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Abstract. The entrance of heavy metals into the food chain poses health risks to humans and animals.
In swine, exposure to copper (Cu) and zinc (Zn) is related to antimicrobial resistance, whereas
cadmium (Cd) and lead (Pb) are possibly linked to kidney toxicity. Heavy metals detection and
bioaccumulation in animal meat and offal motivates continuous monitoring of Pb, mercury (Hg), nickel
(Ni), arsenic (As), Cu, Zn and Cd concentrations in pork and wild boar and estimates of human intake.
The liquid fraction of swine manure contributes to heavy metals leakage into wastewaters and
agricultural soils, with eco-toxicological relevance. Efficient swine waste management systems are
developed.
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Introduction. Heavy metals are ubiquitous in soil, water and air, and their deleterious
effects on human and animal health are extensively described (Petrescu-Mag et al 2009;
Petrescu-Mag & Petrescu-Mag 2010; Georgescu et al 2011a). The entrance of heavy
metals into the food chain entails significant risks to humans. Among metals linked to
various threats to human health, the most important are mercury (Hg), lead (Pb), nickel
(Ni), arsenic (As), copper (Cu), cobalt (Co), zinc (Zn), cadmium (Cd), selenium (Se), iron
(Fe), chromium (Cr) and manganese (Mn), exhibiting either toxic or metabolic effects. In
humans, legislative exposure limits are set for some of these heavy metals (Adal &
Wiener 2014) but for others, for example Cr or Mn, a clear reference standard is lacking.
Human contamination with heavy metals can be acute (for instance, associated to
occupational exposure, or intentional or accidental ingestion) but is, more frequently,
chronic. The most important sources of contamination are represented by air, water and
food, either through direct industrial pollution of air and water (Petrescu-Mag et al 2009),
mining, leakage from various food containers (e.g. beverages), or propagation through
the trophic chain. Toxicity related to heavy metals is associated with adverse effects on
the nervous and hematopoietic system, the liver and lung, and increased risk of
neoplasms. More recently, endocrine-disrupting effects of heavy metals were
acknowledged, achieved by interactions with the activity of endogenous
hormones/hormone receptors.
Table 1
Endocrine-mediated effects and toxicity of heavy metals (Georgescu et al 2011a)
Element
Lead
Cadmium
Arsen
Mercury
Zinc
Nickel

Endocrine effects
Reproductive disruption, infertility, interferes with haematopoiesis,
hepatotoxic, neurotoxic
Sex differentiation disorders and reproductive effects, endocrine-related
cancer (breast)
Diabetes, cancer (bladder, lung, skin), reproductive effects
Pituitary insufficiency, reproductive effects, neurotoxic, mutagenic
Xenoestrogen
Goitrogenic, inhibits prolactin and growth hormone secretion, teratogenic
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Particularly, As, Hg, Ni, Pb and Zn are known as endocrine-disrupting heavy metals
(Georgescu et al 2011a) and their endocrine-mediated effects are summarized in Table
1.
Heavy metals in swine products and byproducts. Pork meat represents one of the
most valuable protein sources for humans. Therefore, the concentration of non-essential
elements, including heavy metals, in pork meat is important with respect to human
nutrition. Apart from that, Cr and manganese, for instance, are intentionally used to
decrease fat and improve carcass characteristics and meat quality.
In a Brazilian study, As, Cd, Pb, Hg, and antimony (Sb) levels were below
toxicological reference values in pork meat but increased caesium (Cs) concentration was
obtained, mainly in beef samples (Batista et al 2012). Samples from pigs collected at
slaughter in North-west Spain showed that mean concentrations for Cd, Pb, Hg, and As
in muscles, liver and kidney were low and that the maximum admissible concentrations
established by the EU were not exceeded in any sample (Lopez-Alonzo et al 2007). To be
emphasized, Pb content in pork liver pastes is higher than would be expected from the
liver content alone, the container being an additional important Pb source in this case.
Atomic absorption spectrometry of swine kidney samples from Serbia revealed the
presence of Hg in 33.3% of samples, while Cd was detected in only 27.7% of samples
but in higher quantities (Milicevic et al 2009). It is notable that histopathological
examination of kidneys showed alterations compatible with tubulopathies (haemorrhage,
oedema, necrosis etc.), however, these changes were less associated to the presence of
heavy metals suggesting synergism among toxic elements and other nephrotoxic
compounds.
Cadmium and Pb content was also determined in wild boar meat and liver from
various areas such as Viterbo Province (Italy), Mecklenburg-Western Pomerania
(Germany) and Poland (Rudy 2010; Danielli et al 2012; Dannenberger et al 2013).
Isolated samples contained these metals at levels higher than the EU limits set for
domestic animals. Particularly liver samples may contribute to significant Cd and Pb
human exposure, especially in children (Danielli et al 2012). Between 2003-2006,
estimated average Pb intake resulting from wild boar meat consumption in Southern
Spain indicated large variations, ranging from 0.3-38 µg/kg/week, with over 200% above
the WHO-recommended provisional tolerable weekly intake observed in hunter
populations consuming wild boar (Morales et al 2011; JECFA 2000, 2001). Thus, it is
increasingly suggested that the legislation regarding Pb and Cd levels in human food
should also cover large game meat.
Pig manure is used as a fertilizer. Applying swine manure compost results not only
in addition of nutrients but also in heavy metals (and, possibly, pharmaceuticals)
accumulation in the soil, leading to increased heavy metals mobility (Hammer & Clemens
2007). In pork, heavy metals are demonstrated in the liquid fraction of the anaerobically
digested swine manure and therefore also found in wastewaters. Atom spectroscopic
measurements of heavy metals in 305 pig manure samples confirmed presence of
various concentrations of Cd, Cr, Cu, Pb, Hg, Ni and Zn (Hölzel et al 2012). Soil pollution
with heavy metals originating from pig manures under intensive farming may result in
Cu, Zn and Cd contamination of agricultural cultures. In a Chinese study, 44 and 60%,
respectively, of brown rice soil samples exceeded the Chinese Soil Cu and Cd
Environmental Quality Standards, although the concentration of Cu, Zn and Cd did not
exceed the Chinese Food Hygiene Standard (Shi et al 2011). A strict correlation was
noticed between heavy metals concentrations in soil and application rates of pig manure
under these circumstances. On the other hand, it is shown that addition of pig manure to
mine soils may diminish the water-extractable metal content in soils and may improve
the pH and conditions for plant growth (Faz et al 2008).
Besides environmental soil and water pollution, heavy metals such as Cu or Zn act
as determinants of antimicrobial resistance in the porcine micro-flora, a phenomenon
connected to high resistance rates of Escherichia coli against beta-lactams or
aminoglycosides in swine (Hölzel et al 2012). A key biological indicator of exposure to
heavy metals is Eisenia foetida (Georgescu et al 2011b); bioaccumulation of Cu, Zn, Pb
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and Cd in the earthworm fed on pig manure has been demonstrated (Li et al 2010).
Development of an efficient swine waste management system is crucial. Several
methods have been suggested; these systems should feature high efficiency, removing
up to 99% heavy metals, odours, solids etc. (Vanotti et al 2009), simple, and allowing
on-farm implementation. Moreover, they should bear a reasonable cost. In addition,
waste management systems should benefit livestock productivity.
In order to remove heavy metals from pig manure, bioleaching using iron- and
sulphur-oxidizing bacteria allowing transformation of heavy metals by formation of
secondary iron minerals was successfully tested. In the experiments of Zhou et al
(2012), the removal efficiencies of Zn, Cu, and Mn from pig manure were 95.1%, 80.9%,
and 87.5%, respectively. Anammox bacteria allowing anaerobic ammonium oxidation
have been used to treat wastewaters containing antibiotics, Cu and Zn (Lotti et al 2012).
Manure bio-chairs produced obtained by pyrolysis (350-700°C) are thought to represent
heavy metal stabilizers in agricultural soils however this process appears to be manuredependent; whereas poultry and turkey litter may exhibit important heavy metal
retention, swine manure, exhibiting an high ash and P content appeared to be a least
effective stabilizer (Uchimiya et al 2012).
Conclusions. Lead, Cd, Cu and Zn are identified in swine meat at low levels. In contrast,
wild boar may occasionally represent a source of food contamination with heavy metals,
especially in hunter populations. While the muscle content in heavy meals is rather low,
internal organs such as the kidney and the liver accumulate higher amounts. Agricultural
practices such as use of manure compost as fertilizer may increase heavy metals mobility
and leaching. Therefore, simple, cost-effective and highly efficient waste management
systems are needed.
References
Adal

A.,
Wiener
S.
W.,
2014
Heavy
metal
toxicity.
Available
at:
http://emedicine.medscape.com
Batista B. L, Grotto D., Carneiro M. F., Barbosa F. Jr., 2012 Evaluation of the
concentration of nonessential and essential elements in chicken, pork, and beef
samples produced in Brazil. J Toxicol Environ Health A 75:1269-1279.
Danieli P. P., Serrani F., Primi R., Ponzetta M. P., Ronchi B., Amici A., 2012 Cadmium,
lead, and chromium in large game: a local-scale exposure assessment for hunters
consuming meat and liver of wild boar. Arch Environ Contam Toxicol 63:612-627.
Dannenberger D., Nuernberg G., Nuernberg K., Hagemann E., 2013 The effects of
gender, age and region on macro- and micronutrient contents and fatty acid profiles
in the muscles of roe deer and wild boar in Mecklenburg-Western Pomerania
(Germany). Meat Sci 94:39-46.
Faz A., Carmona D. M., Zanuzzi A., Mermut A. R., 2008 Pig manure application for
remediation of mine soils in Murcia Province, SE Spain. Scientific World Journal
31:819-27.
Georgescu B., Georgescu C., Daraban S., Bouaru A., Pascalau S., 2011a Heavy metals
acting as endocrine disruptors. USAMV Timisoara, Scientific Papers: Animal Science
and Biotechnologies 44(2):89-93.
Georgescu B., Georgescu C., Daraban S., 2011b Use of lumbricoides as biological
indicators of environmental pollution with metallo-disruptors. USAMV Iasi,
International Scientific Symposium “Tradition, performance and efficiency in animal
husbandry”. Scientific Papers: Animal Husbandry 55:129-133.
Hammer M., Clemens J., 2007 A tool to evaluate the fertiliser value and the
environmental impact of substrates from wastewater treatment. Water Sci Technol
56(5):201-209.
Hölzel C. S., Müller C., Harms K. S., Mikolajewski S., Schäfer S., Schwaiger K., Bauer J.,
2012 Heavy metals in liquid pig manure in light of bacterial antimicrobial resistance.
Environ Res 113:21-27.

Porcine Research, 2014, Volume 4, Issue 1.
http://www.porc.bioflux.com.ro/

17

JECFA Joint FAO/WHO Expert Committee on Food Additives, 2000 Evaluation of certain
food additives and contaminants. Fifty third report of the Joint FAO/WHO Expert
Committee on Food Additives. WHO Technical Report Series no. 896. World Health
Organization: Geneva, Switzerland.
JECFA Joint FAO/WHO Expert Committee on Food Additives, 2001 Evaluation of certain
food additives and contaminants. Fifty fifth report of the Joint FAO/WHO Expert
Committee on Food Additives. WHO Technical Report Series no. 901. World Health
Organization: Geneva, Switzerland.
Li L., Xu Z., Wu J., Tian G., 2010 Bioaccumulation of heavy metals in the earthworm
Eisenia foetida in relation to bioavailable metal concentrations in pig manure.
Bioresour Technol 101:3430-3436.
López-Alonso M., Miranda M., Castillo C., Hernández J., García-Vaquero M., Benedito J.
L., 2007 Toxic and essential metals in liver, kidney and muscle of pigs at slaughter
in Galicia, north-west Spain. Food Addit Contam 24:943-954.
Lotti T., Cordola M., Kleerebezem R., Caffaz S., Lubello C., van Loosdrecht M. C., 2012
Inhibition effect of swine wastewater heavy metals and antibiotics on anammox
activity. Water Sci Technol 66(7):1519-1526.
Milicevic D. R., Jovanovic M., Juric V. B., Petrović Z. I., Stefanović S. M., 2009
Toxicological assessment of toxic element residues in swine kidney and its role in
public health risk assessment. Int J Environ Res Public Health 6:3127-3142.
Morales J. S., Rojas R. M., Pérez-Rodríguez F., Casas A. A., López M. A., 2011 Risk
assessment of the lead intake by consumption of red deer and wild boar meat in
Southern Spain. Food Addit Contam Part A Chem Anal Control Expo Risk Assess
28:1021-1033.
Petrescu-Mag I. V., Petrescu-Mag R. M., 2010 Heavy metal and thermal stress in fishes:
The implications of HSP in adapting and acclimation to different environments.
Metalurgia International 15(10):107-117.
Petrescu-Mag I. V., Pasarin B., Todoran C. F., 2009 Metallurgical, agricultural and other
industrial related chemical pollutants: biomonitoring and best model organisms
used. Metalurgia International 15:38-48.
Rudy M., 2010 Chemical composition of wild boar meat and relationship between age and
bioaccumulation of heavy metals in muscle and liver tissue. Food Addit Contam Part
A Chem Anal Control Expo Risk Assess 27(4):464-472.
Shi J., Yu X., Zhang M., Lu S., Wu W., Wu J., Xu J., 2011 Potential risks of copper, zinc,
and cadmium pollution due to pig manure application in a soil-rice system under
intensive farming: a case study of Nanhu, China. J Environ Qual 40(6):1695-1704.
Uchimiya M., Cantrell K. B., Hunt P. G., Novak J. M., Chang S., 2012 Retention of heavy
metals in a Typic Kandiudult amended with different manure-based biochars. J
Environ Qual 41(4):1138-1149.
Vanotti M. B., Szogi A. A., Millner P. D., Loughrin J. H., 2009 Development of a secondgeneration environmentally superior technology for treatment of swine manure in
the USA. Bioresour Technol 100:5406-5416.
Zhou J., Zhou L., Liu F., Zheng C., Deng W., 2012 Transformation of heavy metals and
the formation of secondary iron minerals during pig manure bioleaching by the coinoculation acidophilic thiobacillus. Environ Technol 33(22-24):2553-2560.

Received: 21 February 2013. Accepted: 29 March 2014. Published online: 16 April 2014.
Authors:
Bogdan Georgescu, University of Agricultural Sciences and Veterinary Medicine Cluj-Napoca, Faculty of Animal
Science and Biotechnologies, Romania, Cluj-Napoca, Calea Mănăştur, no. 3-5, 400372, e-mail:
georgescu.bogdan63@yahoo.com
This is an open-access article distributed under the terms of the Creative Commons Attribution License, which
permits unrestricted use, distribution and reproduction in any medium, provided the original author and source
are credited.
How to cite this article:
Georgescu B., 2014 Heavy metals in swine meat and manure. Porc Res 4(1):15-18.

Porcine Research, 2014, Volume 4, Issue 1.
http://www.porc.bioflux.com.ro/

18

