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A B S T R A C T

The goal of the present work was to investigate the seasonal variations of organochlorine pesticide (OCP) levels
in Bursa, Turkey. The sampling site was a campus and considered as a semi-rural site. Atmospheric OCPs in the
particulate and gas phases were measured separately during night and day time periods. The average of the total
concentrations was determined as 599 ± 194 pg/m3 and on average 65% of the total OCP concentration was in
the gas phase. Measured OCP level were comparatively greater in the warmer months of June, July, and August.
The temperature dependence of gas-phase atmospheric concentrations of OCPs was examined using the Clausius-
Clapeyron approach. The temperature effect was statistically significant (p < 0.05) on the Alpha, Gamma- and
Delta-HCH, and Methoxychlor concentrations for night samples, yet it was not statistically significant for the day
samples. The maximum annual average gas phase OCP concentration was measured for Beta-HCH species as
176 pg/m3. The maximum value was 67 pg/m3 in the particle phase and it belonged to Beta-Endosulfan. The
partitioning of OCPs between particle and gas phases was studied. They were compared to the PoL (supercooled
vapor pressure) and KOA (octanol/air partition coefficient) models. OCP concentrations measured during the
day and night-time periods were found to be close to each other. The absence of a significant difference in night-
day concentrations has shown that the impact of local sources were similar. Inhalation carcinogenic risks of
OCPs were calculated and they indicated low cancer risk.

1. Introduction

Organochlorine pesticides (OCPs), an essential group of pesticides,
have been used for many years worldwide in order to increase agri-
cultural productivity and to combat pests (Shunthirasingham et al.,
2010). In general, OCPs have high thermal stability and poor water
solubility but they are relatively soluble in organic solvents and oils.
OCPs carry a serious health risk for living organisms and cause en-
vironmental problems. They are harmful, carcinogenic and organic
pollutants that remain in nature for many years without degradation
(Zhou et al., 2008). OCPs have many health effects (acute and chronic)
and they tend to accumulate in the fatty tissues in the human body.
OCPs are also found in and distributed by the blood, break down slowly
and remain in the human body for a long time (Padhi and Pati, 2016).
On the other hand, many OCPs, including dichlorodimethyltri-
chloroethanes (DDTs), have been gradually phased out due to their high
bioaccumulation, toxicity, and persistence in the environment. One of
the basic features of OCPs is their persistence. The persistence of OCP
compounds varies between moderate persistence with a half-life of

approximately 60 days and high persistence with half-life up to 10–15
years (Jayaraj et al., 2016). OCPs are considered as toxic chemicals and
the toxicity of OCPs varies depending on their chemical properties. The
OCP mainly affects the central nervous system (Jayaraj et al., 2016;
Caballero et al., 2003).

OCPs are generally applied directly to the soil or by spraying on
crops. After their application, OCPs evaporate into the atmosphere due
to their physico-chemical properties. OCPs disperse in the atmosphere,
chemical reactions occur and some of them are transported over long
distances (Harner et al., 1999; Bozlaker et al., 2009; Cindoruk and
Tasdemir, 2014; Qiao et al., 2019; Qu et al., 2019). OCPs can deposit
onto the soil, water and plant bodies depending on their atmospheric
concentrations and meteorological conditions (ATSDR, 2005).

In some countries, Isodrine and Endrin have not been allowed to be
used since 1972. The use of Lindane is only permitted under special
conditions. Organic pollutants such as hexachlorocyclohexanes (HCHs)
and DDT are transported by air and water on a global scale due to their
wide agricultural use (Kıstaubayeva, 2015). OCPs exhibit bioaccumu-
lation in the food chain because of their vapor pressure, chemical
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solubility, durability, and these compounds can be transported over a
very long distance (Bozlaker, 2008). High atmospheric concentrations
were reported for OCP species, although they were prohibited from
being used in Turkey (Sofuoglu et al., 2004; Bozlaker, 2008; Cindoruk
and Tasdemir, 2014). The OCP pollution in various environments has
been studied around the world (Gioia et al., 2005; Wu et al., 2016; Bigot
et al., 2017; Chen et al., 2017; Fang et al., 2017; Wang et al., 2018). On
the other hand, the limited number of works have been conducted on
the ambient air concentration and deposition of OCPs in Turkey
(Sofuoglu et al., 2004; Odabasi et al., 2008; Bozlaker et al., 2009; Ozcan
and Aydin, 2009; Cindoruk, 2011; Cindoruk and Tasdemir, 2014; Kuzu,
2016).

OCPs evaporate from polluted soils, water bodies and vegetation to
the atmosphere when ambient air temperature increases. Therefore, a
correlation between ambient air temperatures and OCP concentrations
should be observed when there is no local source of OCPs. The Clausius-
Clapeyron equation describes the relationship between the semi-vola-
tile organic compound (SVOC) gas-phase partial pressure (P) and in-
verse air temperature (1/T) (Yeo et al., 2004; Cindoruk, 2011; Ji et al.,
2015).

ln P = (-ΔHv/R) (1/T) + constant (1)

where P is the partial pressure of the targeted SVOC (Pa), ΔHv is the
energy necessary to achieve environmental phase-transition (kJ/mol),
R is the gas constant (8.314 Pa m3/mol) and T is the average ambient
air temperature (K). The Clausius-Clapeyron equation can be presented
graphically as a figure of ln P vs. 1/T. The slope of this equation gives
an indication of the atmospheric transport distances. For example,
steeper slopes suggest that volatilization from regional sources control
atmospheric OCP concentrations (Cindoruk, 2011; Ji et al., 2015).

Similar to other SVOCs, OCPs are distributed between gas and
particle phases (Sauret et al., 2008; Cindoruk, 2011; Yenisoy-Karakas
et al., 2012; Kuzu, 2016). The distribution of OCPs between the particle
and gas phases strongly affects their fate. OCPs aim to reach an equi-
librium between gas and particle phases depending on air temperatures,
their vapor pressures, and particle concentrations and properties.
SVOCs level and their gas/particle partitioning in the atmosphere are
among the main factors influencing the atmospheric behavior
(Tasdemir et al., 2004a, 2004b; Odabasi et al., 2008; Bozlaker et al.,
2009; Esen et al., 2019). Determining the gas and particle phase is an
important step in modeling the deposition of OCPs (Majewski and
Capel, 1996).

The OCP partitioning between the gas and particle phases affects the
transport, fate, residence time and removal processes of PCBs in the
atmospheric environment (Sofuoglu et al., 2001; Cindoruk and
Tasdemir, 2014). Gas - particle partitioning is a function of both gas and
particle concentrations, compositions, characteristics, and atmospheric
temperature. The partitioning of SVOCs is parameterized with a gas/
particle partition coefficient, Kp (m3/μg):

Kp=(Cp/CTSP)/Cg (2)

where Cp and Cg are the particulate and gas phase SVOC concentra-
tions, respectively (ng/m3), and CTSP is the concentration of total
suspended particles in the air (μg/m3). In some studies, the gas-particle
partitioning of SVOCs has been investigated as a function of subcooled
liquid vapor pressure (PL0, Pa) of the compounds (Eqn (3)) (Fernandez
et al., 2002; Vardar et al., 2004). Pankow (1994) suggested that under
equilibrium conditions and for the same compound class, the slope (mr)
should be −1 regardless of whether absorption or surface adsorption
dominates the partitioning process. On the other hand, some studies
speculated on mr and they suggested that the mr may deviate sig-
nificantly from −1 for equilibrium partitioning (Simcik et al., 1998;
Dasch and Eisenreich, 2000; Esen et al., 2008).

= +K m P blog         logp r L r
0 (3)

The octanol-air partitioning coefficient (KOA) can be utilized as an
alternative to estimate KP values when the dominant partitioning pro-
cess is the absorption (Esen et al., 2019). The relationship between Kp

and KOA can be presented:

Kp = (fOM MWOCT ζOCT KOA)/(ρOCT MWOM ζOM 1012) (4)

where fOM is the fraction of organic matter (OM) phase on TSP, MWOCT
and MWOM are the mean molecular weights of octanol and OM phase
(g/mol), ζOCT is the activity coefficient of the absorbing compound in
octanol, ζOM is the activity coefficient of the compound in the organic
matter phase, ρOCT is the density of octanol (0.82 kg/L). With the as-
sumptions that ζOCT/ζOM = 1 and MWOCT/MWOM = 1, then Eqn. (4)
can be simplified as:

logKP = log KOA + log fOM −11.91 (5)

The utilization of Endrin, Heptachlor, HCH and DDT was prohibited
in Turkey in accordance with the framework of the Stockholm
Convention in 2001. In studies conducted in Turkey, OCP pollution was
determined in human tissue and breast milk (Cok et al., 2011;
Seydaoglu et al., 2005; Mert and Bilgin, 2006) in the atmosphere
(Ozcan and Aydin, 2009) and in food (Kalyoncu et al., 2009; Yavuz
et al., 2010; Guler et al., 2010). Illegal uses, industrial emissions and
long-range air transportation were the possible reasons for OCP pollu-
tion burdens in Turkey (Acara et al., 2006; Bozlaker et al., 2009). The
main aims of this work were to determine (i) the concentration levels of
targeted OCPs in a semi-rural region, (ii) the gas and particle phase
distribution of OCPs, (iii) the diurnal (day and night) OCP concentra-
tion variations, (iv) the seasonal OCP concentration variations and (v)
the cancer risk values.

2. Materials and method

2.1. Sampling studies

Ambient air samples were taken at the Bursa Uludag University
campus (40°15′1.77″N 8°51′25.27″E), which was classified as a semi-
rural area (Fig. 1). This campus is located in the vicinity of the Nilüfer
district. Sampling studies were conducted for one year. Within the
scope of the study, 31-day and 31-night samples were collected. The
samplings were carried out between June 2008 and June 2009. Air
samples were collected by employing a high-volume air sampler
(HVAS). The sampling flow rate was about 115 L/min. The filter unit
(for particle phase compounds) had a glass fiber filter (GFF: diameter is
11.0 cm, pore size is 1.6 μm), followed by 2 polyurethane foams (PUFs)
(5.5 cm diameter) in series for gas phase compounds. The samples
collected between 08:00 and 18:00 were denoted as day samples, and
from 18:00 to 08:00 as night samples. The calculations were made se-
parately for day and night periods.

In order to check the possible breakthrough from the PUFs, two
PUFs were placed in a glass cartridge. The second PUF was utilized to
capture the possible fugitives from the first PUF. Both PUFs were ana-
lyzed separately, and the ratio of OCPs that existed in the second PUF
was found to be less than 20%. This result indicated that PUFs have a
dependable holding capacity for atmospheric OCPs without any
breakthrough (Kim and Masunaga, 2005; Cindoruk, 2011).

2.2. Analytical procedure and OCP determination

PUF cartridges were subjected to the Soxhlet extraction for 24 h, as
mentioned in Cindoruk (2011). Sampled filters were ultrasonically ex-
tracted for 30 min using a dichloromethane/petroleum ether (DCM)/
(PE) mixture (1:4). Then, residual water was removed with sodium
sulfate (Na2SO4) column. The sample volumes were decreased with a
rotary-evaporator (30 rpm). The solvent exchange was achieved with
hexane (HEX) (Tasdemir et al., 2004a,b). Then, the samples in the HEX
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were reduced to 2 mL applying nitrogen gas. A fractionation column
containing 3 g of silicic acid with 3% water, 2 g of alumina with 6%
water and 2 g Na2SO4 of was used for clean-up purposes (Tasdemir and
Esen, 2007). This column was cleansed with DCM and PE to prevent
possible contamination, respectively. Two mL of sample and PE (25 mL)
was introduced into the column, the fraction formed by the complete
passage of PE was removed and then DCM (25 mL) was added to gather
the OCP portion (S.S. Cindoruk and Tasdemir, 2007a, 2007b; Cindoruk
and Ozturk, 2016). The sample volume was lowered with a rotary-
evaporator and a HEX exchange was achieved. Then, its volume was
decreased to 1 mL with nitrogen gas. This sample was taken into a vial
and stored in a freezer until analysis (Cindoruk, 2011). The OCP ana-
lysis was achieved employing an Agilent 7890 A model gas chromato-
graphy (GC), which had a μ-ECD (Micro-electron capture detector) with
an Agilent 7683 B model injector. A capillary column (HP-5;
30 m × 0.32 mm × 0.25 μm) was used for separation. The oven
temperature variations and time intervals were the same as in Tasdemir
and Esen (2007). The carrier and make-up gases were helium and ni-
trogen, respectively.

2.3. Quality assurance/Quality control

The glasswares used in the experimental studies were cleaned ac-
cording to Cindoruk (2011). HVAS filters were held at 450 °C for 24 h to
remove organic impurities. Brand new PUFs were Soxhlet extracted for
24 h, with pure water, methanol (MeOH), ACE/HEX (1/1, v/v) and
DCM, respectively and they were dried at 50 °C. The filters and PUFs
were kept in a refrigerator until the sample collection. The alumina,
silicic acid and Na2SO4 were kept at 450 °C for 1 night before usage.

The OCP recovery values were determined by using the external
recovery standards. The efficiency levels of external recoveries for PUFs
were 83 ± 16% for Alpha- HCH, 81 ± 20% for Beta-HCH, 93 ± 26%
for Gamma-HCH, 117 ± 6% for Delta-HCH, 69 ± 2% for Heptachlor
epoxide, 110 ± 16% for Endrin, 83 ± 15% for Beta-Endosulfan,
111 ± 20% for Endrin aldehyde, and 94 ± 3% for Methoxychlor. The
recoveries for GFFs were 74 ± 10%, 76 ± 9%, 73 ± 9%, 85 ± 8,
74 ± 4%, 73 ± 9%, 103 ± 12%, 101 ± 13%, and 70 ± 7%,
respectively. The recovery levels were usually over 70%; thus, the re-
covery correction was not applied to the reported data (Zheng et al.,
2010; Cindoruk and Tasdemir, 2014).

Blank samples were prepared from PUF cartridges and filters. Blank
samples were collected to find out any potential contamination during
the transport, preparation and analysis of the collected samples. Their

amounts were about 15% of the taken samples. The GFF and PUF
blanks were carried to the sampling site. They were situated in the
HVAS and brought back to the laboratory for the OCP analysis. The
blanks were subjected to the same analysis as the collected samples. The
OCP amounts detected in the GFF and PUF blanks as a proportion of
those in the collected samples were 7.6 and 2.6%, respectively. The
reported OCP values were all blank-corrected.

The value of the limit of detection (LOD) for each OCP was calcu-
lated by summing the average and three standard deviations of the
blanks (avg. + 3xSD). The sample values were not reported when their
values were smaller than the corresponding LOD. The determined LOD
values ranged between 1.19 (Endrin) and 1.87 ng (Gamma-HCH) for
the PUF samples and between 0.71 (Alpha-HCH) and 2.13 ng (Beta-
Endosulfan) for the filters. The IDL, the instrument detection limit, was
calculated for each targeted OCP species. The determined IDL values
were between 0.04 pg (Heptachlor epoxide) and 0.15 pg
(Methoxychlor).

2.4. Cancer risk assessment

In this study, the slope factor value approach was used to determine
the human health risk caused by OCP concentration in the sampling
area. The cancer risk values (R) were calculated with the following
equation (Eqn. (6)). Respiratory exposure and cancer risk are a function
of the concentration of the pollutant in the ambient air. In this equation,
the CSF-cancer slope factor values for Alpha-, Beta-, Gamma- and Delta-
HCH, and Heptachlor Epoxide were taken from the Integrated Risk
Information System (Integrated Risk Information System (IRIS) U.S,
1987; Qu et al., 2015).

=
× × × ×

×

ED EF ET CSF CF
BW AT

R   
(6)

where.
ED: Daily exposed OCP quantity (ng/day), where inhalation rates

were assumed 12 and 16 m3/day for children and adults, respectively
(U.S. EPA, 2011).

EF: Exposure frequency (300 days/year).
ET: Exposure time (7 years for children, 45 years for adults).
CSF: Cancer slope factor (1/(mg/kg/day).
CF: Conversion factor (0.000001).
BW: Body weight (25 kg for children and 70 kg for adults).
AT: Averaging time (25,550 days = 70 years), Calculations and

reports on cancer risk were as follows: (i) R values for adults and
children were calculated separately based on the annual average total

Fig. 1. The sampling site.
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OCP concentrations, (ii) The change intervals of Radult and Rchildren

values were found using OCP species concentrations measured on each
sampling day, (iii) The sum of cancer risk values of OCP species was
calculated for each sampling day and their averages were presented.

3. Results and discussions

Organochlorine pesticides (OCPs) are found mostly in the gas-phase
in the atmosphere and in the particle phase by being sorbed in the
particulate matter, and are distributed between the gas and particle
phases depending on the temperature, particulate matter size and vapor
pressure (Odabasi and Cetin, 2012). Studies have been performed in
many countries around the world to determine OCP concentration in
the atmosphere. Reported values of the total (particle + gas), particle
and/or gas phase OCP concentrations are given in Table 1. The results
in the present study were comparable with the OCP concentrations
obtained in other studies. In the present study, 9 OCP compounds in-
cluding Alpha-HCH, Beta-HCH, Gamma-HCH, Delta-HCH, Heptachlor
epoxide, Endrin, Beta-Endosulfan, Endrin aldehyde, and Methoxychlor
were reported. DDTs were not targeted. Alpha-HCH, Beta-HCH and
Methoxychlor generally had greater concentrations. Atmospheric con-
centrations of Alpha-HCH, Beta-HCH and Methoxychlor were also
found to be quite high in the atmosphere of Izmir, Turkey (Sofuoglu
et al., 2004). It was observed that generally, four OCP compounds,
Endrin, Beta-Endosulfan, Endrin aldehyde and Methoxychlor, were not
reported and priority was given to other OCPs. Concentrations of two
compounds (especially Gamma-HCH concentration) were high in
Strasbourg, France (Sanusi et al., 2000). Gamma-HCH and Heptachlor
epoxide concentrations in Belize, a city in Central America, were very
low (Alegria et al., 2000). The possible differences among the reported
OCP concentrations could be due to the sizes of the cities because
bigger cities have more OCP sources. In our case, Izmir and Strasbourg
are metropolitan cities while Belize is a small city.

3.1. OCP concentrations

Researchers have reported many different OCP species from atmo-
spheric samples around the world. It was noteworthy that many types
of OCPs have been measured in the atmosphere even though some of
them were prohibited. Evaporation, atmospheric transport and/or il-
legal use are thought to be the main reasons for the atmospheric oc-
currence of these OCPs (Zhang et al., 2011).

HCH has eight isomers, and it is considered an organochlorine in-
secticide. Some of them, including Alpha-(α), Beta-(β), Gamma-(γ) and
Delta-(δ) isomers are commercially important (Bozlaker, 2008). In our
study, the mean gas-phase concentration of Beta-HCH was the largest of
the OCPs of interest (176 pg/m3) (Fig. 2). The presence of HCH isomers
in receiving media causes large problems. The HCH isomers can eva-
porate in significant amounts from water to air with temperature rise.
Most chemicals used as a water-based and acrylic-based liquid curing
materials that prevent water loss from fresh concrete by applying by
roller or spray method on newly poured concrete surfaces contain HCH.
All internal and external field concretes, including airport, road and
bridge concrete, harbors, retaining walls, columns and beams, terrace
roofs, etc. Can be considered in this manner. The relatively high Beta-
HCH value obtained in this study could be due to the mixing and
transport of the chemicals used for the purposes mentioned above. As a
matter of fact, there were new settlements in close proximity to the
sampling region. Sofuoglu et al. (2004) emphasized that high HCH
concentrations were measured in Izmir-Turkey. Also, in a study con-
ducted by Cindoruk (2011), Beta-HCH was a predominant compound in
the gas phase for all sampling sites in Bursa-Turkey.

The ratio of Alpha-HCH/Gamma-HCH can be considered to predict
if the HCH isomers are due to the use of technical mixtures or long-
range atmospheric transport. About 60–70% Alpha-HCH, 5–12% Beta-
HCH, 10–15% Gamma-HCH, 6–10% Delta-HCH and other isomers areTa

bl
e
1

A
tm

os
ph

er
ic

O
C
P
co

nc
en

tr
at
io
ns

(p
g/

m
3
).

A
lp
ha

–H
C
H

Be
ta
-H

C
H

G
am

m
a-
H
C
H

D
el
ta
-H

C
H

H
ep

ta
ch

lo
r
Ep

ox
id
e

En
dr
in

Be
ta
-E
nd

os
ul
fa
n

En
dr
in

A
ld
eh

yd
e

M
et
ho

xy
ch

lo
r

R
ef
er
en

ce

İz
m
ir
, Tu
rk
ey

(P
+

G
)

11
1

±
12

5
32

0
±

17
6

11
7

±
15

7
38

±
15

34
±

35
16

±
10

20
±

7
48

±
38

22
0

±
25

5
So

fu
og

lu
et

al
.(
20

04
)

Ta
pa

ch
ul
a,

M
ex
ic
o
(G

)
11

–
42

–
–

–
39

–
–

W
on

g
et

al
.(
20

09
)

C
en

tr
al

A
m
er
ic
a
(P

+
G
)

–
–

36
–

2
–

–
–

–
A
le
gr
ia

et
al
.(
20

00
)

C
am

de
n,

U
SA

(G
)

96
N
D

15
8

N
D

45
–

1.
8

–
–

G
io
ia

et
al
.(
20

05
)

M
ud

an
ya

,
Tu

rk
ey

(P
+

G
)

66
.2

16
7.
8

71
.3

13
.7

12
.4

25
.2

86
.5

20
.2

77
.4

C
in
do

ru
k
(2
01

1)

Ti
an

jin
,

C
hi
na

(G
)

53
2.
0

28
8.
0

16
2.
0

37
.0

–
–

–
–

–
Zh

en
g
et

al
.(
20

10
)

A
rc
ti
c
Si
te
,N

or
w
ay

59
.7

–
15

.5
–

–
–

–
–

–
C
ho

i
et

al
.(
20

08
)

D
ur
ba

n,
S.

A
fr
ic
a
(P

+
G
)

1.
6

–
13

3.
0

–
0.
62

0.
06

–
–

–
Ba

tt
er
m
an

et
al
.(
20

08
)

St
ra
sb
ou

rg
,
Fr
an

ce
(P

+
G
)

28
7.
0

–
15

33
–

–
–

–
–

–
Sa

nu
si

et
al
.(
20

00
)

O
sm

an
ga

zi
,
Tu

rk
ey

(P
+

G
)

74
.3

48
6.
5

12
7.
8

19
.9

67
.3

37
.3

11
9.
8

40
.8

12
3.
9

C
in
do

ru
k
(2
01

1)
BU

U
C
,T

ur
ke

y
(G

)
45

.4
±

25
.5

17
6.
0

±
13

3.
4

36
.2

±
31

.5
57

.2
±

56
.4

11
.9

±
15

.8
6.
2

±
6.
3

29
.9

±
44

.1
2.
5

±
7.
0

21
.8

±
21

.2
Th

is
st
ud

y
BU

U
C
,T

ur
ke

y
(P
)

4.
2

±
3.
3

35
.1

±
46

.3
13

.4
±

11
.5

6.
3

±
4.
0

11
.1

±
22

.0
12

.1
±

19
.0

66
.9

±
95

.2
23

.6
±

46
.2

38
.1

±
40

.6
Th

is
st
ud

y

P:
Pa

rt
ic
le
-p
ha

se
,G

:G
as
-p
ha

se
,B

U
U
C
:T

he
Bu

rs
a
U
lu
da

g
U
ni
ve

rs
it
y
C
am

pu
s.

G.E. Sanlı and Y. Tasdemir Atmospheric Pollution Research 11 (2020) 2142–2153

2145



the components of the technical HCH mixture (ATSDR, 2005). In the
present work, the Alpha-HCH/Gamma-HCH ratio was generally higher
than 1 for the gas phase and lower than 1 for the particulate phase. The
average Alpha to Gamma HCH ratio was reported to be 1.1 ± 0.3 in
the Izmir atmosphere (Odabasi et al., 2008). Although these compounds
were banned about thirty years ago, relatively high HCH concentrations
were still measured in the sampling site. This was probably due to latent
use, evaporation from surfaces (i.e., soil), and atmospheric transport
from other regions (Guigon-Moreau et al., 2007). Therefore, both long-
range transport and Lindane usage could be the sources of HCHs in the
present study. This was because the gas phase Alpha-HCH/Gamma-
HCH ratio was above 1 while the particulate phase Alpha-HCH/
Gamma-HCH ratio was below 1.

The average gas and particle phase OCP compound concentrations
are presented in Fig. 2. The maximum value at the average annual OCP
gas phase concentrations was measured for the Beta-HCH species with
176 pg/m3. In the particle phase, the maximum value was 66.96 pg/m3

and it was for Beta-Endosulfan. In another study conducted in Mu-
danya-Bursa (Cindoruk, 2011), the measured particle phase OCP con-
centrations were in the range 3.7–874.9 pg/m3 and gas phase OCP
concentrations were ranged between 79.6 and 910.3 pg/m3. Similar
results were obtained by Gioia et al. (2005) in New Jersey, USA. Re-
searchers have reported that gas phase OCP concentrations, in general,
were bigger than particle phase concentrations. (Cindoruk, 2011; Gioia
et al., 2005). In our work, the lowest gas-phase concentration was found
to be 2.47 pg/m3 for Endrin aldehyde. On the other hand, the minimum
particle phase OCP concentration was obtained for Alpha-HCH with a
value of 4.21 pg/m3. The total OCP concentrations were averaged to be
599 ± 194 pg/m3 and the gas phase contributed 65% of the total
concentration. These values were in agreement with reported con-
centrations (Sanusi et al., 2000; Batterman et al., 2008). Bozlaker
(2008) also emphasized that the gas phase was dominant for all of the
analyzed pesticides.

Total OCP concentrations were relatively high in the months of
June, July and August. In the summer season, the concentration values
varied from 63.7 to 799 pg/m3 in the particle phase and between 174
and 799 pg/m3 for the gas phase. The reason for the high concentra-
tions in these months could be due to the intensification of agricultural
activities and the increase of pesticide applications (Gioia et al., 2005;
Odabasi et al., 2008). Another reason would be the increase in the air
temperature. When the temperature increases, atmospheric OCP levels
rise as a result of evaporation from the soil, water and plants. Higher
OCP levels in the air were also reported in summer months by Cortes
et al. (1999), Gioia et al. (2005), Odabasi et al. (2008), and Sun et al.
(2006). Bigger OCPs concentrations were determined in spring in a
suburban region of Izmir by Sofuoglu et al. (2004). However, Odabasi

et al. (2008) found bigger ambient air OCP amounts in the summer and
winter at a coastal/urban site of Izmir. The lowest concentrations were
measured in January in our study. It was concluded that precipitation
(snow, rain) occurring in this month might lead to an increase in the
deposition of OCPs. In the study conducted by Cindoruk and Ozturk
(2016) in Mudanya, high wet deposition fluxes were reported in De-
cember and January. Also, researchers showed that total OCP deposi-
tion fluxes increased in these months in Bursa-Yavuzselim (Cindoruk
and Tasdemir, 2014). Another reason for lower concentrations in
winter would be due to the fact that OCPs and other SVOCs move from
atmosphere to the surface (Cao et al., 2007; Zhou et al., 2008).

3.2. Temporal change: application of the Clausius-Clapeyron equation

It has been determined that the ambient air concentrations of SVOCs
have a close relationship to ambient air temperature (Hoff et al., 1998;
Sofuoglu et al., 2001; Yeo et al., 2003; Cindoruk, 2011). As the tem-
perature increases, air concentrations rise as a result of volatilization
from environmental media, including water bodies, soil and vegetation
(Cindoruk et al., 2020; Tasdemir et al., 2004a, 2004b; Yolsal et al.,
2014). The temperature dependence of OCP gas-phase ambient con-
centrations has been examined employing the Clausius- Clapeyron plots
(Lee and Jones, 1999; Cindoruk, 2011). As expressed in Eqn (1), the
regression between lnP and 1/T should be linear with a slope of m and
an intercept of b (Yeo et al., 2004; Ji et al., 2015; Ali et al., 2018).

ln P = m (1/T) + b (7)

Conclusions can be reached according to the slope (m) and corre-
lation coefficient (r) values (Lee et al., 2000). For example, steep slopes
with higher r2 values suggest that the air temperature dominates the
air-environmental media exchange and short-term transport is effective
on the ambient concentrations (Cindoruk, 2011; Hoff et al., 1998;
Wania et al., 1998). On the other hand, shallow slopes with low r2

values indicate that other factors (i.e., local sources, advection, atmo-
spheric deposition, atmospheric reactions, etc.) and long-range trans-
port are influential on the concentrations (Lee et al., 2000).

Natural logarithms of partial pressures (ln P) were plotted against
1/T for each day and night sampling duration (Fig. 3). T is the mean
temperature and it was calculated by considering the hourly integrated
temperatures. They were 22.2 ± 6.9 °C for the day samples and
17.7 ± 5.8 °C for the night samples. The slopes determined from ln P
vs. 1/T plots for the day and night samples were −4978 and −5709,
respectively. The statistical results also indicated that the temperature
influence on the OCP levels was significant (p < 0.05). The de-
termined slopes for day and night samples were consistent with the
previously reported values (Yeo et al., 2004; Sofuoglu et al., 2001;

Fig. 2. Annual average OCP concentrations in the gas and particle phases.
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Cortes et al., 1998). The steep slopes and high r2 values determined
from this study yield a sign of the temperature originated local air-
surface exchange that mainly affects gas-phase OCPs.

The results of m, b, r2 and P values for individual OCPs are pre-
sented in Table 2. The slopes of individual OCPs were from +1546
(Beta-Endosulfan) to −8871 (Beta-HCH) for day samples, and they
ranged from −2240 (Heptachlor Epoxide) to −8759 (Alpha-HCH) for
the night samples. In general, night samples had steeper slopes in-
dicating the importance of temperature in controlling the ambient
concentrations of OCPs. The temperature dependence was statistically
significant (p < 0.05) on the Alpha, Gamma- and Delta-HCHs, and

Metoxychlor concentrations for the night samples, yet it was not sta-
tistically significant for the day samples. Beta-Endosulfan, from the day
samples, had a positive slope. This result demonstrated that Beta-En-
dosulfan had limited dependency on the temperature and it was af-
fected by active source(s) in day times (Cindoruk, 2011; Wania et al.,
1998). The findings obtained from previous studies indicated that
temperature was a vital parameter controlling some individual OCPs
while it was not important for some other OCPs (Sofuoglu et al., 2001;
Cortes et al., 1998; Hoff et al., 1998). Therefore, the results of this study
were in agreement with the results of the reported values.

Fig. 3. The Clausius–Clapeyron plots for the day and night samples.
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Table 2
Regression parameters of individual OCPs for the Clausius-Clapeyron plots from the day and night samples.

OCPs Day samples Night Samples

m b r2 P m b r2 P

Alpha-HCH −4064.47 −19.60 0.23 >0.05 −8759,00 −3,23 0.34 < 0.05
Beta-HCH −8871.51 −2.30 0.25 >0.05 −3838,40 −18,72 0,07 > 0.05
Gamma-HCH −2270.51 −25.89 0.05 >0.05 −5529,70 −14,68 0,20 < 0.05
Delta-HCH −4532.00 −17.64 0.12 >0.05 −7670,69 −7,51 0,31 < 0.05
Heptachlor Epoxide −2128.99 −26.73 0.04 >0.05 −2240,36 −26,57 0,05 > 0.05
Endrin −4406.12 −20,02 0.06 >0.05 −3201,91 −24,39 0,14 > 0.05
Beta-Endosulfan +1546.30 −39.15 0.01 >0.05 −3312,35 −22,97 0,05 > 0.05
Endrin aldehyde −1532.44 −29.38 0.05 >0.05 nd nd nd nd
Methoxychlor −4620.74 −18.43 0.10 >0.05 −8217,77 −6,36 0,34 < 0.05
Total OCPs −4997.79 −14.43 0.36 <0.05 −5709,20 −11,75 0,22 < 0.05

nd: not detected.

Fig. 4. Particle (upper) and gas (below) phase OCP concentrations from the day and night samples.
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3.3. Concentrations of OCPs in the day and night periods

The annual distribution of particle phase OCP concentrations during
the day and night periods is given in Fig. 4a. The highest average OCP
concentration value for the particle phase belonged to Beta-Endosulfan
both for the day and night sample periods. The average concentration
values for this compound was 66.33 pg/m3 at night and 63.60 pg/m3 at
day periods (Fig. 4a). The minimum average OCP concentration value
was determined for Alpha-HCH had the minimum average particle
phase concentrations for both the day (2.98 pg/m3) and night (4.73 pg/
m3) periods. The minimum day and night concentrations were found to

be close to each other. Statistically significant difference was not ob-
served in particle phase OCP concentrations during day and night
periods. On the other hand, for some species (Alpha- and Beta-HCH,
Endrin, Endrin Aldehyde, etc.), night concentrations were high while
some species (Gamma HCH, Methoxychlor) reached bigger levels
during day times. The lack of a significant difference in OCP con-
centrations indicated that the impact of local sources was limited. A
limited number of researchers have examined the variation of OCP
concentrations during the day and night-time periods (Yu et al., 2019;
Lammel et al., 2011. Lammel et al. (2011) found that most OCP con-
centrations were generally higher during the day time. It was

Fig. 5. The log KP–log PoL plots for the day and night samples.
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emphasized that ambient air concentrations and the vertical con-
centration profile of the HCH isomers changed depending on air tem-
perature (day-time maxima). Yu et al. (2019) reported that gas phase
OCP concentrations at some sampling sites in January were higher at
night than those in the daytime. Daily changes in another sampling area
in July were quite unstable and variable. In January, particle phase
concentrations during the night hours were higher than during the day
hours. In July, the concentrations during the daytime were higher than
during the nighttime. De Pieri et al. (2014) emphasized that differences
in diurnal atmospheric SVOCs and diurnal variations in day and night
concentrations were greatly affected by local emissions.

Endosulfan active substances, which were banned in 2006 in
European Union countries, have been used in Turkey for many years. In
2007, the General Directorate of Protection and Control of the Ministry
of Agriculture and Rural Affairs (MARA) prohibited the use of en-
dosulfan active substances used in various stages of plant production,
including cotton, cereals and vegetables. In the present study, the
particle phase Beta-Endosulfan concentration was high. This result may
be explained by the common usage of this chemical in agricultural
purposes located near the sampling site, which is the Bursa Uludag
University Campus.

Fig. 4b shows the annual distribution of gas phase OCPs yet no
statistically significant difference was determined between day and
night period concentrations. Compound-based concentrations were
distributed over a wide range. The maximum average gas phase con-
centration was measured for Beta-HCH species. The values were
217.11 pg/m3 and 140.78 pg/m3 for the night and day periods, re-
spectively (Fig. 4b). The lowest concentration was determined for
Endrin Aldehyde.

Lammel et al. (2011) emphasized that an influential dry deposition
took place in the night-time, but not during the day-time. This was
probably due to mechanical mixing caused by anthropogenic activities.
Moreover, with the sun-rise, the earth becomes warmer until sunset,
and this process causes pollutants to move upwards. They showed that
day-time OCP concentrations were generally higher than nighttime
concentrations. Data of the present study and the data of the study
conducted by Lammel et al. (2011) were partially comparable. In the
present study, day-time OCP concentrations were higher for some OCP
species in both particle and gas phases than concentrations in the night-
time periods.

3.4. Gas/particle partitioning of OCPs

Some of the commonly used methods, including logKP-logPoL and
logKP-logKOA, were applied to figure out the possible mechanisms
governing the gas/particle partitioning of OCPs.

3.4.1. Log KP vs. log PoL correlation
The correlation between log KP vs. log PoL was presented as Eqn (3)

in this text. This relationship has been utilized thoroughly to examine
the partitioning of SVOCs (Cindoruk, 2011; Birgul and Tasdemir, 2015;
Esen et al., 2019). In this relationship, log PoL values were calculated
based on the values from different studies by considering the ambient
air temperatures (Hinckley et al., 1990; Wania and Mackay, 2000; Xiao
et al., 2004; Shen and Wania, 2005; Cindoruk, 2011). Typical plots of
log Kp vs. log PoL obtained from this study are shown in Fig. 5 for total
OCPs for day and night sampling periods. The regression coefficients (r)
between logKp and logPoL were 0.63 and 0.60 for the day and night
samples, respectively. The results indicated good correlations and both
p values were less than 0.01. The slopes logKp-logPoL relationships were
−0.45 and −0.53 and similarly, the intercepts were −3.18 and −3.14
for day and night samples, respectively. The average slope for the night
samples was closer to the theoretically suggested slope value of −1.
This result could indicate the presence of fewer OCP sources in night
samples. It should be noted that field investigations of gas/particle
distribution are complicated by artifacts. The differences from the

equilibrium value of −1 could be related to not only artifacts but also
non-exchangeability, non-stability in thermodynamic quantities and
lack of steadiness in TSP and OCP concentrations (Tasdemir et al.,
2004a,b; Vardar et al., 2008).

The slopes from the logKp-logPoL plots give a sign of the major
sorption mechanism governing the gas/particle partitioning. The slope
significantly steeper than −1 shows that adsorption is dominant while
the slope, shallower than −0.6, illustrates that the absorption is ef-
fective (Goss and Schwarzenbach, 1998; Esen et al., 2019). On the other
hand, when the slope is between −0.6 and −1, both adsorption and
absorption mechanisms are important (Goss and Schwarzenbach, 1998;
Esen et al., 2019). Since the slope values were lower than −0.6 for both
day and night samples, the absorption could be the governing me-
chanism in the sampling site. For this purpose, the log KP -log KOA re-
lationships should be evaluated.

3.5. Log KP vs. log KOA correlation

In order to explain the gas/particle partitioning when absorption is
dominant, the octanol–air partitioning coefficient (KOA) should be in-
troduced into the correlation equation, given in Eqns (4) and (5). In the
log KP vs. log KOA relationship, the log KOA values are determined using
Eqn. (8) where T is the ambient air temperature (K), and A and B are
constants from the studies by Shoeib and Harner (2002), Shen and
Wania (2005), Cindoruk (2011).

log KOA = A + B/T (8)

The logKP-KOA plots of day and night samples are presented in
Fig. 6. The calculated slopes were 0.13 and 0.09 for day and night
sampling periods, respectively. The r and P values did show weak
correlations between logKP and logKOA. The results indicated that the
relationship between logKP and logKOA was not a robust descriptor for
the gas/particle partitioning of OCPs at this site. A similar conclusion
was made for OCPs at the same site by Cindoruk (2011). This was
probably because of the fresh OCP sources introduced to the environ-
ment, site characteristics, TSP content and amount, and meteorological
parameters. Moreover, Cindoruk (2011) mentioned about the OCP ap-
plication methods as another reason for masking the relationship be-
tween the logKP and logKOA.

3.6. Cancer risks of OCPs in ambient air

The cancer slope factors (CSF) of the OCPs and the cancer risk (R)
values calculated for adults and children are given in Table 3. This table
presents R values for OCP species whose CSF values are available. The
cancer risk is classified very low when less than 1.0 × 10−6 and re-
mains in the safe zone in terms of cancer risk. If the C value is between
1.0 × 10−6 and 1.0 × 10−4, the cancer risk is low. The R value is
considered as moderate in the range of 1.0 × 10−4 to 1.0 × 10−3.
However, it carries a high risk if it varies between 1.0 × 10−3 and
1.0 × 10−1 and very high if it is greater than 1.0 × 10−1 (Wu et al.,
2018).

The average R values, considering with the measured OCP con-
centrations, ranged from 2.56 × 10−9 to 3.73 × 10−8 for each OCP
species as seen in Table 3. On the other hand, the average total risk
values were 1.05 × 10−7 and 3.42 × 10−8 for adults and children,
respectively. The calculated results were smaller than the reference
value of 1.0 × 10−6. The calculated daily Radult values varied between
0 and 9.22 × 10−8 on a species basis, and this range was found to be in
the range of 0 and 3.01 × 10−8 for Rchildren. Total risk values for each
sampling day were ranged between 3.17 × 10−8 and 2.14 × 10−7 for
Radult and ranged between 1.04 × 10−8 and 6.99 × 10−8 for Rchildren.
All these values have shown that the cancer risk was very low for both
adults and children.
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Fig. 6. The log KP–log KOA plots for the day and night samples.

Table 3
Cancer risk (R) values for OCP species.

OCP Species CSF Values [1/(mg/kg/day)] Radults Rchildren

Alpha-HCH 6.3 3.36 × 10−8 ± 1.97 × 10−8 1.10 × 10−8 ± 6.43 × 10−9

Beta-HCH 1.8 3.73 × 10−8 ± 2.89 × 10−8 1.22 × 10−8 ± 9.44 × 10−9

Gamma-HCH 1.8 7.83 × 10−9 ± 6.79 × 10−9 2.56 × 10−9 ± 2.22 × 10−9

Delta-HCH 1.8 1.21 × 10−8 ± 1.22 × 10−8 3.95 × 10−9 ± 3.98 × 10−9

HEPX
Total

9.1 1.41 × 10−8 ± 1.78 × 10−8

1.05 × 10−7 ± 4.79 × 10−8
4.59 × 10−9 ± 5.81 × 10−9

3.42 × 10−8 ± 1.56 × 10−8
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4. Conclusions

Some OCP species can still be used for agricultural activities even
though most OCPs have been banned in Turkey. Limited research has
been conducted in Turkey in regard to OCP levels in different en-
vironments; therefore, this work was aimed to determine air con-
centrations of OCPs in a semi-rural site of Bursa, one of the big cities in
Turkey. Bursa has over 2.5 million habitants and it has strong industrial
and agricultural activities. The sampling was performed using an active
sampler, an HVAS. Gas and particle phase OCP species were sampled
for day and night-time periods. Our main findings can be summarized
as follows:

a) Measured OCP concentration levels were in good agreement with
other measured values.

b) OCP concentrations in the gas phase were higher than particle phase
concentrations.

c) Beta-HCH (gas phase) and Beta-Endosulfan (particle phase) species
have been identified as dominant species. However, no statistically
significant differences were found in concentrations during the day
and night-time periods.

d) OCP concentrations in warmer seasons were higher than ones in
colder seasons.

e) Cancer risk values were calculated to be lower than 1.0 × 10−6,
indicating that the cancer risks were low for both adults and chil-
dren.

f) The Clausius-Clapeyron plots revealed that the ambient air OCP
concentrations were dominantly controlled by the air-surface ex-
change at the sampling site for both sampling periods.

g) The plots of log Kp vs. log P0L had good correlations, but the slopes
varied from the equilibrium value of −1. Samples taken in night
periods had steeper slopes than samples collected in day periods.

h) The relationship between log Kp and log KOA indicated that there
could be still ongoing OCP emissions influencing the ambient air
concecnetrations in the sampling site.

The fact that OCPs have been used despite prohibitions for many
years in agriculture is an indication that integrated pest management is
not adequately adopted and implemented. Uncontrolled use of OCPs
affects not only the area where they are used but also many different
locations in remote areas where OCPs are not applied. This study was
one of the first to reveal the atmospheric pollution caused by the OCP
and the distribution of this pollution day and night-time periods in
Bursa-Turkey. It can be stated that periodic monitoring-evaluation
studies in several environments (air, soil, water, etc.) are needed to
evaluate the level of OCP pollution in Bursa. Soil samples can be col-
lected simultaneously in future studies for further evaluations. To
identify the origin of OCPs, their partitioning patterns or diagnostic
ratios can be employed.
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