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Abstract

Dye-industry wastewaters contain high levels of organic nitrogen derived from urea.
Thus, effective nitrogen removal methods are needed to meet regulatory standards prior to
discharging effluent to receiving water bodies. A novel nonwoven support-surrounded cell
(SSC) process was developed and continuous treatment experiments were conducted using
a bench-scale SSC reactor. Nitrification efficiencies of the SSC treatment process using
activated-sludge seeds from domestic and dye-industry wastewater treatment plants were
about 22% and 55%, respectively. These efficiencies, though, could not be maintained more
than 20 days. By adding NaHCO; as an inorganic carbon source, nitrification efficiency
could be improved to about 62%, but this could not be maintained more than 25days. In
additions, dye chemicals and dye-reduction inhibitors added to the influent wastewater had
no effect on nitrification and denitrification reactions. High nitrification efficiencies,
however, could be maintained for more than 100 days by supplementing phosphorus to the
influent wastewater. Using a synthetic dye wastewater supplemented with inorganic
carbon, phosphoric acid, and organic carbon at 1.5 times of total-nitrogen, a total-nitrogen
removal efficiency of about 56% was obtained.
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Fig. 1 Schematic diagram of nonwoven support-
surrounded cell (SSC)

Table 1 Composition of synthetic dyeing wastewater

Components Concentration

Urea 0.40 g/l
NaHCO. 0~0.40 g/l
Sodium Alginate (5%) 1.72 g/l
Starch 0~0.80 g/l
m-Nitrobenzensulfonic acid sodium (20%)  0.20 g/l
Cibacron Red P-B (33%) 6.0 mg/l
Procion Blue P-GR (40%) 5.2 mg/l
Kayacion Yellow P-M3R (33%) 6.0 mg/l

Tap water 1.01
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Table 2 Composition of synthetic wastewaters

Synthetic wastewaters
Components I

A B C D
Urea 040g!l 040g! 040gl 040g!l
NaHCO; 040g/!l 040g/! 040g! 040g!
fggﬁ‘;‘m Alginate 79 01 172g1 17280 L72 gl
Starch 020g!l 020g! 020gl 020gl
K.HPO, 173 mg/l 173 mg/l 173 mg/l -
KH.PO, 68 mg/l 68 mg/l 68 mg/l -
HsPO, (85%) - - - 7.4 mg/l
MgSO;- 7H:0 10mg/l 10mg/l 10 mg/l -
CaCl.-2H:0 2mg/l 2mg/l 2mg/l -
MnSO,4~6H.0 3mgl 3mgl 3mgl -
FeSO.-7H.0 3mg/l 3mg/l 3mgl -
Cibacron Red P-B _
(33%) 6mg/l 6mgl 6mg/l
Procion Blue P-GR _
(40%) 52mg/l 52mg/l 52 mg/l
Kayacion Yellow P-
M3R (33%) 6mg/l 6mgl 6mgl

m-Nitrobenzensulfonic

acid sodium (20%) 020g! 020g/l

Tap water 1.01 1.01 1.01 1.01
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Fig. 2 Schematic diagram of bench scale reactor using
SSC
®-Q); SSC, @; aeration instrument,
®); aeration tank, ®; influent storage tank,
@; feed pump, ®; effluent

Table 3 Experimental conditions for continuous
treatment of synthetic dyeing wastewater

RUN1 RUN2 RUN3 RUN4 RUN5

Seed
sludge
Initial
MLSS 2,500 5,000 4,000 2,000 2,600
(mg/l)

w A A A A

Aeration
(U/min) 4.0 1.0 4.0 2.0 2.0
Adlin “pe 0@ © O 000
place
Inf. T-N
(mg/) 218 211 170 167/179 199
Inf TOC 118/179/ 170/210/
(mg/l) 243 167/226 149/217 148 950/310
Inf.IC
(mg/l) 22 25 61 66 70

W: activated sludge from a domestic wastewater treatment plant in
Wakayama city
A: activated sludge from a treatment plant of the dye industry
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Table 4 Treatment results of nitrogen removal for
synthetic dyeing wastewater (RUN1-3)

RUN1 RUN2 RUN3
5-15days 5-20days 5-25days

Steady-state period

Eff.NOx-N 32mgl 64mgl 84mgl
Eff.NH,-N 80mg! 69mgl 23mgl
EffT-N 202 mg/! 160 mg/l 149 mg/l

Nitrification efficiency * 22 % 55 % 62 %

Nitrogen removal
efficiency #

effluent pH 8.4 7.5 7.6
40days after Eff NOx-N 5 mg/l 4mg/l 6mg/l
EffNH,-N 114 mg/l 116 mg/l 56 mg/l

7% 24 % 12 %

EffT-N 140 mg/l 137 mg/l 91 mg/l
Nitrogen removal
efficiency 36 % 35 % 46 %
effluent pH 8.8 8.4 8.9

*Nitrification efficiency = {[Eff.NOx - N+(Inf.T-N-Eff.T-N)]/Inf.T-N}
#Nitrogen removal efficiency = [(Inf.T-N-Eff.T-N)/Inf.T-N]

Table 5 Treatment results of TOC removal for
synthetic dyeing wastewater (RUN1-3).
RUN1 RUN2 RUN3
5-156days 5-20days 5-25days
Inf.TOC 179 mg/l 167 mg/l 149 mg/l
Eff. TOC 36 mg/l 14mgl 17 mg/!l
TOC removal efficiency 80 % 92 % 89 %
40days after InfTOC 243 mg/l 226 mg/l 217 mg/l
Eff TOC 26 mg/l 28mg/l 38 mg/l
TOC removalefficiency 89 % 88 % 82 %

Steady-state period
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Changes in effluent nitrogen concentration
during continuous treatment of synthetic
dyeing wastewaters with various influent
compositions (RUN4)

Experimental conditions: seed sludge,
activated sludge from a treatment plant of
the dye industry; initial MLSS, 2,000 mg//;
temperature, 30 C; aeration, 2.0 //min;
nonwovens, MB-T9-P; IC, NaHCO,
Symbols: O, effluent NH,~-N; [, effluent
NOx-N; A, effluent TN; -- , average of
influent TN

Changes in effluent carbon concentrations
during continuous treatment of synthetic
dyeing wastewaters with various influent

compositions(RUN4)
Symbols: [, effluent IC; A, effluent TOC;
--, average of influent IC; ---, average of

influent TOC
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Fig. 5 Changes in effluent nitrogen concentrations
during continuous treatment of synthetic
dyeing wastewater with addition of NaHCO;
and H;PO, (RUNS)

Experimental conditions: seed sludge,
activated sludge from a treatment plant of
the dye industry; initial MLSS, 2,600 mg//;
temperature, 30 C; aeration, 2.0 //min;
nonwovens, MB-T9-P; IC, NaHCO;;, TP,

H;PO.
Symbols: O, effluent NH,-N; [J, effluent
NOx-N; A, effluent TN; --, average of

influent TN; —, average of effluent TN

Fig. 6 Changes in effluent carbon concentrations
during continuous treatment of synthetic
dyeing wastewater with addition of NaHCO,
and HsPO, (RUNS)

Symbols: [, effluent IC; A, effluent TOC;

- -, average of influent IC; ---, average of
influent TOC
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