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Highlights 
1- Examine the impact of NaCl concentration in external phase on the stability of emulsion liquid 
membrane, extraction and stripping efficiencies. 
2- Investigate the impact of different parameters on the stability, extraction and stripping 
efficiencies. 
3- 91.4% and 90% of Abamectin extracted and recovered respectively, with 0.83% breakage 
percent achieved at the best conditions. 
 
Abstract: 
Emulsion stability is the key difficulty in using emulsion liquid membrane (ELM) method for toxic 
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contaminants sequestration. The present study investigates the stability, the extraction and 
stripping efficiencies of emulsion liquid membrane (ELM) for Abamectin pesticides removal from 
aqueous solution. The proposed ELM has been to explore its capability in the extraction and 
stripping of Abamectin as an example of pesticides from wastewater without using carrier agent. 
ELM consists of corn oil and kerosene (1:1) as a diluent, 4% (v/v) Span 80 sorbitan monooleate 
as a surfactant and hydrochloric acid (HCl) as a stripping agent. Factors like mixing speed, HCl 
concentration, feed phase concentration and external to emulsion volume ratio were assessed. 
Findings show that the higher stability in terms of breakage percent 0.83 % were formed at 250 
rpm of mixing speed, 0.25M HCl, feed phase concentration of 50 ppm, feed phase pH of 5 and 5:1 
treat ratio, while 91.4 % and 90% of Abamectin pesticides were extracted and recovered 
respectively under these conditions. The result of this study can be extended to the removal of 
other type of pesticides from water and wastewater.  
Keywords: Emulsion liquid membrane, Pesticides, Stability, Extraction 
1. Introduction 

Pesticides are chemicals or chemical combinations that are mostly employed in farming or public 
health defense programs to protect plants from pests and illnesses, as well as humans from vector-
borne illnesses like malaria (Nicolopoulou-Stamati et al., 2016). Furthermore, pesticides 
frequently seep into neighboring water bodies from their place of original application, leading to 
secondary water contamination (Ighalo et al., 2020). Pesticides presence in human drinking water 
may cause headache, nausea, vomiting, neurological toxicity and respiratory failure. Therefore it 
is considered one of the main factors that cause death by self-poisoning. There are several 
traditional techniques used to treat water and wastewater from pesticides such as, chemical 
oxidation (Lu et al., 2009), revers osmoses membrane (Mukherjee et al 2020), electrochemical 
process (jModirshahla et al., 20081). All of the aforementioned processes have pros and cons 
relating to operational and capital expenses, effectiveness, dependability, operability, creation of 
sludge and poisonous byproducts, environmental impact and the requirement for pretreatment. The 
goal of creating innovative, low-cost procedures that can replace current separation and 
purification technologies is difficult. Membrane technologies offer a significant replacement for 
the traditional separation and purification procedures in many industrial areas. For extracting and 
concentrating metal ions from aqueous dilute solutions, ELM technology has been hailed as a 
breakthrough in solvent extraction. Liquid membranes have demonstrated remarkable potential at 
solute concentrations are low. Other methods, which combine the extraction and stripping of 
extraction and stripping the compound from industriel and municipal wastewater in a single unit 
operation such as (a) rare earth metals recovery (Wannachod et al., 2014), (b) dye removal 
(Muthuraman et al., 2010; Mohammed et al.,2020), (c) Extraction of pesticides from wastewater 
(Đorđević et al., 2017), (d) organic compound removal (Ng et al., 2010),(e) Phenol removal 
(Majeed and Mohammed, 2017),  ELMs are double water-in-oil-in–water emulsions (W/O/W) 
stabilized by employment of suitable surface active agents. The three-phase dispersion system in 
the ELM method are organic or membrane phase, internal or stripping phase, and external phase 
(Salman and Mohammed 2019a). ELMs are true double emulsions, an internal aqueous phase 
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being spread as small droplets into oil phase, while the resulting emulsion is spread as large 
droplets into the external aqueous phase (Salman and Mohammed, 2019b;  Anarakdim et al., 
2020). The three most prevalent types of liquid membranes are bulk liquid membrane, emulsion 
liquid membrane, and supported liquid membrane (Mahmoud and AL-Hemiri, 2010). The most 
crucial factors in this investigation that enable Abamectin extraction from wastewater and their 
result on membrane stability, extraction and stripping efficiencies by the liquid membrane 
technique were evaluated by mixing kerosene and corn oil as solvent without the use of a carrier 
agent. These variables are established as volume ratio of (external /emulsion), HCl concentration 
as internal phase, mixing speed, feed concentration, pH of external phase and NaCl concentration 
in feed phase. 
2. Materials and methods" 
 2.1. Materials" 
Liquid membranes (LMs) are contains the surfactant (span 80) was purchased from (Merck, 
Germany), kerosene (Iraq southern oil company) and corn oil (Afia, Kingdom of Saudi Arabia) as 
diluent. HCl solution (Thomas beaker, India), as the internal (stripping) phase. Pesticides 
containing Abamectin (Agroshtina, China) were dissolved to prepare the external phase. NaCl 
(Merck, Germany) and NaOH (Thomas beaker, India) as required.             
2.2. Preparation emulsion 
Organic phase consist of 4% (v/v) equal (1mL) span 80 was spread into 24 mL of "corn oil and 
kerosene" (1:1) ratio, and the organic phase received 25 mL of a drop-by-drop addition of HCl 
solution., used a high-speed homogenizer to homogenize the mixture (SR30, 670/340 W, 50/60 
Hz, Korea) at 5800 rpm for 8 min. 
2.3. Stability Study 
The emulsion poured into 50 ppm Abamectin aqueous solution. A mixer was used to agitate the 
system at 250 rpm during 15 minutes, Then samples of the external phase were taken for 
measurement of Abamectin concentration and pH. Membrane breakage B (%) was calculated 
using equation (1) below (Sabry et .al. 2007;Mohammed and Selman 2018).                                                                                                   

B(%) = × 100%                                                                           (1)  

Where V ∶ internal phase initial volume and  V : internal phase volume that leaks in to feed phase, 
that could be evaluated using equation (2) below. 

V = V
10 − 10

10 − [H ]
× 100                                                        (2)           

Where V i: volume of initial feed phase, pH : initial feed phase pH, pH : feed phase pH after the 
mixing time, while [H ] : proton concentration in internal phase . 
2.4. Extraction Study  
The extraction investigation was conducted by determining the removal efficiency of Abamectin 
from feed phase by using the equation (3) below. 

E% =
C − C

C
× 100%                                                               (3) 
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Where C : external phase initial Abamectin concentration, and C , the post- extraction 
Abamectin concentration in external phase.  To determine Abamectin concentration using a UV- 
visible spectrophotometer (Thermo Spectronic, USA) at the wave length of 210 nm. Fig. 1 
represents the sequence of ELM process. 

 
Fig.1 Sequence of ELM process 
 
2.5. Stripping Study 
The extraction steps, which de-emulsify and separate the double emulsion (water in oil) into 
internal and oil phases, were followed by the stripping process. Equation was used to calculate the 
concentration of Abamectin removed from the membrane phase (4).  

 %S = × 100                                                                  (4) 

Where C  and C  are the final concentrations of solute in the external and internal phases, 
respectively. 
Experimental condition of the emulsion liquid membrane as given in Table 1. 
Table1 Experimental conditions for ELM 
 
 
 
 
 
Organic phase 

Volume (mL) 
 

25 

Span 80 %(v/v) 
 

4 

Diluent 
 

1:1 corn oil to kerosene 

Homogenizer speed (rpm) 
 

5800 

Emulsification time (min) 8 

 
 

Volume (mL) 250 
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External phase 

Abamectin concentration (ppm) 25, 50, 75, 100 
 

Feed to emulsion ratio 25/1, 10/1, 5/1, 3/1, 2.5/1" 
 

pH 2, 3, 4, 5, 6, 7, 8 

NaCl concentration (g/L) 
 

0, 5, 15, 30, 45 

Mixing speed (rpm) 
 

150, 200, 250, 300, 350 

Extraction time (min) 
 

15 

 
 
Internal phase 

 
Volume (mL) 

 
25 

 
"[HCl] (M)" 

 
1%, 5%,  15%,  25% , 5%"" 

 
3. Results and discussion 
3.1. Effect of HCl concentration in the internal phase 
Hydrochloric acid concentration in the internal phase has a significant effect on emulsion stability, 
extraction and stripping efficiencies in the emulsion liquid membranes. Due to variations in 
chemical potential, the extraction rate rises as the internal phase's acidity rises.The difference in 
ionic strength between the aqueous phases, however, caused membrane expansion and emulsion 
instability as the acidity level rose more("Laki and Kargari, 2016"; Noah "et al., 2016"). The 
outcomes are plotted in Fig 2, as shown in this figure; the breakage percentage decreased from 
18.2% to 1.12% and increased the extraction efficiency and stripping efficiency from 55% to 
86.4% and from 50% to 80.5% respectively, with increased HCl concentration from (0.01 to 0.25) 
M. When the concentration of HCl rises over 0.25 M, lead to rise the membrane breakage to 4.49% 
and decline extraction and stripping efficiencies to 62.4% and 57.3% respectively. At levels above 
0.25 M HCl, the HCl reacts with the Span 80 lead to reducing the Span 80 activity and 
consequently that of the membrane stability (Ahmed et al., 2011). Maximum extraction and 
stripping efficiencies of 86.4% and 80.5% respectively, and minimum breakage percent of 1.12% 
were achieved using 0.25M HCl. Therefore, the value of 0.25 M HCl was selected for this study. 
The same trend was noticed by Kumbasar, 2008. 
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Fig 2, Impact of [HCl] on membrane breaking, extraction, and stripping for Abamectin " 5800 rpm 
homogenizer speed, ET: 8 min, (I/O.) =1:1, 4% (v/v) Span80, pH: 7, 250 rpm mixing speed for 15 
minutes, 5:1 ratio  of feed to emulsion " 
3.2. Effect of feed concentration 
The effect of the feed phase Abamectin concentration on membrane stability, extraction and 
stripping efficiencies in the range from 25 to 100 mg/L (ppm) was investigated and displayed in 
Fig. 3. At increasing feed concentration from 25mg/L to 50 mg/L lead to increase the extraction 
and stripping efficiencies from 72.8% to 86.4% and from 67.2%  to 80.5%  respectively, and 
decreased the breakage percent from 1.91% to 1.12%.  While increasing the concentration of 
Abamectin above the critical value  to  75 mg/L and 100 mg/L caused to reduction in extraction 
and stripping efficiencies from 77% to 68% and from 71.2% to 59% respectively, but observed 
rising in the breakage percent from 1.63% to 2.21%. This behavior occur because of the quickly 
saturation of the internal droplets that led to a longer diffusion path and lower yield of Abamectin 
removal (Seifollahi and Rahbar-Kelishami, 2017). Feed Abamectin concentration of 50 ppm was 
indicated the optimal concentration.  
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Fig 3, Impact of feed concentration on membrane breaking, extraction, and stripping for 
Abamectin " 5800 rpm homogenizer speed, ET: 8 min, (I/O) =1:1, 0.25 M HCl, 4% (v/v) span80, 
pH: 7,: 250 rpm mixing speed for 15 minutes,: 5:1 ratio of feed to emulsion " 
3.3. Effect of external phase pH 
The difference in [ H ] between internal and external phases is play a crucial part on the extraction 
and membrane stability (Mohammed and Selman, 2018). Also, it can help to speed up the emulsion 
droplets de-emulsification (Mohammed et al., 2020). A pH was examined for feed phase in the 
range between 2 and 8. Fig 4 results plot demonstrates the extraction and stripping efficiencies of 
Abamectin pesticides increased from 20% to 91.4% and from 14% to 90% respectively, with 
increased the external phase pH from 2 to 5, but the breakage percent decline from 26.04% to 
0.83% at 12 min contact time. This may be due to that higher  H concentration at low acidity 
pH=2 led to reduce the surfactant activity hence, reduce the emulsion stability and decrease the 
extraction efficiency (Sebry et al., 2007). Furthermore, at pH above 5 the emulsion stability, 
extraction and stripping efficiencies started to drop slightly. This could be attributed to the fact 
that the anion exchange reaction releases protons .Additionally, a pH increase above 5 may result 
in the emergence of new species. The maximum Abamectin extraction and stripping efficiencies 
of 91.4% and 90% respectively, and minimum breakage percent of 0.83% in external phase pH 
equal 5.   
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Fig. 4, Impact of feed phase pH on the membrane breaking, extraction and stripping, for 
Abamectin" " 5800 rpm homogenizer speed, ET: 8 mins, (I/O) =1:1, 4%. (v/v) Span80; 0.25M 
HCl, 250 rpm mixing speed for 15 minutes, 5:1 ratio of  feed to emulsion " 
3.4. Effect of mixing speed 
Mixing speed has been important role on emulsion stability, to study the impact of blending speed 
on extraction and stripping of Abamectin, the results of mixing the external phase and emulsion 
phase with stirring speeds between 150 and 350 rpm are depicted in Fig. 5. At minimum mixing 
speed 150 rpm, the extraction and stripping efficiencies were low about 72.3% and 65.3% 
respectively, with breakage percent of 2.3% because of the formation of bigger emulsion globule, 
significantly decrease the mass transfer area accessible. Abamectin in the external phase was 
eliminated more quickly from the treatment when the mixing speed was increased from 150 to 250 
rpm. At mixing speed 250 rpm obtain to higher extraction efficiency of 91.4% and stripping 
efficiency of 90% with lower breakage percent of 0.83% .This could be because increasing the 
stirring speed reduces both the size of droplets and the thickness of the layer. Better dispersion 
results from smaller emulsion liquid droplets. Increased transfer rate and removal effectiveness 
because there is more accessible interfacial area between the external and the organic phases 
(Mortaheb et al., 2008).However, the extraction efficiency declines and the emulsion become 
unstable when the mixing speed is increased over the critical point. Therefore, stirring speed of 
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250 rpm is indicated as the most optimal. The same behavior was noticed by Mohammed and 

Selman, 2019.  
Fig. 5, Impact of mixing speed on the membrane breaking and extraction, stripping, for 
Abamectin" " 5800 rpm homogenizer speed, ET: 8 min, (I/O) =1:1, 4%. (v/v) Span80, 0.25M HCl, 
pH: 5, 5:1 ratio of feed to emulsion" 
3.5. Effect of external to emulsion volume ratio (treat ratio) 
Treatment ratio (TR) is an external to emulsion phases volume ratio, it has essential role in 
evaluating the effectiveness of ELM, to investigate the impact of the treat ratio on the extraction 
efficacy, stripping efficacy of Abamectin pesticides and emulsion stability, treat ratio was 
examined at different range (25/1, 10/1, 5/1, 3/1, 2.5/1). The outcomes shown in Fig. 6 illustrate 
at treat ratio of (5/1) the extraction efficiency and stripping efficiency of Abamectin was highest 
value about 91.4% and 90% respectively with lowest breakage percent of 0.83%. Increasing the 
treat ratio led to decreasing the extraction and stripping efficiencies and increasing the break 
percent from 81% to 60% and from 77% to 50% and from 1.03% to 2.25% as the treat ratio 
increased from 10/1 to 25/1 respectively. This behavior is due to few emulsion is available to 
eliminate the pollutant, where a processing would be desirable standpoint to maximize the solute 
extraction from the feed phase (gDaas and kHamdaoui, 2010; sMohammed and gSelman, 2018). 
Reduction in stripping percent could be caused by the relatively little interior phase volume that is 
presented to remove the solute when compared to the exterior phase volume. Additionally, the 
stability was unaffected by the feed to emulsion phase volume ratio, because with an increase in 
this volume ratio, the breakage marginally increases (Djenouhat et al., 2008). On other hand, 
decreasing the treat ratio to (3/1) and (2.5/1) lead to decline the extraction and stripping efficiencies 
from 84% to 74% and from72% to 63% and , and increasing the breakage percent from 1.35% to 
1.49% respectively. This is produced by insufficient phase stirring due to a large portion of the 
viscous emulsion phase. The volume ratio of external to emulsion phase of (5/1) was selected as 
the best treatment ratio.  
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Fig. 6, Impact of treat ratio on membrane breaking, extraction and stripping, for Abamectin" 5800 
rpm homogenizer speed, ET: 8 min, (I/O) =1:1, 4% (v/v) Span80, 0.25M HCl, pH: 5, 250 rpm 
mixing speed "" 
3.6. Effect of salt concentration  
Based on the various industrial conditions, salt could be present in waste water at a variety of 
concentrations. Salt can affect the ELM method by altering the ion strength in feed phase that has 
an impact on the membrane stability (Yan and Pal, 2004). Experiments were carried out in the 
same operational circumstances that were previously specified. The influence of sodium chloride 
(NaCl) concentration on the membrane breakage, extraction and stripping efficiencies of 
Abamectin were studied by add varying NaCl concentrations in feed phase at 0, 5, 15, 30, 45 g/L 
and the results are plotted in Fig. 7. It is observed from Fig. 7, that the membrane breakage, 
extraction and stripping efficiencies of Abamectine increased sodium chloride content up to 5 g/L 
had no impact on them . 
At greater salt concentration (15– 45 g /L), the membrane stability, extraction and stripping 
efficiencies progressively decreased.  This behavior due to the increases of emulsion droplets size 
with increasing salt concentration in feed phase aqueous solutions (Zheng et al., 2009a; Zheng et 
al., 2009b). The same behavior were observed by Dass and Hamdaoui, 2010; Peng et al., 2012.  
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Fig 7, "Impact of NaCl concentration in feed phase on membrane breaking, extraction and 
stripping for Abamectin " 5800 rpm homogenizer speed , ET: 8 min, (I/O) =1:1, 0.25 M HCl, 4% 
(v/v) span80, pH: 7,: 250 rpm mixing speed for 15 minutes, 5:1 ratio of feed to emulsion" 
4. Conclusions 
In this work, the feasibility of using a mixture of green organic solvent (Corn oil) and petroleum 
based organic solvent (Kerosene) in the volume ratio 1:1 as diluent in emulsion liquid membrane 
for the removal of Abamectin pesticides from wastewater was investigated. The effect of various 
parameters on emulsion stability and consequently on the Abamectin extraction and stripping have 
examined and results showed that increasing the HCl concentration in the internal phase from 0.01 
M to 0.25 M decreased the breakage percent from 18.2% to 1.12% and increased the extraction 
and stripping efficiencies from 55% and 50% to 86.4% to 80.5% respectively. As the HCl 
concentration rises over this level resulted in an increase the breakage percent to 4.49% for 0.5 M. 
This has an adverse effect on Abamectin extraction and stripping efficiencies. The influence of 
Abamectin feed concentration showed that with increasing Abamectin concentration from 25 ppm 
to 50ppm, the emulsion breakage decreased from 1.91% to 1.12%.  Increasing the feed phase pH 
from 2 to 5 enhanced the emulsion stability and hence extraction and stripping efficiencies. While 
at pH above 5 had adverse effect on emulsion stability, extraction and stripping efficiencies, 
mainly because of the anion exchange process, which results in the release of protons. 
Additionally, a pH increase above 5 may result in the emergence of new species. The effect of 
mixing speed showed that with raising the mixing speed to 250 rpm the emulsion breakage 
decreased and the extraction and stripping efficiencies  enhanced while further increased in this 
speed, the stability of emulsion decreased and hence Abamectin extraction and stripping 
efficiencies decreased. Finally lower emulsion breakage percent of 0.83% and higher extraction 
and stripping efficiencies 91.4% and 90% from the aqueous solution under the best operating 
condition, 250 rpm mixing speed, 0.25 M HCl concentration, pH of feed phase =5, treat ratio 5:1, 
and Abamectin feed concentration 50 ppm. It can be calculated that emulsion liquid membrane 

0

1

2

3

4

5

6

0
10
20
30
40
50
60
70
80
90

100

0 10 20 30 40 50

%
 B

re
ak

ag
e

%
 E

xt
ra

ct
io

n/
 S

tr
ip

pi
ng

NaCl concentration (g/L)

% Extraction % Stripping

% Breakage



 
 
 

3662 
 

Ann. For. Res. 65(1): 3651-3664, 2022 
ISSN: 18448135, 20652445 

ANNALS OF FOREST RESEARCH 
https://www.e-afr.org/ 

© ICAS 2022 

using a mixture of green and petroleum based organic diluents could be a promising option for 
pesticides removal from aqueous solution. 
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