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Removal of Nitrogen and Phosphorus in Wastewaters
by Bio-Net System
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ABSTRACT

LBio-Net is a fixed-film biomass system which supporting media were made of nylon
net. In this experiment, the paralleied supporting media were placed vertically in a 5.1 litre
aeration tank in which air was supplied by diffusers inserted between the media. Wastewater
was fed to the reactor at the rate of 15 1/d continuously; with the influent consisted of 500 mg/1
COD, 100 mg/] ammonia nitrogen and 50 mg/1 phosphorus. )

The objective of this study was to prove the potential removal of nitrogen and phos-
phorus by the system.\"{‘he study was divided into 3 sections. Section 1 was the single stage
Bio-Net system where by 3 types of supporting media were compared. Section 2 was the
two stage Bio-Net system where the first step was COD removal and the other was nitrification.
Section 3, algae were screened for efficiency in removal of nitrogen and phosphorus from
the first step effluent (ammonia wastewater) and from the second step effluent (nitrate
wastewater) of the two-stage system. The selected alga was cultured simultaneously with

nitrifying bacteria in the Bio-Net system} The results showed that{;'hg single layer nylon net

was the best for the attachment of microorganisms. Although the sffigle stage could removed
COD efficiently, nitrification occurred nearly 100% in the second stage. Cultivation of an
alga together with nitrifying bacteria improved nitrogen and phosphorus removal,
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Figure 1 The functional diagram of the Bio-Net reactors: single stage reactor with supporting
medium Type 1 (a), with supporting medium Type 2 and Type 3 (b) and Two-
stage system (C).
A : aeration tank
B : settling tank
C : aerator (diffusor)
D : supporting medium

Figure 2 Three types of supporting medium.
Type 1 : single layer nylon net
Type 2 : double layer nylon net sandwiched with short PVC tybes
Type 3 : double layer nylon net sandwiched with glass beads
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Figure 3 Effect of supporting media on the effluent COD, nitrogen and phosphorus.
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------ Effluent using supporting medium Type 1

------- Effluent using supporting medium Type 2
------ Effluent using supporting medium Type 3
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Figure 4 COD, nitrogen and phosphorus treatments in the two stage Bio-Net System.
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------ Effluent from the first stage
-..er.. Effluent from the second stage
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Figure 5 Change of NH, - N, (NH3+NOZ+N03)—N, PO,—-P, pH and growth in the
first step effluent (ammonia wastewater) with initial concentration of 'NHs-N
=43.7 mg/I, (NH, + NO, + NO,) - N=48.3 mg/1, and PO,—P=46.2 mg/I.

A Chlorella sp. K3 ® Uronema sp. 80
O Ulothrix sp. 81 X  Control
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Figure 6 Change of NO,—N, (NH3+NOZ+N03)—N, PO,—P, pH and growth in the
second step effluent (nitrate wastewater) with initial concentration of NO, - N
=68.2 mg/l, (NH,+NO,+NO,)-N= 68.9 mg/l, and PO, —P =42.8 mg/1.

A Chlorella sp. K3 ) Uronema sp. 80
OO Ulothrix sp. 81 X  Control
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Figure 7 Ammonia removal on the cultivation of Chlorella sp. K3 with nitrifying bacteria
in the two-stage Bio-Net System.
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Figure 8 Phosphorus (a) and COD (b) removals on the cultivation of Chlorella sp. K3
with nitrifying bacteria in the two-stage Bio-Net System.
B .influent
[ effluent
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Table 1 Composition of artificial wastewater.

Tapioca starch
Bovril

NH,CI
Na,HPO,
NacCl

CaCl,

KCl
MgSO,.7H,0
NaHCO,

Tap water

4.5
0.5
3.78
2.29
0.3
0.14
0.14
0.1

10

10

gm
gm
gm
gm
gm
gm

' em
gm
gm
litre

Concentration of COD, NH3 —N and PO R P

: about 500, 100 and 50 mg/1, respectively.

Table 2 Comparison of the efficiency of the treatment performance in the second stage
Bio-Net reactor between cultivation of nitrifying bacteria system and the cultivation

of the bacteria with Chlorella sp. K3.

Nitrifying bacteria +

Concentration Nitrifying bacteria Chlorella sp. K3
(mg/1) Eff.! Eff.2 % Removal Eff.'! Eff.> % Removal

NH3 -N 68.8 99.4 68.7 6.6 90.3
NO,-N 5.9 - 3.9 235 -
NO,-N 1.4 66.6 - 0.4 26.6 -
(NH,+NO,+NO,)—-N 76.1 67.2 11.7 73.0 56.7 22.3
PO4—P 44.1 41.8 5.1 43.1 38.0 11.0
COD 42.2 34.5 18.2 43.7 36.4 16.7
pH 8.19 7.33 - 8.10 7.30 -

Eff.": Effluent after the first stage
Eff.%: Effluent after the second stage
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Table 3* Comparison of the efficiency of the treatment perfomance in the first and second
stages of the Bio-Net System

average value (mg/1)

_n (NH +NO,

Stage condition pH COD NH3~N NOZ—N NO3 AN 03)_ N PO4—P
Inf. 8.12 497.3 97.2 0 0 97.2 53.2
1 Eff! 8.19 422 68.8 5.9 1.4 75.5 44.1
Inf-Eff! - 455.1 28.4 - - 21.7 9.1
E - 91.5 29.2 - - 22.3 17.1
Eff! 8.19 422 68.8 5.9 1.4 75.5 44.1
2 Eff? 7.33  34.5 0.4 0.2 66.6 67.2 41.8
Eff-Eff? — 7.7 68.4 - - 7.3 2.3
E - 18.2 99.4 - - 11.0 5.2
Inf. 8.12 497.3 97.2 0 0 97.2 53.2
1+2  Eff? - 7.33 345 0.4 0.2 66.6 67.2 41.8
Inf-Eff? - 462.8 96.8 - - 30.0 11.4
E - 93.1 99.5 — - 30.8 21.4
Inf. 8.08 502.7 98.1 0 0 98.1 52.9
1+2 Eff? 7.30 36.4 6.6 23.5 26.6 56.7 38.0
(with  Inf.-Eff? - 466.3 91.5 - - 41.4 14.9
alga) E - 92.7 93.3 - - 42.2 28.17

Inf. : Influent

Eff' : Effluent after the first stage treatment
Eff* : Effluent after the second stage treatment
E : % Removal

* : conclusion of Fig.4, 7 and 8
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