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ABSTRACT

It is well known that the recycle of sludge water and filter backwash water in drinking
water treatment plants (WTP) may cause water quality problems including suspended
solids, pathogenic protozoans, dissolved organic matters, and disinfection by-products.
However, it is still uncertain whether the recycle process can cause algal problems in a
WTP with algal-laden raw water. A field survey was performed in a WTP, located in
Tianjin, China, to investigate the variation of algal species and density during the treatment
and recycle process. The results showed Staurastrum sp., a non-dominant species in raw
water, regrew and became the unique dominant species in the combined sludge tank (CST).
The reproduction of Staurastrum sp. increased the treatment loading, clogged the filter, and
deteriorated the quality of finished water. Bench-scale experiments indicated chlorination
was inefficient to inactive Staurastrum sp., which resulted in that living cells of this alga can
enter into the CST. Culture experiments indicated Staurastrum sp. favors a moderate concen-
tration of Fe (0.6–2.0 mg/L) and grows slowly under a low concentration (0.1 mg/L). Thus,
the high concentration of Fe (0.6 mg/L) originated from the residual coagulant facilitated
the reproduction of this alga in the CST. Cutting off the recycle pathway and destroying the
favorable growing conditions in the CST may be feasible methods to control the reproduc-
tion of Staurastrum sp. in the WTP. This study showed the recycle of sludge water and filter
backwash water can cause algal problems in WTPs, which should be an important issue for
drinking water treatment researchers and engineers.

Keywords: Staurastrum sp.; Drinking water treatment; Sludge water; Filter backwash water;
Algal reproduction

*Corresponding authors.

1944-3994/1944-3986 � 2015 Balaban Desalination Publications. All rights reserved.

Desalination and Water Treatment 57 (2016) 8217–8227

Aprilwww.deswater.com

doi: 10.1080/19443994.2015.1020515

mailto:fox_fm3@sina.com
mailto:xuyongpeng123@163.com
mailto:water_mh@163.com
mailto:fan96@126.com
mailto:hit_cuifuyi@hotmail.com
mailto:mei18@hit.edu.cn
mailto:pwang73@vip.sina.com
http://dx.doi.org/10.1080/19443994.2015.1020515


1. Introduction

Conventional drinking water treatment plants
(WTP) produce plenty of liquid waste residual during
the daily works. Most of the water comes from sedi-
mentation basins (sludge water) and rapid filters
(backwash water), and can be up to 10% of the plant
production [1]. Due to the large volume of the liquid
residual, it is important and valuable to recycle these
water streams for the water resource conservation.
However, because of the high concentrated impurities
in the recycle water (suspended solids, residual
coagulants, and organics) [2,3], the safety of water
reuse has been seriously concerned by researchers and
engineers.

It seems that the recycle of sludge water and back-
wash water in a WTP does not worsen the quality of
finished water or the adverse effects are negligible.
The sludge water and backwash water contains plenty
of destabilized particles which can provide additional
collision sites and enhance the performance of coagu-
lation [4,5]. Thus, the recycle do increase the turbidity
and the pathogenic protozoan concentration in raw
water, but most of these contaminants can be well
treated by conventional water treatment processes
[4–7]. For the same reason, the recycle can also
enhance the removal of natural organic matter (NOM)
under a neutral condition [8], but the concentration of
NOM in the finished water may increase moderately
at pH 8.5 [7]. Researchers also indicate that there is a
higher disinfection by-products (DBPs) formation
potential in the backwash water than that in raw
water, but mass balance calculations demonstrate that
the recycle process does not impact DBP concentration
in the mixture significantly [9]. Overall, the recycle of
sludge water and backwash water would not cause a
security problem if the treatment processes are well
operated, though the chemical demands and the back-
wash frequency may increase [2,5,6,8].

However, it is rarely reported the impacts of
recycle process on the effluent quality of WTPs with

algal-laden raw water. Excessive algae in raw water
can lead to high turbidity [10], cause taste and odor
problems [11,12], and produce various algal toxins
such as microcystins, cylindrospermopsins, and nodu-
larins [13]. In WTPs, algae can increase coagulant and
oxidant demands, short filter runs, generate DPBs dur-
ing the disinfection process, and cause microbial
regrowth in distribution systems [14,15]. Since most of
algal cells are removed by coagulation–sedimentation
and filtration, it can be inferred that these removed
algal cells can go back into the treatment systems with
the recycled streams, which may interrupt the opera-
tion of treatment processes. Thus, it is necessary to
investigate the transfer of algal cells and assess the
security of finished water during the recycle process
in WTPs with algal-laden raw water.

In this study, a field survey was conducted to
investigate the variation of algal densities in different
treatment units of a conventional WTP that employed
a recycle procedure of sludge water and backwash
water. Several bench-scale experiments were per-
formed to explain why some species of algae can grow
within the WTP and become a dominant species. The
results implied that the risk of algal reproductions in
WTPs should be considered when the sludge water
and backwash water are reused without a proper
regulation.

2. Materials and methods

2.1. WTP description and sampling sites

The surveys were conducted in the summer of
2007 in a WTP located in Tianjin, China. Water sam-
ples from the main treatment units were collected and
analyzed in the early July, the late July, and the mid-
August. For each period, surveys were conducted for
four consecutive days. The arithmetic means were
obtained (±SD) and used as the final values. The sam-
ples from the recycle system were collected on 4 July
and 4 August, respectively. The algal densities of
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Fig. 1. The sketch of the treatment and the recycle processes. The numbers represented sampling sites.
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sludge water and backwash water decreased signifi-
cantly with the increased sludge discharging and
backwashing period. Thus, the samples of the sludge
water and the backwash water were collected from
the initial water streams (0.5–1.5 min) to measure the
maximum algal densities of the discharged water.

The treatment processes were shown in Fig. 1, and
the number in the figure represented the sampling
sites. The water production was 10,000 m3/d. The raw
water came from the Yuqiao reservoir, which is the
main water source for Tianjin. The water is character-
ized by high algal densities from July to September,
and the value can be as high as 7 × 104 cells/mL.
Approximately, 10,000 silver carps were fed in the
pre-sedimentation pond (PSP) to reduce algal densities
in raw water. The sludge water and backwash water
were discharged into the combined sludge tank (CST),
and then they were mixed with the raw water in the
middle of the PSP and were retreated by the following
processes as shown in Fig. 1. The hydraulic retention
time (HRT) of the PSP and the CST were approxi-
mately 120 and 12 h, respectively.

2.2. Analytical method

Algal cells in water samples were counted by the
method described by Ma et al. [16]. In brief, water
samples were prepared by filtration enrichment,
dispersed by ultrasonic vibration, and then phyto-
plankton species were identified and measured by a
microscope (Olympus BX41, Tokyo, Japan).

Algal cells adhered to the sand in the filter were
counted by the following procedure. The sand at a
depth of 0, 0.4, 0.6, and 0.8 m was collected prior to
the backwashing procedure. Then, the sand was
washed by water for three times. The wash water was
combined and the cells in the water were counted by
the same method for water samples described above.
The cell densities in wash water were converted to
adherent cell amounts by calculating the wet weight
of sand and the volume of wash water.

Other parameters, including turbidity, temperature,
pH, total iron, total phosphorus, ammonia nitrogen,
alkalinity, chlorophyll-a (Chl-a), and permanganate
index, were measured according to standard methods
[17].

2.3. Algal culturing

The culture medium was modified from a standard
Knop medium [18]. The final constituents of the
medium were 12.5 mg/L KH2PO4 (equivalent to
2.85 mg P/L), 12.5 mg/L MgSO4·7H2O, 12.5 mg/L
KCl, 50 mg/L CaNO3·4H2O, and ferric ammonium

citrate ranged from 0.04 to 5.94 mg Fe/L. The low con-
centrations of nutrients in the medium were designed
to ensure the nutrient concentrations were comparable
to those in raw water. Algal cultures collected from
the effluent of CST were diluted to approximately
4,000 cells/mL and incubated in six parallel glass
containers (0.3 m × 0.3 m × 0.25 m) with a temperature
of 25 ± 1˚C and an illumination of 3,300 lx in a 12 h
light/12 h dark cycle. Because of the high concentra-
tion of Fe in the effluent of CST (approximately
0.6 mg/L), the inoculation also introduced a low
amount of Fe (approximately 0.06 mg/L) into the
medium and the initial concentrations of Fe in the cul-
ture were 0.1–6.0 mg/L.

2.4. Pre-oxidation and coagulation–sedimentation
experiments

Algal densities were diluted to 5,000–6,000 cells/mL
by deionized water to minimize the background inter-
ference from different samples, and then were oxidized
by sodium hypochlorite (1, 3, 5 mg/L available chlo-
rine). After a 30-min reaction, bench-scale coagulation–
sedimentation experiments were conducted using a
standard jar-test unit (ZR2–6, Fuhua Co. Ltd, China)
consisting of six 2-L glass jars. Ferric chloride was used
as the coagulant. Following the addition of coagulant,
samples were subjected to rapid mixing for 30 s at
250 rpm, flocculation for 10 min at 40 rpm, and settling
for 15 min. The variations of cell densities and Chl-a
were analyzed at the coagulant dosage optimized for
turbidity.

3. Results and discussion

3.1. Distributions of algae in the WTP

3.1.1. Distributions in the main treatment units

The variations of algal species and density in the
main treatment units were shown in Fig. 2. From July
to August, the dominant species in raw water
varied from Chlamydomonas sp., Scenedesmus sp. and
Cyclotella sp. (in the early July, non-Microcystis
sp.-dominated period) to Microcystis sp. (in the late July
and the mid-August, Microcystis sp.-dominated per-
iod), and the total cell density increased from 2,676 to
53,065 cells/mL. Staurastrum sp. was detectable in raw
water, but it only accounted for a very small proportion
(2.4% in non-Microcystis sp.-dominated period and less
than 0.3% in Microcystis sp.-dominated period). How-
ever, the density of Staurastrum sp. increased dramati-
cally when the raw water was mixed with the effluent
of CST. Compared to the variation of Microcystis sp. in
raw water, the density of Staurastrum sp. in site 2
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varied insignificantly during the whole summer of
2007 (from 8,500 to 4,809 cells/L). These phenomena
imply that Staurastrum sp. should come from the CST
rather than the raw water. Most of algal cells can be
well removed by pre-chlorination, coagulation–sedi-
mentation, and filtration, but the ratio of Staurastrum
sp. to the total algae increased after sedimentation
(from 29.5 to 40.6% in non-Microcystis sp.-dominated
period and 21.4 to 50.7% in Microcystis sp.-dominated
period). Moreover, Staurastrum sp. was frequently
detectable in the filter effluent, which implied that Stau-
rastrum sp. deteriorated the quality of finished water.

The variations of algal community structures and
densities in the PSP were controlled by the competition
among silver carps, zooplankton, and phytoplankton,
which have been discussed in our previous studies
[16,19]. Silver carps prey on both phytoplankton with
large particle size (>10 μm) [20] and zooplankton,
which are the predators of phytoplankton with small
particle size (<50 μm) [21]. The former effect results in
the reduction of algae with large particle size such as
Microcystis sp., Staurastrum sp., and Cyclotella sp. in the

PSP, while the latter results in the increase of algae
with small particle size such as Chlamydomonas sp.
Thus, the algal structure in the PSP changed from
dominant species with large particle sizes to that with
small one. This phenomenon has also been reported by
other researchers [22,23].

The variations of other physical and chemical
indexes, including CODMn, NH3-N, P, Fe, and turbid-
ity, along with the treatment process were shown in
Fig. 3. The presence of Staurastrum sp. did not worsen
the water quality obviously from the perspective of
physical and chemical indexes, and all the indexes of
filtered water could meet the Chinese standard for
drinking water quality. However, the leakage of Stau-
rastrum sp. from the filter (Fig. 2) increased the disin-
fection risk and may cause microbial regrowth
problem in distribution systems.

3.1.2. Distributions in the water recycle system

The distributions of algae in the filter at different
depths were shown in Fig. 4. The surface of the filter
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prevented most of algal cells, and the density of
adhered cells decreased significantly with the increased
filter depth. Staurastrum sp. was the dominant species,
and the proportions were 74.1–78.8% in non-Microcystis
sp.-dominated period and 58.5–63.4% in Microcystis sp.-
dominated period, both of which were much greater

than those in the influent of the filter (approximate
41%). This phenomenon implied that Staurastrum sp.
was easy to be held by the filter but was difficult to be
flushed out by the backwash procedure.

Algae in the sludge water and the backwash water
were counted and the results were shown in Table 1.
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The proportion of Staurastrum sp. in the sludge water
was slightly smaller than that in the water before
coagulation–sedimentation, and the result was in
accordance with the fact that the proportion of
Staurastrum sp. increased after sedimentation. This
phenomenon implied that Staurastrum sp. was more
difficult to be removed by coagulation–sedimentation
process than the other species. Previous study [24]
indicated that spinal appendages can prevent the cells
from close contact. There were four spinal “tentacles”
in each cell of Staurastrum sp. (Fig. 5). Maybe this was
the reason why this alga was more difficult to be
removed by coagulation–sedimentation.

The proportion of Staurastrum sp. in the backwash
water was lower than that of the adhered cells in the
filter (but higher than that in the influent of the filter),
which confirmed the assumption that backwash proce-
dure cannot flush out the adhered Staurastrum sp.
effectively. This may also be attributed to the morpho-
logical characteristic of Staurastrum sp. The surface of
this alga is irregular compared with the spherical and
the cylindrical species (Fig. 5). Four long and spinal
appendages of Staurastrum sp. may enhance the adhe-
sion between algal cells and the sand in the filter.

The growth of algae in the CST was also investi-
gated, and the results were shown in Table 2.
Staurastrum sp. grew rapidly in the tank, and the den-
sity in the effluent was 5–7 times larger than that in
the influent. The proportion of Staurastrum sp. also
increased dramatically, and this alga accounted for
larger than 90% of the total algal cells in the effluent
of the CST. Obviously, the CST was the source of
Staurastrum sp., and caused the abrupt increase of
Staurastrum sp. in the PSP as shown in Fig. 2.

Since Staurastrum sp. is negligible in raw water
and accounts for a particularly high proportion in the
CST, this alga can be regard as a “natural tracer”
which represents the transfer of algae came from the
interior of WTP during the water recycle process. In
this study, Staurastrum sp. regrew in the CST, and re-
entered into the treatment system via the recycle of
sludge water and backwash water. The reproduction
of Staurastrum sp. not only increased the loading of
WTP, reduced the filtration period (from 24 to 8 h),
but also deteriorated the quality of finished water
(Staurastrum sp. was detectable in the finished water,
Fig. 2). Obviously, the recycle of sludge water and
backwash water caused the reproduction of algae
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Fig. 5. Staurastrum sp. observed via a microscope (×400).
Sample was collected from the effluent of the CST.
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within the WTP and disturbed the operation of WTP.
The characteristic that algae can grow during the
recycle process is quite different from other well-
studied contaminants such as inorganic particles,
organics, and pathogenic protozoan which just accu-
mulate during the recycle process [2,5–8].

3.2. Reasons for the reproduction of Staurastrum sp. in the
CST

Because the reproduction of Staurastrum sp. brings
many inconveniences to the WTP as discussed in sec-
tion 3.1, it is necessary to reveal why Staurastrum
sp. regrew in the CST and became the dominant
species. Bench-scale pre-oxidation and coagulation–
sedimentation experiment, and algal culture experi-
ment were performed to investigate the causes.

3.2.1. Staurastrum sp. is difficult to be inactivated by
pre-oxidation

The effluent of PSP was treated by sodium hypo-
chlorite at different dosages, and then was conducted
by jar test. The variations of algal densities were
shown in Fig. 6. The proportion of Staurastrum sp.
increased after the treatment, and the results were
similar to that shown in Fig. 2. Increasing the dosage
of oxidant can enhance the removal efficiency of
both Staurastrum sp. and the other algal species by
coagulation–sedimentation, but the proportion of
Staurastrum sp. in the settled water still increased from

23 to 46%. Previous studies [25,26] indicate that oxida-
tion inactivates algal cells and causes the release of
intracellular organic matter, which are helpful for the
improvement of coagulation. Thus, the phenomenon
that the proportion of Staurastrum sp. increased with
the increase of oxidant dosage after sedimentation
implied chlorine oxidation is less effective for the inac-
tivation of Staurastrum sp. than the other algal species
in the effluent of PSP.

Limited to the experimental conditions in the
WTP, cell integrity is not available. Chl-a was ana-
lyzed as an alternative index. The variations of Chl-a

Table 1
Algal density in the sludge water and the backwash water

Source Sampling date

Cell density (cells/mL)

Proportion (%)Total Staurastrum sp.

Sludge water 4 July 2007 34,880 9,200 26.4
4 August 2007 53,280 5,720 10.7

Backwash water 4 July 2007 53,640 30,470 56.8
4 August 2007 63,830 29,980 46.9

Table 2
Algal densities in the CST

Sampling date Water streams

Cell density (cells/mL)

Proportion (%)Total Staurastrum sp.

4 July 2007 Inflow 9,380 6,010 64.1
Outflow 35,480 33,250 93.7

4 August 2007 Inflow 13,540 5,990 44.2
Outflow 44,200 42,880 97.0
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in the effluent of PSP (mixture of Staurastrum sp. and
other species) and the effluent of CST (almost pure
Staurastrum sp. culture) treated by pre-oxidation and
coagulation–sedimentation were shown in Fig. 7. The
removal rate of Chl-a in the effluent of CST
was always lower than that in the effluent of PSP.
This phenomenon indicated there were more
Staurastrum sp. cells survived than the other species
after the treatment, and the result was in accordance
with the fact shown in Fig. 6. It can be inferred that
the survived cells of Staurastrum sp. can be retained in
the filter and washed back into the CST, and then
these cells regrew in the tank and flowed into the
main treatment units again with the recycle process.

3.2.2. Moderate concentration of Fe facilitates the
growth of Staurastrum sp.

The characteristic of resistance to oxidation may
ensure living cells of Staurastrum sp. entering into the
CST, but cannot guarantee this alga becoming the
dominant species in the tank. There should be some
specific factors facilitating the reproduction of
Staurastrum sp.

By comparing the differences of water parameters
between PSP and CST (Table 3), high concentration of
Fe in the CST is the most possible factor. N and P are
the primary nutrients for algae. It is reported that P is
the limited factor of Yuqiao reservoir [27]. However,
there were thick sedimentations in both PSP and CST,
which were the source of internal P and mitigated the
P-limited condition. Thus, the moderate difference of
P and NH3-N concentration should not be the key fac-
tor facilitating the reproduction of Staurastrum sp. in

the CST. As a comparison, there was a significant
difference of Fe between the two tanks, and the
concentration of Fe in the CST was almost four times
greater than that in the PSP. Considering that Fe is an
important microelement for algae, the different con-
centrations of Fe may result in the rapid growth of
Staurastrum sp. in the tank.

Culture experiment was performed to verify the
effects of Fe on the reproduction of Staurastrum sp.
and the results were shown in Fig. 8. Moderate
concentration of Fe (0.6–2 mg/L) facilitated the growth
of Staurastrum sp. and the highest growth rate was
obtained at an initial Fe concentration of 0.6 mg/L. A
low concentration of Fe (0.1 mg/L) inhibited the
growth of Staurastrum sp.

The co-culture experiment of Staurastrum sp. and
other algae was also performed. The diluted effluent
of PSP (mixture of Staurastrum sp. and other algae)
was incubated in the modified Knop medium with a
Fe concentration of 1 mg/L for 3 d, and the variations
of cell densities were shown in Table 4. The growth
rate of Staurastrum sp. was much higher than that of
the other algae, and the proportion of Staurastrum sp.
also increased significantly. This result indicated that
Staurastrum sp. was more competitive than the other
ones under a high Fe concentration condition.

The algal culture experiment explained why the
non-dominant species of algae in raw water became
the dominant species in the CST. Fe is one of the most
important nutrients for the growth of algae. It is
reported the formation of high-nutrient, low-
chlorophyll regions of the ocean can be attributed to
the lack of iron in these regions [28]. Fe is also neces-
sary for Staurastrum sp. This study indicated that
Staurastrum sp. favors a moderate concentration of Fe
and grow slowly under a low concentration. In raw
water, the average concentration of Fe was 0.14 mg/L,
which cannot meet the nutritional requirements of
Staurastrum sp and resulted in the alga cannot be a
dominant species in raw water. However, in the CST,
the residual coagulant increased the concentration of
Fe to 0.58 mg/L, which fell within the suitable range
for the growth of Staurastrum sp. Under this condition,
Staurastrum sp. grew much more rapidly than the other
algae, and gradually became the dominant species.

It can be inferred that Staurastrum sp. became the
unique dominant species in the CST via the following
procedure. At the beginning, some survived cells of
Staurastrum sp. entered into the CST with the recycled
water streams, and grew in the tank. Then, the ampli-
fied Staurastrum sp. went back to the treatment
process. Because of the inefficient inactivation by
pre-oxidation, more survived cells re-entered and
regrew in the CST. The density of Staurastrum sp.
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Fig. 7. Variation of Chl-a treated by chlorination and coag-
ulation–sedimentation.
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increased and accumulated with the continuous
recycle of sludge water and backwash water. Finally,
Staurastrum sp. became the dominant species in the
CST, and disturbed the operation of WTP.

3.3. Discussion about preventing the reproduction of
Staurastrum sp. in the CST

The reproduction of Staurastrum sp. in the CST
depends on two conditions as discussed in section 3.2:
(1) living cells can enter into the CST; and (2) CST

provides favorable conditions for the growth of
Staurastrum sp. Thus, cutting off the recycle pathway
of Staurastrum sp. and destroying favorable growing
conditions may be promising methods to solve the
problem of algal reproduction caused by the recycle of
sludge water and backwash water.

3.3.1. Cutting off the recycle pathway

Changing oxidants may be a feasible method to
solve this problem, since chlorination was inefficient
for the removal of Staurastrum sp. as shown in Figs. 6
and 7. A bench-scale oxidation experiment showed
chlorine dioxide can inactivate Staurastrum sp. as effi-
ciently as the other algae (Fig. 9). It can be inferred
that chlorine dioxide can reduce the survived algal cell
amount and thus limit the reproduction of Staurastrum
sp. in the CST.

It is also feasible to remove the algae from the water
streams by microfiltration or clarification prior to the
recycle procedure. In fact, a clarification process has
been adopted to remove the residual algal cells and sus-
pended solids prior to the recycle of sludge water and
backwash water since 2008, and Staurastrum sp.
disappeared from then on. This phenomenon indicated
cutting off the recycle pathway of Staurastrum sp. is
effective. However, the construction and the operation
costs should be considered. Because the hot summer
only lasts less than 3 months in Tianjin, it may be
uneconomic to install the treatment facility just for the
removal of algal cells.

Table 3
Comparisons of water quality between raw water and effluent of CST (data were collected from June to August, 2007)

Water
source

Water
temperature
(˚C) pH

Turbidity
(NTU)

Alkalinity
(CaCO3,
mg/L)

CODMn

(O2, mg/L)
NH3-N
(mg/L)

P
(mg/L)

Fe
(mg/L)

Raw water 24.5–27.8 7.4–8.3 4.8–13.6 101.4–138.8 2.82–4.24 0.021–0.076 0.030–0.053 0.11–0.15
Effluent of

CST*
25.0–28.5 7.8–8.2 5.2–6.8 90.5–105.4 4.29–5.15 0.046–0.103 0.024–0.036 0.53–0.67

*CST: combined sludge tank.
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Table 4
Variations of cells densities of Staurastrum sp. and other algae in the modified Knop medium with a Fe concentration of
1 mg/L after three-day incubation

The total Staurastrum sp.

Proportion (%)Density (cells/L) Growth rate (%) Density (cells/L) Growth rate (%)

0 d 4,960 354.40 1,670 643.82 33.70
3 d 22,540 12,440 55.17
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3.3.2. Destroying the favorable growing conditions in
the CST

High concentration of Fe from the residual coagu-
lant (ferric chloride) caused the reproduction of
Staurastrum sp. Using aluminum-based coagulant
instead of ferric chloride can minimize the concentra-
tion of Fe in the CST and prevent the growth of
Staurastrum sp. However, this method cannot inhibit
the growth of other algae. It is possible that some
other species would replace Staurastrum sp. to be the
new dominant algae in the CST.

A fundamental way is to minimize the favorable
conditions for all the algae, such as treating the sludge
to remove nutrients prior to the discharge into the
CST, shading the tank, or increasing the flow velocity
by setting guide walls. However, these methods will
increase the construction cost.

In the September of 2007, an investigation was per-
formed in another WTP (WTP-B) with the same raw
water and the similar recycle procedure of sludge
water and backwash water. The water production of
the WTP-B was 1 × 106 m3/d and the HRT of the CST
was only 1 h. No Staurastrum sp. was detectable in the
CST of WTP-B, and the result indicated that reducing
the HRT in the CST can prevent the reproduction of
Staurastrum sp. within WTPs, i.e. the reduction of
favorable growth conditions for algae is an effective
method for the control of Staurastrum sp.

The simplest way is blending the recycle water
with raw water directly and canceling the CST.
Because of the dilution effect by raw water, residual
concentration of Fe cannot maintain the growth of
Staurastrum sp., which would reduce the algal loading
to the treatment process. The problem is that the

contaminants and residual coagulants in the recycle
water may accumulate in the PSP and cause some
water quality problem in a long term. Thus, dredging
is necessary if the CST is canceled.

4. Conclusions

In this study, a field survey was performed to
investigate the variations of algal community structure
and densities in a WTP employing a recycle procedure
of sludge water and backwash water. Bench-scale
experiments were performed to reveal the reasons that
algae regrew within the WTP. The key findings of this
research were listed below:

(1) Recycle of sludge water and backwash water
resulted in Staurastrum sp., a non-dominant
species in raw water, regrew in the CST, and
became the unique dominant species.

(2) The reproduction of Staurastrum sp. increased
the treatment loading to the WTP, clogged the
filter, and deteriorated the quality of finished
water.

(3) Chlorination was inefficient to inactive
Staurastrum sp. cells, which lead to the
entrance of living cells into the CST. High
concentration of Fe from the residual coagu-
lant facilitated the reproduction of Staurastrum
sp. The two reasons resulted in the dominance
of Staurastrum sp. in the WTP.

(4) Cutting off the recycle pathway and destroy-
ing the favorable growing conditions in the
CST may be feasible methods to control the
reproduction of Staurastrum sp. in the WTP.
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selective filtration and taxon-specific digestion of
plankton algae by silver carp (Hypophthalmichthys moli-
trix Val.), in: L. Kufel, A. Prejs, J.L. Rybak (Eds.), Shal-
low Lakes’ 95, Springer, Dordrecht, 1997, pp. 223–228.

[21] E. McCauley, W.W. Murdoch, S. Watson, Simple mod-
els and variation in plankton densities among lakes,
Am. Nat. (1988) 383–403.

[22] M. Sondergaard, E. Jeppesen, J.P. Jensen, T. Lauridsen,
Lake restoration in Denmark, Lakes Reservoirs Res.
Manag. 5 (2000) 151–159.

[23] T. Mehner, J. Benndorf, P. Kasprzak, R. Koschel,
Biomanipulation of lake ecosystems: Successful appli-
cations and expanding complexity in the underlying
science, Freshwater. Biol. 47 (2002) 2453–2465.

[24] H. Bernhardt, J. Clasen, Flocculation of micro-
organisms, Aqua London 40 (1991) 76–87.

[25] J. Ma, W. Liu, Effectiveness and mechanism of potas-
sium ferrate(VI) preoxidation for algae removal by
coagulation, Water Res. 36 (2002) 871–878.

[26] M. Ma, R. Liu, H. Liu, J. Qu, W. Jefferson, Effects and
mechanisms of pre-chlorination on Microcystis
aeruginosa removal by alum coagulation: Significance
of the released intracellular organic matter, Sep. Purif.
Technol. 86 (2012) 19–25.

[27] Z. Fan, F. Cui, H. Ma, W. He, P. Yin, Phytoplankton
community succession of typical surface water in
North China, J. Civ. Architect. Environ. Eng. 2 (2010)
114–121 (in Chinese).

[28] A.M. Edwards, T. Platt, S. Sathyendranath, The
high-nutrient, low-chlorophyll regime of the ocean:
Limits on biomass and nitrate before and after iron
enrichment, Ecol. Modell. 171 (2004) 103–125.

Z. Liu et al. / Desalination and Water Treatment 57 (2016) 8217–8227 8227


	Abstract
	1. Introduction
	2. Materials and methods
	2.1. WTP description and sampling sites
	2.2. Analytical method
	2.3. Algal culturing
	2.4. Pre-oxidation and coagulation-sedimentation experiments

	3. Results and discussion
	3.1. Distributions of algae in the WTP
	3.1.1. Distributions in the main treatment units
	3.1.2. Distributions in the water recycle system

	3.2. Reasons for the reproduction of Staurastrum sp. in the CST
	3.2.1. Staurastrum sp. is difficult to be inactivated by pre-oxidation
	3.2.2. Moderate concentration of Fe facilitates the growth of Staurastrum sp.

	3.3. Discussion about preventing the reproduction of Staurastrum sp. in the CST
	3.3.1. Cutting off the recycle pathway
	3.3.2. Destroying the favorable growing conditions in the CST


	4. Conclusions
	Acknowledgments
	References



