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Abstract

A field-pilot scale slow sand filter (SSF) was constructed at Al-Rustamiya
Sewage Treatment Plant (STP) in Baghdad city to investigate the removal
efficiency in terms of Biochemical Oxygen Demand (BODs), Chemical oxygen
demand (COD), Total Suspended Solids (TSS) and Chloride concentrations for
achieving better secondary effluent quality from this treatment plant. The SSF
was designed at a 0.2 m/h filtration rate with filter area 1 m? and total filter depth
of 2.3 m. A filter sand media 0.35 mm in size and 1 m depth was supported by 0.2
m layer of gravel of size 5 mm. The secondary effluent from Al-Rustamiya STP
was used as the influent to the slow sand filter. The results showed that the
removal of BODs, COD, TSS, and Chloride were 73.84%, 73.01%, 63.71% and
49.80%, respectively after 28 days of the SSF operation. The overall removal
efficiency of Al-Rustamiya STP has been improved by this tertiary treatment
reaching to 91.15% for BOD, 86.84% for COD, 86.55% for TSS, and 59.50% for
chloride which indicated that the final effluent became acceptable to the Iraqi
regulations for disposal.

Keywords: Safety irrigation, Sand bed depth, Secondary effluent, Slow sand
filtration, Tertiary treatment, Wastewater stabilization.
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1. INTRODUCTION

The disposal of sewage effluents into
water bodies may cause danger to the
receiving environment Dby high
pollutant loads such as Biochemical
Oxygen Demand (BODs), Chemical
oxygen demand (COD), nutrients as
nitrogen (N) and phosphorous (P) and
bacterial load. Tertiary treatment can
improve the quality of secondary
effluents to reach disposal standards
which can be discharged into water
bodies or be re-used for irrigation.
Many researchers have worked to
improve the secondary effluents from
sewage treatment plants using slow
sand filters as tertiary treatment
procedures. The slow sand filters of
effective size 0.29 mm and depth of
0.97 m could reduce suspended solids
by 88%, BODs 76%, bacteria count
99.9 % and coliform bacteria by 97%
[4, 6].

The ability of slow sand filters using
granular media like anthracite coal
with sand media was investigated by
several researchers [7, 9, 11] to
remove suspended particles within
70%, volatile soluble solids 56% and
COD removal reached 38%, and
pathogenic viruses and bacteria in
this process was also efficiently
removed. They also achieved
simultaneous nitrification—
denitrification processes in these
filters.

The rapid sand filters were evaluated
in three tertiary sewage treatment

plants in the State of Kuwait which
found the yearly reductions of SS,
VSS, BOD, and COD were
determined in each plant with 95%
and 99% significant levels achieving
water quality standards for irrigation
[8]. Some researchers were examined
the filter performance through the
operation of stratified sand filters
using a synthetic influent resembling
high-strength  dairy  wastewater.
Results showed the removal of COD
and TSS that were greater than 99%
and total nitrogen reduction reached
86% [10].

The performance of low-pressure
membranes (MF/UF) in wastewater
reclamation using slow sand filters as
a pre-treatment was tested. A pilot-
scale-SSF was constructed to treat
secondary effluents for the removal
of biopolymers which are considered
the major dissolved organic foulants.
High removal of biopolymers was
achieved in this study at temperatures
higher than 15 °C, with
concentrations lower than 0.5 mg
C/L and with sufficient oxygen levels
[13].

The secondary effluents from Al-
Rustamiya South Station are causing
sever pollution problems when
discharged into Diyala River as they
are out of the Iraqi effluent disposal
regulations. So, this study aims to
performance the slow sand filter with
field-pilot scale as a tertiary treatment
process for treating the secondary
effluent from this plant.
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2. MATERIALS AND METHODS
2.1 Study Area Description

Baghdad city is about 900 km? in its
area with an  approximated
population of eight million capita in
year 2016 approximately. All data
below were collected from Baghdad
Mayoralty and Al-Rustamiya STP
office, Baghdad city has three sewage
treatment  plants, Al-Rustamiya

South Station, Al-Rustamiya North
Station and Al-Karkh. Al-Rustamiya
STPs are the largest projects serving
Al-Rusafa district (eastern side of
Baghdad). The plant effluents are
discharged into Diyala river and then
to Tigris River, as shown in Fig. 1 (a
and b). These plants suffer in recent
years of weakness in performance
due to the late arrival of spare parts
for maintenance of the mechanical
and electrical equipment.

a) Al-Rustamiya North NTP.

b) Al-Rustamiya South STP.

Fig. 1 Study area location of Al-Rustamiya north and south STPs (Google earth).

The treatment process in Al-
Rustamiya STPs is done by two
stages, the primary stage for the
removal of inorganic matter and the
secondary (biological) stage for the
decomposition of the organic matter.
Al-Rustamiya project consists of:

a) The old project, Al-Rustamiya
South STP working since 1963 to
serve 1,500,000 inhabitants in the
eastern side of Baghdad and consists
of Zero (FO) and Expansion | (F1)
projects, with a designed capacity of
175000 m?day while the actual

capacity reaching the plant is 300,000
mé/day.

b) Al-Rustamiya North STP serves
1,500,000 capita; Expansion Il (F2)
project working since 1984 with a
design capacity of 300,000 m®/day
and the actual capacity reaches to
450,000 m®/day.

2.2 Field-pilot Scale Slow Sand
Filter

A field-pilot scale slow sand filter
(SSF) was constructed at Al-
Rustamiya STP to investigate the
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removal efficiency in terms of BOD:s,
COD, TSS, and Chloride
concentration for achieving better
effluent quality from this treatment
plant. The field-pilot plant operated
continuously since April to June 2016
to filtrate the secondary effluents
from this plant. The SSF was
designed with a filtration area of 1 m?
and total filter depth of 2.3 m. The
filter bed is 1 m in depth with a
graded sand media of effective size
0.35 mm with uniformity coefficient
(UC) 2.5 and supported by 0.2 m
layer of gravel (5 mm in size). The
underdrain  system consisted of
perforated UPVC pipes (100 mm in
diameter) which are placed in parallel
lines. A uniform and steady treated
sewage influent to filter was
maintained by using an overflow
weir. Fig. 2 (a and b) shows the pilot
scale plan and section of the slow
sand filter (SSF). The filter was
operated with a filtration rate of 0.2
m/h and 10 m®/day flow rate in a
down flow mode. The filter media
head loss was increased as the filter
became clogged; due to the buildup
of suspended solids in the media
pores hence washing the filter is

SLOW
B ~—SAND

necessary. The filter was washed by
draining the water under the sand bed
to a depth of 0.10-0.20 m below the
top surface of the sand. This layer
becomes relatively dry and easy to
handle. About 2-5 cm of this sand
layer is removed manually from time
to time and new sand is added to
reduce the head loss.

2.3 Samples and data collection

The sewage used in this study was the
secondary  effluent from Al-
Rustamiya STP which was directly
feed into SSF pilot plant (Fig. 2). The
influent and effluent daily samples
were collected and analyzed for
BODs, COD, TSS, pH, and Chloride
concentrations to determine the
performance of this filter during the
period from April to June 2016. Table
1 and 2 show the results of the
laboratory analyses that were
performed by Al-Rustamiya STP
Office-Mayoralty of Baghdad. The
procedures described by Standard
methods for the examination of water
and wastewater were carried out in all
of the experimental analysis [2].

FILTER

a) Plan
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Fig. 2 Diagram of the pilot scale-SSF, a) plan and b) section.

3. SLOW SAND FILTRATION
CONCEPT

The basic concept in slow sand
filtration is that the influent flows
through a porous media (0.15 to 0.35
mm in diameter) at low filtration
rates. In treating wastewater this
procedure will help for the growth of
a Dbiological population and inert
deposits within the sand bed, this is
known as the schmutzdecke layer.
Under normal operation conditions,
about 10 days are required for the
development of the schmutzdecke
layer on the bed surface. The
effectiveness of slow sand filters for
BOD and COD removal is dependent
upon the development of this layer
[5]. The schmutzdecke layer is
removed about 2-5 cm from the top
layer of the sand bed during washing
(after the filter is drained) then sand

replacement is necessary. The sand
layer scraping interval depends on the
treated sewage impurities and the
hydraulic loading rate applied to the
filter. Sand replacement provides a
complete exchange of porous media
over time and prevents any
accumulation of silt that could clog
the sand bed [4].

4. RESULTS AND DISCUSSION
4.1 Raw sewage characteristics

Tables 1, 2 and Figs. 3 to 6 show the
minimum, maximum, and average
values of influent  sewage
characteristics to Al-Rustamiya STP
(indicated as C). The BODs, COD,
TSS, and chloride varied from 160 to
300, 255t0 861, 75 to 456, and 240 to
380 mg/L, respectively, where the pH
value ranged from 7.08 to 7.41. The
biodegradability (BODs/COD) ratio
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varied from 0.35 to 0.97 with an
average ratio of 0.62 which indicates
that this sewage can be treated
biologically as shown in Table 3 [12].

4.2 Performance of the secondary
stage in the treatment station

Table 1, 2 and Figs. 3 to 6 also show
the characteristics of the minimum,
maximum, and average values of the
effluent after secondary treatment
from Al-Rustamiya STP (indicated as
F2). The BODs, COD, TSS, and
chloride average concentrations were
79.97, 155.74, 81.80, and 269.71
mg/L respectively, with pH value
7.46. The removal efficiency of
BODs, COD, TSS, and chloride were
65.40%, 61.54%, 63.53%, and

19.32%, respectively. This stage was
limited and the quality of the effluent
was not within the local Iraqi
regulations for disposal (as shown in
Table 1). The biodegradability of the
treated sewage (BODs/COD) varied
from 0.31 to 0.87 with an average
ratio of 0.56 this indicates that more
treatment is required and this effluent
did not confirm with the typical ratios
of the treated sewage [1]. By
observation the biological treatment
in the plant is not operated according
to the design limitations as the plant
receives more amounts of influents
then the design capacity. Also the
plant needs continuous maintenance
specially the aeration nozzles and
pumps of the activated sludge tanks.

Table (1): Characteristics of the raw sewage (C), treated water after secondary
treatment (F2), and filtered water after SSF

Test Sample | Iragi Standard | Min. Max. Avg.
C 160 300 230.95
BOD mg/L F2 55.36 | 103.8 | 79.91
SSF 10 39 20.43
C 255 861 | 404.82
COD mg/L F2 98.073 | 331.1 | 155.74
SSF 17 67 39.10
C 75 456 224.29
TSS mg/L F2 27.35 | 166.3 | 81.80
SSF 10 a7 27.05
C 7.08 7.41 7.24
pH F2 6.5-85 7.3 7.56 7.46
SSF 7.12 7.3 7.15
C 240 380 334.29
Chloride mg/L F2 193.63 | 306.6 | 269.71
SSF 97.2 153.9 | 135.39
C 0.35 0.97 0.62
BOD/COD Ratio F2 0.31 0.87 0.56
SSF 0.23 0.65 0.42
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Table (2): Characteristics of the average domestic sewage during study period.

Parameter Influent After secondary After SSF Overall
©) treatment (F2) removal
Effluent | Removal | Effluent | Removal %
% %
BOD (mg/L) 230.95 | 79.91 65.40 20.43 | 73.84 91.15
COD (mg/L) 404.82 | 155.74 61.54 | 53.28 | 73.01 86.84
TSS (mg/L) 22429 | 81.80 63.53 | 30.16 | 63.71 86.55
pH 7.24 7.46 7.20
Chloride (mg/L) | 334.29 | 269.71 19.32 | 135.39 | 49.80 59.50

Table (3): Sewage characterize ratios [12].

Type of sewage BODs/COD | BODs/TOC
Untreated 0.3-0.8 1.2-2.0
After primary settling 0.4-0.6 0.8-1.2
Final effluent 0.1-0.3 0.1-0.5

4.3 Water quality improvements
through SSF Performance

The slow sand filter was operated to
improve the secondary effluent from
Al-Rustamiya STP. Table 1 and 2
summarize the characteristics of the
treated effluent (indicated as SSF).
Table 2 shows the average
concentrations of BODs, COD, TSS,
and chloride in the effluent from the
SSF which were 20.43, 39.1, 27.05
and 135.39 mg/L, respectively. At the
end of the operation period, the SSF
removal efficiency was 73.84% for
BOD, 73.01% COD, 63.71% TSS,
and 49.80% for chloride. The overall
removal efficiency of Al-Rustamiya
STP for BODs, COD, TSS, and
chloride were 91.15%, 86.84%,
86.55%, and 59.50%, respectively.
The study showed that SSF is very
efficient to improve water quality of

the secondary effluent from Al-
Rustamiya STP to levels meeting the
Iragi regulations for disposal. Figs. 3,
4, 5, and 6 show the variation of
BODs, COD, TSS, pH, and chloride
in the raw sewage (C), effluent of the
secondary treatment (F2) and effluent
from the slow sand filer (SSF) during
the study period.

5. CONCLUSIONS

Slow sand filters are simple and low-
cost techniques which can be used as
a tertiary treatment for the secondary
effluent from Al-Rustamiya STP to
improve the effluent quality for safe
disposal to water bodies and reuse in
irrigation. The results from this study
have shown significant
improvements in effluent quality
parameters (BODs, COD, TSS, and
chloride) due to slow sand filtration
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which were within the Iragi or global
regulations for disposal (APHA,
2012; Asano and Mills, 1990).
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Fig. 3 Variation of BODs in raw sewage, treated water after secondary
clarifier, and filtered water after SSF.
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Fig. 4 Variation of COD in raw sewage, treated water after secondary
clarifier, and filtered water after SSF.
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Fig. 5 Variation of TSS in raw sewage, treated water after secondary clarifier,
and filtered water after SSF.

400

—9 e

\\

\%

350

300

250

200

150

100

50

0

/./ .\.\/./\o—/k.—.\ ‘/H\o

—e—C F2

\./

SSF

CHLORIDE CONCENTRATION (mg/L)

01 2 3 45 6 7 8 9 10111213 14 1516 17 18 19 20 21 22 23

DATE (DAY)

Fig. 6 Variation of chloride in raw sewage, treated water after secondary
clarifier, and filtered water after SSF.

Acknowledgements

Our special
thanks are

gratitude and many
forwarded to "Al-

REFERENCES

1. Alsaqggar, A. S.; Khudair, B.
H.; Mekki, A. 2014
Correlating BODs and COD of
Sewage in Wastewater
Treatment Plants; Case study
Al- Diwaniyah WWTP in Iraq.

Rustamiya STPs, Office-Mayoralty of
Baghdad ", without their support and
encouragement this work would have
not been done.

American university  of
Sharjan  (AUS)  "Second
International Conference on
Sustainable Systems and the
Environmental (ISSE14)"
February 12-13, 2014/ Sharjah
(AUE), 142-146.

Awatif Soaded
Basim Hussein
Ahmed Makki

Association of Arab Universities Journal of Engineering Sciences
NO.3 Volume.25 Year.2018



178

()

. APHA, American Public

Health  Association, 2012.
Standard methods for the
examination of water and
wastewater.

. Asano, T., Mills, R.A., 1990.

Planning and analysis for
water reuse projects. J.
AWWA, 82 (1), 38-47.

. Bellamy, W.D., Hendricks,

D.W., Logsdon G.S., 1985.
Slow sand filtration: influences
of selected process variables.
Journal of American Water
Works Associations J.
AWWA, 77 (12), 62-66.

. Campos, L. C.,, MFJ

Su, Graham, N.J.D., Smith,
S.R., 2002. Biomass
development in slow sand
filters. Water Research, 36
(18), 4543-4551.

. Ellis, K. V., 1987. Slow sand

filtration as a technique for the
tertiary treatment of municipal
sewage. J. Wat. Res, 21, 403-
410.

. George  Nakhla, Shaukat

Farooq, 2003. Simultaneous
nitrification—denitrification in
slow sand filters. Journal of
Hazardous Materials, 96 (2-
3), 291-303.

. Hamoda, M. F., Al-Ghusain,

I., Al-Mutairi, N. Z., 2004b.
Sand filtration of wastewater
for tertiary treatment and water
reuse. Desalination Volume,
164 (3), 203-211.

. Hamoda, M. F., Al-Ghusain I.,

Al-Jasem, D. M., 2004a.
Application of granular media

filtration in wastewater
reclamation and reuse. Journal
of Envir., Sc., And Health, 39
(2), 385-395.

10.Healy, M.G., Rodgers, M.,

Mulqgueen, J., 2007.
Performance of a stratified
sand filter in removal of
chemical oxygen demand, total
suspended solids and ammonia
nitrogen from high-strength
wastewaters.  Journal  of
Environmental Management,
83 (4), 409-415.

11.Lubello, C., Gori, R., Nicese,

F. P., Ferrini, F., 2004.
Municipal-treated wastewater
reuse for plant nurseries
irrigation. Water Research, 38,
2939-2947.

12.Metcalf and Eddy Inc., 2003.

Wastewater Engineering
Treatment, Disposal and
Reuse. 4th Edition, Tata
McGraw Hill Publishing Co.
Ltd.

13.Xing Zheng, Mathias Ernst,

Martin Jekel , 2010. Pilot-scale
investigation on the removal of
organic foulants in secondary
effluent by slow sand filtration
prior to ultrafiltration. Water
Research, 44 (10) 3203-3213.

Awatif Soaded

Basim Hussein
Ahmed Makki

Association of Arab Universities Journal of Engineering Sciences
NO.3 Volume.25 Year.2018


http://www.sciencedirect.com/science/article/pii/S0043135402001677
http://www.sciencedirect.com/science/article/pii/S0043135402001677
http://www.sciencedirect.com/science/article/pii/S0043135402001677
http://www.sciencedirect.com/science/article/pii/S0043135402001677
http://www.sciencedirect.com/science/article/pii/S0043135402001677
http://www.sciencedirect.com/science/journal/00431354
http://www.sciencedirect.com/science/journal/00431354/36/18
http://www.sciencedirect.com/science/journal/00431354/36/18
http://www.sciencedirect.com/science/journal/03043894
http://www.sciencedirect.com/science/journal/03043894
http://www.sciencedirect.com/science/journal/03043894/96/2
http://www.sciencedirect.com/science/journal/03043894/96/2
http://www.sciencedirect.com/science/article/pii/S0011916404001894
http://www.sciencedirect.com/science/article/pii/S0011916404001894
http://www.sciencedirect.com/science/journal/00119164/164/3
http://www.sciencedirect.com/science/journal/00119164/164/3
http://www.sciencedirect.com/science/article/pii/S0301479706001289
http://www.sciencedirect.com/science/article/pii/S0301479706001289
http://www.sciencedirect.com/science/article/pii/S0301479706001289
http://www.sciencedirect.com/science/journal/03014797
http://www.sciencedirect.com/science/journal/03014797
http://www.sciencedirect.com/science/journal/03014797/83/4
http://www.sciencedirect.com/science/journal/03014797/83/4
http://www.sciencedirect.com/science/article/pii/S0043135410001594
http://www.sciencedirect.com/science/article/pii/S0043135410001594
http://www.sciencedirect.com/science/article/pii/S0043135410001594
http://www.sciencedirect.com/science/journal/00431354
http://www.sciencedirect.com/science/journal/00431354
http://www.sciencedirect.com/science/journal/00431354/44/10

Ley
Er—

nd

da g aal) 4y gAY ALlud) cila g daall A AN dadlaa dda jaS sl Al adi Al

xal) b pal) slia ;\ella.a dilaaa (A
Olaslad) (,Sa 2aa) oA G anily Laallae 30w b e 3
Oida a5 Lusa il a5 Luva il
Al daala-dwaigl) 4ulS gy Azala-dwaigl) 48 gy dzala-dwaigd) 448

ahmed.jabbar@qu.edu.ig  basim22003@yahoo.com d.alsaggar@yahoo.com

Ladal
J\M@m)ﬁ\éﬁﬁ‘ﬁmﬂuﬂ\a&&@&u@éﬁ:c&d{)@lf%@é
OanS Y allaia 5 (BODs) s seadl aanS 5V allaiie 380 53 G (e A1 Y1 56l 3 (gl
On Ao 5 il 383 ol (e (Clp) Sly 5805 (TSS) 4l 4allall ) 5all 5 (COD) (e
delu/a (0.2) g Jieay ol Lo g jal) apanad o3 285 Adanall 4y 5l AL} s 5 jlaal
Gae 5 ale (0.35) pas 50 el dall 8ala, 2 (2.3) S i e oo 5 25 (1) i f Aalise pe
o i AL s yladl) Creaiad, ale (5) anas o (0.2) dlass anl) e dih e it a (1)
e )3 daws o gl @ pedal s adl el ol AR olieS dpais ) ddass (e
/.73.84 <ulS 3y, lsl) g AIS)) Adllad) o) sall g (g sad) (S V) ey ALanSl (S 5Y)
Cuivai g all ol el il Alee (4o la 328 20 sl e 749,80 5763.71 </73.01
&) oot il pipall Joatl AANED Aalleal) 538 JDA (pe dpaios ) Aallre ddasial 20 A1 5V 50 LS
Cnpeal 4iledl) AL s golaall G ) ey 63 (759.50 5 7.86.85 </.86.84 <%91.15.)
Lo alill 48 jall dadaiS 4l g

cu‘h,ﬁ\ g-h).“ @ﬁ)ﬂ‘ 427133&\ QIAJJE.A.“ cd—ﬁj\ 3\3,4: (aes o) L..QJM ;3\.,\;1:\.&&\ Silalsly
iyl sla cagdis (AN Al jal)

Awatif Soaded Association of Arab Universities Journal of Engineering Sciences
Basim Hussein NO.3 Volume.25 Year. 2018
Ahmed Makki


mailto:basim22003@yahoo.com
mailto:d.alsaqqar@yahoo.com

