
This article was downloaded by: [National Chiao Tung University 國立交通大學]
On: 27 April 2014, At: 20:39
Publisher: Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House,
37-41 Mortimer Street, London W1T 3JH, UK

Journal of Environmental Science and Health, Part
A: Toxic/Hazardous Substances and Environmental
Engineering
Publication details, including instructions for authors and subscription information:
http://www.tandfonline.com/loi/lesa20

Recycling and Reuse of Wastewater from a New-
Developed Community Using Sand Filtration,
Ultrafiltration, and Ozonation
C. H. Ni a , J. N. Chen a , Y. C. Tsai a , T. K. Chen a , W. B. Chen b & C. H. Chen b
a Institute of Environmental Engineering , National Chiao Tung University , Hsin-Chu, Taiwan
b Green Environmental Technology Co. Ltd. , Pan Chiao City, Taipei Hsien, Taiwan
Published online: 06 Feb 2007.

To cite this article: C. H. Ni , J. N. Chen , Y. C. Tsai , T. K. Chen , W. B. Chen & C. H. Chen (2003) Recycling and Reuse of
Wastewater from a New-Developed Community Using Sand Filtration, Ultrafiltration, and Ozonation, Journal of Environmental
Science and Health, Part A: Toxic/Hazardous Substances and Environmental Engineering, 38:10, 2339-2348, DOI: 10.1081/
ESE-120023401

To link to this article:  http://dx.doi.org/10.1081/ESE-120023401

PLEASE SCROLL DOWN FOR ARTICLE

Taylor & Francis makes every effort to ensure the accuracy of all the information (the “Content”) contained
in the publications on our platform. However, Taylor & Francis, our agents, and our licensors make no
representations or warranties whatsoever as to the accuracy, completeness, or suitability for any purpose of the
Content. Any opinions and views expressed in this publication are the opinions and views of the authors, and
are not the views of or endorsed by Taylor & Francis. The accuracy of the Content should not be relied upon and
should be independently verified with primary sources of information. Taylor and Francis shall not be liable for
any losses, actions, claims, proceedings, demands, costs, expenses, damages, and other liabilities whatsoever
or howsoever caused arising directly or indirectly in connection with, in relation to or arising out of the use of
the Content.

This article may be used for research, teaching, and private study purposes. Any substantial or systematic
reproduction, redistribution, reselling, loan, sub-licensing, systematic supply, or distribution in any
form to anyone is expressly forbidden. Terms & Conditions of access and use can be found at http://
www.tandfonline.com/page/terms-and-conditions

http://www.tandfonline.com/loi/lesa20
http://www.tandfonline.com/action/showCitFormats?doi=10.1081/ESE-120023401
http://www.tandfonline.com/action/showCitFormats?doi=10.1081/ESE-120023401
http://dx.doi.org/10.1081/ESE-120023401
http://www.tandfonline.com/page/terms-and-conditions
http://www.tandfonline.com/page/terms-and-conditions


©2003 Marcel Dekker, Inc. All rights reserved. This material may not be used or reproduced in any form without the express written permission of Marcel Dekker, Inc.

MARCEL DEKKER, INC. • 270 MADISON AVENUE • NEW YORK, NY 10016

JOURNAL OF ENVIRONMENTAL SCIENCE AND HEALTH

Part A—Toxic/Hazardous Substances & Environmental Engineering

Vol. A38, No. 10, pp. 2339–2348, 2003

WASTEWATER RECLAMATION AND REUSE

Recycling and Reuse of Wastewater from a

New-Developed Community Using Sand

Filtration, Ultrafiltration, and Ozonation

C. H. Ni,1,* J. N. Chen,1 Y. C. Tsai,1 T. K. Chen,1

W. B. Chen,2 and C. H. Chen2

1Institute of Environmental Engineering,

National Chiao Tung University, Hsin-Chu, Taiwan
2Green Environmental Technology Co. Ltd.,

Pan Chiao City, Taipei Hsien, Taiwan

ABSTRACT

In this study, the pilot apparatus combined with sand filtration, ozonation and

ultrafiltration was established. Wastewater from the secondary treatment effluent

in the new-developed community was taken as the sample for looking into the

feasibility of domestic wastewater reuse and recycling. The test results by sand

filtration, sand filtration/ultrafiltration, sand filtration/ozonation, and sand

filtration/ultrafiltration/ozonation were compared for looking for appropriate

treatment processes applied in the domestic wastewater reuse and recycling.

Finally, cost analysis was carried out and sand filtration/ozonation process was

suggested to be one of the best processes. The total cost is about 0.1–0.32 $USD

per cubic meter of produced water by considering the capital and operation cost

for five years in the small domestic wastewater treatment plant (50–750CMD).
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INTRODUCTION

As urbanization progresses, residential communities have been developed more
rapidly. People demand much water than before to suit their needs. However, the
shortage of water in Taiwan becomes severe especially in spring and summer since
the change of climate. In order to meet the water requirements in the future, the
government has formulated pragmatic water policies and water-saving programs for
full implementation. At present the government has launched the mid-channel
system, which is a water supply system focusing on the recovery of wastewater
and recycling of water resources after appropriate treatment in newly developed
communities, commercial buildings, resorts and schools, in order to meet the
objectives of water resources recycling and saving.

Odor, color, and bacteria are very important issues for recycling the secondary
effluent. Ozone with strong oxidative capability is excellent on the removal of odor,
color, and bacteria. Paraskeva et al. (1997) used a 5L capacity and 3m high bubble
column reactor, with G/L ratio of 0.05–0.2 (using counter current), operation dosage
of 2.5–25mg/L, in treating secondary wastewater discharge. He demonstrated
15–50% removal rate for BOD and 40–80% removal rate for color.[1] Sasai et al.
(1997) used a 4m high and 31.4 L capacity bubble column reactor to treat the
secondary wastewater discharge of Kisshoin wastewater treatment plant, employing
operation dosage 15mg/L. About 13% of TOC and 33% of COD were degraded
and color was reduced from 1.4 to 0.2�.[2] Tatsuki and Hirata (1997) also used a 4m
high bubble column reactor, applying a G/L ratio of 0.36, ozone dosage of
3–25mg/L, exposure time of 5–25min, for processing the water discharged from
wastewater treatment plant (previously filtered and processed with active
carbon). In the ozonation process with control of the dosage at 12–15mg/L and
exposure time at 10min, the coliform bacillus content was well controlled under
50CFU/100mL.[3]

Membrane separation technologies are also becoming important in wastewater
treatment, water reuse, and recycling. Ultrafiltration membrane allows to control
separated materials such as particle, bacteria, and high molecular weight of organic
with the selective small pore size. In this study, the pilot apparatus combined with
sand filtration, ozonation, and ultrafiltration was established. Wastewater from the
secondary treatment effluent in the new-developed community was taken as the
sample for looking into the feasibility of domestic wastewater reuse and recycling.
The test results by sand filtration, sand filtration/ultrafiltration, sand filtration/
ozonation, and sand filtration/ultrafiltration/ozonation were compared for looking
for appropriate treatment technologies applied in the domestic wastewater reuse and
recycling.

METHODS

Experimental Setup

Wastewater samples were taken from the secondary effluent of wastewater
treatment plant in the newly developed-residential communities. The pilot plant

2340 Ni et al.
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combined with one sand filter, ozonation reactor (shown in Figs. 1 and 2)
and ultrafiltration unit. The sandfilter column is 1.2m high and diameter 0.1m
with an operating filtration rate at 150m/day. Two bubble columns, 1.5m high
and diameter 0.1m, were used as the ozonation reactors. On the bottom of each
reactor is a porous diffuser for releasing gas with aperture of 100 mm (0.1 cm). Raw
water passed through the sand filter and then proceeded with the ozonation process.
The in-off ozone gas flow and concentration were measured by an electro-magnetic
controller and SEKI analyzer. Ozone residual was detected using the Indigo method
(Bader and Hoigne, 1981).[4] Thus the consumed ozone was obtained by calculating
the items above. The UF system shown in Fig. 3 included a spiral ultrafiltration
membrane with automatic flush control. The influent flow rate was 10L/min.

Figure 2. The apparatus of sand filter and ozonation setup.
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Figure 1. The schematic of sand filter and ozonation setup.
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The MWCO was 50,000 dalton and recovery was 80% for the UF membrane
operation.

RESULTS AND DISCUSSION

Comparison of Water Quality by Different Treatment Processes

Table 1 shows the results of comparison of water quality by different treatment
processes. The values of BOD, color, turbidity, and e-coli in the raw wastewater were
around 162mg/L, 65 Pt-Co, 50NTU and 7.5� 106 cfu/mL respectively. The second-
ary effluent water quality was under the discharge limits with 29.7mg/L of BOD.
However odor, color, and bacteria were still very obvious issues for recycling the
secondary effluent. After sand filtration and NaOCl disinfection, the filtration rate
and chemical dosage were 147m/day and 5mg/L, the e-coli was 1.0� 105 cfu/mL.
BOD and color were still 27.1mg/L and 33.9 which were much higher than the
suggested values. The treated water was yellow color with odor smell.

Sand filtration conjoined a spiral ultrafiltration unit with automatic flush control
was conducted as a substitute process. The removal rate for coliform bacillus, BOD,
turbidity and color reached 99.96, 77.5, 99, and 56.4% respectively. After sand filter
plus UF treatment, coliform bacillus content can be controlled under 5 cfu/mL, BOD
under 5.4mg/L, turbidity under 0.24NTU, and color within 12.5–17. However, the
treated water is still light-yellow and a little odor smell. Figures 4 and 5 show
the variation of production flow and transmembrane pressure with the automatic
flush control, processing filtration for 10min with one minute flush interval, the
transmembrane pressure can be controlled between 30 and 45 psi and fouling can
be reduced for a long period of operation.

Flow Meter

Filter Filter

UF membrane
 PVDF Tank for Permeate

60 L

Three-Way Valve

Electric Pressurized
Pump

Tank for Cleaning
Agent 60 L

Electric Valve Transforming Valve

Wasterwater Effluent

Concentrate

Permeate

Influent

Flow Meter

Figure 3. The apparatus of the ultrafiltration unit.
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Wastewater from the secondary effluent was conducted to flow into the bubble
column reactor for ozone reaction. Figures 6–8 indicate that the removal rates of
BOD, color, and coliform bacillus tend to increase as applied ozone dosage steps up.
When the operation G/L rate is controlled at 0.4 and applied ozone dosage is over
12mg/L, BOD removal can reach 9.8mg/L approx. Color removal also increases
as dosage goes up. When the dosage reaches 16mg/L, processed water is almost
colorless, which indicates that high oxidation effect of ozone is very effective for color
removal. As for coliform bacillus content, it can be controlled under 10CFU/mL
when the applied ozone dosage is over 8mg/L, and so is disinfection effect.

Using sand filtration and ozone treatment, the G/L ratio within ozone column
reactor can be maintained within 0.2–0.4 and the ozone dosage within 8–12mg/L.
The removal rate for coliform bacillus, BOD, turbidity, and color is 99.96, 62.2, 89.6,

Table 1. Comparison of water quality between the raw wastewater, secondary effluent and

treated water by different processes.

pH

BOD

(mg/L)

Color

(Pt-Co)

Turbidity

(NTU)

E-coli

(cfu/mL)

Raw wastewater 7.3–7.8 130–195

(162)

50–80

(65)

40–60

(50)

6� 106–9� 106

(7.5� 106)

Secondary

treated water

7.5–7.8 27–32.3

(29.7)

32.6–41

(36.4)

17–29

(22.2)

2.2� 103–5� 106

(1.25� 106)

Sand filter/NaOCl

treated water

7.5–7.9 24–29.1

(27.1)

28.1–38

(33.9)

2.6–4.5

(3.5)

8.9� 102–3� 105

(1.0� 105)

Sand filter/ultrafiltration

treated water

7.7–7.8 3.5–7.3

(5.4)

12.5–17

(14.8)

0–0.5

(0.24)

0–10

(5)

Sand filter/ozonation

treated water

7–7.3 10.2–11.4

(10.8)

10.3–13.7

(12)

2.0–2.5

(2.2)

0–4

(2)

Sand filter/ultrafiltration/

ozonation treated water

6.5–7.4 2–4.4

(3.2)

1–3.8

(2.4)

0–0.6

(0.3)

n.d.
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Figure 4. Variation of production flow rate with automatic flush in UF system.
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Figure 6. BOD degradation in the sandfilter/ozonation process. Qg¼ 0.2 L/min,

QL¼ 1.0L/min (G/L¼ 0.2); Qg¼ 0.4L/min, QL¼ 1.0L/min (G/L¼ 0.4).
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Figure 5. Variation of pressure with automatic flush in the UF system. (1) Qg¼ 0.2L/min,

QL¼ 1.0L/min (G/L¼ 0.2); (2) Qg¼ 0.4L/min, QL¼ 1.0L/min (G/L¼ 0.4).
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Figure 7. Color degradation in the sandfilter/ozonation process. Qg¼ 0.2 L/min,

QL¼ 1.0L/min (G/L¼ 0.2); Qg¼ 0.4L/min, QL¼ 1.0L/min (G/L¼ 0.4).

2344 Ni et al.

D
ow

nl
oa

de
d 

by
 [

N
at

io
na

l C
hi

ao
 T

un
g 

U
ni

ve
rs

ity
 ]

 a
t 2

0:
39

 2
7 

A
pr

il 
20

14
 



©2003 Marcel Dekker, Inc. All rights reserved. This material may not be used or reproduced in any form without the express written permission of Marcel Dekker, Inc.

MARCEL DEKKER, INC. • 270 MADISON AVENUE • NEW YORK, NY 10016

and 67% respectively. Ozone with strong oxidative capability is excellent on
the removal of odor, color, and bacteria. After ozonation treatment, coliform
bacillus content can be controlled under 10CFU/mL, BOD under 10mg/L, turbidity
within 2.0–2.5NTU, and color within 10.3–13.7�. The properties of water is
almost colorless and odorless, capable of reaching the reference standard for recycled
water.

Furthermore, sand filtration/ultrafiltration/ozonation process was proceeded.
Under the same operation condition, coliform bacillus content was not detected,
BOD was under 3.5mg/L, turbidity was under 0.5NTU, and color within 1–2�.
The properties of treated water is excellent and colorless and odorless, capable
of reaching the reference standard for recycled water. Table 2 shows the overall
comparison between the water quality after treated by different processes and
recycled water quality requirements. It indicates that sand filter/ozonation and
sand filter/UF/ozonation processes can produce more qualified water on BOD,
odor, outlook, and e-coli items for reuse and recycling.

Economic Analysis

Finally, Table 3 indicates the preliminary cost evaluation calculated for the
sand filtration/ozonation and sand filter/UF/ozonation processes. The overall cost
consists in principal of the capital and operatiing cost. Table 3 shows the costs in
terms of $USD per cubic meter of produced water with different treated capacity on
the basis of the following:

(1) to assume that the equipment can be used for 5 years
(2) to assume that civil engineering cost is ignored
(3) the operating cost includes the electrical, chemical, and maintenance fee.

Considering the economic effect, sand filter/ozonation is suggested to be one of
the appropriate processes for secondary effluent reuse and recycling in the domestic
wastewater treatment plant. The total cost is about 0.1–0.32 $USD per cubic meter
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Figure 8. E-coli disinfection in the sandfilter/ozonation process.
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of produced water by considering the capital and operatiing costs for five years in the
small domestic wastewater treatment plant (50–750CMD).

CONCLUSIONS

Sand filter/ozonation is suggested to be one of the best processes for secondary
effluent reuse and recycling in the domestic wastewater treatment plant. The removal
rate for coliform bacillus, BOD, turbidity, and color is 99.96, 62.2, 89.6, and 67%
respectively. After ozonation treatment, coliform bacillus content can be controlled
under 10CFU/mL, BOD under 10mg/L, turbidity within 2.0–2.5 (NTU), and color
within 10.3–13.7�. The quality of recycled water is almost colorless and odorless,
capable of reaching the reference standard for recycled water. The total cost is about
0.1–0.32 $USD per cubic meter of produced water by considering the capital and
operation cost for five years in the small domestic wastewater treatment plant
(50–750CMD).
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