-

View metadata, citation and similar papers at core.ac.uk brought to you byff CORE

REAFEEBUKNSFY

Tohoku University Repository

Investigation of Coagulation Conditions for
Enhanced Picophytoplantkon Removal in Drinking
Water Treatment

00O TUGRUL SELAMI AKTAS

[ 57

gooooo Tohoku University

Ooooon 00047300

URL http://hdl._handle.net/10097/62064



https://core.ac.uk/display/236073556?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1

ETNVA BT TIHEA

K4, TUGRUL SELAMI AKTAS

5L, L (I

FAHREAEA R, T2 4F9HA25H

ARG OIRMER  FAHRIEE 4 555 118

HFeRt, HROLFR FALRFRFRTFEMEN (FLEE) tARTFEHK

FERSUEH, Investigation of Coagulation Conditions for Enhanced Picophytoplankton Removal in
Drinking Water Treatment (7KW F31T 2 B affith "7 o7 b U BrERE
SEILOD T DERES)

f§ H #H B ®iERFEER mN &

i CEAERE, FE RACRFESR TR & FALRFER KA ER
FACKRFEIR JRHE Tt

RCVEEE,

Picophytoplankton (picoplanktonic cyanobacteria) is a small plankton ranging between 0.2 and 2 pm in size, comprised of
picocyanobacteria and eukaryotic phototrophs. The presence of picophytoplankton and its metabolites in drinking water
sources can cause a series problems for drinking water treatment. For instance, picophytoplankton cells caused high turbid
water problem of treated water and filter clogging problem in rapid sand filtration process. Their intracellular metabolites also
contributed to the production of undesired tastes and odors, the formation of assimilable organic carbon (AOC), disinfection
byproducts (DBPs) and cyanotoxins. Therefore, picophytoplankton has recently become one of the most important targets in
drinking water treatment.

Despite the many negative effects of picophytoplankton, the removal of picophytoplankton from drinking water has not
been well studied. Therefore, the studies need to be done to enhance coagulation process for the effective removal of
picophytoplankton from drinking water. In this study, the coagulation mechanisms of picophytoplankton and how to improve
picophytoplankton removal with coagulation process were discussed based on the results of coagulation experiments under
various physical and chemical conditions, e.g. coagulant type and rapid mixing speed / time.

Experiments were conducted using both raw water and artificial water samples containing picophytoplankton. In this study,
as a first step, the optimal pH conditions and effective coagulant type for picophytoplanton removal were investigated. The
results showed that the optimal pH was ranged from 5.5 to 6.5 for the removal of picophytoplankton and turbidity in
coagulation process. In addition, poly silica iron (PSI) showed the best removal performance in comparison to poly aluminum

chloride (PAC), ferric chloride (FeCls;) and aluminum chloride (Alum).

— 217 —



In this study, the zeta potential of picophytoplankton formed flocs was investigated to make it clear the coagulation
mechanism of different algal systems such as Microcystis aeruginosa, Chlorella vulgaris and Synechococcus sp. These species
are commonly found in water sources and associated with water quality and treatment problems in water treatment plants. As it
well known that the stability of the system depend on the zeta potential of the system. The successful removal of algae and
cyanobacteria cells by coagulation and flocculation significantly depends on the stability of the system, which can be affected
by surface charge. Measurement of surface charge of cyanobacteria and algae gives zeta potential. A reduction in the
magnitude of the negative zeta potential signifies a reduction in the repulsive electrostatic forces. When the attractive van der
Waals forces overcome these electrostatic forces, the critical zeta potential is reached and then organic and inorganic particles
agglomerate. This contributes to turbidity removal of the system. As such, the zeta potential is an important parameter when
investigating the coagulation mechanism. From the result of Microcystis aeruginosa system, the lowest residual turbidity of
0.14 NTU was obtained under the conditions of zeta potential of +20.12 + 1.3 mV and coagulant dose of 100 mg/l PACL
Moreover, high coagulant dose (over 100 mg/L) didn’t cause to restabilization of Microcystis aeruginosa system. It was
demonstrated that high zeta potential provides good removal for Microcystis aeruginosa. In addition, it was observed that flocs
formed in the Microcystis aeruginosa system were larger and formed more quickly than those in other systems.

In Chlorella vulgaris system, the relationship between coagulant dosage and residual turbidity was divided into three parts,
which had different zeta potential ranges. At first part with relatively low coagulant dosage, very low turbidity removal was
observed and the zeta potentials were between -25.16 + 1.1 and -13.49 + 1.8 mV. In the second part the maximum removal of
turbidity occurred and the zeta potentials were between -11.4 = 1.9 and +8.71 £2.2 mV. In the third part the residual turbidity
increased with the increase of coagulant dosage and the zeta potentials were between +16.87 £ 1.5 mV and +24.1 £ 1.2 mV.
The result indicated the restabilization of flocs in Chlorella vulgaris system occurred under high coagulant dosage.
Restabilization was only observed for Chlorella vulgaris system, in contrast to other systems.

The very low turbidity removal in Syrechococcus sp. system was observed, when the zeta potential range of the system
was between -5.87 = 1.2 and 0 mV. However, when the zeta potential of the Synechococcus sp. system moved from the
negative side into the positive side by addition of coagulant, the turbidity removal increased. The maximum turbidity removal
was achieved when the zeta potential value was +13.91 + 1.1 mV with coagulant dosage of 300 mg/l PACL Comparing with
three systems, removal of turbidity was most difficult in the Synechococcus sp. system than from the Microcystis aeruginosa
and Chlorella vulgaris systems. This may be due to the lower density and smaller size of the formed flocs in Syrechococcus sp.

system. The results also showed that interparticle bringing was the most effective method for the removal of turbidity caused
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Synechococcus sp. The results demonstrated that a positive zeta potential contributed to turbidity removal in each algal system.
Zeta potential experiments revealed that optimal cell removal was obtained irrespective of pH if the zeta potential was
maintained between +8.71 mV and +28.2 mV. In the literature, the optimum zeta potential range has been reported to be
between -14.5 mV and +12 mV for algae (Chloreaila vulgaris). In our case, we investigated that more species and suggested
that narrower zeta potential range for optimum cell removal.

The effect of different velocity gradients and rapid mixing durations on floc growth in the cyanobacterial system were
investigated to optimize and improve the mixing conditions in coagulation-flocculation process. It was noted that the floc size
of both the Synechococcus sp. and kaolin system first increased and then decreased with increased G in the coagulation process,
which demonstrated that there were three different ranges for both Synechococcus sp. and kaolin flocs formation: the low
velocity gradient range (G < 200 s™), which was the aggregation-dominated range; the mean velocity gradient range (G= 250
s for Synechococcus sp.-PSI flocs and G=546 s™ for kaolin-PSI flocs; G= 200 s™ for Synechococcus sp.-PAC flocs and G=390
s for kaolin-PAC flocs), where coagulation rates were maximized and breakup was minimal; and the high velocity gradient
range (G > 250 s for Synechococcus sp.-PSI flocs and G > 546 5™ for kaolin-PSI flocs; G > 200 Synechococcus sp.- PAC flocs
and G >390 s for kaolin-PAC flocs), where flocs breakup was dominant. In the aggregation-dominated range, the aggregate
size increased in proportion to the share rate, but resulted in smaller flocs due to the low particle collision rates. Although
breakup most likely occurred, the breakage was considered to have relatively insignificant impact on the overall aggregate
sizes. In the mean velocity gradient range, a balance between the rate of aggregation and the rate of breakage was reached; the
flocs reached their maximum size. In the breakup dominant range, collisions between the flocs produced more, but smaller
flocs. In the beginning of this range, while a slight decrease was noted in the size of Synechococcus sp. flocs, the size of the
flocs in the kaolin system significantly decreased, indicating less breakup in the Synechococcus sp. flocs in comparison to
kaolin flocs. At the end of this range, the re-growth ability of Synechococcus sp. flocs was observed to be higher than the kaolin
flocs. The physical parameters experiments indicated that at mean G value flocs formation was maximized, producing the
largest flocs. In addition, in contrast to previous studies, relatively high velocity gradients are suggested for the coagulation
process in drinking water treatment. Consequently, if the above mentioned coagulation conditions are provided during the

experiments picophytoplankton removal efficiency can be increased in drinking water treatment plants.
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Figure 1. The mechanism of flocs formation, breakage and re-growth

As a result, this study showed that PSI the best coagulant type for picophytoplankton removal and can be recommended in
drinking water treatment. In addition, if the zeta potential of picophytoplankton system be keep over +7 mV, the optimum

picophytoplankton removal can be provided. Lastly, for picophytoplankton system, the optimal rapid mixing conditions can be

suggested that G value is 200 s for PSI and the rapid mixing time is 90 s.
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