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 Abstract                                                      
Background: One of the major pollutants in the environment is 
heavy metals. The stability of heavy metals in the environment 
has created a lot of problems. Refinery effluents are one of the 
most important sources of heavy metals and should be treated 
before being discharged into the environment.
Methods: This interventional experimental study aimed to 
remove heavy metals from petroleum effluent by using the 
micellar-enhanced ultrafiltration (MEUF) at Kermanshah Oil 
Refinery. Since ultrafiltration membranes alone cannot remove 
the heavy metals, surface active agents, such as surfactants, are 
injected into the effluent. Surfactant monomers in reaction to 
metal ions creating a complex that cannot cross the ultrafiltration 
membrane. Heavy metals are removed from the effluent stream. 
In the present study, Sodium Dodecyl Sulfate (SDS) as surfactant 
was used to add the effluent to improve the process of heavy 
metal removal.
Results: The results showed that heavy metals such as nickel, 
lead, cadmium and chromium decreased by 96%, 95%, 92% and 
86%, respectively. In the inlet effluent with increasing pH, the 
efficiency of the processes for metal removal increased, so that 
at pH=10, the highest removal efficiency was observed. 
Conclusion: According to the results of this study, the use 
of membrane processes as a practical and efficient method 
in industrial wastewater treatment can be applied in various 
industries, especially refinery ones.
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Introduction

The development of urbanization and the industrialization 
process are two important factors in causing 
environmental pollution by heavy metals, which has been 
increasing since the 1940s to the present day.1-3 Hence, 
heavy metals pollution is a major challenge in the current 
societies. In developing countries, the release of heavy 
metals to the environment, either directly or indirectly, 
is increasing. Various industries, such as refineries and 
petrochemicals, paint manufacturing, pesticides, melting 
and plating of metals, tannery, military products, etc., are 

considered as sources of production and release of heavy 
metals to the environment.4, 5 Heavy metals have the 
characteristics of persistence and non-biodegradability, 
which can accumulate in the human tissues by entering 
the food chain.6 Although some heavy metals are essential 
for biological systems, they can cause toxicity, cancer, 
and ultimately death depending on the dose and duration 
of exposure to them. Unnecessary heavy metals include 
mercury, cadmium, lead, and arsenic, which can also be 
toxic in very low concentrations.1 Table 1 summarizes 
the Maximum Contaminated Level (MCL) standards, 
for Nickel, Lead, Cadmium and Chromium identified 
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by USEPA.7 Since heavy metals are very toxic in low 
amounts, considering strict rules to minimize exposure, 
removal of heavy metals from industrial effluent before 
discharging into the environment and receiving the 
water is essential. The effluent of oil-refineries and 
petrochemical industries has various chemical pollutants 
such as Polycyclic Aromatic Hydrocarbons (PAHs), 
Phenols, Heavy Metals, Surfactants, Sulfides and other 
chemicals.8 In terms of physical characteristics, heavy 
metals generally have an atomic weight of 63.5 to 
200.6 and gravity of more than 5.9, 10 Depending on the 
industry, industrial effluent is different in terms of the 
nature and concentration of pollutants, and the treatment 
and disposal methods. Therefore, the selection of the 
treatment method depends on the parameters such as the 
volume of the treated effluent, type and concentration of 
the pollutant, and level of toxicity.9 According to research 
conducted by Fenglian et al. (2011) and Rao et al. (2011), 
methods such as ion exchange, chemical precipitation, 
membrane processes, coagulation and flocculation, and 
electrodialysis can be used as an efficient method for the 
removal of metals at medium and high concentrations.11, 

12 On the other hand, using these methods at low 
concentrations of heavy metals is ineffective and non-
economic.6 Methods used for removing and separating 
heavy metals from wastewater streams are of three types 
of physical, chemical and biological. These methods 
have certain limitations. In physical removal methods, 
parameters that can affect the effectiveness of this method 
include size and shape of the particulate, magnetic 
properties, humic content, hydrophobic properties of 
the particle surface, and clay content.13, 14 Some of the 
methods of physical separation of heavy metals from 
wastewater include Membrane filtration, hydrodynamic 
classification, flotation, magnetic separation, gravity 
concentration, and mechanical screening.15 Ion exchange, 
chemical precipitation, adsorption, electrochemical 
deposition of chemical treatment, and flotation are used 
as conventional chemical methods for the separation of 
heavy metals. One of the limiting factors in using these 
methods is the calcite, high buffering capacity, anions, 
and high content of clay/silt.11 Some disadvantages of 
physical and chemical methods include the costs related to 
the purchase of chemicals, the cost of sludge disposal and 
high energy consumption. The use of physico-chemical 
methods is the most appropriate approach if chemical 
costs are reduced in any way possible.14 Ultrafiltration 
is a membrane separation process with a pore size of 
0.1 to 0.001 microns and is capable of removing and 
separating high molecular weight materials, organic 

and inorganic polymers, turbidity, suspended solids, 
and microorganisms. The separation mechanism in 
this method is based on the particle size.16 Today, the 
use of membrane methods, especially the ultrafiltration 
process due to non-use of chemicals, ability to be set up 
in limited space and high efficiency at low pressures, is 
of interest to various industries for water and wastewater 
treatment. This method has high efficiency in the 
removal of microorganisms, turbidity, suspended solids, 
organic compounds and inorganic contaminants such as 
heavy metals.14 The purpose of this study was to use the 
ultrafiltration process to remove heavy metals including 
nickel, lead, cadmium and chromium from oil refinery 
effluent.

Materials and Methods

This is an intervention-experimental study conducted 
at Kermanshah Oil Refinery. In this study, we used the 
ultrafiltration process for the removal of heavy metals. 
At first, sampling was performed from the refinery 
effluent, and based on the available parameters (pH, 
Temperature and Turbidity), the membrane was provided 
for the ultrafiltration process. The sampling was done for 
4 months (weekly) from the inlet and outlet effluent from 
the pilot. For increasing the accuracy, 20% of the samples 
were duplicate. Therefore, 40 samples were taken and 
analyzed. All experiments were carried out according 
to Standard method guidelines.17 Heavy metals (nickel, 
lead, cadmium and chromium) were measured by 
Atomic Absorption Spectrometry(AAS) according to 
the Standard method guidelines (Standard Test Number, 
3111B). The pH of the inlet and outlet effluent was 
measured using a pH meter (Product by Insmark Co, 
Model: is136). Turbidity measurement was performed 
in accordance with the Standard method guidelines 
(Standard Test Number, 2130), using a Turbidity meter, 
Model: 2100Q, Product by HACH Co (Measurement 
Accuracy: 0-1000 NTU). Since membrane technology, 
such as ultrafiltration for the separation of heavy metals, 
is prone to degradation in certain amounts of pH, the use 
of appropriate membranes applicable to a wide range of 
pH is essential. The membrane properties used in the 
ultrafiltration process are shown in Table 2. 

Membrane Preparation

The schematic of the purification process is 
shown in Figure 1. The soluble metal ions are low in 
hydrate formations or molecular-weight complexes, 
which are smaller than the size of membrane cavities 

Table 1: The Maximum Contaminated Level (MCL) standards for heavy metals
Heavy Metal Toxicities MCL(mg/L)
Nickel asthma, coughing, human carcinogen 0.20 
Lead Damage the fetal brain, diseases of the kidneys, circulatory system and nervous system 0.006
Cadmium Kidney damage, renal disorder, human carcinogen 0.01
Chromium Headache, diarrhea, nausea, vomiting, carcinogen 0.05
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and easily pass through the membrane. Therefore, 
in order to overcome this problem and increase the 
removal efficiency, we should use the membrane of 
ultrafiltration with micelles or polymer improvers. 
This process is based on the addition of surface 
active agents (Cationic or anionic surfactants) to the 
effluent. Surface active agents accumulate on the 
surface of the micelles and bond with metal ions, and 
by forming larger structures, they easily trap inside 
membrane cavities. Therefore, in this study, Micellar 
enhanced ultrafiltration (MEUF) was used. Since 
one of the most effective factors for the removal of 
metals using the MEUF method is pH, in this study, 
sodium hydroxide (NaOH) and HCl were used for pH 
adjustment. The type of anionic surfactant used in this 
work was sodium dodecyl sulfate (SDS).

Statistical Analysis

After subsequent experiments, the data were 
analyzed using Excel and SPSS software. Kolmogorov-
Smirnov test was used to investigate the normal 
distribution of data. The removal efficiency of heavy 
metals was investigated before and after the treatment 
method, using paired t-test.

Results

Table 3 shows the average concentration of heavy 
metals and other parameters in the feed water to the 
ultrafiltration process. The efficiency of MEUF in the 
removal of heavy metals and the trend of changes in 
the concentration of heavy metals in the inlet and outlet 

effluent from the pilot are shown in Figures 2-6.

In Figure 2, Nickel concentration changes before 
and after the process MEUF are shown in 20 operating 
runs. According to Table 3, the Nickel concentration in 
the feed water was 0.176 mg/l; after passing through 
the MEUF membrane, it was 0.007 mg/l. The results 
of this study showed that the percentage of nickel 
removal increased by increasing the pH. At pH=10, 
the removal percentage increased to 98%. 

Figure 3 shows the trend of changes in the 
concentration of Lead in the effluent. According to 
the results of this study (Table 3), the average lead 
concentration in the effluent was 0.03 mg/l, which 
decreased after passing the ultrafiltration process to 
0.001 mg/l. Therefore, this reduction in concentration 
indicates the effective efficiency of this process in 
reducing this heavy metal. The results of this study 
showed that the removal efficiency of lead in the 
MEUF process was 95%. 

According to Table 3, the mean concentration 
of Cadmium in the effluent was 0.045 mg/l which 
decreased to 0.003 mg/l after passing the ultrafiltration 
membrane. The cadmium removal efficiency was 
92%, using the method investigated in this study. 

In Figure 5, Chromium concentration changes 
before and after the process MEUF are shown in 20 
operating runs. According to Table 3, the chromium 
concentration in the feed water was 0.022 mg/l, 
which reaced 0.003 after passing through the MEUF 
membrane mg/l. The removal efficiency of chromium 
was 86%, using the method investigated in this study.

Table 2: Specifications for polysulfone membrane (PS)
Membrane type MWCO Functional range in operational conditions
Polysulfone 30 kDa T (0C) P (bar) pH

0-75 1-10 1-13

Figure 1: The schematic of the treatment process

Table 3: Quality of Feed water
Parameter Mean±SD Range
pH 7.56±0.75 6.1–8.9
Turbidity 8.68±1.73 4.3–12
Nickel 0.176±0.013 0.149–0.197
Lead 0.03±0.005 0.021–0.040 
Cadmium 0.045±0.006 0.032–0.055
Chromium 0.022±0.003 0.017–0.029



126 

Hashemi F, Hashemi H, Dehghani M, Hoseini M

J Health Sci Surveillance Sys July 2018; Vol 6; No 3

Discussion

The efficiency of the micellar-enhanced ultrafiltration 
(MEUF) method in reducing the amount of Nickel in the 
effluent was reported 96%. In a study by Encarnacion 
Samper et al., (2010), using the MEUF, the nickel removal 
rate was reported 70%.18 In another study by Fang et al. 
(2011), it was shown that the effluent treatment process 
using micellar-enhanced ultrafiltration (MEUF) could 
reduce the nickel content by more than 98%.19 Statistical 
analysis indicated that the MEUF method was significant 
in reducing nickel (P<0.001). 

Lead is one of the most important pollutants that 

can cause serious risks in the air and water. The 
efficiency of the micellar-enhanced ultrafiltration 
(MEUF) method in reducing the amount of Lead in the 
effluent was reported 95%. This removal percentage 
was due to an increase in the amount of injectable 
surfactant up to 4 g/L. In a study by Xue Li et al. 
(2017) entitled “Adsorption of metals by micellar-
enhanced ultrafiltration (MEUF)”, the removal 
efficiency of lead by increasing the surfactants up to 
4.5 g/l was reported 93%.20 In another study conducted 
by Rahmanian et al. (2012) entitled “Investigating 
the efficiency of the MEUF process in removing lead 
from aqueous solution”, the results showed that if 
optimal conditions were provided, such as pH and 

Figure 2: The trend of changes in the concentration of Nickel before and after the pilot

Figure 3: The trend of changes in the concentration of Lead before and after the pilot

Figure 4: The trend of changes in the concentration of Cadmium before and after the pilot 
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concentration of surfactants, up to 99% of the lead 
could be removed.21 Statistical analysis indicated that 
the MEUF method was significant in reducing the 
amount of lead (P<0.001). 

Cadmium is one of the most dangerous heavy 
metals that has adverse effects on human health. The 
efficiency of the micellar-enhanced ultrafiltration 
(MEUF) method in reducing the amount of Cadmium 
in the effluent was reported 92%. El Zeftawy et al. 
(2011) in a study entitled “Removal of Heavy Metals 
Using MEUF in the Presence of a Bio-Surfactant,” 
99% cadmium removal efficiency was reported 
using a membrane with a characteristic of 30000 
MWCO.22 In the study of Xue Li et al. (2017), the 
rate of cadmium removal by (MEUF) method was 
reported 97%.20 Aguirre et al. (2012) removed some 
heavy metals in phosphorus-rich drainage water using 
ultrafiltration. The removal efficiency of cadmium 
was reported to be 84% in the study.23 The MEUF 
method in this study was significant in reducing the 
cadmium content (P<0.001). 

The efficiency of the micellar-enhanced 
ultrafiltration (MEUF) method in reducing the amount 
of Chromium in the effluent was reported to be 86%. 
The MEUF method in this study was significantly 
effective in reducing the cadmium content (P<0.001). 
In similar studies conducted by Baek et al. (2004) and 

Ghosh et al., (2006) aiming to remove the chromium 
using MEUF, the effective removal of this method 
was 98% and 99%, respectively.24, 25 The results of 
Lassâad Gzara et al. showed that the ultrafiltration 
method was able to remove chromium by 88%.26 
One of the differences between Lassâad Gzara et 
al.’s study and the present study was the type of the 
surfactant used. The type of the surfactant used in the 
present study and that of Lassâad Gzara was anionic 
and cationic, respectively. It should be noted that the 
type of surfactant used did not make a significant 
difference in chromium removal efficiency. 

Generally, in the present study, the removal 
efficiency of heavy metals (Nickel, Lead, Cadmium 
and Chromium) by MEUF process was 96%, 95%, 
92% and 86%, respectively. The results of statistical 
analysis using SPSS software indicated that the 
MEUF process was significant in the removal of heavy 
metals. 

Conclusion

All industrial wastewater, depending on the type of 
reuse or disposal in the environment, should be treated 
as much as possible to avoid environmental problems. 
Nowadays, membrane methods are one of the effluent 
treatment methods used for treatment of industrial 
effluent containing heavy metals. The most important 

Figure 5: The trend of changes in the concentration of Chromium before and after the pilot 

Figure 6: Removal efficiency of heavy metals
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factors affecting the process of removing heavy metals 
from aqueous solutions through ultrafiltration are pH, 
operating pressure, surfactant concentration, membrane 
type and its pore size and temperature. The results of 
this study showed that the presence of surfactants, 
especially SDS, has been successful in the removal of 
multivalent metal ions when using the micellar-enhanced 
ultrafiltration (MEUF). In this study, pH was determined 
as an effective factor in the removal of heavy metals, and 
with the increase of pH, the removal efficiency was also 
increased. Although the MEUF process in the presence 
of surfactants is used as an effective method for the 
removal of heavy metals, it has not yet been completely 
applied in the industrial scale. According to the statistical 
analysis of the data and results obtained in this study as 
well similar studies showed that the filtration process 
was effective in the removal of heavy metals.
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