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Total photosynthetic pigments in addition to turbidity
during the selection of coagulant treatments: a drinking
water treatment perspective
H. Ewerts, A. Swanepoel, H. H. du Preez and N. Van der Walt

ABSTRACT
Total photosynthetic pigments (TPP) or chlorophyll-a analysis can be useful in selecting coagulant
treatments that will improve phytoplankton removal and reduce treatment costs. The objectives of
this study were to compare the efﬁcacy of phytoplankton and turbidity removal when using TPP and
turbidity as indicator parameters of appropriate coagulant treatments as well as to evaluate the cost
impacts thereof. During seven different sampling occasions, source water samples with substantially
different TPP and turbidity contents were collected from two South African freshwater sources
(Benoni Lake and Vaal Dam) to conduct jar stirring tests. After sedimentation, TPP and turbidity
analyses were performed to assess the efﬁcacy of coagulant treatments (Ca(OH)2-SiO2, Ca(OH)2organic polymer and organic polymer). Results showed that TPP analysis is indeed a useful indicator
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parameter to consider purifying source water enriched with phytoplankton. Ca(OH)2-organic polymer
treatment was more costly than Ca(OH)2-SiO2 and organic polymer, but the only coagulant treatment
that met the removal criteria after sedimentation. Benoni Lake source water (TPP: 34.29 μg/l;
4.29 NTU) was more costly to treat than Vaal Dam source water (TPP: 2.29 μg/l; 80.29 NTU). Findings
made from this study conﬁrm that high phytoplankton concentrations in source water due for
treatment will increase the treatment costs.
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INTRODUCTION
Turbidity of water is widely used to evaluate the efﬁcacy

assessment of coagulant efﬁcacy should consider both

of coagulation, ﬂocculation and sedimentation during

total photosynthetic pigment (TPP) concentrations, as

drinking water treatment (Ma & Liu ; Cheng &

well as turbidity.

Chi ; Eikebrokk et al. ; Bekri-Abbes et al.

For the present study TPP analysis was selected over

). However, turbidity alone is not necessarily the

chlorophyll-a analysis since TPP analysis is more sensitive

best parameter to use when selecting appropriate coagu-

at detecting low concentrations of phytoplankton (Swane-

lant treatment options which will also be effective for

poel et al. ). In addition, TPP analysis is less complex

algal removal. This is because not all phytoplankton

than chlorophyll-a analysis and results can be available

species are removed under the same conditions. Removal

within 2 hours after receiving a sample. This may aid man-

is inﬂuenced by parameters such as algal motility and

agers and operators of water treatment utilities to respond

surface characteristics (e.g. frustules, loricas and thecal

to phytoplankton-related problems immediately. TPP can

plates) (Henderson et al. ). In addition, algae with

also be used for coagulant optimization during jar stirring

ﬂagella may disrupt ﬂocs formed during ﬂocculation

tests to effectively remove phytoplankton during full scale

(Pieterse et al. ). Therefore it is proposed that the

water treatment.
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Two South African freshwater sources (Benoni Lake and
Vaal Dam) were selected for the study. The sites were selected
because the source waters have substantially different turbidity
levels and total photosynthetic pigment (TPP) concentrations.
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with equal increments). This coagulant option increases

•

pH to levels above 10.
Hydrated lime in combination with organic polymer: A
constant Ca(OH)2 dosage of 7.5 mg/l in combination

The study involved simulations of conventional coagulation,

with a range of organic polymer dosages (5–15 mg/l,

ﬂocculation and sedimentation processes using source

with equal increments). This constant coagulant dosage

waters from the two sites. The aims were to: (1) compare the

of 7.5 mg/l is sufﬁcient to adjust the pH to levels between

efﬁcacy of phytoplankton and turbidity removal when using

9 and 10.

TPP and turbidity as indicator parameters of appropriate
coagulant treatments; and (2) evaluate the cost of using different coagulant treatments when treating source waters with

•

Organic polymer: A range of organic polymer dosages
(5–15 mg/l, with equal increments). This coagulant
option has no effect on pH.

different turbidity levels and TPP concentrations.
Jar stirring tests

MATERIALS AND METHODS

The conventional water puriﬁcation processes of coagulation, ﬂocculation and sedimentation were simulated with

Source waters

a jar tester apparatus (Phipps and Bird, Model 7790–704).
Jar stirring tests were conducted at room temperature

Source water samples were taken from the Benoni
Lake (26 100 50.40″S; 28 170 50.11″E) and Vaal Dam
W

W

(26 100 50.40″S; 28 170 50.11″E). The Benoni Lake is characW

W

(±22 C), using six 2 l beakers ﬁlled with source water.
W

The 2-l source water samples were subjected to high
energy ﬂash mixing conditions (G-value 400 s1) for 30

terized by low average turbidities (4.29 NTU), while the Vaal

seconds. Different coagulant dosages were added with

Dam typically has high average turbidities (80.29 NTU).

syringes and allowed to disperse uniformly at high energy

Source water samples were taken seven times to obtain

ﬂash mixing conditions for another 30 seconds. Jar stirring

samples with ‘low turbidity levels and high TPP concentrations’

and

‘high

turbidity

levels

and

low

tests were subjected to three decreasing energy stages of

TPP

125, 54 and 14 s1, respectively, for a time period of 8, 1.5

concentrations’. The Benoni Lake samples were collected

and 1 min, respectively. Flocs were allowed to settle for a

in May and July 2010, while the Vaal Dam samples were col-

period of 20 min. After settling, approximately 250 ml of

lected from November 2011 to February 2012.

sample was withdrawn from the supernatant for analyses.

Coagulant stock solutions and dosage ranges
A hydrated lime stock solution (20,000 mg/l) was prepared
by dissolving Super Separated Hydrated calcium type lime
(65% purity) in Milli-Q® water. Liquid activated silica
(SiO2) was dissolved in Milli-Q® water to prepare a
2000 mg/l SiO2 stock solution. A high molecular weight
liquid organic polymer was dissolved in Milli-Q® water to

Analytical determinations
All water analyses were performed in the laboratories of Rand
Water Analytical Services (Laboratory number: T0046),
which is a SANAS (South African National Accreditation
System) accredited laboratory. SANAS is afﬁliated with
ILAC (International Laboratory Accreditation Cooperation).
Phytoplankton identiﬁcation and enumeration was per-

prepare a 2000 mg/l stock solution. These stock solutions

formed with the sedimentation technique, originally

were used to prepare the following dosage ranges.

described by Lund et al. () and adapted for Rand Water

•

Hydrated lime in combination with activated silica (Ca

according to Swanepoel et al. (). Chlorophyll-a (Chl-a)

(OH)2-SiO2): A constant SiO2 dosage of 3 mg/l in combi-

analyses are usually used to determine the concentration of

nation with a Ca(OH)2 dosage range (32.5–82.5 mg/l,

phytoplankton; however, in this study, TPP analyses (being
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RESULTS

than chlorophyll–a) were performed by extracting pigments
from phytoplankton cells using methanol and analysed with

Turbidity, TPP and pH in Benoni Lake and Vaal Dam

a Beckman spectrophotometer (650i) as described by Swanepoel et al. (). Swanepoel () developed a model to

Samples from the Vaal Dam had turbidity levels approxi-

represent the relationship between TPP and Chl-a, which

mately 20 times higher than samples from the Benoni

can be determined as follows: TPP ¼ 1.24 * Chlorophyll-a

Lake. By contrast, the TPP concentrations for samples

(with the correlation coefﬁcient R2-value ¼ 0.75 and the

from the Vaal Dam were approximately 15 times lower

root mean squared error ¼ 1.57 μg/L where n ¼ 254). Turbid-

than for samples from the Benoni Lake (Table 1). The aver-

ity was analyzed with a HACH-2100AN turbidimeter.

age TPP concentrations measured in the Benoni Lake give
an indication of high phytoplankton concentrations when

Coagulant selection procedure

compared with the average concentrations measured in
Vaal Dam.

Turbidity levels measured in Benoni Lake and Vaal Dam
varied between 2.10 and 7.00 NTU and 69.00 and

Phytoplankton community composition

85.00 NTU, respectively, while TPP concentration varied
between 6.86 and 100 μg/l and 1.7 and 4.7 μg/l, respectively.

The phytoplankton communities identiﬁed in both water

In South Africa, the requirements for drinking water indicate

sources were relatively similar (Table 2). Only a few

an operational standard limit of 1 NTU and aesthetic stan-

genera were identiﬁed exclusively in Benoni Lake (e.g.

dard limit of 5 NTU (SANS 241, 2011). During the

Melosira, Rhopalodia), while Ankistrodesmus and Chlorella

coagulant selection procedure (after sedimentation) the tur-

were identiﬁed exclusively in the Vaal Dam. The phyto-

bidity removal criterion was to comply with the SANS -

plankton groups that were recorded in the two water

() aesthetic turbidity standard limit of 5 NTU. The

sources were Bacillariophyceae (diatoms), Cyanophyceae

SANS - () standard only indicates a chronic health

(cyanobacteria), Cryptophyceae (cryptophytes), Dinophy-

limit of 10 mg/l for total organic carbon (TOC) which also

ceae (dinoﬂagellates), Chlorophyceae (green algae) and

includes phytoplankton and TPP concentrations. Therefore,

Euglenophyceae (euglenoids). The dominant and important

during the coagulant selection procedure, where TPP

genera (highlighted with an asterisk*) in Table 2 were

ranged between 1.7 and 100 μg/l, a 50% removal criterion

selected by means of the frequency of occurrence as well

(after sedimentation) was set for application during this study.

as the contribution of genera to the total percentage composition (TPC).

Determination of cost ratios (cost effectiveness)

In Benoni Lake source water, nine diatom genera were
identiﬁed, while eight genera were identiﬁed in the Vaal

Cost ratio values (R/mg) are an indication of actual Rand

Dam source water (Table 2). The ﬁlamentous diatom

value per milligram required to achieve the target turbidity

genus Aulacoseira contributed 20% to the TPC in

(5 NTU) and TPP (50%) removal after sedimentation.

Benoni Lake source water and centric diatoms (mostly

Table 1

|

Minimum (min), maximum (max) and mean (average) values for turbidity, TPP and pH measured in Benoni Lake (November 2011–February 2012) and Vaal Dam (May–July 2010)
source waters (n ¼ 7)
Benoni Lake
Min

Vaal Dam
Max

Mean

Min

Max

Mean

Turbidity

NTU

2.10

7.00

4.29

69.00

85.00

80.29

TPP

μg/l

6.86

100.00

34.94

1.70

4.70

2.29

6.24

8.79

7.21

7.38

10.18

8.48

pH
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The presence (✓) or the absence (7) of phytoplankton genera, identiﬁed in
Benoni Lake and Vaal Dam source waters

Benoni Lake

% TPC
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Cyclotella) contributed to 8% of the TPC in Vaal Dam
source water. The cyanobacteria genera Anabaena and

Vaal Dam

% TPC

Microcystis were identiﬁed in both water sources, but
were recorded as important genera only in the Vaal

1) Bacillariophyceae
Ankistrodesmus

7

–

✓

–

Dam due to their contributions to the TPC of 32 and

Aphanizomenon

7

–

7

–

19% respectively (Table 2). Furthermore, Anabaena was

Aulacoseira*

✓

20

✓

–

recorded as the dominant genus of the phytoplankton

Centric diatoms*

✓

–

✓

8

community composition in Vaal Dam source water. Two

Cocconeis

✓

–

✓

–

Cymbella

✓

–

7

–

Diatoma

✓

–

✓

–

Fragillaria

✓

–

✓

–

dinoﬂagellates, namely Ceratium and Peridinium, were
identiﬁed in Benoni Lake with TPC of 62% and 4%,
respectively. Ceratium with its signiﬁcant contribution of
62% was recorded as the dominant genus in Benoni

Melosira*

✓

5

7

–

Pennate diatoms

✓

–

✓

–

Rhopalodia

✓

–

7

–

sity (8–12 genera) were identiﬁed in the water sources. The

Surirella

7

–

✓

–

green algae genera Pediastrum (TPC 8%) and Chlamydo-

Anabaena*

✓

–

✓

32

Merismopedia

✓

–

7

–

Microcystis*

✓

–

✓

19

Oscillatoria

✓

–

✓

–

7

–

✓

29

Ceratium*

✓

62

✓

–

Peridinium

✓

4

7

–

✓

–

✓

12

Chlorella

7

–

✓

–

Coelastrum

✓

–

✓

–

Cosmarium

✓

–

✓

–

Crucigenia

7

–

✓

–

Dictyosphaerium

7

–

✓

–

turbidity (Table 3). The lowest Ca(OH)2-SiO2 dosage of

Monoraphidium

✓

–

✓

–

32.5 mg/l (SiO2 3 mg/l) increased the turbidity levels of

Oocystis

7

–

✓

–

Benoni Lake source water signiﬁcantly (190% ↑) after sedi-

Pandorina

✓

–

✓

–

mentation. In the case of the Vaal Dam source water, the

Pediastrum*

✓

9

✓

–

same dosage removed the highest turbidity (78% ↓), but

Scenedesmus

7

–

✓

–

Sphaerocystis

7

–

7

–

Spyrogira

✓

–

7

–

Straurastrum

✓

–

7

–

Tetraedron

7

–

✓

–

2) Cyanophyceae

monas (TPC 12%) were recorded as important in Benoni

3) Chryptophyceae
Cryptomonas*

Lake (Table 2). Green algae consisting of the largest diver-

Lake and Vaal Dam, respectively. Only one cryptophyte
genus was identiﬁed in Vaal Dam with a TPC of 29%.
Three euglenoids were identiﬁed, but none was recorded
as an important genus because of the low contributions
to the TPC (Table 2).

4) Dinophyceae

Chlamydomonas*

Turbidity and TPP removal by Ca(OH)2-SiO2 dosages
from Benoni Lake and Vaal Dam source waters

5) Chlorophyceae

The Ca(OH)2-SiO2 dosage range of 32.5–82.5 mg/l (SiO2
3 mg/l) was not effective in removing turbidity to levels of
5 NTU from source waters with either low or high initial

was not able to meet the proposed target turbidity after sedimentation. Although Ca(OH)2-SiO2 was not able to meet
the target turbidity levels of 5 NTU, relatively good TPP
removal was observed in the high dosage range (Table 3).
The Ca(OH)2-SiO2 was more effective for the removal of

6) Euglenophyceae
Euglena

✓

–

✓

–

phytoplankton, especially from Vaal Dam source water,

Phacus

✓

–

7

–

since all dosages removed more than 50% of the initial

Strombomonas

✓

–

✓

–

TPP concentrations. The dosage from 62.5 mg/l (SiO2

Trachelomonas

✓

–

✓

–

3 mg/l) upwards, met the 50% TPP removal criterion in

*Phytoplankton genera contributing signiﬁcantly to the TPC.
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Ca(OH)2-organic polymer: The average turbidity and TPP values (n ¼ 7) after jar
stirring tests conducted using Benoni Lake and Vaal Dam source waters. The

with organic polymer dosages from Benoni Lake and

↓

↑

percentage removal ( ) or the percentage addition ( ) after sedimentation by

Vaal Dam source waters

each dosage is also indicated. The appropriate coagulant dosages are indicated
with a ‘✓’

The Ca(OH)2-organic polymer dosage range of 5–15 mg/l
(Ca(OH)2 7.5 mg/l) was more effective than Ca(OH)2-SiO2
in removing turbidity (Tables 3 and 4). The lowest
Ca(OH)2-organic polymer dosage of 5 mg/l (Ca(OH)2
7.5 mg/l) increased turbidity (116%↑) of Benoni Lake
source water after sedimentation. However, the subsequent
dosage of 7 mg/l (Ca(OH)2 7.5 mg/l) was able to remove
turbidity from both Benoni Lake and Vaal Dam source
waters to levels of 5 NTU. The percentage removal for
Benoni Lake and Vaal Dam source waters was 2%
(4.22 NTU) and 95% (3.97 NTU), respectively. The whole
Ca(OH)2-organic polymer dosage range (5–15 mg/l) effectively removed TPP from Vaal Dam source water (50%).
In the case of Benoni Lake source water, only the highest
Ca(OH)2-organic polymer dosage of 15 mg/l (Ca(OH)2
7.5 mg/l) met the 50% TPP removal criterion (57% ↓).

Ca(OH)2:Organic
polymer (pH 9–
10)

Benoni Lake

Vaal Dam

Turbidity removal after sedimention
9.28 NTU (116% ↑*)

7.5:5
7.5:7

✓

4.22 NTU (2% ↓)

5.08 NTU (94% ↓)
✓

↓

3.97 NTU (95% ↓)

7.5:9

3.20 NTU (25% )

4.01 NTU (95% ↓)

7.5:11

2.61 NTU (39% ↓)

3.34 NTU (96% ↓)

↓

7.5:13

2.07 NTU (52% )

3.15 NTU (96% ↓)

7.5:15

1.87 NTU (56% ↓)

2.90 NTU (96% ↓)

TPP removal after sedimention
45.13 μg/l (29% ↑*)

7.5:5

↑*

✓

0.42 μg/l (82% ↓)

7.5:7

40.27 μg/l (15%

)

0.39 μg/l (83% ↓)

7.5:9

34.79 μg/l (0.4% ↓)

0.31 μg/l (86% ↓)

7.5:11

25.59 μg/l (27% )

0.55 μg/l (76% ↓)

7.5:13

18.63 μg/l (47% ↓)

0.32 μg/l (86% ↓)

7.5:15

↓

✓

↓

15.04 μg/l (57% )

0.35 μg/l (85% ↓)

↑ *Increased TPP concentrations are most probably due to the presence of ﬁlamentous
(e.g. Aulacoseira, Melosira and Anabaena) and colonial (e.g. Microcystis and Pediastrum)
phytoplankton genera.
Table 3

|

Ca(OH)2-SiO2: The average turbidity and TPP values (n ¼ 7) after jar stirring tests
conducted using Benoni Lake and Vaal Dam source waters. The percentage
↓
↑
removal ( ) or the percentage addition ( ) after sedimentation by each dosage
is also indicated. The appropriate coagulant dosages are indicated with a ‘✓’

Turbidity and TPP removal by organic polymer dosages
from Benoni Lake and Vaal Dam source waters

Ca(OH)2:SiO2
(pH 10–12)

Benoni Lake

Vaal Dam

Organic polymer alone (ranging between 5 and 15 mg/l)

Turbidity removal after sedimention
32.5:3

12.44 NTU (190%

)

17.44 NTU (78% )

removed turbidity effectively from both water sources to

42.5:3

9.79 NTU (128% ↑**)

18.12 NTU (77% ↓)

levels of 5 NTU (Table 5). The lowest organic polymer

↑**

↓

22.96 NTU (71% )

dosage of 5 mg/l was able to remove turbidity effectively

8.41 NTU (96% ↑**)

21.57 NTU (73% ↓)

from both Benoni Lake (23% ↓) and Vaal Dam (94% ↓)

72.5:3

6.33 NTU (48% ↑**)

24.03 NTU (70% ↓)

source waters. However, these dosages completely failed to

82.5:3

6.43 NTU (50% ↑**)

22.48 NTU (72% ↓)

remove phytoplankton from Benoni Lake, since no dosage

52.5:3

9.19 NTU (114%

62.5:3

↑**

↓

)

was able to meet the 50% TPP removal criterion. For Vaal

TPP removal after sedimention
33.67 μg/l (4% ↓)

32.5:3

✓

↓

0.86 μg/l (62% ↓)
↓

42.5:3

30.27 μg/l (13% )

0.77 μg/l (66% )

52.5:3

21.53 μg/l (38% ↓)

0.57 μg/l (75% ↓)

62.5:3
72.5:3
82.5:3

✓

Dam source water, all dosages were able to remove TPP effectively, because of the low initial TPP concentrations.
Table 6 presents the cost ratios of coagulant treatment

↓

0.54 μg/l (76% )

options which effectively removed turbidity and TPP from

↓

0.52 μg/l (77% ↓)

Benoni Lake and Vaal Dam after sedimentation. The

15.30 μg/l (56% )
10.48 μg/l (70% )
↓

7.68 μg/l (78% )

↓

↓

0.33 μg/l (86% )

↑ **Increased turbidity levels are most probably the result of residual Ca(OH)2 particles in
the supernatant after sedimentation.
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Organic polymer: The average turbidity and TPP values (n ¼ 7) after jar stirring

levels measured in Benoni Lake were associated with high

tests conducted using Benoni Lake and Vaal Dam source waters. The percen-

TPP concentrations (34.94 μg/l), while high turbidity levels

↓

↑

tage removal ( ) or the percentage addition ( ) after sedimentation by each
dosage is also indicated. The appropriate coagulant dosages are indicated
with a ‘✓’

lower TPP concentrations (2.29 μg/l). Although there was
a substantial difference in the TPP concentrations measured

Organic polymer
(no pH changes)

Benoni Lake

Vaal Dam

in the water sources, the phytoplankton communities were

Turbidity removal after sedimention

relatively similar (Table 2). The dominant genera identiﬁed

3.29 NTU (23% ↓)

✓

5

(80.29 NTU) of Vaal Dam water were associated with

✓

2.97 NTU (31% ↓)

7

↓

5.02 NTU (94% ↓)

in the water sources were also signiﬁcantly different with

1.00 NTU (99% ↓)

regards to cell size, which have an inﬂuence on the TPP con-

9

2.45 NTU (43% )

4.07 NTU (95% ↓)

tent in the water. Benoni Lake source water was dominated

11

2.38 NTU (45% ↓)

3.30 NTU (96% ↓)

by the large Ceratium cells (±450 μm long and 30–100 μm

13

1.98 NTU (54% ↓)

3.28 NTU (96% ↓)

wide), while smaller Anabaena cells (12 μm in diameter)

15

1.93 NTU (55% ↓)

3.12 NTU (96% ↓)

(Janse van Vuuren et al. ) dominated Vaal Dam

0.44 μg/l (81% ↓)

position found in Benoni Lake source water with 62%,

TPP removal after sedimention

source water. Ceratium dominated the phytoplankton com-

5

46.85 μg/l (34% ↑*)

7

43.58 μg/l (25% ↑*)

0.49 μg/l (79% ↓)

while Anabaena dominated the phytoplankton composition

9

38.34 μg/l (10% ↑*)

0.35 μg/l (85% ↓)

of the Vaal Dam source water with 32% (Table 2). Most of

11

31.50 μg/l (10% ↓)

0.38 μg/l (83% ↓)

the genera indicated in Table 2 were present in both fresh-

✓

↓

↓

13

25.63 μg/l (27% )

0.35 μg/l (85% )

water sources (e.g. Aulacoseira, Chlamydomonas and

15

23.36 μg/l (33% ↓)

0.30 μg/l (87% ↓)

Coelastrum). The pH levels of the two water bodies were

↑ *Increased TPP concentrations are most probably due to the presence of ﬁlamentous

also signiﬁcantly different (7.21 and 8.28). The pH in

(e.g. Aulacoseira, Melosira and Anabaena) and colonial (e.g. Microcystis and Pediastrum)

source water used for drinking water treatment is important

phytoplankton genera.

since pH corrections during coagulation enhance the
Table 6

|

removal of phytoplankton genera (Knappe et al. ; HenRatios to compare the cost effectiveness when treating Benoni Lake and Vaal
Dam source water with various coagulants

derson et al. ).
Turbidity is widely used as an indicator of appropriate

Ca(OH)2-organic
Ca(OH)2-SiO2

polymer

Organic polymer

Benoni

Vaal

Benoni

Vaal

Benoni

Vaal

Lake

Dam

Lake

Dam

Lake

Dam

Turbidity

-

-

1.6

1.6

1.0

1.0

TPP

1.8

1.0

3.9

1.2

-

-

No cost ratios are indicated for coagulant options that were not able to effectively remove
TPP or turbidity.

coagulant treatments after simulating conventional coagulation, ﬂocculation and sedimentation by means of jar
stirring tests (Ma & Liu ; Cheng & Chi ; Eikebrokk
et al. ; Bekri-Abbes et al. ). Coagulation is often
considered to be the main unit process during conventional
drinking water treatment to remove phytoplankton (Henderson et al. ). Inorganic (turbidity) and organic
(phytoplankton) particles are removed by similar mechan-

Ca(OH)2–SiO2 and Ca(OH)2-organic polymer treatments
achieved cost ratios of 1.8:1.0 (Benoni Lake:Vaal Dam) and
3.9:1.2 (Benoni Lake:Vaal Dam) for TPP removal.

isms (Bernhardt & Clasen ; Bolto ). Removal
challenges can be addressed by selecting the appropriate
coagulant treatments, since both phytoplankton and turbidity can effectively be removed by cationic coagulants
(Knappe et al. ). These coagulant treatments include
aluminium (Al3þ), iron (Fe3þ) (Knappe et al. ),

DISCUSSION

Ca(OH)2-SiO2 (Geldenhuys et al. ) and organic polymers (Bolto ; Knappe et al. ). These coagulants

The source water quality of the two water bodies studied was

destabilize the negatively charged impurities and aid in its

substantially different (Table 1). Low turbidity (4.29 NTU)

removal during the production of drinking water (Knappe

Downloaded from https://iwaponline.com/aqua/article-pdf/400024/jws0640001.pdf
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et al. ). The use of Ca(OH)-SiO2 for destabilization and

during this study where the organic polymer option (ranging

ﬂocculation of suspended material is unique for the puriﬁ-

between 5 and 15 mg/l) removed turbidity effectively from

cation of Vaal Dam water in South Africa (Geldenhuys

both water sources, but failed to remove phytoplankton

et al. ). South Africa’s largest drinking water treatment

effectively (Table 5).

plant selects coagulants and appropriate quantities based on

Good phytoplankton removal or the lack thereof can be

a settling turbidity of 5 NTU, during jar stirring tests. This

ascribed to the fact that pH is an important factor affecting

study showed that TPP analysis can be effectively

the efﬁciency of coagulation (Knappe et al. ). The pH

implemented additional to turbidity to assess coagulant

adjustment, caused by the addition of Ca(OH)2, which inac-

treatments for the simultaneous removal of turbidity and

tivates phytoplankton cells, is known to enhance their

phytoplankton after sedimentation.

removal (LeChevallier & Au ; Eikebrokk et al. ).

The treatability of different phytoplankton genera require

Therefore, the adverse impacts on turbidity removal by

different treatment strategies, since motility and surface

using Ca(OH)2 as coagulant can be reduced by dosing

characteristics (e.g. frustules, loricas and thecal plates) have

lower Ca(OH)2 concentrations for pH adjustment (e.g. pH

an inﬂuence on their removal efﬁciencies (Henderson et al.

9–10) which is sufﬁcient for the inactivation of phytoplank-

). Visser & Pieterse () investigated the occurrence

ton cells (Van der Walt ). Once phytoplankton cells are

of phytoplankton in the Vaal River at Balkfontein drinking

inactivated, organic polymers can remove inactivated cells

water treatment plant (South Africa) as well as the pen-

together with other suspended particulate matter (e.g.

etration of genera into the different unit processes. Findings

turbidity).

made by Visser & Pieterse () indicated that penetration

Organic polymer alone should not be considered as

of phytoplankton were related to speciﬁc treatability of

coagulant option when treating water containing relatively

genera. Phytoplankton genera identiﬁed during this study

high phytoplankton concentrations (Table 5). Organic poly-

were similar to those recorded by Visser & Pieterse ().

mers should rather be used to treat source water (e.g. Vaal

Genera such as Aulacoseira and Cyclotella (centric diatom)

Dam) with relatively low phytoplankton concentrations or

are covered with silica-frustules and can be effectively

where the primary aim is to remove turbidity. The presence

removed by Ca(OH)2 treatment options (Visser & Pieterse

of phytoplankton not only interferes with the functioning of

). Green algae such as Chlamydomonas on the other

unit processes, but also impacts negatively on source water

hand can be effectively removed by FeCl3 treatment options

quality and subsequently increases the water treatment

(Visser & Pieterse ). Flagellated algae such as Chlamydo-

costs (Graham et al. ). Selecting the appropriate coagu-

monas, Cryptomonas, Ceratium and Peridinium can be

lant options with regards to the source water quality may

rendered immobile by pH shock created when dosing coagu-

not always be cost effective, but will ensure the production

lants such as Ca(OH)2 to assist coagulation (Van der Walt

of ﬁnal treated water with good quality. This statement is

; Ewerts et al. ). In the light of various surface charac-

conﬁrmed by the cost ratios calculated for Ca(OH)2-organic

teristics and motile adaptations of the different genera,

polymer in comparison with other coagulant options

speciﬁc coagulant requirements and coagulation conditions

(Table 6).

are needed to ensure their removal.

In order to meet drinking water requirements, it is

The Ca(OH)2-SiO2 dosage range 32.5–82.5 mg/l (3 mg/l)

important that the functioning of unit processes is evaluated

was not effective in removing turbidity to levels of 5 NTU

by assessing parameters such as turbidity and phytoplankton

after sedimentation from either Benoni Lake or Vaal Dam

levels (as indicated by TPP). Assessing these parameters

source water. The addition of Ca(OH)2 increased the turbid-

during coagulant selection processes will improve sus-

ity in both water sources and therefore poor turbidity removal

pended particle removal during coagulation, ﬂocculation

was observed. However, the Ca(OH)2-SiO2 dosage range

and sedimentation and subsequently reduce the load on

32.5–82.5 mg/l (3 mg/l) achieved the best TPP removal.

sand ﬁlters. This in turn will eliminate unnecessary costs

Good turbidity removal by organic polymers is wellknown (Bolto & Gregory ). This fact was conﬁrmed
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CONCLUSIONS
During the selection of coagulants and appropriate dosages,
turbidity measurements are used during the selection procedure. Turbidity removal, however, is not an effective
indicator of phytoplankton removal. Therefore it is proposed that a phytoplankton concentration indicator like
chlorophyll-a or TPP be used together with turbidity
during the selection procedure. Although certain coagulants
may not be cost effective (e.g. Ca(OH)2-organic polymer), it
may represent the best option to produce water that complies with drinking water standards.
Setting removal criteria such as 5 NTU or 50% TPP
removal after sedimentation is essential to ensure the production of good drinking water quality at a reasonable cost.
Criteria for selecting appropriate coagulant dosages should
be determined and veriﬁed for individual water sources.
Treating source water enriched with phytoplankton
often requires advanced water treatment processes that are
more expensive than conventional processes. From this
study it has also become evident that using TPP together
with turbidity as indicators of appropriate coagulant treatments (especially when treating water enriched with
phytoplankton) may eliminate the necessity of advanced
water treatment strategies altogether.
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