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An Alkaline Activated Sludge Process with Simultaneous Chemical Removal of Nitrogen and Phosphorus from
Wastewater

CAI Xiu-ping'2, WANG Fang®, WU Qi—tang'

(1. Department of Environmental Science and Engineering, South China Agricultural University, Guangzhou 510642, China;2. Jiangsu Food
Science College, Huai’ an 223003, China;3. Water Group of Longgang District of Shenzhen City, Buji Branch, Shenzhen 518112, China)
Abstract : This research aims to use an alkaline activated sludge cultivated under alkaline condition to treat high—N and high—P wastewater to
achieve the chemical removal of N and P and the biological removal of COD simultaneously in aeration tank. This alkaline activated sludge
process( AASP) was run in comparison with the normal activated sludge process (NASP) with the septic effluent wastewater, which contained
66~193 mg- 1. COD, and 46~176 mg- L. total-N. In the experiment, the saturated lime—water was added to the aeration tank for AASP to
adjust pH of the wastewater to about 9.0 and mixed with aeration. The effluent from the secondary clarifier was sampled regularly 2 times a
week and analyzed for COD¢,, N and P. The results showed that AASP removed CODy,, total P, NHi-N and total N from the wastewater more
efficiently than NASP, and reached 44.95%, 53.22%, 62.47% and 30.82% respectively. The composition and characteristics of the activated
sludge were also changed. The oxygen consumption rate and Ca, P, Ca—P contents of the activated sludge significantly increased for AASP.
These changes are suitable for the performance of the wastewater treatment and for the agricultural reuse of the surplus activated sludge.
Furthermore, the added cost by lime addition of this process was relatively low, only 93 ¢ CaO+m™ wastewater.

Keywords: wastewater treatment ; alkaline activated sludge process( AASP ) ; nitrogen and phosphorus removal
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Figure 1 Experimental diagram of alkaline

activated sludge process
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Table 1 The quality of wastewater

=z COD¢/mg 1" NHi-N/mg- L™ TN/mg-1"!
AR 65.70+8.76 47.800.47 46.06+1.64
Kk 192.73+2.88 148.76+0.16 175.98+1.31

TP/mg- L™ NO;~N/mg- L™ SS/mg- L™ pH
2.83+0.17 2.18+0.52 35.42+3.17 7.33+0.01
11.84+0.16 19.39+0.08 246.23+14.38 8.08+0.02

T RNBAE S 3 U P

Note: Values in the table are means of three replicates.
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Figure 2 Comparison between alkaline activated sludge process (AASP) and normal activated sludge

process (NASP) in SS removal (sampling 2 times per week )
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Figure 3 Comparison between AASP and NASP in COD, removal(sampling 2 times per week )
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Figure 4 Comparison between AASP and NASP in T—P removal (sampling 2 times per week )

- K B EEEEG K A ST Tk

160 1 Influent
140 +

120 1
100
80
60
401
20

NH:-N & /mg- 1!

NASP effluent

AASP effluent

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

I5E YL
B 5 witiE R AT EE ST IREN EK NH-N ZBRBR LR (SEANE 2 %)
Figure 5 Comparison between AASP and NASP in NH;—N removal(sampling 2 times per week )
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Table 2 Characteristics of activated sludge from

two different processes

st WG BRI
A NASP AASP
MLSS/mg- L 1 585+27.23 2 368+45.08
MLVSS/mg-1! 891.3+23.44 897.3+34.95
VS/TS/% 0.56+0.01 0.38+0.01
SV/% 5.00+0.00 8.00+0.00
SVI/mg-1."! 31.54x0.01 33.78+0.01
FESAH R /mg0,+ ¢! MLSS-h™! 8.79+0.03 13.15+0.05
DO/mg- 1! 5.42+0.02 3.19+0.01

TE RN 3 R S hrifE 22

Note: The values in the table are means + standard deviation for 3 replicates.
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Figure 6 Comparison between AASP and NASP in T-N removal(sampling 2 times per week )
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Figure 7 Effect of AASP and NASP on the concentrations of NO;—N in the wastewater (sampling 2 times per week )
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Table 3 Comparison between NASP and AASP in surplus activated

sludge composition

EiEtan W5 I NASP TS eIk AASP

pH 6.34+0.01 7.60+0.01

HHLE Organic matter/g kg™ 653.8+11.5 429.0+17.7
TN/g kg™ 67.7£5.2 43.2+4.7
TP/g-kg 15.740.3 25.60.0
[P Soluble P/g-kg™ 5.620.1 5.3+0.0

Calg-kg™ 20.6+2.7 302.5+21.4
Ca-Plg-kg” 7.8+0.4 19.9+0.0

TERAEAE A 3 AP (R

Note: The values in the table are mean + standard deviation for 3 replicates.

KA i B A RO R LR 4 FR ., SE 4L
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Table 4 The quantity of CaO needed to adjust

pH for 1 L wastewater

Jii pH % pH WG BOK AL CaOffi#it/mg
7.98+0.03 9.02+0.02 77.00£2.65 96.71
7.90+0.01 9.01£0.00 73.332.89 92.10
7.78£0.00  9.05:0.04 78.673.21 98.81
7.78£0.01 9.04£0.05 67.67+2.52 85.00

TE RN 3 K S (H b 2%

Note: The values in the table are mean + standard deviation for 3 replicates.
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