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River Brahmaputra (RB) from the outer Himalayan Range and River Hooghly (RH), a distributary of River
Ganga, are the two largest transboundary perennial rivers supplying freshwater to the northeastern and
eastern states of India. Given the history of extensive usage of organochlorine pesticides and increasing
industrialization along the banks of these rivers we investigated selected organochlorine pesticides
(OCPs) and polychlorinated biphenyls (PCBs) in the surface water of River Brahmaputra and River
Hooghly. Geomean of SOCPs (53 ng L�1) and S19PCBs (108 ng L�1) was higher in RH compared with
geomean of SOCPs (24 ng L�1) and S19PCBs (77 ng L�1) in RB. Among OCPs, g-HCH showed maximum
detection frequency in both the rivers reflecting ongoing lindane usage. DDT and endosulfan residues
were observed at specific locations where past or ongoing sources exist. Elevated concentrations of
heavier congeners (penta-hepta) were observed in those sites along RH where port and industrial ac-
tivities were prevalent including informal electronic waste scrap processing units. Furthermore along
River Hooghly PCB-126 was high in the suburban industrial belt of Howrah district. PCBs were found to
be ubiquitously distributed in RB. Atmospheric transport of tri- and tetra-PCB congeners from the pri-
mary source regions might be a major contributor for PCBs in RB. Heavier congeners (penta-nona) in the
urban centers of RB were likely due to industrial wastewater runoff from the oil refineries in the
Brahmaputra valley. S19PCBs concentrations in this study exceeded the USEPA recommended limit for
freshwater. Ecotoxicological risk assessment showed the possibility of adverse impact on the organisms
in the lower trophic level due to DDT and lindane contamination. Impact of endosulfan on fishes might
be of considerable concern for aquatic environment.

© 2016 Elsevier Ltd. All rights reserved.
1. Introduction

Freshwater is the basic need for human survival and the
inherent ecosystems support diverse group of flora and fauna. India
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has 16% of the global population with only 4% of the world’s
freshwater. Currently the freshwater quality in India and associated
biodiversity are facing serious challenges due to the fast growing
economy, increasing industrialization and the large agricultural
sector. River Brahmaputra (RB) is a trans-boundary river that enters
India in Arunachal Pradesh along the outer Himalayan Range and
flows from Assam to West Bengal where it meets River Hooghly
(RH), a distributary of River Ganga. RB and RH merges with River
Meghna in Bangladesh and before emptying into the Bay of Bengal
forms the world’s largest delta, the Sunderban delta shared by the
phenyls and organochlorine pesticides in River Brahmaputra from the
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state of West Bengal in India and Bangladesh. RB and RH are two
perennial rivers providing perpetual supply of freshwater to the
plains of eastern and northeastern states of India to support irri-
gation, human and industrial consumption. From River Hooghly,
nearly 493 million gallons per day is pumped to satisfy water de-
mand in the surrounding region (Rudra, 2007). Central pollution
control board reported that 1573 million litres per day (MLD) of
sewage is discharged in RH (CPCB, 2008 ). Brahmaputra basin has a
population of 29.1 million people utilizing 24 km3 of surface water
every year (Sandrp, 2013).

During 2005e2010, 5039 metric tons (MT) and 1191 MT of
dichlorodiphenyl trichloroethane (DDT), were used for malaria
control in Assam and West Bengal respectively and 17856 MT of
endosulfanwas produced in India (PPIN, 2013). Synthetic pesticides
constituted 85% of the total pesticide demand in the northeastern
India and one fourth of those pesticides were organochlorine
pesticides (OCPs). Among OCPs, endosulfan was mostly applied in
the tea estates (Gurusubramanian et al., 2008). Aldrin and dieldrin
were never produced in India but 622 MT of aldrin was imported
during 1995e2000 (GEFIO, 2002).

The inventory of electrical equipment containing PCBs esti-
mated 1548 transformers containing pure and contaminated PCBs
with total weight of PCB oils to be 10000 MT and the total amount
of PCBs is estimated to be 28000 MT in India (Sharma, 2013).

In the recent past, atmospheric OCPs (Chakraborty et al., 2010,
2013) and PCBs (Chakraborty et al., 2013) have been observed in
and around Kolkata city along the River Hooghly and the authors of
those studies also reported associated re-emission from soil
(Chakraborty et al., 2015, 2016). Hooghly estuarine sediment has
been found to be contaminated with organic contaminants
(Bhattacharya et al., 2003; Guzzella et al., 2005). OCPs may reach
the surface riverine water via agricultural runoff, direct applica-
tions, spray drift, aerial spraying and erosion (Turgut, 2003; Singh
et al., 2007; Zhou et al., 2008).

Soil borne OCP residues have been reported from the north-
eastern states of India along the bank of River Brahmaputra
(Mishra et al., 2012; Devi and Raha, 2013). Persistent organic pol-
lutants (POPs) like OCPs and PCBs owing to their resistance to
degradation, toxicity, bioaccumulation through food chain and
their ability for long range atmospheric transport (Erdogrul et al.,
2005; Guzzella et al., 2005; Gao et al., 2008) are of serious
concern for freshwater quality.

Though India is a signatory for the Stockholm convention
(Fiedler, 2008), only limited data is available for such compounds
from the surface water of perennial rivers, particularly from eastern
and northeastern states of India. Hence in this study we aim to
elucidate the occurrence and sources of selected OCPs and PCBs in
the surface water of River Brahmaputra from the outer Himalayan
Range and lower stretch of River Hooghly before emptying into the
Bay of Bengal and estimate the associated risk posed to the inherent
freshwater ecosystems.

2. Materials and methods

2.1. Study area

Details of the sampling sites have been given in Fig. 1, Table S1
and S2. Surface river water samples were collected using a stain-
less steel bucket from 16 sites in RB and 20 sites in RH during
summer in the month of June 2012 (Fig. 1a and b). For each site, a
composite water sample was collected over a length of 500 m from
5 points. Five samples within nearly 9m2 of each site (each of 1 L) of
river water were collected and mixed well to obtain one composite
sample for each site. Sampling jars were pre-washed with organic
solvent (methanol) before sampling. River water samples for
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chemical analysis were stored in pre-cleaned amber, glass bottles
and collected in triplicates. The triplicate samples were used for
backup purposes (in case of breakage of the primary sample) and
for laboratory replicates. Following collection, samples were stored
in an ice box and sent to the laboratory on the same evening and
kept at 4 �C until analysis.

2.2. Extraction and analysis

OCPs and PCBs were extracted using liquideliquid extraction
method. Approximately one litre of unfiltered water sample (trip-
licate from each site) was transferred into a separatory funnel and
10 g of sodium chloride (NaCl) was added and shaken well to
completely dissolve NaCl. Known amounts of 2,4,5,6-tetrachloro-
m-xylene (TCmX) and PCB-209 (decachlorobiphenyl) were added
in each sample as recovery surrogates. After adding dichloro-
methane (DCM) thrice (50, 25, 25 mL), each sample was shaken
vigorously for 3e5 mins for 3 times. The organic phase was
collected and dried by passing through 3 cm of sodium sulfate
placed on glass wool. The extract was concentrated and transferred
into n-hexane and further purified on a 8 mm i.d. alumina/silica
column packed with neutral alumina (6 cm, 3% deactivated),
neutral silica gel (10 cm, 3% deactivated), 50% (w/w) sulfuric acid
silica (10 cm), and anhydrous sodium sulfate (1 cm). Before use,
neutral alumina, neutral silica gel, and anhydrous sodium sulfate
were Soxhlet extracted for 48 h with dichloromethane (DCM), and
baked for purification. The column was eluted with 50 ml of DCM/
hexane (1: 1, v/v) to yield the OCPs and PCBs fraction. The obtained
sample extracts were allowed to pass through anhydrous sodium
sulfate to remove traces of water contents and then concentrated
bymeans of rotary evaporation (Buchi, Switzerland) under reduced
pressure at 40 �C to 1 mL. PCB-54 was added as internal standard
prior to analysis. Finally 1 mL was injected into GC-MS. The chro-
matographic separation and quantification of pesticides were car-
ried out using Agilent Gas Chromatograph (7890B) equipped with
Mass spectrometer (5977A). Separation of target compounds was
performed by using CP-Sil 8 CB capillary column (50 m � 0.25 mm
i.d. � 0.25 mm film thickness) operating under selected ion moni-
toring mode. The column temperature was programmed up to 120
�C for 1 min then increased with 3 �C min�1 to 210 �C, kept for
1 min, then further ramped by 10 �C min�1 to 290 �C and kept for 5
mins. The injector and detector temperatures were 225 �C and
300 �C, respectively. Purified Heliumwas used as a carrier gas at the
flow rate of 1.0 mL min�1. 19 PCB congeners (PCB-28, -37, -44, -52,
-70, -74, -81, -118, -119, -123, -126, -138, -151, -156, -161, -168, -177,
-189 and -207) in RB and 19 PCB congeners in RH (PCB-28, -37, -44,
-52, -70, -74, -114, -118, -119, -123, -126, -138, -151, -167 -168, -169,
-177, -189 and -207) and 13 OCPs (a-, b-, g- and d-HCH, o,p0-DDT,
p,p0-DDE, p,p0-DDT, and p,p0-DDD, heptachlor, aldrin, dieldrin, and
a- and b-endosulfan) were regularly detected in samples and
quantified.

2.3. Quality assurance/quality control

Requisite quality assurance and quality control (QA/QC) was
performed, including procedural blanks (analyte concentrations
were < method detection limit, MDL), random duplicate samples,
five level calibration curves (R2 ¼ 0.9998), calibration verification,
and surrogate recovery. Each sample was analyzed in duplicate and
the average was used in the subsequent calculations. The instru-
ment was calibrated with every batch of sample analysis. The in-
strument detection limits with valid quantifiable peak were
calculated using signal to noise ratio >3:1. Method detection limit
(MDL) ranged between 0.019 and 0.082 ng L�1 for PCBs and 0.009
and 0.01 ng L�1 for OCPs, respectively. Surrogate recovery for TCmX 
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Fig. 1. a. Sampling sites in River Brahmaputra and distribution of (i) S19PCBs and (ii) SOCPs; b. Sampling sites in River Hooghly and distribution of (i) S19PCBs and (ii) SOCPs.
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and PCB-209 ranged between 91 and 118%.

2.4. Principal component analysis (PCA)

PCA is multivariate analysis widely used to identify/track the
possible sources. Moreover, it is a technique to bring out a strong
model and highlight variation of datasets. It has been used to
identify the sources for PCB congeners in RB and RH. Further, KMO,
coefficients, determinant and Bartlett’s test of sphericity were
applied to extract dataset into three factors with maximum of 25
iterations for convergence. Varimax rotation was used and factors
scores were saved as regression variables. PCA was done in SPSS
version 19.

2.5. Pollution assessment

Risk assessment was estimated in terms of risk quotient as given
elsewhere (USEPA, 2006). Details of this methodology has been
given in Supporting Information.

Further, ecotoxicological risk assessment has been estimated for
DDT, endosulfan and lindane by calculating the hazard quotient
(HQ) based on USEPA guidelines (USEPA, 1998).

Precisely, HQ has been estimated using the given formula:

HQ ¼ MEC=PNEC (1)

where, MEC is the maximum reported environmental concentra-
tion i.e. the maximum concentration found in the surface riverine
water and PNEC is the predicted no-effect concentration of aquatic
species. PNEC values for five species based on the available toxic
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end point value in five groups along different trophic levels viz.,
zooplankton, phytoplankton, molluscs, insects, fishes were calcu-
lated by dividing acute toxicity values by a factor of 1000 and
chronic toxicity values by a factor of 10 as per calculation given
elsewhere (Ramaswamy et al., 2011; Selvaraj et al., 2014). Type of
organism, toxicity endpoints and PNEC values are given in
Tables S3, S4 &S5. HQ exceeding 1 indicates that the organism is
vulnerable (affected) for the given concentration of environmental
toxicant.

2.6. Statistical analysis

All statistical analyses were performed using SPSS version 19.

3. Results and discussion

3.1. General discussion

Overall concentration range and spatial distribution of
P

19PCBs
and selected OCPs in River Brahmaputra (RB) and River Hooghly
(RH) have been given in Table 1 and Fig. 1a & b.

P
19PCBs varied

between 39e161 ng L�1 (average ± SD: 83 ng L�1± 32) in RB and
57e233 ng L�1 (average ± SD: 116 ng L�1 ± 46) in RH. More than
90% PCBs were comprised of tri and tetra congeners in both the
rivers in line with Pearl River, China (Guan et al., 2009). Dominance
of tetra congeners were also observed in River Yamuna in New
Delhi, India (Kumar et al., 2012, 2013) and River Chenab in Pakistan
(Eqani et al., 2012). Similarly lighter chlorinated biphenyls (di-, tri-
and tetra-) were found to be high in the surface water of Sao Paulo
River, Brazil (Rissato et al., 2006).  
phenyls and organochlorine pesticides in River Brahmaputra from the
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Table 1
Concentrations of selected organochlorine pesticides and polychlorinated biphenyls
in River Brahmaputra and River Hooghly.

River Brahmaputra (n ¼ 16) River Hooghly (n ¼ 20)

Compounds Range (in ngL�1) Avg ± stdev Range (in ngL�1) Avg ± stdev

a-HCH ND e 6 1 ± 2 ND e22 3 ± 5
b-HCH ND e 6 0.4 ± 2 ND e 16 3 ± 6
g-HCH ND e 14 6 ± 7 ND e 28 13 ± 8
d-HCH ND e 12 1 ± 3 NDe 114 19 ± 33
SHCHs ND e 22 8 ± 8 8e114 3 ± 28
p,p0-DDD ND e 113 14 ± 33 ND ND
o,p0-DDT ND e 113 15 ± 34 ND e 26 3 ± 8
p,p0-DDT ND e 7 1 ± 2 ND e 5 0.3 ± 1
SDDTs ND e 225 30 ± 66 ND e 26 4 ± 8
Heptachlor ND e 10 1 ± 3 5e26 14 ± 6
Aldrin ND e 5 0.3 ± 1 ND e 9 4 ± 4
Dieldrin ND e 19 4 ± 6 ND e 7 0.4 ± 2
SAldrin ND e 19 4 ± 6 ND e 9 4 ± 4
a-Endosulfan ND e 9 1 ± 2 ND ND
b-Endosulfan ND e 45 3 ± 11 ND e 10 2 ± 4
SEndos ND e 53 3 ± 13 ND e 10 2 ± 4
SOCPs 2 e 245 47 ± 67 12e154 62 ± 35
P

19PCBs 39e161 83 ± 32 57e233 116 ± 46
P

dl-PCBs ND e 2 1 ± 1 ND e 5 2 ± 2
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SOCPs ranged from 2 to 245 ng L�1 (average ± SD:
47 ng L�1± 67) and 12e154 ng L�1 (average ± SD: 62 ng L�1± 35) in
RB and RH respectively. High detection frequency for OCPs was
observed in both RB (88%) and RH (100%). Paired T-test did not
show any significant difference in the distribution of OCPs in these
two rivers.

When comparedwith Indian rivers, HCHs, DDTs, endosulfan and
heptachlor contamination in the surface water of RB and RH were
lower than the upper stretches of River Ganga (Singh et al., 2007),
other tributaries of River Ganga and River Gomti in Uttar Pradesh
(Malik et al., 2009), River Yamuna in Haryana and Delhi (Kaushik
et al., 2008) and River Ghaggar in Haryana (Kaushik et al., 2010).
Relatively higher pesticidal usage for agriculture in the vast Indo-
Gangetic plains of northern India compared to eastern and north-
eastern states is the most plausible reason for the current obser-
vation (Table S6).

DDT concentrations in RH were comparable to surface water of
Yangtze River (Sun et al., 2002) and Qiantang River (Zhou et al.,
2008) in China. Notwithstanding the fact that POPs globally
declined (AMAP, 2014), the present POPs concentrations have been
found to be higher thanwhat was detected in rivers a decade ago in
other parts of the world like Turkey (Turgut, 2003), South Africa
(Sibali et al., 2008) and recently in River Chenab from Pakistan
(Eqani et al., 2012) but in linewith the OCP concentrations in Densu
River basin, Ghana (Kuranchie-Mensah et al., 2012 ). HCHs in RH
was comparable with River Chenab in Pakistan (Eqani et al., 2012),
but higher than rivers in China (Na et al., 2006; Zhou et al., 2008)
and much higher than the Arctic region (Webster, 2004). However,
the concentration of HCHs in this studywas lower than River Kucuk
Menderes, Turkey (Turgut, 2003) and Jukskei River catchment area
in Gauteng, South Africa (Sibali et al., 2008).
3.2. Distribution and sources

3.2.1. PCBs
Highest concentration of

P
19PCBs was observed in Hooghly at

Namkhana Port (site H10, 233 ng L�1) followed by Belurmath (site
H6, 194 ng L�1) and Chinsura (site H2, 186 ng L�1). PCB-28, -52 and
-118 were detected in all the sites of RB and RH. Among the heavier
congeners only PCB-177 was found in specific locations of RB (B8,
B9, B10, B12, B15, B16) and RH (H3, H4, H12 and H15), possibly
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indicating localized sources. Details of composition of PCB conge-
ners for RH and RB have been given in Fig. 2a and Fig. 3a
respectively.

Three dimensional PCA for detected congeners having more
than 60% detection frequency in RB and RH having best fit (>0.6)
were used to identify PCB sources (Figs. 2b and 3b, Table S9). Along
RH, PCB congeners in PC-1 were PCB-44, -52, -169, -189, -207; PC-2
congeners were PCB-28, -123, -151 and PC-3 congeners were PCB-
168, -126, -118 with variance of 22%, 20% and 16% for PC-1, PC-2 and
PC-3 respectively. In RH, tetra congeners in PC-1, PCB-44 and PCB-
52 contributed 53% of the total PCB concentration (Fig. 2b). Domi-
nance of tetra congeners in surface soil and atmospheric emission
of tetra congeners particularly during open burning of municipal
solid waste has been reported from Kolkata (Chakraborty et al.,
2016). Atmospheric deposition might be a possible reason for
these congeners in River Hooghly. Moreover electronic scraps are
informally recycled in the suburban industrial belt of Howrah dis-
trict along River Hooghly. Further some amount of electronic
wastes also end up in open dumpsites (Chakraborty et al., 2016).
First eight sites of RH (H1eH8, Fig. 1) located in the suburbs near
Kolkata are surrounded by plenty of small and large scale in-
dustries. Large scale scrap processors dealing in electronic waste
scrap from multiple industries are present in this part of Howrah
district. We observed elevated concentration of total PCBs in these
eight sites (Geomean, 122 ng L�1) with higher percentage of tetra
congeners (Fig. 2a). In addition to tetra congeners, heavier conge-
ners like PCB-169, -189 and -207 were prevalent in these sites.
Hence we suspect industrial wastes runoff particularly during
monsoonal rain might be another possible source for PCBs in RH.

PCB-28 contributed 40% of the total PCB concentration.
Maximum PCB-28 was observed at Namkhana port (H-10,
142 ng L�1) possibly associated with port activities (Chakraborty
et al., 2016). Further heavier congeners like PCB-123 and -151
were found in 12 sites (Site H9 to H20; Geomean, 100 ng L�1)
adjacent to Namkhana port up to the tip of the Bay of Bengal
(Fig. 2a). Among the two major ports of eastern India namely Kol-
kata and Haldia, the former is situated within the Hooghly estuary.
These are the only riverine ports of India engaged in container
handling after Vishakhapatnam, located in southern part of India.
Harbor or port activity is likely acting as a source for PCBs in the
lowermost stretch of RH close to the Bay of Bengal. PCB contami-
nation due to harbor activities in southern India along the Bay of
Bengal has been observed earlier (Rajendran et al., 2005). Further
transboundary movement of PCBs from the ship breaking sites of
Bangladesh (Nøst et al., 2015) might be another possible source of
PCBs in the lower stretch of RH.

Highest PCB-118was detected at H2. PCB-168was observed only
at H1, H2 and H3 with concentration ranging between 1 to 2 ng L�1.
The most toxic congener, PCB 126, was detected in six out of the
eight sites in the suburban industrial belt and rural pockets. In the
rural sites (H1 and H2) and suburban sites (H4, H6, H8 and H9),
PCB-126 could be due to discharge of combusted coal and industrial
wastes (Chi et al., 2007).

In River Brahmaputra PCB-28, -44, -74, -119, -151 and -169 were
strongly weighted in PC-1 with 29% variance. PCB-28 and -44 were
ubiquitously distributed in RB and contributed 29% of total PCB
concentration. Percentage of tri-CB was higher in RB compared
with RH (Fig. 2a and 3a). We found that the samples taken from the
distributary of River Brahmaputra from Arunachal Pradesh
(B4eB10) exhibited consistently elevated PCBs (mean of 77 ng L�1).
In the recent past high PCBs in Manipur (Devi et al., 2014), a
northeastern state of India, was attributed to long range atmo-
spheric transport of PCBs from source regions in Kolkata
(Chakraborty et al., 2013). Monsoon-driven long range atmospheric
transport of PCBs in the high altitude and cold climate of the outer 
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Fig. 2. (a). Percentage composition and (b). Source of PCB congeners using PCA in River Hooghly.

Fig. 3. (a) Percentage composition and (b) Sources of PCB congeners using PCA in River Brahmaputra.
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Himalayan range has been observed earlier (Kang et al., 2009;
Sheng et al., 2013). Hence we speculate that the dominance of
lighter PCB congeners in all the sites of RBmight have resulted from
atmospheric deposition (Semeena et al., 2006). Lower concentra-
tion of medium and high molecular weight congeners like PCB-119,
-151, -169 might be associated with sludge or wastewater runoff.

Among PCB- 126, -123 and -177 in PC-2, PCB -126 was observed
in more than 80% sites of RB. Assam is a major producer of crude oil
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and natural gas in Indiawith the second oldest oil well in theworld.
Most of the oilfields of Assam are located in the Upper Assam region
of the Brahmaputra Valley. Apart from PCB-126, heavier congeners
like PCB-123 and -177 also significantly contributed for this
component. We suspect that in RB, the riverine discharge during
combustion of coal and industrial waste may be the major
contributor for PCB-126 (Chi et al., 2007).

PCB -52 and -118 were loaded in PC-3. Like RH, PCB-52 was
phenyls and organochlorine pesticides in River Brahmaputra from the
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found in all the sites of RB presumably for the same reason as that of
RH i.e., discharge from open burning of dumped solid waste. Direct
discharge of ashes including plastics and wood especially in the
burning ghats along the bank of these rivers were found to pollute
river water. PCB-118 contributed more than 30% of dl-PCBs indi-
catingmunicipal solid waste incineration (MSWI) pattern (Liu et al.,
2013).

3.2.2. OCPs
OCPs were found in the following order: DDTs >

HCHs > Dieldrin > Endosulfan > Heptaclor > Aldrin in RB. In RH the
order of OCPs was: HCHs > Heptachlor > Aldrin >
DDTs > Endosulfan > Dieldrin. HCHs concentrations were relatively
high in RH (Geomean, 31 ng L�1) and SHCHs was significantly
correlated with SOCPs (R2 ¼ 0.989, p < 0.01). Highest DDT con-
centration was observed in RB (Geomean 49 ng L�1) and DDTs
showed significant correlation with SOCPs (R2 ¼ 0.976, p < 0.01).
Significant correlations were observed between SOCPs and con-
centration of heptachlor (R2 ¼ 0.920, p < 0.01) and endosulfan
(R2 ¼ 0.502, p < 0.05) in RH. Extensive historical usage of OCPs
along the bank of River Hooghly for agricultural purpose might
have resulted in such a correlation.

3.3. HCHs

SHCHs ranged between ND (not detected) e22 ng L�1 and
8e114 ng L�1 in RB and RH respectively. Overall g-HCH dominated
in both the Rivers accounting for more than 50% of SHCHs. Highest
concentrations of

P
HCHs were found in the suburban sites of

Howrah district (H3, 114 ng L�1 and H6, 83 ng L�1). Earlier studies
reported elevated levels of HCHs in Hooghly estuarine sediment
(Bhattacharya et al., 2003). High concentration of HCHs have been
observed both in air (Chakraborty et al., 2010) and soil (Chakraborty
et al., 2015) in and around Kolkata. In RH, 35% of the sites showed b/
(aþ g) isomeric ratios less than 1 suggesting ongoing usage of
lindane. Whereas, in two sites of RH (H12 & H17) and in three sites
of RB (B1, B13 and B16), a-HCHwas predominant thereby indicating
the ongoing usage of technical HCH. High concentration of d-HCH in
60% sites was similar to the observation in Gomti River, India (Malik
et al., 2009).

3.4. DDTs

SDDTs varied between ND e 225 ng L�1 in RB and ND e

26 ng L�1 in RH. In RB, p,p0-DDD was predominant (ND e

113 ng L�1; average ± SD:13 ± 31 ng L�1). High o,p0-DDT (ND e

113 ng L�1, average¼ 13 ng L�1) and to some extent p,p0-DDT (NDe

7 ng L�1; average¼ 1 ng L�1) can be attributed to the ongoing usage
of DDT for vector control in northeastern India (Devi et al., 2011;
Mishra et al., 2012; Devi and Raha, 2013). During 2006e2007, In-
dia used 6000 and 2560 MT of DDT for control of Malaria and
Kalazar respectively (Gupta, 2004). Among all the Indian states
Assam consumed the highest DDT for vector control during
2005e2010 (NVBDCP, 2010).

In RH o,p0-DDT was higher than p,p0 DDT. Presence of parent
isomers like o,p0-DDT (ND e 26 ng L�1) and p,p0-DDT (ND e

5 ng L�1), which constitute 90% of the technical DDT (p,p0-
DDT ¼ 75%, o,p0-DDT ¼ 15%) is another indication that fresh DDT
usage take place, possibly for vector control in RH, something that
is consistent with observation in different environmental matrices
from this region (Chakraborty et al., 2010, 2014, 2015).

3.4.1. Endosulfan
Endosulfan is a versatile broad spectrum pesticide which was

extensively used in India. In 2007 consumption of endosulfan in
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India recorded a total of 12 million litres out of which West Bengal
and Sikkim consumed 1.1 million litres and Assam and other
northeastern state consumed 0.9 million litres (Guide, 2011).

Maximum endosulfan concentration was found in RB from up-
per Assam (site B1, 53 ng L�1). In this site b-endosulfan is five-folds
higher than a-endosulfan. For nearly 60% sites in RB, both a- and b-
isomers were detected. Relatively high concentrations of a-endo-
sulfan and b-endosulfan were found in Dibrugarh (B1 to B3), a re-
gion well known for tea plantations. For more than 100 years
endosulfan has been used for pest control in the tea estates of
northeastern India and high levels of endosulfan residues were
recovered in tea from this region (Gurusubramanian et al., 2008).
Recently high levels of endosulfan was reported in soil from
northeastern states of India particularly from Assam (Mishra et al.,
2012; Devi and Raha, 2013).

Only b-endosulfan was detected in six sites of RH ranging be-
tween ND e 10 ng L�1 with the highest concentration at site H4.
Higher detection frequency of b-endosulfan in RH could be asso-
ciated with historic usage of endosulfan along the bank of Hooghly
thereby showing elevated concentrations in soil (Chakraborty et al.,
2015), atmosphere (Chakraborty et al., 2010) and estuarine sedi-
ment (Guzzella et al., 2005). Current observation can be reasoned
with the fact that the water solubility of b-endosulfan is ten folds
higher than a-endosulfan. Moreover b-endosulfan is likely to un-
dergo higher atmospheric deposition than a-endosulfan (Weber
et al., 2010).

 

3.4.2. Other pesticides
Heptachlor is primarily used against soil insects and termites. It

has been used against cotton insects, grasshoppers, some crop pests
and to combat malaria. Heptachlor was observed in all the sites of
RH, and varied between 5 and 26 ng L�1 (average ± SD,
14 ± 6.5 ng L�1). In RB heptachlor ranged between ND e 10 ng L�1

(average ± SD, 2 ± 4.3 ng L�1). Highest concentration of heptachlor
was found in RH (site H15). Heptachlor was detected only in two
sites of RB possibly associated with the localized heptachlor usage
in Assam.

Aldrin was used as anti-termite agent on potato crops before
being banned in 1996 (Devi and Raha, 2013). West Bengal is the
second largest producer of potato in the country and produced 11.5
million tonnes during 2012e2013 (Agriculture, 2013). In RH aldrin
concentrationwas slightly higher (ND e 9 ngL�1) than dieldrin (ND
e 7 ngL�1) possibly suggesting fresher input. In RB, dieldrin was
found to be higher (ND e 19 ng L�1) than aldrin (ND e 5 ng L�1).
Highest concentration of dieldrin was detected at site B3 in RB.
Higher dieldrin concentration might be due to lower volatility and
conversion of aldrin to dieldrin in environment (Jorgenson, 2001).
Hence dieldrin in RB is likely from an aged source.
3.5. Pollution assessment

OCPs and PCBs concentrations were compared with the current
EPA recommended national water quality criteria (USEPA, 2006)
(Table S11 and S12). Risk Quotients for criteria continuous con-
centration (RQCCCs) exceeded the limit (RQCCCs > 10) in majority
sites of both the rivers for OCPs and PCBs and the observations are
in line with River Chenab in Pakistan (Eqani et al., 2012). PCB
occurrence in RB and RH is comparable or higher than the raw
water standard of developing countries like China (ChinaSEPA,
2002) (<20 ng L�1). Toxicity equivalents (TEQs) associated with
dl-PCBs were almost similar for both RB (0.01e0.17 ng TEQ/L) and
RH (0.02e0.2 ng TEQ/L) (Table S10). PCB-126 dominated the TEQ
particularly in the urban centers along RB and close to the suburban
industrial region and sites having port activities along RH. 
phenyls and organochlorine pesticides in River Brahmaputra from the
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3.6. Ecotoxicological concern

Ecotoxicological risks for flora and fauna for those sites detected
with OCP residues have been shown in the form of boxplots (Fig. 4)
using the hazard quotient (HQ) approach (Selvaraj et al., 2014).
Generally, we observed that in the lower trophic levels phyto-
planktons like algae, dinoflagellate and diatom and zooplankton
like waterflea, scud and grass shrimps were affected by lindane,
DDT and endosulfan in both the rivers. The percentage of species
affected in each group has been given in Supporting Information
(Fig. S1). Currently the impact of elevated DDT and lindane con-
centration was limited to lower trophic level (Phytoplankton and
Zooplankton) therefore the biodiversity in these freshwater eco-
systemswere likely to be at risk. Moving to the higher trophic level,
insects like Mayfly were affected by DDT, endosulfan and lindane.
Maximum impact of DDT on mosquitoes in RB can be attributed to
the DDT usage for vector control in this region. Unlike DDT and
lindane, even with lesser surface water concentration endosulfan
showed maximum impact on fishes. Endosulfan is known to be
highly toxic to aquatic species and fishes are extremely sensitive to
endosulfan (Fan, 2007). In this study endosulfan showed higher
impact on fishes particularly on four edible fish species viz., Catla
catla, Anguilla anguilla, Lepomis macrochirus and Labeo rohita in RB
and two species in RH (Catla catla and Lepomis macrochirus). West
Bengal is the leading inland fish and fish seed producer in the
country contributing 11.7 lakh tonnes of fish to the national food
basket (ICAR, 2016). Fishes form an integral part of the regular diet
for majority people in the eastern and northeastern states of India
particularly Catla catla is one of the major carp available in this
region. Typical fish flesh consumption among residents of West
Fig. 4. Boxplot showing the range of ecotoxicological risk for organisms in different trophic
fish due to detected concentrations of endosulfan, DDT and lindane in River Brahmaputra (
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Bengal, particularly in the middle income groups, ranges between
300 g to 500 g per week per person (Kumar, 2010). Apart from
possible risk on aquatic environment, endosulfan being hydro-
phobic, highly lipophilic with potential to bioconcentrate and bio-
magnify in food chain might be also a concern for human health.
However, an in-depth study is required to understand the direct
pathway for bioaccumulation of such organochlorine compounds
in this region.

3.7. Conclusion

Extensive usage of OCPs in the past and limited ongoing usage
resulted in surface riverine water contamination of OCPs in River
Brahmaputra and River Hooghly. Atmospheric deposition and
agricultural run-off are the potential pathways for OCPs in these
two transboundary perennial rivers. Apart from DDT usage for
vector control, fresh inputs of other OCPs, particularly endosulfan,
in certain pockets of eastern and northeastern states of India seems
to be prevalent. Unlike OCPs, PCBs were ubiquitiously distributed in
both the rivers with elevated concentration in Hooghly particularly
in those pockets where industrial and port activities were prevalent
along the bank of the river. We suspect that in the outer Himalayan
range lighter PCB congeners might have been influenced by long
range atmospheric transport from the source regions. PCBs con-
centrations in all the sites were above the safety limits for aquatic
organisms which is an indication of probable risk for such organ-
isms. Estimated ecotoxicological risk showed that the lower trophic
level organisms were having adverse impact due to DDT and
endosulfan residues in surface river water at certain locations of
both Hooghly and Brahmaputra. Detected endosulfan showed

 

levels viz., phytoplankton (PHY), zooplankton (ZOO), insect (INS), mollusc (MOL) and
RB) and River Hooghly (RH).
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adverse impact on fish species hence the possibility of its impact on
food chain cannot be ignored.
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