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Dissolved organic matter (DOM) influences many aspects of drinking water treatment, including the for-
mation of harmful disinfection by-products (DBPs) when disinfectants are applied. DOM was isolated
and fractionated using membrane ultra-filtration (UF) and reverse osmosis (RO) to eight individual frac-
tions based on molecular weight cut-offs from a conventional surface water treatment plant (WTP) in
Guangzhou of PR China. Molecular weights of these eight fractions were further calibrated using high
performance size exclusion chromatography (HPSEC) and they ranged from 0.36 to 182.6 kDa. Fractions
with molecular weight <0.80 kDa obtained by YC-05 UF membrane and RO were the major ones in all
four stages of the water treatment processes; both ZM-500 and YM-100 membranes showed the high-
est removal efficiency when coupling with conventional coagulation and sedimentation processes. The
elemental analysis showed that YC-05 fraction had greater polarity and aromaticity than any of the
others. Furthermore, disinfection characteristics and trihalomethane formation potential (THMFP) were
determined for all DOM fractions obtained in this study. YC-05 fraction was the major precursor for
trihalomethane (THMs) formation among the samples tested and could be removed effectively by par-
ticulate activated carbon (PAC) adsorption. RO fraction could not be removed by PAC adsorption and, as a
result, consumed more chlorine in the disinfection process. The results suggested that advanced drinking
water treatment should focus on the removal of low molecular weight DOM in the source water.

© 2009 Elsevier B.V. All rights reserved.
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1. Introduction tion [11], or advanced oxidation. All these are mainly focused

on removal of specific molecular-weight fractions or sizes of

As soluble organic substances cannot be captured or removed
easily using conventional water treatment techniques such as
coagulation [1], they may enter the municipal drinking water
treatment system and be distributed through the water supply
network. Moreover, during the disinfection process using chlorine,
the most common disinfectant used in the drinking water industry
worldwide, soluble organic substances could be converted to harm-
ful disinfection by-products (DBPs) including trihalomethanes
(THMs), haloacetic acids (HAAs) and haloacetonitriles (HANs)
[2-6]. Because of this, utility industries need to implement addi-
tional organics removal processes such as enhanced coagulation
[7,8], granular activated carbon (GAC) [9,10], membrane filtra-
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the dissolved organic matter (DOM). The distribution patterns of
molecular weight or size of DOM and its molecular structure in
water system have been reported recently [12-15], but informa-
tion on the relationship between the formation potential of THMs
and the different molecular weights of DOM is not readily available.

It is very important to address whether the reactivity of the
isolated fractions represent those of the DOM molecules in the
source water after concentration and fractionation procedures.
Gjessing et al. [16] showed that reverse osmosis (RO) isola-
tion did not significantly alter the color (i.e., within 10-15%),
the color to UV-absorbance ratio (i.e., absorbance at 430/UV-
absorbance at 254nm), the specific Ultra-violet absorbance
(SUVA,54 =UV554/DOC), conductivity, or the coagulation proper-
ties of the source waters based on color removal. Moreover, Kitis
et al. [17] showed that RO isolation had no impact on the DOM
reactivity and individual DBPs species for both THMs and HAAs did
not show any significant change as a result of the isolation. There-
fore, RO separation has been used in the pre-treatment process for
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Table 1

Characteristics of the water samples obtained from four stages of a conventional drinking water treatment plant in Guangzhou, PR China.
Water Total alkalinity (mg/L) Total hardness (mg/L) DOC (mg/L) UVs4 (m~1)
Raw water 157.1 £ 4.8° 207.5 +£ 5.6 4.30 + 0.11 154 + 0.52
PAC water 110 + 3.6 179 £ 5.2 3.94 +0.12 10.1 +£0.48
Clarified water 104.7 + 3.8 165 £ 5.4 2.90 + 0.09 5.96 + 0.21
Filtered water 889 + 4.2 129.1 + 3.9 2.45 + 0.09 4.75 + 0.24

2 Standard deviation of three samples.

concentration and isolation of DOM from source water with wide
acceptance.

Understanding the role of DOM characteristics and DBP for-
mation may provide insight to development of more effective
solutions for their control during drinking water treatment oper-
ations. Although THMs removal [18,19] and control [20] methods
have been widely investigated, regression models were developed
in order to predict spatial and seasonal variations of THMs [21-23].
In order to effectively control THMs formation and remove the main
molecular weight THMs precursors in the water treatment process,
water samples were collected from a conventional drinking water
treatment plant in Southern China for this investigation.

The objectives of this research were to investigate the mass dis-
tribution of dissolved organic fraction of the water samples taken
from selective stages of drinking water treatment process; to ana-
lyze the average molecular weight of the DOM in the obtained
fractions using high performance size exclusion chromatography
(HPSEC); to determine the main disinfection characteristics of the
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Fig. 1. Schematic diagram of the filtration and fractionation system for concentra-
tion and fractionation of dissolved organic substances from water samples taken
from four stages of a water treatment plant.

different fractions for each treatment stage; and to identify the
main precursors of the disinfection by-products in different frac-
tions and THMs concentration of different molecular weight or size
DOM in the disinfection process using chlorine.

2. Materials and methods
2.1. Water samples collection

Water samples were collected at different treatment stages,
specifically raw water, effluent of pre-sedimentation tank (powder
activated carbon was added at the inlet of the pre-sedimentation
tank with a distance about 2.5 km from pre-sedimentation to coag-
ulation and flocculation tank), sedimentation tank, and filtration
tank, from a waterworks of Guangzhou city in PR China. These water
samples taken from the four stages of water treatment process were
named as raw water, PAC water, clarified water, and filtered water;
and characteristics of them are presented in Table 1.

2.2. Water treatment processes

Fractionation of water samples based on their molecular
weights was carried out by ultra-filtration process using equip-
ment from Amicon® (Beverly, Massachusetts, USA) with a series of
membranes with molecular weight cut-offs of 500, 100, 30, 10, 3,
1kDa, and 500 Da. The obtained fractionation samples were filtered
through a 0.45 wm membrane to remove any particulate matter,
and then transferred to a continuous flow system consisting of
ultra-filtration (UF) membranes (all of the membranes had been
cleaned with pure water until a residual DOC was less than 0.2 mg/L
in the filtrate) in series with large pore-size membranes proceed-
ing smaller pore-size ones in sequence (Fig. 1) [24]. The residual
volume for each fraction of UF was about 500 ml.

2.3. Analysis of water quality

2.3.1. SUVA254

Panyapinyopol et al. [25] demonstrated that the specific Ultra-
violet absorbance (SUVA,s4) related closely to the amount of
removable dissolved aromatic organic substance, e.g., humic acid,
in raw water. SUVAys4 is the UV absorbance at 254 nm per mass
of carbon (DOC in mg/1). Total organic carbon analyzer (Dohrmann
phoenix 8000) was used to determine the non-purgeable DOC in
the water samples to quantify the concentration of DOC, which was
filtered and adjusted to pH 7 prior to analysis.

2.3.2. THMs analysis

THMs were analyzed using purge and trap Hewlett Packard
GC-MS system (Tekmar, 5890 Gas Chromatography, and Hewlett
Packard 5972 Mass selective detector) in accordance to the US stan-
dard Method 8260 [26]. High purity nitrogen gas was used as the
purge gas at a flow rate of 40.0 ml/min under a pressure of 140 kPa.
The purge time was 11 min and the dry purge time was 4 min,
and the trap temperature was 45 °C. The trapped THM in Tenax
adsorbent was desorbed at a temperature of 225 °C for 4 min, into
a capillary column for the measurement of halomethane (CHCls,
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CHBrCl,, CHBr,Cl, CHBr3) concentration. The flow rate of the car-
rier gas (high purity helium) was 2.0 ml/min. The temperature was
held at 40°C for 5min, and increased by 15°C/min to 80°C, then
increased by 15 °C/min to 220 °C at which it was held for 5 min. Sat-
isfactory analysis results were obtained at retention time of 7.44,
8.70, 9.95 and 11.24 min for CHCl3, CHBrCl,, CHBr,Cl and CHBr3,
respectively.

2.3.3. Apparent average molecular weight analysis

Apparent average molecular weight was quantified for the
eight UF fractions of the raw water using high performance size
exclusion chromatography (HPSEC). A Biosep-Sec-S2000 column
(300 x 7.8 mm, Phenomenex Torrance, California, USA) with a
guard column of the same packing materials (30 x 7.8 mm, Phe-
nomenex, Torrance, California, USA) was used. The mobile phase
consisted of 2mM phosphate at pH 6.8 with an ionic strength
of 0.1 M adjusted with NaCl. The system was calibrated against
polystyrene sulfonates (PSS) sodium standards (Scientific Polymer
Products Inc., New York, USA) with molecular weights of 5, 8,
16, 35, 60, 127 and 500 kDa. In addition, blue dextran (2000 kDa,
Sigma)and acetone (58 Da, HPLC grade, Fisher Scientific, Pittsburgh,
Pennsylvania, USA) were also used as probes for the void volume
(Vo =5.72ml) and total permeation volume (V;=12.35 ml), respec-
tively. All water fraction samples were filtered through a 0.22 pum
membrane before test. The system was operated at 1.5 ml/min at
25°C and the injected volume of sample was set at 20 ul. The
wavelength of the UV detector was set at 224 nm for standards
and 254nm for water fraction samples. A calibration equation,
log My =—0.6941t+9.3208 (R =0.94), was obtained based on the
chromatograms of the seven PSS standards and acetone, in which
tis the retention time. The apparent M,, value was determined for
the DOM in each sample using the equations given by Yau et al. [27].
The term “apparent” was used here because the My, measured for
DOM macromolecules in these samples by this technique may dif-
fer variously from their actual M,y due to both the effect of solution
chemistry on the configuration and polydispersity of molecules of
the DOM in the samples and the difference in chemical, structural
and molecular properties between the standards and DOM in these
samples.

2.3.4. Elemental composition analysis

The elemental composition (C, H, N and O) of the different frac-
tions was determined with a CHN-O-RAPID Elemental Analyzer
(Heraeus) following a standard high-temperature combustion pro-
cedure [28].

2.4. Disinfection characteristics

In the experiments, the DOC concentration of each molecular
weight fractions of the different treatment process was 3 mg/l, and
the UV,54 of each DOM solution was then determined. After adding
chlorine at a ratio of chlorine/DOC 20:1 into the DOM solution, the
residual chlorine in the solution was measured after a reaction time
of 196 h.

2.5. Trihalomethane formation potential

A 7-day trihalomethane formation potential (THM FP) test for
chlorine was carried out in accordance with standard methods
5710B [27] at a chlorine dosage of 100 mg/l using each fraction
water. Chlorine solution was prepared from calcium hypochlorite
in powder form with 69.7% available chlorine. The chlorine dosage
of 100 mg/l was selected to ensure maximum oxidation of the
organic carbon in the sample. This condition meeting the maximum
demand of the DOM involved in the THM FP test was verified at the
end by measuring the residual chlorine in each sample. When no
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Fig. 2. Size distribution of different fractions of dissolved organic substances in raw
water and the standard polystyrene sulfonate (PSS).

or very low residual chlorine was detected (<2 mg/l), the test was
repeated. Post THM FP test data, between 4 and 6 mg/l of resid-
ual chlorine was detected. All samples were adjusted to a pH of
7 +£0.2 using 1 M HCl and 1M NaOH. The neutralized solution was
then buffered with a phosphate solution prior to be incubated at
25+ 2°Cin amber bottles for 7 days. All bottles were capped with-
out any head-space. Sample solutions were prepared using Milli-Q
Millipore water system (Billerica, Massachusetts, USA). At the end
of 7-day chlorine contact time, samples were dechlorinated using
ammonium chloride (NH4Cl) as the sole dechlorinating agent. This
was a slight modification from the above standard methods 5710B
[26] to be in compliance with the applicable EPA methods 551.1
and 551.2.

3. Results and discussion

3.1. Molecular weight distribution of the DOM in water samples
and the fractionated DOM

The HPSEC chromatograms for the eight UF DOM fractions from
the source water showed characteristic molecular sizes of 0.5, 1,
3, 10, 30, 100 and 500 kDa (Fig. 2). The apparent M, values cal-
culated from the HPSEC chromatograms are also listed in Table 2.
The UF DOM fractions showed apparent M, ranging from 0.36 to
182.1 kDa.

In this study, one major feature was that the apparent M, values
measured by HPSEC were apparently lower than those indicated by
the nominal molecular weight cut-offs of the ultra-filtration mem-
branes. This is consistent with several prior studies on DOM from
several freshwater sources [29], aquatic humic substances [30-33]
and soil humic substances [33,34]. Polystyrene sulfonates (PSS)
are thought to be suitable standards for calibration of molecular
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Table 2
Molecular weight (M, ) of different fractions of source water and mass distribution of different fractions and the TOC for each fraction of the four types of water samples.
M,y (kDa) TOC (wt.%)
Filtered water Clarified water PAC water Raw water

ZM-500 (>500 kDa) 182.10 3.19 £ 0312 4.82+0.79 14.56 +1.91 14.00+1.37
YM-100 (100-500 kDa) 54.92 2.26+0.06 2.50 + 0.36 5.86 + 0.27 5.44 + 0.32
YM-30 (30-100kDa) 24.70 3.28 £ 043 3.17 + 0.46 4.11 + 0.59 3.95 + 0.23
YM-10 (10-30kDa) 6.88 4.39 + 1.08 4.82 £+ 0.65 4.15 £ 0.12 4.25 + 0.73
YM-3 (3-10kDa) 2.07 418 £ 0.7 4.29 + 048 443 +£0.14 4.96 + 1.77
YM-1 (1-3kDa) 1.18 3.94 + 0.51 391 + 1.24 4.02 +0.19 4.71 + 0.48
YC-05 (0.5-1kDa) 0.80 6.72 + 1.11 6.70 &+ 1.08 4.90 + 0.73 7.65 + 0.38
RO (<500 Da) 0.36 72.05 £+ 2.0 69.78 + 1.23 57.96 + 2.65 55.05 + 0.47
TOC (mg/L) 2.04 +0.12 2.33 + 0.09 329 + 0.17 3.58 + 0.28

2 Standard deviation of three samples.

weights of NOM samples due to the assumed structural similarities
between them. However, this approach can only provide approx-
imate values, a fact which has been pointed out by Perminova et
al. [35], Peuravuori and Pihlaja [32], and Pelekani et al. [36] pre-
viosuly. And the ultimate size of the fractionated DOM may be
affected by the presence of metals and by configuration proper-
ties unique to the DOM phase [29]. Moreover, each UF membrane
has a characteristic nominal molecular size cut-off, which is oper-
ationally defined as the mass of a molecule whose retention is 90%
on a specific membrane selected. Globular proteins are often used
as standards for testing macromolecule retention by a membrane,
but the DOM is expected to have molecular configurations differ-
ent from this protein of choice. It is likely that their polyelectrolytic
nature may result in relatively larger apparent molecular sizes than
their actual sizes during ultra-filtration.

In the HPSEC technique, the measured apparent molecular sizes
are calculated against an external standard, and the specific operat-
ing conditions are different from ultra-filtration procedure. In this
study, HPSEC was operated under the conditions of higher ionic
strength and lower DOM concentration in order to minimize the
interactions between DOM and the stationary phase materials of
the column [31]. And the solution chemistry remains constant for
HPSEC, the DOM concentration in the reservoir of an ultra-filtration
apparatus changes over time during the concentration mode, caus-
ing the apparent DOM sizes to change over time. This suggests
that the apparent molecular sizes measured with HPSEC are more
reliable and accurate than the sizes given by the ultra-filtration
technique.

3.2. Chemical compositions of the fractionated DOM

The elemental composition of the eight fractions of the source
water is shown in Table 3. Different fractions of the raw water
had variable elemental compositions. As the molecular cut-offs
decreased from ZM-500 to RO fractions, hydrogen content dis-
played a gradual decrease from 5.4% for ZM-500 to 3.4% for YC-05
fraction and, similarly, carbon content decreased from 57.3% to

48.6%. The oxygen content increased from 32.1% to 38.6% for frac-
tions from ZM-500 to YM-10, indicating that these components
were mainly humic substances [37] and from natural sources but
not synthetic ones. The corresponding carbon and oxygen con-
tents for the lower molecular weight cut-off (<10kDa) fractions
(YM-3 to RO) were within a much narrow range of 48.6-49.9% and
42.3-44.5% (w[w), respectively. Nitrogen content showed a unique
trend of decrease initially from 5.2% to 3.5% from ZM-500 to YC-05,
then an increase from 3.5% to 4.0% from YC-05 to RO.

The change in elemental compositions was also well reflected
by a decrease of H/C atomic ratio from 1.13 to 0.84 and an increase
of O/C atomic ratio from 0.42 to 0.69 as the molecular weight
cut-offs decreased from ZM-500 to YC-05 fraction. Such changes
indicated that the DOM fractions of lower molecular weight cut-offs
had higher polarity and aromaticity than those of higher molec-
ular weight cut-offs. Furthermore, molar ratios such as H/C and
O/C obtained by elemental analyses may provide valuable infor-
mation on the composition and chemical characteristics of DOM.
For example, H/C ratio was around 1.0, which is considered to indi-
cate mature humic substance in water system. The ratios and the
content of carbon in higher molecular weight cut-off fractions con-
sisted of mature humic substances originated from soil and water
[38]. Moreover, the materials possessing higher polarity and aro-
maticity were the major THMs precursors because of relatively high
contents of carboxylic groups in the humic substances.

3.3. Mass distribution of the fractionated DOM

The yields of all UF fractions and the TOC calculated from all the
fractions are listed in Table 2. The lower molecular weight fraction
(<2.07 kDa, Myy) of DOM was the dominant fraction in all source
water samples from the four treatment stages and constituted
>71% (w/w) of the total DOM recovered from the ultra-filtration
process. The residual with molecular weight <0.36 kDa was 72.1%,
69.8%, 58.0% and 55.0% of the total organic carbon for filtered water,
clarified water, PAC water, and raw water, respectively (Table 2).
This result was consistent with Benner’s [39] report in which 75%

Table 3
Elemental composition (%) and atomic ratio of different fractions of the raw water sample.
Elemental composition (%) Atomic ratio
C H (] N H/C o/C N/C
ZM-500 (>500 kDa) 57.3 £ 0.90? 54 +0.1 32.1 £2.82 52 +2.71 1.13 + 0.03 0.42 + 0.04 0.078 + 0.04
YM-100 (100-500 kDa) 55.2 £ 0.6 4.8 +0.26 35.3 +£0.62 4.7 £0.26 1.04 + 0.06 0.48 + 0.01 0.073 £+ 0.01
YM-30 (30-100kDa) 53.9 + 0.82 4.5 + 0.26 37.0 + 1.14 4.6 + 0.92 1.00 + 0.06 0.51 & 0.02 0.073 + 0.02
YM-10 (10-30kDa) 52.8 +0.78 42 +0.1 38.6 + 0.72 44 +0.2 0.95 + 0.04 0.55 + 0.02 0.071 + 0.01
YM-3 (3-10kDa) 499 + 1.21 3.7 +£0.26 423 +3.48 4.1 +£132 0.89 + 0.07 0.64 + 0.05 0.070+0.04
YM-1 (1-3kDa) 49.0 + 0.66 3.6 + 0.44 43.8 £ 1.32 3.6 + 1.68 0.88 + 0.11 0.67 + 0.01 0.063+0.03
YC-05 (0.5-1kDa) 48.6 + 0.5 3.4 +0.26 44,5 +1.23 3.5+ 1.21 0.84 + 0.06 0.69 + 0.02 0.062 + 0.02
RO (<500 Da) 489 + 1.47 35+0.1 43.6 +2.19 40 +1.23 0.86 + 0.03 0.67 + 0.05 0.070 £ 0.02

2 Standard deviation of three samples.



Z.-Y. Zhao et al. / Journal of Hazardous Materials 172 (2009) 1093-1099 1097

of marine organic carbon were low-molecular weight DOM and
24% were high-molecular-weight DOM. However, Martin-Mousset
and co-workers [40,41] showed that organics >1000 Da generally
accounted for up to 70-80% of the total DOC in natural surface
water, which was different from other water samples (Schnoor [42],
Amy [43], Vuorio [12] and Chang [44]). In addition, soil humic acid
fractions with >300kDa and 30-100kDa contained 52% and 34%
of total carbon, respectively [33]. This indicated that most DOM
in the natural water system was not originated from natural humic
substances, but mainly from anthropogenic sources, specifically for
DOM with molecular weight <500.

The DOC of the raw water was reduced by 43.5% after the full-
scale treatment processes consisting of pre-sedimentation with
amendment of the particle activated carbon, coagulation, floc-
culation, sedimentation, and sand filtration (Table 1). And the
treatment processes were responsible for DOC removal, but the
pre-sedimentation PAC adsorbent addition could only remove a
small fraction of DOC. The full-scale treatment process, includ-
ing the pre-sedimentation with the PAC adsorption process, could
effectively remove the intermediate size of DOM for molecular
weight 0.8-6.88 kDa, but performed poorly for both the smaller size
(<0.36 kDa) and the large size (>6.88 kDa) (Table 2). Similar results
were also reported by Amy [43] on PAC showed little removal
effect on humic substance for molecular size <300 and >17,000 Da.
Chemical treatment (coagulation and flocculation) with subse-
quent sedimentation could remove the higher molecular weight
DOM (>182.10 kDa) efficiently, but had little effect for lower molec-
ular weight <2.07 kDa. Matilainen [45] showed that high molecular
weight matter was clearly easier to remove in coagulation and
clarification than low molecular weight ones. Similarly, Rolando
et al. [46] also identified that coagulation processes were not nec-
essarily optimized for dissolved organic carbon (DOC) removal. The
sand filtration removes a wide range of DOM, but the removal effi-
ciency is not comparable to pre-sedimentation with PAC addition
for intermediate molecular weight DOM and chemical treatment
with subsequent sedimentation for higher molecular weight DOM.

The results on DOM removal of different molecular weights from
the water treatment process showed that low molecular weight
(<0.36 kDa) DOM could not be removed effectively by the treatment
process employed at the waterworks of this conventional drink-
ing water treatment plant, and majority of this DOM fraction was
anthropogenic organic compounds. The sequential oxidation sys-
tem of ozonation followed by photocatalytic oxidation using TiO,
[47] and biofilm reactors [48] could remove the lower molecular
weight compounds. But, these processes have other issues to be
addressed before any implementation.

3.4. Disinfection characteristics of different molecular weight
DOM

Disinfection by-products formation during chlorination is
correlated with several structural characteristics (UV54 and aro-
maticity) of humic substance [49,50] and the chlorine demand.
SUVA;s54 can be used to infer the nature of the DOM and its conse-
quent THMs formation, high SUVA,s4 values tend to indicate high
humic content and also THMs formation [51].

YC-05 fraction showed the highest UV;,54 among all eight frac-
tions of the source water samples obtained from the four stages of
treatment process and it was higher than other fractions by at least
50% (Fig. 3). For the raw source water, the value of UV;s54 for the
YC-05 fraction was twice that of the other fractions. Meanwhile,
the results of the UV,54 of YC-05 fraction for each of the treatment
process indicated that the PAC could effectively remove the UV;54
from the water. RO was the second after YC-05. Difference between
different water samples was not significant for YM-1, YM-3, YM-
10, YM-30, YM-100 and ZM-500. Hejzlar et al. [52] showed that
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Fig. 3. Disinfection characteristics of different molecular weight fraction of DOM
taken from water sample taken from different stages of treatment process (A:
SUVA;s4; B: chlorine demands).

the value of SUVA,s54 represented the amount of phenolic hydroxyl
and the ratio of H/C of the samples, the higher the UV;s4, the more
phenolic hydroxyl and the lower the ratio of H/C, and the aromatic
characteristics for the samples, or the more unsaturated radical in
the sample [51]. Thus, more THMs would be formed during the
disinfection process by chlorine.

Moreover, there were differences between the chlorine demand
and the UV,s54 of the DOM for each treatment process, the chlo-
rine demand would decreased as the molecular weight increased
for the DOM with molecular weight >0.80 kDa, and little difference
was found for the molecular weight 0.8 kDa and 0.36 kDa of DOM.
Chlorine could either replace some radical on the DOM or oxidize
the DOM during the reaction process between chlorine and DOM.
According to the mechanism of THMs formation, the amount of
THMs was correlated with the substituted reaction, the low molec-
ular weight DOM tends to be oxidized by the oxidant, both the
oxidation process and substitution process would take place simul-
taneously when chlorine and DOM start to react, resulting in higher
chlorine demand (Fig. 3b).

3.5. THMEFP for different molecular weight DOM

Low molecular weight YC-05 fraction was the major precursor
of THMFP for effluent of each of the four treatment processes in
this water treatment plant in Guangzhou, China (Fig. 4). For source
raw water, the THMFP formed in this fraction was higher than all
other fractions by at least two folds, this fraction was most non-
humic substances from anthropogenic sources for a net increase
in THMs was observed for a water containing low level of humic
substances [53]. A separate laboratory study was also conducted to
quantitatively determine the contribution of fulvic acids and humic
acids (natural organic matter in the Sea of Galilee) as precursor
material to several of the DBPs identified. Results showed that ful-
vic acid plays a greater role in the formation of THMs [54] and its
molecular weight range was between YC-05 and YM3. Meanwhile,
as compare the quantity of all fractions for each treatment process,
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Fig. 4. THMFP for different molecular weight fractions of DOM taken from water
sample taken from different stages of treatment process.

the major precursor of THMFP in the raw water was effectively
removed by PAC though the regular coagulation and sedimenta-
tion could remove partial DOM from water system, but little effect
for the remove of precursor for THMFP.

The data on chlorine decay kinetics and total trihalomethanes
(TTHM) formation kinetics and modeling with different molecular
weight NOM fractions of Mississippi River water indicated that the
TTHM formation in fractionated NOM was a function of chlorine
consumption. As the molecular weight of the fractions decreased,
TTHM vyield coefficients increased [55]. Similar results were also
obtained by Chang et al. [44] in that the lower organic substances
(5-1KkDa, average molecular mass <1 kD) contributed the most of
disinfection by-products per unit organic carbon for per unit of
chlorine dioxide oxidized.

At the same time, SUVA;s4 of the water and chlorine demand
was correlated with THMFP, excepted RO fractions as some chlorine
was contributed to oxidation process (Figs. 3 and 4). There was little
THMs formation in the oxidation process for the chlorine and DOM,
and THMs formation was correlated with the substituted reaction
of chlorine and DOM.

4. Conclusions

The water samples collected from the different stages of water
treatment process from a waterworks in Guangzhou showed that
the molecular weight of most DOM in each water treatment
stage was less than 2.07 kDa. Fractions with molecular weight
<0.80kDa obtained by ultra-filtration and reverse osmosis were
the major ones in the four stages of samples. This indicated
that conventional water treatment process could not remove the
lower molecular weight DOM. Moreover, the elemental composi-
tion and disinfection characteristics showed that these fractions
were the major precursors of THMFP. Further analysis of DOM
fraction from the conventional drinking water treatment process
with amendment of PAC adsorption indicated that coagulation and
sedimentation process could effectively remove the high molec-
ular weight DOM, but had little effect for the low molecular
weight DOM. Addition of PAC could effectively remove the mid-
dle range molecular weight DOM which was the major precursor
of THMs.
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