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Tahir Majeed, Sherub Phuntsho, Sanghyun Jeong, Yanxia Zhao, Baoyu 
Gao, Ho Kyong Shon. Understanding the risk of scaling and fouling in 

hollow fiber forward osmosis membrane application. Pages 452-464. 

Fouling studies of forward osmosis (FO) were mostly conducted based on fouling 

evaluation principals applied to pressure membrane processes such as reverse osmosis 

(RO)/nanofiltration (NF)/microfiltration (MF)/ultrafiltration (UF). For RO/NF/MF/UF 

processes, the single flux driving force (hydraulic pressure) remains constant, thus the 

fouling effect is easily evaluated by comparing flux data with the baseline. Whilst, the 

scenario of fouling effects for FO process is entirely different from RO/NF/MF/UF 

processes. Continuously changing driving force (osmotic pressure difference), the 

changes in concentration polarization associated with the varying draw solution/feed 

solution concentration and the fouling layer effects collectively influence the FO flux. 

Thus, usual comparison of the FO flux outcome with the baseline results cannot exactly 

indicate the real affect of membrane fouling, rather presents a misleading cumulative 

effect. This study compares the existing FO fouling technique with an alternate fouling 

evaluation approach using two FO set-ups. Scaling and fouling risk for hollow fiber FO 

was separately investigated using synthetic water samples and model organic foulants as 

alginate, humic acid and bovine serum albumin. Results indicated that FO flux declines 

up to 5% and 49% in active layer-feed solution and active layer-draw solution 

orientations respectively. 

 Keywords: Concentration polarization; Water flux; Hollow fiber forward osmosis 

membrane; Inorganic scaling; Organic fouling; Cleaning strategy 

Li Shu, Idowu Joshua Obagbemi, Susanthi Liyanaarachchi, Dimuth 

Navaratna, Rajarathinam Parthasarathy, Roger Ben Aim, Veeriah 
Jegatheesan. Why does pH increase with CaCl2 as draw solution during 

forward osmosis filtration. Pages 465-471. 

Fundamental understanding of pH dynamics in forward osmosis (FO) processes is integral 

for further development of this emerging technology in desalination and wastewater 

reclamation. In this study, the pH changes during FO membrane filtration were 

investigated. CaCl2·2H2O was used as the draw stream and NaCl as the feed stream. 

During the FO process, water would flow from the feed to draw so that the feed stream 

would become concentrated while the draw stream being diluted. It was found that the 

pH of the feed stream increased with time. Assuming that the pH or the concentration of 

hydrogen ions to be constant in the FO system, the pH of the draw stream should 



decrease. Surprisingly, the pH of the draw stream also increased. To explain this 

unexpected phenomenon, standard curves for both CaCl2·2H2O and NaCl were 

constructed. In contrast to conventional belief, the standard curves showed that pH of 

NaCl increased with the increase in concentration while pH of CaCl2·2H2O decreased with 

the increase in concentration. As such, the standard curves explain the reason for pH 

increase in both feed and draw solutions. Furthermore, the curves showed that the pH to 

be dependent on salt concentration, where charges on ions have the ability to influence 

the pH of the solution. 

 Keywords: Brine; Calcium chloride; Forward osmosis; High salt concentration; 

Saline solution; Sodium chloride 

Harish Ravishankar, Jinfeng Wang, Li Shu, Veeriah Jegatheesan. 

Removal of Pb (II) ions using polymer based graphene oxide magnetic 
nano-sorbent. Pages 472-480. 

Graphene oxide (GO) based magnetic nano-sorbent was synthesized by assembling the 

Fe3O4 and GO on the surface of polystyrene (denoted as PS@Fe3O4@GO). The 

morphology of the nano-sorbent was studied using scanning electron microscopy (SEM), 

while their individual nano-components were characterized using UV–visible 

spectroscopy, atomic force microscopy (AFM), zeta potential, transmission electron 

microscopy (TEM) and scanning electron microscopy (SEM). The assembled nano-sorbent 

was further investigated for Pb (II) ions removal by optimizing the parameters including 

pH, temperature and contact time. The obtained data was modelled for adsorption 

kinetics, adsorption isotherms and thermodynamics. Kinetic experiments indicated the Pb 

(II) adsorption followed first order kinetics. The adsorption equilibrium data fits Langmuir 

isotherm model well and the adsorption process was found to be spontaneous. The 

adsorption capacity of the prepared nano-sorbent was estimated to be 73.52 mg g−1, 

with a maximum removal of 93.78% at pH 6. The nano-sorbent can be regenerated by 

nitric acid (HNO3) for reuse. FT-IR and X-ray photoelectron spectroscopy (XPS) studies 

confirmed the interactions between the Pb (II) ions and the nano-sorbent. 

 Keywords: Graphene oxide; Magnetic nano-sorbent; Lead ions; Magnetic 

separation; Electrostatic interaction/chelation 

Ming-Sheng Miao, Qun Liu, Li Shu, Zhen Wang, Yu-Zhen Liu, Qiang Kong. 

Removal of cephalexin from effluent by activated carbon prepared from 
alligator weed: Kinetics, isotherms, and thermodynamic analyses. Pages 
481-489. 

Low-cost activated carbon was produced from alligator weed by phosphoric acid 

activation. The cost of production of alligator weed-activated carbon (AWAC) was CN¥ 

2.1/kg and the content of activated carbon (AC) in AWAC was 35.33%. AWAC was used 

as an adsorbent to adsorb cephalexin (CEX) from aqueous solution. Scanning electron 

microscopy (SEM) analysis of AWAC revealed a highly porous structure with a rough 

surface. AWAC featured a high surface area of 736.3 m2/g and an average pore size of 

4.05 nm, which were responsible for its excellent adsorption ability. The maximum CEX 

adsorption capacity of AWAC was ∼45 mg/g. The Langmuir isotherm (R2 = 0.9967) gave 

the best correlation with the experimental data at 308 K, indicating monolayer 

adsorption. The kinetic model data on AWAC fit well to the pseudo-second-order kinetic 

equation, which is considered as the rate-limiting factor. Fourier transform infrared 

spectroscopy analysis revealed the presence of phosphorus-containing groups and C–H, 

C–O, and C=C moieties on the surface of AWAC. Following adsorption, the intensity of 

the spectral peaks of AWAC decreased owing to coverage of the CEX species or reaction 

with the functional groups of CEX. 
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Minh-Viet Nguyen, Byeong-Kyu Lee. A novel removal of CO2 using 
nitrogen doped biochar beads as a green adsorbent. Pages 490-498. 

This study investigated the removal characteristic of CO2 by a porous nitrogen doped 

biochar (AMBC) bead sorbent. The AMBC beads possessed a well-developed pore 

structure with a high specific surface area of 328.6 m2 g−1, which is very helpful for CO2 

adsorption. In the adsorption tests carried out using a lab-scale fixed-bed column, the 

CO2 removal performance was further improved by increasing the porosity and the 

specific surface area of the sorbent. The synthesized AMBC beads exhibited a very high 

CO2 removal capacity of 10.15 mmol g−1 at 20 °C, which is much higher than that of 

commercial activated carbon and other adsorbents. The CO2 adsorption capacity of the 

AMBC bead was maintained at 85% of the initial bead adsorption capacity even after 10 

adsorption desorption recovery cycles. The AMBC beads also showed great selectivity for 

CO2 (79.1) in the CO2/N2 gas mixture. The easily collected synthesized AMBC beads can 

be used as an effective and environmentally friendly alternative adsorbent for CO2 

capture. 

 Keywords: Biochar bead; CO2 capture; Climate change; Modification; 

Regeneration; Selectivity 

Ya-Ching Lee, Liang-Ming Whang, Minh Huy Ngo, Te-Hao Chen, Hai-
Hsuan Cheng. Acute toxicity assessment of TFT-LCD wastewater using 
Daphnia similis and Cyprinus carpio. Pages 499-506. 

Biotoxicity tests are considered methods to assess toxicity of substances or complex 

mixtures of industrial wastewater effluents. In this study, Daphnia similis and Cyprinus 

carpio were used to examine the acute toxicity of thin-film transistor liquid crystal display 

(TFT-LCD) wastewater effluents in Taiwan. Among examined effluents, 67% were found 

to be toxic to D. similis and 27% were toxic to C. carpio. The biotoxicity of TFT-LCD 

wastewater effluents might be due to the presence of tetra-methyl ammonium hydroxide 

(TMAH), since 48-h lethal concentration 50 (LC50) of TMAH to D. similis was found only 

0.75 mg/L. The acute toxicity of NH4+-N to D. similis varied with 48-h LC50 values of 

18.5 mg/L at pH 7.0 and 155 mg/L at pH 6.5. The obtained results of this study indicated 

that NO3−-N, SO42−, Cl− and heavy metals were not the major concerns in TFT-LCD 

wastewater effluents regarding acute toxicity. 

 Keywords: Biotoxicity; TFT-LCD wastewater; Daphnia similis; Cyprinus carpio; 

Heavy metals; TMAH 

Rupak Aryal, Meena Yadav, Sabir Hussain, Simon Beecham, David 

Diprose. Tracking changes in fluorescent organic composition in 
leachates using excitation emission matrix-parallel factor analysis. 

Pages 507-516. 

Landfill and composting are the most important treatment methods for municipal solid 

waste containing a significant proportion of organic matter. With time the landfill leachate 

undergoes changes through humification and mineralisation. The influence of landfill age 

on temporal changes in leachate composition when exposed to different environmental 

conditions is discussed. The study is based on 3 years monitoring of leachate from a 

landfill site in Adelaide, Australia and the investigation uses size exclusion 

chromatography and an excitation emission matrix approach combined with parallel 

factor analysis. This study showed that the matured leachate contained a broad range of 

low molecular weight organics with less aromaticity. Fluorescent analysis showed less-

matured leachate contained more bio-polymer components. Leachate exposed to ponds 



showed microbial activity but the biopolymer percentage decreased with increased 

duration of exposure. The parallel factor analysis revealed four major components (C1–

C4) at excitation/emissions of C1: 240/440 nm and 205/440 nm, C2: 225/490 nm and 

225/420 nm, C3: 215/390 nm and 215/445 nm, and C4: 250/465 nm. These four 

components represented humic and fulvic acid-like organics of different molecular 

compositions. The results demonstrated that environmental variation had a direct effect 

on the mineralisation and humification of organic matter. 

 Keywords: Leachate; Organic matter; Fluorescence spectroscopy; Parallel factor 

analysis 

Najah Kadhim Al-Bedyry, Arumugam Sathasivan, Afrah Jaber Al-Ithari. 
Ranking pipes in water supply systems based on potential to cause 

discolored water complaints. Pages 517-522. 

A novel concept to rank pipes based on the potential (risk) to cause discolored water 

complaints when broken is presented. A fixed re-suspension velocity for all sediments 

was used previously to model sediment transport. However, there is always a risk of 

sediment re-suspension and discoloration, if the velocity caused by hydraulic disturbance 

is greater than the conditioning velocity-the maximum daily velocity historically 

experienced in a pipe before the disturbance. In a full scale system, five pipes of different 

diameters (99–222 mm) and locations (loop or open) were simulated to break (break 

main flow at 10 L/s) and the hydraulic response was analyzed using hydraulic software. 

The total affected length of the pipes where velocity was more than the conditioning 

velocity was used for ranking. In general, breakage of a smaller diameter pipe (100 mm 

diameter) caused more widespread disturbance. If proven in the field, the hydraulic 

software could be modified to rank pipes, making it easy for utilities to prioritise the pipe 

to replace or pay more attention. 

 Keywords: Discoloration; Hydraulic model; Burst pipe; Velocity; Sediment 

transport; Re-suspension Potential Method (RPM) 

Xinyu Zhao, Yue Zhao, Beidou Xi, Zimin Wei, Junqiu Wu, Taozhi Zhao. 

Seasonal population changes in the ammonia-oxidizing bacteria 
community structure of Songhua Lake, China. Pages 523-530. 

Ammonia-oxidizing bacteria (AOB) and the effects of environmental characteristics on the 

AOB community distribution were investigated in the Songhua Lake in May, August, 

October and December of 2011. Profiles of the AOB communities were generated using 

denaturing gradient gel electrophoresis (DGGE) to assess the expression of 16S rRNA 

genes followed by DNA sequence analysis. The dominant AOB groups were affiliated with 

Nitrosomonas and Nitrosospira spp. The effects of environmental characteristics on the 

AOB community distribution were analyzed by the ordination technique of redundancy 

analysis. The environmental characteristics significantly influencing the AOB community 

structure were different in the four seasons. The suspended solids (SS), ammonia 

nitrogen (NH4+-N) and nitrate nitrogen (NO3−-N) differed in May, the pH, NH4+-N, 

NO3−-N and total nitrogen (TN) differed in August, and the NH4+-N, DO and TN differed 

in December. None of the assessed environmental variables displayed heterogeneity in 

October. This study suggested that seasonal variation and nutrient differences might be 

responsible for the differences in the key environmental characteristics used to determine 

the distribution of the AOB communities in all seasons. 

 Keywords: Ammonia-oxidizing bacteria (AOB); Community structure; Seasonal 

variation; Redundancy analysis (RDA); DGGE; Songhua Lake 



Weifang Ma, Yulin Yan, Mengsi Ma, Yihan Zhang, Xiang Cheng. Migration 

and biodegradation of BDE-99 in different river-based natural 
groundwater recharge modes with treated municipal wastewater. Pages 

531-540. 

Pentabromodiphenyl ether is one of the most abundant flame retardant additives 

detected in treated municipal wastewater, river water and sediments in China. When 

using treated municipal wastewater for recharging river-based natural groundwater, 

polybrominated diphenyl ether (PBDE) pollution might be a potential threat to 

underground aquifers. Lab-scale column experiments simulating recharge were 

conducted to investigate the migration and biodegradation of 2,2′,4,4′5-

pentabromodiphenylether (BDE-99) under different recharge modes. Three recharge 

columns were operated in continual sterilization recharge (CSR), continual recharge (CR), 

and wetting and drying alternative recharge (WDAR). The results showed that the 

attenuation effect of the BDE-99 was in the order of CR &gt; WDAR &gt; CSR, whereas 

the intermediate products of PBDE biodegradation were in the order of WDAR &gt; CR 

&gt; CSR. The attenuation rate constants of BED-99 in the CSR, CR and WDAR systems 

were 0.105, 0.139 and 0.127 m−1, respectively, which followed first-order kinetics. The 

primary debrominated metabolites were BDE-15, -28, -47 in the CR system, whereas 

high-brominated diphenyl ethers (BDE-153, -154, -183) and isomers of BDE-99 (BDE-

100) were also produced during the biotransformation process in the WDAR system. The 

accumulation amount of BDE-99 was higher in WDAR soils than in the CR system, 

whereas the intermediate product concentration of PBDEs and OH-PBDEs were in reverse 

order. According to the high-throughput sequencing, the bacterial community in the 

upper layer was more diverse than in the bottom layer, which was related to the oxygen 

concentrations, BDE-99 and its halogenated intermediate concentrations in the water-soil 

system. The dominant groups were found to be proteobacteria, Acidobateria, and 

Firmcutes, including Gammaproteobacteria, Betaproteobacteria, Alphaproteobacteria, 

Acidobateria-6, and Clostridia, suggesting that these microbes might play an important 

role in BDE-99 and intermediate metabolite degradation. The findings of this study 

provide an understanding of PBDE accumulation in natural groundwater recharge areas 

under different recharging operation modes and can facilitate the prediction of the fate of 

PBDEs in underground aquifers. 

 Keywords: BDE-99; Adsorption; Biodegradation; Natural groundwater recharge; 

Microbial community; Transformation intermediates 

Gwy-Am Shin, Tae-Yeol Kim, Ho-Soo Kim, Min-Soo Maeng, Seok Dockko. 

Membrane hybrid system combined with a trickling filter and a thin layer 
of biosand to reduce high levels of organic matter in drinking water in 

developing countries. Pages 541-548. 

The present study develops membrane hybrid system for drinking water that combines a 

trickling filter (TF) and a thin-layer biosand filter (TBSF) prior to membrane. Two 

different types of trickling filter (submerged and protruding) were placed before the 

biosand filter (BSF) with two different sand depths (40 and 3 cm). The effectiveness of 

the TBSF was measured in terms of the reduction in levels of total organic carbon, 

turbidity, Escherichia coli, and bacteriophage MS2. The hybrid systems with a TF + BSF + 

MF membrane showed higher TOC removal and turbidity reduction than hybrid systems 

only with BSF + MF membrane. The TOC removal and turbidity reduction by the hybrid 

systems with a TF were much more stable than those of hybrid systems without a TF 

throughout the operating period despite the changing level of the TOC. The removal of E. 

coli by hybrid systems with a TF was greater (usually &gt;99.99%) and more stable than 

that by the hybrid systems without a TF. However, the removal of bacteriophage MS2 by 

the hybrid systems with a TF was only moderate (∼99%) and not greatly different from 

that by the hybrid systems without a TF. 



 Keywords: Biosand filter; Trickling filter; MF membrane; E. coli; Bacteriophage; 

Organic matter 

Chin Boon Ong, Abdul Wahab Mohammad, Rosiah Rohani, Muneer M. Ba-
Abbad, Nur Hanis Hayati Hairom. Solar photocatalytic degradation of 

hazardous Congo red using low-temperature synthesis of zinc oxide 
nanoparticles. Pages 549-557. 

A simple sol–gel method at low temperature was used to prepare zinc oxide (ZnO) 

nanoparticles. The ZnO nanoparticles which were prepared via different solvents such as 

water, methanol and ethanol were characterized with different techniques such as X-ray-

diffraction (XRD), Brunauer–Emmett–Teller (BET), ultraviolet–visible (UV–vis) 

spectrometry and field emission scanning electron microscopy (FESEM). The XRD results 

revealed that ZnO has a hexagonal structure with average crystallize size of 23.6 nm, 

20.9 nm and 14.2 nm for water, methanol and ethanol based solvent respectively. The 

photocatalytic activities of ZnO samples were evaluated based on the removal of Congo 

red (CR) in aqueous solution under solar radiation. Effect of reaction time, pH, and 

loading of ZnO on degradation of CR was investigated, and the degradation kinetic of CR 

was also studied. 

 Keywords: Zinc oxide; Nanoparticles; Low-temperature synthesis; Solar 

photocatalytic; Congo red 

Wei Tan, Lijun Luo, Yuanli Zheng, Veeriah Jegatheesan, Li Shu, Shili 

Zhang, Min Yang, Hongbin Wang. Preparation and photocatalytic activity 
of heteropolyacid salt (POM)/TiO2 composites synthesized by solid 
phase combustion method. Pages 558-563. 

In this paper, a photocatalyst POM/TiO2 was prepared using heteropolyacid salt 

(NH4)4[Mo8O24(C3H2O4)2]·4H2O (denoted as POM) and TiO2 via solid phase 

combustion method. The structure of POM/TiO2 was characterized by scanning electron 

microscopy (SEM), X-ray spectrometer (EDS), X-ray diffraction (XRD), Fourier transform 

infrared spectroscopy (FTIR), and the photocatalytic activity was evaluated by degrading 

toluene under UV light illumination. The results showed that when (i) the mass ratios of 

POM/TiO2 were 1:0.7, (ii) the calcination temperature was 400 °C, (iii) ecalcination time 

was 3 h, the degradation ratio for toluene was 67.55% and it was an increment of 

36.23% compared with those of TiO2 alone. TiO2/POM exhibited excellent photocatalytic 

activity. 

 Keywords: TiO2; Heteropolyacid (POM); Toluene; Photocatalysis; Solid phase 

combustion method; Catalyst 

Jun Xu, Cong Ma, Bangqing Cao, Jing Bao, Yong Sun, Wenxin Shi, Shuili 

Yu. Pilot study on hydrophilized PVDF membrane treating produced 
water from polymer flooding for reuse. Pages 564-570. 

To meet the oilfield reinjection water quality for low and ultra-low permeability reservoirs 

in China, a hydrophilized polyvinylidene fluoride (PVDF) membrane (approximate 110 

m2) manufactured by our laboratory was used for treating produced water from polymer 

flooding for reuse in Daqing Oilfield. The results showed that a temperature of 37 °C, 

volume reduction factor (VRF) of 4, transmembrane pressure (TMP) of 0.20 MPa and 

crossflow velocity of 4.5 m/s were the feasible operation conditions for the membrane, 

and the average flux could reach 75 L/(m2 h) (LMH). In the permeate, the total 

suspended solids (TSS) was consistently below detection limits (2.5 mg/L) and the 

medium grain size was undetectable. The content of hydrolyzed polyacrylamide (HPAM), 

crude oil and turbidity were respectively lower than 50 mg/L, 1 mg/L and 1 NTU, 



respectively. The parameters of treated water all met the highest oilfield reinjection 

water quality in China and the results demonstrated the hydrophilized PVDF membrane 

had good anti-fouling characteristics in treating produced water from polymer flooding for 

reuse. 

 Keywords: Produced water; Polymer flooding; Polyvinylidene fluoride; 

Hydrolyzed polyacrylamide; Ultrafiltration; Reuse 

Hung-Yee Shu, Ming-Chin Chang, Jian-Jun Liu. Cation resin fixed-bed 
column for the recovery of valuable THAM reagent from the wastewater. 

Pages 571-586. 

Two commercial available cation resins, i.e. Amberlite IR-120 and Dowex HCR-W2, were 

tested as ion exchange adsorbents to investigate their isotherms, kinetics, breakthrough 

characteristics and regeneration on removal and recovery of tetra-methyl ammonium 

hydroxide (TMAH) from wastewater. Batch and column experiments were investigated to 

obtain experimental data for theoretical modelling and verify the column performance of 

the ion exchange process. The Langmuir isotherm represents better equilibrium behavior 

of both resins on TMAH uptake. The ion exchange kinetics follows the pseudo second 

order rate law also for both resins. Furthermore, breakthrough characteristics study 

shows the breakthrough curves follow the Thomas model and Yoon–Nelson model very 

well. The recovery efficiencies of TMAH were obtained as 99.6 and 98.0% from 

wastewater by ion exchange resin column by using 9 N HCl regeneration for Amberlite 

IR-120 and Dowex HCR-W2 resins, respectively. The comparative study on TMAH ion 

exchange removal by Amberlite IR-120 and Dowex HCR-W2 resins in fixed bed column 

suggested that Dowex HCR-W2 demonstrates higher ion exchange capacity than that of 

Amberlite IR-120 resin. 

 Keywords: Ion exchange; Cation exchange resin; Tetra-methyl ammonium 

hydroxide; Fixed bed column; Breakthrough characteristics 

Jih Ming Chyan, Yu Xian Jhu, I Ming Chen, Ruei Feng Shiu. Improvement 
of nitrogen removal by external aeration and intermittent circulation in a 

subsurface flow constructed wetland of landscape garden ponds. Pages 
587-597. 

An external aeration and intermittent circulation were used to improve the nitrogen 

removal performance of subsurface flow constructed wetland (SSF CW) in landscape 

garden ponds. Nitrification was the main mechanism of ammonium–nitrogen ( N H 4 + N 

) removal and partial nitrification/anaerobic ammonia oxidation was a minor process. 

Field measurements yielded a removal rate of N H 4 + N of 0.266–0.566 g N/d m2 and a 

corresponding temperature-dependent rate constant of 0.184 d−1 to 0.377 d−1 

representing an improvement over nitrogen removal. The nitrate–nitrogen ( N O 3 − N ) 

removal was degraded to the background level of N O 3 − N concentration in an 

environment with a high concentration of dissolved oxygen. The N O 3 − N removal rate 

ranged from 0.0393 g N/d m2 to 0.0825 g N/d m2 and resulted from aerobic 

denitrification, indicating that external aeration and intermittent circulation effectively 

improved oxygen transportation in SSF CW. This could remove N O 3 − N of the effluent 

of SSF CW when using in-tank aeration to improve the nitrogen removal performance of 

SSF CW. 

 Keywords: Subsurface flow constructed wetlands; Landscape garden ponds; 

Ammonium–nitrogen; Nitrate–nitrogen; Aerobic nitrification; Aeration; Circulation 


