Removal of organics, suspended solids, and turbidity in a single

sludge anoxic-aerobic biological process followed
by slow sand filter
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The investigation reported in this paper is part of an ongoing research aimed at finding
simplified wastewater treatment operations which can produce acceptable effluent quality
with less cost and using processes less demanding for operating skills. A single sludge two
stage anoxic-aerobic biological process followed by slow sand filter was operated in the
laboratory on municipal raw wastewater directly fed to the anoxic zone. Two sizes of filter
media and 3 filter bed depths were investigated. Performance evaluation of the biological
process, the slow sand filter, and overall system for removal of BODs, COD, Total Suspended
Solids, and Turbidity is presented in this paper. The biological process was very efficient in
removing all four parameters. However, a high rate of nitrification coupled with moderate
denitrification in this system resulted in substantial decrease in effluent alkalinity. Both
filter media sizes gave excellent polishing of biological effluent with minor differences. Filter
runs averaged 30 days for coarse media and 18 days for fine media. Increased filter bed

depth resulted in minor performance improvement.
3ol o Jyaall anall G all ole Aallaa) Aasis ciblas Al ) Giags )gmuh.\“riaﬂ:. Al o2
Alac (59205 saeas dhae Jiadi o5 a1 dg,uﬂlq_ilﬂ\&ul)l...‘“.\lchu\lu\gh;?l.\a.mh,gﬂd.d&ud,ah.a,;
.\__pd\a.\\Hggangqh‘rh)c_a)n‘ulyl,uum Lol (44158 Y) OpanSY) AL Lastaa) il 5 I3 Ay ga
‘,L_‘;iuy_a,a.)n Sla e Cpalie Ll A 3 padid 5 .40 a0 Alaall e 5 00e Al aall sl
e 3 o Andine Silaall 0@ Y ALYl saa e IS Lo a5 &gl Aleal) s Al
Yle VLS QI 4y gpall cllaall cuilS ¢ .3 1S 4 LIS QG o gall L}qﬂ\ OaSY) lbia ‘.ral.yes,.\a.ll oSy
sl &JM‘&}ML‘HL’-‘“@W‘}Q"J‘ 3 l.p)uﬂqll.di (b.ud\ o Y ¢ 5483l L.UYI ealiall ‘d|_)l~"J
l_}d\u_aoa_jam,awm‘da)ﬂuhrmwds&rhda, Aatleall olall W|¢)ysuau.;.\|°.ll
33— ol g ¢ 3 panall Cilall Lagy YA 530Sl culiall Lagy ¥o iy ppd il 590 o LS il CBGAL dalleall
I e A4 a pa clizea3 I et el ae 3305

Keywords: Organics, Suspended solids, Turbidity, Anoxic-aerobic process, Slow sand and
filter

1. Introduction

Increased utilization of treated wastewater
for many reuse applications and the
implementation of more stringent effluent
discharge requirements have resulted in more
and more dependence on advanced
wastewater treatment. ¢ Conventional
secondary level treatment for organic and
suspended solids removal has increasingly
became the exception in many new
wastewater treatment installations. Biological
nitrification-denitrification for the removal of
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nitrogen is one of the advanced processes
which received tremendous attention in both
research and actual application for the past
two to three decades [1]. In conventional
activated sludge process, little nitrogen
removal is generally accomplished. However,
some biological denitrification processes can
remove up to 95% of total nitrogen.

The single sludge nitrification-
denitrification process is a process in which
biodegradable material in the influent are
utilized as an energy source for denitrification.
Early developments of this process
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concentrated on the utilization of two reactors,
one aerobic and one anoxic, followed by a
clarifier. In the Wuhrmann process the
influent is discharged first to the aerobic
reactor, which is followed by the anoxic
reactor [2]. In the Ludzack-Ettinger process,

the influent is discharged first to the anoxic
reactor that is partially separated from the
following aerobic reactor, and clarifier under
flow is recycled to the aerobic reactor [3]. The

latter was later modified by completely
separating the anoxic and aerobic reactors,
recycling clarifier underflow to the anoxic
zone, and providing an additional recycle from
the aerobic to the anoxic reactor [4]. Since
part of the flow leaving the aerobic reactor is
not recycled to the anoxic reactor in the
modified Ludzack-Ettinger process, complete
denitrification can not be achieved. The
Bardenpho process and its modifications
combine the modified Ludzack-Ettinger
process with the Wuhrmann process for
complete denitrification [5,6,7].

Granular media filters are utilized as an
effective polishing step for secondary or
tertiary effluents. Most filtration applications
in wastewater employ rapid sand filters. Slow
sand filtration is an old and reliable process
which is still being extensively utilized for the
purification of potable water. Such process is
known to be simple, efficient, requires much
less operational skills, . and economical;
especially for communities where land is
available at low cost. The application of slow
sand filters for wastewater treatment has been
investigated by several studies, dealing mostly
with applications in the tertiary treatment
level. Slow sand filtration was investigated as
a tertiary step on trickling filter and activated
sludge effluents [8]; on effluents from
facultative and aerated lagoon systems [9,10];
and on effluent from an oxidation ditch
biological system [11]. Others have reported
comparative performances of slow sand filters
for tertiary treatment of sewage effluents
[12,13]. Results from slow sand filtration of
secondary effluent revealed variable
performance for removal of suspended solids,
organics, and microorganisms. Such variable
performance is dependant on media size,
filtration rate, and influent quality. One
investigation reported 90% removal of

suspended solids, more than 65% removal of
BOD, and over 95% removal of coliform
bacteria with filter run lengths averaged 20
days at 3.5 m d! and 13 daysat 7.0 md-!
filtration rate [8]. . ‘
The investigation reported here is part of an
ongoing research focussing on the search for
simplified wastewater treatment operations

which can produce good quality effluent with
less cost and using processes less demanding

for operating skills. Such topic is of high
concern in developing countries where in
many instances treatment costs are
prohibitive and when complex systems are
built, they are either not needed for the type of
effluent or reuse practice or they are poorly
operated due to lack of operating skills and/or
funding. A single sludge anoxic-aeropic
biological process followed by slow sand filter
was selected in this investigation. The
biological process is somewhat similar to the
modified Ludzack-Ettinger process. In this
paper, the results obtained for process
performance in removal of BODs, COD, total
suspended solids, and turbidity are discussed.

2. Materials and methods

The experimental set up used in this
investigation is shown in fig 1. The system
was operated in the laboratory at reasonably
controlled conditions. The biological process
consisted of a two stage anoxic-aerobic
system. Raw wastewater was pumped ata
flow rate of 55 mlmin-! from a completely
mixed feed tank of 150 L volume to the anoxic
zone which consisted of a 20 liter plastic
reactor fitted with a slow mixer to keep
contents in suspension. The effluent from the
anoxic reactor moved by gravity to the aerobic
reactor. The aeration-settling unit was
fabricated from two plexiglass concentric
cylinders. The inner cylinder, with an inside
diameter of 14 cm, was continuously aerated
using an air diffuser set at 20 cm above the
bottom of the reactor, the volume reserved for
sludge accumulation. Aerated water moved
from the bottom of the reactor through the
sludge zone and upward in the outside
cylinder which had on inside diameter of 19
cm. The space between the two cylinders
served as the settling zone. The total depth of
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this reactor, including ‘sludge zone, was
approximately 130 cm. Sludge was
recirculated from the sludge zone to the
anoxic reactor using a timed peristaltic pump.

Effluent from the biological process moved
by gravity to the slow sand filter that was
fabricated from a plexiglass cylinder of 14 cm
inside diameter. Filter media consisted of
sand typically used in tertiary filtration
wastewater treatment plants. The total depth
of filter media was 140 cm placed on top of a
1§ cm layer of gravel support. Final effluent
ports were set at media depths of 70, 100 and
130 cm.

Feed wastewater to the experimental plant
was raw wastewater collected after the grit
chambers of Riyadh, Saudi Arabia, main
wastewater treatment plant (Al-Hayer South).
Feed water was collected'twice per week and
stored in the laboratory refrigerator at 4 °C.
The daily required volume of raw wastewater
was taken out of the refrigerator and added to
the feed tank at room temperature (23-25 °C).

The biological activity in the aerobic and
anoxic reactors was started using mixed liquor
seed collected from the aerobic and anoxic
zones of Al-Hayer-North plant. Results
reported here represent steady state operation
of the experimental plant after approximately
50 days of equilibration and adjustment of
plant variables. Continuous plant operating
data and influent and effluent characteristics
were recorded during two phases of operation.

The first phase represents data for 30 days
of continuous operation using coarse sand
flter media. The second phase represents
data for another 30 days of continuous
operation using fine sand filter media. The
operating parameters of the biological process
were kept as identical as possible during both
phases. The filtration rate in both phases was
almost identical at about 5 md-!. Filtration
cycle was terminated when the accumulation
of solids in the filter top layer resulted in
water level rise on filter top to about 10 cm
from original level at the beginning of cycle.
The filter media top layer (15 cm) was cleaned
in place using water jet for about 5 min, then
filter was put back into service.

Samples for plant control and performance
evaluation were collected two to three times

weekly and analyzed on the day of collection
using standard procedures [14].

3. Results and discussion

Table 1 illustrates the definition of
parameters and symbols used in data
presentation and gives a summary of mean
system operating values during both phases of
the investigation. During early operation of
the experimental plant, slight sludge rising
problems were encountered in the settling
zone. [t was realized that denitrification in the
aerobic sludge zone was mainly the problem.
It was decided then to increase sludge
recirculation ratio from an original value of 0.8
to approximately 1.6, which reasonably
corrected the problem. This value of sludge
recirculation ratio was chosen as a
compromise between controlling sludge rising
in the clarification step and maintaining low
dissolved oxygen in the anoxic zone.

System performance was evaluated based
on systematic analysis of feed (RWW), effluent
from the biological process (EBF), and final
effluent from three filter depths (E70, E100,
and E130).

3.1. Anoxic-aerobic-coarse media filter scheme

Summarized performance of the system
using the coarse media slow sand filter is
presented in table 2. There was a slight
decrease in pH and a high reduction of total
alkalinity in the biological treatment system.
This is an indication of a high rate of
nitrification in the aerobic reactor and
relatively less effective denitrification in the
anoxic step. Alkalinity was slightly increased
in the slow sand filter, indicating possible
denitrification in the filter, increasing with
increased filter depth. Such reduction in
effluent alkalinity may require, in some
applications, the use of a more elaborate
denitrification process, more extensive than
the simple one utilized in this investigation.

The biological system removed on the
average 90% of BODs producing an effluent
with 15 mgL! BODs. This was further
reduced in the slow sand filter to an average of
2.8 mgL-! after filtration at 100 cm bed depth,
leading to an average overall BODs remova of
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98%. Increasing filter bed depth from 70 cm ving an average removal of 83% and an

gl ot 13
to 100 cm resulted in minor improvement of  effluent COD of S1 mgL!. al}z:m;zale(;f tif:r?fgz
BODs removal. COD removal in the biological the slow sar.\,d ﬁlter was e
system was slightly less than that for BODs, BODs, resulting in an average

'I[‘)i(l:li)ilr?itlion of symbols and mean values of system operating parameters during the two phases
Parameter Mean (S.D.)
or Definition and units Biological + coarse Biological + fine
symbol media filter media filter
Aeration zone
DO dissolved oxygen (mgL) 3.0 (1.1) 2.5- (0.3)
TSS total suspended solids (mgL-1) 3418 (290) 3490 (329)
VSS volatile suspended solids (mgL!) 2500 (205) 2607 (152)
8a hydraulic detention time based on 5.2 (0.1) 5.1(0.2)
influent flow rate (hr)
0c sludge age based on aeration volume 5.6 (1) 5.0 (1)
(day)
SVI s.ludge volume index for aerated mixed 191 (61) 198 (20)
liquor
Anoxic zone
Oiuox hydraulic detention time based on 6 (0.2) 5.8 (0.3)
influent flow rate (hr)
DO dissolved oxygen (mgL?) 0.5 (0.2) 0.5 (0.1)
sludge recirculation ratio related to ’ :
B inﬂuint flow rate LaiEe) e
Settling zone
1% detention time in settling (hr) 3.5 (0.2) 3.6 (0.2)
S.0.R. surface overflow rate in settling 8.0 (0.3) 7.6 (0.2)
(ind-1)
Filter I
FR filtration rate (md-!) 5.2 (0.3) 5.3 (0.3)
E filter media effective size (mm) 2.41 1.3
U filter, media uniformity coefficient 1.54 1.46
FC filtration cycle (day) 30 18
Samples
RWW raw wastewater (influent)
EBF effluent before filter
E70 effluent at bed depth = 70 cm
E100 effluent at bed depth = 100 cm
E130 effluent at bed depth = 130 cm

* Standard deviation

218 Alexandria Engineering Journal, Vol. 40, No. 2, March 2001



Table 2 ‘
Suminarized performance of the anoxic - acrobic - coarse media filter system®

EBF E70 E100 E130

P !

Parameter RWW g 1 % % %

v % % removal % removal % removal
_ Conc. Conc. removal Cong. removal Conc. removal

g_ w in filter 1 in filter 1 in filter~ 1
g‘ B y : o aaan
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Fig. 1.. Experimental set-up showing sampling points.

removal of 88% at 100 cm bed depth. Again,
COD removal improvement with increased
filter depth was only minimal. fig. 2 shows
measured values of COD in the effluents from
the biological system and from the coarse
media slow sand filter.

Extremely high removals of TSS and
Turbidity were obtained in the biological
system, as shown in table 2, with average
removals of 98% and 96%, respectively.
Additional removals were also realized in the
filtration step, which produced average
effluent TSS and Turbidity of 0.2 mgL-! and
0.7 NTU, respectively, at 100 cm bed depth.
Such effluent levels amount to almost 100%
removal of these two parameters. Measured
values of TSS and turbidity in the effluent
from the biological system and the coarse
media slow sand filter are compared in fig. 3
and 4, respectively. Filtration cycles using the
coarse media filter lasted for 30 days on the
average before surface cleaning was required.

3.2. Anoxic-aerobic-fine media filter scheme

Summarized performance of the system
using the fine media slow sand filter is
presented in table 3. Generally, similar
observations on pH and Alkalinity reduction
as those seen in the first phase were obtained
in the biological system during the second
phase. Almost  similar  Alkalinity
concentration was obtained in the final
effluent from the filter. No increase in
Alkalinity was observed in the filtration step,
which  eliminates  the possibility  of
denitrification within the filter. This is
probably due to presence of high dissolved
oxygen level throughout the filter depth.

The raw wastewater had higher levels of
BODs, COD, TSS, and turbidity during this
phase compared to the first phase. Thisis
probably the reason for the differences in
performance of the biological system in the
two phases, and the overall improved
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performance in removal of all four parameters
in the second phase.

The biological system showed higher
average removals of BODs (96%) compared to
that in the first phase, producing an average
effluent BODs of 7.1 mgL-!. The fine media
slow sand filter showed less removals of BODs
than the coarse media filter. This is because
most of BODs was removed in the biological
system and a lower concentration of BODs
was introduced to the (filter. Similar
observations were seen in COD, TSS, and
Turbidity removals, and for the same reasons.
Fig. 5 illustrates measured values of COD in
the effluents from the biological system and
the fine media slow sand filter.

The biological system produced final
effluent with extremely low levels of TSS and
Turbidity, with average removals of 98% for
each parameter. Average TSS and Turbidity in
the final effluent at 100 cm depth of the fine
media slow sand filter were 2.5 mgL-! and 0.9
NTU, respectively. This gives an overall
removal of approximately 100% for each
parameter. Measured values of TSS and
Turbidity in the effluents from the biological

system and the fine media slow sand filter are
compared in figs. 6 and 7, respectively.
Filtration cycle with the fine media filter was
approximately 18 days.

The simple two stage anoxic-aerobic
process applied in this investigation resulted
in a high quality effluent of significantly low
concentrations of BODs, COD, TSS, and
Turbidity. Important features of this
experimental system which contributed to
better effluent quality include the provision in
the settling zone of passing the aerated mixed
liquor upward through the sludge zone. This
has resulted in additional screening of effluent
by removing suspended particles through
contact with settled sludge. Another
important feature is the use of a low surface
overflow rate in settling, as shown in table 1,
which reduced the possibility of extreme
disturbance and resuspension of settled
sludge. In this investigation, the slow sand
filter was subjected to low levels of organic
and suspended solids that, although resulted
in excellent overall effluent quality, did not
show significant removals within the filter.

COD (mgL"-1)

[EBF <=-E70 +E100 =E130|

0 5 10

15 20 25 30

Time (days)

Fig. 2. COD removal in the coarse media slow sand filter.
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Table 3

Summarized performance of the anoxic - aerobic - fine media filter system*

Parameter RWwW

7.4

i 0.17)

Alkalinity 250 (23)

BODs 186 (22)
cop 436 (37)
TSS 271 (47)

Turbidity 210 (42)

E100

EBF E70 E130
% % % oval % removal - % o al
e . % rem “Conc. A oval Conc. removal removi
e removal ~ Conc E‘%‘]’:’;’ overall £ in filter ':\?;rall in filter  overall
6.8 (0.2) - 6.8 (0.2) - = 6.8 (0.2) - ; bamy s
34 (12) - 33 (1) e - 33(12) E il = 4
7.1(34)  9%(2 46026 381 97 (2) 3.6 (2.1) 51 (18) 98(l) 44@.1) 41Q17) 9B
31(10) 93 (2) 23 (5) 21 (23) 95 (2) 23 (6) 21(22) 95 (2) 23 (6) 23(21)  95(2)
65(15) 98(0.7) 27015 5722 99 (0.7) 2.5 (1.1) 60 (16) 99 (0-6) 28(L7) 59(22) 99(0.6)
0.4) 1.0(0.3) 78(9) 100
4.9 (1.2) 98 (1) 1.1(0.4) 76 (11) 100 (0.5) 0.9 (0.2) 82 (6) 100 (0.4) -0 (0. (0.5)

* All units of concentration are in (mgL1) except pH (units),

parenthesis.

turbidity (NTU), and % removal (%). Numbers given are mean values followed by standard deviation in
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10

|=EBF <-E70 +E100 +~E130]|

Time (days)

Fig. 3, TSS removal in the coarse media slow sand filter.
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Fig. 4. Turbidity removal in the coarse media slow sand filter.
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Fig. 5. COD removal in the fine media slow sand filter.
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Fig. 6. TSS removal in the fine media slow sand filter.
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|=EBF =-E70 *E100 =+~E130]|
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Fig. 7. Turbidity removal in the fine media slow sand filter.

4, Conclusions

A two stage anoxic-aerobic biological

process followed by a slow sand filter was
successfully operated in the laboratory on raw

municipal

wastewater. The process

consistently produced final effluent with very
low levels of organics (BODs and COD), TSS,
and turbidity. Following are some specific
conclusions:

The anoxic-aerobic process with the
modified settling zone produced effluent
organics and solids contents which were
acceptable for many discharge and reuse
purposes. The effluent contained on the
average 7-15 mgL! BODs, 30-50 mgL-!
COD, 3-7 mgL! TSS, and 4-5 NTU
turbidity.

Passing the settled effluent through a slow
sand filter further improved effluent quality
producing a final effluent having on the
average 3-4 mgL-! BODs, 23-36 mgL-! COD,
0.2-2.5 mgL-! TSS, and 0.7-0.9 NTU.

Both filter media sizes, coarse and fine,
used in this investigation produced high
quality effluent, with minor performance

differences. Filter bed depths of 70, 100,
and 130 cm gave almost similar overall
removal efficiencies for the studied
parameters, with very slight improvement
in the longer bed depth.

The coarse media filter gave longer filter
cycles averaging 30 days compared to 18
days in the fine media filter.

There was a substantial decrease in effluent
Alkalinity, indicating a high rate of
nitrification in the biological system that
was not matched by a similar rate of
denitrification.
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