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-------------------------------------------------------------------------------------------------------------------------------------------Abstract
This study develops a gas chromatographic method coupled to micro-electron capture detector to
determine four basic polychlorinated dibenzo-p-dioxins (PCDDs) congeners: 1, 1,2,3,7,8pentachlorodibenzo-p-dioxin; 2, 2,3,7,8-tetrachlorodibenzo-p-dioxin; 3, 1,2,3,6,7,8-hexachlorodibenzo-p-dioxin; and 4, 1,2,3,4,6,7,8-heptachlorodibenzo-p-dioxin in wheat and rice. The
PCDDs were extracted using 1:1 acetone:n-hexane mixture followed by cleaning with acidic
aluminium oxide in polypropylene mini columns and eluted with dichloromethane. In quantitative
determinations, the limit of detection for congener 1 of PCDDs was 0.4 ng mL-1 while for other
congeners (2–4) it was found to be 1.0 ng mL-1. The congener 1 was checked at spiking levels of
0.02, 0.05 and 0.1 ng g-1, and its recovery was 85.96–120.74% and 95.32–116.88% from wheat
and rice, respectively. Wheat and rice were also spiked by congers 2–4 at spiking levels of 0.05,
0.1 and 0.5 ng g-1; the recovery ranges from wheat were 87.70–115.54%, 85.64–117.88% and
88.40–119.32% for congener 2, 3 and 4, respectively, while from rice the recovery was 77.67–
115.68%, 83.18–119.68% and 79.76–131.15% for congener 2, 3 and 4, respectively. The limit of
quantification was determined as 0.1 ng g-1 for congener 1 and 0.5 ng g-1 for other three PCDDs
(2–4). The intra-day and inter-day RSDs of peak areas (n = 3) for four congeners (2 ng mL-1) were
ranged at 2.5–8.1% and 3.1–10.6%, respectively. This study provides a simple and cost-effective
gas chromatographic-electron capture detector method to study some basic PCDDs in wheat and
rice grains first time in Pakistan with fair precision and accuracy when expensive high resolution
gas chromatographic-mass spectrometry method is not accessible.
Keywords: GC-µ-ECD, Congeners of PCDDs, Limit of detection (LOD), Spiking levels,
Recovery percent, Limit of quantification (LOQ)
--------------------------------------------------------------------------------------------------------------------------------------------

Introduction
Wheat and rice are the two most important cereal
grains, constituting our main diet. Polychlorinated
dibenzo-p-dioxins (PCDDs) can contaminate food
grains and other food products through their
entrance in food chain. The PCCDs mainly
accumulate in high fat food due to their high
lipophilicity. About 90% human exposure to
PCDDs is ascribed to consumption of
contaminated food [1-4]. The PCCDs are released
in the environment in small amounts mainly as

unintentional byproducts of anthropogenic
activities (steel manufacturing, iron sintering,
waste incineration, etc.) or processes such as forest
fires, which specifically involve organic chlorine
or inorganic chlorides [5, 6].
The PCDDs belong to highly harmful class
of organic compounds called ‘persistent organic
pollutants (POPs)’, extremely resistant to
biological, chemical, and photolytic degradation.
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The PCDDs-induced toxicity includes skin lesions
(e.g., chloracne), endometriosis, teratogenic
effects, reproductive effects and carcinogenicity to
living organisms [1, 7]. Out of two hundred ten
possible congeners of PCDDs, at least 17 have
been identified with broad range toxicity, and
2,3,7,8-tetrachlorodibenzo-p-dioxin is recognized
with highest toxicity among them [5]. Twelve
different POPs including PCDDs have been known
to be removed and controlled by 150 countries
under Stockholm Convention treaty [3]. The
recommended tolerable/allowable daily intake
(TDI/ADI) value for PCDDs is 4 pg-TEQ/kg/day
[7, 8], while tolerable weekly intake (TWI) from
the European Community (EC) is 14 pg WHOTEQ/kg/week. TEQ value represents total toxic
equivalence for PCDDs mixtures present in various
matrices. The TEQ is the sum of products of the
individual congener concentrations and TEFs
(toxic equivalence factors).
The insight and control of biochemical and
chemical risks of dioxins in food has been
comprehensively reviewed by various researchers
[1, 7, 9, 10]. The impact of cooking processes on
total concentrations of PCDDs has been assessed
by Perello et al. in various common food stuffs in
Spain [11]. PCDDs have been detected in different
food items under several monitoring programs
carried out in several countries such as China [5],
Japan [12], Italy [13], Kuwait [14], United States
[15], Germany [16], Canada [17], France [18],
Egypt [19], Spain [20] and Greece [21]. Huang et
al. estimated potential influence of dietary patterns
changes (i.e., decreasing vegetable and total grain
consumption and increasing animal-derived food
intake) on Chinese population health risk
(increasing cancer risk) to dioxins [22]. McCrady
et al. [23] and Uegaki et al. [24] examined the
pathways of the PCDDs in food chain through
grains. Otani et al. also investigated the dioxins
levels in food grains and some beans [8].
Therefore, it is necessary to acquire information on
residual levels of PCCDs in food and feed to
evaluate their health importance.
Various extraction, clean-up and detection
techniques for PCDDs in different matrixes have
been developed and reported so far [25-28]. Some
efficient quantification techniques to determine

toxicity levels of PCDDs include high resolution
gas
chromatography-high
resolution
mass
spectrometry (HRGC-HRMS), GC-tandem mass
spectrometry
(GC-QITMS/MS),
GC-triple
quadrupole mass spectrometry (GC-QQQMS/MS)
and GC-Fourier transform ion cyclortron
resonance mass spectrometry (GC-FTICRMS) [1].
The HRGC-HRMS is recognized as the
confirmatory tool for PCDDs analysis due to its
excellent sensitivity and selectivity. However, the
very high cost of HRGC-HRMS operation,
maintenance and instrument itself demand
researchers to develop alternative approaches with
reduced analysis costs for dioxins [5]. Particularly
in Pakistan, it is very difficult at present to conduct
monitoring of PCDDs due to the unavailability of
up-to-date and highly sensitive techniques intended
for their clean-up and quantification. Thus, only
few studies have been reported for Pakistan on
dioxins monitoring, including dioxins level studies
in chicken eggs [29], human milk [30], animal
milk [31] and river sediments [32]. The study of
International POPs Elimination Network (2005)
observed exceeding dioxins levels in the eggs from
Peshawar compared to newly proposed European
Union (EU) action level, supporting the need for
further
monitoring
in
all
environment
compartments, particularly in food and long-term
changes to reduce PCDDs releases into the
Pakistani environment [29]. For proper monitoring
of PCDDs in Pakistan, first there is a prerequisite
of developing multiple detection system for all
dioxins congeners.
Therefore, the aim of current study is to
develop a systematic method to analyze few basic
PCDDs in food samples. In this regards, wheat and
rice grains have been selected to study four
different congeners of PCDDs, 1,2,3,7,8pentachloroDD (1), 2,3,7,8-tetrachloroDD (2),
1,2,3,6,7,8-hexachloroDD (3) and 1,2,3,4,6,7,8heptachloroDD (4). To our knowledge, no
systematic data has been reported so far on using
gas
chromatographic-micro-electron
capture
detector (GC-µ-ECD) method to determine PCDDs
in food grains in particular in Pakistan. Therefore,
samples of wheat and rice were monitored for a
mixture of selected PCDDs congeners using GC-µECD to develop a method of their analysis in food

Pak. J. Anal. Environ. Chem. Vol. 20, No. 1 (2019)

grains, and the performance and feasibility of
method was evaluated and discussed.
Materials and Methods
Chemicals
Solvents (n-hexane, dichloromethane and
acetone) were obtained from Tedia Company
(USA), and they were of chromatographic
grade. Analytical grade alumina (Al2O3, pH 4.5,
activity 1) and anhydrous sodium sulphate
(Na2SO4) were procured from Merck (Darmstadt,
Germany). Acidic alumina was heated to 450 °C
for 3 h to activate prior to analysis, and anhydrous
sodium sulphate was heated to 150 °C for 3 h to
dry and stored in a desiccator before use. PCDDs
congeners 1–4 (50 µgmL-1) were obtained from
Wellington laboratories (Canada). n-Hexane was
used to prepare separate stock standard PCDDs
solutions (10 µgmL-1) in 5 mL. An intermediate
mixed standard solution of four congeners (0.2
µgmL-1 each) and the calibration working standard
mixtures (containing four congeners) in the
equivalent concentration range of 0.1–160 ngmL-1
were prepared by further dilutions in 100 mL to
determine linearity (Table 1). The working
standard mixtures of PCDDs congeners 1–4 for
spiking were separately prepared in n-hexane from
the stock standard solutions as per requirement
(Table 2) to determine % recoveries of congeners.
The stock and working standards were prevented
from light and stored at 4°C. Under prescribed
storage conditions, all the solutions were stable for
at least one month.
Instruments and GC-µ-ECD conditions
An Agilent technologies 6890 N (USA)
gas chromatograph was coupled to Ni63 µ-ECD.
An HP-5MS capillary column (30 m, 0.25 µm film
thickness, 0.25 mm id) and 7683 series auto
injector were equipped to GC system. The
injection mode was splitless. For data collection,
the system was provided with a software enhanced
data analysis. The operating temperature
conditions were adjusted as follows: injector 280
o
C, column oven 250 oC and detector 300 °C.
Nitrogen (purity 99.9995%) with a flow rate of 0.5
mL min-1 was operated as a carrier gas, while 60
mL min-1 of nitrogen was adjusted as makeup flow.
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A
Buchi V-512 Model (Switzerland) rotary
evaporator with chiller and Dynac (USA)
centrifuge machine were also used.
Sample collection and preparation
Cereal grain (wheat and rice) samples were
investigated for PCDDs to verify GC-µ-ECD
instrument performance using previously reported
methods of pesticide analysis in grains with some
modifications [33]. All procedures were applied to
wheat and rice grains separately. One kg of rice
and wheat samples were acquired from a local
market of Gulshan-e-Iqbal Town (Karachi),
initially cultivated and refined in Larkana city
before transport to Karachi. Each sample was
ground in a laboratory mill, sieved using a 40mesh size sieve, and used as a control. Each
experiment was performed in triplicate. To 5 g of
ground grain sample, a mixture of PCDDs
congeners (1–4) was added in specified amount
(Table 2) and agitated for 5 minutes. This spiked
sample was kept on standing for three hours for
complete absorption of the congeners. The spiked
samples and control (the congener free sample)
were then allowed to pass through the following
extraction and clean-up procedures before GC-µECD instrumental analysis.
Extraction process
For extraction, the spiked or control grain
sample was transferred to a centrifuge tube of 100
mL, and acetone:n-hexane (1:1, v/v) extraction
mixture (50 mL) was added to it. The tube contents
were thoroughly mixed/ stirred with a glass-rod for
three minutes. The resultant mixture was
centrifuged at a speed of 2,500 rpm for three
minutes, and the supernatant was directly decanted
into a 1 liter capacity separatory funnel. Then, 40
mL acetone:n-hexane (1:1) solvent mixture was
added again to the same centrifuge tube,
homogenized, centrifuged and decanted as
previously in the same separatory funnel.
Afterward, about 200 mL aqueous Na2SO4 (2.5 g
per 100 mL) and dichloromethane (25 mL) were
sequentially added to the above separatory funnel
followed by vigorous shaking for two minutes.
After separating the phases, the lower
dichloromethane layer was collected in a 250 mL

4

Pak. J. Anal. Environ. Chem. Vol. 20, No. 1 (2019)

conical flask. Using dichloromethane in two
more 25 mL portions, the aqueous layer
partitioning was repeated. The combined extract of
dichloromethane was then passed through a glass
column (25 mm id x 450 mm) over 25 g of
anhydrous sodium sulphate to collect dry extract
while the aqueous extract was discarded. Finally,
10 mL dichloromethane was used to wash the
sodium sulphate column, and the combined
extracts along with washings were concentrated
upto 1 mL on rotary evaporator before clean-up.
Clean-up process
For clean-up, a 21 cm long polypropylene
column (1.2 cm id) was plugged up with cottonwool (pre-washed with dichloromethane), about 1
g anhydrous Na2SO4 was transferred over it, and
then activated acidic alumina (about 4 g) was
added to column with continuous tapping to
achieve compact packing. About 1 g anhydrous
Na2SO4 was added again to the column forming a
bed on the column top. The column was
pre-washed with 5 mL dichloromethane with
subsequent transfer of 1 mL dried dichloromethane
extract to the column. About 15 mL of eluate was
obtained using dichloromethane flow rate of 1 mL
min-1, evaporated to dryness, and resulting residue
was dissolved in n-hexane (0.5 mL) prior to
instrumental analysis.
Quantitative analysis
Auto injector was used to inject 5.0 μL of
dissolved residue to gas chromatograph. The areas
under different peaks in the resultant
chromatogram were compared with those obtained
from respective standards injections, and
instrument performance was evaluated based on
linearity, percent recovery, repeatability and limits
of detection and quantification.
Results and Discussion
Dioxins are ‘persistent organic pollutants’
that are extremely toxic, and humans are exposed
to them mainly through food ingestion [1, 7, 22].
The present study develops a method to determine
four different polychlorinated dibenzo-p-dioxins
(PCDDs) congeners in wheat and rice samples.

The selected congeners
were 1,2,3,7,8pentachlorodibenzo-p-dioxin (congener 1), 2,3,7,8tetrachlorodibenzo-p-dioxin
(congener
2),
1,2,3,6,7,8-hexachlorodibenzo-p-dioxin (congener
3) and 1,2,3,4,6,7,8-heptachlorodibenzo-p-dioxin
(congener 4). To determine PCDDs in rice and
wheat grain matrix, the gas chromatographic
method described by Khan et al. (2007) for
pesticides analysis in grains was followed with
some modifications [33]. For the quantitative
analysis, the GC column was equipped with µECD. Initially, the PCDDs from spiked grain
samples were extracted through 1:1 nhexane:acetone mixture. The propylene mini
columns containing acidic aluminium oxide and
anhydrous sodium sulphate were then utilized for
clean-up to eliminate the possible residual fat and
co-extractives from the sample extracts. Otherwise,
inadequate clean-up of sample can cause fast
deterioration of gas chromatographic system
particularly ECD, thus ruling out reliable results
because of resulting inaccuracies and decreased
precision [34]. PCDDs generally show low water
solubilities, and highly chlorinated PCCDs exhibit
high hydrophobicity [35]. Thus, they usually
accumulate in lipid fraction of biological samples,
and a medium polarity solvent system (consisting
of either one solvent or a binary solvent mixture) is
often recommended for the extraction of PCDDs
[36]. A study by Kooke et al. evaluated Soxhelt
extraction efficiency of seven different solvent
systems for PCDDs in fly ash and found benzene
or toluene as most efficient extractant [37].
Literature shows the use of different solvents for
the PCDDs extraction from various matrices prior
to quantitative GC analysis, for example, nhexane:acetone (80:20, v/v) for fruits and
vegetables [13], dichloromethane:n-hexane (1:1,
v/v) for fish, beef and corn silage [5], diethyl
ether:n-hexane (7:10, v/v) followed by n-hexane
for milk [38] and toluene for chicken eggs [29].
Most commonly applied solvent system is
dichloromethane/n-hexane; however, due to
carcinogenicity and high cost of various solvents,
and possibility of deterioration of detector (µECD), we recommend n-hexane/acetone as a better
choice in the extraction of PCDDs. Sample extracts
must be concentrated before clean-up or analysis,
therefore the boiling point of solvent is important.
After extraction, the sample extract is often
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partitioned with either one solvent or by using two
separate solvents. Anhydrous salt (sodium sulphate
or sodium chloride) can be added to absorb water
so that the crude extract can be purified before
subsequent partitioning step with a water
immiscible solvent to avoid stable emulsion
formation. Removal of any water from extract is
also necessary prior to concentration.
The control and blank (solvent) were also
run in order to assess the efficiency and purity of
materials. No contamination peak was observed
apart from two peaks emerged just after peak of
solvent; however, those might not be characteristic
of the congeners studied and might have appeared
due to some impurity in the blank or matrix. The
external standardization method was used for
quantitative determinations. Accuracy is affected
mostly by the capability of injecting exact sample
amounts through a syringe. In this study a
previously calibrated auto sampler was operated.
Limit of detection (LOD) shows instrument
sensitivity for selected congeners. Based on signalto-noise-ratio (S/N) ≥3, the LOD value was
determined as 0.002 and 0.005 ng/injection for
congener 1 and other three congeners (2–4),
respectively.
Under
applied
experimental
conditions with constant 5 μL injection volume, x
Response

ng/injection ≈ 200x ngmL-1. The GC-µ-ECD
chromatograms of mixture of standard congeners
(1–4) are illustrated in (Fig. 1 and 2) at 0.02 ng and
0.10 ng per 5 μL injection of each standard
congener, respectively. The figures show sufficient
gas-chromatographic separation of four PCDDs
with retention times of congeners 1, 2, 3 and 4
observed at 13.0, 8.9, 19.2 and 29.4 min,
respectively. It is also evident from chromatograms
that response of congener 1 is about double as
compare to response of other three congeners,
which is in agreement with its lower LOD. The
sensitivity results suggest that the presented
GC-µ-ECD method has the ability to detect trace
amounts of dioxins. Linear calibration curve was
constructed for each selected congener as a plot of
respective peak areas versus analyte concentrations
under the proposed chromatographic conditions.
(Table 1) presents derived calibration parameters
for linearity test (linear range, correlation equation
and correlation coefficient) for all congeners.
Congener 1 shows linearity in the range of 0.0020–
0.1000 ng/injection i.e., 0.4–20 ngmL-1 with
correlation coefficient (R2) value of 0.9989. The
other three congeners (2–4) reveal linearity within
0.0050–0.5000 ng/injection (1.0–100 ngmL-1) and
R2 in the range of 0.9976–0.9991.

s

b
12.97

a
8.88

5

c
19.22

d
29.37

Time

Figure 1. GC-µ-ECD chromatogram for standard mixture of four PCDDs congeners (0.02 ng/5 μL injection). s: peak of solvent; a:
congener 2; b: congener 1; c: congener 3; d: congener 4
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Response

s

b
12.96

c
a

19.21

d
29.35

8.87

Time

Figure 2. GC-µ-ECD chromatogram for standard mixture of four PCDDs congeners (0.10 ng/5 μL injection). s: peak of solvent; a:
congener 2; b: congener 1; c: congener 3; d: congener 4
Table 1. Statistical parameters for calibration of selected congeners.
PCDDs Congeners

Linear Range (ng/injectiona)

Correlation Equation

Correlation Coefficient (R2)

1

0.0020-0.1000

y = 733.3 + 58882431 x

0.9989

2

0.0050-0.5000

y = 808.2 + 16265950 x

0.9991

3

0.0050-0.5000

y = 8765.9 +23045998 x

0.9988

4

0.0050-0.5000

y = 457.7 + 14346032 x

0.9976

Based on correlation coefficient values
from five point calibration curves, a reasonable
linearity was demonstrated by all tested congeners.
From the precision analysis of calibration data,
the intra-day RSDs of peak areas (5 μL injection, 3
injections per day) for standard PCDDs
solutions (2 ngmL-1) were 8.1, 2.5, 3.3 and 3.2%
for congeners 1, 2, 3 and 4, respectively. Similar
concentration (2 ngmL-1) standard solutions of four
congeners yielded inter-day RSDs of peak areas
(5 μL injection, 3 injections per day x 3 days) in
the range of 3.1–10.6%. The peak areas RSDs ˂
15% indicate good repeatability of GC-μ-ECD
method. The instrument performance was also
evaluated based on retention time shifts in repeated
analysis. The percent RSDs of retention times for
10 successive 5 μL injections of four congeners (2
ng mL-1) were ranged at 0.09–0.18. During the
whole study, the repeated analysis (5 μL injection,
10 injections per month x 13 months) of standard
congeners (2 ng mL-1) gave shifts in the retention

times as follows: 12.28–12.95 min (0.06–0.19 %
RSD) for congener 1, 8.39–8.74 min (0.09–0.51 %
RSD) for congener 2, 18.21–19.20 min (0.03–0.12
% RSD) for congener 3, and 27.85–29.35 min
(0.02–0.07 % RSD) for congener 4. This data
shows excellent repeatability of instrument and
column (HP-5MS) performance.
The recovery percents in wheat and rice
grains were examined at applied spiking levels of
0.02, 0.05 and 0.1 ng g-1 for congener 1, while
0.05, 0.1 and 0.5 ng g-1 levels of spiking were set
for congeners 2, 3 and 4. Limit of quantification
(LOQ) of used method for both wheat and rice
samples was observed as 0.1 ng g-1 in case of
congener 1 and 0.5 ng g-1 in case of congeners 2–4,
based on S/N ratio ≥10. The reproducibility of
spiking data was checked by three injections of
each extract. The percent recovery and precision
found at applied spiking levels for wheat and rice
grains are listed in (Table 2 and 3), respectively.
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The GC-µ-ECD chromatograms of spiked samples
of wheat and rice are presented in (Fig. 3 and 4),
respectively, at 0.1 ngg-1 congener 1 and 0.5 ngg-1
congeners 2, 3 and 4. Over applied spiking range,
the average recovery of congener 1 was in the
range of 85.96–120.74% and 95.32–116.88% from
wheat and rice, respectively, with RSD range of
8.31–13.95%. In contrast, the congeners 2, 3 and 4
were recovered from wheat at their applied spiking
levels in the average range of 87.70–115.54%,
85.64–117.87% and 88.40–119.32%, respectively,
with RSD 3.99–10.82%. The average recovery of
congener 2, 3 and 4 from rice at applied spiking
levels was in the range of 77.67–115.68%, 83.18–
119.68% and 79.76–131.15%, respectively, with
their RSD values in the range of 5.57–14.75%.
Interestingly, at lower spiked levels in all cases
(i.e., 0.02 ngg-1 for congener 1 and 0.05 ngg-1 for
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other three congeners) the percent recovery values
are greater than 100%. It is because of the reason
that the chance of error is often enhanced at lower
residual concentration, but the stated results are
well within the European Union (EU) permissible
error range, i.e., within 15% RSD [5, 39]. At LOQ,
the average percent recovery of congeners 1–4 for
wheat was 85.64–93.59% with RSD 3.99–8.31%,
while for rice the average recovery of congeners 1–
4 was 77.67–95.32% with RSD 6.29–9.88%. The
difference in recoveries and %RSDs of PCDDs
congeners in wheat and rice is due to different
matrix effect. The given results reveal that the
recovery of selected congeners by presented
method is quite satisfactory with reasonably good
reproducibility. Hence, the developed method can
satisfy the requirement of monitoring PCDDs in
wheat and rice samples.

Table 2. Applied spiking levels, percent recoveries and percent RSD values for selected congeners in wheat grains (n = 3).
PCDDs Congeners

Applied Spiking Levels (ngg-1)

Mean % Recovery

1

0.02

120.74

9.35

0.05

85.96

10.82

0.10

91.33

8.31

0.05

115.54

10.79

0.10

87.70

6.57

0.50

88.79

5.07

0.05

117.88

9.93

0.10

85.83

4.79

0.50

85.64

3.99

0.05

119.32

10.71

0.10

88.40

7.40

0.50

93.59

4.50

2

3

4

RSD %

Table 3. Applied spiking levels, percent recoveries and percent RSD values for selected congeners in rice grains (n = 3).
PCDDs Congeners

Applied Spiking Levels (ngg-1)

Mean % Recovery

RSD %

1

0.02

116.88

13.95

0.05

104.01

13.79

0.10

95.32

9.88

0.05

115.68

14.75

0.10

80.74

14.71

0.50

77.67

9.11

0.05

119.68

10.75

0.10

83.18

11.16

0.50

88.18

8.30

0.05

131.15

8.14

0.10

104.73

5.57

0.50
a
Injection volume = 5 μL (x ng/injection ≈ 200x ngmL-1)

79.76

6.29

2

3

4

8

Pak. J. Anal. Environ. Chem. Vol. 20, No. 1 (2019)
Response

s

c1

c2

a

b

8.87

12.96

c

d

19.21

29.35

Time

Figure 3. GC-µ-ECD chromatogram for spiked wheat grains. Applied spiking level: congener 1 = 0.10 ngg-1; congener 2, 3, 4 = 0.50 ngg-1.
s: peak of solvent; c: contamination peak; a: congener 2; b: congener 1; c: congener 3; d: congener 4

Response

s c1

c2

a

b

8.87

12.96

c
19.21

d
29.35

Time
Figure 4. GC-µ-ECD chromatogram for spiked rice grains. Applied spiking level: congener 1 = 0.10 ngg-1; congener 2, 3, 4 = 0.50 ngg-1.
s: peak of solvent; c: contamination peak; a: congener 2; b: congener 1; c: congener 3; d: congener 4
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Conclusion
6.
The current study has developed an
inexpensive method first time in Pakistan to
determine few basic congeners of PCDDs in wheat
and rice grains. Present study focused on a simple
operation, presenting a method with fair sensitivity
and repeatability which is affordable by many
researchers who cannot presently afford high
resolution mass spectroscopy. However, this
method, which implied simple bench-top GC-µECD, is not suitable for studies requiring a limit of
detection ˂ 5pg. The recommended tolerable daily
intake for PCDDs (4 pg-TEQ/kg/day) is beyond
the quantification limit of this method; however,
the target can be attained by exploiting either
automated and more effective clean up processes
or more sensitive quantification, such as by 2dimentional GC-µ-ECD. Therefore, the developed
method can efficiently provide screening and
identification of four tested PCDDs with accurate
quantification in samples, particularly the matrices
heavily contaminated with dioxins, in routine
analysis.
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