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ABSTRACT

This study is focused on manganese (Mn(ll)) removal by potassium permanganate (KMnQ,) in surface water. The effects
of bicarbonate on Mn(ll) indicated that bicarbonate could remove Mn(ll), but it was not effectively. When 0.5 mg/L
of Mn(ll) was dissolved in tap water, the addition of KMnQOa4 as much as KMnO4 to Mn(ll) ratio is 0.67 satisfied the
drinking water regulation for Mn (i.e. 0.05 mg/L), and the main mechanism was oxidation. On the other hand, when
the same Mn(ll) concentration was dissolved in surface water, the addition of KMnQs4, which was the molar ratio of
KMnO4/Mn(ll) ranged 0.67 to 0.84 was needed for the regulation satisfaction, and the dominant mechanisms were
both oxidation and adsorption. Unlike Mn(ll) in tap water, the increasing the reaction time increased Mn(ll) removal
when KMnQO4 was overdosed. Finally, the optimum conditions for the removals of 0.5 - 2.0 mg/L Mn(ll) in surface water
were both KMnO4 to Mn(ll) ratio is 0.67 - 0.84 and the reaction time of 15 min. This indicated that the addition of
KMnQO4 was the one of convenient and effective methods to remove Mn(ll).
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Az otar A= It Gerke et al., 2016). FESt
Mo, oo i A wsf Aalso] EAfatiz
o] thefelh slehuk-g-o g2 Qs A eidolA e
HRAE AR 7 9l 0w (Khoe and Waite, 1989), =21 <]
&, UEF 1 A2 H4 g Wk Aol
feelol Qlo] 4 238 @ #Y e Halat 55
2o e At 55 F8T 7hs/do] lrkar Harw gl
th(Kim et al., 2009). ‘HWO TAELEE]
gk, @ HH S
35%
01 1] 1%45 xLo
et al,, 2011). o]t UOP7L}9,]
o A= kg o
2 0.05 mg/L ©] O}E W;q 311 9l
elutete] 9ol 2011 %
mg/L o]stz 73S ATHME, 2015).

|2 TS dRAer ASh, HE4keky O
ga AEAeges AAL 4 Atk(Jusoh et al,
2005; Patil et al., 2016; Xuwen et al., 2010). A3} -&
£7], Cl, KMnO; 55 ©]-&3to] &34 W1k At
shalol AT olabsigte] BRolEE AW Ei
o3t 5o=2 A A= W o] th(Mettler et al., 2001).
Choo et al.(2005)2 3]E 2] vl AHS E3)] t}ofst
Faweo| e Tago] EAsk= Bt AAE
grolal St} HbHof| Crittenden et al.(2012)= 4]
D3} 2ol KMnO} 4814 ke A7 2 4 9
staich KMnOs2 463 459 44l
7 5= ou] Fshe KMn0,o] ool
2 Fhsstol 2qo] Melsict Aol

3Mn*(HCOs)yq) + 2KMnOyieq) —
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A= KMnO, =819
QT AH 0 FEIO]HCON] o3t
FS BISHALE. §) BRGEE v, AES] G2
WA 214 ZKMIO/Mn(Il) EH))S £E3
LEE 93 A7 FsAE Selshar.

814 7S MnSOs-H:O(Sigma Aldrich, USA)Z
Z4=24(AquaMAX™-Ultra 350, Younglin, Korea)o]] 83
AlA =83 ARSFAl = KMnOy(Sigma Aldrich, USA)E
Zao SoAF T SEMEOI2(HCOy)S NaHCO;
(DUCKSAN, Korea)S Z40) &3|A1AH AM&3sHch

Aol AR Suls +ERT ARl R

= A 242 flEl 7] 58 5o E2 HE
A ARgEtl o, A;eE H el A Agsto] 2
=4 AAE —.—IOH 1.2 um filter2 o]}t 3 AFE-3}41

th 52 A x4 EAL Table 19} g
2.2 Al

A3 2 jar-tester(Samwoo science, Korea)E 0]8-3}o]
3124 uES A 3 (batch test) S ST AHEH RS-
719 Huj= 1 Lich

Fetatol & gk Wl KMnO, ol w2 7t A
A AFL 2755 0.5 mgl)o] SallE SEET}
X]—E—'/;\‘% o]-g3ste] A9 ]’oﬂ ) U:] WHFEE = 50 rpm»g—

o259 EAHAZKS, 10, 15, 30, 45, 60, 120 min)o]
10 mLo] A|RE AF3t & 0.45 pum filter (Millipore,
Germany) 2 o] 1}3}¢it}h. zF fufjo| pH 85 A3}V
3l e 29 s+ 40~100 mg/L AlolE A&
5L, KMnOy/Mn(Il) o] 22 &8] AP ol 7o} ohef
gt EHlof| W2 AAE 2l #18 KMnO/Mn(ll) =
H]= 0.17, 0.33, 0.5, 0.67 18|31 1.345 FY3}%ch
KMnO,Z ©0]83F 1% % 8814 47H1~2 mg/L)2] A|A
A oA FdE KMnOy/Mn(ll) EH]E= 0.25-1 o]t}

of whel ol(filtrate)ol] FHEIHE WL FEE nFT
= A3 Zgt2u} (ICP-OES : Inductively Coupled
Plasma Optical Emission Spectrometer, Perkin Elmer,
USA)Z EA34ch W7t £33 9= ICP Standards
(Inorganic Ventures, U.S.A)E ©|-8-5}o] 3H4} 257.6 nmof| A
ZAsI9.0m, AgTAle] AuAaEs R=0.99999% .

Table 1. General characteristics of a water from Tap water and H river

pH Turbidity (NTU) DOC (mg/L) Mn (mg/L) e (mg/L) Ca (mg/L) Mg (mg/L)
Tap water® 7.22-7.45 0.07-0.1 0.6-1.2 - - 19.0-21.2 3.9-5.1
H river® 7.57-7.72 0.3-0.35 5.58-6.75 0.05 0.05-0.06 30.8-32.1 5.7-6.1

b sampling at January~April.2016
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Fig. 1. Effects of bicarbonate on the removal of Mn*?
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Fig. 2. Mn*? removal by various molar ratios of KMnO,/Mn(ll)
in tap water.
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Brele He B 7SS Azl n, it 15 59 olgfgt Ayh= EE A ES41 2] KMnOsE ©]
7E AP EZ 100 %S 83 g3 AA ] = wF US| HEre A

oEbA, B8l Rt AIAS fie 2 KMnO/Mnl)  AJARRITE S el g gt abstel et
ol2# Eule FRAl sl FolA= ol2F EnE AP FH wiFUSelw, Ampollde W] Abet
A5 = M & 4 A%tk & Aol =2EH = RSAIE 5 oF ISEZMAD) E RS A £ oF 15%
Z=ol ol gHke] AAE fle A KMnO/Mn(Il) o] el 23 AlAES & ©f 83| HolErt 834
EHl= 0.5~0.67 ik RYe| Ao} 7 EHFARS thet 22 WA R &

F7HH o2 Frhibol2 22 {50 ©E KMnO, FH = cHPosselt et al., 1968; Taffareal and Rubio, 2010).
(KMnOy/Mn(Il) 4] 0.67)E 0|83 &84 Y1 AAS .
A E QT FERALO] Z0l5}A] oFo AL 27| & Mn™ + MnOy(s) + 2H,0 < 2MnOOH + 2H"  (5)

L E Ty T
Sl WLk A oF 9% glon] WHEAIZE IS HEl:
100% AJAsHATE Hhg-Z27| 5 oF 100%2] A AES K
9l AowRE Fehlolgo] Ak $ald Wk AAS
Z2XN 1L dolslgtt ZeRilo] 0] ZAEHA] Y= A
$-9] pHe= HHg-27]0f] 7.340.10]¢1.0.1 wkg-o] %3y of
w2} oF 7.6480.1712] HAA 2 4k55kAh
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o B, SR 0] a4 W1t AAT} XS A
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Fig. 3. Mn*? removal by various molar ratios of KMnO,/Mn(ll)
in surface water.
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Fig. 4. Mn2" removal depending on the molar ratio of KMnO./Mn(ll) and reaction times.
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Fig. 5. Mn*? removals by KMnO; in surface water.
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& KMnOyMn(Il) EH|x1} ¥H-g-A|7te) o] A =t

3) L34 Wit 052 mgl AAE 98 & AL
KMnO; 2410 A o] 22] EH|ojlA] o] 22| EH|2]
125812 Fdsle] BHSAIZRS 15802 3H= Zo|th

At AL

2 A FEASF SR EARRe] dRlA]
A@A 15SAWMP-B066761-03)0]] 2J8f 438 %] 251tk

References

Almulla, A., Hamad, A., Gadalla, M. (2005) Aquifer storage
and recover(ASR): a strategic cost-effective facility to
balance water production and demand for Sharjah,
Desalination, 174, pp. 193-204

Buamah, R., Petrusevski, B., Schippers, J.C. (2007) Adsorptive
removal of manganese(Il) from the aqueous phase using
iron oxide coated sand, Journal of Water Supply: Research
and Technology, pp. 1-12

Choo, K.H., Lee, H.B., Choi, S.J. (2005) Iron and manganese
removal and membrane fouling during UF in conjunction
with prechlorination for drinking water treatment, Jouranl
of Membrane Science, 267, pp. 18-26

Crittenden, J.C., Trussell, R.R., Hand, D.W., Howe, K.J.,
Tchobanoglous, G. (2012) MWH’s Water treatment: Principles
and Design, 3nd ed, Wiley, New York, pp. 1553-1568

Gerke, T.L., Little, B.J., Maynard, J.B. (2016) Manganese
deposition in drinking water distribution systems, Science
of Total Environment, 541, pp. 184-193

Hiscock, K.M., Grischek, T. (2002) Attenuation of groundwater
pollution by bank filtration, Journal of Hydrology, 266,
pp. 139-144

Jusoh, A.B., Cheng, Low, WM., Nora’aini, A., Noor, M.JJM.M.
(2005) Study on the removal of iron and manganese in
groundwater by granular activated carbon, Desalination,
182, pp. 347-353

Khoe, G.H., Waite, T.D. (1989) Manganese and Iron related
problems in Australian water supplies, Environmental
Technology Letter, 10, pp. 479-490

Kim, CH., Kim, H.C., Ahn, HW. (2003) Development of
Manganese Removal Processes for Bank Filtered Water,
Journal of Korea Technologicl Society of Water and Waste
Water Treatment, 11(3), pp. 35-42

Kim, G.B., Kim, B.W., Shin, S.H., Park, J.H. (2009) Iron and
Manganese Removal through Well Development at River

Bank Filtration Site, The Journal of Engineering Geology,
19(3), pp. 389-400

Kuehn, W., Mueller, U. (2009) Riverbank filtration: an overview,
American Water Works Association, Journal, 92(12), pp. 60

ME(Ministry of envrionment). (2015) Drinking water quality
standards, 621, pp. 1-3

Mettler, S., Abdelmoula, M., Hoehn, E., Schoenenberger, R.,
Weidler, P, Gunten, U.V. (2001) Characterization of Iron
and Manganese Precipitates from an In Situ Groud Water
Treatment Plant, GROUND WATER, 39(6), pp. 921-930

Ok, C.S. (2013) Water Treatmen Effects and Securing to Water
Supply Resources by River Bank Filtration, Journal of
Korean Society of Urban Environment, 13(1), pp. 67-74

Park, N.S., Jung, E.T., Nam, B.H. (2016) Aquifer Storage and
Water Quality Enhancement of Surface Water, The Magazine
of the Korean Society of Civil Engineers, 64(3), pp 25-31

Patil, D.S., Chavan, S.M., Oubagaranadin, J.UK. (2016) A review
of technologies for manganese removal from wastwaters,
Journal of Environmental Chemical Engineering, 4, pp.
468-487

Phatai, P., Wittayakun, J., Chen, W.H., Futalan, C.M,,
Grisdanurak, N., Kan, C.C. (2013) Removal of manganese
(II) and iron(I) from synthetic groundwater using
potassium permanganate, Desalination and Water
Treatment, 52, pp. 5942-5951

Posselt, H.S., Anderson, F.J., Weber, W.J. (1968) Cation sorption
on colloidal hydrous manganese dioxide, Environmental
Science & Technology, 2(12), pp. 1087-1093

Robb, G.A., Robinson, J.D.F. (1995) Acid Drainage from Mines,
The Geographical Journal, 161(1), pp. 47-54

ROllin, HB., Nogueira, CM.C.A. (2011) Manganese:
Environmental Pollution and Health Effects, Encyclopedia
of Environmental Health, pp. 617-629

Taffarel, S.R., Rubio J. (2010) Removal of Mn2+ from aqueous
solution by manganese oxide coated zeolite, Minerals
Engineering, 23(14), pp. 1131-1138

WHO. (2011) Manganese in Drinking-water (Background for
development of WHO Guidelines for Drinking-water
Quality), WHO/SDE/WSH/03.04/104/Rev/1, pp. 2-6

Xuwen, H.E., Huimin, Y., Yong, H.E. (2010) Treatment of mine
water high in Fe and Mn by modified manganese sand,
Mining Science and Technology, 20, pp. 571-575

Yu, W,, Campos, L., Shi, T,, Li, G., Graham, N. (2015) Enhanced
removal of manganese in organic-rich surface water by
combined sodium hypochlorite and  potassium

permanganate during drinking water treatment, Royal

society of Chemistry, 5, pp. 27970-27977

Journal of Korean Society of Water and Wastewater Vol. 30, No. 2, April 2016

pp. 207-213



