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ABSTRACT

This study investigated biological stability in a pilot test of traditional water treatment
processes in eastern China. The variations of assimilable organic carbon, biodegradable dis-
solved organic carbon, bacterial regrowth potential, and total phosphorus were analyzed,
and the relationships among them were studied. High-purity aluminum sulfate was added
as a coagulant, and the corresponding removal efficiencies of the coagulation–sedimentation
unit and the sand filtration unit were evaluated. The experimental results indicate that the
removal efficiencies of the dissolved organic carbon (DOC) and UV254 both increased as the
alum dosages increased in the coagulation and sedimentation process. The removal efficien-
cies of the biostability indicators of the coagulation and sedimentation process were higher
than those of the filtration treatment. The bacterial regrowth potential was correlated with
DOC concentration, and the introduction of total dissolved phosphorus into the evaluation
of biostability is recommended to help confirm the C:P ratio and to select the appropriate
strategy for controlling bacterial regrowth. An explanation for the changes in biostability
indicators is provided.

Keywords: Biostability; Assimilable organic carbon; Biodegradable dissolved organic carbon;
Bacterial regrowth potential; Total phosphorus

1. Introduction

Bacterial regrowth in water distribution systems is
commonly recognized as a cause of a wide range of
problems, such as deterioration of water quality,
increased risk of pipeline leakage, and endangerment
of human health. To address these hazards, the biolog-
ical stability of treated drinking water has been
researched in the field of water treatment globally.

The extensive research in this field, which has been
conducted at multiple levels, has provided a

significant amount of insight into the causes, enabling
conditions, and indicators of bacterial regrowth. The
concentration of assimilable organic carbon (AOC) is
considered as the main indicator of the regrowth of
micro-organisms. Meanwhile, biodegradable dissolved
organic carbon (BDOC), which is mineralized (to CO2)
and assimilated (into biomass), has been identified as
an indicator for addressing reductions in chlorine
demand or for the formation of disinfection byprod-
ucts [1,2]. Instead of focusing on organic carbon, sev-
eral other indicators, such as bacterial regrowth
potential (BRP), have been introduced based on the
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presumption that inorganic nutrients might be a limit-
ing factor for bacterial regrowth [3].

Natural organic matter (NOM), which is defined as
a complex matrix of organic material that is present in
natural water, is composed of two fractions:
biodegradable matter and refractory matter. Humic
substances are generally defined as refractory dis-
solved organic carbon (RDOC). Although the coagula-
tion and sedimentation (C and S) process is generally
designed for particle and turbidity treatment, it can be
used to remove organic matter in treatment plants that
must treat highly colored water [4]. Several studies
have reported contradictory removal efficiencies of
biodegradable organics by different coagulants. Three
coagulants, poly aluminum chloride (PACl), alu-
minum potassium disulfate dodecahydrate (alum),
and ferric chloride (FeCl3), were used to treat water
samples which achieved mean BDOC removal rates of
33, 31, and 30%, respectively [4]. Similarly, Edzwald
[5] reported that PACl had the same efficiency as
alum and FeCl3 in removing total organic carbon. In
contrast, Croue et al. [6] documented a higher removal
rate of BDOC when applying ferric chloride compared
to alum. Amy [7] found that enhanced coagulation
was able to achieve 50% dissolved organic carbon
(DOC) removal. In comparison, enhanced and opti-
mized coagulation resulted in an additional BDOC
reduction of 8%, which is not a significant improve-
ment. Filtration (FLTR) has also been used to remove
impurities, and its effectiveness is a strong function of
biological removal, especially in slowly flowing water
that is subject to growth of biofilms [8].

The removal of AOC has been reported to be cor-
related with decreases in the concentrations of other
drinking water indicators [9]. Escobar and Randall [1]
found that AOC causes the improvement in the bacte-
rial regrowth potential achieved by nanofiltration to
be underestimated; however, BDOC caused the
improvement to be overestimated. Hence, the collec-
tion of complementary information by measuring both
AOC and BDOC is advised. The vast majority of pre-
vious studies have focused on biologically available

organic carbon (AOC and BDOC), and a few studies
have focused on inorganic nutrients. However, a com-
prehensive examination of their combined influence
on the control of biological stability that integrates the
roles of both organic and inorganic nutrients using
various indicators has not been performed.

The objective of this study is to develop a compre-
hensive understanding of the control of biological sta-
bility in traditional treatment processes and to
investigate the interrelationships between various indi-
cators. We also attempt to optimize the alum dosage
to control bacterial regrowth.

2. Materials and methods

2.1. Raw water quality

Raw water was transported approximately 27 km
from the Lake Tai and was fed into the pilot test and
into the water plant. The quality of the raw water is
summarized in Table 1. Peak A (Ex = 230 nm,
Em = 340 nm) and Peak B (Ex = 280 nm, Em = 320 nm)
can be easily identified in the three-dimensional fluo-
rescence spectrum of the raw water. Hence, the raw
water was rich in proteins with aromatic structures
and soluble microbial products, including several low
molecular weight amino acids that can be effectively
used by bacteria (strains P17 and NOX) for AOC anal-
yses. In addition, several types of humic-like compo-
nents are evident from the broad response areas in
other regions.

2.2. Pilot setup

A continuous, pilot-scale test, including coagula-
tion, sedimentation, and sand filtration, was con-
ducted at the Xiang Cheng water plant in Suzhou,
China from 2009 to 2013. A comprehensive assessment
was performed in July and August 2013 after the pilot
system had achieved a steady operation. The pilot sys-
tem was operated at a design flow of 3 m3/h. The
main operational parameters are summarized in

Table 1
Raw water quality in pilot-scale tests

Coag dose
(mg/l (ppm)) Turb (NTU) T (˚C) pH

Alkalinity
(mg/l)

NH3-N
(mg/l)

CODMn

(mg/l)
DOC
(mg/l)

UV254

(cm−1)

10 9.5 ± 0.2 26.8 ± 0.1 8.51 ± 0.09 57 ± 3 0.07 ± 0.01 2.98 ± 0.02 3.62 ± 0.04 0.066 ± 0.002
30 5.7 ± 0.1 26.9 ± 0.1 8.58 ± 0.07 49 ± 4 0.03 ± 0.00 2.94 ± 0.01 3.63 ± 0.02 0.067 ± 0.002
50 5.0 ± 0.2 26.9 ± 0.1 8.77 ± 0.05 49 ± 3 0.03 ± 0.00 2.90 ± 0.01 3.61 ± 0.03 0.064 ± 0.001
70 2.7 ± 0.1 27.5 ± 0.2 8.38 ± 0.13 48 ± 2 <0.02 2.98 ± 0.01 3.50 ± 0.02 0.064 ± 0.001
90 2.6 ± 0.1 27.5 ± 0.2 8.36 ± 0.04 48 ± 3 <0.02 2.98 ± 0.01 3.46 ± 0.03 0.064 ± 0.001
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Table 2. The alum dosages were 10, 30, 50, 70, and
90 ppm. Each dosage was run for one week, and sam-
ples of the raw water, the coagulating sedimentation
process, and the sand filtration process were collected
five times. All of the biostability indicators (e.g. AOC,
BDOC, BRP) were tested immediately after the sam-
ples were collected. The pilot-scale test system was
backwashed every two days.

2.3. Coagulant parameters

High-purity alum used as the coagulant was man-
ufactured by the Light Industry Auxiliary Factory
(Jiangsu Province, China). The characteristics of the
alum were measured twice; the detailed parameters as
well as the related Chinese standards [10] are listed in
Table 3.

2.4. Analytical methods

2.4.1. Water sample collection

As shown in Fig. 1, C and S and FLTR water sam-
ples were collected one hour after the pilot system
had reached the stable operation. Samples of raw
water and effluent were collected for direct measure-
ments of temperature, pH, total phosphorus (TP),
turbidity, and UV254. The samples were filtered

through a 0.45-μm membrane prior to AOC, BDOC,
BRP, and DOC analyses.

2.4.2. AOC measurement

AOC was measured using the method of Van der
Kooij. In this approach, two strains of bacteria, Pseu-
domonas fluorescens strain P17 (ATCC 49642) and Spiril-
lum species strain NOX (ATCC 49643), were used for
biometric testing. First, the water samples were steril-
ized at 70˚C for 30 min. After the samples had cooled
to room temperature, they were inoculated with
approximately 104 CFU/ml P17 and cultivated at 25˚C
for 3 d. The samples were then extracted and spread
onto the appropriate medium to measure the number
of bacterial colonies. The culture medium was plate
count agar because of its applicability in enumerating
bacteria. Then, the same samples were sterilized again
and inoculated with approximately 104 CFU/ml NOX.
After cultivation at 25˚C for 4 d, the numbers of col-
ony-forming units were measured. Because the tradi-
tional method of simultaneously inoculating with P17
and NOX may result in interference when the colony-
forming units are counted, a successive inoculation
method was applied in this study. In addition, extra
days were included in the cultivation period because
the AOC concentration is a product of the largest

Table 2
Process parameters

Process Parameter Note

Coagulation Coagulant: Al2(SO4)3
10–90 mg/l

Size: L × B × H = 800 mm × 1,200 mm × 1,200 mm
Retention time: 23 min

Sedimentation Tube settler, clean
water area 0.4 m2

Clean water region plan size: L × B = 500 mm × 825 mm
Heights: clean water region = 1.2 m, tube area = 0.866 m,
sludge discharge region = 1.6 m

Filtration Sand media Size: D × H = 700 mm × 3,250 mm
Speed = 8 m/h,
period = 24 h

Sand: d10 = 0.94 mm, d60 = 1.26 mm, K80 = 1.51, ρ = 2.62 g/cm3, H = 1,250 mm

Table 3
Main characteristics of the alum and Chemical Industry Standard of the People’s Republic of China (water treatment
chemicals—aluminum sulfate)

Parameter Alum-test 1 Alum-test 2 Standard [10] (Class I: liquid)

Al2O3
a ≥ 10.06 8.29 7.8

pH (1% aqueous solution) ≥ 4.08 3.57 3.0
Fea ≤ 0.05 <0.01 0.25
ρ (g/cm3) 1.30 1.32 b

aMass fraction in %.
bNot given.
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colony-forming units. The AOC concentration was
calculated; the units are micrograms acetate-C per liter
[11]. The yield factors for P17 and NOX are 6.33 × 106

and 2.21 × 106 CFU/μg acetate-C, respectively.

2.4.3. BDOC measurement

The BDOC analysis used the indigenous bacteria
in the raw water as the inoculum. The inoculum was
collected by filtering the raw water through a 2-μm
membrane. First, the water samples were filtered
through a 0.45-μm membrane. Then, a portion of the
filtered water was subsampled to measure the DOC
(DOC0) concentration. The remaining filtered water
was inoculated at a volume ratio of 100:1 and then
cultivated at 20˚C for 28 d. After cultivation, the
remaining water samples were filtered and the DOC
concentration (DOC28) was measured. The BDOC con-
centration was calculated as the loss of DOC
(BDOC = DOC0 − DOC28). Thus, the BDOC represents

the fraction of DOC that is either mineralized or
assimilated by the heterotrophic flora.

2.4.4. BRP measurement

BRP measurements were performed using the
method reported by Sathasvian and Ohgaki [3] with a
minor modification. In this approach, the indigenous
bacteria were used as the inoculum for the BRP test.
The indigenous bacteria were obtained by filtering
raw water through a 2-μm membrane and then culti-
vating the samples at 20˚C for 5 d to allow for adjust-
ment to the oligotrophic environment. After
sterilization at 70˚C for 30 min, a 40-ml water sample
was mixed with 400 μl of inoculum (volume ratio of
100:1). After a seven-day incubation at 20˚C using
R2A agar as the culture medium, the number of col-
ony-forming units was counted. The culture time on
the R2A agar was seven days at 25˚C to ensure an
integrated count. The growth potential was calculated

pilot system 
operation time 4 hours#

operation flow rate 3 m3/h 

Alum dosage 50 
ppm 

stable operation time 

sample C50-1,F50-1 sample C50-2,F50-2 sample C50-3,F50-3 

Alum dosage 30 
ppm 

stable operation time 

sample C30-1,F30-1 sample C30-2,F30-2 sample C30-3,F30-3 

Alum dosage 10 
ppm 

stable operation time 

sample C10-1,F10-1
* sample C10-2,F10-2 sample C10-3,F10-3 

Alum dosage 70 
ppm 

stable operation time 

sample C70-1,F70-1 sample C70-2,F70-2 sample C70-3,F70-3 

Alum dosage 90 
ppm 

stable operation time 

sample C90-1,F90-1 sample C90-2,F90-2 sample C90-3,F90-3 

Fig. 1. Process schematic for water sample collection.
Note: #The pilot system is considered to reach the stable operation when operating for 4 h. From then on, the extra
operation time is counted as stable operation time; *C10-1 and F10-1 stand for sample 1 at 10 ppm dosage of C and S
process and FLTR process, respectively.
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from the direct count without subtracting the number
of bacteria in the inoculum because of the inoculum
size [12].

2.4.5. Other analyses

The DOC concentrations were measured using a
wet oxidation TOC analyzer (O.I. Analytical Aurora
1030). The UV254 was determined using a UV2100

spectrophotometer (Unico (Shanghai) Instrument). The
SUVA254 values, which indicate the proportion of
humic material, were calculated by determining the
ratio of UV254 to DOC. CODMn, NH3, and TP were
measured according to the Chinese State Environmen-
tal Protection Agency (SEPA) Standard Methods
(Chinese SEPA, 2002). The turbidities of the influent
and effluent were measured using a turbidity meter
(2100 N, Hach, USA).
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Fig. 2. Effect of high-purity aluminum sulfate on the removal efficiencies of the biological stability indices (C&S stands
for coagulation and sedimentation process, FLTR stands for filtration process, UNDER MDL stands for under method
detection limit).
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3. Results and discussion

3.1. Organic matter removal

Fig. 2 shows the mean removal efficiencies of bio-
logical stability-related indices for five different alum
dosages in the conventional treatment process in July
2013. Three water samples were taken and tested at
different processes of different alum dosages. The
removal efficiencies of DOC and UV254 increased as
the alum dosages increased during the C and S pro-
cess. The DOC and UV254 increased from approxi-
mately 3 to 17% as the alum dosages increased from
10 to 30 ppm, reached a plateau at 50 ppm, then
increased to slightly greater than 30% at a dosage of
70 ppm followed by a modest increase at 90 ppm. The
DOC removal efficiency was closely related to that of
UV254 in the C and S process. This relationship indi-
cates that the aluminum sulfate did not exhibit any
specific selectivity in terms of removing dissolved
organics and humic-like components with high molec-
ular weights, including various aromatic compounds.

As shown in Fig. 2, FLTR process had little effect
on DOC and UV254 removal. Under certain circum-
stances, the removal of DOC was less than 0%, which
is most likely attributed to the accumulation of organ-
ics in the sand filter. Similarly, the UV254 removal
remained at 5% when the dosages were less than
50 ppm. Compared with the increased removal effi-
ciencies of the C and S process, the removal of UV254

in the FLTR process decreased to 0% (70 and 90 ppm).
Hence, the FLTR process provides only a limited con-
tribution to the removal of organic matters, though it
plays an important role in controlling the turbidity
(almost all of the samples were under 0.3 NTU after
FLTR) of the effluent.

3.2. Controls of biological stability indices and internal
relationships

The AOC is an important parameter that measures
the biological stability in a distribution system. It
refers to the most readily degradable fraction, which
tends to be composed of low molecular weight com-
pounds that generally contribute a relatively small
proportion of the BDOC [1,4]. Because the AOC assay
involved two strains of bacteria, P17 and NOX, the
concentration of AOC contains two fractions (AOC-
P17 and AOC-NOX). AOC-P17 consists of several
organic components, including carboxylic acids, amino
acids, alcohols, and various carbohydrates. In contrast,
AOC–NOX contains formic acid, glyoxylic acid, oxalic
acid, various carboxylic acids, and a few amino acids.
The removals of AOC for each alum dosage are
shown in Table 4.

Fig. 2 shows that alum sulfate was effective for
AOC removal during the C and S process. The mean
AOC concentrations of the raw water and the sand fil-
tration effluent for different dosages of alum were 75
and 57 μg/L acetate-C, respectively. The removal rate
increased gradually from 10% at 30 ppm to 39% at
90 ppm. The finding that the removal remained con-
stant between 30 and 50 ppm may indicate that a
higher dosage was needed for a higher efficiency.
Moreover, the removal of AOC–NOX in the coagula-
tion–sedimentation process is generally less efficient
than the removal of AOC-P17 [13]. A similar result
was observed in this study; the removal of AOC-P17
exceeded that of AOC–NOX at high dosages
(≥50 ppm) and the high removal of AOC was mainly
attributed to the elimination of AOC-P17. Overall, the
mean AOC removal efficiency during the C and S pro-
cess was 23%, which is slightly greater than that
reported by Owen et al. [14] for alum coagulation
(16%). Treatment with alum could also be more effec-
tive than nanofiltration [1]. Several researchers have
reported that ferric chloride has a high removal effi-
ciency (38%) for AOC control [15]. However, because
the raw water quality varies by location, this sug-
gested treatment method requires further investiga-
tion. A generally upward trend of AOC removal was
also observed for the FLTR process except for the
90 ppm case. The decomposition of organic matter by
micro-organisms in the biofilm as the water slowly
passes through the sand filter bed causes the large
reduction in AOC [8].

The BDOC concentration represents the fraction of
DOC that is assimilated or mineralized by the hetero-
trophic flora [16]. The BDOC is calculated as the dif-
ference between the initial DOC value and the
minimum DOC value that is observed during the
incubation period [17]. Volk et al. [17] suggested that
BDOC concentrations of 0.15 mg/L at 20˚C and
0.30 mg/L at 15˚C are required for biostability. The
method detection limit (MDL) for BDOC testing was
determined by the TOC measurement technique to be
0.15 mg/L [18]. The mean BDOC/DOC ratio for the
raw water samples in this study was 12%, which is
consistent with the results of Joret et al. [19] that
BDOC values represent 10–30% of the total dissolved
organic carbon content in drinking water. The DOC
that remains after biodegradation is defined as the
refractory (non-biodegradable) dissolved organic car-
bon (RDOC). The mean BDOC concentrations for the
raw water, the C and S effluent, and the FLTR effluent
were 0.41, 0.24, and 0.27 mg/L, respectively. The mean
BDOC removal rate for the C and S process by the
addition of high-purity aluminum sulfate was 43%,
while the FLTR process had a −18% reduction
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(Table 4). Several studies have examined the efficiency
of BDOC removal during the coagulation process
when using various coagulants. Large variations in
BDOC removal (between 0 and 74%) have been
observed between different water sources [4].

The BDOC removal ranged from 33 to 66%
(Table 5). In comparison, the reduction in BDOC at
the St. Rose water treatment plant (Canada) ranged
from 50 to 86% when alum was used. These conflict-
ing results may be attributed to the specific physico-
chemical characteristics of the different raw water
samples, the test conditions and the running status of
the units that treated the water samples. As shown in
Fig. 3, the ratio of BDOC removed (mg) to DOC
removed (mg) decreased as the alum dosage
increased. This relationship indicates that RDOC was
easier to eliminate by coagulation than BDOC [4],
which is consistent with previous studies in which
humic substances were found to be preferentially tar-
geted by the coagulation process [5,7]. Specifically,
because the initial DOC removal was entirely attribu-
ted to BDOC removal with a moderate level of
removal at a low alum dosage, which represents con-
ditions under which a significant amount of AOC
could also be removed (34% at 10 ppm), this scenario
may be conducive to the development of a new
method of pretreatment that could reduce the biologi-
cal stability load using a low dosage of coagulant.

Table 5
Removal efficiencies for various biological stability indices in the traditional treatment process

Parameter
Unit BRP (cfu/ml) BRP (removal %) X (C:P = 100:X)a (–)Alum dosage (ppm)

10 RAW 82,500 – 10.05
C and S 136,500 −65 15.30
FLTR 154,500 −13 9.22

30 RAW 108,500 – 7.18
C and S 58,500 46 8.67
FLTR 58,583 0 4.50

50 RAW 86,750 – 7.45
C and S 38,750 55 5.13
FLTR 23,000 41 6.25

70 RAW 117,500 – 5.86
C and S 16,500 86 3.12
FLTR 25,000 −52 3.44

90 RAW 379,000 – 7.30
C and S 25,000 93 3.53
FLTR 41,000 −64 2.40

aC:P stands for the bacterial requirement and is described as BDOC:TP in this study. X is equal to 100 P/C.
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Fig. 3. Removal of AOC and BDOC during the C and S
process with different alum dosages.
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Obviously, additional studies are required, and other
raw water sources should be tested. The results shown
in Fig. 3 indicate that the removed AOC only con-
tributed a small fraction of the total BDOC removed,
which is consistent with the results of Tryby et al. [20]
that the reduction rates of hydrophobic compounds
surpassed those of hydrophilic compounds.

The removal of BDOC during the FLTR process
ranged between −85 and 18% (Fig. 2(d)). The mean
BDOC/DOC ratio in the raw water was 12%, which is
consistent with the BDOC/DOC ratios in the range of
10–30% that were reported by Joret et al. [19]. The C
and S process achieved high BDOC removal (32.59–
65.91%) and irregular fluctuations occurred as the
amount of added coagulant was increased. The high-
est BDOC removal efficiency (65.91%) was obtained
with the coagulant addition of 30 mg/L coagulant.
The BDOC removal by the sand filtration process ran-
ged from −85 to 17.95%; the large variation contrasted
with that observed for the C and S process (Fig. 2).
The amount of BDOC removal by the sand filtration
process was closely related to the BDOC concentration
that was treated by the sedimentation process, which
facilitates the stable quality of treated water after the
entire treatment process. In this experiment, BDOC
removal by the typical treatment process with the
addition of Al2(SO4)3 coagulant ranged from 15.79 to
52.80% and the mean removal efficiency was 36.74%.

As one of the most essential inorganic elements for
bacterial growth, low concentrations of phosphorus
can restrict microbial growth when organic matter
supplies are sufficient [3,21]. Hence, inorganic nutri-
ents such as phosphorus should also be considered
when measuring the level of biological stability. The
BRP method was reported by Sathasivan and Ohgaki
[3]. This method considers the nutrients (including
those from autoclaved cells) that can be utilized for
bacterial regrowth in the original water sample [3].
Fig. 4 shows the relationship between DOC and BRP
in the raw water and C and S units; the two parame-
ters are correlated, while there is a relatively weak
association (R2 = 0.6874) between TP and BRP. Hence,
in addition to the previous conclusion, the modest dif-
ference may indicate that the ratio of concentrations of
DOC and phosphorus is similar to the bacterial
requirement (C:P = 100:1.7–2). However, it should also
be emphasized that the actual concentration of phos-
phorus that is available for microbial growth is lower
than the TP value. Therefore, total dissolved phospho-
rus (TDP) (measured after filtering the water samples
through a 0.45-μm membrane before performing the
normal TP measurement procedure) should be consid-
ered when calculating the C:P ratio to obtain more rel-
evant measurements. Fig. 2 shows that the reduction

in AOC was accompanied by an increase in the BRP
at the 10 ppm alum dosage. Similarly, Ryu et al. [22]
and Thayanukul et al. reported that the microbial
regrowth (an increase in the HPC) that was observed
in their studied distribution systems occurred in paral-
lel with AOC reductions.

The reduction in BRP was as high as 93% for the
90 ppm dosage at the highest DOC removal and TP
removal conditions. The FLTR process had unstable
removal efficiency for BRP elimination. In contrast, the
TP removal by the FLTR process was relatively stable
and was almost always less than 15% because the C
and S process had already removed the majority of
the phosphorus (Fig. 2).

The results shown in Fig. 2 and Table 5 demon-
strate that the sand filtration process could disturb the
removal of organic matter, mainly biodegradable
organic matter such as hydrophilic substances, and
cause increases in the DOC, BDOC, and AOC concen-
trations. However, it is notable that no negative reduc-
tions in the UV254 and TP removal values were
observed, which indicates that the sand filtration pro-
cess did not introduce additional humic or phospho-
rous contaminants into the effluent.

3.3. Optimization of the alum sulfate dosage to control
bacterial regrowth

Based on the results for the five dosage levels and
ten different indices, the effect of adding alum sulfate
to the C and S process to maintain the biological sta-
bility of the effluent has been accurately estimated.
Additionally, the removal efficiencies of the organic
compounds and nutrients that are required for bacte-
rial regrowth have been calculated. Although the
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Fig. 4. Association between DOC and BRP in the RAW
and C and S units.

J. Wang et al. / Desalination and Water Treatment 57 (2016) 18619–18629 18627



representativeness of the calculated removal efficien-
cies is limited by the raw water quality and the opera-
tional conditions of the units, these data provide a
specific model (based on the low DOC, low SUVA,
and low-alkalinity raw water in this pilot test) of the
changes in the alum sulfate coagulation removal effi-
ciencies of biostability indicators and also explain the
mechanisms of interaction between the biostability
parameters. It is clear that the subsequent increase in
the removal efficiency of DOC, UV254, and TP at
dosages above 70 ppm was limited (Fig. 2). Thus, the
increase in the BRP (which synthetically measures the
influence of various organics and nutrients on overall
microbial regrowth) reduction was also limited. The
AOC removal efficiency increased continuously at
dosages above 50 ppm. However, a corresponding
decrease in the BDOC removal efficiency was
observed at the same dosages. Because a portion of
the BDOC also represents the AOC-formation poten-
tial [1], an additional increase in the dosage might
eventually lead to a limited increase or even a modest
decline in AOC removal. The results presented in
Table 4 demonstrate that almost all of the filtration
effluents except the 10 ppm dosage satisfy the turbid-
ity removal criteria. In conclusion, the 70 ppm dosage
of high-purity alum (used as a coagulant) is believed
to have reached the point of diminishing returns in
terms of the functioning of the C and S process during
this pilot test.

4. Conclusions

This study observed variations in the removal of
natural organic matter and inorganic elements that are
available for microbial regrowth that could be attribu-
table to their preferential removal by alum sulfate, the
water quality matrices, and the operational status of
the treatment unit. As the alum dosages in the C and
S process increased, the removal efficiencies of DOC
and UV254 increased. Generally, the C and S process is
much more effective than the FLTR process at control-
ling the biostability indices, including DOC, BDOC,
AOC, BRP, and TP.

Overall, the traditional treatment process was
shown to be beneficial for enhancing the biological
stability. It provides a potential model, which is asso-
ciated with a specific raw water quality, to describe
the changes in the reductions in various biostability
indices. The results also indicate that the optimization
of the concentration of alum coagulant is closely
related to the raw water quality. Therefore, the opti-
mal control of biological stability during the C and S
and filtration processes should allow for the control of

the AOC index as well as the BDOC and bacterial
regrowth potential indices.
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