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This study presents results of eleven years measurement of sediment 

dust and total suspended particles campaign, conducted in two places 

in Zenica City between January 1 2006 and December 31 2016. 

Samples of total suspended particles and sediment dust were analyzed 

for three heavy metals (iron, lead and cadmium). Concentrations of 

cadmium and lead have been measured because they are very much 

present in polluted areas with steel works. Since iron is not considered 

as a pollutant, it was measured to track impact of Steel Works on 

environment. Total suspended particles were measured using German 

standard VDI 2463 Blatt 4. Sediment dust was measured using 

Bergerhoff method. Collected samples were analyzed for iron, lead, 

and cadmium in the chemical laboratory of the Metallurgical Institute 

“Kemal Kapetanović” Zenica using standard methods. The heavy 

metal TSP/SD ratio shows that lead and cadmium are present in a 

higher proportion in TSP than in SD, whereas Iron is present in higher 

proportion in SD. Analysis of temporal variations of TSP, SD and 

heavy metals showed uprising trend of pollution in Zenica city. 
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Introduction:- 
Zenica City is one of the most polluted cities in Bosnia and Herzegovina due to mining and metallurgic activities, 

great number of boilers, small house stoves and traffic. Steel Works Arcelor Mittal Zenica is located in urban zone 

next to the residential buildings. These activities, especially metallurgic, emit a high amount of dust with 

considerable concentrations of heavy metals. When we consider metal in total suspended particles (TSPs) and in 

sediment dust (SD), the situation is worse in the areas around Steel Works Zenica. This is because particulate matter 

(PM) contain many heavy fractions which literally “cross the fence” of Steel Works. That is the reason why the 

effects of repair of the main sources of dust emissions at the Steel Works Zenica in 1987 brought a significant 

reduction of sediment dust, especially at measurement locations around the Steel Works [1]. The situation 

deteriorates in the winter due to the heating season and meteorological conditions (temperature inversions), which 

are typical for for the deep valley terrain. Zenica is situated in 600 meters of deep valley bordered with high hills. 

Atmospheric conditions in autumn and winter favor the accumulation of pollutants in the valleys, in a phenomenon 

known as air mass stagnation [2, 3].  

 

Over the past 20 years a number of studies [4-7] have proven that particulate matter poses a significant treat on 

human health. Elevated concentrations of lead can induce severe neurological and hematological effects to the 
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exposed population and especially children. The main emission source of lead in the atmosphere for many years has 

been the use of ore with high content of lead in Steel Works Zenica, and use of leaded gasoline in vehicles. Since the 

lead content in fuels has been regulated during the past years, industrial sources and fuel burning activities have 

assumed a bigger importance in ambient lead production. Compounds of cadmium are susceptible for inducing 

carcinogenic effects in humans, through inhalation. Chronic exposure toxicity effects of cadmium compounds are 

local irritation of the lungs and gastrointestinal tract, kidney damage and abnormalities of skeletal system [5]. 

Cadmium compounds in particulate matter, mainly originate from coal and fuel oil combustion processes, 

metallurgical industry, and road transport [8].  

 

There are short-term measurements conducted in Zenica City in a considered period with more element analysis [9], 

but due to the limited resources assigned for continual air quality monitoring; only Pb, Cd and Fe are analyzed 

simultaneously in SD and TSP-s during entire considered period. These measurements reveal that concentrations of 

other heavy metals like nickel, chromium and manganese violate prescribed limits. 

The aim of this paper is systematic analysis of the spatial and temporal variability of toxic metal concentrations in 

SD and TSP, in Zenica City. Initial comparison with the recent ambient assessment thresholds set up by the 

domestic regulations for Pb and Cd, was also performed. All data used in this study are the outcome of 

measurements of Metallurgical institute “Kemal Kapetanović” Zenica[10]. 

 

Methodology:- 
The measurement campaign was conducted from January 1 2006 to December 31 2016 in two places “TETOVO” 

and “INSTITUT” (Figure 1). Measurement site “TETOVO” is located near the Steel Works (Figure 1 a), 350 m 

from basic oxygen furnace (BOF). The second location “INSTITUT” is a measurement site located in urban part of 

the city. This measurement site was chosen because it is located north of the steel works and detects pollution that 

the north wind, which blows approximately 11.2% of the time, carries from the Steel Works to the city. Therefore, 

when it comes to pollution from Steel Works, this measuring site is always considered as a representative for the 

city [10]. Sediment dust was measured on seven other locations distributed along the Zenica valley, as shown in 

Figure 1. 
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 a) b) 

Figure 1:- Study area and spatial distribution of measurement sties 

 

Results and Discussion:-  
Results of TSP and SD measurements are shown in Table 1. and 2. The highest average of TSP in the eleven year 

period was found in “TETOVO” with total concentration of 154 µg/m
3
. The highest concentration of SD was also 

found in “TETOVO” with concentration of 785 mg/m2dan. Data clearly indicates that concentrations of cadmium 

were significantly higher in period 2006-2008 in both measurement places, whereas lead was significantly higher in 

measurement site “TETOVO”. It should be noted that integral production in steel works Zenica was started in late 

2008, and in period 2006-2008 steel works Zenica was working with 100 ton electric blast furnace, which was 

stopped after the start of integral production. On the other hand, concentration of iron increased after the start of 

integral production especially in SD and in measurement site “TETOVO” which is located near the steel works 

Table 1:- Year average o f TSP, SD and heavy metal concentrations in measurements site “INSTITUT”  

YEAR TSP SD FeTSP FeSD CdTSP CdSD PbTSP PbSD 

- µg/m
3 

mg/m
2
day % % % % % % 

2006 70 165 1,917 3,2600 0,0595 0,0010 0,219 0,054 

2007 70 101 2,154 3,0650 0,032 0,0030 0,307 0,047 

2008 85 165 4,275 12,570 0,150 0,0010 0,139 0,033 

2009 86 166 5,737 11,330 0,011 0,0010 0,158 0,018 

2010 90 284 7,760 7,0880 0,001 0,0003 0,145 0,028 

2011 105 193 5,285 6,4690 0,004 0,0004 0,096 0,026 

2012 103 204 4,230 10,145 0,005 0,0001 0,121 0,023 

2013 104 218 5,160 10,583 0,012 0,0010 0,233 0,025 

2014 99 338 5,564 7,7370 0,009 0,0010 0,094 0,020 

2015 105 346 6,625 15,190 0,013 0,0010 0,063 0,019 

2016 107 412 4,790 14,200 0,010 0,0010 0,045 0,014 

 

Table 2;- Year average of TSP, SD and heavy metal concentrations in measurements site “TETOVO”  

YEAR TSP SD FeTSP FeSD CdTSP CdSD PbTSP PbSD 

- µg/m
3 

mg/m
2
day % % % % % % 

2006 84 231 3,4220 3,5630 0,026 0,0010 0,510 0,050 

2007 83 168 4,5660 3,2050 0,056 0,0070 0,985 0,077 

2008 88 204 8,3550 11,465 0,018 0,0020 0,288 0,046 

2009 96 294 12,202 13,618 0,013 0,0010 0,215 0,041 

2010 107 302 9,0800 10,590 0,003 0,0003 0,097 0,023 

2011 140 307 9,2570 10,618 0,004 0,0010 0,112 0,043 

2012 146 370 12,431 12,798 0,004 0,0010 0,195 0,033 

2013 131 300 10,806 11,203 0,010 0,0010 0,213 0,045 

2014 106 503 10,769 9,683 0,010 0,0010 0,125 0,024 

2015 131 785 10,439 20,550 0,011 0,0010 0,077 0,025 

2016 154 664 8,6890 14,523 0,007 0,0011 0,059 0,026 

„TETOVO“ 

A
M

Z
 -

B
O

F
 

350 m „INSTITUT

“ 

A
M

Z
 S

te
el

 W
o

rk
s 

Z
en

ic
a
 



ISSN: 2320-5407                                                                                  Int. J. Adv. Res. 5(6), 2184-2191 

2187 

 

Table 3 shows the TSP/SD ratio for each station and the average ratio for each metal in TSP and SD. It should be 

noted that lead and cadmium are in a higher proportion in the TSP, especially in measurement site “INSTITUT” 

which is located in an urban part of the city. Iron is in higher proportion in SD especially in measurement site 

“TETOVO”. The percentage for Cd, and Pb in TSP is considerably higher than in SD. Cadmium is an average of 

30,77 times higher in TSP in measurement site “INSTITUT” and 10,1 times in measurement situ “TETOVO”. Lead 

is an average of 5,3 times higher in TSP in measurement site “INSTITUT” and 5,68 times in measurement site 

“TETOVO”. According to Mugica et all [11] Cd and Pb are present preferably in the respirable part of suspended 

particles and could be a health risk. Therefore, investigation of PM10 to TSP ratio in Zenica city is important, 

because the content of heavy metals is within the limits prescribed by the domestic regulations. Since the thresholds 

for metal content in PM10 are stricter, it is necessary to determine heavy metal content in PM10 particles, to see 

whether the limits are violated.  

Table 3:- TSP/SD ratio and heavy metal in TSP/heavy metal in SD ratio.  

YEAR Measurement site “INSTITUT” Measurement site “TETOVO” 

 TSP   FeTSP   CdTSP   PbTSP   TSP   FeTSP   CdTSP   PbTSP 

 SD   FeSD   CdSD   PbSD   SD   FeSD   CdSD   PbSD 

2006 0,42 0,59 59,50 4,06 0,36 0,96 26,0 10,20 

2007 0,69 0,70 10,67 6,53 0,49 1,42 8,00 12,79 

2008 0,52 0,34 150,0 4,21 0,43 0,73 9,00 6,26 

2009 0,52 0,51 11,00 8,78 0,33 0,90 13,0 5,24 

2010 0,32 1,09 3,330 5,18 0,35 0,86 10,0 4,22 

2011 0,54 0,82 10,00 3,69 0,46 0,87 4,00 2,60 

2012 0,50 0,42 50,00 5,26 0,39 0,97 4,00 5,91 

2013 0,48 0,49 12,00 9,32 0,44 0,96 10,0 4,73 

2014 0,29 0,72 9,00 4,70 0,21 1,11 10,0 5,21 

2015 0,30 0,44 13,00 3,32 0,17 0,51 11,0 3,08 

2016 0,26 0,34 10,00 3,21 0,23 0,60 6,36 2,27 

AVG 0,44 0,59 30,77 5,30 0,35 0,90 10,1 5,68 

The relationship between chemical elements in TSP and SD was assessed with the Pearson’s coefficient of 

correlation r between their contents in the samples (Table 4.). It was qualitatively assumed that the absolute values 

of r between 0,3 and 0,7 indicate good association, and those between 0,7 and 1,0 strong association between 

elements [12]. If the coefficient between two metals is high, this means that the origin of emission for both metals is 

the same. Table 4 shows that highest correlation is between lead and cadmium in measurement site “TETOVO” 

(PbTSP-PbSD =0,92; PbTSP-CdSD =0,89; PbSD-CdSD =0,83; PbSD-CdTSP =0,87; PbTSP-CdTSP =0,97; CdSD-CdTSP =0,92). 

On the other hand, correlation coefficients in measurement site “INSTITUT” are significantly smaller. It is 

interesting that the correlation coefficients between iron and other elements in SD or TSP in this measurement site is 

smaller and has negative values, which means that high concentrations of iron correspond to low concentrations of 

other two elements. The reason for this could be the location of measurement site “INSTITUT”, which is located in 

the urban part of the city. Clearly, there are different emission sources in this Measurement site. Research [10] show 

that concentration of iron in TSP has raised, after the start of integral production in steel works Zenica. Therefore, it 

is clear that concentration of iron in TSP and SD is directly connected to steel works activities 

  



ISSN: 2320-5407                                                                                  Int. J. Adv. Res. 5(6), 2184-2191 

2188 

 

Table 3:- TSP/SD ratio and heavy metal in TSP/heavy metal in SD ratio  

- TSP SD FeTSP FeSD CdTSP CdSD PbTSP PbSD 

Measurment site „INSTITUT“ 

TSP 1        

SD 0,68 1       

FeTSP 0,61 0,57 1      

FeSD 0,65 0,56 0,51 1     

CdTSP -0,47 -0,39 -0,41 0,05 1    

CdSD -0,58 -0,34 -0,55 -0,33 0,19 1   

PbTSP -0,74 -0,77 -0,58 -0,66 0,18 0,63 1  

PbSD -0,85 -0,67 -0,74 -0,77 0,45 0,47 0,75 1 

Measurement site „TETOVO“ 

TSP 1        

SD 0,61 1       

FeTSP 0,54 0,38 1      

FeSD 0,61 0,76 0,73 1     

CdTSP -0,66 -0,43 -0,72 -0,65 1    

CdSD -0,44 -0,37 -0,53 -0,52 0,92 1   

PbTSP -0,64 -0,59 -0,72 -0,76 0,97 0,89 1  

PbSD -0,54 -0,70 -0,62 -0,69 0,87 0,83 0,92 1 

Figure 2 shows temporal variations of annual averages of TSP and SD for both measuring sites. The uprising trend, 

in last six years concerning TSP and last three years concerning SD, especially in measurement site “TETOVO” is 

evident. Thresholds established by domestic regulations are: TSP 90 µg/m
3 

(year average), SD 200 mg/m
2
day (year 

average), are violated in period 2009 to 2016 in measurement site “TETOVO”. Figure 2 shows that the amount of 

TSP is 23,36% more, and the amount of SD is 37,21% more in measurement site “TETOVO” than in measurement 

site “INSTITUT” 

   
a) b) 

Figure 2:- Temporal variations of:  a) TSP and b) SD 

 

Figure 3 shows temporal variations of annual averages of lead and cadmium for both measurement sites. After 2008, 

concentrations of cadmium and lead dropped significantly. In the past four years, Cadmium concentrations have 

raised in both measurement sites, whereas lead concentrations have downfall trend in both measurement sites 
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 a) b) 

Figure 3:- Temporal variations of:  a) cadmium and b) lead in TSP and SD 

 

Figure 4 shows variations of annual averages of iron for both measurement sites. As it can be seen amount of iron 

has risen after 2008 (start of integral production in Steel Works Zenica) in both measurement places.  This increase 

is higher in measurement site “TETOVO”, which is normal because of its location. In measurement situ 

“INSTITUT” the amount of iron in SD is up to 2,9 times as much as iron in TSP. Increase of iron in SD in the past 

two years is evident.  

 
Figure 4:- Temporal variations of iron in TSP and SD 

 

Figure 5 shows quarterly variations of TSP and SD. The first and fourth quarter belongs to cold part of the year and 

second and third quarter belongs to warm part of the year. First and fourth quarters of the year are part of heating 

season. This analysis is performed in order to investigate season specific variations of TSP, SD and metal content. 
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 INSTITUT TETOVO 

Figure 5:- Quarterly variations of TSP and SD 

 

As it can be seen in Figure 5, the amount of TSP is 1,4 to 2,9 times higher than in the cold part of the year in the 

measurement site “INSTITUT”. In measurement site “TETOVO” this proportion is even higher (1,8 to 3,1). Season-

specific patterns for SD are not very clear. Sometimes it is higher in the warm part of the year and sometimes is 

higher in cold part of the year. This random behavior of amount of SD could be connected with frequent still 

conditions in Zenica valley. Seasonal variations of heavy metal concentrations are also unclear.  

 

Conclusion:- 
This study was conducted to know temporal and spatial variation of lead, cadmium and iron on TSP and sedimented 

dust during an eleven years period in the city of Zenica. Suburb TETOVO is the most polluted part of Zenica city 

since it is located next to the fence of the steel works. The heavy metal TSP/SD ratio shows that lead and cadmium 

are present in a higher proportion in TSP than in SD, whereas Iron is present in a higher proportion in SD. The 

correlation analysis between metal concentrations, amount of TSP and SD showed a good correlation between Cd 

and Pb in measurement situ “TETOVO”, while correlation between same elements in measurement situ 

“INSTITUT” were rather low, not allowing a clear explanation on the commonality of the sources. It is clear that in 

measurement situ “INSTITUT” metals emanate from multiple common origins. After the start of integral production 

in Steel Works Zenica concentrations of Pb, and Cd dropped significantly. On the other hand, significant incline of 

iron concentrations especially in SD in Measurement situ “TETOVO” was recorded. Temporal analysis of TSP, SD 

and metal concentrations showed incline trend of pollution in Zenica city especially in the last two years. Quarterly 

variations analysis of TSP and CD, performed to analyze the periods of activation/deactivation of domestic heating 

as a source of pollution, showed increase of TSP during the cold part of the year. On the other hand quarterly 

variation analysis of SD and heavy metal concentrations was found to be inconclusive, and does not produce clear 

evidence on the association on heating season with heavy metals and SD. Domestic legislated limit values for metals 

in TSP were not violated. On the other hand limit values for annual average of TSP, SD and heavy metals in SD 

were violated. PM10 measurement and analysis on heavy metal in Zenica city is necessary since heavy metals like 

Pb and Cd are present preferably in respirable part of suspended particles.   
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