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Abstract. Laboratory scale experiments was conducted to examine effect of permanganate
(KMnO.) peroxidation in characterizing and to remove natural organic matter (NOM) in source
water. The experimental results shows that increasing permanganate dosage could decreased
aromatic matter, as indicated by decreasing UV and SUVA value about 23% and 28%,
respectively. It seems that permanganate preoxidation caused the breakdown of high molecular
weight (BeW) organics into low MW ones, as represented by increasing NPDOC about 10%.
Further, disinfection by-products formation potential (DBPFP) in terms of trihalomethanes
formation potential (THMFP) and hamﬂic acid formation potential (HAAP) decreased about
15% and 23%, respectively. HAAFP removal is higher than THMFP removal and that DPBFP
removal is consistent with UVisy and NPDOC removal.

Introduction

tural organic matter (NOM) is an extremely complex mixture of organic compoundsind in all
water sources. NOM in water contains different fractions or constituents, therefore, NOM has a
significant impact on water quality during water treatment and in water distribution systems.
Preoxidation has been known as anf{fffective way in promoting the coagulation of their organic matter
[1,2] and algal cells [3], and its widely used in drinking water treatment. Preoxidation could be
conducted by ozone, chlorine, chlorine dioxide, permanganate, it has been reported that peroxidation
could change the zeta potential and structure of algae cells and deactivate cell to promote their
aggregation [4]. Preoxidation by permanganate also generates manganese dioxides in situ, which can
adhere to the cells and promote their settling [5]. However, if chlorine is added as a disinfectant during
water treatment, it will form disinfectant by-products (DBPs), which have been found to be
carcinogenic, hepatotoxic, or mutagenic [6,7].

In conventional drinking water treatment process, preoxidation with chlorine before coagulation may
be practiced. It is used for NH,-N, Fe**, Mn?* oxidation and control of biological growth within the
treatment plant. However, chlorine may also react with NOM to form DBPs. Altermative pre-oxidants,
such as ozone, ClO2, and KMnO4s, may be used. KMnOy has the advantage of easy application and
lower initial costs. Further, KMnOs may have some effects on NOM removal. For example: its
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reducing product, MnOs, was reported to have adsorption power for humic acid [8] and some low
AMW organics [9], and facilitate their removal in the following coagulation process.

In this study, NOM surrogates and DBPFP was used to characterize the NOM in the source water and
treated water from permanganate preoxidation. At the same time, the removal of NOM surrogates and
DBPFP by various permanganate dosage were also examined.

) Material and method
The raw water used from Tai Hu Reservoir in Kinmen Island, Taiwan. The reservoirs is the main
source of drinking water production for the population in those region.

18
Preoxidation was conducted with a six-paddle gang stirrer ]E test apparatus (Phipps & Bird,
Richmond, Virginia, USA). First, various dosage of KMnOs (Merck, Germany) is 0.25, 0.5, 1, 1.8,
2.7, 4 (mg/L), was addefinto the water-filled jar under 100 rpm rapid mixing and duration for raffl§
mixing was 3 min. The speed was then reduced to 35 rpm for ffmin., followed by quiet settling for
30 min. The supernatants were collected, and filtered through 0.45 pm filter (cellulose acetate, Toyo
Roshi, Japan) before further analysis.

[Zhe source water and treated water were analyzed for general physicochemical characteristics, such as
nonpurgeable dissolved organic carbon (l\mOC], ultraviolet absorbance at 254 nm (UV2s4), based on
pmcenes from Standard Methods [10]. NPDOC was measured by the combustion-infrared method
using total organic carbon analyzer (Model TOC-500, Shimadzu, Kyoto, Japan). UVzss was measured
using UV/vis spefE@photometer (Model U-2001, Hitachi, Japan) with a 1-cm quartz cell. SUVA
values is obtained by dividing the UV.ss absorbance value by the concentration of NPDOC.

quaaecies of trihalomethanes, namely chloroform, dichlorobromomethane, dibromochloromethane,
and bromoform, were measured by the purge and trap packed-column gas chromatographic method
using a gas chromatograph (Model 3400 GC, Varian, USA) equipped with a purge and trap module
(Model LCS-2000, Tekmar USA) and an electron capture detector.

The measuremenffpf nine species of haloacetic acids, namely monochloroacetic —acid,
monobromoacetic acid, dichloroacetic acid, dibromoacetic acid, trichloroacetic acid, tribroﬂ:acetic
acid, bromochloroacetic acid, dichlorobromoacetic acid, and dibromochloroacetic acid, basically
involved liquid-liquid extraction with methyl tertiary butyl ether (MTBE) and esterification with
diazomethane prior to GC-ECD analysis.

13

?Results and discussion

3.1. Characteristic of source water

The general water quality parameters of both samples were shown in Table 1. Taihu has neutral pH
and low turbidity and significantly low of alkalinity. Organic matters analysis supported that effluent
of slow sand filter relatively less aromatic as presented by SUVA less than 2 L/mg-m and much humic

substances.
Table 1. Characteristic of organic matter in effluent slow sand filter
Water Quality DBPs Concentration
NPDOC UVasg SUVA Alkalinity THMFP HAAFP
(mg/L) (em™) (L/mg-m) (mg/L as CaCOs) (ug/L) (ng/L)
4.19 0.058 1.38 35 911.64 257.77

DBPFP and SUVA have shown consistency in characterizing organic matter in source water, which
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SUVA as a bulk optical proxy primarily capture the aromatic cffiracter of DOM but not the potentially
relevant aliphatic components [7]. Also, it confirmed that hydrophobic carbon, which is rich in
aromatic content and conjugated double bonds, imlc major THM and HAA precursor in natural
waters [11,12].  While, aliphatic structures has important role in THM formation than inff[JAA
formation [13]. Therefore, it may be concluded that Taihu has significantly THMFP due to higher
proportion of aliphatic components, in addition to aromatic components.

g&a of KMnO, preoxidation on removal efficiency of organic matters

The effect of the various KMnOs dosage on the NOM removal in effluent slow sand filter were
measured by NPDOC, UV3s and SUVA (Table 2), as well as with the percentage removal of organic
matter after preoxidation (Figure 1). As preoxidant dosage increased, the NPDOC increased, while
UVass decreased in-line with decreasing SUVA removal.

Table 2. NOM surrogates concentration under various KMnOs dosage

KMnO4 Organic Matter Concentration
(mg/L) NPDOC (mg/L) UVasy (cm"] SUVA (L/mg-m)
0 4.21+0.01 0.058+0.00 1.38+0.0
0.25 4.2440.11 0.057+0.00 1.32+0.03
0.5 4.34+0.01 0.056+0.00 1.31+0.02
1.0 4.36+0.12 0.053+0.00 1.21+0.02
1.8 4.50+0.02 0.051+0.00 1.13+0.02
27 4.5340.05 0.046+0.00 1.02+0.04
4.0 4.56+0.09 0.044+0.00 0.99+0.03

The oxidation mechanisms through organic matter caused breaking down of higher organic molecular
weight to lower molecular weight [2,4]. Breaking down high molecular weight is indicated by removal
of UVyss and SUVA, which referred to degradation of aromatic compound. Organic matter
degradation product in term of low molecular weight is indicated by increasing of NPDOC, which
means another organic compound was formed during preoxidation. It seems that preoxidation, which
transformed organic fractions, is ineffective in removing organic compound. However, permanganate
oxidation followed by coagulation was found to cause a greater reduction, or preoxidation is used to
enhanced coagulation to remove organic matter [1,2].
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Figure 1. Percentage removal of NOM in various KMnOy dosage
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3.3. Effect of KMnO, preoxidation on removal efficiency of DBPFP
Table 3 shows DBPFP values in effluent of slow sand filter before and after preoxidation. The results

obtained that the application of preoxidation can achieve a removal of THMFP and HAAFP less than
10% and 20%, respectively (Figure 2).

Table 3. DBPFP concentration under various KMnQO, dosage

KMnO4 DBPFP Concentration (ug/L)
0 91 1.64+0.14 257.77+0.82
0.25 896.82+3.79 253.36+0.33
0.5 890.59+5.02 245.50+£0.84
1.0 884.91+9.71 226.35+1.83
1.8 869.81£9.16 209.80+£0.94
2.7 825.00£11.10 206.73£2.53
4.0 779.47+11.27 198.75+0.98

It could be explained that aromatic carbon were oxidized by KMnOy preoxidant. HAA precursors are
aromatic in nature, while THM may have relatively more aliphatic in addition to aromatic. Therefore,
it is concluded that THMFP has a higher value than HAAFP. Also, HAAFP removal is higher than
BHMFP removal and that DPBFP removal is consistent with UV2ss and NPDOC removal. It has been
conjectured that the aliphatic biopolymer fraction is the major precursor for THMs, while the aromatic
humic substances fraction is major precursor for HAAs [12,13].
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Figure 2. Removal DBPFP as a function of KMnOs dosage in effluent slow sand filter

4. Conclusions

Increasing permanganate dosage could decreased aromatic matter, as indicated by decreasing UV,s4
and SUVA value about 23% and 28%, respectively. It seems that permanganate preoxidation caused
the breakdown of high molecular weigh@MW) organics into low MW ones, as represented by
increasing NPDOC about 10%. Further, disinfection by-products formation potential (DBPFP) in
terms of trihalomethanes formation potential (THMFP) and haloacetic acid formation potential
(HAAP) decreased about 15% and 23%, respectively. HAAFP removal is higher than THMFP
removal and that DPBFP removal is consistent with UV2s4 and NPDOC removal.




The 2nd International Joint Conference on Science and Technology (IICST) 2017 IOP Publishing
IOP Conf. Series: Journal of Physics: Conf. Series 953 (2018) 012218 doi:10.1088/1742-6596/953/1/012218

Acknowledgments

The financial support provided for this study by Ministry of Science and Technology, Taiwan
(Contract No. 101-2221-E-006-156-MY3) is greatly appreciated. The author also would like to thank
UPN *“Veteran™ Jatim for conference support.

5. References

[1] Ma ], Li G, Chen Z, Xu G and Cai G 2001 Enhanced coagulation of surface waters with high
organic content by permanganate preoxidation Water Science and Technology: Water Supply 1
(1) 51-61.

[2] Hidayah E N, Chou Y C and Yeh H H 2017 Comparison between HPSEC-OCD and F-EEMs for
assessing DBPs formation in water Jowrnal of Environmental Science and Health, Part A 52(4)
391-402.

[3] Xie P, Ma J, Fang J, Guan Y, Yue S, Li X and Chen L 2013 Comparison of permanganate
preoxidation and preozonation on algae containing water: cell integrity, characteristics, and
chlorinated disinfection byproduct formation Environmental Science and Technology 47 (24)
14051-14061.

[4] Xie P, Chen Y, Ma J, Zhang X, Zou J and Wang Z 2016 A mini review of peroxidation to
improve coagulation Chemosphere 155 550-563.

[5] Chen C, Zhang X J, Zhu LX, Liu J and He W J 2008 Disinfection by-products and their
precursors in a water treatment plant in North China: seasonal changes and fraction analysis
Science of the Total Environment 397 (1) 140-147.

[6] KimH and YuM 2005 Characterization of natural organic matter in conventional water treatment
processes for selection of treatment processes focused on DBPs control Water Research 39 4779-
89,

[7] Hua G and Reckhow D A 2007 Characterization of disinfection byproduct precursors based on
hydrophobicity and molecular size Environmental Science and Technology 41 (9) 3309-15.

[8] Colthurst ] M and Singer P C 1982 Removing trihalomethane precursors by permanganate
oxidation and manganese dioxide adsorption Journal of American Water Works Association 74
(2) 78-83.

[9] Zhang L Z, Ma J, Li X and Wang S T 2009 Enhanced removal of organics by permanganate
preoxidation using tannic acid as a model compound — role of in situ formed manganese dioxide
Journal of Environmental Science 21 (7) 872-876.

[10] APHA, AWWA, and WEF 2012 Standard Methods for the Examination of Water and
Wastewaters 21" ed American Public Health Association: Washington, D.C.

[11] Lamsal R, Montreuil K R, Kent F C, Walsh M E and Gagnon G A 2012 Characterization and
removal of natural organic matter by an integrated membrane system Desalination 303 12-16.

[12] Hidayah EN, Chou Y C and Yeh H H 2016 Using HPSEC to identify NOM fraction removal and
the correlation with disinfection by-product precursors Water Science & Technology: Water
Supply 16 (2) 305-313.

[13] Liang L and Singer P C 2003 Factors influencing the formation and relative distribution of
haloacetic acids and trihalomethanes in drinking water Environmental Science and Technology 37
(13) 2920-2928.




|IJCST 2017 _Effect of Permanganate Preoxidation to Natural
Organic Matter and Disinfection by-Products Formation Potential
Removal

ORIGINALITY REPORT

19.. 9. 17% 1«

SIMILARITY INDEX INTERNET SOURCES  PUBLICATIONS STUDENT PAPERS

PRIMARY SOURCES

Xie, Pengchao, Jun Ma, Jingyun Fang, 30/
Yinghong Guan, Siyang Yue, Xuchun Li, and °
Liwei Chen. "Comparison of Permanganate
Preoxidation and Preozonation on Algae
Containing Water: Cell Integrity, Characteristics,
and Chlorinated Disinfection Byproduct
Formation", Environmental Science &

Technology, 2013.

Publication

Winn-Jung Huang, Yuan-Yei Tsai, Chenghwa 20/
Chu. "Evaluation of Disinfection By-products °
Formation During Ozonation of Bromide-

Containing Groundwater", Journal of
Environmental Science and Health, Part A,
2003

Publication

Tian, J.y.. "Integrative membrane coagulation 20/
adsorption bioreactor (MCABR) for enhanced °
organic matter removal in drinking water



treatment”, Journal of Membrane Science,
20100415

Publication

etds.lib.ncku.edu.tw 2
0

Internet Source

El

iwaponline.com 20
Internet Source /0

Stelios A. Samios, Spyros K. Golfinopoulos, 1 o
Przemyslaw Andrzejewski, Joanna Swietlik. °
"Natural organic matter characterization by

HPSEC and its contribution to trihalomethane

formation in Athens water supply network",

Journal of Environmental Science and Health,

Part A, 2017

Publication

Winn-Jung Huang, Hsuan-Hsien Yeh. "The 1 o
effect of organic characteristics andbromide on °
disinfection by-products formation by

chlorination", Journal of Environmental Science

and Health . Part A: Environmental Science and
Engineering and Toxicology, 1997

Publication

mafiadoc.com 1 o
(0}

Internet Source

Gone, D.L.. "Using fluorescence spectroscopy 1 Y
EEM to evaluate the efficiency of organic matter °



removal during coagulation-flocculation of a
tropical surface water (Agbo reservoir)", Journal
of Hazardous Materials, 20091230

Publication

Kraus, T.E.C.. "Assessing the contribution of
wetlands and subsided islands to dissolved
organic matter and disinfection byproduct
precursors in the Sacramento-San Joaquin
River Delta: A geochemical approach”, Organic
Geochemistry, 200809

Publication

1o

C.J. Moudgal, J.C. Lipscomb, R.M. Bruce.
"Potential health effects of drinking water
disinfection by-products using quantitative
structure toxicity relationship", Toxicology, 2000

Publication

1o

Jia-yu Tian, Mathias Ernst, Fuyi Cui, Martin
Jekel. "KMnO4 pre-oxidation combined with
FeClI3 coagulation for UF membrane fouling
control", Desalination, 2013

Publication

1o

Uyak, V.. "Seasonal variations of disinfection by-
product precursors profile and their removal
through surface water treatment plants”,
Science of the Total Environment, 20080215

Publication

1o

kb.psu.ac.th



Internet Source

1o

Winn-Jung Huang, Hsuan-Hsien Yeh. "Reaction <1 o
of chlorine with NOM adsorbed on powdered °
activated carbon", Water Research, 1999
Publication

Euis Nurul Hidayah, Ram Babu Pachwarya, <1 o
Okik Hendriyanto Cahyonugroho, A. L.

Ramanathan. "Characterization of Molecular
Weight—-Based Fluorescent Organic Matter and
Its Removal in Combination of Constructed
Wetland with Activated Sludge Process”, Water,
Air, & Soil Pollution, 2020
Publication
ﬁtce:rhnglsecl)t;\r/(\;orks.uark.edu <1 o
Meyssami, B.. "Use of coagulants in treatment <1 .
. : . Yo
of olive oil wastewater model solutions by
induced air flotation", Bioresource Technology,
200502
Publication
Zhang, Yanping, David Martinez, Christopher <1 o,

Collins, Nigel Graham, Michael R. Templeton,
Jin Huang, and Mark Nieuwenhuijsen.
"Modelling of haloacetic acid concentrations in a
United Kingdom drinking water system", Journal
of Water Supply Research and Technology—



AQUA, 2011.

Publication

Ibrahim, Nurazim, and Hamidi Abdul Aziz.
"Trends on Natural Organic Matter in Drinking
Water Sources and its Treatment", International
Journal of Scientific Research in Environmental
Sciences, 2014.

Publication

<1%

Euis Nurul Hidayah, Fauzul Rizqa, Okik
Hendriyanto Cahyonugroho. "PERFORMANCE
OF PRE-CHLORINATION, COAGULATION
AND ADSORPTION FOR CONTROLLING THE
FORMATION OF CARCINOGENIC
COMPOUND IN TREATED WATER", Rasayan
Journal of Chemistry, 2019

Publication

<1%

Exclude quotes Off Exclude matches Off

Exclude bibliography On



	IJCST 2017_Effect of Permanganate Preoxidation to Natural Organic Matter and Disinfection by-Products Formation Potential Removal
	by Euis Nurul Hidayah

	IJCST 2017_Effect of Permanganate Preoxidation to Natural Organic Matter and Disinfection by-Products Formation Potential Removal
	ORIGINALITY REPORT
	PRIMARY SOURCES


