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Figure 1. Structure of Malathion
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A new preconcentration method termed, homogeneous liquid-liquid microextraction via flotation 
FA) has been developed for the sensitive determination of Malathion in water samples. In this 

designed extraction cell was used for facile collection of organic solvent during the extraction 
procedure. The novel approach avoids the centrifugation step. In this extraction method, a mixture of toluene 
(extraction solvent) and acetone (homogeneous solvent) was added into a special vessel after addition of the 
sample solution. By using air flotation, the organic solvent was collected at the conical part of the designed cell.

affecting the extraction efficiency such as type and volume of extraction and homogeneous solvents, 
ionic strength and extraction time were studied and optimized. The new method (HLLME-FA) provides detection 

and calibration graph was linear in the range of 1.0 - 200 µg L-1. The results show that HL
FA is a suitable method for the determination of Malathion in water samples. 

Homogeneous liquid-liquid microextraction, Flotation assistance, Malathion, Gas 

INTRODUCTION 

as organophosphorous insecticide was used for the control of insects on fruits and 
vegetables. Also, Malathion has been used to control mosquitoes, flies, miscellaneous household 
insects, animal parasites, and human head and body lice [1]. The partition coefficient, log P of 
Malathion is 2.89 and the structure of Malathion is shown in the Figure 1.  

 
Figure 1. Structure of Malathion. 

 
The use of pesticides provides benefits for increasing agricultural production, but by 

bioaccumulation through the food web they can eventually become a risk or threat to both 
animals and humans. OPPs can be treated in a wide range of surface water, fruit, vegetable and 

For fast monitoring of the cause of environmental contamination by OPPs and 
accomplishment of risk assessment, sensitive, rapid and simple analytical methods are required. 
Several studies have been reported on the analysis of OPPs pesticides in aqueous sample 
Pesticide samples are usually enriched by liquid-liquid extraction[10, 11] or solid-

[12, 13]. In view of the aqueous sample, the conventional liquid-liquid extraction 
(LLE) often needs large amounts of toxic solvent and time-consuming procedure. Solid-
extraction (SPE) is a less time consuming than LLE and is used in many environmental fields
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[14]. However, the SPE column needs pretreatment and requires toxic organic solvent for the 
elution step.  

Solid-phase microextraction (SPME) has been developed for pretreatment of OPPs [15-17]. 
It is solvent-free, fast, portable and easy to use. But SPME also suffers from some drawbacks: 
its fiber is fragile and has limited lifetime and the sample carry-over is also a problem. 

The solvent microextraction technique such as dispersive liquid-liquid microextraction 
(DLLME) [18-23] which overcomes these problems by reducing the amount of the organic 
solvent have been used to extract and determination of OPPs pesticides [24]. Extraction solvents 
often used in DLLME are chlorobenzene, carbon tetrachloride and chloroform with higher 
density than water and all of which are potentially toxic to human and the environment. 
Typically, most DLLME method needs a centrifugation step in order to sediment extraction 
solvent. It is noted that the numbers of organic solvents lighter than water are more than heavier 
solvents. 

AbdelatyHabila et al. used activated carbon for separation of Malathion from soil and 
water samples [25]. The limit of detection (LOD) was 0.026 ng L−1. In 2018, a novel and green 
deep eutectic solvent based liquid phase microextraction (DES-LPME) methodology has been 
proposed for the assessment of Rhodamine B from cosmetic products and water samples. A 
deep eutectic solvent (DES) consist of tetrabutylammoniumchloride-decanoic acid (1:2) as 
extraction solvent and tetrahydrofuran as emulsification agent were used for the microextraction 
of Rhodamine B [26]. 

In 2012, a novel microextraction technique named homogeneous liquid-liquid 
microextraction via flotation assistance (HLLME-FA) was developed by Haji Hosseini and co-
workers [27]. HLLME-FA has been applied for the analysis of different compounds such as 
polycyclic aromatic hydrocarbons [28], uranium [29], chlorobenzenes [30], deltamethrin and 
permethrin [31], myclobutanil [32], cadmium and copper [33] and thiobencarb [34] in different 
real samples. 

The aim of this work is to develop an analytical method with suitable detection limits and 
good precision for the determination of Malathion. Extraction of the analyte took place from 
sample into the fine droplets of the extraction solvent. The extracting organic phase was 
separated by air flotation and the upper phase was withdrawn for gas chromatography analysis. 
The effects of various parameters, such as the kind and volume of the extraction and 
homogeneous solvents, extraction time and ionic strength were studied. The efficiency of the 
presented method was tested by analyzing real samples. 
 

EXPERIMENTAL 

Chemicals and reagents 

Malathion (98% purity) was purchased from Merck (Frankfurter Strasse, Darmstadt, Germany). 
Stock standard solution of Malathion was prepared in methanol (≥99.9%). Working standard 
solutions were prepared in doubly distilled water. All these solutions were stored at 4 ºC in the 
absence of light. n-Hexane (≥96%), n-heptane (≥99%), toluene (≥99.9%), 1-octanol (≥99%), 
methanol (≥99.9%), acetone (≥99.8%), acetonitrile (≥99.9%) and sodium chloride (≥99.5%) 
were purchased from Merck (Frankfurter Strasse, Darmstadt, Germany). The used water was 
purified on a Youngling ultra-pure water purification system (Aqua MaxTM-ultra, Dongan-gu, 
Anyang-si, Gyeonggi-do,Korea) (99.99%).  All the used reagents were of analytical grade or of 
the highest purity available. 
 

Instrumentation 
 

Analysis was carried out on a gas chromatograph (Agilent GC-7890) (Santa Clara, California, 
United States) equipped with a split/splitless injector system and flame ionization detector at 
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270 oC. A capillary column (DB5, 25 m × 0.32 mm i.d. and 0.25 µm film thickness) from SGE 
(Victoria, Australia) was used for the separation. The column oven temperature was initially 
heldat 150 oC for 2 min, raised to 200 oC at 5 oC min-1and held for 5 min. The injector 
temperature was set at 250 oC. The carrier gas was helium (purity, 99.999%) at a flow rate of 2 
mL min-1. 
 

HLLME-FA procedure 
 

A mixture of 0.5 mL acetone (≥99.8%, Frankfurter Strasse, Darmstadt, Germany) 
(homogeneous solvent) and 50 µL toluene (extraction solvent) were added to the home-designed 
extraction cell (length = 40 cm; diameter = 1.5 cm).  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2. Schematic of home-designed extraction cell. 
 

A 22 mL of saline aqueous sample solution was injected into extraction vessel. In this step, 
an emulsion consisting of the fine droplets of the extraction solvent were formed. After about 5 
min, by using air flotation, the organic solvent was collected on the top of the solution. Then, 
elevating the level of organic phase and its transformation to the narrow portion of the 
extraction vessel was done by injecting a few volumes of distilled water through the glass tube 
on the side of the cell. The collected phase in the narrow section of vessel was removed for 
injecting into the GC-FID system. The schematic of home-designed extraction cell is 
demonstrated in Figure 2. 

RESULTS AND DISCUSSION 
 

In order to obtain the best extraction performance, different parameters affecting the extraction 
process such as the kind and volume of extraction and homogeneous solvents, salt amount, and 
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extraction time were studied and optimized. Optimization of the variables mentioned was 
performed using one variable at a time method. 
Selection of extraction solvent 
 

In HLLME-FA, to facilitate collection of the extraction solvent in the narrow section of the 
extraction cell, the extraction solvent must have a lower density than water. Aliphatic solvents 
such as n-heptane, n-hexane, have virtually no toxic effects to mammals or birds. The U.S. 
Environmental Protection Agency states that aliphatic hydrocarbons present no major concerns 
for terrestrial effects. Aliphatic hydrocarbons are not as toxic as aromatic compounds. 
Information gained from animal studies supports the observations in humans that toluene can be 
ototoxic. Ototoxicity has been observed in rats when toluene was injected subcutaneously, via 
gavage dosing or by inhalation. Moderately toxic when ingested or inhaled, slightly hazardous 
when absorbed through skin, mild chronic irritant and chronic hazards are moderate by all 
routes.1-octanol very hazardous in case of ingestion by humans. Acute oral toxicity (LD50) of 
1-octanol is 1790 mg/kg in mouse. Four organic solvents including 1-octanol, n-hexane, n-
heptane and toluene were evaluated. The extraction recoveries for 1-octanol, n-hexane, n-
heptane and toluene were 57, 36, 28 and 71%, respectively. Therefore, toluene possessed the 
highest extraction recovery compared to the other extraction solvents. It seems that the solubility 
of Malathion in the toluene is more than the other tested solvents. Thus, toluene was chosen as 
the extraction solvent for the subsequent experiments.  
 

Selection of homogeneous solvent 
 

Miscibility of homogeneous solvent in the extraction solvent and aqueous phase is the main 
point for selection of a homogeneous solvent. Acetone, acetonitrile and methanol were 
examined as homogeneous solvents. The extraction recoveries for acetone, acetonitrile and 
methanol were 71, 69 and 70%, respectively. Therefore, the recovery variations using different 
homogeneous solvents were not remarkable. Thus, acetone was chosen as the homogeneous 
solvent for subsequent experiments, because of low cost and toxicity.  

 
Figure 3. Effect of volume of extraction solvent on the preconcentration factor (n = 3). 
 
Selection of extraction and homogeneous solvent volumes 
 

Optimization of volumes of the extracting solvent and the homogeneous solvent is a further step 
in development of a HLLME-FA procedure. Both of these volumes can influence extraction 
efficiency of the proposed method and thus have to be optimized. In order to study the effect of 
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extraction solvent volume on the extraction efficiency, different volumes of toluene (50.0, 60.0, 
70.0, 80.0, and 90.0 μL) were tested. By increasing the volume of toluene, preconcentration 
factor of the analyte decreased, owing to the increase in the volume of the collected organic 
solvent and dilution effect. Based on the experimental results (Figure 3), 50.0 μL toluene was 
adopted for further experiments. 

For obtaining optimized volume of acetone, experiment was done using different volumes of 
acetone (0.5, 1.0, 1.5 and 2.0 mL). The results (Figure 4) showed that with increasing of 
homogeneous solvent volume (acetone), the extraction efficiency decreased. This observation 
could be attributed to the increasing lipophilic characteristic in aqueous sample solution and 
decreasing distribution constant. Therefore, 0.5 mL of acetone was selected as the optimum 
volume for the homogeneous solvent. 

 
Figure 4. Effect of volume of homogeneous solvent on the extraction efficiency (n = 3). 

Effect of salt addition 
 

For investigating the influence of the salt addition on the HLLME-FA performance, several 
experiments were performed by adding varying the concentration of NaCl, from 0.5 to 3 M 
(Figure 5). By increasing the NaCl concentration up to 1.5 M, the extraction efficiency of the 
analyte increases, because of salting-out effect. Higher salt concentration decreases extraction 
efficiency, because of increasing solution viscosity that reduces dispersion phenomenon 
Therefore, 1.5 M was used in further experiments. 

 
Figure 5. Effect of NaCl concentration on the extraction efficiency (n = 3). 
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Effect of extraction time 

In HLLME-FA, extraction time is defined as interval between beginning of the dispersion and 
the end of dispersion just before air flotation. According to the other literature [27-33], 
extraction time is an important factor that may affect the analyte extraction efficiency from 
aqueous phase into the organic phase. Thus, the variation in extraction efficiency of Malathion 
as a function of extraction time was studied in the range of 0.5–10 min. The extraction 
recoveries in the extraction time of 0.5, 1, 5 and 10 min were 61, 71, 70 and 69%, respectively. 
Therefore, the time of 1 min is a good selection for extraction time. More than 1 min, the 
recoveries are constant. 

Quantitative analysis 

The characteristics of calibration curve were obtained under optimized conditions (Table 1). 
Linearity was observed in the range of 1.0 to 200 µg L-1 for Malathion with coefficients of 
determination (r2) of 0.9988. Calibration curve was plotted between peak area and 
concentrations of Malathion. The relative standard deviation (RSD, n = 4) at the three different 
concentration levels of Malathion are shown in Table 2. The detection limit (LOD) of an 
individual analytical procedure is the lowest amount of analyte in a sample which can be 
detected. LOD was calculated based on signal-to-noise approach. Determination of the signal-
to-noise ratio is performed by comparing measured signals from samples with known low 
concentrations of analyte with those of blank samples and by establishing the minimum 
concentration at which the analyte can be reliably detected. A signal-to-noise ratio of 3 is 
generally considered acceptable for estimating the detection limit. The limit of detection (LOD), 
based on signal-to-noise ratio (S/N) of 3 was 0.1 µg L-1. The limit of quantitation (LOQ), based 
on signal-to-noise ratio (S/N) of 10 was 1.0 µg L-1.  
 
Table 1. Quantitative results of HLLME-FA and GC-FID method for Malathion. Extraction conditions: 

homogeneous solvent (acetone) volume, 0.5 mL; extraction solvent (toluene) volume, 50.0 µL; 
concentration of NaCl, 1.5 M; extraction time, 1 min. 

 

Analyte Linear range (µg L-1) LODa(µg L-1) LOQb(µg L-1) r2c 
Malathion 1.0-200 0.1 1.0 0.9988 

aLOD, limit of detection for signal/noise = 3. bLOQ, limit of quantitation for signal/noise = 10. ccoefficientof 
determination. 

 
Table 2. Relative standard deviation (RSD) (%) (n = 4) at three concentration levels of Malathion. 

 

Concentration of Malathion (µg L-1)       RSD (%) 
5 7.8 

10 6.2 
100 4.5 

 

A comparison between the proposed method and the other methods for the extraction of 
Malathion are presented in Table 3. The RSD% and extraction time needed for the proposed 
method is better than of both single drop microextraction (SDME) [35] and solid-phase 
microextraction (SPME) [36] methods. Also, the disadvantages of SDME method are fast 
stirring which may break up the organic solvent drop; air bubble formation is possible and it is 
time-consuming and in most cases equilibrium is not obtained even after a long time. SPME 
suffers from some drawbacks: its fiber is fragile and has limited lifetime and desorption 
temperature, and also sample carry-over is a problem. The quantitative results of the proposed 
work are comparable with SDME and SPME methods without using sensitive detector such as 
MS and NPD. The important drawback of DLLME [24] is that the extraction solvent is limited 
to solvents of density higher than water in order to be sedimented by centrifugation. These 
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solvents are typically chlorinated solvents such as chlorobenzene, chloroform and carbon 
tetrachloride, all of which are potentially toxic to human and environment. Typically, most 
DLLME method has a centrifugation step, which is the extra time-consuming step in the 
extraction.  Therefore, the main advantages of the proposed method are the novel method does 
not need centrifugation to separate the organic phase and it is possible to the usage of low-
density extraction solvents. 
 
Table 3. Comparison of the proposed method with other extraction methods for determination of the 

Malathion in water samples. 
 

Methods RSD % 
Dynamic linear 
range (µg L-1) 

Limit of detection 
(µg L-1) 

Extraction time  
(min) 

Ref. 

SDME-GC-MS 14 0.5-100 0.073 15 [35] 
DLLME -GC-FPD 4.7 0.02-100 0.008 3 [24] 
SPME-GC-NPD 17 0.1-10 0.04 60 [36] 

HLLME-FA-GC-FID 7.8 1.0-200 0.1 1 This work 

 

 

Figure 6. GC-FID chromatograms of Malathionin river water, before spiking (A) and after 
spiking with 5.0 µg L-1 of Malathion(B) using proposed method combined with GC-
FID under optimum conditions (GC conditions: the column oven was initially held at 
150 oC for 2 min, raised to 200 oC at 5 oC min-1 and held for 5 min. The injector 
temperature was set at 250 oC and flame ionization detector at 270 oC. The carrier gas 
was helium at a flow rate of 2 mL min-1). 

Real water analysis 

The proposed analytical method was applied to determine Malathion in three types of water 
samples. Recovery experiments were performed at spiked concentration level of 5 µg L-1 by 
adding the standard solution into the water samples. For each sample, the extraction was 
repeated three times. Relative recoveries and relative standard deviations were calculated and 
listed in Table 4. The results indicated that the samples were free of Malathion. The relative 
recovery (RR) is obtained from the following equation:  

Retentio
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RR% = Cfound - Creal/Cadded × 100 

where Cfound, Creal and Cadded are the concentrations of the analyte after the addition of a known 
amount of standard in a real sample, the concentration of the analyte in a real sample and the 
concentration of a known amount of standard, which was spiked to the real sample, respectively. 
As can be seen, recoveries were in the range of 92–98% in the spiked samples indicating that the 
real water matrices had little effect on the extraction efficiency, and the method could be used 
for the determination of Malathion in the water samples. Figure 6 shows typical chromatograms 
of the river water before and after spiked at the concentration level of 5µg L-1 after HLLME-FA. 
It is mentioned that the peak (13.75 min) is related to unknown compound which is present in 
river water. 
 
Table 4. Determination of the relative recoveries of Malathion in spiked tap, well and river water samples. 
 

aFrom drinking water system of Tehran, Iran. bThe water was collected from well in Tehran, Iran. cKolakchal river 
water, Tehran, Iran. dNot detected. 

CONCLUSION 

In this study, HLLME-FA method was successfully used for the preconcentration of Malathion 
from water samples prior to analysis by GC-FID. Home-designed extraction cell was used for 
the easy collection of the floated organic solvent on the surface of aqueous sample.Under 
optimized working conditions,preconcentration factor up to 2500 was obtained from the 
targetedanalyte allowing to reach the LODof 0.1 µg L−1with an acceptable precision.The 
analytical technology offers numerous advantages such as ease of operation, low detection limit 
and relatively short analysis time. The performance of this procedure in the Malathion extraction 
from three different water samples was excellent. As a conclusion, the proposed method 
possesses great potential in the analysis of trace Malathion in water samples. 
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