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ABSTRACT

In order to determine the ammonium treating efficiency, several factors were investigated,
including: carrier size and dimension, the volume of carrier, ammonium concentration... which
impact on nitrification rate by two (02) techniques: moving and fixed bed microbial film. The
results indicated that with moving bed microbial film technique, the best size and dimension of
carrier is a cube with 1x1x1 cm, the content of carrier is of 20% in volume. However, fixed bed
microbial film technique is favored by the cube of 2x2x2 cm carrier, the content of 50% in volume.

Keywords: ground water, ammonium, microbial film, moving bed, fixed bed, efficiency
of carrier.
TOM TAT

Danh gia kha nang tach loai amoni trong nwoc ngfim
si dung vit liéu mang polyurethan bing ki thugt mang vi sinh

Dé danh gid hiéu qud xir li amoni chiing téi nghi€n Citu dnh hieong ciia mét sé théng sé nhe:
Kich thuoc vat lieu mang, phcfn tram vat liéu mang, néng dé amoni... 1én téc do nitrat héa theo hai
phwong phép mang vi sinh tang chuyén dong va tang tinh. Két qua cho thay véi phuong phdp mang
vi sinh tang chuyén déng thi Kich thude vit liéu mang téi wu la hinh ldp phwong IxIxI c¢m, phdn
tram la 20% vdt liéu mang theo thé tich. Nhung véi phirong phdp tang tinh thy wu tién kich thude
ldp phiong 2x2x2 c¢m, phan tram vit liéu mang theo thé tich 14 50%.

Tir khéa: nudc ngam, amoni, mang sinh hoc, ting chuyén dong, tang c6 dinh, hiéu qua cua
chit mang.

1. Introduction

Ammonium pollution in Red River Delta is relatively popular, with intensity varying
widely. Particularly in southern area of Hanoi, Ha Nam and Nam Dinh area, pollution level
of ammonium in groundwater is relatively high, from trace level to 30 mgN/L [1]. Most of
these areas is polluted by ammonium, in which some areas such as Phap Van, Dinh Cong,
Ha Dinh, Tuong Mai... are intensively-polluted area. Areas with low-level pollution are
Luong Yen, Yen Phu, Ngo Si Lien, Don Thuy. Intensively-polluted areas are located in
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southern of Hanoi, with the highest ammonium concentration of about 20 mgN/L are Phap
Van Dinh, followed by Ha Dinh area (12 mgN/L), Tuong Mai (about 10 ngN/L) [2].

In present, 04 ammonium treatment methods are often chosen: Air stripping,
chlorinating at break point, mircro-organism treating and ion exchange. In which, micro-
organism is the most interesting [1]. Using a specific technical method is decided by
considering the initial concentration of ammonium, available of technical aspect, cost of
treatment operating (both of investing and maintance), as well as quality controllable of
effluent-

In this paper, moving-bed and fixed-bed biofilm technique using microorganism
carrier are investigated.

2. Methods, Materials and Experiments
2.1. Experiment set-up

The initial ammonium concentrations are diluted with ammonium-free tap water to
achieve the desired concentrations. The requirement compositions such as, phosphorus,
alkaline are added in order to remain the activity of microorganism. The phosporous in
form of KH2POg is added to achieve concentration ratio of P : N = 0.2; the alkaline, which
is in form of NaHCO3, has the concentration of 100 + 7.14 x Sn-nHa (MgCaCOs/L) [6]. All
experiments are implemented in ambient temperature of about 28 — 30 °C; pH of 7.5 - 8.5;
DO concentration of 2.5-3.5 mg/L; effluent alkalinity of about 100 mgCaCOa/L.

Carrier used is polyurethane (PU) with density of 28 kg/m?, cubic dimension with
commercial name as MBC. In these experiments, cubic dimensional size of carrier is 1; 1.5
and 2 cm, respectively. Figure 1 illustrates the carrier with different sizes.

Figure 1. The microbial carrier with difference size: (a) 2 cm; (b) 1.5 cm; (c) 1 cm
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Moving-bed biofilm reactor (MBBR), as illustrated in Figure 2a, includes 02 plastic
tanks with loading volume of 6 L for each. Fix-bed biofilm reactor (FBBR), as illustrated
in Fig. 2b, is a column with dimension of: diameter x height = 160 x 1000 mm. The
microbial carrier fill up the reactor with different ratio. In fixed-bed reactor, the carrier is
packed in a layer of 800 mm, creating a fixed media of carrier.

(A) (B) Inlet —4-

= Outlet

Fixed
media

||\O

U Air blower

AIR SUPPLYING

Figure 2. The diagram of (a) moving-bed biofilm reactor and (b) fixed-bed biofilm reactor

Airflow is supplied from the bottom of tanks in order to not only supply sufficient
oxygen for microorganism activity but also mobilize the carrier (for moving-bed
technique). The influent flowrate of both reactors is adjusted by dosing pump system. The
samples are collected at the outlet of reactors and analyzed some factors such as: NH4"-N,
NO2z -N, NOs -N, alkalinity, pH... The analysis methods are implemented according to the
reference [3]. The experiments condition implemented are described in Table 1. The
experiment investigating the effect of carrier ratio, influent ammonium concentration and
carrier size, namely TN1, TN2 and TN3, respectively, have implementing conditions
described in Table 1.

Table 1. The condition of different experiments

Carrier ratio  Carrier cube size Initial ammonium concentration
(%) (cm) (mgN/L)

MBBR

TN1 10-30 2 20

TN2 20 2 5-30

TN3 20 1-2 20

FBBR

TN1 30-60 1 20

TN2 50 1 5-30

TN3 50 1-2 20
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3. Results and discussions
3.1. Effect of carrier ratio

Increasing the ratio of carrier is equivalent to the increasing of biomass content in the
reactor. Assuming that carrier size is relatively even, if the volume increases, the biomass
will proportionally turn up. Therefore, reacting rate will be intensified theoretically.
However, the practical reaction is different.

The results showed in Table 2 indicated that, in case of increasing of carrier ratio,
nitrification rate also turns up, but inproportionally. Ammonium oxidizing rate depends on
not only biomass density in the reactor (carrier density in this case), but also substrate
supplying capability from outer environment. When the density of carrier is relatively low,
the moving ability is higher, which leads to transport the substrate easier, and vice versa.
Moreover, increasing of carrier density causes the raising of substrate demand. However,
the actual supplying capability is insufficient, leading to the decreasing of micro-organism
activity [5]. The inproportionally increasing of nitrification rate should be explained by the
aforementioned reasons.

The nitrification rate at carrier ratio of 50 % is used as standard for comparing the
results in the fixed-bed technique. It is showed that the increase of carrier ratio results the
raise of nitrification rate, but nonlinearly. The highest nitrification rate at carrier ratio of 60
% is practically 1.15 times higher than one at the ratio of 50 %. At the ratio of 30 % and 40
%, the nitrification rate is higher than one at the ratio of 50 %, however, the carrier is able
to mobilize in the reactor, which relates to the moving-bed technique. Therefore, the most
favorable carrier ratio is 50 %.

Table 2. Effect of carrier ratio to ammonium treatment

The ratio of carrier Relative ammonium treatment rate
(%) (%)
MBBR
10 62
15 81
20 100
30 127
FBBR
30 70
40 85
50 100
60 115
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3.2. Effect of ammonium concentration

The results showed in Table 3 illustrate the effect of ammonium treatment with
various concentrations of ammonium. In order to achieve the discharge standard for
ammonium (concentration of N-NH4 < 3 mgN/L) in accordance with QCVN 01:2009 BYT,
the fixed-bed technique has more advantage than the moving-bed technique at the same
initial concentration of ammonium in terms of efficiency. However, the increasing amount
of carrier results in the more expensive in terms of economy. Therefore, it should be taken
in consideration of choosing the type of reactor for different initial ammonium
concentrations. For low-level polluted groundwater, the moving-bed technique is more
favorable and the fixed-bed technique is the best choice for high-level polluted sources
(concentration of ammonium is higher than 20 mgN/L).

Table 3. Ammonium treatment efficiency at the different initial concentrations

. ) . Effluent concentration
Initial concentration of ammonium

of ammonium Efficiency (%)
(mgN/L) (mgN/L)
MBBR
5.9 2.2 65
10.2 2.1 79
20.7 2.5 88
25.5 2.7 89
30.4 2.8 91
FBBR
5.2 2.0 62
9.8 1.6 84
20.6 2.6 87
25.7 2.8 89
30.6 2.8 91

3.3. Effect of carrier size

Carrier dimensional size relates to mass transferring process of nutrient, oxygen from
ambient media to the inside of carrier, which causes different biochemical conditions
inside a certain volume of carrier. These conditions include oxic condition at the outside of
the film, followed by the anoxic and the last is anaerobic condition. Because of various
conditions within a volume of carrier, there are many processes implementing.
Denitrification is able to happen even in oxic condition, relatively significant in case of
using porous carrier, because oxygen-lacking and nitrate-abundant condition dominates in
the inner space of carrier or film. This is the result of diffusion efficiency of oxygen is
about 5 times less than one of nitrate in aqua environment. Therefore, the deeper into the
inside of the carrier or film, the more favorable the denitrification is. The experiments are
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implemented with the following conditions: pH of about 8.1 — 8.3; DO of 3.5 — 4.0 mg/L;
NH4 — N of 20 mg/L, carrier ratio of 20 % and 50 % for moving-bed and fixed bed
technique, respectively.

The results showed in Table 3 indicate the change of nitrification and denitrification
efficiency in case of the increase of carrier dimensional size. In general, the efficiency of
the nitrification increases while one of the denitrification decrease when the dimensional
size of carrier raises for both of moving-bed and fixed-bed technique [4]. For example, in
moving-bed reactor, the highest efficiency of the nitrification of about 95 % is achieved at
the cubic dimensional size of 1cm, while the lowest of about 82 % occurs at the size of 2
cm. However, for the denitrification, the highest efficiency of about 17% comes up at the
size of 2 cm and the lowest of about 14 % arises at the size of 1 cm. This could be
explained that the increase of dimensional size produces the rise of proportional of anoxic
condition volume compared to the oxic condition volume while the total volume of both
conditions is stable. This promotes the denitrification while inhibits the nitrification. This
should be notified that the efficiency of the denitrification reaches 45 % at size of 2cm
when using fixed-bed reactor. This could be the prove for the effective of the fix-bed
technique for the denitrification.

Table 3. Effect of the size of the carrier to the efficiency of nitrification
and denitrification with retention time of 2h

Cubic dimensional size Nitrification efficiency Denitrification efficiency
(cm) (%) (%)
MBBR
1 95 14
1.5 87 15
2 82 17
FBBR
1 97 39
1.5 91 41
2 87 45

4. Conclusions
The effect of carrier ratio and size, initial ammonium concentration to treating
efficiency of ammonium in groundwater using fixed-bed and moving-bed biofilm
techniques is investigated. The following results are highlighted:
- Increasing of carrier ratio causes the raising of nitrification rate inproportionally. The
results indicated that the acceptance of lower efficiency for each carrier unit when increase
the ratio.
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- The larger size of carrier is, the lower nitrification efficiency is but the higher
denitrification efficiency is.

- Fixed-bed technique is more advantage about ammonium treatment than the moving-
bed one, particularly in the case of initial ammonium concentration reaching more than 20
mgN/L .

- In both techniques, the denitrification efficiency reaches the highest when using the
carrier with a dimensional size of 2 cm cube; while the highest of nitrification efficiency
are achieved with the carrier size of 1 cm cube.
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