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Introduction: 

Polychlorinated Biphenyls (PCBs) were primarily used as dielectrics fluid in thermal insulation in electric 

production and transmission sector (closed uses). They were also used in various other open and semi-open uses 

such as in adhesives, construction insulating materials, dyes, etc. 1. They were later discovered to accumulate in 

living organisms through scientific research first published in 1966 by Jensen 2, then in continuing studies that 

prove widespread presence of PCBs in ecosystems around the world and various organisms containing PCBs in 

their tissues (such as fish, human and chicken). As a result of the scientific information being available in terms 

of adverse effects of PCBs, their production and use were banned in 1979 in the USA3 and later in many other 

countries. Research revealing characteristics of PCBs in terms of cancer mechanisms yielded the result of 

defining PCBs as “known human carcinogens” by International Agency for Research on Cancer (IARC) in 2013, 

where PCBs were determined as Group 1 carcinogens 4. The scope of this study was to carry out a cancer risk 

assessment for environmental PCBs in Turkey, through the use of measured level of PCBs in Turkey in 

environmental compartments such as soil, biota and air.  

Materials and methods: 

USEPA Method. USEPA has been working on risk assessment since the days where the applied methodology 

was not formally recognized as “risk assessment”. USEPA prepared its first risk assessment in December 1975, 

which was “Quantitative Risk Assessment for Community Exposure to Vinyl Chloride”. Since then, USEPA 

integrated risk assessment as part of regulatory processes. Hence, the agency became the leader institution in 

provision of a general framework to be followed in analyzing cancer risks of carcinogens, pesticides and many 

chemicals including PCBs 5.  

In 1980's, USEPA prepared Integrated Risk Information System (IRIS), a database of various substances that 

may ultimately affect human health due to exposure. USEPA’s carcinogenic risk assessment guidelines in 1986 

was published, afterwards. This methodology of carcinogenic risk assessment developed and improved by 

USEPA over the years; it may be stated that USEPA mainly introduces different exposure pathways to any 

substance of health risk concern: ingestion, inhalation and dermal exposure.  

USEPA developed regional screening levels (RSLs) based on the overall background developed over the years, 

that provide health risk assessment-based analysis derived from standardized equations combining exposure 

information assumptions with USEPA toxicity data. Screening Levels (SLs) are considered by the Agency to be 

protective for humans (including sensitive groups) over a lifetime. They do not consider ecological risk 

assessment 6. SLs carry out risk assessment over standardized equations for the following scenarios: 1. Resident, 

2. Indoor Worker, 3. Composite Worker, 4. Construction Worker, 5. Fish, 6. Soil to Groundwater, 7. Recreator.

The equations in Residential Screening Levels web site of USEPA are mainly the same as the equations referred 

in USEPA carcinogenic health risk guidelines; however, more accuracy is achieved through the introduction of 

units such as Particulate Emission Factor and Inhalation Unit Rate. Screening Levels Web Site also has a 

calculator for risk with these formulas, as well.  

PCBs have 209 congeners. Any commercial mixture is a combination of these congeners and the analysis of a 

commercial mixture and environmental PCBs that could be found in sediments, groundwater, etc. is expected to 

be different from each other due to environmental weathering mechanisms as well as biological degradation.  

Different ways of intake of PCBs into the body then would yield the same circulation within human body. As per 

the methodology for dose response assessment of PCBs, there is a “tiered approach that can use site-specific 

congener information when available, but can be adapted if information is limited to total PCBs encountered 

through each exposure pathway 7”. Findings for health risk for individual congeners were similar to the findings 

for total PCBs in certain studies 8, while some of the congeners are criticized to be less clear; and there are 

reference studies carrying out health risk assessment for PCBs over total PCB concentrations 9, 10. Thus, in this 

study we carried out a risk assessment over total PCB concentrations, due to limited data and limitations in TEF 

approach referred in “PCBs: Cancer Dose Response Assessment and Application to Environmental Mixtures” 

Guideline of USEPA (1996). As per the mentioned references, the risk assessed through total PCB 

concentrations may be lower than congener-based risk assessment.  
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Equations. This study will use the SLs approach of USEPA that takes into account the standardized equations in 

carcinogenic risk assessment guidelines for dose-response relations for the following scenarios: 1. Resident and 

2. Fish

Scenario 1 - Resident 

“This receptor spends most, if not all, of the day at home. The activities for this receptor involve typical home 

making chores (cooking, cleaning and laundering) as well as outdoor activities. The resident is assumed to be 

exposed to contaminants via the following pathways: incidental ingestion of soil, dermal contact with soil, 

inhalation of volatiles and fugitive dust. Adults and children exhibit different ingestion rates for soil.” 6. The 

study only considered cancer risk assessment within these scenarios, without considering non-cancer hazard 

indexes into consideration. Since PCBs are not in the category of mutagenic substances, the equations for 

mutagenicity were also not included.  

Soil: 

These equations below provide concentration and cancer risk relation for exposure to soil through ingestion, 

dermal and inhalation routes:  

Ingestion6: 
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Dermal6: 
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Inhalation6: 
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Air 
6: 

The following equation defines concentration and cancer risk relation for exposure to air: 
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Scenario 2 – Fish 
6 

The following equation defines concentration and cancer risk relation for exposure to biota as food source. The 

equation for fish consumption does not take into consideration age adjustment. Levels are calculated for fish 

tissue.  
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Data. There is no systematic database for monitoring of environmental PCBs, or there are no systems for a 

health risk study framework for exposure to PCBs in Turkey. Thus, we established a database of PCB levels 

reported in the scientific literature for Turkey, and these data were used during all calculations.  
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Calculations. For Scenario 1 and Scenario 2, IRIS database and USEPA Regional Screening Level calculation 

parameters and their values are used 6. However, for fish ingestion rate calculation, the fish consumption 

information for Turkey is used 11. The highest total PCB concentrations are used to work these two scenarios 

under worst case conditions.  

In all equations for RSL in the USEPA web page, the Target Risk is taken as 10-6 as tolerable risk and pertaining 

screening level for substances are calculated. In this study, it is done vice versa, the concentration values from 

our current database for PCB levels in Turkey is used and the Cancer Risk Value is calculated.  

Since there are no unified laboratory data to support this study, and since our database is established through 

literature search of various academic studies in Turkey on PCB concentrations in environmental media, total 

PCB concentrations are used in health risk assessment rather than congener-specific PCB concentrations.   

Results and Discussion: 

As a result of the analysis carried out on the following scenarios, a large portion of the cancer risk calculations in 

Turkey, based on our database, showed results higher than tolerable cancer risk values for Resident soil exposure 

for soil PCB concentrations, Resident air exposure for air PCB concentrations, and Fish ingestion. This result is 

significant because Turkey was never a producer of PCBs. Our results show that their import for many 

applications throughout the country have resulted in accumulation of PCBs in various environmental 

compartments that pose a health risk in the country.  

Analyses were carried out for soil, air and fish data for Turkey and compared with other countries that produced 

and/or managed PCB pollution. An example comparison is presented below for health risk assessment for 

exposure to soil on the grounds of Resident scenario in Turkey, together with those from Czechia and USA in 

remediated sites after PCB pollution (such as Superfund sites). The risk categorization used is given in Table 1, 

which is mainly in alignment with US EPA risk characterization 12 Table 2 provides cancer risk assessment 

resulting in “high” risk for soil exposure under resident scenario. Results show that certain risk values in Turkey 

are higher than remediated sites in Czechia and USA. Results indicate that proper management of contaminated 

sites is urgently required in Turkey because the calculated cancer risk is not tolerable for certain unmanaged 

sites.  

Table 1. Risk Categorization12

Risk Risk Categorization 

CR≥10-1 Very High 

10-3<CR<10-1 High 

10-4<CR≤10-3 Moderate 

10-6<CR≤10-4 Low 

CR≤10-6 Very Low 

Table 2. A summary of results for resident soil exposure for soil PCB concentrations of this study compared with 

corresponding risk studies conducted in Czechia 13 14and USA 15 

Research 

Number 
Location Reference 

Environmental 

Medium 

Highest 

measured 

concentration 

∑PCBs (mg/kg) 

Cancer Risk 

1 
Horozgediği Village, 

Aliağa 
16 Soil 805,00 

3,54E-03 

2 Dilovası, Kocaeli 17 Soil 1676,00 7,36E-03 

3 Tuzla firestation 13 Soil 0,88 2,53E-06 

4 Kragujevac Zastava 13 Soil 0,20 5,75E-07 

5 Kragujevac FN 13 Soil 3,09 8,89E-06 

6 Zadar Transformer 13 Soil 0,24 6,90E-07 

7 Spolana Archive 13 Soil 0,07 2,01E-07 

8 Spolana Gate 13 Soil 0,90 2,59E-06 

9 Lhenice Dumpsite 14 Soil 135,90 3,91E-04 

10 USA, IOWA 15 Soil 1,20 3,45E-06 
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Turkey has ratified the Stockholm Convention in 2010 and since then submitted national implementation plans 

to the Secretariat. As part of the process, Turkey is currently preparing to start a nation-wide monitoring plan for 

POPs. A nation-wide monitoring study would provide valuable spatial data which could then be used for a 

comprehensive risk assessment. Since, currently such spatially resolved PCB levels are not available, this study 

can only investigate the risk levels of the cities in which scientific studies were conducted. Therefore, the 

provincial distribution is biased, i.e. showing Aliağa and Kocaeli to be the provinces having the highest cancer 

risk. As monitoring data with proper spatial resolution becomes available, congener-specific risk assessment 

studies covering all of Turkey will be possible.   

Even though the worst-case scenarios were studied with the highest values from the literature, this is the first 

study that attempts risk assessment of PCBs in Turkey which shows that in highly populated and/or highly 

industrialized cities in Turkey, cancer risk due to PCBs is of concern. Systematic monitoring of all POPs to 

reveal environmental levels  in a variety of media would enable better and more informed decisions on chemicals 

to be made by the Turkish government.  

References: 

1. Stockholm Convention Web Site. Available at: http://chm.pops.int/Default.aspx?tabid=3016 [Accessed May

27, 2019].

2. Jensen S, Renberg L, Olsson M. PCB contamination from boat bottom paint and levels of PCB in plankton

outside a polluted area. Nature, 1972; 240: 358–360.

3. US EPA Web Site. Learn about Polychlorinated Biphenyls (PCBs). Available at:

https://www.epa.gov/pcbs/learn-about-polychlorinated-biphenyls-pcbs [Accessed May 27, 2019].

4. Lauby-Secretan B, Loomis D, Grosse Y, et al. Carcinogenicity of polychlorinated biphenyls and

polybrominated biphenyls. Lancet Oncology, 2013; 14(4): 287-288.

5. US EPA Web Site. US EPA Guidelines for carcinogen risk assessment. 2005; 630: 22–58. Available at:

https://www3.epa.gov/airtoxics/cancer_guidelines_final_3-25-05.pdf [Accessed May 27, 2019].

6. US EPA Web site. Regional Screening Levels (RSLs) - User’s Guide. Available at:

https://www.epa.gov/risk/regional-screening-levels-rsls-users-guide [Accessed May 26, 2019].

7. US EPA. PCBs: Cancer Dose-Response Assessment and Application to Environmental Mixtures. 1996; 600:

1-83.

8. Ferreira AP. Polychlorinated Biphenyl (PCB) congener concentrations in aquatic birds. Case study: Ilha

Grande Bay, Rio de Janeiro, Brazil, Anais da Academia Brasileira de Ciências, 2013; 85(4): 1379-1388.

9. Ge J, Woodward LA, Li QX, Wang J. Distribution, Sources and Risk Assessment of Polychlorinated

Biphenyls in Soils from the Midway Atoll, North Pacific Ocean. PLoS One, 2013; 8(8): e71521.

10. Ruffle B, Henderson J, Murphy-Hagan C, et al. Application of probabilistic risk assessment: Evaluating

remedial alternatives at the Portland Harbor Superfund Site, Portland, Oregon, USA. Integrated Environmental

Assessment and Management, 2018; 14(1): 63-78.

11. Investment Agency, Turkey, Food Consumption Report, Presidency of Turkey, 2009 (In Turkish). Available

at: http://www.investingaziantep.gov.tr/upload/yazilar/Turkiye-Gida-Sektoru-Raporu-379778.pdf [Accessed

May 27, 2019].

12. Pérez-Maldonado IN, Ochoa Martínez ÁC, Ruíz-Vera T, et al. Human Health Risks Assessment Associated

with Polychlorinated Biphenyls (PCBs) in Soil from Different Contaminated Areas of Mexico. Bulletin of

Environmental Contamination and Toxicology, 2017; 99(3): 338-343

13. Růžičková P., Klánová J., Čupr P., et al. An assessment of air-soil exchange of polychlorinated biphenyls

and organochlorine pesticides across central and Southern Europe. Environmental Science and Technology,

2008; 42(1): 179-185.

14. Pavlíková D, Macek T, Macková M, Pavlík M. Monitoring native vegetation on a dumpsite of PCB-

contaminated soil. Int J Phytoremediation, 2007; 9: 71–78.

15. Martinez A, Erdman NR, Rodenburg ZL, et al. Spatial distribution of chlordanes and PCB congeners in soil

in Cedar Rapids. Environmental Pollution, 2012; 161: 222-228.

16. Bozlaker A, Odabasi M, Muezzinoglu A. Dry deposition and soil-air gas exchange of polychlorinated

biphenyls (PCBs) in an industrial area. Environmental Pollution, 2008; 156: 784-793.

17. Cetin B. Investigation of PAHs, PCBs and PCNs in soils around a Heavily Industrialized Area in Kocaeli,

Turkey: Concentrations, distributions, sources and toxicological effects. Science of the Total Environment, 2016;

560-561: 160-169

Organohalogen Compounds Vol. 81, 219-222 (2019) 222




