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Abstract: The farmers of Bangladesh mainly rely on pesticides for pest control to boost the crop production.
This study was carried out to ascertain the presence and subsequent amount of some organochlorine and
organophosphorus pesticide residues in water samples collected from pond, ditch and tube-well of Daudkandi
upazila. Using the High Performance Liquid Chromatography (HPLC) a total of thirty water samples was
examined to evaluate the suspected pesticide residues. Among the organophosphorus pesticides, diazinon was
detected only in one water sample at a concentration of 651 µg/l, whereas, eleven water samples were found
to be contaminated with malathion ranging from 1000 to 8200 µg/l. Chlorpyrifos was also detected only in one
water sample at a concentration of 31 µg/l. None of the tested water samples was found to be contaminated with
suspected organochlorine pesticide residues. On the other hand, tube-well water samples were totally free from
suspected pesticide residues. Appropriate measures should be taken to lessen the over dependence on
pesticide in agriculture and thus decrease the possible health risk of the people.
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INTRODUCTION trade names and 3 active ingredients with 4 trade names

Agricultural sector, on which the economy of Bio-Pesticide, respectively [3]. The use of organochlorine
Bangladesh is mostly dependent, has derived a insecticides (except heptachlor) for all agricultural and
remarkable benefit in the last few decades using public health purposes was banned in Bangladesh by late
pesticides. Pesticides have been widely  applied to 1993 [4]. But illegal trans-boundary entry has made the
protect agricultural crops since the 1940s,  and  since banned product available to the farmers and is still being
then, their use has increased steadily [1]. Endrin was the used in agriculture.
first imported pesticide in Bangladesh of which three The  economy  of  Daudkandi  upazila   is  mainly
metric tons (MT) was first imported for agricultural agro-based. It is a flood-prone and the most intensive
purpose in 1995 [2]. The government of Bangladesh agricultural area in Bangladesh. It is one of the potential
provided pesticides to the farmers free of cost until 1974 agricultural areas of the country. The main crops of this
to increase the crop production then full price was upazila are paddy, wheat, jute, sugarcane, potato, mustard
imposed in 1979. At present, 173 active ingredients with plant, pepper etc. The population density of this upazila
2,947 trade names have been registered as agriculture is 1111 per square kilometer (sq km) [5]. To provide food
pesticides whereas; other 73 active ingredients with 415 security to this highly dense population as well as to

have been registered as Public Health Pesticide (PHP) and
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other parts of the country, farmers use various types of association between pesticide exposures with Parkinson’s
pesticides and techniques to boost the crop production. disease (PD) [18]. Pesticides exposure during pregnancy

Pesticides have been promoted and increased in may lift up the risk of hypertensive disorders [19].
Bangladesh to intensify the crop production for overly In this study, some selected organochlorine and
growing population [6]. According to Bangladesh Bureau organophosphorus pesticide residues were evaluated in
of Statistics [7], the pesticide consumption in Bangladesh water samples to obtain the current information about
increased from 11610.66 to 40882.94 metric tons (MT) from their contamination in Daudkandi upazila and also to
the year of 1998 to 2012. But the use of pesticides in assess the possible health risk so that necessary steps
Bangladesh is still low in comparison with other countries can be taken.
of the region [4]. According to Bangladesh Crop
Protection Association (BCPA) [8], a negative trend in MATERIALS AND METHODS
pesticide consumption in Bangladesh has been observed
from 2008, when 48688.02 metric tons (MT) of pesticide A total of thirty water samples were monitored to
was consumed but in 2014, it has been decreased to evaluate the presence and quantity of organochlorine
35801.68 MT. (dich lorodiphenyl t r ich loroethane (DDT),

The estimated loss in yields due to attacks from pests dichlorodiphenyldichloroethylene (DDE) and
and diseases annually ranges from 15 to 25 percent [9]. dichlorodiphenyldichloroethane (DDD) and
Pests globally consume food estimated to feed an organophosphorus (diazinon, malathion and chlorpyrifos)
additional one billion people [10]. The loss of crops due pesticide residues in water samples of pond water, ditch
to pests is around 30-40 per cent, which is equivalent to water and tube-well water from five different unions of
the food consumed in the country in three or four months Daudkandi upazila in Bangladesh (Fig. 1). 
[11]. For conducting the present study, water samples

Due to inadequate knowledge and instruction about were collected in glass bottle having 1000 ml capacity for
pesticide application, farmers use excessive amount of each sample and were labeled as well as instantly carried
pesticides than required. It has been estimated that, only to the laboratory of Agrochemical and Environment
about 0.1% of the applied pesticides reach the target Research Division and kept at -20°C for further analysis.
organisms where the remaining portion contaminates the To carry out the study, all the pure analytical
surrounding environment [12]. The residues of these standards for the suspected pesticides were purchased
applied pesticides are drained to the water bodies by from GmbH (D-86199 Augsburg, Germany). Acetonitrile
various means and pollute them easily. After spraying, (HPLC grade), n-hexane (HPLC grade) and anhydrous
pesticides may move downward in the soil and either sodium sulfate (Na SO ) were purchased from Merck
adheres to particles or dissolve, taken by plants, vaporize (Darmstadt, Germany) whereas, diethyl ether were from
and enter the atmosphere, reach surface and underground BDH, England. On the other hand, rotary vacuum
water through runoff and leaching [13]. evaporator (R-215) was purchased from BUCHI,

The toxic effect of pesticides to the non target Switzerland; florisil (magnesium silicate, mesh 60-100,
organisms is a common incident. Fishes are the main non active  at  1250 °F)  from  Janssen  Chimica;  N   blower
target species adversely affected by application of (PU 90003) from Alfa Industry, England; High
hazardous pesticides [14]. Natural insect enemies like Performance Liquid Chromatography from Waters
parasitoids and predators are the most prone to Company, England and the column C  was of Nova Pack.
insecticides which are severely affected [15]. Pesticides For determination of pesticide residues, 250 ml of
also pose negative effect on pollinators which are water sample was taken  into  a  1000  ml  separating
prerequisite for crop production. They are also the culprit funnel in the presence  of  100  ml  double  distilled  (DD)
to cause mortality of birds, frogs, fishes and other aquatic n-hexane as  solvent  and  was  shaken  for  mixing  well
and terrestrial organisms. for about 15 minutes. The mixture  was  then  kept

Increased accumulation of pesticide residues in the standing for 10 minutes for settling down. After that,
food chain and drinking water have been reported to pose lower aqueous layer and upper hexane layer were
serious human health hazards [16]. Due to pesticide collected in two different conical flasks. The aqueous
exposure, several problems can be caused in human body. layer was re-extracted twice  by  adding  50  ml  solvent
An augment in cancer risk is coupled with the use of (DD n-hexane) for each re-extraction and then the upper
organochlorine (OC) pesticides [17]. There is a positive layer   (solvent)    was   collected.   Combined   extract  was

2 4
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Fig. 1: Sample sites of Daudkandi upazila

collected with anhydrous sodium sulfate for removing organochlorine (DDT, DDE and DDD) and
trace of water (if any). The collected extract was then organophosphorus (diazinon, malathion and
concentrated  using   a    rotary    vacuum   evaporator. chloropyrifos) pesticides.
The concentrated extract was then transferred to a vial Identification of the suspected residues was done in
ringing the round bottom flask for three  times  with  DD relation to retention time (RT) of pure analytical
n-hexane with a volume of 3, 2 and 2 ml, respectively standards. The quantity was measured with formation of
making the final volume of 7 ml. calibration curve from standard samples of different

Clean-up was done according to the procedure concentrations. The calibration curves for organochlorine
described by Matin et al. [4]. The clean-up of the extract and  organophosphorus  pesticides  were  prepared at
was performed over  florisil  (magnesium  silicate,  mesh five different concentrations of the standard solutions.
60-100) where, the top 1.5 cm of the column was packed The mean percentage recoveries of the pesticides were
with anhydrous sodium sulphate. The extract was eluted calculated with the following equation- 
with 100 ml DD n-hexane in the company of 2% double
distilled diethyl ether in a flow rate of 5 ml/min. Again the P  = (S  /T ) × 100
extract was evaporated at 40°C by vacuum rotary
evaporator and transfer into vials. The extracts were then Here; P  is the percent recovery, S  is the analytical
completely evaporated by nitrogen gas using N  blower results from the laboratory control standard and T  is the2

(PU 90003). Final volume was made adding 1 ml of HPLC known concentration of the spike.
grade acetonitrile before injection. Recovery test has been done three times for each

For pesticide residues analysis, 20µl of aliquot was pesticide and the mean value of recovery test for each
injected by micro liter syringe into the High Performance pesticide has been calculated. The mean percentage
Liquid Chromatography (HPLC) fitted with Ultra Violet recoveries for DDT, DDE, DDD, diazinon, malathion and
(UV) detector whereas, acetonitrile (65%) was the mobile chloropyrifos (after spiking in the distilled water and
phase. Column C  along with the output device at 254 nm florisil clean-up) were 85.59, 82.11, 89.33, 81.50, 84.54 and18

absorbance was used for determination of the level of 90.51%, respectively (Table 1).

i i i

i i
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Table 1: Outcome of the recovery experiment
Mean amount (µg) in HPLC*
---------------------------------------------------------------

Pesticides Spiked Measured Mean recovery (%)
DDT 300 256.76 85.59
DDE 300 246.34 82.11
DDD 300 267.98 89.33
Diazinon 300 244.51 81.50
Malathion 300 253.62 84.54
Chloropyrifos 300 271.54 90.51
*Mean value of triplicates

RESULTS AND DISCUSSION The absence of organochlorine pesticides in the

In Daudkandi upazila, there is a total of 803 acres of purpose in Bangladesh. Kafilzadeh et al. [30] reported the
permanent cropped area with 31203 acres of temporary presence of DDT and DDE in an average of 0.016 and
cropped area. On the other hand, there are 4132 ponds 0.055 µg/l, respectively in Lake Parishan, Iran. The mean
with 3 river flows in this study area [5]. As a result, these total concentrations of organochlorine residues in water
water bodies are easily contaminated by pesticides samples of Dehzir, Tashk, Gonban and Midstream sites
applied to the crop fields which have been revealed in the were 0.028, 0.041, 0.082 and 0.018 µg/l,  respectively  [31].
present study. In surface and groundwater samples along El Rahaway

A total of three suspected pesticide residues namely drain of Egypt, DDTs ranged from 0.003 to 0.239 µg/l
diazinon, malathion and chlorpyrifos were detected in the during rainy season and from 0.008 to 0.066 µg/l during
pond and ditch water samples with detection limit of 10 dry season [32].
µg/l which have been shown in table 2 with water sample Among the organophosphorus pesticides, diazinon
number and locations (union). The tube-well water was detected only in one water sample (4-P) of Goalmari
samples were free from the suspected residues. union with the concentration of 651 µg/l (Table 2). The

Among the thirty water samples, none of the samples diazinon contaminated sample was a pond water sample.
was contaminated with organochlorine (DDT, DDE and This concentration is far above the Canadian maximum
DDD) pesticides (Table 2), although different acceptable concentration (MAC) of 20 µg/l for diazinon
concentrations of organochlorine pesticides were [33] and also above the Australian health-based guideline
reported in water samples from several regions of value of 4 µg/l for diazinon [34]. Previously, diazinon was
Bangladesh by Bagchi et al. [20], Chowdhury et al. [21], detected at different  concentrations  in  the  water
Islam et al. [22] and Matin et al. [4] which have been samples from various regions of Bangladesh (Table 3).
shown in Table 3. Diazinon was also detected by Hasanuzzaman et al. [35]

present study may be due to its banning for agricultural

Table 2: Results of the suspected pesticide residues detected in the water samples 

Water Sample No Location (Union) DDT (µg/l) DDE (µg/l) DDD (µg/l) Diazinon (µg/l) Malathion (µg/l) Chlorpyrifos (µg/l)

1-D Daudkandi BDL BDL BDL BDL 82000 BDL
2-P Daudkandi BDL BDL BDL BDL 62000 BDL
3-D Goalmari BDL BDL BDL BDL 7000 BDL
3-P Goalmari BDL BDL BDL BDL 48000 BDL
4-P Goalmari BDL BDL BDL 651 BDL 31
6-D Sundalpur BDL BDL BDL BDL 6000 BDL
6-P Sundalpur BDL BDL BDL BDL 54000 BDL
7-D Majidpur BDL BDL BDL BDL 3000 BDL
7-P Majidpur BDL BDL BDL BDL 7000 BDL
8-P Majidpur BDL BDL BDL BDL 8000 BDL
8-D Majidpur BDL BDL BDL BDL 1000 BDL
9-P Gauripur BDL BDL BDL BDL 1000 BDL

D = Ditch, P = Pond and BDL = Bellow detection limit, Limit of detection = 10 µg/l 
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Table 3: Some previously reported concentrations of the suspected pesticide residues in water of several regions of Bangladesh

Concentration/range of pesticide residues (in µg/l)
--------------------------------------------------------------------------------------------------------------------------------------------

References Source of sample Diazinon Malathion Chlorpyrifos DDT DDE DDD

Ara et al. [23] Pond BDL 2000-64000 BDL BDL BDL BDL
Ditch BDL 1000-22100 BDL BDL BDL BDL
Tube-well BDL 4000-56000 BDL BDL BDL BDL

Bagchi et al. [20] Pond - - 146-609 316 14 52

Bhattacharjee et al. [24] Paddy field 0.027 - 0.029-034 - - -
Kaliganga River BDL - 0.01-0.12 - - -

Chowdhury et al. [25] Paddy and vegetable fields 0.9 105.2 - - - -

Chowdhury et al. [26] Paddy field - - 0.477-1.189 - - -
Lake - - 0.544-0.895 - - -

Chowdhury et al. [21] Irrigated field - - - 3.01-8.29 4.06 BDL

Hossain et al. [27] Lakes in Savar 7.86 23.1-59.9 3.27-9.31 - - -

Islam et al. [22] Agricultural field - - - 0.115-0.54 - -

Matin et al. [4] Irrigated crop field, 1992 - - - 0.06-19.60 0.10-0.46 -
Hand tube-well, 1992 - - - Trace BDL -
Surface water, 1993 - - - 0.069-0.669 0.094-2.510 -
Surface water, 1994-95 - - - 0.051-0.068 0.013-0.06 0.0-14-0.038
Ground water, 1994-95 - - - 0.027-1.204 0.010-0.084 0.014-0.365

Uddin et al. [28] Pond - 24.1-46.3 - - - -

Uddin et al. [29] Pond 33.79 - 10-471 - - -

BDL = Below detection limit, Trace = Identified but below the detection limit and "-" denotes not examined

at the concentration of 31.5 µg/l in a water sample of guideline value of 10 µg/l for chlorpyrifos [34]. Previously,
Dhamrai, Bangladesh. Brigham [36] also reported diazinon chlorpyrifos was detected in Bangladesh by different
ranging from less than 0.004 to 0.008 µg/l in stream water researchers like, Chowdhury et al. [26] in water samples
samples of USA. Székács et al. [37] reported the presence from Rangpur district, Bagchi et al. [20] in pond water
of diazinon in the surface water samples of Hungary samples, Bhattacharjee et al. [24] in Kaliganga river,
ranged between 0.01 and 0.9 µg/l from  the  year  1990  to Hossain et al. [27] in lake water samples of Savar and
2015. On the other hand, the mean concentrations of Uddin et al. [29] in Meherpur region (Table 3). Average
diazinon in the surface water of Warri River, Niger delta residue level of chlorpyrifos in Lagoon water sample of
ranged from 0.07 to 0.93 µg/l [38]. Ghana was 1545.1 µg/l [40].

A total of eleven water samples was found to be
contaminated with malathion having concentrations CONCLUSIONS
ranging  from     1,000     to    82,000    µg/l    (Table   2).
The  concentrations  are  far  above  the  Australian From  the  present  study  it has been revealed that,
health-based guideline value of  70  µg/l  [34].  The result the  farmers  of Daudkandi upazila are mostly dependent
is also above the Canadian MAC of 190  µg/l  for on malathion to protect the crops from pest attack
malathion [33]. because,  a  total  of eleven water samples were found to

The  presence  of  malathion  was also reported by be  contaminated  with  malathion and the concentrations
Ara et al. [23], Chowdhury et al. [25], Bhattacharjee et al. of the residue were high enough as assigned by different
[24], Hossain et al. [27] and Uddin et al. [28] in water international organizations. The actual scenario may be
samples from several regions of Bangladesh (Table 3). more severe than the present result since
Hasanuzzaman  et al.  [35]  detected the presence of organophosphorus   pesticides   are   degraded  within
malathion  at  the  concentration ranging from 42.58 to few days. This result is very dreadful for the people
922.8 µg/l in water samples of Dhamrai. Braun and Frank inhabiting  in  this  area  as  well  as  for   other  aquatic
[39] reported the concentration of malathion ranging from and terrestrial organisms. To keep the environment
0.24 to 1.8 µg/l in Southern Ontario agricultural healthy  and  free  from   pesticide  contamination,
watersheds. accurate and instant measures should be practiced in

On the other hand, chlorpyrifos  pesticide  residue agricultural sector. Regular observation is needed to
was detected only in pond water  sample  (4-P) of understand the frequency of contamination so that
Goalmari union at the concentration of 31 µg/l (Table 2). appropriate measures can be taken to protect the
The concentration is above the Australian health-based environment.



Am-Euras. J. Agric. & Environ. Sci., 19 (4): 271-278, 2019

276

ACKNOWLEDGEMENTS 7. BBS (Bangladesh Bureau of Statistics), 2013b.

The authors would like to express their profound
gratitude to the authority of Institute of Food & Radiation
Biology (IFRB), Atomic Energy Research Establishment
(AERE), Ganakbari, Savar, Dhaka to give the permission
to conduct the study using the chemicals and instruments
of the laboratory of Agrochemical and Environmental
Research Division (AERD).

REFERENCES

1. Grung,  M.,  Y.  Lin,  H. Zhang, A.O. Steen, J. Huang,
G.  Zhang  and  T.  Larssen,  2015.  Pesticide levels
and  environmental  risk  in   aquatic   environments
in  China  -  A Review.  Environment  International,
81: 87-97.

2. Rahman, M.M., 2004. Uses of persistent organic
pollutants  (POPs)  in  Bangladesh.  Paper presented
at  the  inception workshop of the project
Bangladesh: preparation of POPs national
implementation plan under Stockholm convention
(POP NIP), department of environment, held at Hotel
Sonargaon, Bangladesh.

3. Department of Agricultural Extension (DAE), 2014.
List of registered pesticides in Bangladesh. Plant
Protection Wing, Department of Agricultural
Extension; Government of the People’s Republic of
Bangladesh. Available at: http://www.dae.gov.bd/
s i t e / p a g e / 7 4 8 1 f 0 5 a - 5 f d 7 - 4 9 6 d - b e 2 8 -
aa37538734e8/Plant-Protection-Wing (Accessed on:
21/03/2016).

4. Matin,  M.A.,  M.A.  Malek,  M.R. Amin, S. Rahman,
J.  Khatoon,  M.   Rahaman,   M.   Aminuddin  and
A.J. Mian, 1998. Organochlorine insecticide residues
in surface and underground water from different
regions of Bangladesh. Agriculture, Ecosystems &
Environment, 69: 11-15.

5. BBS (Bangladesh Bureau of Statistics), 2013a. District
Statistics 2011: Comilla. Bangladesh bureau of
statistics, statistics and informatics division (SID).
Ministry of planning, Government of the People´s
Republic of Bangladesh. 

6. Uddin,  M.H.,   M.  Shahjahan,  A.K.M.R.  Amin,
M.M. Haque, M.A. Islam and M.E. Azim, 2016.
Impacts of organophosphate pesticide, sumithion on
water quality and benthic invertebrates in
aquaculture ponds. Aquaculture Reports, 3: 88-92.
doi:10.1016/j.aqrep.2016.01.002.

Statistical yearbook of Bangladesh (2012)
Bangladesh bureau of statistics, statistics and
informatics division (SID). Ministry of planning,
Government of the People´s Republic of Bangladesh.
Dhaka, Bangladesh, 32  edition. nd

8. BCPA (Bangladesh Crop Protection Association),
2016. Pesticide consumption 2007-2014. Available at:
http://www.bcpabd.com/pesticide-consumption.php
(Accessed on: 23/03/2016).

9. FAO (Food and Agriculture Organization), 2005. Asia
regional workshop on the implementation, monitoring
and observance of the international code of conduct
on the distribution and use of pesticides. Country
report, Bangladesh. FAO regional office for Asia and
the Pacific, Bangkok, Thailand, pp: 23-29.

10. Birch,  A.N.E.,  G.S.  Begg  and  G.R. Squire, 2011.
How  agro-ecological  research  helps  to address
food security issues under new IPM and pesticide
reduction policies for global crop production
systems. Journal    of     Experimental   Botany,
62(10): 3251-3261. doi:10.1093/jxb/err064.

11. Rashid, H.U., 2015. Lack of awareness hampering
judicious use of pesticides, say experts. The
Independent (An English daily newspaper of
Bangladesh), 7 July, pp: 20. Available at:
http://www.theindependentbd.com/printversion/de
tails/6725 (Accessed on 18/03/2016).

12. Carriger, J.F., G.M. Rand, P.R. Gardinali, W.B. Perry,
M.S.  Tompkins  and A.M. Fernandez, 2006.
Pesticides of potential ecological concern in sediment
from South Florida canals: an ecological risk
prioritization for aquatic arthropods. Soil and
Sediment Contamination, 15: 21-45. 

13. Rao,   P.S.C.,   R.S.   Mansell,   L.B.   Baldwin  and
M.F. Laurent, 1983. Pesticides and their behavior in
soil and water. Soil Science Fact Sheet SL 40
(Revised), Florida Cooperative Extension Service,
Gainesville, pp: 4.

14. Abdullah, A.R., C.M. Bajet, M.A. Matin, D.D. Khan
and A.H. Sulaiman, 1997. Exotoxicology of pesticides
in the tropical paddy field ecosystem. Environmental
Toxicology and Chemistry, 16(1): 59-70.

15. Vickerman, G.P., 1988. Farm scale evaluation of the
long-term effects of different pesticide regimes on the
arthropod fauna of winter wheat. In: Greeves MP,
Grieg-Smith PW, Smith BD (eds) Field methods for
the environmental study of the effects of pesticides.
BCPC Monograph No. 40 British Crop Protection
Council, Farnham, UK, pp: 127-135.



Am-Euras. J. Agric. & Environ. Sci., 19 (4): 271-278, 2019

277

16. Agbeve, S.K., P. Osei-Fosu and D. Carboo, 2014. 25. Chowdhury,    M.A.Z.,      S.     Banik,     B.   Uddin,
Levels of organochlorine pesticide residues in M. Moniruzzaman, N. Karim and S.H. Gan, 2012a.
Mondia whitei, a medicinal plant used in traditional Organophosphorus and carbamate pesticide residues
medicine for erectile dysfunction in Ghana. detected  in water samples collected from paddy and
International journal of Advance Agricultural vegetable fields of the Savar and Dhamrai upazilas in
Research, 1: 9-16. Bangladesh. International Journal of Environmental

17. Xu, X., A. Dailey, E. Talbott, V. Ilacqua, G. Kearney Research and Public Health, 9: 3318-3329. doi:10.3390/
and N. Asal, 2010. Associations of serum ijerph9093318.
concentrations of organochlorine pesticides with 26. Chowdhury,  M.A.Z.,   S.A.   Jahan,    M.N.   Islam,
breast cancer and prostate cancer in US adults. M. Moniruzzaman and M.K. Alam, 2012b. Occurrence
Environmental Health Perspectives, 118(1): 60-66. of organophosphorus and carbamate pesticide

18. Hancock,   D.B.,    E.R.    Martin,    G.M.  Mayhew, residues in surface water samples from the Rangpur
J.M. Stajich, R. Jewett, M.A. Stacy and W.K. Scott, district of Bangladesh. Bulletin of Environmental
2008. Pesticide exposure and risk of Parkinson’s Contamination and Toxicology, 89: 202-207. doi:
disease: a family-based case-control study. BMC 10.1007/s00128-012-0641-8.
Neurology, 8(1): 6. 27. Hossain, M.S., M.A.Z. Chowdhury, M.K. Pramanik,

19. Saldana, T.M., O. Basso, D.D. Baird, J.A. Hoppin, M.A. Rahman, A.N.M. Fakhruddin and M.K. Alam,
C.R. Weinberg, A. Blair and D.P. Sandler, 2009. 2014.  Determination  of  selected  pesticides in
Pesticide exposure and hypertensive disorders water samples adjacent to agricultural fields and
during pregnancy. Environmental Health removal of organophosphorus insecticide
Perspectives, 117(9): 1393-1396. chlorpyrifos using soil bacterial isolates. Applied

20. Bagchi,   S.,   A.K.   Azad,   M.A.Z.  Chowdhury, Water Sci., 5:171-179. doi: 10.1007/s13201-014-0178-6.
M.A. Uddin, S.M. Al-Reza and M.A. Rahman, 2009. 28. Uddin,  M.A.,  M.A. Auwal, M.A.Z. Chowdhury,
Quantitative analysis of pesticide residues in some M.A. Rahman and M.K. Alam, 2012. Pesticide
pond water samples of Bangladesh. Asian Journal of residues in some selected pond water samples of
Water, Environment and Pollution, 6 (4): 27-30. Bangladesh. Bangladesh Journal of Scientific

21. Chowdhury, M.A.Z., M.N. Islam, M. Moniruzzaman, Research, 25(1): 93-98.
S.H. Gan and M.K. Alam, 2013. Organochlorine 29. Uddin,  M.A.,  M. Saha, M.A.Z. Chowdhury and
insecticide residues are found in surface, irrigated M.A. Rahman, 2013. Pesticide residues in some
water samples from several districts in Bangladesh. selected pond water samples of Meherpur region of
Bulletin of Environmental Contamination and Bangladesh. Journal of the Asiatic Society of
Toxicol., 90: 149-154. doi: 10.1007/s00128-012-0897-z. Bangladesh, Science, 39(1): 77-82.

22. Islam,  M.N.,  S.M.  Haque,  M.A.Z.  Chowdhury, 30. Kafilzadeh, F.,  A.H.  Shiva,   R.   Malekpour  and
M.A. Rahman and Z. Fardous, 2007. Monitoring of H.N. Azad, 2012. Determination of organochlorine
organochlorine pesticide residues in surface water pesticide  residues  in  water,  sediments  and fish
samples of the agricultural field of Bangladesh. from lake Parishan, Iran. World Journal of Fish and
Journal of Subtropical Agricultural Research and Marine Sciences 4(2): 150-154. doi:
Development, 5(5): 357-360. 10.5829/idosi.wjfms.2012.04.02.56399.

23. Ara, A.G., W. Haque and M. Hasanuzzaman, 2014. 31. Kafilzadeh, F., 2015. Assessment of organochlorine
Detection of organochlorine and organophosphorus pesticide residues inwater, sediments and fish from
pesticides residues in water samples of Taragong lake Tashk, Iran. Achievements in the Life Sciences,
thana in Rangpur district in Bangladesh. Research 9(2): 107-111.
Journal  of   Environmental   and   Earth  Sciences, 32. El-Bouraie, M.M., A.A. El-Barbary and M. Yehia,
6(2): 85-89. 2011. Determination of organochlorine pesticide

24. Bhattacharjee,      S.,       A.N.M.    Fakhruddin, (OCPs) in shallow observation wells from El-Rahawy
M.A.Z. Chowdhury, M.A. Rahman and M.K. Alam, contaminated area, Egypt. Environmental Research,
2012.  Monitoring  of selected pesticides residue Engineering and Management, 3(57): 28-38.
levels in water samples of cultivated lands and 33. Health Canada, 2014. Guidelines for Canadian
removal of cypermethrin and chlorpyrifos residues drinking water quality-summary table. Water and air
from water using rice bran. Bulletin of Environmental quality bureau, healthy environments and consumer
Contamination and Toxicology, 89(2): 348-353. safety branch, Health Canada, Ottawa, Ontario.



Am-Euras. J. Agric. & Environ. Sci., 19 (4): 271-278, 2019

278

34. NHMRC (National Health and Medical Research 38. Ezemonye, L.I.N., T.O. Ikpesu and I. Ilechie, 2008.
Council), NRMMC (National Resource Management Distribution of diazinon in water, sediment and fish
Ministerial Council), 2011. Australian drinking water from Warri River, Niger delta Nigeria. Jordan Journal
guidelines paper 6, national water quality of Biological Sciences, 1(1): 77-83.
management strategy. Commonwealth of Australia, 39. Braun, H.E. and R. Frank, 1980. Organochlorine and
Canberra. Available at http://www.nhmrc.gov.au. organophosphorus insecticides: Their use in eleven

35. Hasanuzzaman, M., M.A. Rahman and M.A. Salam, agricultural watersheds and their loss to stream
2017. Identification and Quantification of Pesticide waters in southern Ontario, Canada, 1975-1977.
Residues in Water Samples of Dhamrai Upazila, Science of the Total Environment, 15: 169.
Bangladesh. Applied Water Science, 7: 2681-2688. 40. Essumang, D.K., G.K. Togoh and L. Chokky, 2009.
doi: 10.1007/s13201-016-0485-1. Pesticide  residues   in   the   water   and  fish

36. Brigham, M.E., 1994. Pesticides detected in surface (Lagoon Tilapia) samples from lagoons in Ghana.
waters and fish of the Red River of the North Bulletin  of  the  Chemical   Society   of  Ethiopia,
drainage basin. North Dakota water quality 23(1): 19-27.
symposium proceedings, March 30-31, 1994, Fargo,
North Dakota  State  University  Extension Service,
pp: 256-269.

37. Székács, A., M. Mörtl and B. Darvas, 2015.
Monitoring  pesticide  residues  in surface and
ground water in Hungary: surveys in 1990-2015.
Journal of Chemistry, 2015, 1-15. Article ID 717948,
doi:10.1155/2015/717948.


