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DETERMINATION OF BENZENE CONCENTRATIONS AS AN INDICATOR 
OF AIR QUALITY NEAR COKE PLANTS ARCELLOR MITTAL ZENICA 

AND GLOBAL ISPAT COKE INDUSTRY LUKAVAC

ORIGINAL SCIENTIC PAPER

A. Đozić1, V. Selimbašić1, V. Stuhli1, M. Zohorović1, N. Alić2

1 Faculty of Technology, University of Tuzla, 75000 Tuzla, Bosnia and Herzegovina
2 Institute for quality, standardization and ecology 75300 Lukavac, Bosnia and Herzegovina

ABSTRACT

Determinations of immission concentration of benzene were carried out at 4 sites in area near the coke plant in Arcellor 
Mittal Zenica (AMZ) and 4 sites in the industrial complex of Global Ispat Coke Industry Lukavac (GIKIL). Measurements 
were performed in AMZ in order to determine the air quality and to determine a possible cause of the high concentration 
of benzene at the automatic measuring station in Tetovo (AMS Tetovo), in GIKIL to determine the possible source of 
emissions and to compare the results. To measure the concentration of benzene GASMET DX4030 portable gas analyzer 
was used with a Fourier Transform Infrared (FTIR) spectrometer, the measurement range of 0,01 ppm to 200 ppm. 
Positions of sampling sites were selected in relation to the nearest populated area, and based on the wind rose. On location 
AMZ at the sampling site SZ1 an average concentration of benzene was 44,47 µg/m3 and the maximum measured 139,2 
µg/m3. The sampling site SZ2 was the nearest to the coke plant, the average benzene concentration was 117,28 µg/m3 and 
the maximum measured 243,60 µg/m3. At the sampling site SZ3 the average concentration of benzene was 99,69 µg/m3 
and the maximum 313,20 µg/m3. The sampling site SZ4 was located north-east of the coke plant, the average measured 
concentration of benzene was 108,13 µg/m3 while the highest concentration was 278,40 µg/m3. On location GIKIL, at the 
sampling site SL4 the highest concentration of benzene of 5000 µg/m3 and the lowest of 1450,10 µg/m3 at the SL4 were 
measured. At the AMS Tetovo, in the period of measurement, the average benzene concentration was 1,62 µg/m3, and 
the highest value was 2,50 µg/m3. On the basis of the measurements it can be concluded that air quality in the immediate 
vicinity of the coke plant does not meet clean air quality with regard to the content of benzene.

Keywords: air quality, immission, benzene, coke ovens, wind rose

INTRODUCTION

Air pollution is a major environmental health risk; 
low air quality reduces human life expectancy by 
more than eight months on average and by more 
than two years in the most polluted cities and 
regions1. Benzene is a natural component in fossil 
fuels and its emission is associated with the course 
of natural and anthropogenic activities such as 
combustion of coal and petroleum products. As 
an unavoidable component of unleaded gasoline, 
benzene is added in concentration of 1-2% by 
volume for its octane-enhancing and anti-knock 
properties and 80–85 % of benzene emissions are 
due to vehicular traffic in Europe2,3. In air, benzene 
exists predominately in the vapour phase, with

residence times varying between  a few hours and 
a few days, depending on the environment, the 
climate and the concentration of other pollutants4. 
Benzene as a volatile organic compound (VOC) 
can have serious adverse effects on human 
health5. The primary use of benzene today in 
Bosnia and Herzegovina in GIKIL Lukavac is in 
the manufacture of maleic anhydride. In Europe, 
benzene is mainly used in the manufacture 
of organic chemicals such as phenol, aniline, 
cyclohexane and alkyl benzenes. Exposure 
to benzene can be divided into two groups 
occupational and non-occupational. Occupational 
exposure occurs via dermal or inhalation 
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absorption of solvents contained in paint, rubber 
and lacquer. Workers such as taxi and bus drivers 
are often exposed to benzene from exhaust 
gases and petrol stations. The primary source of 
exposure to benzene for the general population 
are ambient air containing tobacco smoke, air 
contaminated with benzene (for example, in 
areas with heavy traffic around gasoline filling-
stations, drinking contaminated water, or eating 
contaminated food)6. Acute (short term) inhalation 
exposure of humans to benzene may cause 
drowsiness, dizziness, headaches as well as eye, 
skin and respiratory tract irritation and, at high 
levels, unconsciousness7. Chronic (long term) 
inhalation exposure has caused various disorders 
in the blood, including reduced numbers of red 
blood cells and aplastic anemia, in occupational 
settings7. Increased incidences of leukaemia have 
been observed in humans occupationally exposed 
to benzene, although this level of exposure is 
unlikely in ambient air7. Ambient (outdoor air 
pollution) in cities and rural areas was estimated 
to cause 3,7 million premature deaths worldwide 
per year in 2012; this mortality is due to exposure 
to small particulate matter of 10 microns or less 
in diameter (PM10), which cause cardiovascular 
and respiratory diseases, and cancers8. Benzene 
is recognised as a carcinogenic pollutant. The 

most significant adverse effects from prolonged 
exposure are haematotoxicity, genotoxicity and 
carcinogenicity. Chronic exposure to benzene can 
depress bone marrow and cause haematological 
effects such as decreased red and white blood 
cell counts3. Also, benzene has an acute toxic 
effect on aquatic organisms, it bioaccumulates 
in invertebrates. High concentration in air can 
damage leaves of agricultural crops and lead to 
death in plants3. In many developed countries 
monitoring networks that measure concentrations 
of VOC have been established, these networks 
consist of fixed site monitoring stations9. In the 
Federation of Bosnia and Herzegovina stations 
for benzene monitoring are installed in Zenica at 
three sites.  Outdoor concentrations of benzene 
were estimated by one monitoring campaign 
(March 30, 2015) at four sampling sites near 
the coke plant Arcellor Mittal Zenica and results 
were compared with the data obtained from the 
monitoring stations. The measurement was also 
performed as one monitoring campaign (August 
8, 2015) at four sampling sites near the coke plant 
GIKIL Lukavac. The monitoring of benzene near 
sources is an important part in protecting human 
health.

MATERIALS AND METHODS

Study area: Measurements of benzene 
concentration were performed near the coke 
plants in the industrial areas of Zenica and 
Lukavac. These towns are the largest industrial 
areas in Bosnia and Herzegovina. The town of 
Zenica has a population of 13000 inhabitants, 
and has the largest iron-stell plant in the region 
with a coal carbonization department that yields 
metallurgical coke for use in other departments 
like an iron-making blast furnace. Lukavac is 
a town with 15000 inhabitants and numerous 
industrial plants, such as the cement and soda 
factory and the large plant for coke production 
GIKIL Lukavac. Coke production technology 
used in Arcellor Mittal Zenica and GIKIL 

Lukavac is from slot-type by product coke ovens. 
In coke ovens coal is heated to 1300 0C in the 
absence of air to distill out tars and light oils. At 
high temperature a gaseous by-product occurs, as 
coke oven gas, together with sulphur compounds, 
water, ammonia and many other components 
removed thermally from the coal. 
Sampling sites and methodology: The direct 
measurement was carried out at four different 
sampling sites around the coke plant in Arcellor 
Mittal Zenica and with the same number of 
sampling sites around the coke plant in GIKIL 
Lukavac. In all sampling sites the sampler was 
placed at typical heights of breathing of an 
adult 1,5 m. The temperature, relative humidity, 

A. Đozić and all: Determination of benzene concentrations as an indicator
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atmospheric pressure, wind speed and direction 
recordings during sampling operations, data for 
meteorology parameters were obtained from the 
Federal Hydrometeorology Agency. Meteorology 
parameters for Lukavac were obtained from an 
automatic measuring station of air quality located 
about 3150 m east from the coke plant GIKIL. 
The sampling sites in Zenica were marked as 
SZ1, SZ2, SZ3 and SZ4, and in Lukavac SL1, 
SL2, SL3 and SL4. The first sampling site (SZ1) 
was located at the southwest from the coke plant 
at the distance of approximately 240 m. The 
sampling site (SZ2) was the nearest to the coke 
plant at the distance of about 190 m, SZ3 was 
at distance of 350 m north from the coke plant. 
The fourth sampling site (SZ4) was situated 
about 290 m southeast. The first sampling site in 
GIKIL (SL1) was located at the southwest from 
the coke plant at the distance of about 190 m. The 
sampling site (SL2) was the nearest to the coke 
plant at the distance of about 130 m, SL3 was 

at distance of 170 m east from the coke plant. 
The fourth sampling site (SL4) was situated 
about 300 m southeast. The sampling sites were 
chosen according to the wind rose and the nearest 
settlement to the factories Arcellor Mittal and 
GIKIL; the locations are marked and shown in 
Fig. 1 and 2. The Gasmet DX-4030 was used to 
analyze benzene in all the investigated sites. The 
Gasmet DX – 4030 analyzer module houses a 
Fourier Transform Infrared (FTIR) spectrometer, 
Rhodium-Gold coated sample cell and signal 
processing electronics. The sample gas is extracted 
into the sample cell via a probe with built in a 
particle filter. The instrument is designed for on-
site measurements of different compounds (both 
organic and inorganic) at low concentrations in 
ambient air. Measurement range for benzene is 
0,01 to 200 ppm. Duration of measurement at 
each sampling site was one hour.

SZ1

SZ2

SZ3

SZ4

Figure 1. Locations of sampling site in Arcellor Mittal Zenica

A. Đozić and all: Determination of benzene concentrations as an indicator
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SL1

SL2

SL3

SL4

Figure 2. Locations of sampling site in GIKIL Lukavac

RESULTS AND DISCUSSION

The coke oven is a major source of fugitive 
emissions into the air, the coking process emits 
sulphur oxides (SOx), nitrogen oxides (NOx), 
volatile organic compounds (non-methane VOC 
and methane CH4), carbon dioxide (CO2), carbon 
monoxide (CO), ammonia (NH3), particulate 
matter, heavy metals and polycyclic aromatic 
hydrocarbons (PAH)10. The amount of such 
fugitive emissions depends on numerous factors 
such as the design, age and condition of the 
coke battery and the operating and maintenance 
practices employed11. Coke oven emissions are 
a yellowish-brown gas which contains literally 
several thousand compounds, several of which 
are known carcinogens and/or cocarcinogens 
(including polycyclic organic matter from coal 
tar pitch volatiles, beta-naphthylamine, benzene, 
arsenic, beryllium, cadmium, chromate, lead, 
nickelsubsulfide, nitric oxide and sulphur 
oxide)12. Imission concentration were highest in 
breathing zones lidman (3220 µg/m3), tar chaser 
(3140 µg/m3), larry-car operator (3050 µg/m3),  

and were lowest for pusher-machine operator 
(390 µg/m3)13. About 60% of total coke oven 
emissions occur during charging, 30% during 
pushing and 10% during quenching of coke14. The 
average concentrations of benzene at sampling 
sites in AMZ and GIKIL are reported in Table 1. 
The meteorology data obtained from the nearest 
AMS Tetovo (about 600 m) and AMZ Lukavac 
(about 3150 m) are presented in the same table 
as well. The highest concentration of benzene 
was observed at SZ2 (117,28 µg/m3), this site 
was the nearest to the coke plant, and there are 
not any buildings between SZ1 and the coke 
oven plant. The lowest concentration of benzene 
in AMZ was at SZ1 (44,47 µg/m3), this site was 
nearest to the torch where generated coke gas is 
combusted. There is no significant difference in 
measured concentrations between sampling sites 
SZ3 (99,69 µg/m3) and SZ4 (108,13 µg/m3). A 
slightly higher concentration at SZ4 is probably 
due to less air flow between buildings, reservoirs 
and other industrial infrastructural objects. The 

A. Đozić and all: Determination of benzene concentrations as an indicator
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concentrations of benzene in GIKIL sampling 
sites were much higher than in AMZ. The highest 
concentration of benzene was recorded at site 
SL1 (5000 µg/m3), this site was next to the 
aeration-flocculation wastewater basin, which 
is located within the biological wastewater 
treatment plant as its first step. The wastewater 
basin is used for aeration and flocculation of 
wastewater and to adjust temperature, pH value 
and O2 content concentration to the optimal level. 
For the purpose of O2 content basin is occupied 
with an air chamber where air flows through the 
pipeline at the bottom of basin. The volume of 
basin is 50 m3, depth 3,4 m, level of water in the 
basin is 2,56 m. Considering that SL1 was the 
second furthest site away from the coke plant, 
and that other sites which were closer to the coke 
plant had the lowest concentrations, it can be 
concluded that this basin of raw wastewater is the 
source of fugitive emission of benzene; this result 
can be explained by the fact that the wastewater 
contained dissolved benzene and that in the 
process of aeration at an elevated temperature 
(about 50 0C) benzene evaporated in the air. It 
has a relatively low boiling point (80.1 oC) and a 
high vapour pressure (9.95kPa at 20 oC), causing 
it to evaporate rapidly even at room temperature. 
At site SL2, near an electrostatic precipitator 
which is used for additional tar removal from 
coke oven gas after its passing spray towers, the 
concentration of benzene was measured (2450,15 
µg/m3). For this site, it can be concluded that other 
sources of benzene emissions exist around the 
electrostatic precipitator, because it is unlikely 
that only one source - the coke battery which 
is 130 m away - contributed to the content of 
benzene at SL2 site. The average concentration 
of benzene at SL3 was (450,10 µg/m3), this is the 
lowest concentration of benzene recorded during 
campaign, the site was 170 m away from the coke 
oven battery opposite to the nearest inhabited 
place. The content of (2650,00 µg/m3) benzene in 
air was recorded at SL4. This site was next to the 
spray tower where coke is drenched with water 
and cooled for transport and size screening. This 
water contains suspended particles of coke which 

settled in the basin near the tower. Significantly 
higher concentrations of benzene in GIKIL 
Lukavac are results of fugitive emissions from 
other departments in GIKIL where benzene is 
produced as the raw material for other process 
such as production of maleic anhydride. The 
compiled part of GIKIL is a department called 
condensation, where benzene from coke oven gas 
mixture is recovered in the liquid state, stored in 
reservoirs and with pumps sent through pipelines 
to other departments for further processing. The 
highest concentration of the benzene at sampling 
sites GIKIL can be associated with the fact that 
coke oven battery in GIKIL consists of 100 
ovens in regard to AMZ where 65 ovens are 
installed. In AMZ there is not benzene recovery 
from coke oven gas.  The lowest content of 
benzene in air at AMZ can be explained by the 
presence of OH- radicals in atmosphere where 
benzene can be removed by OH- radicals; this 
is the main removal mechanism of atmospheric 
higher molecular weight aromatic compounds. 
The National Institute for Occupational Safety 
and Health (NIOSH) recommends that benzene 
be controlled and handled as a potential human 
carcinogen in the workplace and that exposure be 
reduced to the lowest feasible limit. The NIOSH 
recommended exposure limit (REL) is 320 µg/
m3 as an 8-hour time-weighted average (TWA) 
is 3200 µg/m3. According to directive 2004/37/
EC-carcinogens or mutagens at work, the limit 
value for occupational exposure is 3250 µg/
m3, this limit value was exceeded at site SL1. 
Average concentration of the benzene at AMS 
Tetovo during measuring campaign was 1,62 
µg/m3. In Zenica there are three automatic 
measuring stations: stations AMS Centar, AMS 
Radakovo and AMS Tetovo. The AMS Tetovo is 
about 200 m away from the first industrial objects 
in AMZ and about 780 m away from the coke 
oven battery. Its location is in the backyard of the 
family home, about 50 m away from the nearest 
road. The AMS Centar is located on the roof of the 
shopping mall (about 2170 m away from the coke 
oven battery) at the height of about 15 m, which is 
not the standard for AMS. The AMS Radakovo is 
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also located on the roof of the elementary school 
(about 4200 m away from the coke oven battery) 
at the height of about 5 m, and 30 m away from a 
road. In this study, data of benzene concentrations 
from AMS Centar, AMS Radakovo and AMS 
Tetovo are presented (Fig.3, Fig.4, Fig.5, Fig.6, 
Fig.7, Fig.8, Fig.9 and Fig.10) for the period 
from March 23, 2015 to March 31, 2015. In this 
period the highest benzene levels were recorded 
which caused anxiety among the general public 
in Zenica. The increase of benzene was recorded 
at 11 a.m. on March 24, 2015 at the AMS Tetovo, 
61,4 µg/m3. In the same period at other two AMS 
the concentration of benzene was significantly 
lowest, 1,23 µg/m3 and 1,01 µg/m3. It can be 
concluded that the increase of benzene level in 
Tetovo is not accompanied by the increase in 
Centar and Radakovo. The highest concentration 
of benzene was recorded between 10 a.m. and 16 

p.m., on March 25 2015 at AMS Tetovo, 104,78 
µg/m3. In this case the concentration of benzene 
at the other AMS showed correlation with AMS 
Tetovo. This fact can be associated with the 
increase of traffic and industrial emissions. On 
March 26 2015 the maximum concentration was 
observed at 2 a.m., 37,99 µg/m3 at AMS Tetovo, 
between 5 a.m. and 8 a.m. there were no data 
from the AMS Tetovo and between 1 a.m. and 8 
a.m. from AMS Radakovo. For this period there 
was no significant correlation between metering 
stations until 5 p.m. From March 27 to March 31 
2015 there was no significant increase of benzene 
concentration and there were some correlations 
between measured levels of benzene in all three 
AMS.

of the family home, about 50 m away from 
the nearest road. The AMS Centar is 
located on the roof of the shopping mall 
(about 2170 m away from the coke oven 
battery) at the height of about 15 m, which 
is not the standard for AMS. The AMS 
Radakovo is also located on the roof of the 
elementary school (about 4200 m away 
from the coke oven battery) at the height of 
about 5 m, and 30 m away from a road. In 
this study, data of benzene concentrations 
from AMS Centar, AMS Radakovo and 
AMS Tetovo are presented (Fig.3, Fig.4, 
Fig.5, Fig.6, Fig.7, Fig.8, Fig.9 and Fig.10) 
for the period from March 23, 2015 to 
March 31, 2015. In this period the highest 
benzene levels were recorded which 
caused anxiety among the general public in 
Zenica. The increase of benzene was 
recorded at 11 a.m. on March 24, 2015 at 
the AMS Tetovo, 61,4 µg/m3. In the same 
period at other two AMS the concentration 
of benzene was significantly lowest, 1,23 
µg/m3 and 1,01 µg/m3. It can be concluded 

that the increase of benzene level in Tetovo 
is not accompanied by the increase in 
Centar and Radakovo. The highest 
concentration of benzene was recorded 
between 10 a.m. and 16 p.m., on March 25 
2015 at AMS Tetovo, 104,78 µg/m3. In 
this case the concentration of benzene at 
the other AMS showed correlation with 
AMS Tetovo. This fact can be associated 
with the increase of traffic and industrial 
emissions. On March 26 2015 the 
maximum concentration was observed at 2 
a.m., 37,99 µg/m3 at AMS Tetovo, 
between 5 a.m. and 8 a.m. there were no 
data from the AMS Tetovo and between 1 
a.m. and 8 a.m. from AMS Radakovo. For 
this period there was no significant 
correlation between metering stations until 
5 p.m. From March 27 to March 31 2015 
there was no significant increase of 
benzene concentration and there were 
some correlations between measured levels 
of benzene in all three AMS.

 
 
Table 1. Average concentrations of benzene (µg/m3) and meteorological data 
 
 Benzene  Meteorology parameters 

Sites Averag
e Average* Temperature, 0C Atmospheric 

pressure, hPa 

Relative 
humidity, 

% 

Wind 
speed, m/s 

Wind 
direction,0 

SZ1 44,47 1,23 
1,83 
2,02 
1,42 
ND 
ND 
ND 
ND 

 11,09 971,67 60,12 1,59 147,28 
SZ2 117,28  13,27 970,13 53,25 2,13 143,71 
SZ3 99,69  15,61 968,09 47,10 2,56 137,30 
SZ4 108,13  17,84 965,94 41,35 3,19 149,10 
SL1 5000,00  28,21 989,47 45,30 0,91 66,20 
SL2 2450,15  29,50 987,65 43,72 1,12 70,52 
SL3 2650,28  30,62 988,17 40,30 1,13 75,30 
SL4 1450,10  31,27 986,22 39,59 0,95 78,45 
*data obtained from automatic measuring station Tetovo  
ND – no available data 
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Table 2. Linear correlation coefficients between average concentrations of benzene and meteorological 
data in AMZ 
 

  
Average 
SZ1-SZ4 

Average 
AMS-
Tetovo 

Temperature, 
0C 

Atmospheric 
pressure, 

hPa 

Relative 
humidity, 

% 

Wind 
speed, 

m/s 
Wind 

direction,0 
Average  
SZ1-SZ4 1 

      Average  
AMS-Tetovo 0,664 1 

     Temperature,  
0C 0,675 0,267 1 

    Atmospheric  
pressure, hPa  -0,632 -0,205 -0,998 1 

   Relative 
 humidity, % -0,708 -0,307 -0,999 0,994 1 

  Wind  
speed, m/s 0,687 0,225 0,997 -0,996 -0,995 1 

 Wind  
direction,0   -0,260 -0,890 -0,026 -0,026 0,055 0,040 1 

 
 
Table 3. Linear correlation coefficients between average concentrations of benzene and meteorological 
data in GIKIL 
 

  
Average 
SL1-SL4 

Temperature, 
0C 

Atmospheric 
pressure, hPa 

Relative 
humidity, 

% 
Wind speed, 

m/s 
Wind 

direction,0 
Average  
SL1-SL4 1 

     Temperature,  
0C -0,914 1 

    Atmospheric  
pressure, hPa  0,953 -0,861 1    
Relative  
humidity,  
% 

0,820 -0,981 0,760 1   

Wind 
 speed, m/s -0,393 0,282 -0,108 -0,232 1  
Wind  
direction,0   -0,893 0,997 -0,859 -0,986 0,208 1 
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Average 
SZ1-SZ4 

Average 
AMS-
Tetovo 

Temperature, 
0C 

Atmospheric 
pressure, 

hPa 

Relative 
humidity, 

% 

Wind 
speed, 

m/s 
Wind 

direction,0 
Average  
SZ1-SZ4 1 

      Average  
AMS-Tetovo 0,664 1 

     Temperature,  
0C 0,675 0,267 1 

    Atmospheric  
pressure, hPa  -0,632 -0,205 -0,998 1 

   Relative 
 humidity, % -0,708 -0,307 -0,999 0,994 1 

  Wind  
speed, m/s 0,687 0,225 0,997 -0,996 -0,995 1 

 Wind  
direction,0   -0,260 -0,890 -0,026 -0,026 0,055 0,040 1 

 
 
Table 3. Linear correlation coefficients between average concentrations of benzene and meteorological 
data in GIKIL 
 

  
Average 
SL1-SL4 

Temperature, 
0C 

Atmospheric 
pressure, hPa 

Relative 
humidity, 

% 
Wind speed, 

m/s 
Wind 

direction,0 
Average  
SL1-SL4 1 

     Temperature,  
0C -0,914 1 

    Atmospheric  
pressure, hPa  0,953 -0,861 1    
Relative  
humidity,  
% 

0,820 -0,981 0,760 1   

Wind 
 speed, m/s -0,393 0,282 -0,108 -0,232 1  
Wind  
direction,0   -0,893 0,997 -0,859 -0,986 0,208 1 
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Figure 3. Benzene concentration levels, 24.03.2015.

Figure 4. Benzene concentration levels, 25.03.2015.
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Figure 5. Benzene concentration levels, 26.03.2015.

Figure 6. Benzene concentration levels, 27.03.2015.
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Figure 7. Benzene concentration levels, 28.03.2015.

Figure 8. Benzene concentration levels, 29.03.2015.
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Figure 9. Benzene concentration levels, 30.03.2015.

Figure 10. Benzene concentration levels, 31.03.2015.

A. Đozić and all: Determination of benzene concentrations as an indicator
of air quality near coke plants Arcellor mittal Zenica and global ispat coke industry Lukavac



www.tf.untz.ba

16

 
Table 4. Benzene concentrations in ambient air of various cities worldwide, 
 
Cities Benzene, µg/m3 
Zenica*  
Zenica** 
Algiers16 

Rome17 
Berlin18 
London19 
Athens20 

1,62 
8,90 
1,94 
35,5 
6,90 
2,70 

13,3-26,0 
*AMS Tetovo, March 31 2015 (11 a.m. to 15 a.m.) 
** From 24 to 31 March 2015 
 
A benzene level in urban area without 
industry is associated with traffic intensity, 
solar radiation, relative humidity, air 
temperature, wind speed and direction. On 
1 January 2000 the EU limit for benzene in 
petrol reduced from 5% to 1% and the 
average content of benzene in petrol in the 
EU is 0,7%. This has significantly reduced 
the levels of benzene across Europe. 
Although in the period from March 24 to 
27 2015 the relatively high concentrations 
of benzene were observed, its average 
value at AMS Tetovo was 8,90 µg/m3 
which is in the range of ambient air quality 
of various cities (Table 4). For the purpose 
of comparison and interpretation of 
obtained results we have taken into 
account the indoor benzene concentrations. 
The main pathway of human exposure to 
benzene is inhalation; therefore, the 
benzene concentration in indoor air is an 
important source in determination of its 
impact on general public. Indoor 
concentrations of benzene are normally 
higher than those in outdoor air as a 
consequence of the existence in many 
indoor sources, infiltration and 
accumulation of benzene present in 
outdoor air. Viewed across published 
studies, indoor concentrations of benzene 
ranged from 0,6 to 3,4 (arithmetic mean 
1,8) times than the outdoor concentrations 
and are greatly influenced by those 
outdoors20. This occurs in part because 
there are numerous indoor sources of 
benzene and because the relatively low 
rates of ventilation typically used in 
residences and offices prevent the rapid 

dispersal of airborne contaminants21. 
Environmental tobacco smoke (ETS) is 
considered one of the main indoor sources 
of benzene20. Benzene emissions from 
cigarette smoking range from 430 to 590 
μg per cigarette22. Studies in humans 
showed that 50% of the quantity of inhaled 
benzene is absorbed23,24. The benzene 
concentration in the blood of 14 smokers 
was significantly higher (median 493 ng/l) 
than that in 13 non-smokers (median 190 
ng/l)25. Indoor benzene levels measured in 
the United States showed arithmetic values 
of 5,54–10,5 μg/m3 in homes exposed to 
ETS compared to 3,86–7,0 μg/m3 in ETS-
free homes26,27. A similar situation was 
reported in Italy, with levels of 32,2 and 
18,9 μg/m3 in ETS and ETS-free homes, 
respectively and in Germany, with levels 
of 11,0 and 6,5 μg/m3, respectively28,29. 
Many published studies showed increasing 
indoor concentrations in European cities 
from north to south. The lowest indoor 
concentrations (2 μg/m3) were measured in 
Finnish homes, while they ranged from 2 
to12 μg/m3 in central European cities and 
from 10 to 13 μg/m3 in southern cities such 
as Milan and Athens30-38. Average 
concentration of benzene in children’s 
bedrooms determined by passive sampling 
in households in Germany showed an 
average concentration 9,5 μg/m3 compared 
to 1.8 μg/m3 in outdoor air39. Studies of 
benzene concentrations in the interior of 
vehicles while driving have shown values 
of 10–120 μg/m3 in Germany, 37–57 
μg/m3 in Sweden, 30–115 μg/m3 in the 
Netherlands, and mean values of 12–50 

A benzene level in urban area without industry is 
associated with traffic intensity, solar radiation, 
relative humidity, air temperature, wind speed 
and direction. On 1 January 2000 the EU limit 
for benzene in petrol reduced from 5% to 1% and 
the average content of benzene in petrol in the 
EU is 0,7%. This has significantly reduced the 
levels of benzene across Europe. Although in the 
period from March 24 to 27 2015 the relatively 
high concentrations of benzene were observed, 
its average value at AMS Tetovo was 8,90 µg/
m3 which is in the range of ambient air quality 
of various cities (Table 4). For the purpose of 
comparison and interpretation of obtained results 
we have taken into account the indoor benzene 
concentrations. The main pathway of human 
exposure to benzene is inhalation; therefore, 
the benzene concentration in indoor air is an 
important source in determination of its impact on 
general public. Indoor concentrations of benzene 
are normally higher than those in outdoor air as 
a consequence of the existence in many indoor 
sources, infiltration and accumulation of benzene 
present in outdoor air. Viewed across published 
studies, indoor concentrations of benzene ranged 
from 0,6 to 3,4 (arithmetic mean 1,8) times 
than the outdoor concentrations and are greatly 
influenced by those outdoors20. This occurs in 
part because there are numerous indoor sources 
of benzene and because the relatively low rates 
of ventilation typically used in residences and 
offices prevent the rapid dispersal of airborne 
contaminants21. Environmental tobacco smoke 

(ETS) is considered one of the main indoor 
sources of benzene20. Benzene emissions from 
cigarette smoking range from 430 to 590 μg per 
cigarette22. Studies in humans showed that 50% 
of the quantity of inhaled benzene is absorbed23,24. 
The benzene concentration in the blood of 14 
smokers was significantly higher (median 493 
ng/l) than that in 13 non-smokers (median 190 
ng/l)25. Indoor benzene levels measured in the 
United States showed arithmetic values of 5,54–
10,5 μg/m3 in homes exposed to ETS compared to 
3,86–7,0 μg/m3 in ETS-free homes26,27. A similar 
situation was reported in Italy, with levels of 32,2 
and 18,9 μg/m3 in ETS and ETS-free homes, 
respectively and in Germany, with levels of 11,0 
and 6,5 μg/m3, respectively28,29. Many published 
studies showed increasing indoor concentrations 
in European cities from north to south. The lowest 
indoor concentrations (2 μg/m3) were measured 
in Finnish homes, while they ranged from 2 to12 
μg/m3 in central European cities and from 10 to 
13 μg/m3 in southern cities such as Milan and 
Athens30-38. Average concentration of benzene 
in children’s bedrooms determined by passive 
sampling in households in Germany showed an 
average concentration 9,5 μg/m3 compared to 
1.8 μg/m3 in outdoor air39. Studies of benzene 
concentrations in the interior of vehicles while 
driving have shown values of 10–120 μg/m3 in 
Germany, 37–57 μg/m3 in Sweden, 30–115 μg/m3 
in the Netherlands, and mean values of 12–50 μg/
m3 in the USA40. According to the results reported 
in Table 2 the correlation coefficients (R2) between 
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benzene concentrations levels at AMS Tetovo 
and sampling sites (SZ1-SZ2), temperature and 
wind speed are high. The results reported in 

Table 3 show that temperature, wind speed and 
direction have no effect on the measured benzene 
concentration at sampling sites (SL1-SL4).

CONCLUSION

The benzene concentration levels were measured 
near two coke oven battery in the industrial area 
of Zenica and Lukavac as two largest industrial 
zones in Bosnia and Herzegovina. Measurements 
were performed in two campaigns in spring for 
AMZ and summer for GIKIL. In both cases 
sampling sites were located around the coke 
oven battery. With respect to air quality standard 
the limit value in regard with EC legislation 
as an annual average value of 5 μg/m3 exceeds 
at all measurements sites. Measured benzene 
concentrations near the coke oven batteries in 
AMZ and GIKIL can affect the assessment of the 
impact of air quality in Zenica and Lukavac.  

Average measured benzene concentrations at 
sampling sites in AMS Tetovo are in the range of
similar ones in most European cities. At one 
sampling site in GIKIL the concentration of 
benzene exceeds the limit values established 
by NIOSH which can lead to the increase of 
occupational exposure at workplace. At this 
regard, further investigations are necessary to 
estimate levels of benzene, toluene, ethylbenzene 
and o,m.p xylene.
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ABSTRACT

Results of numerous studies show the constant presence of heavy metals in the environment. Metals are present in the 
air, water and soil due to natural processes, but mostly as a result of human activities such as industrial and agricultural 
processes. 
Fruits and vegetables accumulate soil metals during growth while different animal species bioaccumulate metals either 
from their environment or through food. Since metals are not biodegradable they can accumulate towards the top of the 
food chain presenting a risk to human health. 
This paper presents lead, cadmium and mercury concentrations in food sampled in the area of Split-Dalmatia County in 
the period 2001 - 2013. The study included food that is most prevalent in the daily diet such as fruits, vegetables, grains, 
milk, meat, fish and their products. Concentrations above LOD were determined in 83% of analyzed samples for lead,78% 
of analyzed samples for cadmium and 61% of analyzed samples for mercury. In certain food groups, more than 30% of 
the samples contained 75% of the maximum allowed concentration.
Therefore, simultaneously with measures for reducing emissions of heavy metals into the environment, it is necessary to 
conduct constant monitoring of heavy metals presence in food which is an important route of human exposure to metals.

Keywords:metal pollution, bioaccumulation, environment, food

INTRODUCTION

Metals are ubiquitous in the biosphere. They 
are an integral part of the earth’s crust, ore and 
geological strata discharged intotheenvironment 
from natural sources such as volcanic eruptions, 
forest fires, rocks and soil leaching. More signif-
icant contribution are different human activities, 
such as coal burning power plants, industrial 
plants, foundries, smelters, car exhaust, uncon-
trolled disposal of solid waste, industrial and mu-
nicipal waste waters¸1,2.

Metals are redistributed in the environment 
through geological and biological cycles partici-
pating in biochemical exchanges between the en-
vironment and living beings. They are not 

biodegradable, and most of them are bioaccumu-
lative. They accumulate in plants and animals and 
thus enter into the food chain affecting humans as 
well as other living organisms 3.

Air inhalation and ingestion of contaminated 
water and foodare the most important route of 
human exposure to metals.Considering that chil-
dren are more sensitive to absorption and to the 
toxic effects of some metals, food safety must 
be given special attention 4.Lead, cadmium and 
mercury are metals whose presence in the envi-
ronment is of particular concern, because of their 
adverse effects. The main sources of lead emis-
sions are coal combustion, transport, industrial 
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production of steel, iron, ferrous metals and ce-
ment 5,6. The chronic lead exposure is associated 
with deficiencies in mental development and oc-
currence of mental illness of children. Cadmium 
is released into the environment from industrial 
production of non-ferrous metals, iron,steeland 
cement.Waste incineration plants as well as the 
application of phosphate fertilizerscan also be 
significant sources of itsemissions 7. Cadmium is 
primarily toxic to the liver and kidneys, but ac-
cording to recent studiesitincreasesarisk of can-
cer;interferes with calcium metabolism in bone 
formation leading to softening and deformation 
of bones 3.Mercury,considered as one of the most 
toxic pollutants, is widespread throughout the 
environment as elemental, inorganic and organic 
mercury. All three forms are toxic to living or-
ganisms. In addition to substantialnatural sources 
of mercury emissions into the environment, 5207 
t/year, anthropogenic sources of mercury are 

combustion of fossil-fuel in power plants, indus-
trial and municipals sewage treatments, ferrous 
and non-ferrous metals manufacturing facilities, 
caustic soda and vinyl chloride production plants, 
ore processing facilities, incinerators for urban, 
medical and industrial wastes, cement plants and 
chemicals production facilities 8,9.Since in the 
organic form passes the brain barrier, a primary 
toxic effectofmercuryis on the nervous system. 
The chronic exposure to low doses of mercury is 
associated with the development of chronic neu-
rodegenerative diseases.

Considering that oral ingestion is the principal 
pathof human exposure to lead, cadmium and 
mercury,the aim of this study was to investigate 
the content of these metals in types of food that 
are most prevalent in the daily diet of inhabitants 
in Split-Dalmatia County.

MATERIALS AND METHODS

Samples

Food samples most commonly used in the diet 
of the local population were sampled in the area 
of Split-Dalmatia County in period 2001 -2013. 
The total number of samples 3528,were colect-
ed in local markets as well as in small stores 
and supermarkets, regardless of the origin of the 
sample, i.e. imports or domestic production. The 
lead, cadmium and total mercury content were 
determined in 3497, 3528 and 1605 samplesre-
spectively. The samples were analyzed individ-
ually and the results were classified into major 
groups; fruit and fruit products, vegetables and 
products, cereals and cereal products, milk and 
dairy products, fish and fish products, meat and 
products.

Methods

For the purpose of lead and cadmium determina-
tion,the samples were digested with concentrat-
ed HNO3/HCl and H2O2mixture in an automated 
microwave digestion unit, (CEM Mars 5).

Quantitative determination of lead and cadmium 
were carried out on a graphite furnace atomic 
absorption spectrometer (AAS Vario6, Analytik 
Jena). Measurements were performed with the 
hollow cathode lamps 283,3 for lead and 228,8 
nm for cadmium, with deuterium background 
correction. Graphite furnace with pin platform 
and palladium modifier were used for interfer-
ences reduction.
Determination of the total mercury (THg) con-
centrations was performed on Advanced Mer-
cury Analyser AMA 254 (Altec, Prague, Czech 
Republic),directly from the homogenized sam-
ple, without previous preparation. 
The limits of the detection (LOD)were calcu-
lated from the standard deviations of the blanks 
and were 1 mg L-1 for lead and cadmium and 
0,0005mg kg-1 for mercury.
The accuracy of measurements was examined 
with known concentrations of standard solutions, 
which were run as a sample.
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RESULTS AND DISCUSSION

The results for each metal are sorted into six 
groups by type of food and depending on vegeta-
ble or animal origin. The experimental results of 
lead, cadmium and mercury concentrations 

expressed by the mean, median, standard devia-
tion (SD), and range (minimum, maximum) are 
shown in Table 1.

Table 1. Presentation of the experimental results for Pb, Cd and THg determination in food samples.

Type of  food

Metal

Fruit & 
products

Vegetables, 
mushrooms 
& products

Cereals & 
products

Milk & 
products

Fish, shellfish,  
cephalopods & 
products

Meat & 
products

Pb

 (mg kg-1)

No. of samples 636 1374 462 288 415 323
Mean 0,054 0,079 0,063 0,072 0,337 0,108
SD 0,090 0,114 0,089 0,115 0,358 0,121
Median 0,019 0,034 0,027 0,027 0,228 0,069
Min < LOD < LOD < LOD < LOD < LOD < LOD
Max 0,500 0,707 0,400 0,500 1,98 0,500

Cd

(mg kg-1)

No. of samples 629 1381 463 284 435 336
Mean 0,009 0,017 0,022 0,010 0,062 0,017
SD 0,015 0,030 0,023 0,014 0,085 0,022
Median 0,003 0,009 0,015 0,005 0,040 0,010
Min <LOD <LOD <LOD <LOD <LOD <LOD
Max 0,184 0,479 0,159 0,075 1,00 0,147

Hg

(mg kg-1)

No. of samples 306 425 105 65 567 138
Mean 0,002 0,003 0,001 0,000 0,193 0,002
SD 0,005 0,010 0,003 0,002 0,241 0,006
Median 0,001 < LOD < LOD < LOD 0,115 < LOD
Min < LOD < LOD < LOD < LOD < LOD < LOD
Max 0,050 0,164 0,017 0,017 1,5 0,050

The regulations regarding maximum allowable 
concentrations (MAC) of heavy metals in food 
in Croatia werechanged several times during the 
examined period. However, the individual results 
were interpreted in relation to the regulations that 
were applicableat the time of analysis 10,11,12,13. 
The concentration of all heavy metals in all ana-
lyzed samples wasunder MAC.
Each group was further divided into three sub-
groups. The samples in which metal content 
wasbelow the limit of detection were in the first 
subgroup. The second subgroup was related to a 
number of samples where the heavy metal 

content was between LOD and 75% of MAC., 
while the third subgroup included samples con-
taining more than 75% of MAC. (Fig.1).
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Figure 1. Concentrations of lead, cadmium and mercury inall analysed samples in relation to the maximum 
allowable values

Statistical analysis confirmed that the concentra-
tions of lead, cadmium and THg were above LOD 
inthemajority of analyzedsamples,more precise-
ly, lead was found in 83,2%, cadmium in 78,8%, 
and mercury in 61,2% of all analyzedsamples. 
Furthermore, concentrations above 75% of MAC 

were determined in 10,5%, 8,5% and 2,7% of all 
samples for lead, cadmium and THgrespectively.
In Fig. 2 the distribution of lead, cadmium and 
mercury within each food groupis displayed.
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Figure.2. Concentrations of metal in certain food; a) lead, b) cadmium, c) total mercury; (1=fruit and products, 
2=vegetables, mushrooms and products, 3= cereals and products,4=milk and products, 5=fish and products, 
6=meat and products).

Lead wasfoundin a great number of analyzed 
samples, more accurately, in all food groups 
lead was above LOD in 80% samples. The main 
sources were fish, meat and vegetables with group 
median values 0,228; 0,069 and 0,034 mgkg-1re-
spectively.For the cadmium, the main contribu-
tors were fish and cereals (mean concentrations 
0,040 and 0,015 mgkg-1). Fish and product were 
the main source of mercury (mean concentration 
0,115 mg kg -1) as well as lead and cadmium. 
Aquatic environment, especially marine, due to 
its large surface is the largest recipient of pollut-
ants from the environment coming from wet and 

dry deposition as well as industrial and munici-
pal wastewater. Living organismsbioaccumulate 
metals fromthe aquatic environmentand thus they 
enter the food chain. The results of our study are 
consistent with results of similar studiesindicat-
ing that the food is one of the important routes of 
human exposure to metals 14,15.

Z. Knezović and all: Bioaccumulation of metals from the environment as a
factor of food safety



www.tf.untz.ba

24

CONCLUSION

In most samples, the content of lead, cadmium 
and total mercury was above the LOD affirming 
that people are exposed to a constant intake of 
low concentrations of metals through food. From 
our results it is evident that fish and fish products 
contribute significantly to the body burden with 
lead, cadmium as well as mercuryconsidering the 
dietary patterns of local inhabitants where fish 
and fish products are frequently consumed foods.

In all samples concentrations were below MA-
Cand in most samplesmay be evaluated as low-
content. Nevertheless,it is necessary to empha-
size that the study covered foods consumed on a 
daily basis, and thatinover 80% of analyzedsam-
ples content metals was above LOD.Therefore,it 
is advisable to implement monitoring systems to 
track temporal trends in human exposures to met-
als through food consumption.
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ABSTRACT
Sustainable Water Management (SWM) attempts to deal with water in a holistic fashion, taking into account the various 
sectors affecting water use, including political, economic, social, technological and environmental considerations. Where 
sustainability is meeting the needs of the present generation without compromising the ability of future generations to 
meet their needs. Samsun is a big densely populated city situated in the middle of the Black Sea region with a population 
of one million 250 thousand which generate a lot of domestic and industrial wastewater. Reuse of wastewater to irrigate 
crops is not a recent practice in Turkey though this practice has been applied for many years in mostly the rural regions of 
the country, where municipal sewer systems do not exist. There is a need of development of well-planned integrated urban 
water management system that will be able to identify criteria for decentralized and centralized system components which 
can accelerate the implementation of such systems. Present study is the feature of evaluation for sustainable development 
of Samsun city wastewater as an aspect of wastewater project. So far, it is observed that direct application of treated 
effluent on agricultural land is the mostly a viable, convenient and indirect use of treated effluent in agriculture. 

Keywords: Sustainability, water management, grey water, reuse, irrigation, wastewater treatment plants

INTRODUCTION

Water is an essential resource for all life on the 
planet. Much effort in water resource management 
is directed at optimizing the use of water and in 
minimizing the environmental impact of water 
use on the natural environment.
For sustainability, potential options are first 
screened based on social acceptability to 
identify both implementation issues and system 
features that must be developed to enable social 
institutions. Second, systems are screened based 
on affordability, evaluated in comparison to the 
most expensive water supply and wastewater 
management options currently in use within 
the existing urban area. Then, a complete 
sustainability analysis can be completed using 
multi-criteria analysis for the viable options 1, 2.
The population of coastal areas with significant 
tourism activities has increased even faster than 
other areas. Same is the case with Samsun where 
two of the major rivers of Turkey, the Kızılırmak 
and the Yeşilırmak flow through the borders of 
this city and finally reach the Black Sea. Also the 
Abdal, Mert, Kürtün and Engiz rivers, run through 

Samsun city and reach the Black Sea. Where the 
Abdal and Kürtün rivers are contaminated by 
industrial waste water, the others are exposed to 
pollution that comes from domestic and industrial 
wastewater. Besides these problems, Samsun city 
is also exposed to other environmental problems 
like industrialization with the intense population 
growth, intense agricultural activity involving 
use of fertilizer, insecticide and herbicide, the 
rapid growth of the population, urbanization 
without conforming to city plans that requires 
waste water treatment on large scale.
Water security has been defined as “the reliable 
availability of an acceptable quantity and quality 
of water for health, livelihoods and production, 
coupled with an acceptable level of water-related 
risks.” Sustainable development will not be 
achieved without a water secure world. On the 
other hand, water security is under threat from 
many sources: population growth, urbanization, 
increasing water pollution, abstraction of 
groundwater, water-related disasters, climate 
change etc. It seems that current planning and 
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management are insufficient to address the 
challenges of society’s needs for water 3.
For instance, existing wastewater and storm 
water collection systems are insufficient and 
faulty. With extensive Industrialization, numbers 
of inhabitants are quickly increasing in the city 
center, but the planning and construction of sewers 
and cleaning equipment are not increasing at the 
same pace in parallel. A waste water treatment 
plant project which is a large deficiency for a 
planned city like Samsun is still a deficiency. The 
plant, which was planned to be installed in the 
area of 350000 m2 at first stage, will be able to 
treat 120.000 m3 wastewater per day and then the 
capacity will be raised to 180000 m3/day. After 
the plant comes into operation, it will be able to 
treat organic fertilizers that come in contact with 
water as the result of agricultural runoff. Thus, it 
will not contribute to the economy but also the 
untreated wastewater discharge to the Black Sea 
will also be prevented 4, 5.
Reuse of wastewater for irrigational purposes in 
agriculture has been a widely applied practice all 
around the world compared to such applications 
in industries. In Turkey, reuse applications 
in agriculture have been in use by indirect 
application by means of withdrawing water 
from the downstream end of treatment plants. 
Such practices have affected the deterioration 
of surface water resources due to the lack of 
water quality monitoring and control. The reuse 
of water for irrigation allows partly the reuse of 
the wastewater’s nutrients (N and P). Outside the 
irrigation period the water must be treated for 
disposal, thus nutrient removal is often required in 
order to avoid detrimental effects on the receiving 
surface water body. Only wastewater treatment 
plants with different operation modes for 
different seasons can realize these requirements. 
The nitrification is the most sensitive biological 
process in the aerobic wastewater treatment 
process 6, 7.
In this study, the concept of society and 
environmental sustainability, integrated water 
and wastewater management systems will be 
evaluated with the individual technologies along 
with some institutional arrangements in the frame 

of sustainable water management in Samsun, 
Turkey. It seems to be the most convenient 
alternative of reuse applications in Samsun 
compared to industrial reuse, because irrigational 
reuse of biologically treated urban treatment 
plants increasing in number every year.

Project
Declining water quality has become a global issue 
of concern as human populations grow, industrial 
and agricultural activities expand, and climate 
change threatens to cause major alterations to the 
hydrological cycle.
Aspects of water security and sustainability will 
be examined through three thematic areas: Basin 
Water Management, Urban Water Services and 
Rural Water Services. Successful management of 
any resource requires an accurate knowledge of 
the resource available. Generally, water quality 
is determined by comparing the physical and 
chemical characteristics of a water sample with 
water quality guidelines or standards. These 
are usually based on scientifically assessed 
acceptable levels of toxicity to either humans or 
aquatic organisms.
Samsun Water and Sewerage Administration, 
SASKI General Directorate, invites 
internationally experienced companies, consortia 
or joint-ventures for pre-qualification to tender 
for Samsun Waste Water Project “Waste Water 
Treatment Plant (WWTP) and Deep Sea Outfall 
(DSO) Construction Works”. The mentioned 
tender also includes operation of the constructed 
plant for a period of 60 months. The Project 
covers design (during tender process different 
alternatives will have to be considered by 
Applicants) and construction of mechanical and 
biological Waste Water Treatment Plant for the 
year 2015, including electrical and mechanical 
works, pumping station for the treated waste 
water and deep sea outfall as well as operation of 
this plant 8.
Requirements for discharges from the Waste 
Water Treatment Plant in accordance with 
the “Urban Wastewater Treatment Regulation 
published 08.01.2006 in the Official Gazette of 
Turkey numbered “26047” are as follows (Table 
1).
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Applicants) and construction of 
mechanical and biological Waste Water 
Treatment Plant for the year 2015, 
including electrical and mechanical works, 
pumping station for the treated waste water 
and deep sea outfall as well as operation of 
this plant 8. 

Requirements for discharges from the 
Waste Water Treatment Plant in 
accordance with the “Urban Wastewater 
Treatment Regulation published 
08.01.2006 in the Official Gazette of 
Turkey numbered “26047” are as follows 
(Table 1).

 
Table 1. Parameters for discharges from the Waste Water Treatment Plant 
 

Parameters Concentration (mg/l)l Minimum percentage 
of reduction (%) 

Biochemical oxygen demand (BOD5 at 20 °C) 
without nitrification 25 90 

Chemical oxygen demand (COD)  125 mg/l 75 
Total suspended solids  35 mg/l 90 
Total phosphorus  1 mg/l P 80 
Total nitrogen  10 mg/l N 75 

 
DISCUSSION 
Sustainable, efficient and equitable 
management of water in cities has never 
been as important as in today's world. The 
ultimate goals of treated wastewater reuse 
are Irrigation, injection to groundwater for 
feeding, reuse in Double Distribution 
System and recreational areas formation. 
There could be other uses like 
construction, prevention of salt-water 
intrusion. Capacities to make change 
happen in water are typically diffused 
between many different stakeholders 
including the different publics in our cities. 
Therefore, increasingly coming to the 
forefront are the holistic approaches, 
methods and skills needed to enable 
successful cooperation and collaboration, 
including those communication techniques 
which enable stakeholders to improve their 
performance, exchange knowledge, views 
and preferences and act collectively with a 
feasible vision of the future, promoting 
effective implementation 9. 
To this end, Samsun Waste Water 
Treatment Plant (WWTP) and Deep Sea 
Outfall (DSO) design construction works 
as well as operation. SASKI invites all 
national and international companies, 
consortia or joint-ventures which have the 
required experience, to apply for pre-

qualification for the above works. 
International foreign applicant shall form a 
consortium/joint venture with qualified 
contractors in Turkey 10. Experience and 
resources of subcontractors shall be taken 
into consideration in Applicant’s pre-
qualification evaluation. Subcontractors 
will not be changed by the contractor 
before end of works. Companies, consortia 
or joint-ventures applying for the above 
works must have design, construction and 
operation experience relating to the Project 
and must prove that they meet the 
requirements described in the pre-
qualification documents for expertise, 
experience and financial capacity. 
Experience and resources of subcontractors 
shall be taken into consideration in 
applicant’s pre-qualification evaluation. 
Subcontractors will not be changed by the 
contractor before end of work. 
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foreign applicant shall form a consortium/joint 
venture with qualified contractors in Turkey 10. 
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qualification evaluation. Subcontractors will not 
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qualification evaluation. Subcontractors will not 
be changed by the contractor before end of work.
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ABSTRACT

In this paper, interactions between cations and non-ionic tensides were investigated. Spectrometric measurements on 
model-systems (cation+counter ion+tenside) were applied. Interactions were explained based on the position and intensity 
of absorption maxima. Investigated model-systems were also applied in liquid membrane preparation. Nonionic tensides 
dissolved in nonpolar organic solvents were tested as possible carriers in liquid membranes for metal cation transport. The 
effect of their application reflects in decreasing the level of cation transport, caused by strong metal-tenside interactions 
within the membrane. 
Nonionic tensides: TX-100, TX-45, Brij 35, Brij 58 and Brij 78 were used in experiments. Interactions with metal 
cations Pb(II) and Cd(II) and competitive ligands: 18-crown-6 and dibenzo-18-crown-6 dissolved in organic solvents 
(1,2-dichloroethane, dichloromethane and chloroform) were investigated.
The results showed that the strongest interactions occurred between cations and tensides with longer chains, i.e. a higher 
number of electron-donor centers (TX-100 compared to TX-45). Atomic absorption spectrometry was applied for metal 
cation concentration measurements, after 3 hours of experiment: lower transport efficiency actually proved the efficiency 
of nonionic tensides as carriers in liquid membranes.

Key words: metal cations, nonionic tensides, liquid membrane transport

INTRODUCTION

It is known that tensides as surface active agents 
find wide application in different analytical 
procedures (″cloud-point″ extraction, membrane 
ultrafiltration, bioremediation techniques, etc.), 
due to their amphiphilic properties and possibility 
of micellar aggregation. However, application of 
tensides as carriers for metal cations has become 
the subject of many investigations, recently. 
Actually, the presence of repeating oxyethylene 
units (contains electron-donor oxygen atoms) 
in their structure explains the interactions with 
cations. These kinds of interactions are not 
explained enough, so the principle of ″molecular 
recognition″ and formation of coordination 
bond cannot be confirmed (compared to typical 
macrocyclic ligands). 
Coexistence of hydrophilic and lipophilic part in 
the same tenside molecule (polar ″head″and 

non-polar ″tail″) enables their aggregation in 
formations known as micelles 1. Organisation 
and aggregation of monomeric tenside molecules 
into polymeric micellar structures begins at a 
specific concentration value: ″critical micellar 
concentration″ (CMC). Below the CMC, only 
monomeric molecules exist in solution. Above 
the CMC, added tenside molecules incorporate 
in already formed micellar structures 2. There 
are numerous advantages of micellar systems. 
Their homogeneity and transparency allows their 
application in many spectroscopic techniques. 
Common techniques used for separation and 
quantitative determination of metal ions which 
also include micellar systems are micellar 
extraction ultrafiltration (MEUF) and ″cloud-
point″ extraction (CPE). Tondre 3 described 
certain improvements in the field of application 
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of micelles as transport agents for cations. This 
specific role implies the existence of cation-
tenside interactions, which have not been 
explained enough so far. It can be assumed that 
interactions occur between polioxyethylene 
chains as electron-donors and metal cations as 
electron acceptors 4. Stevens et al 5 explained 
interactions based on the principle of molecular 
recognition (″host-guest″ relations), resulting 
in formation of complex compounds. However, 
in most cases, solubilisation of cations by their 

incorporation in micellar structures is the main 
explanation for metal-tenside interactions. 
Characteristics of tensides: the structure of their 
molecules (charge type at polar ″head″ and 
length of nonpolar ″tail″), as well as values of: 
hydrophilic-lipophilic balance (HLB) and critical 
micellar concentration (CMC) are important for 
cation-tenside interactions (parameters for some 
tensides are given in Table 1.).

explained interactions based on the 
principle of molecular recognition (″host-
guest″ relations), resulting in formation of 
complex compounds. However, in most 
cases, solubilisation of cations by their 
incorporation in micellar structures is the 
main explanation for metal-tenside 
interactions. Characteristics of tensides: the 

structure of their molecules (charge type at 
polar ″head″ and length of nonpolar ″tail″), 
as well as values of: hydrophilic-lipophilic 
balance (HLB) and critical micellar 
concentration (CMC) are important for 
cation-tenside interactions (parameters for 
some tensides are given in Table 1.).

 
Table 1. The critical micellar concentration (CMC) and hydrophilic-lipophilic balance number (HLB) 
of some tensides 6 

 
 
HLB values for many compounds are 
between 1 and 40. Lower HLB means 
higher lipophilicity. Classification of 
tensides is based also on this parameter: 
very lipophilic (1 to 9), amphiphilic (10 to 
15) and hydrophilic (> 15). For example: 
anionic tenside Sodium dodecyl sulphate, 
SDS (HLB = 40) have the best 
solubilisation properties among other 
tensides (Table 1). At concentrations 
higher than CMC, tensides can provide a 
certain level of solubilisation for 
hydrophobic organic compounds 7. 
Surface activity and hydrophilicity of 
nonionic tensides are based on the polarity 
and size of the ″head″ parts of their 
molecules. pH values are insignificant for 
their surface activity, which is their 
advantage among other types of tensides. 
To apply tensides as possible carriers for 
interactions with metal ions, they should  
 

 
have adequate values of stability constants 
(provide complex formation), appropriate 
solubility within the organic phase or 
organic membrane (lipophilicity) which 
prevents ″leakage″ outside of a membrane 
in the analyte solution. Semnani 8 also 
highlights the importance of interactions 
between tensides and membrane solvent. 
Hydrophilic and lipophilic parts of 
nonionic tensides are not clearly separated 
in their molecular structure, so it is hard to 
define the limits between them. Every 
oxygen atom contributes to hydrophilic 
character and every alkyl group to 
lipophilic nature of tenside molecule. 
Lower values of CMC require application 
in low concentrations. 
In earlier investigations, authors 9,10 

proposed the mechanism of transport 
(Figure 1). Based on this mechanism, 
interactions in these systems can be 
explained. 

 
Tensides 
 

Molar Weight 
(g mol-1) 

Charge 
Type 

Hydrophilic-lipophilic 
balance 
(HLB) 

Critical micellar 
concentration 
CMC (mM) 

SDS 288 Anionic 40 8,10 

Igepal CA-720 75 Anionic 14,6 0,23 

Tween 80 1310 nonionic 15 0,01 

Triton X-100 628 nonionic 13,5 0,31 

Lecitine 773 zwitterionic 3-4 610 mg/L 

HLB values for many compounds are between 1 
and 40. Lower HLB means higher lipophilicity. 
Classification of tensides is based also on this 
parameter: very lipophilic (1 to 9), amphiphilic 
(10 to 15) and hydrophilic (> 15). For example: 
anionic tenside Sodium dodecyl sulphate, SDS 
(HLB = 40) have the best solubilisation properties 
among other tensides (Table 1). At concentrations 
higher than CMC, tensides can provide a certain 
level of solubilisation for hydrophobic organic 
compounds 7.
Surface activity and hydrophilicity of nonionic 
tensides are based on the polarity and size of the 
″head″ parts of their molecules. pH values are 
insignificant for their surface activity, which is 
their advantage among other types of tensides. To 
apply tensides as possible carriers for interactions 
with metal ions, they should have adequate 
values of stability constants (provide complex 
formation), appropriate solubility within the 

organic phase or organic membrane  (lipophilicity)  
which prevents ″leakage″ outside of a membrane 
in the analyte solution. Semnani 8 also highlights 
the importance of interactions between tensides 
and membrane solvent. Hydrophilic and 
lipophilic parts of nonionic tensides are not 
clearly separated in their molecular structure, so 
it is hard to define the limits between them. Every 
oxygen atom contributes to hydrophilic character 
and every alkyl group to lipophilic nature of 
tenside molecule. Lower values of CMC require 
application in low concentrations.
In earlier investigations, authors 9,10 proposed the 
mechanism of transport (Figure 1). Based on this 
mechanism, interactions in these systems can be 
explained.
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Figure 1. Proposed mechanism of metal ion transport9 through organic liquid membrane containing 
dissolved ligand (L), from the source aqueous phase (contains: M2+ cations and counterions picrate 
Pic-) to the receiving aqueous phase (contains thiosulphate ions) 

In this paper, ″model-systems″ consisted of 
known amounts of metal ions (Cd(II) and 
Pb(II)), nonionic tensides as carriers 
(Triton X-100, Triton X-45, Brij 35, Brij 
58, Brij 78), counter-ions (picrate-PA) and 
competitive macrocyclic ligands, crown 
ethers-CE (18-crown-6, 18C6 and dibenzo-
18-crown-6, DB18C6) were used for 

investigation. The goal was to emphasize 
some tensides among others as more 
suitable for interactions with metal ions, 
based on the results of transport 
experiments. Efficiency of metal ion 
transport was monitored by measuring the 
changes in their concentration in time 
using AAS. 

 
 
MATERIALS AND METHODS 
Materials 
Chemicals: 
 Standard solution of Cd(II) (1000 
mg/L), (Cd(NO3)2  in 0,5M HNO3), Merck 
 Standard solution of Pb(II) (1000 
mg/L), (Pb(NO3)2  in0,5M HNO3), Merck 
 C12H24O6 (18-crown-6); 99%, ACROS 
OGANICS 
 C20H24O6 (dibenzo-18-crown-6); 
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Instruments:
•	 UV/VIS spectrophotometer (CECIL CE 

2021)
•	 Atomic absorption spectrophotometer 

(Perkin Elmer AAnalyst 200)
•	 pH-meter (GLP31 Crison Instruments)

Methods
Transport experiments
The cylindrical glass container, i.e. “transport 
cell”, with an inner diameter of 5 cm and a 
central tube (2 cm in diameter), were used for 
investigations (Figure 2).

Table 2. The characteristics of nonionic tensides used for this paper 
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Figure 2. (a) Scheme of „transport cell“; (b) cell used in transport experiments SP-source phase; RP-
receiving phase; MP-membrane phase; A-magnetic stirrer 
 
 
The central tube provided physical 
separation of two aqueous phases: source 
phase (SP) and receiving phase (RP). SP 
contained 10 mL of mixture consisted of 
metal ions (1·10-3M) and counter-ions, 
picrates (1·10-3M). RP contained 30 mL of 
suitable stripping agent solution - 
thiosulphate (0,10M). Both aqueous phases 
were buffered at pH=5. The membrane 
phase (MP) contained macrocyclic ligand, 
L (1·10-3M) dissolved in 50 mL of organic 
solvent with added tenside as potentially 
competitive transport agent. The  
 

 
membrane phase lies under the aqueous 
phases and connects them. Constant 
stirring with a magnetic stirrer is essential 
to provide that contact surfaces: RP/MP/SP 
remain flat and well defined. 
Concentration of metal ions in RP was 
measured after 3h of transport, using AAS. 
Spectrophotometric measurements 
Absorption spectra (UV/VIS) of organic 
phases (MP), with different types of 
tensides within, as well as different type of 
the membrane solvent were recorded. The 
results showed (from qualitative aspect) 

Nonionic tensides Molecular formula Molar Weight Hydrophilic-
lipophilic 

balance HLB 

Criticall micellar 
concentration CMC  

(mM ) 

Triton X-100 C14H22O(C2H4O)9,5 628 13,5 0,24 

Triton X-45 C14H22O(C2H4O)4,5 
404 10,4 0,30 

Brij 35 C12H25(OCH2CH2)23OH 1198 16 0,06 
Brij 58 C16H33(OCH2CH2)20OH 1124 15,7 0,007 
Brij 78 C18H37(OCH2CH2)20OH 1151 15,3 0,006 
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investigation: measurements of metal ion content 
during transport from source to receiving phase, 
after diffusion through liquid membrane. The 
determinations of Pb (II) and Cd(II) content were 
carried out by using Pb-hallow cathode lamp 
and Cd-hallow cathode lamp and were made 
under the recommended conditions for Pb (II) 
and Cd(II) ions. The procedure was carried out 
as described above in “transport experiments” 

section. The receiving phase was sampled and 
analyzed for the metal ion concentration by AAS, 
after 3 hours of transport using the method of 
calibration curve. Gained data points are averages 
of three replicate measurements. Obtained  results 
showed percentage of transported cations, which 
represent the efficiency of  nonionic tensides as 
possible carriers in liquid membrane.

RESULTS AND DISCUSSION

Efficiency of nonionic tensides as carriers for 
Pb(II) ions during their transport through two types 
of liquid membranes: dichloromethane (DCM) 
and 1,2-dichloroethane (DCE) were investigated. 
As transport agents for metal ions, crown ethers 
(CE): 18-crown-6 (18C6) and dibenzo-18-
crown-6 (DB18C6), as well as the combinations: 
18C6+TX-100, DB18C6+TX-100, 18C6+TX-45 
and DB18C6+TX-45, were used. There is an 
obvious impact of tenside presence on Pb(II) 
transport (Figure 3): lower transport efficiency for 
all systems with tenside-crown ether combination 
within the membrane compared to systems 

without tensides is evident. Possible explanation 
here is that the complexation of Pb(II) ions 
with CE is a different process in the absence of 
tensides. It is possible that stronger interactions 
(Pb-CE-tenside) within the membrane cause the 
limited release of cations at MP/RP interface. 
Formation of micelles, which incorporate formed 
complexes, as well as direct interactions between 
cations and tensides as possible carriers actually 
explains tenside behavior in interactions with 
metal ions.
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Figure 3. Comparison of  Pb(II) transport results through DCM and 1,2-DCE membranes for different 
transport agents: 1–18C6; 2–DB18C6; 3–18C6+TX-100; 4–DB18C6+TX-100; 5-18C6+TX-45; 6–
DB18C6+TX-45 

Connection between the strength of cation-
tenside interactions and the efficiency of 

transport can be observed by comparing 
the results gained for different tensides 
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Connection between the strength of cation-
tenside interactions and the efficiency of transport 
can be observed by comparing the results gained 
for different tensides (Fig.3): the larger number 
of oxyethylene units for TX-100 (9,5) leads to 
stronger interactions with metal ions, compared 
to TX-45 (contains 4,5 oxyethylene units) and 

consequently causes lower percentage of Pb(II) 
ions transported in receiving phase.
Absorption spectra (Figure 4) for systems: 
PA+Pb(II)+18C6+T (T=TX-100 or TX-45) also 
show the influence of tenside structure (different 
lengths of polyoxyethylene chains).

(Fig.3): the larger number of oxyethylene 
units for TX-100 (9,5) leads to stronger 
interactions with metal ions, compared to 
TX-45 (contains 4,5 oxyethylene units) 
and consequently causes lower percentage 
of Pb(II) ions transported in receiving 
phase. 

Absorption spectra (Figure 4) for systems: 
PA+Pb(II)+18C6+T (T=TX-100 or TX-45) 
also show the influence of tenside structure 
(different lengths of polyoxyethylene 
chains). 
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Figure 4. Influence of tenside chain-length on absorption: (a) in DCM membrane; (b) in 1,2-DCE 
membrane (PA = Picric Acid) 

Different intensities of absorption 
contribute to the earlier assumption of 
different possibilities of interactions 
between TX-100 and Pb(II) compared to 
TX-45, in both solvents. A larger number 
of oxyethylene units (the number of 
oxygen atoms as electron-donors) means 
higher intensity of absorption for TX-100 
compared to TX-45, and probably stronger 
interactions which lead to lower Pb(II) 
transport efficiency. 
To investigate the efficiency of Cd(II) 
transport through the dichloromethane 
membrane (DCM), macrocyclic ligand 18-
crown-6 (18C6) and ligand-tenside 
combinations: 18C6+TX-100; 18C6+Brij 

78; 18C6+Brij 58, were used. As in the 
previous case for Pb(II) transport (Fig.3), 
gained results also show the higher 
percentage of transported cations in the 
absence of tensides within the membrane 
(Fig. 5, Chart 1). Charts: 2, 3 and 4 show 
different values of transported Cd(II) ions 
for different tensides. The structure of 
tensides determine the transport efficiency: 
the lowest value of 8% (Chart 4) for Brij58 
indicates that the larger number of oxygen 
atoms and higher HLB value for this 
tenside (Table 2) enables stronger 
interactions with metal ions and 
consequently decrease their transport to the 
receiving phase. 
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macrocyclic ligand 18-crown-6 (18C6) and 
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the previous case for Pb(II) transport (Fig.3), 
gained results also show the higher percentage 
of transported cations in the absence of tensides 
within the membrane (Fig. 5, Chart 1). Charts: 
2, 3 and 4 show different values of transported 
Cd(II) ions for different tensides. The structure 
of tensides determine the transport efficiency: the

lowest value of 8% (Chart 4) for Brij58 indicates 
that the larger number of oxygen atoms and 
higher HLB value for this tenside (Table 2) 
enables stronger interactions with metal ions 
and consequently decrease their transport to the 
receiving phase.
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Figure 5. Comparison of Cd(II) transport results through DCM membrane for different transport 
agents: 1 – 18C6; 2 – 18C6+TX-100; 3 – 18C6+Brij 78; 4 - 18C6+Brij 58 
 
To investigate the efficiency of Cd(II) 
transport through the chloroform 
membrane (CH), macrocyclic ligand 18-
crown-6 (18C6) and ligand-tenside 
combinations: 18C6+TX-100; 18C6+Brij 
35; 18C6+Brij 78 and 18C6+Brij 58, were 
used. The results (Fig.6) show the lowest 
percentage (30%) of transported Cd(II) 
ions in receiving phase for Brij 35 (Chart 
3) compared to other tensides. The greatest 

intensity of absorption for system: 
PA+18C6+Cd+Brij35 (Figure 7) is in 
accordance with the lowest percentage of 
transported Cd(II) ions, probably due to the 
largest number of oxygen atoms as well as 
the highest HLB value for Brij 35 (Table 
2) which enable the strongest interactions 
with Cd(II) ions and consequently the 
lowest percentage of their transport to 
receiving phase. 

 
 

 

 

 

 

 

 

 

 

Figure 6. Comparison of Cd(II) transport results through the chloroform membrane for different 
transport agents: 1 – 18C6; 2 – 18C6+TX-100; 3 – 18C6+Brij 35; 4 – 18C6+Brij 78; 5- 18C6+Brij 58 
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combinations: 18C6+TX-100; 18C6+Brij 
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used. The results (Fig.6) show the lowest 
percentage (30%) of transported Cd(II) 
ions in receiving phase for Brij 35 (Chart 
3) compared to other tensides. The greatest 

intensity of absorption for system: 
PA+18C6+Cd+Brij35 (Figure 7) is in 
accordance with the lowest percentage of 
transported Cd(II) ions, probably due to the 
largest number of oxygen atoms as well as 
the highest HLB value for Brij 35 (Table 
2) which enable the strongest interactions 
with Cd(II) ions and consequently the 
lowest percentage of their transport to 
receiving phase. 

 
 

 

 

 

 

 

 

 

 

Figure 6. Comparison of Cd(II) transport results through the chloroform membrane for different 
transport agents: 1 – 18C6; 2 – 18C6+TX-100; 3 – 18C6+Brij 35; 4 – 18C6+Brij 78; 5- 18C6+Brij 58 
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CONCLUSIONS

Nonionic tensides with oxygen atoms in 
hydrophilic segment of their molecules show 
electron-donor properties during interactions 
with metal ions and find their application in liquid 
membranes as the ″carriers″ of metal ions.
The presence of nonionic tensides in liquid 
membranes causes a decrease in the percentage of 
transported metal ions due to stronger interactions 
within the membrane.
If the number of oxygen atoms in the tenside 
structure is higher (longer oxyethylene chain), 
e.g. TX-100 compared to TX-45 and Brij 35 
compared to Brij58 and Brij78, higher is the level 

of interactions with metal ions.
Brij 35 showed the highest absorption intensity 
and the lowest percentage of transported ions, 
due to the largest number of oxygen atoms on 
their structure and the highest HLB value, which 
leads to the greatest possibility for interactions 
with cations in liquid membranes.
The explanation of interactions within the 
membranes mainly lies in formation of micellar 
structures of tensides, which incorporate metal 
ions or formed metal-ligand complexes and limit 
their release into the receiving phase during the 
transport.

 

 

 

 

 

 

 

 

 

Figure 7. Influence of tenside chain-length on absorption in chloroform membrane: T1-Brij 35; T2 – 
Brij 78;  T3 – Brij 58 (PA = Picric Acid; CE = Crown Ether, 18C6) 
 
CONCLUSIONS 
Nonionic tensides with oxygen atoms in 
hydrophilic segment of their molecules 
show electron-donor properties during 
interactions with metal ions and find their 
application in liquid membranes as the 
″carriers″ of metal ions. 
The presence of nonionic tensides in liquid 
membranes causes a decrease in the 
percentage of transported metal ions due to 
stronger interactions within the membrane. 
If the number of oxygen atoms in the 
tenside structure is higher (longer 
oxyethylene chain), e.g. TX-100 compared 
to TX-45 and Brij 35 compared to Brij58 

and Brij78, higher is the level of 
interactions with metal ions. 
Brij 35 showed the highest absorption 
intensity and the lowest percentage of 
transported ions, due to the largest number 
of oxygen atoms on their structure and the 
highest HLB value, which leads to the 
greatest possibility for interactions with 
cations in liquid membranes. 
The explanation of interactions within the 
membranes mainly lies in formation of 
micellar structures of tensides, which 
incorporate metal ions or formed metal-
ligand complexes and limit their release 
into the receiving phase during the 
transport.
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EVALUATION OF 5-(HYDROXYMETHYL)FURAN-2-CARBALDEHYDE 
(HMF) CONTENT IN HONEY: COMPARISON OF CHROMATOGRAPHIC 

AND SPECTROPHOTOMETRIC METHOD

ORIGINAL SCIENTIFIC PAPER

I. Flanjak*, Lj. Primorac, B. Bilić, M. Novak, M. Cvijetić Stokanović, D. Kenjerić
Josip Juraj Strossmayer University of Osijek, Faculty of Food Technology Osijek

ABSTRACT

Estimation of honey freshness and storage conditions usually includes determination of 5-(hydroxymethyl)furan-2-
carbaldehyde (HMF) content. Maximal HMF content in honey is prescribed by the regulations dealing with honey quality. 
Therefore, it is important to use proper methods for its determination. The aim of this study was to compare two official 
methods prescribed by International Honey Commission for determination of HMF content in honey (chromatographic 
(HPLC) method and spectrophotometric method after White). Method performances were estimated through linearity, 
precision and accuracy. Later, comparison of methods was performed on 13 honey samples (5 black locust and 8 chestnut 
honey samples). The results showed that both methods are fit for purpose and comparable within the evaluated range.

Keywords: HMF content, honey, chromatographic method, spectrophotometric method, comparison

INTRODUCTION

When placed on the market honey, like every 
other food product, must comply with food 
safety and quality regulations. Croatian national 
regulation dealing with honey quality 1 which 
is harmonised with international regulations 
2,3 prescribes that honey must not be heated 
in such a way that the natural enzymes are 
either destroyed or significantly inactivated. 
However, the only practical way for honey 
viscosity reduction, delaying/preventing the 
crystallisation and prevention of fermentation is 
processing. Processing of honey usually implies 
the controlled heating with the aim of packaging 
facilitation and insurance of storage stability 4. 
On the other hand, uncontrolled heating results 
with quality degradation (e.g. enzyme activity 
reduction, increase of 5-(hydroxymethyl)furan-2-
carbaldehyde (HMF) content, darkening of honey 
and formation of Maillard reaction products). 
HMF content and diastase activity are widely 
recognised as indicators of quality degradation 
and their limits are prescribed by regulations 1,2,3. 
The maximal allowed HMF content in honey is 

generally 40 mg/kg, while the prescribed limit 
for honeys from regions with tropical climate is 
80 mg/kg 1,2,3.
HMF is cyclic aldehyde which is formed during 
acid-catalysed dehydration of hexoses and/or 
as intermediate in the Maillard reactions. Fresh 
honey contains a negligible amount of HMF, 
but the concentration tends to rise after heating 
and storage of honey. The dynamic of HMF 
formation depends on the chemical composition 
of honey (primarily on pH value and acidity), 
processing and storage conditions 5,6,7. Various 
studies showed that HMF formation follows 
the first order kinetics and that in honeys with 
a low initial pH value (e.g. black locust and 
sage honeys) HMF formation is faster that in 
honeys with a higher pH value (e.g. chestnut and 
honeydew honeys) 5,6,7.
International Honey Commission (IHC) 
recommended three methods for HMF 
determination. The spectrophotometric method 
after Winkler is abandoned in most of the 
laboratories, due to the toxicity of reagent used 
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for formation of coloured product. Therefore, the 
routine analyses of HMF content determination 
include either the spectrophotometric method 
after White or the chromatographic (HPLC) 

method. The aim of this study was to compare 
and evaluate performance characteristics of two 
proposed methods.

MATERIALS AND METHODS

Honey samples and preliminary analyses
Thirteen honey samples (5 black locust (Robinia 
pseudoaccacia L.) and 8 chestnut (Castanea 
sativa Mill.)) were collected from different 
parts of Croatia. Preliminary analyses, which 
were performed within the month after the 
collection, included a qualitative orienting 
melissopalynological analysis according to the 
method prescribed by Louveaux et al. (1978) 
8 and determination of basic physicochemical 
parameters (water content, electrical conductivity 
and diastase activity) according to the Harmonised 
methods of the International Honey Commission 
9. At the time of HMF content determination, all 
black locust (B1-B5) and four chestnut honey 
samples (C5-C8) were stored for 6 months while 
four chestnut honey samples (C1-C4) were stored 
for 48 months at the room temperature in the dark. 
HMF content determination
High-performace liquid chromatography (HPLC) 
method
The analysis was performed according to the 
HPLC method described in the Harmonised 
methods of the International Honey Commission 
9 using Varian instrument consisting of Solvent 
Delivery Module (ProStar 230), Column Valve 
Module (ProStar 500) and Photodiode Array 
Detector (ProStar 330) coupled to a computer 
with ProStar Chromatography Workstation 
5. The samples were analysed using column 
LiChrospher 100 RP-18, dimensions 125x4 
mm, 5 μm particle size (Merck, Germany). The 
following chromatographic conditions were used: 
isocratic elution with methanol/water (10:90, 
v/v), flow rate 1 mL/min, injection volume 20 
μL. Methanol (Merck, Darmstadt, Germany) of 
HPLC gradient grade purity and ultrapure water 
were used to prepare the mobile phase solution. 
The monitoring wavelength range was 200-400 

nm, while the detection wavelength was set at 
285 nm. HMF identification was achieved based 
on the retention time and by comparison of the 
HMF absorbance spectrum of honey samples 
with spectrum of HMF standard. Quantification 
was obtained through external calibration using 
HMF (GC, >98%, Merck, Germany) standard 
solutions in the range from 0,1 mg/L to 10 mg/L. 
Each standard solution was analysed in triplicate. 
Before injection, sample solutions were filtered 
through a 0,45 μm membrane nylon filter. All 
analyses were done in duplicate, and each sample 
solution was injected twice. The results were 
expressed as mg/kg of honey.
Spectrophotometric method
The analysis was performed according to the 
method after White described in the Harmonised 
methods of the International Honey Commission 
9. Absorbance measurements of honey solutions 
at 284 nm and 336 nm were determined using 
CECIL UV/VIS spectrophotometer (CE 2040). 
Measurements were performed in square 10-mm 
path length quartz cuvettes. Each honey sample 
was prepared in duplicate, and each sample 
solution analysed twice. The calculation of HMF 
content was done using the formula reported in 
Harmonised methods of the International Honey 
Commission 9 and the results were expressed as 
mg/kg of honey.
Method performance characteristics
Method performance was estimated throughout 
linearity, accuracy and precision. Linearity of both 
methods was evaluated by preparation of HMF 
standard solutions (0,1-10 mg/L) and creation 
of the calibration curves. Each standard solution 
was analysed in triplicate. Methods precision 
was tested throughout sample preparation 
repeatability and measurement repeatability. For 
the sample preparation repeatability evaluation, 
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the same honey sample was weighed 5 times and 
each solution analysed in triplicate. Measurement 
repeatability was performed by repeated 
measurement of the same honey solution 5 times. 
The method precision was expressed as the 
relative standard deviation (RSD, %) of obtained 
data set for each method. To test the accuracy of 
methods, a recovery test was performed. First, 
the HMF content was determined in a honey 
solution. Then, different concentrations of HMF 
solutions were added to honey solution in order 
to gain fortified samples. Each solution was 
analysed in triplicate. The accuracy of methods 
was expressed as % recovery of known, added 
amount of HMF 10.

Data analysis
Average values, standard deviations for each 
parameter and additionally relative standard 
deviations for precision were calculated using 
Microsoft Excel 2010 (Microsoft Corp.) software. 
The t-test for dependent samples was used to test 
the statistical differences between HMF content in 
honey samples obtained with compared methods 
at the 95% confidence level using StatSoft, Inc. 
(2013). STATISTICA software.

RESULTS AND DISCUSSION

The preliminary analyses included 
melissopalynological analysis and determination 
of water content. Additionally, electrical 
conductivity and diastase activity were 
performed in order to determine/confirm 
botanical origin of collected samples. Regarding 
the melissopalynological analysis, all analysed 
samples had specific pollen share above the 
prescribed limit, which is 20% for black locust 
honey and 85% for chestnut honey 11. The average 
value of R. pseudoaccacia pollen share in black 
locust honey samples was 59±12%, while the 
average value of C. sativa in chestnut honey 
samples was 95±3%. Water content of all analysed 
samples was below maximally prescribed 20% 1. 
The average value of electrical conductivity and 
diastase activity (diastase number, DN) were 
0,112±0,007 mS/cm and 13,4±3,8 for black locust 
honey and 1,276±0,226 mS/cm and 24,0±5,5 for 
chestnut honey. The obtained results were also 
in compliance with literature data for analysed 
honey types 12.
Both methods for HMF content determination 
were evaluated using the same approach 
(concentration ranges, sample solutions, etc.) 
and under the same conditions (analyst, balances, 
etc.). Linearity was estimated in the range from 
0,1 up to 10 mg/L and for both methods linearity 

was confirmed in the whole evaluated 
concentration range (Table 1.). Very high 
correlation coefficients were obtained also 
by other authors 13,14 even in a wider range of 
concentrations.
Sample preparation repeatability for both 
methods was expressed as the relative 
standard deviation (RSD, %) obtained from 15 
measurements (5 honey solutions, each measured 
in triplicate) and the results (Table 1) showed 
that the spectrophotometric method (RSD 3,4%) 
was more precise than the HPLC method (RSD 
6,4%). Regarding the measurement repeatability 
which was calculated from 5 repeated 
measurements of the same honey solution, the 
HPLC method showed better precision than the 
spectrophotometric method (Table 1). Better 
precision of the HPLC method compared to the 
spectrophotometric method was obtained also 
by Truzzi et al. 13, Spano et al. 14 and Zapala et 
al. 15 with slightly lower RSD values from those 
obtained in the present study.
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Table 1. Method performance characteristics of compared methods for HMF content determination in 
honey 

Method performance characteristic HPLC method Spectrophotometric method  
after White 

Linearity   
Linearity range (mg/L) 0,1-10 0,1-10 

Correlation coefficient (r) 1,000 0,9997 
Precision   

Sample preparation repeatability   
RSD (%) 6,4 3,4 

Measurement repeatability   
RSD (%) 6,4 9,1 

Accuracy   
Recovery (%) 100-103 92-93 

 
The results of methods accuracy are 
presented in the Table 1. For the HPLC 
method recoveries were from 100% to 
103%. For the spectrophotometric method 
the values were slightly inferior but still 
acceptable (from 92% up to 93%). These 
results of recovery test were expected since 
it is the commonly known fact that the 
chromatographic methods are in general 
more accurate and sensitive than the 
spectrophotometric ones 13,14. 
Though the HPLC method has been proven 
to be more appropriate for HMF content 
determination in our study as well as in the 
literature 15, Spano et al. 14 showed that the 
official HPLC method was not appropriate 
for determination of the HMF content in 
strawberry tree honey. The interfering 
substance, identified as homogentistic acid, 
prevents adequate HMF determination by 
official HPLC method. Spano et al. have 
proposed a new, improved method for 

HMF content determination 16, which 
showed better method performance 
characteristics than the official HPLC 
method 9, the old method is still used by 
most of the laboratories in a routine 
analysis. 
After the method performance 
characteristics were determined, the 
methods comparison was performed on 13 
honey samples. The HMF contents of 
honey samples determined by both 
methods are summarised in Table 2. The 
HMF content in honey samples was below 
40 mg/kg which is the maximum allowed 
value prescribed by regulations 1,2,3. 
According to the t-test for dependent 
samples, only values obtained by two 
methods on 3 samples (B1, B2 and C4) 
differ statistically at the confidence level of 
95% while the results of other analysed 
honey samples are comparable.

 
 
Table 2. HMF content of analysed honey samples (B-black locust, C-chestnut) determined by HPLC 
and spectrophotometric (after White) methods (average±SD) 
 

Sample HPLC method 
(mg/kg) 

Spectrophotometric 
method after White 

(mg/kg) 
B1 11,9*±0,3 11,1*±0,1 
B2 3,2*±0,2 1,5*±0,2 
B3 4,6±0,4 4,7±0,7 
B4 2,6±0,4 2,2±0,6 
B5 9,0±0,2 8,9±0,6 
C1 38,2±1,4 37,0±1,3 
C2 22,7±4,5 21,3±1,1 
C3 29,2±0,1 29,0±0,8 

The results of methods accuracy are presented in 
the Table 1. For the HPLC method recoveries were 
from 100% to 103%. For the spectrophotometric 
method the values were slightly inferior but still 
acceptable (from 92% up to 93%). These results 
of recovery test were expected since it is the 
commonly known fact that the chromatographic 
methods are in general more accurate and 
sensitive than the spectrophotometric ones 13,14.
Though the HPLC method has been proven to be 
more appropriate for HMF content determination 
in our study as well as in the literature 15, Spano et 
al. 14 showed that the official HPLC method was 
not appropriate for determination of the HMF 
content in strawberry tree honey. The interfering 
substance, identified as homogentistic acid, 
prevents adequate HMF determination by official 
HPLC method. Spano et al. have proposed a new, 

improved method for HMF content determination 
16, which showed better method performance 
characteristics than the official HPLC method 
9, the old method is still used by most of the 
laboratories in a routine analysis.
After the method performance characteristics 
were determined, the methods comparison was 
performed on 13 honey samples. The HMF 
contents of honey samples determined by both 
methods are summarised in Table 2. The HMF 
content in honey samples was below 40 mg/kg 
which is the maximum allowed value prescribed 
by regulations 1,2,3. According to the t-test for 
dependent samples, only values obtained by two 
methods on 3 samples (B1, B2 and C4) differ 
statistically at the confidence level of 95% while 
the results of other analysed honey samples are 
comparable.
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spectrophotometric (after White) methods (average±SD)
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Table 2. HMF content of analysed honey samples (B-black locust, C-chestnut) determined by HPLC 
and spectrophotometric (after White) methods (average±SD) 
 

Sample HPLC method 
(mg/kg) 

Spectrophotometric 
method after White 

(mg/kg) 
B1 11,9*±0,3 11,1*±0,1 
B2 3,2*±0,2 1,5*±0,2 
B3 4,6±0,4 4,7±0,7 
B4 2,6±0,4 2,2±0,6 
B5 9,0±0,2 8,9±0,6 
C1 38,2±1,4 37,0±1,3 
C2 22,7±4,5 21,3±1,1 
C3 29,2±0,1 29,0±0,8 
C4 30,7*±0,5 28,0*±0,9 
C5 2,4±0,2 1,6±1,4 
C6 1,8±0,5 2,9±0,6 
C7 3,8±0,7 3,8±0,2 
C8 5,5±1,0 3,4±1,9 

      Average values and SD were calculated from 4 measurements     
     Average values within the row marked with (*) differ statistically according to t-test for dependent samples 

 
 
CONCLUSION 
Although from the analytical point of view 
both methods were found to be fit for 
purpose, from the practical point of view, 
in case if laboratory is equipped with 
instruments for both methods, the HPLC 
method presents better choice due to its 
simplicity of sample solution preparation 

and automated analysis while the 
spectrophotometric method requires much 
more sample manipulation. On the other 
hand, the spectrophotometric method was 
the first choice when financial and safety 
aspects (considering chemicals used) are 
compared.
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CONCLUSION

Although from the analytical point of view both 
methods were found to be fit for purpose, from 
the practical point of view, in case if laboratory 
is equipped with instruments for both methods, 
the HPLC method presents better choice due to 
its simplicity of sample solution preparation and 

automated analysis while the spectrophotometric 
method requires much more sample manipulation. 
On the other hand, the spectrophotometric 
method was the first choice when financial and 
safety aspects (considering chemicals used) are 
compared.
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ABSTRACT

In the last few decades, different alternative materials are being tested for the adsorption treatment of waters polluted by 
heavy metals. Biosorption is particularly suitable for the treatment of polluted water in cases when the low heavy metal 
ion concentration is requested at the exit, and before pouring into the surrounding waterway, in order not to pollute the 
plant and animal life.  Biosorbents are of significant importance in water purification processes due to their low cost, good 
performance and availability in large quantities. The paper presents the test results of lead and copper ion sorption from 
synthetic solutions in the barley straw as adsorbent. Biosorption of lead and copper in the barley straw is carried out by 
ion exchange mechanism, whereby the lead and copper ions are replaced by calcium and hydrogen content in the molec-
ular structure of the straw. The obtained results show a significant influence of pH values on the removal efficiency of the 
metals in the process of biosorption. The results show that barley straw can be used as an inexpensive, natural adsorbent 
for lead and copper ion sorption from aqueous solutions.

Key words: biosorption; barley straw; lead, copper

INTRODUCTION 

One of the most serious consequences of the 
rapid industrial development is the pollution 
of the environment. Many industries produce 
wastewater with relatively high content of heavy 
metals, whose influence on the ecosystem is 
of great significance 1. Some metals from this 
group, such as Cu, allows normal functioning 
of the living organisms, and in higher doses it 
can have toxic effects, while the other metals, 
such as Pb, are highly toxic even in smaller 
concentrations 2-3. Biosorption of heavy metal 
ions from aqueous solutions is a new process, 
still under development, that has been proved to 
be effective for the removal of heavy metal ions 
from aqueous solutions 4. Biosorption is defined 
as the ability of certain bio-molecules to bind 
certain ions by its active groups or to concentrate 
them from aqueous solutions, whereby the 
removed pollutants are usually metal ions or 
organic compounds 5-8. The prefix “bio” indicates 
the presence of a biological entity, for example a 
living organism, a component or product created 
or extracted from a living organism, as a term 
used in biotechnology, bioengineering and 

bioprocesses. Biosorbents have high affinity 
for heavy metal ions with which they create 
connections in the processes of chemisorption, 
complexation, adsorption on the surface and 
pores, ion exchange, helatisation, physical forces 
adsorption, diffusion, precipitation.

Compared to conventional methods, biosorption 
has certain advantages: it is selective, inexpensive 
and effective even at very low concentrations of 
pollutants, ecologically sustainable, because the 
renewable source – biomass is commonly used as 
a biosorbent, which unused, represents the waste 
in the environment 9. As appropriate biomass 
(biosorbent), waste biomaterial is recommended, 
which is available in large quantities and cost-
effective. The aim of the paper is to examine 
the efficiency of Pb(II) and Cu(II) ions removal 
by adsorption process using barley straw as 
agricultural waste.
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MATERIALS AND METHODS

Chemicals and reagents
All reagents used were of analytical grade: Su-
pra pur HNO3 (Merck), supra purNaOH, standard 
solution Cu(NO3) in HNO3, c(Cu) = 1 g/L, stan-
dard solution Pb(NO3) in HNO3, c(Cu) = 1 g/L.

Biosorbent
Barley straw has been used as biomass/biosor-
bent, collected at the local fields. The straw first 
was milled, and then sieved using the appropriate 
laboratory sieves, where the fraction of 0,5 mm 
was used for the adsorption process. The concen-
trations of Cu(II) and Pb(II) ions in the solutions 
before and after adsorbtion were determined by 
the atomic absorption spectrophotometer “Perkin 
Elmer” ANALYST 200 (AAS method). The pH 
of the solution was measured with a WTW pH 
meter using a combined glass electrode. Biosorp-
tion processes were carried out at pH 2 and pH 5 
wherein the appropriate pH value is adjusted us-
ing 0.1M HNO3 and 0.1M NaOH. Barley straw, 
weighing 1g, was brought into contact with 100 
ml of synthetic solution of the tested metals indi-
vidually, for a different time, mixing speed of 300 
rev/min. The moment of adding biosorbent repre-
sented the beginning of the treatment. Total time 
of the treatment was 120 minutes. At intervals 
of 20, 40, 60, 80, 100 and 120 minutes, samples 
were collected for analysis of metals and 

filtrated through a porous filter paper 0,45 μm in 
order to remove the absorbent particles. There-
after, the filtrate was analyzed for the content of 
Pb(II) and Cu(II) ions. The experiments were 
performed at room temperature. The amount of 
absorbed Pb(II) and Cu(II) in the selected sor-
bents is calculated by sorption capacity using the 
1 equation;

here CO and CR are the initial and equilibrium 
concentrations (mg/L) of Cu2+ solution respec-
tively; V is the volume (L); and m is the mass (g) 
of the adsorbent.

Removal efficiency, E (%), was calculated as a 
ratio between concentration Cu (II) or Pb(II)  at 
time t (mg/L) and the initial metal ions concen-
tration (mg/L):
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RESULTS AND DISCUSSION 
The effect of contact time was examined in 
the paper, as well as the effect of the pH 
values and initial concentration of lead and 
copper ions on the efficiency of the metals 
Pb and Cu removal process. During the 
adsorption tests all the experiments were 
performed in two trials, and as the official 
results we took the average values, 
wherein the initial concentration of lead 
solution was 50 mg/L, while the copper 
concentration was 10 mg/L. In order to 
have the adsorbent capacity fully used, it is 
necessary to provide a long enough contact 
between the adsorbent and water samples 
to be processed, where it is necessary to 

take into account the economical 
justification of the adsorption duration. 
Experimental results showed that the 
balance is achieved in the period of about 
100 minutes. Barley straw in contact with 
the tested ions proved to be a material 
which can effectively remove lead and 
copper ions. After 100 minutes of contact 
time begins the maximum adsorption of 
the test metals per gram of adsorbent. 
From the results shown in Figures 1 and 2, 
it can be seen that barley straw has a great 
affinity for lead ions, and a smaller for 
copper ions.  

MATERIALS AND METHODS 
 
Chemicals and reagents 
All reagents used were of analytical grade: 
Supra pur HNO3 (Merck), supra purNaOH, 
standard solution Cu(NO3) in HNO3, c(Cu) 
= 1 g/L, standard solution Pb(NO3) in 
HNO3, c(Cu) = 1 g/L. 
Biosorbent 
Barley straw has been used as 
biomass/biosorbent, collected at the local 
fields. The straw first was milled, and then 
sieved using the appropriate laboratory 
sieves, where the fraction of 0,5 mm was 
used for the adsorption process. The 
concentrations of Cu(II) and Pb(II) ions in 
the solutions before and after adsorbtion 
were determined by the atomic absorption 
spectrophotometer “Perkin Elmer” 
ANALYST 200 (AAS method). The pH of 
the solution was measured with a WTW 
pH meter using a combined glass 
electrode. Biosorption processes were 
carried out at pH 2 and pH 5 wherein the 
appropriate pH value is adjusted using 
0.1M HNO3 and 0.1M NaOH. Barley 
straw, weighing 1g, was brought into 
contact with 100 ml of synthetic solution 
of the tested metals individually, for a  

 
different time, mixing speed of 300 
rev/min. The moment of adding biosorbent 
represented the beginning of the treatment. 
Total time of the treatment was 120 
minutes. At intervals of 20, 40, 60, 80, 100 
and 120 minutes, samples were collected 
for analysis of metals and filtrated through 
a porous filter paper 0,45 μm in order to 
remove the absorbent particles. Thereafter, 
the filtrate was analyzed for the content of 
Pb(II) and Cu(II) ions. The experiments 
were performed at room temperature. The 
amount of absorbed Pb(II) and Cu(II) in 
the selected sorbents is calculated by 
sorption capacity using the 1 equation; 

q = (Co− CR)∙ V
m    (1) 

here CO and CR are the initial and 
equilibrium concentrations (mg/L) of Cu2+ 
solution respectively; V is the volume (L); 
and m is the mass (g) of the adsorbent. 
Removal efficiency, E (%), was calculated 
as a ratio between concentration Cu (II) or 
Pb(II)  at time t (mg/L) and the initial 
metal ions concentration (mg/L): 

R, % =  Co− CR
Co

 x100   (2) 

 
RESULTS AND DISCUSSION 
The effect of contact time was examined in 
the paper, as well as the effect of the pH 
values and initial concentration of lead and 
copper ions on the efficiency of the metals 
Pb and Cu removal process. During the 
adsorption tests all the experiments were 
performed in two trials, and as the official 
results we took the average values, 
wherein the initial concentration of lead 
solution was 50 mg/L, while the copper 
concentration was 10 mg/L. In order to 
have the adsorbent capacity fully used, it is 
necessary to provide a long enough contact 
between the adsorbent and water samples 
to be processed, where it is necessary to 

take into account the economical 
justification of the adsorption duration. 
Experimental results showed that the 
balance is achieved in the period of about 
100 minutes. Barley straw in contact with 
the tested ions proved to be a material 
which can effectively remove lead and 
copper ions. After 100 minutes of contact 
time begins the maximum adsorption of 
the test metals per gram of adsorbent. 
From the results shown in Figures 1 and 2, 
it can be seen that barley straw has a great 
affinity for lead ions, and a smaller for 
copper ions.  

RESULTS AND DISCUSSION

The effect of contact time was examined in the 
paper, as well as the effect of the pH values and 
initial concentration of lead and copper ions on 
the efficiency of the metals Pb and Cu removal 
process. During the adsorption tests all the ex-
periments were performed in two trials, and as 
the official results we took the average values, 
wherein the initial concentration of lead solution 
was 50 mg/L, while the copper concentration was 
10 mg/L. In order to have the adsorbent capac-
ity fully used, it is necessary to provide a long 
enough contact between the adsorbent and water 
samples to be processed, where it is necessary to

take into account the economical justification 
of the adsorption duration. Experimental results 
showed that the balance is achieved in the peri-
od of about 100 minutes. Barley straw in contact 
with the tested ions proved to be a material which 
can effectively remove lead and copper ions. Af-
ter 100 minutes of contact time begins the max-
imum adsorption of the test metals per gram of 
adsorbent. From the results shown in Figures 1 
and 2, it can be seen that barley straw has a great 
affinity for lead ions, and a smaller for copper 
ions. 
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When all other factors are constant, the efficiency 
of metal ions sorption may be a consequence of 
the differences in the ionic radii, i.e. the relation 
of electric charge and mass, ionization potential 
of these ions, electronegativity, hydrolysis con-
stants. 

The smaller the ion radius, the greater the ion ten-
dency to hydrolyze in water, which leads to the 
reduction of the sorption, due to the lower con-
centration of the free ions.

When all other factors are constant, the 
efficiency of metal ions sorption may be a 
consequence of the differences in the ionic 
radii, i.e. the relation of electric charge and 
mass, ionization potential of these ions, 
electronegativity, hydrolysis constants.  

The smaller the ion radius, the greater the 
ion tendency to hydrolyze in water, which 
leads to the reduction of the sorption, due 
to the lower concentration of the free ions.

 

 
Figure 1. Removal of copper (II) ions from aqueous solution 

 

 
Figure 2. Removal of lead (II) ions from aqueous solution 
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by a high H+ ion concentration and its 
great mobility, which is primarily the 
reason that the hydrogen ions are adsorbed 
on the adsorption centers. With the 
reduction of the environment acidity, metal 
ions in solution enter into competition with 
the H+ ions in position of adsorption, so 
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The results show that the lead and copper remov-
al efficiency using barley straw grows with in-
creasing pH environment, where it is necessary 
to lead the process at a constant, predefined pH 
values, because, although the highest percentage 
of metals is removed relatively quickly, failure to 

maintain the pH value leads to reduce the remov-
al percentage. Less adsorption efficiency of Pb2+ 
and Cu2+ ions at low pH values of the solution 
could be explained by a high H+ ion concentra-
tion and its great mobility, which is primarily the 
reason that the hydrogen ions are adsorbed on 
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the adsorption centers. With the reduction of the 
environment acidity, metal ions in solution enter 
into competition with the H+ ions in position of 
adsorption, so the maximum efficiency of adsorp-
tion was achieved at pH 0,5, where about 96% of 

lead ions and 60% of copper ions were removed. 
The Figures 3 and 4 present the values of the ad-
sorption capacity given in mg/g of adsorbent in 
the function of time for copper and lead.

the maximum efficiency of adsorption was 
achieved at pH 0,5, where about 96% of 
lead ions and 60% of copper ions were 
removed. The Figures 3 and 4 present the 

values of the adsorption capacity given in 
mg/g of adsorbent in the function of time 
for copper and lead. 

 
 
 

 
Figure 3. Effects of contact time on the adsorption capacity Cu2+ ion 

 
 
 
 

 
Figure 4. Effects of contact time on the adsorption capacity Pb2+ ion 
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The obtained results of the adsorption capacity 
of lead and copper ions at the time, indicate that 
the adsorption capacity of metal removal increas-
es until the time of 100 minutes, when a balance 

is achieved, whereupon the value of the residual 
concentration is nearly constant. In the beginning 
of the treatment, the metal concentration in the 
solution is high, which has a positive effect on the 
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speed of the process, which mostly takes place 
under the diffusion control. With the reduction of 
the metal concentration, the driving force of the 
heterogeneous sorption process decreases, whose 
speed depends on the diffusion of ions into the 

solution and through the sorbent pores. Also sat-
urating the active centers on the biosorbent sur-
face over time, reduces the probability of binding 
metal ions, and thus the overall process speed.

CONCLUSION

The results have shown that the biosorbents in 
barley straw base has a greater affinity for the 
lead ions removal compared to the copper ions.
As a result, we can recommend the application 
of barley straw for the adsorption of copper ions 
from the water with a low ion concentration, and 
lead ions with the higher concentration.The re

sults show a significant effect of pH values on 
the biosorption process, whereby it is necessary 
to keep a constant pH values in order to avoid the 
reduction in the removal percentage.
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ABSTRACT

Lactic acid bacteria (LAB) play essential role in production of fermented food, being a part of natural microbiota of 
milk. With their metabolic activity they influence the ripening process of milk, allowing the creation of desirable sensory 
qualities of the product, while inhibiting the growth of undesirable microorganisms. As a by-product of their metabolism, 
lactic acid bacteria produce a variety of substances with antimicrobial activity such as organic acids (lactic and acetic 
acid), hydrogen peroxide, ethanol, diacetyl and bacteriocins.  Bacteriocins are antimicrobial peptides or proteins with 
bactericidal activity on certain microorganisms. In this study, cell free supernatant was isolated from lactic acid bacteria 
of domestically produced fresh cow cheese. This kind of cheese was produced in traditional way, in households of 
Tuzla Canton, without adding any starter cultures. Isolation and characterization of LAB found that natural microflora of 
domestically produced cheese was consisted of bacteria of Lactobacillus and Lactococcus species. Concentrated samples 
of cell free supernatant were isolated out of ten characterized strains, and their antimicrobial activity was tested against 
pathogenic bacteria Escherichia coli, Staphylococcus aureus, Listeria monocytogenes and Salmonella enteritidis. The 
highest inhibitory activity on the growth of pathogenic bacteria showed cell free supernatant isolated from Lactobacillus 
plantarum 1 and Lactobacillus brevis 1. Sensitivity of the supernatant to proteolytic enzyme was tested by using proteinase 
K. After exposure of the supernatants to proteinase K, the results showed a significant reduction of inhibitory effect. 
The results proved the protein structure of the cell free supernatant, or the possible presence of bacteriocins and their 
bacteriocinogenic activity.

Key words: Lactic acid bacteria (LAB), cell free supernatant, fresh cow cheese, bacteriocin

INTRODUCTION

Fermented dairy products are products that 
can be produced via fermentation of lactose by 
microorganisms especially by lactic acid bacteria 
(LAB). When examining worldwide, various 
dairy products which are different in name 
but similar in content can be found and those 
products are an important part of human diet 1. 
LAB plays an essential role in the production of 
fermented products. They are an integral part of 
the natural microbita of milk, and its metabolic 
activity influences the ripening process, allowing 
creation of the desired sensory properties of the 
product 2.
Domestic fresh cow cheese in Tuzla Canton is 
produced in a traditional way, without addition 

of starter cultures, so that the fermentation 
process takes place under the influence of lactic 
acid bacteria that are naturally present in raw 
milk. However, precisely because of this kind 
of production, hygiene of these foods is often 
questionable. According to the study conducted 
in the period from June to November 2012, fresh 
cow cheese made in households in TK had very 
bad microbiological quality, where from 50 
analyzed samples even 39 were contaminated, 
mainly due to the presence of Escherichia coli 
of faecal origin (isolated in 78% of samples). 
Coagulase positive Staphylococcus species and 
Salmonella species were also found in analyzed 
samples 3.
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In fermented foods, LAB display numerous 
antimicrobial activities. This is mainly due to the 
production of organic acids, hydrogen peroxide, 
ethanol, diacetyl, acetaldehyde, but also of other 
compounds, such as antifungal peptides and 
bacteriocins 4. Small proteins called bacteriocins 
enable LBA to compete against other bacteria in 
the environment. In traditionally made fresh cow 
cheese LAB should allow biological safety of these 
products through the production these specific 
metabolites 5. Bacteriocins are extracellular 
peptides or protein molecules, which have certain 
bactericidal properties in relation to specific 
types of microorganisms. Today, bacteriocins, 
as natural antimicrobial peptides or proteins, are 
very interesting potential applications in the food 
industry, as bioprotectors 6. They are generally 
recognized as safe natural substances. Their 
protective role in the food industry is based on 
detected desired properties, among which are 

particularly important: non-toxicity and non-
action in eukaryotic cells, decomposition under 
the action of digestive enzymes, little impact on 
the intestinal microflora, tolerance to pH and 
increased temperature, and a relatively broad 
spectrum of antimicrobial activity in relation to 
potential pathogens in food 7.
The aims of this study were: to isolate LAB from 
fresh cow cheese produced in households in Tuzla 
Canton and to characterized them with API 50 
CHL test; to isolate and concentrate methabolic 
substances produced by LAB in a form of cell 
free supernatant; to test the antimicrobial activity 
of the isolated supernatant on the pathogens 
most commonly transmitted by food (Listeria 
monocytogenes, Staphylococcus aureus, 
Escherichia coli and Salmonella enteritidis); and 
also to test the effect of proteolytic enzyme on 
concentrated supernatant.

MATERIAL  AND METHODS

Methods for the isolation and 
characterization of lactic acid bacteria 
Microbiological analysis was performed on 50 
samples of fresh cow’s milk cheese produced in 
the Tuzla Canton. Isolation and characterization 
of lactic acid bacteria is done by the method 
described by Lengkey 8. From the primary dilution 
(20g foods / 180 ml saline) decimal dilutions were 
made and then inoculated on De Man, Rogosa, 
Sharpe (MRS) plates. The inoculated plates were 
incubated at 37 °C 48-72h in anaerobic conditions. 
After incubation, typical colonies (round milky 
white colonies) were isolated from the plates and 
tested for the catalase production with H2O2 and 
stained by Gram. Biochemical characteristics of 
lactic acid bacteria were determined by API 50 
CHL test (Biomerieux SA).
The method for the isolation of cell free 
supernatant
Each isolated lactic acid bacteria from fresh cow 
cheese was inoculated in 100 ml MRS broth and 
cultured in anaerobic conditions at 37°C/48, for 
multiplication. At the end of the incubation 

period, the bacteria were removed by centrifugation 
at 3000 RPM for 10 min. Supernatant was filtered 
through a membrane filtration device for applying 
filters Millipore of 0,45 microns. The filtrate was 
then concentrated using a rotary evaporator. The 
obtained product was a mixture of antimicrobial 
substances produced by the LAB; hereafter 
referred as “cell free supernatant”.
Determination of antimicrobial activity of cell 
free supernatants
Antimicrobial activity of cell free supernatant was 
tested on pathogenic bacteria which are usually 
transmitted by food (Listeria monocytogenes, 
Escherichia coli, Staphylococcus aureus and 
Salmonella enteritidis). The bacteria that were 
used for testing were transferred on tryptone soy 
agar (TSA + 0,6% yeast extract) and incubated 
aerobically at 37 °C / 24h. One colony from a pure 
culture was suspended in 4-5 ml of sterile saline 
solution to get a blurring corresponding to 0,5 
McFarland scale. After adjusting the inoculums, 
the sterile swab soaked with bacterial suspension 
was inoculated on the surface of Mueller-Hinton 
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agar (MH agar). Four wells (10mm) were cut 
into the MH agar plates. Two wells were filled 
with 50 µl of cell free supernatant derived from 
different isolated LAB, and two wells were filled 
with control (distillate water of which pH value 
is adjusted with concentrated HCl, to match the 
pH of the tested supernatant). The pH of the cell 
free supernatant was adjusted to 6 with sterile 
1N NaOH to neutralize the effect of lactic acid. 
The plates were incubated aerobically at 37 °C 
/ 24 h. After the incubation period, a diameter of 
inhibition zone was registered in mm 9,10.

Testing the effect of proteolytic enzyme on cell 
free supernatants
The effect of proteolytic enzyme on cell 
free supernatants was tested as described by 
Zdolec and Lazic 11. Two of the tested cell free 
supernatant that showed the highest antimicrobial 
activity, were treated with proteolytic enzyme 
(proteinase K) in order to verify their protein 
structure. Proteinase K was prepared according 
to the manufacturer instructions. After treatment 
with proteinase K, supernatants were incubated 
for 1 hour at 37 °C. After the incubation period, 
the antimicrobial activity of the treated cell free 
supernatants was tested on pathogenic bacteria, 
using well diffusion method as described earlier.

RESULTS AND DISCUSION

From 50 analyzed samples of fresh cow cheese 
from the Tuzla Canton, lactic acid bacteria were 
isolated from 20 samples. Isolated lactic acid 

bacteria were characterized with standardized 
API test. The results are shown in Table 1.

0,5 McFarland scale. After adjusting the 
inoculums, the sterile swab soaked with 
bacterial suspension was inoculated on the 
surface of Mueller-Hinton agar (MH agar). 
Four wells (10mm) were cut into the MH 
agar plates. Two wells were filled with 50 
µl of cell free supernatant derived from 
different isolated LAB, and two wells were 
filled with control (distillate water of 
which pH value is adjusted with 
concentrated HCl, to match the pH of the 
tested supernatant). The pH of the cell free 
supernatant was adjusted to 6 with sterile 
1N NaOH to neutralize the effect of lactic 
acid. The plates were incubated aerobically 
at 37 °C / 24 h. After the incubation period, 
a diameter of inhibition zone was 
registered in mm 9,10. 

 
Testing the effect of proteolytic enzyme on 
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The effect of proteolytic enzyme on cell 
free supernatants was tested as described 
by Zdolec and Lazic 11. Two of the tested 
cell free supernatant that showed the 
highest antimicrobial activity, were treated 
with proteolytic enzyme (proteinase K) in 
order to verify their protein structure. 
Proteinase K was prepared according to the 
manufacturer instructions. After treatment 
with proteinase K, supernatants were 
incubated for 1 hour at 37 °C. After the 
incubation period, the antimicrobial 
activity of the treated cell free supernatants 
was tested on pathogenic bacteria, using 
well diffusion method as described earlier. 

 
RESULTS AND DISCUSION 
From 50 analyzed samples of fresh cow 
cheese from the Tuzla Canton, lactic acid 
bacteria were isolated from 20 samples. 

Isolated lactic acid bacteria were 
characterized with standardized API test. 
The results are shown in Table 1. 
 

 
Table 1. Lactobacteria strains characterzied by their biochemical characteristics 
 

Sample mark Lactobacteria strains 
1 Lactobacillus plantarum 1 
2 Lactobacillus sp. 
5 Lactobacillus plantarum 2 
9 Lactobacillus sp. 

19 Lactobacillus curvatus 
20 Lactobacillus sp. 
23 Lactobacillus sp. 
25 Lactobacillus sp. 
26 Lactobacillus paracasei 3 
29 Lactococcus  sp. 
32 Lactobacillus fermentum 1 
33 Lactobacillus plantarum 1 
35 Lactobacillus sp. 
38 Lactobacillus plantarum 2 
39 Lactobacillus brevis 1 
40 Lactobacilllus sp. 
46 Lactococcus lactis ssp lactis 1 
47 Lactococcus sp. 
49 Lactobacillus sp. 
50 Lactobacillus plantarum 1 

 
Following species were identified as the 
natural microflora of the fresh cow cheese: 
Lactobacillus plantarum 1, Lactobacillus 
plantarum 2, Lactobacillus curvatus, 

Lactobacillus paracasei 3, Lactobacillus 
fermentum 1, Lactobacillus brevis 1, 
Lactococcus lactis ssp lactis 1. Isolation 
and the identification of the yeasts was not 

Following species were identified as the natural 
microflora of the fresh cow cheese: Lactobacillus 
plantarum 1, Lactobacillus plantarum 2, 
Lactobacillus curvatus, Lactobacillus paracasei 

3, Lactobacillus fermentum 1, Lactobacillus 
brevis 1, Lactococcus lactis ssp lactis 1. Isolation 
and the identification of the yeasts was not 
included in this study. Because similar studies 
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have not been carried out in this part of Bosnia 
and Herzegovina, this study gives us an indicative 
insight into the composition of the natural 
microflora of domestically produced fresh cow 
cheese, from this region.
The antimicrobial activity of the obtained cell 
free supernatant was tested on Escherichia coli, 

Listeria monocytogenes, Staphylococcus aureus, 
and Salmonella enteritidis species. Diameters of 
inhibition zone of pathogenic bacteria, formed 
after the activity of the cell free supernatant as 
well as the pH value of the cell free supernatant 
is presented in Table 2.

included in this study. Because similar 
studies have not been carried out in this 
part of Bosnia and Herzegovina, this study 
gives us an indicative insight into the 
composition of the natural microflora of 
domestically produced fresh cow cheese, 
from this region. 
The antimicrobial activity of the obtained 
cell free supernatant was tested on 

Escherichia coli, Listeria monocytogenes, 
Staphylococcus aureus, and Salmonella 
enteritidis species. Diameters of inhibition 
zone of pathogenic bacteria, formed after 
the activity of the cell free supernatant as 
well as the pH value of the cell free 
supernatant is presented in Table 2. 

 
Table 2. Diameters of inhibition zone of Escherichia coli, Listeria monocytogenes, Staphylococcus 
aureus, and Salmonella enteritidis and pH values of the cell free supernatant 
 
Sample 
mark 

Identified species of lactic 
acid bacteria 

Antimicrobial activity of the cell free supernatant (diameters of 
inhibition zone are presented in mm) 

Escherichia coli Salmonella 
enteritidis 

Staphylococcus 
aureus 

Listeria 
monocytogenes 

1 Lactobacillus plantarum 1 23 20 20 33 
50 Lactobacillus plantarum 1 19 20 18 35 
33 Lactobacillus plantarum 1 26 26 21 35 
5 Lactobacillus plantarum 2 21 20 20 30 

38 Lactobacillus plantarum 2 18 21 20 30 
26 Lactobacillus paracasei 3 20 20 20 28 
32 Lactobacillus fermentum 1 19 21 16 30 
19 Lactobacillus curvatus 20 20 20 30 
39 Lactobacillus brevis 1 24 22 23 30 
46 Lactococcus lactis ssp lactis 1 15 19 18 26 

 

                    

 

 

 
The highest inhibitory effect cell free 
supernatant had on the growth of Listeria 
monocytogenes , which had the biggest 

diameter of the inhibitory zone. The least 
significant effect was on E. coli, with the 
smallest diameter of the inhibition zone. It 

Figure 1. Antimicrobial activity of cell 
free supernatant obtained from 

Lactobacillus plantarum 1 (1) and 
Lactobacillus brevis 1 (39) on E. coli 

Figure 2. Antimicrobial activity of cell free 
supernatant obtained from Lactobacillus 

plantarum 1 (1) and Lactobacillus brevis 1 
(39) on L. monocytogenes 

 The highest inhibitory effect cell free supernatant 
had on the growth of Listeria monocytogenes , 
which had the biggest diameter of the inhibitory 
zone. The least significant effect was on E. coli, 

with the smallest diameter of the inhibition 
zone. It is known that the bacteriocins of LAB 
have a higher inhibitory effect on Gram positive 
bacteria, while the effect on Gram negative 
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bacteria is less intense. The reason for this lies 
in the less complicated structure of the cell 
membrane compared to Gram-negative bacteria 
possessing an additional, outer membrane, which 
is impermeable to most macromolecules, and 
which provides the excellent protection against 
many external agents. The greatest antimicrobial 
potential on all pathogens had the supernatants 
isolated from Lactobacillus plantarum 1 and 
Lactobacillus brevis 1. The concentrated 
supernatants from these species were taken for 

further testing. The effect of proteolytic enzymes 
was tested with proteinase K. 
Antimicrobial activity of isolated cell free 
supernatant from Lactobacillus plantarum 1 and 
Lactobacillus brevis 1 on the growth of Escherichia 
coli, Listeria monocytogenes, Staphylococcus 
aureus and Salmonella enteritidis, before and 
after treatment with proteinase K, is shown in 
Table 3.

is known that the bacteriocins of LAB have 
a higher inhibitory effect on Gram positive 
bacteria, while the effect on Gram negative 
bacteria is less intense. The reason for this 
lies in the less complicated structure of the 
cell membrane compared to Gram-negative 
bacteria possessing an additional, outer 
membrane, which is impermeable to most 
macromolecules, and which provides the 
excellent protection against many external 
agents. The greatest antimicrobial potential 
on all pathogens had the supernatants 
isolated from Lactobacillus plantarum 1 

and Lactobacillus brevis 1. The 
concentrated supernatants from these 
species were taken for further testing. The 
effect of proteolytic enzymes was tested 
with proteinase K.  
Antimicrobial activity of isolated cell free 
supernatant from Lactobacillus plantarum 
1 and Lactobacillus brevis 1 on the growth 
of Escherichia coli, Listeria 
monocytogenes, Staphylococcus aureus 
and Salmonella enteritidis, before and after 
treatment with proteinase K, is shown in 
Table 3. 

 
Table 3. Diameter of the inhibition zone (mm), before and after treatment, of the cell free supernatant 
isolated from Lactobacillus plantarum and Lactobacillus brevis 1, with proteinase K 
 

 Antimicrobial activity of the cell free supernatant obtained from 
Lactobacillus plantarum 1 

Before treatment with 
proteinase K 

After treatment with 
proteinase K 

Escherichia coli 23  13  
Listeria monocytogenes 33 25  
Staphylococcus aureus 20  16  
Salmonella enteritidis 20  14  

 Antimicrobial activity of the cell free supernatant obtained 
from Lactobacillus brevis 

Before treatment with 
proteinase K 

After treatment with 
proteinase K 

Escherichia coli 24 15  
Listeria monocytogenes 30 25  
Staphylococcus aureus 23 15  
Salmonella enteritidis 22 16  

           

 

 

 
Significantly reduced inhibitory zone was 
observed in all pathogenic species, after 
the supernatant was exposed to the effect 
of the proteolytic enzyme – proteinase K. 

This way we proved the protein nature of 
the tested supernatant, and the fact that in 
the mixture the cell free supernatant are 
also present substances of protein nature 

Figure 3. The antimicrobial effect of the cell free supernatant isolated from Lactobacillus 
plantarum 1 (1) and Lactobacillus brevis 1 (39) on Salmonella enteritidis, before (left) and after 

(right) treatment with proteinase K 

Significantly reduced inhibitory zone was 
observed in all pathogenic species, after the 
supernatant was exposed to the effect of the 
proteolytic enzyme – proteinase K. This way we 

proved the protein nature of the tested supernatant, 
and the fact that in the mixture the cell free 
supernatant are also present substances of protein 
nature that have a significant antimicrobial 
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effect on the growth of pathogenic bacteria – 
bacteriocins. Therefore these results indicate that 
LAB, naturally present in domestically produced 
fresh cow cheese, produce bacteriocines and have 

possible bacteriocinogenic activity on food borne 
pathogens.

CONCLUSION

Producing a variety of metabolic products, 
LAB in a selective and competitive way, affect 
the local microflora in fresh cow cheese. That 
microflora may contain pathogenic bacteria or 
microorganisms that cause food spoilage. In our 
study, secondary metabolic products of LAB 
showed the lowest inhibitory effect on the growth 
of Escherichia coli. If we consider the fact that 
in the previous study 3 (the hygiene validity of 
fresh cow cheese) in the most of samples E. coli 
of faecal origin was isolated, we can conclude 
that LAB from domestic fresh cow cheese, have 
no significant effect on inhibiting the growth of 
E. coli in these foods.
From the analyzed foods Staphylococcus aureus 
and Salmonella enteritidis were also isolated 
but in less number of samples, than Escherichia 
coli (Staphylococcus aureus in two samples, 
Salmonella enteritidis in four samples) 3, 
which coincides with the results of testing the 
antimicrobial activity of the cell free supernatant. 
Metabolic products of LAB had inhibitory 
effect on growth of Staphylococcus aureus and 
Salmonella enteritidis, but not in such a ratio to 
fully prevent their presence in these foods.

Hodžić and Širanović 13 in their study examined 
the presence of Listeria monocytogenes in food 
in the area of Tuzla. After the analysis the authors 
have failed to isolate this pathogen from tested 
samples of fresh cheese. However, Listeria 
monocytogenes is commonly present in fresh 
dairy products and many cases of listeriosis are 
usually associated with the consumption of non 
pasteurized products such as fresh cow cheese 14. 
The absence of this pathogen in fresh cow cheese 
from our region may be associated with distinctive 
influence of antimicrobial substances (such as 
bacteriocins) produced by LAB that constitute 
natural domestic cow cheese microflora. The 
results of our study also show that the greatest 
inhibitory effect, the concentrated supernatant 
had on this pathogen species.
Bacteriocins as natural antimicrobial peptides 
are now the subject of numerous studies. With an 
inhibitory effect on a large number of pathogenic 
bacteria, they represent very interesting potential 
for application in the food industry, as a natural 
biopresevatives 15.
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ABSTRACT

Apple and pear production in Argentina mostly takes place in the provinces of Río Negro and Neuquén, along a valley 
located in an area irrigated by the rivers Neuquén, Limay and Negro. Most commonly agrochemicals applied for these 
cultures protection are pesticides against mite and codling moth (Cydiapomonella, L). Carbaryl,azinphos-methyl and 
dimethoate have been recently detected and quantified in water samples from these rivers. Heptachlor, was also found 
sporadically, despite its use is forbidden in our country. Although these organophosphorus pesticides use is allowed, 
dimethoate and azinphos-methyl, as well as carbaryl are harmful substances that exert adverse effects through inhibi-
tion of cholinesterases and carboxylesterases. Also they are responsible of eliciting antioxidant responses in different 
organisms. Fruit production in this region became more sustainable in the last years as the consequence of government 
prohibition on the use of old generation pesticides and the introduction of new generation ones. A National Program 
designed to avoid codling moth damage, through a sexual confusion method, was implemented in 2006.  The codling 
moth induced damage reached 6,1% of total production in 2003 in farms that were afterwards included in the Program, 
and 0,73% of it, after 3 years of program development; and at the same time there was a  385 ton/year decrease in azim-
phos-methyl use. Improvement in management techniques for pests as San José louse and European red mite, as well as 
government programs for their control promoting the use of non-toxic natural compounds, will certainly contribute to 
achieve sustainable fruit production in Patagonia.

Key words: fruit production, apple, pear, pesticides, sexual confusion control.

INTRODUCTION

The requirements of food in the last decades pro-
duced an expansion of the agricultural areas and 
an increase in the use of agrochemicals, such as 
pesticides and fertilizers, to reach greater crop 
yields. Pest control is a fundamental tool to in-
crease crop productivity, since the economic loss 
due to pest damage is very high. It has been cal-
culated that there would be a loss of the third part 
of the total global food production if agrochemi-
cals were not used to control pests and crop dis-
eases. However, the excessive use of pesticides 
can cause air, soil and water pollution. After ap-
plication, pesticide formulations are distributed 
in all environmental compartments in relation to 
their physicochemical properties. In this way, the 
active principle as well as the excipients and the 
degradation products, interact with the soil ma-
trix, eliciting changes in their 

structure and chemical composition. Weather 
conditions also influence the fate of pesticides, 
because they can be transported by the wind sev-
eral kilometers away from the application site. 
Finally, pesticides and their degradation products 
can reach surface and underground waters, by 
means of transport phenomena such as leaching 
or run-off. Pesticide residues have also an impact 
on non-target species, including humans, causing 
acute and chronic intoxications that lead to differ-
ent type of diseases.
On the other hand, taking into account the eco-
nomic aspect of food production, the presence of 
residues of certain pesticides restrict or avoid the 
possibility to export the production of crops, such 
as fruits, from Latin American countries to Unit-
ed States and Europe. Thus, it became evident the 
need for development of novel strategies replace 
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or decrease the use of synthetic pesticides. The 
purpose of the present paper is to describe one 
Argentinian program already implemented and 
compare it with other experiences.
Fruit production: Damages on pome fruits by 
insect pests and climate conditions in the Alto 
Valle 
Agriculture in Argentina is centered on the pro-
duction of wheat, corn, sunflower, soya, tobacco, 
cotton, potato, grape, stone fruits, pome fruits and 
others 1.1.8 million tons of pome fruits are pro-
duced annually in Argentina, distributed equally 
between apples and pears. 85% of the apples and 
75% of the pears are produced in the Alto Valle of 
Río Negro and Neuquén provinces, in the north 
of the Patagonia region, among the basins of the 
rivers Neuquén, Limay and Negro.
There are several species of arthropods that cause 
damage to pome fruit plantations in the Alto Val-
le region. The most conspicuous are four species 
of mites, some homopterans such as mealybugs, 
aphids and leafhoppers, the lepidopteransCydia-
pomonella, Cydiamolesta and Oiketicusplaten-
sis, and, in a lower extent, thrips and pear psylla. 
Due to its distribution and to the magnitude of the 
damage it causes, Cydiapomonella is the most 
important pest of fruit cultures in the Alto Valle. 
This pest can elicit a loss of the 80 to 100% of the 
total pome fruit production, if it is not controlled.
The Alto Valle is characterized by a continental 
climate, which is temperate and arid.This region 
soil is mostly composed by sand and silt, with a 

relatively high rate of infiltration. It has a high 
salt content but a low content of organic matter. 
Rain is scarce in the whole area, reaching 200 
mm/year. Annual media temperature is 14°C, 
reaching 40°C in summer and -13°C in winter 

2,3. All of these conditions are favorable for fruit 
production.
This zone is often affected by strong wester-
ly winds, with gusts reaching velocities as high 
as 80 to 100 km/h, southern-west winds and by 
occasional hail in summer. Frost taking place 
during springtime, generally causes serious dam-
age to the fruit cultures.These climate conditions 
demand extra economical and working efforts to 
farmers, in order to implement active protection 
measures. Poplar plantations are used to protect 
the fruit cultures against the winds. To avoid the 
damage caused by the frost, sprinkler irrigation 
systems are used, as well as heaters. In many 
cases farmers burn different materials to produce 
heat 4, but the smoke originated in this combus-
tion is a source of pollutants that can affect people 
living in the neighboring towns. The only protec-
tion against hail available for farmers to count on 
is to pay insurance policies. Table 1 summarizes 
old and new generation control methods usually 
implemented by farmers in the recent past years 
to ameliorate damage caused by pests and climat-
ic factors.

Fruit production: Damages on pome fruits by in-
sect pests and climate conditions in the Alto Valle  
Agriculture in Argentina is centered on the produc-
tion of wheat, corn, sunflower, soya, tobacco, cotton, 
potato, grape, stone fruits, pome fruits and others 

1.1.8 million tons of pome fruits are produced annu-
ally in Argentina, distributed equally between apples 
and pears. 85% of the apples and 75% of the pears 
are produced in the Alto Valle of Río Negro and 
Neuquén provinces, in the north of the Patagonia re-
gion, among the basins of the rivers Neuquén, Li-
may and Negro. 
There are several species of arthropods that cause 
damage to pome fruit plantations in the Alto Valle 
region. The most conspicuous are four species of 
mites, some homopterans such as mealybugs, aphids 
and leafhoppers, the lepidopteransCydiapomonella, 
Cydiamolesta and Oiketicusplatensis, and, in a lower 
extent, thrips and pear psylla. Due to its distribution 
and to the magnitude of the damage it causes, Cydi-
apomonella is the most important pest of fruit cul-
tures in the Alto Valle. This pest can elicit a loss of 
the 80 to 100% of the total pome fruit production, if 
it is not controlled. 
The Alto Valle is characterized by a continental cli-
mate, which is temperate and arid.This region soil is 
mostly composed by sand and silt, with a relatively 

high rate of infiltration. It has a high salt content but 
a low content of organic matter. Rain is scarce in the 
whole area, reaching 200 mm/year. Annual media 
temperature is 14°C, reaching 40°C in summer and -
13°C in winter 2,3. All of these conditions are favora-
ble for fruit production. 
This zone is often affected by strong westerly winds, 
with gusts reaching velocities as high as 80 to 100 
km/h, southern-west winds and by occasional hail in 
summer. Frost taking place during springtime, gen-
erally causes serious damage to the fruit cul-
tures.These climate conditions demand extra eco-
nomical and working efforts to farmers, in order to 
implement active protection measures. Poplar plan-
tations are used to protect the fruit cultures against 
the winds. To avoid the damage caused by the frost, 
sprinkler irrigation systems are used, as well as heat-
ers. In many cases farmers burn different materials 
to produce heat 4, but the smoke originated in this 
combustion is a source of pollutants that can affect 
people living in the neighboring towns. The only 
protection against hail available for farmers to count 
on is to pay insurance policies. Table 1 summarizes 
old and new generation control methods usually im-
plemented by farmers in the recent past years to 
ameliorate damage caused by pests and climatic fac-
tors.

 
Table 1. Methods used to ensure acceptable levels of fruit production and quality in Patagonia, Argentina 
 

Month/season of applica-
tion 

Pest/Frosts Control method 
 

September-October Frost 
 

Smoke (tire burning), heat-
ers (fuel combustion), irriga-

tion 
October (1st generation) 
December (2nd genera-

tion) 

Cydiapomonella(Codling 
moth) 

 

SCT (Sexual confusión 
technique); Granulosis virus 

 
November to May 

 
 
 

Quadraspidiotusperniciosu
s (San Joselouse) 

Insecticides (buprofezin, 
metomil, spirotetramat, 

clorantraniliprole + lambdaci-
alotrina + suprathion, aceta-
minoprid) ; Calcium polysul-
fide (organic production);Oils 

October to March 
 

Cydiamolesta 
(Grapholite) 

 

SCT;OrfamoneBaits 

Spring and end of sum-
mer 

Panonychusulmi 
(European red 

mite)Psyllapyricola (psyllids) 
 

Oils; Abamectine 

End of February Phitoptuspyri Sulfur-based products; Ac-
aricides (endosulfan) 

 
Data from INTA (2014) [8] 

 
Pesticides in use for pest control and contamina-
tion of environmental compartments 

Pome fruit production in Argentina occupies the 
fourth place of the agricultural activities requiring 
the use of great amounts of pesticides. Insecticides 
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Pesticides in use for pest control and contami-
nation of environmental compartments
Pome fruit production in Argentina occupies the 
fourth place of the agricultural activities requir-
ing the use of great amounts of pesticides. Insec-
ticides are widely used for pome fruit production 
and belong to group Ib (very toxic) according to 
toxicological risk classification by WHO. Loewy 
et al (2000) have made a complete report on some 
pesticides found in groundwater of the Alto Valle 
and their concentration, during 1996, 1997 and 
1998 5. The list included dimetoate, metidathion, 
methylazimphos, fosmet, cypermethrin, carbaryl, 
propoxur, carbofuran, benomil and carbendazim. 
More recently, other authors have monitored pes-
ticide concentrations at different locations and 
months of the year 2005, in water and sediments 
of the rivers Negro, Limay and Neuquén 6. They 
found levels of the organophosphorus insecticide 
dimetoate (moderately toxic) between 0,085 and 
0,0934 mg/l in superficial water of the Neuquén 
river, and traces of carbaryl (carbamate), meth-
ylazinphos (organophosphate) and heptachlor 
(organochlorinated compound). Though these 
concentrations were well below established lim-
its by World Health Organization 7 for potable 
water, it is of concern that they were found in riv-
er waters after reaching groundwater.
Semiochemicals. Use of the sexual confusion 
technique (SCT) to control the codling moth 
in pome fruit production of the Alto Valle
Fruit producing countries are continuously look-
ing for alternatives to old generation insecticides 
use. New integrated pest management programs 
are being implemented and include the use of 
more selective and non-pollutant products, such 
as botanical insecticides or repellents, insect 
growth regulators, or behavior modifiers, com-
bined with cultural practices.
The use of semiochemicals (allelochemicals and 
pheromones) as behavior modifiers is one of the 
most widespread strategies to control agricultural 
pests.
Pheromones have many advantages to be used 
for pest control. They are very selective, because 
of their specificity; the manipulation of phero-

mones is safe because they are non-toxic, and as 
they are not persistent, they have a low potential 
as environmental pollutants.
Sex pheromones are the main tool of the sexu-
al confusion technique (SCT). This method has 
been successfully implemented to control fruit 
pests, especially lepidopterans. The sexual con-
fusion technique consists on the application in 
the field of formulations of a synthetic analog of 
the sex pheromone produced by females of the 
species to control, in order to avoid males to lo-
cate the females. Pheromones are formulated to 
permit a constant and prolonged release of the 
active substance. The concentration reached in 
the atmosphere is higher than the physiological 
concentration released by the female in natural 
conditions, eliciting confusion of males. In 2006 
a National Program to eliminate the codling moth 
in the production of apple and pear in the Alto 
Valle region was implemented, based on the sex-
ual confusion technique. The program consisted 
in the use of plastic pheromone emitters, contain-
ing the active principle codlemone, in apple and 
pear trees 9.
The principal goal achieved by the implemen-
tation of this program was the decrease in the 
percentage of fruit (apple and pear) damaged by 
codling moth from 6,1% to 0,73%in production 
areas under National Program 9. Figure 1 shows 
reduction only in apple production damage both 
in farms under the program and those outside it 
(insecticide fumigation and SCT outside the pro-
gram), along three years of application of this 
control strategy. The cited reduction percent-
age represents that 71713 tons of apples are re-
covered as commercial products, for being free 
of the damage caused by this pest. At the same 
time there was a 385 ton/year decrease in azim-
phos-methyl use 9.
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are widely used for pome fruit production and be-
long to group Ib (very toxic) according to toxicolog-
ical risk classification by WHO. Loewy et al (2000) 
have made a complete report on some pesticides 
found in groundwater of the Alto Valle and their 
concentration, during 1996, 1997 and 1998 5. The 
list included dimetoate, metidathion, methylazim-
phos, fosmet, cypermethrin, carbaryl, propoxur, car-
bofuran, benomil and carbendazim. More recently, 
other authors have monitored pesticide concentra-
tions at different locations and months of the year 
2005, in water and sediments of the rivers Negro, 
Limay and Neuquén 6. They found levels of the or-
ganophosphorus insecticide dimetoate (moderately 
toxic) between 0,085 and 0,0934 g/l in superficial 
water of the Neuquén river, and traces of carbaryl 
(carbamate), methylazinphos (organophosphate) and 
heptachlor (organochlorinated compound). Though 
these concentrations were well below established 
limits by World Health Organization 7 for potable 
water, it is of concern that they were found in river 
waters after reaching groundwater. 
 
Semiochemicals. Use of the sexual confusion 
technique (SCT) to control the codling moth in 
pome fruit production of the Alto Valle 
Fruit producing countries are continuously looking 
for alternatives to old generation insecticides use. 
New integrated pest management programs are be-
ing implemented and include the use of more selec-
tive and non-pollutant products, such as botanical 
insecticides or repellents, insect growth regulators, 
or behavior modifiers, combined with cultural prac-
tices. 
The use of semiochemicals (allelochemicals and 
pheromones) as behavior modifiers is one of the 
most widespread strategies to control agricultural 
pests. 

Pheromones have many advantages to be used for 
pest control. They are very selective, because of 
their specificity; the manipulation of pheromones is 
safe because they are non-toxic, and as they are not 
persistent, they have a low potential as environmen-
tal pollutants. 
Sex pheromones are the main tool of the sexual con-
fusion technique (SCT). This method has been suc-
cessfully implemented to control fruit pests, espe-
cially lepidopterans. The sexual confusion technique 
consists on the application in the field of formula-
tions of a synthetic analog of the sex pheromone 
produced by females of the species to control, in or-
der to avoid males to locate the females. Phero-
mones are formulated to permit a constant and pro-
longed release of the active substance. The 
concentration reached in the atmosphere is higher 
than the physiological concentration released by the 
female in natural conditions, eliciting confusion of 
males. In 2006 a National Program to eliminate the 
codling moth in the production of apple and pear in 
the Alto Valle region was implemented, based on the 
sexual confusion technique. The program consisted 
in the use of plastic pheromone emitters, containing 
the active principle codlemone, in apple and pear 
trees 9. 
The principal goal achieved by the implementation 
of this program was the decrease in the percentage 
of fruit (apple and pear) damaged by codling moth 
from 6,1% to 0,73%in production areas under Na-
tional Program 9. Figure 1 shows reduction only in 
apple production damage both in farms under the 
program and those outside it (insecticide fumigation 
and SCT outside the program), along three years of 
application of this control strategy. The cited reduc-
tion percentage represents that 71713 tons of apples 
are recovered as commercial products, for being free 
of the damage caused by this pest. At the same time 
there was a 385 ton/year decrease in azimphos-
methyl use 9.

 
 
 
 
 
 
 
 
 
 
 
 

Figure 1. Decrease in the percentage of damage caused by Cydia pomonella in apples after the application 
of the Program;   = conventional pesticides;   National program SCT and     = SCT outside National Program. 
From http:// www.funbapa.org.ar 
 

The use of this technique has also permitted that 
Argentinean fruit could overcome a number of 
restrictions of the international markets regarding 
the presence of quarantine pests and pesticides 
residues. The decrease in the use of convention-
al pesticides causes an increase in the abundance 
of beneficial species that can eventually act as 
biological controllers of the pest. Moreover, the 
development of insecticide resistance is delayed 
because the exposure of the pests to conventional 
active principles is lower. In the same way, health 
conditions of workers and people of the neigh-
boring towns were improved, as the consequence 

of a decrease in their exposure to old-generation 
pesticides. Different pome fruit producer coun-
tries have implemented similar programs and 
have also had beneficial effects during pilot expe-
riences. A small pilot test in Asturias has rendered 
beneficial effects, but only when pheromones 
were applied after three pretreatments with gran-
ulovirus, perhaps due to proximity of farms not 
participating in the test 10. Similar results than the 
ones from the National Program presented here, 
were obtained in Spain and Italy and have been 
recently described by Damos et al. 11.

CONCLUSION

While the fight against spring frost and summer 
hail continue to demand high economical efforts, 
local farmers have found an important tool in the 
above mentioned National Program using SCT 
technique. The proof of Program success is evi-
dent as farmers have now to fulfill local govern-
ment forms on SCT as a mandatory requirement 
to export their fruit production.  The implementa-
tion of similar programs against 

other pests, like San José louse and European red
mite, shall constitute other important tools to in-
crease benefits of pome fruit production, together 
with environment and human health protection, 
in the Alto Valle of Río Negro and Neuquén.
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ABSTRACT

The aim of this research was to determine the trace element content (Pb, Cd, Cu, Cr, Zn and Fe) in liver, depending on 
the type of fat used in diets for broiler fattening. Four groups of Cobb 500 broiler chickens were used for the experiment. 
Each group had 60 broiler chickens. Broilers were fed with diets containing soybean oil, sunflower oil, beef tallow and 
lard. Broilers were fed with the starter mixture during the first sixteen days and with the finisher mixture from the 17th to 
42nd day. The fat content in feed mixtures was 3% per treatment. Broilers were submitted to 12 hour pre-slaughter fasting 
time. After the slaughter, their carcasses were first cooled down to 4°C within 24 hours and stored at -18°C prior to the 
chemical analyses. Samples were taken randomly. 
The highest lead (Pb) concentration was recorded in liver samples of broilers fed with feed containing soybean oil and it 
was 0,042 mg/kg. The concentration of lead in samples of broilers fed with feed containing sunflower oil was 0,036 mg/
kg, followed by lard (0,022 mg/kg), and beef tallow (0,019 mg/kg).
Cadmium (Cd) content in broilers fed with feed containing soybean oil was 0,021 mg/kg, followed by sunflower oil 
(0,017 mg/kg), lard (0,013 mg/kg) and beef tallow (0,011 mg/kg). We can conclude that using animal and vegetable fat in 
broiler diets has affected the parameters of heavy metal content in broiler liver.

Key words: oil, beef tallow, lard, metals, broiler chicken.

INTRODUCTION

Vegetable and animal fat hold a special place in 
our diet, because of essential fatty acids and other 
components. Vegetable oil contains 84%-98% of 
fatty acids, mainly triacylglycerol, and minor 
components which belong to the unsaponifiable 
matter. Triacylglycerol properties depend on the 
properties of the fatty acids 1. Each fatty acid has 
different properties which make it distinctive. It 
is constructed of hydrocarbon with a distinctive 
carboxylic acid group COOH. Fat consistency, 
as its physical and chemical properties, depends 
on the type of fatty acid. Depending on their 
degree of saturation, fatty acids can be divided 
into two classes: saturated and unsaturated. On 
the basis of the number of double bonds, they 
can be grouped into monounsaturated fatty acids 
(MUFA), if only one double bond is present, and 
polyunsaturated fatty acids (PUFA), if two to six 
double bonds are present 2.
In all vegetable oils, especially in sunflower oil, 
linoleic acid makes up about 70% of oil. Linolenic 
acid makes up 4-10% of soybean oil, whereas 

arachidonic acid is only found in animal fat 
in lower concentrations of about 0,3-1% 2. 
Scientists are trying to change the level of 
certain matter in meat, especially fat content and 
composition, according to the newest studies on 
the effect of that nutrient on human health. New 
technologies are being developed for lowering the 
cholesterol levels and increasing the content of 
polyunsaturated fatty acids (PUFA) n-3 in lipids 
in muscle tissue, as demonstrated by numerous 
studies 3,4,5. Animal feed clearly affects not only 
the quality of meat but the quality of animal 
products, which are the most nutritious food. 
Little attention has been given to mineral content 
in meat which, although in smaller amounts, has 
an important role in the tissue structure and the 
structure of biological systems, or as a functional 
part of many biochemical reactions found in the 
human body 6.
Heavy metals are divided into essential 
microelements which are vital for many 
functions in human body: copper (Cu), iron (Fe), 
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manganese (Mn), zinc (Zn), molybdenum (Mo), 
nickel (Ni), and nonessential elements which 
include all those toxic metals such as cadmium 
(Cd), chromium (Cr), lead (Pb), mercury (Hg) 
and astatine (At).
Although toxic metal contamination of animal 
feeding stuffs cannot be completely avoided due 
to the continuing presence of those pollutants in 
the environment, there is a clear need to reduce 
the amount of pollution to a minimum to lessen 
its direct impact on animal health and indirect 
impact on human health 7. Lead (Pb), which 
presents a major problem in the world, is the 
most well-known heavy metal which pollutes 
the environment and can affect human health. 
Lead is stored in bones, partially in liver, kidneys 
and soft tissues. Lead poisoning affects the brain 
and nervous system, it can impair intellectual 
development, shorten attention span and memory, 
and in worse cases it can be lethal. Large amounts 
of cadmium (Cd) in kidneys cause kidney tissue 
damage, kidney stones, and high blood pressure. 
Cadmium affects the bone structure and can 
lead to bone deformity. It is a common cause 
of anaemia, and heart and kidney problems. 
Cadmium is also carcinogenic. Cadmium (Cd) 
enters the food chain from natural sources 8.

Poultry meat is high in B-complex vitamins 
(thiamine, riboflavin, niacin and pantothenic acid) 
and phosphorus (P), iron (Fe), zinc (Zn), but it is 
not a good source of liposoluble vitamins, vitamin 
C, calcium (Ca), potassium (K), magnesium (Mg) 
and manganese (Mn) 9. Meat is a rich source of 
trace elements, while chicken entrails such as 
liver and kidneys often have high concentration 
of metals. 10 researched on the content of iron 
minerals (Fe), manganese (Mn), zinc (Zn) and 
copper (Cu) in liver and red and white meat of 
broilers fed with feed containing minerals (metal 
salts) and medicinal plants (lemon balm, salvia, 
Saint John’s wort and hoary willow herb). Under 
the influence of medicinal plants which are rich in 
polyphenols, accumulation of metals in broilers’ 
liver and red and white meat is significantly 
different compared to the group which was fed 
with diets containing only metal salts. Each 
medicinal plant had a distinctive effect on metal 
accumulation. 11 reported that different types of 
iron in broiler feed did not have any influence 
on the amount of accumulated non-heme iron 
in liver in the period from the 21st to 42nd day, 
while significantly less iron was accumulated in 
liver of broilers fed with feed containing ferrous 
ascorbate from the 35th day.

MATERIALS AND METHODS

Experimental research was carried out in the 
commercial broiler processing plant „Koka-
Sana” in Sanski Most. Four groups of Cobb 500 
broiler hybrids (60 broilers) were used in this 
research. Broilers were fed with identical feeding 
mixtures containing: group I-soybean oil, group 
II-sunflower oil, group III –beef tallow, and group

IV-lard. Percentage of fat in feed mixtures was 
3% per treatment.
Broilers were fed with the starter mixture for 
the first sixteen days, and with the finisher feed 
mixture from the 17th to 42nd day.

of many biochemical reactions found in the 
human body 6. 
Heavy metals are divided into essential 
microelements which are vital for many 
functions in human body: copper (Cu), iron 
(Fe), manganese (Mn), zinc (Zn), 
molybdenum (Mo), nickel (Ni), and 
nonessential elements which include all 
those toxic metals such as cadmium (Cd), 
chromium (Cr), lead (Pb), mercury (Hg) 
and astatine (At). 
Although toxic metal contamination of 
animal feeding stuffs cannot be completely 
avoided due to the continuing presence of 
those pollutants in the environment, there 
is a clear need to reduce the amount of 
pollution to a minimum to lessen its direct 
impact on animal health and indirect 
impact on human health 7. Lead (Pb), 
which presents a major problem in the 
world, is the most well-known heavy metal 
which pollutes the environment and can 
affect human health. Lead is stored in 
bones, partially in liver, kidneys and soft 
tissues. Lead poisoning affects the brain 
and nervous system, it can impair 
intellectual development, shorten attention 
span and memory, and in worse cases it 
can be lethal. Large amounts of cadmium 
(Cd) in kidneys cause kidney tissue 
damage, kidney stones, and high blood 
pressure. Cadmium affects the bone 
structure and can lead to bone deformity. It 
is a common cause of anaemia, and heart 
and kidney problems. Cadmium is also 
carcinogenic. Cadmium (Cd) enters the 
food chain from natural sources 8. 
Poultry meat is high in B-complex 
vitamins (thiamine, riboflavin, niacin and 
pantothenic acid) and phosphorus (P), iron 
(Fe), zinc (Zn), but it is not a good source 
of liposoluble vitamins, vitamin C, calcium 
(Ca), potassium (K), magnesium (Mg) and 

manganese (Mn) 9. Meat is a rich source of 
trace elements, while chicken entrails such 
as liver and kidneys often have high 
concentration of metals. 10 researched on 
the content of iron minerals (Fe), 
manganese (Mn), zinc (Zn) and copper 
(Cu) in liver and red and white meat of 
broilers fed with feed containing minerals 
(metal salts) and medicinal plants (lemon 
balm, salvia, Saint John's wort and hoary 
willow herb). Under the influence of 
medicinal plants which are rich in 
polyphenols, accumulation of metals in 
broilers’ liver and red and white meat is 
significantly different compared to the 
group which was fed with diets containing 
only metal salts. Each medicinal plant had 
a distinctive effect on metal accumulation. 
11 reported that different types of iron in 
broiler feed did not have any influence on 
the amount of accumulated non-heme iron 
in liver in the period from the 21st to 42nd 
day, while significantly less iron was 
accumulated in liver of broilers fed with 
feed containing ferrous ascorbate from the 
35th day. 
 
MATERIALS AND METHODS 
Experimental research was carried out in 
the commercial broiler processing plant 
„Koka-Sana” in Sanski Most. Four groups 
of Cobb 500 broiler hybrids (60 broilers) 
were used in this research. Broilers were 
fed with identical feeding mixtures 
containing: group I-soybean oil, group II-
sunflower oil, group III –beef tallow, and 
group IV-lard. Percentage of fat in feed 
mixtures was 3% per treatment. 
Broilers were fed with the starter mixture 
for the first sixteen days, and with the 
finisher feed mixture from the 17th to 42nd 
day.

 
Table 1 Ingredients of Starter Broiler Diets 

Ingredients Starter diet (%) 
Corn 53,5 53,5 53,5 53,5 

Soybean meal 38,0 38,0 38,0 38,0 
Sunflower meal 1,5 1,5 1,5 1,5 

Soybean oil 3,0 - - - 
Sunflower oil - 3,0 - - 
Beef tallow - - 3,0 - 

Pork fat - - - 3,0 
Premix 4,0 4,0 4,0 4,0 
Total 100 100 100 100 

 
 
 
 
Table 2. Ingredients of Finisher Broiler Diets 
 

Ingredients Finisher diet (%) 
Corn 58,5 58,5 58,5 58,5 

Soybean meal 33,0 33,0 33,0 33,0 
Sunflower meal 1,5 1,5 1,5 1,5 

Soybean oil 3,0 - - - 
Sunflower oil - 3,0 - - 
Beef tallow - - 3,0 - 

Pork fat - - - 3,0 
Premix 4,0 4,0 4,0 4,0 
Total 100 100 100 100 

 
Table 3. Chemical analyses of Starter Broiler Diets 
 

Chemical analyses  Treatment 1 Treatment2 Treatment 3 Treatment 4 
Water (%) 10,86 11,86 11,40 11,27 
Ash (%) 6,73 6,01 6,36 5,45 

Proteins (%) 23,55 24,14 23,51 23,49 

Fat (%) 5,65 5,65 5,52 6,46 

Cellulose (%) 3,19 2,93 2,60 2,77 

Calcium Ca (%) 2,67 2,29 1,95 2,70 

Phosphorus P (%) 1,10 0,77 0,88 0,93 

Treatment 1 (broiler liver, feed containing soybean oil), Treatment 2 (broiler liver, feed containing sunflower 
oil), Treatment 3 (broiler liver, feed containing beef tallow), Treatment 4 (broiler liver, feed containing lard) 
 
Table 4. Chemical analyses of Finisher Broiler Diets 
 

Chemical analyses  Treatment 1 Treatment2 Treatment 3 Treatment 4 
Water (%) 9,87 10,00 9,67 10,32 
Ash (%) 6,50 6,03 6,29 6,56 

Proteins (%) 21,29 22,12 19,79 19,63 

Fat (%) 6,92 6,88 6,87 5,25 

Cellulose (%) 3,19 2,93 2,60 2,77 

Calcium Ca (%) 1,48 2,09 1,56 2,22 

Phosphorus P (%) 0,18 1,24 0,76 0,66 

 
After 42 days, broilers were submitted to 
12 hour pre-slaughter fasting time. After 
the slaughter, internal organs and 

condemned viscera were separated, fat 
tissue was removed, and carcasses were 
stored at -18°C prior to the chemical 
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Beef tallow - - 3,0 - 
Pork fat - - - 3,0 
Premix 4,0 4,0 4,0 4,0 
Total 100 100 100 100 

 
 
 
 
Table 2. Ingredients of Finisher Broiler Diets 
 

Ingredients Finisher diet (%) 
Corn 58,5 58,5 58,5 58,5 

Soybean meal 33,0 33,0 33,0 33,0 
Sunflower meal 1,5 1,5 1,5 1,5 

Soybean oil 3,0 - - - 
Sunflower oil - 3,0 - - 
Beef tallow - - 3,0 - 

Pork fat - - - 3,0 
Premix 4,0 4,0 4,0 4,0 
Total 100 100 100 100 

 
Table 3. Chemical analyses of Starter Broiler Diets 
 

Chemical analyses  Treatment 1 Treatment2 Treatment 3 Treatment 4 
Water (%) 10,86 11,86 11,40 11,27 
Ash (%) 6,73 6,01 6,36 5,45 

Proteins (%) 23,55 24,14 23,51 23,49 

Fat (%) 5,65 5,65 5,52 6,46 

Cellulose (%) 3,19 2,93 2,60 2,77 

Calcium Ca (%) 2,67 2,29 1,95 2,70 

Phosphorus P (%) 1,10 0,77 0,88 0,93 

Treatment 1 (broiler liver, feed containing soybean oil), Treatment 2 (broiler liver, feed containing sunflower 
oil), Treatment 3 (broiler liver, feed containing beef tallow), Treatment 4 (broiler liver, feed containing lard) 
 
Table 4. Chemical analyses of Finisher Broiler Diets 
 

Chemical analyses  Treatment 1 Treatment2 Treatment 3 Treatment 4 
Water (%) 9,87 10,00 9,67 10,32 
Ash (%) 6,50 6,03 6,29 6,56 

Proteins (%) 21,29 22,12 19,79 19,63 

Fat (%) 6,92 6,88 6,87 5,25 

Cellulose (%) 3,19 2,93 2,60 2,77 

Calcium Ca (%) 1,48 2,09 1,56 2,22 

Phosphorus P (%) 0,18 1,24 0,76 0,66 

 
After 42 days, broilers were submitted to 
12 hour pre-slaughter fasting time. After 
the slaughter, internal organs and 

condemned viscera were separated, fat 
tissue was removed, and carcasses were 
stored at -18°C prior to the chemical 

After 42 days, broilers were submitted to 12 hour 
pre-slaughter fasting time. After the slaughter, 
internal organs and condemned viscera were 
separated, fat tissue was removed, and carcasses 
were stored at -18°C prior to the chemical 
analyses. After the samples were defrosted, the 
broiler liver was homogenised and used for the 

analysis in that way. The samples were taken 
randomly. The analyses were carried out at the 
Food quality control laboratory of Biotechnical 
Faculty, University of Bihać.
The following chemical methods were used 
to determine the chemical content of broiler 
liver: EN ISO 662:2000 12 method was used to 
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determine the water content in the samples, HRN 
ISO 1443:1999 13 method was used to determine 
the fat content, and the protein content was 
determined by HRN ISO 937: 1999 14.
Metals (Pb, Cd, Cu, Cr, Zn and Fe) were determined 
by Atomic absorption spectrophotometry (AAS) 
„Analytical Methods“FP-3 Analysis of Meat and 
Meat Products (2000), „Perkin Elmer“AAnalyst 
-800. The instrument measures every standard, 
i.e. sample, three times, performs statistical 
analysis, generates a curve display and calculates 

the concentration of the unknown sample. Sample 
preparation was done in a microwave oven for 
digestion (Multiwave PRO, ROTOR 8NXQ80, 0, 
3 bar/s, 80 bar, 1500W). First, 8 ml of concentrated 
HNO3 was added to 0,5 g of sample. Then, it was 
ignited according to the temperature programme. 
Heating, combustion and cooling lasted for 50 
minutes. Afterwards, the samples were diluted. 
Finally, absorbance was calculated by flame AAS 
in such a sample.

RESULTS AND DISCUSSION

Water, fat, protein and ash content in broiler 
chicken liver samples were determined by 
chemical analysis, and the energy value was 
calculated based on these results. The average 

values of trace elements depending on feed 
treatments are shown in Table 5.

analyses. After the samples were defrosted, 
the broiler liver was homogenised and used 
for the analysis in that way. The samples 
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carried out at the Food quality control 
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University of Bihać. 
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display and calculates the concentration of 
the unknown sample. Sample preparation 
was done in a microwave oven for 
digestion (Multiwave PRO, ROTOR 
8NXQ80, 0, 3 bar/s, 80 bar, 1500W). First, 
8 ml of concentrated HNO3 was added to 
0,5 g of sample. Then, it was ignited 
according to the temperature programme. 
Heating, combustion and cooling lasted for 
50 minutes. Afterwards, the samples were 
diluted. Finally, absorbance was calculated 
by flame AAS in such a sample. 
 
RESULTS AND DISCUSSION 
 
Water, fat, protein and ash content in 
broiler chicken liver samples were 
determined by chemical analysis, and the 
energy value was calculated based on these 
results. The average values of trace 
elements depending on feed treatments are 
shown in Table 5. 

 
Table 5. Average values of chemical analyses of broiler liver per treatment 
 

Parameters Broiler liver samples per treatment 
(n = 30) Treatment 1 Treatment 2 Treatment 3 Treatment 4 

Water (%)     

X  78,26 71,89 76,17 77,05 

SD 1,405 1,195 1,407 1,781 
Sx 0,256 2,218 0,256 0,325 

X min 76,21 69,98 72,91 73,18 
X max 81,86 74,28 78,56 80,34 

Fat (%)     

X  5,16 5,08 5,29 5,33 

SD 0,166 0,200  0,274 0,158 
Sx 0,030 0,036  0,050 0,029 

X min 4,76 4,56 4,85 5,05 
X max 5,45 5,37 5,86 5,65 

Proteins (%)     

X  21,58 18,31 17,42 20,42 

SD 0,428 0,372 0,333 0,551 
Sx 0,078 0,068 0,060 0,101 

X min 19,99 17,43 16,69 19,32 
X max 22,32 19,27 18,24 22,02 
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Ash (%)     

X  1,18 1,19 1,19 1,20 

SD 0,035 0,043 0,047 0,067 

Sx 0,006 0,007 0,008 0,012 

X min 1,10 1,13  1,11 1,11 

X max 1,25 1,30  1,32 1,37 

Parametrs Sum of sqrs ANOVA 
df 

Mean squere F P (same) 

watter 65,2653 5,698 8,7048 7,498 0,03571** 
fat 3508,06 3,001 548,30 0,9377 0,4043 
protein 19,4699 6,032 3,2449 2,731 0,01528** 
ash 0,0781 3,384 59,440 1,981 0,1289 

KRUSKAL-WALLIS TEST 
 watter fat protein ash 
H (ch2) 
Hc (tie correted): 
P (same) 

4,83 
4,83 

0,0133** 

0,75 
0,76 

0,3865 

1,33 
1,33 

0,0248** 

5,33 
5,389 

0,2016 
n-The number of samples analysed; Treatment 1 (broiler liver, feed containing soybean oil), Treatment 2 
(broiler liver, feed containing sunflower oil), Treatment 3 (broiler liver, feed containing beef tallow), Treatment 
4 (broiler liver, feed containing lard)  There is a significant difference between sample medians**, There is less 
significant difference between sample medians*, There is no significant difference between sample medians 
 
The liver samples of broilers which were 
fed with feed containing soybean oil had 
the slightly higher energy value than the 
liver samples of broilers fed with feed 
containing beef tallow and sunflower oil. 
The energy value was slightly higher due 
to higher protein and fat content. The 

energy value of  the samples were as 
follows: Treatment 1 - 557.78 kJ/100g, 
Treatment 2 - 499.23 kJ/100g, Treatment 3 
- 491.87 kJ/100g and Treatment 4 - 544.35 
kJ/100g. The energy value results of 
broiler liver per treatment are shown in 
Chart 1.

 

 
Chart 1. Graphical display of broiler liver energy values per treatment 

 
Dry matter, ash content, and iron in liver of 
broilers fed with feed containing 30 mg of 
iron in 1 kg of feed has been studied by 15. 
It has been determined that average values 
of dry matter, ash and iron are 27,50%, 
1,36% and 169,35 mg/kg, respectively. 

Chicken liver has the average energy value 
of 570 kJ, and the relative protein and fat 
content is 22,1% and 4,7%, respectively. 
Average saturated fatty acids, 
monounsaturated fatty acids, and 
polyunsaturated fatty acids content is 1,48 

The liver samples of broilers which were fed with 
feed containing soybean oil had the slightly higher 
energy value than the liver samples of broilers fed 
with feed containing beef tallow and sunflower 
oil. The energy value was slightly higher due to 
higher protein and fat content. The energy value 
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557.78 kJ/100g, Treatment 2 - 499.23 kJ/100g, 
Treatment 3 - 491.87 kJ/100g and Treatment 4 
- 544.35 kJ/100g. The energy value results of 
broiler liver per treatment are shown in Chart 1.
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Chart 1. Graphical display of broiler liver energy values per treatment 

 
Dry matter, ash content, and iron in liver of 
broilers fed with feed containing 30 mg of 
iron in 1 kg of feed has been studied by 15. 
It has been determined that average values 
of dry matter, ash and iron are 27,50%, 
1,36% and 169,35 mg/kg, respectively. 

Chicken liver has the average energy value 
of 570 kJ, and the relative protein and fat 
content is 22,1% and 4,7%, respectively. 
Average saturated fatty acids, 
monounsaturated fatty acids, and 
polyunsaturated fatty acids content is 1,48 

Dry matter, ash content, and iron in liver of 
broilers fed with feed containing 30 mg of iron 
in 1 kg of feed has been studied by 15. It has been 
determined that average values of dry matter, ash 
and iron are 27,50%, 1,36% and 169,35 mg/kg, 
respectively.

Chicken liver has the average energy value of 
570 kJ, and the relative protein and fat content is 
22,1% and 4,7%, respectively. Average saturated 
fatty acids, monounsaturated fatty acids, and 
polyunsaturated fatty acids content is 1,48 g/100 
g, 1,18 g/100 g, and 0,773 g/100 g, respectively. 
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The average cholesterol level is 555 mg/100 g 16.
According to USDA 2012 17, the average water 
content in broiler liver is 76,46%, and the average 
protein content is 16,92%; the average fat content 
is 4,83%, and the average ash content is 1,06%. 

The energy value in 100 g is 485 kJ. The average 
values of the trace element content depending on 
the feed treatment are shown in Table 6.

g/100 g, 1,18 g/100 g, and 0,773 g/100 g, 
respectively. The average cholesterol level 
is 555 mg/100 g 16. 
According to USDA 2012 17, the average 
water content in broiler liver is 76,46%, 
and the average protein content is 16,92%; 

the average fat content is 4,83%, and the 
average ash content is 1,06%. The energy 
value in 100 g is 485 kJ. The average 
values of the trace element content 
depending on the feed treatment are shown 
in Table 6. 

 
Table 6. Trace element content parameters in broiler liver (mg/kg) per treatment 
 

Parameters Broiler liver samples per treatment 
(n = 6) Treatment 1 Treatment 2 Treatment 3 Treatment 4 

Pb 0,042 0,036 0,019 0,022 
Cd 0,021 0,017 0,011 0,013 
Cu 2,64 2,58 4,98 3,87 
Cr 0,007 0,008 0,004 0,006 
Zn 8,04 11,31 24,30 29,37 
Fe 62,61 97,97 134,86 163,54 

 

 
Parametrs 

 
Sum of sqrs 

ANOVA 
df 

 
Mean squere 

 
F 

 
P (same) 

Pb 25,9206 9,156 3,48625 1,898 0,1845 
Cd 26,1639 9,009 3,52721 5,083 0,01524** 
Cu 32,6663 9,324 0,608845 0,2743 0,9356 
Cr 26,3196 9,043 3,55324 1,981 0,1709 
Zn 2735,35 8,228 141,987 6,185 0,01019* 
Fe 78292,5 8,014 7227,12 18,32 0,8346 

KRUSKAL-WALLIS TEST 
 Pb Cd Cu Cr Zn Fe 
H (ch2) 
Hc (tie correted): 
P (same) 

11,19 
11,02 

0,08244 

15,45 
15,49 

0,01676** 

2,25 
2,25 

0,8953 

10,87 
10,97 

0,8943 

10,16 
10,16 

0,01181* 

10,02 
10,02 
0,1163 

n - number of samples analysed; Treatment 1 (broiler liver, feed containing soybean oil), Treatment 2 (broiler 
liver, feed containing sunflower oil), Treatment 3 (broiler liver, feed containing beef tallow), Treatment 4 
(broiler liver, feed containing lard) There is a significant difference between sample medians** There is less 
significant difference between sample medians* There is no significant difference between sample medians 
 
The highest lead (Pb) content was found in 
liver samples of broilers fed with feed 
containing soybean oil (0,042 mg/kg). 
Lead content (Pb) in broilers fed with feed 
containing sunflower oil, lard and beef 
tallow was 0,036 mg/kg, 0,022 mg/kg and 
0,019 mg/kg, respectively. Cadmium (Cd) 
content in broilers fed with soybean oil 
was 0,021 mg/kg, in broilers fed with 
sunflower oil it was 0,017 mg/kg, in 
broilers fed with lard it was 0,013 mg/kg, 
and in broilers fed with feed containing 
beef tallow it was 0,011 mg/kg. Lead (Pb) 
and cadmium (Cd) content were higher in 
samples of broilers fed with vegetable fat. 

According to the Regulation of maximum 
levels for certain contaminants in 
foodstuffs 18, the maximum levels allowed 
for lead (Pb) and cadmium (Cd) in chicken 
liver are 0,50 mg/kg, and for copper (Cu) 
80 mg/kg. Our results have shown that lead 
(Pb) and cadmium (Cd) levels are lower 
than those recommended by the Regulation 
18. 
A research on cadmium and lead content in 
broiler chicken has been done by Zorica 
Novaković et al., 2010 19, who have 
determined that the cadmium content in 
two samples is 0,017 and 0,020 mg/kg, 
while the cadmium content in other three 
samples is below the limit of detection. 

The highest lead (Pb) content was found in liver 
samples of broilers fed with feed containing 
soybean oil (0,042 mg/kg). Lead content (Pb) in 
broilers fed with feed containing sunflower oil, 
lard and beef tallow was 0,036 mg/kg, 0,022 
mg/kg and 0,019 mg/kg, respectively. Cadmium 
(Cd) content in broilers fed with soybean oil was 
0,021 mg/kg, in broilers fed with sunflower oil 
it was 0,017 mg/kg, in broilers fed with lard it 
was 0,013 mg/kg, and in broilers fed with feed 
containing beef tallow it was 0,011 mg/kg. Lead 
(Pb) and cadmium (Cd) content were higher in 
samples of broilers fed with vegetable fat.
According to the Regulation of maximum 

levels for certain contaminants in foodstuffs 18, 
the maximum levels allowed for lead (Pb) and 
cadmium (Cd) in chicken liver are 0,50 mg/
kg, and for copper (Cu) 80 mg/kg. Our results 
have shown that lead (Pb) and cadmium (Cd) 
levels are lower than those recommended by the 
Regulation 18.
A research on cadmium and lead content in broiler 
chicken has been done by Zorica Novaković et al., 
2010 19, who have determined that the cadmium 
content in two samples is 0,017 and 0,020 mg/kg, 
while the cadmium content in other three samples 
is below the limit of detection. Flame atomic 
absorption spectrophotometry was used for the 
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lead content which was below the detection limit 
in broiler liver samples.
The highest copper content (Cu) was found in 
liver of broilers fed with feed containing animal 
fat. The copper (Cu) content in liver of broilers 
fed with feed containing beef tallow was 4,98 mg/
kg, and in feed containing lard was 3,87 mg/kg, 
whereas adding vegetable fat resulted in values 
of 2,64 mg/kg for soybean oil and 2,58 mg/kg for 
sunflower oil. Our results are all according to the 
Regulations 18, by which samples analysed must 
not contain more than 80 mg/kg of copper (Cu). 
Higher amount was only found in broilers fed 
with feed containing animal fat.
The chromium (Cr) content in liver of broilers 
fed with sunflower oil was 0,007 mg/kg, while in 
liver of broilers fed with soybean oil, lard and beef 
tallow the content was 0,007 mg/kg, 0,006 mg/
kg and 0,004 mg/kg, respectively. The chromium 
(Cr) content in broiler liver was not significantly 
affected by different feed treatments.
Certain differences were noted in treatments 
regarding Zinc (Zn) content in broiler liver. The 
highest value was determined in liver of broilers 
fed with lard, which was 29,37 mg/kg, followed 
by 24,30 mg/kg in broilers fed with beef tallow 
and 11,31 mg/kg in broilers fed with sunflower oil. 
The lowest value of 8.04 mg/kg was determined 
in liver of broilers fed with soybean oil.
The highest iron (Fe) content was found in liver 
of broilers fed with lard, which was 163,54 mg/
kg. Content values for beef tallow and sunflower 
oil were 134,86 mg/kg and 97,97 mg/kg, 
respectively. The lowest iron (Fe) content, which 
was 62,61 mg/kg, was determined in broilers fed 
with soybean oil.
According to USDA 2012, the average content 
of Ca is 8 mg/100g, Fe 8,99 mg/100g, Mg 19 
mg/100g, Zn 2,67 mg/100g, Cu 0,492 mg/100g, 
Mn 0,255 mg/100g and Se 54,6 μg/100g.
Oforka Nicolas et al. (2012) 20 have reported 
on average values for certain macro- and 
microelements, based on the analysis of liver, 
gizzard or muscle. The liver contained the 
highest concentration of metals Cd (0,046 mg/g), 
Pb (0,304 mg/g), Mn (0,415 mg/g), Zn (2,325 
mg/g) and Ni (0,108 mg/g), followed by gizzard; 
Cd (0,024), Pb (0,287), Mn (0.127) Zn (1,940) 

and Ni (0,062 mg/g) while the muscle had the 
least concentration except for Mn; thus Cd (0,016 
mg/g), Pb (0,215 mg/g), Mn (0,266 mg/g) Zn 
(1,570 mg/g) and Ni (0,062 mg/g).
Cieślik et al. (2011.) 21 have done a study 
research on metal content in raw liver in broilers 
and foie gras. The concentration of analysed 
microelements in broiler liver ranged between 
63,09 and 146,47 mg/kg for iron (Fe), 3,46 to 
5,34 mg/kg for copper (Cu); 2,99 to 4,99 mg/kg 
for manganese (Mn); 40,19 to 59,42 mg/kg for 
zinc (Zn) and 0,03 to 0,06 mg/kg for cadmium 
(Cd).
Mineral content in Foie Gras was much higher 
than in broiler liver. Their content ranged between 
52,93 and 659,84 mg/kg for iron (Fe), copper 
(Cu) 39,32 to 64,45 mg/kg; manganese (Mn) 
3,43 to 5,32 mg/kg; zinc (Zn) 50,87 to 67,20 
mg/kg and cadmium (Cd) from 1,10 to 4,12 mg/
kg. Cadmium concentration values found in 
broiler liver was below the limit values set by the 
European Union.
Perekhan Aljaff et al., (2014) 22 have done research 
on metal content in broiler liver and determined 
these values: Cr 0,08693 μg/g, Cu 0,1583 μg/g, 
Fe 6,482 μg/g, Mn 0,09071 μg/g, Pb ND, Zn 
1,342 μg/g, Se 0,01742 μg/g, Co 0,005919 μg/g, 
Ni 0,0904 μg/g, and Cd 0,00509 μg/g.
According to the results, Oforka et al., (2012) 
20 have reported that broilers from the oil rich 
Port-Harcourt capital have low concentration of 
heavy metals in muscles, liver and gizzard, but 
that the lead (Pb) concentration is much higher 
than the limit set by FAO/WHO, which is 0,2 
mg/kg. Liver contained the highest concentration 
of metals: cadmium (Cd) 0,046 μg/g, lead (Pb) 
0,304 μg/g, manganese (Mn) 0,415 μg/g, zinc 
(Zn) 2,325 μg/g and nickel (Ni) 0,108 μg/g; 
gizzard content is as following: cadmium (Cd) 
0,024 μg/g, lead (Pb) 0,287 μg/g, manganese 
(Mn) 0,127 μg/g zinc (Zn) 1,940 μg/g and nickel 
(Ni) 0,062 μg/g, while the muscle had the lowest 
concentration except manganese (Mn): cadmium 
(Cd) 0,016 μg/g, lead (Pb) 0,215 μg/g, manganese 
(Mn) 0,266 μg/g zinc (Zn) 1,570 μg/g and nickel 
(Ni) 0,062 μg/g. 

Reem Th. Hussain et al., (2012) 23 have conducted a 
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study to determine the concentration of Cd, Pb and 
Zn (using Atomic absorptionspectrophotometer 
AAS) in nine brands of chicken liver, which 
are widely consumed from the local markets of 
Basrah city. The levels of metals in the chicken 
liver ranged between 0,004 μg/g and 0,124 μg/g 

for Cd; 0,171 μg/g and 3,269 μg/g for Pb; and 
4,116 μg/g and 3,266 μg/g for Zn. The results 
have shown that the concentration of Pb in four 
brands exceed the permissible limits set by WHO/
FAO and ANZFA (Australia New Zealand Food 
Authority).

CONCLUSION

Based on the study we can conclude that in all 
broiler liver samples in all four diet treatments, 
the concentration of cadmium (Cd) and lead (Pb) 
was within permissible limits. Comparing these 
elements in analysed samples, it was clear that 
the cadmium (Cd) and lead (Pb) content was 
higher in the samples where broilers were fed 
with feed containing soybean or sunflower oil, 
while the lower content was found in the liver of 
broilers fed with beef tallow and lard. This was 
clearly affected by the type of diets and fat used 
in feed. The copper (Cu) content was according 
to the Regulations 18; higher values were found 
in the liver of broilers feed with feed containing 
animal fat. The highest chromium (Cr) content 

was found in samples of broilers fed with feed 
containing vegetable fat, whereas zinc (Zn) and 
iron (Fe) were higher in liver samples of broilers 
fed with feed containing animal fat.
Based on the study, we can conclude that using 
animal and vegetable fat in broiler diets has 
affected the parameters of heavy metal content in 
broiler liver.
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