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Investigations on the content of lead and cadmium in compound feed additives

1 2D. Alexieva *, S. Chobanova

1 2Department of Nonruminant Livestock Husbandry, Department of Animal Nutrition, Faculty of Agriculture, Trakia University, 6000 Stara Zagora, Bulgaria

* e-mail: d_alex@af.uni-sz.bg

Abstract. The lead and cadmium content of samples from the most commonly utilized feed additives (limestone, dicalcium phosphate, sodium chloride, 
zinc, vitamin and trace element premixes) was analyzed by means of atomic absorption spectrophotometry. It was found out that up to 30% of the allowed 
limit for lead content and up to 100% of the allowed limit of cadmium content in compound feed for layer hens could be attributed to limestone, therefore 
emphasizing the importance of monitoring lead content of this ingredient.  Additives such as dicalcium phosphate, trace element mixes, vitamin premixes 
and particularly sodium chloride, could also contribute to the higher lead and cadmium content in compound feed. As these ingredients are included at 
quite low levels, the risks for increasing lead and cadmium content of compound poultry feed through them is assessed as insignificant. 
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The Joint FAO/WHO Expert Committee on Food Additives Introduction
(JECFA) have specified a provisional tolerable weekly intake (PTWI) 
of 7 μg/kg b.w. (WHO, 2001), that has been recently confirmed Living beings are exposed to considerable risk of long-term and 
(WHO, 2003) and that is based on a system of early biomarker chronic effects of heavy metals, which move along the trophic chain 
evaluation of kidney injury after low level of cadmium intake. This 

“soil→plant→animal→man”. Numerous studies performed during 
PTWI value corresponds to 60 μg cadmium for a man weighing 60 

the last two decades have demonstrated the relationship between kg. The new data provide a sufficient basis for revising the PTWI. 
blood lead concentrations at birth (in umbilical cord blood) and The Scientific Panel on Contaminants in the Food Chain (CONTAM) 
during the first years of life of children and their intellectual established a tolerable weekly intake for cadmium of 2,5 μg/kg b.w. 
achievements in preschool and early school years. Most of current (EFSA, 2009). The average nutritive exposure to cadmium for adult 
toxicity studies related to intellectual development of children in Europe is estimated to be near that level. Some groups of the 
presume that the observed deficiency could result from exposure to population, as vegetarians, children, smokers and people living in 
heavy metal levels, previously considered as safe (Lanphear et al., highly polluted regions, could have a higher exposure up to two 
2000; Gardella, 2001; Canfield et al., 2003; Lidsky et al., 2003; times PTWI. Cadmium is toxic for all animal species. In Directive 
Selevan et al., 2003). 2005/87/ЕС, the maximum allowed cadmium content in compound 

Cadmium is a heavy metal that penetrates in the environment poultry feed is set to 0.5 mg/kg.
from natural (volcanic emissions, rock erosion) as well as from The monitoring of heavy metal levels in major feed ingredients 
industrial and agricultural sources (WHO-IPCS, 1992; McBride, as a part of food chain control, does not fully guarantee that the 
1998; Nordic Council, 2003). It is found out in the air, the soil and the produced compound feed will conform to current safety criteria. This 
water and could accumulate in plants and animals. In nature, it most is due to the fact that apart the primary ingredients, compound feed 
often occurs together with zinc. That is why the commonest source contain also numerous microcomponents. 
of cadmium pollution of air is the zinc production. After its entry into Since August 1, 2003, European Parliament and Council  
the human body, cadmium accumulates in the liver and from there, is Directive 2002/32/EC from May 7, 2002  on undesirable substances 
slowly transferred in kidneys, where attains peak concentrations. in animal feed has replaced the previous Directive 1999/29/ЕС from 
Cadmium has various toxic effects, including nephrotoxicity, April 22, 1999. One of the main changes is the broadening of the 
osteoporosis, carcinogenicity and genotoxicity, teratogenic, Directive's scope with feed additives.
endocrine and reproductive effects (Goering et al., 1993; Ju and With regard to heavy metals, it is difficult to evaluate the effects 
Nordberg, 1998; Brz?ska and Moniuszko-Jakoniuk, 1998; Gupka of feed additives on animals' exposure levels, as they are included at 
and Gupka, 1998). The systemic elimination of cadmium is very various concentrations as per the instructions of the manufacturer. 
slow. It takes approximately ten years for half of the content The exposure of animals is a function of lead concentrations in feed 
accumulated in the liver and kidney to be removed.  Cadmium and the amount of consumed feed. The evaluation of the risk of lead 
provokes demineralization of bones and is classified by the intake requires the determination of both the possible feed intake for 
International Agency for Research on Cancer as a human each animal species as well as the typical lead concentration in. 
carcinogen. Cadmium is known also to increase blood pressure. The aim of the study was to establish the level of lead and 
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cadmium contamination of principal mineral and vitamin premixes mg/kg dry matter (EFSA, 2004). In 3 samples from trace element 
used in feed industry – limestone, dicalcium phosphate, sodium mixes, the average detected lead concentration was 19.32 mg/kg 
chloride and various vitamin – trace element premixes and the dry matter with the maximum allowed limit in such additives being up 
extent of their contribution for the overall contamination of to 30 mg/kg. The trace element mix as a component of poultry 
compound feed with this heavy metal. compound feed is included at a level of 0.1-0.15%. Such level would 

contribute with 0.017 to 0.025 mg Pb per 1 kg compound feed.
As seen from Table 1, the analyzed three samples of zinc 

supplements, the average lead content was 53.43 mg/kg (min 23.99; Material and methods
max 82.56 mg/kg), that was very much below the maximum allowed 
content of this element. For zinc oxide, the allowed content of lead is For the purpose of this study, 27 samples of the most commonly 
up to 400 mg/kg.  Even with non-permitted utilization (in compound utilized feed additives were collected and analyzed: limestone, 
feed for nursing piglets, the inclusion of 0.4% ZnO would contribute dicalcium phosphate, sodium chloride, zinc oxide, vitamin and trace 
with 0.096–0.330 mg Pb per kg compound feed.element premixes. The investigation was carried out in 2008 and the 

The 198 samples of mineral supplements, analyzed in the EC beginning of 2009.
showed an average lead concentration of 3.38 mg/kg dry matter and The analyses were performed in the Central Research 
regardless of the individual variations in lead concentration in Laboratory of the Trakia University, Stara Zagora. Lead and 
samples, the maximum level of 30 mg/kg dry matter was established cadmium concentrations in samples were assayed by means of 
only in two samples of magnesium oxide (EFSA, 2004). In 3 samples atomic absorption spectrophotometry(AOAC,1995).The preliminary 
CuSO an average lead concentration of 4.01 mg/kg was 4 processing of samples was performed in the laboratory in the Animal 
determined, i.e. many times lower than the maximum allowed level Nutrition unit.
of this element in additives, belonging to the groups of trace 
elements  100 mg/kg. The inclusion of 0.06% CuSO  in compound 4 

feed would add 0.002 mg Pb per one kg.Results and discussion
The maximum allowed cadmium content in vitamin premixes is 

15 mg/kg as per current normative documents (Act No 10/2009). Table 1 presents data about the content of lead and cadmium in 
The average cadmium content of the five vitamin premixes, studied vitamin and trace element additives. The maximum allowed content 
by us, was 1.90 mg/kg, ranging within 1.04 and 3.2 mg/kg.  There of lead in vitamin premixes as per current regulations (Act 10 from 
was no sample with cadmium content higher than the maximum 2009) is up to 200 mg/kg. In the five studied samples from the 
allowed one. Taking into consideration the inclusion level of studied commonest vitamin premixes used in poultry compound feed, the 
premixes, they would contribute with 0.002 to 0.007 mg to 1 kg average lead content was 6.09 mg/kg, with range between 3.34 and 
compound feed. For comparison, 100 premix samples analyzed in 10.67 mg/kg. There was no sample with excess lead concentration 
EC laboratories have demonstrated average cadmium content of above the allowed limit. Having in mind the inclusion level of studied 
0.58 mg/kg (range from 0.01 tо 2.34 mg/kg) (EFSA, 2004). In the premixes (0.2 tо 0.5%), they would supply from 0.007 to 0.022 mg Pb 
analyzed 3 samples of zinc oxide, the average Cd content was found per 1 kg compound feed. For comparison, 100 premix samples 
to be 3.15 mg/kg vs the allowed level of <30 mg/kg dry matter. The analyzed in EC laboratories have demonstrated average lead 
highest measured level – 4.05 mg/kg, was not over the allowed limit. content of 19.05 mg/kg dry matter with highest levels in premixes for 
The inclusion of 0.4% ZnO, even in cases of unreglamented use (for pigs (20.9 mg/kg on the average), whereas for poultry, lead was 9.9 
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3.34 
10.67 
4.45 
3.34 
8.67 

21.12 
25.20 

11.65 
23.99 
53.75 
82.56 

5.20 
3.34 

3.50 

1.67 
5.33 
2.23 
1.67 
4.34 

70.40 
84.00 

38.83 
6.00 

13.44 
20.64 

5.20 
3.34 

3.50 

1.13 
3.20 
1.35 
1.04 
2.79 
3.02 
2.90 

3.30 
4.05 
1.53 
3.87 

1.10 
0.99 

0.80 

3.83 
21.33 

9.00 
6.93 

18.6 
30.20 
29.00 

33.00 
13.5 
5.1 

12.9 

11.00 
9.90 

8.00 

Vitamin premix 1 
Vitamin premix 2  
Vitamin premix 3 
Vitamin premix 4 
Vitamin premix 5 
Trace element  premix 1 
Trace element  premix 2 

Trace element  premix 3 
ZnO 1 
ZnO 2 
ZnO 3 
CuSO 14  

CuSO 24  

CuSO 34  

Table 1. Content of lead and cadmium in vitamin and trace element premixes, mg/kg 

% of  
limit 
allowed  Cd, mg/kg % of  

limit 
allowedPb, mg/kg 

Inclusion  level  
of the feed  additive  

in compound  feeds, % 
Feed additive 

0.2 
0.2 
0.5 
0.2 
0.2 
0.1 
0.1 

0.15 
0-0.4 
0-0.4 
0-0.4 
0-0.06 
0-0.06 
0-0.06 



example, in compound feeds for suckling piglets), would add is 15 mg/kg. Dicalcium phosphate is included as ingredient of 
between 0.006 and 0.0162 mg/kg Cd per 1 kg feed. In 3 trace traditional poultry compound feed at 0.4 tо 1.5%. Thus, it would 
element mix samples, the mean cadmium content was established contribute for additional 0.025–0.092 mg Pb per kg compound feed 
at 3.07 mg/kg. i.e. many times lower that the maximum allowed in the most favourable and for 0.052–0.196 mg Pb in the worst 
content of this element – 10 mg/kg. The share of trace element mix in instance. 
compound poultry feeds is 0.1–0.15%. Its inclusion in such In 3 samples sodium chloride, the average determined lead 
concentrations therefore would add from  0.003 tо 0.005 mg Cd for concentration was 12.69 mg/kg dry matter with maximum allowed 
each kg compound feed. limit of lead in this type of additives up to 10 mg/kg. In two out of the 

The analysis of 8 limestone samples from various sources three analyzed samples, lead content was higher than the upper 
(Table 2) showed an average lead content of 11.34 mg/kg (with allowed limit of 10 mg/kg dry matter. The inclusion of 0.3-0.5% 
variations between 9.34 to 13.66 mg/kg), at the background of sodium chloride in compound feed would add 0.017–0.028 mg Pb 
allowed lead content in this type of feed additives up to 20 mg/kg. per kg feed in the most favourable case and 0.060–0.100 mg Pb in 
Limestone is included in poultry compound feed at a level between the worst case.
0.5% and 11% (in compound feed for layer hens). It would contribute Having into consideration these high lead concentrations, the 
to the lead content in 1 kg compound feed with 0.047 to 0.068 mg/kg specified salt sources should not be included at all, provided that the 
at a low limestone inclusion level (0.5%) and with 1.027 to 1.503 new regulation prohibiting the dilution of contaminated feed 
mg/kg at a highest possible inclusion level (11%). materials is observed   (Directive 2002/32/EC from May 7, 2002) on 

The analyzed dicalcium phosphate samples from the two main undersirable substances in animal feed.
sources of this additive in our country revealed an average lead The analysis of 8 limestone samples originating from various 
concentration of 9.6 mg/kg. The allowed lead content in phosphates regions in the country showed average cadmium content of 3.89 
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213.00 
220.50 
229.50 
182.00 
194.00 
166.50 
157.5 

191.5 
76.26 
12.00 

193.50 

202.50 
261.50 

4.26 
4.41 
4.59 
3.64 
3.88 
3.33 
3.15 

3.83 
5.72 
0.90 
3.87 

4.05 
5.23 

Limestone 1 
Limestone 2 
Limestone 3 
Limestone 4
Limestone 5 
Limestone 6 
Limestone 7 

Limestone 8  (imported) 
Dicalcium  phosphate 1 
Dicalcium  phosphate 2 
Sodium chloride 1 
Sodium chloride 2 
Sodium chloride 3 

Table 2. Content of lead and cadmium in limestone, dicalcium phosphate and sodium chloride, mg/kg 

% of  
limit 
allowed  Cd, mg/kg % of  

limit 
allowedPb, mg/kg 

Inclusion level of the 
feed additive in 

compound feeds, %
Feed additive 

0.5-11 
0.5-11 
0.5-11 
0.5-11 
0.5-11 
0.5-11 
0.5-11 

0.5-11 
0.4-1.5 
0.4-1.5 
0.3-0.5 
0.3-0.5 
0.3-0.5 

13.66 
12.0 
10.65 

9.34 
9.99 

13.06 
11.99 

10.0 
6.13 

13.06 
5.57 

12.50 
20.00 

68.30 
60.00 
53.25 
46.70 
49.95 
65.30 
59.95 

50.00 
40.86 
87.07 
55.70 

125.00 
200.00 

mg/kg (with variations between 3.15 and 4.59 mg/kg). All assayed below the allowed limit for this element. The inclusion level of 
samples showed almost twice higher cadmium level as compared to dicalcium phosphate in traditional compound poultry feeds is 
the limit of 2 mg/kg for this type of additives. The calculations between 0.4 tо 1.5%. So, it would add another 0.004–0.023 mg Cd in 
demonstrate that the inclusion of limestone in poultry feed, the best or 0.014–0.086 mg Cd in the worst case.
especially in those for layer hens, will add a significant amount of The three analyzed salt samples contained on the average 4.38 
cadmium. With the addition of 0.5% limestone in compound feed, the mg/kg cadmium, i.e. higher than the maximum allowed limit of 2 
supplementation of Cd with this additive could attain 0.023 mg/kg. mg/kg. Having in mind the low inclusion level of this ingredient in 
Considerably more Cd – 0.505 mg/kg would be added to compound poultry feed (up to 0.5%), this component would add maximum 
feed, if the share of limestone is higher (for instance 11%) (as in 0.023 mg Cd per 1 kg compound feed. This is a very low proportion 
compound feed for layers). It becomes clear that only this ingredient (4.6%) of the maximum allowed Cd content of 0.5 mg/kg in 
would bring cadmium content over the maximum allowed level of 0.5 compound feed.  
mg/kg in poultry compound feed.

The investigated dicalcium phosphate samples from the two 
national sources exhibited an average value of 3.31 mg Cd/kg. A Conclusion
compared to the allowed content of cadmium in phosphates – up to 
7.5 mg/kg (0.75% per 1% phosphorus and 7.5 mg/kg at most), the 

Up to 30% of the allowed limit of lead and up to 100% of the Cd content of both assayed samples of dicalcium phosphate was far 
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