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Abstract: Polychlorinated biphenyls (PCBs) are persistent organic chemicals that have been detected 
in human serum or tissues all over the world. These pollutants could exert a number of deleterious 
effects on humans and wildlife, including carcinogenic processes.  The Spanish population of the 
Canary Islands was evaluated with respect to PCB levels more than ten years ago showing lower 
levels than other Western populations. The objective of our study was to assess the current level of 
contamination by PCBs showed by this population. We measured serum PCBs in a sample of healthy 
adult subjects (206 serum samples from subjects with an average age of 66 years old) to evaluate the 
potential modification of PCB serum levels in this population during the last decade. PCB congeners 
(28, 52, 77, 81, 101, 105, 114, 118, 123, 126, 138, 153, 156, 157, 167, 169, 180, and 189) were 
measured by gas chromatography-mass spectrometry (GC/MS). Our results showed that PCB 
residues were found in 84% of serum samples analyzed, the congeners 28, 153 and 180 being the 
most frequently detected and at the highest median values (0.1 ng/mL). In addition, the median 
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concentration of the sum of those PCBs considered as markers of environmental contamination by 
these chemicals (Marker-PCBs) was 0.6 ng/mL, reaching values as high as as 2.6 ng/mL in the 95th 
percentile. Levels of the sum of PCBs with toxic effects similar to dioxins (dioxin-like PCBs) 
reached median values of 0.4 ng/mL in the 95th percentile. The reported levels are similar to those 
described previously in this population more than ten years ago, in the sense that the inhabitants of 
the Canary Archipelago show levels of PCB contamination lower than the majority of populations 
from developed countries. These findings suggest that currently there is not any active source of 
these chemicals in this archipelago. Nevertheless, as foods seem to be a relevant source for these 
compounds, Public Health authorities should monitor the presence of PCB residues in foods 
available in the market of these Islands. 

Keywords: polychlorobiphenyls; POPs; serum samples; adult subjects; biomonitoring; gas 
chromatography/mass spectrometry 

 

1. Introduction  

Polychlorinated biphenyls (PCBs) are halogenated aromatic hydrocarbons widely used in closed 
systems such as electrical transformers, and capacitors, as well as in a large number of other 
applications: paints, fire retardants, etc [1,2]. The volatility of these compounds results in their 
evaporation from water surfaces and their movement through the atmosphere, resulting in 
widespread dispersal in the environment [2]. Furthermore, due to their fat solubility and resistance to 
chemical and biological degradation, ingestion of PCBs by animals leads to bioaccumulation 
throughout their lives and also to biomagnification in the food chain [1]. Due to these characteristics 
PCBs are considered as persistent organic pollutants (POPs) and were included in the Stockholm 
Convention [3]. 

PCB production decreased and eventually ceased in the 1970s [4]. In fact, they were banned in 
most Western countries (among them, Spain) in the late 1980s [5]. Currently, in addition to their 
ubiquitous presence in the environment, PCBs could also reach soils and waters as a result of leaks, 
spills, and improper disposal of old PCB-containing equipment. Furthermore, foods, mainly those of 
animal origin, are considered currently as a relevant source of PCBs for Western populations [6]. 

PCB exposure has been associated with adverse effects on human health. Thus, it has been 
found that PCB exposure could be related with the incidence of neurocognitive and endocrine 
disorders-[7-10], and PCBs are considered as probable carcinogens to humans (Group 2A) by the 
International Agency for Research on Cancer (IARC), especially those PCB congeners that exhibit 
toxic actions similar to dioxins named dioxin-like PCBs (DL-PCBs) [11,12]. Additionally, several 
PCB congeners are known to be estrogenic and have been considered as endocrine disrupters [13]. 

The population of the Canary Islands in the context of a Nutritional Survey was extensively 
studied in 1998 about its level of contamination by POPs, including organochlorine 
pesticides-[14-16]. Those studies indicated that the inhabitants of the Canary Archipelago showed 
levels of contamination by PCBs lower than the majority of populations from developed countries. In 
order to asses if there was any variation in POPs levels over the past decade, we have measured PCB 
serum levels in healthy adults enrolled as controls in a case-control study for bladder cancer 
developed in these Islands. 
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2. Materials and Method 

2.1. Study area 

The Canary Islands are located 1,600 kilometers away from southwest Spain, in the Atlantic 
Ocean, and hardly 100 kilometers from the nearest point of the North African coast (southwest of 
Morocco). Geographically, the Islands are part of the African continent; yet from a historical, 
economic, political and socio-cultural point of view, the Canaries are completely European. The 
Archipelago consists of seven major islands (the two capital Islands, Gran Canaria and Tenerife; and 
five other Islands, Fuerteventura, Lanzarote, La Palma, La Gomera, and El Hierro). The economy of 
the Canary Islands is based fundamentally on a few economic sectors: tourism and to a much lesser 
extent farming, livestock production, and fishing. Other economic sectors such as traditional 
polluting industries have a very limited presence in the Islands [14]. 

2.2. Study group and sample collection 

The study population was the healthy controls (206 adult subjects, 38 women and 168 men 
residents in these Islands at least during the last ten years) enrolled in a case-control study developed 
in the most populated island of the Canary Archipelago (Gran Canaria Island). All the details about 
the selection and criteria of inclusion in the case-control study have been described elsewhere [16]. 

The subjects included in the control group were contacted and asked to participate in the study, 
to sign the informed consent document, and to complete the specific questionnaire developed ad hoc 
(including questions about the most widely known POPs-related lifestyle). Thus, the questionnaire 
collected data on professional activities, and dietary habits. The study was approved by the Research 
Ethics Committee of the Complejo Hospitalario Universitario Insular Materno-Infantil. The 
participants had blood samples extracted after 12-hour fasting in order to determine the presence of 

Table 1. Characteristics of the study population (n = 206). 

  N (%) 

Gender  

   Male 168 (81.6) 

   Female 38 (18.4) 

Habitat  

   Rural 
7 (3.4) 

<10,000 inhabitants 

   Semi-rural 
38 (18.4) 

10-100,000 inhabitants 

   Urban 
161 (78.2) 

> 100,000 inhabitants 

  Mean ± SD 

Age (years old) 66.7±12.1 

   BMI (kg/m2) 26.3±3.3 
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residues of POPs. The PCBs were measured in 206 subjects. The sociodemographic characteristics of 
the study subjects are shown in Table 1. 

2.3. Sample preparation and analytical procedures 

The aliquots of serum were subjected to solid-phase extraction as described previously [5] and 
analyzed by gas chromatography/mass spectrometry (GC/MS) using appropriate internal 
standards-[5]. The analytes included in this study were the PCB congeners with IUPAC numbers #28, 
52, 77, 81, 101, 105, 114, 118, 123, 126, 138, 153, 156, 157, 167, 169, 180, and 189. 
Chromatographic analysis was performed using a Thermo-Finnigan TRACE DSQ GC/MS 
instrument as previously reported [17,18]. We considered the limit of quantification (LOQ) as 
10-fold the standard deviation of the blank. The LOQ for PCB congeners 28, 52, 101, 118 and 138 
was 0.010 ng/mL; for PCB congeners 153 and 180, it was 0.005 ng/mL. The LOQ for the rest of 
analytes was 0.001 ng/mL. 

In this work we express the total PCB body burden (∑PCBs) as the sum of the 18 PCBs 
measured (IUPAC congeners #28, 52, 77, 81, 101, 105, 114, 118, 123, 126, 138, 153, 156, 157, 167, 
169, 180 and 189), Marker PCB body burden (∑M-PCBs) as the sum of those congeners considered 
as markers of environmental contamination for PCBs (IUPAC congeners #28, 52, 101, 118, 138, 153 
and 180), non-ortho dioxin-like PCBs as the sum of the 4 non-ortho congeners measured (IUPAC 
congeners #77, 81, 126 and 169), mono-ortho dioxin-like PCBs as the sum of the eight mono-ortho 
congeners measured (IUPAC congeners #105, 114, 118, 123, 156, 157, 167 and 189), and DL-PCBs 
body burden as the sum of the 12 DL-PCBs (IUPAC congeners #77, 81, 105, 114, 118, 123, 126, 156, 
157, 167, 169 and 189) measured.  

2.4. Statistical analysis 

Database management and statistical analysis were performed with PASW Statistics v 22.0 
(SPSS Inc., Chicago, IL, USA). As serum PCB levels do not follow a normal distribution, the results 
are expressed with the median, and the 5th and 95th percentiles (p5 and p95, respectively). In 
addition, a zero value was assigned to all the values below LOQ, as previously reported [5]. 
Differences in the PCB levels between two groups or more were tested with the non-parametric 
Mann-Whitney U-test and Kruskal Wallis test. The categorical variables are presented as percentages 
and were compared between variables with the chi-squared test. P value of less than 0.05 (two-tail) 
was considered to be statistically significant. 

3. Results and Discussion 

As shown in Table 2, in our series we note that the frequency of detection of the M-PCBs was 
high, with more than 80% of the study population showing detectable values of this type of PCBs. 
No significant differences in PCB values among PCBs (individually or grouped) and the rest of 
variables recorded (gender, habitat, age) were found. 

It has to be highlighted that congeners 28, 138, 153 and 180, were detected in a similar 
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percentage of subjects (more than 70% of the adult subjects included in the study). These results 
agree with our results described previously in that population [19]. Except in the case of PCB-28, 
which was detected in a much lower proportion in our previous study (6% of the samples). In 
addition, it has drawn our attention that PCB-28 was also found at concentrations as high as 0.5 
ng/mL in the subjects included in percentile 95. 

As shown in Table 2, the most toxic and carcinogenic compounds, that is PCBs similar to 
dioxins, were detected near to 70% of the subjects. This result is of concern because of the adverse 
health effects attributed to DL-PCBs [20]. Even more so, having into account that those subjects 
included in percentile 95 may show levels of these carcinogens as high as 0.4 ng/mL. 

Table 2. PCB serum levels (ng/mL) and frequency of detection found in the adult subjects 
enrolled in the present study (average age 66 years old; n = 206). In addition data from the 
previous study developed in 1998 are shown (average age 65 years old; n = 116). 

  Present series Series of 2011 

Group of PCBs Congener Frequency (%) Median (p5-p95) Median (p5-p95) 

Marker-PCBs  84.0 0.6 (0.0-2.6) 0.6 (0.0-3.0) 

 PCB-28 76.7 0.1 (0.0-0.5) 0.0 (0.0-0.01) 

 PCB-52 39.8 0.0 (0.0-0.1) 0.0 (0.0-0.0) 

 PCB-101 27.2 0.0 (0.0-0.02) 0.0 (0.0-0.06) 

 PCB-118 65.0 0.0 (0.0-0.3) 0.0 (0.0-0.2) 

 PCB-138 74.3 0.0 (0.0-0.5) 0.0 (0.0-1.3) 

 PCB-153 74.8 0.1 (0.0-0.8) 0.3 (0.0-1.3) 

 PCB-180 71.4 0.1 (0.0-0.8) 0.1 (0.0-0.3) 

DL-PCBs (non-ortho)  16.0 0.0 (0.0-0.002) 0.0 (0.0-0.4) 

 PCB-77 1.5 0.0 (0.0-0.0) 0.0 (0.0-0.0) 

 PCB-81 4.4 0.0 (0.0-0.01) 0.0 (0.0-0.4) 

 PCB-126 9.2 0.0 (0.0-0.02) 0.0 (0.0-0.0) 

 PCB-169 1.9 0.0 (0.0-0.0) 0.0 (0.0-0.0) 

DL-PCBs (mono-ortho)  67.5 0.0 (0.0-0.4) 0.0 (0.0-0.4) 

 PCB-105 1.5 0.0 (0.0-0.0) 0.0 (0.0-0.0) 

 PCB-114 6.3 0.0 (0.0-0.02) 0.0 (0.0-0.0) 

 PCB-118 65.0 0.0 (0.0-0.3) 0.0 (0.0-0.2) 

 PCB-123 6.3 0.0 (0.0-0.02) 0.0 (0.0-0.0) 

 PCB-156 8.3 0.0 (0.0-0.03) 0.0 (0.0-0.2) 

 PCB-157 15.5 0.0 (0.0-0.05) 0.0 (0.0-0.0) 

 PCB-167 0.5 0.0 (0.0-0.0) 0.0 (0.0-0.6) 

 PCB-189 6.8 0.0 (0.0-0.01) 0.0 (0.0-0.0) 

Total DL-PCBs  67.5 0.0 (0.0-0.4) 0.0 (0.0-0.7) 

Total PCBs  84.0 0.6 (0.0-2.6) 0.7 (0.0-3.9) 

As in our previous works, the present findings indicate that serum PCB levels from people 
living in the Canary Islands are lower than those reported for other populations, probably due to the 
fact that there is a limited presence of industrial sources of PCBs in these Islands [19]. 

These low levels of contamination by PCBs could be due to the dietary patterns of the 
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population under study because diet seemed to be the major source of these chemicals for 
populations all over the world. A number of studies have reported extensive data on concentrations of 
PCBs in food samples-[18,19,21,22]. 

Nowadays, it is considered that the consumption of fish is likely to be the most relevant source 
of PCBs for human beings [22-24]. Fish consumption is lower in the population of the Canary 
Islands [25] compared to the mainland Spanish population [26], which could at least partially explain 
the low PCB body burden in the Canary population. Nevertheless, further studies on this aspect are 
necessary to evaluate the role played by dietary habits as determinants of serum PCB levels. 

4. Conclusions 

In the present study, concentrations of PCBs were measured in the serum of adult healthy 
people from the Canary Islands. Our results show that the overall levels of these persistent pollutants 
are low as described previously for this population, suggesting that e main sources of PCBs for this 
population (industrial activity and food), remain little relevance in this Islands. In any case, the 
contribution of PCBs through food may help to explain why these levels have not decreased clearly 
in the last ten years. 

Acknowledgements 

This work was supported by FUNCIS PI 35/08 and of the Gobierno de Canarias (Spain), and PI 
19/08 of the Instituto Canario de Investigación del Cáncer. 

Conflict of Interest 

All authors declare no conflicts of interest in this paper. 

References 

1. Safe SH (1994) Polychlorinatedbiphenyls (PCBs): environmental impact, biochemical and toxic 
responses, and implications for risk assessment. Crit Rev Toxicol 24: 87-149. 

2. Headrick ML, Hollinger K, Lovell RA, et al (1999) PBBs, PCBs, and dioxins in food animals, 
their public health implications. Vet Clin North Am Food Anim Pract 15:109-131. 

3. United Nations Environmental Program (2001) “Stockholm Convention on persistent organic 
pollutants. Available from: 
http://chm.pops.int/Programmes/NewPOPs/tabid/672/language/en-US/Default.aspx 

4. Tanabe S (1988) PCB problems in the future: foresight from current knowledge. Environ Pollut 
50: 5-28. 

5. Henriquez-Hernandez LA, Luzardo OP, Almeida-Gonzalez M, et al. (2011) Background levels 
of polychlorinated biphenyls in the population of the Canary Islands (Spain). Environ Res 111: 
10-16. 



351 
 

AIMS Environmental Science  Volume 2, Issue 2, 345-352. 

6. Rodriguez-Hernández A, Boada LD, Almeida-González M, et al. (2015) An estimation of the 
carcinogenic risk associated with the intake of multiple relevant carcinogens found in meat and 
charcuterie products. Sci Total Environ 514C: 33-41. 

7. Hagmar L (2003) Polychlorinated biphenyls and thyroid status in humans: a review. Thyroid 13: 
1021-1028. 

8. Longnecker MP, Wolff MS, Gladen BC, et al. (2003) Comparison of polychlorinated biphenyl 
levels across studies of human neurodevelopment. Environ Health Perspect 111: 65-70. 

9. Fitzgerald EF, Belanger EE, Gomez MI, et al. (2008) Polychlorinated biphenyl exposure and 
neuropsychological status among older residents of upper Hudson River communities. Environ 
Health Perspect 116: 209-215. 

10. Philibert A, Schwartz H, Mergler D (2009) An exploratory study of diabetes in a first nation 
community with respect to serum concentrations of p,p’-DDE and PCBs and fish consumption. 
Int J Environ Res Public Health 6: 3179-3189. 

11. IARC (2002) “IARC Monographs on the evaluation of carcinogenic risk to humans”. Available 
from: http://monographs.iarc.fr/ENG/Monographs/vol82/mono82.pdf 

12. Van denBerg M, DeJongh J, Poiger H, et al. (1994).The toxicokinetics and metabolism of 
polychlorinated dibenzo-p-dioxins (PCDDs) and dibenzofurans (PCDFs) and their relevance for 
toxicity. Crit Rev Toxicol 24: 1-74. 

13. Buck Louis GM, Dmochowski J, Lynch C, et al. (2009) Polychlorinated biphenyl serum 
concentrations, lifestyle and time-to-pregnancy. Hum Reprod 24: 451-458. 

14. Zumbado M, Goethals M, Álvarez-León EE, et al. (2005) Inadvertent exposure to 
organochlorine pesticides DDT and derivatives in people from the Canary Islands (Spain). Sci 
Total Environ 339: 49-62. 

15. Luzardo OP, Goethals M, Zumbado M, et al. (2006) Increasing serum levels of 
non-DDT-derivative organochlorine pesticides in the younger population of the Canary Islands 
(Spain). Sci Total Environ 367: 129-138. 

16. Boada LD, Henríquez-Hernández LA, Navarro P, et al. (2015) Exposure to polycyclic aromatic 
hydrocarbons (PAHs) and bladder cancer: evaluation from a gene-environment perspective in a 
hospital-based case-control study in the Canary Islands (Spain). Int J Occup Environ Health 21: 
23-30. 

17. Luzardo OP, Mahtani V, Troyano JM, et al. (2009) Determinants of organochlorine levels 
detectable in the amniotic fluid of Women from Tenerife Island (Canary Islands, Spain). Environ 
Res109: 607-613. 

18. Almeida-González M, Luzardo OP, Zumbado M, et al. (2012) Levels of organochlorine 
contaminants in organic and conventional cheeses and their impact on the health of consumers: 
an independent study in the Canary Islands (Spain). Food Chem Toxicol 50: 4325-4332. 

19. Luzardo OP, Almeida-González M, Henríquez-Hernández LA, et al. (2012) Polychlorobiphenyls 
and organochlorine pesticides in conventional and organic brands of milk: occurrence and 
dietary intake in the population of the Canary Islands (Spain). Chemosphere 88: 307-315. 

20. Van denBerg M, Birnbaum LS, Denison M, et al. (2006) The 2005 World Health Organization 
reevaluation of human and mammalian toxic equivalency factors for dioxins and dioxin-like 
compounds. Toxicol Sci 93: 223-241. 

21. Luzardo OP, Rodríguez-Hernández A, Quesada-Tacoronte Y, et al. (2013). Influence of the 
method of production of eggs on the daily intake of polycyclic aromatic hydrocarbons and 



352 
 

AIMS Environmental Science  Volume 2, Issue 2, 345-352. 

organochlorine contaminants: an independent study in the Canary Islands (Spain). Food Chem 
Toxicol 60: 455-462. 

22. Bocio A, Domingo JL, Falco G, et al. (2007) Concentrations of PCDD/PCDFs and PCBs in fish 
and sea food from the Catalan (Spain) market: estimated human intake. Environ Int 33: 170-175. 

23. Gomara B, Bordajandi LR, Fernandez MA, et al. (2005) Levels and trends of polychlorinated 
dibenzo-p-dioxins/furans (PCDD/Fs) and dioxin-like polychlorinated biphenyls (PCBs) in 
Spanish commercial fish and shellfish products,1995–2003. J Agric FoodChem 53: 8406-8413. 

24. Bordajandi LR, Martın I, Abad E, et al. (2006) Organochlorine compounds (PCBs, PCDDs and 
PCDFs) in sea fish and sea food from the Spanish Atlantic Southwest Coast. Chemosphere 64: 
1450-1457. 

25. Serra Majem L (2000) Evaluación del estado nutricional de la población canaria (1997–1998). 
Sociedad Latinoamericana de Nutrición, Caracas, Venezuela. 

26. Welch AA, Lund E, Amiano P, et al. (2002) Variability of fish consumption within the 10 
European countries participating in the European investigation into cancer and nutrition (EPIC) 
study. Public Health Nutr 5: 1273-1285. 

© 2015, Guillermo Burillo-Putze, et al., licensee AIMS Press. This is an open access article 
distributed under the terms of the Creative Commons Attribution License 
(http://creativecommons.org/licenses/by/4.0) 


