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Abstract: The aim of present study was to design and construct an Up-flow Anaerobic/Aerobic Fixed Bed
(UA/AFB) combined reactor in which an anaerobic and aerobic zones could run in a single reactor to study
simultaneously carbon and nutrient removal. The UA/AFB developed reactor was made from Plexiglas plate
consisting of two main lower anaerobic and upper aerobic parts. A synthetic wastewater was prepared in

concentrations which were close to those found in municipal wastewaters. After developing the biofilm on the
media, reactor was operated at 5 different HRTs ranging from 5 to 24 h. Samples collected at any HRTs from
influent and sampling ports in steady state condition were analyzed according to standard methods for COD,
NH, , NO—,, PO,”, alkalinity and pH. The obtained results showed that the HRT of 7 h was suitable for
simultaneous removal of COD, nitrification and denitrification. In this HRT efficiencies are 95.4, 94 and 94.5%
for COD removal, nitrification and denitrification, respectively. The reactor did not show good performance in

phosphorus removal.
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INTRODUCTION

The most important adverse environmental mmpacts
associated with improper discharge of municipal
wastewater having significant amounts of organic matter
(COD), mitrogen (N) and phosphorous (P) include
promotion of Butrophication, toxicity to aquatic organisms
and depletion of dissolved oxygen receiving streams!.
Due to these adverse impacts, completed treatment of
municipal wastewater before discharge has been
increasingly needed.

Currently, the most of municipal wastewaters are
treated in an activated sludge process to meet the
standards for direct discharge™. Although, the new
discharge standards for nitrogen and phosphorous waill
lead to the upgrading of the existing wastewater treatment
plants and to the conception of new mtensive advanced
technologies™. In recent years there have been many
researchers considering the complete treatment of
wastewater but they have all more or less dealt with
different combination of biological process m separated
reactors”™. Biofilm processes in particular submerged fixed
bed reactors developed during recent years are a good
alternative for improved wastewater treatment™.

Therefore, the aim of present investigation was to
design and construct an Up-flow Anaerobic/Aerobic

Fixed Bed (UA/AFB) combined reactor in which an
anaerobic and aerobic zones could run in a single reactor
to study simultaneously carbon and nutrient removal.

MATERIALS AND METHODS

The experimental set up: The UA/AFB reactor as showed
m Fig. 1, was made from plexiglas plate consisting of two
main anaerobic and aerobic parts separated with a
distributing perforated plate. The reactor was filled with
corrugated plastic tubes as a media. Sampling ports were
provided in each part for sample collection. Table 1 lists
the dimensions of the investigated UA/AFB reactor.

Operating conditions: Synthetic wastewater was prepared
using glucose as a source of carbon, ammonium chloride
as a nitrogen source and sodium nitrate as a mtrate
source, to vestigate demitrification in the reactor, in
concentrations which were close to those found in
municipal wastewaters. The average characteristics of
synthetic wastewater are shown m Table 2. Reactor was
operated in an up-flow mode.

To develop biofilm on the media, reactor was
mnoculated with 2 L of thickened activated sludge from a
local wastewater treatment plant. The biofilm development
was achieved using a medium 3 times as concentrated as
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Table 1: Dimensions of the studied UA/AFB combined reactor

Parameter Anaerobic zone _Aerobic zone Overall
Media Corrugated tubes Corrugated tubes Corrugated
(7=135 mm) (7=135 mm) tubes
Media specific 640.00 640.00 640.00
surface (m? m—3)
Bed height (cm) 40.00 60.00 100.00
Bed volume (1) 6.20 7.80 14.00
Total media surface (m?) 3.97 4.99 8.96
Tnternal Diameter (cim) 13.50 13.50 13.50
Flow direction Up-flow Up-flow Up-flow
Zones position lower upper -
Table 2: Characteristics of synthetic wastewater
Parameter Value*
CcOoD 365.0
NH; - N 36.0
NO,~-N 24.0
PO, 3P 80
Alk.(as CaCO;) 230.0
pH 74

*All parameters in mg L1 except pH
Effluent
==
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Fig. 1: Schematic of UA/AFB

figure
combined reactor

experimental

the characteristics listed in Table 2 and runmng the
reactor first for 10 days in a batch mode and then over to
the continuous mode for 5 days at Hydraulic Retention
Time (HRT) of 24 h and a 2 times concentration of the
synthetic wastewater.

After biofilm formation, reactor was run at different
HRTs based on wastewater flow rate change with the
stable COD, N and P concentration in influent. At any set
of the experiment HRT, reactor was monitored to achieve
the steady state condition in effluent. When the effluent
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COD from any parts of reactor did not vary significantly
for five consecutive samples, a steady state condition in
COD removal was assumed to have been achieved.

Sampling and analysis: Grab samples were collected from
influent and sampling ports showed in Fig. 1. Samples
were analyzed for COD (5220 C. Titrimetric method), total
ammomnia nmtrogen (4500-NH, A. Titrmmetric method),
nitrate nitrogen (4500-NO,” B. UV Spectrophotometric
screening) total  phosphorous  (4500-P  C.
Vanadomolybdophosphoric Acid colorimetric method)
according to standard methods™. All parameters were
measured on alternate days except for pH, DO and
alkalinity witch were monitored daily. DO was analyzed by
an YSI DO meter, pH by a pH meter and alkalimty
according to standard methods!™.

The reactor performance for nitrogen removal was
evaluated by the apparent volumetric of nitrification and
denitrification rate (R, g N m “day) in each part of
reactort’:

and

R = (S,-S) HRT

Where, S, and S are the initial and effluent substrate
concentration as mg I.~' calculated based on overall bed
volume.

RESULTS AND DISCUSSION

COD removal: Figure 2 shows variation of the effluent
COD and COD removal efficiency to achieve the steady
sate condition in operation during start-up. As mdicated,
after passing 17 days from starting up, reactor efficiency
in COD removal was stable mn 94%. It present that the
suitable biofilm have been formed.

Table 3 indicates average values of COD removal
efficiency at different organic loading rate corresponding
to HRTs of 5to 24 h.

Figure 3 gives the overall and separated COD removal
1n the reactor at different HRTs. According to the Fig. 3,
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Fig. 2: Profile of COD removal and effluent concentration
during start-up reactor
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Table 3: Reactor performance in COD removal at different HRTs in steady state operation

COD loading (kg m™>/ day)

COD removal (%9)

HRT() QdhhH Overall Anaerobic Aerobic Anaerobic Aerobic Overall
5 2.80 1.752 3.956 1.730 45 89 94.0
7 2.00 1.251 2.820 1.033 54 90 95.4
10 1.40 0.876 1.978 0.645 59 92 96.7
15 0.94 0.588 1.328 0.369 65 93 97.6
24 0.21 0.131 0.297 0.061 74 91 97.7
Table 4: Performance of the reactor in ammonia nitrogen removal at different HRT
NH:-N loading (g Nm—*/day) Nitrification (%0)
HRT(h) Q(Lh™Y Overall Anaerobic Aerobic Overall
5 2.80 172.8 83 85.0 84.0
7 2.00 123.4 10.5 93.3 94.0
10 1.40 86.4 11.1 o4.7 95.3
15 0.94 58.0 11.7 95.0 95.8
24 0.21 13.0 13.9 05.3 96,0
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Fig. 3: COD reduction profile i overall and different parts
of reactor versus HRT

most of COD removal occurred in the aerobic part of the
reactor. This was expected, because aerobic bacteria are
dominate in this part having Thigher organic
biodegradation rate. As HRT was increased in range of
5to 24 h, the overall efficiency of COD removal mcreased.
It seems that HRT of 5 h mn which COD reduced to 94%,
could meet discharge requirements in Iran. According to
Tran Environmental Protection Agency standards,
monthly average of effluent COD to discharge into
surface water is 60mg L ™",

The relationship between COD loading rate and COD
removal with R* of 0.97.
Westerman et al.'” similarly obtained a linear relationship
between COD loading rate and its removal m an up-flow
aerated filter.

efficiency was linear

Nitrification: Ammonia nitrogen removal (Nitrification)
was studied simultaneously with COD removal in the
developed reactor. Table 4 shows NH, loading and
nitrification efficiency data in overall, anaerobic and
aerobic parts of the reactor. Figure 5 shows these
variations graphically. As indicated in Fig. 5 and Table 3,
percent of ammonia nitrogen removal in the anaerobic
is very low, in which the removed ammonia have
been consumed for cell synthesis. In the other word,
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Fig. 4. Profile of mitrification efficiency variations versus
HRT

nitrification only occurred n aerobic zone of the reactor.
Table 4 shows that as the HRT have been increased in
range of 5 to 24 h, nitrification increased from 86 to 96%.

Figure 4 indicates that HRT of 7 h is optimum for
sufficient nitrification 1n the tested reactor . witch
nitrification efficiency was 94%. In this HRT, ratio of COD
removal rate to nitrification rate was close to 10.
According to Ros et al”, the higher concentration of
organic matter in the lower HRT lead to a competition for
oxygen in biofilm between heterotrophic (COD removal)
and autotrophic (nitrifiers) organism.

In Fig. 4 the nitrification efficiency have been plotted
versus HRTs of between 5 to 24 h. It can be seen that
while the ammonia concentration was consistent at all
HRTs, nitrification efficiency varied at different HRT. A
possible explanation of this situation is the difference in
COD removal efficiency of anaerobic zone of the reactor
and n tums, organic loading on aerobic zone m where
nitrification occurred. As HRT was increased, COD
removal efficiency in anaerobic zone of the reactor
increased and COD loading on aerobic zone decreased
that was resulted in increasing nitrification efficiency.

Figure 5 shows the profile of nitrification rate
variations versus ammonia nitrogen loading rate. As
indicated, nitrification rate have increased with mereasing
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Table 5: Reactor performance in nitrate remowval at different HRTs in steady
state operation

NO*-N loading
(kg m—>/day) Denitrification (%)
HRTh) OQ(@Ch™H Overall Overall _Anaerobic  Aerobic
5 2.80 115.20 95.0 95.0 0
7 2.00 82.30 94.5 94.5 0
10 1.40 57.60 92.0 92.0 0
15 0.94 38.70 91.0 90.0 0
24 021 8.64 91.0 91.5 0

Table 6: Reactor performance in phosphorus removal at different HRTs in
steady state operation
PO, 3P loading

(kg m*/day) PO, -Premoval (¢0)
HRTh) QLK™ Overall Overall  Anaercbic  Aerobic
5 2.80 384 12.0 5.5 10.9
7 2.00 274 12.1 6.4 11.1
10 1.40 19.2 12.5 7.4 11.7
15 0.94 12.9 12.6 82 11.9
24 0.21 2.9 12.6 89 11.7
1607
F 1401
-
T 4
B 120
z 4
g 100
. J
R 80
g ]
g o s
g ]
E | y =0.7481x+19.629
- 2 R*=0.9865
0 T T T 1
0 50 100 150 200
NH, loading (g N m ™ /day)

Fig. 5: Relation between ammonia
nitrification rate

loading and

ammonia loading varying between 148.8 to 34.6 g NH,-N
m~/day. The results suggest that the nitrification may
was mhibited by substrate (ammonia) concentration so
that increasing of the ammonia loading have leaded to
increasing the nitrification rate.

Denitrification: To study the ability of the reactor in
removal of ammonia nitrogen (Denitrification), wastewater
having nitrate concentration of 24 mg I.™" was pumped
mnto the anaerobic part of the system. The COD to NO,-N
ratio in the influent wastewater was around 15. Table 5
shows the denitrification efficiency in overall and
anaerobic part of reactor at different HRT. Tt should be
emphasis that demitrification was not occurred n aerobic
zone that is according to denitrification theory™.

As indicated in Fig. 6, increasing HRT was resulted in
decreasing  denitrification  efficiency.  Maximum
demtrification efficiency of 94% obtained n HRT of 5 h
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Fig. 6: Variation of denitrification efficiency versus HRT

96
951
3 —
E & %
51 o5
289
gz
& 92
g 2
28 911
901 y =0.050x+89.364
R’ =0.9723
39 T T 1
0 50 100 150
Nitrate loading (g NO;-N m™"/day)
Fig. 7: Relation  between  nitrate loading and
denitrification rate

and mimmum of that was 91% m HRT more than 15 h. The
higher denitrification efficiency obtained in lower can be
explained due to the higher anaerobic biodegradation
products favorable for denitrifirs such as acetate in the
lower anaerobic HRT that is the most efficient substrate
for denitrification. Ros ei al showed that acetic acid
which is transformed to acetate, is dominating product of
acidification in low HRT in the anaercbic degradation of
organics.

Figure 7 indicates a linear relation between NO,-N
loading and denitrification rate with R* 0.97.

Phosphorus removal: The results obtained from the
tested reactor for phosphorus removal have been shown
in Table 6. The overall phosphorus removal efficiency was
low and maximum removal percent occurred in HRT of
24 h. The results indicate that phosphorus removal 1s
related to cell synthesis and as expected, the reactor did
not show acceptable efficiency from wastewater.
Increased phosphorus removal could be obtained by

chemical precipitation or possibly by adding a biological
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suspended growth system to promote biological luxwury
uptake of phosphorus as described by Goncalves et al !,

CONCLUSION

The results of the exammation of a new Up-flow
Anaerobic/Aerobic Fixed Bed reactor can be summarized
as follow:

1. The tested UA/AFB reactor is a compacted system
and achieves high COD removal ranging from 94 to
97.7% corresponding to HRTs of 5 to 24 h, from
municipal wastewater.

2. This reactor was able to remove more than 94% of
ammonia nitrogen from nfluent wastewater in HRT of
7 h which 13 highly preferable to conventional
biological nutrient removal.

3. As expected, the reactor did not show good
performance in phosphorus removal so, to achieve
more efficiency combining a biological or chemical
process is require.

4. In overall, the results obtained showed that the HRT
of 7 h is optimal for simultaneous COD removal,
nitrification and denitrification. In this HRT
efficiencies are 95.4, 94 and 94.5% for COD removal,
nitrification and denitrification, respectively.

507

REFERENCES

Gupta, AB. and S.K. Gupta, 1997. Sunultaneous
carbon and nitrogen removal in mixed culture aerobic
RBC biofilm. Water Res., 33: 555-561.

Klees, R. and I. Silverstein, 1992. Improved biological
nitrification using recirculation in rotating biological
contactors. Wat. Sci. Tech., 26: 546-553.
Tchobanoglous, G. and FIL. Burton, 2003,
Wastewater Engineering: Treatment and Reuse. 4th
Edn., McGraw-Hill

Lazarova, V., R. Nogueira, . Manem and L. Melo,
1997, Control of nitrification efficiency in a new
biofilm reactor. Wat. Sci. Tech., 36: 31-41.

Ros, M. and J. Vrtovsek , 1998, Wastewater treatment
and nutrient removal in the combined reactor. Wat.
Sei. Tech., 38: 87-95.

APHA, AWWA, WEF ., 1998. Standard Methods for
the Exammation of Water and Wastewater. American
Public Health Association, 20th Edn., New York,
USA.

Westerman, P.W., IR. Bicudo and A. Kantardiieff,
2000. Upflow biological aerated filter for the reatment
of flushed swine wastewater. Bioresource Technol.,
74: 181-190.

Goncalves, R.F., I.. Grand and F. Rogalla, 1994,
Biological phosphorus uptake mn submerged biofilters
with mtrogen removal. Wat. Sci. Tech., 29: 135-143.



	503-507_Page_1
	503-507_Page_2
	503-507_Page_3
	503-507_Page_4
	503-507_Page_5
	JAS.pdf
	Page 1


