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CHAPTERI

INTRODUCTION

1.1 Motivation

In Thailand, surface water is one of ihe main water resources for water
supply. Turbidity is a_common. parameter used for identification of surface water
quality in water treatment precess. Generally, turbidity of surface water is increased
after rainfall and flogding.due to run‘-.off and soil erosion. Suspended sediments
presented in turbid water gansalso absg'rﬂb and transport nutrients, organic matter,
heavy metals, and other/€hemicals. The utilization of turbid water is a problematic
issue of water treatment plant as the op'e‘r_a_tk_ion cost will be raised and the health
effects may be subsequently created: |

In water treatment process, severai_-.tgchnologies have been employed for
turbidity removal such as filtration and coagulation.” Coagulation is a common
process in Thailand“due to low cost construction and equipment, no need expert
operator, and less maintenance. Conventional coagulation including
coagulation/flocculation precess and sedimentation process, are the regular systems
installed in water supply plants and wastewater treatment plants (Volk et al., 2000).
The most widely used coagulants are aluminum, iron salts and,synthetic polymers
(Gao et al.; 2002).

Iron salt coagulant is one of the high effective coagulants for particle and
turbidity removals as it is not only operated in wide pH range but also formed dense
and rapid settling flocs (Reynolds and Richards, 1996). However, iron salts
coagulant is not commonly used for water treatment due to its high cost. Natural iron
(Fe®* and Fe**) contained in groundwater is a common problematic element for

groundwater utilization and it is subjected to be primarily removed. In contrast, the



natural iron could be valuable and profitable since it can be utilized to produce ferric
coagulant. From this concept, not only the operation cost of using iron salts
coagulant such as ferric chloride (FeCl3) was reduced but also the high treatment
efficiency by coagulation was achieved. Based on this concept, turbidity removal of
high turbid surface water might be achieved by adding groundwater containing high
iron together with chlorine to form ferric coagulant. However, chlorination is of
particularly concern since added chlorine could potentially react with dissolved
organic matter (DOM) in such water and form carcinogenic disinfection by products
(DBPs) e.g. trihalomethanes (THMs).» The U.S. Environmental Protection Agency
(USEPA) has set the"maximum contaminant level"(MCL) of 100ug/L for total
trihalomethanes and has set'a new MCL of 80ug/L for stage 1 of the disinfection by
product rule (D/DBR*Rulg; USERPA 1998_7). In stage 2, the D/DBP Rule may lower
the MCL for THMs to40ug/1.. :

In this work, coagulation of high turbid surface water using ferric coagulant
from natural iron in groundwater reacted"f/vith chlorine for removing turbidity was
studied and trihalomethanes (THMs) forméd‘"ﬁom the coagulation process was also
investigated. Furthermore, a-comparison of chemical costs between commercial
ferric chloride and fefrie-coagutant-from-fatural-iron-tm groundwater reacted with

chlorine was evaluated.

1.2 Objectives

- "To utilize groundwater containing high'natural-iron te proeduce ferric
coagulant by adding chlorine in coagulation process for high turbid

surface water treatment.

- To investigate trihalomethanes (THMs) in raw water and ferric

coagulated water.



- To characterize dissolved organic matters (DOMs) in raw water, ferric
coagulated water, and their fractionated waters.

- To introduce a fluorescence excitation-emission matrix (FEEM) technique

for DOM characterization in raw water, ferric coagulated water.

1.3 Hypotheses

Ferrous and Tergie'irons in natural water can be effective producing ferric

coagulant by adding ehlorine during coagulation process.

Ferric coagulation can enhance the removal of turbidity and dissolved

organic matier (DOM) in natural water.

Trihalomethanes (THMS) formétiqn may occurred by adding chlorine for

ferric coagulant production in coag[jlation process.

1.4 Scopes of work

- Ping River water which was considered as highturbid surface water at
Sanphisua, Chiang Mai, Thailand (henceforward called surface water), as
well as, groundwatery from| shallow=well ‘groundwater tnear Ping River
sampling point was considered as containing high irons (henceforward

called groundwater) were selected.

- The optimal chlorine dosage, chlorine dosing methods, and the

appropriate ratio of groundwater to surface water were determined.

- DOM surrogates (DOC, UV-254, and SUVA) were analyzed to

determine water quality.



Fluorescent excitation-emission matrix (FEEM) was utilized to

characterize the fluorescent organic matter of the DOM.

Characterization of DOM fractions for the appropriate ratio of

groundwater to surface water with optimal conditions by using resin

- The formation.of trihalometha uring chlorination process

AU INENTNEINS

ARIANTAUNIINGIAE



CHAPTERII

BACKGROUND AND LITERATURE REVIEWS

2.1 Trihalomethanes (THMs)

In 1974, researchers reported that trihalomethanes (THMs) were formed when
chlorine reacted with naturally.eceurring humic substances in water treatment plants
and water distribution-systems (Rook, 1974). The first identification of chloro- and
bromo-trihalomethanes*(THMSs) was done by Johannes Rook in 1974. The first class
of halogenated disinfection by products;j(jDBPs) discovered in chlorinated drinking
water. Since that time, the seduction of THMs has been the subject of intensive
investigation in the water treatment field.:'Symon et al., 1975 described a survey of
halogented organic compounds frem 80 water supply plants. THMs have been found
to be the most widespread organic contanﬁhéﬁts in drinking water, and occured at
higher concentrations than- éther disinfe'cﬁon by-products. The four THMs
(chloroform, bromedichloromethane, dibromochioromethane and bromoform) are
formed when chlorine-based disinfectants are added to-source water with fairly high
organic content, suchas surface water. THMs are included among the 25 volatile
organic compounds regulated under ;theSafe [Drinking, Water.Act (SDWA) of 1987.
These compounds™are-persistent “and’ mobile, ‘and pose a €ancer risk to humans
(Pereira, M.A. 1983; Munro, N.B. and Travis, C:€. 1986). Chloroform (CHCI3), the
most commaon THMS, Is agprovensanimal carcinogen andsa suspected human

carcinogen.

THMs can be taken in by drinking the water and breathing its vaporous (for
example when showering). They Most THMs are metabolized into a less-toxic form,
but some are transformed into more reactive substances, especially at
high concentrations. THMs are absorbed, metabolized and eliminated rapidly by

mammals after oral or inhalation exposure. Following absorption, the
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highest tissue concentrations are attained in the fat, liver and kidneys. THMs induce
cytotoxicity in the liver and kidneys of rodents exposed to doses of about 0.5
mmol/kg of body weight. The maximum contaminant level (MCL) of 100ug/L for
total trihalomethanes (TTHMS) in finished drinking water was established by the US
Environmental Protection Agency (USEPA) in the National Interim Primary Drinking
Water Regulations in 1979. The USEPA has set a new MCL of 80ug/L for stage 1 of
the disinfection by product rule (D/DBP Rulg; USEPA 1998). In stage 2, the D/DBP
Rule may lower the MCL for THMS to 40ug/L:

2.1.1 Chemistry'of T ihalomethanes (THM'S)

Trihalomethanes (THMS)/is one of,_j,a family of erganic compounds named as
derivative of methane Afrihdlomethanes are an important and predominant group of
chlorinated drinking water Pyproducis that can occur as a result of the reaction
between natural organic matterin the water and chlorine added as a disinfectant.
Classes of organic compounds, based on’{éhe methane molecule (CH,4), where the
hydrogen atoms normally present are repiaéé‘d by three halogen atoms that may
be chlorine, bromine, fluorine or iodine. The term Total Trihalomethanes' (TTHMS)
describes TouF disinfection-oy-products, chloroform,
bromodichloromethane; dibromochloromethane, and bromoform that may be sampled
in a water sample. The highest concentration among THMs is chloroform, followed
by dibromochleromethane.~The primary-biechemical ancestors-of THMs identified by
many researchers were-humic substances including-humic acid and fulvic acid (Rook,
1976; Trussell and Umphes, 1978; Oliver and_Lawrence, 1979). These materials also
contributed to the natural calor ofi the water (Amy et al., 1983).

Four THMs species actually occurred in water supplies including chloroform,

bromodichloromethane, dibromochloroform and bromoform are shown in Table 2.1.
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Table 2.1 Classes of currently known DBPs

DBP Class Individual DBPs Chemical Formular

Trihalomethanes ; THMs Chloroform CHCI;
Bromodichloromethane CHCI,Br
Dibromochloroform CHCIBTr,
Bromoform CHBr4

(Addaped from Krasner, 1999)

2.1.1.1 Chloreform

Chlorofosm i1sflargely presented in drinking water. It is colorless and
has a pleasant, nonirritating @dor with-a slilghtly sweet taste. It evaporates easily into
the air and dissolves easily in water. ‘The chemical structure of chloroform or

trichloromethane (CHCI3) is depicted as Figure 2.1.

Cl .
Cl—=C==H

Cl

Figure2.1 Chloroform

2.1.1.2 Bromodichloromethane

The" ‘chemical “ structure” of" dichlorbromethane” or ~bromodichloro-
methane (CHCI,Br) is depicted as Figure 2.2.

Cl

B—C—H

Cl

Figure 2.2 Bromodichloromethane



2.1.1.3 Dibromochloromethane

Dibromochloromethane is an organic compound of the trihalomethane
group. It is a colorless to yellow heavy, nonflammable, liquid with a sweet odor. It is
slightly soluble in water and readily evaporates to air. The chemical structure of
dibromochloromethane or chlorodibromomethane (CHCIBr;) chemical structure is

depicted as Figure 2.3.

Br
I
CI—(|: U,
Br

Figure2.3 Dibromochloromethane

2.1.1.4 Bromeoform :
Bromoform is a colorless héav'y liquid .that smell and taste like
chloroform. It is slightly selubie-in-water. Fhe chemieal Structure of bromoform or

tribromomethane or methy! tribromide (CHBr3) Is depicted as Figure 2.4.

Cl

B—C— H

Ci

Figure2.4 Bromoform

Table 2.2 demonstrate the chemical and physical properties of THMs
including chloroform, bromodichloro methane, dibromochloromethane and

bromoform.


http://www.greenfacts.org/glossary/mno/organic.htm�
http://www.greenfacts.org/glossary/tuv/trihalomethanes-THMs.htm�

Table 2.2 Basic chemical and physical characteristics of Chloroform, Bromodichloro
methane, Dibromochloromethane and Bromoform

Empirical Molecular Specific Boiling point Mélting Solubility
Formula weight gravity (°C) point in water
(g/mol) (glem’) 0 (L)
CHCl; 119.37 1.472 61 -63 8.1
CHCI,Br 163.82 1.472 90.1 -57.1 Insoluble
CHCIBr, 208.29 2.38 120 -63 4.75
CHBr; 257.73 2.894 450 8.3 Insoluble

(Source: Ghazali, 1989)

2.1.2 Factorsinfluénéing THM s for mation

The extensiverliterature regarding to THMSs levels in disinfected source
waters and control of THMS by various treatment processes testifies to the wide
variety of factors influencing THMs formation the complex interrelationships
between these factors. Variation of pH, the concentration and characteristics of
precursor, chlorine concentration, temperature and contact time play a role in THMs

formation reactions.
212.1pH

The impact of pH on THMs concentrations has been reported by a
number, of researchers (Stevens et al.,; 1976; Lange & Kawczynski, 1978; Trussell &
Umphres, 1978). In general, increasing pH has been associated with increasing
concentrations of THMs. The rate of THM formation increased with the pH (Stevens
et al., 1976; Kavanaugh et al., 1980) and reported a 3-fold increase in the reaction rate
per unit pH.

Rook (1976) suggested that THMs formation increased significantly at

pH values of 8 to 10, whereas in the range pH 1 to 7, pH has less of an influence on
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THM formation. Trussell (1978) demonstrated that THMs can form in none existing
of chlorine residual once the pH is raised. The chlorinated intermediates form at low
pH and hydrolyze to form THMs once the pH is raised. Carlson & Hardy (1998)
reported that at pH levels greater than 9.0, THMs formation decreased with increasing
pH. It is possible that the shift in chlorine species from hypochlorous acid to
hypochlorite affects THMs formation during short reaction times. AWWARF (1991)
observed no relationship between pH and the concentrations of THMs at eight utilities
over time, suggesting that although THMSs  gencentrations for particular water are
known to be pH dependent, factors other than pH. influence THMs concentrations

over a variety of source waters:
2.1.2.2.Precur sor concentration and characteristics

THMs forfation'is a result of a reaction between chlorine and THMs
precursors. It is obvious that the precursor concentrations would influence THMs
concentrations. Rook (1976) studies varied concentrations of organic precursors,
which are called total organic carbon (TOC)"shf)’uId be reduced before chlorination. In
this regard, it was found that chloroform production. from organic matter is linear in
concentration up to 250-mgH-FOE:

Young and Singer (1979) showed that quantity of chloroform produced
is depended upoen T OC; concentration dmraw water. | Chleroferm formation increased
as non-volatile TOC increased. The-removal of TOC is a conservative indicator of the
removal of the precursors of THMs (Milter et al.,“1994).

THMs formation was found to be directly related with the dissolved
organic carbon (DOC) content. However, when different source waters were
compared, poor relationships between DOC and THMs formation have been observed
(EPA, 1981). This suggests that factors such as chemical functional groups in the
DOC play an important role in the formation of THMs.
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2.1.2.3 Chlorine concentration

Chlorine concentration is a factor affecting the type and concentration
of DBPs formed. The THMs level rose with an increasing of chlorine dose
(Kavanaugh et al., 1980). However, there is some disagreement regarding the
quantitative relations between chlorine concentration and THMs levels (or the rate of
THMs production). Most investigators found a linear relationship between chlorine
consumption and THMs production, with an‘order.of reaction greater than or equal to
unity (Trussell & Umphres, 1978; Kavanaugh. et .al., 1980). However, it is also
possible that the order ofreaction ehanges during the course of the reaction.

Trussell™ and™ Urphres (1978) conducted a laboratory test with
synthetic water prepared by adding-10 r;ng/L of humic acid, 1 mg/L of NH3Cl (as
NH3) and 10 mg/L of standard pH 7 buffers to demineralized water (TOC 0.2 mg/L).
Different amounts of chlorine Were added to'various portions. After 2 hours of contact
time, the results show that higher THMs co’rfcentration occurred within a certain range
of chlorine precursor to form“THMs as c'hl‘c")'r"ine has been used up to react with
ammonia, bacterial disinfecting; ete. Muttamara et.al., 1995 showed the relationship
between THMs concenitrations-and-chiorine-dosages—HMS concentrations increased
as the chlorine dosages increased. At dosages of 7 angt 10 mg/L chlorine, the total
THMSs concentrations at the end of the test run were found to be 124.5 pg/L and 158.3
ug/L, respectivelys The level cof. THMSsconcentrationsinereased with respect to the

level of THMs precursors.
2124 Temperature

On a conceptual basis, it may be that rapidly forming compounds are
more reactive and form DBPs regardless of temperature. On the other hand, slowly
forming compounds require higher activation energy, and an increase in the
temperature supplies the energy. In addition to reaction kinetics, the temperature of
source water can also affect disinfection efficiency. The formation rates of THMs

have been shown to increase with temperature (AWWARF, 1991; Siddiqui and Amy,
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1993). In studies on the effect of temperature on THMs,( Peters et al., 1980) found an
Arrhenius dependency between the rate constant and temperature with activation
energy of 10-20 kJ/mol. The impact of temperature on THMs was strongest at longer

contact times (Carlson and Hardy, 1998).

The effect of temperature on the rate of THMs formation was
investigated by Stevens et al., 1976 using the Ohio River water collected from the
winter to the summer. The results showed that the temperature differentials could
easily account for most of the winter t0 summer.in. THMs concentration variations.
The concentrations of THMSs were higher during the summer and autumn than in the

winter and spring.
2.1.2.5 @bntacidime

After chlorine addition, there'is a period of rapid THMs formation for
the initial few hours (e.g., 4 h), fellowed b’y}a declipe in the rate of THMs formation,
suggesting fast and slow DOM teactive sités.‘ﬁecknow and Singer (1984) ran a few
sets of experiments. One of -these expe‘rdi'ments studied the formation of these
chlorinated products as-a-fufiction-of-the-reaction-tifhe~they found that by varying the
chlorine contact time,~¢hloroform and total THMSs increases rapidly in the first few
hours and then slows to a generally steady rate of increase. Many authors have
indicated that the goneentration-of;chloroform appears,ta-inerease slowly even after
96 hr, suggesting that-as long as-fow concentrations 'of free chlorine are present,
chloroform continues to form, Bromaochlorinated=THMs_species have been found to
form mare rapidly: than ichloroform. dFurther data from'.many 'squrces indicate that
bromoform formation slows at approximately 7-8 hr and levels off almost completely
after 20 hr (AWWARF, 1991; Koch et al., 1991).
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2.2 Disinfection by-Products

Disinfection by-products (DBPs) such as trihalomethans (THMSs), which has
been classified as potentially carcinogenic substances, in produced water are
generated from the reaction between DOM and chlorine (Rook, 1974; Bellar et al.,
1974). Rook (1974) was the pioneer researcher who discovered the DBPs in
chlorinated drinking water. Since then there have been several studies that have led to
a better understanding of DBPS, their precursers,.the kinetic yield of DBPs forming
reactions, and the active chemical classes for forming DBPs. (Kavanaugh et al., 1980;
Christman et al., 1989; Miller-andUden, 1983; Steven, 1982; and White et al., 2003).
The reaction of DOM withechlorine praduces the major DBPs; they include THMs,
haloacetic acids (HAASs),shaloacetronitriles (HANSs), “haloketones (HKs), chloral
hydrate (CH) and chlagipiciin (CP). Fhe éeneral reaction of DOM with chlorine is as
follows (Marhaba and Washington, 1998):

DOM + free chloring —THMSs +HAAs + HANs + other DBPs

Factors influencing DBPs formati(‘)h"“a"ré the. contact time of chlorine with
DOM, chlorine or disinfectant dosage; turbidity, water temperature, pH, presence of
other ions such as bromide, DOM concentration, and complex compositions of DOM.
Among these factors, the complex composition of DOM is one of the important
parameters. Harringtorn' ét<al. 1996 land White let'al(;12003“proposed that pyrolysis
fragments of phenol classes were the best indicator of chlorine reactivity. Phenol
correlated well.with, chloreform formations.(Harrington et al., 1996). The THMs and
total organic”halides (TOX) formation were observed te be' related to the organic
nitrogen content that expressed the presence of proteins and/or elevated algal content
(Scully et al., 1988; Reckhow et al., 1990; Gehr et al., 1993; Young and Uden, 1994).
Sirivedhin and Gray (2005) found that the combination of aromatic and aliphatic
structures including some substituted with nitrogen and chlorine had a linear

relationship with disinfection by product formation potential (DBPFP).
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2.3 Dissolved Organic Matter (DOM)

Dissolved organic matter (DOM), defined as the complex matrix of organic
material present in natural waters, affects significantly many aspects of water
treatment. DOM even though present in a tiny quantity, can react with chlorine during
chlorination to form halogenated disinfection by-products (DBPs) which are all
classified as carcinogenic substances. DOM consists of humic substances, amino
acids, sugars aliphatic acids, and a large number of organic molecules (Malcolm
Pirnie Inc., 1993). Humicsubstances inelude humieand fulvic acids; while non-humic
substances include hydrophilie aeids, proteins, carbohydrates, carboxylic acids, amino
acids, and hydrocarbons (Fhurman, 1985; Amy, 1993). DOM can be separate into
humic and non-humic™fraciion: The humic fraction has a'more hydrophobic character
than the non-humic fracCtion. The humic fraction consists of humic and fuvic acids.
The non-humic consists.0f hydrophilic acids, proteins, amino acids and carbohydrate.
However, in terms of their chemical propér’ti'és and implication for water treatment,
the humic substance is the most importaﬁf‘ {Owen, 1995). DOM which consists of
humic and fuvic acid (aquatic humic), calt-xseﬂjnatural color, is the most important
(Edzwald, 1993). i

DOM plays a role in many aspects of water treatment. DOM is capable of
forming complexes with metals such as iron. It can serve as a substrate for microbial
growth and can exert' significant’ oxidant. demand, thereby: interfering with both
oxidation and «disinfection during drinking water treatment. Depending on the
concentration and .type, of, DOM, the, acidity-of-Water can-also.be, affected. DOM
serves as the'organic precursor. DBPs formation is influenced by'water quality (e.g.,
TOC, pH, temperature) and treatment conditions (e.g., disinfectant dose, contact time,
removal of DOM before the point of disinfectant application, prior addition of

disinfectant).

Non-humic substances, such as algae and their extracellular products, have
been shown to be precursors to THMs (Morris and Baum, 1978; Oliver and Shindler,

1980). Oliver and Shindler (1980) observed faster reaction kinetics between chlorine
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and algae than between chlorine and aquatic humic materials. Their results suggest
that algae in surface waters may be a major contributor to THMs production. Humic
acids have generally been found to be more reactive with chlorine than fulvic acids.
There is also evidence that the humic fraction produces greater concentrations of
HAAs and THMs than the non-humic fraction.

Marhaba and Washington (1998) reported that DOM contains precursors for
disinfection by-product formation during ~water.treatment disinfection operation.
Furthermore, humic substances Were characterized.by.non specific parameters, which
are based on their organic carben.content (i.e., TOC), their ability to absorb UV light
at 254 nm (i.e., UV-254), and their potential to form trihalomethanes (i.e., THMFP)
have become a useful.technique to characterize DOM.

Normally, DOM is characterized_ by nonspecific or Surrogate parameters.
The surrogate parameters must be used to describe DOM because no single analytical
technique is capable of measuring the'-:\"f\fidely varied characteristics of DOM.
Commonly used DOM surrogates include: _.t;jjt'él organic carbon (TOC), dissolved
organic carbon (DOC), ultraviolét absorbance at wavelength of 254 nm (UV- 254)
and THMFP. Moreover-THMEP-feimoval-is-atso-presented to highlight any difference
between TOC and THMFP removal (USEPA, 1999). DOM surrogate parameters are
described below.

2.3.1 T.otal'Organic Carbon (TOC)

TOC is/defined as all carhon atom covalence bonded iniofganic molecules.
TOC represents the total amount of organic carbon in water samples. The organic
carbon in water and wastewater consists of a variety of organic compounds in various
oxidation states. TOC is independent of the oxidation state of organic matter and does
not measure other organically bound elements such as hydrogen and nitrogen (APHA,
AWWA, and WEF, 1995).
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Young and Singer (1979) showed that quantity of chloroform produced was
depended upon TOC concentration in raw water. Chloroform formation increased as
non-volatile TOC increased. The removal of TOC was a conservative indicator of the
removal of the precursors of THMs (Milter et al., 1994). Therefore, the percent
removal of TOC was correlation to the percent removal of DBPs. The USEPA
proposed the percentage removal TOC required for enhanced coagulation and
softening. It depended upon the TOC and alkaline concentration in raw water. The
details are shown in Table 2.3 (USEPA, 1999).

Table 2.3 Percent removal0f.TOC requirements for enhanced coagulation and

softening \
Sour ce Water Source Water Alkalinity (mg/L as CaCO3)
TOC (mglL) oF 607 1 4 >60 = 120 >120
20-4.0 35% // 25% 15%
4.0-8.0 45% 35% 25%

>8.0 LT N 40% 30%

(Source: USEPA, 1999) — il

Kavanaugh (1978) demonstrated range of TOC for a variety of natural

water, shown in Figure2.5

| | |
I S_eIa Water
I ‘

I I Most Ground Water
| |
Surface Water I | Swamps
I 1
Effluents, Biological
NORS, Median of Surface
Treatment

Water approximately

3.5 mg/L | |

Wastewaters I !

l I | | I |

0.1 02 05 1 2 5 10 20 50 100 200 500 1000

Total organic carbon — mg/L

Figure 2.5 Range of TOC reported for a variety of natural water
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2.3.2 Dissolve Organic Carbon (DOC)

Dissolved organic carbons are defined as the fraction of TOC that passes
through a 0.7 um GF/F filter paper. DOC is the independent of the oxidation state of
the organic matter. Organic carbon in natural water can be composed in two fractions,
particulate organic carbon (POC) and dissolve organic carbon (DOC). In surface
water, between 50 and 60 % of humic substances is DOC (Thurman, 1985).

2.3.3 UV Absor bance at wavelength 254 -nm (UV - 254)

UV-254 measurement is surrogate parameters to estimate the extent of DBP
formation. Ultra-violet” (UV) absorption at a wavelength of 253.7 nm is used to
provide an indicationsof /the aggregaté concentration of UV-absorbing organic
constituents, such as humic substances ana various aromatic compounds (APHA,
AWWA, WEF, 1995). As noted by Edzwald &t al., 1985, humic aromatic compounds
and molecules with conjugated“double 'bzbn‘ds absorb UV light, whereas simple
aliphatic acids, alcohol, and sugars o not absoflb UV light.

Organic compounds-that-are-aromatic-or that-have conjugated double bonds
absorb light in the ultraviolet wavelength region. Therefore, UV absorbance is a well-
known technique for measuring the presence of naturally occurring organic matter
such as humic substances. UVianalysis is alsotaffectedby:pH=and turbidity (Edzwald,
et al., 1985). UV absorption is a useful surrogate measure for DOM or precursor of
THMs because humic substrates strongly ahsorb uitraviolet radiation.(Eaton, 1995)

2.3.4 Specific Ultraviolet Absorbance (SUVA)

The ratio between UV absorbance to DOC, referred to as specific absorbance
(SUVA) (cm™mg™ L) demonstrates a relative index of humic content (Edzwald, 1993
and Owen et al., 1993). Specific absorbance could suggest the nature of DOM and its
consequent THMs formation (Krasner et al., 1996). Higher specific absorbance



18

values tend to indicate higher humic content. Specific absorbance of a humic sample
depends upon the molecular weight of the substances. (Petterson et al., 1995)

SUVA can be used as an indicator of its coagulation (or softening) ability to
remove THM precursors. Water having a high SUVA (SUVA > 3 L/mg-m) have been
found to contain organic matter that is more humic-like in character, higher in
apparent molecular weight (AMW), and more readily removed by coagulation
(Edzwald, 1993) whereas lower SUVA values«(< 3L/mg-m) indicate the presence of
organic matter of lower AMM\/that is more fulvic-like in character and more difficult

to remove.

2.4 Conventional Coeagulation/Flocculation Process

Coagulation/floceulation is a projir:_e-ss used to remove turbidity, color, and
some bacteria from water /The term “Coagﬁ!afion” is the addition and rapid mixing of
coagulants to destabilize the collgidal and fi'flé,gyspended solids. Initial aggregation of
the destabilized particles occurs i this prqceéé. Flocculation is the slow stirring or
gentle agitation to aggregate the destabilized ‘ﬁé—iriibles andsform a rapid settling floc. It
is commonly used inwater treatment plants for settling of coagulated and flocculated
waters to rapid sand filtration. (Reynolds and Richards., 1996)

The progess is typically used for treating potable water, There are a variety of
primary coagulants which can be used in a water treatment plant including metal-salts
coagulantsssuchyas-alum,cferric .chloride and-ferrous sulfate;polymerized metal-salt
coagulants such as‘polyaluminium-chloride (PACI), and organic polymers that may be
cationic, anionic and noionic. This coagulation not only destabilizes particles, but also

removes a fraction of natural organic matter present in natural water.
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2.4.1Ferricchloride

The simplified reaction of ferric chloride with natural bicarbonate alkalinity to

form ferric hydroxide is
2FeCl; +3C8.(HC03)2 —» 2Fe(OH)3;| + 3CaS0O, + 6CO,

If the natural alkalinity Is Insufficient-for.the reaction, slaked lime may be

added to form the hydroxide,.as given by the equation.
2FeCI5 + 3Ca(OH); ——> 2Fe(OH)3l + 3CaCl,

The optimum pH range for ferri{;a Ichloride IS from about 4 to 12. The floc
formed is generally a dense, rapid settling_ floc. Ferric chloride is available in dry or
liquid form. The dry chemi€al may-be in péiwder or lump form, lump form being more
common. The lump, which is 59+to 6l%fferric chloride, contains six waters of
crystallization and weight from60-tfo 61 Iblft -’(‘§60 t0 1026 kg/m3). The powdered or
anhydrous form is 98% ferric chioride, contains-no water of crystallization, and
weight from 85 to 90 1b/At(1360-t01440-kg/i)=The-diquid form is 37 to 47% ferric
chloride. (Reynolds and Richards., 1996)

2.4.2 Ferrie coagulant

Based. on the introduction as mention_before, ferric coagulant was produced
from natural ironin groundwater<reacted 'with ¢hlorine. Sadium/ Hypochlorite as
chlorine sources are very strong oxidizing agents, which used to oxidizing ferrous ion

(Fe®*) to be ferric ion (Fe** ) as follows:

2Fe’* + OCI + H,0 — 2Fe® + CI + 20H
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2.4.3 The ability of coagulants used to remove THM s precur sor

Ferric chloride is also very effective for NOM removal. Dryfuse et al.,
(1995) optimized TOC removal using bench-scale FeCl; coagulation for three
different source waters. The percentage DOC removal ranged from 46 to 71 percent,

and the removal of THMFP and HAAFP. was slightly greater, ranging from 59 to 90

percent. Ferric chloride coagulation was' found. to preferentially remove the high
molecular weight, humic fraction of organics;-non-humics were also removed by
FeCl3 coagulation, but tera’lesser extent The differeneces between iron and aluminum-

salt coagulants include the®optimum pH values for organics removal, solubility,

surface areas, and surface ghaige’ A number of studies comparing alum to iron-based
coagulants have found that iren achieved greater precursor removal than alum (eg.

Vilage et al., 1997; Shorney et al., 1998)

Chadik and Amy (1983} For Mis_é:iés_ipi River Water, the untreated THMFP
of 313ug/L were reduced to 141jig/L. by ferric chloride coagulation. The indicated

coagulant dosage wasi20 mg Fe/L.

Crozes, White and Marshall (1995) studied TOC removal by alum, ferric
chloride and a cationic synthetic polymer. Ferric chloride dosage between 40 and 60

mg/l and pH value between 5.5 and-6 were the optimum condition for TOC removal.

Miusikavong(2004): reported that ferriC) chloride Coagulation was slightly
better than alum coagulation for removing surrogate parameter of NOM prior to
reduce THMFP, while the maximum reduction of THMFP approximately 27 percent

occurred at ferric chloride dosage 80 mg/L.
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2.5 Resin Fractionation

Goslan (2004) fractionated raw water from a reservoir in the United Kingdom
(UK) by the resin adsorptions technique into its hydrophobic fraction and hydrophilic
fraction. The hydrophobic fraction was further separate into a humic acid fraction and
a fulvic acid fraction by precipitation of the humic fraction at pH 1. The non-adsorbed

material was designated the name hydrophili¢ non acid fraction.

Leenheer (1981)proposed the comprehensive approach to preparative
isolation and fractionation of.disselved organic carbon from natural water. He showed
that DOM in a water sample can be fractionated by resin adsorption into six fractions
including hydrophobic acid; hydrophobie neutral, hydrophobic base, hydrophilic acid,
hydrophilic neutral and*hydrophilic base with_ a recovery of greater than 90 %.

Marhaba and Pu (2000) Marhaba 'et al., (2003) utilized resin adsorption to
isolate and fractionate dissolve &rganic rﬁ'éttgr (DOM) into six different fractions,
which are operationally categorized as hydiophobic acid, hydrophobic neutral,

hydrophobic base, hydrophilic acid, hydrophilic neutral ane hydrophilic base

Leenheer and Croue (2003) demonstrated the relationships between organic
compounds and the DOM fractions that are as follows; a hydrophobic neutral fraction
(HPON) comprisés | hydrocarbons/tannins;. a ‘hydrophobic“base fraction (HPOB)
comprises aromatic amines, a hydrophobic acid fraction (HPOA) comprises fulvic
acid, a-hydrophilie, neutral fraction (HPIN).-comprises,sugars~a sydrophilic base
fraction (HPIB) ‘comprises’peptides/ ‘amino and & hydrophilic ‘acid-fraction (HPIA)

comprises polyuronic acids.
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2.6 Three-Dimensional Fluorescence Spectroscopy (FEEM)

Marhaba and Pu (2000) reported that the fluorescence spectrometry (FEEM) is
the total sum of emission spectra of a sample at different excitation wavelengths,
recorded as a matrix of fluorescent intensity in coordinates of excitation (EX) and

emission (EM) wavelengths, in a definite spectral window.

Coble (1996) said that fluorescence speetrometry has been widely used due to
its simplicity and its requirement of minimal sample amounts and pretreatment. A
three-dimensional excitation-emission . matrix (FEEM) obtained by fluorescent
spectrometry scanning theswavelengths of both excitation and emission can be used to
distinguish DOMs in natural water.

Coble et al., (1990) said that onée the FEEM has been fully corrected for
instrumental configuration. Data can be_ajnélyzed as excitation spectra, emission
spectra or synchronous scan specira, everlly{‘fhpl_‘ugh originally collected as emission

scans.

Croue et al.,(2000) has recently summarized the methods used to characterize
DOMs e.g., the use of ¢chemical components such as amino acids and carbohydrates,

molecular weight/size distribution, pyro-chromatogram and fluorescence spectrum.

Musikavong et al., (2004) showed that major organic fractions could be
characterized by the\FEEM, spectrum;‘thetpeak positions @n the EEEM of these major
organic fractions were similar to the peak positions on the FEEM of raw water from
the wastewater treatment facility at the Industrial Estate in Lumphun.

Musikavong et al., (2005) demonstrated correlations of THMFP and
fluorescent intensity of the influent wastewater and water samples from each pond at

the wastewater treatment plant of the Northern Region Industrial Estate, Lamphun,
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Thailand. Their reported results showed that FEEM could be used to quantify the
THMFP in the water source.

Chen et al., (2003) defined excitation and emission boundaries into five
regions based largely upon supporting literature. FEEM peaks have been associated
with humic-like, tyrosine-like, tryptophan-like, or phenol-like organic compounds. In
general, peaks at shorter excitation wavelengths (<250 nm) and shorter emission
wavelengths (<350 nm) are related to simple aromatic proteins such as tyrosine
(Regions I and 11). Peaks.at.intermediate excitation.wavelengths (250- ¢ 280 nm) and
shorter emission wavelengths (<380 nm) are related to soluble microbial byproduct-
like material (Region™1V).Peaks at longer excitation wavelengths (>280 nm) and
longer emission wavelengihs /(>380 nr‘n)_jl_ are related to humic acid-like organics
(Region V). For fulvicsacids, FEEMs wi_ih minimum excitation wavelengths of 250
nm indicated shoulders of FEEM peaks?'_ldbated at shorter excitation wavelengths.
Therefore, peaks at shortgr excitation Wa;)elengths (<250 nm) and longer emission

wavelengths (>350 nm) are related‘to fulvic':hc,id-like materials (Region IlI).



CHAPTER I

METHODOLOGY

The study of turbidity removal and trihalomethanes (THMs) formation in
turbid surface water coagulation using /ferrie coagulant from natural iron in
groundwater reacted with chlorine was conducted-by using the selected water sample
sources of high turbid surfaecewaier and high iron-groundwater in the area of Chiang
Mai, Thailand. All experiments and ‘analyses were done at the Department of
Environmental Engineesing, Faculty of ‘Engineering, Chiang Mai University during
the period of June 2008 and January 2009;

3.1 Water samples

3.1.1 High turbid surface water

Ping River water at Sanphisua edut‘;ational center .in Chiang Mai Province,
Thailand situated at N418°51"7and E 98°58°57.9” as showa in Figure 3.1 was selected
as high turbid surface water sample in this study. This sampling point is located
approximately 10 kilometers.upstream of the.ecenter of Chiang Mai city (henceforward
called surface water). Ping River water is currently the main water source utilized to
producing water supply for Chiang Mai city. In general, turbidity of Ping River varies
due to Season changes: However, it typically contains high.concentration of suspended
solid measured in term of “Turbidity value” between 50 and 220 NTU. Water samples
from Ping River used in this study were pumped from the depth of about 30

centimeters below water surface at the sampling point.
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For ease of conducting )he gxpermshallow well groundwater near Ping
_@ cational center in Chiang
sJ-sj__ Tdy. The 12 meter-depth

which is Ioc&td approximately 15 meters

River sampling pom(_t-as mentioned i
Mai was considered-as groundwater

shallow well as illust ed in Flgure

away from Pin lﬁj:hver bankswere selected Mg&roundwater were sampled by pump.

u &[Ioaﬂm &Ilm @ll rSgI f}ﬂ §>n as high as about 20

mg/L (hencefor\yard called groundwater).

QRN IUNAIINIA Y

All water samples in this study were collected and transported in

Typically gro

polyethylene tanks and stored at 4°C before analysis within 24 hours.
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Figure 3.2 Sampling Poi _Ilq'\/\(_well at Sanphisua, Chiang Mai Province,
Thailand Lo

3.2 The experiments B " A\

i - e
3.2.1 Coagulation expenment E"j

gty
.,.-4’,..-/"_'.‘

b ‘ 4;[_

Most coag‘ﬁ' f y1 Thailand generally use

alum as coagulant in clrjjer to mainly remo ity m water. Moreover, iron salts
-.HJ‘

coagulant is one of the hph effective coagulants for particle and turbidity removals as

it is not only oﬁa‘tg WW ﬁ%lﬁ?lwﬂqqﬁl nd rapid settling flocs

(Reynolds and Richards, 1996). However iron salts coagulant as not been commonly

IR e o

adding chlorine for removing turbidity of high turbid surface. The appropriate ratio of
groundwater to surface water and the optimal chlorine dosage with additional

chlorination method were determined.

In this study the jar-test apparatus was conducted to these experiments to
determine the optimal condition of coagulant doses and types. Jar-tests were
performed using a programmable jar-test apparatus (PHIPPS&BIRD Jar-Tester,
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Model 7790-902) as shown in Figure 3.3. One liter of water sample was transferred
into a 1.4-1 square beaker for each batch of experiment with a rapid mixing at 150 rpm
(G = 320 s™) for 60 seconds followed by a slow mixing at 30 rpm (G = 30s™) for 20
minutes and quiescent settling for 20 minutes. Thereafter, the supernatant was

collected for further analyses.

ﬂ‘UEJ’W]EJWﬁ‘WEJ']ﬂ'ﬁ
amammummmas
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3.2.1.1 Experiment no.1l: Chlorine dosage for producing maximum

ferric coagulant from natural iron in groundwater

Determination of the optimal chlorine dosage for producing the
maximum ferric coagulant from natural iron in groundwater was examined. The
maximum production of ferric coagulant was considered as the maximum total iron
reduction in groundwater before and afier adding chlorine in coagulation. The

experimental conditions are depicted in Figure.3'4.

Waier samplée

Grounewater
TR

Chlé_rine

A A
Experiment-condition:.

# ]

Variation-of chiorine dosages (Sodium
Hypoehloriie; 10% as free chlerine) from 0
to 80 mg/L (as Cl,) and added into 1 liter of

groundwater

Sgs

pH, Turbidity, Total
iron, Ferrous ‘iron,
Free chlorine residual

Figure 3.4 Water sample, experimental conditions and analytical parameters of the
experiment nol: Chlorine dosage for producing maximum ferric coagulant
from natural in groundwater
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3.2.1.2 Experiment no.2: Appropriate ratio of groundwater
(containing high iron) to surface water by adding 30 mg as CL, per one liter of

groundwater

Determination of the appropriate ratio of groundwater to surface water
by adding the optimal chlorine dosage (resulting from section 3.2.1.1) was examined.
In this section, groundwater was mixed with surface water before adding optimal
chlorine dosage in coagulation. The experimental.conditions are depicted in Figure
3.5.

\Watér /samples:

Surfz!;\ce-water
Yo+
Groundwater
AR
Chlorine

7,

L =
Experiment condition: ;-

\arious.the-ratios-of groundwaterto-surface
water of 0:100, 20:80, 35:65, 50:50, 65:35,
and 80:20 with adding optimal chiorine
dosage in each ratio

5f

pH, Turbidity, Total
iron, Ferrous iror,
DOC, UV-254, SUVA

Figure 3.5 Water samples, experimental conditions and analytical parameters of the
experiment no.2: Appropriate ratio of groundwater (containing high iron) to
surface water by adding 30 mg as CL per one liter of groundwater
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3.2.1.3 Experiment no.3: Effects of different initial turbidity in the
water of various ratios of groundwater to surface water on turbidity removal by

using the optimal chlorine dosage of 30 mg as Cl, per oneliter of groundwater

The effects of different initial turbidity in the water of various ratios of
groundwater to surface water on turbidity removal by using the optimal chlorine
dosage of 30 mg as Cl, per one liter: of groundwater were determined. The

experimental conditions are depicted in Figure.3'6.

Water,samples:

Surface water
-
Groundwater
v
Chlorine

Y
Experiment condition:

§d

The different initial turbidity in the water of
various ratios of groundwater to surface
water of 20:80, 35:65 and 50:50 with adding
optimal chilorine dosage of 30 mg as Cl, per
one liter of groundwater

g

pH, Turbidity, Total
iron, Ferrous iron,
DOC, UV-254, SUVA

Figure 3.6 Water samples, experimental conditions and analytical parameters of the
experiment no.3: Effects of different initial turbidity in the water of various
ratios of groundwater to surface water on turbidity removal by using the
optimal chlorine dosage of 30 mg as Cl, per one liter of groundwater
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3.2.1.4. Experiment no.4. Effects of different chlorine dosing

methods (pre-chlorine adding method and post-chlorine adding method)

Effects of different chlorine dosing with pre-chlorine adding method
and post-chlorine adding method for producing ferric coagulant at the selected ratios
of groundwater to surface water were demonstrated. The effect of pre-chlorine adding
method was experimented by mixing the optimal amount of chlorine into groundwater
before adding surface water, whereas, the- €ifect.of post-chlorination method was
experimented by adding..the optimaltamount.of. chlorine into the mixtures of
groundwater and surface water The experimental conditions are depicted in Figure
3.7.

Waterfsamptes® _

Surface water

Groundyvater
vl

Chlorine /,

L
Experiment condition:

The selected ratios of groundwater to surface of
20:80, 35:65 and 50:50 with adding the optimal
chlorine dosage (30 mg as Cl, per one-iter of
groundwater) at the different chlorine dosing
methoads.(pre-chlorine adding method.and-post-
chlorine adding method

g

pH, Turbidity, Total
iron, Ferrous iron, DOC,
UV-254, SUVA

Figure 3.7 Water samples, experimental conditions and analytical parameters of the
experiment no.4: Effects of different chlorine dosing methods (pre-chlorine
adding method and post-chlorine adding method)
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3.2.1.5. Experiment no.5: Turbidity removal by commercial ferric

chloride coagulant

Determination of the turbidity removal efficiency of high turbid surface
water (Ping River water) by commercial ferric chloride coagulant was demonstrated.
Additionally, a commercial ferric chloride coagulant (FeCl;.6H,0) used in the
experiment was an analytical grade. The: experimental conditions are depicted in

Figure 3.8.

W aiey sampl"e:

Surface water
Commercial FeCl; coagulant

Experiment conditiony,

Variation of commercial FeCl; coagulant
dosage from 0 to 120 mg FeCls /L by
adding in different levels of turbidity 50,
150, and 220 NTU

g

pH, Turbidity,
Total iron, Ferrous
iron, Alkalinity:

Figure 3.8 Water sample, experimental conditions and analytical parameters of the
experiment no.5: Turbidity removal by commercial ferric chloride coagulant
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3.2.2. Resin Fractionation procedure

The feasible appropriate ratios between groundwater and surface water from
coagulation experiments were conducted to isolate DOM fractions by resin adsorption
process. The raw water and coagulated water were filtered through 0.7 um — GF/F
filter paper and measured for UV-254, DOC, SUVA and FEEM.

Resin adsorption procedures were used.to fractionate five liters of filtered
water into 2 dissolved~organic matter (DOM) fractions which consisting of
hydrophobic (HPO) and hydrophilic (HPI) by using a series of DAX-8 resin
(Leenheer, 1981). The diagram of the resin fractionation procedure is presented in

Figure 3.9 and is describeds@s follows:

3.2.2.1 Hydrophobic and H'ydrophilicfractionation

e The water samples were fiitered tr.-}ro':ifgh 0.7 um — GF/F filter paper and
analyzed for DOC; UV-254. SUVA, FEEM and THMs.

e The remaining filtrates were acidified to pH 2 with/6 N HCI. Acidified water
samples were fractionated Into hydrophobic  (humics) and hydrophilic
(nonhumics) substances using the DAX-8.

e The organic substances that passed through the column were operationally
defined @s hydrophilic DOC while those that were adsorbed on the resin were
defined-as hydrophobic DOC.;Adsarbed ,organic ;substancesawere eluted with
0.10 N NaOH (0.25bed" volume) and '0.01 'N NaOH (1.25 bed volumes),
respectively.

e The pH of both fractions was adjusted to 7 prior to further analyses. The
neutralized fractions were analyzed for DOC, UV-254, SUVA, FEEM, and
THMs.



34

Water Samples
(Filtered Raw Water
or Coagulated Water)

l

Adjust pH of
sample to 2

!

J | é fr“ o

F ’ X

“Elute resin by e — <
,_-—ﬂs‘lfg_NggH | =

N\

‘. J Adjust pH of
i sample to 7
—
3 A
e
idd
.-,.‘,i.iq‘- ¢.;
A
vdia
Figure3.9 Diagram of resin fractionation procedure
SRt Fafeds- 7
;'f f,v‘
I“j - |
-

Figure 3.10 Resin fractionation apparatus
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3.2.2.2 Prepare DAX-8resin

The amount of DAX-8 resin was determined according to Leenheer (1981)
with a capacity factor of 50 (K’=50) and a porosity of 0.60.

DAX-8 resin was intensively refined with 0.1N NaOH for 24 hours and
sequentially extraction with Acetone and Hexane for another 24 hours in a set

of Soxhlet extraction apparqE S ' X/
The refined DAX-8 sgkwais tr nto columns (2.5cm x 120cm) in

slurry of Methanoh——— -

asfinsed gl two\fs bed volumes of 0.1 N each

flnls\ﬁ\with Mill-Q water until the
e eﬁlu}g ts were below 10 ps/cm and 0.2 mg/L,

The packed resm
NaOH first, the
conductivity a 0

respectively.

PN

Figure 3.11 Soxhlet extraction apparatus

AR
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3.3 Analytical methods

3.3.1 Physico-chemical parameters

The water samples were analyzed for pH, turbidity, total iron, ferrous iron,
free chlorine residual, alkalinity, conductivity, TOC, UV-254, DOC, SUVA, FEEM,
and THMs. The summary of analytical methods and standards used for analyzing the
mentioned parameters demonstrated In Table 3.2 These parameters are described

below.
The analyzed parameters-were done by duplicate samples. The results of these

analyses should be within'£5%; 0rCotrective action Is necessary

3.3.1.1 pH :
pH was dirgctly measured Dy ‘a Model D-54 Horibra pH/Cond. Meter
with an accuracy of + 0.01 pH unit. The unit was daily calibrated with buffer

solutions at pH 2.00 and 7.00".
3.3.1.2 Temperature

Temperature-was-directly-measured-by-Horiba Thermometer, Model D-
13E.

3.3.1.3 Turbidity
WITW series Turb 430T, turbidity meter was used to measure turbidity.
3.3.L4 Alkalinity

Alkalinity was measured in accordance with Standard Method 2320 B.
3.3.1.5 Electro conductivity

Electro conductivity was directly measured by WTW Conductivity
meter, Model cond.330i
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3.3.1.6 Total iron, Ferrousiron and Free chlorineresidual

Total Iron, ferrous iron and free chlorine residual was directly
measured by HACH Colorimeter, Model DR/890.

3.3.2DOM Parameters

3.3.2.1 Dissolve Organic Carben: DOC

DOC will be analyzed in aceordanee with Standard Method 5310D
(Standard Method, 1995) usinga TOC a;nalyzer (O.l. analytical, USA). Milli-Q water
(ELGA, UK) was used onevery sample to clean the system. At least two replications

of each measurement of the DOC analysis were performed.

3.3.2.2 Ultpaviolet absor b'-.j:;\nce at wavelength 254 nm: UV-254

UV-2547was analyzed in‘a_c'c_c')_rdance with Standard Method 5910B
(Standard Methods, 1995)" using- a UM/VIS spectrometer: a Jasco V-350
spectrophotometer (Jasco Corparation, Japan)ﬁ@t 253.7 nm with matched quartz cells
that provided a path length of 10 mm. At Ie?ést;two replications of each measurement
of the UV-254 analysis were performed.

3.3.2.3 Three-Dimensional Fluor escence Spectr oscopy: FEEM

Three-dimensional fluorescence spectroscopy (Fluorescent Excitation -
Emission Matrixes.. FEEM) is the total sum of emission spectra of a sample at
different excitation wavelengths, recorded as a_matrix of fluorescent intensity in
coordinates of Excitation (Ex)iand Emission (Em) wavelengths,-n a-definite spectral
window FEEM represent in physical signatures by JASCO FP-6200
Spectrofluorometer.
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Quinine sulfate standard

The quinine sulfate [(C2oH24N207),H,S042H,0] solution was used to check
the stability of spectrofluorometry. The calibration curve was regularly established
using 5 points of quinine sulfate in 0.1 M H,SO,4. 10 quinine sulfate units (QSU) are
equivalent to the fluorescent spectra of 10 ug/L of quinine sulfate solution at 450 nm

with an excitation wavelength of 345 nm (Kasuga et al. 2003).

Spectrofluor ometor _operating conditions

The operating-conditions,used to. measure the FEEM of all water samples in

this study are followings

Measurement Mode: Emission
Band with exgitation:5 nm
Band with emission: 5 nm
Response: Medium
Sensitivity:-High

Scanning speed: 2000 nm/min
Excitation wavelength: Start at 220 nm, end at 730 nm
Emission wavelength: Startat 220 nm, endat 730 nm
Excitation wavelength interval: 5 hm

Emission wavelength interval: 1.nm

FEEM measur ement procedur e

e Check the Raman Test Photometric Stability. The value should be less
than £1%/ hour.

e Measure the fluorescent intensity of the quinine sulfate solution of 10
QSU at 450 nm with an excitation wavelength of 345 nm.

e Measure the FEEM of the Milli-Q water.
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e Measure the FEEM of the water samples

e Subtract the FEEM of the water samples with the FEEM of the Milli-Q
water.

e Convert the fluorescent intensity of the subtracted FEEM of the water
samples into QSU unit.

e Eliminate the influence of the primary and secondary scatter
fluorescence and highlight ‘the target peak by discarding the FEEM
data when theexcitation waveiengih (Ex) > emission wavelength (Em)
or Ex X 2<Em(Komatsu et al-2005)

e Remove the Rayleight and Raman scattering peaks at Em £ 10-15nm
of each Ex(Zepp et al. 2004)

FEEM interpretation

FEEM can provide information oh"f_ﬁe putative origin of fluorescent organic

matter of DOM in water. —

Moreover, . fluorescent excitation-emission wavelengths that exhibited
fluorescent emission-intensities were classified as fluorescent peaks as illustrated in
Figure 3.12. In this study, the use of FEEM fluorescent emission intensities at peak
position was utilized to evaluate the reduction of fluorescent organic matter of DOM

after treatment process.
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3.3.3 Trihalomethanes (THM )

THMs were measured in accordance with standard method 5710, formation of
Trihalomethanes and other disinfection by-products. Gas Chromatography was used

(Agilent 6890 Series Gas Chromatographic with ECD detector) under the following
conditions:

Inlet Condition

Mode: Split, Initial temp: 225°C., Pressure:.31.33 psi, Split ratio: 10:1 Split
flow 15.9 mL/min, Gas Type..Helium and Total flow: 20.5 mL/min

Oven Condition

The temperaturg'programs of oven adjusted for analyzing THMs are shown in
Table 3.1. |

Table 3.1 Temperature programs for anélfz’ing THMs

Ramp Rate Final temperature " giding time of final temperature
°C/min) (°C) (min)
1 15 180 1.00"
2 15 130 1.00
3 15 180 1.00

" Initial temperature: 75°C, Initial temperature holding time: 1.00 min

Detector Condition

Temperature: 300 °C, Mode: Constant make up flow, Makeup flow: 60
mL/min, Makeup Gas Type: Nitrogen



3.3.3.1 Liquid-Liquid extraction
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Water samples were extracted in accordance with standard method
6232 B Liquid-Liquid Extraction Gas Chromatography Method.

A summary of the analytical methods and instruments used in this

study is illustrated in Table 3.2

Table 3.2 Analytical metheds and-thstruments

Parameters Analytical methods Standards Analytical
instruments
. ¥ Horiba pH/Cond.
pH lecj nj?afuierﬂeht, VAN Meter model D-54
WTW series Turb
Turbidity Dirget measurement - 430T, turbidity
Y meter
. . TR HACH colorimeter
Total iron Direct measurement : U?EPA model DR/890.

) . ] HACH colorimeter
Ferrous iron Direct measurement USEPA model DR/890.
Free chlorine 4 HACH colorimeter
Residual Direct measurement USEPA model DR/890.

.. ¥ Standard _ method
Alkalinity Titration,Methed 5390B* -
UV-254 Ultraviolet Standard method fJa\S/C %’3%/|Odel
- * 1
Absorption-Method 5910B UN/-Spectrometer
DOC Wet Oxidation Standard method O.l. analytical 1010
Method 5310C* TOC Analyzer
FEEM analysis - i JASCO  FP-6200
spectrofluorometer
Gas
Liquid-Liquid Chromatography
THMs Extraction Gas and g;alrgdzrgd rgze;gog with  electron
Chromatography capture detector
Method (GC/ECD)

(*Standard Methods, 1995)



CHAPTER IV

RESULTSAND DISCUSSION

4.1 Characteristics of Ping River water and shallow-well groundwater

The summary of the characteristics” of raw waters from Ping River and

Shallow-well groundwater during the entire pertod of study are presented in Table 4.1.

Table 4.1 Raw water~charaeteristics of Ping River and Shallow-well groundwater

sources
. 4 Raw water Source
Parameter Ping River Shallow-well Groundwater
4o Mean 4 M ean

Range valu'g ' A8 Range value n
pH 7.15-7.86 7.45';_',',]"_‘ 5 6.48-7.04 6.65 5
Temperature (C°) 24.0-26.5 25 7 5 23.0-24.7 23.6 5
Conductivity (uS/cm) 2142437 | 2251 | 5 300.1-3282 | 317.1 5
Turbidity (NTU) 50-220 102 8 0.9-2.3 1.2 5
Alkalinity(mg/LCaCO3) | | 85.6-90.3 86.8 7 134.8-142.5 138.8 4
DOC (mg/L) 2,31-3.58 2.84 5 1.33-1.96 1.72 5
UV-254 (Cm'l) 0.063-0.136 0.098 5 0.201-0.349 0.259 5
SUVA (L/mg-m) 2.68-4.03 3.42 5 11.27-18.09 15.03 5

Remark:™yni=numberof observations

4.1.1 Physical and chemical characteristics

As data shown in Table 4.1, the average pH values of Ping River water and
shallow-well groundwater were 7.48 and 6.65, respectively. It can be noticed that pH
of two raw water sources was nearly neutral. However, the alkalinity should be
analyzed because the coagulation process that utilizes ferric as coagulant was

generally required the additional alkalinity in case of low alkalinity raw water.
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Average alkalinity values of Ping River water and shallow-well groundwater were
86.8 and 138.8 mg/l asCaCOs, respectively. For a brief calculation of the alkalinity
consuming during coagulation process in this study, it is indicated that raw water not

to required additional alkalinity to prevent pH drop.

Turbidity is basic parameter that generally used to represent the visible
impurities presented in contaminated water hecause of its easy analysis. Turbidity, or
the cloudiness of water, is caused by multiple'numbers of factors such as clay, silt,

fine organic and inorganic.matter, and microorganisms. Interestingly, Ping River water

has a wide range of turbidity 50-220 NTU or average value about 102 NTU that
depends upon seasons. The'period of this study was in between rainy season and dry
season, therefore, the"turbidity value observed in this study was very high in rainy
season because of solid‘transportation, while it was lowed in dry season because of the

sedimentation.

4.1.2 Dissolved organic matter (DOMYéurrogate parameters

4.1.2.1-Dissolved organic carbon (DOC)

DOC is main surrogate parameter which represented DOM that generally
found in natural,water./As can be seen From-Table 4.1, the‘average DOC values of Ping
River water and groundwater were 2.84 and 1.72 mg/L, respectively. The values of
DOC can indicate~the,concentration .0f, NOM, contained, in-natural, water, which is
originated from a result' of decomposition ‘processes from-higher' organic matter such
as plants. When water gets in touch with high organic soils, a certain amount of these

components can be drained into rivers as DOC.
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4.1.2.2 UV absorbance at wavelength 254 nm (UV-254)

UV-254 is another important DOM surrogate parameter because it is
used to provide an indication of the aggregate concentration of UV-absorbing organic
constituents, such as humic substances and various aromatic compounds (APHA,
AWWA, WEF, 1995). Although, DOM from different origins may have different
elemental compositions and other. chemical jproperties, their spectra are similar. In
general, light absorbance of humic substances in the water will increase with the
degree of aromatic rings.in.the humic' substances, the ratio of carbon in aromatic
nuclei to carbon in aliphatic oralicyclic side chains, the total carbon contents in the
water, and the molecular weight of the humic acids. However, the value of UV-254
strongly depends on ihe concentrations of humic acids in water. As can be seen in
Table 4.1, Average UV-254 values -of the Ping River water and groundwater were
0.098 and 0.259 cm™, respectively. 4t can be indicated that a high UV-254 values
observed from groundwater might be originated from the humic substances leached

from the soil.
4.1.2.3 Specific ultraviolet absorbance (SUVA)

Recently, the specific UV-254 (defined-as UV-254 per milligram of
organic carbon, also Known as SUVA) has also been used as another surrogate for
DOM and the~diginfestion-by-preduct(BBPs); precursers.«SUVA is defined as a
surrogate parameter ‘used toestimate hydrophobic*'DOM; a higher SUVA means that
the water is_enriched in_hydrophobic such as fiumic substance~"Humic molecules
contain aromatic, barboxyl, caobonyl;methoxyl and aliphatic units (Stevenson, 1982
and Christman et al., 1983). In drinking water treatments, SUVA can be utilized to
predict the reactivity of humic acids with coagulants and disinfectants (Edzwald,
1993). From the obtained data in Table 4.1, it can be seen that the average SUVA
values of Ping River water were 3.42 L/mg-m and groundwater were 15.03 L/mg-m.
Literatures reported that the groundwater may comprise of a high humic content and
also have the ability for using coagulation process. Correspondingly, it was

established by many researchers that water having high SUVA values (> 2.0 L/mg-m)
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enhanced coagulation is able to remove organic matter from the water (Edzwald and
Benschoten, 1990). Water having a high SUVA value (SUVA > 3.0 L/mg-m) has
been found to contain organic matter that is more humic-like in character, higher in
AMW, and more readily removed by coagulation (Edzwald, 1993) whereas lower
SUVA values (< 3.0 L/mg-m) indicate the presence of organic matter of lower AMW
that is more fulvic-like in character and more difficult to remove. As the results
obtained, SUVA value of Ping River water was more than 3.0 L/mg-m, therefore, it
might be predicted that Ping River waieitreatment would be achievable by

coagulation process.

4.2 The optimizationsof turbidity removal in high turbid surface water by using

ferric coagulant

This section was aimed at investigate turbidity removal in high turbid surface
water by using ferric coagulant preduced frem natural iron in groundwater reacted
with chlorine. The appropriate tatic of ground\)Vater to surface water and the optimal
chlorine dosage were determined. The coagulation/flocculation process was conducted

by jar-test experiments:

4.2.1 Chlorine dosage for producing maximum ferric coagulant from

natural iron in-greundwater

In order to_determine_the maximum ferri¢: coagulant produced from natural
iron in groundwater at'different ehlorine dosage, the experiments were conducted by
using Jar test unit with chlorine dosages varied from 0 to 80 mg (as Cl;) mixed into 1
litter of groundwater which contains natural total iron of approximately 21 mg/L. The
maximum total iron reduction in groundwater before and after adding chlorine was
considered to be the maximum production of ferric coagulant. This is based on the
assumption that ferric coagulant was formed and then precipitated ferric salts were
taken place. As a consequence, the reduction of total iron in groundwater after dosing

chlorine was observed. As can be seen in Table 4.2 and Figure 4.1, total iron reduction
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increased rapidly at chlorine dosages from 0 to 20 mgCl, /L and then became steady
when chlorine dosages of more than 30 mgCl, /L. In addition, it could be remarked
that maximum ferric coagulant (maximum reduction of total iron) of about 21 mg/L

(as total iron) could be produced by adding chlorine of 30 mgCl, /L into groundwater.

Table 4.2 pH and total iron in groundwater before and after dosing chlorine

Groundwater before Groundwater after

Chlorine dosage dosing.chlorine desing chlorine Total iron
J reduction
(mgCl, /L) L
H Totaliron = Total iron (mg/L)
P (Mg/L) b (mg/L)
0 6.71 d4F |\ 6.74 19.7 1.4
10 6.71 21 4 '_ 6.70 1.76 19.3
20 6.71 21.1 ¥ \6\62 1.27 19.8
30 6.74 .17 . 6.82 0.38 20.7
50 6.71 211 +' 1 6.94 0.48 20.6
80 6.71 AR W 0.46 20.6
i
25 i
% 20 | /_./? o “
< ) |
.0 1
‘g‘ 15 |
3 I
c |
E o |
= 1
(<) 1
Qe o 4 30mgCl,iL
/ .
r |
0 . v . . .
0 20 40 60 80 100

Chlorine dosage (mg CI,/L)

Figure 4.1 Total iron reduction at various chlorine dosages
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4.2.2 Appropriate ratio of groundwater (containing high iron) to surface

water by adding 30mg as Cl, per oneliter of groundwater

The mixtures of groundwater and surface water were done under the different
ratios of groundwater to surface water of 0:100, 20:80, 35:65, 50:50, 65:35 and 80:20
and then 30 mg as Cl, per one liter of groundwater were dosed into each mixture. This
is due to the result of chlorine concentration of 30 mg as Cl, per one liter of
groundwater that could be recommended to" be the dosage for producing maximum
ferric coagulant as mentioned. in the jprevious. section 4.2.1. The turbidity in the
waters of all ratios before and after dosing chlorine by using Jar test unit was
measured. Figure 4.27shows the residual turbidity and percent turbidity removal
obtained from all expefimental condition‘s._jl_lt was found that the turbidity removals of
18, 66, 81, 87, 92 and 92 %; were observ_;ed from the ratios of groundwater to surface
water 0:100, 20:80, 35:63, 50:50, 65:35 arid 50:20, respectively.

Regarding to the appropriate ratio 'éfjgrpundwater to surface water, the ratios
of groundwater to surface water-¢f 35:65 ar"@;clté"():SO were suitably applicable because
of its residual turbidity and turbidity removal efficiency were good enough and
acceptable. Although at-the-fatios-of groundwater-to-suiface water of 65:35 and 80:20
were also able to give-a good quality of water, a high vetume of groundwater using to
blend with surface water was not applicable and practical according to economic point

of view.
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Remark " (%) = /Percentage of turbidity removal

Figure 4.2 Residual tugbidity and percentiurbidity removal of different ratios of
groundwater to surfage water (at the'optimal chlorine dosage of 30 mg as Cl,
per one liter of groundwater) :

b i A

4.2.2.1 Effects of different initial turbidity in the water of various
ratios of groundwater-to-suiface water-on-tuirbidity-removal by using the optimal
chlorine dosage of 30:mg as Cl, per one liter of groundwater

Basedjon theresults; obtained fromesection4.2;2, the optimal chlorine
dosage of 30 mg.as Cl;per-one liter of groundwater adding into the various ratios of
groundwater to surface water of 20:80, 35:65 and50:50 were expérimented in order to
study the effects of different:turbidity- in’ various ratios_of groundwater to surface
water on turbidity removal. The experiments under the conditions of different
turbidity of surface water varied from 50-200 NTU, 40-160 NTU, and 30-160 NTU
were performed at the ratios of groundwater to surface water of 20:80, 35:65 and
50:50, respectively. As illustrated in Figure 4.3, the results shown that the residual
turbidity obtained in experiment at various initial turbidity and the ratio of
groundwater to surface water of 20:80 were sometimes over 10 NTU which did not

meet the turbidity standard of water supply set by Dept. of Health, Thailand. On the
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other hand, it was found that residual turbidity obtained at the ratios of groundwater to
surface water of 35:65 and 50:50 with different initial turbidity were entirely lower
than 10 NTU. Based on these results, it can be concluded that the variation of turbidity
in surface water mixed with groundwater at different ratios would not significantly
affect the performance of turbidity removal when 30 mg as Cl, per one liter of
groundwater was applied. In addition, the ratio of groundwater to surface water of
35:65 dosing with 30 mg as Cl, per one liter of groundwater was the most suitable

condition for practical implementation.
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‘ 71 Turbidity removal (NTU)
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O | [ 1 1 T 1 — T I 1 T 1
<— @n —=2.S  a5es — 5050 —>

Ratio of groundwater o surface water

Remarks:  * Turbidity standard of water supply set by Dept. of Health, Thailand (10 NTU)

(%) Percentage of turbidity removal

Figure 4.3'Residuai turidity and-percentages of turbidity:remavai of the different ratios
of ‘groundwater to" surface water' of 20:80,35:65 and-50:50 (at the optimal
chlorine dosage of 30 mg as Cl, per one liter of groundwater and initial
turbidity varied from approximately 50-200 NTU)
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4.2.2.2 Effects of different chlorine dosing methods (pre-chlorine
adding method and post-chlorine adding method)

With regard to the coagulation of selected ratios of groundwater to
surface water (20:80, 35:65 and 50:50), the different results of water quality gained
from the effects of using different methods of chlorine dosing for producing ferric
coagulant namely pre-chlorine adding method and post-chlorine adding method were
investigated. In case of pre-chlorine adding ‘method, the optimal amount of chlorine
(at 30 mg as Cl, per one liter of groundwater). was.dosing into groundwater prior to
mixing with surface water. Figure 4.4 illustrates the residual turbidity and percent
turbidity removal obtained by using pre-chlorine adding method. The results indicated
that the turbidity remeval eificiency of 36,57 and 70%, were obtained in the ratios of
groundwater to surface water: of 20:80; 35:65 and 50:50, respectively. For post-
chlorine adding method, the optimal amount of chlorine (at 30 mg as Cl, per one liter
of groundwater) was dosing into‘the mixtures of groundwater and surface water. The
residual turbidity and percentage-of turbidiféy remayval by using post-chlorine adding
method is depicted in Figure 4.5 It was fouhd‘"lthat the efficiency of turbidity removal
of 81, 93 and 96% were achiéved ‘at the r‘eép‘ec'tive ratios.of groundwater to surface
water of 20:80, 35:65:a#16-50:50:

According to the results, it was found that the efficiencies of turbidity
removal of all-expeniments-obtained from=past-chlarine adding method were higher
than that of obtained from pre-chloriné adding method. This may be attributed to the
reason that in the post-chlorine adding method, ttrbidity in surface water has already
well mixed with high“iron groundwater before ferricicoagulant’farmed. Therefore,
efficiency of turbidity entrapment by Fe(OH)3 floc formed in the mixtures of waters
in post-chlorine adding method were better than that of occurred in pre-chlorine

adding method.

From the combined results of this section and the section 4.2.1 and

4.2.2, it can be additionally concluded that the most appropriate condition of this study
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was the ratio of groundwater to surface water of 35:65 with chlorine dosage of 30 mg
as Cl, per one liter of groundwater under post-chlorine adding method.

150
i_} Turbidity removal (NTU)
120 4 B Turbidity residual (NTU)
2
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Ratio of grounq\'ivater to surface water

Remark: (%) = Percentadg of turbidity removal

Figure 4.4 Residual turbidity and pereént turbidity removal by using pre-chlorine adding
method at different groupdwater to sg_rf%c‘e water ratios
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Figure 4.5 Residual turbidity and percent turbidity removal by using post-chlorine adding
method at different groundwater to surface water ratios
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4.2.3 Turbidity removal by using commercial ferric chloride coagulant

This section demonstrated the turbidity removal efficiency of high turbid
surface water by using commercial ferric chloride coagulant. A commercial ferric
chloride coagulant (FeCl3.6H,0) used in the experiment was an analytical grade. The
commercial ferric chlorides concentration in between 0-120 mg FeCl3z /L were varied
and added in different levels of turbidity 50, 150, and 220 NTU.

The factors that influence the quantity of.inorganic coagulant (ferric chloride)
needed to achieve destabilization of the particulate are including pH, ionic species,
temperature, type and“congentration of particulates, concentration of the coagulant,
and the mixing conditionat .the /point o_i.f coagulant eondition. Of these solution
parameters affecting coagulant—particuléte interactions, the solution pH plays a
dominant role. Therefore; the results examiined in this topic were focused on pH value

and the concentration of fefric.chloride coagulant added.

The results of turbidity-and pH of fhé"léxperiments were illustrated in Figure
4.6 and Figure 4.7, respectively: It was found that at.0-20 mg FeCl3 /L of commercial
ferric chloride added; the-differeni-tevels-of-ab-tuibidities (50 ,150 and 200 NTU)
were rapidly decreasing while pH were more than 4. Correspondingly, the previous
study has reported that at pH more than 4, the formation of ferric iron on precipitate
occur causing entrapment of,the-pasticulates-whichuis ealled “sweep floc”. This sweep
floc mechanism, usually requires~a’ greater quantity "of coagulant than charge
neutralization, resulting in the formation of larger quantities Of sludge (Jame M.
Montgomery). Therefore, thedurbidity~removals by coagulation=flocculation process
at 0-20 mg FeCl; /L of commercial ferric chloride added in this study are almost from

the mechanism called “sweep flocculation”.

Additionally, it was found that 40 mg FeCl; /L dosage of commercial ferric
chloride added in different levels of turbidity in surface water are optimum for
turbidity removal so as to achieve the turbidity standard of 10 NTU of water supply

set by Dept. of Health, Thailand. However, the increment of turbidity in coagulated



54

water was observed in all experiments at the commercial FeCls; dosages were higher
than 40 mg/L (optimal dosage). This is corresponding to the theoretical phenomenon
generated by using an overdose of the coagulant in water coagulation process.
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Figure 4.6 Turbidity of coagulated water at different commercial FeCls dosages
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Figure 4.7 pH of coagulated water at different commercial FeCl; dosages
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4.3 Chemical cost of coagulation process by using commercial ferric chloride
coagulant and ferric coagulant produced from natural iron in ground water

reacted with chlorine

In this section was comparing the chemical costs for coagulation process by
using commercial ferric chloride coagulant and ferric coagulant produced from natural

iron in groundwater reacted with chlorine.

Iron (I11) Chloride. Hexahydrate (FECls.6H,0) is the one of iron salts
coagulant term or so called ferric chloride (FeCls)."In general, the price of ferric
chloride solution in commer€ial grade as 40% of ferric Chloride is 30 Bath per liter.
Based on the results as Section 4.2 before,,_i,in terms of using analytical ferric chloride
coagulant in coagulation found that at 40:mg FeCls /L In turbid surface water was the
optimal dosage which achieved to remove tljfbidity lower than 10 NTU. According to
the calculation cost, the passible cost of ferric'chloride (FeCls) used to treat one cubic
meter of surface water is 3.00 Baht.

For using ferric coagulant produced from natural iron in groundwater reacted
wuth chlorine, sodium fhypechiorie-sotution-(NaGCH-containing 10% as free chlorine
(Cly) was introduced to use as strong oxidizing agent for reacting with natural iron in
groundwater and then Terric coagulant could be formed. At the present, the price of
NaOCI solution{inycommereial grade @bserved: insThailand is-about 8 Bath per liter.
Based on the results‘obtained from'section 4.2, the appropriateratio of groundwater to
surface water was 35% and the optimal chlorine dosage was 30 mg-as Cl, per one liter
of groundwater tozachieve 'turbidity remaval lower than .10 NTU. /According to the
calculation cost, the possible cost of sodium hypochlorite (NaOCI) used to treat one

cubic meter of surface water is 1.28 Baht.

Thus, the utilization of ferric coagulant produced from natural iron in
groundwater reacted with chlorine was achieved to reduce the expenses according to

gconomy concept.
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4.4 DOM fractionation of raw water and coagulated water

Resin fractionation has been employed by many researchers to fractionate
DOM in groundwater (Swietlik et al., 2004), reservoir water (Imai et al., 2001 and
2002, Goslan et al. 2004; and Janhom 2004) and river water (Marhaba and Van 1999,
Imai et al., 2001; and Kimura et al., 2004) in order to provide a better understanding
of the characteristics of the DOM.in the water. For instance, resin fractionation can
separate the DOM into specific organic groupsbased on their physical and chemical
properties. DOM in water.samples can be fractionated.into two categories using DAX-
8 resins: the hydrophobic organicfraction and hydrophilic organic fraction. Thruman
(1985) expands on the characieristics of each fraction. The hydrophobic fractions,
which are more aromatic carbon than the hydrophilic products and are low organically
bound nutrients, contained the acidic products. Hydrophilic fractions mainly consist of
proteins, carbohydrates, garboxylic aeids;, amino acids and amino sugar (Marhaba and
Van, 2000). The variation 0f hydrophobic and hydrophilic materials in different water
may diverge depending on the source of m&térials, geology, biological process etc.

In order to characterize DOM . fractions in.raw water and coagulated water,
resin fractionation was-ihtroduced-io-this-section—Raw: Wwater and coagulated water
were filtrated through-0.75 um glass fiber filter before-fractionated into hydrophobic
organic fraction and hydrophilic organic fraction that was followed fractionation
method created-by; Lleenheer (1981): Raw-water means the mixtures of groundwater
and surface water at ratios of groundwater to surface water'of*35:65 and 50:50, while
coagulated water means the mixtures of groundwater and_surface’ water at ratios of
groundwater'to surface watercof:35:65-and 50:50cafter coagulatianiprocess by using
ferric coagulant produced from natural iron in groundwater reacted chlorine (at 30 mg
as Cl, per one liter of groundwater under post-chlorine adding method). DOM mass
distributions of two fractions were calculated based on DOC mass. The summation of
the hydrophobic DOC and hydrophilic DOC was compared with the values of the
respective bulk samples to check possible losses in the organic material during

fractionation procedures.



4.4.1 DOM fractionsin raw water

As percent distribution of DOC concentrations of DOM fractions depicted
in Figure 4.8, it was observed that hydrophobic fraction and hydrophilic fraction of
raw water at ratio of groundwater to surface water of 35:65 were 0.84 and 0.80
mg/L of DOC, respectively, or accounted for 51.17 and 48.83% of total DOC,
respectively, and that at ratio of groundwater to surface water of 50:50 were 0.77
and 0.74 mg/L of DOC, respectively, ‘or .accounted for 50.84 and 49.16%,
respectively. On the other.hand, it could be stated. that the ratio of hydrophobic
fraction to hydrophilic fraction(HPO:HP!) at ratios of groundwater to surface water
of 35:65 and 50:50 were 1:0:95.and 1:0.96, respectively.

Considering inp‘term of the distr_ib‘ution of organic fractions in raw water,
the hydrophobic fractioniwas comparable with hydrophilic fraction at both of ratios
of ground water to surface water 35:65 and 50:50. However, the hydrophobic
fraction and hydrophilic fragtion were foundto be the major DOM fractions in raw
water at both ratios of groundwater to surface ;/\'/’éter. This result was consistent with
the previous study of Musikavong (2006), t‘he"relationship between hydrophilic and
hydrophobic in river waiei-is-demonstrated—ti-the-case-af tow DOC concentrations
(1.1-2.8 mg/L of DOC), either hydrophobic or hydrophilic could be the dominant
DOM fraction. Whilst, in the case of high DOC concentrations (3.8-8.4 mg/L of
DOC), hydrophilie;becomes, frequently sthe-deminant .DOM fraction in river water.
Thruman (1985), reported“that” humic “species (hydrophobic fraction) typically
dominant in NOM contributing from 50 to 90% af'the DOC in most natural waters.
The hydrophobic fraction was slightly. more abundant (in reservoir. water (51 to
62%) than in the river water (41 to 50%), Martin-Mousset et al., 1997. Tadanier et
al., (1999) analyzed the source water from Drummond Lake and Chickahominy
River (Virginia), and reported that the hydrophobic acid dissolved material matrix
(DMM) fraction dominated the dissolved organic matter (DOM) distributions,
followed by the hydrophilic neutral fraction. In Taiwan, Huang and Yeh (1997)
reported that hydrophobic organics from the Feng-San Stream yielded a higher

halogenated organics formation potential because of its higher aromatic content,

57
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phenolic acidity, and ultraviolet absorbance. On the other hand, Marhaba and Van
(2000) found that hydrophilic acid was a dominant fraction in the water treatment
plant in Northern New Jersey, USA. Owen et al., (1995) also found that hydrophilic
fraction accounted for about half of the DOC (44 to 58%) meanwhile, 42% to 56%
of hydrophobic. Unfortunately, no one has been reported the distribution of organic

fractions case of a mixtures between river water and surface water.

According to the results obtained in‘Gigure 4.9, the summation of DOC mass
of two DOM fractions in.raw. water was lower than.the DOC mass of unfractionated
raw water. The percent differences were about 18.26% for raw water (at ratio of
groundwater to surface water-of 35:65) and 19.17% for raw water (at ratio of
groundwater to surface waier /of 50:5Q). The percent differences between the
summations of the DQC miass of the two DOM - fractions and the DOC mass of
unfractionated water were determined in 0r_dér to confirm the effectiveness of the resin
fractionation method. The weight surplus fnay have come from resin bleeding during
the elution process (Leenheer, 1981). Day?etnal., (1991) and Marhaba and Pipada
(2000) reported tolerance of percent differehc@é of DOC from the resin fractionation
process as much as_10-15%. Croue et alf‘,-"(-i1‘993) also.reported in wastewater a
variation of 8-12% of percent-differences-oF-DOC.—FHhe 10ss of DOC weight after the
resin fractionation proeess may be due to the effectiveness of the elution process since
some DOM is still absorbed in the resins. In accordance with the high level of percent
differences of DOE, jit:can-herdeducted-that raw water,used.in the current study was
slight DOC concentration, thus,~the " possibility’ of "an ‘error occurred during
fractionation. procedure are often presented aS*shown .in_a ‘high percent DOC
differences more than 15%.! The characteristics of DOM fractiong in filtered raw water
of raw water at ratios of groundwater to surface water of 35:50 and 50:65 are depicted
in appendix A (Table A-6a and A-6b).
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Hydrophilic fraction
(DOC = 0.80 mg/L)
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X\ (DOC=0.84 mg/L)
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Raw water at ratio of groundwater to.surface water of 50:50
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Figure 4.8 Percent DOC distribution and DOC concentrations of DOM fractions in
raw water at ratios of groundwater to surface water of 35:65 and 50:50
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Figure 4.9 DOC mass of DOM fractionsi“i'frf raw water at ratios of groundwater to
surface water of 35:65 and50:50

4.4.2 DOM fractions in coagulated water

The percent; distribution ef [DOM:fractions; fram:-coagulated water by using
ferric coagulant,produced from natural iron in groundwater reacted with chlorine (at
30 mg as Cl, per one liter of groundwater under‘post-chlorine adding method) at the
ratios ofi groundwater to surfaceswater-of 35:65 and 50:50 were ‘exhibited in Figure
4.10.

As the results exhibited in Figure 4.10, hydrophobic fraction and hydrophilic
fraction of coagulated water at the ratio of groundwater to surface water of 35:65 were
0.90 and 0.73 mg/L of DOC, respectively, or accounted for 55.02 and 44.98% of total
DOC, respectively, and that at ratio of groundwater to surface water of 50:50 were
0.96 and 0.68 mg/L of DOC, respectively, or accounted for 58.48 and 41.52%,



61

respectively. It could be stated that the ratio of hydrophobic fraction to hydrophilic
fraction (HPO: HPI) at ratios of groundwater to surface water of 35:65 and 50:50
were 1:0.81 and 1:0.71, respectively.

Considering in term of the distribution of organic fractions in coagulated
water, the hydrophobic fraction was comparable with hydrophilic fraction. It was
founded that after coagulated at both ratios of groundwater to surface water 35:65 and
50:50, the hydrophobic fraction was become to"be.the major DOM fraction while the
hydrophilic fraction was.demoted from major DOM fraction. Nevertheless, the DOC
concentrations reduction'of eael DOM fractions is interesting in order to compare the
DOC reduction effictencywiih -different condition and with the previous study
(described in section 4:4.3). ‘

Figure 4.11 depicted that the perb_eﬁt differences between the summations of
the DOC mass of the two DOM fractions iﬁ-.-coagulated water was lower than the DOC
mass of unfractionated coagulated water. Tﬁe,percent differences were about 14.89%
for coagulated water (at ratio of groundwatér-”t‘é surface water of 35:65) and 12.25%
for coagulated water (at ratio of ground\)v'éfer to. surface water of 50:50). The
characteristics of DOM-fractions—ii-titiered-—+faw-water 0f raw water at ratios of
groundwater to surface-water of 35:65 and 50:50 are depicted in appendix A (Table A-
7a and A-7Db).
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Figure 4.10 Percent DOC distribution and DOC concentrations of DOM fractions
in coagulated water by using ferric coagulant produced from natural iron in
groundwater reacted with chlorine (at 30mg as Cl, per one liter of
groundwater under post-chlorine adding method) at ratios of groundwater to

surface water of 35:65 and 50:50
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Figure 4.11 DOC mass of DOM fractions in coagulated water by using ferric coagulant
produced from natural iron in groundwater reacted with chlorine (at 30mg as Cl,
per one liter of groundwater under post-chlorine adding method) at ratios of
groundwater to surface water of 35:65 and 50:50

4.4.3 DOC concentrationsreduction of DOM' fractions

The'DQC:concentrations reduction of DOM fraction by coagulation which
using ferric coagulant produced from natural iron in groundwater reacted with chlorine
(at 30mg as Cl, per one liter of groundwater under post-chlorine adding method) at
ratios of groundwater to surface water of 35:65 and 50:50 were investigated and

demonstrated in Figure 4.12 and Figure 4.13, respectively.

From the results shown in Figure 4.12, it was found that the coagulation

process at ratio of groundwater to surface water of 35:65 can reduce 10.65% of bulk
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DOC. After the coagulation process, the hydrophobic DOC concentration was
increased while the hydrophilic DOC concentration was decreased. It can be stated that
hydrophobic fraction, which mainly consist of humic and fulvic species (Reckhow et
al., 1992), cannot be reduced by coagulation process that using ferric coagulant
produced by natural iron in groundwater reacted with chlorine. In contrast, hydrophilic

fraction was removable by the coagulation process.

As shown in Figure 4.13, the DOC eaneentrations reduction of DOM fraction
at ratio of groundwater to surface water of 50:50 were different from those at ratio of
groundwater to surface waier 0F35:65. The hydrophilic fraction of coagulated water
was also lowers than thaieof saw water (8.12% reduction). The coagulation cannot
reduce hydrophobic fraction./In this case; the bulk DOC concentrations cannot be
reduced after coagulation progess. Contradi_,ctory with the several studies, the DOM
fraction investigation in‘Mae Hea Reservéi_r and Bhumiphol Dam were indicated that
the alum coagulation can ‘reduce . the }jyarophobic fraction (51.2-59.7%) and
hydrophilic fraction (27.4-43.6%) (Jiarsirik_'l:Jl_'Ir—\./jn._‘, 2003). Janhom T. (2005) investigate
the DOM fractions reduction in the Northern VR-_"egion Industrial Estate Reservoir, the
results indicated that,the alum coagulatio.h "égr“]'efficiently reduce the hydrophobic
fraction and hydrophilic fraction of 44.6 and 54.9%, respéctively.

According to the results obtained in this section, it could be concluded that the
higher ratio of groundwater to surface water, the higher hydrophobic fraction formed
after coagulation. Hydrophilic fraction was removable at both of two ratios (35:65 and
50:50)«Furthermore,. the"DOM:could be: reduced: rinefficiently after coagulation
process that using ferric coagulant produced from natural iron'in groundwater reacted

with chlorine.
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Figure4.12 DOC concentration reduction of DOM fraction of raw water and coagulated
water by using ferpi€ coagulant produced from natural iron in groundwater reacted
with chlorine (at"30mg as CI; per one liter of groundwater under post-chlorine
adding method) at gatio of groundwater to surface water of 35:65
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Figure 4.13 DOC concentration reduction of DOM fraction of raw water and coagulated
water by using ferric coagulant produced from natural iron in groundwater reacted
with chlorine (at 30mg as Cl, per one liter of groundwater under post-chlorine
adding method) at ratio of groundwater to surface water of 50:50
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4.5 Total trihalomethanes (THM ) formation

From the hypotheses mentioned in Chapter I, the disinfection by-products
(DBPs) could be formed from the interaction between chlorine and organic substances
in water. Total trihalomethanes (THMs), which is including four species (chloroform,
bromodichloromethane, dibromochloromethane, and bromoform) has been
investigated as a major DBPs that can be formed during disinfection process on
natural water. This study was utilized ferric'Ceagulant produced from natural iron in
groundwater reacted with.chlorine for turbidity removal in surface water. Therefore,
there was a possibility of THIMs _ferming during this coagulation process. Hence, the
aim of this section wasto iavestigate the formation of THMs during this process that
utilizes ferric coagulant produced from patural Iron in groundwater reacted with

chlorine. -

Raw water means the mixtures of groundwater and surface water at ratios of
groundwater to surface water of 35:65 an'd‘}50:50, while the coagulated water was a
mixtures of groundwater to surface Waterfth‘élrf collected from coagulation process
where the ferric coagulant was produced from the natural iron in groundwater reacted
with chlorine (at 30 mg-as-Clo-per-one-titer-of-groundwaier under post-chlorine adding

method) at ratios of greundwater to surface water of 35:65 and 50:50.

Based-ongthesinvestigatien; ef-total (trinalomethanes+(THMSs) formation as
shown in Table, 4.3, ‘total " THMSsconcentration“was "scarcely found in both raw
groundwater and raw surface water. This may be‘due to the fact that raw groundwater

and raw surface water may hot'centain'ehlorine and halogen compounds.

During the coagulation experiment with using ferric coagulant produced
from natural iron in groundwater reacted with chlorine, the total trihalomethanes
(THMs) concentration of both raw water and coagulated water were also investigated.
Table 4.4 illustrates the total THMSs concentration of raw water and coagulated water
at ratios of groundwater to surface water of 35:65 and 50:50, the results present that

the total concentration of THMs in raw water at ratios of groundwater to surface water
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of 35:65 and 50:50 were 2.98 and 2.67ug/L, respectively. While the total
concentration of THMs in coagulated water at ratios of groundwater to surface water
of 35:65 and 50:50 were 51.17 and 51.47 ug/l, respectively.

It can be conclusively stated that the coagulation process by using ferric
coagulant produced from natural iron in groundwater reacted chlorine of 30 mg as Cl,
per one liter of groundwater could cause trihalomethanes (THMs) formation. Since an
increase in trihalomethanes (THMSs) conceniraiion after coagulation process from 2.98
to 51.17ug/L and from 2.67.t0 51.47ug/L were observed for coagulation experiment
at ratios of groundwaterto surfaceWwater of 35:65 and 50:50, respectively, as depicted
in Figure 4.14. According toithese tesults, the trinalomethanes (THMSs) concentrations
in coagulated water at-ratios of groundwétgr to surface water of 35:65 and 50:50 were
slightly higher than _the trihalomethaﬁes (THMs) standard rule of stage two
(maximum contaminants level for THI?Vl_SJ: > 40pg/L.), which proposed by US
Environmental Protection Agency (-USEPA)' 1998, but lower than the standard rule of

stage one (maximum contaminant-evel for'J_f? HMs < 80pg/L.).

#e 2 4

Based on this finding; it ‘could be stated-that the concept of using ferric
coagulant produced frofi-hatufat-tron—tn-groundwater-reacted with chlorine may

potentially be applied for high turbid surface water treatment.
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Figure 4.14 Increment of total'T HMs concentration at ratios of groundwater to surface
water of 35:65 and 50:50 of faw water and coagulated water by using ferric
coagulant produced from.natural ir.{:_n in groundwater reacted with chlorine (at
30mg as Cl, per one liter of groundwater under post-chlorine adding method)
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4.6 FEEM signatures of DOMS~ -

Three-dimensional fluorescence spectroscopy (Fluorescent Excitation - Emission
Matrixes: FEEM) provides the total summary of the emiission spectra of a sample at
different excitation; wavelengths;, recorded=assa; matrix .of, fluorescent intensities in
coordinates of ‘excitation”(EX) and emission” (EM) "wavelengths. Recently, FEEM was
successfully employed to_establish “the fingerprifit- of organic compounds in water
(Marhaba, Pu, and:Bengraine;2003; Nakajima, Hanabusa, and ‘Furumai, 2002). The
filtered raw water and coagulated water were adjusted to neutral pH before analyzing with

a spectrofluorometer.

In order to characterize DOM in all waters, the FEEM of all waters were
established. The peak position on the FEEM was the highest fluorescent intensity of each
DOM signature that was exhibited in each region position and also reported in coordinates

of “nm in excitation (ex) and nm emission (em)”. The FEEM of raw water and
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coagulated water (by using ferric coagulant produced from natural iron reacted with
chlorine of 30mg as Cl, per one liter of groundwater under post-chlorine adding
method) at ratio of groundwater to surface water of 35:65 were investigated. For
removing the insoluble substances that could interfere FEEM results, all water samples

were filtrated through 0.75 pm glass fiber filter before analyzing FEEM.

Using consistent excitation and emission wavelength boundaries for each
FEEM, Chen et al., (2003) operationally defined-excitation and emission boundaries into
five regions based largely. upon supporting literature..EEEM peaks have been associated
with humic-like, tyrosine-like,.iryptophan-like, or phenol-like organic compounds. In
general, peaks at shorter excitation wavelengths (<250 nm) and shorter emission
wavelengths (<350 nm)are related to simpie_;liromatic proteins such as tyrosine (Regions |
and Il). Peaks at intermediate exgitation wa\__/elengths (250 - 280 nm) and shorter emission
wavelengths (<380 nm) are related 10 soluble microbial by-product-like material (Region
IV). Peaks at longer excitation wavelengths T(-.>280 nm) and longer emission wavelengths
(>380 nm) are related to humic acid-tike orgéaic_s (Region V). For fulvic acids, FEEMs
with minimum excitation wavelengths of 250 nm indicate shoulders of FEEM peaks
located at shorter excitation wavelengths.""-'Th'erefore, peaks at shorter excitation
wavelengths (<250 nm)-and-tongeremission-wavelengihs{(>350 nm) are related to fulvic
acid-like materials (Region III). All these five regions are separately demonstrated in
Figure 4.15. These demonstrated the relationships between FEEM peak position and
organic compounds that j nmmght /bes utilized:-te, explain+the, characteristics of organic
compounds in“the ‘studied waters."FEEM ‘peaks of the 'major DOM fractions were
compared with the location of FEEM peaks _based-on literature reperts by Chen et al.,
2003.
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Figure 4.15 Location of FEEM peaks and eZCit@tion and emission wavelength boundaries
for five FEEM regions based on Iifgrature reports by Chen et al., 2003
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The FEEM contours Of raw water and coagulated water by using ferric
coagulant produced from naturat iron in groidh"d\i\iater reacted with chlorine of 30mg as
Cl, per one liter of -groundwater—under—post-chtorine adding method) at ratio of

groundwater to surface-water of 35:65 are presented in Figu:r:es 4.16

As FEEM contours«shown in Figuré 4.16, FEEM of raw water at ratio of
groundwater to'surfage water-of 35:65 established'three peaks, firstly, a peak (A) located
at regionV of 335nm/410 nm (excitation/emission), secondly, a peak (B) located at
region\hof 265 nm/430nm, and thirdly, a peak(C) located at-regioniVV of 290 nm/ 320nm.
FEEM of coagulated water (by using ferric coagulant produced from natural iron in
groundwater reacted with chlorine of 30mg as Cl, per one liter of groundwater under
post-chlorine adding method) at ratio of groundwater to surface water of 35:65
established three peaks, firstly, a peak (A) located at regionV of 330nm / 410nm,
secondly, a peak (B) located at regionV of 280 nm/ 425nm, and thirdly, a peak(C) located
at regionlV of 270 nm/ 295nm. The results of FEEM peak position were correspond to the

FEEM peak positions from several water sources reported by previous study (Table4.5).
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Figure 4.16 FEEM contours and peak position A, B, and C at ratio of groundwater to
surface water of 35:65 of a) raw water and b) coagulated water by using ferric
coagulant produced form natural iron in groundwater reacted with chlorine (at
30 mg as Cl, per one liter of groundwater under post-chlorine adding method)
presented with contour intervals of 2 QSU
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Table 4.5 Summary of the FEEM positions and fluorescent DOM substances from
several water sources

Excitation(nm)/

Substances Emiss Sour ces References
mission(nm)

Humic acid 250/450 Suwannee River, Marhaba and
Peat and soil Kochar (2000)
standards ,IHSS

235-255/453-465 Commercially available g%%rg)lma etal,

260/485, 330/470

270/550, 360/560

261/457¢825/452

humicacid, Wako

Suwannee River

Humic Aeid (1S101H), IHSS
Elliot Soil

Humie acid (1S102H), IHSS
Suwannee River

humic acid

(SRHA, with larger MW and
"~ high arematicity)

Sierre et al., (2005)
Sierre et al., (2005)

Her et al., (2003)

Fulvic acid and
Humic acid-like
proposed

235/435, 320/430
290-340/395-430

230/440, 340/440

260/380-460, 350/420-480

331/423

Lake water, Japan
Groundwater, from
Sutherland, Scotland;
Derbyshire, England,
Dordogne, France;
Wiltshire, England
Hawaiian River water
Bulk seawater

Natural water
and Wastewater, USA

Komatsu et al.,
(2005)

Coble et al., (1993)
Coble (1996)
Her et al., (2003)

(Source: Janhom et al.,2009)

From the five boundaries reported by Chen et al., (2003) as,depicted in Figure

4.15, this might explain the organic compounds of DOM contained ‘in/ water samples.

According to the observed FEEM contour results, peak positions of raw water and

coagulated water that located in regions V and IV are characterized into humic acid-like

and soluble microbial by-product-like, respectively.

Considering in the peak intensities, the level of fluorescent intensities

depends upon the level of organic substances in the water. Musikavong et al., (2006)

suggested that the fluorescent intensity in the QSU units of each fluorescent peak
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could be further utilized to determine the quantity of all fluorescent organic matters in
water by adding the fluorescent intensities of all FEEM peaks.

The reduction in the fluorescent organic matters could therefore be reflected
by the difference in the fluorescent intensities of the fluorescent organic matter by
coagulation process. As the results shown in Table 4.6, fluorescent intensities at peak
position A, B, and C of raw water were reduced by the coagulation process. It could
be stated that humic acid-like and soluble microbial by-product-like (as located in regions
V and IV, respectively) were reduced by the coagulation process. These results were
corresponded to the results of.DOC reduction (as shown in previous section) as the
literature reported that in case of high organic content (high DOC) in water the high
value of fluorescent intensities/are obserVeq, whereas in case of low organic content
(low DOC), low values.of fluorescent inténsities are obtained (Homklin, 2004). As the
results of FEEM intensity reductions in thls study, 1t was also corresponded to the
results of THMs formation by-coagulatibn-':process. THMs were formed by the
interaction between organic Substances anﬂ:tehl_orine during coagulation process that
utilized ferric coagulant from“natural irori;i-ﬁj"‘ groundwater reacted with chlorine,

therefore the FEEM intensities could be reduced due to the coagulation process.
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Excitation wavelength / =[c Uor escent FEEM FEEM
I
Sample water (nm) / f E&m\\\_g‘ peaksregion peaks position

335

Vv A

Raw water 265 \Y/ B
290 v C

330 V A

Coagulated water 280 \Vj B
270 IV C

ﬂumwﬂmwmm
QW%‘Nﬂ‘iﬂJ UAIINYAY

75

=7



CHAPTER YV

CONCLUSIONS

Based on the obtained results from the study of ferric coagulant produced from
natural iron in groundwater reacted with ehlerine for turbidity remova of turbid

surface water (Ping River), the following cenelusions could be drawn.

1. Chlorine dosage.of 30 mg as Cl, per one liter of groundwater was the
optimal chlorine dosage fer producing maximum ferric coagulant of about 21 mg/L
(astotal iron).

2. The ratio of Jgroundwater. to élqrface water of 35:65 under the optimal
chlorine dosage were found to be the mq'st"'appropriate coagulation condition for
turbidity removal which could regiticed turbi',:fji'tx insurface water to be below 10 NTU.

3. Coagulation operated by dosing c‘hlar'i‘he Inte. a mixtures of groundwater and
surface water (called”as post-chiorine adding method) gave more efficient turbidity
remova than that of dosing chlorine into groundwater before mixing with surface
water (called as pre-chlorine adding method).

4. Total THMs concentrations in raw water at ratios of groundwater to surface
water of, 35:65~and, 50:50were-2.98 and 2.67ug/Ly; respectively, whereas those in
coagulated ‘waters'at ratios ‘of ‘groundwater to surface water of 35:65-and 50:50 were
increased to be 51.17 and 51.47ug/L, respectively, which were higher than the
Maximum Contaminant Level (MCL) for THMs of 40 pg/L forstage 2 but were
lower than that of 80 pg/L for stage 1 of drinking water standard issued by U.S.
Environmental Protection Agency (USEPA, 1998).

5. Chemica cost of sodium hypochlorite used in the coagulation process
proposed by this study and chemical cost of the coagulation by commercia ferric
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chloride were compared, as a consequence, it could be stated that coagulation by
using sodium hypochlorite added into a mixtures of groundwater and surface water to

produce ferric coagulant was cheaper than that of utilizing commercial ferric chloride.

6. Hydrophobic and hydrophilic DOM fraction in raw water at ratio of
groundwater to surface water of 35:65 were 51.17 and 48.83% of tota DOC,
respectively, and those water at ratio of groundwater to surface water of 50:50 are
50.84 and 49.16% of total DOC, respectively. Hydrophobic fraction and hydrophilic
fraction of coagulated water at the ratig,of groundwater to surface water of 35:65 are
55.02 and 44.98% of total"DOC, respectively, and these water at ratio of groundwater
to surface water of 50:50 are58.43 and 41.52%, respectively.

7. By the Fluorescent Excitamion-lémi.ssion Mairixes ( FEEM ) results obtained
that, raw water and coagulated water (at ratio of groundwater to surface water of
35:50) are mainly consists of humic acids-like and soluble microbia by-product-like

substance



CHAPTER VI

RECOMMENDATIONS FOR FUTURE WORK

The following statements are recommended for future studies.

1. Other widely used ct % um ( Al,CI(OH)s and Al(SO4)3 ),
synthetic polymers m"ch ), and other iron salts ( FeSO4

and Fey(SO4)3 ) sho to make the comparison with

2. Dueto the for ot 1 (THMs) were observed in the
coagulated wat ' ‘chlorine res | tration data in this study.
Chlorine deman | f} a _’ i ethane formation potential
(THMFP), and detai P speci ecommended to be the significant

parameter for consideration and discussion in the future works.
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Table A-1 Chlorine demand for producing ferric coagul ant and data of iron in raw groundwater and their coagul ated water

89

Raw groundwater

Coagulated water

Cl, dosage Free Cl, residual | Cl,demand
(mg/L) T-iron(mg/L) | Fe**(mg/L) | Fe*'(mg/t) | T-ikon(mg/l) | Fe*(mg/L) | Fe**(mg/L) (mg/L) (mg/L)

0 21.1 13.05 8.05 19.7 9.85 9.85 0.97 -0.97

10 21.1 13.05 8:05 1.76 0.1 1.66 0.46 9.54

20 21.1 13.05 8405 1%% 0.08 1.19 7.6 12.4

30 21.1 13.05 8.05 0.38 0.08 0.3 19.3 10.7

50 21.1 13.05 8.05 0.48 0.07 0.41 39 11

80 21.1 13.05 8.05 0.46 0.07 0.39 - -

68
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Table A-2 Appropriate ratio of groundwater (containing high iron) to surface water by adding 30mg as Cl, per one liter of groundwater

Table A-2a Quality of raw groundwater and raw surface water

. Alkalinity
Turb. T-iron 2+ 34 DOC UVv-254 SUVA
Water sample Fess@ma/L-l Fe?| (mg/L pH (mg/l ] i
(NTU) (mg/L) ) ) CaCO3) (mg/L) (cm™) (L/mg-m)
Groundwater 0.9 195 985 10.15 7.04 1375 1.963 0.3491 17.7840
Surface water 52 4.52 091 3.61 7.86 87.85 3.580 0.1361 3.8017
Table A-2b Water quality of before and after coagulation at different ratio of groundwater to surface water
Rati Water quality before coagulation Water quality after coagulation
atio of % of
groundwater | CI dosage T ° b
to surface (mg/L) ' Turb.
9 Turb. H DOC UV-254 SUVA Turb; H DOC UV-254 SUVA removal
water (NTU) | P (mgh) () — g | P (ma/l) cm™ | (L/mg-m)
0:100 0 52 7.86 2.56 0.0932 3.6406 12.4 7.83 3.58 0.1320 3.6872 18.46
20:80 6 50 7.51 2.78 0.0819 2.9460 16.8 7.5 3.01 0.0945 3.1395 66.40
35:65 10.5 47 7.34 2.65 0.0711 2.6830 8.83 7.34 2.87 0.0586 2.0418 81.21
50:50 15 44 7.18 3.04 0.1210 3.9803 5.35 7.24 2.98 0.0621 2.0839 87.84
65:35 195 42 7.07 1.98 0.0436 2.2020 3.35 7.18 2.04 0.0512 2.5098 92.02
80:20 24 39 7.12 221 0.0555 2.5113 3.13 7.138 1.97 0.0471 2.3909 91.97

06
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Table A-3 Effects of different initia turbidity in the water of various ratios of groundwater to surface water (20:80, 35:65 and 50:50)
on turbidity removal by using the optimal chlorine dosage of 30 mg as Cl, per one liter of groundwater

Table A-3a Quality water of raw groundwates and raw surface Wwaier (of ratio of groundwater to surface water 20:80)

Water sample Turb. T-iron H Alkalinity DOC UVv-254 SUVA

P (NTU) (mg/L) | Fe?" (mgy ! Be® (moiL) | P (mg/l CaCO3) (mg/L) em™ | (L/mg-m)
Groundwater 0.45 22.6 10.3 1l 6.58 140.25 1.696 0.3068 | 18.0896
Surface water 100 4.15 1.35 28 A\ 89.25 2 688 0.1043 | 3.8802

Table A-3b Quality water of before and after coagiitaiion at ratio of groundwater to surface water 20:80

Ratio of cl Water quality before coagulation Water quality after coagulation
groundwater dosazge Turb DOC UV-254 SUVA Turb DOC UV-254 SUVA % of Turd.

to surface (mg/L) (NTUj pH (mg] 5 - ; pH ! ! removal

water (%) g/l) {cm™) {(L/mg-m) (NTU) (mg/l) (cm™) (L/mg-m)
20:80 6 0.34 6.59 2215 0.0516 2.3296 2.13 7.34 2.319 0.0587 2.5313 -
20:80 6 51 7.05 1716 0.0551 3.2110 5.25 7.45 2.817 0.0651 2.3110 89.71
20:80 6 103 7.06 2.041 0.6829 4.0617 11.1 751 2.569 0.0914 3.5578 89.22
20:80 6 141 7.15 1,978 0.0664 3.3569 14.2 754 3255 0.0730 2.2427 89.93
20:80 6 197 7.07 1767 0.0730 4.1313 18.9 7.48 3.321 0.0783 2.3577 90.41
20:80 6 248 7.08 2.171 0.0703 3.2381 29.5 7.47 3.010 0.0725 2.4086 88.10

T6




Table A-3c Quality water of raw groundwater and raw surface water (of ratio of groundwater to surface water 35:65)
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Water sample Turb. T-iron ” 8 ot Alkalinity DOC UV—2_|54 SUVA
(NTU) (mg/L) Fe“" (mg/L) |-Ee™ (mg/L) (mg/l CaCO3) (mg/L) (cm”) (L/mg-m)
Groundwater 1.02 19.7 10.05 9.65 6:53 1425 1.888 0.2451 12.9820
Surface water 90 3.55 228 "o, 90.25 2.590 0.1044 4.0309
Table A-3d Quality water of before and after coagul ation at ratio of groundwater to surface water 35:65
Ratio of Water quality before coagulation Water quality after coagulation
groundwater doc;!izge Turb DOC UV-254 SUVA Turb DOC Uv-254 SUVA ¥ of Turb.
to surface (mg/L) (NTU.) pH (mg/ g 2 : pH y ! removal
water (%) a/l) (cm™) (L/mg-m) (NTU) (mg/l) (cm™) (L/mg-m)
35:65 10.5 0.64 6.74 2.321 0.0420 1.8096 1.54 6.89 2.154 0.0365 1.6945 -
35:65 105 36 6.77 2.448 0.0109 0.4453 2.16 7.02 2.097 0.0396 1.8884 94.00
35:65 10.5 67 6.79 2.541 0.0169 0.6651 2.84 7.03 2.161 0.0406 1.8788 95.76
35:65 105 90 6.81 2.335 0.0152 0.6510 3.09 7.02 2.324 0.0413 1.7771 96.57
35:65 10.5 124 6.82 2.460 0.0168 0.6829 3.35 7.01 2.308 0.0437 1.8934 97.30
35:65 10.5 167 6.85 2423 0:0184, 0:7594 4,53 7:05 2.397 0.0438 1.8273 97.29

6
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Table A-3e Quality water of raw groundwater and raw surface water (of ratio of groundwater to surface water 50:50)

Water sample Turb. T-iron H Alkalinity DOC UvVv-254 SUVA

P (NTU) (mg/L) | Fe?* (mg/L) | Fe (mgiy . P (mg/l CaCO3) | (mg/L) em™ | (L/mg-m)
Groundwater 15 211 10.15 10.95 6.61 134.82 1718 01937 | 11.2747
Surface water 75 3.36 0.98 2138 748 8558 3.018 0.0809 26806

Table A-3f Quality water of before and@ftes coagulation at ratio of groundwater to surface water 50:50

Ratio of cl Water quality before coagulation Water guality after coagulation % of
groundwater dosa2 e 3 - Turb.
to surface g Turb. oH DOC WUV 2|54 SUVA Turb. oH DOC uv 2|54 SUVA
water (%) (mg/L) (NTU) (mg/l) (emy | (Limo*m) | (NTU) (mg/l) (cm™ | (L/mg-m) | removal
50:50 15 0.98 6.96 | 2.742 0.0156 0.5689 0.6 6.91 3.393 0.0578 1.7035 38.78
50:50 15 30.1 6.9 2:489 0.0204 0.8196 108 6.98 3.076 0.0367 1.1931 96.41
50:50 15 52.7 6.86 | 2287 0.0257 1.1237 1.29 6.98 2.862 0.0362 1.2648 97.55
50:50 15 96.5 6.58 | 2286 0.0266 11636 118 6.98 2.934 0.0357 1.2168 98.78
50:50 15 1151 | 691 | 2311 0.0318 1.3760 127 6.98 2.884 0.0351 12171 98.90
50:50 15 156.3 6.9 2.620 0.0399 1.5229 2.56 7.00 2.783 0.0377 1.3547 98.36
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Table A-4 Effects of different chlorine dosing methods (pre-chlorine adding method and post-chlorine adding method)

Table A-4a Quality of raw groundwater and raw surface water(of ratio of groundwater to surface water 20:80,

35:65 and 50:50)

. DOC UV-254 SUVA
Water sample | Turb. (NTU) | T-iron (mg/L) Femally | Re* (mg/L) pH (mg/L) (cm’) (L/mg-m)
Groundwater 2.33 19.7 12,6 %L 6.48 1.332 0.2005 15.0526
Surface water 80 3.7 ¥3 2.%5 1.4 2.312 0.0629 2.7206
Table A-4b Quality water with pre-chlorine adding method at different groundwater to surface water ratio
Water quality before coagulation | Water quality after coagulation
% Groundwater Cl;, dosage % of Turb.
to surface water (mg/L) Tutb. (NTU) pH Turb. (NTU) pH removal
20:80 10.5 75 6.48 48 7.82 36.00
35:65 10.5 68 6:48 29:3 7.39 56.91
50:50 10.5 61 6.48 185 7.08 69.67
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Table A-4c Quality water with post-chlorine adding method at different groundwater to surface water ratio
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Water quality before coagulation Water quality after coagulation
% Groundwater Cl, dosage g Y g g y g % of Turb.
to surface water (mg/L) Turb. (NTV) pH Turb. (NTU) pH removal
20:80 105 75 1.24 144 7.68 80.80
35:65 105 68 7.00 4.87 7.35 92.84
50:50 10.5 61 6.94 2.64 7.10 95.67
Table A-5 Turbidity removal by using commercial FeCls coagulant: «
Table A-5a Quality water of surface water at 50-NTU with before and after coagulation
FeCl, Raw water Coagulated water
dosage Alkalinity , - :
ma/L Turb. T-iron 2 3+ Turb. Alkalinity T-iron 2 3+
(mg/L) (NTU) C(mc%l3 (mg/L) Fe” (mg/L{ Fe™ (mg/L pH (NTU) | (mo/f CacO3) | (mg/L) Fe”" (mg/L | Fe™ (mg/L pH
aCog3) ) ) ) )

0 439 79.33 12 0.58 0.62 7.48
20 13.7 70.83 0.7 0.23 0.47 6.98
40 448 62.83 0.5 01 04 6.64
60 0.79 48.17 04 0 04 6.37
80 50 87.83 13 0.6 0.7 71.23 0.24 36.83 0.3 0 0.3 6.04
100 0:18 25.50 04 0.05 0.35 5.76
120 18.3 8.50 21.8 0.25 21.55 4.69
140 49.7 8.50 43.6 0.75 42.85 3.57
160 52.1 2.83 46.6 1.25 45.35 3.22

G6



Table A-5b Quality water of surface water at 150 NTU with befere and after coagulation
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FeCl, Raw water Coagulated water
?ﬁ?)ﬁ? Turb. A'E‘ﬂfgﬂ'w Tiron | - A Turb, | Alkalinity T-iron ) ) o
(NTU) CaCO3) (mg/L) | Fe” (mg/L) [«Fe™ (mo/L) (NTU) (mg/l CaCO3) (mg/L) Fe (mg/L) | Fe*" (mg/L)

0 131 85.71 354 2.33 121 7.63
10 58.6 85.00 2.38 2.21 0.17 7.27
20 26 77.50 16 1.46 0.14 6.99
30 02% 65.00 1.38 133 0.05 6.79
40 7.92 60.00 0.71 0.53 0.18 6.63
50 150 86,67 g7 550 f -4 = ) 50.00 0.35 0.34 0.01 6.54
60 3.45 40.00 0.33 0.05 0.28 6.44
80 0.22 25.00 0.38 0.15 0.23 5.80
120 130 22.50 40.4 2.65 37.75 3.58
160 128 - 52.8 2.63 50.17 3.05
200 131 - 65.6 2.95 62.65 2.81
250 135 - 73.1 3.25 69.85 2.67
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Table A-5c Quality water of surface water at 220 NTU with ogiere and after coagulation
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FeCl Raw water Coagulated water
3

dosage ini

(mg/L) Turb. Alt(r";“?l'ty T-iron 4 Turb. Alkalinity T-iron H

(NTU) Cacgo3) (mg/L) | Fe?* (mg/L) f'Fefmgly) |/ P (NTU) | (mg/l CaCO3) | (mg/L) | Fe** (mg/L) | Fe* (mgL) | P
0 201 37.31 6.7 2.78 3.92 7.75

20 56 0.00 2.25 0.83 142 6.95
40 220 80 27 208 aio 76 74 0.00 04 0.18 0.22 6.39
60 ' ' ] , i 153 0.00 0.95 0.15 0.8 5.85
80 184 0.00 28.2 2.7 255 4.4
100 221 0.00 40.4 3.3 37.1 342

L6
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Calculation of sodium hypochlorite solution cost

Based on the results obtained from topic 4.2, the appropriate ratio of
groundwater to surface water was 35:65 and the optimal chlorine dosage was 30 mg

as Cl, per one liter of groundwater. The calculation list of chemical cost as follows:

Given data

- Chlorine dosage of one liter of commercial 10%NaOCl = 100,000 mgCl,
(10% as free chlorine, Cl5)

- Chlorine dosage required foirone liter of amixture = 10.5 mgCl,
(350 ml of groundweater ;650 ml of surface)

- A price of oneliter-of NaOCI = 8 Baht.

Calculation

- Chlorine dosage required for one litter (1,000ml/650ml)(10.5mgCl > )

of surface water

= 16.15mgCl,
- One litter of surface required-NaOCl =...16.15 mgCl /(100,000 mgCl »/L)
=0.00016 L
- One cubic meter of surface water required NaOCl =+ 0.16 L
- NaOCl cost for one Cubic meter of surfacewater = 8x0.16 L
= 1.28-Baht.

Calculation of commercial ferric chloride cost

According to the result as 4.3 before, in terms of using commercial ferric
chloride coagulant in coagulation found that at 40 mg FeCls/L as ferric chloride in
turbid surface water was the optimal dosage which achieved to remove turbidity. The

calculation list of chemical cost as follows:
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Given data

- FeCl 3 dosage of one liter of commercia 40% FeCl; = 400,000 mg FeCl3
(40% as FeCl53)

- FeCl 3 dosage required for one liter of surface water = 40.0 mg FeCl3

- A price of oneliter of 40% FeCl; =  8Baht.
Calculation __

- One litter of surface require /. = 40 mg FeCls/ (100,000

FeCl4/L)

- One cubic meter of
required FeCl 3 T
- FeCl; cost for one of surface water =, 30 x 0.1L
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Table A-6 Characteristics of DOM fractionsin raw water

Table A-6a Raw water at ratio of groundwaier to surface waier of 385:65

100

Raw water.35% of groundwater to surface water

Parameter Unfractionated water Eractionated water Sum of %Fraction % Diff*
R (0]
Filtered raw water Hydrophobig(HPO)" - Hydrophilic (HPI) - fraction  Hydrophobic (HPO)  Hydrophilic (HPI)
DOC (mg) 9.55 3.99 3.81 7.80 51.17 48.83 18.26
DOC (mg/L) 2.08 0.34 0.80 164 51.17 48.83 -
UV-254 (cm™) 0.036 0.028 0.029 - - - -
SUVA (L/mg-m) 1.720 3.381 3580 - - - -
THM:s (ug/L) 2.98 - -5 - - - -
Table A-6b Raw water at ratio of groundwater to surface water of 50:50
Raw water 50% of groundwater to surface water
Parameter Unfractionated water Fractionated water Sum of %Fraction 0% Diff*
. 0
Filtered raw water Hydrophobic (HPO) Hydrophilic (HP1)  fraction  Hydrophobic (HPO) Hydrophilic (HP1)
DOC (mg) 8.57 3.52 3.40 6.92 50.84 49.16 19.17
DOC (mg/L) 1.86 0.77 074 151 50.84 49.16 -
UV-254 (cm™) 0.035 0,028 0.026 - - - -
SUVA (L/mg-m) 1.861 3.594 3.520 - - - -
THMs (png/L) 2.67 . - - - - -

00T
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Table A-7 Characteristics of DOM fractions in coagul ated water

Table A-7a Coagulated water at ratio of groundwater to suifage water of 35:65

Coagulated water 35% 0of groundwater to surface water

Parameter Unfractionated water Fractionated water sum of %/Fraction _
Hydrophobic Hydrophilic fraction Hydrophobic Hydrophilic %Diff*
Filtered Coagulated water _(FO) (HPI) (HPO) (HPI)
DOC (mg) 8.90 4480 RV 7.81 55.02 4498 12.25
DOC (mg/L) 1.85 0.90 0.73 1.63 55.02 44.98 -
UV-254 (cm™) 0.025 0.022 . 0.018 - - - -
SUVA (L/mg-m) 1.373 2474 -+ 2392 - - - -
THM:s (ug/L) 51.17 f | A} - - - -

Table A-7b Coagulated water at ratio of groundwater {0 surface water of 50:50

Coagulated water 50% of groundWater to surface water

Parameter Unfractionated water Fraciionaied waier < %~Fraction
. = um of - — .
Hydrophobic Hydrophilic P tion Hydrophobic Hydrophilic %Diff*
Filtered Coagulated water (HPO) (HPI) (HPO) (HPI)
DOC (mg) 8.86 441 3.13 754 58.48 41.52 14.89
DOC (mg/L) 1.93 0.96 0.68 164 58.48 41.52 -
UV-254 (cm™) 0.029 0027 0.015 . - -
SUVA (L/mg-m) 1.506 2.787 2.250 - - -
THM:s (ug/L) 51.47 - - - - -

TOT
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Calibration - PT190209 (TOC, 19Feb2009 17:36 )
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Table B-1: Calibration data of THMs

Method C:\HPCHEM\1\METHODS\PAKKY.M

Calibration Table

Calib. Data Modified

Calculate
Based on

Rel. Reference Window :
Abs. Reference Window 2
Rel. Neon-ref. Window
Bbs. Non-ref. Window :
Uncalibrated Peaks

Partial Calibration
Correct All Ret. Timesg

Curve Type
Origin
Weight

Recalibration Settings:
Average Response 3
Average Retention Timg

Calibration Report Optio
Printout of recalibg
Calibration Tak

Normal Report afteq

I1f the sequence is dorny
Results of first &y

Signal 1: ECD1 A,

RetTime  Lvl
[min] Sig
|

2 5 (

3 75,08600

4 100.4 &'O 802Z% :
5 150.@0600 1133.80090 1.32298e-1
1 25.00000 845.89850 2.95544e-2 dlchl- obromoform
2 50.000 12.20776 2. 367193
75 000 5 54334 2 20229&

Sari T W3-

g 50 00000 1863 27722 2.68344e-2
| 5.00000 2985.48706 2.51215e-2

2.834 1

3.907 1

00000 3633.4958582.75217e-2

ﬂméw SN Y

100.00000 1558.82629 dlSUBe—Z

150.00000 2273.94116 6.59648e-2

50.00000 9405.75879 5.3158%-3 Il bromofluorobenzene
50.00000 1.01426e4 4.92970e-3

50.00000 1.05778ed 4.72687e-3

50.00000 1.03962e4 4.80943e-3

50.00000 1.02793e4 4.86415e-3

5.489 1

(5, B SR SRS R

1 Warnings or Errors :
Warning : Overlapping peak time windows at 5.14 min, signal 1

Instrument 1 3/3/10 4:42:34 PM PRK Page 1 of 3
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Method C:\HPCHEM\1\METHODS\PAKKY.M

Peak Sum Table

***No Entries in table®#*#*

Calibration Curwves

Area oroform at exp. RT: 2.001
E 0.99685
1000 64.73086

Area | : 4 Ghl ; . RT: 2.834

3000—:

] . 10.99876
] 34831
4000 -

Area A 4 dibfom exgf™RT: 3.907

99209
4000 ‘ 8. 04568

] (¥oor |
Amount [ug/1] 31|
y: Area

2000 -|

1000—- ‘b
U

CAULININITNYINT

4"" Amount[ug/]

PRIAATUAMINYAE

Instrument 1 3/3/10 4:42:34 PM PAK : Page 2 of 3

Figure B-2: Calibration data of THMs
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Method C:\HPCHEM\1\METHODS\PAKKY.M

Area bromoform at exp. RT: 5.140
ECD1 A&,
2000 - 5 ion: 0.99897
td. Dev.: 71.90869
mx
4 5.61305
ug/1]

1000 - 2 P

1500 -

+

(1 A

Area | b F e xp. RT: 5.489

] _ 0.99921
8000 1 . MRlS1. 05391

0
Amount{ug/l]

ure B-2 cont.: Calibration data'of THMs

AuEINENINeINS
MR TN TN



107

BIOGRAPHY
Name Pakawadee Sangchan
Date of Birth January 31, 1986
\
Place of Birth Bangkok, Tt
Academic Background othaipayap School, Chiang Mai, Thailand

/ ' \5 -

F v f-. AN
‘. o8 FE'lIr » [\
foé \ X
53 E|Q Engine
&. - e

Presentation: Sang ' iachira L., and Wattanachira S.

a 6

il

_)“ vater using ferric chloride

- —

[

f 1 groundwater reacted with
m chia 2ding of In@wtlonal Conference on
« Green and Sustainable Innovation 2009, Chiang Rai,

AU ’JhVIHEJ Bepeogre ki 0P ")
q RIAINTUURIINYANY




	Cover ( Thai )
	Cover ( English )
	Accepted
	Abstract ( Thai )
	Abstract ( English )
	Acknowledgements
	Contents
	CHAPTER I INTRODUCTION
	1.1 Motivation
	1.2 Objectives
	1.3 Hypotheses
	1.4 Scopes of work

	CHAPTER II BACKGROUND AND LITERATURE REVIEWS
	2.1 Trihalomethanes (THMs)
	2.2 Disinfection by-Products
	2.3 Dissolved Organic Matter (DOM)
	2.4 Conventional Coagulation/Flocculation Process
	2.5 Resin Fractionation
	2.6 Three-Dimensional Fluorescence Spectroscopy (FEEM)

	CHAPTER III METHODOLOGY
	3.1 Water samples
	3.2 The experiments
	3.3 Analytical methods

	CHAPTER IV RESULTS AND DISCUSSIONS
	4.1 Characteristics of Ping River water and shallow-well groundwater
	4.2 The optimization of turbidity removal in high turbid surface water by using ferric coagulant
	4.3 Chemical cost of coagulation process by using commercial ferric chloride coagulant and ferric coagulant produced from natural iron in ground water reacted with chlorine
	4.4 DOM fractionation of raw water and coagulated water
	4.5 Total trihalomethanes (THMs) formation
	4.6 FEEM signatures of DOMs

	CHAPTER V CONCLUSIONS
	CHAPTER VI RECOMMENDATIONS FOR FUTURE WORK
	References
	Appendix
	Vita

	Button1: 
	Button2: 
	Button3: 
	Button4: 
	Button5: 
	Button6: 
	Button7: 
	Button8: 
	Button9: 
	Button10: 
	Button11: 
	Button12: 
	Button13: 


