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Abstract 

Levels of Dichlorodiphenyltrichloroethane (DDT), polychlorinated biphenyls (PCBs), 

perfluorooctanesulfonate (PFOS) and polycyclic aromatic hydrocarbons (PAHs) were 

established soil and vegetable samples obtained from four sites, Aba and Umuahia for Abia 

State then Mbaise and Amaigbo for Imo State of Nigeria. Multistep strategies for detection of 

persistent organic pollutants (POPs) were used which included sample preparation, highly 

selective and sensitive instrumental techniques and quality assurance and control. For the soil 

samples, ƩDDT ranged from <LOD to 0.011 mg/kg, suggesting contamination below detection 

limit in Aba and Umuahia and low contamination in Mbaise and Amaigbo soils; PCBs were in 

the range of <0.001 to 0.021 mg/kg indicating values within tolerable daily intake except in 

Amaigbo where the precautionary target value was slightly exceeded; ƩPFOS ranged from 

0.001 to 0.005 mg/kg, exceeding trigger values in Umuahia, Mbaise and Amaigbo, while 

ƩPAH ranged from 0.068 to 0.276 mg/kg, suggesting slight pollution in Aba and no pollution 

in Umuahia, Mbaise and Amaigbo. For the pepper samples, values of ƩDDT ranged from not 

detected to 0.006 mg/kg which were far below World Health Organization (WHO) Maximum 

Residue Limit (MRL) value. PCBs recorded in the pepper vegetables were all safe according 

to WHO 2003 (<0.001 – 0.11 mg/kg). Values for  ƩPFOS ranged from <0.001 to 0.010 mg/kg, 

which were below tolerable weekly intake according to EFSA, 2020, while ƩPAH4 with range 

of values from 0.013 to 0.216 mg/kg do not present health risk to consumers based on the 

margin of exposure results. In conclusion, values of DDT were seen to be below WHO MRL 

values, the PCBs were safe going by WHO, values of PFOS were below tolerable weekly intake 

and PAH values in the pepper do not present health risk to consumers. However, observation 

of good agricultural practices, monitoring, controlling, risk assessments and reviewing of 

public policies and regulations are highly recommended to minimize POP contamination in 

food. 

 

INTRODUCTION 

Persistent organic pollutants (POPs), sometimes known as "forever chemicals" are organic 

compounds that are resistant to environmental degradation through chemical, biological, and 

photolytic processes (Ritter et al., 2007). They exert their negative effects on the environment 

through two processes, long range transport, which allows them to travel far from their source, 

and bioaccumulation, which re-concentrates these chemical compounds to potentially 

dangerous levels (Walker, 2001). These POPs enter the gas phase under certain environmental 

temperatures and volatize from soils, vegetation, and bodies of water into the atmosphere, 

resisting breakdown reactions in the air, to travel long distances before being re-deposited 

(Kelly et al., 2007). Persistent Organic Pollutants are not easily degraded in the environment 

due to their stability and low decomposition rates. Due to this capacity for long-range transport, 

POP environmental contamination is extensive, even in areas where POPs have never been 

used, and will remain in these environments years after restrictions implemented due to their 

resistance to degradation (Wania & Mackay, 1996).  
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Bioaccumulation of POPs is typically associated with the compounds high lipid solubility and 

ability to accumulate in the fatty tissues of living organisms for long periods of time (Wania 

and Mackay, 1996; Vallack et al., 1998). Persistent chemicals tend to have higher 

concentrations and are eliminated more slowly. Dietary accumulation or bioaccumulation is 

another hallmark characteristic of POPs. As POPs move up the food chain, they increase in 

concentration as they are processed and metabolized in certain tissues of organisms. The 

natural capacity for animals gastrointestinal tract concentrate ingested chemicals, along with 

poorly metabolized and hydrophobic nature of POPs makes such compounds highly 

susceptible to bioaccumulation (Yu et al., 2011). Thus POPs not only persist in the 

environment, but also as they are taken in by animals they bio-accumulate, increasing their 

concentration and toxicity in the environment (Kelly et al., 2007; Lohmanna et al., 2007). 

Human exposure for some compounds and scenarios, even to low levels of POPs can lead 

among others, to increased cancer risk, reproductive disorders, alteration of the immune 

system, neurobehavioral impairment, endocrine disruption, genotoxicity and increased birth 

defects (WHO, 2010). Persistent Organic Pollutants as could be seen from above summary are 

indeed environmental threats that need to be addressed with all seriousness. Their mode of 

transmission is atmospheric, and they can find their ways in all aspects of the environment (air, 

water and soil), and what is making it more dangerous is their persistent nature and most of 

them being non-biodegradable (Donyinah, 2005).  

Vegetables can be contaminated while growing in fields due to use of organic fertilizer 

or contaminated irrigation water or during harvesting, processing, distribution, sale and during 

consumption (Beuchat, 1995). As a result, they have been involved in food-borne outbreaks 

(WHO, 2002). Peppers have so many advantages associated with their consumption. They have 

a lot of good nutrition and are low in calories thereby making them a good dietary component. 

All the various varieties peppers come in act as an excellent source of vitamin A and vitamin 

C, folic acid, fiber, and potassium. In addition, they spice up the food and make it more tasty 

and satisfying. They come in a variety of shapes, sizes, colours as well as tastes. They are very 

versatile in preparation and can be added to quite a good number of dishes to obtain the 

nutritious benefits and also to add some taste to the meal (Miller, 2023). 

 

MATERIALS AND METHODS 

Sample Collection 

A total of eight (8) samples comprising four soils and four habanero pepper vegetables were 

collected randomly from farms of the selected cities of the two States in the South-East 

Geopolitical Zone. The samples for each product collected were considered to be quite 

representative of the soils/vegetables in the city. For the vegetable analysis, only the edible 

portions were included. The collected samples were labelled and immediately transferred to 

Abia State Polytechnic Chemistry/Biochemistry Laboratory for analyses. 

 

Determination of Persistent Organic Contaminant Residues 

The detection of POPs in the pepper soils and vegetables were carried out using multistep 

strategies including sample preparation, highly selective and sensitive instrumental techniques, 

and quality assurance and quality control. Because an extremely low detection limit is required 

for POP analysis, sample preparation was needed to reduce the matrix effect when carrying out 

the analyses. Sample preparation used for the detection of POPs in the samples involved 

multiple steps which included filtration, pH adjustment, extraction, clean-up and enrichment 

procedures to ensure that the analytes are detected at a suitable concentration level (Loganathan 

and Masunaga, 2009, Dimpe and Nomngongo 2016, Capriotti et al,. 2013).  
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Data analysis 

Statistical Package for Social Sciences (SPSS) for Windows (Version 20) at 5% level of 

significance was used, while data were presented using statistical tables.  

 

RESULTS 

Results of the levels of POPs on the soil samples 

The results of the analysed soil samples collected from the different fields were summarised in 

table 1 below. Two of the sampled soils from Abia State (Aba and Umuahia) were free from 

detectable DDT residues (<LOD), while the other two from Imo State (Mbaise and Amaigbo) 

showed low contamination values (0.011 – 0.016 mg/kg), according to Polish Official Gazette, 

2016. 

 

Table 1: Results of the Levels of POPs in the Soil Samples 

Locations/ 

Vegetables 

Pesticides Industrial Chemicals By-Products of 

Industrial 

Processes                       

 

      ƩDDT      

(mg/kg) 

PCBs 

(mg/kg) 

ƩPFOS 

(mg/kg) 

Ʃ4PAHs 

(mg/kg) 

Aba 

Umuahia 

Mbaise 

Amaigbo 

<LOD 

<LOD 

 0.016 

 0.011 

<0.001 

<0.001 

  0.012 

  0.021 

0.001 

0.011 

0.012 

0.005 

0.276 

0.078 

0.126 

0.068 

Key: ƩDDT=o’p-DDT+p’p-DDT+ p’p-DDE +p’p-DDD; Ʃ4PAH= BaA+Chr+ BbF+ 

BaP; ƩPFOS= PFOS+PFOS Substances+PFOS Polymers; ƩPCBs=(sum of 

indicator-PCBs and dioxin-like PCBs. 

 

Values for total PCBs ranged from <0.001 to 0.021 mg/kg with lowest value recorded in Aba 

and Umuahia soil samples, while Amaigbo sample recorded the highest value of 0.21 mg/kg. 

ƩPFOS was observed to record values ranging from 0.001 to 0.012 mg/kg, with its lowest value 

observed in Aba soil sample and a highest value recorded in Mbaise soil. Values of total PAH 

(Ʃ4PAHs) ranged from 0.0.068 mg/kg in Amaigbo soil to 0.276 mg/kg in Aba soil sample. 

 

Results of the levels of POPs in the habanero pepper samples 

The results of the levels of POPs in the habanero pepper analyzed at the various locations in 

the two States were summarized in table 2 below. Values of ƩDDT ranged from ND (not 

detected) in Aba, Umuahia and Amaigbo habanero pepper to 0.006 mg/kg in Mbaise pepper. 

Values ranging from <0.001 mg/kg in Umuahia to 0.011 mg/kg in Amaigbo pepper sample 

were observed for total PCBs. For ƩPFOS, values from <0.001 mg/kg in Aba pepper sample 

to 0.010 mg/kg in Mbaise sample. Values for Ʃ4PAHs were in the range of 0.013 mg/kg in 

Umuahia sample to 0.215 mg/kg in Aba pepper sample. 
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Table 2: Results of the Levels of POPs in the Habanero Pepper Samples 

Locations/ 

Vegetables 

Pesticides Industrial Chemicals By-Products of 

Industrial 

Processes                       

 

      ƩDDT      

(mg/kg) 

PCBs 

(mg/kg) 

ƩPFOS 

(mg/kg) 

Ʃ4PAHs 

(mg/kg) 

Aba 

Umuahia 

Mbaise 

Amaigbo 

  ND 

  ND 

  0.006 

  ND 

  0.001 

<0.001 

  0.002 

  0.011 

<0.001 

 0.001 

 0.010 

 0.002 

0.216 

0.013 

0.110 

0.021 

Key: ƩDDT=o’p-DDT+p’p-DDT+ p’p-DDE +p’p-DDD; Ʃ4PAH= BaA+Chr+ BbF+ 

BaP; ƩPFOS= PFOS+PFOS Substances+PFOS Polymers; ƩPCBs=(sum of 

indicator-PCBs and dioxin-like PCBs. 

 

DISCUSSIONS 

Considering that according to Polish law (Polish Official Gazette 2016) the level of DDT and 

its metabolites for agricultural soils should not exceed 0.120 mg/kg and that four contamination 

categories were foreseen, the analyzed samples were classified into the same categories, as 

follows: contamination below the detection limit (DDT was not detected), low contamination 

(detected concentration up to 0.025 mg/kg), medium contamination (0.025–0.120 mg/kg) and 

high contamination (>0.120 mg/kg). All samples were contaminated at low level (below 

detection limit). The detection of DDT in majority of the monitored soil samples strongly 

confirms the high persistence of this compound in soil (Lewis et al. 2016). In soil, DDT 

biodegrades to DDE under unflooded (generally aerobic) conditions and to DDD under flooded 

(generally anaerobic) conditions (ATSDR, 2002). For total PCBs, the maximum concentration 

according to the Bulgarian Regulation, 2008 is 200 µg/kg (0.2 mg/kg), the precautionary target 

value is 20 µg/kg (0.02 mg/kg) and the reference background value set by the ordinance is 5 

µg/kg (0.005 mg/kg). Going by the Bulgarian Regulation standard, values of total PCBs for all 

soils surveyed were below the maximum concentration, while the value for Mbaise pepper soil 

was above the reference background value set by the ordinance. The total PCB levels in soil 

samples in this study were lower than those reported in Dutch action value, Australian and New 

Zealand ecological investigation level of 1000μg/kg (1mg/kg), as well as the Canadian soil 

guideline for residential areas of 1300 μg/kg (1.3mg/kg) (Canadian Environmental Quality 

Guidelines, 2003) . The Queensland End of Waste Code Biosolids (2019), published in January 

2020, offers the most biosolids-specific guidance, with trigger values for PFOS in soils to be 

0.001 mg/kg. With that, trigger values were observed in Aba pepper soil sample, while values 

higher than the trigger value were observed in other vegetable farm soils. Notification is 

required if any of the trigger values are exceeded following biosolids land application. It would 

therefore be prudent to know the PFAS contaminant concentrations in both the biosolids and 

soil prior to application. PAH-contaminated soil can be divided into four levels: no pollution 

(< 0.200 mg/kg), slight pollution (0.200–0.600 mg/kg), medium pollution (0.600–

1.000 mg/kg) and serious pollution (> 1.000 mg/kg) (Zhengyu et al., 2013). It then means that 

no pollution was detected in Umuahia, Mbaise and Amaigbo soil samples while a slight 

pollution was observed in Aba soil sample. 

The results of the habanero pepper vegetables surveyed showed that values of ƩDDT 

for pepper vegetables from Aba, Umuahia and Amaigbo were not detected for those that their 

soils were below limits of detection, while a value far below the recommended WHO 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7591450/#CR36
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Maximum Residue Level (MRL) values of between 20 and 300 ng/g (0.02 and 0.3 mg/kg) in 

agricultural products (WHO, 2013) for most of the OCPs was observed in Mbaise pepper. This 

could be as a result of the fact that farmers in the surveyed locations did not apply pesticides 

during the period under study. The reasons that may account for the variations in pesticides 

found in the crop species are the quality of the soil, planting season, the quantity of pesticides 

used and the type of pesticide applied (Ahmad et al., 2006; NCEH, 2005). The levels therefore 

do not pose a health threat to the consumers of the vegetables. However, since DDT and its 

metabolites are bio-accumulative (Augustina et al., 2008), long term health effects may arise 

due to DDT bio-accumulation, and over consumption or long-term exposure may lead to health 

effects especially in pregnant women and children (Nnamuyomba et al., 2014; Ssemugabo et 

al., 2022). Values of PCBs in the pepper vegetables ranged from <0.001 mg/kg in Umuahia 

pepper to 0.011 mg/kg in Amaigbo pepper.  

According to WHO, 2003, the daily PCB intake that is safe is 20 ng/kg (0.02 mg/kg) of 

body weight and by that standard, the habanero peppers in all the locations sampled would not 

pose any health risk on human when consumed. A rare case was observed in Aba pepper 

vegetable where the value recorded in the vegetable was higher than that observed in its soil 

(table 1 and 2), and in Umuahia pepper where the value of the PCB is equal to the value 

recorded in the soil of the said vegetable. This could be as a result of the urban state and 

industries surrounding Aba and Umuahia cities since industrial areas are generally considered 

to be important emission sources of PCB (UNECE, 2011). They may also be unintentionally 

generated as by-products of activities involving combustion (Mansour, 2009). For ƩPFOS, 

recorded values ranged from <0.001 mg/kg in Aba pepper to 0.010 mg/kg in Mbaise pepper. 

The European Food Safety Authority (EFSA) recently (2020) released a scientific evaluation 

of a tolerable weekly intake (TWI) of 4.4 ng/kg (0.0044 mg/kg)bw-week (0.63 ng/kgbw-day) for 

the sum of PFOA, PFNA, PFHxS, and PFOS in food; this follows their previously established 

TWIs of 6 ng/kgbw-week for PFOA (0.8 ng/kgbw-day) and 13 ng/kgbw-week for PFOS (1.8 

ng/kgbw-day) in 2018 (EFSA CONTAM 2018, EFSA CONTAM 2020). With the standard 

above, only Mbaise pepper exceeded the tolerable weekly intake (TWI) of 4.4 ng/kg (0.0044 

mg/kg), while those from Aba, Umuahia and Amaigbo were below the limit. The total PAH 

(Ʃ4PAHs) values were observed to range from 0.013 mg/kg in Umuahia pepper to 0.216 mg/kg 

in Aba pepper.  

Considering the toxicity of PAHs, several countries have drafted legislation to establish 

tolerable limits for PAHs in foods, food products, and beverages as well as to enforce 

monitoring strategies for the most relevant compounds. Furthermore, health agencies such as 

the WHO and European Commission have launched efforts to decrease the concentration of 

PAHs in food, especially through strategies to control the processes that induce their formation 

[Abdel-Shafy and Mansour, 2016; Commission Regulation (EU), 2011; IARC, 2010; EFSA, 

2012]. Until 2008, the EFSA used BaP as the only marker for PAHs occurrence in food. 

However, a re-evaluation study revealed that 30% of food samples with low levels of BaP had 

significant levels of other possible carcinogens (Mafra et al., 2010; Alexander et al., 2008). 

Therefore, the European Union amended the previous legislation through Commission 

Regulation 835/2011, which introduced acceptable levels for the sum of PAH4 (BaA, Chr, BbF, 

and BaP) while maintaining a separate maximum level for BaP to ensure comparability with 

previous and future data (Commission Regulation (EU), 2011). Recently, many studies 

reporting data on PAHs occurrence and health risk assessment have been published 

investigating whether a potential risk exists when consuming certain foods. The authors 

highlighted the necessity of avoiding the cultivation of vegetables, especially leafy ones, in 

heavily polluted areas. 
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CONCLUSION AND RECOMMENDATIONS 

Considering the soil samples, this study showed that all samples were contaminated at low 

level (below detection limit). The detection of DDT in majority of the monitored soil samples 

strongly confirms the high persistence of this compound in soil (Lewis et al. 2016). Going by 

the Bulgarian Regulation standard, values of total PCBs for all soils surveyed were below the 

maximum concentration, while the value for Mbaise pepper soil was above the reference 

background value set by the ordinance. For PFOS, trigger values were observed in Aba pepper 

soil sample, while values higher than the trigger value were observed in other vegetable farm 

soils, going by trigger values were observed in Aba pepper soil sample, while values higher 

than the trigger value were observed in other vegetable farm soils. For total PAH4, no pollution 

was detected in Umuahia, Mbaise and Amaigbo soil samples while a slight pollution was 

observed in Aba soil sample, which was also within acceptable limit. 

For the habanero pepper samples, it was observed that total DDT were not detected in three out 

of the four locations sampled, representing 75%, while a value far below the WHO MRL was 

observed in one location, representing 25%. Values of PCBs were seen to be at safe levels even 

with rare cases where the values in the pepper were greater than/equal to the values obtained 

in the soil samples. Going by (EFSA CONTAM 2018, EFSA CONTAM 2020), only Mbaise 

pepper exceeded the tolerable weekly intake (TWI) of 4.4 ng/kg (0.0044 mg/kg), while those 

from Aba, Umuahia and Amaigbo were below the limit. For total PAH4, there is yet to be an 

accepted tolerable limit in food generally, though there have been some regulations that have 

been accepted for specific foods. 

This study therefore recommends that farmers should observe good agricultural and 

manufacturing practices to minimize POP contaminations in food.The presence of POPs in 

foods must be continually monitored and controlled, including risk assessments related to the 

consumption of contaminated foods and calculations to determine safe intake parameters. 

Public policies and regulations should be reviewed and updated to establish safe limits for 

POPs in foods. Such reviews comprising recent data on levels of POP contamination in foods 

and risk exposure are essential to aid regulatory agencies in updating or establishing these 

regulations. 

References 

Abdel-Shafy, H.I. and Mansour, M.S. (2016). A review on polycyclic aromatic   

hydrocarbons: source, environmental impact, effect on human health and remediation. 

Egypt. J. Pet. 25, 107-123. 

Agency for Toxic Substances and Disease Registry (ATSDR) (2002).  

Toxicological Profile DDT, DDE, and DDD. 

http://www.atsdr.cdc.gov/toxprofiles/tp35.html. 

Ahmad R., Nelson P.N., Kookana R.S. (2006).The molecular composition of soil organic 

matter as determined by C NMR and elemental analyses and correlation with pesticide 

sorption. Eur. J. Soil Sci.;57(6):883–893. 

Alexander, J., Benford, D., Cockburn, A., Cravedi, J.-P., Dogliotti, E., et al., (2008). Polycyclic 

Aromatic Hydrocarbons in Food 1 Scientific Opinion of the Panel on Contaminants in 

the Food Chain. Volume 724 Wiley-Blackwell Publishing Ltd.; Hoboken, NJ, USA. 

Augustina, de la, C., Ethel, E., Demetrio, R., Concha, D. And Damia, B. (2008). Spatial 

variation of DDT and its metabolites in fish and sediment from Cinca River, a tributary 

of Ebro River (Spain). Chemosphere, 70(7):1182-1189. 

Beuchat, L.R. (1995). Pathogenic Microorganisams associated with fresh produce. J Food 

Prot.;59(2):204–16. 

 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7591450/#CR22
javascript:void(0);


Journal of Health, Applied Sciences and Management, 7(2), June, 2024 
 

- 261 - 

 

Canadian Environmental Quality Guidelines, (2003). Canadian Soil Quality Guidelines for the 

Protection of Environmental and Human Health. 

https://support.esdat.net/Environmental%20Standards/canad 

a/soil/rev_soil_summary_tbl_7.0_e.pdf. P 1-6. 

Capriotti, A.L., Cavaliere, C., Colapicchioni, V., Piovesana, S., Samperi, R. and Lagana, A. 

(2013). Analytical strategies based on chromatography-mass spectrometry for the 

determination of estrogen-mimicking compounds in food. J. Chromatogr. A.;1313:62–

77. 

Commission Regulation (EU) No 835/2011 of 19 August 2011. Amending Regulation (EC) 

No 1881/2006 as Regards Maximum Levels for Polycyclic Aromatic Hydrocarbons in 

Foodstuffs.; OJ L 215. :4–8. 

Dimpe, K.M. and Nomngongo, P.N. (2016). Current sample preparation methodologies for 

analysis of emerging pollutants in different environmental matrices. TrAC Trends Anal. 

Chem.;82:199–207. 

Donyinah, S.K. (2005). Geochemical degradation of DDT in the sediments of Lake Liangzi, 

Central China. Journal of Ghana Institution of Engineers. December; 3(2) 

EFSA  CONTAM; Schrenk, D., Bignami, M., Bodin, L., Chipman, J. K., del Mazo, J. et al., 

(2020). Scientific Opinion on the Risk to Human Health Related to the Presence of 

Perfluoroalkyl Substances in Food. EFSA J. 18, 6223  

EFSA Panel on Contaminants in the Food Chain (CONTAM); Knutsen, H. K., Alexander, 

J., Barregård, L., Bignami, M., Brüschweiler, B. et al., (2018). Scientific Opinion on 

the Risk to Human Health Related to the Presence of Perfluorooctane Sulfonic Acid 

and Perfluorooctanoic Acid in Food. EFSA J.16, e05194  

EFSA (2012). European Food Safety Authority Scientific Committee Statement on the 

applicability of the Margin of Exposure approach for the safety assessment of 

impurities which are both genotoxic and carcinogenic in substances added to 

food/feed. EFSA J.;10:2578.  

IARC (2010). Working Group on the Evaluation of Carcinogenic Risks to Humans . IARC 

Monographs on the Evaluation of Carcinogenic Risks to Humans. International Agency 

for Research on Cancer; Lyon, France: 2010. [(accessed on 13 April 2021)]. Some non-

heterocyclic polycyclic aromatic hydrocarbons and some related exposures. No. 92. 

Available online: https://www.ncbi.nlm.nih.gov/books/NBK321712/  

Kelly, B.C., Ikonomou, M.G., Blair, J.D., Morin, A.E. and Gobas, F.A.P.C. (2007). Food Web-

Specific Biomagnification of Persistent Organic Pollutants. Science. 317, 236–239. 

Lewis, K.A., Tzilivakis, J., Warner, D.J. and  Green, A. (2016). An international database for 

pesticide risk assessments and management. Hum Ecol Risk Assess. 22:1050–1064. 

Loganathan, B.G. and Masunaga, S. (2009). Chapter 18—PCBs, Dioxins, and Furans: Human 

Exposure and Health Effects. In: Gupta R.C., editor. Handbook of Toxicology of 

Chemical Warfare Agents. Academic Press; San Diego, CA, USA:  pp. 245–253 

Lohmanna, R., Breivikb, K., Dachsd, J. and Muire, D. (2007). Global fate of POPs: Current 

and future research directions. 150, 150–165. 

Mafra, I., Amaral, J.S. and Oliveira, M.B.P.P. (2010). Olives and Olive Oil in Health and 

Disease Prevention. Elsevier; Amsterdam, The Netherlands: 2010. Polycyclic aromatic 

hydrocarbons (PAH) in olive oils and other vegetable oils; potential for carcinogenesis. 

Mansour, S.A. (2009). Persistent Organic Pollutants in Africa. Egyptian scenario. Hum. Expt. 

Tox.; 28(9):531-566. 

https://www.ncbi.nlm.nih.gov/books/NBK321712/


Journal of Health, Applied Sciences and Management, 7(2), June, 2024 
 

- 262 - 

 

Miller, J. (2023). 15 Health Benefits of Pepper, According to Science (+5 Delicious Pepper 

Recipes). https://www.jenreviews.com/pepper/ 

National Center for Environmental Health (NCEH) NCEH Pub; (2005). Centers for Disease 

Control and Prevention. (Third National Report on Human Exposure to Environmental 

Chemicals). No. 05-0570. 

Nnamuyomba, P., Mbabazi, J. and Ntale, M. (2014). Dichloro-diphenyl-trichloroethane 

(DDT). Residue levels in marketed silver fish (Rastreneobola argentea) caught from 

major water bodies in Uganda. African Journal of Pure and Applied Chemistry 8(6): 

94-101. 

Polish Official Gazette (2016). Regulation of the Minister of Environment from 01 September 

2016 on the standards of evaluation of the surface soil contamination. Dz.U. poz. 1395. 

Queensland Government (2019) End of Waste Code Biosolids (EMEW07359617). 

Ritter, L., Solomon, K.R., Forget, J., Stemeroff, M. and O'Leary, C. (2007). Persistent Organic 

Pollutants. United Nations Environment Programme. 

Semugabo, C., Bradman, A., Ssempebwa, J.C., Sille, F. And Guwatudde, D. (2022). An 

assessment of health risks posed by comsumption of pesticide residues in fruits and 

vegetables among residents in the Kampala Metropolitan Area in Uganda. International 

Journal of Food Contamination 9(4):2-14. 

UNECE (2011). Environmental performance, Azerbaijan. Second Review Synopsis. New York 

And Geneva. Retrieved July 20, 2023 

from: http://www.unece.org/fileadmin/DAM/env/epr/epr_studies/Synopsis/Azerbaijan

%20ECE.CEP.158.synopsis%20english.pdf 

Vallack, H.W., Bakker, D.J., Brandt, I., Broström-Ludén, E., Brouwer, A., et al (1998). 

Controlling persistent organic pollutants – what next? Environmental Toxicology and 

Pharmacology 6, 143–175. 

Walker, C.H. (2001). "Organic Pollutants: An Ecotoxicological Perspective". CRC Press,  

Wania, F. and Mackay, D. (1996). Tracking the Distribution of Persistent Organic Pollutants. 

Environmental Science & Technology. 30 (9), 390A–396A. 

World Health Organization (WHO) and Food and Agriculture Organization (FAO); Geneva, 

Switzerland: (2013). Guidelines for the Safe Use of Wastewater and Food Stuff. Report 

of the Joint WHO/FAO Volume 2 No. 1. 

 World Health Organization (WHO) (2010).  Global Information about POPs.  

https//www.intechopen.com/chapters/65151                

World Health Organization (2002). Food borne Diseases, Emerging,  

<<http://www.who.int/mediacentre/factsheets/fs124/en/print.html>>. 

Yu, G.W., Laseter, J. and Mylander, C. (2011). Persistent organic pollutants in serum and 

several different fat compartments in humans. J Environ Public Health. 2011: 417980. 

 

 

 

 

 

 

http://www.unece.org/fileadmin/DAM/env/epr/epr_studies/Synopsis/Azerbaijan%20ECE.CEP.158.synopsis%20english.pdf
http://www.unece.org/fileadmin/DAM/env/epr/epr_studies/Synopsis/Azerbaijan%20ECE.CEP.158.synopsis%20english.pdf
https://en.wikipedia.org/wiki/Donald_Mackay_(scientist)
http://www.who.int/mediacentre/factsheets/fs124/en/print.html%3e%3e

