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Abstract

Persistent Organic Pollutants (POPs) have a very long life and they persist in the environment for a very long
time and have a long life in soils, sediments, air or biota. There has been a recent upsurge of interest in the
development of low cost reliable measures which are required in order to detect and trace current concentration
levels of persistent organic pollutants (POPs) as a result of increasing levels of accumulation within the living
organism, transformation as well as toxicity making it ideal to examine the impact on the environment which has
been the focus of this review. There are still debates that rage around the issue including relevance of some
physio pathologic effects of POPs on the human body along with epidemiological and clinical effects on the
human population. Hence in this review there is examination, debating and presenting of arguments in relation to
the sources, properties and types of POPs in the atmosphere along with examining the toxicity, analytical
techniques and monitoring of atmospheric and biological concentration of POPs in the human population.

Keywords: persistent organic pollutants, sources, properties, atmospheric and biological concentration of POP,
toxicity

1. Introduction

Persistent Organic Pollutants (POP) are a class of chemical compounds that are derived from a particular series
or families of chemicals (El-Shahawi, et al., 2010) which are highly chlorinated and possess a molecular weight
from 200 to 500 Da. Their vapour pressure is found to be lower than 1000 Pa (Ross et al., 2009). POPs have a
very long life and they persist in the environment for a long time including soils, as sediments in air or biota
(Kallenborn, 2006; Porta et al., 2008). There is no consensus among the academic professionals (Xie et al., 2010;
Wang et al., 2012) on the exact meaning of the term persistent and how long a product should exist in the
environment to be labelled as persistent compound. However, in practice, POPs are classified as compounds
which can have half-life period running into many years (Xie et al., 2010).

Toxicity, high persistence and bioaccumulation ability are the factors that are the primary focus in the latest
environment based studies. According to Lerche et al., (2002), POPs are among the most important subset of
Persistent, Bioaccumulative and Toxic (PBT) chemicals including pesticides like y-hexachlorocyclohexane or
1,1,1-trichloro-2,2-diethane, polychlorinated biphenyls, polycyclic —aromatic hydrocarbons (PAHs),
polychlorinated naphthalenes, polychlorinated dibenzo-p-dioxins, polychlorinated dibenzofurans, as well as
groups of brominated flame retardants (BFRs) such as polybrominated biphenyls, hexabromocyclododecane,
chlorine-containing molecules like polybrominated diphenyl ethers and tetrabromobisphenol. The overall
quantity of POPs in the environment increases due to the addition of PAH and BFR materials as a result of
massive domestic waste disposal, pollution from chemical plants, combustion of fossil fuels, the wide-spread use
of pesticides and pollution from chemical plants (Muir & Howard, 2006).

Humans are known to store POPs in their fat tissues. Animal fat tissues as well typically store polychlorinated
biphenyls (PCBs), trans-nonachlor, dioxins, hexachlorobenzene, dichlorodiphenyldichloroethan and the
hexachlorociclohexanes (Porta & Zumeta, 2002; Liem et al., 2000; Sanz-Gallardo et al., 1999; DeVoto et al.,
1998; Porta et al., 2003). However, it has been discovered that humans who eat meat also ingest some of the
POPs that occur within the fatty tissues of the animals (Schafer & Kegley, 2002; van Larebeke et al., 2001;
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Kalantzi et al., 2001; Schepens et al., 2001). Despite banning of most dangerous POPs, there are others such as
DDT which is still used widely and is even today being exposed to humans through food chains.

The most important challenge to the human society is to reduce the amount of POPs contamination and use in
food chain (Porta, 2002). In order to keep a regular check on the quantity of POPs in the food chains, there is a
necessity to monitor regularly along with the policies and processes initiated to reduce the amounts of POPs in
the food chains. The policies to reduce POPs include ‘The Stockholm Treaty’ on POPs (Porta & Zumeta, 2002)
which was instituted to monitor the concentration levels of POPs in the general population (United Nations
Environment Programme, 2007). There are still debates on the issue of the social relevance of some
physiopathological effects of POPs on the human body along with epidemiological and clinical effects on the
human population (Weinhold, 2003; Kaiser, 2000; Lee et al., 2007; Stokstad, 2004; Myers, 2002) making it vital
to examine, debate and present arguments in relation to the sources, properties and types of POPs in the
atmosphere. The present review presents the toxicity and analytical techniques to monitor the atmospheric POPs
in order to quantify the concentrations of POPs in the human population.

2. Sources of POP

POPs like dibenzofurans and dioxins are released in the atmosphere by natural sources like volcanic activities or
due to forest fires. POPs as their name suggests, are quite durable and are not prone to degradation quickly in the
environment. Some of the major man made sources of POPs are from the industrial sources like incinerating
plants, power stations, use of agricultural sprays, heating stations and evaporation from water surfaces, soil, or
from the landfills. The above mentioned sources are deliberate man made sources, however there are also other
man made sources from which POPs are released but are unintentional. These sources are bushfires and
putrefaction, chemical facilities, wastes containing PCBs (this includes waste that stems from the use of obsolete
oil or cooked oil, cement manufacture, lixiviation of dumps, the repairing and maintenance of equipments,
sewage sludge, incineration-municipal, hazardous, medical waste, landfills-hazardous waste/plastic waste,
demolition of building, industry-chlor-alkali plants, evaporation, organ chlorine pesticide plant and cock plant,
cement manufacture, organochlorine pesticide storage, animal carcass incinerator, fly ash storage and
combustion of fossil fuels) and diverse combustions (Ying et al., 2005; Wenzel et al., 2006).

Effluents from production plants as well as runoffs from fields contaminate the atmosphere. Roads and
atmosphere are found to contaminate the water system with fats and oils, liquid fuels, mud, residues and deposits.
Oceans and seas are identified to be the major reservoirs receiving the pollutants through numerous rivers and
streams that have soaked up the atmospheric POPs and sediments, disposal systems etc and carry them to the
larger water bodies. These POPs can be stored as sediments on the bottom of these water bodies and is released
in natural calamities like volcanic eruptions (Galiulin et al., 2002; Petrlik et al., 2001).

3. Properties of POPs

The chemical and physical properties as well as the type of environment influence the chemical behaviour in a
particular environment. The molecules’ structure and the nature of the atoms constituting the molecules
determine both their chemical and physical properties. The physico-chemical properties that allow the
compounds to exist either in the vapour phase or be adsorbed by atmospheric particles are: very low and high
lipid solubility as they decide their bioaccumulation in tissues, high toxicity, and semi-volatility which helps
them to travel long distances in the atmosphere before being deposited (Berg et al., 1998; Guzella et al., 2005).

POPs can transmit to the ground surface by either dry deposition such as ashes, water sediments or by wet
deposition such as vapour or gaseous phase substance by rain and their subsequent deposition. Majority of POPs
exhibit only minimal solubility in water. At the same time, it can be easily absorbed on dry deposits such as soil,
ash, water sediments, and dust particles. Moreover, they can also exhibit reasonable solubility in organic fluids
such as liquid fuels, fats and oils. This indicates higher the concentration of solid particles and polluting organic
fluids in water, the greater the POP content (Katsoyiannis & Samara, 2005).

The general characteristics of POPs are that they belong to a class of organic compounds that are hydrophobic
and lipophilic (Vallack et al., 1998). When present in aquatic systems and soils they have a tendency to stick to
the solids, especially the organic particulates, rather than the water. In organic cells, they once again have a
tendency to segregate into lipids which are then stored inside the fatty tissues of the organisms, rather than
entering the aqueous milieu of cells (Wang et al., 2010). A major reason why the POPs tend to accumulate in the
food chain as metabolism is a slow process and tends to accumulate in organisms (Muir & Howard 2006).

In the atmosphere, POPs go through slow decomposition in the presence of solar radiation (photolysis), humidity
and other organic and inorganic substances. The heat and other atmospheric conditions of geographical region
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determine the persistence of POPs in the atmosphere. While in the tropical regions, many POPs last for only
several days, they can last for several years in the polar atmosphere (Huang et al., 2006). The consequence of
their atmospheric stability is their transport through hundreds and thousands of kilometres. Evidently, traces of
pesticides, which are still predominantly used in Africa and South America, have been found in the North Pole
region. Confirmation of their air-borne transport was done by measuring their presence in ice and snow in the
North Pole and also in the organisms present in the North Sea. Since these compounds have never been utilized
in the North Pole, their presence proves that the only way they may have be incorporated is through long
distance transport (Kumar et al., 2005; Berg et al., 1998).

Bioaccumulation leads to biomagnification of some persistent organic substances; hence, these molecules are
found to occur at higher concentrations in animals that occupy the highest levels in the food chain. This happens
because the predators prey on animals that are hundreds of times their own weight (Harrad, 2009).

In Table 1, the most important physico-chemical properties of the 12 POPs that are of toxicological interest to
the scientists have been listed. The table includes organochloride insecticides, such as DDT, dieldrin, chlordane,
and toxaphene. Many industrial products or by-products are found to consist of polychlorinated
dibenzo-p-dioxins and polychlorinated dibenzofurans.

Persistent organic pollutants also tend to turn into a gaseous state under environmental temperatures (UNIDO,
2000). Thus they may volatilise from sources like water bodies, soil or the vegetation into the atmosphere and
can travel long distances before they get absorbed or deposited elsewhere (Fiedler, 2003). This entire cycle of
volatilisation and re-deposition can occur a number of times. Thus, these organic compounds can originate in one
place and can get accumulated at a completely different place. Based on the atmospheric temperature and the
physico-chemical characteristics of the chemicals, POPs may exist in between particles and aerosols in the
atmosphere (Kumar et al., 2005).

Table 1. Physio chemical properties of certain POPs

S No Name of compound Molecular weight ~ Water Solubility log Kow Vapour Pressure
1 Aldrin 365 27ngl-1 5.17-7.4 23X 10-5

2 Chordane 410 56 pgl-1 4.58-5.57 098 X 10-5

3 DDT 355 1.2- 5.5 pgl-1 6.19 0.2X10-6

4 Dielctrin 381 140 pgl-1 3.69-6.2 1.78 X 10-7

5 PCCDs 322-460 0.074-19.3 ngl-1 6.80-8.20  8.25X 10-13

6 PCDFs 306-444 1.16- 419 ngl-1 6.53-8.7 3.75 X 10-13

4. Types of POPs

4.1 Pesticides

In many countries, a slow but steady move towards the use of less bioaccumulative or less persistent pesticides
has been noticed. However, in countries that are developing, which include the tropical countries, organochlorine
pesticides (eg., HCH, DDT, heptachlor, and chlordane) are still being employed by the farmers in agriculture and
in the control of arthropods of veterinary or medical importance. As a consequence of this, the levels of HCH
and DDT are found to decline in human tissues in developed countries, while levels of POP in human tissues are
stable in most of the developing countries (Loganathan & Kannan, 1994).

National and international organizations are still advocating the use of many of the organochloro pesticides, in
particular DDT, for the control of lice, mosquitoes, and flies that play a role in the spread of malaria, typhoid and
typhus. However, according to the WHO, with the decreasing world-wide production, of DDT, the speedy
development of insect resistance and the potential emergence of other alternatives, the use of DDT may stop
without the legal system intervening. While chlordane and heptachlor are being utilized in the control of termites,
their use is being controlled steadily in many countries.

Pesticides not bound to soil or not accumulated in animals and plants, but it drains into rivers and lakes and
thereby affecting the aquatic food chain systems. Pesticides with high chlorinated levels have been identified in
Indonesia, Malaysia, China, Thailand, Tanzania and Colombia rivers at levels indicating high potential hazards
(Repetto & Baliga, 1996). These pesticides are semi-volatile and hence can be dispersed by air also. It has been
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noted that the semi-volatile compound that are persistent such as DDTs and HCHs, released in the tropical
regions are inclined to be redistributed globally (Iwata et al., 1994). Considering redistribution of chlorinated
pesticides, a study by Simonich and Hites (1995) indicates that high chlorinated pesticides are not only used by
developing countries but also used by industrialized countries like southern Ontario, southern USA, the
Caribbean and Mexico, even though the compounds have been banned for many years (Hoff et al., 1992).
Examples of such compounds are dieldrin, HCHs, DDT, chlordane, and toxaphene.

According to Iwata et al. (1993), the main source for the latitudinal distribution of HCHs and DDTs has found to
be transmitted from mid to low latitudes in 1980s. In 1996, Weber and Goerke (1996) discovered that the levels
of p,p’-DDE (a metabolite of DDT) have shown an increase in many Antarctic fish between the years 1987 and
1991. This reflects that organochlorine pesticides are being used continually and that sometimes it is increasing
in countries that are developing and present near the tropics.

4.2 Industrial Chemicals

Polychlorinated biphenyls (PCB compounds) are reported as environmental pollutants in 1996. Bird tissue, water,
fish tissues and sediments have been contaminated by these PCB as it has 2-10 chlorinated compounds attached
to the biphenyl molecule. A classic example of these compounds is Monochlorinated biphenyls wherein a single
chlorinated atom is bound to the biphenyl molecule. Figure 1 illustrates the common chemical structure of
chlorinated biphenyls. So far, the researchers have identified 209 different PCB congeners. As these compounds
can resist degradation, they become persistent in the environment for a long period and a major pollutant in
atmospheric as well as water and gets transported through the same medium (Korytar et al., 2002; Panic &
Gorecki, 2006; Villa et al., 2003).
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237, E-'I;etrm:hloran'.ihe nzo-p-dioxin

3,3'.4.4" 5-Pentachlorobiphenyl (PCB12E)
Figure 1. Basic structures of the chlorinated dibenzo-p-dioxins (dioxins), chlorinated dibenzofurans (furans) and
polychlorinated biphenyls (PCBs)
Source: El-Shahawi et al., 2010.

4.3 Polycyclic Aromatic Hydrocarbons (PAHs)

In PAHs, two or more carbon and hydrogen containing benzene rings are fused in linear, angular or cluster
formats. Stable C-C bonds form the central molecular structure of these PAHs. As the PAHs are identified to be
potential carcinogens, the US Environmental Protection Agency (EPA) proclaimed 16 PAHs as major pollutants.
Following this announcement, there has been more focus on reducing their distribution and adverse effects.

Soil, air and various consumable products are being contaminated with these PAHs. They are present throughout
the world as they are emitted by plants after prairie fires. But, anthropogenic processes such as fossil fuel
combustion and effluents from industrial processing expel PAHs and increasing its levels in the environment.
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PAHs may also be released via agricultural fires and cooking. The researchers have found out the characteristics
of the precursor sources (i.e., whether they are pyrogenic or petrogenic) through the PAHs distributed in the
sediments (Aboul-Kassim & Simueit, 1995; ATSDR, 1995; Zielinska & Samy, 2006).

5. Evidence for Long-Range Transport of POPs

As these POPs are volatile and resistant to biological, photolytic and chemical degradation, they become
persistent throughout the world. Each continent and even remote areas like the deserts, the Arctic (Barrie et al.,
1992), the Antarctic (Tanabe et al., 1982; Bidleman et al., 1993) and open oceans (Hargrave et al., 1988; Iwata et
al., 1993) reported high levels of POPs. The distribution of PCBs around the world has been discussed in many
studies (Mes, 1987). Researchers have reported the ubiquitous nature of these chemicals in their studies. For
example, Risebrough and Carmignani (1972), George and Frear (1966) reported the contamination of the
Antarctic by DDTs and PCBs. Following these studies Barrie (1986), Goldberg (1975) Bowes and Jonkel (1975),
and Clausen and Berg (1975), documented the presence of several organochlorines in the Arctic. Wania and
Mackay (1993) reported the high level distribution of POPs in the Polar Regions. Few researchers observed high
concentration of some particular organochlorines in plankton (Bidleman et al., 1989), wild animals (Muir et al.,
1988; Norstrom et al., 1988), seawater (Hargrave et al., 1988) and rainfall (Gregor & Gummer, 1989).

In a study, HCB concentration in Antarctic fish was found to be the same level as that of North Sea fish (Weber
& Goerke, 1996). The Arctic marine ecosystems and other ecosystems (Barrie et al., 1992) that include predators
and aboriginal people who consume marine mammals and fish as their staple food have been reported with high
level of POPs (Kinloch et al., 1992). These ecosystems have been extremely polluted by POPs (Dewailly et al.,
1989).

6. The Global Distillation/Fractionation Effect

The effect of global distillation/fractionation is highly responsible for the prevalence and persistence of POPs in
Polar Regions (Wania & Mackay, 1993). The pesticides that have been used in warm climatic condition may
evaporate and migrate to cold regions where they can be condensed and become persistent in the environment.
This ‘rule of the cold wall’ illustrates the organochlorines existence in circumpolar wildlife (Rappe, 1974). The
mechanism of transport of DDT from continents to oceans, Goldberg (1975) coined the term ‘global distillation’.
This effect is also called as the ‘cold trap’ (Rahn & Heidam, 1981), the ‘cold condensation’ (Ottar, 1981), or the
‘cold finger’ (Weschler, 1981). It is identified from a recent study that the chronic spatial distribution patterns of
organochlorine chemicals has increased in recent years due to the physico—chemical characteristics of these
substances and some particular characteristic features of cold environments (Wania & Mackay, 1993).

Generally, the distribution pattern of a substance is determined by its volatility and atmospheric temperature. As
a result, the highly volatile POPs have a tendency to migrate from hot and temperate areas to colder areas. The
migration pattern of POPs to higher latitudes that consist of a sequence of short jumps is called as ‘grasshopper
effect’ in which they stop their migration and remain suspended at mid-altitudes if there is a change in the
seasonal temperature and continue to migrate when there is a favourable temperature (Wania & Mackay, 1996)
(Figure. 2). A characteristic environmental condensation temperature or temperature range is possessed by each
POP. As these POPs are volatile in nature, they can easily migrate to the Polar Regions by means of air. As a
result, based on the degree of volatility they have been distributed throughout the world and this kind of
distribution is called ’global fractionation’. As these pollutants may expel from accumulated chemical reservoirs,
they will continue to contaminate the environment even though there is a decline or pause in their release.
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Figure 2. POP global migration processes
Source: Wania & Mackay, 1996.

7. Extraction of POPs

Supercritical fluid extraction or as it is commonly known as ‘SFE’ is an extraction technique that makes use of a
gas at the critical point wherein the high pressure and temperatures make the gas exhibit fluid like properties in
order to extract analytes from the matrix. The main benefit of this process is that the gas extracted can be
evaporated without any solvent disposal. SFE techniques tend to behave in a different manner in comparison to
traditionally used solvent based extraction methods, where the recoveries can be increased or reduced as per
demand. The Pressurized Liquid Extraction (PLE) technique of extraction, an accelerated solvent extraction
process was derived from SFE technique. In SFE extractions, certain solvents were included to act as modifiers
to mimic classical liquid extractions. Classical extraction recoveries were best matched only by solvent modifiers
and SFE without extraction gas and this led to the development of PLE. Another technique used for extraction
uses enclosed vessels in a bid to raise the pressure and subsequently enhance the efficiency of extraction and this
technique is called as Microwave assisted extraction (MAE). The heat required for the extraction process is
supplied by polar solvents such as water or acetone. San et al., (2005) reported the analysis of samples that were
extracted using the MAE process, clearly pointed out that it took far less time to dry out the sample when
compared to other processes.

Another technique that is used to improve efficiency and decrease the time involved in the analysis process is
solid phase extraction. This method also reduces the amount of solvent used for the extraction of water and waste
water samples, even with significant particulate loadings (San et al., 2005). By using this technique the
particulates that are gathered by the C18 extraction disks are quantitatively separated without using PLE
extraction or Soxhlet. According to Katsoyiannis and Samara (2007) and Taylor et al., (1995), water sampling;
air sampling or even sediment sampling can be done using SPMD sampling techniques. Water sampling in the
case of SPMD sampling technique can be done passively using semi permeable membrane devices.

Another study by Namiesnik et al., (2005) has delved into the passive sampling methods in environmental
sampling. The study revealed that passive sampling methods are based up on the unobstructed flow of the
analytes from the sampling medium to the collecting medium. The medium lowers the overall requirement for
energy significantly along with the cost required for the analysis process due to reduced sampling events and
analyte loss during shipping and storage as the analyte is on a trapping medium. Different extraction methods are
presented in table 2.
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Table 2. Extraction techniques of POPs in various matrices at different regions

Sample Matrix

Extraction method

Analyte

References

PCBs, OCPs, PAHs,

Fiedler, 2003; Fernandez, , Carrera&
Grimalt, 2005; Hela et al., 2006; Hjelmborg,

Sediment SE, LSE, LLE, HCB,HCH, Ghisari & Jorgensen, 2006; Covaci &
SFE, MASE DDT, PBDEs, Schepens,2001; Chen, Wang & Wang, 2005;
PCDD/Fs Ekmekci, 2005; Namiesnik et al., 2005;
Mannila, Koistinen& Vartianinen,2002
Singapore, Australia, lj"ernandez, Carrera,2005; Heim, et al.,.2003;
Soil SE, SPE, PLE, Europe Ying et al., 2005; Zhao et al., 2006; Guitart et
LLE, sonication U al., 2004; Vanbeuzekekom et al., 2003; US
Brazil, China Environmental Protection Agency ,1999
Sanpera et al., 2003; Poon et al., 2005; Uneo
Sonication process, et al., 2003; Wang et al., 2009; Borges et al.,
—_— SPMD, LLE, EACII;S’ Ol—é(l:’}z’ PCBs, 2009; Juhasz et al., 2003; Landaluze et al.,
filter DOC ’ 2006; Zhao, Yang & Wang, 2007; Matheus,
Bononi& Machado, 2000
Air Swipe/biofilms, PCDD/F, HCB Landaluze et al., 2006; Rayne et al., 2005;

passive sample

Lucaciu et al., 2004

Source: El-Shahawi et al., 2010.

8. Dosage and Toxicity of POPs

The extreme toxicity and prevalence of POPs even in remote geographical areas make them a significant concern.
In the past few years toxic ecological effects of POPs have been a primary focus for researchers. Following these
studies most of the countries controlled and banned the use of these POPs. Researchers identified a lot of organic
substances that pollute the aquatic environment, particularly they investigated more about the toxic effects of
PCBs and (OCPs) in aquatic environment. As these organic pollutants are resistant to biological degradation,
they have been found in the marine environment for years together. Besides animals and plants, these POPs are
present in humans (UNIDO Workshop on Contamination of Food and Agro Products, 2000; Sweetman et al.,
2005).

The hormonal disturbances caused by the POPs in humans and their ability to induce abnormal functions of
endocrine as well as reproductive systems in humans and animals made POPs a public concern. These pollutants
(food and water) are found to create adverse environmental effects and should be eliminated from the
atmosphere. These organic pollutants could develop cancer, birth defects, learning disabilities, immunological,
behavioral, neurological and reproductive discrepancies in human and other animal species (Sweetman et al.,
2005). Furthermore the members of the food chain such as eagles, polar bears, killer whales and human being
also accumulate these toxic chemicals through food chain. Humans ingest a significant amount of POPs, in turn
which lead to adverse health effects and even slow death. Their ability to cause endocrine disruption,
reproductive and immune dysfunction, neurobehavioral and disorder and cancer have been demonstrated in
various studies (Pauwels et al., 2000; Katsoyiannis & Samara, 2005).

Exposure to POPs develops reduced immunity, recurrent infections, developmental abnormalities,
neurobehavioral impairment and cancer and tumor induction or promotion in infants and children. Few studies
proved the ability of POPs to induce breast cancer in human being. These pollutants are prevalent in aquatic
environment and the aquatic animals are highly exposed to these pollutants. Through food chain, humans
consume the pollutants from these aquatic animals and accumulate them in their cells (Katsoyiannis& Samara,
2005). When compared to adults children are found to be more susceptible to the impacts of contaminants. These
contaminants, especially the persistent organic pollutants could easily damage the developing cells of the
children. Few studies (Bouwman, 2003; Bolt & Degen, 2002), demonstrated the lower intelligent quotient and
inability to shut out distractions in the individuals who were exposed to POPs during their childhood.

9. Trends in Monitoring of POP

The international chemical policy has increasingly given more importance to persistent organic pollutants over
the years. These pollutants are toxic in nature and are of anthropogenic origin that are quite often challenging to
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degrade in nature and also are capable of being transported over long distances through the air. As a result,
lindane (y-HCH) was constrained to six particular uses and technical HCH was limited to use as an intermediate
in chemical manufacturing by the POPs protocol which was activated in the year 2003 as part of the UNECE
Convention on Long-range Transboundary Air Pollution’s framework. In addition to this, the use of DDT and
PCBs were also strictly limited and the use of HCB was completely restricted soon afterwards. The European
Union also voted to stop the use of lindane as a protection agent and the compound was supposed to have been
completely stopped and removed by the year 2002 (OSPAR, 2004). Governments all over the world are taking
measures to stop or reduce the amount of usage of POPs in the environment (UNEP, 2007).

The government’s actions in relation to the use of POPs have to be based on constant monitoring of the amount
of POPs in the environment, food chains and in the air. Gioia et al., (2007) and Shatalov et al., (2005), are two
studies that are trying to develop a monitoring system that combines multicompartmental modelling and
atmospheric modelling. Tracing the advection of polluted air is another method that can be used by the
governments. Trajectory statistics of air mass is clearly given in the guidance on the Global Monitoring Plan for
constant organic pollutants of the Stockholm Convention as a tool to support the detection and interpretation of
trends of POP concentrations in air (UNEP, 2007). Initially, trajectory statistical methods were used for the
evaluation of source attribution related emission and distribution pattern of the traditional air pollutants (Stohl,
1998). In addition to this, residence time analysis was found to be helpful in assessing the influence of source
area over the receptor sites through trajectory statistical methods (Zeng & Hopke, 1989). Various researchers
have tried to study the POPs using trajectory statistical methods (Eckhard et al., 2007; Hsu et al., 2003; Dvorska
et al., 2008 and Kallenborn et al., 2007).

10. Monitoring Human Exposure to POP

Studies that have dealt with the amount of POPs in the human body have often come up against the same
problem, which is that these pollutants tend to mix with other chemical agents in varying proportions. This
makes it difficult to identify the concentrations of the POPs and their influences on the human body and also
analyses of the population distribution of the concentrations of a given compound tend to reveal that individuals
have a lower amount of POPs when compared to certain minority population (NRC (National Research Council),
2006, DHHS, 2009; Porta et al., 2008; Thornton et al., 2002; Health Canada, 2010; Patterson et al., 2009; Porta
et al., 2010). Therefore, it is vital that the entire population distribution is analyzed for the concentrations of the
numerous environmental chemicals as recommended by the committee from the National Research Council
(NRC, 20006).

However, the concentration levels of individual compounds along with the number of compounds detected per
person are routinely reported, with a greater emphasis on the former as the latter information may not be accurate
primarily due to the fact that it does not account for the corresponding concentrations and is hence misleading
(DHHS, 2009; Woodruff et al., 2011; Porta et al., 2010; Health Canada, 2010; Thornton et al., 2002 and
Patterson et al., 2009). However, even a chemical by chemical analysis does not tackle the issue of multiple
chemical concentrations along with the POPs (Kortenkamp et al., 2009; Gladen et al., 2003; Porta et al., 2008).
The overall observation of the pollutants may be skewed because of the number of pollutants present with even a
specific pollutant in sufficiently large quantities creating combination effects. Two crucial factors for
combination effects to occur are the number of chemicals and their concentrations (Kortenkamp et al., 2009;
NRC (National Research Council, 2008).

11. Conclusion

Today international and national environmental regulatory authorities who have a great deal of interest in
protecting the environment and promoting sustainable activities are encouraged to ensure that they establish
chronic as well as dedicated monitoring and research programs which are aimed at assessing the environment for
the prevalence of POPs in different environments. The previous studies conducted are mostly long term in nature,
there is a need for a research and monitoring strategy similar to those already established from other
environments. There is an urgent need today for increased research opportunities and funding priorities in order
to understand the growing impact of ecological risk related to POP contaminants to the environment as a result
of comprehensive long term studies. Nowadays, most of the countries are encouraging the environmental
scientists to focus more on this environmental pollution and to bridge the research gaps found in this field. Till
date, there is no adequate research to draw a proper conclusion for solving and managing the impacts of
persistent anthropogenic pollutants. As a result, the researcher of this study has driven the conclusion based on
the conclusions from similar studies.
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