
J. Environ. Res. Develop. 
Journal of Environmental Research And Development        Vol. 8 No. 2, October-December 2013 

236 
 

SEPARATION AND DETERMINATION OF DIOL 
POLLUTANTS FROM DEMULSIFIER IN THE 

PRODUCED WATER OF OIL FIELDS 
Bahram Mokhtari and Kobra Pourabdollah* 

Department of Chemical Engineering, Shahreza Branch, Islamic Azad University, Shahreza, (IRAN) 

 

Received August 02, 2013                                                         Accepted November 10, 2013 

ABSTRACT 
This paper introduced a novel test method for determination of the main demulsified based 
pollutants in the produced water of oil wells, before draining to seawater. The type, 
concentration and distribution of diols depend on the demulsifier of interest, however, the main 
chemical species are the same. The novelty of this work is selective extraction and 
preconcentration of low chain diols in the produced water of oil fields. In this extraction method, 
dispersive solvent (1.2 mL, acetonitrile) containing extraction solvent (10.0 μL, carbon 
tetrachloride) was rapidly injected into the water sample containing analytes and a cloudy 
solution was formed. After centrifugation (2 min at 3,000 rpm), these droplets were sedimented 
in the bottom of the conical test tube. Then 2.0 mL of sedimented phase containing 
preconcentrated analytes was injected into the gas chromatograph with flame ionization detector. 
The parameters affecting the extraction efficiency were evaluated and optimized. Factors such as 
the kind and volume of both extraction and disperser solvents, extraction and centrifugation 
times, pH and temperature and salt effect were studied and optimized. The method exhibited 
enrichment factors and recoveries ranging from 390 to 444 and 78.9 to 92.2%, respectively, 
within very short extraction time. The linearity (and limit of detection) of the method ranged 4.0-
100.0 (2.0) ng/L for 1,2-ethandiol, 6.0-80.0 (4.0) ng/L for 1,3-propandiol, 2.0-90.0 (1.0) ng/L for 
1,4-butanediol, 5.0-120.0 (2.0) ng/L for 1,5-pentandiol. The Relative Standard Deviations (RSD) 
for the concentration of diols, 5.0 ng/L in water by using the internal standard were in the range 
of 1.5–4.5% (n=5) and without the internal standard was in the range of 2.6–9.0% (n=5). It is 
concluded that this method is successful for determination of diols in produced water samples. 
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INTRODUCTION 
Water-in-oil emulsions are stabilized by a wide 
range of materials that appear naturally in heavy 
oil, such as asphaltenes1, natural surfactants and 
clays. These emulsions attain their stability from 
the presence of asphaltenes, these are condensed 
aromatic rings containing saturated carbon chains 
and naphthenic rings as substituents, along with a 
distribution of heteroatoms and metal. 
Asphaltenes are capable of cross-linking at the 
dispersed water/droplets oil interface and form an 
interfacial film characterized by its great 
mechanical strength and substantial elasticity. 
The presence of this interfacial film prevents the 
water droplets from coalescence. 
The crude oil's emulsions (which are sometimes 
very stable) need to be broken before the oil can 

be refined. Demulsification can be achieved by  
three means  mechanical, electrical and chemical. 
The addition of chemical demulsifiers is the most 
widely used method. An effective demulsifier is 
a surface-active compound that can adsorb onto 
the water/oil interface and change its properties 
such that water droplets aggregate and coalesce.2  
Demulsifier are surface-active chemicals used to 
destabilize water-in-crude-oil emulsions and the 
commercial demulsifier formulations have one or 
more surfactant agents (demulsifier base) 
dissolved in organic solvents, such as toluene, 
xylene and ethanol. The poly(ethylene oxide-b-
propylene oxide) (PEO-b-PPO) copolymer 
derivatives are the demulsifier bases mostly used 
in preparing commercial formulations. The poly 
(ethylene oxide) block (EO) provides the 
hydrophilic characteristics to the nonionic 
surfactant  and  the  poly (propylene oxide) block  *Author for correspondence 
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(PO) gives the lipophilic characteristics to the 
molecule.3 
A great number of demulsifiers have been 
developed during the past decades.4 Thousands 
of compounds, mainly composed of 
polyoxyalkylenes linked with phenols, alcohols, 
esters, acids, amines, amides etc. groups have 
been studied as demulsifiers during last thirty 
years all over the world, out of which 
polyoxyehtylene substituted alkyl phenols are 
found of wide use. By demulsification of crude 
oils, the produced water is separated as a by-
product of the oil production from underground 
reservoirs. In the first stages of processing of the 
production platforms, this water is decanted from 
the oil and has generally been discharged to the 
sea, while contains a lot of hazardous 
chemicals.Liquid–Liquid Extraction (LLE) is 
gradually substituted by other methods for its 
disadvantage of large consumption of hazardous 
organic solvents, time-consuming, emulsification 
and loss of target analytes. Hence, many 
microextraction methods that involved no or 
small amount of solvents were developed over 
the past decade. Among them, Liquid-Phase 
Microextraction (LPME) achieved extensive 
attention as a novel sample pretreatment 
technique owing to its advantages such as simple 
operation, rapidity, low cost, miniaturization, low 
consumption of sample volume and extraction 
solvent. Recently, Dispersive Liquid-Phase 
Microextraction (DLLME)5 has been developed 
as a novel and successful mode of LPME. 
Compared with the conventional LPME 
methods, DLLME avoids the volatilization and 
loss of extractants and provides possibility for the 
enhancement of sensitivity and simplification of 
the extraction procedure. The other outstanding 
advantages are its rapidity and inexpensive. 
Other examples of sample preparation by 
DLLME have been presented for trace 
determination of pesticides in soils6, organopho-
sphorus pesticides7, nickel8, Cu(II)9 and chloro-
benzenes10 in water.11 
In comparison with other relevant methods, there 
were not found any other approached dealing 
with investigation of demulsifiers pollutants nor 
diol's separation and preconcentration by 
DLLME. 

AIMS AND OBJECTIVES 
This work is investigating the feasibility of using 
DLLME combined Gas Chromatography–
Flame-Ionization Detector (GC–FID) for the 
analysis of four diols in produced water samples. 
The proposed approach was optimized by 
controlling various parameters including the kind 
and volume of both extraction and disperser 
solvents, extraction and centrifugation times, pH 
and temperature and salt effect. Figure of merits 
were determined and reported. The results 
indicated that DLLME is an efficient extraction 
technique to analyze CBs in water samples. 

MATERIAL  AND  METHODS 
Materials 
Demulsifier was gifted from Iranian offshore 
oil company. C2-C5 diols were obtained from 
Merck (Darmstadt, Germany) including 
HO(CH2)2OH, HO(CH2)3OH, HO(CH2)4OH 
and HO(CH2)5OH. Doubly distilled water 
(DDW) with a specific resistivity of 18 
MΩcm, from a Milli-Q water purification 
system (Millipore, Bedford, MA) was used. 
Instrumentation 
The extractions and injections were performed 
by microsyringe (Agilent, CA, USA) bearing 
an angledcut needle tip (needle id: 0.11 mm 
and glass barrel id: 0.6 mm). Gas 
chromatograph (PerkinElmer Instruments, 
Norwalk, USA) equipped with a FID and a 
split/splitless injector at 290ºC operated at 
320ºC. Helium 5.0 grade (Westfalen AG, 
Münster, Germany) was used as a carrier gas at 
140 kPa (inlet pressure). The fused silica 
capillary column (60m×0.25mm I.D., film 
thickness 0.25 μm DB-5 ms) was purchased 
from J&W Scientific (Folsom, CA, USA) and 
was connected to the outlet splitter (S.G.E., 
Melbourne, Australia). The oven temperature 
was programmed from 50ºC (0 min hold) at 
10ºC/min to 250ºC (5 min hold). The 
chromatographic data were processed with 
Total Chrom version 6.4 software (Perkin 
Elmer Instruments). 
Preconcentration 
Standard solutions were prepared by spiking 
certain amounts of  demulsifier  into the oil/water  



J. Environ. Res. Develop. 
Journal of Environmental Research And Development        Vol. 8 No. 2, October-December 2013 

238 
 

phase. The water phase was separated, while it 
contained certain fraction of demulsifier as 
hydrophilic components. Real solutions were 
sampled from the separators' drainage in one of 
the Iranian offshore oil platforms.  
Standard solutions or real samples (5.0 mL) were 
placed into a screw-cap glass centrifuge tube (10-
mL) with conic bottom. Dispersive solvents (0.8, 
X2, X3 and X4 mL) containing extraction 
solvents (10.0, Y2, Y3 and Y4 μL) was rapidly 
transferred into the above-mentioned centrifuge 
tube and was gently shaken. The volume of the 
settled phase was determined using a 20.0 μL 
microsyringe  and was completely transferred to 
another tube and was analyzed by gas 
chromatograph. 

RESULTS AND DISCUSSION 
The optimum conditions for derivatization, 
dispersive liquid-liquid microextraction, 
chromatographic separation, identification and 
quantification  of  C2-C5 diols were assessed. The  

effects of other parameters (that influence the 
performance of microextraction) were 
investigated including the concentration and the 
volume of the extraction solvents as well as the 
dispersive solvents, the extraction and 
centrifugation times, pH, temperature and ionic 
strength. They were investigated and optimized 
in order to achieve the higher enrichment factor 
and recovery of C2-C5 diols from the samples of 
produced water. Table 1 depicted the analytical 
characteristics of the optimized method, 
including limit of detection, reproducibility, 
linear range, enrichment factor etc. The 
calibration graph was linear in the 
concentration range of 1.0–100 ng/L. The 
detection limit (calculated as three times the 
standard deviation of blank measurements, 
divided by the slope of the calibration curve) 
was found to be 4.0-100.0 ng/L for 1,2-
ethandiol, 6.0-80.0 ng/L for 1,3-propandiol, 
2.0-90.0 ng/L for 1,4-butanediol, 5.0-120.0 
ng/L for 1,5-pentandiol.  

Table 1 : Analytical characteristics of DLLME method for determination of C2-C5 diols 

Parameter Values 
limit of detection, ng/L, 3α 1.0-4.0 
repeatability, RSD %, n=5 2.6-9.0 
linear range, ng/L 3.0-220 
enrichment factor 390-462 
sample volume, mL 5.0 
r2 0.995 

Concerning the reproducibility of the method, 
it was evaluated with 5.0 ml of solution, 
containing the analytes concentration of 5.0 
ng/L. The relative standard deviations for 5 
replicate measurements were in the range of 
2.6–9.0%. Finally, the high-enrichment factors 
and recoveries ranging were obtained to be 
from 390 to 444 and 78.9 to 92.2%, 
respectively. The preconcentration factor was 
calculated as eq. 1. 

0

SET

C
CFP                                                     (1) 

Where PF, CSET and C0 represent the 
preconcentration factor, the final concentration 
of analyte in the settled phase and initial 
concentration of analyte in the aqueous 
sample, respectively. CSET was calculated by 
direct injection of standard solution of above 
mentioned  diols  into  the GC-FID. The Limits  

of Detection (LODs) were calculated as the 
concentration equivalent to three times of the 
blank standard deviation divided by the slope 
of the calibration curve. The extraction 
recovery was obtained by eq. 2. 
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Where ER%, VSET and VAQ are the extraction 
recovery, volumes of the settled phase and 
aqueous sample, respectively. Fig. 1 presents 
the chromatogram of demulsifier components 
before conducting DLLME. 
Type of extraction solvent 
Selection of proper extraction solvents is the 
most important parameter in the optimization of 
the Dispersive Liquid-Liquid Microextraction 
(DLLME). The extraction solvent should meet 
the below-mentioned requirements including  to  
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be  separated from analyte peaks in the 
chromatogram, to extract analytes well, to 
have larger density than sample solution (to 
be settled at the bottom of tube) and to form a 
cloudy solution of tiny droplets in the 
presence of dispersive solvents. Owing to 
high density of halogenated hydrocarbons, 

they were selected as extraction phases and 
compared for extraction of C2-C5 diols from 
water solution. The selected extraction phases 
were including carbon tetrachloride (1.59 
g/mL), chloroform (1.48 g/mL), chloroben-
zene (density 1.11 g/mL), and tetrachloro-
ethylene (1.62 g/mL).  

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1 : Chromatogram of demulsifier components before conducting DLLME 

A series of sample solutions were studied by 
using acetonitrile (0.8 mL) in the optimized 
value containing extraction solvents (10 μL, the 
optimized value) to achieve settled phase (10 
μL). The results showed that the extraction 
recoveries were increased with the order of 
carbon tetrachloride > chlorobenzene > 
tetrachloroethylene > chloroform. Therefore, 
carbon tetrachloride was selected as the 
extraction solvent for further experiments. 
Type of dispersive solvent 
Selection of dispersive solvent is limited to 
miscible solvents with both aqueous (sample 
solution) and organic (extraction solvent) 
phases. Therefore, acetonitrile, acetone and 
methanol were used for this purpose. A series of 
sample solutions was assessed by using 1.0 mL 
of each dispersive solvents containing carbon 

tetrachloride (10.0 μL) as extraction solvent. 
Based upon the results, the extraction 
efficiencies were increased as methanol > 
acetonitrile > acetone. However, owing to the 
better chromatographic behavior of acetonitrile 
with respect to methanol, acetonitrile was 
selected as the dispersive solvent for further 
experiments. 
Volume of extraction solvent  
By maximizing the extraction efficiency and 
minimizing the phase ratio, the method was 
improved and the preconcentration factor was 
increased. It is obvious that by increasing the 
volume of extraction solvent, the volume of 
settled phase increases. In this regard, 
acetonitrile (1.0 mL) containing different 
volumes (10–20 μL) of carbon tetrachloride 
were used. The results revealed that the peak 
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area of analytes was maximum using carbon 
tetrachloride (10 μL). Increasing the volume of 
extraction solvent led to a decrease in the 
magnitude of the analytess peak area. This was 
owing to the increase in the settled volume and 
the consequent further decrease in the 
preconcentration factor. Therefore, carbon 
tetrachloride (10 μL) was selected as the 
optimum volume of extraction solvent in order 
to achieve the highest possible extraction 
efficiency and hence, the highest 
preconcentration factor. 
Volume of dispersive solvent  
To achieve a constant volume of the settled 
phase, the volume of extraction and dispersive 
solvents were changed simultaneously. 
Therefore, different volumes of acetonitrile in the 
range of 0.5–1.5 mL, containing the proper 
volumes of carbon tetrachloride, were assessed. 
The extractions were improved with the increase 
of dispersive solvent volume up to 1.2 mL. At 
low volumes of acetonitrile, the cloudy state was 
not formed well; hence, the recovery was low. At 
higher volumes of acetonitrile, the extraction 
efficiency was reduced since the solubility of C2-
C5 diols in water was increased. Therefore, 1.2 
mL volume of acetonitrile was used as the 
optimum value for further experiments. 
Time of extraction  
The extraction time means the time from the 
moment that the solution containing completely 
dispersed phase forms to the set interval. The 
longer the extraction time, the easier to reach 
the extraction balance. Hence, the best 
extraction performance was obtained. 
Therefore, extraction time puts an important 
role in the process of microextraction. In the 
rest of studies, a series of experiments were 
conducted to assess the best extraction time. 
Base upon the results, the extraction time of 2 
min was the best interval to make the C2-C5 
diols to be well extracted. In the initial 2 min, 
the peak areas gradually increased with the time 
change because the amount of settled phase 
increased with the time and only a very few 
phase were not separated from water phase due 
to the solubility. However, the peak areas would 
decrease when the extraction time exceeded 
more. It was may be owing to the volatile lost of 
the analytes. Finally, 2 min was selected for use.  

Effect of sample pH 
C3-C6 diols are present as different states in the 
different pH environment. Hence, the sample 
enrichment is related directly to the present state 
of C2-C5 diols in most cases. In this method, it is 
obvious that the pH of sample solutions has an 
important impact on the preconcentration. 
Therefore, the effect of sample pH was 
optimized over the range of 3–9. It was found 
that the extraction performance all reached a 
better level at pH 4–5. When the sample's pH 
was higher or lower than this interval, the peak 
areas decreased rapidly. In the low and high pH 
solutions, diols form in the cationic and anionic 
states, respectively. Therefore, their extraction 
from water to organic phase is limited. Based on 
through consideration, pH 5 was used for 
further tests. 
Effect of temperature 
The temperature is one of the key parameters to 
carry out the dispersed phases into the sample 
solution completely and the analytes have the 
best chance and more contact area to migrate 
into the organic phase and realize the 
constructed microextraction. Therefore, it was 
studied in detail in the range of 40–70ºC. It was 
found that 70ºC was reasonable for obtaining 
the best extraction. The lower recoveries at 
lower temperatures were owing to the poor 
performance of dispersing agent as well as the 
low diffused rate of the analytes at low 
temperatures. Those resulted in relatively few 
amount of analytes migrating into dispersed 
phase and led to the results of low recoveries. 
Furthermore, the slight decrease of recoveries of 
C2-C5 diols over 50ºC may be owing to the loss 
of them (volatilization of analytes) at high 
temperatures. Therefore, 50ºC was finally 
adopted for further experiments. 
Analytical performance 
Using standard solutions (5 mL), the calibration 
curves were obtained and exhibited good 
linearity in a wide range of concentrations. For 
this aim, each standard sample was extracted by 
the recommended DLLME procedure at 
optimum conditions and the calibration curves 
were obtained by plotting the peak area of each 
C2-C5 diols Vs. its initial concentrationin the 
aqueous phase. Table 2 presents the figures of 
merit of the proposed approach.  
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Table 2 : Figures of merit for DLLME-GC-FID determination of C2-C5 diols 

Analyte LOD 
(ng/L) 

Dynamic 
linear range 

(ng/L) 

Precision 
(%, n = 5) 

Enrichment 
factor 

Extraction 
recovery (%) 

HO(CH2)2OH 2.0 4.0–100.0 6.8% 444 88.1 
HO(CH2)3OH 4.0 6.0–80.0 9.0% 462 92.2 
HO(CH2)4OH 1.0 2.0–90.0 2.6% 434 86.8 
HO(CH2)5OH 2.0 5.0–120.0 4.4% 390 78.9 

Microextraction of real samples 
The matrix effects on the extraction were also 
evaluated by studing the applicability of this 
approach to determine the concentration of C2-C5 
diols in the samples of produced water. The 
samples were extracted using DLLME method 
and   analyzed   by   GC–FID.  The samples were  

spiked with standard solutions at different 
concentration levels to investigate the matrix 
effects. A typical chromatogram representing C5-
C5 diols is depicted in Fig. 2. Signals 25, 27 and 
30 were increased dealing with concentrating of 
C3-C5 diols, respectively. There is no evidence 
for existence of ethylene glycol. 

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 2 : Gas chromatograms of extracted C2-C5 diols 

CONCLUSION 
This study has introduced DLLME followed 
by GC–FID for separation, preconcentration 
and   determination    of C2-C5     diols    in    
the   produced   water   of   crude   oil  wells. In  

comparison with the conventional methods of 
macro-extraction in DLLME consumption of 
toxic organic solvents and sample is reduced. 
Compared to other microextraction techniques, 
DLLME is preferred owing to improving the 
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chemical characteristics of analytes, high 
sensitivity, ease of operation and high 
preconcentration factor. Low cost, simplicity 
of operation and high recovery are other 
advantages of DLLME. In the present study, 
DLLME showed short extraction time and 
high sensitivity for preconcentration of C2-C5 
diols in the samples of produced water. 
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