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ABSTRACT 

A lab scale membrane bioreactor system was built to investigate the removal of Di-2-Ethyl Hexyl Phthalates (DEHP) in 
wastewater under variation of three runs: two hydraulic retention time (HRT) 24 and 36 hours in addition to two bio- 
mass: concentrated and light sludge. Solid phase extraction (SPE) followed by high performance liquid chromatography 
coupled with tandem mass spectrometry (HPLC-MS/MS) was applied to quantitatively identify DEHP in wastewater 
samples. Membrane bioreactor was built and operated to investigate DEHP removal. Higher HRT removed DEHP more 
efficiently than lower HRT. The concentrated MLSS could achieve higher removal efficiency than the lighter MLSS at 
the same HRT value. The performance of MBR in removing DEHP, TOC and COD from wastewater with a maximum 
removal efficiency were 29%, 85%, and 98%, respectively. Mass balance of DEHP in the system indicated that a ma- 
jority was removed by adsorption process rather than filtration or microbiological process. 
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1. Introduction 

Di-2-Ethyl Hexyl Phthalates (DEHP) is a manufactured 
chemical that is commonly added to plastics to make 
them flexible. This compound has been used in the 
production of many products such as polyvinyl chlo- 
ride (PVC), paints, lubricants, pharmaceutics, cosmetics, 
insecticides, some toys, sheathing for wire and cable, 
medical tubing, and blood storage bags. The widespread 
applications of DEHP make it a ubiquitous environ- 
mental problem as it was detected in surface water, 
wastewater, seawater, sediment, soil even tap water 
throughout the world. It has been suggested in several 
human studies that DEHP can affect the developmental 
and reproductive systems (semen quality, genital devel- 
opment in boys, shortened pregnancy, and premature 
breast development in young girls) [1]. Numerous chro- 
nic effects such as hepatotoxicity, teratogenicity, car- 
cinogenicity, adverse effects on male reproduction 
organs and endocrine disruption have been identified. 
Therefore, the US EPA has classified DEHP as a prob- 
able human carcinogen since 1987 [2]. In 2000, DEHP 
has been listed among the 33 hazardous substances to be 

controlled in surface water by the European Community 
[3].   

There are many methods cited in literature to remove 
DEHP including: activated sludge process [4], ozonation 
[5], oxidation by UV/H2O2 photolysis [6], coupled bio- 
logical and fenton treatment [7] as well as reverse osmo- 
sis and nanofiltration [8]. 

The concentration of DEHP reach 100 μg/L in the ef- 
fluent [9] indicates that conventional activated sludge 
treatment system may have limited capability to remove 
this compound. Membrane bioreactors (MBRs) on other 
hand can produce high quality effluents suitable for reuse 
applications. The capability of MBRs to remove DEHP, 
however, has not been well examined. 

Presently, MBR constitutes a promising technology in 
industrial and urban wastewater treatment. MBR is a 
combination of activated sludge and membrane separa- 
tion processes into a single process where suspended 
solids and microorganisms are separated from the treated 
water by membrane filtration. The entire biomass is con- 
fined within the system, providing perfect control of the 
sludge age for the microorganisms in the reactor. As a 
result, it is feasible to work with high biomass concentra- 
tions and to control sludge retention time accurately, ob- *Corresponding author. 
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taining a high quality permeate-effluent. High solids 
concentration inside the reactor might improve removal 
rates of lipophilic substances following a mechanism of 
sorption onto the sludge, and a longer SRT could favor 
the slowly growing bacteria, improving this way the bio- 
diversity of microorganisms inside the MBR [10]. Thus, 
it is necessary to investigate the removal of DEHP by 
membrane bioreactor. 

2. Materials and Methods 

2.1. Chemicals 

High purity DEHP (>99.7% purity) was purchased from 
Sigma Aldrich. Stock solution of DEHP was prepared in 
acetonitrile (>99.8% purity), which were from Merck 
(Germany). 

2.2. Sample Preparation and DEHP Analysis 

Samples were filtered by 1 μm GF/B glass fiber filter. 
Solid phase extraction (SPE) followed by high perform- 
ance liquid chromatography coupled with tandem mass 
spectrometry (HPLC-MS/MS) was applied to quantita- 
tively identify DEHP in wastewater samples. DEHP was 
extracted from the filtrate by cartridge (Oasis HLB plus, 
600 mg/6 mL). Prior to extraction, the cartridges were 
placed on a vacuum manifold and conditioned sequen- 
tially with 5 mL of diethyl ether, 5 mL of methanol and 5 
mL of deionized water at a flow rate of 1 - 2 mL/min. 
Then, samples were percolated through the cartridges at a 
flow rate of 1 - 2 mL/min. After that, the cartridges were 
cleaned with 3 mL of 10% (v/v) methanol in water and 
dried under vacuum for 20 minutes. Cartridges were 
stored at −4˚C until elution and analysis. Then, 6 mL of a 
mixture of diethyl ether: methanol (9:1; v/v) was perco- 
lated through cartridges to elute DEHP. After elution, the 
eluents were evaporated to dryness at 50˚C under a 
stream of nitrogen. One milliliter of acetonitrile was 
added to dissolve the residues and resulting extracts were 
injected to LC-MS/MS system (Agilent 1200 SL high- 
performance liquid chromatograph (HPLC) interfaced 
with an Agilent 6400 Triple Quadrupole mass spectro- 
meter (MS/MS)). The MS/MS was operated to detect 
liquid samples in electrospray ionization (ESI) negative 
mode. Analyte ion was monitored by using multiple re- 
actions monitoring (MRM) mode. Ion selected was 149 
m/z and the retention time was 38 min. 

2.3. Monitored Parameters 

Temperature, pH, dissolved oxygen (DO), mixed liquor 
suspended solids (MLSS), mixed liquor volatile sus- 
pended solids (MLVSS), total organic carbon (TOC) and 
chemical oxygen demand (COD) were analyzed based on 
Standard Methods [11] and monitored in each run. The 

biomass variation; and COD, TOC and DEHP removal 
efficiency were observed. 

2.4. Acclimatization 

Activated sludge from a domestic wastewater treatment 
plant was used for microorganism seeding. The sludge 
was acclimated in 5 liter Sequencing Batch Reactor 
(SBR) by fill and draw operation for 2 cycles per day 
each consist of (approximately 2 min filling, 10 h aera- 
tion, 1 - 2 h settling and 15 min draw). A composition of 
synthetic wastewater used was glucose (324 mg/L), pep- 
tone (192 mg/L), meat extract (132 mg/L), KH2PO4 (28 
mg/L), NaCl (7 mg/L), and CaCl2 (4 mg/L). In each cy-
cle 2.5 L of synthetic wastewater is added and at the end 
of cycle 2.5 L of supernatant is removed. DEHP was 
added in incremental manner (start with 10 µg/L DEHP 
until reaching 100 µg/L) after having desired MLSS. 
MLSS and MLVSS were monitored to see the variation 
of biomass in the entire acclimatization. 

2.5. Membrane Bioreactor Set up and Operation 

A lab scale membrane bioreactor was used in this study. 
The reactor made up of stainless steel tank with a work- 
ing volume of 6 L. An external ceramic membrane was 
connected to the bioreactor as shown in Figure 1. There 
are three tanks in the system: feed tank, bioreactor and 
effluent tank. The feed tank consists of synthetic waste- 
water, which was prepared every three days and it was 
mixed with submersible pump to make sure the homo- 
geneously of synthetic wastewater. Automatic level con- 
troller opens the solenoid valve and maintains constant 
volume (=6 Liter) in bioreactor tank. Bioreactor is sup- 
plied with air diffuser to maintain enough oxygen to 
bacteria in addition to provide adequate mixing in the 
tank. Permeate (effluent) was pumped out by suction 
with a circulation pump and speed controller to adjust the 
flow rate. A circulating pump with a flow rate of 2 L/min 
pushed the wastewater through membrane unit where it 
re-circulated again to bioreactor and some being removed 
by suction pump to the effluent tank. Ceramic membrane  
 

 

Figure 1. Schematic diagram of external membrane biore- 
actor experiment. 

Copyright © 2013 SciRes.                                                                                  JEP 



Removal of Di-2-Ethyl Hexyl Phthalates by Membrane Bioreactor 382 

of pore size 0.1 µm and “inside-out” permeation direc- 
tion was used for filtration and its specification is given 
on Table 1. Cleaning of membrane was carried out when 
the permeate flow is very low to meet the target HRT. At 
the early stages, the physical cleaning with water and air 
is enough while later stages chemical cleaning with 
HNO3, NaOH and NaOCl is required. 

2.6. Optimum Condition Studies on MBR 

The study was carried out to obtain the optimum con- 
dition for operating MBR for DEHP removal as well as 
maintaining the stability of the system. To obtain an ap- 
propriate MBR operation, different HRTs and biomass 
concentration were investigated with the influent con- 
centration of DEHP range from 47 to 82 µg/L. Three 
runs were carried out to investigate the performance of 
membrane bioreactor in removing DEHP. The details of 
operation days, biomass and HRT are shown in Table 2. 
The permeate flux was controlled by volumetric mea- 
surement of the effluent to maintain the desired HRT. 

2.7. Statistical Analysis of Results 

The results data of DEHP removal in three runs and mass 
balance were analyzed and graphically depicted with 
descriptive statistics so-called boxplot through their 
five-number summaries: the smallest observation (sam- 
ple minimum), lower quartile (Q1), median (Q2), upper 
quartile (Q3), and largest observation (sample maximum). 
An additional character to represent the mean of the data 
was also presented. 
 

Table 1. Specifications of the membrane. 

Pore size 0.1 µm 

Total area 0.0575 m2 

Number of channels 19 

Diameter of channel 4 mm 

Length of channel 23.2 cm 

Membrane material Ceramic 

Permeation direction “Inside-out” 

pH range 0 - 14 

Temperature limitation up to 150˚C 

 
Table 2. Characteristics of the three runs of MBR. 

Run 
Operation Days  

(From - To) 
Biomass HRT [h]

1 1 - 24 24 

2 25 - 43 

Light sludge (initial MLSS = 3 
g/L ) acclimatized for 100 days 36 

3 44 - 56 
Concentrated sludge (initial MLSS 
= 6 g/L) acclimatized for 2 weeks

24 

3. Results and Discussion 

3.1. Variation Performance of Each Run 

3.1.1. MLSS and MLVSS Variation 
The variation of MLSS and MLVSS in the MBR is 
shown in Figure 2. Wide variation of MLSS and MLVSS 
were observed in the first week of operation due to un- 
stable conditions in the MBR. Later on, the variation was 
small. MLVSS/MLSS ratio was very high (0.9) in Run1 
and Run2 as the sludge was acclimatized for 100 day, 
while Run3 had low MLVSS/MLSS ratio (0.7) with high 
MLVSS and MLSS. High MLVSS in sludge means more 
microbes. More MLSS indicates more particulate matter 
in sludge. Therefore higher the MLVSS/MLSS ratio, bet- 
ter the performance of activated sludge process. 

3.1.2. COD Removal 
By looking at Figure 3, it can be noticed the COD re- 
moval efficiency in MBR was high with average removal 
efficiency at 77% (Min-Max = 60% - 98%). It can be 
seen that Run3 was the most efficient for removing COD 
in term of stability. 

3.2. Overall Removal of MBR 

As indicated in Figure 4, the system operated at higher 
HRT (36 h) removed DEHP more efficiently than lower  
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Figure 2. Biomass variation. 
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Figure 3. COD removal variation. 
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HRT (24 h), which was compatible to what we expected 
as it gave much time for bacteria to have contact with 
sludge to remove DEHP. The concentrated sludge (Run3) 
could achieve higher removal efficiency than lighter 
sludge (Run1) at the same HRT value (24 h). 

Although, the maximum DEHP removal in our system 
was 29%, which is low in comparison to removal of 
other endocrine disrupting chemicals, removed by MBR, 
however, our research shows a higher removal than re- 
ported about DEHP removal in MBR system as indicated 
in Table 3. 

3.3. Mass Balance of DEHP and Removal  
Mechanism in MBR 

Figure 5 shows DEHP concentration variations in the 
influent, bioreactor and permeates of 3 runs. It was ob- 
served that the DEHP concentrations in the bioreactor 
and permeate (i.e. effluent) were very similar. Thus, it 
could be supposed that there is no retention by the 
membrane during filtration and could be assumed that 
DEHP retention by the membrane (0.1 µm) was neg- 
ligible.   

As the filtration process was not the main process in 
removal of DEHP in MBR, either adsorption or bio- 
logical process should be the important mechanism. 
Figure 6 presented the relation of MLSS, MLVSS and 
DEHP removal efficiency of Run 1 and 3 (same HRT). It 
could be observed that DEHP removal increased when 
MLSS increased while MLVSS decreased, suggesting 
the adsorption process played important role of DEHP 
removal [14] in MBR. 
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Figure 4. DEHP removal in three runs. 
 

Table 3. Removal of DEHP in membrane bioreactor. 

Type of 
wastewater 

Influent DEHP 
concentration 

HRT [h] 
% Removal 

(Max.) 

Industrial1 65.5 µg/L 8 & 16 10.2% 

Domestic2 ≈8 µg/L - 25% 

Synthetic3 40 - 82 µg/L 24 & 36 29% 

1[12], 2[13], 3This study. 
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Figure 5. DEHP mass balance. 
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Figure 6. MLSS, MLVSS and DEHP removal. 

4. Conclusion 

A maximum DEHP removal was 29% at HRT = 36 h 
with the performance of MBR in removing COD at a 
maximum removal efficiency of 98%. HRT at 36 h could 
remove DEHP more efficiently than lower HRT at 24 h. 
The concentrated MLSS could achieve higher removal 
ef- ficiency than the lighter at the same HRT. DEHP re- 
moval increased when MLSS increased while MLVSS 
decreased, suggesting that adsorption mechanism played 
the important role of DEHP removal in MBR. 
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