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Abstract The need to enhance food safety has led to
major advancements in pesticide productions, and
though many benefits have been gained, environmental
contamination has also risen from these chemicals that
tend to persist in the environment. Some pesticides,
together with other chemicals commonly called endo-
crine disruptor compounds, block the receptor sites of
hormones or mimic displaced hormones, leading to
imbalanced hormonal levels that result in health disor-
ders and diseases. These chemicals occur at trace levels
and are not directly detected by conventional analytical
methods. A dispersive liquid-liquid microextraction
method was therefore developed for preconcentration
of 12 analytes including hormones, endocrine disruptor
compounds, and pesticides, to be analyzed by gas

chromatography mass spectrometry. This was achieved
by optimizing parameters such as extractor solvent type
and amount, dispersive solvent type and amount, pH,
and salt effect that affect extraction output. The limits of
detection and quantification of the developed method
were between 0.09 and 3.36 and 0.31 and 11.19ngmL−1,
respectively. The calibration plots of the analytes also
showed good linearity and low percent relative standard
deviations. Recovery studies were performed for tap
water and wastewater samples, and the percent recover-
ies recorded were between 84 and 109%.

Keywords Hormones . Endocrine disruptor
compounds . Pesticides . Preconcentration . GC-MS

Introduction

Pesticides are a group of compounds used to control,
prevent, or eliminate pests that affect plants and animals,
or cause harm to humans (Songa and Okonkwo 2016).
Pesticides are mainly used for plant protection, and they
offer numerous benefits such as improved crop yield
and quality, disease containment, high revenue, and
control of insects that spread diseases to humans
(Cooper and Dobson 2007). When classified under the
target organism, pesticides include herbicides, bacteri-
cide, fungicide, termiticide, insecticide, rodenticides,
amongst others (Aktar et al. 2009). These chemicals
are used with the sole purpose of controlling or elimi-
nating the target organism, but there have been reported
cases of pesticides having adverse effects on human
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health (Neghab et al. 2014; Benedetti et al. 2013;
Mostafalou and Abdollahi 2013). Pesticides reach
humans through contaminated water bodies, soils, and
polluted air. This has led to many legislations
prohibiting the use of some pesticides (Hillocks 2012;
Karabelas et al. 2009; Skevas et al. 2013; Fantke et al.
2012), especially those considered as persistent organic
pollutants (POPs). The POPs show a high resistance to
environmental degradation, and though most of them
have been banned for many years, they can still be found
in the environment (Li et al. 2016). Pesticides usually
occur in low concentrations in the environment, but
studies have shown that continuous intake results in
bioaccumulation in organs and tissues of living organ-
isms (Gerber et al. 2016). This risk of chronic poisoning
is mostly encountered in aquatic organisms, but the
same risk is encountered by other organisms that con-
sume aquatic organisms in the food chain (Grung et al.
2015; Botaro et al. 2011; Rezg et al. 2010).

Some pesticides together with other group of
chemicals affect the endocrine system of humans and
other organisms. The endocrine system is a broad clas-
sification of hormone-producing glands such as the
thyroid gland, adrenal glands, thymus glands, pituitary
glands, and pancreas (Morgan and Tsai 2015). The
normal function of the endocrine system can be
disrupted by somemicrocontaminants having the ability
to imitate hormones and block receptor cites (Mnif et al.
2011). These contaminants are commonly called endo-
crine disruptor compounds (EDCs) or endocrine-
disrupting chemicals. These EDCs tend to hasten or
block the processes of the endocrine system, and the
changes associated with it are irreversible. The EDCs
have been classified into three main groups namely,
androgenic, thyroidal, and estrogenic (Komesli et al.
2012). This classification is based on specific hormones
that are targeted by the EDCs.

EDCs and pesticides enter the environment (soil,
water and air) mainly through human activities such as
accidental chemical spillage, agricultural applications,
and municipal sewage (Hecker and Hollert 2011; Jensen
and Olesen 2014; Damalas and Eleftherohorinos 2011).
About 40% of the world’s population is expected to
experience water stress or scarcity by 2050 (Misra
2014; Gosain et al. 2006); hence, the treatment of mu-
nicipal wastewaters for their reuse has become a viable
solution to alleviate the water shortage concerns. Treat-
ed water can either be released back into the environ-
ment or instantly reused. Many plants are being used for

the treatment of wastewater and those specifically used
for the removal of pesticides, and EDCs include mem-
brane bioreactors (MBRs), conventional activated
sludge (CAS), and biological nutrient removing (BNR)
activated sludge systems amongst others (Komesli et al.
2016). A more recent system is the multiple barrier
approach which includes various processes collectively
used to reduce water contamination to the lowest possi-
ble level (Health Canada 2014). A failure in one of the
barriers is not expected to greatly affect the overall
treatment process, and as such, the refined water would
pose minimal health risk to the public. Detection of
selected analytes at trace levels using a simple
extraction/preconcentration method is very crucial to
develop wastewater treatment strategies to get safe
water.

Contaminants inwater usually occur at trace and ultra
trace levels which are not easily detected by direct
analytical methods. There is therefore the need for var-
ious preconcentration techniques to be able to lower the
limits of instrumental detection. An appropriate analyt-
ical method when developed is used to test for contam-
inants in wastewater before (influent) and after (effluent)
the treatment process. Chromatographic methods have
been the preferred techniques for the characterization
and identification of not only pesticides and EDCs, but
for a wide range of compounds including the analogues
of homoserine lactone and nicotine (Bakaraki et al.
2016; Dobrowska et al. 2016). Those of low molecular
weight and boiling point are preferably determined by
gas chromatographic methods equipped mostly with
flame ionization detector (FID), electron capture detec-
tor (ECD), and mass spectrometer (MS) (Zhao et al.
2016; Hassan and Sarkouhi 2016; Anjos and Andrade
2014). Instrumentations such as liquid chromatography
tandem mass spectrometry (LC-MS/MS), high-
performance liquid chromatography-electron spray
ionization-tandem mass spectrometry (HPLC-ESI-MS/
MS), and high-performance liquid chromatography in-
ductively coupled plasma-mass spectrometry (HPLC-
ICP-MS) have been used for the more polar compounds
without the need for derivatization (Sönmez et al. 2012;
Gui et al. 2016; Grimalt and Dehouck 2016). The intro-
duction of dispersive liquid-liquid microextraction
(DLLME) (Rezaee et al. 2006) has led to the detection
of pesticides and EDCs at trace levels in comparison to
those repor ted for so l id -phase ex t rac t ion /
microextraction (Muz et al. 2012; Cai et al. 2013). Other
advantages of the DLLME method include the usage of
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very low amounts of organic solvents, high recoveries,
and a very short extraction period.

This study was aimed at developing a sensitive
DLLME method for the trace determination of selected
hormones, pesticides, and EDCs in water medium.

Materials and methods

Apparatus

The separation, identification, and quantification of
analytes were achieved by an Agilent 6890 GC gas
chromatograph system, fitted with an HP-5MS capillary
column (30 m × 250 μm; 0.25 μm) and a mass selective
detector. All injections were done in the splitless mode
with a standard/sample volume of 1.0 μL and helium as
carrier gas at a flow rate of 1.8 mL min−1. The injector
port and transfer line temperatures were 250 and 280 °C,
respectively. A ramp temperature program consisting of
an initial 70 °C was increased to 180 °C (60 °C min−1)
and then to 210 (4.0 °C min−1). The final ramp was to
280 °C at a rate of 40 °C min−1 and held for 2.0 min.
Peaks from the total ion chromatogram were integrated
according to the prominent ion fragment (m/z) of each
analyte.

Chemicals

The reagents used throughout the study were of analyt-
ical grade, obtained from Merck (Germany). Acetoni-
trile was used to prepare all stock and working standard
solutions. Methanol, chloroform, dichloromethane, eth-
anol, acetone, carbon tetrachloride, 1,2-dichloroethane,
potassium nitrate, barium chloride, potassium chloride,
sodium chloride, and potassium chloride were used in
the optimization process of the DLLME. Bisphenol A
(99.8%), 4-n-octylphenol (99.5%), diazinon (99%), cis-
chlordane (99%), Aldrin (99%), estrone (99.5%), 17-β-
estradiol (95.4%), heptachlor (99%), 4-n-nonylphenol
(99.9%), and endosulfan α-β (99%) standards were all
obtained from Dr. Ehrenstorfer (Augsburg, Germany).
Presented in Table 1 are the uses, classification, and
target hormones of each chemical.

DLLME protocol

An 8.0 mL aqueous sample/standard solution was
placed in a 15-mL centrifuge tube containing 0.50 g of

potassium iodide. The dispersive/extractor mixture was
prepared in a separate tube by adding 200 μL chloro-
form to 2.0 mL methanol, and it was taken up and
injected into the aqueous solution with a syringe. The
resulting cloudy solution was shaken in the up-and-
down motion for 30 s and centrifuged at 3461g for
2.0 min. About 50-μL volume was taken from the
settled chloroform phase at the bottom of the tube and
placed in microvolume insert vials for auto injections.

Samples

Municipal wastewater from a submerged-type mem-
brane bioreactor (MBR) was obtained from an Ad-
vanced Biological Wastewater Treatment Plant and fil-
tered with a 125-mm Sartorius filter paper and a
0.45-μm RC syringe filter. Synthetic wastewater pre-
pared according to Bakaraki et al. (2016) was taken
from a small-scale continuous-type MBR with an effec-
tive capacity of 1750 mL and filtered similarly to the
municipal wastewater. The municipal wastewater ob-
tained in bulk was stored at 4.0 °C, but the synthetic
wastewater was taken freshly from the reactor for anal-
ysis. Tap water samples were taken from Bayrampaşa,
Beylikduzu, Beykoz, and Maltepe districts of Istanbul.

Results and discussion

The factors affecting the extraction process were opti-
mized to obtain high extraction outputs and recoveries
for all analytes. The optimization was done by varying
one parameter at a time, while keeping the other param-
eters constant. The reproducibility of each optimization
step was determined by calculating the percent relative
standard deviation (%RSD) of triplicate extractions per-
formed for one of the varying parameters.

Extraction solvent type

An extractor solvent should have a high affinity to
dissolve the analyte(s) of interest and should be immis-
cible with water. A common problem encountered with
extraction procedures is the volatilization of the extrac-
tor solvent after extraction, leading to a reduced volume
and a more preconcentrated analyte solution. This poses
challenges in determining the exact preconcentration
factor of the method. Solvents with greater densities
than water were therefore used to alleviate this problem,
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and it also provided an ease in taking up the settled
organic phase from the narrow conical bottom of the
centrifuge tube. The solvents tested for their extraction
outputs included chloroform (ρ = 1.56), dichlorometh-
ane (ρ = 1.33), 1,2-dichloroethane (ρ = 1.25), and car-
bon tetrachloride (ρ = 1.59), having polarity indexes of
4.1, 3.1, 3.5, and 1.6, respectively. The polarity index of
a solvent represents the degree of its interaction with
various test polar solutes. With the exception of 1,2-
dichloroethane, 200 μL of each solvent was mixed with
2.0 mL methanol and injected into 8.0 mL aqueous
solution spiked with the mixed standards to 50 ngmL−1.
1,2-Dichloroethane was omitted because it is immisci-
ble with methanol, but its extraction output was deter-
mined in the disperser solvent-type optimization step.
Peak area results obtained from integrated chromato-
grams indicated that extraction efficiencies for the
analytes of interest in case of chloroform were the
highest if compared with other solvents used. Results
can be seen in Fig. 1. The high polarity index of chlo-
roform having higher density (ρ = 1.56) than water
could have resulted in a more effective mass transfer
of analytes from the aqueous solution.

Extraction solvent amount

The optimum chloroform amount was thus determined
by repeating the extraction process using 100-, 200-,
300-, and 400-μL volumes. The highest output was
recorded for 100 μL, and the relatively lower outputs
of the higher volumes can be attributed to the dilution of
analytes. The final volume of chloroform that settled at
the bottom of the tube was observed to have been

reduced to almost half the initial volume added. The
conical bottom of the 15-mL centrifuge tube used was
not narrow enough to ensure an easy collection of the
100μL settled chloroform phase. This therefore resulted
in inconsistent extraction outputs for replicates of the
100μL extractor volume. The 200-μL volume also gave
a high extraction output, and the settled chloroform
phase was clearly distinguished from the aqueous phase
at the bottom of the tube, thereby facilitating easy ana-
lyte solution pickup for analysis. The 200-μL chloro-
form volume was therefore selected for further optimi-
zation studies.

Dispersive solvent type and amount

A dispersive solvent is selected based on its miscibility
with both water and extractor solvent. The use of the
dispersive solvent increases the surface area of contact
between extractor solvent and analyte solution, thereby
enhancing extraction. The dispersive solvents tested for
their extraction outputs were methanol, ethanol, ace-
tone, and acetonitrile. The extraction output of 1,2-di-
chloroethane/ethanol mixture was compared to the op-
timum result in this optimization step since it could not
be performed in the solvent-type selection step. Metha-
nol gave the highest extraction output compared to the
other dispersive solvents, and it was also higher than the
1,2-dichloroethane/ethanol mixture’s extraction output.
The optimum amount of methanol was therefore exam-
ined using 0.50, 1.0, 2.0, and 3.0 mL. The results
obtained from integrated peak area of all analytes
showed no significant increments in extraction outputs
for the different volumes tested. However, 2.0 mL was

Table 1 Classification of
analytes and target endocrine
systems

Chemical Use (classification) Endocrine system target

Heptachlor Insecticide (cyclodiene) Thyroid gland

Aldrin Insecticide (organochlorine) Estrogen

cis-Chlordane Pesticide (organochlorine) –

Dieldrin Insecticide (organochlorine) Estrogen

Endosulfan α and β Pesticide/insecticide (organochlorine) Estrogen

Diazinon Insecticide (organophosphate) –

Estrone Estrogen (female reproductive hormone) –

17-β-Estradiol Estrogen (female reproductive hormone) –

4-n-Nonylphenol Pesticide/insecticide (alkylphenol) Estrogen

4-n-Octylphenol Detergents (alkylphenol) Estrogen

Bisphenol A Plastics/epoxy resins/can coatings Estrogen
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selected for further optimizations due to its slightly
higher output and being a more practical volume for
the 15-mL centrifuge tube used.

Salt type and amount

The efficiency of an extraction depends on the ability of
analytes to move from the aqueous phase into the or-
ganic phase. In order to decrease the solubility of
analytes in an aqueous solution and increase their mo-
bility into the organic phase, different salts are usually
added. The salt effect was thus examined using KNO3,
BaCl2, KCl, NaCl, and KCl. The 12 analytes exhibited
different extraction outputs for the different types of
salts used. Potassium iodide (KI) gave the highest ex-
traction outputs for 9 out of the 12 analytes and KNO3

for the other 3. The percentage difference between the
extraction outputs of KI and KNO3 and the other salts
was between 9 and 67%. KI was thus selected and its
optimum amount was determined using 0.50, 1.0, 2.0,
and 3.0 g. A steady decrease in extraction output was
observed with increasing salt amount. This can be at-
tributed to the excess salt amount inhibiting the interac-
tion between the extractant and the analytes. The 0.50-g
KI amount was therefore selected as optimum value.

Effect of pH

The pH of an aqueous solution determines whether an
analyte exists in an ionic or molecular state, which in
turn affects the movement of the analyte into the

extracting organic phase. Analytes in the ionic state
favor the formation of complexes prior to extraction,
but direct extraction of analytes into the organic solvent
requires the analyte to be in the molecular form. The
effect of pH on all 12 analytes was therefore examined
in the range 5–9. The lowest extraction outputs were
recorded at pH 5 for all analytes, indicating a significant
ionization of analytes in the acidic medium. A very
sharp increase in extraction output was recorded at
pH 6, after which a steady decrease continued to pH 9.
pH 6 was therefore selected as optimum pH value for
further optimization.

Effect of mixing and mixing period

One of the most important advantages of the DLLME
method is how rapid the extraction of analytes is accom-
plished. Even without mixing, substantive extraction
outputs are recorded due to the large surface area formed
between the aqueous solution and extractor solvent, by
reason of the dispersive solvent. However, mixing fur-
ther enhances extraction by causing more movement of
the extractor solvent through the aqueous solution to
increase the pickup of analytes of interest. The effect of
mixing was therefore examined by subjecting the ex-
traction mixture to 5.0 min of mechanical shaking and
ultrasonication, 15 s of vigorous hand shaking, and a
fourth where the mixture was allowed to stand without
any form of mixing after the extractor/dispersive mix-
ture had been injected. The mixing due to mechanical
shaking gave the higher extraction outputs. The
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Fig. 1 Optimization of extraction solvent type: dichloromethane (1), chloroform (2), and carbon tetrachloride (3)
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optimum period of mechanical shaking was tested be-
tween 30 s and 10 min. The extraction outputs increased
steadily up to 5 min after which it begun to decrease.
The 5.0-min mechanical shaking was once again com-
pared to 30-s hand shaking, and a maximum percentage
difference of 7.1% was recorded for the analyte
bisphenol A. For this reason, 30-s hand shaking was
the preferred choice of mixing to promote a rapid ex-
traction process.

Analytical figures of merit

The analytical performance of the GC-MS system on the
12 analytes was determined with standards between
0.50 and 1.0 μg mL−1 using the optimized DLLME
method presented in Table 2. Calibration standards were
prepared in water by diluting appropriate aliquots of
acetonitrile-based mixed standards. The miscibility of

acetonitrile and water was ideal for preparing the water-
based standards for the extraction process. However,
preparing the aqueous standards from different volumes
of acetonitrile-based standards would result in different
analyte solubilities and consequently affect extraction
outputs. All extraction solutions were therefore prepared
by taking an equivalent amount from different
acetonitrile-based standards. The limits of detection
(LOD) and quantification (LOQ) were found to be be-
tween 0.09 and 3.4 and 0.30 and 11.2 ng mL−1, respec-
tively. The LODs, LOQs, RSDs, and correlation coeffi-
cients (R2) of all analytes are presented in Table 3. The
total ion chromatogram of a 10 μg mL−1 mixed standard
solution of all analytes is seen in Fig. 2. Tap water
samples obtained from Bayrampaşa, Beylikduzu,
Beykoz, and Maltepe districts of Istanbul were analyzed
with the optimum method, but none of the analytes was
detected.

Recovery tests

An analytical method is developed for its applicability to
real samples. The complicated matrix of most samples,
however, imposes challenges on the amount of analyte
that can be extracted from samples for analysis. It is
therefore important to perform recovery studies to de-
termine the effectiveness of the method for the intended
sample matrix. The recovery test for this method was
performed on tap water and wastewater by first running
a blank extraction to ensure that the analytes of interest
were not present, after which triplicate spike samples

Table 2 Optimized parameters of the DLLME method

Parameter Optimized value

Extractor solvent Chloroform

Extractor solvent amount 200 μL

Dispersive solvent Methanol

Dispersive solvent amount 2.0 mL

Salt type Potassium iodide

Salt-type amount 0.50 g

pH 6

Mixing type Hand shaking (30 s)

Table 3 Analytical figures of merit of analytes obtained with the optimized DLLME method

Chemical LOD (ng mL−1) LOQ (ng mL−1) %RSD Linear range (ng mL−1) R2

4-n-Octylphenol 0.09 0.31 2.2 0.50–500 0.9995

Diazinon 0.27 0.70 4.5 1.0–100 0.9998

4-n-Nonylphenol 0.16 0.55 3.9 0.50–250 0.9996

Heptachlor 2.25 7.49 4.1 10–250 0.9965

Aldrin 2.98 9.94 2.4 5.0–1000 0.9975

α-Endosulfan 3.36 11.19 6.1 10–500 0.9970

Chlordane 0.18 0.61 5.4 0.50–250 1.000

Bisphenol A 0.33 1.10 4.4 1.0–500 0.9995

Dieldrin 0.31 1.04 8.0 1.0–250 0.9997

β-Endosulfan 2.06 6.85 9.2 5.0–500 0.9992

Estrone 0.24 0.80 4.8 1.0–250 0.9995

17-β-Estradiol 0.30 1.01 7.4 1.0–1000 0.9992
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were extracted and analyzed. The spiking was done so
as to obtain a homogenized mixture that would match
real water samples contaminated with the analytes.

The percentage recovery of tap water spiked to final
concentrations of 5.0, 10, 50, and 100 ng mL−1 was
determined. This spiking range was specifically selected
because of the linearity exhibited for all analytes and to
determine the effectiveness of the recovery at different
concentrations. Presented in Table 4 are the percent
recoveries obtained for the different spiked concentra-
tions and their deviations from each other, expressed as

%RSD. There was no specific increasing or decreasing
trend in the recovery results obtained for the analytes at
different concentrations, and this can therefore be attrib-
uted to basic standard deviations in the extraction
processes.

The precision of the recovery tests was also deter-
mined based on both repeatability and reproducibility.
The repeatability of the recovery process was obtained
from triplicate extractions performed on a 50 ng mL−1

spiked tap water sample, performed by one analyst. The
%RSDs obtained were between 0.8 and 7.6%. In

Fig. 2 Total ion chromatogram of 10 μg mL−1 mix standard with identified peaks

Table 4 Percent recovery of
analytes spiked at different
concentrations

RSD calculated from the average
and standard deviation of recov-
ery results at different
concentrations

Chemical 5.0 ng mL−1 10 ng mL−1 50 ng mL−1 100 ng mL−1 %RSD

4-n-Octylphenol 97.5 98.0 96.7 97.7 0.6

Diazinon 100.1 96.6 103.7 96.4 3.4

4-n-Nonylphenol 98.4 99.5 99.0 100.7 1.0

Heptachlor 99.2 101.1 98.5 107.7 4.1

Aldrin 97.5 80.6 90.0 100.9 9.8

α-Endosulfan 95.1 109.0 100.9 99.5 5.7

Chlordane 101.4 97.6 98.8 100.7 1.8

Bisphenol A 90.8 104.9 106.4 97.7 7.2

Dieldrin 100.4 101.1 99.5 98.0 1.3

β-Endosulfan 99.2 97.1 104.3 97.4 3.4

Estrone 96.4 101.0 105.1 101.2 3.5

17-β-Estradiol 101.8 102.6 107.1 99.4 3.2
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addition, four different analysts performed triplicate ex-
tractions for 50 ng mL−1 spiked tap water samples for
the reproducibility test. As shown in Table 5, the aver-
age results from the triplicate extractions of each analyst
were used to determine the %RSD of each analyte.
Results from both repeatability and reproducibility tests
confirm that the method can be applied for tap water
determinations with high precision.

Wastewater is known to have a very complex matrix
that usually interferes with the extraction of analytes.
For this reason, the percent recoveries of the method for
both municipal and synthetic wastewater samples were
determined by spiking to 50 ng mL−1. The recovery
results of analytes from the spiked synthetic wastewater

were close to 100%, but the recovery results from the
municipal wastewater were between 84 and 102%
(Table 6). The relatively lower results of the latter sug-
gest a more complex matrix, but the recoveries are
substantial for both qualitative and quantitative determi-
nations should the analytes be present.

Conclusion remarks

Human exposure to pesticides and EDCs has become a
common phenomenon due to the persistent nature of
these chemicals in the environment. A sensitive analyt-
ical method was developed for the simultaneous deter-
mination of hormones, pesticides, and EDCs at trace
levels. The developed method is suitable for routine
laboratory analysis due to its simplicity and fastness. It
is also very economical and employs low amounts of
organic solvents that pose risk to human health and the
environment. The optimized method was applicable
over a wide concentration range and gave very low
LOD and LOQ values. The low RSD values obtained
for both repeatability and reproducibility tests indicate
the high precision of the method. High percent recover-
ies were obtained for all analytes validating the method
for its purpose of real sample application. This implies
that occurrence of analytes in tap water and wastewater
will not be hindered by the matrix but can be readily
determined and quantified.

Acknowledgements The authors duly acknowledge Yıldız
Technical University for the financial support (Scientific Research
Project, 2016-01-02-KAP04).

Table 5 Precision of recovery
process for a 50 ng mL−1 spiked
tap water based on the reproduc-
ibility of four different analysts

RSD calculated from the average
and standard deviation of recov-
ery results by different analysts

Chemical Analyst 1 Analyst 2 Analyst 3 Analyst 4 %RSD

4-n-Octylphenol 96.0 93.5 99.0 96.7 2.0

Diazinon 98.6 95.3 103.0 103.7 3.4

4-n-Nonylphenol 97.4 94.1 99.9 99.0 2.3

Heptachlor 94.6 100.6 103.1 98.5 3.1

Aldrin 101.1 101.1 86.0 90.0 7.1

α-Endosulfan 104.0 111.7 101.5 100.9 4.1

Chlordane 97.4 102.3 99.4 98.8 1.8

Bisphenol A 111.5 111.6 95.1 106.4 6.3

Dieldrin 92.1 103.2 97.6 99.5 4.1

β-Endosulfan 98.5 99.8 102.2 104.3 2.2

Estrone 98.8 106.6 101.0 105.1 3.0

17-β-Estradiol 105.2 105.7 98.7 107.1 3.1

Table 6 Percent recovery wastewater samples spiked at
50 ng mL−1

Chemical Municipal wastewater Synthetic wastewater

4-n-Octylphenol 92.8 ± 2.1 97.6 ± 2.1

Diazinon 90.1 ± 3.3 96.1 ± 2.3

4-n-Nonylphenol 91.2 ± 2.2 98.5 ± 0.9

Heptachlor 88.0 ± 3.8 94.1 ± 3.2

Aldrin 101.7 ± 9.4 96.7 ± 7.5

α-Endosulfan 89.0 ± 6.2 95.4 ± 3.9

Chlordane 90.1 ± 3.2 98.3 ± 1.9

Bisphenol A 89.7 ± 4.7 104.7 ± 7.2

Dieldrin 85.1 ± 2.8 99.1 ± 3.2

β-Endosulfan 89.3 ± 5.0 102.3 ± 3.6

Estrone 86.5 ± 4.6 96.0 ± 4.3

17-β-Estradiol 84.9 ± 5.6 95.9 ± 5.1

(±) n = 3 standard deviation (uncertainty)
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