result of 

atmospheric chemical reactions (Rao et al., 2016). Good correlations were 
found between Ca2+ and NH4

+ (0.64), NH4
+ and HCO3

− (0.69), Na+ (0.88), K+ 

(0.62), and between NH4
+ and NO2

− (0.85), respectively, for Odorheiu 

Secuiesc. Ammonium is available in the atmosphere as a secondary inorganic 
aerosol, which is produced from fertilizers used by farmers during agricultural 

activities or urine excretion (Kaya and Tuncel, 1997). At Miercurea Ciuc, the 

correlation between NH4
+ and HCO3

− (0.74), and NH4
+ and K+ (0.94) was also 

significant, showing the same source origin, like biomass burning and the peat 

fires events, which are frequent during droughts. The significant correlation 

between Mg2+ and NH4
+(0.65) in Miercurea Ciuc and between Ca2+ and NH4

+ 

(0.64) could also indicate the effect of nitrogenous fertilizers, cattle wastes and 
soil particulates (Bisht et al., 2017). 

The chemical compositions of rainwater are expected to reflect the 

relative contribution of the ions from these reservoirs (Safai et al., 2004). In 
order to quantify the contribution of sea salt (SS) and non-sea salt (NSS) to 

precipitation chemistry, the sodium is assumed to be of marine origin and it is 

used as a reference element (Wu et al., 2016). The ratio values for both 
locations with respect to sea salt, non-sea salt and enrichment factor are 

presented in Table 2.  

 
Table 2.  Ratio values of ions, SSF (sea salt fraction), NSSF (non-sea salt fraction) and 
EF (enrichment factor) 

 𝐶𝑙−

𝑁𝑎+
 

𝐾+

𝑁𝑎+
 

𝐶𝑎2+

𝑁𝑎+
 

𝑀𝑔2+

𝑁𝑎+
 

𝑆𝑂4
2−

𝑁𝑎+
 

Seawater 1.16 0.02 0.04 0.22 0.12 

Miercurea Ciuc/Odorheiu Secuiesc 

Mean 
value 

1.45/1.33* 0.62/1.05* 2.37/7.23* 0.53/0.61* 2.05/5.54* 

%SSF 79.84/87.27* 3.23/1.91* 1.69/0.55* 41.78/36.02* 5.85/2.17* 

%NSSF 20.16/12.73* 96.77/98.09* 98.31/99.45* 58.22/63.98* 94.15/97.83* 

%EF 1.25/1.15* 31.00/52.37* 59.17/180.65* 2.39/2.78* 17.10/46.15* 

* - Odorheiu Secuiesc 

The enrichment factor for all elements in both locations is higher than 
one, which indicates the significant influence of local sources. The observed 
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rainwater ratio of C1−/Na+ for Miercurea Ciuc (1.45) and Odorheiu Secuiesc 

(1.33) is higher than that of seawater ratio (1.16), indicating that the Cl− in 
rainwater, beside maritime sources, is also influenced by the local contribution 

of numerous mofette emanations and mineral springs. The sea salt fraction 

(SSF) of Cl− was observed to be the highest in both areas, 79.84 for Miercurea 

Ciuc and 87.27 for Odorheiu Secuiesc. The higher SSF in case of Odorheiu 
Secuiesc can be explained by the presence of sea salt aerosols, carried with 

precipitations coming from the sea, as well as the presence of a nearby salt 

mine (Praid). The area of Miercurea Ciuc is surrounded by the Harghita 
Mountains, which act as a barrier, blocking the regional fronts loaded with sea 

salts, while due to the specific climate, local precipitations are more frequent, 

explaining a lower contribution of SSF. The values of non-sea salt (NSS) 
contributions of ionic constituents ranged between 20.16 and 98.31 for 

Miercurea Ciuc and between 12.73 and 99.45 for Odorheiu Secuiesc. The high 

non-sea salt fraction (NSSF) values for K+, Ca2+, Mg2+ in case of both 

locations, show that these ions originate from crustal sources, also proven by 
the regression analysis between soil-derived Ca2+ and Mg2+ (R=0.61 for 

Miercurea Ciuc; R=0.94 for Odorheiu Secuiesc), while the main cause for high 

NSSF SO4
2− values are emissions, due to anthropogenic activities. The high 

NSSF value of potassium in the atmosphere can originate from both coarse 

mineral particles and fine biomass burning particles (Falkovich et al., 2005).  

 
Table 3 Varimax rotated factor loadings, total variance and ionic sources 

 F1 F1*  F2  F2* F3 F3* 

Na+ 0.039 0.563  0.929  0.731 0.042 0.223 
K+ 0.794 0.613  0.029  0.239 0.161 0.338 

Ca2+ 
0.969 0.845  0.521  0.394 0.143 0.142 

Mg2+ 0.890 0.858  0.385  0.347 0.047 0.250 
SO4

2- 0.318 0.119  0.198  0.435 0.898 0.728 
Cl- 0.125 0.306  0.886  0.897 0.237 0.184 

NO3
- 0.265 0.123  0.011  0.044 0.912 0.632 

NH4
+ 0.933 0.865  0.081  0.391 0.246 0.121 

% Total variance 37.83 39.65  27.19  36.22 25.37 18.22 

Source Crustal and 
fertilization 

Marine                 Anthropogenic 

* - Odorheiu Secuiesc 

 
In order to a further analyze of the relationship between the ionic 

constituents and to identify the possible sources, Principal Component 

Analysis (PCA) was applied to the dataset for both areas, using IBM SPSS 

version 23 Statistics software. 
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As shown in Table 3, three factors have been extracted in both cases, 

explaining the 90.39% of the total variance at Miercurea Ciuc, and the 94.09% 
of the total variance at Odorheiu Secuiesc. Factor one has high loadings of K+, 

Ca2+, Mg2+ and NH4
+ for Miercurea Ciuc, and high loadings of Na+, K+, Ca2+, 

Mg2+ and NH4
+ for Odorheiu Secuiesc. These loadings of the above-mentioned 

ions are likely to be associated with crustal sources and use of fertilizers in 
agricultural activities. The high loading of potassium can also be associated 

with biomass burning. The second factor in both cases can be associated with 

the marine influence, due to the high value of chlorine and sodium. Factor 
three, in the Miercurea Ciuc, as well as in the Odorheiu Secuiesc, presented has 

high loadings for NO3
− and SO4

2−, which is associated with the secondary 

aerosol source, such as the chemical transformation of SO2, NOx on the surface 
of the aerosols (Falkovich et al., 2005). 

As the air-mass back trajectory analysis suggested, the air masses which 

mainly came from north and north-northwest areas (oceanic fronts), have 

regional characteristics. They transport higher amounts of precipitation and 
higher loadings of chlorine. These values (averages) were: 108.54 μeqL−1for 

Miercurea Ciuc and 113.89 μeqL−1for Odorheiu Secuiesc. While, the 

concentrations for Cl− from local precipitations, lasting a shorter period of 
time, were: 21.76 μeqL−1for Miercurea Ciuc and 36.03 μeqL−1for Odorheiu 

Secuiesc. 

 
 

Conclusions 

The present study was conducted to evaluate the differences between the 

precipitation chemistry of Miercurea Ciuc and Odorheiu Secuiesc, in the 
Eastern Carpathians, Romania during 2013, the driest year of the last decade. 

Miercurea Ciuc is surrounded by the Harghita Mountains, which act as a 

barrier blocking the regional fronts loaded with sea salts, while due to the 
specific climate, local precipitations are more frequent, explaining a lower 

contribution of marine influence. PCA helped identify the possible sources, 

sustaining the barrier effect of the Harghita mountains, since marine sources 

had higher factor loadings at Odorheiu Secuiesc. The rainwater samples 
showed alkaline nature, with average pH values much higher in both regions 

than the reference value of 5.6. The average pH value measured at Miercurea 

Ciuc was 7.08, while at Odorheiu Secuiesc the mean value was 7.20. In 
Miercurea Ciuc the rainwater chemistry is influenced mostly by NH4

+, while in 

Odorheiu Secuiesc Ca2+ contributes the most. The high NH4
+ value registered 

in Miercurea Ciuc is due to the Ciuc basins local specific climate conditions. 
At Odorheiu Secuiesc, the number of cations is with ~19% greater, while the 
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number of anions is with 1.8% smaller than in Miercurea Ciuc, which is due to 

the cloudy systems loaded with regional precipitations. The calculation of the 
NF supported the above-mentioned fact, the main neutralizing agent in 

Miercurea Ciuc being the ammonium ion with a NF value of 1.52, while in 

Odorheiu Secuiesc calcium was the most responsible in the neutralization 

process, with a NF value of 1.35. The correlations obtained for Ca2+ and Mg2+ 
(0.95), K+ and Mg2+ (0.97), K+ and Ca2+ (0.90), respectively, for Odorheiu 

Secuiesc and the correlations between Ca2+ and Mg2+ (0.78), and between K+ 

and Mg2+ (0.69) for Miercurea Ciuc, indicate that the presence of these cations 
can be associated to the same sources, re-suspension of soil and crustal origin. 

The sea salt fraction (SSF) of Cl− was observed to be the highest in both areas, 

79.84 for Miercurea Ciuc and 87.27 for Odorheiu Secuiesc. The higher SSF in 
case of Odorheiu Secuiesc can be explained by the presence of sea salt 

aerosols, carried with precipitations coming from the sea.  
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