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Abstract Quinalphos, an organothiophosphate
chemical, is chiefly used as an insecticide. A field
experiment was conducted at Bangladesh Agricul-
tural Research Institute (BARI), to study the
dissipation of quinalphos in tomato, cauliflower and
bean samples when sprayed at its recommended
dose and were collected from 0 (2 h after application)
to 15 successive days. To determine the residual value
of quinalphos, the samples were extracted in quick,
easy, cheap, effective, rugged, and safe (QuEChERS)
method and run through a gas chromatography-
electron capture detector (GC-ECD). Higher, middle
and lower concentration calibration curves were
obtained with linear correlation coefficient (r2) of
0.998, 0.995 and 0.993, respectively. Limit of detec-
tion (LOD) and limit of quantification (LOQ) were
found to be 0.009 and 0.027 lg mL-1, respectively.
The percentages of the recovery of quinalphos resi-
dues in spiked vegetable samples at three different
levels (0.625, 2.5 and 5.0 lg mL-1) were in the range
of 74–86%. The amount of quinalphos residue in
tomato, bean and cauliflower were in the range of
0.05–6.3, 0.05–3.1 and 0.06–6.5 lg g-1 and dissipated
below maximum residue limit (MRL; 0.20, 0.20 and

0.50 lg g-1 in cauliflower, tomato and bean) value
within 6, 4 and 7 days after application, respectively.
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1 Introduction

Vegetables are healthy foods that are low in fat, high
in dietary fibres and containing various minerals,
vitamin C etc. Today, vegetables are available in
Bangladesh throughout the year, but especially are
plentiful during winter and spring. However, as
farmers try to increase yields they frequently use
pesticides during vegetable cultivation, sometimes
more than the recommended pesticide use in veg-
etables, which is becoming a consumer food safety
concern (Nahar et al. 2012, 2016). In Bangladesh,
50–70% of vegetables on the market are contami-
nated by residues of toxic pesticides (Karanth 2000),
mainly due to harvesting the crops before the safe
waiting period.

Quinalphos, C12H15N2O3PS, (O,O-diethyl-O-(quinox-
alin-2yl), is an organothiophosphate pesticide, which
is widely used to control pests in vegetables (Suvard-
han et al. 2005). It is solid at low temperature
(melting point 31.5 �C) and is very toxic to mammals
(LD50 = 71 mg kg-1) (Anonymous 2011). It is mainly
used for the management of Diamond-Back Moth
(DBM) (Plutella xylostella) on vegetables and Tobacco
Caterpillar (Manduca sexta) on tobacco. The recom-
mended dose is 500 g a.i. ha-1 on cabbage
(Anonymous 2009) and could control 100% DBM on
cauliflower (Ramzan and Singh 1980). It is also a good
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controller of eggplant fruit and shoot borer (Leucin-
odes orbonalis) (Gupta and Kauntey 2007). However,
using excess of quinalphos can pose human health
hazards both to farmers and consumers (Banerjee
et al. 2006). Due to its high toxicity, it has been
banned in many countries.

Quinalphos is not an approved pesticide in Ban-
gladesh. Despite of not being registered, it is
frequently found in Bangladeshi produce. Therefore,
it is necessary to determine the fate of quinalphos in
Bangladeshi crops under the climatic and soil prop-
erties of Bangladesh. Such information is important
for decisions regarding legislation on the use of this
pesticide in Bangladesh, whether it should be regis-
tered for use or if stricter actions should be taken to
remove it from the market. The objective of this study
was the dissipation pattern of quinalphos on tomato,
bean and cauliflower under the condition of Ban-
gladeshi agriculture, ultimately to collect
information on the possible safe harvesting period
before produce can be admitted onto the local
market.

2 Materials and methods

The standards of quinalphos (99% pure) were pur-
chased from Dr. Ehrenstorfer, Germany. Primary
secondary amine (PSA) from Supelco USA, was used in
clean-up steps. Analytical grade magnesium sul-
phate, sodium chloride (anhydrous), ethyl acetate
and ultra-pure GC-grade n-hexane were obtained
from Merck KGaA, Germany.

Seeds of bean (Phaseolus vulgaris), tomato (Lycop-
ersicon lycopersicum) and cauliflower (Brassica
oleracea var. botrytis) were sown in a nursery bed at
the research fields of the Entomology Division,
Bangladesh Agricultural Research Institute (BARI),
Gazipur, Bangladesh. Quinalphos, 0.03 percent
aqueous emulsion prepared from Convoy 25 EC was
sprayed at a recommended dose (1 mL L-1 of water
ha-1). Three replicate samples from each bed of
three vegetables were collected from day 0 (2 h
after spraying) and gradually each day up to 15 days
after spraying. Before spraying, control samples
(untreated) were harvested. All the samples were
immediately brought to the laboratory and kept in a
freezer below -20 �C. The collected samples of each
day were cut into small pieces and then homoge-
nized by kitchen blender; the required amount of
homogenized samples was transferred into Teflon
tube and then preserved in the freezer until
analysis.

The extraction process followed the quick, easy,
cheap, effective, rugged, and safe (QuEChERS)
method of Anastassiades et al. (2003). To the
homogenized sample (10 g) in a Teflon test tube ethyl
acetate (20 mL) was added. The tube was vortexed for
1 min, after which 6 g MgSO4 and 1.5 g NaCl were
added and then again vortexed for 1 min. The mix-
ture was then centrifuged for 5 min at 5.000 rpm
maintaining temperature 20 �C (SIGMA 2-16 Bench-
top, 10,000 rpm). Of the supernatant, 10 mL was
transferred into a round bottom flask and the solvent
was reduced to dryness using rotary evaporator
(Büchi R-210, Switzerland). n-Hexane (5 mL) was
added to the dried mass and from there 2 mL solu-
tion was transferred into a screw cap test tube.

For clean-up, 150 mg primary secondary amine
(PSA) and 750 mg MgSO4 were added and the test
tube vortexed for about 1 min. It was then cen-
trifuged for another 5 min. and then the extract was
passed through pipette with cotton plugged inside
which was washed successively with methanol, ace-
tone and finally with n-hexane.

Quinalphos residues were identified and quanti-
fied using a Shimadzu 17A gas chromatograph (GC)
equipped with an electron capture detector (ECD).
Separation was on an ultra-performance quartz cap-
illary column (HP 5MS, 30 m, 250 lm internal
diameter, 0.25 lm film thickness). The injector and
detector temperatures were set to 280 and 300 �C,
respectively, and the column temperature was pro-
grammed from 165 �C as initial temperature, held for
2 min, raised at 15 �C min-1 to 255 �C, which was
held for 4.0 min. Nitrogen gas was used as carrier
and make up gas, and the flow rate was 1 mL min-1.
Samples were injected manually in the splitless
(1 min)/split mode.

The recovery experiments of quinalphos in spiked
control vegetable samples were carried out in three
different concentrations levels, 0.625, 2.5 and
5.0 lg mL-1 and were extracted and cleaned up fol-
lowing the same procedure as described above.

3 Results and discussion

The residual level of quinalphos in tomato, bean and
cauliflower was analysed by GC-ECD using external
standard calibration method. The recovery percent-
age of quinalphos at 0.625, 2.5 and 5.0 lg mL-1

fortification levels was 85, 74 and 86%, with relative
standard deviation (RSD) of 6.2, 4.2 and 5.5%,
respectively, (Table 1) which is within accept-
able range (Codex 2010). The calibration curves
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showed excellent linear coefficients (r2) of 0.998,
0.995 and 0.993 for higher, medium and lower con-
centration calibration curves, respectively, and the
linearity ranges were 2.5–6.5, 1.0–2.5 and
0.06–0.13 lg mL-1, respectively (Fig. S1). LOD and LOQ
of quinalphos in tomato, bean and cauliflower were
0.009 and 0.027 lg mL-1, respectively. The unwanted
and interfering compounds with quinalphos were
examined by comparing the chromatograms of the
standard, blank sample and fortified sample. There
were no interference peaks at the retention time of
quinalphos.

The quinalphos residues were 6.3 ± 0.35,
3.1 ± 0.18, 0.05 ± 0.07 and 6.5 ± 1.06 to
0.06 ± 0.03 lg g-1 in tomato, bean and cauliflower,
respectively on day zero samples (2 h after pesticide
application). Quinalphos dissipated with time and
went to 0.05 ± 0.009, 0.12 ± 0.18, 0.11 ± 0.23 in
tomato, bean and cauliflower, respectively on day
nine which indicates that the percentage of dissipa-
tion in these vegetable samples were 99, 96 and 98%
(Table 2). In the present study, residual quinalphos

were below the detection limit after 10, 11, 11 days
cauliflower, tomato and bean, respectively. The
maximum residue limit (MRL) of quinalphos in
tomato, bean and cauliflower are 0.20, 0.50, 0.20 lg/
g, respectively (EPA 2011). In our study the quinalphos
residue dissipated to below the MRL within 4, 7 and
6 days after application on/in cauliflower, tomato
and bean, respectively.

Among the vegetables grown in Bangladesh,
tomato, cauliflower and bean are most popular and
highly valued. It has been published that these veg-
etable are attacked by pests and farmers use
pesticides quite often, and even every day (Sanghi
and Tewari 2001). In the current experiment, quinal-
phos residue was found to be the highest in
cauliflower, then in tomato and bean. The dissipation
percentage of pesticide residues in/on vegetables de-
pends on the climatic conditions, type of application,
plant species, dosage, the interval between applica-
tion and harvest. In case of cauliflower, the pesticide
reaches to the target point properly. Cauliflower
grows in upper direction and its surface is large, as

Table 1 Linearity range, correlation coefficients (r2), LOD, LOQ, Percent recovery, ± SD and percent RSD of quinalphos

Calibration
curve

Linearity range
(lg mL-1)

Correlation coefficient
(r2)

LOD (lg
mL1)

LOQ
(lg mL1)

Spiking level
(lg mL1)

%
Recovery

± SD %
RSD

Higher conc. 2.5–6.5 0.998 0.009 0.027 0.625 85 5.3 6.2

Middle conc. 1.0–2.5 0.995 2.5 74 3.1 4.2

Lower conc. 0.06–0.13 0.993 5.0 86 4.7 5.5

Table 2 Amount of quinalphos (Av. ± SD, lg g-1) in tomato, bean and cauliflower

Day Tomato Bean Cauliflower

Amount (lg g-1) % of dissipation Amount (lg g-1) % of dissipation Amount (lg g-1) % of dissipation

0 6.3 ± 0.15 3.1 ± 0.18 6.5 ± 1.1

1 4.5 ± 0.19 29 2.0 ± 0.16 35 4.9 ± 0.26 25

2 2.7 ± 0.25 57 1.1 ± 0.03 63 4.8 ± 0.18 27

3 2.0 ± 0.25 67 0.88 ± 0.08 71 3.4 ± 0.11 47

4 1.5 ± 0.20 76 0.59 ± 0.05 80 2.7 ± 0.16 58

5 1.1 ± 0.17 82 0.42 ± 0.02 86 1.8 ± 0.03 72

6 0.19 ± 0.18 94 0.28 ± 0.02 90 1.1 ± 0.03 83

7 0.10 ± 0.06 98 0.21 ± 0.02 93 0.8 ± 0.19 87

9 0.05 ± 0.09 99 0.12 ± 0.18 96 0.11 ± 0.23 98

10 bdl – 0.05 ± 0.07 98 0.06 ± 0.03 99

11 bdl – bdl – bdl –

12 bdl – bdl – bdl –

13 bdl – bdl – bdl –

14 bdl – bdl – bdl –

15 bdl – bdl – bdl –

bdl below detection limit
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well as non-homogeneous. So, the pesticide has
much space to accommodate easily. Tomato grows
hanging down and its skin is smoother, compared to
the outer surface of cauliflower. This may be the
reason that the residue was lower in tomato than
cauliflower. Due to the structural alignment of bean
in the plant and comparatively harder surface, less
accumulation of the pesticide was also observed
there. The surface area of cauliflower is larger than
those of tomato and bean, and contains nooks and
crevices that might reduce photochemical degrada-
tion of the quinalphos. This may be accounted for
quinalphos to dissipate to below the detection limit
in longer days (11 days) in cauliflower than in tomato
or bean.

The degradation of a component is described by
the first order function (Ct = C0x e-kt). The half-lives
of the pesticides were obtained by the equation
t� = ln2/k, where Ct is the concentration (lg L-1) at
time t (days) after application, C0 is the initial con-
centration (lg L-1) and k is the first order rate
constant (day-1) (Zhang et al. 2012). Dissipation
curves of quinalphos for tomato, bean and cauli-
flower were made. The half-life of quinalphos for
tomato, bean and cauliflower were found to be 1.4,
2.0 and 1.9 days, respectively (Fig. 1). Gurminder S.
analyzed degradation dynamics of quinalphos on
cabbage under subtropical conditions of Ludhiana,
India (Gurminder et al. 2011). The initial amount went
below detection limit after 7th days. A. R Pathan
reported the degradation pattern of quinalphos 25
EC in/on aubergine, locally called brinjal (Solanum
melongena var. esculentum) and soil (Pathan et al.
2012). The half-life was 2.0 days and safe waiting
period was 6 days. Chawla and Dhaliwal (1979) ana-
lyzed the dissipation percentage of quinalphos in

cauliflower. He reported that for cauliflower, half-life
was 2.2 days and the safe waiting period was 8 days
which correlates with our finding also.

4 Conclusions

Quinalphos gradually dissipated from cauliflower,
tomato and bean following first order kinetics. The
residual quinalphos were below the MRL within 7, 6
and 4 days after final application on/in cauliflower,
tomato and bean, respectively.
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Analysis of DDT and its metabolites in soil and water samples
obtained in the vicinity of a closed-down factory in Bangladesh
using various extraction methods
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Abstract This study was conducted to monitor the
spread of dichlorodiphenyltrichloroethane (DDT) and
its metabolites (dichlorodiphenyldichloroethylene
(DDE), dichlorodiphenyldichloroethane (DDD)) in soil
and water to regions surrounding a closed DDT factory
in Bangladesh. This fulfillment was accomplished using
inter-method and inter-laboratory validation studies.
DDTs (DDTand its metabolites) from soil samples were
extracted using microwave-assisted extraction (MAE),
supercritical fluid extraction (SFE), and solvent extrac-
tion (SE). Inter-laboratory calibration was assessed by
SE, and all methods were validated by intra- and inter-
day accuracy (expressed as recovery %) and precision
(expressed as relative standard deviation (RSD)) in the

same laboratory, at three fortified concentrations (n=4).
DDTs extracted from water samples by liquid-liquid
partitioning and all samples were analyzed by gas chro-
matography (GC)-electron capture detector (ECD) and
confirmed by GC/mass spectrometry (GC/MS). Linear-
ities expressed as determination coefficients (R2) were
≥0.995 for matrix-matched calibrations. The recovery
rate was in the range of 72–120 and 83–110 %, with
<15 % RSD in soil and water, respectively. The limit of
quantification (LOQ) was 0.0165 mg kg−1 in soil and
0.132 μg L−1 in water. Greater quantities of DDTs were
extracted from soil using the MAE and SE techniques
than with the SFE method. Higher amounts of DDTs
were discovered in the southern (2.2–936×102 mg kg−1)
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or southwestern (86.3–2067×102 mg kg−1) direction
from the factory than in the eastern direction (1.0–
48.6×102 mg kg−1). An exception was the soil sample
collected 50 ft (15.24 m) east (2904×102 mg kg−1) of
the factory. The spread of DDTs in the water bodies
(0.59–3.01 μg L−1) was approximately equal in all
directions. We concluded that DDTs might have been
dumped randomly around the warehouse after the clos-
ing of the factory.

Keywords Bangladesh . DDT.Metabolites . Inter-
laboratory .Microwave-assistedextraction .Supercritical
fluid extraction

Abbreviations
DDTs DDT and its metabolites (DDD and DDE)
MRL Maximum residue limit
RSD Relative standard deviation
RT Retention time
BQL Below quantification limit

Introduction

Organochlorine pesticides (OCPs) are potent pollutants,
noted for their environmental persistence. These are
highly lipophilic, toxic compounds that display bio-
accumulative characteristics and enter the human body
through ingestion of contaminated food chain (Sanghi
and Kannamkumarath 2004; Goncalves and
Alpendurada 2005), inhalation, and/or direct contact
(De Miguel et al. 1997; Mielke et al. 1999; Madrid
et al. 2002; Chen et al. 2005). Due to this reason and
by virtue of being a signatory of the Stockholm Con-
vention, OCPs were banned in Bangladesh. Ultimately,
the only dichlorodiphenyltrichloroethane (DDT)-pro-
ducing factory, located at the Chittagong Chemical
Complex (CCC), was shut down in 1993. However,
information pertaining to the disposal of unused DDT
stored in the CCC factory is still lacking. Surveys and
research conducted by our group in collaboration with
the Bangladesh Department of Environment have re-
vealed the continued presence of contaminating DDTs
in the soil at the CCC (Nahar 2006). Despite the factory
being closed in 1993, the survey shows that a number of
former employees still live in the general area, utilizing
the surrounding water sources for domestic purposes. In
addition, one of the main sources of food for these

people is the fish obtained from the water bodies near
the general area of the factory. DDTs could also be
transported away from the complex via air and water,
increasing the spread of contamination. Therefore, it is
imperative to analyze soil, sediment, and water around
the area of the CCC, in order to determine the degree of
spread of contamination.

The method used for sample preparation plays an
important role in analytical methodologies; pretreatment
of samples (extraction and cleanup) is a prerequisite to
obtain accurate results from most analytical instruments
(Chen et al. 2008). Analytical results also vary between
various methods and types of laboratories. There is in-
creasing demand for the development of automated ex-
traction techniques that reduce the consumption of organ-
ic solvents, operate on decreased extraction times, mini-
mize and/or prevent environmental pollution, and reduce
the cost of sample preparation (Wan and Wong 1996).

In this study, we have used three different extraction
methods, microwave-assisted extraction (MAE), super-
critical fluid extraction (SFE), and solvent extraction
(SE), for the analysis of soil samples. The water samples
were investigated by liquid-liquid extraction (LLE). No-
tably, we have carried out an earlier study, however,
with limited number of samples randomly collected
from western side (Nahar 2006). The objectives of the
current study were to make a systematic study in order
to determine the concentration levels of DDTs in soil,
sediment, and water samples in and around the storage
area of the closedDDT factory in Bangladesh using GC-
ECD. The obtained results are conveyed to the relevant
authorities for making proper measures regarding the
affected area.

Materials and methods

Chemicals and reagents

Certified standards (purity, 99 %) of p,p′-DDT, o,p′-
DDT, p,p′-dichlorodiphenyldichloroethylene (DDE),
and p,p′-dichlorodiphenyldichloroethane (DDD) were
purchased from Dr. Ehrenstorfer GmbH (Augsburg,
Germany). Acetone, n-hexane, and methanol
(pesticide-grade quality) were obtained from SK Chem-
ical Co., Ltd. (Ulsan, Republic of Korea). Anhydrous
sodium sulfate and concentrated sulfuric acid (H2SO4)
were purchased from Junsei Chemical Co., Ltd. (Kyoto,
Japan). All other chemicals used in this study were of
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analytical and/or high-performance liquid chromatogra-
phy grade.

Evaporation

All evaporation processes were conducted in a rotary
vacuum evaporator, at bath temperatures not exceeding
40 °C.

Standard solution preparation

Primary stock solutions (100 ppm) of p,p′-DDE, p,p′-
DDD, o,p′-DDT, and p,p′-DDTwere prepared separate-
ly by dissolving 0.0101 g of each analyte in n-hexane
(100 mL). The primary stock solution was diluted to
obtain a 20-ppm medium standard, and the medium
standard was diluted to 5 ppm in order to obtain the
working standard solutions. Calibration curves (0.5,
0.25, 0.125, 0.05, 0.025, 0.01, and 0.005 ppm) for each
standard were prepared by serially diluting the working
standard solutions, and the limits of detection (LODs)
and limits of quantification (LOQs) values were deter-
mined (Table 1). These solutions were stored in amber
bottles (100 mL) at −24 °C pending analysis.

Samples

Samples were collected from regions surrounding the
CCC area in the southern, southwestern, and eastern
directions. These regions are situated in the vicinity of
the Barabkundu Bazar in the Chittagong district, south-
eastern Bangladesh (22.584000° N, 91.685005° E)
(Fig. 1). Soil samples were collected at a depth of 0–
20 cm by spade from 21 different locations. Three
samples per location at the point of marked 1-ft triangu-
lar area were mixed together and kept in one plastic zip-

lock bag. Two sediment samples were collected by
shovel from two ditches (three sides for each ditch and
mixed together) located at a distance of 70 ft (21.336 m)
southwest and 300 ft (91.440 m) south from the storage
area. The water samples were collected from two ditches
and from a pond (seven samples per water body), locat-
ed at a distance of 70 ft (21.336 m) southwest and 300 ft
(91.440 m) and 350 ft (106.680 m) south from the
storage area. The water samples were collected in 1-L
plastic bottles sterilized by adding a few drops of 70 %
alcohol. All samples were immediately transferred to the
laboratory.Water samples were stored at −20 °C, and the
soil/sediment samples were air-dried, mixed thoroughly,
sieved (200 mesh), transferred to pre-sterilized amber-
colored glass bottles, and stored in a refrigerator pending
further processing. Ten soil samples were transported to
the Republic of Korea for collaborative research at
College of Agriculture and Life Sciences, Chonnam
National University.

Soil/sediment sample preparation and extraction

Microwave-assisted extraction (MAE)

MAEwas performed according to a modified version of
the EPA (US Environmental Protection Agency) meth-
od 3546 (EPAmethod 3546). A simple microwave oven
(700 W), generally utilized in conventional households,
was applied for the extraction process. An open-system
MAE was employed, where the maximum temperature
was determined based on the boiling point of the solvent
at atmospheric pressure. Two grams each of the homog-
enized soil samples was placed in 1-L round-bottomed
flasks, and 2 mL of 0.2 M NH4Cl solution was added to
these, in order to open up the soil structure (Akerblom

Table 1 Retention times (RT), determination coefficients (R2), limit of detection (LOD), and limit of quantification (LOQ) for DDTs in soil
and water samples and a DDT recovery experiment in water

Pesticide Linear range
(ppm)

RT
(min)

Linearity
(R2)

LOD LOQ Accuracy (% recovery)±RSD% (water)

Spiking level 4.0
μg L−1

Spiking level 20.0
μg L−1

p,p′-DDE 0.005–0.5 11.062 0.998 0.005 mg kg−1 (soil)
0.04 μg L−1 (water)

0.0165 mg kg−1 (soil)
0.132 μg L−1 (water)

83±2.55 98±6.15

p,p′-DDD 11.584 0.999 89±2.71 105±6.14

o,p′-DDT 11.634 0.998 86±2.29 102±6.3

p,p′-DDT 12.040 0.995 87±3.68 110±9.31

RSD relative standard deviation)
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1995). The flask was agitated by hand for 1 min. A
30-mL mixture of acetone/n-hexane (1:1) was added to
this mixture, and the sample was refluxed in the micro-
wave for 4 min at medium power. The sample was
cooled for a few minutes and filtered through a
Whatman-41 filter paper-lined separation funnel. Dis-
tilled water (100 mL) and saturated NaCl (20 mL) so-
lution were added to the filtrate and agitated by hand for
1 min. The organic layer was separated and evaporated
in a rotary evaporator until 0.5 mL was remained. The
concentrated extract was reconstituted in n-hexane

(10 mL), and only 3 mLwas purified from all interfering
substances with 98 % concentrated H2SO4 (3 mL),
vortex-mixed for 1 min, and centrifuged at 4000 rpm
for 5 min. At last, the samples were gradually diluted
(dilution factor 2500–1,500,000) and analyzed by GC-
ECD.

Supercritical fluid extraction (SFE)

The homogenized soil samples (2 g) were placed in
high-pressure vessels (10 mL capacity; Jasco, Tokyo,

Fig. 1 Sample collection sites a Bangladesh and b CCC, Chittagong. c Map showing sampling points
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Japan). Carbon dioxide with 25 % methanol (modifier)
was used as an extracting solvent. CO2 was passed
through a CO-965 column placed in an oven, using a
PU-980 pump (Jasco). The back pressure was regulated
using a back-pressure regulator (880-81; Jasco). The
experimental variables used were as follows: oven tem-
perature, 80 °C; pressure, 280 kg cm−2; dynamic extrac-
tion time, 30 min; and flow rate, 3.0 mL min−1, as
adapted from our previous studies (Shim et al. 2003;
Choi et al. 2006; Kang et al. 2006; Kim et al. 2006; Jeon
et al. 2007). The total extract was transferred to a round-
bottomed conical flask, and the rest of the methodology
was as above mentioned inMAEwith slight variation in
dilution factor (1600–1,200,000).

Solvent extraction (SE)

This extraction process was conducted as per a previ-
ously described method, with minor modifications
(Akerblom 1995). The homogenized soil samples (2 g)
were dissolved in NH4Cl solution (2 mL, 0.2 M) in
250-mL round-bottomed conical flasks and agitated by
hand for 1 min. A mixture of n-hexane/acetone (1:1,
60 mL) was added and the mixture shaken at 200 rpm
for 1 h. The mixtures were filtered through a Whatman-
41 filter paper-lined separation funnel. Water (100 mL)
and saturated NaCl (20 mL) were added to the filtrates,
and the mixtures were manually agitated for 1 min. The
organic layers were collected in round-bottomed conical
flasks and preceded as above mentioned in MAE. The
dilution factor was ranged from 1600–1,200,000 times.

Water sample preparation by liquid-liquid
extraction (LLE)

Liquid-liquid extraction was conducted as per the stan-
dard procedure provided by the US EPA (EPAMethods
500 Series). Water samples (250 mL) were placed in
500-mL separation funnels, to which saturated NaCl
(50 mL) solution and dichloromethane (30 mL) were
added. The funnels were vigorously agitated in a me-
chanical shaker for 3 min and allowed to stand until the
complete separation of the two phases. The organic
phase was collected in a round-bottomed conical flask
by filtration using a cotton filter coated with 20 g anhy-
drous sodium sulfate. The aqueous phase was further
separated using dichloromethane (30 mL). The organic
phase collected from this secondary separation was
collected in the same flask. The extract was dried by

evaporation, re-dissolved in n-hexane (2 mL), purified
with H2SO4, and analyzed by GC-ECD.

Gas chromatography-electron capture detector
(GC-ECD) analysis

A gas chromatograph equipped with an electron capture
detector (7890A; Agilent Technologies, Palo Alto, CA,
USA) and an auto injector (7683B; Agilent Technolo-
gies) was used for the analysis of all cleaned extracts.
The analysis was conducted in a HP-5MS fused silica
capillary column (30 m×250-μm inner diameter and
0.25-μm film thickness). Nitrogen was used as the car-
rier (flow rate, 2 mLmin−1) and make-up gas (flow rate,
60 mL min−1). Oven temperature was programmed to
100 °C (1-min holding time) and increased up to 280 °C,
at intervals of 15 °C min−1 (3-min holding time). The
injector and detector temperatures were set at 270 and
290 °C, respectively. All samples (1-μL volume) were
injected in a split mode with a 10:1 split ratio. A
Shimadzu 17A gas chromatograph (Shimadzu Corp.,
Tokyo, Japan) adjusted to the same conditions was used
for the analysis of pesticide residues in the base labora-
tory in Bangladesh.

Confirmation of DDT and its metabolites by gas
chromatography/mass spectrometry (GC/MS)

The presence of DDTs in the samples was investigated
using an Agilent 6890 gas chromatograph equipped
with a 7683B auto-sampler and 5973 N mass selective
detector (Agilent Technologies). An HP-5MS capillary
column (30 m×250-μm inner diameter, 0.25-μm film
thickness) was used for the separation of analytes.
Helium (1.0 mL min−1) was used as the carrier gas.
The oven temperature was programmed as follows:
initial temperature of 100 °C for 1 min; increase up to
280 °C, at intervals of 15 °C min−1; maintained at
280 °C for 3 min; and a post-run of 2 min. The injector
and detector temperatures were set to 270 and 290 °C,
respectively. Injection volume used was 2 μL, in
splitless mode. The samples were ionized using the
electron ionization mode (70 eV) and analyzed using
quadrupolemass analyzer. The detection was carried out
at the selected ionmonitoring (SIM)mode. In thismode,
three characteristic ions (mass to charge ratio (m/z))
including 176.1, 246, and 318 (for p,p′-DDE); m/z=
165.1, 199, and 235 (for p,p′-DDD); and m/z=165.1,
199, and 235 (for DDT) were monitored.
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Fig. 2 Gas chromatography electron capture detection of a blank
soil sample, b DDT (matrix matched) standards at 0.5 mg L−1, c
fortified samples at 0.25mg kg−1, and d field soil samples obtained

100 ft (30.48 m) south of the factory storage area (sequence of
peak: DDE, 11.062; DDD, 11.584; o,p-DDT, 11.634; and p,p-
DDT, 12.040)
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Method performance

A control soil sample, collected from non-cultivated
land located at a hilly area in the vicinity of the Chitta-
gong district, was used for the fortification experiments.
The three methods described above were conducted,
evaluated, validated, and compared on the basis of re-
covery experiments. For each method, the intra-day
accuracy (expressed as recovery) of p,p′-DDT, p,p′-
DDD, and p,p′-DDE was carried out independently at
three fortification levels: 0.025, 0.050, and
0.250 mg kg−1 (n=4). To evaluate the inter-day accura-
cy, the same fortification levels were tested for three
consecutive days (n=4). The recovery for water samples
was carried out in triplicates at two fortification levels (4
and 20 μg L−1) using LC-grade water. The spiked sam-
ples (soil and water) were incubated for 4 h and subse-
quently extracted and analyzed using the procedures
described above.

The DDT residue levels in fortified and incurred
samples were quantitatively determined by matrix-
matched calibration curves. Linear DDT calibration

curves were constructed at seven concentrations (0.5,
0.25, 0.125, 0.05, 0.025, 0.01, and 0.005 ppm).

A solvent blank or a soil/water blank (control sam-
ples; triplicates) was injected into the system prior to the
injection of the extracts, in order to get a smooth base-
line to ensure the absence of any residual DDT peaks.

To determine the LOD, working standard solutions
were serially diluted with blank extract to get desired
concentrations. The diluted standard solutions were
injected one by one, and the limits of detection
(LODs) of the tested analytes were determined using
S/N of 3 with reference to the background noise obtain-
ed for the blank sample, whereas the limits of quantifi-
cation (LOQs) were determined with S/N of 10.

Results and discussion

Method validation

Endogenous compounds interfering with the analytes
were investigated by comparing the chromatograms of

Table 2 Intra-day and inter-day accuracy and precision in the analysis of DDTs in soil samples by microwave-assisted extraction (MAE),
supercritical fluid extraction (SFE), and solvent extraction (SE)

Accuracy Pesticide Spiking conc.
(mg kg−1)

MAE SFE SE

Accuracy
(recovery %)

Precision
(RSD %)

Accuracy
(recovery %)

Precision
(% RSD)

Accuracy
(recovery %)

Precision
(RSD %)

Intra-day (n=4) p,p′-DDE 0.025 109 4.06 105 4.05 88 1.95

0.05 74 4.07 96 1.98 95 4.04

0.25 92 3.26 75 4.18 94 4.41

p,p′-DDD 0.025 120 1.60 102 9.14 76 10.23

0.05 73 1.78 101 2.82 119 2.79

0.25 116 2.67 101 5.49 116 4.79

p,p′-DDT 0.025 83 6.54 102 4.2 73 3.98

0.05 86 6.38 100 10.27 73 2.71

0.25 114 4.24 119 14.54 109 6.50

Inter-day (n=12,
3 day × four
replicates)

p,p′-DDE 0.025 110 4.15 107 10.60 89 4.11

0.05 73 2.99 96 10.25 95 4.50

0.25 79 4.59 79 8.07 96 3.16

p,p′-DDD 0.025 120 2.59 102 10.54 79 8.97

0.05 76 5.08 102 4.55 119 3.01

0.25 102 4.32 96 10.79 119 4.08

p,p′-DDT 0.025 72 3.14 105 7.51 72 3.49

0.05 92 6.77 88 7.71 72 3.31

0.25 116 6.86 120 7.34 112 9.98
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the matrix-matched standard, blank soil/water control
sample, and the fortified samples (Fig. 2). No interfering
peaks were detected during the time of DDT retention.

Matrix-matched calibration curves were prepared for
p,p′-DDE, p,p′-DDD, o,p′-DDT, and p,p′-DDT, by plot-
ting the peak area against the concentration of each of
the standards. The matrix-matched calibration curves
were linear to the determination coefficients (R2)≥
0.995 (Table 1). The residual DDTs in the spiked and

field samples (soil, sediment) were also determined
using the matrix-matched calibration curves (Tables 1,
2, 3, and 4).

The LODs and LOQs were found to be 0.005 and
0.0165mg kg−1 for p,p′-DDE, p,p′-DDD, o,p′-DDT, and
p,p′-DDT for all tested methodologies in soil/sediment
samples. On the other hand, the values were 0.04 and
0.132 μg L−1, respectively, in water (Table 1). At vari-
ance to our results, Rissato et al. (2006) reported a lower

Table 4 DDTs extracted from soil/sediment samples by solvent extraction (SE), in Dhaka

Sample
(n=3)

p,p′-DDE
(mg kg−1)
(×102)

p,p′-DDD
(mg kg−1)
(×102)

o,p′-DDT
(mg kg−1)
(×102)

p,p′-DDT
(mg kg−1)
(×102)

DDTs
(mg kg−1)
(×102)

(DDE +
DDD)/
p,p′-DDT

% Moisture

20 ft S 66.9±1.9 6.1±0.9 272±5.9 591±10.2 936 0.12 25.24

30 ft S 15.0±2.1 71.0±10.4 29.7±2.3 195±17.5 311 0.44 25.09

50 ft S 10.3±1.9 60.8±4.9 24.9±3.1 191±4.1 287 0.37 24.55

60 ft S 6.2±0.2 0.2±0.01 32.8±1.6 80.2±3.1 119 0.08 24.74

70 ft S 5.0±0.6 21.0±3.8 21.1±1.5 118±17.4 165 0.22 23.98

100 ft S 3.7±0.4 1.2±0.2 15.7±0.5 56.1±1.9 76.6 0.09 24.67

150 ft S 1.2±0.08 3.9±0.5 1.8±0.03 5.8±0.2 12.8 0.75 23.54

200 ft S 0.2±0.02 0.1±0.01 1.4±0.09 4.4±0.1 6.1 0.08 22.97

250 ft S 0.2±0.03 0.4±0.07 0.1±0.004 1.4±0.2 2.1 0.47 23.78

330 ft S 0.2±0.02 0.03±0.001 0.9±0.07 4.5±0.3 5.6 0.06 19.27

20 ft S-W 9.0±1.1 585±16.9 5.4±0.3 1468±92.8 2067 0.40 21.58

30 ft S-W 61.5±4.7 459±31.3 30.4±3.0 563±26.2 1114 0.92 20.14

50 ft S-W 29.0±2.4 23.3±2.1 3.3±0.1 30.7±5.1 86.3 1.70 20.62

20 ft E 0.05±0.001 0.05±0.002 0.7±0.06 16.7±0.1 17.6 0.01 23.60

30 ft E 0.04±0.001 0.04±0.001 1.7±0.1 20.9±0.2 22.7 0.004 19.51

40 ft E 0.2±0.01 2.1±0.08 4.8±0.2 33.8±1.3 41.0 0.07 20.42

50 ft E 81.3±6.5 5.3±0.3 510±39.9 2308±162 2905 0.04 21.64

70 ft E 0.8±0.04 0.6±0.03 6.5±0.2 40.7±1.5 48.7 0.03 20.57

200 ft E 0.04±0.006 0.4±0.06 0.04±0.002 0.7±0.01 1.2 0.63 22.07

250 ft E 0.07±0.001 1.1±0.1 0.2±0.005 3.5±0.2 4.8 0.33 21.79

300 ft E 0.06±0.005 0.2±0.04 0.001±0.0002 0.7±0.08 1.0 0.39 22.22

70 ft S-W (sediment) 5.0±1.1 4.4±0.4 0.3±0.02 6.4±1.1 16.2 1.48 28.94

300 ft S (sediment) 0.9±0.1 0.8±0.1 0.1±0.003 5.06±0.9 6.9 0.33 29.96

DDTs (p,p′-DDE + p,p′-DDD + o,p′-DDT + p,p′-DDT), S south, W west, E east

Table 5 Amount of DDTs in water samples

Sample (n=7) p,p′-DDE
(μg L−1)

p,p′-DDD
(μg L−1)

o,p′-DDT
(μg L−1)

p,p′-DDT
(μg L−1)

DDTs
(μg L−1)

(p,p′-DDE + p,p′-DDD)/
p,p′-DDT

70 ft S-W 0.53±0.04 0.43±0.10 BQL 0.98±0.10 1.94 0.98

300 ft S 0.65±0.08 0.83±0.11 BQL 1.54±0.12 3.01 0.96

350 ft S (pond) 0.20±0.07 0.21±0.02 BQL 0.19±0.04 0.59 2.15

DDTs (p,p′-DDE + p,p′-DDD + o,p′-DDT + p,p′-DDT)

Environ Monit Assess  (2015) 187:743 Page 9 of 12  743 



LOQ (0.00001 mg kg−1) and Kihampa andMato (2009)
found a lower LOD (0.0002 mg kg−1) for p,p′-DDE, p,p
′-DDD, o,p′-DDT, and p,p′-DDT in soil, the findings,
which are might be due to the variations in the used
methods and/or machine.

Accuracy and precision (for soil recovery) were eval-
uated by intra- and inter-day analyses. In soil, the accu-
racy (intra and inter-day), expressed as a percentage of
recovery, was within the range, 70–120 % (Table 2;
Codex Alimentarius 1993). Precision (intra-day and
inter-day repeatability) was expressed as the relative
standard deviation (RSD). The analytical precision of
DDTs extracted from spiked soil matrices, using the
MAE, SFE, and SE methods, is presented in Table 2.
The lowest RSDs were observed in samples extracted
by MAE (1.6–6.86 %), followed by SE (1.95–10.23 %)
and SFE (1.98–14.54 %). The recovery percentages
(accuracy) in water were within the range 83–110 %,
with precision (RSD) <9.5 (Table 1).

Confirmation of presence of DDTs by gas
chromatography/mass spectrometry

The samples subjected to GC may contain interfering
compounds that could result in false-positive readings.
In this respect, mass spectrometry (MS) is a valuable
technique for the identification and confirmation of the
presence of an analyte in a given sample. p,p′-DDT and
o,p′-DDT expressed identical molecular ion peaks and
fragmented ions were confirmed from their retention
times.

Inter-method, inter-laboratory, and inter-person
calibration

Soil samples were extracted (n=3) in Chonnam Nation-
al University, Gwangju, Republic of Korea, using the
three above-mentioned techniques. Inter-laboratory cal-
ibrations were established only for the SEmethod, as the
facilities for SFE and MAE methods were not available
in Dhaka laboratory. The inter-laboratory calibration
was established via six-replicate analysis of the samples
between Korean (three replicates) and Dhaka laborato-
ries (three replicates) by single analyst. The reproduc-
ibility referred as Bbetween-laboratory precision^
(RSD) was found to be 1.04–14.85 % (Table 3) (FDA
2012). The majority of the quantitative results between
the Korean and Dhaka’s lab were satisfactory match
each others, except 20 ft south, 20 ft east, and 40 ft east

in the estimated analysis results of the highly contam-
inated soil samples with DDTs. In the same way, inter-
person reproducibility (RSD) was established in home
laboratory and it was between 4.64 and 11.16 %
(Table 3). The inter-method calibrations were also
calculated between MAE and SFE, SFE and SE, and
MAE and SE (Table 3). Clearly, from the inter-method
calibration, MAE and SE gave more or less similar
result.

DDTs concentrations within the factory site

The soil/sediment surrounding the factory was discov-
ered to be highly contaminated with DDT and its me-
tabolites (Tables 3 and 4). The DDTconcentrations were
decreased with increasing distance from the factory in
the southern direction. However, this trend was not
observed in the eastern direction. DDTs (p,p′-DDE +
p,p′-DDD + p,p′-DDT) in CCC soil were quantified as
0.4×103–217.3×103 mg kg−1 by MAE, 0.2×103–
34.7×103 mg kg−1 by SFE, and 0.4×103–257.5×
103 mg kg−1 by SE in Korea and 0.5×103–239.4×
103 mg kg−1 by SE in Dhaka (Table 3). The amounts
of individual DDTs quantified by Dhaka laboratory
using SE method were 0.04× 102–81.3×102 mg kg-1

(for p,p′-DDE), 0.03×102 –585×102 mg kg-1 (for p,p′-
DDD), 0.001×102–510×102 mg kg-1 (for o,p′-DDT),
and 0.7×102–2308×102 mg kg-1 (for p,p′-DDT). The
moisture content of the soil samples was 19.27–29.96 %
(Table 4). In water samples, DDTs were found to be
0.59–3.01 μg L−1 (Table 5).

The concentrations of p,p′-DDT were found to be
greater than those of o,p′-DDT in soil, sediment, and
water (Tables 4 and 5). These clearly indicate that the
contamination was carried out by technical-grade DDT,
which primarily consists of 65–80 % p,p′-DDT and 15–
21 % o,p′-DDT (Tomlin 2000). The highest contamina-
tion of soil by DDTs was found up to 290 g kg−1 (29 %)
(Table 4) in 50-ft east samples. In line, Younas et al.
(2013) reported more concentrations of DDTs up to
65 % in surface soil samples at a former DDT-
producing factory in Amman Garh near Nowshera,
Khyber Pakhtunkhwa, Pakistan. They also found more
p,p′-DDT than those of o,p′-DDT and their metabolites
(p,p′-DDE and p,p′-DDD). In addition, Elfvendahl et al.
(2004) reported similar concentrations up to 28 % total
DDTs in surface soil samples at a former pesticide stock
site in Tanzania.
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Conclusions

The three extraction methods produced good validation
results (accuracy and precision) based on fortification
with a contact time of 4 h in control soil samples. The
MAE method was deduced to be the best, based on a
comparison of accuracy and precision. The MAE pro-
cess offers many advantages over SE, such as shorter
extraction time and lower consumption of solvents. On
the other hand, good inter-laboratory reproducibility
was established using the SE technique. However, the
major drawbacks of the SE process include low sample
concentration due to the use of manual concentration
steps and the large volumes of organic solvents required.
SFE minimizes the solvent and glassware expenses;
however, the extraction time for this process is very
long. A major drawback of the SFE process is the high
initial cost of the equipment and the need for careful
manipulation, in order to achieve good results.

We discovered that the surrounding soil or sediment
was extremely contaminated with DDTs. These results
will be directed for the attention of the Bangladesh
Chemical Industrial Corporation and Department of
Environment, The Government of Bangladesh.We wish
that the Government of Bangladesh can use the simple,
cheap, and exposure-reducing remediation strategies
stated by Younas et al. (2013).
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Analysis of DDT and its metabolites in soil and water samples
obtained in the vicinity of a closed-down factory in Bangladesh
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Abstract This study was conducted to monitor the
spread of dichlorodiphenyltrichloroethane (DDT) and
its metabolites (dichlorodiphenyldichloroethylene
(DDE), dichlorodiphenyldichloroethane (DDD)) in soil
and water to regions surrounding a closed DDT factory
in Bangladesh. This fulfillment was accomplished using
inter-method and inter-laboratory validation studies.
DDTs (DDTand its metabolites) from soil samples were
extracted using microwave-assisted extraction (MAE),
supercritical fluid extraction (SFE), and solvent extrac-
tion (SE). Inter-laboratory calibration was assessed by
SE, and all methods were validated by intra- and inter-
day accuracy (expressed as recovery %) and precision
(expressed as relative standard deviation (RSD)) in the

same laboratory, at three fortified concentrations (n=4).
DDTs extracted from water samples by liquid-liquid
partitioning and all samples were analyzed by gas chro-
matography (GC)-electron capture detector (ECD) and
confirmed by GC/mass spectrometry (GC/MS). Linear-
ities expressed as determination coefficients (R2) were
≥0.995 for matrix-matched calibrations. The recovery
rate was in the range of 72–120 and 83–110 %, with
<15 % RSD in soil and water, respectively. The limit of
quantification (LOQ) was 0.0165 mg kg−1 in soil and
0.132 μg L−1 in water. Greater quantities of DDTs were
extracted from soil using the MAE and SE techniques
than with the SFE method. Higher amounts of DDTs
were discovered in the southern (2.2–936×102 mg kg−1)
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or southwestern (86.3–2067×102 mg kg−1) direction
from the factory than in the eastern direction (1.0–
48.6×102 mg kg−1). An exception was the soil sample
collected 50 ft (15.24 m) east (2904×102 mg kg−1) of
the factory. The spread of DDTs in the water bodies
(0.59–3.01 μg L−1) was approximately equal in all
directions. We concluded that DDTs might have been
dumped randomly around the warehouse after the clos-
ing of the factory.

Keywords Bangladesh . DDT.Metabolites . Inter-
laboratory .Microwave-assistedextraction .Supercritical
fluid extraction

Abbreviations
DDTs DDT and its metabolites (DDD and DDE)
MRL Maximum residue limit
RSD Relative standard deviation
RT Retention time
BQL Below quantification limit

Introduction

Organochlorine pesticides (OCPs) are potent pollutants,
noted for their environmental persistence. These are
highly lipophilic, toxic compounds that display bio-
accumulative characteristics and enter the human body
through ingestion of contaminated food chain (Sanghi
and Kannamkumarath 2004; Goncalves and
Alpendurada 2005), inhalation, and/or direct contact
(De Miguel et al. 1997; Mielke et al. 1999; Madrid
et al. 2002; Chen et al. 2005). Due to this reason and
by virtue of being a signatory of the Stockholm Con-
vention, OCPs were banned in Bangladesh. Ultimately,
the only dichlorodiphenyltrichloroethane (DDT)-pro-
ducing factory, located at the Chittagong Chemical
Complex (CCC), was shut down in 1993. However,
information pertaining to the disposal of unused DDT
stored in the CCC factory is still lacking. Surveys and
research conducted by our group in collaboration with
the Bangladesh Department of Environment have re-
vealed the continued presence of contaminating DDTs
in the soil at the CCC (Nahar 2006). Despite the factory
being closed in 1993, the survey shows that a number of
former employees still live in the general area, utilizing
the surrounding water sources for domestic purposes. In
addition, one of the main sources of food for these

people is the fish obtained from the water bodies near
the general area of the factory. DDTs could also be
transported away from the complex via air and water,
increasing the spread of contamination. Therefore, it is
imperative to analyze soil, sediment, and water around
the area of the CCC, in order to determine the degree of
spread of contamination.

The method used for sample preparation plays an
important role in analytical methodologies; pretreatment
of samples (extraction and cleanup) is a prerequisite to
obtain accurate results from most analytical instruments
(Chen et al. 2008). Analytical results also vary between
various methods and types of laboratories. There is in-
creasing demand for the development of automated ex-
traction techniques that reduce the consumption of organ-
ic solvents, operate on decreased extraction times, mini-
mize and/or prevent environmental pollution, and reduce
the cost of sample preparation (Wan and Wong 1996).

In this study, we have used three different extraction
methods, microwave-assisted extraction (MAE), super-
critical fluid extraction (SFE), and solvent extraction
(SE), for the analysis of soil samples. The water samples
were investigated by liquid-liquid extraction (LLE). No-
tably, we have carried out an earlier study, however,
with limited number of samples randomly collected
from western side (Nahar 2006). The objectives of the
current study were to make a systematic study in order
to determine the concentration levels of DDTs in soil,
sediment, and water samples in and around the storage
area of the closedDDT factory in Bangladesh using GC-
ECD. The obtained results are conveyed to the relevant
authorities for making proper measures regarding the
affected area.

Materials and methods

Chemicals and reagents

Certified standards (purity, 99 %) of p,p′-DDT, o,p′-
DDT, p,p′-dichlorodiphenyldichloroethylene (DDE),
and p,p′-dichlorodiphenyldichloroethane (DDD) were
purchased from Dr. Ehrenstorfer GmbH (Augsburg,
Germany). Acetone, n-hexane, and methanol
(pesticide-grade quality) were obtained from SK Chem-
ical Co., Ltd. (Ulsan, Republic of Korea). Anhydrous
sodium sulfate and concentrated sulfuric acid (H2SO4)
were purchased from Junsei Chemical Co., Ltd. (Kyoto,
Japan). All other chemicals used in this study were of
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analytical and/or high-performance liquid chromatogra-
phy grade.

Evaporation

All evaporation processes were conducted in a rotary
vacuum evaporator, at bath temperatures not exceeding
40 °C.

Standard solution preparation

Primary stock solutions (100 ppm) of p,p′-DDE, p,p′-
DDD, o,p′-DDT, and p,p′-DDTwere prepared separate-
ly by dissolving 0.0101 g of each analyte in n-hexane
(100 mL). The primary stock solution was diluted to
obtain a 20-ppm medium standard, and the medium
standard was diluted to 5 ppm in order to obtain the
working standard solutions. Calibration curves (0.5,
0.25, 0.125, 0.05, 0.025, 0.01, and 0.005 ppm) for each
standard were prepared by serially diluting the working
standard solutions, and the limits of detection (LODs)
and limits of quantification (LOQs) values were deter-
mined (Table 1). These solutions were stored in amber
bottles (100 mL) at −24 °C pending analysis.

Samples

Samples were collected from regions surrounding the
CCC area in the southern, southwestern, and eastern
directions. These regions are situated in the vicinity of
the Barabkundu Bazar in the Chittagong district, south-
eastern Bangladesh (22.584000° N, 91.685005° E)
(Fig. 1). Soil samples were collected at a depth of 0–
20 cm by spade from 21 different locations. Three
samples per location at the point of marked 1-ft triangu-
lar area were mixed together and kept in one plastic zip-

lock bag. Two sediment samples were collected by
shovel from two ditches (three sides for each ditch and
mixed together) located at a distance of 70 ft (21.336 m)
southwest and 300 ft (91.440 m) south from the storage
area. The water samples were collected from two ditches
and from a pond (seven samples per water body), locat-
ed at a distance of 70 ft (21.336 m) southwest and 300 ft
(91.440 m) and 350 ft (106.680 m) south from the
storage area. The water samples were collected in 1-L
plastic bottles sterilized by adding a few drops of 70 %
alcohol. All samples were immediately transferred to the
laboratory.Water samples were stored at −20 °C, and the
soil/sediment samples were air-dried, mixed thoroughly,
sieved (200 mesh), transferred to pre-sterilized amber-
colored glass bottles, and stored in a refrigerator pending
further processing. Ten soil samples were transported to
the Republic of Korea for collaborative research at
College of Agriculture and Life Sciences, Chonnam
National University.

Soil/sediment sample preparation and extraction

Microwave-assisted extraction (MAE)

MAEwas performed according to a modified version of
the EPA (US Environmental Protection Agency) meth-
od 3546 (EPAmethod 3546). A simple microwave oven
(700 W), generally utilized in conventional households,
was applied for the extraction process. An open-system
MAE was employed, where the maximum temperature
was determined based on the boiling point of the solvent
at atmospheric pressure. Two grams each of the homog-
enized soil samples was placed in 1-L round-bottomed
flasks, and 2 mL of 0.2 M NH4Cl solution was added to
these, in order to open up the soil structure (Akerblom

Table 1 Retention times (RT), determination coefficients (R2), limit of detection (LOD), and limit of quantification (LOQ) for DDTs in soil
and water samples and a DDT recovery experiment in water

Pesticide Linear range
(ppm)

RT
(min)

Linearity
(R2)

LOD LOQ Accuracy (% recovery)±RSD% (water)

Spiking level 4.0
μg L−1

Spiking level 20.0
μg L−1

p,p′-DDE 0.005–0.5 11.062 0.998 0.005 mg kg−1 (soil)
0.04 μg L−1 (water)

0.0165 mg kg−1 (soil)
0.132 μg L−1 (water)

83±2.55 98±6.15

p,p′-DDD 11.584 0.999 89±2.71 105±6.14

o,p′-DDT 11.634 0.998 86±2.29 102±6.3

p,p′-DDT 12.040 0.995 87±3.68 110±9.31

RSD relative standard deviation)
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1995). The flask was agitated by hand for 1 min. A
30-mL mixture of acetone/n-hexane (1:1) was added to
this mixture, and the sample was refluxed in the micro-
wave for 4 min at medium power. The sample was
cooled for a few minutes and filtered through a
Whatman-41 filter paper-lined separation funnel. Dis-
tilled water (100 mL) and saturated NaCl (20 mL) so-
lution were added to the filtrate and agitated by hand for
1 min. The organic layer was separated and evaporated
in a rotary evaporator until 0.5 mL was remained. The
concentrated extract was reconstituted in n-hexane

(10 mL), and only 3 mLwas purified from all interfering
substances with 98 % concentrated H2SO4 (3 mL),
vortex-mixed for 1 min, and centrifuged at 4000 rpm
for 5 min. At last, the samples were gradually diluted
(dilution factor 2500–1,500,000) and analyzed by GC-
ECD.

Supercritical fluid extraction (SFE)

The homogenized soil samples (2 g) were placed in
high-pressure vessels (10 mL capacity; Jasco, Tokyo,

Fig. 1 Sample collection sites a Bangladesh and b CCC, Chittagong. c Map showing sampling points
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Japan). Carbon dioxide with 25 % methanol (modifier)
was used as an extracting solvent. CO2 was passed
through a CO-965 column placed in an oven, using a
PU-980 pump (Jasco). The back pressure was regulated
using a back-pressure regulator (880-81; Jasco). The
experimental variables used were as follows: oven tem-
perature, 80 °C; pressure, 280 kg cm−2; dynamic extrac-
tion time, 30 min; and flow rate, 3.0 mL min−1, as
adapted from our previous studies (Shim et al. 2003;
Choi et al. 2006; Kang et al. 2006; Kim et al. 2006; Jeon
et al. 2007). The total extract was transferred to a round-
bottomed conical flask, and the rest of the methodology
was as above mentioned inMAEwith slight variation in
dilution factor (1600–1,200,000).

Solvent extraction (SE)

This extraction process was conducted as per a previ-
ously described method, with minor modifications
(Akerblom 1995). The homogenized soil samples (2 g)
were dissolved in NH4Cl solution (2 mL, 0.2 M) in
250-mL round-bottomed conical flasks and agitated by
hand for 1 min. A mixture of n-hexane/acetone (1:1,
60 mL) was added and the mixture shaken at 200 rpm
for 1 h. The mixtures were filtered through a Whatman-
41 filter paper-lined separation funnel. Water (100 mL)
and saturated NaCl (20 mL) were added to the filtrates,
and the mixtures were manually agitated for 1 min. The
organic layers were collected in round-bottomed conical
flasks and preceded as above mentioned in MAE. The
dilution factor was ranged from 1600–1,200,000 times.

Water sample preparation by liquid-liquid
extraction (LLE)

Liquid-liquid extraction was conducted as per the stan-
dard procedure provided by the US EPA (EPAMethods
500 Series). Water samples (250 mL) were placed in
500-mL separation funnels, to which saturated NaCl
(50 mL) solution and dichloromethane (30 mL) were
added. The funnels were vigorously agitated in a me-
chanical shaker for 3 min and allowed to stand until the
complete separation of the two phases. The organic
phase was collected in a round-bottomed conical flask
by filtration using a cotton filter coated with 20 g anhy-
drous sodium sulfate. The aqueous phase was further
separated using dichloromethane (30 mL). The organic
phase collected from this secondary separation was
collected in the same flask. The extract was dried by

evaporation, re-dissolved in n-hexane (2 mL), purified
with H2SO4, and analyzed by GC-ECD.

Gas chromatography-electron capture detector
(GC-ECD) analysis

A gas chromatograph equipped with an electron capture
detector (7890A; Agilent Technologies, Palo Alto, CA,
USA) and an auto injector (7683B; Agilent Technolo-
gies) was used for the analysis of all cleaned extracts.
The analysis was conducted in a HP-5MS fused silica
capillary column (30 m×250-μm inner diameter and
0.25-μm film thickness). Nitrogen was used as the car-
rier (flow rate, 2 mLmin−1) and make-up gas (flow rate,
60 mL min−1). Oven temperature was programmed to
100 °C (1-min holding time) and increased up to 280 °C,
at intervals of 15 °C min−1 (3-min holding time). The
injector and detector temperatures were set at 270 and
290 °C, respectively. All samples (1-μL volume) were
injected in a split mode with a 10:1 split ratio. A
Shimadzu 17A gas chromatograph (Shimadzu Corp.,
Tokyo, Japan) adjusted to the same conditions was used
for the analysis of pesticide residues in the base labora-
tory in Bangladesh.

Confirmation of DDT and its metabolites by gas
chromatography/mass spectrometry (GC/MS)

The presence of DDTs in the samples was investigated
using an Agilent 6890 gas chromatograph equipped
with a 7683B auto-sampler and 5973 N mass selective
detector (Agilent Technologies). An HP-5MS capillary
column (30 m×250-μm inner diameter, 0.25-μm film
thickness) was used for the separation of analytes.
Helium (1.0 mL min−1) was used as the carrier gas.
The oven temperature was programmed as follows:
initial temperature of 100 °C for 1 min; increase up to
280 °C, at intervals of 15 °C min−1; maintained at
280 °C for 3 min; and a post-run of 2 min. The injector
and detector temperatures were set to 270 and 290 °C,
respectively. Injection volume used was 2 μL, in
splitless mode. The samples were ionized using the
electron ionization mode (70 eV) and analyzed using
quadrupolemass analyzer. The detection was carried out
at the selected ionmonitoring (SIM)mode. In thismode,
three characteristic ions (mass to charge ratio (m/z))
including 176.1, 246, and 318 (for p,p′-DDE); m/z=
165.1, 199, and 235 (for p,p′-DDD); and m/z=165.1,
199, and 235 (for DDT) were monitored.
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Fig. 2 Gas chromatography electron capture detection of a blank
soil sample, b DDT (matrix matched) standards at 0.5 mg L−1, c
fortified samples at 0.25mg kg−1, and d field soil samples obtained

100 ft (30.48 m) south of the factory storage area (sequence of
peak: DDE, 11.062; DDD, 11.584; o,p-DDT, 11.634; and p,p-
DDT, 12.040)
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Method performance

A control soil sample, collected from non-cultivated
land located at a hilly area in the vicinity of the Chitta-
gong district, was used for the fortification experiments.
The three methods described above were conducted,
evaluated, validated, and compared on the basis of re-
covery experiments. For each method, the intra-day
accuracy (expressed as recovery) of p,p′-DDT, p,p′-
DDD, and p,p′-DDE was carried out independently at
three fortification levels: 0.025, 0.050, and
0.250 mg kg−1 (n=4). To evaluate the inter-day accura-
cy, the same fortification levels were tested for three
consecutive days (n=4). The recovery for water samples
was carried out in triplicates at two fortification levels (4
and 20 μg L−1) using LC-grade water. The spiked sam-
ples (soil and water) were incubated for 4 h and subse-
quently extracted and analyzed using the procedures
described above.

The DDT residue levels in fortified and incurred
samples were quantitatively determined by matrix-
matched calibration curves. Linear DDT calibration

curves were constructed at seven concentrations (0.5,
0.25, 0.125, 0.05, 0.025, 0.01, and 0.005 ppm).

A solvent blank or a soil/water blank (control sam-
ples; triplicates) was injected into the system prior to the
injection of the extracts, in order to get a smooth base-
line to ensure the absence of any residual DDT peaks.

To determine the LOD, working standard solutions
were serially diluted with blank extract to get desired
concentrations. The diluted standard solutions were
injected one by one, and the limits of detection
(LODs) of the tested analytes were determined using
S/N of 3 with reference to the background noise obtain-
ed for the blank sample, whereas the limits of quantifi-
cation (LOQs) were determined with S/N of 10.

Results and discussion

Method validation

Endogenous compounds interfering with the analytes
were investigated by comparing the chromatograms of

Table 2 Intra-day and inter-day accuracy and precision in the analysis of DDTs in soil samples by microwave-assisted extraction (MAE),
supercritical fluid extraction (SFE), and solvent extraction (SE)

Accuracy Pesticide Spiking conc.
(mg kg−1)

MAE SFE SE

Accuracy
(recovery %)

Precision
(RSD %)

Accuracy
(recovery %)

Precision
(% RSD)

Accuracy
(recovery %)

Precision
(RSD %)

Intra-day (n=4) p,p′-DDE 0.025 109 4.06 105 4.05 88 1.95

0.05 74 4.07 96 1.98 95 4.04

0.25 92 3.26 75 4.18 94 4.41

p,p′-DDD 0.025 120 1.60 102 9.14 76 10.23

0.05 73 1.78 101 2.82 119 2.79

0.25 116 2.67 101 5.49 116 4.79

p,p′-DDT 0.025 83 6.54 102 4.2 73 3.98

0.05 86 6.38 100 10.27 73 2.71

0.25 114 4.24 119 14.54 109 6.50

Inter-day (n=12,
3 day × four
replicates)

p,p′-DDE 0.025 110 4.15 107 10.60 89 4.11

0.05 73 2.99 96 10.25 95 4.50

0.25 79 4.59 79 8.07 96 3.16

p,p′-DDD 0.025 120 2.59 102 10.54 79 8.97

0.05 76 5.08 102 4.55 119 3.01

0.25 102 4.32 96 10.79 119 4.08

p,p′-DDT 0.025 72 3.14 105 7.51 72 3.49

0.05 92 6.77 88 7.71 72 3.31

0.25 116 6.86 120 7.34 112 9.98
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the matrix-matched standard, blank soil/water control
sample, and the fortified samples (Fig. 2). No interfering
peaks were detected during the time of DDT retention.

Matrix-matched calibration curves were prepared for
p,p′-DDE, p,p′-DDD, o,p′-DDT, and p,p′-DDT, by plot-
ting the peak area against the concentration of each of
the standards. The matrix-matched calibration curves
were linear to the determination coefficients (R2)≥
0.995 (Table 1). The residual DDTs in the spiked and

field samples (soil, sediment) were also determined
using the matrix-matched calibration curves (Tables 1,
2, 3, and 4).

The LODs and LOQs were found to be 0.005 and
0.0165mg kg−1 for p,p′-DDE, p,p′-DDD, o,p′-DDT, and
p,p′-DDT for all tested methodologies in soil/sediment
samples. On the other hand, the values were 0.04 and
0.132 μg L−1, respectively, in water (Table 1). At vari-
ance to our results, Rissato et al. (2006) reported a lower

Table 4 DDTs extracted from soil/sediment samples by solvent extraction (SE), in Dhaka

Sample
(n=3)

p,p′-DDE
(mg kg−1)
(×102)

p,p′-DDD
(mg kg−1)
(×102)

o,p′-DDT
(mg kg−1)
(×102)

p,p′-DDT
(mg kg−1)
(×102)

DDTs
(mg kg−1)
(×102)

(DDE +
DDD)/
p,p′-DDT

% Moisture

20 ft S 66.9±1.9 6.1±0.9 272±5.9 591±10.2 936 0.12 25.24

30 ft S 15.0±2.1 71.0±10.4 29.7±2.3 195±17.5 311 0.44 25.09

50 ft S 10.3±1.9 60.8±4.9 24.9±3.1 191±4.1 287 0.37 24.55

60 ft S 6.2±0.2 0.2±0.01 32.8±1.6 80.2±3.1 119 0.08 24.74

70 ft S 5.0±0.6 21.0±3.8 21.1±1.5 118±17.4 165 0.22 23.98

100 ft S 3.7±0.4 1.2±0.2 15.7±0.5 56.1±1.9 76.6 0.09 24.67

150 ft S 1.2±0.08 3.9±0.5 1.8±0.03 5.8±0.2 12.8 0.75 23.54

200 ft S 0.2±0.02 0.1±0.01 1.4±0.09 4.4±0.1 6.1 0.08 22.97

250 ft S 0.2±0.03 0.4±0.07 0.1±0.004 1.4±0.2 2.1 0.47 23.78

330 ft S 0.2±0.02 0.03±0.001 0.9±0.07 4.5±0.3 5.6 0.06 19.27

20 ft S-W 9.0±1.1 585±16.9 5.4±0.3 1468±92.8 2067 0.40 21.58

30 ft S-W 61.5±4.7 459±31.3 30.4±3.0 563±26.2 1114 0.92 20.14

50 ft S-W 29.0±2.4 23.3±2.1 3.3±0.1 30.7±5.1 86.3 1.70 20.62

20 ft E 0.05±0.001 0.05±0.002 0.7±0.06 16.7±0.1 17.6 0.01 23.60

30 ft E 0.04±0.001 0.04±0.001 1.7±0.1 20.9±0.2 22.7 0.004 19.51

40 ft E 0.2±0.01 2.1±0.08 4.8±0.2 33.8±1.3 41.0 0.07 20.42

50 ft E 81.3±6.5 5.3±0.3 510±39.9 2308±162 2905 0.04 21.64

70 ft E 0.8±0.04 0.6±0.03 6.5±0.2 40.7±1.5 48.7 0.03 20.57

200 ft E 0.04±0.006 0.4±0.06 0.04±0.002 0.7±0.01 1.2 0.63 22.07

250 ft E 0.07±0.001 1.1±0.1 0.2±0.005 3.5±0.2 4.8 0.33 21.79

300 ft E 0.06±0.005 0.2±0.04 0.001±0.0002 0.7±0.08 1.0 0.39 22.22

70 ft S-W (sediment) 5.0±1.1 4.4±0.4 0.3±0.02 6.4±1.1 16.2 1.48 28.94

300 ft S (sediment) 0.9±0.1 0.8±0.1 0.1±0.003 5.06±0.9 6.9 0.33 29.96

DDTs (p,p′-DDE + p,p′-DDD + o,p′-DDT + p,p′-DDT), S south, W west, E east

Table 5 Amount of DDTs in water samples

Sample (n=7) p,p′-DDE
(μg L−1)

p,p′-DDD
(μg L−1)

o,p′-DDT
(μg L−1)

p,p′-DDT
(μg L−1)

DDTs
(μg L−1)

(p,p′-DDE + p,p′-DDD)/
p,p′-DDT

70 ft S-W 0.53±0.04 0.43±0.10 BQL 0.98±0.10 1.94 0.98

300 ft S 0.65±0.08 0.83±0.11 BQL 1.54±0.12 3.01 0.96

350 ft S (pond) 0.20±0.07 0.21±0.02 BQL 0.19±0.04 0.59 2.15

DDTs (p,p′-DDE + p,p′-DDD + o,p′-DDT + p,p′-DDT)
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LOQ (0.00001 mg kg−1) and Kihampa andMato (2009)
found a lower LOD (0.0002 mg kg−1) for p,p′-DDE, p,p
′-DDD, o,p′-DDT, and p,p′-DDT in soil, the findings,
which are might be due to the variations in the used
methods and/or machine.

Accuracy and precision (for soil recovery) were eval-
uated by intra- and inter-day analyses. In soil, the accu-
racy (intra and inter-day), expressed as a percentage of
recovery, was within the range, 70–120 % (Table 2;
Codex Alimentarius 1993). Precision (intra-day and
inter-day repeatability) was expressed as the relative
standard deviation (RSD). The analytical precision of
DDTs extracted from spiked soil matrices, using the
MAE, SFE, and SE methods, is presented in Table 2.
The lowest RSDs were observed in samples extracted
by MAE (1.6–6.86 %), followed by SE (1.95–10.23 %)
and SFE (1.98–14.54 %). The recovery percentages
(accuracy) in water were within the range 83–110 %,
with precision (RSD) <9.5 (Table 1).

Confirmation of presence of DDTs by gas
chromatography/mass spectrometry

The samples subjected to GC may contain interfering
compounds that could result in false-positive readings.
In this respect, mass spectrometry (MS) is a valuable
technique for the identification and confirmation of the
presence of an analyte in a given sample. p,p′-DDT and
o,p′-DDT expressed identical molecular ion peaks and
fragmented ions were confirmed from their retention
times.

Inter-method, inter-laboratory, and inter-person
calibration

Soil samples were extracted (n=3) in Chonnam Nation-
al University, Gwangju, Republic of Korea, using the
three above-mentioned techniques. Inter-laboratory cal-
ibrations were established only for the SEmethod, as the
facilities for SFE and MAE methods were not available
in Dhaka laboratory. The inter-laboratory calibration
was established via six-replicate analysis of the samples
between Korean (three replicates) and Dhaka laborato-
ries (three replicates) by single analyst. The reproduc-
ibility referred as Bbetween-laboratory precision^
(RSD) was found to be 1.04–14.85 % (Table 3) (FDA
2012). The majority of the quantitative results between
the Korean and Dhaka’s lab were satisfactory match
each others, except 20 ft south, 20 ft east, and 40 ft east

in the estimated analysis results of the highly contam-
inated soil samples with DDTs. In the same way, inter-
person reproducibility (RSD) was established in home
laboratory and it was between 4.64 and 11.16 %
(Table 3). The inter-method calibrations were also
calculated between MAE and SFE, SFE and SE, and
MAE and SE (Table 3). Clearly, from the inter-method
calibration, MAE and SE gave more or less similar
result.

DDTs concentrations within the factory site

The soil/sediment surrounding the factory was discov-
ered to be highly contaminated with DDT and its me-
tabolites (Tables 3 and 4). The DDTconcentrations were
decreased with increasing distance from the factory in
the southern direction. However, this trend was not
observed in the eastern direction. DDTs (p,p′-DDE +
p,p′-DDD + p,p′-DDT) in CCC soil were quantified as
0.4×103–217.3×103 mg kg−1 by MAE, 0.2×103–
34.7×103 mg kg−1 by SFE, and 0.4×103–257.5×
103 mg kg−1 by SE in Korea and 0.5×103–239.4×
103 mg kg−1 by SE in Dhaka (Table 3). The amounts
of individual DDTs quantified by Dhaka laboratory
using SE method were 0.04× 102–81.3×102 mg kg-1

(for p,p′-DDE), 0.03×102 –585×102 mg kg-1 (for p,p′-
DDD), 0.001×102–510×102 mg kg-1 (for o,p′-DDT),
and 0.7×102–2308×102 mg kg-1 (for p,p′-DDT). The
moisture content of the soil samples was 19.27–29.96 %
(Table 4). In water samples, DDTs were found to be
0.59–3.01 μg L−1 (Table 5).

The concentrations of p,p′-DDT were found to be
greater than those of o,p′-DDT in soil, sediment, and
water (Tables 4 and 5). These clearly indicate that the
contamination was carried out by technical-grade DDT,
which primarily consists of 65–80 % p,p′-DDT and 15–
21 % o,p′-DDT (Tomlin 2000). The highest contamina-
tion of soil by DDTs was found up to 290 g kg−1 (29 %)
(Table 4) in 50-ft east samples. In line, Younas et al.
(2013) reported more concentrations of DDTs up to
65 % in surface soil samples at a former DDT-
producing factory in Amman Garh near Nowshera,
Khyber Pakhtunkhwa, Pakistan. They also found more
p,p′-DDT than those of o,p′-DDT and their metabolites
(p,p′-DDE and p,p′-DDD). In addition, Elfvendahl et al.
(2004) reported similar concentrations up to 28 % total
DDTs in surface soil samples at a former pesticide stock
site in Tanzania.

 743 Page 10 of 12 Environ Monit Assess  (2015) 187:743 



Conclusions

The three extraction methods produced good validation
results (accuracy and precision) based on fortification
with a contact time of 4 h in control soil samples. The
MAE method was deduced to be the best, based on a
comparison of accuracy and precision. The MAE pro-
cess offers many advantages over SE, such as shorter
extraction time and lower consumption of solvents. On
the other hand, good inter-laboratory reproducibility
was established using the SE technique. However, the
major drawbacks of the SE process include low sample
concentration due to the use of manual concentration
steps and the large volumes of organic solvents required.
SFE minimizes the solvent and glassware expenses;
however, the extraction time for this process is very
long. A major drawback of the SFE process is the high
initial cost of the equipment and the need for careful
manipulation, in order to achieve good results.

We discovered that the surrounding soil or sediment
was extremely contaminated with DDTs. These results
will be directed for the attention of the Bangladesh
Chemical Industrial Corporation and Department of
Environment, The Government of Bangladesh.We wish
that the Government of Bangladesh can use the simple,
cheap, and exposure-reducing remediation strategies
stated by Younas et al. (2013).
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I. Introduction 

Use of organochlorine pesticides (OCP) is forbidden in 
Bangladesh, but evidences of the presence of OCP were 
found in the environmental samples (fish, dry fish, and 
poultry feed)1-2 and through the food chain in human blood 
samples as well3-4. The cause may be illegal trafficking of 
banned OCP from neighboring countries where OCP are 
allowed to use in health sector and pilferage from large 
stockpiles of OCP in the three godowns of Bangladesh5. 
Fish is one the most suitable bio-concentrators to identify 
OCP6. In continuation of our work on OCP, we are now 
reporting residual level of DDT (1,1,1-trichloro-2,2-bis(4-
chlorophenyl)ethane) and its metabolites in three large sizes 
fish samples, Labeo rohita (rui), Katla katla (katla) and 
Pangasius pangasius (pangus).  

II. Methods and Materials 

Three fish samples, rui (n=10), katla (n=10) and pangus 
(n=10) were purchased from Dhaka New Market, Polashi 
Bazar, Azimpur Bazar, Kaptan Bazar, Mirpur Bazar, 
Gabtoli Bazar and from the local markets of Chuadanga, 
Savar, Munshigonj and Gazipur districts (the average sizes 
of the fish samples were ~ 2.5 kg). The collected fish 
samples were washed in water, wrapped with aluminium 
foil and kept in a chilled box,  transferred immediately to 
the laboratory and stored below -15οC until analysis was 
carried out. 

All the chemicals, reagents and solvents were analytical and 
HPLC grade (purity 99.99%). Anhyd. Na2SO4 was heated 
at 2000C (4 h) and cooled before use. Certified standard of 
OCPs were purchased from Dr. Ehrenstrofer GmbH, 
Augsberg-Germany. All glass apparatus were cleaned and 
dried at 2500C, cooled and wrapped with Al-foil before use. 
Gas chromatograph (Shimadzu-17A) with an electron 
capture detector (ECD) was used for the analysis of OCP1-5. 
Injector and detector temperatures were set at 230º and 
240ºC, respectively. Separations were performed on quartz 
capillary columns (SUPELCO SPB-50 & SPB-5; both of 30 
m х 0.32 mm i.d.) at 130 (1 min) to 230ºC (10 min) and  5 
oC per min (split ratio 1:76) where helium and nitrogen 
were used as carrier (2 mLmin-1) and  make-up gases, 
respectively.  

Extraction and clean-up 

Edible parts of the fish samples were extracted by solid 
disperssion method, cleaned up by conc. H2SO4 treatment 
and the cleaned extracts were analyzed by GC-ECD7. 

III. Results and Discussion 

Limit of detection (LOD) (S/N; 3:1) and Limit of 
quantification (LOQ) (S/N ratio, 9:1) for DDT, DDE and 
DDD were found to be 0.39, 0.39, 0.50 and 1.36, 1.36 and 
1.5 ppb, respectively whereas recoveries for the three 
compounds were found 74, 81 and 93%, respectively. The 
standard calibration curves were linear with correlation 
coefficient (r²) 0.987, 0.985 and 0.997 for DDE, DDD and 
DDT, respectively.  

Residue levels of p,p΄-DDT,  p,p΄-DDD and p,p΄-DDE   in 
rui, katla and pungus fish samples were found to be in the 
range 3-192, 3-24, 4-67; 3-511, 0-59, 2-109 and 5-78, 0-16, 
1-28,  (∑DDTs; 10-279, 6-669  and 8-113) ngg-1 fresh fish 
samples, respectively which  are below Maximum Residue 
Limits (MRL)8. The percentage ratio of ∑DDTs/DDT were 
found to be 0.59, 0.68 and 0.57  for rui, katla and pangus, 
respectively which indicated their  recent and ongoing  uses. 
Although the residue levels are below MRL, but the long term 
consumptions will accumulate in fatty tisues in human subjects, 
and will cause chronic toxic effects.  
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Persistent organic pollutants (POPs) and heavy metals are well known environmental pollutants. Even

though numerous studies have been carried out to assess human exposures to these compounds, there is

still a lack of data on humans from developing countries, especially in underprivileged children. The

objective of this study was to assess the exposure to POPs and heavy metals in children from Dhaka,

Bangladesh. One specific aim was to investigate whether children working at, or living close to, open

waste disposal sites (WDSs) were more heavily exposed than other urban children. In 2008, blood and

serum were collected from 73 children aged 7–16 from five neighbourhoods. Some of the children lived

and worked at WDSs (N ¼ 31), others lived next to a WDS (N ¼ 17), whereas some children lived far

from such sites (N ¼ 25). Blood levels of lead (B-Pb), cadmium (B-Cd), and selenium (B-Se) were

determined by ICP-MS for all subjects. The metal levels were high, with B-Pb overall mean 120 mg L�1

(range 40–220), B-Cd 0.74 mg L�1 (0.22–4.1), and B-Se 120 mg L�1 (81–170). There were no marked

differences between children from the different neighbourhoods, or between WDS workers and other

children. PCB levels were low and with no contrast between neighbourhoods, for CB-153 the overall

mean was 7.0 ng g�1 fat (2.8–51). In contrast, high levels of DDTs were observed in all children, for 4,40-

DDE 1300 ng g�1 fat (420–4600), and for 4,40-DDT 326 ng g�1 fat (44–1400), indicating ongoing

exposure. PBDE levels were low, and BDE-209 was quantitated mainly in children working at or living

close to WDSs. In conclusion, the high levels of DDTs, lead and cadmium observed in children from

Dhaka are of concern. Many children were exposed at levels where health effects have been observed,

or at levels without safety margins.
aEnvironmental Chemistry Unit, Department of Materials and
Environmental Chemistry, Stockholm University, SE-106 91 Stockholm,
Sweden. E-mail: ake.bergman@mmk.su.se; Tel: +46-8-16 39 97
bDepartment of Occupational and Environmental Medicine, Lund
University, SE-221 85 Lund, Sweden
cDepartment of Chemistry, University of Dhaka, Dhaka, 1000, Bangladesh

† Electronic supplementary information (ESI) available. See DOI:
10.1039/c1em10480b

Environmental impact

Humans are exposed to a complex mixture of chemicals such as pe

numerous studies investigating human exposure to these compounds

countries is still scarce, especially for children. The objective of this s

well as heavy metals in urban children from Bangladesh. We have

disposal sites. The high levels of DDTs, lead and cadmium observed

monitoring and actions to reduce the environmental exposures to t

2728 | J. Environ. Monit., 2011, 13, 2728–2734
Introduction

Globally, children’s health is frequently endangered by exposure

to natural or man-made toxic chemicals in the air, water, soil,

and food chain. Some or several of the historical pesticides and

other persistent organic pollutants (POPs) may still be used,

legally or illegally. Current estimates suggest that there are up to

500 000 tons of unwanted and expired pesticides in non-OECD

countries. Also, uncontrolled obsolete stocks of polychlorinated

biphenyls (PCBs) are common. Substances of concern also

include lead, mercury and other heavy metals. A global overview
rsistent organic pollutants (POPs) and heavy metals. There are

in the developed industrial world whereas data from developing

tudy was to assess levels of PBDEs, DDTs, PCBs and HCHs as

also investigated the exposure of these chemicals from waste

in this study are of concern. Our observations call for extended

hese substances and elements.

This journal is ª The Royal Society of Chemistry 2011
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is given in the United Nation Environmental Program (UNEP)

reports.1

Developing organisms, especially during embryonic and fetal

periods, early years of life, and puberty go through ‘‘windows

of susceptibility’’ during which they are particularly vulnerable

to specific environmental stressors. Children in developing

nations, especially those living in the rapidly growing urban

settlements, are placed at double jeopardy in which they are at

risk simultaneously for infectious diseases, malnourishment,

and chemical hazards. Of special concern are those hundred of

thousands of children and adolescents in developing countries

that work, and sometimes also live, at waste disposal sites.2

Uncontrolled recycling and disposal processes include open

burning of plastics, acid baths, and dumping, and they result in

the release of a complex mixture of toxic materials into the

land, air, and water.3 Waste disposal sites are known sources of

both POPs and heavy metals. For example, analysis of soil

samples from open waste disposal sites in India, Vietnam and

Cambodia revealed much higher levels of POPs in the dump

site soil samples compared to reference samples.4 Previous

studies on children working and sometimes living at waste

disposal sites in Nicaragua have shown that these children have

higher levels of both POPs and heavy metals compared to

children from non-dump site locations.5–7 Another source of

POPs, especially brominated flame retardants (BFRs), is elec-

tronic and electric waste (e-waste). This has been observed in

some specific areas in Asia and Africa.8–10 Studies on electronic

dismantling workers in China show significantly higher levels of

polybrominated diphenyl ethers (PBDEs) in the workers

compared to the exposure levels in reference groups.11,12 The

levels of PCBs and chlorinated pesticides were not higher in the

electronic dismantlers though.12 Elevated levels of PBDEs has

also been demonstrated in electronics recycling workers from

Sweden.13,14

The present study explores environmental exposure to some

POPs and heavy metals in urban children from Bangladesh,

a developing country with 160 million inhabitants situated in

South East Asia between India and Burma. The country is

densely populated and consists mainly of a river delta where

floods are a recurrent problem. The climate is tropical with

annual monsoon rains. Due to a lack of adequate potable water

supply, and traditional dependence on dug wells, storage tanks

and ponds which dry up in lean flow period, the rich under-

ground water resources are increasingly being utilized; which in

some regions in Bangladesh have caused severe problems due to

arsenic contamination.15 Most of the population is engaged in

the agricultural sector but there are some industries as well,

especially textile industries. Chlorinated pesticides such as

dichlorodiphenyltrichloroethane (DDT) and hexachloro-

cyclohexanes (HCHs) have been used extensively in Bangladesh

since the 1950s, but DDT was banned in the mid 1980s.16 No

figures are available on the quantities used for restricted use of

DDT for malaria control, or for other use.17

The ship-breaking industry is considered as a source of PCBs

in Bangladesh.17 Re-rolling of paint contaminated scrap metal

is also a source for emission of PCBs in this region, as is used

oil imported in bulk. Moreover, PCBs are also still in use in

capacitors, transformers, air conditioners among other appli-

cations. Potentially other industrial chemicals are in commerce
This journal is ª The Royal Society of Chemistry 2011
in Bangladesh as well, such as BFRs, but no data is available.

In a previous study on chlorinated POPs in children, teenagers

and adults from Dhaka, the levels were in the same range in the

children and the teenagers as in the adults.18 This result was

unexpected since the concentrations of most POPs usually

correlate with age, with higher concentrations with increasing

age. However, this was a preliminary study based on only a few

samples.

The adverse effects of environmental lead exposure, namely

mild mental retardation, are mainly concentrated in developing

countries.19 The figures of burden of disease are crude estimates,

since data on exposure levels in the general population is very

scarce, and regular monitoring programs of body burdens or air

contamination are almost entirely lacking, according to UNEP.

One of the highest air lead levels in the world was recorded in

1997 in Dhaka.20 Heavy metal levels in air have decreased

considerably since then.21 Leaded gasoline was phased out in

Bangladesh in 1999. The first survey of blood lead (B-Pb) in

Bangladeshi children from 2001 reported high mean B-Pb levels

(150 mg L�1).22 Blood lead levels in children are known to

decrease rather rapidly after banning of lead in petrol, and the

decrease continues for many years thereafter.23 Other sources of

lead like uncontrolled emissions from industrial production,

recirculation of car batteries, paint, pottery, plumbing, and

traditional herbal medicines and cosmetics may also be

important.

Cadmium emissions have raised dramatically during the last

century, one reason being that cadmium-containing products

are often dumped with household waste and, eventually reaches

the soil and is taken up by plants. In Bangladesh as in many

other Asian countries, rice is most likely the main source of

cadmium exposure.24 In a recent study, unexpectedly high

urinary cadmium levels among pre-school children from rural

Bangladesh was found,25 and rural pregnant women had mean

blood cadmium (B-Cd) levels that were higher than levels

observed in i.e. Europe.26–29 This is levels at which the safety

margin between cadmium levels in the population and subtle

renal and bone effects is small or non-existent.30,31

Selenium, although toxic at high doses, is an important

micronutrient which may reduce the toxicity from nonessential

metals.32,33 Diet is the major selenium source and approxi-

mately 80% of dietary selenium is absorbed depending on the

type of food consumed. It has been hypothesized that low

dietary selenium ingestion and accelerated selenium depletion

by arsenic might be possible contributing factors to arsenicosis

in the Ganges-Brahmaputra delta region.34 However, the

information on population levels of selenium in Bangladesh is

still sparse.35

Environmental exposure to old and new chemicals can be

a potential risk to human health, and monitoring of exposure is

necessary for risk assessment. There is, however, a profound lack

of knowledge on the human exposure situation in developing

countries, and few studies monitoring the exposure to both POPs

and metals in the population. The aim of the present study is to

monitor exposure to some well-known persistent organo-

halogens and heavy metals in urban Bangladeshi children, with

special focus on potential exposure from open waste disposal

sites, which are sources of environmental as well as occupational

exposures.
J. Environ. Monit., 2011, 13, 2728–2734 | 2729
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Materials and methods

Study areas and study groups

Blood and serum samples from 73 children living in Dhaka, the

capital of Bangladesh, were collected in 2008. The children were

living in five different areas, selected to obtain contrast in area

characteristics, but sharing similar low socioeconomic condi-

tions. Information on the participating children is presented in

Table 1.

One group of children was working and living at one of the

main waste disposal sites, Savar, situated in the outskirts of

Dhaka. The site is an open landfill area, where household waste

and waste frommarkets are dumped. The children collect metals,

glass, paper, batteries, tires and electronic appliances. No orga-

nized separation of electronic waste and batteries from house-

hold waste is taking place in Bangladesh. The second group of

children was also working at the Savar waste disposal site, but

was living outside the dump in Switch Gate, a nearby area. The

third group of children was living close to Matuail, a huge waste

disposal site, but was not working at the dump. Similar kinds of

waste as in Savar are dumped, but Matuail was transformed

from an open dumping site into a sanitary landfill between 2005

and 2007.36 An artificial lake surrounds the area of the Matuail

waste site, and the lake water is treated before discharged, i.e. the

leachate is taken care of, and gases are collected to prevent fires

and explosions. The fourth and fifth groups consisted of children

from the Tejkuni and Rayer Bazar areas, living far away from

any dump site (more than 5 km) but else in similar socioeconomic

situation as the children in the other groups. These children will

be referred to as ‘‘urban children’’.

Blood was drawn from the cubital vein into evacuated plain

tubes for POP analyses and, after centrifugation, serum was

transferred to amber acetone-washed glass bottles. For metal

analyses, evacuated heparinised tubeswere used.All sampleswere

frozen, transported to Sweden, and kept at �20 �C until start of

the chemical analysis. Eight serum samples from each of the first

four groups were randomly selected for individual level POP

analyses. Enzymatic lipid determination was performed, and the

serum fat content was calculated according to Covaci et al.37 All

blood samples were analyzed for metal determinations.
POP analysis

The serum (2.7–4.5 g) were extracted and cleaned-up according

to Hovander et al. 200038 with some minor modifications.
Table 1 Information on area of residence, work at waste disposal site (W
Bangladesh

Residence Live at WDSa Work at WDSa

Number o

male

Savar Yes Yes 4
Switch Gate Yes No 20
Matuail No No 7
Tejkuni No No 5
Rayer Bazar No No 6

a WDS ¼ waste disposal site.

2730 | J. Environ. Monit., 2011, 13, 2728–2734
Surrogate standards CB-200 and BDE-138 were added to the

serum before extraction. Chlorinated POP analyses were per-

formed on a gas chromatograph (GC) equipped with an auto-

sampler and an electron capture detector (ECD). A large volume

injector was used. The PBDEs were analyzed on a mass spec-

trometer connected to a GC. Electron capture negative ioniza-

tion (ECNI) with methane as a reagent gas and selected ion

monitoring (SIM) mode (isotopes m/z 79 and 81) was used. All

chlorinated compounds were above the limit of quantification

(LOQ) in all samples except for b-HCH. LOQs for b-HCH was

estimated to 4 ng g�1 fat. LOQ for the PBDE congeners were as

follows; BDE-28 (1.5 pg), BDE-47 (15 pg), BDE-99 (6.5 pg),

BDE-100 (3.1 pg), BDE-153 (0.29 pg), BDE-154 (1.2 pg) and

BDE-209 (42 pg). LOQ is expressed as total amount in the

samples. Details of the extraction and clean-up procedure as well

as the instrumental analysis and QA/QC are given in the ESI.†
Metal analysis

Blood selenium (B-Se), blood cadmium (B-Cd), and blood lead

(B-Pb) were determined by inductively coupled plasma mass

spectrometry (ICP-MS; Thermo X7, Thermo Elemental, Wins-

ford, UK), as previously described.39 Details are given in the

ESI.† All samples analyzed were prepared in duplicate, and the

analytical accuracy was checked against reference materials. The

detection limits for Se, Cd and Pb were 1.6, 0.02 and 0.06 mg L�1,

respectively.
Statistics

Differences between groups (area of living) were explored by

one-way ANOVA. Post-hoc pair wise comparisons were

explored, using the Bonferroni correction. We used multiple

linear regression analysis to assess the effects of area, adjusted for

sex and age. Pollutant levels were log-transformed. A p-value of

<0.05 was denoted statistically significant.
Results

Median and range of the quantitated POPs and metals are pre-

sented in Table 2. 4,40-DDE was the major POP found in all

samples followed by 4,40-DDT, with no statistically significant

differences between groups. The mean 4,40-DDT/4,40-DDE ratio

was 0.2, ranging from 0.09 to 0.5. b-HCH was the major HCH

isomer, except for the children both working and living at the

dump site in Savar, who had statistically significant lower levels
DS), sex, age and educational level in study participants from Dhaka,

f subjects Age Years of education

female median (range) median (range)

4 15 (10–15) 0 (0–8)
3 12 (8–16) 0 (0–6)
10 9 (7–15) 2 (0–9)
5 12 (8–13) 2 (0–7)
9 11 (8–13) 3 (1–8)

This journal is ª The Royal Society of Chemistry 2011
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Table 2 Median and min-max concentrations of POPs and metals in five groups of children from Dhaka, Bangladesh

Savar live and work at
WDSa median (range)

Switch Gate work at
WDS median (range)

Matuail live near
WDS median (range)

Tejkuni urban children
median (range)

Rayer Bazar urban children
median (range)

n ¼ 8 n ¼ 8 n ¼ 8 n ¼ 6
ng/g fat ng/g fat ng/g fat ng/g fat

4,40-DDT 240 (44–640) 240 (74–400) 510 (150–1400) 310 (180–570) —
4,40-DDE 1000 (420–2300) 1300 (790–1800) 1700 (400–3200) 1300 (1100–4600) —
b-HCH 8.0 (<LOQ-16) 29 (14–41) 52 (9.1–120) 42 (33–72) —
g-HCH 14 (8.0–47) 11 (5.6–13) 15 (8.1–17) 6.9 (5.8–8.5) —
CB-138 8.8 (4.1–17) 6.0 (3.1–12) 12 (3.6–52) 6.6 (4.4–7.6) —
CB-153 7.4 (5.2–25) 5.5 (3.6–7.9) 10 (2.8–51) 5.0 (3.5–10) —
CB-180 2.0 (1.4–11) 2.9 (1.7–3.9) 4.7 (1.1–15) 3.1 (1.7–5.3) —

n ¼ 8 n ¼ 8 n ¼ 8 n ¼ 6
pmol/g fatb pmol/g fatb pmol/g fatb pmol/g fatb

BDE-47 1.5 (<LOQc-3.9) <LOQc <LOQc <LOQc

BDE-153 0.34 (0.22–2.3) 0.41 (0.15–0.90) 0.42 (0.19–0.53) 0.24 (0.21–0.39) —
BDE-209 2.8 (1.7–5.9) 2.1 (1.1–4.9) 1.5 (<LOQc-3.9) <LOQc —

n ¼ 8 n ¼ 23 n ¼ 17 n ¼ 10 n ¼ 15
mg/L blood mg/L blood mg/L blood mg/L blood mg/L blood

Cadmium 0.42 (0.15–1.3) 0.81 (0.41–4.1) 0.53 (0.22–0.80) 0.70 (0.60–0.89) 0.61 (0.34–1.6)
Lead 100 (39–120) 110 (74–200) 130 (98–220) 110 (87–160) 120 (72–210)
Selenium 130 (84–170) 140 (120–180) 120 (81–170) 130 (120–150) 130 (110–170)

a WDS ¼ waste disposal site. b Molecular weights for BDE-47, BDE-153 and BDE-209 are 486, 644 and 959 g mol�1 respectively. c LOQs for BDE-47
and BDE-209 were 15 and 42 pg (total amount in the sample).

Fig. 1 Serum concentrations of seven PBDE congeners in eight children

working and living at the waste disposal site in Savar, Dhaka. Median,

25th and 75th percentile and min-max is given (pmol g�1 fat).
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compared to all other groups. In contrast, the children from

Savar had statistically significant higher levels of g-HCH

compared to all other groups.

PCB levels were low compared to the DDTs, with CB-153, CB-

138 and CB-180 as the major PCB congeners. The sum of the

three major congeners (S(3)PCB) ranged between 9.4 and 130 ng

g�1 fat. Overall, there was no significant differences between

areas for S(3)PCB (p ¼ 0.1). BDE-153 was the only PBDE

congener that was detected in all samples, with no statistically

significant differences of serum levels between areas. All other

PBDE congeners, including BDE-47, were almost exclusively

found in the children both working and living at the dump site in

Savar. BDE-209 was the major PBDE congener found in the

children in Savar and in some of the Matuail children. In the

urban children however, BDE-209 was below LOQ (Table 2).

The PBDE congener pattern in the children both working and

living at the dump site in Savar is illustrated in Fig. 1.

Whole blood concentrations of lead, cadmium, and selenium

in five groups of Bangladeshi children are presented in Table 2.

The lead concentrations were high in all groups of children, with

a mean concentration of 120 mg L�1 (range 40–220 mg L�1). B-Pb

levels exceeding 75 mg L�1 was observed in 90% of the children.

The proportion of children with B-Pb exceeding 100 mg L�1 (the

present U.S. CDC action level40), varied from around 50–60% of

children from Savar, Switch Gate and Rayer Bazaar, up to 94%

in children from Matuail. There was a significant effect of age,

with higher B-Pb levels in younger children, but no gender

difference (adjusted for area).

Cadmium concentrations ranged between 0.15 and 4.1 mg L�1,

with a total mean of 0.74 mg L�1. The lowest median level was

observed in children working and living at Savar, whereas chil-

dren working but not living there had the highest median level.

Neither gender nor age showed any statistically significant effect,

adjusted for area. The selenium levels were quite similar in all five

of the groups with a mean concentration of 130 mg L�1. No
This journal is ª The Royal Society of Chemistry 2011
statistically significant effects were seen for gender, but there was

a slight increase by age (adjusted for area).
Discussion

The present study is the first study to report PBDE levels in

humans from Bangladesh. BDE-153 was detected in all children,

whereas other PBDE congeners were found almost exclusively in

children working or living close to waste disposal sites, indicating

that these sites presumably are a source of PBDE exposure.
J. Environ. Monit., 2011, 13, 2728–2734 | 2731
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Indeed, actual handling of waste seems to have an effect on the

PBDE levels since the highest PBDE concentrations were found

in the children that worked at a waste disposal site. For BDE-

209, which has a short half-life, 15 days,41 the exposure seems to

be ongoing. A similar finding, with higher PBDE levels in chil-

dren working at dump sites compared to other urban children

was observed in a study from Nicaragua. In that study, the

children working and living at the dump had PBDE concentra-

tions that were much higher than in the present study.5 This

difference may be due to more or less PBDE containing waste at

the different dumping sites but may also be influenced by the

waste handling. The waste was used as landfill in Bangladesh,

while it was burned, without control, in Nicaragua, resulting in

the emission of smoke and accordingly an increase in airborne

particulate concentrations.

The concentration of PBDEs in the children living in the

vicinity of the two dump sites, Switch Gate and Matuail were

similar to the concentration found in children living close to

waste disposal sites in Mexico.42 The Mexican children had

a different PBDE congener pattern, with in general higher

concentrations of BDE-47, BDE-99, BDE-100 and BDE-153

whereas the Bangladeshi children had higher concentrations of

BDE-209. Relatively higher concentrations of higher brominated

PBDEs compared to the lower brominated congeners were also

observed in breast milk from India.43 North American children

have much higher PBDE concentrations compared to the chil-

dren in our study though, as shown in Fig. 2.44 A Chinese study

in children also report higher levels of PBDEs compared to our

study subjects, although the BDE-209 concentrations were not

reported in those children.45,46

The children that worked at or lived close to waste disposal

sites in Dhaka had a higher exposure of PBDEs, but not of

organochlorine pesticides such as DDTs and HCHs, compared

to other urban children. This result differs from studies on chil-

dren working and living at a waste disposal site in Nicaragua,

that showed higher levels of both chlorinated and brominated

POPs compared to children in an urban reference group.5,6 The

concentration of 4,40-DDT in the present study were about the

same as concentrations previously found among Bangladeshi

children and teenagers,18 and students.47 Notably, the
Fig. 2 Median concentration of a selected set of POPs and metals in urban

(2002),5–7 and children from the general population in U.S. (2003–2004)44 and

2732 | J. Environ. Monit., 2011, 13, 2728–2734
Bangladeshi children have a rather high 4,40-DDT/4,40-DDE

ratio (mean 0.2; range 0.09–0.5). This reveals fresh intake of

technical DDT. In contrast, children in Nicaragua had similar

levels of 4,40-DDE as the children in Bangladesh, but their 4,40-

DDT concentration was approximately 10% of the levels in the

Bangladeshi children (Fig. 2).6 A suggested source for 4,40-DDT

in Bangladesh is dried fish that might be sprayed with DDT to

last longer.48 Fish treated in this manner may also be used as feed

for chickens, making chicken a potential source of DDT expo-

sure as well.

Pronounced lower concentrations were observed for both b-

HCH and g-HCH in blood from the children in the present study

(33 and 13 ng g�1 fat) compared to a previous study from

Bangladesh (180 and 46 ng g�1 fat).18 The levels were not corre-

lated to vicinity to the disposal sites, indicating another source of

exposure. The relatively high concentration of b-HCH in most of

the children is a sign of technical HCH use, instead of Lindane,

that consists of 99% g-HCH. A comparison of studies on breast

milk from other Asian countries reveals similar concentrations of

g-HCH in Bangladesh and India, whereas the concentration of

the gamma isomer seems to be very low in China.49,50 The

concentration of b-HCH is strikingly higher (1–2 order of

magnitudes) in India and China compared to Bangladesh and

Vietnam,49–51 probably due to that both China and India has

produced and used large amounts of technical HCH.52

The levels of PCBs in children in Bangladesh are low,

comparable to concentrations in children from the U.S.44,53 but

clearly lower than levels found in children from Europe54 (Fig. 2).

Similarly, relatively low levels of PCBs are found in breast milk

from other Asian countries such as India and Vietnam.49,51

However, if the presently used PCB containing equipment is not

taken care of properly, Bangladesh may face an upcoming

problem with PCBs in the future. Very high levels of PCBs (mean

SPCB ¼ 1700 ng g�1 fat) were recently reported in breast milk

from women living close to a waste disposal site in Kolkata,

India in 2009.43 In a previous study on breast milk from the same

area in 2004–2005, the PCB concentration was markedly lower

(mean SPCB ¼ 310 ng g�1 fat).55 India is a country with rapid

population and industrial growth and a fast urbanization, and

the rising PCB concentration found in breast milk from women
children from Bangladesh (this study), urban children from Nicaragua

Germany (2003–2006)54 (na ¼ not analyzed).

This journal is ª The Royal Society of Chemistry 2011
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living close to the dump site in Kolkata indicates that this waste

disposal site is a source of PCBs.

Previous studies on lead in children from Bangladesh have

revealed high levels of lead in blood22,56,57 and urine,58 and 90% of

the children in our study had B-Pb exceeding 75 mg L�1, i.e. levels

at which developmental delays and deficits in behavioral func-

tioning has been observed. Subtle effects on IQ loss are expected

from blood lead levels as low as 50 mg/L.59Relatively low levels of

lead in blood from American girls have been connected with

hormonal changes that could lead to delayed onset and

progression of puberty.60 This effect was especially seen in iron-

deficient girls, and synergistic effects with high cadmium levels

were also observed. High B-Pb levels have also been observed in

pregnant women from rural Bangladesh, with minor exposure to

local pollution from automobile exhaust and industries.28 Thus,

lead exposure in children is of concern.

The cadmium levels observed, with an overall median of

0.62 mg L�1 (90 percentile 1.05 mg L�1), were similar as levels

previously observed in non-smoking women from rural Ban-

gladesh,25,26,28 higher than levels observed in children from

Nicaragua, the U.S., and Germany,6,44,54 and levels observed in

Europe.27,29 If the exposure level observed is extrapolated into

adulthood, there will be no safety margins as to effects on renal

function,30 and osteoporosis.31

None of the metals analyzed seemed to have any clear asso-

ciation to the waste disposal sites as sources of exposure (Table

2). The opposite was true for children working and living at

a waste disposal site in Nicaragua, with higher concentration of

both lead and cadmium in the children at the waste disposal site

compared to reference children.7 There were no indications of

selenium deficiency in the population; instead, the levels were

higher than levels observed in many European countries,33 which

may be beneficial and even counteract heavy metal toxicity.
Conclusions

There are few comprehensive studies monitoring the exposure to

both POPs and metals in children from developing countries.

The overall exposure pattern for the children from Dhaka, in

comparison with three extensive surveys on POPs and metals in

children from the U.S., Germany and Nicaragua,5–7,44,54 is given

in Fig. 2 (only children not working or living at waste disposal

sites are included). From a health risk perspective, the ongoing

exposure to DDT in Dhaka which is situated in a region that is

not high endemic for malaria,61 is of concern, and clearly shows

that the ban of DDT is not efficient. Moreover, the high exposure

to lead is of concern, as are the cadmium levels. Our observations

call for extended monitoring and actions to reduce the environ-

mental exposures to these substances.
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