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Abstract It is known that some persistent organic pol-
lutants (POPs) are used worldwide, and these pollutants
are dangerous for human health. However, there are still
countries where measurements of these pollutants have
not been adequately measured. Although many studies
have been published for determining the concentrations
of POPs in Turkey, there are limited studies in Latin
American countries like Peru. For this reason, it is
essential both to conduct a study in Peru and to compare
the study with another country. This study is aimed at
determining the atmospheric POPs such as polycyclic
aromatic hydrocarbon (PAH), organochlorine pesticide
(OCP), and polychlorinated biphenyl (PCB) concentra-
tions using passive air samplers in Yurimaguas (Peru)
and Bursa (Turkey). Molecular diagnosis ratios and ring
distribution methods were used to determine the sources
of PAHs. According to these methods, coal and biomass
combustions were among the primary sources of PAHs
in Peru, while petrogenic and petroleum were the pri-
mary sources of PAHs in Turkey. Then, α-HCH/γ-
HCH and β-/(α+γ)-HCH ratios were used to determine
the sources of OCPs. According to the α-HCH/γ-HCH
ratios, the primary sources of OCPs in both countries

were lindane. Similarly, according to β-/(α+γ)-HCH
ratios, the HCHs have been historically used in Peru
while they were recently utilized in Turkey. Finally,
homologous group distributions were used to determine
the sources of PCBs. Similar distributions of homolo-
gous groups were observed in the sampling sites in both
countries. Also, the homologous group distributions
obtained have been determined that industrial activities
could be effective in the sampling areas in both coun-
tries. When the cancer risks that could occur via inhala-
tion were evaluated, no significant cancer risk has been
determined in both countries.
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Introduction

Persistent organic pollutants (POPs) are characterized
due to their persistence, bioaccumulative, long-range
transport, and toxicity. Some polycyclic aromatic hy-
drocarbons (PAHs), organochlorine pesticides (OCPs),
and polychlorinated biphenyls (PCBs) are among the
well-known POPs (Qu et al. 2019; Yin et al. 2017).
PAHs formed by the combination of two or more ben-
zene rings and consisted of hundreds of different com-
pounds are usually formed during incomplete combus-
tion of organic substances such as wood, coal, gas, and
tobacco. Among the PAH compounds, only 16 PAHs
are listed as priority pollutants by the Environmental
Protection Agency (EPA) (Andersson and Achten
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2015). PCBs were widely produced in the industrial
sector since 1929. Due to their toxic effects, PCB pro-
duction and use were banned in many countries since
the late 1970s (Dickerson et al. 2019). They were highly
used in hydraulic fluids, capacitors, and transformers
(Aydin et al. 2014). OCPs have been used as insecti-
cides and herbicides for the protection of agriculture
crops. Most of them were banned before the 1980s
due to their toxicity and persistence characteristics
(Cindoruk and Tasdemir 2007). Despite PCBs and
OCPs were banned many decades ago, they can still
be detected in the environment. For this reason, their
measurements contribute to analyzing their current risk
to human health and the environment.

Active and passive air samplers (PASs) are generally
used to determine POP concentrations in the air. Al-
though each of these two methods has advantages and
disadvantages, the current concentrations of POPs in the
air can be obtained directly with active air samplers
(AASs). These systems have disadvantages such as high
equipment costs, the need for a power supply, and their
maintenance by experts (Mari et al. 2008; Tuduri et al.
2006). On the other hand, PASs are the most commonly
used approach method due to they are cheap, noiseless,
easy to use, and they do not need electricity and main-
tenance (Tromp et al. 2019). In addition, there are var-
ious studies in the literature in which POPs are com-
monly determined together with PASs (Hazrati and
Harrad 2007; Zhang et al. 2013; Cetin et al. 2019; Meire
et al. 2019; Bohlin-Nizzetto et al. 2020; Nguyen et al.
2020; Thang et al. 2020).

Many studies have evaluated the concentrations of
POPs in different sites in Turkey (industrial, urban,
semi-urban, and rural areas) (Cetin et al. 2007;
Odabasi et al. 2008; Ozcan and Aydin 2009; Tasdemir
and Esen 2008; Vardar et al. 2008; Yolsal et al. 2014).
These investigations gave a great perspective of POPs in
Turkey. It also supported previous papers about new
POP sources and their risk to the environment. Although
there are many studies that determined the atmospheric
concentrations of POPs in developed and developing
countries, there are still many regions such as Latin
America, where the measurement of these pollutants is
limited or absent. A similar situation exists in Peru. In
addition to very few studies on POPs (i.e., PAHs, OCPs,
and PCBs) in Peru, there is no study comparing concen-
tration values with the Northern Hemisphere. The lack
of studies makes difficulties in monitoring and reducing
their presence in the environment and possible hazard

effects on humans. This situation also restricts the study
of industrial and urban sites of Peruvian cities in com-
parison with rural cities and other places around the
world.

Although there are many studies that determine the
atmospheric concentrations of POPs in passive air sam-
plers in Turkey, there are no studies comparing the
simultaneously measured concentration values with Pe-
ru. In this context, the main objectives of this study are
to (i) measure and compare the concentrations of PAHs,
OCPs, and PCBs between semi-urban points in Peru and
a semi-urban point in Turkey; (ii) identify their possible
sources, (iii) analyze the temporal changes of the pol-
lutants; and (iv) determine health risk assessment via
inhalation of POPs.

Materials and methods

Sampling points and programs

Yurimaguas (Peru) and Bursa (Turkey) cities have
been chosen as sampling points. Yurimaguas is a
semi-urban city located in the northeastern part of
Peru. The main economic activities are related to
agriculture, wood industry, and a connection point
for the trade-off of products between the capital and
northeastern cities. Bursa is in the northwestern part of
Anatolia, and it is the fourth largest city in Turkey.
The main economic activities belong to the textile,
automotive, and food industries. In Yurimaguas, three
different places were chosen for air samplings while in
Bursa, only one. Since limited measurements were
available in Peru, the chosen sampling site numbers
were higher. All four sampling points represent the
semi-urban point. Only the sampling point in Bursa is
closer to the industry than the other sampling point.
The sampling points are described in Table 1.

The sampling was carried out simultaneously for
three months (June–August 2018). PASs with polyure-
thane foam (PUF) were used to collect the air samples,
and a total of 12 samples were taken. The PUFs were
changed every 30 days. They were wrapped in alumi-
num foil and taken to the laboratory in ice bags to avoid
any contamination during the sampling. Samples
contained in the sealed pouches were transported with-
out contact with air and held at − 20 °C in a deep freeze
until their analysis.
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Sample analysis

The brand new PUFs were cleaned with distilled water
for 24 h and then, with a soxhlet extraction including
acetone (ACE) (twice) and hexane (HEX), and each step
took 24 h. They were dried with a vacuum desiccator.
Finally, they were wrapped with aluminum foil, put into
a zip-lock bag, and stored in a deep freezer at − 20 °C
until they were used to sampling.

The sample extraction procedure was made by
soxhlet extraction with 250 mL of a solvent
consisting of ACE:HEX (1:1, v:v). The obtained
volume was reduced to 5 mL with a rotary evapo-
rator (Laborota 4001-Heidolph, Germany). Then, 15
mL of HEX was added onto this solution, and it was
reduced to 2 mL. PAHs, PCBs, and OCPs were
fractionated with the use of a cleaning column,
containing 3 g of deactivated silicic acid (3% of
water), 2 g of deactivated alumina (6% of water),
and 2 g of sodium sulphate (Na2SO4) (Esen and
Kayikci 2018). The column was cleaned with 20
mL of dichloromethane (DCM) and 20 mL of petro-
leum ether (PE). PCBs were collected by adding 20
mL of PE to the cleaning column (fraction 1) (Cetin
et al. 2007). Then, the PAH and OCP samples were
gathered by pouring 20 mL of DCM (fraction 2)
(Aydin et al. 2014; Tasdemir and Esen 2008). These
two fractions were reduced to 5 mL using a rotary
evaporator. Then, 10 mL of HEX was added to the 5
mL sample and reduced to 1 mL (Tasdemir and
Esen 2007). For the PCB samples, the possible
contamination of organic matter was removed by
washing the samples with sulfuric acid (H2SO4).
Finally, the PAH-OCP and PCB containing samples
were stored in vials and kept at − 20 °C until
instrumental analysis.

Instrumental analysis

In this study, 16 PAHs (Naphthalene (Nap), Acenaph-
thylene (Ace), Acenaphthene (Act), Fluorene (Fln),
Phenanthrene (Phe), Anthracene (Ant), Fluoranthene
(Fl), Pyrene (Py), Benz(a)anthracene (BaA), Chrysene
( C h r ) , B e n z o ( b ) f l u o r a n t h e n e ( B b F ) ,
Benzo(k)fluoranthene (BkF), Benzo(a)pyrene (BaP),
Indeno(1,2,3-cd)pyrene (IcdP), Dibenzo(a,h)anthracene
(DahA), Benzo(g,h,i)perylene (BghiP)), 33 PCB conge-
ners (PCB #8/5, 12/13, 16/32, 26, 44, 37/42, 41/64/71,
100, 74, 61/70, 66/95, 84, 99, 81/87, 85, 135/144, 118,
123, 153, 174, 180, 169, and 207), and 10 different
OCPs (α-HCH, β-HCH, γ-HCH, δ-HCH, Heptachlor
endo epoxide iso A, Endrin, Endosulfan-β, Endrin al-
dehyde, p,p′-DDT, and Methoxychlor) were analyzed.

The analysis of PAHs was carried out by employing
an Agilent 7890 A gas chromatograph (GC) with a mass
selective detector (Agilent 5975 C inert MSD) equipped
with a 30 m HP5-MS column. The oven program for
PAHs was 50 °C (1 min), then raised to 200 °C at a rate
of 25 °C/min, and to 300 °C at a rate of 8 °C/min. The
injector, ion source, and quadrupole temperatures were
295 °C, 300 °C, and 180 °C, respectively. Helium was
used as a carrier gas at a flow of 1.4 mL/min. The
surrogate standards were used to determine the efficien-
cy values in the samples. The PCB and OCP analyses
were achieved with a GC 7890A-μECD (Agilent, USA)
(Micro-Electron Capture Detector) device. The HP-
5MS capillary column was employed. The oven pro-
gram for PCBs was 70 °C (2 min), to 150 °C at a rate of
25 °C/min, followed by 3 °C/min up to 200 °C, 8
°C/min up to 280 °C (8 min), and then 10 °C/min up
to 300 °C (2 min). Similarly, the oven program for
OCPs was 80 °C (1 min) and then 20 °C/min to 300
°C. The injector and detector inlet temperatures for both

Table 1 Sampling point characteristics

Sampling
points (ID)

Location Description of the sampling point

LR Yurimaguas, Peru (5° 53′ 12.499″
S 76° 6′ 30.852″ W)

It is close to the “La Ramada” port and mainly surrounded by residential buildings. It is
close to a ship construction site and gravel factory.

LB Yurimaguas, Peru (5° 54′ 12.689″
S 76° 6′ 5.275″ W)

It is close to the “La Boca” port, surrounded by residential buildings and close to
petroleum reservoirs. It has moderate traffic density.

CR Yurimaguas, Peru (5° 53′ 57.047″
S 76° 7′ 55.030″ W)

It is on the outskirts of the city. It is close to the main road to the international port,
residential buildings, and agricultural fields.

BUU Bursa, Turkey (40° 13′ 44.831″ N
28° 52′ 31.272″ E)

The sampling point is in the Bursa Uludag University’s main campus (Nilufer, Bursa),
surrounded by a pine forest.

Environ Monit Assess (2020) 192: 655 Page 3 of 16 655



PCBs and OCPs were 250 °C and 320 °C, respectively.
Helium was used as the carrier gas at a rate of 1.9 mL/
min and high-purity nitrogen as make-up gas.

In this study, sampling rates for each POP com-
pounds were calculated according to the model pro-
posed by Herkert et al. (2016) (http://s-iihr41.iihr.
uiowa.edu/pufpas_model/). Since the sampling rate
(Rs) values were calculated for each sampling site
based on the model, it is believed that atmospheric
POP concentrations are accurately reflected. The
sampling rates for the sampling points are given in
Table S1 (Supplementary materials) for all compounds.

Quality assurance/quality control (QA/QC)

All equipment used during the sampling and laboratory
procedures were washed with tap water, purified water,
ACE, and PE, respectively. 1 mL surrogate standard
was added to each sample and blank samples to deter-
mine the recovery efficiency before the extraction step.
The surrogate standard contained naphthalene-d8,
acenaphthene-d10, phenanthrene-d10, pyrene-d10,
chrysene-d12, and perylene-d12 for PAHs; PCB#14,
PCB#65, and PCB#166 for PCBs. However, external
surrogate studies were done for OCPs (Cindoruk and
Tasdemir 2014; Eker and Tasdemir 2018). The recovery
efficiencies of all sampling points for POP compounds
were found to be higher than 75%.

Blank samples were collected at least 10% of the total
number of samples in order to determine any contami-
nation during the transportation, storage, and laboratory
analysis. Blank samples were subjected to the same
laboratory procedure as the real samples. The instrument
detection limits (IDLs), the lowest concentration of a
calibration standard, were determined based on the
Signal:Noise (S:N) ratio of 3:1. The IDL values for 1
μL injection were 0.1 ng for PAHs, 0.04 pg for OCPs,
and 0.15 pg for PCBs. The method of detection limit
(MDL) values were calculated for each measured com-
pound as an average mass in blanks plus three times the
standard deviation (average + 3 S.D.) (Tasdemir and
Esen 2007). TheMDL value was assumed to be equal to
the IDL value when the analyte was not present in the
blank sample. The MDL values for sampling points
ranged from IDL to 30.48 ng for PAHs, from 0.24 to
4.83 pg for OCPs, and from 0.26 to 9.18 pg for PCBs. If
any POP compounds had less than MDL values, then
the concentration of that congener would have taken as
half of the IDL values for statistical analysis.

The Pearson correlation coefficient and the coefficient
of divergence

The Pearson correlation coefficient (PCC) is a widely
used statistical approach to determine the temporal
changes of pollutants (Liu et al. 2017). Temporal vari-
ations of pollutant concentrations are determined with
the PCC values. The coefficient of divergence (COD) is
employed to determine the differences between pollut-
ant sources. The PCC and CODwere calculatedwith the
following equations:

PCCjk ¼
∑
p

i¼1
aij−aj

� �
x ∑

p

i¼1
aik−ak

� �

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
∑
p

i¼1
aij−aj

� �2
x ∑
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� �2
r ð1Þ

CODjk ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1

p
∑
p

i¼1

aij−aik
aij þ aik
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s

ð2Þ

where p is the number of individual POP compounds, j
and k refer to different sampling points, i is the average
concentration of ith POP compounds, and ā is the aver-
age POP concentration at sampling points (Bano et al.
2018; Chuang et al. 2019; Liu et al. 2017). If the PCC
values are higher than 0.7, the POP concentrations
among the sampling points do not change temporally
(Sari et al. 2020a). The COD method is utilized to
determine the similarities or differences between the
POP concentrations measured in two sampling points
(Bano et al. 2018; Shen et al. 2019). If COD values are
higher than 0.2, it means that there are differences
between sources of pollutants in the sampling points
(Bano et al. 2018; Chuang et al. 2019; Liu et al. 2017;
Shen et al. 2019).

Carcinogenic potentials of POPs via inhalation

Carcinogenic potentials of PAHs by inhalation are cal-
culated using toxic BaPeq concentrations (Zhang et al.
2019). BaPeq concentration is calculated by Eq. 3.

BaPeq ¼ ∑
i¼n

i¼0
Ci � TEFið Þ ð3Þ

where Ci is the individual PAH concentration (ng/
m3), n is the number of the individual PAH compounds,
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and TEFi values are the toxicity equivalency factor of
individual PAH compounds (Nap, Ace, Act, Fln, Phe,
Fl, and Py for 0.001; Ant, Chr, DahA, and BghiP for
0.01; BaA and BbF for 0.1; BaP and IcdP for 1.0)
(Mueller et al. 2019). In this study, the cancer risk
calculation of PAHs by inhalation was calculated by
the incremental lifetime cancer risk (ILCR) method
developed by the U.S. Environmental Protection Agen-
cy (1991). ILCR values are calculated by Eq. 4.

ILCR ¼ SF� BaPeq� EF� ED� CF� IR

BW� AT
ð4Þ

where SF is the cancer slope factor (3.85 day kg/mg), EF
is the exposure frequency (350 day/year for both adults
and children) (Ali 2019), ED is the exposure duration
(24 years for the adults, 6 years for the children), CF is
conversion factor mg to ng (10−6), IR is the daily inha-
lation rate (20 m3/day for the adults, 10 m3/day for the
children) (Ghanavati et al. 2019), BW is the body
weight (70 kg for adults and 16.5 kg for children), and
AT is the average lifespan for carcinogens (25,550 days
for both adults and children) (Ranjbar Jafarabadi et al.
2019). Similarly, carcinogenic potentials of OCPs and
PCBs by inhalation are calculated by Eq. 5 (Goel et al.
2016):

ILCR ¼ CS � IR� EF� ED� ET� SF

BW� AT
� CF ð5Þ

where CS is the total OCP or PCB concentration (pg/
m3), ET is the daily exposure duration (24 hours/day),
SF is the cancer slope factor (2 day kg/mg for∑33PCBs,
1.8 day kg/mg for ∑HCHs, 9.1 day kg/mg for Hepta-
chlor endo epoxide iso A, 0.34 day kg/mg for p,ṕ-DDT,
and 1 day kg/mg was selected for other OCP congeners)
(Fu et al. 2018; Qu et al. 2015), IR is the inhalation rate
(0.83 m3/h for the adults, 0.42 m3/h for the children)
(Ghanavati et al. 2019), CF is conversion factor mg to
pg (10-9), and the other coefficients are the same as the
4th equation. According to the US-EPA, the risk of
acceptable cancer is in the range from 1 × 10−6 to 1 ×
10−4; higher cancer risk, if greater than 1 × 10−4; non-
cancer risk, if less than 1 × 10−6 (Wang et al. 2019).

Results and discussion

Atmospheric PAH concentrations and possible sources

Monthly air samples were taken from semi-urban sam-
pling points to determine the total PAH concentration
values in Peru (LR, LB, and CR) and Turkey (BUU) in
the summer of 2018, respectively. The average concen-
tration of the total 16 PAH (∑16PAH) compounds sam-
pled with PASs is presented in Fig. 1.

The ∑16PAH concentrations in the LR, LB, CR, and
BUU sampling points were 17 ± 2, 14 ± 2, 32 ± 3, and 8
± 4 ng/m3, respectively. The highest PAH concentration
levels were observed in CR, while the lowest PAH
concentration levels were observed in BUU. This is
probably because the CR sampling point represents a
region near the main road and open-air cooking while
the BUU sampling point reflects a region with less PAH
sources than other regions. Also, the BUU sampling
point is located in a region where many pine trees are
present. The resins existed in the leaves of pine trees
around the BUU sampling point work as absorbent
surfaces for PAHs in the gas-phase (Chun 2011; Sari
et al. 2020b). The concentration levels obtained from
this study were comparable to various studies in the
literature. For example, two different studies carried
out in the cities of Chile (Concepcion and Temuco)
reported PAH concentrations between 50 and 230 ng/
m3 (∑15PAH) for industrial areas and 14-74 ng/m3

(∑13PAH) for urban areas (Pozo et al. 2012, 2015).
The concentration levels obtained in this study were
similar to the previous studies conducted in the same

Fig. 1 Total PAH concentrations between June and August 2018
(LR, La Ramada; LB, La Boca; CR, Central Road; BUU, Bursa
Uludag University)
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regions. For instance, PAH concentration levels obtain-
ed in the studies carried out by Evci et al. (2016) and
Vardar et al. (2008) showed that the atmospheric
Σ15PAH concentrations for the summer seasons were
7.0 ± 0.6 ng/m3 and 13.5 ± 4.2 ng/m3, respectively.

Molecular diagnostic ratios (MDRs) are one of the
most common and most straightforward methods used
to identify PAH sources (Konstantinova et al. 2019).
Ant/(Ant+Phe), Fl/(Fl+Py), BaA/(BaA+Chr), and BaP/
BghiP ratios were used as MDRs in this study. These
ratios helped to identify the sources of PAHs in the
sampling sites. The Ant/(Ant+Phe) ratio is generally
used in the determination of combustion and oil sources.
The Fl/(Fl+Py) and BaA/(BaA+Chr) ratios are mostly
utilized in the decision of biomass combustion. Finally,
Bap/BghiP ratio is employed to determine the traffic
emission (Choi 2014; Tobiszewski and Namieśnik
2012; Yunker et al. 2002). The analysis of PAH ring
distribution is also important in the evaluation of source
identification. PAHs are divided into three groups ac-
cording to the number of benzene rings: 2–3 rings, 4
rings, and 5–6 rings (Jiao et al. 2017). The MDR and
distribution of the number of the benzene ring profile
obtained from this study are shown in Fig. 2a, b.

According to the MDRs, the coal burning was effec-
tive at all sampling points in Peru (Fig. 2a). Although
the use of coal and wood for heating did not occur in
Yurimaguas, the use of these fuels for cooking was high
and continuous throughout the year. In the BUU sam-
pling point, the petrogenic and petroleum-derived PAHs
were generally influential. According to the BaP/BghiP
ratios, the traffic emissions did not dominate at all
sampling points.

The predominance of 2-, 3-, and 4-ring PAHs is
explained by their high volatility in comparison with
5- and 6-ring PAHs. It was reported that 2- and 3-ring
PAHs were originated by the combustion of biomass
and fuels (Lai et al. 2017), while 4-ring PAHs, such as
CHR, were used to be detected emissions from incom-
plete combustion of carbon-rich fuels (Eccleshare et al.
2017). As a result, biomass and coal combustions were
the primary sources of PAHs at the sampling points
according to both MDRs and ring distributions (Fig.
2b).

Atmospheric OCP concentrations and possible sources

The average concentration of the total 10 OCP
(∑10OCP) compounds sampled with the PASs is

presented in Fig. 3. The ∑10OCP concentrations in the
LR, LB, CR, and BUU sampling points were 415 ± 53,
260 ± 34, 282 ± 72, and 628 ± 385 pg/m3, respectively.
The highest OCP concentrations were observed in the
BUU sampling point, while the lowest OCP concentra-
tion levels were observed in the LB sampling point.
Since the LR and BUU sampling points are close to
the agricultural areas, high OCP concentrations were
detected at these two sampling points.

In a study conducted in urban and semi-rural areas in
Mexico, the ∑10OCP concentration values were report-
ed as 200 and 269 pg/m3, respectively (Bohlin et al.
2008). A complete study carried out in 7 different re-
gions of Mexico reported DDTs, lindane, and HCHs,
and endosulfan concentrations in a range of 15–1975,
8–104, and 26–3730 pg/m3, respectively (Wong et al.
2009). The presence of more agricultural fields and the
use of illegal OCPs may cause a high concentration in
comparison with our study. The regional atmospheric
transport from neighbor Latin American countries,
where the use of these pesticides was extended, could
also be an important source of OCPs to Peru (Estellano
et al. 2012; Taiwo 2019). Wong et al. (2009), in their
study about OCPs in Mexico, found that wind trajecto-
ries carried OCPs from the agricultural sites.

The sum of the total HCH concentrations (∑HCH
(sum of α-, β-, γ-, and δ-HCHs)) in the LR, LB, CR,
and BUU sampling points were 220 ± 51, 138 ± 33, 174
± 56, and 438 ± 375 pg/m3, respectively. In general,
technical HCHs (α-HCH 55-80%, β-HCH 5-14%, γ-
HCH 8-15%, and δ-HCH 2-16%) have been used ex-
tensively in agriculture from the 1950s to the early
1980s (Da et al. 2014). From these isomers, only γ-
HCH has specific insecticidal properties; for instance,
lindane contains more than 90% of γ-HCH (Vijgen
et al. 2019). The HCH isomers (α-, β-, γ-, and δ-) have
different physicochemical properties. For example, α-
HCH is more likely to enter the atmosphere and be
transported over long distances, while β-HCH is more
resistant to hydrolysis and environmental degradation
(Da et al. 2014). α-HCH/γ-HCH ratios are among the
most common methods employed to determine the
sources and transport of HCHs in the atmosphere (Hao
et al. 2019). If the α-HCH/γ-HCH ratio has a value
ranging from 4 to 7, technical HCHs prevail; if the α-
HCH/γ-HCH ratio is lower than 4, the lindane is dom-
inant (Botwe et al. 2017).Moreover, theβ-/(α+γ)-HCH
ratio is another approach used to determine the usage
history of technical HCH and lindane (Liu et al. 2012).
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If this ratio is lower than 0.5, it indicates that HCH and/
or lindane are used recently, and if this ratio is higher
than 0.5, it was utilized in the past. In this study, the β-/
(α+γ)-HCH versus α-HCH/γ-HCH ratios obtained for
the sampling points are shown in Fig. 4.

According to the α-HCH/γ-HCH ratios, lindane
was dominant in all sampling points during the
measurement period. This pesticide is known for
its toxic properties and stability and often causes
water and soil pollution (Kartalovic et al. 2015).
The α-HCH/γ-HCH ratios obtained in this study
are similar to several studies in the literature. For

example, in a study conducted by Wu et al. (2020)
in the northwest Pacific Ocean, they reported an
average value for α-HCH/γ-HCH ratio as 0.61 ±
0.24. On the other hand, a mean value for the α-
HCH/γ-HCH ratio from urban areas in Turkey was
2.26 (Kurt-Karakus et al. 2018). Odabasi et al.
(2008) affirmed that low α-HCH/γ-HCH ratios
could be attributed to the effect of regional sources
supporting our previous assumption. Similarly, ac-
cording to β-/(α+γ)-HCH ratios, the HCHs could
recently be used in the BUU and CR sampling
points. Pokhrel et al. (2018) found ratios between

Fig. 2 Molecular diagnostic ratios (a) and ring profiles (b) for the sampling points

Environ Monit Assess (2020) 192: 655 Page 7 of 16 655



0.1 and 0.5; these ratios were similar to the values in
our study (0.05-0.78), confirming the use of lindane
in our sampling points.

Atmospheric PCB concentrations and possible sources

The concentration of the total 33 PCB (∑33PCB) com-
pounds sampled with the PASs is presented in Fig. 5.
The ∑33PCB concentrations in the LR, LB, CR, and
BUU were 351 ± 22, 352 ± 16, 316 ± 15, and 603 ± 83
pg/m3, respectively. The highest average PCB concen-
tration level was observed in the BUU, while the lowest
PCB concentration levels were measured in the CR yet
not different from the other Peru sites.

The sampling points from Peru showed low variation
during the three months of sampling, and statistically
significant differences among the samples were not
observed (p > 0.05). However, the average PCB value
measured in the BUU was higher than the values

reported in the Peru sites. Jaward et al. (2004) reported
∑29PCB concentrations between 20 and 1700 pg/m3

across 22 European countries. The same author, in an-
other study, showed that∑29PCB concentrations in four
Asian countries (China, Singapore, Japan, and South
Korea) were between 5 and 336 pg/m3 (Jaward et al.
2005). It was expected to measure lower concentrations
in our studies because European countries have used a
massive amount of PCBs in comparison with other parts
of the world (United Nations Environment Programme
2002). However, industrial sites in Asia may contain
higher PCB concentrations than in Europe. Xing et al.
(2009) reported the average ∑37PCB concentration of
415 ± 355 ng/m3 in a recycling center of China, which is
about 200 times higher than the highest PCB concen-
tration declared by Jaward et al. (2004). Pozo et al.
(2012) and Tombesi et al. (2014) have reported
∑48PCB concentrations of 200 ± 13 pg/m3 and 100–
350 pg/m3 in Buena Bahia (Argentina) and Chile

Fig. 3 Total OCP concentrations between June and August 2018

Fig. 4 The ratios of β-/(α+γ)-
HCH versus α-HCH/γ-HCH

Fig. 5 Total PCB concentrations between June and August 2018
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(Concepcion), respectively. The Health and Environ-
mental Ministry of Peru reported∑7PCB concentrations
lower than 0.016 pg/filter in 6 important cities of Peru in
2017 (Health Ministry of Peru 2017). These results are
difficult to compare with other values due to the low
number of PCB congeners analyzed and the different
units used to present the results.

In a previous study in the BUU by Cindoruk and
Tasdemir (2008), they reported ∑37PCB concentrations
in the gas-phase as 434 ± 11 pg/m3. However, our study
demonstrated an increase in PCB concentrations. The
newly open depot for e-waste, 50 m from the sampling
point, could explain this increase in PCB levels.Moreover,
PCB concentrations inmore industrialized cities in Turkey,
such as Aliaga, Kocaeli, and Izmir, showed atmospheric
PCB concentrations between 13 and 388 times higher than
our results (Aydin et al. 2014; Cetin et al. 2007, 2017). In
general, industrial sites presented higher concentrations
than the urban and rural sites.

Homolog groups of PCBs can be used as a standard
method for determining the possible sources, environmen-
tal transport, and behavior of PCBs in the environment
(Habibullah-Al-Mamun et al. 2019). The percentage dis-
tribution of monthly homolog group each sampling point
is shown in Fig. 6.

Homolog group distributions were examined, and sim-
ilar results were obtained in all sampling points. The
predominant homolog groups were Tri- (19–29%), Tetra-
(19–25%), and Penta- (12–22%) CBs. Various studies
around the world show that Tri- and Tetra-CB homologs
are dominant in industrial and urban areas (Birgül et al.
2017; Pozo et al. 2012; Tasdemir et al. 2004). In general,
higher molecular weight PCBs are in the particle phase.
Gas-phase pollutants are mostly sampled in PAS. This
situation is thought to be one of the reasons for the low
contribution of high chlorinated homologs in this study
(Birgül et al. 2017). Hepta- and Nona-CBs covered 4–8%
and 0–5% of total homologs, respectively. Also, consider-
ing the historical background of PCB production, low
molecular weight homolog groups were mostly produced
(Arinaitwe et al. 2018; Breivik et al. 2002). Therefore, it is
likely tomeasure low-chlorinated PCBs in the atmosphere.

Temporal changes and differences among pollutant
sources of POPs

The PCC and COD results obtained for PAHs, OCPs,
and PCBs in the sampling points are shown in Fig. 7 and
Fig. 8, respectively.

Fig. 6 Homolog group
percentage distributions in the
sampling points
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Except for the BUU in June (PCC < 0.7), PAH
concentrations within four sampling points did not
change temporally. The analysis for the identification

of PAH sources indicated differences between Peru and
Turkey. When the PCC values for OCPs were exam-
ined, generally low correlation levels were observed.

Fig. 7 The Pearson correlation coefficient (PCC) values belong to the sampling points

Fig. 8 The coefficient of divergence (COD) values for the sampling points
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The PCC values for OCPs in the BUU and CR sampling
points were higher than 0.74 in all months. Since pesti-
cides have been recently used in these two sampling
points, no differences were expected between them (Fig.
4). Differences between temporal changes in the LR and
LB sampling points in June and July were thought to be
due to the fact that the LR sampling point was located
closer to agricultural activities than the LB. The high
PCC values observed in August were explained by the
start of pesticide usage from this month (Rodrigues et al.
2018). For this reason, low PCC values were observed
in June–July and high PCC values in August in both
sampling points. The calculated PCC values for PCBs
were found to be higher than 0.7 in all sampling points
and months.

The COD values were higher than 0.2 among almost
all paired sites. These results indicated the differences in
source types (Liu et al. 2017). The COD distributions of
PAHs in the LR-LB sampling points were close to 0.2;
the LR-BUU, the LB-BUU, and the CR-BUU samples
yielded typically a result higher than 0.5. This means
there were differences between PAH sources in both
countries. The CR sampling point represents a region
near to the main road and anthropogenic sources, while
the BUU sampling point represents a region with less
PAH sources than other points. In Peru, wood and coal
are widely used for heating and cooking, while natural
gas is generally consumed in Turkey. High COD rates
were observed due to these differences between the two
countries. According to COD distributions in OCP

samples, the CR-BUU sampling points were found to
be less than 0.2. Also, in June, the LB-LR sampling
point was also close to 0.2. The COD values in the LR-
BUU and LB-BUU sampling points were always higher
than 0.2. It appeared that similar sources of OCPs were
found in the CR-BUU sampling points. When the β-/
(α+γ)-HCH ratios of these two sampling points were
analyzed, it was determined that pesticides had been
used recently. COD distributions in PCBs are similar
to those of OCPs. COD values in the LR-LB sampling
point in July and in the CR-BUU sampling point in
August were less than 0.2. When the distributions of
both the PCC and COD values were examined, similar-
ities were observed between the temporal distribution
and sources of pollutants in the CR-BUU sampling
points in June-July for OCPs and in August for PCBs.

Health risk assessment of POPs via inhalation

The carcinogenic risk via inhalation of POPs for adults
and children is given in Table 2. According to the results
of cancer risk by inhalation for PAHs, OCPs, and PCBs,
it was determined that there was not any risk for both
adults and children in two countries. However, the risk
of cancer that may arise as a result of exposure to PAHs
in Peru is higher than in Turkey. This was probably
related to the effect of pollutant sources and their effec-
tiveness. For example, since the BUU sampling point
represented an area away from PAH sources than other
sampling points, less cancer risk was calculated for both

Table 2 Carcinogenic risk via inhalation of POPs for adults and children (× 10−6)

LR LB CR BUU

Adults Children Adults Children Adults Children Adults Children

PAHs

Minimum 0.07 0.04 0.04 0.03 0.15 0.10 0.02 0.02

Maximum 0.08 0.05 0.05 0.03 0.18 0.11 0.04 0.03

Mean 0.08 0.05 0.05 0.03 0.16 0.10 0.03 0.02

OCPs

Minimum 0.04 0.02 0.02 0.01 0.02 0.01 0.02 0.01

Maximum 0.05 0.03 0.03 0.02 0.03 0.02 0.09 0.06

Mean 0.04 0.03 0.02 0.02 0.03 0.02 0.06 0.04

PCBs

Minimum 0.03 0.02 0.03 0.02 0.03 0.02 0.05 0.03

Maximum 0.04 0.02 0.03 0.02 0.03 0.02 0.07 0.04

Mean 0.03 0.02 0.03 0.02 0.03 0.02 0.06 0.04
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adults and children. On the other hand, according to the
β-/(a+γ)-HCH ratios in the BUU sampling point, there
was an indication of recent pesticide usage. Due to
pesticide use, higher results were obtained at the BUU
sampling point than other sampling points for both
adults and children. Finally, due to the open waste
storage for electronic waste near the BUU sampling
point, the inhalational exposure at this sampling point
yielded higher PCB risk values for both adults and
children compared with other sampling points. The use
of coal and wood for cooking was high and continuous
throughout the year in Yurimaguas, Peru. Therefore, the
CR sampling point, although within limits, poses a
higher risk for PAH inhalation compared with other
regions. According to the β-/(a+γ)-HCH ratios in the
sampling points in Peru, there was a historical use of
pesticides in general. At the same time, low PCB con-
centrations have been observed because the sampling
points in Peru are far from industries. As a result, there is
no risk of cancer in both age groups that may occur via
inhalation.

Conclusion

In this study, the measurements of atmospheric PAHs,
OCPs, and PCBs concentrations in Yurimaguas (Peru)
and Bursa (Turkey) were carried out during the summer
season (June–August) in 2018. The highest PAH con-
centrations and the lowest OCP and PCB concentrations
were measured in Peru. Molecular diagnostic ratio
(MDR) and ring profile results indicated that anthropo-
genic sources like open-air cooking, coal burning, and
traffic were much more effective in Peru. Considering
the OCPs, the usage of lindane was dominant in both
countries. The reason for the high PCB concentrations at
the BUU sampling point was due to the commissioning
of the electronic waste storage area near the sampling
area. The Pearson correlation coefficient (PCC) method
was used to correlate the results from both sampling
points. In addition, the coefficient of divergence (COD)
method was employed to investigate the differences
between the pollutant sources in both sampling points.
According to these methods, the concentration levels
were similar for PAH and PCBs; yet, the sources of
pollutants were different. Finally, the risk of cancer that
can occur in both adults and children via inhalation was
evaluated. There was no risk for POPs in both countries
during the sampling period. This paper represents the

first study to compare Turkey with a Latin American
country. In this context, further studies must be carried
out in Latin American countries and the evaluation with
more industrialized countries as Turkey, as well.
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