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Abstract

Removal of Phosphorus from Combined Sewer Overflow using

Rapid Coagulation System

By: Choi, Im Cheol
Advisor: Prof. Cheong Kyung-Hoon Ph. D
Depar tment of Environmental-Biological Engineering

Graduate School of Chosun University

The aim of this study was to investigate the removal of phosphorus in
combined sewer overflow(CSO) using rapid coagulation system(plug flow
reactor + dissolved air flotation of waterway variability). jar test and
plug flow reactor test were performed to examine the phosphorus removal in
synthetic wastewater for optimal operation conditions of rapid coagulation
system. For comparison, jar test and plug flow reactor test were also
conducted with reality wastewater. Dissolved air flotation of waterway
variability was performed to determine the phosphorus removal under optimal
operation conditions through the jar test and the plug flow reactor test.
Results showed phosphorus removal of 52.43 ~ 98.87 %, indicating that the
jar tests under synthetic wastewater were conducted successfully. The
optimal phosphorus removal condition of jar test under synthetic wastewater
was observed 1% PAC of 1.5 mL/L, pH of 6~7 and anion polymer of 20 mL/L. In
the case of reality wastewater, phosphorus removal rate lower than in the
case of Synthetic wastewater. The results of plug flow reactor test under
various flow rate demonstrated that phosphorus removal increased with
increasing flow rate. The dissolved air flotation of waterway variability
test results showed phosphorus removal was effective. This study

demonstrated that coagulation system(plug flow reactor + dissolved air

- Vil -



flotation of waterway variability) could be used as treatment system for the

removal of phosphorus in combined sewer overflow.

- viii -
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Fig. 3. Water treatment system using combination with plug

flow reactor and dissolved — air flotation tank.
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Table 5. A practical application of plug flow reactor and dissolved — air flotation tank.
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Table 7. The reagent type of synthetic wastewater used the jar test.

- EEAN

BOD Glucose(CeH120s), Glutamic acid(CsHgNOs)
COD Glucose(CgHi206)

TN Potassium nitrate(KNOs)
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Fig. 4. Photograph of synthetic wastewater and

influent water of ‘S’ sewage treatment plant.
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Fig. 6. Photograph of plug flow reactor used in

exper iments.
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Table 9. Specifications of plug flow reactor used in experiments.
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Fig. 7. Photograph of rapid coagulation system used

in experiments.

_31_



Table 10. Specifications of rapid coagulation system used in experiments.

L?r il T o |
{— T N . B
H, T fal
n-ganw.,\-hl . o : E=:::?;
= T 11 ;| 13 )
lIII 11 [HI
QEQ ) e
>t
@ EE z_‘\—éliikll -
_E_ —> HEE
e HEE3X s 28
S588 AAHO RET
ZE 82D e 2ax
1. Volume 10.49 L 0.25 m®
2. Quantity 1 SET 1 SET
3. Size 200W x 1,500L x 700H 4200 x 998L x 620H
4. Material Pipe 15A + 25/40A UPVC Body STS304(2.5T)
Shell support Al Incline plate STS304(2.5T)
Skimer STS304+Rubber
Skimer chain PP
5. Accessory pH meter Air Flow meter(5L/min)
B. SHST AlAE AuyY
S8 AMAEN SotExeld KULEE BIEI|0 RAUAA S0 = o A
H AES Lol A AES S jar test?t 28EIES)| AEE HIEgo=z2 2%
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HE FLol U 2HUEI| HWHA EF6IESE otd, 2588 AlAE
o S0l 100, 250, 500 & 1000 L/hrol XAHGHOIA AESIZCH. 2528 Al
oz Xelst Melss= JIgBrESx 2ot AXIS AHE Sol Mot T-PS
2AG 22T AAEIO Ol JIAHEES REHSCH
5. =4 94

2 AFHAMe 2AsSs 2 2AYUHS Table 110 LIEILHAUCH. Q19 24
AQAZMAIEHN YAl TOHUES QIAEO OtADSBIASIAH O 2 ASGHY
H &&2%= W-VIS Spectrophotometer (UV-2450, SHIMADZU, Japan)E AI26}
ZHoIGL. &&= HF scientificAlel EEE==XD|E 0123l 5%‘;8}91&25)

Table 11. Analytical methods and parameters in experiments.

Parameters

Analytical methods

pH
Turbidimeter
T-P

PO4,—P

WM-22EP, TOA, Japan
HF scientific, US/Micro-TPW, USA
Ascorbic acid reduction method

Ascorbic acid reduction method
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Table 12. Effects of dosage amount of PAC on the phosphorus removal and

turbidity.
PAC PO,—P (mg/L) Removal NTU Removal
(mL) Initial Final ratio Initial Final ratio
0.5 3.17 42 .47% 0.25 99.74%
1 0.56 90.02% 0.22 99.77%
1.5 0 100% 0.31 99.67%
2 0 100% 0.19 99.80%
2.5 5.61 0 100% 96.21 0.27 99.72%
3 0 100% 0.33 99.66%
4 0 100% 0.13 99.86%
5 0 100% 1.53 98.41%
6 0 100% 1.53 99.71%
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Fig. 8. Effects of dosage amount of PAC on the phosphorus

removal and turbidity.
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B. pH Z2& jar test &l& 21

S =Y AES HIE2Z =

o =& pH 2& jar testE AAIGHACH. HZst 1M NaOH & 1M H.S0,£ OIS56tN
pH 4, 5, 6, 7, 8 & 98 HAHAIHECZ X &G &&st 21 pH 50I6t0 A= POs—P
MAHIE A2l OIF XX &2%2 pH 6, 70M JIEX 0.5 mg/L 0I5t POs~P MAE
= 2O0ICHIF pH 8 Ol&f0IA HMAZS0l CtAl LOtRCH. &€= =& 2H0AM= pH 6

Ol&fOllA 99% Olatel =2 HMAHES 2L

b

|I—I
A

010
2l

pa

A 5 ~8 AOIE 0.5% XHGIH jar testE F=IF &lAl
otCH, Alg ZFW M3t Agl OF&IIXKIZ pH 6~70 A J1=X 0.5 mg/L 0l5tS
POP HAHEES BUSMH, pH 7.5 OIANA MHES0l HLOIECH. E= =& Z 0l

Table 13. Effects of pH on the phosphorus removal and turbidity from

synthetic wastewater.

" POsP (mg/L) Removal NTU Removal
Initial Final ratio Initial Final ratio

4.74 52.43% 23.4 76.46%

4.72 52.68% 16.8 83.14%

5.5 2.82 72.22% 3.29 96.47%
6 0.11 98.87% 0.53 99.47%
6.5 4.99 0.14 98.67% 99.4 0.57 99.39%
7 0.19 98.07% 0.37 99.63%
7.5 0.32 96.85% 0.49 99.47%
8 0.57 94.33% 0.22 99.78%
9 1.57 84.25% 0.12 99.88%
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Fig. 9. Effects of pH on the phosphorus removal and turbidity

from synthetic wastewater.
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Minute floc

Table 14. Photograph of coagulation floc through jar test.



Table 15. Effects of dosage amount of anion polymer on the

turbidity.

Polymer NTU Removal
(mL) Initial Final ratio
5 1.00 98.98%

10 3.13 96.81%

15 2.07 97.89%%
20 .2 0.45 99.54%
25 10.5 89.31%
30 13.8 85.98%
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Fig. 10. Effects of dosage amount of anion polymer on the
turbidity.
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gdH =2 &H= jar test 21t HlW

Table 16. Comparison of before and after using synthetic wastewater

and influent water of ‘S’ sewage treatment plant.

Synthetic wastewater Synthetic wastewater
(before) (after)

Influent water of S sewage Influent water of 'S sewage
treatment plant treatment plant
(before) (after)
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stdll=E OI=Z6t jar testS &AIS 20 S&H= 1 L0l ER& zH &
A2 1% PAC 1.5 mL, pH 2t 6 ~ 7, SEEXZH(1% S0I2 Zecli) 20 mL Ol
Ct. Ol =M= HIE2Z Sot=Xeld R2U+=Z2 jar testE AAICIALCE. jar test
g A2 1% PACE 0.5, 1.0, 1.5, 2.0, 2.5 ¥ 3.0 mL2 F=SIA}A20, pH
6.522 X&EotLD S0l2 Sl =S 20 L2 ot SotH AEotALE. S
St=Xeld RA+-=Z jar testE AAGHL &d&S+=2 T-PY E&EE FFs 2=
Table 172+ &2 Ct
Table 17. Effects of dosage amount of PAC on the phosphorus removal and
turbidity.
PAC T-P (mg/L) Removal NTU Removal
(mL) Initial Final ratio Initial Final ratio
0.5 1.44 62.50% 0.63 99.35%
1 0.43 88.75% 0.48 99.51%
1.5 0.34 91.25% 0.57 99.41%
2 564 0 100.00% o 0.23 99.76%
2.5 0 100.00% 0.31 99.68%
3 0 100.00% 0.34 99.65%
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12. Compare of the synthetic wastewater and influent water

Fig.

of ‘S’ sewage treatment plant.
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Table 18. The plug flow reactor experiment under various flow velocity of

synthetic wastewater.

Polymer
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Table 19. The POs—P concentration of plug flow reactor experiment under

various flow velocity of synthetic wastewater.

Outflowing

water pH

7.00
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6.67

Sedimentation

(mg/L)
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Table 20. The T-P concentration of plug flow reactor

various flow velocity of influent water of S sawage treatment plant.
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water pH
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