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DIRECT FILTRATION TO TREAT COLORED SURFACE
WATER IN ACOLD REGION

Kunio Ebie*and Fusheng L i**
(*Prof. & Dr., **Graduate Student, Department of Civil Engineering, Kltaml
Institute of Technology, 165 Kohen-cho, Kitami, Hokkaido, 090 Japan)-

INTRODUCTION

Direct filtration, as an attractive alternative to conventional water treatment, has been
in successful application to treat water with low to' modérate turbidities. However, there is
little research in using direct filtration to treat water in the presence of relatively high
concentration of naturally occurring color substances. In this study, to find out how to
improve the removal of color substances, and to examine the treatability and the feasibility
of using direct filtration to water sources with low turbidity and relatively high color
content, the mechanisms of coagulation with two kinds of aluminum coagulants, i.e.,
polyaluminum chloride (PAC) and aluminum sulfate (alum), and three kinds of synthetic
organic polymers ( the cationic, nonionic and'anionic polymers) by the aid of a modified jar
test method were investigated, and the treatment efflclency of color substances contained
in surface water of, low temperature (about 0.3-8.0°C) by direct filtration with the widely
used PAC or alum as the prlmary coagulam; or applylng the catlomc polymer as a coagulant
aid was evaluated.

EXPERIMENT

Modified Jar Test Method

" A modified jar test method was applied to compare the Manamolor
removal of color substances. by various coagulants. This '
method “was conducted in the. following procedures. A ;;g:?i:;&:gscu‘;::gbﬁank
designated dosage of coagulant was added to the tested 3) 054-1C) or Ha0M slorage tank
water contained in a one liter beaker, the water pH ad- ;gcﬁlionllcnﬁiymrswrage(ank
‘justment being carried out with 0.5N-HCl or 0.5N-NaOH. &) irallon ate contraler
After ‘the solution was stirred at 180rpm for 5 minutes,
the sample from each jar was filtered immediately through’
a pre-selected fiber filter with a pore size of 0.9 um, and
through membrane filters with a pore size of 0.45, 1.0, 3.0
and 5.0 zm, respectively. Color levels of filtrate from the
fiber filter were measured and used for the evaluation of
color removal, and that from the membrane filters for the
evaluation of floc size distribution. Differing from the
st,andard jar tests, coagulant dosages were not selected
‘based on the higher clarification efficiency as is the case
in conventional water treatment applications, but on the
formation of "pin point" flocs that were considered desir-
able for direct filtration applications. ‘These modified procedures were effective
particularly for low turbidity water because settleable flocs were not formed in most of the
jar tests when the coagulant dosage was low. :
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I“xg 1. Schematic Dxagram of.
. Experimental Apparatus )

Bench Scale Direct Filtration Apparatus and Method
A schematic diagram of the expéerimen-

tal apparatus is'shown in Fig.l. It em- Table 1. Raw Water Characteristics (1991-1992)
ployed a direct sand filtration scheme- - . ‘
and a two single medium filter arrange- June - October December ~ March: -
ment. The filtér columns had a sectional Paraneters '
area of 49.6cm?, inside of which was : Hean | Range . |Mean | Range .
packed with silica sand (an effective size |y juperature (€) | 15.3 | 5.0~%5.5 | 1.8 | 09~80
of 0.6mm and a uniformity coefficient of |. pll 7.1 | 6.6~8.5 7.0 | 6.8~8.6
below 1.5) with a depth of 60cm, and the Turbldlty (mg/1) 20.1 | 1.0~800.0 | 5.1 | 0.0~780.0
poros1ty was set at 44.3%. Both the jar Color (Pt-Co) 15.9 | 5.0~560.0 | 12.4 | 3.0~144.0
tests and the bench scale direct filtration |[Mn0« Consumption (ng/l) | 11.3-) 5.1~48.7 f 7.5 ) 4.1~18.0 -
experiments were carried out in a water ?ﬁggp(?bso;t{;’"ce at 260m) 0622392 4g§5~251365 U{;%Sé 22132:;;203
purification plant that used surface river W A I - ’ ’ e

water as the water resource, some impor—  *THMFP-trihalomelhane formation potential
tant water quality parameters of which (pil 7.04£0.2, 20°C, 24hrs, residual chlorine 1-2mg/1)
are summarized in Table 1. ' ‘
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RESULTS AND DISCUSSIONS

Jar Test

To evaluate the performance of various coagu-
lants in treating water of low turbidity and rela-
tively high color content, jar test experiments
were first conducted. The water concerned had a
temperature of between 18 and 20°C. In most of
these experiments, because the turbid matter was
effectively removed at the coagulant dosage and
the water pH which were found to be most effec—
tive for the reduction of color substances, only
the result concerning color removal is discussed
here.

1. Effect of pH on Coagulatlon of Color Substances

with PAC and Alum

Fig.2 shows the effect of water pH on the coag-
ulation of color substances with both the coagu-
lants PAC and alum. Over the pH range of 2.5 to
5.0, PAC was more effective than alum in the re-
moval of color substances. At the pH of around
7.0, which is representative of the pH of most
river water, PAC showed a removal of about 36.5%,
a removal rate of 28.5% higher than that for alum.
The pH of around 5.5 was shown to be op-
timum for the coagulation of color sub-
stances contained in water with low tur-

" Color Removal (%)

Zeta Potential (mv)

20§ Waler Raw Fillered
X Turbidity(mg/1) 6.3 1.0
10 Color level(Pt-Co) 24.0 15.7
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Fig.2. Effect of pH on Coagulation with
PAC and Alum

Table 2. Size Distribution of Al from PAC and Alum

in Distilled Water at 18°C (%)

bidity for both PAC and alum. Although |posage - |PAC 16mg/l (0.89me/1 a5 AL). | Alun 16ng/1 (0.83mg/] as Al)
the removal tendencies were similar for [T — :
both these coagulants, the profiles show- Size (un) | d<0.1|0.1~0.45 | 0.45<d |d<0.1[0.1~0.45 |0.45<d
ing the relationship between the zeta po- o 2.5 99.3 . 0 0.7 |100.0 .0 0
tential and' the pH were quite different, /5.5 66.1 2.0 3 12.8 ) 148 18.0 7.2
espemally on the acidic side. The highest » 1.0 4.0 9.1 46.9 3.8 1.2 9.2

removal of color substances occurred at

around’the value of 2.5mv for alum, however, for the flocs formed with PAC, it was found
that the highest removal was achieved at the value of around -7.0mv, not at the isoelectric

point.
The difference of the removal of color sub-
stances at various pH values was attributed to
the form of aluminum species in the solution.
Table 2 shows the Al distribution when PAC and
alum were dissolved in distilled water.. At.the
pH of 2.5, the relatively higher removal of color
closely corresponded to the region where nearly.
100% of the total Al was soluble. Therefore, at
this pH, the removal might be the result of the
reaction of humic substances with the soluble Al
species, i.e. sufficient cationic Al species coagu-
lated with
humic sub-
stances in
the solution
to form nu-
clear parti~
cles, and
then. = be-
cause of the
difference.
i charge
character *
and/or thé
charge den-
sities on the
particle

Fig.3. Effect of pH on Size Distribution
of Coagulated Color Substances
. at PAC'Dosage of 16mg/]

%)

S

Apparent-Color

B ~0.65un0 [ 0.6~1. aun B 1.0~3.0u0 B 5.0~6.0u0 600~
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surfaces, strong electrostatic interactions occurred,
which led to the formation of flocs with larger size re-
movable by the filter paper. Over the pH range of
around 5.5, the soluble Al species decreased, and a
concomitant increase of the insoluble Al(OH)s took
place, so it was likely that simultaneous reactions be-
tween color substances and the soluble Al species and
between ion neutralized particles and Al(OH)s oc-
curred, which implied that the mechanisms of removal
over this pH range were connected to the neutraliza-
tion of polyanionic color substances with cationic sol-
uble Al species, and then the bridging and/or direct
adsorbing of these neutralized particles with Al(OH)a.
Over the pH range of around 7.0, with the increase of
“the insoluble ‘Al species and the concurrent decrease
of the soluble ones, the ion neutralization reaction did
not perform sufficiently, as could be seen from the
zeta potential, therefore it could be considered that
the effect of adsorption of the insoluble Al species
played the primary role in the removal of color
substances over this pH range.

Fig.3 shows the size distribution of flocs contain-
ing color substarices formed in the coagulation with
PAC at four different pH values. As indicated, at a
pH of 5.5, the flocs with size larger than 5.0 um occu-
‘pied about 80% of the total color, leaving about 20% in
the soluble situation(d<0.45 z m), which also verified
that a pH range of around 5.5 was the optimum for co-
agulation of color substdances as mentioned above.

2. Effect of PAC and Alum Dosages on Coagulation of

Color Substances

The relationship between the color removal and
the ‘zeta potential with the coagulant dosages of PAC
and-alum is represented in Fig.4. At apHof 3.0, an
increase in the coagulant dosage to 4 mg/lled to a
rapid iricrease of ‘the removal, and at this dosage,
the zeta potential of flocs formed by coagulation
with both these coagulants was.about -10mv. A
further increase in the dosage from 4 to 24mg/l
did not cause a great improvement of the filtered
water quality, reaching the removal of 35% for
alum ‘and 75% for PAC, with the corresponding
zeta potential of around -7.0 and the isoelectric
point, respectively. However, at a pH of 5.5, an
increase in the coagulant dosage to about 20mg/!1
resulted in a rapid increase of both the removal
and the particle zeéta potential, with the higher
removal of color substances reaching about 85% at
the dosage of 24mg/l and the corresponding zeta
potential being about 5mv for alum and -3mv for
PAC. At a pH of 7.0, although an increase in the
. coagulant dosage brought about only a little in—
‘crease of the zeta potential of particles in the so~
lution, a rapid increase of the color removal was
noticed. This further demonstrated that, over a
pH range of around 7.0, the mechanism of removal
greatly related to the adsorption of color sub-
stances onto the insoluble Al .species, and to a lit-
tle extent, to the ion neutralization. The corre-
sponding size distribution, as indicated in Fig.5,
could also be applied to interpret the result con-

Color Removal (%)

Zeta Potential (mv)

60
40

20

Apparent Color (%) Apparent Color (%)

Apparent Color (%)

Fig.5. Size Distribution versus PAC
" Dosages at Constant pH Values

11l

. Dosage (mg/1) (pH 7.0)
P ~0.600 Noss~r.8en B 1o~3.000 B ae~5.0un W6oumr

~| Water Maw Fillered
Turbidity(mg/1) 5.2
Colgn', level(Pt-Co) 25.0

Nonionic

Anionic

! 1 ] i

2 .3 4

Dosage (mg/l)

I'ig.6. Comparison of Organic Polymer
Performance at pH of 7.0

cerning the color removal under these experimental conditions.
The different.removal of color substances by PAC and alum was possibly attributable to
the different distribution and the different molecule structures of the Al species when
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these two coagulants were added to the water solution. 'Fig.7. Size Distribution vs. Cationic

The results mentioned above indicated that the ' Polymer Dosages ‘
“mechanisms of coagulation and removal of color sub-
stances differed with the pH and even with the coagu—
lants used. To enhance the color removal, the co-.
existence of the soluble and insoluble Al species was
necessary. The adjustment of water pH was. found to
be an effective way to reach this goal.

Apparent Color (%)

3. Color Removal with Organic Polymers

Fig.6 shows the effect of polymer dosages on the /
coagulation of color slibstances at a constant pH value ot D ( a/sl) !
of 7.0. As indicated, the cationic polymer was much V<0 tin’ [ Bias~i. mofnigﬁnﬂng.amm B 500
more effective than the anionic and nonionic polymers
in the removal of color substances. For the water used.in this experiment, the optimum
dosage of the cationic polymer was around 3mg/l and the corresponding zeta potential was
below the isoelectric point. Increasing the dosage over 3mg/l, on the contrary, led to the
deterioration of the filtered water quality.

Concerning the floc size distribution at different dosages of the cationic polymer as
shown in Fig.7, it can be seen that, with the increase of the dosage, the soluble color
substances (d<0. 45um) maintained a continuous decrease over the whole range of O~6mg/1
which meant that, over this dosage range, color substances were constantly neutralized
with the polycation to form nuclear particles larger than 0.45 y#m; the particles within the
size range of 0.45 to 3.0 um decreased to the minimum at the optimum dosage of 3mg/l, then
increased with the increase of the dosage, corresponding to an increase and then a
decrease of the color substances with particle, size of larger than 5.0 um. This result
indicated that somewhat overdosing dld not lmpede the neutralization of. polyamomc color
substances with polycatlon and the formatlon of flocs w1th the size larger than 0.45um, but
did influence the adsorptlon and brldgmg capabllltles of polymers, hence inhibiting the
formation of the flocs of sizes larger than 5.0 zm.

It could ‘be inferred that

the important mechanisms of Table 3. Filter Performance vs. PAC Dosagee at Ambient wat:er pH
color. removal with cationic |peac | water -| Average Turbidity (mg/1) | -Average Color {Pt~Co) | Head
- Temp. il - - - —————1  Loss

pOlymers compmsed the mech mg/1] (°C) =+ | Raw | Filtered Removal(%) Raw | Filtered | Removal(¥).| (cm)
anism ‘of ‘mutual interac- . T m— e e e
tlon/neutrahzatlon between 0 |5.1~8.117.0~7.2( 6.6] 4.8 1213 _34.0 2.2 | 5.3 . 25.5
; : 4 15.6~8.6(7.0~7.1| 2.9} 1.6 4.8 |19.2] 1.5 8. 2915

the polycation and polyanion, 8 [7.0~8.1|7.0~7.2| 4.1] 2.0 51.2 |24.1| 210 | 129 | 315
and the mechanism of adsorp~ | 12 |6.2~8.36.9~7.2| 44| 1.9 | 5.8 |242| 21.3 | 120 | 410
tion/bridging: The perform- 16 12.1~4.91 7.0~7.71 3.0| 0.7 6.7 11641 9.9 39.6° | 104.0
2 |2.8~7.3|71~7.72.6] 0.8 | 692  |17:3| 11 3.8 |127.0

ance of both these mechanisms 30 |3:0~4.7|7.0~7.6] 2.8] ‘0.6 | 7.6 |10 5.1 70.0 | 247.0

determined its effectiveness to.
treat water of low turbidity
and relatively high color content. Wlth the amomc and nonionic polymers, however, the
removal could only be attributed to direct adsoyrptlo,nk

( Filtratidn rate ' IZOm/d Run t,une ZOhrs )

Direct Sand Filtration Experiments
1. Performance of Direct Sand Flltratlon with. PAC or Alum as the Sole Coagulant.

- Direct sand filtration with PAC as the sole coagulant without the ad,]ustment of water pH
was first conducted at filtration rates of 120 and 240m/d.. The difference in flltratlon rates
did not yield a considerable differ-

ence in the filtered water quality. Table 4;’Effect 6f‘pH Modificgtioh and_ComparisOn
Table 3 shows the results of filtra- of PAC and Alum Performance
tion at the rate of 120m/d. As indi- | posage Average Turbidity (mg/1) | .-Average Color (Pt-Co) liead
cated, an increase in the PAC dosage | et ] loss
caused a general increase of the re— {ng/1) | Rau Fxltercd Removal(%) Raw | Filtered | Removal (%) | (em)
moval of turbidity and color. To ob~ lmc 8| 7.0] 4.0] 2.0 50.0 [17.5] 13.4 | ‘234 | 385
tain filtered water with a color level 4 12 ;g 33 gj ggg ‘ }gg gg ggg lggg
n . . N . . . . .
below 5, a dosage of more than | 75 1 e5] 59| 07 8.1 |m8| 4.2 83.7 |107.0
30mg/l was necessary. However, fil- # 16 | 5.5] 3.9] 0.1 9.9 |19.6:[ 2.4 87.8 | 83.5
tration at this dosage led to a rapid RE T R i M T : ,
development of head loss, reaching M,}"“lg gg 3? 33 e };3 :?3 , 333 232
the set value of 250cm for a run time | .» 15 | 7.0| 24| 0.3 87.5...116.3] 7.5 | 5.0 | 99.0
of 20 hours at 120m/d and 9 hours at, S AR
240m/d { Water Lemperature 0.9 L. 5C 5 Filtralion ratc 120n/d; Bun Lime : 20hrs )
: * - #AL Lhe same dnsa?c. alum 1ddcd contained the same amount-
. The effect of pH adjustment and of. Al as PAC did-10,5%.In 'welght as AlaOa |
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the treatment with PAC and alum were evaluated.
The results at a filtration rate of 120m/d, as
shown in Table 4, indicated that the pH adjust—
ment generally resulted in a marked improvement
of the effectiveness in removing the color sub-
stances. However, compared to the results of fil-
tration with PAC at both the pH of 5.5 and 7.0, it
was found that alum was less efficient than PAC
in treating water of low turbidity and relatively
high color content when the water temperature
was low. The lower removal rate with alum than
that with PAC at the pH of 5.5, which was differ—
ent from the jar test result concerning the color
removal at this pH value as shown in Fig.4,
should be attributed to the water temperature,
that is, the low temperature hindered the
hydrolytic reaction of alum and the formation of
flocs amenable to removal. :

It should also be noticed that the pH adjust-
ment brought about not only a substantial in-
crease in the removal of turbid and color sub-
stances in the filter bed, but also a concomitant
increase in head loss development.

Fig.8 shows the corresponding relatlonshlp of
the effluent turbidity and color with the f11tra-—
tion time in the filtration with PAC at
a water pH of both 5.5 and 7.0 at a

Turbidity (mg/1)

~ny w

Apﬁafent Color(Pt-Co)

4 )
5L
3 |-
S+ PAC 8mg/! (pli7.0)
L ‘
5 |- PAC 16mg/1 (pH7.0) ,
L / , PAC 8mg/) (pli5.5)
PAC 16mg/l (pH5.5
S %,ﬁ L m:(g/ ® ,;) / & 3
0 A S A f f +
VL T 1 1 Ll i
25 | o ;
PAC 8mg/1 (pH7.0)
20 |-
15 | PAC 16mg/1 (pl17.0)
/ PAC Bmg/1 (pH5.5)
10 |- ./ PAC 16mg/! (pli5.5)
51 M‘LA ot . e
gy " ) ' 5
0 1 b [ = ]
o 4 8 12 16 20

Filtration Time (hr.)
Fig.8. Effect of pH on Behavior of Effluent
Turbidity and Color at 120m/d

Table 5. Effect of Coagulant Aid on Filter Per'formar)ce

rate of 120m/d C"btained in 'Pa‘rt of ‘PAC | Polymer | Average Turbidity (mg/1) Average Color (Pt-Co) Hlead
the above mentioned experiments. | . \ : ~—1 Loss
Over the entire filtration period of 20 ng/1| ng/t Raw | Filtered | Removal (%) | Raw | Filtered | Removal(%) | {cm)
hours, with the dosage of 8 or 0 | 40 20 50.0 |17.5] 134, 234 | 35
16mg/l, filtration at the pH of 5.5 8| 05 | 25| 0.2 92.0 . |18.4| . 8.1 56.0 | 66.5
better quality than did filtration at o | 0] 03 9.0 |19.0] 63 | 66.8 |100.5
the water pH of 7.0. At the PAC dos- 16 0.1 | 290 0.2 9.1 |19.4] 50 | T2 145
age of 8mg/l and the water pH of 5.5, gg gg g[l) 1367 19-§ %J 83.9 - 155.0
except for the initial run period of 2 : : 00 |% S 88'8.' 176.5

hours when the initial breakthrough
of color substances occurred, fil-
tered water with turbidities of below 1. O and col~

or levels of a little below 5.0 could be collected..

At the PAC dosage of 16mg/l and the pH of 5.5, a
constant effluent with turbidities of below 0.5
and color levels of around 3.0 could be obtained
from the beginning of the filter run.

’2 Performance of Direct Sand Filtration with the

" Application of A Coagulant Aid

As mentioned above, the cationic polymer, as
the sole coagulant, was very effective in treating
naturally occurring organic color substances
compared to the nonionic and anionic polymers,
because of its higher neutralization capability.
The results of 'a series of experiments using PAC
as the primary coagulant and the cationic poly-
mer as the coagulant aid also verified the effec-
tiveness of applying the coagulant aid in direct
filtration as could be seen from Table 5, which
shows the results at the filtration rate of 120m/d.
However, to obtain filtered water that satisfied
the quality requirements concerning water tur-
bidity and color from the beginning of filter
runs, the PAC dosage of 8mg/] with the coagulant
aid.of 1.0mg/l or the PAC dosage of 16mg/l with
the coagulant aid of 0.5mg/l was necessary as
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Apparent Color(Pt~Co)

O PAC Bmg/1+Polymer 0.5mg/l
” 1.0 »
() PAC 16mg/l+Polymer 0 mg/l
2} + ” 0.1
: (5] ” 0.3 »
gl X ” 0.5 »

Turbidity (mg/l)

D AA!i

15 |
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6

3

U".l i ] ] |
0 4 . B8 12 16 20

( Water temperature:{.0~2.0C; pll 7.0; Fxltratwn rate: 120m/d Run txme ZOhrs)

Filtration Time (hr.)
Fig.9. Effect of Coagulant Aid on Behavior
' ‘of Effluent Turbidity and Color at
120m/d (pH 7.0)




represented in Fig.9, which shows the corre-
sponding relationship of the effluent turbidity
and color with filtration time. It was also noted
that applying the coagulant aid led to a rapid
development of head loss in the single medium di-
rect filtration. To solve this problem, dual medi~
um direct filtration should be investigated. '

To control the initial breakthrough of turbid
and color substances caused by a relatively low-
er coagulant dosage, and to decrease the amount
of coagulant aid applied, three kinds of coagulant
dosing methods were tried. They were: 1) the
cationic polymer with a dosage of 0.5mg/l was ap-
plied for the initial 4 hours only, and hereafter,
the polymer dosing was stopped, 2) the polymer
of 0.5mg/l was dosed for the initial 6 hours only
and 3) the polymer of 0.5mg/l was applied for the
initial 2 hours of the filter run, and then the dos-
age was -decreased to 0.3mg/l. As shown in
Fig.10, with the termination of the polymer dos-

ing at an amount of 0.5mg/l during the filtration’

process, the filtered water suddenly degraded,
especially in the experiment with method 1), in

which the filtered water 'with color levels over 5.0

lasted for about 2 hours. However, with method
2) and 3), although the filtered water deterio-
rated to a certain extent, it could still meet the
quality' required.” According to this result, an-
other series of .direct filtration experiments was
conducted to evaluate which method was effec—

tive in handling the abrupt worsening of the raw

water quality during.the filtration process. The

above mentioned methods 2) and 3) were com—
pared with Lhat of utilizing PAC as the sole coag—
ulant at a relatlvely higher dosage of 24mg/! and

that of decreasing the filtration rate. As indi-
cated in Fig.11; the filtration -at a lower rate of

Apparent Color-(Pt-Co)
W

[om]

- Raw water
Average Turbldity (mg/l) : 2.9
- #  Color level(Pt-Co):-18.7

PAC 16mg/l

Method 1)

M}Lhodyfl), - Méthod 2)

] I i (I L 1
i} 2 4 B -8 10 12
Filtration Time (lir.)

I‘xg 10. Behavior: of Effluent. Color with

Different Polymer Dosing Methods
in Filtration at 120m/d (pH 7.0) |

1): Catlonlc polymer of 0.5mg/! was added for the Initial 4 hes only
& 2) Catlonic polymer of 0.5mg/l was added for the Initlal § hrs only

3): Catlonle polymer of 0.5mg/] was added for the Injtial 2 hrs, then
the dasage was changed to 0.3mg/! and added untll lh‘e end of the run.

100

80 |-
60 |-

o
20
0

Influent

20
!
1

Apparent Color (Pt~Co)

€3 oD oo

- Effluent

= O PAC 24mg/1
L. O Method 2)
- & Method 3)

0 4 8 12 16 20
Filtration Txme (hr.)

Fig.11. Comparison: of Methods Applled to

Handle Abrupt Worsenmg of Raw
Water Quahty

'60m/d, no mattér” ‘whether and how' the coagulant aid was added, could maintain filtered
water with a little but negligible color change. However, considering filtration at a rate of
120m/d, only method 3) revealed the ablhty to handle the abrupt detemoratlon of raw water

quality. The occurrence of this result was considered to be attributable to the difference
in -the strength and characteristics of flocs formed durlng the coagulation with and

without the “application of the coagulant aid.

CONCLUSIONS

The modified jar test procedures are effective and reliable.

in evaluating the

performance of direct filtration to treat water with low turbldlty and relatively high color
content. The mechanism of color removal was. directly related to the coagulant and the
water pH. The most effective coagulation with. Al coagulants occurred in a pH range of
around 5.5, where both the mechanisms of ion neutrahzatlon .and brldgmg took place
efficiently, resulting in the higher removal of color substances ‘Direct. filtration could be a
feasible treatment method for water of low turbldlty and. relatlvely high color with pH
modification or with the application of a cationic polymer as the coagulant aid when PAC
was used as the primary coagulant. To deal with the abrupt deterloratlon of the raw water
quality, applying the coagulant aid with a proper dosmg method or. decreasing the

flltratlon rate appeared to be effectwe
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