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Substitutability of coagulation process by pre-treatment of
coagulation -flotation using natural algae coagulant
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ABSTRACT

In the coagulation/sedimentation (C/S) process of the water treatment process, the inflow of massive algal bloom causes
many problems including fouling of filter media. This study was conducted to find out the way to remove the algae's
harmful effects by addition of pre-treatment prior to C/S process. Many Jar-tests were conducted such as @ ACF (Algae
Coagulation-Flotation) process using natural algae coagulant (Water Health®), @ ACF + C/S process and ® C/S process
with a variety of conditions using cultured algae. The average values of turbidity were @ 0.42 NTU for ACF process,
@ 0.13 NTU for ACF + C/S process and @ 0.25 NTU for C/S process. It was shown that the treatment efficiency of
ACF process could get low turbidity results, and ACF + C/S process could achieve more efficient results than those of
C/S process. Any negative effects of ACF process to the efficiency of C/S process were not observed in ACF + C/S process.
In order to reduce the unfavorable effects of algae, it was found out that the introduction of ACF process in the forms
of @ ACF or @ ACF + C/S could be one of the effective and alternative solutions.

Key words: ACF (Algae Coagulation-Flotation) process, Algae removal, Coagulation/Sedimentation process, Natural algae
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Fig. 1. Procedure of jar-test.
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HE B3 7eSAgoaA, 7 wEYs W Fg
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= 34~26.5 NTU 2 Chl-a:= 10.1~86.4 pg/L H9)
o] #r& 7t= Ao 2 yepyith = YW Chl-aof digh
L=AEE g8 T Fig 29} 2tk BHE 9 Chla 2%
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Table 1. Descriptive statistics of SS, turbidity and Chl-a for

Han river (Site: Paldang-Dam 5) (n=91)
Accumulative SS Turbidity” Chl-a
Percentage (mg/L) (NTU) (ug/L)
5% 1.9 4.2 11.1
10% 2.9 5.5 11.7
25% 4.5 7.6 14.1
50% 6.8 10.6 20.2
75% 9.6 14.2 29.8
90% 11.3 16.4 39.9
95% 14.0 20.0 55.5
Minimum 1.3 3.4 10.1
Maximum 19.0 26.5 86.4
Average 7.21 11.13 24.60
Median 6.80 10.59 20.20
Standard deviation 3.73 6.60 15.27

“Turbidity (NTU) = 1.3xSS (mg/L) + 1.75

o]4e] =9 v o g 2 A4+ Chl-a ¥ &
T A S dask= Al AP (L4 10%, 50%
2 90%)S GO R Jar-testE XY A
[ 2 Chl-a 11.7 pg/L & B 5.5 NTU (224~ 10%
), AFZRANE Chl-a 202 pgl 2 E% 10.6
NTU (Median 3@), 12|31 A8 ZAMLS Chl-a 39.9
pg/L 9 16.4 NTU (&9 90% ol ZARHE=

Aol 202 ARSIk
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Fig. 2. Accumulative graphs of each parameter at Paldang-Dam 5 site of Han river (Left: Turbidity, Right: Chl-a).

Table 2. Turbidity of sedimentation basins in Korea(Unit: NTU)

Plant
Total
Gumi Asan Siheung Onsan Cheongju Gunsan
Minimum 0.1 0.2 0.3 0.3 0.2 0.2 0.1
Maximum 2.2 1.1 1.2 1.4 1.6 4.3 4.3
Average 0.44 0.64 0.50 0.53 0.44 0.81 0.57
Median 0.37 0.63 0.48 0.52 0.42 0.66 0.51
Standard deviation 0.27 0.14 0.11 0.16 0.18 0.47 0.29
2.4 I HexE|AM 2NX| fEr B ZE O ACF 9EZAgto 2% H#2=0] B2 (.57 NTU
ojgtE AHAIA 4= QA ol tigt 7/}, @ ACF
Setetol e AeAel A el e gl F o1 Al AL o .
Jo| Ao wy =% + C/S AAEA ZM *l 71&9] CfS =g HT H
Soup- Aol 9 whojit Ao A9 vid S k55l Szt o = e 2= 91z olHE 7
A|E4=9] 95% o]Ato] 0.3 NTU o]dle]|ar, z+zFo] A ;;}; 1?:;1:]- T =
= [e}
2o tjd Z4gko] 1.0 NTU o3t 2 7|ger  ° a
shal Qlok Egh, ehGolnk Ao A9 mid SAE -
Zzko 2.5 Jar—testE 25t 7|24
A|B2=2] 95% o]Ato] 0.5 NTU o|a}o]al, z+zteo] A
o tfgk 4%kl 1.0 NTU oJgtd A 7|&o= 2 Adof Eo7h71el A A 72AEE X3
atar QIek? o] giet g v|Ee glow, o SHth WA, B2 s ARdrY HEE 97|
U AEAE RS Rl BeR R 9] A 1A B9} Kaolin =5 %= Ato]o] A E &
Q2 AL B E 10 NTU o|3l7F H =8 3 2 215}9it}. Kaolin stock2 ©]-&3}o] 100, 50, 25, 12.5
& 9 JH5E gAY AL gasta Jop® 9 625 mg/LE ZH7 A% & 7} SjAufEo] T

B, FASAUVIFGHRALYWAMS) A A EEg 5

Z7J3}o] Kaolin

Zol o} B Afolo] A3

T Qe AeA A A AAL0) ehwof gk 1d7F  Alo] BHE(NTU)= 1.61xKaolin(mg/L) + 2.14 ©] Akt
COISY 19 1938 31202l A AOIEE HIG AR ZIUES SUAHR0e. 2 Ayl
A, F 639 Aol I g Table 29F 2 © o] BAAE 0|83t BHC = Fl= HE ¢V
SEE9 0.10~4.30 NTUS| W9lo] sfateion, 44 919k Kaolin 521k 24510,
o W2 057 NTUR Uester T SR PAHCS 8 PACS) 2l
oJAre] | LA ALY gBx 7| W AL 01317 93t Jar-testE AA]3}QIch Kaolin stock-S
o) el 2e BaE HRan & HTe | oS REE B S A P G
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stk B Ago] ¢S T tigh Jar-testo A= &= A Qo] 7HAF 028t ZAL ACF + C/S ZAHO

29 FHFUSEE FHH00%) 02 Fi1, 70%, = UERon, ACF 343 C/S 342 8|53 A4
85%, 115% 2 130%°] sgst= F=U2AE F7kste] &8s Yehfislch

70-130%= SgE 7ol gt Ade AAISHTh A 4 AES] HAAIE 2|5t Table 49F Zrh

13 A3(Set No. 1) AR, O ACF ZA oA

= = WH. 143 mgLE Fofdlo] AYS st o,

3. 9Pzt g o A

@ ACF + C/S AAEgolrE SHA(PAHCS) 54

- _ o2 WHIA = ~ 5] _ =

3.1 Jar—testE 8t ACF 2H<9| 51} &AM sEE WA F0§(0.0~18.7 mgL)shH Jar-tests

AL Z 11 Al%(Set No. 1)5-¢
7HA] 4 N EO] Jar-testS A A]514]0
hy e

Sk 37 o] 22 HE ARoA HAAgE A
I (Chl-a 11.7 pg/L, B 5.5 NTU)<]

29 AR RE 491 AF7HA] Y
Az Chl-a®t =& g
Jar-testS A 3P} T

7k AgoA SHA = ACF 3 Aol A= WH.
£ Agstl e, C/S 3 TA ol A= PAHCSS} PAC
o & FZ AH&saTh 19, 29 9 3 AoA =
PAHCSE, 4% A7lol|A= PACE AHESHSItH

AAZA], 4H AF(Chl-a 750 pg/l, = 15.1
NTU)o] A5 2= =A|sHA Fig 33 £t 7}
ez of|= (a) ACF 274, (b) ACF + C/S 34 2 (c)
CS 374 9 415 Hetlith sig W= A
3}, Chl-a®] 7 ACF 24, ACF + C/S 24 4 C/S
TN BHE =2 B8R AAHAG gro HS
ACF ZA 0| A= 15.1 NTUOJ|A] 0.30 NTUR 7FA3sh=
AE 2, ACF + C/S FA oA+ 0.14 NTUZ}HA,

Table 3. Jar-test conditions

A3YSFATE ACF + C/S 74 3 CS 349 35 54
Al 5= oA 47 the 43t =EHgle R R,
a5 g £A7E 7P @S WS 2] %(Optimal) 27}
2 Agsigict g Aol SYA 125 mgls
Folatle o, Bl 0.09 NTUZFA] A7 o] o
s HHzAoR ARtk @ OS 42 dex
Ao RRE SFHYAPAHCS)E WEAI7|HA(0.0~25.2
mg/L) Jar-testE A|SY5}H L, XA 23.1 mgLE &
SHlS W =7 026 NTUR 7HY =2 a&= A7
ol o] 2U& xR A3

2% (Set No. 2)of| 4] 41 A3 (Set No. 4) E3FF theFgh
HezAo 2R E O ACF 34, @ ACF + C/S 374
4@ CS TS AYPSAAL 2 AlES] ARE A
T 3 Berb 7P WS Jartest Aol tisko] 222
Aoz AAste] Wlil(Remark)of EA|SHTH

1 AglofA 49 Ao 2%|(Optimal) A¥iHe 4
23l & IBM SPSS(ver. 21) T2 132 283} 7|4%
&l th3EZLS 4HE3 Ak Table 59F Zth
7} 3749 Aaks vlas] 2y, geo] 49 O ACF ¥
Aol A Bt 0.42 NTUEAH Q] 0.40~0.45 NTU)7HA]
A =9l @ ACF + C/S F7gollAl= B+t 0.13 NTU

(EAH 2 0.09~0.15 NTUPZHA], B C/S ZA oAM= 3
025 NTU(E-A1H 9): 0.18~0.30 NTU) #7-|glch.

Set No. Coagulant Raw water condition Remarks
-, Chl-a: 11.0 ug/L
! Condition I Turbidity: 6.0 NTU
2 W.H. and/or PAHCS | Condition II Chl-a: 23.0 pg/L
Turbidity: 11.5 NTU @ ACF, @ ACF+C/S, ® C/S
-a: using PAHCS or PAC
3 Condition ITI Chl-a: 70.0 pg/L 8
Turbidity: 16.2 NTU
s Chl-a: 75.0 ug/L
4 W.H. and/or PAC Condition III Turbidity: 15.1 NTU
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Fig. 3. Jar-test results of set No. 4 (Chl-a: 75.0 ug/L, turbidity: 15.1 NTU): (a) ACF process, (b) ACF + C/S process, (c)
C/S process.
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Table 4. Results of Jar-tests

W.H. Coagulant Turbi | Alkali
Set Raw water . Chl-a . )
No condition Process Sample | dose | Coagulant | concentration (ug/l) -dity | -nity | pH | Remarks
' (mg/L) (mg/L) (NTU) | (mg/L)
Treated
Chl-a 110 @ ACF ‘;e;tei 14.3 - 00 | 042 | 528 | 74
lugL) B 0.0 00 | 055 | 560 @ 7.4
_ 1 12.5 0.0 | 0.09 505 | 7.4 | Optimal
Turbidity <0 | ) acF + 2 14.0 0.0 009 503 7.3
NTU) ' 14.3 PAHCS : : : : :
( C/s 3 15.6 00 | 018 | 503 | 7.4
) 4 17.2 00 | 018 | 511 | 7.3
Alkalinity 5 18.7 00 | 012 | 506 | 7.3
61.0
(mg/L) B 0.0 6.2 | 445 | 555 | 7.2
1 16.8 00 | 045 | 541 | 7.2
2 18.9 00 | 045 | 537 | 7.2
® Cfs - PAHCS
3 21.0 00 | 029 | 544 7.2
pH 7.0 ;
4 23.1 0.0 | 026 541 | 7.2 | Optimal
5 25.2 00 | 034 | 529 | 7.2
Treated
Chl-a 230 @O ACF ‘;e;tei 26.9 - - 00 | 040 | 573 | 7.2
lugL) B 0.0 00 | 034 | 604 75
1 12.5 00 | 020 | 558 @ 7.4
Turbidity ) 50 | @) acF 4 2 14.0 00 | 019 551 | 7.4
NTU) ' 26.9 PAHCS . : . : .
( c/s 3 15.6 00 | 015 | 555 | 7.3 | Optimal
) 4 17.2 00 | 016 | 549 | 7.3
Alkalinity 5 18.7 00 | 018 | 544 | 74
65.1
(mg/L) B 0.0 11.3 | 6.80 | 636 | 7.2
1 18.5 00 | 026 | 622 | 7.3
2 20.8 00 | 026 | 61.6 | 7.4
® Cfs - PAHCS
3 23.1 00 | 020 | 609 @ 7.4
pH 7.2 ;
4 25.4 0.0 | 018 & 60.6 | 7.4 | Optimal
5 27.7 00 | 036 | 61.0 | 7.4
Treated
Chl-a 70.0 @O ACF ‘;e;tei 55.2 - - 00 | 045 | 645 | 7.2
lugL) B 0.0 00 | 062 | 633 7.4
1 12.5 00 | 018 | 623 | 7.3
Turbidity 00 | @ AcF + 2 14.0 00 018 613 7.3
NTU) ' 55.2 PAHCS . : : : :
( c/s 3 15.6 00 | 014 | 61.3 | 7.3 | Optimal
; 4 17.2 00 | 015 | 614 | 7.3
Alkalinity 5 18.7 00 | 016 | 61.0 | 7.3
79.0
(mg/L) B 0.0 66.0 | 13.60 | 81.2 | 7.5
1 20.6 00 | 048 | 778 | 74
2 23.1 00 | 036 | 76.1 | 7.4
® Cfs - PAHCS
3 25.7 00 | 033 | 782 74
pH 7.3 ;
4 28.3 0.0 | 027 @ 778 | 7.4 | Optimal
5 30.8 00 | 052 | 779 | 74
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W.H. Coagulant Turbi | Alkali
Set Raw water oagu an Chl-a UI ! . !
No condition Process Sample | dose | Coagulant | concentration (ugll) -dity | -nity | pH | Remarks
' (mg/L) (mg/L) (NTU) | (mg/L)
Treated
Chl-a @ ACF et 578 ; ; 00 | 041 692 | 7.3
(gl 75.0 water
B 0.0 0.0 0.30 68.0 7.3
Turbid 1 14.0 0.0 0.17 63.5 7.1
idit
WY 9510 | @ ACE + 2 17.0 00 | 015 @ 634 7.2
(NTU) 57.8 PAC .
c/s 3 20.0 00 | 014 | 619 | 7.1 | Optimal
4 23.0 0.0 0.18 59.5 7.1
4
A]ka]inity 5 26.0 0.0 0.16 59.4 7.1
83.5
(mg/L) B 0.0 725 | 1640 @ 86.4 | 7.5
1 28.0 0.0 0.54 74.4 7.3
2 34.0 0.0 0.45 71.6 7.2
® Cfs - PAC :
3 40.0 0.0 0.30 69.8 7.2 Optlmal
pH 7.4
4 46.0 0.0 0.41 68.0 7.1
5 52.0 0.0 0.43 66.3 7.1
Table 5. Statistical data of the optimal jar-test conditions °
To}
Process Items (Statistics) Turbidity (NTU) Alkalinity (mg/L) pH g
[se}
Set No. 1 0.42 52.8 7.4 =
o
Set No. 2 0.40 57.3 7.2 =
Results
Set No. 3 0.45 64.5 7.2
Set No. 4 0.41 69.2 7.3
@ ACF process —
Minimum 0.40 52.8 7.2
Descriptive Maximum 0.45 69.2 7.4
statistics Average 0.420 60.95 7.28
Standard deviation 0.022 7.31 0.10
Set No. 1 0.09 50.5 7.4
Set No. 2 0.15 55.5 7.3
Results
Set No. 3 0.14 61.3 7.3
@ ACF + C/S Set No. 4 0.14 61.9 7.1
process Minimum 0.09 50.3 7.1
Descriptive Maximum 0.15 61.9 7.3
statistics Average 0.130 57.25 7.25
Standard deviation 0.027 5.46 0.10
Set No. 1 0.26 54.1 7.2
Set No. 2 0.18 60.6 7.4
Results
Set No. 3 0.27 77.8 7.4
Set No. 4 0.30 69.8 7.2
@ C/S process —
Minimum 0.18 54.1 7.2
Descriptive Maximum 0.30 77.8 7.4
statistics Average 0.253 65.58 7.30
Standard deviation 0.051 10.39 0.12
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Fig. 4. Comparison of O ACF process, @ ACF + C/S process and @ C/S process for turbidity: (a

(d)
a) Set No. 1 (Chl-a: 11.0

pg/L, turbidity: 6.0 NTU), (b) Set No. 2 (Chl-a: 23.0 ug/L, turbidity: 11.5 NTU), (c) Set No. 3 (Chl-a: 70.0 ug/lL,
turbidity: 16.2 NTU), (d) Set No. 4 (Chl-a: 75.0 ug/L, turbidity: 15.1 NTU).
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