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Abstract Persistent organic pollutants (POPs) are
banned in almost all countries due to their adverse health
effects while they are still present in the environment
due to their persistence. As the dissipation and the
emission factors of POPs change by temperature and
other environmental factors current study aimed to de-
termine selected POPs, including polychlorinated bi-
phenyls (PCBs), polybrominated diphenyl ethers
(PBDEs), and organochlorine pesticides (OCPs) in wa-
ter and sediment samples collected from 12 stations
located in Ankara River, Turkey, for 12 months. C-18
solid-phase extraction technique was used to extract
organic pollutants and the analysis were performed
using a validated gas chromatography-mass spectrome-
try method. DDE was the most frequently detected
contaminant in water samples. Even though no PCB
residues were present in water samples, PCB101 was
the most common contaminant in sediment. Although
both matrices had the least load of pollutants in winter,

there was an increase in presence and concentration of
pollutants from late spring to autumn.
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Introduction

Persistent organic pollutants (POPs) are chemical
substances that pers ist in the environment,
bioaccumulate and bio-magnify through the ecosys-
tems including the food web, and pose significant
risks through adverse effects on human health and
environment. The most common POPs are organo-
chlorine pesticides (such as DDT), industrial
chemicals (such as polychlorinated biphenyls,
PCBs), and unintentional by-products (such as di-
oxins and furans) (WHO 2018). Due to their potential
for adverse health effects in human including neuro-
logical disorders, reproductive toxicity, endocrine
disruption, and cancer, POPs received increasing at-
tention worldwide (Yurdakok et al. 2015). As POPs
are able to be transferred to water sources, monitor-
ing programs for detecting the seasonal changes of
their presence and possible sources of these pollut-
ants have great importance for the environmental and
public health risk management (Kuzukiran et al.
2016a).

Geographic differences and possible climatic and
seasonal variation have a major influence in the POP
release, along with distribution and degradation in
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the environment (Murayama et al. 2003). These en-
vironmental factors include temperature, pH, ionic
strength, and the type of the sediments, where the
hydrolysis rates of POPs affecting vapor pressure and
water solubility are altered. On the other hand,
photodegradation had only a few influence due to
the nature of the compounds (Liu et al. 2017). Sea-
sonal changes influence the fate and degradation of
pesticides in hydrological systems mainly through
temperature along with soil erosion, surface runoff,
and other salinity changes. Intensive use of pesticides
during certain seasons to get rid of insect-borne dis-
eases also have an influence on the concentration
differences. During warmer and wetter seasons, these
compounds dissipate more through air and water
resources (Unyimadu et al. 2017).

Anthropogenic activities due to habitation and agri-
culture play an important role in POP pollution in rivers.
In this study, Ankara Stream was chosen as a natural
model to determine the frequency of POPs and how they
are affected by the environment in urban and rural areas.
Ankara Stream is a small river with 140-km long
flowing through the city of Ankara, Turkey, and splits
the city nearly in half. This stream was polluted by
municipal, industrial, and agricultural discharges for
many years (Chambers of Environmental Engineers
2009). Several efforts for the improvement of this river
including urban river restructuring such as greenways
(Baris et al. 2010), waste water irrigation facilities in
organized industrial districts, and application of good
agricultural practices have been implemented. Along
with these, Middle East’s largest sewage treatment plant
facility was located along the flow direction of Ankara
stream in Tatlar village of Sincan and operates since
2002 (Ankara Metropolitan Municipality 2014). At-
tempts for long-term monitoring pesticides and other
persistent organic pollutants was implemented by the
Ministry of Environment and Urbanization, Republic of
Turkey (National Implementation Plan 2018). However,
relevant data on POP loads in the major river of Ankara
with regard to the seasonal changes and urban-rural
differences is still missing. Therefore, in order to evalu-
ate the seasonal changes and urban-rural differences, the
aim of this study was to determine selected POPs in-
cluding some polychlorinated biphenyls (PCBs),
polybrominated diphenyl ethers (PBDEs), and organo-
chlorine pesticides (OCPs) from water and sediment
samples collected from 12 stations in Ankara River for
12 months.

Materials and methods

Water and sediment samples were collected from 12
stations (approximately 10 km distance from each other)
between May 2014 and April 2015, with given coordi-
nates of latitude/longitude as follows; region 1:
40,076017-32,954967; region 2: 39,880591-
32,094051; region 3: 39,967106-32,865308; region 4:
39,845220-32,298216; region 5: 39,791209-
32,373883; region 6: 39,888984-32,464936; region 7:
39,974548-32,579478; region 8: 39,948963-
32,792255; region 9: 39,967011-32,865171; region 10:
39,983962-32,895106; region 11: 40,076046-
32,955033; region 12: 40,224112-32,025506 (Fig. 1).
Regions 1–6 represent rural section and 7–12 as urban
sections. Due to the recreation, no sediment sample was
available to be collected for regions 7–12. A total of 144
water and 72 sediment samples were collected and
transferred to the laboratory at cold chain. Sediment
samples were first dried at room temperature and ana-
lyzed within 48 h.Water samples are stored directly at −
20 °C, and analyzed within 48 h.

Standards of PCBs (PCB28, PCB30, PCB52,
PCB101, PCB118, PCB138, PCB153, PCB180,
PCB209) and OCPs [alfa- hexachlorocyclohexane (α-
HCH), gamma-hexachlorocyclohexane (γ-HCH), hexa-
c h l o r o b e n z e n e (HCB ) , h e p t a c h l o r , p , p ’ -
dichlorodiphenyl dichloroethane (p,p’-DDD), p,p’-
dichlorodiphenyldichloro ethylene (p,p’-DDE), and
p,p’- dichlorodiphenyl trichloroethane (p,p-DDT)] were
purchased from Dr. Ehrenstorfer Laboratories (Augs-
burg, Germany) and PBDEs (PBDE17, PBDE47,
PBDE66, PBDE100, PBDE153, PBDE183) were pur-
chased fromWellington Laboratories (Guelph, Canada).
PCB153-labeled 13C12 were purchased fromCambridge
Isotope Laboratories (Andover, MA, USA). PCB 30,
PCB 209, and PCB153-labeled 13C12 were used as the
internal standards. Other chemicals and solvents used in
the analysis were of analytical grade and from Merck
(Darmstadt, Germany). Standard stock solutions and
internal standards were prepared in acetonitrile and
stored in the dark at ≤ 4 °C; while standard working
dilutions were prepared from the stock daily.

Extraction and analysis of water and sediment sam-
ples were followed according to our previously adopted,
optimized, and validated method (Kuzukiran et al.
2016b). In brief, homemade cartridge (10-mL glass
syringe) for solid-phase extraction (SPE) filled with
C18 (Agilent Technologies, Santa Clara, California-
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USA) were used for the extraction of water samples.
SPE cartridge was conditioned with n-hexane, dichlo-
romethane, methanol, and deionized water avoiding
dryness (flow rate 5 mL/min). Following conditioning,
10 mL unfiltered water sample was passed and cartridge
was rinsed with deionized water. It was then dried, using
vacuum for 30 min and eluted using dichloromethane:
hexane mixture (1:1, v/v). Extract was evaporated under
nitrogen stream at 35 °C and resuspended in 90 μL
isooctane. Samples were lastly fortified with 10 μg/L
of injection internal standard of PCB30. Sediment sam-
ples were homogenized using a beaker and filtered
through a 0.4-mm stainless steel sieve. Acetone mixed
sample were kept in an ultrasonic bath (frequency
35 kHz, 0.32 kW, Super RK 510, Sonorex, Bandelin,
Germany) for 10 min at 25 ± 2 °C and centrifuged at
4000 rpm for 10 min. Separated supernatant was dried
under nitrogen at 35 °C and dissolved in acetone. Home-
made SPE cartridge for sediment analysis included
florisil (60–100 mesh), Bondesil-Primary Secondary
Amine (PSA) (40 μm), and magnesium sulfate (Agilent
Technologies, Santa Clara, California-USA). Before
transferring the samples, cartridge was conditioned
using ethyl acetate/acetone/hexane (5:2:1, v/v/v) and
eluted with ethyl acetate/acetone/hexane (5:2:1, v/v/v)
mixture. Collected eluate was evaporated, collected, and
spiked as described in water extraction. Final samples
were injected into the GC-MS. HP-5MS capillary col-
umn (30 m × 0.25 mm id, 0.25 μm film thickness)
(Agilent Technologies, Palo Alto, CA, USA) was used
for chromatographic separation.

A Polaris Q External Ionization Ion Trap GC-MS
was used with split/splitless injector equipped with a
12-cm × 5-mm i.d. Silcoseeve liner (Thermo Finnigan,
San Joe, CA, USA) in a splitless mode with tempera-
tures of 280 °C for the injector, 270 °C for the transfer
line, and 250 °C for the external ion source; where 2 μL
sample was injected. Helium was used as a carrier gas
with a constant flow rate of 1.0 mL/min. GC oven
program and mass spectrometric conditions for quanti-
tative measurement in selected ion monitoring (SIM)
mode along with method validation parameters includ-
ing LOD and LOQ values, recovery, and linearity pa-
rameters were described previously (Kuzukiran et al.
2016b).

Comparison between the rural and urban areas ac-
cording to the frequency distribution was conducted by
Pearson chi-square analysis using SPSS 14.0 software
(SPSS, Chicago, IL, USA).

Results and discussion

The first samples collected in May 2014, from region 1,
showed foamy appearance, where strong sulphur odor
was evident along with household pollution; mean-
while, in other areas, this foamy appearance was much
less evident and was not found to be present in the
following months. Foam formed through surfactants
by increased surface tension is mostly natural, through
decomposed organic materials and more evident during
warmer seasons. On the other hand, synthetic
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Fig. 1 Sample collection sites from Ankara River, Turkey
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surfactants through anthropogenic sources (household
cleaning products such as detergents, shampoos, tooth-
paste, and cosmetic) are also another source for foam
formation (Swisher 1986).

Monthly differences of POPs in water and sediment
samples collected from Ankara River are described in
Tables 1 and 2, respectively. Among tested POPs in
water; p,p’-DDE residues were detected the most,
followed by p,p’-DDT. No residues of PCB were pres-
ent, while traces of PBDE100, PBDE17, and PBDE47
were found. In terms of frequency, residues of p,p’-DDE
were found 44 times, PBDE100 and p,p’-DDT 4 times,
PBDE17 and PBDE47 1 time in water samples. p,p’-
DDE is the major metabolite of DDT, which is a banned
organochlorine pesticide; due to its long half-life, resi-
dues are still present probably due to its past local use or
originated elsewhere and transported through the atmo-
sphere (Kuzukiran et al. 2016b).

In sediment, the most common compound as organ-
ochlorine pesticides was γ-HCH (6 times) followed by
p,p’-DDE (2 times). Contrary to the fact that PCBs were
absent in water, they were found in sediment at a fre-
quency of 13 samples for PCB101, 4 samples for
PCB28, and 2 samples for PCB138 and PCB153. Only
residues of PBDE66 was present in sediment samples
collected in July and August. Overall, the most common
contaminants in sediments were PCB101 (13 times), γ-
HCH (6 times), PCB28 (4 times), PBDE66 (3 times),
PCB138 (2 times), PCB153 (2 times), and p,p’-DDE (2
times). Concentrations of POPs in general were much
higher in sediment samples compared to water. For both
matrices, POP concentrations were found to be lower in
winter period (December, January, February) compared
to the rest of the months, while an increase was evident
in the May–August period. Even though the frequency
distribution of POPs was 27 in rural areas and 26 in
urban areas, the difference was not found to be signifi-
cant (p > 0.05).

Temperature averages for months were calculated
from the daily-recorded temperatures. Since Ankara is
located in the middle of Turkey, surrounded by moun-
tains, the climate is terrestrial, where temperature differ-
ences are high in day-night (Fig. 2). According to the
Ministry of Environment and Urbanization, monthly
averages for winter, spring, summer, and autumn were
10.12, 20.22, 6.74, and 1.61 °C, respectively, while the
highest average temperature was recorded in August as
22.57 and the lowest in January as − 0.98 °C. The
monthly difference of PCBs could also be attributed to T
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the distribution of particles (including the size and
source such as the amount of resuspended sediment in
trapped settling material) and the role of diagenesis of
the organic matter on particles in the sediment samples.
As the particle size decreases, time-to-equilibrium
partitioning between water and particle phases also de-
creases (Robinson et al. 2008).

Although several studies are available for the pollu-
tion levels in Ankara River and surrounding water
sources (Karakoc et al. 2003; Kazanci and Girgin
1998; Ozyurek et al. 2013), data compromising various
POPs and monthly differences was not present. In 2012,
4 of the 10 Organized Industrial District (OID)
compromising many different forms of industrial pro-
duction and labor did not or have poor waste water
treatment facilities. During these years, several attempts
regarding Ankara Water and Sewerage Authority for the
improvement of facilities and storage conditions along
with prevention of leakage were conducted. Following
2013, plans for a wastewater treatment facility in Sincan
Organized Industrial District (SOID) were complete and
in March 2014, this facility was put in use. These OIDs
compromise various sectors including the power plants,
transistors, dye and chemicals, packaging, construction,
and plastic materials along with other electric-electronic
machinery producing a valuable contribution to cities
economy. Among the waste materials, PCBs are the
most common, since these compounds were widely
used as lubricants, heat transfer agents, paint additives,
and insulating media in capacitors, and voltage regula-
tions due to their chemical stability, including low flam-
mability, and high dielectric constant, where they are
used in closed applications including coolants and insu-
lating fluids (transformer oil) for transformers and ca-
pacitors. Endocrine disrupting health effects of these

bioaccumulating compounds are the main drive for local
authorities for finding the sources of these existing
PCBs in the environment and develop monitoring activ-
ities (National Implementation Plan 2018).

In the study by Ozyurek et al. (2013), surface sedi-
ment samples in Ankara river collected around SOID in
2008, which also compromises the same sampling site
of our research (region 5), were found to contain PCB
residues of Arachlor 1254 and 1016 at 12485.5 and
777.6 ng/g (ppb) concentrations. In our study, sampling
was done after the wastewater treatment facility was
structured and functioned which was from May 2014.
No residues of PCB were present in water, while only
PCB101 was found in May samples at 1.192 ppb con-
centrations. Although there are studies concerning the
wastewater treatment plants still have presence of these
stable compounds (Mantis et al. 2005), these facilities
along with appropriate governmental measures produce
promising results, since PCB levels were much lowered
according to our results.

Cagdas et al. (2017) screened PCBs, OCPs, and
PBDEs in Buyuk Menderes River in the Aegean Sea
Region. Similar to our results, even though its ban, OCP
(DDT) were found in water samples from all stations at
lower concentrations, probably due to its past usage, while
no PCB and PBDEs were detected. In that study, the
metabolite DDE were not screened, which might have
been found at a higher concentrations, as in our study.
Recently a training regarding POP emissions by uninten-
tional industrial production was held by The United Na-
tions Industrial Development Organization (UNIDO), in-
cluding general information, sampling, and analysis of
industrial chimney emissions, which might have a poten-
tial beneficiary influence on the industrial emissions of
these contaminants in near future (UN 2017).
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Conclusion

The current study revealed monthly presence and/or
concentration of selected POPs in water and sediment
samples collected from 12 stations including urban and
rural regions of Ankara River. p,p’-DDE was the most
detected contaminant in water samples. No PCB resi-
dues were detected in water samples. However, PCB101
was the most common contaminant in sediment. No
differences between urban and rural regions were ob-
served. For both matrices, winter period was found to
have least load of contaminants, while an increase in the
presence and concentration was present from late spring
until autumn. This could be related to the temperature
dependence of emission factors of POPs. Longer-term
surveillance along with a broader spectrum of POPs is
required to be implemented by authorities globally for
the conservation of environment and public health.
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