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Introduction

Disinfection is always the first priority in water treatment works to
remove or inactive pathogenic microorganisms and to protect people
from waterborne infectious diseases. Chlorine is the prevalent
disinfectant due to its broad-spectrum germicidal potency, low cost
and well-established practices [1]. However, the inevitable formation
of Disinfection By-Products (DBPs) is considered as one of the
primary threats to human well-being. DBPs, such as Trihalomethanes
(THMs) and Haloacetic Acids (HAAs), have been regulated by the
United States Environment Protection Agency (U.S.EPA) and other
national agencies. Alternative disinfectants, such as chlorine dioxide
(ClO,), ozone, UV and chloramines are becoming popular [2,3].
Among these alternative disinfectants, ClO, can be also applied for
color removal, algal removal, and taste and odor control [4-6]. Its
biocidal efficiency is equal or superior to chlorine over a wide pH
range [7-10]. Application of ClO, does not form appreciable levels of
the chlorine-containing by-products such as Trihalomethanes (THM:s)
and Haloacetic Acids (HAAs) under typical water treatment
conditions [11,12]. ClO, is often used as preoxidant combined with
post-chlorination or -chloramination or used as disinfectant to
inactivate microorganism and provide residual in the distribution
system.

The major DBPs from application of ClO, are chlorite (ClO,") and
chlorate (ClO37). Approximately 70% of applied ClO, forms chlorite,
while about 10% forms chlorate [13]. Due to the health concerns over
chlorite and chlorate, the maximum contaminant level (MCL) for
chlorite in drinking water is regulated at 1.0 mg/L in the United States
[14]. In the new Chinese Sanitary Standards for Drinking Water, it has
been regulated at the threshold value of 0.7 mg/L for both chlorite and
chlorate (Chinese Sanitary Standards for Drinking Water, 2006). Thus,
the doses of ClO, should be controlled to prevent the excessive
formation of chlorite and chlorate.

Natural organic matter (NOM) is precursor of DBPs.
Understanding the reactions between Natural Organic Matter (NOM)
and ClO, can help clarify the role of ClO, during pretreatment.
Previous study showed that chlorine dioxide destroys the aromatic and
conjugated structures of Natural Organic Matter (NOM) and
transforms large aromatic and long aliphatic chain organics to small
and hydrophilic organics [15]. Oxidation of NOM with ClO, also
generates organic by-products such as aldehydes and long chain
carboxylic acids, which affected DBP formation during subsequent
chlorination/chloramination [16]. It has been shown that ClO,
oxidation prior to chlorination can reduce the formation of THM and
Total Organic Halogen (TOX) [17]. A recent study has reported that
ClO, preoxidation reduced THM, HAA, HAN and CH formation
during subsequent chlorination [15]. ClO, pre-oxidation reduces the
NDMA Formation Potential (FP) of natural water sources by 32-94%
[18]. But enhanced NDMA formation after ClO, pre-oxidation has

also been reported in wastewater-impacted waters [19]. Thus, the
current understanding of the reactions between NOM and ClO, is still
quite limited and the role of ClO, for subsequent DBP formation still
needs further exploration.

Emerging DBPs, such as Iodo-Trihalomethanes (I-THMs), have
been reported to form when ClO, disinfects waters containing iodide
and NOM. In iodide-containing waters, ClO, can react with iodide to
form Hypoiodous Acid (HOI), which reacts with NOM to form
iodinated DBPs, including I-THMs [20,21]. The formation is affected
by many factors, including reaction time, pH, temperature,
disinfectant doses, concentration, bromide ion concentrations and
precursor properties. The generation of byproducts from the
application of ClOj; is still not clear. The reaction mechanisms behind
is worth further exploration.

References

1. White GC (1992) The Handbook of Chlorination and Alternative
Disinfectants, third edition. Van Nostrand Reinhold: New York.

2. Shah AD, Krasner SW, Lee CFT, von Gunten U, Mitch WA (2012) Trade-
Offs in Disinfection Byproduct Formation Associated with Precursor
Preoxidation for Control of N-Nitrosodimethylamine Formation. Environ
Sci Technol 46: 4809-4818.

3. Hua G, Reckhow DA (2007) Comparison of disinfection byproduct
formation from chlorine and alternative disinfectants. Water Res 41:
1667-1678.

4. Korn C, Andrews RC, Escobar MD (2002) Development of chlorine
dioxide-related by-product models for drinking water treatment. Water
Res 36: 330-342.

5. Steynberg MC, Gugleilm MM, Geldenhuys JC, Pieterse AJH (1996)
Chlorine and chlorine dioxside: pre-oxidants used as algocide in potable
water plantes. ] Water SRT-Aqua 45: 162-170.

6. Kull TPJ, Sjovall OT, Tammenkoski MK, Backlund PH, Meriluoto JO
(2006) Oxidation of the cyanobacterial hepatotoxin microcystin-LR by
chlorine dioxide: Influence of natural organic matter. Environ Sci Technol
40: 1504-1510.

7. Rodriguez E, Onstad GD, Kull TPJ, Metcalf JS, Acero JL, et al. (2007)
Oxidative elimination of cyanotoxins: Comparison of ozone, chlorine,
chlorine dioxide and permanganate. Water Res 41: 3381-3393.

8. Aieta EM, Berg JD (1986) A review of chlorine dioxide in drinking water
treatment. ] Am Water Works Assoc 78: 62-72.

9. Gates DJ, Ziglio G, Ozekin K (2009) State of the Science of Chlorine
Dioxide in Drinking Water. Water Research Foundation and Fondazione
AMGA: Denver, CO.

10. Richardson SD, Rav-Acha C, Simpson GD (2009) Chlorine Dioxide
Chemistry, Reactions, and Disinfection By-Products. In: State of the
Science of Chlorine Dioxide in Drinking Water, Gates DJ, Ziglio G, Ozekin
K, [Edn]. Water Research Foundation and Fondazione AMGA: Denver,
CO 21-49.

J Civil Environ Eng
ISSN:2165-784X JCEE, an open access journal

Volume 5 « Issue 3 « 1000172


mailto:yangx36@mail.sysu.edu.cn
http://trove.nla.gov.au/work/23704322?q&sort=holdings+desc&_=1430389731404&versionId=183594766
http://trove.nla.gov.au/work/23704322?q&sort=holdings+desc&_=1430389731404&versionId=183594766
http://pubs.acs.org/doi/abs/10.1021/es203312s
http://pubs.acs.org/doi/abs/10.1021/es203312s
http://pubs.acs.org/doi/abs/10.1021/es203312s
http://pubs.acs.org/doi/abs/10.1021/es203312s
http://www.sciencedirect.com/science/article/pii/S0043135407000619
http://www.sciencedirect.com/science/article/pii/S0043135407000619
http://www.sciencedirect.com/science/article/pii/S0043135407000619
http://www.sciencedirect.com/science/article/pii/S0043135401001944
http://www.sciencedirect.com/science/article/pii/S0043135401001944
http://www.sciencedirect.com/science/article/pii/S0043135401001944
https://getinfo.de/app/Chlorine-and-chlorine-dioxide-pre-oxidants-used/id/BLSE%3ARN012068918
https://getinfo.de/app/Chlorine-and-chlorine-dioxide-pre-oxidants-used/id/BLSE%3ARN012068918
https://getinfo.de/app/Chlorine-and-chlorine-dioxide-pre-oxidants-used/id/BLSE%3ARN012068918
http://www.ncbi.nlm.nih.gov/pubmed/16568763
http://www.ncbi.nlm.nih.gov/pubmed/16568763
http://www.ncbi.nlm.nih.gov/pubmed/16568763
http://www.ncbi.nlm.nih.gov/pubmed/16568763
http://www.sciencedirect.com/science/article/pii/S0043135407002187
http://www.sciencedirect.com/science/article/pii/S0043135407002187
http://www.sciencedirect.com/science/article/pii/S0043135407002187
http://www.jstor.org/discover/10.2307/41273622?uid=3738256&uid=2129&uid=2&uid=70&uid=4&sid=21106212348501
http://www.jstor.org/discover/10.2307/41273622?uid=3738256&uid=2129&uid=2&uid=70&uid=4&sid=21106212348501
http://www.awwa.org/store/productdetail.aspx?productid=25736
http://www.awwa.org/store/productdetail.aspx?productid=25736
http://www.awwa.org/store/productdetail.aspx?productid=25736
http://cfpub.epa.gov/si/si_public_record_report.cfm?dirEntryId=165703&fed_org_id=770&SIType=PR&TIMSType=&showCriteria=0&address=nerl/pubs.html&view=citation&sortBy=pubDateYear&count=100&dateEndPublishedPresented=12/31/2009
http://cfpub.epa.gov/si/si_public_record_report.cfm?dirEntryId=165703&fed_org_id=770&SIType=PR&TIMSType=&showCriteria=0&address=nerl/pubs.html&view=citation&sortBy=pubDateYear&count=100&dateEndPublishedPresented=12/31/2009
http://cfpub.epa.gov/si/si_public_record_report.cfm?dirEntryId=165703&fed_org_id=770&SIType=PR&TIMSType=&showCriteria=0&address=nerl/pubs.html&view=citation&sortBy=pubDateYear&count=100&dateEndPublishedPresented=12/31/2009
http://cfpub.epa.gov/si/si_public_record_report.cfm?dirEntryId=165703&fed_org_id=770&SIType=PR&TIMSType=&showCriteria=0&address=nerl/pubs.html&view=citation&sortBy=pubDateYear&count=100&dateEndPublishedPresented=12/31/2009
http://cfpub.epa.gov/si/si_public_record_report.cfm?dirEntryId=165703&fed_org_id=770&SIType=PR&TIMSType=&showCriteria=0&address=nerl/pubs.html&view=citation&sortBy=pubDateYear&count=100&dateEndPublishedPresented=12/31/2009

Citation:

10.4172/2165-784X.1000172

Yang X (2015) Understanding the Role of Chlorine Dioxide as Pre-oxidant and Disinfectant. J Civil Environ Eng 5: 172. doi:

Page 2 of 2
11. Hua GH, Reckhow DA (2007) Characterization of Disinfection Byproduct Dioxide:Kinetics and Effect on NDMA Formation Potential. Environ Sci
Precursors Based on Hydrophobicity and Molecular Size. Environ Sci Technol 41: 2056-2063.
Technol 41: 3309-3315. 17. Shah AD, Mitch WA (2012) Halonitroalkanes, Halonitriles, Haloamides,
12. USEPA (2006) National Primary Drinking Water Standards. In: Office of and N-Nitrosamines: A Critical Review of Nitrogenous Disinfection
Research and Development, Washington, DC. Byproduct Formation Pathways. Environ Sci Technol 46: 119-131.
13. Yang X, Guo W, Lee W (2013) Formation of disinfection byproducts upon 18, Lengyel I, Epstein IR, Kustin K (1993) Kinetics of iodine hydrolysis. Inorg
chlorine dioxide preoxidation followed by chlorination or chloramination Chem 32: 5880-5882.
of natural organic matter. Chemosphere 91: 1477-1485. 19. Lengyel I, Li ], Kustin K, Epstein IR (1996) Rate constants for reactions
14. Swietlik J, Dabrowska A, Raczyk-Stanislawiak U, Nawrocki ] (2004) between iodine-and chlorine-containing species: a detailed mechanism of
Reactivity of natural organic matter fractions with chlorine dioxide and the chlorine dioxide/chlorite-iodide reaction. ] Am Chemical Soc 118:
ozone. Water Res 38: 547-558. 3708-3719.
15. Linder K, Lew J, Carter B, Brauer R (2006) Avoiding chlorite: chlorine and  20. Fabidn I, Gordon G (1997) The Kinetics and Mechanism of the Chlorine
ClO2 together form fewer DBPs (disinfection by-products). Opflow: Dioxide—Iodide Ion Reaction. Inorg Chem 36: 2494-2497.
practical ideas for water operators 32: 24-26. 21. Bichsel Y, von Gunten U (2000) Formation of Iodo-Trihalomethanes
16. Lee C, Schmidt C, Yoon J, von Gunten U (2007) Oxidation of N- during Disinfection and Oxidation of Iodide-Containing Waters. Environ
Nitrosodimethylamine (NDMA) Precursors with Ozone and Chlorine Sci Technol 34: 2784-2791.
J Civil Environ Eng Volume 5 « Issue 3 « 1000172

ISSN:2165-784X JCEE, an open access journal


http://www.ncbi.nlm.nih.gov/pubmed/17539542
http://www.ncbi.nlm.nih.gov/pubmed/17539542
http://www.ncbi.nlm.nih.gov/pubmed/17539542
http://water.epa.gov/drink/contaminants/
http://water.epa.gov/drink/contaminants/
http://www.ncbi.nlm.nih.gov/pubmed/23312737
http://www.ncbi.nlm.nih.gov/pubmed/23312737
http://www.ncbi.nlm.nih.gov/pubmed/23312737
http://www.sciencedirect.com/science/article/pii/S0043135403006079
http://www.sciencedirect.com/science/article/pii/S0043135403006079
http://www.sciencedirect.com/science/article/pii/S0043135403006079
http://www.environmental-expert.com/articles/avoiding-chlorite-chlorine-and-clo2-together-form-fewer-dbps-57060
http://www.environmental-expert.com/articles/avoiding-chlorite-chlorine-and-clo2-together-form-fewer-dbps-57060
http://www.environmental-expert.com/articles/avoiding-chlorite-chlorine-and-clo2-together-form-fewer-dbps-57060
http://www.ncbi.nlm.nih.gov/pubmed/17410805
http://www.ncbi.nlm.nih.gov/pubmed/17410805
http://www.ncbi.nlm.nih.gov/pubmed/17410805
http://www.ncbi.nlm.nih.gov/pubmed/17410805
http://pubs.acs.org/doi/abs/10.1021/es203312s
http://pubs.acs.org/doi/abs/10.1021/es203312s
http://pubs.acs.org/doi/abs/10.1021/es203312s
http://pubs.acs.org/doi/abs/10.1021/ic00077a036
http://pubs.acs.org/doi/abs/10.1021/ic00077a036
http://hopf.chem.brandeis.edu/pubs/pub234%20rep.pdf
http://hopf.chem.brandeis.edu/pubs/pub234%20rep.pdf
http://hopf.chem.brandeis.edu/pubs/pub234%20rep.pdf
http://hopf.chem.brandeis.edu/pubs/pub234%20rep.pdf
http://pubs.acs.org/doi/abs/10.1021/ic961279g
http://pubs.acs.org/doi/abs/10.1021/ic961279g
http://pubs.acs.org/doi/abs/10.1021/es9914590
http://pubs.acs.org/doi/abs/10.1021/es9914590
http://pubs.acs.org/doi/abs/10.1021/es9914590

	Contents
	Understanding the Role of Chlorine Dioxide as Pre-oxidant and Disinfectant
	Introduction
	References


