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ARTICLE INFO ABSTRACT
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The aim of this research was to analyse the levels of toxic heavy metals (Mercury,
Lead and Cadmium) and a toxic metalloid (Arsenic) in fish feed and animal feed from
Animal feed Bosnia and Herzegovina for the period from 2013 to 2018. Data from the National
Heavy metal Veterinary Inspection Sector were provided for this study (n=438). The mean levels of
Level As, Hg, Pb and Cd in all fish feed samples were 0.90+0.50 mg/kg, 0.02+0.05 mg/kg,
Toxic 0.42+0.70 mg/kg and 0.16+0.11 mg/kg, respectively. During 2013-2018, the mean lev-
els of As, Hg, Pb and Cd in animal feed (other complete feed) were 0.42+1.22 mg/kg,
0.01+0.02 mg/kg, 0.7542.18 mg/kg and 0.10+0.12 mg/kg, respectively. In animal feeds
sampled between 20132018, mean annual Pb levels increased the most among the
four elements studied. In contrast, mean annual As, Hg and Cd levels in animal feeds
continuously decreased during the study period. The mean annual Pb level in fish feed
decreased, but continuous increases were observed in mean annual Hg and Cd levels
during the study. The results show that the levels of toxic elements in fish feed and
animal feed require attention and deserve a high priority monitoring program, as most
feeds complied with the regulated maximum allowed concentrations of As, Hg, Pb and
Cd in Bosnia and Herzegovina and in the European Union, but some did not.

and in some cases to other heavy metals such as zinc,
tin, copper and iron. Animal feed and feed materials
can be contaminated with heavy metals. This is very
important, because these elements, after ingestion by
animals, can then transfer along the food chain to be

1. Introduction

Agricultural and industrial development has
been responsible for much heavy metal contamination
of soils and waters. The major routes of heavy met-

al input to agricultural soils include animal manures,
fertilizer and livestock products (Nicholson et al.,
1999). Hazards from the group of industrial-chemi-
cal pollutants include heavy metals and organic chem-
ical contaminants. Due to the protection of consumer
health, a number of heavy metals in foods is limited
by the regulations in most European countries. This
primarily refers to mercury, lead, cadmium, arsenic,

present in foods of animal origin, causing them to be
a risk for human health (4Adamse et. al., 2017).

Pb, Hg, Cd and As are the most toxic ele-
ments for animal health (Bampidis et al., 2013; Sut-
tle, 2010). Heavy metal toxicity can occur in animals
from high ambient air concentrations near emission
sources, or by eating contaminated feed (Pandey and
Madhuri, 2014; Castro-Gonzalez et al., 2008). These
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metals are toxic since they are bioaccumulated in ani-
mal liver and kidney with potent effects of mutagen-
icity, carcinogenicity, teratogenicity and immunosup-
pression. Pb is a toxic, bioaccumulative heavy metal
that has no known biological function. It accumulates
in high concentrations in bones, teeth, liver, lungs,
kidneys, brain and spleen, and it poses a serious risk
to the health of the human population (Castro-Gonza-
lez et al., 2008). The most pronounced toxic effects of
Pb are expressed on the nerve, haematological, cardi-
ovascular and kidney systems (4Agency for Toxic Sub-
stance and Disease Registry, 2005). Cd is not essen-
tial to any organism, and it is also not known to have
any biological function in mammals. Hg is a cumula-
tive poison, so symptoms of poisoning depend on the
frequency or quantity of the input (National Research
Council (NRC), 2005; Lopez-Alonso, 2012; Mandal
and Suzuki, 2002). As accumulates in the liver, from
which it slowly releases and distributes into the stom-
ach, intestines, the nervous system, and skin, and it
tends to be deposited in bones and skin and perma-
nently in the teeth (Gwalteney-Brant et al., 2002).

Within the European Union (EU), the maxi-
mum allowable concentrations (MAC) of As, Pb,
Hg and Cd in animal feed are regulated in Directive
2002/32/EC, last amended by Regulation 2015/186
(Commission Regulation (EU) 2015). Along with
the EU regulation, national monitoring of toxic ele-
ment concentrations in animal feed and fish feed is
very important. It is necessary to have insight into
the contamination and levels of toxic elements in the
feed for different animal species. However, there are
no data about heavy metal levels in animal feed or
fish feed in Bosnia and Herzegovina. Accordingly,
the aim of this study was to analyse the trends of
heavy metal contamination and As levels in fish feed
and animal feed between 2013 and 2018 and com-
pare the levels found with literature data.

2. Materials and Methods
2.1 Sampling

Data from the National Veterinary Inspection
Sector were provided for this study. Data covered
the monitoring results of four toxic elements (As,
Pb, Hg and Cd) in fish feed and animal feed in Bos-
nia and Herzegovina between 2013 and 2018. Ani-
mal feed that is submitted for heavy metal testing is
partly sampled by the border veterinary inspection,
and partly originates from internal traffic, in accord-
ance with the prescribed competences for the pur-
pose of controlling the production and circulation of
animal feed in the country and ensuring the appro-
priate control and health correctness of animal feed.
The number of samples (n=438) of fish feed and
complete animal feed examined annually between
2013 and 2018 is presented in Table 1.

2.2 Toxic element analysis

All chemicals used were analytical grade puri-
ty. Digestion of feed was performed using a micro-
wave closed system, MW 3000 (Anton Paar GmbH,
Graz, Austria). Digestion was carried out with pro-
grams suitable for preparing samples of feed. After
digestion, the content of toxic elements (As, Pb, Cd) in
the feeds was determined by atomic absorption spec-
trometry using a Perkin Elmer Analyst 700 with the
MHS system (Shelton, USA). Quality of analyses was
controlled using certified reference material. The con-
centrations determined in the reference material were
within the tolerances specified in the delivered certif-
icate.

The amount of Hg was determined by direct
burning on the Hg analyser, AMA-254. The principle
of Hg determination is based on the quantification of
Hg from homogenized samples that are weighed in a

Table 1. Number of fish and complete animal feeds examined in the study

Year Fish feed Animal feed Total
2013 3 — 3
2014 58 25 83
2015 73 3 76
2016 68 16 84
2017 34 42 76
2018 32 84 116
Total 438
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container. The sample thus prepared is transferred to
the incineration furnace where it is dried and decom-
posed in a stream of oxygen at 850 °C. The decom-
posed products pass through a catalytic furnace at
700 °C where nitrogen oxides and sulphur are retained.
Hg is captured on the amalgamator. The amalgamator
is heated for a short period, and the Hg vapour released
is transported to the measuring cells. Hg atoms absorb
the radiation emitted by the Hg lamp, and based on the
absorption of light at the appropriate wavelength, the
concentration of Hg in the sample is determined. In
proportion to the increase in the number of atoms, the
amount of light absorbed by the atoms also increases,
and by measuring the amount of absorbed light, it is
possible to determine the amount of Hg in the sample.

The levels of heavy metals and As were com-
pared with the MAC in animal feed established by
the EU (Commission Regulation (EU), 2015) and by
Bosnia and Herzegovina (Official Gazette of Bosnia
and Herzegovina, no. 72/11, 70/16).

2.3 Statistical analysis

All samples were collected and analysed
in triplicate, and the results were expressed as
meantstandard deviation. Analysis was elaborated
using GraphPad Prism version 7.00 software. The
coefficient of determination (R?) was used to eval-
uate the significance of potential trends of the ele-
ments’ levels in the feeds between 2013 and 2018

(Microsoft Office, Excel, 2010). The trends with R?
values exceeding 0.30 were considered significant
(Adamse et al., 2017).

3. Results and discussion

The mean heavy metal and As levels in the fish
feed samples analysed between 2013 and 2018 are pre-
sented in Table 2. In general, the heavy metals detected
in fish feed samples did not exceed the MAC regulated
in Directive 2002/32/EC, last amended by Regulation
2015/186 (Commission Regulation (EU), 2015) and
the Official Gazette of Bosnia and Herzegovina (no.
72/11, 70/16). However, mean Hg levels in some fish
feeds were above the MAC of 0.1 mg/kg (Table 2). The
mean annual levels of As, Hg, Pb and Cd in all fish feed
samples were 0.90+£0.50 mg/kg, 0.02+0.05 mg/kg,
0.42+0.70 mg/kg and 0.16+£0.11mg/kg, respective-
ly. The elements detected at the highest levels in the
fish feeds from Bosnia and Herzegovina were As
and Pb, which ranged from 0.18-2.98 mg/kg and
0.03—4.30 mg/kg, respectively.

The As, Hg, Pb and Cd concentration in com-
plete animal feed samples were in the range of
0.10-6.39 mg/kg, 0.01-0.09 mg/kg, 0.10-13.69 mg/kg
and 0.02-0.54 mg/kg, respectively. According to the
EU (Commission Regulation (EU), 2015) and the Offi-
cial Gazette of Bosnia and Herzegovina (no. 72/11,
70/16), the MAC of Pb in complete animal feed is
5 mg/kg, so some animal feed samples in the present

Table 2. The heavy metal and arsenic levels in fish feeds (mg/kg) (2013-2018)

Elements
Parameter
As Hg Pb Cd
Mean+SD 0.90£0.50 0.02+0.05 0.42+0.70 0.16+0.11
Median 0.71 0.01 0.20 0.12
Range 0.18-2.98 0.01-0.52 0.10-4.30 0.04-0.65

Legend: According to the European Union (Commission Regulation (EU), 2015) and the Official Gazette of Bosnia and Herzegovina
(no. 72/11, 70/16), the MAC of As, Hg, Pb and Cd in fish feed is 10 mg/kg, 0.2 mg/kg, 5 mg/kg and 1 mg/kg, respectively.

Table 3. The heavy metal and arsenic levels in complete animal feeds (mg/kg) (2013-2018)

Elements
Parameter
As Hg Pb Cd
Mean+SD 0.42+1.22 0.01+0.02 0.75+£2.18 0.10+0.12
Median 0.06 0.002 0.25 0.06
Range 0.01-6.39 0.01-0.09 0.10-13.69 0.02-0.54

Legend: According to the European Union (Commission Regulation (EU), 2015/186) and the Official Gazette of Bosnia and Herzegovi-
na (no. 72/11, 70/16), the MAC of As, Hg, Pb and Cd in complete animal feed is 2 mg/kg, 0.1 mg/kg, 5 mg/kg and 1 mg/kg, respectively.
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study did not conform with the prescribed MAC (Table
3). As in fish feeds, Pb was the toxic element detected
at the highest levels in complete animal feeds (Table 3).

According to EFSA (2015), As in animal feed
originates from geological sources, industrial activ-
ities and specific feed additives. Also, drinking
water can be one of the inorganics As sources (Man-
dal, 2002; Lopez- Alonso, 2012; Bampidis at al.,
2013). As contents in the fish feed varied greatly in
the examined years (Figure 1). As was not detect-
ed in fish feed samples in 2013 or 2014. The mean
As level in fish feed was significantly (R>=0.885)
higher in 2015, 2016 and 2017 than in 2018. The
mean annual As level in fish feed followed the order
2013<2014<2018<2017<2016<2015. According to
the Commission Regulation (EU) (2015) and the
Official Gazette of Bosnia and Herzegovina (no.
72/11, 70/16), the MAC of As in complete animal
feed is 2 mg/kg, so some complete animal feed sam-
ples in the present study did not conform with the
prescribed MAC. Adamse et al. (2017) showed that
seaweed accumulates As. Similar results were pre-
sented in a study by Makkar et al. (2016). Wang
(2013) showed that feed additives for animal pro-
duction can have a high risk of unacceptable As lev-
els. According to a study by EFSA (European Food
Safety Authority, 2015), high levels of As were
found in fishmeal. Total As concentrations in com-
plete feeds were shown by the EFSA contaminants

panel (European Food Safety Authority, 2015), when
the mean As level in complete feeds for beef cattle,
broilers and pigs (grower/finishers) was 0.36 mg/kg,
0.34 mg/kg and 0.31 mg/kg, respectively. In the cur-
rent study, As levels between 2013 and 2018 were
higher in fish feed than in complete animal feed.
Mean annual As levels did not vary significantly in
complete animal feeds from 2013 to 2018 (Figure
1). As was once used for disease control in farm ani-
mals, but now, in Europe, its use is forbidden in ani-
mal production (Li et al., 2005).

Trend analysis of Pb levels in complete ani-
mal and fish feeds between 2013 and 2018 is shown
in Figure 2. The highest mean annual Pb level was
found in complete animal feed from 2017. Each
year of the study, the mean Pb level was below
2 mg/kg. In the fish feed samples, mean Pb levels
decreased during 2013-2018. However, Pb levels in
complete animal feed increased in that period. The
reason for this upward trend of Pb levels is unex-
plained. Pb is a very toxic element and is an indica-
tor of environmental pollution caused by anthropo-
genic factors (Sager, 2007). As a toxic element, Pb
levels in mineral supplements and premix for ani-
mals can be higher than in other livestock feedstuffs.
The EFSA contaminants panel (2004a) stated Pb
levels in complete feeds for beef, poultry, broilers
and pigs were 1.14 mg/kg, 1.16 mg/kg, 0.52 mg/kg
and 1.03 mg/kg, respectively. In the study by Wang
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Figure 1. The mean levels of Arsenic in complete animal and fish feeds, between 2013 and 2018.
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Figure 2. The mean levels of Lead in complete animal and fish feeds, between 2013 and 2018.

et al. (2013), a high correlation between Pb lev-
els in the environment and in animal manure was
found. During 2013-2018, Pb levels increased in
the complete animal feed in our study, which could
be due to the increased use of mineral supplements
in animal nutrition. The monitoring program for Pb

contamination in the environment showed that Pb
levels decreased in all European countries (Europe-
an Food Safety Authority, 2015).

Significantly decreasing mean annual lev-
els of Hg were found in complete animal feed sam-
ples (R*=0.60) for all the tested period, 20132017
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Figure 3. The mean levels of Mercury in complete animal and fish feeds, between 2013 and 2018.
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Figure 4. The mean levels of Cadmium in complete animal and fish feeds, between 2013 and 2018.

(Figure 3). However, mean annual levels of Hg in
fish feed increased during this period. Compared
with the other examined years, in complete animal
feed samples during 2017, a higher mean Hg lev-
el was found. Similarly, to Pb, Hg is a toxic element
and indicator of environment pollution (Nichol-
son et al., 2017; Li et al., 2005). Fish feed and oth-
er fish meals are the major sources of Hg in animal
nutritional products utilized in livestock produc-
tion (Lopez- Alonso, 2012). The Hg concentrations
in feed supplements and additives are generally low.
According to EFSA (European Food Safety Author-
ity, 2008), higher Hg concentrations were found in
rodent complete feeds (0.050 mg/kg), poultry com-
plete feeds (0.039 mg/kg) and pig complete feeds
(0.032 mg/kg). In the present study, mean annual Hg
levels in both fish and complete animal feeds were
below the MAC (0.2 mg/kg and 0.1 mg/kg, respec-
tively) established by the EU (Commission Regula-
tion (EU), 2015) and the Official Gazette of Bosnia
and Herzegovina (no. 72/11, 70/16). In a previous
study (Adamse et al., 2017), Hg levels in animal
feed decreased from 2007-2013.

The mean annual Cd levels in fish feed and
animal feed between 2013 and 2018 are present-
ed in Figure 4. Significantly decreasing mean
Cd levels were found in complete animal feed
samples (R?=0.35) during these years. Howev-
er, mean Cd levels significantly increased in fish

feed during 2013-2018 (R*=0.39). Mean annu-
al Cd levels in the fish and complete animal feeds
were below the MAC (1.0 mg/kg) established by
the EU (Commission Regulation (EU) 2015/186)
and the Official Gazette of Bosnia and Herzegovi-
na (no. 72/11, 70/16). High Cd levels in fish feed
could be due to agricultural activities (use of fer-
tilizers) (Lopez-Alonso, 2012, Rajaganapathy et
al., 2011, Amlund et al., 2012). Also, according
to McBride (1998) and Dai et al. (2016), miner-
al supplements can contain high Cd levels. The
ESFA contaminants panel (2004b) stated Cd levels
in complete feeds for poultry, broilers, ruminants
and pigs were 0.16 mg/kg, 0.19 mg/kg, 0.11 mg/kg
and 0.09 mg/kg, respectively. Adamse et al. (2017)
showed that Cd levels significantly increased
between 2007 and 2013 in feed material of marine
origin. One of the most sensitive animal species for
Cd toxicity is the pig (King et al., 1992).

4. Conclusion

It is necessary to have insight into the contam-
ination and levels of toxic elements in the feed for
different animal species. However, there are no data
about heavy metal levels in animal feed or fish feed
in Bosnia and Herzegovina. Accordingly, the aim of
this study was to analyse the trends of heavy metal
contamination and As levels in fish feed and animal
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feed between 2013 and 2018 and compare the lev-
els found with literature data. The results show that
the levels of toxic elements in fish feed and animal
feed require attention and deserve a high priority

monitoring program, as most feeds complied with
the regulated maximum allowed concentrations of
As, Hg, Pb and Cd in Bosnia and Herzegovina and
in the European Union, but some did not.

Analiza trenda kontaminacije teSkim metalima i nivoa
arsena u kompletnoj hrani za ribe i drugih potpunih
smesa za ishranu Zivotinja

Biljana Pecanac, Jelena Janji¢, Vesna Dordevi¢, Tatjana Balti¢, Srdan Stefanovié¢, Milica Laudanovic i

Jelena Ciri¢

INFORMACIJE O RADU

APSTRAKT

Kljucne reci:
Hrana za ribe
Hrana za zivotinje
Teski metali

Nivo

Toksi¢nost.

Cilj ovog istrazivanja bio je utvrditi nivo toksi¢nih metala (olovo, kadmijum, ziva i
arsen) u hrani za ribe i sto¢noj hrani iz Bosne i Hercegovine za period od 2013. do
2018. godine. Podaci Sektora nacionalne veterinarske inspekcije su koris¢eni za ovu
studiju (n=438). Srednji nivoi As, Hg, Pb i Cd u svim uzorcima hrane za ribe bili su
0,90+0,50 mg/kg, 0,02+0,05 mg/kg, 0,42+0,70 mg/kg i 0,16+0,11 mg/kg, pojedinac-
no. Tokom 2013-2018, srednji nivoi As, Hg, Pb i Cd u sto¢noj hrani (ostala potpu-
na hrana za zivotinje) bili su 0,42+1,22 mg/kg, 0,01+0,02 mg/kg, 0,75+2,18 mg/kg i
0,10+0,12 mg. /kg, pojedinacno.. U hrani za zivotinje uzorkovanoj izmedu 2013-2018,
srednji nivoi Pb su se najviSe povecali. Nasuprot tome, srednji nivoi As, Hg i Cd u
sto¢noj hrani kontinuirano su opadali tokom perioda istrazivanja. Srednji nivo Pb u
hrani za ribe se smanjio, ali su uoceni kontinuirani porasti srednjih nivoa Hg i Cd tokom
studije. Rezultati pokazuju da nivoi toksicnih elemenata u hrani za ribe i sto¢nu hranu
zahtevaju paznju i zasluzuju program pracenja visokog prioriteta, iako As, Pb i Hg nisu
prekoracili maksimalno dozvoljene koncentracije regulisane Direktivom 2002/32/EC,
poslednjom izmenjenom Uredbom. 2015/186 i1 Sluzbeni glasnik Bosne i Hercegovine
(72/11, 70/16).

Disclosure statement: No potential conflict of interest was reported by authors.

References

Adamse, P., Van der Fels-Klerx, H. J. & de Jong, J. (2017).
Cadmium, lead, mercury and arsenic in animal feed and
feed materials—trend analysis of monitoring results. Food
Additives & Contaminants: Part 4, 34 (8), 1298-1311.

Agency for Toxic Substance and Disease Registry, (2005).
Toxicological Profile for Lead, U.S. Department of Health
and Humans Services, Public Health Service, Centres for
Diseases Control, Atlanta, GA.

Amlund, H., Berntssen, M. H. G., Lunestad, B. T. & Lun-
debye, A.K. (2012). Aquaculture feed contamination
by persistent organic pollutants, heavy metals, additives
and drug residues. In: Fink-Gremmels J., editor. Animal
feed Contamination, Effects on Livestock and Food Safe-
ty. Cambridge: Woodhead Publishing Series in Food Sci-
ence, Technology and Nutrition, 215, 205-229.

Bampidis, V. A., Nistor, E. & Nitas, D. (2013). Arsenic, cadmi-
um, lead and mercury as undesirable substances in animal
feeds. Scientific Papers Animal Science and Biotechnolo-
gies, 46 (1), 17-22.

Castro-Gonzalez, M. I. & Mendez-Armenta M. (2008). Heavy
metals: Implications associated to fish consumption. En-
vironmental Toxicology and Pharmacology, 26, 263-271.

Commission Regulation (EU) 2015/186 of 6 February 2015
amending Annex I to Directive 2002/32/ EC of the Europe-
an Parliament and of the Council as regards maximum lev-
els for arsenic, fluorine, lead, mercury, endosulfan and Am-
brosia seeds. Official Journal of the European Union, 31/11.

Dai, S. Y., Jones, B., Lee, K. M, Li, W., Post, L. & Herrman,
T. J. (2016). Heavy metal contamination of animal feed in
Texas. Journal of Regulatory Science, 1,21-32.

76



Meat Technology 65 (2024) 1, 70-77

EFSA (European Food Safety Authority, (2004b). Opinion on
the Scientific Panel on Contaminants in the Food Chain
on a request from the Commission related to cadmium as
undesirable substance in animal feed. Adopted on 2 June
2004. EFSA Journal, 72, 1-24.

EFSA (European Food Safety Authority), (2008). Mercury as
undesirable substance in animal feed. Scientific opinion
of the Panel on Contaminants in the Food Chain. Adopted
on 20 February 2008. EFSA4 Journal, 654, 1-74.

EFSA (European Food Safety Authority), (2015). Opinion of
the scientific panel on contaminants in the food chain on a
request from the Commission related to arsenic as undesir-
able substance in animal feed. EFSA Journal, 180, 1-35.

EFSA (European Food Safety Authority) (2004a). Opinion of
the Scientific Panel on Contaminants in the Food Chain
on a request from the Commission related to lead as unde-
sirable substance in animal feed. Adopted on 2 June 2004.
EFSA Journal, 71, 1-20.

Gwalteney-Brant, S. M. (2002). Heavy metals. Handbook of Tox-
icologic Pathology. Academic Press, New York, 701-732.

King, R. H., Brown, W. G., Amenta, V. C. M., Shelley, B.
C., Handson, P. D., Greenhill, N. B. & Willcock, G. P.
(1992). The effect of dietary cadmium intake on the growth
performance and retention of cadmium in growing pigs.
Animal Feed Science and Technology, 1992, 37 (1-2), 1-7.

Li, Y., McCrory, D. F., Powell, J. M., Saam, H. & Jack-
son-Smith, D. (2005). A survey of selected heavy metal
concentrations in Wisconsin dairy feeds. Journal of Dairy
Science, 88,2911-2922.

Lopez-Alonso, M. (2012). Animal feed contamination by toxic
metals. In: Fink-Gremmels J, editor. Animal feed contam-
ination, effects on livestock and food safety. Cambridge:
Woodhead Publishing Series in Food Science, Technolo-
gy and Nutrition. 215, 183-204.

Makkar, H. P. S., Tran, G., Heuzé, V., Giger-Reverdin, S.,
Lessire, M., Lebas, F. & Ankers, P. (2016). Seaweeds
for livestock diets: A review. Animal Feed Science and
Technology, 212, 1-17.

Authors ORCID info

Biljana Pecanac
Jelena Janji¢ https://orcid.org/0000-0003-3351-7199

Vesna Dordevic¢ https://orcid.ore/0009-0008-5187-4089

Tatjana Balti¢ https://orcid.org/0000-0002-0496-3133
Srdan Stefanovi¢ https://orcid.org/0000-0002-8011-5654

Mandal, B. K. & Suzuki, K. T. (2002). Arsenic round the
world: a review. Talanta, 58 (1), 201-235.

McBride, M. B. (1998). Growing food crops on sludge-amend-
ed soils: Problems with the US Environmental Protec-
tion Agency method of estimating toxic metal trans-
fer. Environmental Toxicology and Chemistry, 17 (11),
2274-2281.

National Research Council (NRC), (2005). Mineral tolerance
of animals. 2" revised ed. Washington (DC): National Re-
search Council of the National Academies, The National
Academies Press.

Nicholson, F. A., Chambers, B. J., Williams, J. R. & Unwin,
R. J. (1999). Heavy metal contents of livestock feeds and
animal manures in England and Wales. Bioresource Tech-
nology, 70 (1), 23-31.

Official Gazette of Bosnia and Herzegovina, (2016). Reg-
ulation of unwanted supplements in feed for an-
imals. Official Gazette of BIH, no. 72/11, 70/16.
http://www.fsa.gov.ba/fsa/images/pravnipropisi/
hrPravilnik o ne%C5%BEeljenim_tvarima u_hrani_
za_%C5%BEivotinje R01_70-16.pdf 2016

Pandey, G. & Madhuri, S. (2014). Heavy metals causing tox-
icity in animals and fishes. Research Journal of Animal,
Veterinary and Fishery Sciences, 2 (2), 17-23.

Rajaganapathy, V., Xavier, F., Sreekumar, D. & Mandal,
P. K. (2011). Heavy metal contamination in soil water and
fodder and their presence in livestock and products: a re-
view. Environmental Science & Technology, 4, 234-249.

Sager, M. (2007). Trace and nutrient elements in manure, dung
and compost samples in Austria. Soil Biology and Bio-
chemistry, 39 (6), 1383-1390.

Suttle, N. F. (2010). Mineral nutrition of livestock. Cabi.

Wang, H., Dong, Y., Yang, Y., Toor, G. S. & Zhang, X. (2013).
Changes in heavy metal contents in animal feeds and
manures in an intensive animal production region of
China. Journal of Environmental Sciences, 25 (12),
2435-2442.

Milica Laudanovi¢ https://orcid.org/0009-0008-6381-2803

Jelena Ciri¢ https://orcid.org/0000-0002-8118-7676

77



