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Abstract 

Emissions of air pollutants is rapidly increasing mainly from antropogenic activities due to large population, a 
rapidly growing economy, high-energy consumption, transportation and industrialization. The two major groups 
of air pollutants are SOx and NOx. Their oxidations result in particulate sulfate and particulate nitrate which 
ultimately determine the lifetime of those pollutants in the atmosphere. Atmospheric deposition, the major 
removal pathway for secondary pollutants, can take place in two forms wet and dry deposition, which together is 
referred to as bulk deposition. This study presents the chemical composition of bulk deposition during the period 
of January–May 2003 in Erzurum, Turkey. The weekly bulk deposition samples were collected at three stations 
during period of January -May 2003. Samples were analyzed for SO4

-2, NO3
-, HCO3

-, Cl-, Ca+2, Mg+2, K+, Na+ in 
addition to pH. The pH value varied between 5.-7.9. The highest pollutant concentrations of the bulk deposition 
samples were determined as follows: 44,5 mg SO4

-2/L, 3 mg NO3
-/L, 26,7 mg Ca+2/L, 12,7 mg Mg+2/L, 5 mg 

K+/L. Higher enrichment factors were found for SO4
-2 and NO3

-. The source of some ionic components in the bulk 
deposition such as Mg2+ , K+ and Ca2+ were found to be the terrestrial regions. Results indicated that Ca2+ was the 
dominant cation and SO4

-2 the dominant anion in bulk deposition samples at Erzurum. Higher correlation 
coefficients were obtained among the crustal ions (Ca+2, Mg+2, K+). It was found a high correlations also between 
antropogenic ions (SO4

-2, NO3
-). 
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1.Introduction 

Atmospheric deposition, the major removal 
pathway for secondary pollutants, can take place in 
two forms wet and dry deposition, which together is 
referred to as bulk deposition. Atmospheric deposition 
contributes to the chemistry of plants, soils, and 
surface waters, and to the cycling of nutrients in 
ecosystems. Therefore, the accurate quantification of 
wet and dry deposition is important for a wide range of 
ecological disciplines. Wet deposition is defined as the 
process by which atmospheric compounds are attached 
to and dissolved in cloud and precipitation droplets and 
delivered to the earth’s surface by rain, hail or snow. 
Dry deposition occurs when it is not raining. Gaseous 
pollutants and acid aerosols are deposited when they 
come in contact with and stick to earth’s surface. The 
amount of dry deposition depends on local gas and 
aerosol concentrations, turbulence intensities and the 
collection efficiency of the samplers (Staelens et 
al.,2005).  

Several atmospheric deposition studies have been 
conducted in the past and present . An study on dry 
deposition in in Izmir (Turkey) found relatively lower 
enrichment factors for ambient samples and high 
ambient concentrations, indicating that the local soil 
was polluted and contributed significantly to ambient 
trace element concentrations (Odabasi et al., 2002). 
The mean value of pH in bulk deposition sampled 
during the summer in Alberta (Canada) varied between 
4 and 6.4 (Dufour et al., 1985). In a wet deposition 
study in Erzurum (Turkey) during May -August mean 
values of pH and SO4

2- were found as 6.9 and 
0.11mg/L, respectively. In the same study, very high 
mean Ca2+ concentration was also observed, 70mg/L 
(Ocak et al., 2002a). By using Ca2+ as a reference 
element of enrichment factors, Ocak (2002b) showed 
in the wet deposition that Ca2+ was of mainly terrestrial 
origin. The pH of rain was less acidic (between 6.1 and 
6.3) which was attributed to relatively high 
concentrations of alkaline particles in the atmosphere 
and the apparent association of SO4

2- with CaSO4 in 
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Ankara, Turkey (Tuncel and Ungör, 1996; Topçu et al., 
2002).  

Staelens et al.(2005) compared the weekly bulk 
and wet-only precipitation deposition in Belgium at 
two sites. Averaged for both sites, bulk deposition was 
129% (K+), 84% (Ca2+), 51% (Cl-), 50% (Mg2+), 46% 
(Na+), 32% (SO4

2-), 27% (NO3
-), 17%(F-), and 11% 

(NH4
+) higher than wet deposition. The acidity of bulk 

samples was significantly (p<0.06) lower than the 
acidity of wet-only samples. Bulk NH4

+ concentrations 
were only significantly (p<0.002) higher than wet-only 
concentrations at one site. Chantara and Chunsuk 
(2008) compared daily bulk and wet-only precipitation 
deposition in Thailand. The average pH of the samples 
from both types of collectors was 5.5. Scatter plots 
between log-transformed depositions of specific ions 
obtained from bulk and wet-only samples showed high 
correlation (r>0.91). Means of log-transformed bulk 
deposition were 14% (Na+ and K+), 13% (Mg2+), 7% 
(Ca2+), 4% (NO3

-), 3% (SO4
2-and Cl-) and 2% (NH4

+) 
higher than that of wet-only deposition. Kang et al. 
(2010) measured water –soluble ions (NO3

-, NH4
+, 

SO4
2-) in aerosol samples collected during the period 

March 2002-February 2003. The geometric mean 
concentrations of the water-soluble ions were NO3

- 
2.98 (0.56–16.22), NH4

+ 1.42 (0.37–6.73) and SO4
2-

2.47 (0.17–17.35) μg/m3.  
This work presents the maesurements and 

interpretations of bulk deposition collected in Erzurum 
during period of January-May 2003. The city is one of 
polluted cities in Turkey. The main source of air 
pollution over the city was the combustion of poor 
quality coal and oil for domestic heating. Main 
objective of this study is to examine and explain the 
chemical characteristics of bulk deposition in this 
region and to find the possible sources of the chemical 
constituents of the deposition. 

 
 

2. Material and methods 

Bulk deposition includes both wet deposition and 
dry deposition that may fall into a collector that is kept 
open to the atmosphere, continually. Since bulk 
precipitation samplers are open at all times, an 
unknown fraction of gaseous and particular matter can 
be collected along with the rain water. Bulk deposition 
chemistry is very susceptible to local contamination 
from wind-blow dust, birds and insects,so that the 
choice of the sampling site is crucial. If local 
contamination can be disregarded, bulk deposition, 
probably better approximates what actually falls on the 
soil surface than does wet deposition (Dufour, 1985). 
Bulk samples were collected by using a 5L capacity 
polyethylene containers and a funnel of 30cm diameter 
in different three location in Erzurum. The collectors 
and funnels were mounted at a height of 2 m above the 
ground. This height was necessary to avoid possible 
sources of contamination by ground dust. The first 
container was used to collect bulk deposition for a one-
week period. After each sampling period, the bucket 
was brought to the laboratory. The second container 
was used to collect precipitation samples. To avoid dry 
deposition, the lid of wet deposition collector was 
closed when it is not raining. Prior to installation, the 
bulk deposition collector was rinsed with distilled 
water, soaked in a nitric acid bath and then rinsed 
again with distilled water and dried. Six snow samples 
and 14 bulk samples were collected during study 
period. After a rain event, the sample water was 
removed from container and brought to the laboratory. 
The pH was measured immediately and then the 
samples were filtered with glass fiber filters (pore size 
0.45 mm) and stored in precleaned polyethylene bottles 
in the refrigerator at 4 oC prior to chemical analysis.  

For pH measurements, Hanna 8314 pH-meter, 
was used. Calibration of the pH-meter was always 
carried out before experiment, using standard buffer 
solutions of 4.00 and 7.00. Sulfate was determined 
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turbidimetrically as BaSO4, with a Shimadzu UV 160-
Spectrophotometer at 420 nm, providing a light path of 
4–5 cm. Nitrate analysis was done in accordance with 
the Shimadzu Ultraviolet Spectrophotometric 
Screening Method at 210 nm. Concentrations of the 
main cations (Mg2+, Ca2+ , Na+ and K+) were 
determined with a Analyst Perkin-Elmer 360 atomic 
absorption spectrophotometer. HCO3- were 
determined by volumetric method. 

The enrichment factor (EF) is a ratio used to 
discriminate aerosol sources (Ahmed et al., 1990; 
Akkoyunlu and Tayanç , 2003). This calculation, based 
on the elemental ratio found between ions collected in 
the atmosphere or in precipitation compared with a 
similar ratio for a reference material, provides 
important information on the sources of the elements 
of concern. In this work, an enrichment factor using a 
reference soil was calculated by Eq. (1) :  

EF= (X/C)precipitation/(X/C)reference material (1) 

 
Where X is the concentration of the ion of interest 

and C is the concentrations of the reference ion. 

3. Results and discussions 

Figure 1 illustrates pH values of 14 bulk 
deposition samples collected in Erzurum. pH of the 
individual weekly samples of the bulk ranged from 5 to 
7.9 with an average of 6.6, that is higher than the 
neutral pH of 5.6. Strong acidic events, having pH 5 
were experimented in 14-21 January 2003, and strong 
alkali events, having pH 7.9, took place in 14-21 April 
2003. 

Gülsoy et al. (1999) found the average value of 
pH in the wet deposition of Istanbul as 6.15. 
Akkoyunlu et al. (2003) found the average value of pH 
in the bulk deposition of Gebze as 6.25.  

Acid materials, derived primarily from SOx and 
NOx, are removed from atmosphere via wet and dry 
processes. Gravitational settling is the primary 
mechanism for the removal of large particles. For 
smaller particles, such as anthropogenic acid aerosols 

formed by the transformation of gaseous material into 
particles, the settling velocity is smaller. The 
deposition velocities of calcium, magnesium, sodium 
and potassium aerosols are higher than that of sulfate 
aerosols (Akkoyunlu et al., 2003). This mechanism 
suggests that, higher percentage of Ca2+, Mg2+, Na+ and 
K+ ions in the bulk deposition than SO2

−4 is due to the 
dry deposition. 

Arithmetic means of the concentrations of the 
anions and cations in the bulk deposition were 
calculated, separately. Results indicate the following 
order in the magnitude of the mean concentrations of 
the anions: SO4

-2 > Cl- > HCO3
- >NO3

-. The anion that 
has the highest mean concentration together with the 
largest concentration range was SO4

-2, with a mean of 
10.3mg/L, a minimum of 1.9 mg/L and a maximum of 
44.5mg/L. The order in the magnitude of the mean 
concentrations of the cations was found as Ca2+ > Na+ 
> Mg 2+ > K+. The cation that the highest mean 
concentration together with the largest concentration 
range was Ca2+ , with a mean of 20.4mg/L, a minimum 
of 15.7mg/L and a maximum of 26.7mg/L. 

The bulk concentration depends on sufficiently 
the number of dry days during the deposition period, 
i.e. the larger the number of dry days the larger will be 
the dry deposition. In order to find daily bulk 
deposition rate, total amount of ions in the bulk 
deposition was divided by the number of the days in 
the deposition period and the area of the funnel. 
Temporal fluctuations of anions and cations in the bulk 
deposition rate calculated as mg/ m2 day are depicted 
in Figure 2. Highest mean of deposition rate belongs to 
Cl as 120.6 mg/m2.day. The order in magnitude of 
mean deposition rate was found Cl-> Ca2+ >HCO3

- 

>SO4
2- > Mg2+ > K+ > NO3

-. On 3-10 March 2003, bulk 
sampling period, the deposition rate reaches to its 
maximum for SO4

2-, NO3
-. This main reason of this can 

be the considerably high precipitation that fall on 3-7 
March. Generally, it is found that the days yielding 
high precipitation amounts also yield high deposition  
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Figure 1. pH values of wet (snow) deposition and bulk deposition 
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Figure 2. Weekly bulk deposition rates of ions in mg/m2.day 
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Table 1. Pearson correlation coefficients between bulk deposition rates (mg/m2day) 

NO3
- SO4 2- Ca2+ Mg2+ K+ Cl- HCO3

- Na+ 
NO3

- 1 
SO4 2- 0,93 1 
Ca2+ -0,15 -0,05 1 
Mg2+ -0,19 -0,06 0,78 1 
K+ -0,29 -0,14 0,60 0,83 1 
Cl- -0,34 -0,14 -0,15 -0,01 0,21 1 
HCO3

- -0,16 -0,09 0,34 0,34 0,58 0,26 1 
Na+ -0,13 -0,09 -0,15 0,08 0,11 0,27 -0,05 1 

 
rates for ions. The higher the precipitation amount, the 
higher can be the scavenged amount of ions in the 
atmosphere. This in turn can lead to higher wet 
deposition rates and bulk deposition rates. 

Table 1 presents Pearson correlation coefficients 
among the values of bulk deposition rates (mg/m2.day) 
of ions. Pearson correlation coefficient between SO4 2- 
and NO3

- was found as 0.93. Na+ and Cl- have low 
correlation of 0.27. Correlation coefficient between 
calcium and sulfate have lower correlation also. 
Correlations coefficients between crustal ions were 
high in bulk deposition. Correlations between calcium 
and magnesium, between calcium and potassium, and 
between potassium and magnesium in bulk deposition 
were 0.78, 0.60 and 0.83, respectively.  

Enrichment factors were calculated by using 
Eq(1) to determine the contribution of soil to the 
chemical composition of bulk deposition. Calcium is 
chosen as the reference ion in soil material. The 
concentration of the ion of interest (X in the equation) 
and the concentration of calcium (C in the equation) in 
the sample were used to find the ratio for bulk 
deposition. A similar approach was used to find the 
ratio for the soil reference material. Concentrations of 
the ions of interest in soil were presented by Taylor 
(1972) at Table 2 (Satsangi et. al., 1998; Okay, et al., 
2002;.Bayraktar, and Turalıoglu, 2005) An EF value 
much smaller than 1 or much greater than 1 is 
considered concentrated or diluted relative to the 
reference source (Okay, C et al., 2002). Mean 

enrichment factors(EF) ionic major components in the 
bulk deposition are shown in Table 3. 

Table 2. The ratios of SO4 2-, NO3
-, Mg2+, K+ 

 SO4 2-/ Ca2+ NO3
-/ Ca2+ K+/ Ca2+ Mg2+/ Ca2+ 

Soil 0,049 0,021 0,50 0,56 

Table 3. Mean EF ionic major components in 

the bulk deposition 

 NO3
- SO4 2- Mg2+ K+ 

Mean 1,1 10,3 9,3 3,1 
EF 2,6 10,3 0,8 0, 3 

The EF of SO4 2- in bulk deposition 10.3 (Table 3), 
suggesting that soil was not a major source of this ion. 
Mg2+, K+ seemed to be concentrated by soil. NO3

- was 
enriched 2,6 with respect to soil, implying that soil was 
not the major source of this ion. 

4. Conclusions 

In this work, the composition of bulk deposition 
in Erzurum, Turkey is studied by collecting samples in 
the period 14 January to 5 May 2003. Concentrations 
of main cations Ca2+, K+, Mg2+, Na+ and main anions 
SO4 2-, NO3

-, Cl-, HCO3
- were analyzed. The average 

pH 6.6. The average pollutant concentrations of the 
bulk deposition samples were determined as follows: 
10.3 mg SO4

-2/L, 1,1 mg NO3
-/L, 20,4 mg Ca+2/L, 9,3 

mg Mg+2/L, 3,1 mg K+/L. The source of some ionic 
components in the bulk deposition such as Mg2+ , K+ 
and Ca2+ were found to be the terrestrial regions. 
Results indicated that Ca2+ was the dominant cation 
and SO4

-2 the dominant anion in bulk deposition 
samples at Erzurum. Higher correlation coefficients 
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were obtained among the crustal ions (Ca+2, Mg+2, K+). 
It was found a high correlations also between 
antropogenic ions (SO4

-2, NO3
-). 
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