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Abstract: The present study was carried out to assess the concentrations of
organochlorine pesticide residues (DDTs; DDE, DDD, 2,4-DDT and 4,4 -DDT) in
natural fishes and prawn species during rainy-season (June-September, 2014)
from flood plains of Sonargaon upazila, Bangladesh. The samples were extracted
by Quick, Easy, Cheap, Effective, Rugged and Safe (QUEChERS) method and the
extracts were cleaned-up by using H2SO4. Analysis of the samples for DDTs
residues were carried out by using Gas Chromatograph with Electron Capture
Detector (GC-ECD). Controlled fish sample (Cultured Rui fish) was used for the
recovery experiments. Percent (%) recovery was found to be in the range of 70%-
113%. The total DDTs contents of the head of different fish and prawn species
ranged from 7.53 + 0.50 ng/g in Jatpunti (P. sophore) to 39.20 + 3.76 ng/g in Bele
(G. giuris) and of the body from 7.55 + 0.50 ng/g in Jatpunti (P. sophore) to 41.93
+ 3.63 ng/g in Chewa (P. elongatus). While the total DDTs of the total body of
seven fish and two prawn species ranged from 4.56 ng/g in Gurachingri
(unidentified) to 37.15 ng/g in Chewa (P. elongatus). In the present study, 66.66%
samples having value of (DDE + DDD)/DDT, lower than 0.5 ratios indicated the
presence of new DDT inputs in the environments of Sonargaon area. The
concentrations of total DDTs in all the samples were within the permissible MRL
level i.e. for human consumption recommended by FAO-IAEA-WHO. As DDT is a
long persistent and bioaccumulative substance in the environment, intake of
significant amount of these toxic elements with our diet is a matter of great health
concern.

Key words: OCPs, Gas chromatography, Fish and bioaccumulation

INTRODUCTION

Pesticide residue problem is an environmental hazard and becoming serious
focus for human health. Organochlorine pesticides (OCPs) such as DDT and its
metabolites are of great concern to the environmental scientists for several
decades, due to their persistence, bioaccumulation, long-range transport,
toxicity and adverse effects on environment and human health including
reproduction and birth defects (Edwards 1987), immune system dysfunction,
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endocrine disruptions and cancer (Adeyemi et al. 2008). The use of
organochlorine pesticides was started in the Bangladesh during the middle of
1950s for increase crop production (Rahman and Thapa 1999). After several
decades of intensive use, these pesticides including DDT have been banned in
Bangladesh since 1995 due to adverse effects on human health and
environment (Matin et al. 1998).

Bangladesh is an agro-based riverine country enriched with vast fisheries
resources. The intensive cultivation of the agriproducts depends upon the use of
fertilizer, pesticides, insecticides, fungicides and herbicides. About 25% of these
compounds pass to the nearby water-body and act as a pollutant sources for
fish and other aquatic organisms. Moreover during rainy-season the agricultural
low lands are overflowed by the flood water and also act as pollutant source.
Fishes are used extensively for environmental monitoring because they uptake
contaminants directly from water and food (Matin et al. 1998). Generally the
ability of the fish to metabolize organochlorine is moderate; therefore,
contaminants load in fish are well reflective of the state of pollution in
surrounding environment (Matin et al. 1998).

Sonargaon upazila is famous for cultivation of different types of rice, jute,
vegetables, banana, betel leaf, sugar cane etc. throughout the year (NDS 2013).
Pesticides are used immensely due to lack of appropriate knowledge about their
applications and untoward effects. During rainy-season, these agricultural low
lands are under flood water and obvious to contaminate the aquatic
environments. These contaminants can be potentially bioaccumulated in the
fatty tissues of fish and biomagnified from lower trophic level to the higher
trophic levels through food chain.

In spite of the previous intensive use and recent illegal use of DDT in the
country, little or no monitoring of their levels has been carried out. However, a
recent study by Nahar et al. (2008) and Hossain et al. (2016) identified DDT in
fishes from different region of the country. In view of multidimensional impacts
of pesticide in fish, environment and human, the scope of the present study is to
assess the concentrations of organochlorine pesticide residues; DDT and its
metabolites 4,4"-DDT, 2,4"-DDT, DDD and DDE, were investigated in different
fish and prawn species commonly available in the flood plains at the Sonargaon
upazila of Narayanganj district during rainy-season.

MATERIAL AND METHODS
Study area and sampling: Fish and prawn samples were collected from the
flood plains of Sonargaon upazila of Narayanganj district. The samples were
collected from the local fishes men just after caught by net on the bank of the
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flood plains nearby the Meghna river of Sonargaon upazila. Seven fish samples
(Jatpunti, Kachki, Tengra, Shing, Chewa, Meni and Bele) and two prawn
samples (Gurachingri and Goldachingri) were collected during rainy season
(June-September) 2014. Different varieties of fish species (Puntius. sophore,
Coricasoborna, Mystu svittatus, Heteropnuestes fossilis, Pseudapocryptus
elongatus, Nandusnandus, Glossogobius giuris, unidentified Gurachingri and
Macrobrachium rosenbergii) of different trophic levels were collected. The
collected fish and prawn samples kept in jip-locked plastic bag with label in
chill-box then transported to the laboratory. In the laboratory, at first the fish
samples were identified by using the morphological characteristics, following
Fishbase (2014), Rahman (2005) and Shafi and Quddus (1982). After
identification and taken measurements of biological parameters (Length, width
and weight), the samples were stored in freezer at -20° C until extraction carried
out.

Chemicals, Reagents, Solvents and Standard: The certified standards; 2,4"-
DDT, 4,4 -DDT, 4,4-DDE and 4,4-DDD (99% purity) were purchased from Dr.
Ehrenstorfer, Germany. Analytical grade anhydrous magnesium sulfate (MgSO.),
sodium sulfate (Na SO4) was purchased from Scharlau, Spain. Analytical grade
solvent such as hexane (CsHi4) and acetone (CH3),CO were purchased from
Sigma Aldrich. Sulfuric acid (H2SO4) (98%) and sodium chloride (NaCl) were
purchase from Merck, Germany.

Extraction and cleaned-up of fish samples: Before extraction, the samples
were kept out from the freezer and let them thaw. Then the scales, fins, viscera,
gills were removed and washed with clean water. In case of small fish, whole
body was grinded to paste and in case of large fishes, the head was separated
from body then weighed each part and grinded to paste with the help of the
blender. Grinded fish sample lipid (10 g) extracted by QUEChERS (Quick, Easy,
Cheap, Effective, Rugged and Safe) method (Mastoaska and Matrices 2006). The
extract was cleaned with sulphuric acid (H>SO.) treatment (Akerblom 1995). For
each sample, three replicates were extracted and cleaned-up.The cleaned
extracts wereanalyzed by GC-ECD.

Gas chromatographic analysis: A Gas Chromatograph (GC-2010 Shimadzu)
coupled with Electron Capture Detector, (GC-ECD) (GC-2010 Shimadzu) was
used for analysis of DDT and its metabolites from the cleaned extract.
Separations were performed on HP-5 quartz capillary column (30 m long x 250
pm i.d.; 0.25 pm film thicknesses), nitrogen was used as carrier (column flow
1.92 mL/min.) as well as make up gas. The injector and detector temperatures
were set at 220 and 290°C, respectively. All injections were made in split-less/
split mode and injection volume was 1 pl. The oven temperature was
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programmed as: initial temperatureof 120°C hold for 1 min; increased at 20°C
min-1 to 280°C; hold for 4 min. Identifications of the organochlorine compounds
analyte samples were done by comparing retention time of corresponding
certified standard samples and quantification by using external calibration
curves of the corresponding reference standard.

LOD, LOQ and Recovery Experiment: Primary standard solutions (500 ug/l) of
2,4-DDT, 4,4-DDT, 4,4-DDE and 4,4-DDD were prepared in n-hexane in
calibrated 100 mL volumetric flask. These primary standard solutions were
diluted to the middle (100 pg/l) and working standard solutions (10 pg/l),
respectively. The working standard solution was serially diluted and the diluted
solutions were injected in GC-ECD, LOD (3 times higher than noise), LOQ (3
times higher than LOD) were found out and calibration curves were made
(Fig. 1).
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Fig. 1 Calibration curves of standard DDTSs solutions.

Residual amount of DDT and its metabolites residues determination were
done within the Linearity range (0.025-1,600 pg/l) with an r2 (regression
coefficient) value were in the range of 0.9840 - 0.9960 of the corresponding
standards. Three replicate studies were done for each samples and standard
deviation were calculated. The LOD and LOQ for all DDT standards were found
to be 0.0625 ngg!and 0.2063 ngg-t, respectively.

For recovery experiment control fish sample (Cultured Rui fish) was spiked
separately with known amount of certified four standards at 3 different
concentration levels (0.05, 0.10, 0.20 pg/mL or mg/kg), extraction and cleaned
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up were done following similar procedure as described above and made final
volume 1.0 mL.The recovery of the each analyte was calculated according to the
following formula:

Am X Cst 100

R= Ast X Cm % Mst

where R is the recovery (%), Am is the peak area of the analyte in the matrix,
Ast is the peak area of the analyte in the standard, Cm is the concentration of the
analyte in the matrix, Cs is the concentration of the analyte in the standard, and
Mst is the spiking level (mg kg-1). The percentage recoveries for fish samples were
found to be 88.67 - 92.55%, 101.32 - 113.83%, 76.25 - 104.89% and 70.10 -
90.78% for DDE, DDD, 2, 4-DDT, and 4, 4-DDT, respectively.

RESULTS AND DISCUSSION

Lipid content of fishes: After extraction, total fat contents were determined by
gravimetrically. The lipid contents of head, body part and whole body of nine fish
and prawn species are shown in Table 1. The lipid contents of the head of
different fish and prawn species ranged from 0.50 £ 0.06 % in Bele to 4.86 +
0.24% in Jatpunti (Puntiussophore) and of the body from 0.09 + 0.01% in
Goldachingri (M. rosenbergii)to 2.35 + 0.17% in Jatpunti (P. sophore). While the
lipid of the whole body of nine fish and prawn species ranged from 0.32% in Bele
(G. giuris) to 2.99% in Jatpunti (P. sophore). Considering the amount of lipid in
whole body, the chronology is Bele (G. giuris) < Shing (H. fossilis) < Gurachingri
(unidentified) < Kachki (C. soborna) < Chewa (P. elongatus) < Goldachingri (M.
rosenbergii) < Tengra (M. vittatus) < Meni (N. nandus) < Jatpunti (P. sophore). The
lipid contents of head portion of all fishes were found to be higher than that of
the body portion except Sing fish. Similarly Mola, Punti and Sharpunti
contained higher lipid value in head portion than body (Mustafa et al. 2015).

DDT and its metabolites: The average concentrations of DDE, DDD, 2,4"
DDT, 4,4 DDT and total DDTs (3} DDTs)residues in the fishes and prawn
species are presented in the Table 2. The total DDTs contents of the head of
different fish and prawn species ranged from 7.53 £ 0.50 ng/g in Jatpunti (P.
sophore) to 39.20 £ 3.76 ng/g in Bele (G. giuris) and of the body from 7.55 + 0.50
ng/g in Jatpunti (P. sophore) to 41.93 £+ 3.63 ng/g in Chewa (P. elongatus). While
the total DDTs of the whole body of nine fish and prawn species ranged from
4.56 ng/g in Gurachingri (unidentified) to 37.15 ng/g in Chewa (P. elongatus).
Considering the amount of lipid in whole body, the chronology is Gurachingri
(unidentified) < Kachki (C. soborna) < Jatpunti (P. sophore) < Shing (H. fossilis) <
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Bele (G. giuris) < Goldachingri (M. rosenbergii) < Tengra (M. vittatus) < Meni (N.
nandus) < Chewa (P. elongatus). The total DDTs contents of head portion were
found to be higher than that of the body portion in Jatpunti (P. sophore), Tengra
(M. vittatus) and Bele (G. giuris) while in the Shing (H. fossilis), Chewa (P.
elongatus), Meni (N. nandus) and Goldachingri (M. rosenbergii) the values were
higher in the body than that of the head. It could be attributed that DDT is
lipophilic (ATSDR), so higher DDT content could be accumulated in the head of
Jatpunti, Tengra and Bele and in the body of Shing which contained higher lipid
value than other body part.

Table 1. Lipid content (%) of fish and prawn samples from the flood plain of Sonargaon upazila
during rainy-season of 2014 (n = 3)

Local name Scientific name Body part Lipid g% Lipid g%
(Whole body)

JatPunti Puntiussophore Body 2.35+0.17 2.99
Head 4.86 + 0.24

Kachki Coricasoborna Whole body 1.01+0.15 1.01

Tengra Mystusvittatus Body 1.02 + 0.05 1.78
Head 2.27+£0.13

Shing Heteropnuestesfossilis Body 1.09 £ 0.03 0.99
Head 0.84 +0.12

Chewa Pseudapocryptuselongatus Body 0.40 £ 0.10 1.09
Head 3.50+0.38

Meni Nandusnandus Body 2.02 + 0.05 2.54
Head 3.39+0.28

Bele Glossogobiusgiuris Body 0.21 +0.04 0.32
Head 0.51 + 0.06

Gurachingri Unidentified Whole body 0.92+0.19 0.92

Goldachingri  Macrobrachiumrogenbergii Body 0.09 £ 0.01 1.69
Head 3.28+£0.16

Trophic position and lipid content of aquatic organisms are reliable
predictors of OCP concentrations in aguatic ecosystem (Kidd et al. 2001, Crosly
et al. 1998). The present analysis showed that Gurachingri (Unidentified),
Kachki (C. soborna), and Shing (H. fossilis) fish contained low amount of lipid
contents. Gurachingri are omnivorous and because of their juvenile stage may
be related to the lower DDT accumulation. Kachki fish mainly feed on
phytoplankton and zooplankton while Shing feed on insects and plant materials
due to their omnivorous nature (Shafi and Quddus 1982). As these three fishes
occupy lower trophic levels in the food chain (may be just after the herbivore)
and together with their low lipid contents may be related to their low DDTs
residues.
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Fig. 4. GC chromatogram of a recovery sample.

Jatpunti (P. sophore) mainly feed on algae, plant material and small amount
insects due to omnivorous nature (Fishbase 2014, Shafi and Quddus 1982)
while contained higher lipid contents may be responsible for comparatively lower
DDTs accumulation but higher than Kachki and Gurachingri.
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Bele (G. giuris) is carnivore and cannibalistic in nature. Food items mainly
consist of fish, crustaceans, insects, zooplankton and on the other hand
considerable time of the year a recognizable proportion of food composed of
juvenile of Bele (Hossain et al. 2016b). Because of its very low lipid content may
be related to medium DDT accumulation. Goldachingri (M. rosenbergii) also
contained medium amount of DDTs residue may be related to their low lipid
content. Moreover Goldachingri is an omnivorous species that mainly feed on
plankton, Diatoms, Copepods and small Crustaceans. Similar result was
reported by Nahar et al. (2008).

Tengra (M. vittatus) are omnivorous fishes feed mainly on small fishes,
insects, mollusks and little amount of algae and plant material (Chaklader et al.
2014, Gupta and Banerjee 2016) together with higher amount of lipid contents
may be the cause of containing higher DDTs residues.

Meni (N. nadus) is a bottom and column feeder and feed mainly on small
fish, prawn, fish fry, chironomid and insect larvae and predominantly
carnivorous fish (Mustafa et al. 1980). Chewa (P. elongatus) depends on shrimps
and non-shrimp crustaceans mainly include copepods, crab larvae, mysids and
amphipods predominantly as it is carnivore (Rahman et al. 2016).

Persistent lipophilic organic compounds bioaccumulate and biomagnify with
increasing trophic levels (ATSDR, 2002 and Connell, 1995). Similar trends of
DDT accumulation to higher levels in fishes of higher trophic levels observed,
reaching levels thousand times higher than in water and organisms at lower
trophic level. Therefore, the higher amount of DDTs residues in Chewa, Meni in
the present study are in accordance with their higher trophic position in food
chain. Similarly the significant higher concentration of DDTs were also found in
carnivorous species African catfish (Clarias gariepinus) from the lake Koka,
Ethoipia (Deribe et al. 2011).

Therefore, it could not be said that all fishes of higher lipid contents
contained higher residues level or all fishes of higher trophic levels contained
higher residue levels. Both the lipid contents and (or) the trophic position were
the predictor of concentrations of organochlorine residues, also reported in the
fishes from subarctic lakes in Yukon Terrritoy (Kidd et al. 1998, 2001).

Time of DDT exposure: The ratio of (DDE+DDD)/DDT is a helpful tool in
rivaling the significance of the degradation of DDT and to evaluate the current or
past use of DDT in the region (Kidd et al. 1998). The ratio higher than 0.5
indicates past input of DDT while lower indicates recent input of DDT. In the
present study, 66.66% samples having value of (DDE+DDD)/DDT, lower than
0.5 ratios that shown in Table 2. These result indicated that the presence of new
DDT inputs in the environments of Sonargaon area. Fresh inputs of DDTs were



146 Mustafa et al.

also reported in India (Chourasiya et al. 2014) Uganda (Sseburgere et. al. 2009),
South China (Hao et al. 2014) and in Brazil (Rissato et al. 2007) etc.

CONCLUSION

The mean concentration of DDT residues detected in fish samples from the
flood plain ofSonargaon region were below maximum residue limit (MRL) of
DDTs in fish (5000 ng/g Codex Alimentarius, 1993) indicating that the fishes
were safe to consume but continuous consumption of such fishes may cause a
threat to human health as a result of biomagnifications. As DDT is a long
persistent and bioaccumulative substance in the environment, intake of
significant amount of this slow poison with our diet is a matter of health
concern. Whilewe could not avoid the fish as they provide essential nutrients
like omega-3 fatty acid, minerals, calcium and vitamins so we should select fish
in our diet considering the factors that regulate the accumulation of DDTs
residues (DDTs residues varies to food habit, age, lipid value, digestion rate,
habitat of fishes and also seasons) and by proper selection, we could get
essential nutrients with safe from Persistent Organic Pollutants (POPs)
consumption also.
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