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REVIEW 
 

Abstract 
 
Obtaining good quality animal productions, in a polluted environment, represents only one of the various challenges 
of the relationship between environment and animal production. The purpose of this study was focused on the 
relationship between environmental pollution and animal production, especially on evaluation the contamination 
problems on the agro-food chain in order to ensure the safety of animal source foods. In order to clarify the 
biological behavior of pollutants and their transfer particularities, and also, to develop appropriate strategies for 
environmental protection, this paper highlights some of the most important aspects of the literature regarding the 
types and proportions of organic pollutants founded in vegetal production used as animal feed and also in the 
animal source foods obtained. The incidence of organic pollutants founded in feed and animal products analyzed in 
various research shows that animal feed and animal production may be liable to continuous contamination, the 
levels identified highlighting how pollutants can affect the safety of feed and food.  
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INTRODUCTION 
 

Industrial and technological advances 
have led to release of high amounts of 
pollutants from various productive sectors, 
making pollution a topical issue for a modern 
society. Environmental destabilization is often a 
result of human activities, which generate a 
multitude of substances with ecotoxicological 
relevance for natural ecosystem. 

The expansion of the world population 
and the increase in living standards have led in 
recent years to the increase in high-quality food 
demands. By transforming agricultural crops 
into feed and using animals for obtaining 
different production, the agriculture and animal 
husbandry sector has become the main supplier 
of food products with high nutritional value for 
society (Baumgard et al., 2017). 

Ranking the contaminants according to 
their persistence in the environment, highlights 
one of the most harmful groups of pollutants 
with special ecotoxicological relevance for the 
ecosystem: persistent organic pollutants 
(POPs). Low degradability in the environment 
and long-distance transfer potential allow this 
category of pollutants to easily accumulate in 

the natural substrate, water, air or soil being 
important vectors for contamination of plants 
and animal body (Loganathan et al., 2011). 

The particularities of transfer of 
pollutants in environmental components have 
created a strong connection between 
environmental pollution, animal production and 
humans (Ali et al., 2019; Zubairi et al., 2021).  

Animal production as a result of intensive 
growth and diversification of productions has 
made animals themselves an important 
problem in the interrelationship with 
environmental pollution. Although it depends 
on the relationship with environment, contrary, 
raising animals can represent a source of 
pollution, animals being harmful to 
environment because of waste and gaseous 
emissions, but also because of residues from the 
current care treatments (Dumitraș, 2008). 

The purpose of this study was focused on 
review of several researches on the relationship 
between environmental pollution and animal 
production, especially evaluating contamination 
problems on the agro-food chain in order to 
ensure the safety of animal products. 

This comparative study was carried out to 
clarify the biological behavior of pollutants in 
environment, the particularities of transfer 
along food chain, as well as to develop suitable 
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strategies for protecting the environment and 
reducing exposure to pollution. 

Therefore, this paper highlights some of 
the most relevant aspects of the literature 
regarding the types and proportions of organic 
pollutants, as representative modern pollutants, 
found in vegetal production used as animal feed 
and also in animal food sources obtained, in 
order to outline their incidence. 

 
 

MATERIAL AND METHOD 
 

This paper includes a bibliographic study 
of the most relevant aspects of the literature on 
the types and proportions of organic pollutants 
found in vegetal production used as animal feed 
and in animal production obtained, along with 
the identification of the main sources of 
pollution, factors which favors their 
accumulation in plant and animal body, their 
mobility characteristics and also their toxicity in 
relation to the contaminated substrate.  

The analytical methods used to identify 
the presence of POPs generally include lipid 
extraction step, partitioning and purification of 
samples and separating of polluting residues 
according to variable detection limits. 

  Separation, quantification and 
confirmation of presence of pollutants in feed 
and food samples is usually done by analytical, 
and high selectivity methods, based on 
principles of chromatographic separation, such 
as: high performance liquid chromatography 
coupled with mass spectrometry–LC-MS (Sun et 
al., 2020; Bommuraj et al., 2020); high 
performance liquid chromatography with UV 
detection (Rezaei et al., 2014); gas 
chromatography (Piskorska–Pliszczynska et al., 
2017); gas chromatography coupled with mass 
spectrometry–GC–MS (Welsh et al., 2019); gel 
permeation chromatography (Chen et al., 2017). 

The study include specialized data from 
the last two decades and can be an important 
basis for future research in this topic. 

 
 

RESULTS AND DISCUSSIONS  
 

The destabilization of environment is 
most often a result of human activities, 
conscious or not, but which generates a 
multitude of components that interact with the 
elements of ecosystem, from soil, water, air, 
plants, animals and up to human body. 

Being symbionts of nature, in relation to 
pollution, the components of ecosystem can not 
be ranked by importance. However, over time, 
focus has been particularly on awareness of 
negative effects of pollution on vegetal 
production–as feed, on animal husbandry–in 
terms of productions, but also on humans–as 
consumers of animal productions, all these 
being areas where pollutants can outline a 
sufficiently complex path (Zubairi et al., 2021). 

In environment, non-degradable 
pollutants are dynamic and their behavior is 
differentiated. For this reason, because of their 
particularities, they become a real threat to all 
trophic levels. The influence of pollutants is in 
generally quantified in terms of proportions, 
time spent in the body, by physiological 
mechanisms developed by organism, but also by 
characteristics of host tissue (Ali et al., 2019). 

In relation to their properties, organic 
pollutants have high mobility in the 
environment, their particularities being 
highlighted in numerous papers (Ali et al., 2019; 
Jaspers et al., 2014), which describe them as an 
important environmental contaminants. 

The pollution cycle begins with soil and 
plants. In next step, the accumulation of 
pollutants in different parts of plants provided 
as feed leads to the bioaccumulation of 
pollutants in animal body and then their 
transfer to production (Kim et al., 2013).  

Being the interface between soil and 
atmosphere, after Teil et al. (2004); Yang and 
Zhu (2007), in plants, pollutants can reach by 
air deposition or root absorption. According to 
Creaser et al. (2007), distribution sources 
mentioned above are related to many variables 
such as wind speed and direction, temperature 
(influences the way substances are present in 
the atmosphere), plant permeability, as well as 
the physico-chemical properties of pollutants.  

Through feed intake, the animal body may 
be exposed to accumulation of polluting or 
contaminating compounds, especially those 
with a preference for fatty tissues. Data from 
the literature, provided by EFSA (2005) and Tao 
et al. (2009), showed in this topic, that lipids 
can serve as "storage deposits" in the body, for 
pollutants with high lipophilicity; the main 
route of entry into animal body is consumption 
of feed in whose composition can be found. 

In case of animal productions, the 
particularities of pollutants transfer from 
animal body in productions were studied by 
Thomas et  al. (1999), highlighting the 
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importance of physiological condition of 
animals as an influencing factor in this cycle. 

According to Manciulea & Dumitrescu 
(2016), exposures to organic pollutants are 
generally chronic, so assessing their incidence 
and their influence requires grouping them into 
categories, in relation to the toxicity applied on 
different substrates,  according to figure 1.  

Based on the mobility characteristics, 
Rodriguez–Hernandez et al. (2015) noted that 
organic pollutants can be easily transferred to 
the chain: soil–vegetal production–animal 
production. Particularly, Pop et al. (2006) had 
pointed out that the transfer of substances from 
feed into animal body and animal production is 
well reflected in case of cows and milk. 

As a result of variables in production 
process, from animal husbandry to finished 
product, Rychen et al. (2008) described milk 
and dairy products as among foods with a high 
risk of exposure to POPs contamination. In milk, 
accumulation of persistent organic compounds 
is the consequence of their main properties: 

chemical persistence and lipophilicity, being 
frequently stored in body tissues rich in lipids 
and subsequently transmitted to milk 
production (Avancini et al., 2013). 

Monitoring of pollutants and 
contaminants in food substrates has shown that 
persistent organic substances have been little 
studied as factors of milk contamination. The 
increase of incidence in dairy analyzed samples 
has made the monitoring and identification of 
organic pollutants in cow's milk more frequent. 
Thus, aspects of contamination with persistent 
organic pollutants in milk and dairy products 
have been mentioned in various studies on 
organochlorine pesticides such as DDT, HCH, 
Aldrin, Dieldrin, Clordan or Heptachlor (Nida`m 
et al., 2009; Tsiplakou et al., 2010). 

The presence of POPS as modern 
pollutants has long been a topic of interest, 
especially because their identification from 
different substrates requires complex, selective 
and accurate methods and techniques of    
analysis (CEC, 2011). 

 
 

 
 

Figure 1 Classification of organic pollutants according toxicity 
 

The change in emissions of organic 
pollutants has led to the development of many 
global legislative frameworks to reduce the 
consequences of pollution, eliminate existing 
pollutants or prevent possible contamination. 
Therefore, toxic potential of organic pollutants 
has been intensively monitored over time, and 
the most harmful of these have become part of 
legislation in this regard. According to 
environmentalists, at least 12 such organic 
substances with toxic properties and negative 
influences on living organisms became, in 2001, 
part of the Stockholm Convention on Persistent 
Organic Pollutants. According to the European 
Chemicals Agency (2021), currently,  the list of 
banned or restricted organic pollutants reaching 
about 28 hazardous chemicals. 

The proportions of organic pollutants in 
feed, the particularities of transfer in animal 
body and animal production, and also their 
relevance for milk contamination were studied 
by Tremolada et al. (2014); Piskorska–
Pliszczynska et al. (2017) which outlined, by 
analyzing their proportions, the transfer 
potential of pollutants into cow's milk, the 
results obtained by them being similar with the 
results obtained in a previous study, developed 
by Lake et al. (2013), which found that any 
detection of organic pollutants in animal body 
or in animal production indicates the presence 
of contaminants in administered feed. 

Both in environment, in plants and 
animal body, is difficult to understand the 
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behavior of pollutants because their 
characteristics are related to multiple factors. 

On organic pollutants, environmental 
factors do not have a high capacity for action 
because they cannot withstand the permanent 
accumulation that takes place in the 
environment. However, as Daly & Wania 
(2005); Manciulea & Dumitrescu (2016) point 
out, temperature, vapor pressure and sunlight 
can still be important for the pollutants cycle in 
nature: low temperatures–facilitate the 
passage of POPs from vapors into particles 
suspended in the atmosphere, causing slower 
migration from one area to another; high 
temperatures–facilitate the atmospheric 

expansion of pollutants; sunlight–increase the 
persistence of organic pollutants. 

 The literature includes numerous 
research on POPs pollution, most of sources 
including human activities such as industrial 
processes and agricultural practices, transport or 
inadequate waste management. If for plants, the 
main source of contamination with organic 
pollutants is their absorption from the soil, for 
animal body, the main path of contamination is 
the consumption of contaminated feed (EFSA, 
2005), while in animal production the presence 
of pollutants is a consequence of their metabolic 
transfer from the body (Aytenfsu et al., 2016). 

 
Table 1 

Proportions of POPs identified in feed and milk in different regions 

POPS1 REGION 
QUANTITY 

METHODS REFERENCES 
 ng g-1 

VP - Feed 

OCP2 (γ – HCH3; DDE4, 
Endosulfan sulfate) 

India 1.90–2.95 GC13 Bedi et al., 2018 

∑PCB*7 France 52.20–79.86 GC-HRMS13 Costera et al., 2006 

PCDD8 (TCDD9, OCDD10); 
PCDF8 (TCDF9, OCDF10) 

France, Spain 60–1490 GC-HRMS13 
Costera et al., 2006 
Schuhmacher et al., 
2004 

PCDD8 (TCDD9, OCDD10); 
PCDF8 (TCDF9, OCDF10); 

DL–PCBs11 
Poland 20–100 GC13 

Piskorska–
Pliszczynska 
et al., 2017 

DL–PCB** 11 Iran Ns. GC – ECD13 
Ahmadkhaniha et al., 
2017 

AP - Milk 

OCP2 (α, β, γ – HCH3; HCB6, 
DDE4, DDT5,  Endosulfan 
sulfate; α, β – endosulfan, 

Dieldrin) 

France, Iran, 
Romania, Pakistan 

0.46–41.46 
GC-HRMS13 

HPLC14 

Costera et al., 2006; 
Jahed Khaniki, 2007;  
Rusu et al., 2016; 
Sajid, 2015 

α, β, γ – HCH3 Romania Ns. GC – MS13 Rusu et al., 2016 

HCB6, DDT5, DDE4 USA Ns. LC – MS14 Zubairi et al., 2021 

∑PCB*7 Iran, USA 18.92–172.4 
GC – ECD13; 

QuEChERS – 
GTMS *** 

Ahmadkhaniha et al., 
2017 
Chen et al., 2017 

PCDD / PCDFs8 Italy, Poland, Iran 1.77–5.84 
GC-HRMS13 

HPLC – UV 14 
Desiato et al., 2014;  
Rezaei et al., 2014 

DL – PCBs11 Iran, Italy, Poland 0.13–5.18 
GC – ECD13; 
GC-HRMS13 

Ahmadkhaniha et al., 
2017; Piskorska–
Pliszczynska et al., 
2017 

ƩPAH12 

China, New 
Zealand, Europe 

8.18–9.38 HPLC14 Sun et al., 2020 

 Iran 1.42 HPLC–MS / FID14 Shariatifar et al., 2019 

1POPs=persistent organic pollutants; 2OCP=organo–chlorine pesticides; 3HCH=hexachlorocyclohexane; 4DDE=dichloro–difenil–dicloroetano; 
5DDT=dichloro–difenil–tricloroetano; 6HCB=hexachlorobenzene; 7PCB=polychlorinated biphenyls; 8PCDD/F=dibenzo-p-dioxins and 
dibenzofurans polychlorinated; 9TCDD/F=dibenzo-p-dioxins and dibenzofurans tetra chlorinated; 10OCDD/F=dibenzo-p-dioxins and 
dibenzofurans octa chlorinated; 11DL–PCB=dioxin-like PCBs; 12PAHs=polycyclic aromatic hydrocarbons;13GC=gas chromatography 
(HR/MS=high resolution/mass spectrometry; ECD=electron capture detector); 14HP/LC=high performance liquid chromatography 
(MS/FID=mass spectrometry/flame ionization detector); VP=vegetal production; AP=animal production; Ns.=unspecified; *∑PCB 
(77,81,126,169,105,114,118,123,156,157,167,189,28,52,101,138,153,18); **∑DL–PCB (77, 81, 126, 169, 105, 114, 123, 156, 157, 167, 
189);*** purified by gel permeation chromatography and quantified by chromatography gas–triple mass spectrometry quadruple. 

 
 
In relation to their particularities, the 

incidence of organic pollutants has been the 
subject of some studies developed in different 
regions of the world, different proportions of 

pollutants being identified, on their traceability 
system, from vegetal production used as feed, to 
animal body and its production, by different 
detection methods (Table 1). Bedi et al. (2018) 
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studied the exposure of ruminants to POPs in 
relation to feed, by determining, in particular, 
the incidence of organochlorine pesticides 
(OCPs) in feed supplied to cattle and presence 
of their residues in milk. Following the study, 
the authors highlighted the presence of OCPs, 
identifying proportions between 1.90–2.95 ng/g 
in all feed samples.  

PCDD/PCDF and PCB proportions were 
determined for some feed samples collected 
near industrial pollution sources in Spain by 
Schuhmacher et al. (2004). In France, Costera et 
al. (2006), determined the presence of 
pollutants in animal feed and also the possibility 
of transferring their residues in milk. The data 
reported by the both studies after the 
experimental period showed an average 
proportions of PCDD/PCDF in the analyzed 
feeds of 60–1490 ng/g, values higher than those 
reported by Piskorska–Pliszczynska et al. 
(2017) in a similar study in Poland, which 
showed proportions of dioxins and furans in 
cows feed of 20–100 ng/g.  

Data about POPs contamination of milk 
and dairy products have been mentioned in 
various studies on OCPs of type α, β, γ–HCH; 
HCB, DDE, DDT, α, β–endosulfan, Dieldrin 
(Costera et al., 2006; Jahed Khaniki, 2007; Rusu 
et al., 2016), PCB (Ahmadkhaniha et al., 2017; 
Chen et al., 2017), PCDD/PCDFs and DL–PCBs 
(Ahmadkhaniha et al., 2017; Desiato et al., 2014; 
Jirdeji et al., 2015; Piskorska–Pliszczynska et al., 
2017; Rezaei et al., 2014) or PAH (Shariatifar et 
al., 2019; Sun et al., 2020). 

Recent studies developed by Welsh et al. 
(2019) for the  assessment of OCPs incidence in 
milk showed residues of several pesticides in 
about 70 % of the samples taken. Also, to 
quantify the degree of OCPs contamination in 
milk, Vasconcelos–Rego et al. (2019) have 
carried out a review of several works over the 
last two decades, high proportions of polluting 
residues from contaminated feed being 
identified in milk in different parts of the world. 

In Romania, Rusu et al. (2016) 
determined the OCPs incidence (HCH, DDT) in 
milk collected in vicinity of an urban area from 
NE of the country, by analyzing samples from 
individual farms or producers. Results obtained 
during the experimental period indicated that in 
all samples important residual contents of γ–
HCH (lindane) were identified, while DDT 
compounds were not detected in any samples. 

In their study, Chen et al. (2017) 
determined 19 types of polychlorinated 
biphenyls (PCBs) from eight milk samples, 

variable proportions of PCBs being detected in 
all milk samples analyzed. Based on identified 
proportions, three of the most common types of 
PCBs were highlighted.: PCB–101 (23.6 pg/mL 
milk); PCB–118 (25.2 pg / mL milk); PCB–138 
(25.3 pg/mL milk). 

 
CONCLUSIONS 

 
The incidence of organic pollutants found 

in the environment shows that animal feed and 
animal source foods can be prone to continuous 
contamination, the proportions identified 
highlighting how pollutants can affect the safety 
of feed and food. 

Pollution must include consistent efforts 
at all levels, by identifying safe alternatives to 
reduce the impact on environment and 
identifying appropriate methods to reduce 
toxicity and environmental damage. 
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