86

Jour.Chem.Soc.Pak. Vol. 23, No. 2, 2001

Simultaneous Removal of Nitrogen and Organic Matter Using Moving Media

Complete Mixing Activated Sludge System

'HONG-TAE KIM, 2YOUNG-JU KIM', 'SANG-HWA OH, *T.I. QURESHI'
!Department of Civil Engineering,
2Department of Environmental Engineering,
Kyungpook National University,
Bukku Sankyukdong 1370, Taegu, Korea

(Received 7 Masch, 2000, revised 25® February, 2001)

Summary: This study was carried out to obtain basic parameters for simultaneous removal of
nitrogen and organic matter using Moving Media Complete Mixing Activated Sludge
(MMCMAS) system with intermittent acration method. Lab-scale MMCMAS reactor was
opetated under the variations of organic loading rate and oxic/anoxic time ratio. The organic
loading rates were varied at 1, 3, 5 and 7g BOD/m’.d respectively. Soluble Chemical Oxygen
Demand (SCOD) and Soluble Biological Oxygen Demand (SBOD) removal efficiencies were
found to be 87% and 95% respectively, and no relationship bet organic T 1 and
oxic/anoxic time ratio was observed. Nitrogen removal efficiencics ranging from 76% 1o 89%,
varied widely by oxic/anoxic time ratio. The nitrogen removal was increased by increasing anoxic
and oxic time for the organic loading rate below 5 g BOD/m’. d and 7g BOD/m’. d, respectively.
Siudge production of MMCMAS system with intermittent acration was 0.16 to 0.36 (g VSS/g
BOD removal) averaging 0.27 (g VSS/g BOD removal). This value is relatively lower than the
value obtained previously in MMCMAS system with continuous acration which was 0.38 (g

V8S/g BOD removal).

Introduction

Owing to the adverse environmental effects
of nitrogen such as eutrophication, toxicity to fish
and depletion of dissolved oxygen, the limitation of
nitrogen discharge from sewage treatment plant is
getting strict with time. In Korea, it is therefore,
anticipated that within a few years, the maximum
total nitrogen discharge from municipal sewage
treatment including ammonia, organic nitrogen,
nitrite and nitrate will be less than 20 mg/l. Nitrogen
has been removed by add-on to the secondary
treatment process. But in this case the cost of
construction, operation, supply external carbon and
energy for return sludge is very high.

Complete mixing activated sludge system
using moving media is one of the most economical
processes to remove nitrogen. Facilitating the contact
of microbial film of a certain thickness on the
surface of a rotating disk with the substrate, the
MMCMAS endures shocking and dynamic loading.
It provides a proper condition for the growth of
nitrifiers and denitrifiers and holds long Sludge
Retention Time (SRT) which makes operation easy
for high organic loading [1]. Controlling dissolved

oxygen (DO) in the reactor with intermittent
aeration, the nitrification and denitrification
processes can occur in a single reactor. This system
with no internal sludge return does not require a
large area to occupy. Control over the intermittent
aeration time can make the operation easy at the
various organic loading rates {2]. The microbes,
instead of dissolved air use nitrates as their electrons
acceptors, therefore, the cost of aeration is reduced

(31

In MMCMAS system, closely spaced discs
are mounted on a common horizontal shaft touching
the liquid surface in a long narrow tank. The shaft is
rotated at constant speed, thereby allowing the disc
to be in contact with the wastewater. As the
wastewater containing organic matter, nitrogen, and
other nutrients flows through the bioreactor,
microorganisms consume the substrates and grow
attached to the disc as a biofilm. The rotating action
imparts a shear force to the biofilm, keeping its
thickness relatively constant by removing the cells
generated by consumption of the substrate. This
paper examines the performance of MMCMAS
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system with intermittent aeration to control the
acration time of acrobic and anoxic basins and to
remove both nitrogen and organic matter
simultaneously. The nitrification occurs only in oxic
basin while the oxidation of organic matters takes
place both in oxic and anoxic basins.

Results and Discussion
Removal efficiency of organic matter

The reactor was operated with stepwise
increasing the loading of organic matters as 1, 3, §
and 7 g BOD/m’. day and with various ratio of oxic
and anoxic time according to the cycle times (Table-
1). The study is limited only to the biological
removal of the soluble matter. Since there is no
provision of the settling tank in the system,
therefore, the change of the effluent quality caused
by the desorption of microfilm from the rotating disk
might downgrade the efficiency of the reactor. The
removal efficiencies of organic matters with various
loading rates and aeration times are summarized in
Table-1. The results of the table show that SCOD
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and SBOD removal efficiencies of the organic matter
were higher than 87% and 95% respectively,
throughout the entire runs except run 2. These
efficiencies were entirely consistent because the
organic loading rate was below 7 g BOD/m’.d and
the F/Mv rate was below 0.30 g BOD/g MLVSS/d.
However, in case of run 2, the efficiency was
decreased due to the addition of methanol. At low
loading rates, the distributions of oxic/anoxic time
have no effects on the organic removal efficiencies,
while the removal efficiency of the organic matter
was relatively constant with the increase of anoxic
time because the microbes, instead of DO, use
nitrates as their electrons acceptors.

Removal of Nitrogen

The results of the Table-2 show summaries
of the concentrations and removal efficiencies of
nitrogen in the effluents of MMCAMAS according
to aeration time. Nitrogen removal efficiencies
varied according to loading of organic matters and
aeration time. At run 1 and 2, the rate of loading

Table-1: Summary of oeganic removal efficiencies using MMCMS system with i aeration
Rus OLR* HR HRT/Cycle  Oxic/Anoxic Effluents (mg/}) Organic Removal
T Time time Time ratio Efficiency (%)
(o) (hrs)
TCOD SCOD TBOD SBOD 1TSS VSS TCOD  SCOD _ 1BOD SBOD
1 1 575 8 72 o4 302 194 22 10 312 879 922 985 94
2 44 $3.0 326 147 59 82 44 80.4 879 95 958
3 3 192 8 24 ya 397 125 67 30 s 4 5.5 95.4 955 980
4 315 383 193 13 10 s 3s 856 927 9%3 993
s 5 16 8 15 3 36.7 155 14 30 2 45 872 946 948 979
6 s 30.1 1S B4 41 65 410 89.0 95.8 %43 972
7 38 39.1 292 42 22 6 39 863 89.8 971 98BS
3 6 L9 4n 29.1 10 L¥] 16 62 433 913 97.0 964 989
9 i 39.9 26 13 19 7”4 849 9.8 949 987
10 24 58.3 277 81 24 60 33 0.8 909 946 984
11 7 82 4 2.1 2.5.5 17.8 93 87 36 630 46 93.4 96.6 %41 976
12 22 60.8 148 715 31 730 49 .7 94.6 953 980
*O.L.R (organic Losding Rate): g BOD/m’.d
Table-2: Summary of nitrogen removal efficiencies using MMCMS system with intermittent aeration
Runs OLR* HRT Cycle HRT/Cycle  Oxic/Anoxic Effluents (mg/t) Nitrogen Removal
(hrs)  Time time Time ratio Efficiency (%)
(hrs)
TN TKN NOyN NH-N T-N TKN
1 1 575 8 72 4/4 23 03 22.7 0.2 184 989
2 4/4 5.6 0.7 5 0.4 811 977
3 3 192 8 24 4/4 11.8 1.4 10.3 14 548 945
4 3/5 31 1.1 2 08 89.2 96.1
5 5 116 8 1.5 53 114 33 8.1 20 55 87.5
6 4/4 6.2 23 39 1.2 783 919
7 3/5 6.5 5.9 0.6 33 716 797
8 6 19 4/2 19.6 0.6 19 - 33 98.0
9 33 9.5 4.7 4.9 19 782 843
10 2/4 4.8 1.2 35 0.6 834 957
11 7 82 4 2.1 2.5/1.5 6.5 4.8 1.7 - 76.5 825
12 2/2 9.6 9 0.5 4.3 689 699

*0.L.R (organic Loading Rate): g BOD/m’.d
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organic matters was 1g BOD/m’. d and the ratio of
oxic/anoxic time was 4/4. At run 1, because of the
lower loading rate of organic matter, T-N removal
efficiency was very low, while TKN removal
efficiency was high. NO;-N concentration in the
effluent was very high as 22.7 mg/L due to lack of
carbon source for denitrification. Therefore, at run 2,
methanol as an external source of carbon, was added
in the influent and 98% and 81% removal efficiency
for TKN and T-N was achieved respectively (Table-
2). By calculation, proper dosing rate of methano! is
3g/g of NO3-N removal. The calculation based on
this study showed that the addition of 50 ml
methanol per cycle caused deterioration in the
effluent qualities. After a series of experiments with
varying dose of methanol to maintain effluent
qualities, an optimum value of methanol dose was
adjusted as 35 ml per cycle time. Even though,
adding methanol, TKN removal efficiency was not
increased any more, because the amount of methanol
dosing was very small and the decomposition
through the denitrifiers was very fast and not served
for nitrification processes.

At run 3 and 4 (Table-2), the loading rate of
organic matters was 3 g BOD/m’. d and the ratios of
oxic/anoxic time were 4/4 and 3/5 respectively. TKN
removal efficiencies at run 3 and run 4 were similar
ie,, 94% and 96% respectively. The comparison of
the T-N and TKN removal is given in Figure 1. This
figure shows a marked variation in the removal
efficiencies of the T-N compared to a low and steady
decrease in TKN. Upto run 4, there was no
appreciable decrease in the removal of TKN but later
on the variations increased, however, remained in
the range 80-98% wntil run 11. T-N removal
efficiency at run 4 was 89%, which is 34% higher
than the efficiency at run 5, which was 55%. The
concentration of NOs-N in the effluent at run 4 was
2 mg/L, which is 25% lower than the effluent at run
5.

At run 35, 6 and 7, the reactor was operated
with the organic loading rate of 5 g BOD/m’. d, one
cycle time of 8 hours and the ratio of oxic/anoxic
time was 5/3, 4/4 and 3/5 respectively. At run 6 and
run 7, T-N removal efficiencies were same as 78%.
At run § the removal efficiency of TN and TKN were
57% and 88% respectively. This result of the run 5
was due to the short anoxic time, in other words, the

REMOVAL OF NITROGEN AND ORGANIC MATTER

denitirification didn’t happen sufficiently, therefore,
the concentration of NOs;-N in effluent was 8.1
mg/L. At run 6, the nitrification happened
sufficiently, TKN removal efficiency was 92% and
NOs-N concentration in the effluent was 3.9 mg/L.
At run 7, TKN removal efficiency was 80% (Figure
1) and the denitrification happened sufficiently,
NO;-N concentration was 0.6 mg/L. T-N removal
efficiency was 78% for both at run 6 and 7.

The operations of run 8,9 and 10 were
carried out under the conditions of 5 g BOD/m>.d
loading rate, 6 hours cycle time and 4/2, 3/3 and 2/4
of oxic/anoxic ratio respectively. At run 8, TKN
removal efficiency was 98%. But due to insufficient
denitrification, T-N removal efficiency was reduced
to 33%. NOs-N concentration of the effluent was 19
mg/mL.

For run 9, T-N removal efficiency was 68%
(Figure 1) and TKN removal efficiency was 84%. T-
N removal efficiency at run 10 was 83% and this
value is higher than those at run 8 and 9 because of
the low concentration of NOs-N in effluent ie, 3.5
mg/L. TKN removal efficiency at run 10 was 96%.
Therefore, at 5 g BOD/m’.d loading rate like as at 3
g BOD/m’. d, with the longer anoxic time relative to
the oxic time, higher T-N removal efficiencies could
be achieved. In cases of run 11 and run 12, the
organic loading rate was 7 g BOD/m® . dy and the
oxic/anoxic time ratios were 2.5/1.5 and 2/2
respectively.

At run 11 and 12, T-N removal efficiencies
were 76% and 69% respectively (Figure 1). The

40 C e m—
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T-N, TKN Removal Efficiency(%)
3

1 2 3 4 5 8 7 8 9 10 1t 12

Fig. 1: T-N and TKN removal efficiencies
with respect to each run
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efficiency at run 11 was higher than run 12 by 7%
because of longer oxic time at run 11 than at run 12.
The efficiencies of TKN were 82% for run 11 and
70% for run 12 and NO,-N concentrations in the
effluent were 1.7 and 0.5 mg/L respectively. In run
11 and 12, because of high organic loading rates,
carbon sources for denitrification could be obtained
within a short anoic time in comparison with low
organic loading rate. But dissolved oxygen would be
used preferentially by heterotrophic microorganisms
for catabolism of organic substances, therefore,
sufficient oxic time should be maintained for
nitrification process to be complete. Resultantly, an
effective control of oxic and anoxic time for the
intermittent aeration process is an important factor.
Excessive or insufficient aeration results lower
nitrogen removal efficiencies and waste of energy.
Hence, the factors like concentration of organic
matters. TKN of influent and the intensity of
aeration must be taken into consideration during the
operation of the reactor. TKN removal efficiency was
influenced by SRT, loading rate of organic matters
and aeration intensity especially retention times for
nitrifiers.

Figure 2 shows the relationship between
SRT and TKN removal efficiency. TKN removal
efficiencies varied as SRT changed. The data in
Figure 2 indicate two distinctive features. Firstly, the
nitrification started from 3 days and varied up to 5
days, and secondly, there was no change seen later
on between days 9 and 27. The results of the present
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Fig. 2: TKN removal efficiency vs. SRT

study are identical with that of Jenkins and Garrison
[4] who reported that nitrification could be started at
SRT of 3 days and completed at SRT of 10 days.

Sludge Production

The microbes which have participated in
this process arc attached bacteria, free swimmers,
stalk ciliates (which are generally found in activated
sludge process) and nematodes that could be seen
with longer SRT.

Table 3 shows the characteristics of
microorganisms in MMCMAS reactor,
concentrations and ratios of suspended and attached
microorganisms, sludge production and F/Mv ratio.
Figure 3 shows the variations of concentration of

Table-3; Characterization of microorganisms in MMCMS reactor

Biomass
Ru OLR FM Total Suspended Attached VSS/SS  Ratio of Component%  Sludge
ns 1) \4 (mg/) (mg/1) (mg/h) % grod“ction
SS VSS 8§ VSS  Dry Vol Attached  Suspended
1 1 0.06 1661 1056 476 353 1185 7027 636 714 28.6 0.14
2 0.05 1583.0 1085 423 423 1090.0 662.4 685 689 31.1 0.36
3 3 0.14 1814 1361 278 278 1355 1082 750 74.7 253 0.3
4 0.15 1806 1159 183 183 1496 9756 642 829 17.1 0.25
5 0.19 2149 1534 325 325 1537 1209 714 71.5 28.5 0.34
6 023 2177 1336 289 289 1625 10470 614 747 253 0.29
7 0.16 2270 1845 287 287 17360 1558 813 76.5 23.5 0.28
3 5 0.17 2412 1710 400 400 1791 1310 709 743 258 0.32
9 027 16200 1098 258 258 1284 8405 678 793 20.7 0.31
10 0.17 2293 1833 189 189 1906 1644 800 .1 169 0.23
11 030 2248 1413 268 268 1620 11450 629 72.1 27.9 0.33
12 7 0.27 23350 1661 407 407 1710 1254  7L1 73.3 26.8 0.33
1) O.LR (Organic Loading Rate): g/m’d)
2) F/Mv:g BOD MLVSS/d

Studge Production: g VSS/g BODrem.
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Fig. 4: Sludge production in each runs.

microorganisms according to loading of organic
matters. It was derived from the biomass divided by
volume of reactor (4.7 L). Total biomass
concentration was varied ranging from 1.580 to
2,410 mg/L and ratio of the attached biomass was
75% consistently.

Relationship between the sludge production
according to loading rate of the organic matters and
the various aeration times has been shown in Figure
4. The range and average of sludge production was
0.16 to 0.36 g VSS/g BODrem and 0.27 g VSS/g
BODrem respectively. This average value is smaller
than the average value from the result of experiment
in continuous aeration process of kim [5] by 0.11 g
VSS/g BODrem.

REMOVAL OF NITROGEN AND ORGANIC MATTER

The sludge production was dependent on
anoxic time, increase in time caused decreased in
production. The reason to this could be attributed to
the fact that the rate of sludge production in nitrate
respiration is smaller than that in oxygen respiration
and the rate of substrate usage in nitrate respiration
is higher than that in oxygen respiration. This
conclusion is identical with the report of Samuel et
al,, [6] in which catabolism by the nitrate respiration
produces less sludge than in oxygen respiration
below 10 days of SRT.

Experimental

A schematic diagram of lab-scale
MMCMAS reactor is in Figure 5. Material for the
rectangular reactor is acryl glass and its dimension is
13.7 cm wide, 26 c¢m long and 37.5 cm high. At the

bottom of the reactor, acrators were installed and
controlled by timer to kept aeration time

periodically. Baffles were set up in a way that they
would not offer any hindrance for the biomass on the
surface of moving media during acration process. A
slope of 20 degree was maintained at the bottom of
the reactor to prevent any possible sludge
accumulation.

13 moving disks, each with a diameter 12
cm and area 0.294 m?, were installed at an interval
of 1.5 cm length. Effective volume of the reactor was
about 4.7 L and ratio of the volume and area was
about 15.6 (L/m?). The speed of the motor for the
rotating disc was controlled by the speed controller.
Circulation of the disk speed was maintained at
about 15 rpm keeping in view the resalt of the
previous studies [7] conducted for continuous
acration that suggested 5-15 rpm as the optimum
speed at a low organic loading rate, as in such
conditions rise in the speed of rotating discs had not
effect on the efficiency of organic removal.

Temperature of the reactor was kept at 20°C
and wastewater inlet into the reactor was regulated
by peristaltic pump. A sample of synthetic
wastewater was prepared with settled domestic waste
water having fat free powder milk as a source of
cartbon and ammonium sulfate (NH,),SO, as a
source of nitrogen in order to hold BOD of 150 mg/L
and TKN 30 mg/L NaHCO; was used to maintain
the alkalinity of the system.
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Fig. 5: Schematic diagram of MMCMS reactor

Table-3: Operating conditions of MMCMS process

Rups OLR* HRT Cyietime HRT/Cycle Oxic/Anoxic  Remarks
(rs)  (hrs) Time ratio  time ratio

1 4/4

1 575 8 72
2 4/4 Methanol
3 44 added

3 19.2 3 2.4
4 315

sn

b
6 8 LS 414
7 3/5

5 1.6
8 417
9 6 19 33
10 24
n 2.511.5
12 7 32 4 2.1 212

*O.L. Riorganic Loading Rate): g BOD/m'.d

During the operation of reactor, the loading
of organic matter was increased gradually in steps
ranging from 1 to 7 g BOD/m’ .d. Denitrification by
endogenous expiration was not much enough at the
loading rate of 1 mg BOD/m’.d, therefore, methanol
was added as an external source of carbon. Details of
operating conditions are shown in Table 4. Effluents
were collected from the sampling port and analyzed
for various parameters according to Standard
Method [8].

The microbial growth was measured both
for the suspended microorganisms in the reactor and
for the attached microorganisms on the disks. In
mixed liquid suspended solid (MSS), some flocs
were big enough to settle down in the reactor but
their amount was negligible. The attached ones were
-sampled from the surface of several disks after

draining MLSS from the reactor. Total concentration

of the microbes was calculated from the division of
the sum of the suspended and attached
microorganism in a bulk volume of the reactor.

Conclusion

A Lab-scale MMCMAS reactor was
operated at various organic loading rates of 1,3,5 and
7 g/m* d while varying the oxic/anoxic time ratio.
The results of these studies are concluded that the
SCOD and SBOD removal efficiencies were 87%
and above 95% respectively. The data showed that
there was no relationship between oxic/anoxic time
ratio and organic removal efficiency, because there
was no difference in the rate of catabolism between
the use of nitrates and DO as an electron acceptors.

Nitrogen removal efficiencies were varying
from 76 to 89%, nitrogen removal efficiency was
increased with the rise of anoxic and oxic time for
the organic loading rate below 5g BOD/m’ .d and 7
g BOD/m® d respectively. The concentration of
microorganisms in the reactors were found to be in
range (1,580 to 2,410 mg/L) of which 75% portion
remained to the disck. This portion wasn’t
influenced by organic loading rate.

The sludge production rates of MMCMAS
with intermittent aeration varied from 0.16 t0 0.36 g
VSS/g BOD removal whose average comes t0 0.27 g
VSS/g BOD removal which is comparatively lower
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than the MMCMAS with continuous aeration by
about 0.11g VSS/g BOD removal. Sludge production
using Nitrate as electron acceptor was smaller than

that of using dissolved oxygen.
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