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Abstract 
The São Paulo Metropolitan Region (SPMR), at São Paulo, State of Brazil, is facing 
many problems related to the quality of its freshwater resources, most of them 
caused by irregular land occupation, making conventional water treatment systems 
(coagulation, flocculation sedimentation, filtration, and disinfection), inappropriate for 
drinking water treatment. Membrane technology plays an important role in water and 
sanitation sectors, mainly because of environmental and health restrictions [1-3]. 
Despite of membrane separation process is already a consolidated option for 
drinking water treatment in many countries around the world one important issue still 
should be addressed, long term membrane systems performance, mainly for 
Microfiltration (MF) and Ultrafiltration (UF) systems. This is because of a complex 
interaction mechanism between membrane and contaminants that are present in 
natural water, and wastewater, known as fouling. This work aimed to make an 
assessment of long term spiral-wound UF performance for drinking water and also 
evaluate the influence of specific operational procedure on system performance. 
Experimental 
The experiments were conducted in an UF pilot plant installed close to the 
Guarapiranga Reservoir, in São Paulo city. A membrane from GE-Osmonics (Model 
PW-4040F) molecular weight cut-off of 10,000g.mol-1 was used. The pilot plant 
operation was fully automated. The system operational performance was evaluated 
through continuous monitoring of permeate flow, temperature and turbidity, 
recirculation flow, membrane pressure and head loss. These data were collected and 
stored in the data logger each 2 minutes. In order to establish specific operational 
conditions, preliminary tests had been carried out to evaluate the influence of 
chlorine dosage in the feed tank and the use of periodic relaxation and flushing 
procedure on membrane performance. For this purpose three operational conditions 
had been evaluated: (a) periodic relaxation and flushing procedure without chlorine 
dosage, (b) periodic relaxation and fluxing procedure with chlorine dosage, and (c) 
no periodic relaxation and flushing procedure with chlorine dosage. Once the best 
operational condition was determined, the system operated continuously for 2 years. 
For the evaluation of water treatment efficiency, raw water and permeate samples 
had been collected periodically to evaluate UV-254 absorption, dissolved organic 
carbon, apparent color, pH, Total coliforms and Escherichia coli. 
Results 
Results from the three operational conditions are showed in Figure 1, where it is 
possible to conclude that the best system operational condition was obtained whit the 
combination of periodic relaxation and flushing procedure, and chlorine dosage. 
Taking into account the same period of operation, almost 67 hours, for the three 
operational conditions, the volume of permeate produced in the best one was 49% 
higher than the one obtained when no periodic relaxation and flushing procedure was 
used. During a two year period of continuous operation it was verified a cyclic 
variation in permeate flow, with higher values during fall and winter seasons (Table 
1), probably because of algae blooms demonstrated by chlorophyll-analysis 
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performed and also based on the frequency of chemical cleanings in each of weather 
seasons, which was higher in spring and summer. Results of water quality (Table 2) 
demonstrate the high performance of the ultrafiltration pilot unit for direct drinking 
water treatment, mainly because the high removal efficiencies obtained for potential 
pathogenic organisms, 100% for E. Coli and Total Coliforms, and 95.1% for turbidity. 
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Figure 1. Results from operational procedure tests: a) continuous operation with chlorine dosage; b) 
periodic relaxation and flushing with chlorine dosage; and c) periodic relaxation and flushing without 
chlorine 

Table 1: Seasonal variation of permeate flow of the ultrafiltration pilot plant in 2008 and 2009. 

Year Season Permeate Flow (L.h-1) 
Minimum Average Maximum 

2008 

Summer 81.7 116.3 155.0 
Fall 95.5 117.9 240.4 
Winter 101.6 139.8 332.8 
Spring 103.7 134.9 305.3 

2009 

Summer 43.3 86.3 191.6 
Fall 62.7 124.8 263.7 
Winter 89.9 130.6 266.5 
Spring 78.6 114.9 216.9 

Table 2: Results for raw and permeate water samples collected during the evaluation period. 

Sample ABS UV-
254 (cm-1) 

DOC 
(mg.L-1) 

Turbidity 
(NTU)a 

E. Coli 
(NMP.100 

mL-1) 

Total 
Coliform 

(NMP.100 
mL-1) 

Raw water 

Minimum 0.030 2.9 1.0 0 63 
Average 0.101 4.8 3.5 49 824 
Maximum 0.307 12.9 11.2 306 2420 
Standard 
Deviation 0.045 2.2 3.0 81 974 

Permeate 

Minimum 0.017 1.9 0.1 0 0 
Average 0.055 3.4 0.2 0 0 
Maximum 0.078 11.6 0.8 0 2 
Standard 
Deviation 0.015 1.9 0.2 0 1 

Number of samples 51 47 23 16 14 
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Abstract 

This work aimed to evaluate the influence of specific operational conditions on the 
performance of a spiral-wound ultrafiltration pilot plant for direct drinking water 
treatment, for application at the Sao Paulo Metropolitan Region. Results from 
operational tests showed the volume of permeate produced in the combination of 
periodic relaxation with flushing and chlorine dosage was 49% higher the volume 
obtained when these procedures were not used. A long term operation study 
demonstrated direct drinking water treatment using spiral-wound ultrafiltration 
membrane is feasible and that the system performed better during fall and winter 
seasons, with higher permeate flow production and reduced chemical cleanings 
frequency. Observed behavior seems to be associated with the algae bloom events 
in the reservoir, more frequent during spring and summer seasons, confirmed by 
chlorophyll-a analysis results. Water quality monitoring during system operation 
demonstrated its efficiency for potential pathogenic organisms, E. Coli and Total 
Coliforms, turbidity, and apparent color removals, with average removals of 100%, 
95.1%, and 91.5% respectively. 
Keywords: ultrafiltration; drinking water, concentrate recirculation, operational 
procedures 

Introduction 

Membrane technology plays an important role in water, and sanitation sectors, 
mainly because of environmental and health restrictions [1-3], and it is already a 
consolidated option for drinking water treatment in many countries around the world, 
because of its capacity for producing high quality water from many different sources 
[4, 5]. Considering the use of membrane technology only for freshwater treatment, 
microfiltration and ultrafiltration systems, in a variety of configuration, are the main 
processes accepted and used nowadays [6-8]. 
Even with this high potential for membrane applications, one important issue still 
should be addressed, long term membrane systems performance, mainly for 
microfiltration and ultrafiltration systems. This is because of a complex interaction 
mechanism between membrane and contaminants that are present in natural water, 
and wastewater, known as fouling [9-11]. For this reason, many researches had been 
addressed very specific issues to understand the loss of membrane performance [12-
14]. 

Considering the limited use of spiral wound ultrafiltration systems for drinking water 
treatment, fouling issues on these systems, and consequently its performance, are 
mostly addressed by feed water pre-treatment, chemical adding, and membrane 
chemical cleaning. In this work an evaluation of the influence of pre-chlorination and 
periodic membrane flushing on the operational performance of spiral wound 
ultrafiltration membrane for direct drinking water treatment was evaluated. For this 
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purpose a pilot plant installed at the Guarapiranga's reservoir, located in the Sao 
Paulo Metropolitan Region, was operated for two years, which made possible to 
evaluate the influence of specific operational procedures and seasonal weather 
conditions on system performance. 

Experimental 

The experiments were conducted in an UF pilot plant (Figure 1) installed close to the 
Guarapiranga Reservoir, in São Paulo city. A membrane from GE-Osmonics (Model 
PW-4040F) molecular weight cut-off of 10,000 g.mol-1 was used. The pilot plant 
operation was fully automated. The system operational performance was evaluated 
through continuous monitoring of permeate flow, temperature and turbidity, 
recirculation flow, membrane pressure and head loss. These data were collected and 
stored in the data logger each 2 minutes. In order to establish specific operational 
conditions, preliminary tests had been carried out to evaluate the influence of 
chlorine dosage in the feed tank and the use of periodic relaxation and flushing 
procedure on membrane performance. For this purpose three operational conditions 
had been evaluated: (a) periodic relaxation and flushing procedure without chlorine 
dosage, (b) periodic relaxation and fluxing procedure with chlorine dosage, and (c) 
no periodic relaxation and flushing procedure with chlorine dosage. Once the best 
operational condition was determined, the system operated continuously for 2 years. 

From the Guarapiranga Reservoir water was directed to the feed tank reservoir 
passing through a sand filter with 0.5 mm sand particles effective diameter and 0.19 
m2 of filtration area (19CFA4-M – Jacuzzi do Brasil). From the feed tank, water was 
pumped to a screen filter of 100 m (1” Super – Amiad Water Systems) and then to 
the membrane pressure vessel. From the membrane pressure vessel permeate was 
sent to the cleaning tank and then to the permeate tank, and concentrate was was 
fully recirculated to the feed pump suction line, in order to increase water recovery. 
Membrane operation pressure was set using a globe valve (G1). Ultrafiltration pilot 
plant was operated in the feed and bleed mode [15], because of problems for 
keeping continuous concentrate discharge. For controlling water recovery, a set of 
solenoid valves timer operated was used. The timer (K1) was programmed to 
activate solenoid valves S2 and S3 during 10 seconds each 10 minutes, for 
concentrate discharge. 
The periodic relaxation and flushing procedure consisted in daily interruption on 
system operation controlled by the timer (K2). After a continuous 24 hours operation 
period, the system was turned off for 10 minutes. During the stopping period, after 4 
minutes the same timer (K2) activated the feed pump and solenoids S1 and S3 to 
perform membrane flushing for two minutes, turning the system off again, for more 4 
minutes, and after that normal system operation was resumed. 
Chemical cleaning was performed periodically, using permeate water for first flushing 
and rinsing, sodium hydroxide solution (pH 12), for organic fouling removal, and 
peracetic acid solution (0.1 %) for sanitization. Membrane cleaning procedure was 
used according to permeate flow declining, which resulted in a variable cleaning 
frequency, or after a specific test. 
For the evaluation of water treatment efficiency, raw water and permeate samples 
had been collected periodically to evaluate UV-254 absorption (UV-Mini 1240 - 
Shimadzu), dissolved organic carbon (TOC-V CPH – Shimadzu Corporation), 
apparent color (AcquaColor – Policontrol Instrumentos Analíticos), pH (Q400MT – 
Quimis Aparelhos Científicos), Total coliforms and Escherichia coli, using the plate 
count method (Colilert® - IDEXX Laboratories). 



 
Figure 1: Flow diagram of the ultrafiltration pilot plant used in the evaluation 

Results and discussions 

Results from the three operational conditions are showed in Figure 2, where it is 
possible to conclude that the best system operational condition was obtained whit the 
combination of periodic relaxation and flushing procedure, and chlorine dosage. 
Taking into account the same period of operation, almost 67 hours, for the three 
operational conditions, the volume of permeate produced in the best one was 49% 
higher than the one obtained when no periodic relaxation and flushing procedure was 
used. 
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Figure 2: Results from operational procedure tests: a) continuous operation with chlorine dosage; b) 
periodic relaxation and flushing with chlorine dosage; and c) periodic relaxation and flushing without 
chlorine 

During a two year period of continuous operation it was verified a cyclic variation in 
permeate flow (Figure 3), with higher values during fall and winter seasons (Table 1), 
probably because of algae blooms demonstrated by chlorophyll-analysis (Table 2), 
and also based on the frequency of chemical cleanings in each of weather seasons, 
which was higher in spring and summer (Figure 4). 

Comparing the results presented in Table 2, and the specific period of operation 
depicted in Figure 3, it is possible to establish a direct correlation among system 
normalized permeate flow, chlorophyll-a concentration, and water temperature. 

 

a) b) c) 



 
Figure 3: Observed normalized permeate flow according to annual seasons 

Table 1: Seasonal variation of permeate flow of the ultrafiltration pilot plant in 2008 and 2009. 

Year Season Permeate Flow (L.h-1) 
Minimum Average Maximum 

2008 

Summer 81.7 116.3 155.0 
Fall 95.5 117.9 240.4 
Winter 101.6 139.8 332.8 
Spring 103.7 134.9 305.3 

2009 

Summer 43.3 86.3 191.6 
Fall 62.7 124.8 263.7 
Winter 89.9 130.6 266.5 
Spring 78.6 114.9 216.9 

 
Table 2: Results for chlorophyll-a concentrations measured at the Guarapiranga Reservoir during 2008 
and 2009 [16, 17] 

Year Chlorophyll-a ( g.L-1) and water temperature (°C) 
January March May July September November 

2008 20.5 23.5 n.a. 27.3 38.6 21.5 14.9 19.3 26.0 19.5 53.5 23.1 
2009 7.7 23.5 9.2 29.1 6.0 21.7 15.1 17.8 33.2 21.1 71.2 25.2 
n.a. – not analyzed 

 
Figure 4: Frequency of chemical cleanings according to weather seasons 



Analyzing Figure 4 it is noticed that the frequency of chemical cleanings is higher in 
spring and summer, what supports previous statements about the influence of 
weather seasons on membrane operational performance. 

Results of water quality (Table 3) demonstrate the high performance of the 
ultrafiltration pilot unit for direct drinking water treatment, mainly because the high 
removal efficiencies obtained for potential pathogenic organisms, 100% for E. Coli 
and Total Coliforms, and 95.1% for turbidity. Even for dissolved organic matter, 
indirectly measured through DOC and UV-254 absorption, a significant removal was 
obtained, with average values of 28.7% and 41.7%, respectively. 

Table 3: Results for raw and permeate water samples collected during the evaluation period. 

Sample ABS UV-
254 (cm-1) 

DOC 
(mg.L-1) 

Turbidity 
(NTU)a 

E. Coli 
(NMP.100 mL-1) 

Total Coliform 
(NMP.100 mL-1) 

Raw water 

Minimum 0.030 2.9 1.0 0 63 
Average 0.101 4.8 3.5 49 824 
Maximum 0.307 12.9 11.2 306 2420 
Standard 
Deviation 0.045 2.2 3.0 81 974 

Permeate 

Minimum 0.017 1.9 0.1 0 0 
Average 0.055 3.4 0.2 0 0 
Maximum 0.078 11.6 0.8 0 2 
Standard 
Deviation 0.015 1.9 0.2 0 1 

Number of samples 51 47 23 16 14 

 
Presented results, so far, clearly demonstrates the high potential for using spiral 
wound ultrafiltration membranes for drinking water treatment, considering stable 
operational conditions and high efficiencies for contaminant removals, and that 
specific operational can improve long term system performance. 

Conclusions 

Based on the results obtained in the evaluation of spiral-wound ultrafiltration 
membranes for drinking water treatment, as presented in this study, it is possible to 
conclude: 

1- Periodic relaxation and flushing procedure, along with chlorine addition, were 
able to increase permeate production by almost 50%. Since the frequency of 
relaxation and flushing procedure was not changed during long-term 
performance evaluation, complementary studies are required to verify if 
higher frequencies can result in better performance results. 

2- Weather seasons can significantly affect ultrafiltration operational 
performance. Higher permeate production and lower chemical cleaning 
frequencies were obtained during fall and winter seasons. This behavior, for a 
humid subtropical climate, can be explained by the higher primary productivity 
in the reservoir during spring and summer seasons, resulting in algae blooms 
during these periods. 

3- The system is quite effective on producing treated water with very good 
quality, mainly related to the removal of potential pathogenic organisms, 
NOM, and turbidity, indicating the process feasibility for direct drinking water 
treatment in the SPMR. 
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Figure 1: Flow diagram of the ultrafiltration pilot plant used in the evaluation 

 

 

Figure 2: Results from operational procedure tests: a) continuous operation with chlorine dosage; b) 

periodic relaxation and flushing with chlorine dosage; and c) periodic relaxation and flushing without 
chlorine 

 

 
Figure 3: Observed normalized permeate flow according to annual seasons 
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Figure 4: Frequency of chemical cleanings according to weather seasons 

 



Table 1: Seasonal variation of permeate flow of the ultrafiltration pilot plant in 2008 and 2009. 

Year Season 
Permeate Flow (L.h

-1
) 

Minimum Average Maximum 

2008 

Summer 81.7 116.3 155.0 

Fall 95.5 117.9 240.4 

Winter 101.6 139.8 332.8 

Spring 103.7 134.9 305.3 

2009 

Summer 43.3 86.3 191.6 

Fall 62.7 124.8 263.7 

Winter 89.9 130.6 266.5 

Spring 78.6 114.9 216.9 

 

Table 2: Results for chlorophyll-a concentrations measured at the Guarapiranga Reservoir during 2008 
and 2009 [16, 17] 

Year 
Chlorophyll-a ( g.L

-1
) and water temperature (°C) 

January March May July September November 
2008 20.5 23.5 n.a. 27.3 38.6 21.5 14.9 19.3 26.0 19.5 53.5 23.1 
2009 7.7 23.5 9.2 29.1 6.0 21.7 15.1 17.8 33.2 21.1 71.2 25.2 

n.a. – not analyzed 

 
Table 3: Results for raw and permeate water samples collected during the evaluation period. 

Sample 
ABS UV-
254 (cm

-1
) 

DOC 
(mg.L

-1
) 

Turbidity 
(NTU)

a
 

E. Coli 
(NMP.100 mL

-1
) 

Total Coliform 
(NMP.100 mL

-1
) 

Raw water 

Minimum 0.030 2.9 1.0 0 63 

Average 0.101 4.8 3.5 49 824 

Maximum 0.307 12.9 11.2 306 2420 
Standard 
Deviation 

0.045 2.2 3.0 81 974 

Permeate 

Minimum 0.017 1.9 0.1 0 0 

Average 0.055 3.4 0.2 0 0 

Maximum 0.078 11.6 0.8 0 2 
Standard 
Deviation 

0.015 1.9 0.2 0 1 

Number of samples 51 47 23 16 14 
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