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Abstract
Organochlorine pesticides (OCPs) pose a considerable threat to human and environmental health. Despite most OCPs have been
banned, they are still reported to be used in developing countries, including Pakistan.We aimed to identify the distribution, origin,
mobility, and potential risks fromOCPs in three major environmental compartments, i.e., air, water, and soil, across Azad Jammu
and Kashmir valley, Pakistan. The sums of OCPs ranged between 66 and 530 pg/g in soil, 5 and 13 pg/L in surface water, and 14
and 191 pg/m3 in air, respectively. The highest sum of OCPs was observed in the downstream zone of a river that was
predominantly influenced by peri-urban and urban areas. The OCP isomers ratios (α-HCH/γ-HCH and o,p′-DDT/p,p′-DDT)
indicate use of lindane and technical DDTsmixture as a source of HCH andDDT in the riverine environment. Similarly, the ratios
of DDE and DDD/the sum of DDTs,α-endosulfan/β-endosulfan, and cis-chlordane/trans-chlordane indicate recent use of DDTs,
endosulfan, and chlordane in the region. The air-water exchange fugacity ratios indicate net volatilization (fw/fa > 1) of α-
endosulfan and trans-chlordane, and net deposition (fw/fa < 1) of β-endosulfan, α-HCH, γ-HCH p,p′-DDD, p,p′-DDE, and
p,p′-DDT. Based on the risk quotient (RQ) method, we consider the acute ecological risks for fish associated with the levels of
OCPs as negligible. However, more studies are recommended to evaluate the chronic ecological risks to other riverine-associated
aquatic and terrestrial species as well as human health risks to the POPs exposure through food chain transfer in forthcoming
years.
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Introduction

In recent decades, contamination with organochlorine pesti-
cides (OCPs) has been highlighted as a key global concern
due to their bio-accumulative, toxic, persistent, and long-

range transport nature within the environment (Parween
et al. 2014; Ali et al. 2016). OCPs can have severe ecological
and human health impacts, including oncological, reproduc-
tive, endocrine, neurological, and immunological effects
(Sharma et al. 2009; Kalyoncu et al. 2009; Letcher et al.
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2010). Owing to these characteristics, the production and us-
age of OCPs has been banned through a global initiative, i.e.,
Stockholm Convention on Persistent Organic Pollutants
(UNEP 2001). However, they are still used in developing
countries, particularly in the South Asian Region, which can
be attributed to public acceptance, their effectiveness, low
costs, and inappropriate regulatory frameworks (Eqani et al.
2012a; Bergkvist et al. 2012; Chakraborty et al. 2015; Baqar
et al. 2018a).

The riverine environment in developing countries, par-
ticularly Pakistan, is subject to OCP contamination given
that flowing water bodies integrate the pollution from the
whole catchment (Jamil et al. 2015; Baqar et al. 2018a, b).
Within the aquatic environment, OCPs are ultimately de-
posited in sediments due to their high hydrophobicity, i.e.,
affinity toward the organic matter of sediment particulates
(Kucuksezgin and Tolga Gonul 2012; Salem et al. 2013).
Such sediments can form alluvial soils and play a signifi-
cant role as key global sink for these organochlorine com-
pounds (Chakraborty et al. 2015). However, the OCPs in
soil can re-volatilize into the atmosphere thereby acting as
secondary source of OCPs in the environment (Cabrerizo
et al. 2011).

Besides the fact that Pakistan is a party to the
Stockholm Convention (2001), ongoing use of OCPs
has been reported from Pakistan (Eqani et al. 2012a;
Baqar et al. 2018a). Moreover, the substantial stock of
the banned OCPs in obsolete pesticide stores in various
parts of the country is a vital source of OCP contami-
nation (Ahad et al. 2010). Several studies have reported
OCP contamination from various riverine sections of the
country (Eqani et al. 2011, 2012b; Mahmood et al.
2014; Syed et al. 2013, 2014; Sultana et al. 2014; Ali
et al. 2016; Baqar et al. 2018a). However, to date, no
study has focused on the occurrence of OCPs along the
riverine environmental compartments from Azad Jammu
and Kashmir (AJK). The AJK holds 31.5 metric tons
stock of the banned obsolete OCPs (Ali et al. 2018a)
that acts as a potential source of OCPs environmental
contamination in the region. Furthermore, long-range at-
mospheric transportation (LRAT) via air masses could
be another potential source of OCPs in AJK’s environ-
ment, receiving OCPs contaminants from warmer areas
(Zhang et al. 2002). Recently, Ali et al. (2018a, b) have
identified prevailing westerlies from Central Asia,
Middle East, and Europe and air masses from agricul-
tural farms and obsolete OCP stores from adjacent
Punjab areas as principal sources of OCPs in the
Lesser Himalayas from AJK. So, the riverine ecosystem
of the AJK, which is host to most enriched aquatic
biodiversity in the region and a lifeline for local eco-
nomic growth, is vital to be evaluated for OCP
contamination.

The passive sampling techniques were employed with
the aim to evaluate the spatial distribution, air-water ex-
change, source apportionment, and ecological risks of
OCPs in air, water, and soil matrices across the four major
rivers, i.e., River Jhelum, River Neelum, River Poonch,
and River Kunhar from AJK, Pakistan. To the best of our
knowledge, the present study is the first employing passive
sampling for OCPs monitoring from Pakistan, providing
baseline data across the aforementioned riverine environ-
ment that can contribute substantially to future freshwater
ecological studies.

Materials and methods

Study area and sampling strategy

The state of Azad Jammu and Kashmir (AJK) lies between
73°–75° E and 33°–36° N, with an area of 5134 sq mi
(13 ,297 km2) . The nor thern di s t r i c t s (Nee lum,
Muzaffarabad, Hattian, Bagh, Haveli, Poonch, and
Sudhnoti) of the AJK encompass the Lesser Himalayan
range; so are generally mountainous with moist temperate
climatic conditions, while the southern districts (Kotli,
Mirpur, and Bhimber) are relatively plain with dry subtrop-
ical climate. Traditional subsidence agricultural activities
predominate along the alluvial plains in the region, with
maize and wheat acted as foremost crops (Hafeez and
Ahmed 2014). In this fragile environment, however, the
ecological resources upon which people are dependent
for their livelihood vary greatly. The main rivers of AJK
are River Jhelum, River Neelum, River Poonch, and River
Kunhar; of which, the first three are transboundary in na-
ture, originating from Indian held Jammu and Kashmir.

The present study covers all four riverine systems of
AJK, including the River Jhelum, River Neelum, River
Poonch, and River Kunhar. In total, 11 sampling sites
were selected along the rivers, which were separated
into 3 zones: (a) zone 1 (upstream zone) with three
sampling sites, i.e., Kel, Sharda, and Authmuqam; (b)
zone 2 (midstream zone) with five sampling sites, i.e.,
Chakothi, Hattian Bala, Sund Gran, Damashi, and
Kohala; and (c) zone 3 (downstream zone) with three
sampling sites, i.e., Dhan Gali, Raj Dhani, and Mangla
(Fig. 1, see Table S1 for details on sampling sites). Zone
1 was defined as purely rural and agricultural area; zone
2 consists of peri-urban area, whereas zone 3 was locat-
ed downstream of River Jhelum and River Poonch,
which drain peri-urban and urban areas of the Mirpur
and Kotli districts. Water, air, and alluvial soil samples
were collected from eleven sampling sites during May–
June, 2014.
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Sample collection

Passive air sampling

Polyurethane foam–passive air samplers (PUF-PAS) were
employed for air sampling. Each PUF-PAS consisted of poly-
urethane foam (specifications: thickness, 1.35 cm; diameter,
14 cm; density, 0.0213 g/cm3). The design and development
of PUF-PAS followed Jaward et al. (2005). The PUF disks
were pre-cleaned with dichloromethane (DCM) and acetone
solution (1:1). Transportation blank PUF disks were retained
sealed during the sampling trips. Field blank PUF disks were
transported to the respective sampling site(s) and opened for
5 min. Subsequently, they were closed tightly by sealing the
glass jar lid with paraffin (Syed et al. 2013). Each PUF-PAS
was installed at the sampling site for two months, i.e., May–
June, 2014. The PUFs were then recovered, sealed and stored
at − 20 °C until analysis. Concentrations of studied OCP

masses measured in PUF-PAS were adjusted as given in
Eq. (1), based upon the monitoring period (days), final report-
ed concentrations of OCPs (pg/PUF sampler) and previously
reported sampling rates (i.e., 3.5 m3 of air per day for PUF-
PAS) (Shoeib and Harner 2002; Jaward et al. 2005).

Concentration of OCPs pg=m3
� �

¼ Concentration of OCPs pg=PUF samplerð Þ
No:of sampling days� air sampling rate i:e:; 3:5 m3=dayð Þ

ð1Þ

Surface soil sampling

In total, thirty-three surface soil samples were collected
from the sampling sites at the depths of 0–20 cm. Each
sample was collected as a composite of five sub-samples,
in triplicate within 500 m radius from PUF-PAS placement
points along the riverine banks using a hand trowel,

Fig. 1 Map showing the
sampling sites in upstream zone
(zone 1), midstream zone (zone
2), and downstream zone (zone 3)
from the study area
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followed by labeling and transportation to the laboratory,
where samples were air-dried, sieved (using 2 mm sieve),
and stored at − 20 °C until analysis.

Passive water sampling

Polyethylene (PE) passive samplers were used for the passive
sampling of OCPs in river water from the study area. First, 2-
cm wide, 60-cm long, and hundred microns thick polyethyl-
ene (PE) tubing was cut off from a roll and cleaned twice for
24 h with 250 mL n-hexane. Subsequently, the tubes were
dried for 30 min in a nitrogen stream, twice welded to front
and back, and stored in a container until use. Two performance
reference compounds (PRCs) (deuterated TCmX (2,4,5,6-
tetrachloro-m-xylene) and deuterated PCB-209 (decachloro-
biphenyl)), 10 μL each, were spiked into the tubes, which are
substances that based on the remaining mass after environ-
mental exposure provide information on the field conditions
and allow for consideration of the between-site variability in
the conditions in the calculation of time weighted average
concentrations. For this step, a polyethylene tube was put in
a 1.5-L bottle containing 1 L pure water with 10 μL of the
deuterated substances. The bottle was capped and shaken for
72 h in an overhead shaker at 15 rpm. The solution was then
discarded and the tubes were dried with pulp, and frozen until
use. For exposure in the rivers, the tubes were placed within
folded gratings, which were packed with screws (Figure S2).
The gratings were fixed to a steel hook in the water bodies and
exposed for approximately 3 weeks. Field blanks were carried
to the sites and exposed to air during the installment of the
samplers to capture the background contamination. After
3 weeks, the gratings were retrieved and treated as described
in Schäfer et al. (2010). Final dissolved fractions of OCPs
were calculated by using the equilibrium/disequilibrium of per-
formance reference compounds (PRCs) added to the PE-sam-
plers. Assuming that uptake and elimination rates are equiva-
lent, the freely dissolved (or gas-phase) concentrations of indi-
vidual OCPs (C water) were then calculated by the Eq. (2).

Cwater ¼ CPE=KPE−water− 1−expRs�t=KPE−water�mPE

h i
ð2Þ

where CPE is the OCP concentration in the PE (g/L), Rs is the
sampling rate (L/day), t is the deployment period (days),mPE is
the mass of the PE sheet (g), andKPE −water is the sampler-water
partitioning coefficients. Sampling rates were calculated using
the PRCs as given in Eq. (3):

f ¼ exp −Rs � t=KPE−water � mPEð Þ ð3Þ
where f is the fraction of PRC retained in the passive sampler
after deployment. More details on the PRC method/sampling
rate calculation of PEs have been described elsewhere (Khairy
and Lohmann 2014).

Experimental section

Extraction and cleanup procedure

The soil (20 g for each sample) and PUF-PAS samples were
Soxhlet-extracted for 24 h with the DCM. TCmX and PCB-
209, each in 10 μL quantity, were added as surrogate stan-
dards in every sample prior to the extraction for calculating
method recovery (Zhang et al. 2008). To avoid elemental sul-
fur interferences, activated copper granules were added in the
collection flask. For water-PE samples, extraction details can
be found elsewhere (Khairy and Lohmann 2014). Briefly, the
PE tubes were cold-extracted twice in in ethyl acetate each for
24 h after spiking with 10 μL of surrogate standards (TCmX
and PCB-209). The extracts were then concentrated through
rotary evaporation, and solvent phase was exchanged to n-
hexane, followed by extract cleanup through alumina-silica
columns (an 8-mm glass column), packed from the bottom
to top, with 3 cm neutral alumina (3% deactivated), 3 cm
neutral silica gel (3% deactivated), 3 cm of 50% sulfuric
acid-silica (3 cm), and 1 cm anhydrous sodium sulfate. Prior
to use, the columns were eluted with 50 mL of DCM: n-
hexane (1:1) solution (Li et al. 2007). Purified fraction of
extracts was further subjected to a gentle ultrapure nitrogen
stream to concentrate samples up to 0.2 mL, followed by
the addition of dodecane (25 μL) as a solvent keeper. Later,
10 μL of internal standard (PCB-54) was added, prior to
GC-MS analysis.

Chromatographic analysis

Nineteen OCP isomers, including hexachlorobenzene (HCB),
a l pha -hexach l o ro cyc l ohexane (α -HCH) , b e t a -
h e x a c h l o r o c y c l o h e x a n e (β - H CH ) , g a mm a -
h e x a c h l o r o c y c l o h e x a n e ( γ - H C H ) , d e l t a -
h e x a c h l o r o c y c l o h e x a n e ( δ - H C H ) ,
epsilonhexachlorocyclohexane (ε-HCH), heptachlor, α-endo-
sulfan, β-endosulfan, oxy-chlordane (OC), trans-chlordane
( T C ) , c i s - c h l o r d a n e ( C C ) , o , p ′ -
dichlorodiphenyldichloroethane (o,p ′-DDD), p,p ′-
dichlorodiphenyl dichloroethane (p,p ′-DDD), o,p ′-
dichlorodiphenyldichloroethylene (o,p ′-DDE), p,p′-
dichlorodiphenyldichloroethylene (p,p′-DDE), o,p′-dichloro-
diphenyltrichloroethane (o,p′-DDT), p,p′-dichlorodiphenyltri-
chloroethane (p,p′-DDT), and mirex, were detected at the
Chinese Academy of Sciences, China, using Agilent 7000A
Triple Quadrupole GC/MS, attached with gas chromatograph
(Agilent 7890A) and auto-sampler (Agilent 7693). A CP-Sil 8
CB (Varian 50 m × 0.25 mm; film thickness, 0.25 μm) capil-
lary column was used to detect OCP isomers. The injector
working temperature was set at 250 °C. Initially, temperature
of the oven was 150 °C for 3 min that later increased to
290 °C, at the rate of 4 °C/min, and was held for 10 min.
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The OCP isomers were then determined with three fragment
ions in SIM (selective ion mode) with EIS (electron impact
spectrometry). The MSD source temperature was 230 °C and
quadrupole temperature was 150 °C.

Quality control and quality assurance

Quality control and assurance procedures were strictly follow-
ed for the entire analyses. Calibration standards were used
daily for instrumental standardization and for every batch,
mixtures of known concentrations of internal standards were
injected into GC before the sample injection. HPLC grade
chemicals were used during the experimentation, purchased
fromMERCK, Germany. Glassware was double-washed with
deionized distilled water, followed by baking at 450 °C for
6 h. Agilent MSD Productivity Chemstation software was
used for data acquisition and processing. Method detection
limits (MDLs) were estimated as thrice the standard deviation
of blank readings, and instrumental detection limits (IDLs)
were assimilated when the signal-to-noise ratio was equal to
3. MDLs ranged from 0.02 to 0.1 pg/m3 for air, and 0.03 to
0.1 pg/g for water and soil samples, while the IDL range was
determined as 0.01–0.09 ng per sample. Average surrogate
recoveries in all samples ranged from 53 to 63% for TCmX
(55–64%, 53–65%, and 61–68% in soil, air, and water sam-
ples, respectively), and from 77 to 81% for PCB-209 (77–79%
in soil, 78–79% in air, and 78–81% in water samples).
Calibration standards of 5, 10, 20, 50, 100, and 200 μg/L were
used to quantify the calibration curves. All standards were
purchased from Dr. Ehrenstorfer GmbH, Germany.

OCP isomer ratios assessment

In the past, the OCP isomer ratios have been acknowledged as
a key tool in the environmental source apportionment of OCPs
(Syed et al. 2014; Baqar et al. 2018a, b). The α-HCH/γ-HCH
ratio was employed for the source identification of HCHs:
distinction between lindane or technical HCHs mixture usage
in the study area. The α-HCH/γ-HCH value less than 3 indi-
cates the lindane formulation as a source of HCHs, while the
α-HCH/γ-HCH ratio ranging between 3 and 7 is an indicator
of technical HCHs (Sun et al. 2010). For DDTs, the o,p′-DDT/
p,p′-DDT ratio was used to assess the source of DDTcontam-
ination, i.e., either technical DDTs mixture or dicofol.
Typically, ratio values of 1.3 to 9.3 indicate dicofol, whereas
ratios < 0.3 indicate technical mixture of DDT as source of
environmental contamination (Da et al. 2013). Moreover, the
ratio of DDT isomers and metabolites is considered to be vital
to ascertain the potential ongoing DDT usage in a region. So,
the (DDE +DDD)/ΣDDTs ratio was assessed for the study as
ratio value less than 0.5 specifies the fresh input of DDTs (Li
et al. 2012). Similarly, the DDE/DDD ratio was that relates to
the aerobic or anaerobic decomposition of DDT in the region.

A ratio value greater than 1 indicates degradation under aero-
bic conditions via oxidation-dehydrochlorination, and less
than 1 indicates dominance of reductive-dechlorination under
anaerobic conditions (Baqar et al. 2018a; Ma et al. 2016; Da
et al. 2013). Whereas, the ratios of cis-chlordane/trans-chlor-
dane and α-endosulfan/β-endosulfan are indicators for the
usage history of technical mixtures of chlordane and endosul-
fan in an area, respectively. The α-endosulfan/β-endosulfan
value > 1 and cis-chlordane/trans-chlordane < 1 specifies the
newer or ongoing environmental addition of their technical
mixtures in the region (Yu et al. 2014).

Air-water exchange

Air-water exchange is a two-way process—where the contam-
inants can be added to or from the atmosphere through vola-
tilization and deposition, respectively. In this respect, the at-
mosphere serves as a potential source or sink of the OCPs to
riverine environment at the air-water interface (Sabin et al.
2011). Therefore, the water-to-air fugacity ratio (fw/fa) meth-
od was employed to assess the air-water exchange of OCPs
(Jantunen and Bidleman 2003, 2006; Dickhut et al. 2005;
Cincinelli et al. 2009; Mai et al. 2016). The water-air fugacity
values were computed as given in Eq. (4):

f w= f a ¼ CwH=Ca RT ð4Þ
where, fw and fa are the fugacities in water and air, respective-
ly (expressed in BPa^). Cw and Ca are the concentrations of
contaminants in water and air (both expressed in pg/m3); R is
the ideal gas constant (8.314 Pa m3 mol-1 K-1); T is the air
temperature (in K); and H is the Henry’s law constant
(Pa m3 mol-1) at recorded surface water temperature at each
site. The BH values^ for α-HCH, γ-HCH, p,p′-DDT, p,p′-
DDD, p,p′-DDE, α-endosulfan, β-endosulfan, cis-chlordane,
and trans-chlordane at respective temperature were acquired
from Cetin et al. (2006), provided as Table S2. According to
literature, the water-air fugacity ratio fw/fa < 1 indicates net
deposition from air to water; fw/fa > 1 expresses net volatili-
zation from water to air; whereas = 1 represents equilibrium
between both phases (Jantunen and Bidleman 2003; Cincinelli
et al. 2009).

Ecological risk assessment

The ecological risk in the study area was assessed using the
risk quotient (RQ) method (for examples of applications, see
Palma et al. 2014; Xiong et al. 2015; Tang et al. 2018; Baqar
et al., 2018a, b). The RQ benchmarks the concentration of
contaminants in environment by their toxicity (Kouzayha
et al. 2013) and was calculated using Eq. (5). We calculated
the RQi for both mean and maximum environmental concen-
trations of a particular OCP, i.e., RQ meani and RQ maxi,
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respectively. The ecological risk was then computed by
adding all the RQi values using the Eq. (6)

RQi ¼
MEC
PNEC

ð5Þ

RQ ¼ ∑
n

i¼1
RQi ð6Þ

where, theMEC is the measured environmental concentration
of an OCP isomer, and PNEC is the predicted no-effect con-
centration; which is computed as a ratio of a toxicologically
relevant concentration (LC50 or EC50) to the assessment fac-
tor ( f ), i.e., f = 1000 for fish (Eq. (7)). The values for EC50 or
LC50 to Labeo rohita for various OCPs were acquired from
the PAN Pesticide Database (www.pesticideinfo.org) (Palma
et al. 2014; Tang et al. 2018).

PNEC ¼ EC50 or LC50

f
ð7Þ

Moreover, the OCP concentrations in water were also com-
pared with the CMC (criterion maximum concentration) and
CCC (criterion continuous concentration) established in the
National Recommended Aquatic Life Criteria Table by the
United States Environmental Protection Agency (USEPA
2004). Likewise, the maximum allowable concentration
(MAC) and annual average (AA) values established through
Directive 2013/39/EU of the European Parliament and of the
Council were also taken into consideration to assess the risk to
the ecological integrities (European Council 2013).

Statistical analysis

The descriptive statistical analysis and univariate Pearson’s
correlation matrix were assessed by using OriginPro 2018.
The ArcGIS 10.5 (Esri) was employed to plot geographical
graphs/maps.

Results and discussion

OCP profile analysis and comparative analysis

The descriptive statistics of OCPs in water, air, and soil com-
partments of the four major rivers across AJK are summarized
in Table S3–S5. All analyzed OCP isomers/metabolites were
detected in the environmental matrices from the region. The
mean OCP concentration ranged from 5 to 13 pg/L (mean ±
SD, 9.3 ± 2.9 pg/L) in water, 14 to 191 pg/m3 (101.9 ±
65.1 pg/m3) in air, and 66 to 593 pg/g (231.3 ± 209.5 pg/g)
in soil samples. The OCP concentrations were ordered as
DDTs > HCB > Chlordane > Endosulfan > Heptachlor >
HCHs >Mirex; DDTs > Chlordane > HCB > Endosulfan >
HCHs > Mirex> Heptachlor; and DDTs > HCHs >

Chlordane > HCB > Endosulfan > Heptachlor in the water,
soil, and air matrices, respectively.

The dominance of DDTs over HCHs and other OCPs may
be attributed to their relatively lower vapor pressure and de-
gradability than HCHs (Syed and Malik 2011; Ulusoy et al.
2016). Moreover, DDT is still used in the region owing to its
widespread public acceptability and inappropriate regulation
(Eqani et al. 2011; Baqar et al. 2018a). Previous studies from
the region also reported the predominance of DDTs over other
OCPs (Baqar et al. 2018a, b; Syed and Malik 2011; Sultana
et al. 2014; Chakraborty et al. 2016; Ali et al. 2018a, b).
Similarly, the higher environmental evaporation and hydroly-
sis rate of heptachlor is proportionate to its relative low levels
observed from the study area (Milun et al. 2016). Univariate
Pearson’s correlation coefficient test was applied among
OCPs classes (Table S6), where a strong positive correlation
was observed in atmospheric samples for HCBs with hepta-
chlors (r = 0.97), Endosulfan (r = 0.69), Chlordane (r =
0.74), and mirex (r = 0.78); for heptachlor with Endosulfan
(r = 0.71), Chlordane (r = 0.62), and mirex (r = 0.69); and for
Chlordane with mirex (r = 0.90). Similarly, in water and soil
samples, strong positive correlation was determined for hep-
tachlor with HCHs (r = 0.66) and mirex (r = 0.72), respec-
tively. Thus, the strong positive correlation among OCPs in
various environmental matrices indicates common sources of
contamination for these OCP compound in the study area.

The OCP concentrations in soil samples of the River
Jhelum, River Neelum, River Poonch, and River Kunhar were
lower or slightly comparable to those from other high-altitude
areas, e.g., those reported from Himalayan studies from Nepal
and India, Mountains of Tajikistan, and Ruoergai High
Plateau, China. For instance, the ΣDDTs concentrations were
comparable to those from Southern Himalayas, Nepal (67.3–
1551.6 pg/g) (Gong et al. 2014), and the HCB concentration
to levels from Southern Himalayas, Nepal (8.9–18.7 pg/g) and
Eastern Himalayas, India (ND-270 pg/g) (Gong et al. 2014;
Devi et al. 2015). Whereas, the ΣOCPs levels were found to
be much lower than those from Ruoergai High Plateau, China
(970–17,600 pg/g) (Gai et al. 2014), mountainous regions of
Tajikistan (52830–247,980 pg/g) (Zhao et al. 2013), and
Eastern Himalayas, India (280–2,144,000 pg/g) (Devi et al.
2015). However, the comparison in context to OCPs’ atmo-
spheric and water concentrations from this study revealed
much lower contamination levels in riverine environment than
those reported in consulted studies from other developing
countries (Table 1).

The nationwide comparison of OCP levels in soil revealed
that the OCP levels along the River Jhelum, River Neelum,
River Poonch, and River Kunhar were orders of magnitude
lower than those reported from all other regions of Pakistan
(Table 2). Similarly, the OCP levels in surface water were
considerably lower than those reported from other rivers in
the country (Table 2). However, the atmospheric OCP levels
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in the present study (14–192 pg/m3) are comparable to those
reported from other regions such as Chashma Barrage
(150.4 pg/m3), Taunsa Barrage (159.0 pg/m3), Rahim Yar
Khan (123.0 pg/m3), and Lesser Himalayan Region, AJK
(Sultana et al. 2014; Ali et al. 2018a). The considerably lower
levels of OCPs determined in water and soil from the study
area than all previous studies from Pakistan may be explained
by the fact that those studies were conducted in low-lying,
plain, and intensively cultivated areas of Pakistan, where
broad usage of banned OCPs has been reported for the agri-
culture sector (Syed andMalik 2011; Eqani et al. 2012a; Zehra
et al. 2015; Baqar et al. 2018a).

OCP composition and source apportionment

The compositional profiles of the DDTs, HCHs, endosulfan,
and chlordane in water, soil, and air are provided in Table 3.
Whereas, the OCP source apportionments calculated through
OCPs isomer ratios are provided in Table 4.

HCHs

Among the HCHs, γ-HCH was the most dominant isomer in
water (30%) and air (84.8%); while in soil matrix β-HCH
(43.9%) was the most predominant HCH isomer. The domi-
nance of β-HCH in soil matrix was associated with its lower

vapor pressure, water solubility, and resistance to microbial
decomposition (Xiao et al. 2004; Salvadó et al. 2013). The
current findings are consistent with those previously reported
from Neelum-Jhelum Riverine Catchment System, AJK (Ali
et al. 2018a). The α-HCH is the principal constituent of tech-
nical HCHs mixture (60–70%) and γ-HCH is of lindane (>
99%) (Barakat et al. 2013; Yu et al. 2014). The mean calcu-
lated ratio of α-HCH/ γ-HCH was less than 3 in all environ-
mental matrices (Table 4), indicating usage of lindane in the
region as a source of HCHs (Sultana et al. 2014). Consistently,
lindane use was reported from AJK (Ali et al. 2018a, b) and
adjacent areas from Pakistan (Baqar et al. 2018a, b; Syed et al.
2014; Mahmood et al. 2014a). The lindane has wide-scale
agricultural application in the region that primarily attributed
to the application of lindane after the ban of technical HCHs
mixture (Vijgen et al. 2006) and limited use in medicinal pur-
pose as scabicide (Daud et al. 2010).

DDTs

The p,p′-DDT dominated the DDT isomers in all environmen-
tal matrices; water, 45.5%; air, 35.9%; and soil, 47.2% contri-
bution to the total DDTs. The composition of DDTs was com-
parable to the adjacent study area (Ali et al. 2018a). Among
the DDT metabolites, the dominance of o,p′-DDE was ob-
served in water and air with 46.2% and 59.5% of the DDTs
contribution, respectively (Table 3).

The technical mixture of DDTs is typically composed
of 75% p,p′-DDT, 15% o,p′-DDT, and 10% of DDT
metabolites (Yu et al. 2014). Dicofol was commonly
used in the region after the ban of DDT’s technical
mixture and contains a relative higher content of o,p′-
DDT (Mahmood et al. 2014a). The calculated o,p′-DDT/
p,p′-DDT ratio ranged from 0.01 to 0.1 in the study
area (Table 4), suggesting the technical mixture of
DDTs as a source of DDT contamination throughout
the study area. Whereas, the (DDE + DDD)/ΣDDTs ratio
in the present study ranged from 0.2–0.8 (Table 4),
representing both historical and fresh input of DDTs in
environment. Similarly, the DDE/DDD ratio values in
the present study ranged from 2.9 to 48.4, indicating
the anaerobic degradation (DDE/DDD > 1) of parent
DDTs compounds.

Endosulfan

The technical mixture of endosulfan contains α-endosulfan
and β-endosulfan in a relation of 70% to 30%, respectively
(Sultana et al. 2014). After endosulfan application in the
environment, α-endosulfan degrades more rapidly than β-
endosulfan (Jiang et al. 2009). The mean α-endosulfan/β-
endosulfan ratio in the present study was > 1 in all envi-
ronmental matrices; except in the soil (Table 4). This

Table 3 Compositional profile of HCHs, endosulfan, chlordane, and
DDTs in water, air, and soil from riverine environment of Azad Jammu
and Kashmir, Pakistan

OCPs Water (%) Air (%) Soil (%)

HCHs

α-HCH 3.3 5.3 9.7

β-HCH 23.3 7.4 43.9

γ-HCH 30 84.7 17.2

δ-HCH 20.1 1.4 14.9

ε-HCH 23.3 1.2 14.3

Endosulfan

α-endosulfan 76.4 45.1 55.9

β-endosulfan 23.6 54.9 44.1

Chlordane

OC 96 75.9 73.5

TC 3.2 20.5 15

CC 0.8 3.6 11.5

DDTs

o,p′-DDD 0.4 0.1 0.4

p,p′-DDD 2.8 1.6 3.0

o,p′-DDE 46.2 59.5 45.5

p,p′-DDE 2.2 1.2 0.9

o,p′-DDT 2.8 1.7 2.9

p,p′-DDT 45.6 35.9 47.3
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suggests the ongoing use of endosulfan in the AJK region.
The widespread use of endosulfan in cotton cultivation, the
major economic crop of Pakistan was recently identified by
Ahmad et al. (2018).

Chlordane

The technical chlordane mixture is typically composed of 8–
13% of cis-chlordane and 8–15% of trans-chlordane, respec-
tively (Ali et al. 2018b). Trans-chlordane concentrations de-
crease rapidly in the environment through volatilization
(Martinez et al. 2012; Sultana et al. 2014). The cis-chlor-
dane/trans-chlordane ratio in the current study was lower than
1 in all environmental compartments, indicating current addi-
tion of chlordane in the environment (Table 4). Although
chlordane has never been registered in Pakistan, but its con-
tamination is reported in the region that might attributed to its
popular use as insecticides in the field agriculture and horti-
culture (Rashid 2011; Baqar et al. 2018a).

Spatial distribution pattern of OCPs

The ∑OCP contamination concentrations varied among
the zones, sites, and compartments. The concentrations
in air samples were more similar across sites and zones
than soil and water samples. One of the soil and two of
the water sampling sites exhibited the highest concen-
trations in zone 3; nevertheless, the other sites in this
zone were below average or among the lowest, indicat-
ing a large among-site variability (given the low sample
size, no formal statistical procedure was applied). The
fact that the highest concentrations occurred in sites in
zone 3 may be explained by agricultural runoff from
upstream zones and wastewater from the adjacent urban
areas (Figures S1).

The OCP class distribution patterns in water, air, and
soil compartments showed that DDTs were the dominant
OCPs in all three zones (Fig. 2), with variability in the
contribution to the total concentrations among zones and
compartments. The widespread contamination with

DDTs in the study area is presumably due to its history
of perceived efficiency in insect control in the region,
leading to public acceptability and possible ongoing use
as previously reported from the adjacent study areas
(Eqani et al. 2012a; Mahmood et al. 2014a; Baqar
et al. 2018a).

The prevailing westerlies from Central Asia, Middle
East, and Europe are considered to be a vital source of
OCP atmospheric and soil contamination in the AJK (Ali
et al. 2018a, b). By contrast, the OCP contamination in
water samples of the study area may be attributed to the
release of pesticides from the glacier deposits. Similar
findings were observed from adjacent countries, i.e.,
India (Indian Himalayas) and China (Tibetan Plateau),
reporting Himalayan and Changwengluozha glacier melts
as a key POP source in the Ganges floodplains and Tibetan
Plateau, respectively (Sharma et al. 2015; Li et al. 2017).
The riverine resources of the AJK receive a significant
quantity of water from glacier melt within the catchment
area. The glaciated area of the AJK stretches over 109 km2

that drains to Jhelum River and its tributaries, predomi-
nantly River Neelum, River Kunhar, and River Poonch
(Ashraf et al. 2012). Considering that climate change
may increase glacier melt in the future, it may become a
more significant source of OCPs (Sohail et al. 2018).

Air-water exchange

The calculated water-to-air fugacity (fw/fa) ratio values
revealed that α-endosulfan and trans-chlordane in the riv-
erine environment of AJK undergo net volatilization. The
fw/fa ratios for α-endosulfan and trans-chlordane ranged
from 0.16 to 9 (mean, 2.6) and from 0.17 to 3.35 (mean,
1.25), respectively. In contrast, the fw/fa ratios of β-
endosulfan (mean, 0.05), p,p′-DDT (mean, 0.02), p,p′-DDD
(mean, 0.03), p,p′-DDE (mean, 0.23), α-HCH (mean, 0.01),
and γ-HCH (mean, 0.03) indicated their net depositional air-
water exchange as fw/fa value was < 1. However, cis-
chlordane exhibited a close-to-equilibrium fugacity ratio
(mean, 0.93). The volatilization flux of trans-chlordane in

Table 4 Ratios of different OCPs
for source apportionment Ratio Water Soil Air

Mean Range Mean Range Mean Range

α-HCH/γ-HCH 0.1 0.02–0.3 1.5 0.5–8.5 0.4 0.01–0.8

o,p′-DDT/p,p′-DDT 0.07 0.05–0.1 0.05 0–0.1 0.05 0.04–0.06

(DDE +DDD)/ΣDDTs 0.5 0.4–0.8 0.4 0.2–0.8 0.6 0.6–0.7

DDE/DDD 16.07 6.6–28.7 12.7 2.9–48.4 34.2 30.7–37.7

cis-chlordane/trans-chlordane 4.9 1.5–14.01 0.6 0–1.4 0.2 0.05–0.5

α-endosulfan/β-endosulfan 14.7 0.7–46.3 0.9 0.7–1.3 1.3 ND–5.1

6032 Environ Sci Pollut Res (2019) 26:6023–6037



the present study was consistent with findings from Taihu
Lake, China; Lake Ontario, Canada; and Great Lakes Basin,
Canada and USA (Jantunen and Bidleman 2006; Qiu et al.
2008; Khairy et al. 2014). Similarly, the α-HCH, γ-HCH, and
β-endosulfan also reported depositional flux of Izmir Bay,
Turkey (Odabasi et al. 2008), Great Lakes Basin (Khairy
et al. 2014), Western Antarctic Peninsula (Dickhut et al.
2005), and Ross Sea, Italy (Cincinelli et al. 2009).

Ecological risk assessment

The mean risk quotients (RQ meani) and maximum risk quo-
tients (RQ maxi) are summarized in Table S7. Among the
OCPs, α-endosulfan and Σendosulfan exerted highest levels
of acute risk (based upon both RQ meani and RQ maxi) to
fish, followed by heptachlor and HCB. The highest risk was
posed by α-endosulfan (LC50, 1 μg/L for Labeo rohita) and

Fig. 2 Compositional profile of
OCPs (%) in a water, b air, and c
soil samples from each sample
site of the study area
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Σendosulfan (LC50, 1.25 μg/L for Labeo rohita) which may
be attributed to their relative lower toxicity values. The Labeo
rohita was selected as a target fish species due to its common
availability in the study area and wide usage in human food
chain. The mean risk quotient (RQmean) and maximum risk
quotient (RQmax) in water were evaluated to be 9.5E−04 and
2.2E−03, respectively (Table S7). Given that all risk values
were below 0.1, the ecological risks in the rivers can be con-
sidered negligible (Palma et al. 2014)

The comparison of results with the CMC and CCC values
established by USEPA revealed that all OCPs concentrations
in the study area were far below limits (Table 5). Similarly,
none of the OCP isomers exceeded the established MAC and
AA values by the European Council (Table 5) that also sug-
gested negligible ecological risk associated with the levels of
OCPs in the riverine water system of the AJK.

Conclusion

The current study provides detailed baseline data of OCPs in
the riverine environment of the AJK, Pakistan. Results re-
vealed the DDT level dominance over other studied OCPs,
which were comparable to other higher altitude studies from
the Asian region. The OCP contamination levels were lower
than those previously reported from studies conducted in ex-
tensively cultivated areas of Indus Basin. Notwithstanding,
relatively high contamination was found for the peri-urban
and urban environment in the AJK. The recent addition of
banned technical DDTs, endosulfan, and chlordane (as indi-
cated by isomer and/or metabolites ratios) along with the net
deposition of most of the studied OCPs compounds in the
study area is alarming, indicating potential serious human

health and ecological health concerns through OCPs’ food
chain transfer in the forthcoming years. Nevertheless, the eco-
logical risk assessment indicated negligible acute ecological
risks from OCPs to the riverine fish in the AJK region. Still,
more studies, involving biomarkers are recommended to eval-
uate the human health risk, and chronic ecological risks to
other riverine associated aquatic and terrestrial species
through POPs exposure.

Publisher’s Note Springer Nature remains neutral with regard to jurisdic-
tional claims in published maps and institutional affiliations.
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