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(KL1)

Slow sand filtration: recent research and application
perspectives

Nigel J. D. Graham* and M. Robin Collins**
*Imperial College London, South Kensington, London SW7 2AZ, UK
** University of New Hampshire, Durham, NH, USA

Slow sand filtration (SSF) has been widely used in the field of water treatment for over 100 years and while
important features of the process have been studied in detail, many aspects of the process remain poorly understood.
In addition, modifications to the process and pre-treatment methods are required to enhance SSF performance to
meet more demanding treated water quality objectives and reduced costs. This paper highlights some of these
aspects and refers to recent research that has investigated the nature and role of the biomass in the process, the
benefits of applying surface fabric layers, pre-ozonation and GAC sub-layers, and the development of a
deterministic-type mathematical model to simulate the SSF process. In all cases, the research has provided useful
insights but much futher work is required to consolidate the findings and bring benefits to the application of SSF in
practice.
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(A1-1)

Overview on the Current Condition of Slow Sand
Filtration and its Challenges in Japan

Sombo Yamamura,
Nagoya Research Institute of WA-Links for Future Development
Sanki Build. 2-5-17 Meieki -4, Nakamura-ku Nagoya, 450-0002, Japan

Slow sand filtration (SSF) was introduced to Japan as the modem water supply technology and played significant
roles in the development of Japan’s water works before the World War II. However, rapid sand filtration became
more popular in new plans after the 1960’s, reflecting limited space availability in urban areas. SSF received
pressures by urban development and source water degradation, and some SSF plants were forced to close. As the
result, the amount of purified water by SSF was reduced to 40% of the peak time in the past. Having said that, the
number of SSF still amounts to 2,400 in Japan, of which small scale SSFs are dominant. They require technical
assistance and renovation of technologies.
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(A1-2)

The Centenary Slow Sand Filtration in Nagoya City
- A 100 Year Trend of Water Quality-

Kenji MORI
Nagoya City Waterworks & Sewerage Bureau
1-1 Sannomaru 3-chome, Naka-ku, Nagoya, Aichi, Japan

The data of the water quality, which had been accumulated for nearly 100 years, were analyzed to watch the
long-term trend. As 14 indexes have been measured since our establishment, the past and present water qualities
can be compared.

During past 100 years, raw water was severely polluted twice, around 1960 and during 1980s. It is inferred that the
causes of the pollution are industrial wastewater for the former and domestic wastewater for the latter. Both slow
and rapid sand filtration systems have capacity to remove the pollutant in domestic wastewater. But, a slow sand

filtration system could not enough remove the pollutant by industrial wastewater.
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Value of Adenosine Tri-Phosphate and Total Cell Count
for the assessment of general microbial water quality
after sand filtration

Aleksandra Magic-Knezev, Luc Zandvliet* , Willem A. Oorthuizen**, Ed J.van der Mark**
*Het Waterlaboratorium, Lucasweg 2, 2031 BE Haarlem, The Netherlands
**Dune water company Dunea, Zoetermeer, The Netherlands

In the present study we evaluated the suitability of two culture independent methods for the assessment of general
microbial water quality after three sand filtration systems: dune recharge (DR), rapid sand filtration (RSF) and slow sand
filtration (SSF). General microbial water quality was furthermore compared with the occurrence of faecal indicators in the
DR. The concentration of total adenosine tri- phosphate (ATP) and total cell count (TCC) in water were measured during
the period of 16 months in effluents of DR, RSF and SSF at three production locations of the Dune water company Dunea.
Dune filtrates exhibited relatively stable ATP values that were not affected by temperatures between 8-18 °C. TCC values
increased at increased temperature on account of LNA cells while HNA cell numbers remained stable. RSF reduced the
ATP concentration and TCC values by 65-89% and 16-24%, respectively, but occasionally bacteria were also released
from RSF. SSF reduced the ATP concentration and TCC values by 80-95% and 45-52%, respectively. SSF filters with
the shorter lifetime exhibited better reduction of ATP and TCC values. ATP and TCC are valuable parameters for the
routine monitoring of general microbial water quality and can be used to assess the efficiency of processes applied during
drinking water production.
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Food chain is the key in ecological purification system:
new concept and new name of slow sand filter

Nobutada NAKAMOTO

Prof. Emeritus of Shinshu University, Ueda, Japan

Community Water Supply Support Center of Japan, 1218-5, Suwagata, Ueda, Nagano, 386-0032,
Japan

Slow sand filter is based on the biological community. High filter rate of 40cm/h had been adopted as standard flow
rate by Thames Water Ultilities. Impurity of dissolved and particulate substance is eliminated during several minutes
passing through the active sand layer. Food chain is the key for the purification process. Unwilling action to small
organisms is not good. Gentle for small organisms is the key for Ecological Purification System which is a new

concept and a new name of slow sand filter.
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Treatment oriented method to determine potential for

biological removal of NOM-components

Wolfgang Uhl  Technische Universitat Dresden, Germany

Bioprocesses play an important role in Natural Organic Matter (NOM)-removal (THM-precursors, taste, odour,

regrowth potential, etc.) in drinking water production. It is important to know whether compounds can be removed

by the bioprocess.

Dissolved organic compounds (DOC) are separated by LC-OCD (Liquid Chromatography-Organic Carbon

Detection) into fractions of biopolymers, humics of high molecular weight, building blocks and low molecular

weight acids and neutrals. The data obtained are discussed in relation to results from pilot investigations.

The results clearly show that the yield for biomass production is much higher for the river water compared to

the groundwater. Furthermore, the river water contains lots of biopolymers which are detrimental to membranes.

However, they can at least partly be removed by biodegradation.
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Evaluation of dissolved organic matter fractions removal

due to biodegradation

E. Vasyukova, R. Proft, W. Uhl

Technische Universitat Dresden, Institute of Urban Water Management, Chair of Water Supply

Engineering, 01062 Dresden, Germany

The objective of this study was to evaluate the biodegradability of dissolved organic carbon and organic nitrogen

fractions of different composition and origin, as well as to understand how these NOM fractions are removed

during full-scale drinking water treatment. Samples across three drinking water plants treating surface waters of

different origin were investigated. The observed microbial catabolism of natural organic matter of the whole

molecular weight spectrum points out the need for control of all fractions by treatment processes in order to

minimize the risk of microbial proliferation in drinking water distribution systems. The results furthermore indicate

the importance of an optimised coagulation procedure as the main process to remove to a large extent the high

molecular weight DOC and DON including their biodegradable part.
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Influence of preozonation on the performance of
subsequent bio-filter in water treatment under low
temperature condition: Biomass and community analysis

Jiaxuan Yang, Jun Ma*, Dan Song, Yulong Shi, Xuedong Zhai
State Key Laboratory of Urban Water Resource and Environment, Harbin Institute of Technology,
PR China Address: 73 Huanghe Rd. Harbin 150090, China. majun@hit.edu.cn

Biomass and community are essential for the performance of drinking water biofilters. In the present study, two
biological granular activated carbon (BGAC) filters, feeding with the water after coagulation-sedimentation with or
without pre-ozonation treatment, were investigated over a period of 5 months under lower temperature condition.
To explore the mechanism of treatment, BGAC particles were sampled from four different heights of the filter (10,
40, 70 and 110 cm), the active biomass and microbial community in the filter, based on 16S rRNA gene-DGGE,
were monitored at the mature stage of two BGAC columns. The importance and role of preozonation has been

demonstrated.
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Autotrophic growth competition between ammonia-
oxidizing archaea and ammonia-oxidizing bacteria in
biological activated carbon filter with nitrification potential

Ikuro KASUGA", Jia NIU, Futoshi KURISU", Hiroaki FURUMAI" and Takaaki SHIGEEDA™
“The University of Tokyo, 7-3-1, Hongo, Bunkyo, Tokyo 113-8656, Japan

“Bureau of Waterworks, Tokyo Metropolitan Government, 2-8-1, Nishi-Shinjuku, Shinjuku, Tokyo
163-8001, Japan

Biological activated carbon (BAC) filtration combined with preceding ozone oxidation has been established as a
major advanced drinking water purification process. One of the most important functions of BAC is the biological
oxidation of ammonia, which can serve as a precursor for odourous trichloramine. The activity of
ammonia-oxidizing microorganisms in the BAC filter is related to the nitrification performance of BAC. In the
present study, autotrophic growth competitions between ammonia-oxidizing archaeca (AOA) and
ammonia-oxidizing bacteria (AOB) associated with BAC were evaluated by DNA stable isotope probing. When
low levels of ammonium (0.14 mg N/L) were continuously supplied to BAC collected from a full-scale drinking
water purification plant in Tokyo, AOA rather than AOB demonstrated higher autotrophic growth activity
following 7 days of incubation. After 28 days, both AOA and AOB showed autotrophic growth. These results
indicate that AOA outcompete AOB for the oxidation of low levels of ammonium in BAC filters.
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Gut bacterial floras of aquatic invertebrates inhabiting
slow sand filter beds

Juni TAKEUCHI*, Yajing ZHAO™**, Ryoki TANAKA***
*Present address, Renaissance Academy, Gakuen Bldg., Shibata 2-9-20, Kita-ku, Osaka 530-0012,
Japan (email: jtakeuchi@r-acjp) **Dalian University, China ***Okayama University, Japan

Aerobic heterotrophic bacteria from gut contents of small animals as “internal colonizers” were identified by partial
sequencing 16S rDNA after surface sterilization by the UV irradiation. The gut floras turned out quite uniform
composition, thus suggesting the animals fed on their favorite food under natural conditions. The present results
may possibly explain that the fermentative flora and the resultant faecal pellets associated hydrolytic enzymic
activities would contribute to remove excess organics and harmful microbes from the filtered drinking water.
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The functioning of biological slow sand filtration in relation
to the presence and the role of Annelids in the
schmutzdecke

Gerhard H. Wubbels*, Jantinus H. Bruins*, Mieneke Bosman™ and Dirk v.d. Woerdt**
*WLN (Waterlaboratorium Noord), The Netherlands

**\Waterbedrijf Groningen, The Netherlands

At Waterbedrijf Groningen, The Netherlands for the purification of surface water to drinking water slow sand
filtration is used. There are five slow sand filters, and slow sand filter three (SSF3) has different behavior in head
loss (clogging). SSF3 had run for more than 25 years without renewing the schmutzdecke due to clogging.
Experiments showed that certain type of annelids give the schmutzdecke a different structure than the
schmutzdecke found in the other filters. The presence of the annelids had no effect on the log removal of pathogenic
microorganism of the filter.
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The Inhibitory Effect of Tubificid on Head Loss in Slow
Sand Filtration

Hideharu SUGINO*, Shinichi NAKAMASU**, Tetsuhiro KOMATSU** and Shintaro TAKANO**
*Mizumiirai Hiroshima Corporation, **Public Enterprise Bureau, Hiroshima Prefectural Government
*961-1 Mitsuishi,Ogatachyo,Ootake, 739-0627  **10-52 Matomachi,Naka-ku,Hiroshima, 730-8511

We observed a lower rate of head loss in the Noda Water Purification Plant’s No.2 Slow Sand Filter (in Hiroshima
Prefecture, Japan), where tubificid had lived continuously. So, in order to further investigate the relationship
between tubificid and the rate of head loss, we experimented with a small slow sand filter. We confirmed that
tubificid effect the rate of head loss in slow sand filters.
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Schmutzdecke Development and Treated Water Quality

Tomomi SUGIMOTO
Nagoya City Waterworks & Sewerage Bureau
1-1 Sannomaru 3-chome, Naka-ku, Nagoya, Aichi, Japan

Seasonal schmutzdecke development is observed during filtration operation using new schmutzdecke samplers in
two field scale slow sand filters while most field scale investigations observe schmutzdecke only at the end of filter
runs because of difficulties to obtain schmutzdecke with supernatant on it. Detailed analysis of schmutzdecke
during filter operation can improve operational management through better understanding of slow sand filter. The
new schmutzdecke sampler featured in this paper is a portable sand bed on a mesh container (30cm x 20cm) which
is set on the filter bed after cleaning between filter runs. The sampler enables collecting active schmutzdecke
without disturbing it because it makes unnecessary to cut out operating schmutzdecke. This paper observes the
schmutzdecke collected from seven samplers set on the filter bed with the interval of approximately two weeks

during a filter run and discusses the algae species, biomass and filter performance.
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Biological Iron Removal from Community Water Source
-Corriverton, Republic of Guyana-

Hayato Nakazono, Phatta Thapa, Akira Takechi, Sunildatt Barran
TEC International Co., Ltd., 7-1 Kasumigaseki 3-Chome Chiyoda-ku Tokyo Japan

After completion of a project with grant aid from JICA in 2010, quality of supplied water has significantly
improved in Corriverton, Republic of Guyana. Prior to this project, Corriverton used to be supplied raw water
directly from deep wells without any disinfection. The raw water had iron concentrations exceeding the WHO
standards and faecal coliforms were often detected in it. To address these problems, a WTP with a slow sand filter
was constructed by the project to remove excess iron and biological contamination in raw water.

Average iron removal ratio in the newly-constructed WTP is 88%, and the average iron concentration of treated
water is 0.23mg/L during February to July 2013. Frequency of sand scraping is every 2 to 3 weeks, and the filters
resume operation after a few hours of scraping due to fast breeding of iron bacteria. In this project, the slow sand
filter with iron bacteria has successfully showed a high iron removal efficiency as well as conventional purification
capacity with easier operation and maintenance compared to the rapid sand filter. The significant improvement of

water quality has been well recognized by customers.

Date H Turbidity (NTU) Iron (mg/L)

Raw water Treated water Raw water Treated water Raw water Treated water
26/Feb./2013 5.98 ND 10.9 ND 1.61 ND
19/Mar./2013 5.76 ND 14.0 ND 2.02 ND

7/May/2013 6.01 ND 9.2 ND 1.98 ND
4/Jun./2013 5.83 6.61 20.3 2.90 ND 0.39
18/Jun./2013 5.77 6.61 14.7 0.60 ND 0.13
3/Jul./2013 5.64 6.34 12.6 1.30 ND 0.18

17/Jul./2013 5.77 6.22 20.1 0.90 ND ND
Average 5.82 6.45 145 1.43 1.87 0.23
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Renewal and selection of granular activated carbon in
advanced drinking water purification in Tokyo

Tomoe IWAMOTO, Takuya TASAKI and Taku KANAMI
Purification division, Bureau of Waterworks, Tokyo Metropolitan Government, Tokyo, Japan
2-8-1 Nishishinjuku, Shinjuku-ku, Tokyo, 163-8001, Japan

One of the most significant tastes and odors in drinking water is musty odor such as 2-methylisoborneol (2-MIB) and
geosmin because they are difficult to remove completely by conventional drinking water purification. Since 1974, 2-MIB
had been detected in the Edo River, one of the main water sources of Tokyo, and had caused musty odors in purified water
from Kanamachi purification plant (PP). In order to remove 2-MIB efficiently and stably, Tokyo Waterworks decided to
introduce advanced drinking water purification (ADWP), which consists of ozonation and biological activated carbon
(BAC) filtration, to Kanamachi PP. It is necessary to replace granular activated carbon (GAC) within a proper period to
maintain its performance. After the introduction of ADWP, Tokyo Waterworks had conducted follow-up research to
determine the renewal period. In this paper, the renewal period, based on both removal performance and cost-effectiveness,
and a revised period, based on TOC removal, are discussed. The relationship between GAC performance and raw
materials is also described.

Table Degradation of removal performance of BAC filter in the first study.

Indicator Degradation of removal Proper renewal period
uv260 Become 0% after 86 months 7 - 8 years

NH3-N Leakage occurred in low water temperature after 6 years 7 - 8 years

2-MIB Maintain about 100 % through investigation period -

MBAS Frequent leakage observed after 7 years 7 years

THMFP Maintain about 30 % through investigation period -
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Removal of easily and more complex biodegradable
NOM by full-scale BAC filters to produce biological stable
drinking water

W. A. M. Hijnen*, R. Schurer**, B. Martijn***, J. A. Bahlman, W. Hoogenboezem****,
P. W. J. J. van der Wielen*

*KWR Watercycle Research Institute, PO Box 1072, 3430BB Nieuwegein, NL

**Evides Water Company, PO Box 4472, 3006 AL Rotterdam, NL

***PWN Water Company, Rijksweg 501, 1991 AS Velserbroek, NL

****Het Waterlaboratorium, PO Box 734, 2003 RS Haarlem, NL

Distribution of drinking water without chlorine requires low microbial growth potential of the water, which can be
assessed with methods detecting biodegradable compounds at low concentrations. Recent insights showed that
besides the easily assimilable organic carbon AOC measured with P17/Nox more complex biodegradable
compounds or biopolymers are also of significance for the biological stability of water. Therefore, the impact of
full-scale Biological Activated Carbon (BAC) filtration processes on the biological stability of water was
determined at four full-scale water treatment plants using newly developed methods. The results indicate the
importance of BAC filtration for the concentration of more complex biodegradable AOC and particulate organic
matter in the water. The removal rate of biodegradable compounds in BAC filtration is affected by influent quality,
temperature, and results also indicate an effect of reactivation frequency of the activated carbon.
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Applicability of Spherical Coconut Shell Activated Carbon
to Biological Activated Carbon for Advanced Drinking
Water Treatment

Azusa YAO, Koji TAKAHASHI, Takahiro OKAWA, Katsuaki SATOH
Swing Corporation
7-18, Konan 1-chome, Minato-ku, Tokyo 108-8470, Japan

High-performance spherical activated carbon (AC) derived from coconut shell for advanced drinking water
treatment was newly developed. The mesopore and macropore volumes of spherical coconut shell AC are about
three times as much as those of crushed coconut shell AC. In terms of applicability as biological AC, the spherical
coconut shell AC shows the earliest start of nitrification reaction than crushed coconut shell AC and crushed
coal-based AC. Moreover, Quantitative-PCR (Q-PCR) was performed to determine abundance of AOA. In the
result, 1.2x107 copies/g-dry were detected in spherical coconut shell AC (AC4), however 4.0x106 copies/g-dry
were detected in coal-based AC (AC3) (p<0.05). This report describes the applicability of the spherical coconut
shell AC to biological AC filtration for advanced drinking water treatment. .
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Manganese removal in BAC facilities without ozonation in
water purification plants

Toshiya YAHATA, Etsuro KAWASE, Eiji Takahashi, and Michinao Yoshii
Water Quality Management Division, Niigata Water Works Bureau
1-1 Aoyama-suido, Nishi-ku, Niigata City, Niigata 950-2005, Japan

We surveyed the manganese removal process by a biological activated carbon (BAC) treatment without ozonation.
The survey results showed that D-Mn was not detected in the water treated by the aged BAC beds, but high
concentration of manganese was detected by the new BAC bed. A follow-up survey indicated that a BAC bed
needs six months to obtain manganese removal functionality. In the next survey, we measured the quantity of
adhered manganese (ad-Mn) in the GAC beds and RSFs. Before beginning operation of the Shinanogawa
purification plant, we performed a test operation without BAC treatment, and mangaese removal was required
during the test period. However, after six years of operation, the quantity of ad-Mn in the RSFs decreased to less
than 0.3 mg/g. Based on these facts, we concluded that the quantity of ad-Mn decreased gradually because the
concentration of D-Mn in water treated by RSFs was almost zero when the BAC facility obtained manganese
removal functionality.
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Deterioration Mechanisms of Granular Activated Carbon
in Fluidized-Bed Contactor with Biological and Physical
Effects

Yusei KOBAYASHI, Masami OYA, Yasuo TANAKA, Daiji NAGASHIO

and Takashi HANAMOTO

Hanshin Water Supply Authority

2-5-17 Nuttarinishi,Chuo-ku, Niigata, 950-0076, Japan 2-5-17 Nuttarinishi,Chuo-ku, Niigata,
658-0073, Japan

Hanshin Water Supply Authority investigated the deterioration of Granular Activated Carbon (GAC) in different
layers of fluidized-bed contactor. In the upper layer, the grain diameter of GAC was small and its iodine-adsorbing
potential decreased. In the lower layer, the grain diameter of GAC was large and the amount of accumulated
manganese was also large. This was because of the deterioration and erosion of GAC resulting from the exposure
to ozone, and the separated small-diameter GAC grains moved to the upper layer. The formation of the mud balls
was probably due to the agglomeration of GAC in the presence of polymers produced by rhizopods.
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A Review of Biologically-Based Drinking Water
Treatment Processes for Organic Micropollutant
Removal

R. S. Summers*, K. Shimabuku*,T. L. Zearley**
*Department of Civil, Environmental and Architectural Engineering, University

of Colorado at Boulder, Boulder CO 80309 -0428 **AAAS Science and Technology Fellow

Organic micropollutants are increasingly being detected in the world’s drinking water sources. The need exists for
sustainable drinking water treatment options to remove these pollutants. The research studying biotechnologies,
such as biological filtration and managed aquifer recharge is growing. This review compiles removal efficiencies
observed in biological drinking water systems to reveal the extent of such technologies’ effectiveness for a range of

organic micropollutants.

Table 2.1 Organic micropollutant removal efficiencies in biological filters and managed aquifer recharge.

Biological filter Managed Aquifer Recharge
Inf. Inf.
Type Conc. Removal RT Conc. Removal (%) RT
Compound (ng/L) (%) (min) S (ng/L) AW, PW. (d) S
Nonpoint Sources
Gasoline Additive
Benzene 28 <0-61, 66 105-28 n
Ethylbenzene 18 11-79, 79 10.5-28 n
Hemellitene 34 b8-85, 87 105-28 n
MTBE 178 25-50, 15-70 a
Naphthalene 8 <0-61,75 10.5-28 n
o-Xylene 12 <(-62, 65 10.5-28 n
Pseudocumene 100 76-93, 94 10.5-28 n
Toluene 117 4.3-863 87 105-28 n
Benzofapyrene 94 89° 89" 2 u
Naturally Gceurring
MiB 5-50 90 10 c
100-200 46 7 d
50 50 2-7d /
600 >90 60 m
84 9 99 79 158 =z
Pesticides
2 4-Dichlorophenaoxyacetic
acid (2,4-D) 171 68°77% 792158 =z
1460-
Acetochlor 266 B TP 158 2z 4350 72-98 6 w
Aldicarb 31 4P 7F  TH 158 =z
(Continued)
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Slow sand filtration process model for removal of
microorganisms

Jack F. Schijvena,b ,Harold J.J. van den Berga, Michel Colinc, Yolanda Dullemontc, Wim A.M.
Hijnend ,Aleksandra Magic-Knezeve, Wim Oorthuizenf, Gerhard Wubbelsg

a:National Institute of Public Health and the Environment, Bilthoven, The Netherlands  b:Utrecht
University, The Netherlands c:Waternet, Amsterdam, The Netherlands  d:KWR Watercycle
Research Institute, Nieuwegein, The Netherlands  e:Het Waterlaboratorium, Haarlem, The
Netherlands f:DUNEA, The Hague, The Netherlands g:Waterbedrijf Groningen, The
Netherlands

A new Slow Sand Filtration Process Model for removal of microorganisms has been developed into an interactive
computational tool. Operational conditions, such as filter bed depth, filtration rate, water temperature, grain size of
the sand and age of the Schmutzdecke, can be set to predict removal of bacteriophage MS2 and E. coli as process
indicators for removal of enterovirus and Campylobacter. These predictions can be conducted as a function of time,
accounting for time-variable operational conditions. A Beta distribution is fitted to the fractions of microorganisms
that pass slow sand filtration. It is demonstrated how the Beta distribution parameters can be used as integral part of
Quantitative Microbial Risk Assessment for the production of potable water from surface water with the
computational tool QMRAspot.
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Removal of anti-inflammatory compounds by ecological
filtration

Erba, C.M.", Tangerino, E.P.”, Isique, W.D.”, Campos, L.C.”"

* Universidade de Sao Paulo, EESC, Brazil

** Universidade Estadual Paulista ““Julio de Mesquita Filho’” FEIS, Brazil
*** University College London, UK.

The use of the slow sand filtration, better known as ecological filter was tested to removal of anti-inflammatory
compounds from water, (i.e. Diclofenac, Naproxen and Ibuprofen). The treatment system consisted of pre-filtration
followed by ecological sand filter and the mixture of the three different compounds was added the afluent of the
ecological filter. The filtration system operated during dry season (June-November 2012) in Brazil. The
pharmaceutical compounds were determined by SPE (solid phase extraction) followed by HPLC (high
performance liquid chromatography). In addition, turbidity, apparent color, true color, total and thermotolerant and
coliforms were measured to further evaluate the water quality. The ecological sand filters showed to be an efficient

process to remove Diclofenac, Naproxen and Ibuprofen in this study.
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Removal of bromophenols by slow sand filtration

Keiko Katayama-Hirayama, Hirofumi Suzuki, Naoki Toda,*Akihiko Tauchi,*Atsushi Fujioka,
Tetsuya Akitsu, Hidehiro Kaneko, and Kimiaki Hirayama

University of Yamanashi, 4-3-11 Takeda, Kofu, 400-8511, Japan

*Toshiba Lighting and Technology Corporation, Asahimachi 5-2-1, Imabari, Ehime, 794-8510,
Japan

We tried to remove bromophenols with a slow sand filter and compared the degradability and the structure. The
phenols examined are phenol, catechol, and mono-bromophenols (MBPs), namely 2-BP, 3-BP and 4-BP; and
di-bromophenols (DBPs), namely 2,4-DBP, 2,6-DBP, and 3,5-DBP. Bromophenols (BPs) with low removal rates
were also examined for removal under ultraviolet lamp (UV) irradiation and the relationship between degradability
and molecular orbital properties of the phenols was estimated. The order of removability with a slow sand filter of
examined phenols was catechol > phenol > 4-BP > 3-BP > 2- BP > 2.4-DBP, 2,6-DBP > 3,5-DBP. After 5 min of
UV irradiation, the initial concentrations of MBPs and DBPs of 20 mg per liter were almost removed. The decrease
in the dissolved organic carbon concentration suggests mineralization of MBPs and DBPs. Bromide ions were
released along with the decrease of BPs examined. Molecular orbital calculation suggests that the electrophilic

frontier density and HOMO energy may be related to the degradability of BPs under UV irradiation.
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Figure Removal rates profile of BPs by a slow sand filter.
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The Countermeasure against the Increase of Disinfection
By-products Concentration by Humic Substances at a
Water Purification Plant Using a Slow Sand Filtration
System

Yuki KADO, Kenichiro TAKAO, Kenji HASHIWATA
Waterworks Bureau of the City of Hiroshima
6-1-1 Ochiai Minami, Asakita Ward Hiroshima City, 739-1732, Japan

Dichloroacetic acid (DCA) was detected in high concentration in the tap water supplied by a water purification
plant using a slow sand filtration system. DCA is a kind of disinfection by-product considering that it was derived
from the humic substances due to the fallen leaves. The correlation between some factors (DCA, TOC,
chromaticity) was investigated and the appropriate operation and maintenance method at a water purification plant
with a slow sand filtration system when DCA is in high concentration were established.
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Gravity-driven biological membrane filtration for
small-scale drinking water treatment: effects of water
guality and membrane type on the process efficiency

Yunho Lee, Dongwhi Lee, Eunjin Hur
School of Environmental Science and Engineering, Gwangju Institute of Science and Technology
(GIST) 261 Cheomdan-gwagiro, Buk-gu, Gwangju, 500-712 Republic of Korea

Recent studies have shown that low pressure membrane processes (MF or UF) operated by a hydrostatic pressure
(less than 100 mbar) can maintain stable permeate fluxes at 5 — 10 L/m2.hr for months to years without any
intensive membrane cleanings. This so-called gravity-driven membrane (GDM) process can be a promising tool for
drinking water production where drinking water infrastructures are not available. The objective of this study was to
understand the effects of water quality and membrane type on the performance of GDM process (flux and permeate
water quality), with an aim of further optimizing the GDM process. GDM units with two different scales (Fig. 1)
employing a range of MF and UF membranes were constructed and applied to treat a lake water in dead-end mode
by a hydrostatic pressure (65 mbar). Stable fluxes of 2.5 — 5 L/m2.hr were achieved after a few days and then
maintained in the remaining operation period (over two months). The tested MF and UF membranes showed
similar permeate flux levels regardless of membrane materials (i.e., PES, PVDF, and PTEF). Bacterial removal
efficiency (determined by flow-cytometric and ATP methods) was found to be slightly higher for the UF (~ 99%))
compared MF membranes (~95%). As a next step, a sewage-impacted surface water will be tested in the same
GDM system to find out how the water matrices affect the flux and permeate water quality.
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Fig. 1. Laboratory GDM units with different scales: left = flat-sheet membranes (surface area = 232 cm®) immersed
in a 98L container, right = membranes (surface area = 14 sz) in a filter-holder system.
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Comparison between different filter systems as a post
treatment after tertiary ozonation

M. Stapf*, U. Miehe*, B. Wiedemann*, M. Jekel**

*Berlin Centre of Competence for Water (KWB), Cicerostral3e 24, 10709 Berlin,Germany
**Technical University Berlin, Dept. of Water Quality Control, Stral3e des 17. Juni 135, 10623
Berlin, Germany

To cope with occurring traces of organic contaminants in the effluent of waste water treatment plants, ozonation is a
suitable technical treatment method. However, there is an ongoing discussion about the necessity of a
post-treatment of ozonation effluents to remove possible toxic ozonation by-products. This study compares a dual
media filter (DMF) and a biological activated carbon filter (BAC), which were used for ozonation post-treatment,
and were also designed as coagulation filters for tertiary phosphor removal. The results of this study demonstrate
that both rapid filters performed similarly in respect to DOC reduction and oxygen demand, and could also be used
for tertiary phosphorus removal without any impairments. A comparison of a serial mode of the DMF and the BAC
with a slow sand filter, which was used as a surrogate for an infiltration pond, showed that this two-stage process
could increase the degradation of the DOC, but was not able to remove the entire biodegradable DOC.
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Mechanisms of DOC removal from secondary effluents
in a lab biofilter

N. Siebdrath, C. Schaeffer, W. Uhl
Technische Universitat Dresden, Institute of Urban Water Management, Chair of Water Supply
Engineering, 01062 Dresden, Germany

Biofiltration is an interesting process for pre-treatment of secondary effluents to reduce fouling in membrane
filtration processes. Especially with respect to different DOC-fractions a detailed understanding of the removal
mechanisms in biofilters is important. In the present study 15% of DOC were removed. For the biopolymer fraction
removal was highest (65%) and seemed to continue while for low molecular weight substances removal was
limited. The main removal mechanism was shown to be biodegradation. Oxygen consumption in the filter bed
correlated well with DOC removal and corresponded to full oxidation of DOC to carbon dioxide. The
concentration of bacteria decreased over the filter bed depth in the bulk and on the filter media. Biomass attached to
the granular media was shown to be much higher than suspended biomass in the interstitial water. In batch
adsorption experiments attachment of organics to the granular media could not be proven.
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Bio- and membrane filtrations as two options for tertiary
wastewater treatment

Vitaly Gitisa, Hila Shitrita, Amichai Feldera, Razi Epszteina, Ronen Naima, Martin Heijnenb,
Nadine Siebdrathc, Wolfgang Uhlc
aBen Gurion University of the Negev, Israel; binge GmbH, Germany; cTU-Dresden

The quality of tertiary effluents treated by biofiltration was better than the quality after MF and similar to the quality
of UF membrane treatments. More than 70% removal of turbidity, phosphate and humics (the latter defined by
LC-OCD), more than 90% retention of biopolymers (proteins and polysaccharides), 30 to 45% retentions of
dissolved organic carbon (DOC) at 48 and 128 min EBCT respectively are the average values obtained during long
runs. Biofiltration is a valuable option for a stand-alone tertiary treatment. It is an effective yet economically
affordable, simple, robust, chemical free advanced treatment option. A combination of FeCI3 and UF provides a
better feed for the RO quaternary treatment.
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Switching on pesticide degraders in biological filters used
in drinking water production

C. A Rolph, B. Jefferson, R. Villa
Cranfield University, Bedfordshire, MK43 OAL, UK

This study investigated the use of biological processes for the removal of the pesticide metaldehyde from drinking
water. Analysis of data from a full scale site, alongside lab scale batch and column experiments identified some of
the conditions required to obtain biological removal of metaldehyde. Metaldehyde removal appeared to be most
effective in slow sand filters following a period of exposure to high concentrations of the pesticide (above 0.2
pgl-1). This was demonstrated in laboratory batch experiments where metaldehyde removal was accelerated
following a period of dosing at higher concentrations than expected levels (0.5 pgL-1). Similarly, in column
experiments significant metaldehyde removal was achieved only when the bioreactors were dosed with high

metaldehyde levels, after which removal could be sustained for several days.
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Bioaugmentation reduces negative effect of estrogens on
coliform removal in slow sand filters

S. J. Haig*, C. Quince*, G. Collins**, R. L. Davies*** and C. Gauchotte-Lindsay*
*School of Engineering, University of Glasgow, UK

**School of Natural Sciences, National University of Ireland, Galway, Ireland
***Institute of Infection, Immunity and Inflammation, University of Glasgow, UK

Both the effect of natural estrogens (estone, estradiol and estriol), and the ability to improve estrogen removal using
bicaugmentation with three estrogen-metabolizing bacteria, was examined in slow sand filters (SSFs).
Concentrations of the natural estrogens determined by gas chromatography coupled with mass spectrometry
(GC-MS) revealed that augmented filters removed significantly more estone and estradiol than non-augmented
filters. Additionally, a positive correlation was found between coliform retention and estrogen concentration in
non-augmented filters. This was explained by the toxic inhibition of protozoa, suggesting the functional
implications (impaired coliform removal) that high estrogen concentrations might have in SSFs. Consequently, we
suggest that high estrogen concentrations could impact significantly on water quality production, and in particular
on pathogen removal. Monitoring and adapting the microbial community in SSFs will become an important
element of water production and quality assurance in the future.
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Development of Ecological Purification Unit for Producing
Drinking Water from Organically Polluted Raw Water
(BOD~30mg/L)

Kazuhide. MARUYAMA and Yoshifumi HASHIGUCHI
Shin Nippon Air Technologies Co. Ltd.
2-31-1 Nihombashi Hamacho, Chuo-ku Tokyo 103-0007 JAPAN

In inhabited islands of Maldives, the groundwater pollution is very serious due to underground seepage of domestic
waste water. Pollution level (BOD) exceeds 30mg/L occasionally. Inhabitants drink rainwater collected on roofs,
and use groundwater for daily purpose. But highly populated islands are water-hungry in dry-season. Groundwater
consumption exceeds the rainfall and seawater invades and pollutes groundwater. Hence we propose to recycle
living drainage with the water quality control system. The system circulates groundwater charged by rainwater and
collects drainage through the perforated PVC pipes. This PVC pipe network will be installed underground beneath
the roads and will store water. Collected raw water will be purified into drinking water by the Ecological
Purification Unit (EPU) and supplied to each house. We have tested EPU at Shin Nippon Lanka in Sri Lanka, and
proved the effectiveness for organically polluted water.
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Process Optimization of Solar Energy Based Slow Sand
Filtration

Ronjon Chakrabarti*, Martin Jekel*, Pankaj Kumar Roy**, Manisha Banik**, Gourab
Banerjee**, Somnath Pal**, Asis Mazumdar**,

*Department of Water Quality Control, Technical University Berlin, 10623 Berlin, Germany
**School of Water Resource Engineering, Jadavpur University, Kolkata 700032, India

The biological performance of the Slow Sand Filtration (SSF) process is influenced by aerobic conditions in the
filter media. The dissolved oxygen levels of the raw water as well as continuous filtration rates are necessary for
achieving constant aerobic conditions. Solar Energy Based Slow Sand Filtration have the disadvantage to provide
their energy output for a limited daily time period which in addition changes accordingly with varying climatic
conditions and yearly seasons. In order to run a SEBSSF, various process modifications and additional plant
equipment need to be setup. The presented paper deals with the constructional design of the plant components and
the optimization of the SEBSSF at a pilot site in the rural area of West Bengal, India.
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(B4-1)
Performance of Ecological Purification System in Samoa

James Tamasese*, Eiko Fuimaono**, Siatua Lautua***

*Engineer Lucky Construction, Samoa Former Urban Operation & Maintenance Engineer,
Samoa Water Authority, **Urban Operations and Maintenance Water Engineer, Samoa Water
Authority, ***Asset Management Specialist, Samoa Water Authority

Slow Sand Filtration was introduced to Samoa in the late 1980’s when the principles of Ecological Purification
System (EPS) were yet to be completely understood. The physical design and operational procedures that came
with the EPS Water Treatment Plants have been the primary causes of the many issues and failures on water supply
services often experienced. In the recent years however, EPS has again been positively accepted owing largely to
the strong EPS capacity building relationship between Samoa and Miyakojima, Japan. In saying that however, the
transition to the new and improved EPS technology has been somewhat slow, as decision makers and funding
restrict the necessary modifications to improve their performance. This paper discusses the issues, challenges and
future direction for EPS in Samoa. It also looks at how the modifications to one specific plant, Malololelei system
are changing attitudes and what more needs to be done to bring the Samoa Water Authority systems into the 21st

century.
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Authority, ***Asset Management Specialist, Samoa Water Authority
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Surface water treatment plant using ecological
purification system in Bangladesh

Md. Mizanur Rahmana and Md. Joynul Abedin Zamanb
aPrinciple, Technical Training Centre, Nishindara, Bogra, Bangladesh
bWater Supply Engineer, Asia Arsenic Network, Jessore, Bangladesh

The ecological purification plants for a rural community were constructed in Bangladesh. The surface water
treatment plant consists of a sedimentation chamber, upflow gravel filters and slow sand filter. The plant is operated
by villager. How to solve the problems to keep suitable maintenance in rural area is described. This is a model

example plant for rural water supply in Bangladesh.
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A study to further reduce the turbidity level of slow sand
filtered water in Tanigahara water purification plant,Japan

Izumi TATENNO, Masaki SEKIYAMA, Nobuhiko KOBAYASHI and Suzue ARII
Tanigahara water purification plant ,Kanagawa Prefectural Public Enterprises Agency
2-6-1 Tanigahara, Midori-ku,Sagamihara 252-0113, Japan

In Tanigahara water purification plant (TWPP), the source of the water used in slow sand filtration (SSF) is from
two artificial lakes (Sagami Lake, Tsukui Lake) and river-bed water. Some algae in water from artificial lakes
sometimes results in an increase in the turbidity in the filtered water in SSF. To reduce the cause of filtered water
turbidity we studied SSF full scale plant while using only river-bed water. Two runs were conducted; in May and in
December of 2012. In both runs, the results varied from basin to basin. The best basin condition during the
study was when Cymbella spp. predominated in the schmutzdecke. We could then raise the filtration

rate while keeping the filtered water turbidity under our target of 0.05 degrees.
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Effect of sudden changes of slow sand filtration rate on
number of bacteria and particles in effluent

Willem A. Oorthuizen*, Aleksandra Magic-Knezev**, Fei Cui***
*Dune water company Dunea, Zoetermeer, The Netherlands
**Het Waterlaboratorium, Haarlem, The Netherlands

***Delft University of Technology, Delft, The Netherlands

The objective of this study is to measure the effects of different acceleration rates of SSF filtration velocity on total
cell concentrations (TCC), adenosine triphosphate (ATP) Heterotrophic plate counts (HPC) and physical quality
(turbidity and particle count) of SSF effluent. The acceleration rate of 0.12 m/h2 had no influence on turbidity, ATP
concentration, plate count or particle count while the acceleration rate of 0.20 m/h2 caused a slight increase of the
TCC. The acceleration rate of 0.70 m/h2 had an obvious negative influence on TCC and particle count, but not on

ATP or heterotrophic plate count.
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Reduction of water hardness with a compact slow sand
filtration system

R. Miyahira*, K. Yajima**, J. Nakagawa**, M. Koseki*
*Tokyo Kasei University, Japan
**Qyalox Clean Servis Co., Ltd, Japan

We examined the effectiveness of slow sand-filtration for reducing water hardness. We devised a small, pilot-scale,
slow sand Afiltration system. First, we circulated the water samples through the three gravel filters only, and then
measured the hardness of the water. The results showed that water hardness was markedly reduced by filtration
through the gravel filters only. The amount of reduction in water hardness was found to correspond to the
temporary hardness component of the water samples.
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On the function of upflow roughing filter for slow sand
filter — pilot experiment in Niigata, Japan

Tomoaki ARAKAWA, Morifumi SENO and Nobutada NAKAMOTO
Community Water Supply Support Center of Japan
2-5-17 Nuttarinishi,Chuo-ku, Niigata, 950-0076, Japan

Pilot plant experiment of upflow roughing filters was done to reduce the load of suspended matter in surface water
of rivers. Upflow roughing filter was effective to reduce the load. Function of roughing filter was mechanical trap
system and biological function. It was estimated that about one month was necessary to develop the ecosystem. The

system function and the maintenance technique were discussed.
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Biofilm development in upflow gravel filters in layers with
a fabric cover

L. D. S&nchez*, E.A. Dominguez*, N.Mufioz*, J. T. Visscher*, L. C. Rietveld***
*Universidad del Valle, Facultad de Ingenieria, Instituto Cinara, Cali, Colombia
** JTF-Rotterdam BV, Rotterdam, The Netherlands

***Delft University of Technology, P.O. Box 5084, 2600 GA Delft, The Netherlands

Upflow gravel filters covered with filter fabrics were studied looking at chlorophyll-a and biofilm development.
The main biological activity related to chlorophyll-a occurred in the filter fabrics and the top 15 cm of the gravel bed.
The daily increase in the thickness of the biofilm on filter fabrics ranged between 0.0182 and 0.031 mmd-1;
reaching a maximum thickness between 1.2 -1.35 mm. Biofilm thickness simulated by AQUASIM against
chlorophyll-a indicate that a higher concentration of chlorophyll-a coincides with a greater thickness of the biofilm.
Chlorophyll-a concentration stabilized at 3.8 gm-3 in the first and 4.2 gm-3 in the second run. A direct
relationship was found between head loss in the filter fabric and the biofilm thickness. The study suggests that
removal efficiency of TSS and turbidity for a layer of fabric cover of 0.56 cm may be equivalent to a gravel layer of
0.20 m with a gravel size of 3.2 mm at the top of the filter bed.

Raw water (Cauca
River)

DIRF l

Conlrol Now

Plezometers

* Layer3

* Layer2

*Laverl

M TE 2 - LRSI 5B TOEYIEDSHE

L. D. Sanchez*, E.A. Dominguez*, N.Mufoz*, J. T. Visscher*, L. C. Rietveld***
*Universidad del Valle, Facultad de Ingenieria, Instituto Cinara, Cali, Colombia
** JTF-Rotterdam BV, Rotterdam, The Netherlands

***Delft University of Technology, P.O. Box 5084, 2600 GA Delft, The Netherlands

fiCE-oT- b AR TOr an 7 v a LAEYROREELZTI~-, LD 15em BT, 7ru~7 4
IV a (ZERT DAL F o T, APIROFEEL, 1 H¥4720 0.0182 J5K T8 0.031 mm OHIAN
DoV, BAREIRIE, 1.2-1.35 mn Tholz, A AEOHKET, 7 an7 1L a ORE LIRS
HY ., AUASIM ICEVIRKNEE 3.8 gnr3 BL 4. 2 g3 (TR HEE Sz, 18 & AWRFEDOBIEN
BTz, TSS DIRFZNRIIAADES 0.56 cm OBFE, WVFHE 3. 2 mn, TVEYE 0. 20 m & [FIEEDORNEN
TN,

39



(A5-4)
Slow sand and slow biochar filtration of raw wastewater

K. Katzl*, M. Libken*, K. Alfes*, S. Werner**, M. Marschner**, M. Wichern*

*Institute of Urban Water Management and Environmental Engineering, Ruhr- Universitat
Bochum, Bochum, Germany

**Department of Soil Science and Soil Ecology, Ruhr-Universitat Bochum, Bochum, Germany

Slow sand filtration (SSF) is a well known water treatment. However less research is done in using raw wastewater
with a very high total suspended solids (TSS) concentration for SSF. In this study, biochar (Feedstock: Miscanthus,
d10 = 0.86 mm) was used as an alternative to sand (d10 = 0.58 mm) as filter media. Over a period of 70 days, each
filter was fed with effluent from the grit chamber of a municipal wastewater treatment plant at a hydraulic loading
rate (HLR) of 0.05 m/h. Removal rates for E. coli were in the range of 1 to 2 log10 units with slightly higher and
more constant rates for biochar. Sampling at different filter depths indicated additional back hold of E. coli (around
0.5 log10 units) in deeper zones for biochar. Overall main removal took place within the schmutzdecke. Biochar
achieved also better removal rates, especially at the
beginning of the experiment, for main chemical
parameters. Increase of supernatant water and therefore -+
filter resistance was similar for all filters. The large grain

sizes led to a formation of the schmutzdecke in deeper
zones of the filter bed. Adsorption of faecal indicator
bacteria and biofilm growth took place over the entire

filter bed. This research confirms the suitability of
biochar as altemative filter material in SSF of raw 8
wastewater.
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Development of Biological Roughing Filter as an
Alternative to Coagulation-Sedimentation Process

Tomohisa OKAMOTO, Kazuo OGURA, Yusei KOBAYASHI, Masami OYA, Daiji NAGASHIO
and Takashi HANAMOTO

Hanshin Water Supply Authority

2-5-17 Nuttarinishi,Chuo-ku, Niigata, 950-0076, Japan 2-5-17 Nuttarinishi,Chuo-ku, Niigata,
658-0073, Japan

A biological roughing filter (BRF) that can be used as an alternative to the coagulation-sedimentation process was
incorporated into a rapid coagulation-sedimentation reactor with slant-pipe to construct a pilot plant, and its
performance was experimentally examined. The BRF realizes both biological treatment and solid-liquid
separation, and the rapid coagulation-sedimentation reactor operates only when the turbidity of the raw water is 50
degrees or higher.  Experimental results showed that the mean turbidity of the BRF-treated water was 0.6 degrees
when the injection dose of aluminum sulfate was 15 mg/L, which was less than half that in the case of the
coagulation-sedimentation process. Larger amounts of manganese and ammonium nitrogen, indices of the
biological effect, were removed by the BRF than by the coagulation-sedimentation process, demonstrating that the
developed process can be used as an alternative to the coagulation-sedimentation process.
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Up-flow Biological Contact Filter for Advanced Water
Treatment System

Norihito KURAHASHI, Ryota SATO, Susumu KUMANO, Mizuki FUJIMOTO, Yutaka
ISHIMARU

Kobelco Eco-Solutions Co., Ltd.

1-4-78 Makinohamacho,Chuo-ku, Kobe, 651-0072, Japan

Water pollution from household wastewater and eutrophication due to a system failure may cause an increase in the
concentration of ammonia nitrogen or surfactant, the generation of offensive odors and tastes including earthy
musty odors, and an increase in the level of dissolved manganese, consequently leading to some purification
troubles. Of the many types of water treatment, the up-flow biological contact filtration using granular activated
carbon as filter media is the most effective towards removing these dissolved solids.
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Living-Filter: an in-reservoir biofiltration system for
phytoplankton reduction at the abstraction point

A. T. Castro-Castellon*, M. J. Chipps**, J. M. R. Hughes***, N. P. Hankins*

*Department of Engineering Science, University of Oxford, Parks Road, Oxford, OX1 3PJ, UK
**Thames Water Innovation, Thames Water Utilities Ltd., Reading, UK ***Department for
Continuing Education, University of Oxford, Wellington Square, Oxford, OX1 2JA, UK

The Living-Filter (L-F), a hydroponic bed of floating-reeds, was designed by Thames Water and
AquaticEngineering and installed in Farmoor II reservoir, Oxfordshire, in July 2012. The structure (Im H x 21m W
x 10m L) supports plants of Phragmites australis, Phalaris arundinacea and Carex acutiformis, with a combined
system of curtains and baffles. The aim is to reduce phytoplankton loading onto the water treatment works at the
abstraction point, consequently reducing chemical dosage and minimizing costs. Weekly surveys were carried out
from July — October 2013 to assess the physical, chemical and biological changes likely to be introduced by the L-F.
Physicochemical and biological variables were measured at 16 sampling sites. Results show differences between
sites in the L-F with a significant accumulation in chlorophyll a (Chla) (as a surrogate of phytoplankton biomass)
levels in the L-F platform, although significant Chla reduction has yet to be seen at the abstraction point.
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Effect of micropollutants on microbial activity determined
by flow cytometry and ATP during managed aquifer
recharge: Column study

Sung Kyu MAENG a, Hyunchul KIM a, Donghyun LEE a, Soryong CHAE b, Jaewon CHOI ¢, Il
Hwan CHOlc, Kyung Guen SONGd,

a Sejong University, Seoul, Republic of Korea, b The University of Sydney, Sydney, Australia, ¢
K-water Institute, Daejeon, Republic of Korea, d Korea Institute of Science and Technology, Seoul,
Republic of Korea

There is a need for a systematic study estimating the extent of microbial viability and activity affected by silver
nanoparticles (AgNPs) that has been increasingly used in a wide variety of industries. Soil column experiments
were conducted to investigate the impact of AgNPs dispersed in aqueous phase on the microbial activity affecting
the performance of managed aquifer recharge treatment processes. This study addresses that necessity and assesses

microbial toxicity of AgNPs that can result in deteriorated performance of managed aquifer recharge treatment

processes.
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The Centenary Slow Sand Filtration in Nagoya City
- The Reconstruction of the Slow Sand Filters -

Akari OKUYAMA
Nagoya City Waterworks and Sewerage Bureau
1-1, Sannomaru 3-Chome, Naka-ku, Nagoya, JAPAN

The waterworks of Nagoya City reaches the centenary in 2014. The slow sand filters in Nabeyaueno Water
Purification Plant (WPP) had worked since the waterworks started in 1914. Because those facilities became too old
for further use, they have been totally under reconstruction since 2010. The slow sand filtration process requires
better quality raw water. Nagoya City Waterworks and Sewerage Bureau is committed to maintaining raw water
quality through water resource conservation measures and continuing the slow sand filtration system that makes the

best use of the high quality raw water.
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Figure 5  Slow sand filtration system of Nagoya City
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A study of protistan movement speed and filtration rate in
slow sand filter as an ecological purification system

Noriyasu IWASE* and Nobutada NAKAMOTO**

*NJS Consultants Co., Ltd. 6-8, Tomihisa-cho, Shinjuku-ku, Tokyo, 162-0067, Japan (e-mail:
njs-iwase@mbr.nifty.com)

** Community Water Supply Support Center of Japan

The filter rate of slow sand filter as an ecological purification system should be referred to the protistan movement
speed. The fastest movement speed of protist was 1,208 pm/sec. The standard flow rate among the sand grains is
139 pmy/sec calculated from the porosity 40 %. The first movement speed of protist was 8.7 times faster than the
rate of water flow. The faster filtration rate of slow sand filter may be adopted on the movement speed of protists.
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Household Bio-Purification Device

Shengzhe Jin
Jiangsu Comfity Power Technology Co.,Ltd, CHINA

In this paper, I will introduce a Household Bio-Purification Device assembled from concrete pipes. This device
causes the complete ecosystem cycle by naturally inducing the food chain through algae, small animals,

micro-organisms, and photosynthesis.
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Analysis of bacterial community structures in slow sand
filtration bed on different sites and soil depth by
PCR-DGGE method

Kaoru UENO? Kohei SEIKE®, Masaaki EGUCHI?

a Graduate school of Bioscience and Biotechnology, Chubu University, Japan
b College of Bioscience and Biotechnology, Chubu University, Japan

1200 Kasugaishi, Matsumotocho, Aichi, 487-0027, Japan

Bacterial community structures in three sites of slow sand filtration bed were analyzed in different soil depth to find
the reason of high turbidity problem in site M. Site M had homogeneous community in all layers and many bands
in deeper layers, but the others had opposite results. In the sand bed of site M bacterial film seemed not to be grown
sufficiently on surface, so high turbidity seems to be occurred frequently.

a) Surface (0-1cm) b) Depth of 2-3¢m Fig. DGGE band pattemns of eubacteria of soil
on surface (a) and depth of 2-3cm (b) on site M, I
and U. A, B and C mean replications. Surface soil
of site M and I were on the depth of 0-1cm, and
that of'site U were the thin (TOP) and the other
sand of 0-1cm. Outlined by dotted line (a)(¢)
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The Silicon circulation hypothesis based on slow sand
filtration/ecological purification system.

Shoichiro Inoue®“?, Yoshitomo Mochizuki®
*Earth-techno CO.LTD,”Meiho-techno CO.LTD,’S’tem CO. LTD, Hiyoshi CO.LTD,Japan

The quantity of silicate elution increases by the function of biofilm of slow sand filtration. 1 suppose this
phenomenon to be “microbe weathering”. The silicic acid which is not included in rainwater is recognized in the
mountain stream. This is conformal when I think that it is the result of the function of microbe rising in the forest
soil.

It is announcement, I argue about three following items and to assume it a problem proposal.

(1)  About Si circulation hypothesis caused by the microbe weathering to read from past knowledge.

(2)  About the Si concentration change in slow sand filtration facilities.

(3)  About significance to increase Si supplies.
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Figure (left) The changes of dissolved silicic acid concentration in the second pond (three days after
scraping) and the third pond (eleven days after scraping).
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The iron and manganese removal process: Its microbial
habitats and functions

Hiroyuki KAYA*, Juni TAKEUCHI**
*Daiichi Consultants and Technology Co. Ltd., limuro 4847-1, Asakita-ku, Hiroshima 731-1142
**National College of Technology Kure, Hiroshima (Present, Renaissance Academy, Osaka, Japan)

Biological iron and manganese removal is a variant of slow sand filters (SSFs), enriching specific microorganisms
of environmental origin alongside the same architecture as the ordinary SSFs consisting of sand layers. ~ Since the
reactor basically simulate the natural processes, possible dormant air-bome invertebrates may accidentally be
contaminated with the water purification system as a result of diapauses to survive under harsh conditions.
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Case studies of slow sand filtration / ecological
purification system in small scale water supply

Katsuyuki SANDA* and Morifumi SENO**

* Sankyo Consultant Corporation, 4-122, Hanajiri-midorimachi, Kita-ku, Okayama 701-0131,
Japan

** Community Water Supply Support Center of Japan, 655-96, Hirano, Kita-ku, Okayama
701-0151, Japan

We developed five small water treatment plants in rural area, Okayama, Japan. Capacity of water
demand in each plant ranged 10 to 20 m® / day. Upper limit of a burden per family was 1,200
thousand yen. Filtration rate of upflow roughing filters was set to 12 to 20 m / day. Filtration rate
of slow sand filter was set to 4 to 5 m / day. All facilities achieved the quality of drinking water

criteria of Japan.
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Refocus on slow sand filter in Kakuda city and Marumori
town after Great East Japan Earthquake

Masahide Nanbu, Water Works Office of Kakuda City, Miyagi Prefecture, Japan
41Daibou Kakuda., Kakuda , Miyagi 981-1505 Japan

Takao, Nakashima, Marumori Town office, Miyagi Prefecture, Japan

120 Toriya Marumori, Igu , Miyagi 981-2192 Japan

Small water supply system had a plan to close in rural area in north east of Japan. After the great
east Japan earthquake, small water supply system of slow sand filter plant was refocused as more
reliable system in rural area. Slow sand system is reconfirmed that is simple and easy

maintenance.

Keywords Slow sand filtration; refocus; earthquake; small system
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Small slow sand filter system for rural area in Bolivia

Toshiki HORIE*,Yoshinori FUKUSHIMA**, Grover Calichoc*** and Chika TAKAHATAKE****

* Japan Overseas Cooperation Volunteer (JOCV) (Currently, Japan Techno. Co. Ltd,) Flos Bldg.19-7-2,
Hatagaya, Shibuya-ku , Tokyo, Japan

** JICA expert (Currently, SUIGEN  SRR.L, Bolivia) Miguel Rodriguez,No.39SantaCruz de la
Sierra,Bolivia

***Santa Cruz Prefecture PROASU-JICA Bolivia,(Currently,SUIGEN S.R.L,Bolivia) Miguel Rodriguez, No.39
SantaCruzde la Sierra Bolivia

**xx Assistant representative of Japan International Cooperation Agency (JICA) Bolivia Office (Currently, JICA
headquarter), 5-25 Niban-cho,Chiyoda-ku, Tokyo Japan

Slow sand filtration is sustainable technology for drinking water treatment in small communities. The purpose of
this study is to prove feasibility of adequate technology for drinking water supply system in rural area in developing
country. We introduced our pilot project of small slow sand filter system in Bolivian rural area. The results of water

analysis and our observations about sustainability of slow sand filter are described.
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pH conditioning using limestone with upflow gravel filters

Andrés Araya*, Johnny Valverde ** Luis D. Sanchez***  Nadine Siebdrathc, Wolfgang Uhlc
*Escuela de Ingenieria en Construccion, Instituto Tecnologico de Costa Rica, P.O. Box 159-7050,
Cartago, Costa Rica

**Escuela de Quimica, Instituto Tecnologico de Costa Rica, P.O. Box 159-7050, Cartago, Costa
Rica

***|nstituto Cinara, Facultad de Ingenieria,Universidad del Valle, P.O. Box 25157Cali, Colombia

Neutral pH values from pH lower raw water in a Costa Rican village are reached by using upflow gravel filter in
composition of 25 and 50% with limestone. Presence of alkaline composition in gravel and size particle is taking
into account. Results of the study indicate that upflow gravel filter with limestone and gravel media to condition the
pH will improve the biological processes of the slow sand filtration (photosynthesis, respiration, microbial growth).
Another benefit is that it will increase the buffer capacity to neutralize acids from the disinfection process and it will
protect the infrastructure of water supply systems.

TABLE CONDITIONS OF THE EXPERIMENT

Grain size Thickness Type of aggregate*
Layers
(mm) (m) Column 1 Column 2 Column 3
C1 3-6 0,3 L L L
Cc2 6-12 0,2 L L L
C3 12-18 0,2 L L Q
C4 18-25 0,3 L Q Q

*Limestone (L) and quarry aggregate (Q)
LRIEWEEABTORKREZRAL - p HEFE

Andrés Araya*, Johnny Valverde ** Luis D. Sanchez***  Nadine Siebdrathc, Wolfgang Uhlc
*Escuela de Ingenieria en Construccion, Instituto Tecnoldgico de Costa Rica, P.O. Box 159-7050,
Cartago, Costa Rica

**Escuela de Quimica, Instituto Tecnoldgico de Costa Rica, P.O. Box 159-7050, Cartago, Costa
Rica

***|nstituto Cinara, Facultad de Ingenieria,Universidad del Valle, P.O. Box 25157Cali, Colombia
I RZ Y OB T, EE AR AT 2 & C p HIEOR UK A B L CD, i
JED 2 5%035 5 0% & AIRA TR L, WBHZE D7 V4 U PEOFRR & WBEORITE N EE LT
WERLTEH D,

AEIDOFEOREFRN G, p HIREEDT- DI FAIKA L WHE 2> 7o B AEEAmTIE, eamk.
W, PEMIDETR &\ TR ASBO AN T B ANRUGESND Z Lol b9 1-D0F
RE LT, AIRA LB AL ST RRIEREEAIMC LY | {HEEfE CRAET 2a R 268108
M 9% 2 & ThKRA 7 IR iLg 2 & BT HD,

54



(P21)

Slow-sand Filter with Biological Treatment for Seawater
Desalination - Comparison of Filter Media Performance

A. Shrestha, S. Jeong, S. Vigneswaran, J. Kandasamy
Faculty of Engineering and IT, University of Technology, Sydney, Australia

Slow-sand filter with biological treatment is an effective pretreatment method to remove organic matter and
particulate matter from seawater. Slow-sand biofiltration performances were evaluated in terms of turbidity,
different fouling indices, and dissolved organic carbon (DOC). The removal efficiencies of turbidity by the three
slow-sand biofilters were similar with low headloss development. The fouling potential of treated seawater (filtrate)
was evaluated using three different fouling indices such as microfiltration (MF-MFI), ultrafiltration (UF-MFT) and
microfiltration at a cross flow (CFMF-MFI).
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A. Shrestha, S. Jeong, S. Vigneswaran, J. Kandasamy
Faculty of Engineering and IT, University of Technology, Sydney, Australia
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Water supply of a small community with a small slow
sand filtration/ ecological purification system unit

Fumihiro KAZAKI
Oita Water and Life Association
1-10-5 Kanaikeminami,Oita, 870-0839, Japan

In order to contribute to ensuring the "clean water" in a small community located in mountainous areas where a
public water supply is not in place yet, NPO “Oita Water and Life Association” have proposed a small-scale water
supply suited to the local circumstances, We will help with the maintenance and management. Using the FRP
compact unit, we have built a facility of slow sand filtration / ecological purification.

The important thing is that maintenance can also elderly regional and low-cost. Iron-manganese are rich in raw

water by wells of this district. However, it has been able to clean by this facility.
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Installing a DIY- based home slow sand filter
-Is it possible to make it without speciality?-

Hideaki HUKUOKA
Self-employment plumber, NPO member ,CWSC, Tokyo, Japan
Kawasaki 3-19-29, Shunan-shi,Yamaguchi Prefecture, 746-0001,Japan

A trial of installing of small —scale water purification systems has so far been performed,since the biological
purification process is easy to go without academic training in water engineering. Two cases have been introduced
here in as evidence of private facilities made by the author ; this suggests that practice of slow sand filters could be
actualized even on a DIY private basis. One of the cases applied to municipal tap water was occupied by
chlorine-resistant fungi having gelled polysaccharide.

#¢The author thanks Dr.J. Takeuchi at Kure College for helping the English manuscript preparation.

Tap water-fed

chlorine-resistant fingi
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Development of an Unmanned Operate System for a
Slow Sand Filter / Ecological Purification System

Takemi HIROSE
Takemi corporation Co., Ltd., Sakai-city, Osaka-prefecture, Japan

In order to meet various needs, the authors have developed moderate speed filtration facilities and their remote
monitoring operation system (SCADA) that can become independent for energy demands only with electric power
supplied by photovoltaic power generation. As a result of having performed an operation experiment using a pilot

plant for 60 days, the system that was ecological superior in economy was demonstrated.
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Enhancement of the efficiency of upflow slow sand
filtration - Effect of combined application with a fiber filter
unit -

Tatsuo KATO, Ichiro OZAKI, Akihiko OKADA
Okada Industry Co. Ltd., Japan

4-17-10 Usaminami, Gifu, 500-8367, Japan

The upflow slow sand filtration system was modified by combined application of a fiber filtration unit above the
sand bed of the conventional sand filter. The results obtained from pilot scale filtration experiments conducted for
removing turbidity contained in river water from a dam reservoir and tracer particles of Cryptosporidium
demonstrated clearly that the modification was very effective in alleviating the deterioration of the filtrate in
turbidity induced by rainfall and by cleaning of the sand bed. Its effectiveness in lowering the levels of the tracer
particles of Cryptosporidium in the filtrate was also confirmed.

Pl

¥ vater tang

Figure Experimental setupof the modified pilot scale slow sand filtrationsystem.
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Utilizing structural equation modeling as an evaluation
tool for critical parameters of the biosand filter in a pilot
study in Para, Brazil

L. E. Voth-Gaeddert*, D. W. Divelbiss**, D. B. Oerther*

*Department of Civil, Architectural, and Environmental Engineering, Missouri University of
Science and Technology, Rolla, Missouri 65409, United States **School of Energy, Environmental,
Biological, and Medical Engineering, College of Engineering and Applied Science, University of
Cincinnati, Ohio 45221, United States

Biosand filters (BSF) have brought potable water to many communities throughout the world. A significant
number of studies have shown the effectiveness of the filter if utilized properly. However, Divelbiss et al. 2013
investigated the BSF from a holistic view of the community. Results showed, while important, the BSF was not
among the significant factors for health improvement. This pilot study, as part of a larger case study, investigated
the issues behind these findings. Utilizing the

SEM model that explained the complex system of ~ Figure 2 — Full Model with standar dized parameter estimates
interactions within the Guatemalan communities, L

several Brazilian communities along the Amazon ~ — . '™

River were studied. While further research is | * "~ 7 A .
ongoing, it was found that the BSF, again while wo R /
important, was not the largest factor in the . Fre k> B &
improvement of health within the household. . i ; _'
Socio-economic  status and improved water | T T o ST 0
source had the largest positive impact on health | » = = 2 w VL)
improvement. It was also found that additional [ .- = PP all!
water treatment had the highest negative effectof : e = Pl
the usage of the BSF. : : '
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L. E. Voth-Gaeddert*, D. W. Divelbiss**, D. B. Oerther*

*Department of Civil, Architectural, and Environmental Engineering, Missouri University of
Science and Technology, Rolla, Missouri 65409, United States **School of Energy, Environmental,
Biological, and Medical Engineering, College of Engineering and Applied Science, University of
Cincinnati, Ohio 45221, United States
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Household Filter to Remove Iron and Nitrate for Drinking
Water

Visi Asriningtyas*, Luis Villacreces**, Sri Puji Saraswati***

*IWA, Environmental Science Graduate Freelancer, Indonesia

**Environmental Laboratory, EP Petroecuador, Ecuador

***Environmental and Sanitation Laboratory, Civil and Environmental Engineering Department,
UGM, JI. Grafika no.2, Yogyakarta, Indonesia

The research of household filtration took place in a dwelling area of Yogyakarta (DIY), Indonesia which has iron
excess in groundwater used for drinking water. Nitrate is also prevalent especially in regions where family
husbandries surround the wells. There are research in this area to overcome this problem for a healthier drinking
water to alleviate groundwater quality for human consumption. The aquifer in general is also compared with thus of
Ecuador.

The experiments using charcoal and sand as the main material for removal of Iron and nitrate in drinking water has
been conducted in year 2005 to 2006. Afterwards, the filter is elaborated for more practical use for drinking water
which contains Iron and also nitrate from wells. The results of the use of these filters are fine, with no more Iron and
nitrate excess. Nitrate contains becomes less than 1 mg/1 and total Iron does not exceed 0.3 mg/l. The color of water
becomes neutral and odorless, if maintained at least once a month by brushing and washing the charcoal (activated
carbon) filter and the polypropylene or Cartridge Carbon Filter.

ik L IR R R IR ERDORER ik

Visi Asriningtyas™*, Luis Villacreces**, Sri Puji Saraswati***

*IWA, Environmental Science Graduate Freelancer, Indonesia

**Environmental Laboratory, EP Petroecuador, Ecuador

***Environmental and Sanitation Laboratory, Civil and Environmental Engineering Department,
UGM, JI. Grafika no.2, Yogyakarta, Indonesia
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Change of Water Treatment Efficiency in the Transition
from Granular Activated Carbon to Biological Activated
Carbon on an Advanced Water Purification Plant

Hirotaka Inoue, Shigetaka Kodama, Miyuki Ishibashi, Yusuke Watanabe
Chiba Nogiku-no-sato Purification Plant, Chiba Prefectural Waterworks Bureau,
478-1 Kuriyama, Matsudo, Chiba, Japan

We investigated the change of water treatment efficiency in the transition to biological activated carbon (BAC) by
comparing the results of water quality analysis about the renewal basins and the control basins. These results
suggest that the transition to BAC in the biological process was dependent on influent water temperature and

quality, but the transition in removal of organic matters was independent of influent water temperature and quality.

1st basins ---%--- influent

N x% —e— effluentfrom research basin

------ O~ effluentfrom control basin
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Biofilm Accumulation Characteristics of Heterotrophic
Bacteria in Tap Water Produced by Biological Activated
Carbon Process

Shinsuke Kasahara and Munetaka Ishikawa
Department of Environmental Engineering, Osaka Institute of Technology
5-16-1, Omiya, Asahi-ku, Osaka 535-8585, Japan

In order to evaluate the biological stability in a tap water produced by biological activated carbon process, a
bench-scale reactor test using laboratory tap water was conducted for about 7 months. Based on material balances
on heterotrophic plate count and assimilable organic carbon (AOC), the retention time of biofilm cells attached on
the surface of polyvinil chloride wall and the growth yield of heterotrophic bacteria with consuming AOC were
estimated.

Influent
Motor
Effluent
Liquid volume 14L
Surfacearea 2,300 cm?
Diameterof drum 14cm
Size of coupon 1 X15cm
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The Environmentally-friendly Effects of Biotreatments in
Osaka Water Supply Authority

Toshiko HOSON *, Yasuharu TAKEDA**,

*Murano Water Treatment Plant, Osaka Water Supply Authority, 7-2, Murano Takamidai,
Hirakata, Osaka, 573-0014, Japan

**East Waterworks Office, Osaka Water Supply Authority, 4-1-27, Shimokosaka, Higashiosaka,
Osaka, 577-0803, Japan

The Osaka Water Supply Authority has been operating biotreatment in Mishima Water Treatment Plant (WTP)
and Niwakubo WTP located in the lower areas of the Yodo River. The biological contact oxidation process has
been running in Mishima WTP, and the biological contact filtration process in Niwakubo WTP. Removal of
ammonium nitrogen in biotreatment enables the stable operation of residual chlorine control and the reduction in
the dosage of sodium hypochlorite. The biotreatment proves to be effective to reduce dissolved manganese to the
satisfactory level. It is also confirmed that turbidity can be reduced by biological contact filtration process in
Niwakubo WTP, so the dosage of coagulant has been reduced.

Ammonium Dissolved
nitrogen manganese
(%) (%)
Average removal ratio in Mishima WTP 7.3 9.5
from FY 2003 through FY 2012
Average removal ratio in Niwakubo WTP 973 99 1

from Dec. 2005 through Mar. 2013
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Removal of pharmaceutically active compounds in
managed aquifer recharge: A laboratory experiment

Huncheol Im, Inseol Yeo, and Heechul Choi
School of Environmental Science & Engineering, Gwangju Institute of Science & Technology
123 Chemdangwagi-ro, Buk-gu, Gwangju, South Korea

In this study, soil column experiments were conducted, in order to show the removal efficiency of pharmaceuticals
in porous media simulating MAR systems. The columns were packed with sand of average diameter of
0.8~1.25mm to assess the attenuation of target pharmaceuticals. The sand columns were kept in a dark condition
and a room temperature at 18°C and 19°C. Most of pharmaceuticals such as Antibiotics and nonsteroidal
anti-inflammatory drugs (NSAIDs), and steroid hormones generally exhibited over than 70% removal efficiencies
in soil media. The results suggest that the MAR systems are appropriate process as pre-treatment step of water
purification system.

Final Effluent
wastewater
from WWTPs

Grain size:
0.8~1.25mm

Figure 1. Schematic diagram of the soil columns
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Huncheol Im, Inseol Yeo, and Heechul Choi
School of Environmental Science & Engineering, Gwangju Institute of Science & Technology
123 Chemdangwagi-ro, Buk-gu, Gwangju, South Korea
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Global review of the adoption, use, and performance of
the Biosand Filter

Dr. T.K.K. Ngai, B. Coff, D.L. Baker, R. Lentz
CAWST - Centre for Affordable Water and Sanitation Technology
Upper 424 Aviation Rd NE, Calgary, Alberta, T2E 8H6, Canada

A biosand filter (BSF) is an adaptation of the traditional slow sand filter for intermittent use at households. Over
550,000 filters have been implemented in 55 countries, serving more than 3 million people. A summary of 32 BSF
project reports from 19 countries showed on average 83% of households used the filter daily, 81% used separate
storage containers for treated and untreated water, and the filter removed 90% of E. coli bacteria and 66% of
turbidity. 96% and 94% of the users stated that the filter was easy to use and filter provided enough water for the
entire household. The majority of reported problems with the BSF stemmed from lack of user education, poor
manufacturing quality, and inadequate ongoing maintenance.

Dr. T.KKK. Ngai, B. Coff, D.L. Baker, R. Lentz
CAWST — Centre for Affordable Water and Sanitation Technology
Upper 424 Aviation Rd NE, Calgary, Alberta, T2E 8H6, Canada
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Recent advances in household biosand filter design

Dr. T.K.K. Ngai, and D.L. Baker
CAWST - Centre for Affordable Water and Sanitation Technology,
Upper 424 Aviation Rd NE, Calgary, Alberta, T2E 8H6, Canada

The biosand filter is an intermittent-flow adaptation of slow sand filtration technology developed over 20 years ago.
Ongoing research, field evaluations, and understanding how the filter is used have led to advances in the design of
the biosand filter as well as the specifications for the hydraulic loading rate, filtration sand, and pause period.
Leaming has also progressed in virus reduction, the importance of filter ripening, and the maintenance/cleaning of
the biosand filter. Different methods of fabricating the filter body and diffuser basin are providing more alternatives
for implementing biosand filter projects.
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Dr. T.KKK. Ngai, and D.L. Baker
CAWST — Centre for Affordable Water and Sanitation Technology,
Upper 424 Aviation Rd NE, Calgary, Alberta, T2E 8H6, Canada
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Performance Optimisation of Household Biosand Filters

L. C. Campos*, Richard Outhwaite**

*Department of Civil, Environmental & Geomatic Engineering, University College London,
Gower Street, London, WC1E 6BT, UK

**\Web Earth PTE Ltd, 40 Carpenter Street, Singapore, 059919

This work investigated two methods to optimize the design and performance of the household biosand filter. The
first method to optimise the filter was by ‘seeding’ one filter with 50% of old sand from an existing biosand filter to
speed up the maturation of the filter. The second method used was the addition of a tap to the outflow pipe, which
would prevent the need for users to store water that had been filtered, thus removing the possibility of
recontamination through storage. The seeded filter reached 99% coliform removal after 16 days, 10 days before the
unseeded filter, demonstrating the important role of microbial community in water purification by slow sand
filtration. Furthermore, the filter with the tap showed that it could still maintain significantly high coliform removal
rates (99.2%, p <0.01) even after pausing the flow of water.
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*Department of Civil, Environmental & Geomatic Engineering, University College London,
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Optimizing intermittent slow sand filters (biosand)
construction for more consistent microbial removals

K. Sawyer, C. Perron, M.R. Collins
Department of Civil & Environmental Engineering, University of New Hampshire, Durham, NH,
USA

The intermittent slow sand filter (biosand filter) is a household-scale drinking water treatment system known for its
simplicity and ease of use. This research examines several construction factors affecting the flowrate of the biosand
filter, volume of water treated, and previous microbial loading to determine their effect on removal of microbes. It is
recommended that more flow rate limiting modifications of the influent basket and the underdrain collection system
be adopted, the volume of each charge of raw water applied to a biosand filter not exceed 70-80% of the filter’s
void volume, and that as much time as possible (>8 hrs) separate raw water charges of the biosand filter.
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Long-term performance evaluation of biosand filters
modified with zero-valent iron

M. Mansoor Ahammed, Chaitali Solanki, Abhilash T. Nair
Civil Engineering Department, SV National Institute of Technology, Surat — 395007, India

Performance of  two full-scale biosand filters (BSF) modified by introducing  zero-valent iron (ZVI) in the form
of iron nails and  iron filing scrap was compared with that of BSF in a long-duration study spanning three months
employing Eschericia coli and turbidity spiked water. Results of the tests showed that E. coli removal in both the
modified filters was significantly better compared to that in BSF. Bacterial removal was always higher in modified
filters by at least one-log unit. The E. coli removal continuously improved in all the three filters, and it reached a
maximum value of about 4 log units in both the modified filters while the maximum removal observed in BSF was
around 2.5 log units. All the filters showed good turbidity removal after maturation, and effluent turbidity was
around 1 NTU when influent value was 20-25 NTU. Passage of water through the filters resulted in sharp decline in
dissolved oxygen. The study thus indicated the potential of ZVI in improving the performance of biosand filters.
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Use of water sensitive urban design systems for
biofiltration of urban stormwater: laboratory
biodegradation batch studies

K. Zhang***, X. Tian*, D. Page***, A. Deletic*,**, D. McCarthy*,** *Monash Water for
Liveability, Department of Civil Engineering, Monash

University, Clayton, VIC 3800, Australia **CRC for Water sensitive Cities, Melbourne Vic 3800,
Australia ***CSIRO Land and Water, Waite Laboratories, Urrbrae SA 5064, Australia

Water Sensitive Urban Design (WSUD) systems are a form of alterative biological filtration that is increasingly
being used for stormwater management. To date, there is limited knowledge on the behavior of organic
micropollutants in such systems and applicability to water reuse. In this study, biodegradation of a model
micropollutant, phenol was investigated in the laboratory from two types of media typically used in stormwater
biofiltration systems (also known as biofilters, bioretentions, and rain-gardens). Conditions, including temperature,
pH, starting concentrations, moisture contents and redox conditions (aerobic and anaerobic) were varied to cover
common environmental ranges. Ultraviolet absorbance at 254 nm (UVA) was also evaluated as potential surrogate
for phenol biodegradation. Phenol examined in all types of soils was degraded biologically, with high percentage of
removal (k = 0.125 - 1.26 h-1) and short half-lives (t1/2=0.550 - 5.54 h). The results indicated that the
biodegradation rates were affected by temperature, soil moisture and redox condition. The highest biodegradation
rates were achieved based on temperature 300C and with soil moisture of 100% under aerobic conditions. pH and
initial phenol concentration had little impact on biodegradation of phenol in this study. Analysis of spearman rank
correlation indicated that UVA reduction was significantly related to phenol biodegradation in Sand Deep soils
under all conditions (P<0.01).

Characteristics of biofiltration soils used in this study.
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Exploring Sand and Bentonite - Enhanced Sand as Filter
Media for Nitrate Removal

Malini R* and Sudhakar M. Rao*
*Centre for Sustainable Technologies, Indian Institute of Science, Bangalore-560012, India.
**Department of Civil Engineering, Indian Institute of Science, Bangalore-560012, India.

The denitrification of sand and bentonite enhanced sand in presence of easily assimilable organic carbon was
studied. Filter columns were constructed using sand and bentonite-enhanced sand as filter media. The filtration rate
was maintained at average value of 2.60 cm/h. The nitrate removal rates through both the filter media was assessed
for solution containing 22.6 mg NO3-N/L concentrations while keeping C/N mass ratio as 3. For sand filter
column, the nitrate removal efficiency reached the average value of 97.6% after passing 50 pore volumes of the
nitrate solution. For bentonite-enhanced sand filter column, the average nitrate removal efficiency was 83.5%.The
time required for effective operation for sand filter bed was 100 hours, while bentonite-enhanced sand filter bed did

not require any maturation period as that of sand filter bed for effective performance.
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Reduction of the formation potentials of trihalomethanes
(THMSs) and haloaceticacids (HAAS) in reclaimed water
by soil aquifer treatment

Suphia RAHMAWATI?, Xue WANG?, Songkeart PHATTARAPATTAMAWONG?,

Ryosuke SUZUKI #, Shinya ECHIGO?, Yugo TAKABE?, and Sadahiko ITOH®

Department of Environmental Engineering, Kyoto University, Japan

*Department of Environmental Engineering, Faculty of Engineering, King Mongkut's University of
Technology Thonburi, Thailand

Lab-scale column experiments with different soils and retention time were performed to evaluate the
feasibility of soil aquifer treatment (SAT) on the reduction of formation potentials (FPs) of
trihalomethanes (THMs) and haloaceticacids (HAAs). The sand column with a hydraulic retention
time (HRT) of 7 days showed the highest reduction level of THM and HAA FPs.
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Removals of pharmaceuticals and personal care
products in reclaimed water during soil aquifer treatment
with different soll types, hydraulic retention time, and
saturated condition

Kai HE, Takashi YONETANI, Yugo TAKABE, Suphia RAHMAWAT], Shinya ECHIGO, Sadahiko
ITOH

Department of Environmental Engineering, Graduate School of Engineering, Kyoto University,
Nishikyo, Kyoto 615-8540, Japan

For controlling Pharmaceuticals and personal care products (PPCPs) in water reclamation, soil aquifer treatment
(SAT) is an attractive way because of its low operational cost and stable performance. In this study, the removals of
30 PPCPs in SAT with Masa soil, sand and Toyoura sand with a HRT (Hydraulic retention time) of 7 days were
compared. The three SAT columns could remove antibiotic PPCPs, and Masa soil performed best on the removal
of antibiotic PPCPs. Also, most non-steroidal anti-inflammatory drugs were removed in the three kinds of columns
probably through biodegradation. Increasing HRT enhanced the removal of acetaminophen, theophylline,
crotamiton, and caffeine. Overall, most NSAIDs and most antibiotic could be removed under any conditions tested
in this study.
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Behavior of trace organic contaminants in soil aquifer
treatment(SAT) process for reuse of secondary sewage
effluent

Fumitake Nishimura, Norihisa Kurita, Yugo Takabe, Tadao Mizuno, Taira Hidaka*, Sadahiko Ito
Department of Environmental Engineering, Kyoto University, Nishikyo, Kyoto 615-8540, Japan
*Institute of Public Works, 1-6 Minamihara, Tsukuba 305-8516, Japan

Fate of endocrine disrupting chemicals, Ethylenediaminetetraacetic acid (EDTA) and 1,4-dioxane, whose risks
were concemed in the case when treated wastewater is reused for potable purpose, in soil aquifer treatment (SAT)
was evaluated with various experiments. Using SAT columns and pilot scale reactors, which continuously received
treated sewage effluent, it was cleared that bisphenol-A(BPA) was effectively removed; meanwhile, the removal of
1,4-dioxane by SAT was not so expected. Removal of EDTA was expected; however, the removal was limited
(66% of removal ratio with 30 days of Hydraulic retention time). In order to made clear the treatment mechanism,

adsorption and biodegradation characteristics were also 1600

investigated and evaluated quantitatively from the points of _ 1400 4

reaction kinetics. It was understood that BPA, El, and E2 %’ 1200 -

can be removed easily by biological reaction, whereas EDTA o, £ 1000 -

and 14-dioxane cannot be degraded biologically in the § 2 288 i

system. On the other hand EDTA can be adsorbed to the ._g :.% 400 1 % %

soil.  These findings corroborate the results of SAT columns -E 200 A

experiment, and can be used for mathematical models which ~ § 0

express and predict behaviors of the chemicals in SAT. § g - - -E §
c$ E & 3

TR RMEADEFFAD = HD 1% -

5%:’@9&@ 70 H t A l = 3:5 H- éﬁ&%ﬁ%iﬁ Figure1 Concentrations of 1,4 DXN
%%E@é@j in the A20 effluent and SAT effluent.

PUFTXGE - FEHERR » BaBHi - KEREE - H B P (>
* REBAFAR A T AR5 172K 615-8540 BT R IX R A A 4£Cl
**( ) L ABTETT FFHE N2 — =" 305-8516 FKdglAo < /L i1iIA 1 #5416

WNOWASEE, EDTA, 14-UA4F V%0, (K E LT RARBIKZ PRI DB e ) 2
2 I & 72 DB ONWT, HHERIGHWSAT) 7 vt AN TOZEH) - R 2 Al A2 OFBRAATV R
U7z, B FRUER K 2R ST SAT B 7 LIBREI T T-FER, BPA I3k Esns =
L. —HTIA VATV U ORETREECH S Z EAVyn o7, EDTA IFFRETE 2137203, 30
H DI T BERERD 66% R £ 5 Z L AVRENTZ, TN HIREIGYUE D SAT (2 L DAL
PRFER & REGIRE I ONTT BT, Wk & AR DU T, BOSEh LS D E &Y
V2RI L 7=, BPA,. E1 38X OB 1IEWISUGIC X B03ifn3 2 X353, EDTA & 14-2 AW 13 SAT
\Z L DBREITEMGF TE RN LAV o72, EDTA OBREFREIC LV 72Snb 2 b0l =
NHOHRZ, SAT NCOWETRER RIL L 5 HEERET VOB =T E L AOEH L,

75



