
107

 
***NRC, 1994. Nutrient Requirements of Poultry, 9th ed. 

National Academy Press, Washington DC, USA. 
***OJEU (Official Journal of the European Union L 54), 

2009. Commission Regulation (EC) No. 152/2009 
laying down the methods of sampling and analysis 
for the official control of feed. Series L 155: p. 1-66. 

***OJEU (Official Journal of the European Union), 
2010. Directive 2010/63/EU of the European Parlia-
ment and of the Council on the Protection of Animals 
Used for Scientific Purposes. Series L 276: p. 33-79.  

***SPSS, 2011. Statistics version 20.0. IBM SPSS Inc, 
USA. 

 

AgroLife Scientific Journal - Volume 8, Number 1, 2019 
ISSN 2285-5718; ISSN CD-ROM 2285-5726; ISSN ONLINE 2286-0126; ISSN-L 2285-5718 

 
CADMIUM, LEAD AND ZINC LEVELS IN ORGANIC  

AND CONVENTIONAL EGGS 
 

Gheorghe Valentin GORAN, Emanuela BADEA, Maria Lavinia BUGA,  
Victor CRIVINEANU 

 
University of Agronomic Sciences and Veterinary Medicine of Bucharest, Faculty of Veterinary 

Medicine, 105 Splaiul Independenţei, 050097, 5th District, Bucharest, Romania 
 

Corresponding author email: gheorghegoran@fmvb.ro 
 
Abstract 
 
The egg is considered one of the most nutritious animal origin foods, being a perfectly balanced source of protein, 
easily digestible fats, energy, minerals, and vitamins. Significant differences between organic and conventional eggs 
cover feed, medication, and animal welfare of hens. The study’s purpose was the quantitative determination of Cd, Pb, 
and Zn from organic eggs and conventional eggs, and also from the organic feed. The heavy metals levels in organic 
eggs, conventional eggs, and organic feed samples were evaluated by AAS. Zn registered levels below the method’s 
detection limit in organic eggs samples, and its levels were significantly lower compared to the maximum allowed level 
in EU for it in eggs, but higher compared to recommended levels in organic feed. Cd was significantly lower in organic 
eggs compared to their levels in conventional eggs. Pb registered significantly lower levels in organic feed, and Cd was 
higher compared to the maximum allowed level in EU for it in this type of feed. Conventional purchased eggs exceed 
the maximum EU allowed level for Pb and Cd. 
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INTRODUCTION 
 
The egg is a very valuable food for man, 
because of its richness in nutrients that are 
indispensable to the body. The egg is a 
perfectly balanced source of protein, easily 
digestible fats, energy, minerals, and vitamins.  
Nutritional differences between conventional 
and organic eggs are still controversial among 
scientists. Some studies have shown that 
organic eggs are not nutritionally superior, 
others, on the contrary, attribute to organic eggs 
qualities that conventional eggs do not have 
(Vincevica-Gaile et al., 2013; Filipiak-
Florkiewicz et al., 2017; Lordelo et al., 2017; 
Mie et al., 2017).  
There is no clear evidence in the literature that 
organic foods are significantly more nutritious 
than conventional foods. Organic food 
consumption can reduce exposure to pesticide 
residues and antibiotic-resistant bacteria 
(Smith-Spangler et al., 2012; Geng, 2018).  
As in the other foods, in the eggs there may be 
found many substances that are potentially 
harmful to human health. In order to have safe 
products on the market, obtaining eggs for 
human consumption have to be done in units 
where management systems are implemented 

and the self-control program is respected (Petcu 
et al., 2007). Heavy metals increased 
distribution in the environment showed that the 
food safety and hygiene is very important, 
especially for eggs, due to their role in the daily 
diet (Savu and Petcu, 2002; Farahani et al., 
2015; Sobhanardakani, 2017; Saad Eldin and 
Raslan, 2018).  
The presence of heavy metals in the eggs may 
be due to the direct contamination, but mainly 
indirectly by poultry feed (Goran et al., 2010; 
***, 2016). In the scientific literature, there are 
many studies on heavy metal residues in 
conventional eggs, but not on organic eggs or 
comparative studies of the level of heavy 
metals in these two egg categories.  
For this reason, the study’s main goal was the 
quantitative determination of cadmium, lead, 
and zinc by atomic absorption spectrometry 
(AAS) from organic eggs and conventional 
eggs, and also from the organic feed used for 
feeding hens from the organic farm. 
 
MATERIALS AND METHODS 
 
Samples preparation 
Samples were represented by organic eggs 
(n=10) from an organic hen farm, conventional 
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eggs (n=10) purchased from the supermarket in 
Bucharest, Romania, and premix-organic feed 
for laying hens (n=10) sampled from the same 
organic farms from which organic egg samples 
have been collected. Each egg was washed with 
ultrapure water and then its white and yolk 
were mixed together.  
From each sample, the method EPA 3050a 
(EPA, 1996) was used to produce a transparent 
solution. For the samples digestion, a 
representative 1 g (wet weight) sample was 
digested with the repeated addition of nitric 
acid (HNO3) and hydrogen peroxide (H2O2). 
The resultant solutions were diluted to a known 
volume with 0.01 mol·L-1 HCl. All reagents 
used were high purity pro analysis and 
calibration curves were developed using Merck 
standard solutions of Zn, Pb, and Cd.  
Spectrometric analysis 
Metal concentrations were directly measured 
by using an AAS (PerkinElmer AAnalyst 800), 
with hollow cathode lamps, equipped with air-
acetylene flame, and graphite furnace. Mean 
recoveries for all metals ranged from 95 to 
105%. The detection limits (ppm) were 0.05 
(Pb), 0.005 (Cd), and 0.1 (Zn), respectively. 
Samples and blank solutions were measured in 
triplicates. 
Statistical analysis  
Statistical analysis was performed using the 
software of VassarStats: Website for Statistical 
Computation (http://vassarstats.net/). One-Way 
ANOVA was performed for all samples’ 
mineral concentrations, and when ANOVA 
generated p≤0.05, means comparison was 
carried out by all-pair Tukey HSD Test. 
 
RESULTS AND DISCUSSIONS 
 
In this study, Cd, Pb, and Zn levels were 
analyzed in organic eggs and feed for laying 
hens from an organic farm, and in conventional 
eggs. The mean Cd, Pb, and Zn concentrations 

of eggs and feed samples from an organic farm 
of laying hens and conventional egg samples 
along with p-value resulting from One-Way 
ANOVA, are presented in Table 1 and 
expressed as parts per million (ppm).  
Cd and Pb presented concentrations above the 
method’s detection limit in all samples, and Zn 
registered levels below method’s detection 
limit in all organic egg samples.  
The highest mean concentration of Cd and Zn 
levels were registered in organic feed samples 
(0.883 ppm, and 1081.41 ppm, respectively). 
The highest mean Pb level was registered in 
conventional egg samples (0.342 ppm).  
In both types of egg samples, organic and 
conventional, Cd recorded mean concentrations 
that exceed 0.05 ppm, which is the Maximum 
Allowed Level (MAL) for Cd in eggs.  
Pb registered mean concentrations above the 
MAL (0.25 ppm) only in conventional egg 
samples. Zn mean concentration in conventional 
egg samples (2.77 ppm) registered significantly 
lower levels compared to MAL (20 ppm) for this 
element in eggs. 
The comparison was made between the 
concentration of the same element in organic 
egg samples vs organic feed samples or in 
organic egg samples vs conventional egg 
samples, and not between different elements’ 
concentrations.  
Because Zn registered levels below the 
detection limit of the method, a comparison 
could not be made between its concentrations 
registered in studied samples. 
In another study on eggs mineral content lower 
levels of Zn were registered compared to those 
registered in conventional egg samples in this 
study, and Cd and Pb were not detected in all 
egg samples (Goran et al., 2010).  
The results of Cd and Pb contents (ppm) in egg 
samples registered in this study compared with 
their values in other studies are presented in 
Table 2. 

 
Table 1. Mean Cd, Pb and Zn levels in eggs and feed samples (ppm) 

Element Organic 
eggs 

Organic 
feed Std.err. Organic 

eggs 
Conventional 

eggs Std.err. p-value 

Cd 0 .060  0 .883  0.19 0 .060 a 0 .124 b 0.02 0.02 
Pb 0 .195  0 .113 0.04 0 .195 a 0 .342 a 0.04 0.08 
Zn  BDL** 1081 .41 -  BDL** 2 .77 - - 
*Levels not connected by the same letter are significantly different. The comparison can be made only between the 
concentration of one element and not between different elements concentrations. 
**BDL - below method detection limit. 

 

Table 2. Mean Cd and Pb levels (ppm) in egg samples compared with their values reported in other studies 

Country Pb Cd Reference 
Bangladesh  1.06  0.08  Chowdhury et al., 2011 

Belgium  0.009  0.0003  van Overmeire et al., 2006 

Belgium  0.095  0.0005  Waegeneers et al., 2009 

China 0.052 0.002 Zheng et al., 2007 

Egypt c.e.* 0.18 0.09 Saad Eldin and Raslan, 2018 

Egypt o.e.** 0.08 0.04 Saad Eldin and Raslan, 2018 

France  0.01  0.0004  Leblanc et al., 2005 

Greece  -  0.001  Giannenas et al., 2009 

Iran 0.350 0.130 Salar-Amoli and Ali-Esfahani, 2015 

Iran 0.29 0.18 Sobhanardakani, 2017 

Italy  0.019 0.003 Esposito et al., 2016 

Malaysia  0.420 0.054 Abduljaleel and Shuhaimi-Othrnan, 
2011 

Nigeria  0.590 0.070 Fakayode and Olu-Owolabi, 2003 

Nigeria  0.80  0.18  Iwegbue et al., 2012 

Pakistan  0.570 0.070 Khan and Naeem, 2006 

Palestine  0.27  0.036  Abdulkhaliq et al., 2012 

Romania - - Goran et al., 2010 

Turkey  0.06  2.34  Uluozlu et al., 2009 

United Kingdom  0.24  -  Siddiqui et al., 2011 

United Kingdom  0.003  0.0004  Ysart et al., 2000 

Romania c.e.* 0.342 0.124 From this study 

Romania o.e.** 0.195 0.060 From this study 
*c.e. - commercial eggs 
**o.e. - organic eggs 
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Figure 1. Mean Cd and Pb levels in egg and feed 
samples 

 
In other studies on toxic metals, including Pb 
and Cd, no differences of concentrations in 
organic and conventional aliments have been 
reported (Mie et al., 2017).  
Pb and Cd concentrations were higher in 
commercial eggs compared to organic eggs; the 
same pattern was registered also (Saad Eldin 

and Raslan, 2018). In this study, the same 
pattern in mean Cd and Pb levels was 
registered. 

 

0.124

0.060

0.000

0.020

0.040

0.060

0.080

0.100

0.120

0.140

Conventional eggs Organic eggs 

pp
m

Cd Cd MAL

 

Figure 2. Mean Cd levels in egg samples 
 
Environmental Cd pollution is mainly due to 
the use of this metal with special physico-
chemical properties in different industries 
without the possibility of replacing it with 
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eggs (n=10) purchased from the supermarket in 
Bucharest, Romania, and premix-organic feed 
for laying hens (n=10) sampled from the same 
organic farms from which organic egg samples 
have been collected. Each egg was washed with 
ultrapure water and then its white and yolk 
were mixed together.  
From each sample, the method EPA 3050a 
(EPA, 1996) was used to produce a transparent 
solution. For the samples digestion, a 
representative 1 g (wet weight) sample was 
digested with the repeated addition of nitric 
acid (HNO3) and hydrogen peroxide (H2O2). 
The resultant solutions were diluted to a known 
volume with 0.01 mol·L-1 HCl. All reagents 
used were high purity pro analysis and 
calibration curves were developed using Merck 
standard solutions of Zn, Pb, and Cd.  
Spectrometric analysis 
Metal concentrations were directly measured 
by using an AAS (PerkinElmer AAnalyst 800), 
with hollow cathode lamps, equipped with air-
acetylene flame, and graphite furnace. Mean 
recoveries for all metals ranged from 95 to 
105%. The detection limits (ppm) were 0.05 
(Pb), 0.005 (Cd), and 0.1 (Zn), respectively. 
Samples and blank solutions were measured in 
triplicates. 
Statistical analysis  
Statistical analysis was performed using the 
software of VassarStats: Website for Statistical 
Computation (http://vassarstats.net/). One-Way 
ANOVA was performed for all samples’ 
mineral concentrations, and when ANOVA 
generated p≤0.05, means comparison was 
carried out by all-pair Tukey HSD Test. 
 
RESULTS AND DISCUSSIONS 
 
In this study, Cd, Pb, and Zn levels were 
analyzed in organic eggs and feed for laying 
hens from an organic farm, and in conventional 
eggs. The mean Cd, Pb, and Zn concentrations 

of eggs and feed samples from an organic farm 
of laying hens and conventional egg samples 
along with p-value resulting from One-Way 
ANOVA, are presented in Table 1 and 
expressed as parts per million (ppm).  
Cd and Pb presented concentrations above the 
method’s detection limit in all samples, and Zn 
registered levels below method’s detection 
limit in all organic egg samples.  
The highest mean concentration of Cd and Zn 
levels were registered in organic feed samples 
(0.883 ppm, and 1081.41 ppm, respectively). 
The highest mean Pb level was registered in 
conventional egg samples (0.342 ppm).  
In both types of egg samples, organic and 
conventional, Cd recorded mean concentrations 
that exceed 0.05 ppm, which is the Maximum 
Allowed Level (MAL) for Cd in eggs.  
Pb registered mean concentrations above the 
MAL (0.25 ppm) only in conventional egg 
samples. Zn mean concentration in conventional 
egg samples (2.77 ppm) registered significantly 
lower levels compared to MAL (20 ppm) for this 
element in eggs. 
The comparison was made between the 
concentration of the same element in organic 
egg samples vs organic feed samples or in 
organic egg samples vs conventional egg 
samples, and not between different elements’ 
concentrations.  
Because Zn registered levels below the 
detection limit of the method, a comparison 
could not be made between its concentrations 
registered in studied samples. 
In another study on eggs mineral content lower 
levels of Zn were registered compared to those 
registered in conventional egg samples in this 
study, and Cd and Pb were not detected in all 
egg samples (Goran et al., 2010).  
The results of Cd and Pb contents (ppm) in egg 
samples registered in this study compared with 
their values in other studies are presented in 
Table 2. 
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samples 

 
In other studies on toxic metals, including Pb 
and Cd, no differences of concentrations in 
organic and conventional aliments have been 
reported (Mie et al., 2017).  
Pb and Cd concentrations were higher in 
commercial eggs compared to organic eggs; the 
same pattern was registered also (Saad Eldin 

and Raslan, 2018). In this study, the same 
pattern in mean Cd and Pb levels was 
registered. 

 

0.124

0.060

0.000

0.020

0.040

0.060

0.080

0.100

0.120

0.140

Conventional eggs Organic eggs 

pp
m

Cd Cd MAL

 

Figure 2. Mean Cd levels in egg samples 
 
Environmental Cd pollution is mainly due to 
the use of this metal with special physico-
chemical properties in different industries 
without the possibility of replacing it with 
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other less toxic metals (Goran and
Crivineanu, 2016). In this study, the mean Cd 
levels registered in the analyzed samples were 
0.06 ppm in organic eggs, 0.883 ppm in 
organic feed, and 0.124 ppm in conventional
eggs, respectively (Figure 1). Organic eggs 
mean Cd level was significantly (p<0.05) 
lower compared to its level in conventional 
eggs.  
The mean levels registered in this study are 
almost the same with the previous reports in 
Iran (Salar-Amoli and Ali-Esfahani, 2015; 
Sobhanardakani, 2017). The lowest mean Cd 
levels were registered in conventional eggs 
marketed in some European countries and 
China. Uluozlu et al. (2009) recorded the 
highest Cd concentrations (2.34 ppm) in 
conventional eggs marketed in Turkey. 
Conventional eggs had significantly (p<0.05) 
higher Cd levels compared to organic eggs. In 
this study, in both conventional and organic 
eggs mean Cd levels exceeded the MAL 
decided by CE (CE, 2006) (Figure 2).  
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Figure 3. Mean Pb levels in egg samples 
 
Similar to Cd, Pb mean levels were 
significantly higher in conventional eggs 
compared to organic eggs (Figure 3). 
Conventional eggs did not register 
significantly (p>0.05) Pb levels compared to 
organic eggs. The mean values of Pb 
concentrations in the analyzed egg samples 
were 0.342 ppm in conventional eggs, 0.195 
ppm in organic eggs, and 0.113 ppm in 
organic feed, respectively (Figure 1). The 
recorded levels in this study were comparable 
with Pb levels found in egg samples in Iran
and Malaysia (Abduljaleel and Shuhaimi-
Othrnan, 2011; Salar-Amoli and Ali-Esfahani, 
2015; Sobhanardakani, 2017). However, the 
highest Pb mean level (1.06 ppm) was 

reported in Bangladesh (Chowdhury et al., 
2011). 
Mean Pb levels registered in this study 
exceeded CE (CE, 2006) recommended 
concentration (0.25 ppm) in conventional egg 
samples (Figure 3). 
Mean Cd and Pb levels in organic egg 
samples registered in this study were 
comparable with their levels found in egg 
samples in Egypt (Saad Eldin and Raslan, 
2018). 
 

0.00

5.00

10.00

15.00

20.00

25.00

Conventional eggs Organic eggs 

pp
m

Zn Zn MAL

 

Figure 4. Mean Zn levels in egg samples 
*BDL – below method detection limit 

 
The Zn level for poultry diets, as 
recommended by the National Research 
Council, is between 40 mg/kg and 75 mg/kg 
diet (NRC, 1994). The 1000 ppm Zn 
supplement had no adverse effects on hen 
assesed parameters, and egg Zn levels 
increased linearly as dietary Zn levels 
increased (Kim and Patterson, 2005). 
It can be easily observed that conventional 
eggs registered a significantly low mean Zn 
level compared to the MAL for this element 
in eggs (Figure 4).  
The mean levels of Zn (ppm) in the analyzed 
samples were 2.77 and 1081.41 in 
conventional eggs and organic feed, 
respectively. The mean Zn levels in this study 
were lower compared to those reported in 
eggs (15.75 ± 4.05 ppm) analyzed in Italy 
(Esposito et al., 2016), and in Egypt (15.42 ± 
1.03 ppm) (Saad Eldin and Raslan, 2018); 
lower mean Zn levels (0.046-0.166 ppm) 
were reported in eggs marketed in Pakistan 
(Islam et al., 2014). 
Toxicological properties of Cd could originate 
from its chemical similarity to Zn (Aravind 
and Prasad, 2003), Cd and Zn having similar 
electronic configuration and valence and, 
hence, similar environmental properties. In 

 
both plant and animal studies, the Cd-Zn 
antagonism was demonstrated. 
In plants, it was observed that Cd is taken up 
by transporters for essential elements such as 
Zn and Ca (Ueno et al., 2004), which lead to a 
decrease of these minerals levels in the 
organisms. In another study, it was showed 
that higher Cd concentrations were 
accompanied by lower levels of Cu and Zn. 
(Zasadowski et al., 1999). In this study, the 
same pattern in Cd-Zn relationship was 
registered, the low levels of Zn were 
correlated to higher levels of Cd. 
 
CONCLUSIONS 
 
Zn registered levels below the method’s 
detection limit in organic eggs samples, and 
its levels were significantly lower compared 
to the maximum allowed level in EU for it in 
eggs, but higher compared to recommended 
levels in organic feed. 
Cd level was significantly lower in organic 
eggs compared to its level in conventional 
eggs.  
Pb levels in eggs samples were not 
significantly different.  
Pb registered a significantly lower level in 
organic feed, and Cd was higher compared to 
the maximum allowed level in EU for it in 
this type of feed.  
Conventional purchased eggs exceed the 
maximum EU allowed level for Pb and Cd. 
Thus, a continuous evaluation of heavy metals 
in all types of eggs as well as the feed is 
highly recommended, this being the main 
source of birds’ exposure to these pollutants. 
 
REFERENCES 
 
Abduljaleel S.A., Shuhaimi-Othrnan M., 2011. Metals 

concentrations in eggs of domestic avian and 
estimation of health risk from eggs consumption. J 
Biol Sci , 11 (7), 448-53. 

Abdulkhaliq A., Swaileh K.M., Hussein R.M., Matani 
M., 2012. Levels of metals (Cd, Pb, Cu and Fe) in 
cow’s milk, dairy products and hen’s eggs from the 
West Bank, Palestine. Int Food Res J, 19 (3), 1089-
94. 

Aravind P., Prasad M., 2003. Zinc alleviates cadmium 
induced toxicity in Ceratophyllum demersum, a 
fresh water macrophyte. Plant Physiol Biochem , 
41, 391-7. 

Chowdhury M.Z., Siddique A.A., Hossain S.M., I 
K.A., Ahsan A.A., Ahmed S. et al., 2011. 

Determination of essential and toxic metals in 
meats, meat products and eggs by 
spectrophotometric method. J Bangladesh Chem 
Soc , 24 (2), 165-72. 

Esposito M., Cavallo S., Chiaravalle E., Miedico O., 
Pellicanò R., Rosato G. et al., 2016. Trace elements 
in free-range hen eggs in the Campania region 
(Italy) analyzed by inductively coupled plasma 
mass spectrometry (ICP-MS). Environ Monit 
Assess, 6, 326. 

Fakayode S.O., Olu-Owolabi B.I., 2003. Trace metal 
content and estimated daily human intake from 
chicken eggs in Ibadan, Nigeria. Arch of Environ 
Health, 58 (4), 245-51. 

Farahani S., Eshghi N., Abbasi A., Karimi F., 
Malekabad E.S., Rezaei M., 2015. Determination of 
heavy metals in albumen of hen eggs from the 
Markazi Province (Iran) using ICP-OES technique. 
Toxin Rev, 34 (2), 96-100. 

Filipiak-Florkiewicz A., Deren K., Florkiewicz A., 
Topolska K.J., Cieslik E., 2017. The quality of eggs 
(organic and nutraceutical vs. conventional) and 
their technological properties. Poult Sci, 96 (7), 
2480-90. 

Geng L., 2018. Organic-food-and-heavy-metals. 
Retrieved February 2019, 25, from 
https://pursuitofresearch.org/: 
https://pursuitofresearch.org/2018/08/26/organic-
food-and-heavy-metals/. 

Giannenas I., Nisianakis P., Gavriil A., Kontopidis G., 
Kyriazakis I., 2009. Trace mineral content of 
conventional, organic and courtyard eggs analysed 
by inductively coupled plasma mass spectrometry 
(ICP-MS). Food Chem, 114, 706-11. 

Goran G.V., Crivineanu V., 2016. Cadmiu. In G.V. 
Goran, V. Crivineanu, Toxicologie, 410-2. 
București, Printech. 

Goran G.V., Crivineanu V., Tudoreanu L., Udrea D., 
2010. Dynamics of some mineral elements in hen 
eggs. Buletin USAMV-CN, 67 (2), 88-95. 

Islam M.S., Zafar M., Ahmed M., 2014. Determination 
of heavy metals from table poultry eggs in 
Peshawar-Pakistan. J. Pharmacogn Phytochem, 3 
(3), 64-7. 

Iwegbue C.M., Nwozo S.O., Overah C.L., Ossai E.K., 
Mkpado C.I., Osazuwa O. et al., 2012. 
Concentrations of selected metals in chicken eggs 
from commercial farms in Southern Nigeria. 
Toxicol Environ Chem, 94 (6), 1152-63. 

Khan K., Naeem M., 2006. Simultaneous 
determination of accumulated hazadous metals in 
hen’s egg by atomic absorption spectroscopy. J 
Appl Sci, 6, 198-201. 

Kim W.K., Patterson P.H., 2005. Effects of dietary zinc 
supplementation on hen performance, ammonia 
volatilization, and nitrogen retention in manure. J. 
Environ Sci Health B, 40 (4), 675-86. 

Leblanc J.C., Guérin T., Noël L., Calamassi-Tran G., 
Volatier J.L., Verger P., 2005. Dietary exposure 
estimates of 18 elements from the 1st French total 
diet study. Food Addit Contam, 22, 624-41. 

Lordelo M., Fernandes E., Bessa R., Alves S., 2017. 
Quality of eggs from different laying hen 



111

 
other less toxic metals (Goran and
Crivineanu, 2016). In this study, the mean Cd 
levels registered in the analyzed samples were 
0.06 ppm in organic eggs, 0.883 ppm in 
organic feed, and 0.124 ppm in conventional
eggs, respectively (Figure 1). Organic eggs 
mean Cd level was significantly (p<0.05) 
lower compared to its level in conventional 
eggs.  
The mean levels registered in this study are 
almost the same with the previous reports in 
Iran (Salar-Amoli and Ali-Esfahani, 2015; 
Sobhanardakani, 2017). The lowest mean Cd 
levels were registered in conventional eggs 
marketed in some European countries and 
China. Uluozlu et al. (2009) recorded the 
highest Cd concentrations (2.34 ppm) in 
conventional eggs marketed in Turkey. 
Conventional eggs had significantly (p<0.05) 
higher Cd levels compared to organic eggs. In 
this study, in both conventional and organic 
eggs mean Cd levels exceeded the MAL 
decided by CE (CE, 2006) (Figure 2).  
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Figure 3. Mean Pb levels in egg samples 
 
Similar to Cd, Pb mean levels were 
significantly higher in conventional eggs 
compared to organic eggs (Figure 3). 
Conventional eggs did not register 
significantly (p>0.05) Pb levels compared to 
organic eggs. The mean values of Pb 
concentrations in the analyzed egg samples 
were 0.342 ppm in conventional eggs, 0.195 
ppm in organic eggs, and 0.113 ppm in 
organic feed, respectively (Figure 1). The 
recorded levels in this study were comparable 
with Pb levels found in egg samples in Iran
and Malaysia (Abduljaleel and Shuhaimi-
Othrnan, 2011; Salar-Amoli and Ali-Esfahani, 
2015; Sobhanardakani, 2017). However, the 
highest Pb mean level (1.06 ppm) was 

reported in Bangladesh (Chowdhury et al., 
2011). 
Mean Pb levels registered in this study 
exceeded CE (CE, 2006) recommended 
concentration (0.25 ppm) in conventional egg 
samples (Figure 3). 
Mean Cd and Pb levels in organic egg 
samples registered in this study were 
comparable with their levels found in egg 
samples in Egypt (Saad Eldin and Raslan, 
2018). 
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Figure 4. Mean Zn levels in egg samples 
*BDL – below method detection limit 

 
The Zn level for poultry diets, as 
recommended by the National Research 
Council, is between 40 mg/kg and 75 mg/kg 
diet (NRC, 1994). The 1000 ppm Zn 
supplement had no adverse effects on hen 
assesed parameters, and egg Zn levels 
increased linearly as dietary Zn levels 
increased (Kim and Patterson, 2005). 
It can be easily observed that conventional 
eggs registered a significantly low mean Zn 
level compared to the MAL for this element 
in eggs (Figure 4).  
The mean levels of Zn (ppm) in the analyzed 
samples were 2.77 and 1081.41 in 
conventional eggs and organic feed, 
respectively. The mean Zn levels in this study 
were lower compared to those reported in 
eggs (15.75 ± 4.05 ppm) analyzed in Italy 
(Esposito et al., 2016), and in Egypt (15.42 ± 
1.03 ppm) (Saad Eldin and Raslan, 2018); 
lower mean Zn levels (0.046-0.166 ppm) 
were reported in eggs marketed in Pakistan 
(Islam et al., 2014). 
Toxicological properties of Cd could originate 
from its chemical similarity to Zn (Aravind 
and Prasad, 2003), Cd and Zn having similar 
electronic configuration and valence and, 
hence, similar environmental properties. In 

 
both plant and animal studies, the Cd-Zn 
antagonism was demonstrated. 
In plants, it was observed that Cd is taken up 
by transporters for essential elements such as 
Zn and Ca (Ueno et al., 2004), which lead to a 
decrease of these minerals levels in the 
organisms. In another study, it was showed 
that higher Cd concentrations were 
accompanied by lower levels of Cu and Zn. 
(Zasadowski et al., 1999). In this study, the 
same pattern in Cd-Zn relationship was 
registered, the low levels of Zn were 
correlated to higher levels of Cd. 
 
CONCLUSIONS 
 
Zn registered levels below the method’s 
detection limit in organic eggs samples, and 
its levels were significantly lower compared 
to the maximum allowed level in EU for it in 
eggs, but higher compared to recommended 
levels in organic feed. 
Cd level was significantly lower in organic 
eggs compared to its level in conventional 
eggs.  
Pb levels in eggs samples were not 
significantly different.  
Pb registered a significantly lower level in 
organic feed, and Cd was higher compared to 
the maximum allowed level in EU for it in 
this type of feed.  
Conventional purchased eggs exceed the 
maximum EU allowed level for Pb and Cd. 
Thus, a continuous evaluation of heavy metals 
in all types of eggs as well as the feed is 
highly recommended, this being the main 
source of birds’ exposure to these pollutants. 
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Abstract 
 
The article focuses on the method of determining the level of intensity of an agricultural crop on the example of 
sunflower hybrids under the conditions of a particular farm, taking into account the quantitative impact of weather 
conditions on crop yields. It has been proved that the level of intensity of any new variety or hybrid is of great relevance 
both for planning the crop cultivation and evaluating the results of production activities. It is understood that the value 
of this indicator is defined as the ratio between the actual crop yield for three - five years and the standard or 
calculated one. This statement of the problem assumes that the average value of both weather conditions and crop 
yields for these years will be close to the average weather conditions in this area. The standard crop yield is calculated 
and, in general, comprised of yield that may be formed at the expense of natural soil fertility and the direct effect and 
aftereffect of organic and mineral fertilizers. It has been established that in case of the analysis of agricultural crop 
yields in the industrial sowing, when the number of years (repetition) is insufficient under one or another condition, it is 
possible to use a special method of assessing the quantitative impact of weather conditions on crop yields (V.D. 
Dmytrenko, A.M. Poliovyi). Its essence lies in the fact that any deviation of weather conditions from the optimal values 
for all growing periods leads to a decrease in the productivity coefficient or the level of impact on crop yields. At the 
same time, ultimately all the definitions and calculations should be recalculated based on the average data of weather 
conditions of the area of impact of a particular weather station. From the point of view of environmental constraints, it 
is necessary to maintain a deficit-free balance of humus and basic fertilizer element.  
 
Key words: yield planning, crop modelling, sunflower, hybrid intensity. 
 
INTRODUCTION 
 
One of the important factors, which influence 
the yields of agricultural crops, is the weather 
conditions (Pirttioja et al., 2015). It should be 
noted that not only crop yields (Ray et al., 
2015; Zhang et al., 2013), but also the 
efficiency of the use of resources, in particular 
nutrients from soil and fertilizers (Ryan et al., 
2012), undergo certain changes under different 
weather conditions. 
In turn, atmospheric precipitations and air 
temperature during the growing period of crops 
have a significant impact on crop yields as well 
(Högy et al., 2013). Results of researches show 
that crop yields were greatly influenced by the 
weather conditions of the agricultural year, but 
that new crops hybrids and sorts can be more 
resistant to draught or flooding, desease or 
insects damage (Dima, 2018; Singh et al., 
2014; Delibaltova  Dallev, 2018). There have 
been concerns about the possible yields of high 
productive hybrids or crops in different soil and 

climatic zone. The use of more intensive 
varieties of agricultural crops requires the 
development of crop cultivation technologies, 
in particular, the fertilizer system that has a 
direct impact on the qualitative characteristics 
of the soil (Tsvetkova and Saranenko, 2010; 
Jones, 2012) and, in particular, the balance of 
humus (Götze et al., 2016; Konieczna and 
Roman, 2014) and nutrients in the soil 
(Körschens et al., 2013). Modern techniques 
offer different ways of sowing with different 
row spacing and fertilization conditions. 
At the same time, it bears mentioning 
significant negative changes in the qualitative 
indicators of the soil as a result of human 
activities, namely, farming operation 
(Bezrodnova and Loza, 2006; Brock et al., 
2013) and various types of contamination 
(Romaniuk et al., 2016). Irrigation treatments 
also influence on yield parameters of different 
crops (Rafiei et al., 2013; Fedorchuk, 2016). 
Toshichika et al. (2017), using long period crop 
yield data, made underpin the importance of 




