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The Haldi and Rupnarayan tributaries join the lower stretch of Hugli estuary which form deltaic Sundarban ecosystem in
the Bay of Bengal. The Study determined the concentrations of Hexachlorocyclohexane (HCH) and dichlorodiphenyl
trichloroethane (DDT) in surface sediment samples collected from Haldi and Rupnarayan rivers. Average concentration of
total pesticides in Haldi and Rupnarayan River was 20.37 and 13.80 ng g, respectively. The concentration of HCHs was
higher than DDTs. The dominant residues were o-HCH among HCHs, p,p’-DDE, p,p’-DDD and p,p’-DDT among DDTs.
Ratio of o-HCH/y-HCH reflects the past and ongoing usage of technical HCH and lindane respectively. The ratio of DDT/
DDD+DDE, p,p’-DDT/p,p’-DDE and o,p’-DDT/p,p’-DDT indicates contamination from technical DDT and not from
dicofol usage. The ecotoxicological assessment risk may not be ruled out since the level of DDT and HCH exceeded the
guideline values at sampling stations on upstream of the Rivers. However, pesticides gradually decreased from up-stream
to the confluence with Hugli River. Continued occurrence of DDT and lindane in aquatic environment would cause health

threat to aquatic organisms of these river systems. So, a further in-depth study is needed to determine the bioaccumulation

in food web and the associated risks to the ecosystem and human health.
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1. Introduction

Environmental pollution by pesticides is a matter of
great concern because of their prolonged persistence,
lipophilic nature and tendency to accumulate in biota.
The pesticides are extensively used for control of
agricultural pests and vector borne diseases.
Hundreds of pesticides including organochlorine,
organophosphate, carbamate, and synthetic
pyrethroids are commonly used in agriculture and
public health purposes for pest/insect control. These
compounds are typically persistent in the environment
and are known to accumulate in soil, sediment, plants,
animals, and human beings [1, 2]. Pesticides are
among the hazardous contaminants and can persist

in soil and sediments for decades even after banned
[3]. These compounds have a wide range of acute
and chronic health effects, including cancer,
neurological damage, reproductive disorders, immune
suppression, birth defects, and are also suspected
endocrine disruptors [4, 5].

Pesticides have an affinity for particulate matter
and sediments are usually regarded as the ultimate
sink for persistent pollutants discharged into the
environment, and are one of the best media for the
long-term monitoring of many contaminants.
Sediment is a matrix of materials which is comprised
of detritus, inorganic and organic particles, and is
relatively heterogeneous in terms of its physical,
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chemical and biological characteristics [6]. Therefore,
the study on occurrence and distribution of pesticides
in sediments can indicate the status of aquatic
contamination. Some of these pesticides have been
banned in developed and developing countries
including India; however some third world countries
are still using these compounds because of their low
cost versatility in industry, agricultural and public
health practices.

Currently, 165 pesticides registered for use in
India and there is a sequential rise in the production
and consumption of pesticides during last three
decades. India is the fourth largest pesticide producer
in the world after US, Japan and China. During 2003-
2004, the domestic production of pesticides was
approximately 85 TMT (thousand metric tons), and
about 60 TMT used annually [7] and out of this, 4100
MT of technical grade pesticides were used in West
Bengal [8-10]. However, the consumption of
pesticides in India is 0.5 kg/ha, comparatively low
(only 3.75% of global consumption) against 12.0, 7.0,
6.6, and 3.0 kg.ha! in Japan, USA, Korea and
Germany, respectively [11].

Estuaries are the major routes of chemical
contamination to the marine environment where they
increase the levels in water, sediment and biota. Haldi
and Rupnarayan rivers are two estuarine tributaries
of lower Ganga. The rivers are immensely used for
fishing, bathing and as source of drinking water,
industrial cooling and waste disposal. During low
tides their inputs to river Ganga is higher. Although
after confluence of the rivers to the Ganga there is an
approach channel to the Haldia and Kolkata port and
due to high sedimentation load, dredging of the

channel is carried out regularly and dump on either
sides of the Ganga. Much work have been done
regarding pesticide pollution studies on river Hugli
[12-15] but, no work has been reported on
contamination of pesticides in sediment of river Haldi
and Rupnarayan. In this study, inter-tidal zones of
Haldi and Rupnarayan rivers were selected and
sediment samples analysed for HCH and DDT and
their isomers.

2. Material and Methods
Sampling

Four stations on Haldi river and five stations on
Rupnarayan river were selected on an average
distance of 10 km (Fig. 1). Sampling locations on
the rivers are summarized below in Table 1.

Surface sediment samples in triplicate were
collected using stainless steel Van-Veen sediment
grab from middle of the river.

All visible pebbles and wood sticks when
present were removed manually. Samples thoroughly
mixed together and an aliquot was transferred into
pre-cleaned solvent washed wide mouth amber glass
containers. All the samples were ice preserved and
taken to the laboratory. Samples were air dried in a
dust free environment, grinded with a granite pestle
and mortar and passed through a 200 mesh sieve then
stored at 4°C refrigerator until extraction and analysis.

Sample Extraction

In the present study, organochlorine pesticides DDT
and its isomers (p,p’-DDE, o,p’-DDD, p,p’-DDD,
o,p’-DDT, and p,p’-DDT) and, HCH (o & vy, HCH)

Table 1: Sampling stations on Haldi and Rupnarayan Rivers in West Bengal.

Sampling Station Haldi River Sampling Station Rupnarayan River
H1 Moina R1 Ghatal

H2 Matangini Setu R2 Kolaghat Town
H3 U/s Haldia Town R3 D/s Kolaghat Town
H4 Confluence with Hugli R4 Tamluk

R5 Confluence with Hugli
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Fig. 1: Sampling locations on Haldi and Rupnarayan River in West Bengal
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were extracted and analyzed in sediments, using GC-
ECD. Pesticides were extracted with some
modifications after Burt and Ebell [16]. Briefly, dried
sediment (15-20 gm) was extracted with solvent
mixture of acetone: hexane (1:1 v/v) using Soxhlet
apparatus for six hours. The extracts were filtered
through anhydrous sodium sulphate and concentrated
to near 5 ml using rotatry vacuum evaporator (Buchi,
Switzerland).

Chromatographic Column Cleanup

The column chromatography was performed to
remove interfering organic and polar species. Briefly,
a florisil column (250 mm x 25 mm) was packed from
the bottom up with 10 g of activated florisil and 5.0 g
anhydrous sodium sulphate. The column was pre-
rinsed with 50 ml of hexane before the sample was
loaded. The first fraction was eluted with 100 ml of
pentane for removal of aliphatic hydrocarbon. The
second fraction was eluted with 200 ml of 15% diethyl
ether in hexane for pesticides. The eluted extract was
concentrated using a Rotatory Vacuum evaporator to
1.0 ml. The concentrated extract was finally cleaned
up with 5% fuming sulphuric acid in concentrated
sulphuric acid and then with hexane washed water. 1
pl of cleaned extract was injected onto a gas
chromatograph equipped with an electron capture
detector (GC-ECD) for quantification.

Instrumental Quantification

Identification and quantification of HCH and DDT
were carried by subjecting the samples to gas
chromatograph equipped with ®*Ni Electron Capture
Detector (ECD), (Varian Star Series 3400). A
capillary column (Rtx 5) of, 30 m and 0.25 mm ID
with 0.5 mm stationary phase (5% diphenyl- 95%
dimethyl polysiloxane) was used for all
determinations. The oven temperature was 185°C
held for 1 min. and programmed at a rate of 10°C
min~! to 235°C and held for 10 min and again
temperature was increased at a rate of 5°C min~! to
250°C and finally held for 5 min. The injector and
detector temperature were maintained at 250°C and
325°C, respectively. A purified Nitrogen gas was used
as carrier at the flow rate of 1.0 ml min~'.

Analytical Quality Control

The concentrations of target compounds were
determined by external standard method using the
peak area of the samples and the five level calibration
curves of the standards. The peak identification was
conducted by the accurate retention time of each
standard. A procedural blank consisting of all
chemicals and solvents was run to check for
interferences and cross contamination. Appropriate
quality assurance quality control (QA/QC) analysis
was performed, including analysis of procedural
blanks (analyte concentrations were <MDL ‘method
detection limit’), random duplicate samples (Standard
deviation <5%), calibration curves with the 7% value
of 0.999. Each sample was analyzed in duplicate and
the average was used in calculations.

Recovery study was undertaken to demonstrate
the efficiency of the method. Three separate replicates
of sediment sample were spiked with known working
standard solutions of OCPs then extracted and
analyzed in the same way as the real samples. The
percent recoveries were in range of 80-95 (+6-12) at
the fortification levels of 10.0 ng ¢! and 50.0 ng g~'.
The results of the analysis are reported in ng g! dry
weight basis. Levels below reporting limit or below
MDL (<0.01 ng g!) were taken as zero (0) in the
calculations.

2. Results and Discussion

Distribution of HCH and DDT in Sediments

The concentration of organochlorine pesticides (DDT
and HCH isomers), in sediments from Haldi and
Rupnarayan rivers were presented in Table 2 and 3,
respectively. The average concentration of total OCPs
in Haldi and Rupnarayan river was 20.37 and 13.80
ng g-' (dry wt.), respectively (Fig. 2). Among the
OCPs, XHCH was the dominant pollutants compared
with DDT. The concentration of total HCH was 13.93
and 8.06 ng g' in Haldi and Rupnarayan river,
respectively. Comparatively o-HCH concentration
was higher than y-HCH at all the sampling locations.

2DDT concentration in Haldi and Rupnarayan
river were 6.44 and 5.74 ng g~! with DDE and DDD
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Table 2. Concentration of HCH and DDT isomers (ng g~! dw)
In sediments from Haldi river in West Bengal

Table 3. Concentration of HCH and DDT isomers (ng g~! dw)
in sediments from Rupnarayan river in West Bengal

Name of Sampling stations Mean
compounds
H1 H2 H3 H4

o-HCH 2.75 5.84 16.70 3.25 7.14
v-HCH 2.96 6.18 11.71 541 6.57
>HCH 6.63 12.02 2840 8.66 1393
p,p’-DDE 0.44 0.88 10.03 3.22 3.64
o,p’-DDD 0.12 0.86 0.42 0.12 0.38
p,p’-DDD 0.80 1.50 0.87 0.44 0.90
o,p’-DDT 0.10 4.16 0.20 0.05 1.13
p,p’-DDT 0.22 4.53 0.40 0.37 1.38
>DDT 1.24 11.63 11.92 0.98 6.44

dominant isomers, respectively. Similar to HCH
levels, DDT initially increased due discharges from
agricultural, industrial and domestic wastes. The
concentration of pesticides higher at middle sampling
stations and decreased at mouth of Rupnarayan and
Haldi River because sampling stations at mouths
comes under navigational channel to Kolkata and
Haldia Port respectively, where dredging of sediments
being carried out regularly. In addition to this, the
strong tidal influence may be the reason for partly
changes in concentration at sampling stations. Data
on pesticides pollution in Haldi and Rupnarayan
rivers indicated that pollution load gradually

Fig. 2: Graphical presentation of total HCH and DDT in sediments
from Haldi and Rupnarayan river in West Bengal.

Name of Sampling stations Mean
compounds
R1 R2 R3 R4 RS

o-HCH 492 9.17 321 308 119 431

v-HCH 5.84 491 455 215 129 3.5

>HCH 10.76 14.08 7.76 523 248 8.06
p.p’-DDE .52 0.87 0.15 022 0.15 0.58
o,p’-DDD 0.87 1.65 122 0.12 0.13 0.80
p,p’-DDD 1.53 1057 127 077 0.05 2.84
o,p’-DDT 1.63 0.15 025 034 020 0.51

p,p’-DDT 0.37 082 332 050 022 1.05

ADDT 7.72 1406 5.06 139 045 574

decreased from up-stream of the rivers to the
confluence with Hugli River (Figs. 3 & 4).

Compositional Analysis and Possible Source of
Pesticides

A compositional analysis of pesticide isomers was
carried out to identify the possible source of HCH
and DDT in Haldi and Rupnarayan River. It is well
recognized that HCH is available in two formulations:
technical HCH and lindane. Technical HCH contains
isomers in the following percentage: o, 55-80%; J,
5-14%; vy, 8-15%; O, 2-16%; €, 3-5% [17-18], and
lindane contains >90% of y-HCH. The ratio of o-
HCH to y-HCH between 3 and 7 is indicative of fresh
input of technical HCH [19]. However, a lindane
sources present the reduce ratio <1 [20]. In this study
the ratio of o-HCH to y-HCH isomers (o/y ratio) was
0.98 and 1.15 for Haldi and Rupnarayan River (Table
4).

Therefore, the study does not reflect the fresh
usage of technical HCH but indicates input of lindane
formulation in this area. In the past studies the use of
lindane was anticipated in this region [21- 22]. The
technical mixture of HCH was produced and used in
India until it was banned in 1997, and lindane
formulations are registered for use in public health
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Fig. 3: Concentrations of total HCH and DDT in sediments from
different locations on Haldi river in West Bengal.

Fig. 4: Concentrations of total HCH and DDT in sediments from
different locations on Rupnarayan river in West Bengal.

practices to control vector borne diseases and for pest
control in selected crops [23].

DDT has been banned in India for use in
agricultural sector [24] but, permitted to use up to
10,000 tonnes per year, under the Stockholm
Convention, until an alternative can be found to
combat vector borne diseases which are particularly
prevalent in monsoon season [21].

Approximately 85% of DDT produced in India
is used for mosquito control; therefore the levels of
DDT observed could be attributed to municipal waste
water inflow from residential areas to the adjoining
riverine system. The elevated concentration of p,p’-
DDE (3.64 ng g!), 0,p’-DDT (1.13 ng g™!) and p,p -
DDT (1.38 ng g~') was observed in Haldi river
sediments, and p,p’-DDD (2.84ng g™!) and, p,p’-DDT

(1.05 ng g!) were dominant DDT isomers in
Rupnarayan river sediment.

The ratios between the parent compound of
DDT and its metabolites (DDD and DDE) can be
used to identify the possible sources in the
environment [25]. After the DDT applications, much
of the DDT slowly converted to DDE and DDD under
aerobic and anaerobic conditions, respectively, hence
the ratios between the DDT and DDE and DDD is
often used as an indication of age (recent or historic)
of the source of DDT [26]. Aratio (DDT/DDD+DDE)
greater than 1 indicates recent use of DDT; however
a small ratio indicates historical DDT applications
[27]. In the present study, the average ratios of DDT/
(DDD+DDE) was 1.77 and 1.57 for Haldi and
Rupnarayan river respectively, indicates recent inputs
of DDT. The ratio of p,p’-DDT and p,p’-DDE can be
used to estimate the existence of technical DDT in
recent inputs. A ratio of 0.33 or less is considered as
aged mixture, while a relatively high p,p’-DDT/p,p’-
DDE ratio implies a recent input. In our study the
ratio of p,p’-DDT/p,p’-DDE was 1.45 and 1.41 for
Haldi and Rupnarayan river, respectively indicates
fresh technical DDT input in the these river system
of West Bengal.

The dominance of DDT metabolites in this
study may be better explained as, the vapor pressure
of o,p’-DDT is 7.5 times higher than p,p’-DDT
leading to greater volatilization of o,p’-DDT to the
atmosphere [28], and p,p’-DDT metabolizes much
faster in a subtropical environment [29]. After DDT
application, much of the DDT may be converted to
p,p’ -DDE. Elevated concentrations of p,p’-DDE have
been interpreted as a result of its conversion to p,p’-
DDE by UV radiation during atmospheric transport
[30]. The ratio of o,p’-DDT/p,p’-DDT can be used
to distinguish technical DDT from “Dicofol-type
DDT”. The o,p’-DDT/p,p’-DDT ratio was reported
to be 0.2~0.26 in technical DDT and ~7.5 in dicofol
products [31]. In our study the ratio of o,p’-DDT/
p,p’-DDT is 0.50 and 0.39. Thus, the DDT
contaminations in this region may be from technical
DDT and obviously not from dicofol usage, which is
different from the scenario in China where dicofol
usage is a major source of DDT [32].
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Table 4: Range and mean ratio of HCH and DDT isomers in sediments from Haldi and Rupnarayan rivers in West Bengal

Name of river o/y-HCH DDT/DDD+DDE

p.p’-DDT/p,p’-DDE o0,p>-DDT/p.p’-DDT

Haldi 0.60-1.43(0.98)* 1.05-3.68(1.77)

Rupnarayan 0.71-1.87(1.15) 1.07-2.27(1.57)

0.04-5.15(1.45) 0.14-0.92(0.50)

0.24-2.27(1.41) 0.18-1.41(0.39)

*mean in parenthesis

Ecotoxicological Risk

Effects on the organisms are usually considered to
be an early warning indicator of potential human
health impacts [33]. In India, no environmental
standards have been established for HCH and DDT
in river or coastal sediments. Therefore,
ecotoxicological effects of OCPs in this study area
were roughly evaluated by applying published
freshwater sediment quality guidelines such as effect
level, interim sediment guidelines (ISQG), threshold
and probable effect level and CBSQGs from Ontario,
Canada and Wisconsin, respectively [34-36].
Table 5 shows the comparison of the obtained data
in this study for the residue of the pesticides in
sediments from Haldi and Rupnarayan River, with

available guidelines from environmental agencies.
Concentration of DDD was lower than benchmark
level, probable effect level and toxic effect level, but
slightly higher than ISQGs. DDE and DDT values
exceeded the ISQGs and toxic effect level in Haldi
River sediments. XDDT in sediments from both the
rivers were higher than Wisconsin’s toxic effect
concentrations. Values of a-HCH and y-HCH exceed
the Canadian and Wisconsin’s guideline values, at
some locations but lower than severe effect level
suggested by Ontario. The assessment indicates that
ecotoxicological risk may not be ruled out since the
level of DDT and HCH exceeded the TEC, ISQGs
and PEC values at sampling stations on upstream of
the Rivers. This might cause ecological concern to
benthic organisms.

Table 5: Sediment quality guidelines for OCPs in freshwater sediments: comparison with present study (ng g1 dw).

Country DDD DDE DDT >DDT o-HCH v-HCH Ref.
Screening level benchmark, Ontario, MOE

LEL 8 5 8 7 6 3 [34]
SEL 60 190 710 120 100 10

CCME, Canada

ISQG 3.54 1.42 1.19 - - 0.94 [35]
PEL 8.51 6.75 4.77 - - 1.38

CBSQG, Wisconsin

TEC 4.9 32 4.2 53 6.0 3.0 [36]
PEC 28 31 63 572 100 5.0

Present study

Haldi 1.28 3.64 2.51 6.44 7.14 6.57 -
Rupnaryan 3.64 0.58 0.96 5.74 4.31 3.75

LEL=Lowest Effect level, SEL=Severe Effect level, TEC=threshold effect concentration, PEC=probable effect concentration, ISQG=Interim Sediment
Quality Guidelines, PEL=probable effects level, CBSQG=Consensus based sediment quality guidelines.
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4. Conclusions

Concentrations of HCH observed in this study were
higher than ISQG. However, DDTs were more or less
comparable with ISQG and PEL values. The study
reflects the usage of lindane formulation and DDT
usage but, no dicofol type Inputs. The results also
indicated that there is a potential health risks to
aquatic organisms in the study area. Further work is
needed to determine the bioaccumulation in food web
and the associated risks to the ecosystem and human
health.

References

1. Iwata H, Tanabe S, Sakai N, Nishimura A and Tatsukawa
R Environ Pollut (1994) 85 15-33

2. Kannan K, Tanabe S and Tatsukawa R Environ Sci Tech
29 (1995) 2673-2683

3. Shegunova P, Klanova J and Holoubek I Environ Pollut
146 (2007) 257-261

4. Kodavanti P R S, Senthil Kumar K and Loganathan BG
In: International Encyclopedia of Public Health, Vol 4
(Eds: Heggenhougen K & Quah S), (2008) 686-693.
Academic Press, San Diego

5. Wang X, Wang D, Qin X and Xu X J Environ Sc 20 (2008)
1090-1096

6. Hakanson L Sediment variability. /n: Burton Jr GA, editor.
Sediment toxicity assessment. Boca Raton, FL: Lewis
Publishers; (1992) p. 19-36

7. Anonymous 2008. http:/chemicals.nic.in/chem

8. Bhattacharyya A, Barik S R and Pritam Ganguly J Plant
Prot Sci 1(1) (2009) 9-15

9. Gupta Mohit (2010) www.amrc.org.hk/node/1007

10.  Nirula SA and Upadhyay K M Am J Eco and Bus Admin
2(2) (2010) 160-168

11.  Chauhan RS and Lokesh Singhal Int Journal Cow Sci 2(1)
(2006) 61-70

12.  Guzzella L, Roscioli C, Vigano L, Saha M, Sarkar S K
and Bhattacharyya A Environ Int 31(4) (2005) 523-534

13.  Bhattacharya B, Sarkar S K and Mukherjee N Environ Int
29 (2003) 587-592

14.  Bhupander Kumar, Senthilkumar K, Priya M, Sanjay
Kumar and Sajwan K S Organohalogen Compounds 71
(2009) 681-684

15.  Ghose N C, Saha D and Gupta A J Water Resources and
Protection 4 (2009) 290-298

5. Acknowledgements

The authors are thankful to the Chairman and
Member Secretary of the Central Pollution Control
Board for their constant encouragement and interest
in conducting the study. Incharge, Zonal Office
Kolkata of Central Pollution Control Board is also
acknowledged for providing facilities.

16.  Burt JS and Ebell GF Mar Poll Bull 30(11) (1995) 723-
732

17. Nhan D D, Carvallno FP, Am N H, Tuan N Q, Yen N T H,
Villeneuve J P and Cattini C Environmental Pollution
112 (2001) 311-320

18.  Fu S, Chu S and Xu X Bull Environ Cont Toxicol 66
(2001) 171-177

19.  Yang Y, Li D and Mu D Atmospheric Environment 42
(2008) 677-687

20. Willet K L, Ulrich E M and Hites H A Environ Sci Techno
32(15) (1998) 2197-207

21.  Zhang G, Chakraborty P, Li J, Sampathkumar P,
Balasubramanian T, Kathiresan K, Takahashi S,

Subramanian A, Tanabe S and Jones KC Environ Sci
Technol 42(22) (2008) 8218-8223

22.  Chakraborty P, Zhang G, LiJ, Xu Y, Liu X, Tanabe S and
Jones KC Environ Sci Technol 44 (2010) 8038-8043

23.  CAPE Community Action for Pesticide Elimination
cape @thanal.org (2005)

24.  Sharma V P Current Science 84 (2003) 513-515

25. GuoY, Yuh Y and Zheng E Y Environmental Pollution
157 (2009) 1753-1763

26. Baxtor RM Chemosphere 121 (1990) 451-458

27. MaX,RanY, GongJand Zou M Environ Monit & Assess
145 (2008) 453-464

28.  Spencer W and M M Cliath J Agric Food Chem 20(3)
(1972) 645-649

29. Talekar NS, Sun L T, Lee E M and Chen JS J Agric Food
Chem 25 (1977) 348-352

30. AtlasE and C S Giam Water, Air & Soil Pollut 38 (1988)
19-36

31. QuiXH,ZhuT,TaoB,HuJ and Hu S Environ Sci Technol
39 (2005) 4385-4380



Persistent Organochlorine Pesticides in Sediments from Haldi

323

32.

33.

34.

Liu J, Zhu T, Wang F, Qiu X H and Lin W L Ecotoxicol 35.

Environ Saf 63 (2006) 33-41

Qian Y, Zheng M H, Zhang B, Gao LR and Liu W B 36.

Environ Monit & Assess 116 (2006) 157-167

Persuad D, Jaagumagi R and Hayton A Ontario Ministry
of the Environment and Energy (1993)

CCME Canadian Council of Ministers for the
Environment. Winnipeg, Canada (2002)

Wisconsin Department of Natural Resources Consensus-
based sediment quality guidelines (CG-SQGs): Available
online at http://dnr.wi.gov/org/aw/rr/technical/
cbsqg_interim_final.pdf (2003)






	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9
	Page 10

