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Study of manganese removal and turbidity decrease by direct

filtration method in advanced water treatment processes

Ji-Hye Shin

Department of Industrial Microbiology
Graduate School of Industry

Pukyong National University

Abstract

Ulsan Korea, HY-. Purification: Plant introduced advanced water
treatment in 1999 and has managed since then. But, it was difficult to
remove manganese when recently manganese of high concentration was
flew into purification plant in spring and autumn.

To solve this problem, direct filtration method was introduced in
advanced water treatment. This method needs to add coagulant
(polyamine) for filtration function in activated carbon process.

Manganese influx concentration was investigated for this study from

January to December in 2008, we get following conclusion according to



manganese removal rate and turbidity decrease rate in advanced water
treatment and direct filtration method.

Manganese of high concentration was flew into purification plants in
spring and autumn. Manganese concentration range was 0.005 mg/L ~
0.297 mg/L and average was 0.055 mg/L.

Total manganese removal rate of advanced water treatment was
84.5%, it of direct filtration method was 93.1%. It was up about 9%.

Turbidity decrease rate of advanced water treatment was 66.6%, it of
direct filtration method was 86.5%. It was greatly up about 20%.

Accordingly, if manganese of high concentration induces in HY
Purification Plants, introduction of direct. filtration in advanced water
treatment processes will be effective manganese removal and turbidity

decrease.
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Table 2. Stoichiometry for Mn(Il) oxidation by several oxidants'**

Oxidants

required

Kinetics

Stoichiometric amount

(mg/mg Mn)

Mn® + 1/20, + H0

Oq(aq) 3 0.29
= MnQOq(s) + 2H

A 2Oy ——H-0

3 MHOZ(S) + Oy + 2H+
MnZ#Cly, + HJO

Cly ) % 1.30
— MnOx(s) + 2C1 + 3H

3Mn®" +2KMnOs + 2H,0
KMnOs ! 1.92
—>5MnOs(s) + 4H

Mn®  +2CIO; + 2H50
— MnOz(s) +2C1Qs + 4H'

Os(aq) 0.88

ClO2 245

Mn** + MnO,H,O + H,O — MnO,MnOH,O + 2H"

_10_
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Fig. 1. Advanced water treatment process.
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Coagulation Chlarine
agents
Raw il Flazh mixing Coagulaton Sedimentaton ’ Filtration| Ac:'lwahd il A clear water
waten Basin Basin Basin Bazin . carbon. | MESenair

Coagulation agent

Fig. 2. Induction and application of direct filtration.
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Table 3. A monthly average Mn(Il) and temperature of raw water

in 2008
Division Temp.(C) Mn(mg/L)

Date Range Average Range Average
Jan. 2.3~4.0 3.06+0.67 0.020~0.042 0.027+0.0089
Feb. 1.3~45 2.35+1-45 0.029~0.050 0.036+0.0096
Mar. 6.1~18.6 10.48+4.20 | 0.069~0.087 0.078+0.0079
Apr. 18 %" 163 14.60+£1.45 | 0.021~0.082 0.041+0.0244
May 14.8~17.3 15.85£1.37 | 0.098~0.178 0.132+0.039
Jun. 17.9~19.8 18.84+£0.86° | 0.005~0.110 0.044+0.0468
Jul. 19.4~252  22.05+2.40 | 0.008~0.047 0,019+0.0190
Aug. @3 ~2b.1 23.68+1.38 | 0.009~0.019 0.014+0.0048
Sep. 224~ 388 23.03£0.41 0.012+0.019 0.015+0.0033
Oct. 18.2~21.1 19.88+1.21 0.080~0.297 0.179+0.0889
Nov. 9.7~16.0 13.35£2.69 | 0.008~0.035 0.022+0.0130
Dec. 5.1~8.6 6.80+1.30 0.006 ~0.039 0.014+0.0141

Average 1.3~252 14.32+7.39 | 0.005~0.297 0.053+0.060
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Fig. 3. Variation Mn(II) and temperature of raw water in 2008.
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Fig. 4. Mn(Il) concentration and removal rate characteristics of

advanced water treatment processes.
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Table 4. Dissolved manganese concentration and removal rate of

advanced water treatment processes

(unit : mg/L)

Activated
Raw |Precipitate|Filtration| Ozone Purification
Items carbon
water water water water water
water
First week | 0.073 0.056 0.054 | 0.016 0.010 0.006
Second week| 0.154 0.141 0.135 0.018 0.017 0.011
Third week | 0.110 0.100 0.043 | 0.015 N.D. N.D.
Forth week |[.0.065 0.056 0.054 | 0.017 0.010 0.001
Average 0.101 0.088 0.072 .0.017 0.009 0.005
Removal
— 12.2 28.9 83.6 90.8 95.5
rate(%)
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Table 5. Turbidity decrease rate of advanced water treatment

(unit : NTU¥)

Filtration Ozone Activated Decrease
Items
water water carbon water | rate (%)
First week 0.12 1.34 0.31 76.9
Second week 0.10 1.27 0.45 64.6
Third week 0.11 1.09 0.39 64.2
Forth week 0.08 0.76 0.34 55.3
Average 0.10 Ty, 1 0.37 66.6

* NTU(Nephelometric Turbidity Unit)

=71 Ozone water Activated carbon water —&— Decrease rate
1.600 100

1.400

1.200

1.000

0.800

0.600

Turbidity (NTU)
Decrease rate(%)

0.400

0.200

0.000

Firstweek  Secondweek  Third week Fourth week Average

Fig. 5. Turbidity decrease rate of advanced water treatment.
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Fig. 6. Equipment for input polyamine.



AW W w= B AA&(Fig 7)T AHEW TP PAS
A 225%7F AAE QL AoA 41.8%, LEAYFAAE 452%=2 5
47 2 Fol7t gldoy, LEAYF AHARHS F&3 & S4e
AYFAMdE 47 AAEC] 931%, BTFolA 971%Y AAEE HE
Az vws) 7k 9% 8% 7 S AL & S AAgTh

025 120
1 Total MA(11)
[ Dissolved My( 1) |
02r “A— Total Mh( 1) Removal rete(%)
~&— Dissolved My( 1) Removal rate(%) 1 e
5 015 | S
[]
£ 160 8
; ©
g a1} S
O
{140 @
[
= 04
005 | 12
0 | 1 | ,_b L 0

Rawweter Sedmentation  Fitrationwater——Ozorewater  Activated carbon  Purification water
weter water

Fig. 7. Mn(Il) concentration and removal rate characteristics of

direct filtration.
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Table 6. Dissolved manganese concentration and removal rate of direct

filtration
(unit : mg/L)
- . . Activated L
Raw |Precipitate|Filtration| Ozone Purification
Items carbon
water water water water water
waterx*
First week | 0.062 0.066 0.087 | 0.009 N.D. 0.005
Second week| 0.142 il 11355 0.134 | 0.023 0.010 0.003
Third week | 0.188 0.167 0.148 | 0.011 0.011 0.007
Forth week [-0.132 0.150 0.092 | 0.023 0.010 N.D.
Average 0.131 0.130 0.115 . -0.017 0.008 0.004
Removal
— 1.1 12.0 87.4 94.1 97.1
rate(%)

* Activated carbon water after addition of polyamine below 0.5 mg/L
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Table 7. Turbidity decrease rate of direct filtration

Filtration Ozone Activated Decrease
Items
water water carbon water | rate (%)
First week 0.12 0.56 0.11 80.4
Second week 0.13 1.00 0.11 9.0
Third week 0.12 111 0.13 88.3
Forth week 0.13 0.75 0.11 85.3
Average 0.13 0.86 0.12 86.5
* NTU(Nephelometric Turbidity Unit)
[ 1 Ozone water Activated carbonwater =~ —A— Decreaserate
1.600 100

Turbidity(NTU)

Firstweek  Secondweek  Thirdweek

Fourth week Average

Fig. 8. Turbidity decrease rate of direct filtration.

_30_

Decrease rate(%)




3) AFAEFAH BE U AALY g #AAE ¥
7F W3 AAE

THL AAES A=ATFAYTHAA LG AHARR F= nas)

fr
e
e
aq
2
1]
N
2
Ac)
o
2
X
rr
riu
_>|,]_A‘
S
N
£
S
X
Lo
z
b
ok
N
filo
e
4»

—1 1
9% FFHANIL, FFolMe T AAES 77 89.0%%F 971% = °F

8% 4E Ao Z JET]

100

N0 r
E1.Only advanced water treatment

[0 Introduction directfiltration
70

60

(%)

50 T
40 t
30
20
10

0 1 1 1
Raw water Sedimentation —Filtration Ozone water  Activated Purification
water water carbon water water

Fig. 9. Total Mn(Il) removal rate in advanced water treatment and

direct filtration.

_31_



™

SEYL AALS DEAFADTHNAL AR F2 W
H(Fig. 10), LEAFoNM= 22t 83.6% <t 874%, BAEA ol =
0.8%%F 94.1%, BFolXe= 242t 95.5%%F 971%=2 & Aol= §le

100

80 [ Only advanced water treatment

70 B Introduction direct filtration

60

(%)

50
40
30
20
10

Raw water.  Sedimentation Filtration Ozone water~ ' Activated Purification
water water carbon water water

Fig. 10. Dissolved Mn(Il) removal rate in advanced water treatment

and direct filtration.

_32_



o

~NH

I
W

A

68.6%Sl 89.8% % A

o a37}

ol

B

Bl
e

O Only advanced water treatment

Introduction direct filtration

100

90

80

Purification water

Activated carbon water

Ozone water

Fig. 11. Turbidity decrease rate in advanced water treatment and direct

filtration.

_33_



]

=

=

(o]

_,]_i

T

-

Ooﬂ 1:(!,]—7
217 of 3}
0.5mg/L ©]3

=

[e)

=

skt

S

HA

17191 Zobrl
[¢)

o

L

7t

DRI R

V. 89

o

=2

©

p —

=

=

71

=
=

A2

e et 2ok

971

A

ok3

i 2008d 1€ E 12€9]
1,

8

[

bol g

=

0.005 mg/LellA] 0.297 mg/L31

=

=

L

R

9

Fer A
v

o] AT
H

>

wol 2ol A 9

AN,

A
oW

o

A

o W1re] FEsf b

o
=

23t 7}

AN

ol

H

g A

E

K

oA 66.6%= o, ZHoAH

A
_34_

Folz Mol o

NX= 86.5%% °F 20% HE =

s



webx e HeEAed nEEe] Wite] fYE Ald 1= FA
Ao AFARY e =YL Wxre A A} Wbel o fddE &
Azrel &7t A& o= AoHEh

_35_

T ol

o o



A ol A

i

9
pal

2=
T =

=]

Uk, A

Z=

=]

o %ol $4HY

g

b
s

!
s
ot
E!
'~

Ny

N

i

13

o
g
A

o}

_—

LLES R ]

EEEA!

E

A A B2

[e)

=

I

2)

A

=

.

2}

L

2

©

3

o

[e)
O

A=

2

ERRES

N

H
Ul
il

ul
M

i

A
=

™
file)
e

X
o

]

in )
L
—

%

)

A
Y

o

A gy

kil

EER
3}
:

&

o

)

e

]

17 5lg o], o

A
;-1

2 gAH o,

o) %
SO

=
weE o

=B
=
=

u

3

s

==
i

1% ol
o
—_ 36 —_

Pz

],

<)

=

Aok
°

W = Z sl

sHAl 7}

9

=

Aol AlA
3]

AT,
o] WAl Aol

9o
1

5

ok
A ol YEol

b

A4

sAte 2 g BE3 U] my%e] Hoxq

©

=

3]

&



3) A VIEATY, 1995, “LE=AFAH A ~" N Vol 1"

4) SBA, 1998, “Sehek 2ge] AT A=A V1% U B8,

8) Kawamura, S. 2000, '"Integrated Design and Operation of Water
Treatment Facilities; 2nd Ed., John Wiley & Sons, Inc., New York,
pp. 523-527

9) WHO(SH*9 9), 1993, "Guidelines for-Drinking Water Quality, 2nd,
Ed., pp.64-65, 147

10) QESFE=H 3], 2000, FEAAA AR A

11) Williams, R.B. and Culp, G.L.(1986) Handbook of Public Water
System, Van Nostrand Reingold Company, New York, pp.633-644

12) 87, olX1E, Hshy, 2001, “gggolr 213} Bl ool ofgt g3t A7),

o) 3-8 7 58 3] 2], Vol. 23, No. 4, pp. 661-669

13) Raymond D. Letterman, Water Qulity & Treatment : A Handbook

_37_



of Community Water Supplies 5"ed., American Water Works
Association., McGraw-Hill, Inc., 1999

14) John E. Van Benschoten and Wel Lin, "Kinetic Modeling of
Manganese(Il) Oxidation by Chlorine Dioxide and Potassium
Permanganate", Enviton. Sci. Technol, 26(7), pp. 1327-1333. 1992

15) Sommerfeld, E.O., 1997, "Iron and Manganese Removal Handbook",
AWWA, Cenver. pp. 13-92

16) S FALFA FAY A7, 2004, “DAF A& o] A7 F5
71e A3 A

17) Comittee Report, 1980, "The Status of Direct Filtration", Jour,
AWWA 72(7), 405-411

18) +F=, (AAdsl, ol&F, 2000, “HHAATH S A AAE T o
2 A7 as& b, g3 F k3] Vol.22, No. 9, pp. 1637-1650

19) oleh¥, 1993, 7|=8 & &4 HuA “AH AN, A58 44% - F7}
d

20) =t = 3], 2007, A A A2 G B A

21) 4748, 2001, "7 REAS HA(EZ 2 oF AT B g8

_38_



	Ⅰ. 서론
	1. 고도정수처리 공정
	1) 고도정수처리기술의 정의
	2) 고도정수처리기술의 종류

	2. 망간의 일반적인 사항
	1) 수중에서 망간의 거동
	2) 망간 수질기준 현황
	3) 수돗물 중 망간의 영향
	4) 망간 제거 메커니즘

	3. 직접여과법
	4. 연구목표

	Ⅱ. 재료 및 방법
	1. 시료 채취
	2. 망간 측정법
	3. 탁도 및 온도 측정법
	4. 정수처리공정
	1) 고도정수처리공정
	2) 직접여과법


	Ⅲ. 결과 및 고찰
	1. 원수 망간 검출 현황
	2. 정수처리공정에 따른 망간 제거율 및 탁도 감소율 비교
	1) 고도정수처리공정
	2) 직접여과법
	3) 정수처리공정에 따른 망간 제거율과 탁도 감소율 비교


	Ⅳ. 요약
	Ⅴ. 감사의 글
	Ⅵ. 참고문헌


