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Colour intensitv: 

Colour intensity increases where the watershed is underlain by sandy soil, because sandy soils 

have a low adsorptive capacity. Clayey soils on the other hand have a high adsorptive capacity, 

due to the greater reactivity and specific surface area ofthe clay particles . Clayey soils therefore 

tend to act as a sink for organic matter, storing it until it is decomposed by microorganisms. 

Generally, the intensity of the organic colour also increases during periods of heavy rainfall, as 

more humic substances are transported to the streams (Aiken and Cotsaris, 1995). 

The catchments for the organically coloured Southern Cape and Western Cape surface waters 

are predominantly underlain by the sandstone group lmown as Table Mountain Sandstone. The 

more intensely coloured waters, especially those found in the George - Mosse} Bay area, tend 

to be significantly more intensely coloured than those recorded in literature for the rest of the 

world. (Amy et ai, 1992; Black and Christman, 1963 and Swartz and De Villiers, 1996). This 

intense colour is ascribed to the Table Mountain Sandstone and to the unique fynbos plant 

kingdom that is found in the area (Swartz and De Villiers, 1996). 

The presence of calcium and magnesium in the water decreases the solubility of higher 

molecular weight components of the humic substances, through charge suppression (Aiken and 

Cotsaris, 1995). The lack of these elements in the Cape coloured waters, which tend to be very 

soft, may also contribute to their high colour. 
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Optimum alum dosage and pH conditions for the 

coagulation of humic substances have been 

identified by various studies . While the 

investigators have not been unanimous on the 

exact optimum coagulation conditions (Dempsey 

et ai, 1984), many of the studies, such as those by 

Semmens and Field (1980), Dempsey et al 

(1984), Dempsey et al (1985), Edwards and 

Amirtharajah (1985), Hundt and O'Melia (1988) 

and Van Benschoten (1990b), have identified 

two predominant zones where significant 

removal of humic substances takes place. These 

zones are shown on Figure 3.2, plotted on a pH­

alum dosage diagram. The shaded areas on this 

figure denote regions in which at least 20 percent 
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by coagulation [Shaded areas 
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20 percent removal occurs by 

settling (black) and by 0.20 f.J.m 

filtration (hashed)] (Dempsey et 

ai, 1984) 

removal occurred by settling (black) and by 0.20 f.J.m membrane filtration (hashed). Figure 3.3 shows a 

similar plot, with a zone of 80 percent and another of 90 percent removal of humic acid by settling, with 

a superimposed aluminium solubility diagram. Although some authors have argued that organic solutes 

(such as humic substances) can alter the aluminium solubility (Randtke, 1988), the superimposition of 

the solubility diagram can give an approximation of the relative dominance of the various aluminium 
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hydrolysis species, and consequently, an indication of the possible mechanisms involved in the 

coagulation of the humic substances in a particular region of the pH - alum dosage plot. The two 
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predominant removal zones shown in Figures 3.2 and 3.3 are each discussed in greater detail m 

Sections 3.4.] and 3.4.2. 

3.4.1 Precipitation dominated removal zone 

In this zone, which occurs at a pH range of approximately 4 .5 to 5.0, the concentration of positively 

charged monomeric aluminium hydrolysis species is relatively high, and the formation of large 

alumiruum polymers and aluminium hydroxide precipitate is not expected (Dempsey et ai, 1984). 

Removal in this zone is likely caused by the direct precipitation of humic substances with monomeric 

aluminium hydrolysis species (Amirtharajah and o 'Melia, 1990; Dempsey et ai, 1984 and Edwards and 

Amirtharajah, 1985). If any fraction of the humic substances is colloidal, it would be destabilised by 

charge neutralisation (Randtke, 1988). 

Edwards and Amirtharajah (1985) observed an upper boundary in this removal zone - when aluminium 

dosages above this boundary were applied, effective removal no longer took place. They attributed this 

to overdosing and consequent stabilisation of the precipitate particles. This seems to support the idea that 

removal is facilitated by aluminium monomers and not hydroxide. Coagulation in this removal zone is 

accomplished over a relatively narrow pH and alum dosage range (Edwards and Amirtharajah, 1985). 

Linear stoichiometry between humic substance concentration 

and required alum dosage is observed in this removal zone. This 

is illustrated in Figure 3.4, which shows stoichiometric upper 

and lower boundaries for colour removal at pH 5.0, when the 

required alum dosage is plotted against initial colour (Edwards 

and Amirtharajah, 1985). 

Dennett et al (1996) found the flocs that formed in this removal 

70 
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zone tended to be small and not well defined. They had poor Figure 3.4 

settling characteristics, but were definitely filterable. Rebhun 

Stoichiometry of 

colour removal 

domains (Edwards 

and Amirtharajah, 

1985) 

and Lurie (1993) concur with this observation, particularly for 

waters that are low in mineral content. Coagulation in this zone 

may therefore be more suited to the direct filtration process (that 

is; omission of the settling process prior to filtration), provided 

the humic substance concentration is not too high (Amirtharajah and O'Melia, 1990). 

3.4.2 Adsorption dominated removal zone 

This removal zone occurs almost entirely within the pH - alum dosage regions where precipitation of 

aluminium hydroxide is expected, as shown on Figure 3.2 and 3.3 (Dempsey et ai, 1984). The removal 

zone ranges from pH 5.5 to 7.5, with alum dosages that generally exceed about 30 mg/Q (as alum) 

(Edwards and Amirtharajah, 1985, Hundt and O'Melia, 1988). The humic substances are likely to be 

removed predominantly by adsorption on aluminium hydroxide precipitate. The soluble humic 
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Apart from the potential savings in construction' costs, there are a number of other advantages ofFBCs 

over conventional flocculation - sedimentation units. These include (Kawamura, 2000): 

• The existence of a high concentration of large mature floc in the floc blanket, which causes 

efficient clarification and allows the required duration of flocculation to be shortened (Tambo 

and Hozumi, 1979). This is due to the seeding effect of the mature flocs and the improved 

flocculation due to small flocs being entrapped in the floc blanket. 

• The reduced size of the site required for the treatment plant infrastructure. 

• Simple sludge (from the floc blanket) removal. 

• Capability of delaying degradation of the clarified water quality in the case of temporary 

improper coagulant dosage or even a short interruption of the coagulant feed, due to the 

buffering effect of the floc blanket. 

There are however, also a number of disadvantages (Kawamura, 2000): 

• Compared to conventional flocculation - sedimentation FBCs require more stringent operational 

control. 

• There is a rapid loss in efficiency during hydraulic and solids overloading and hydraulic shock 

loading. This leads to carry-over of floc particles and overloading of the filters. 

• Diurnal temperature fluctuations can induce hydraulic instability and carry-over of floc particles. 

This is particularly noticeable in the afternoon hours - it has been hypothesised that absorption 

of infrared rays from the sun produces density currents at the surface of the blanket 

(Amirtharajah, 1980). 

• Difficulties are e>""Perienced in starting up the process and producing a floc blanket. 

The floc blanket clarification process 

emerged in the field of water treatment 

in India in about 1932 (Gregory et aI, 

1999), and has become particularly 

popular in Europe (Amirtharajah, 

1980). Since then much work has been 

done to attempt to understand the 

various mechanisms that govern the 

process, by workers such as Ives 

(1968), Mackrle (1965), Tesarik Figure 4.1 

(1967), Miller et al (1966) and Gregory 

et al (1999), in Europe, by Brown and 

....... ... _'_1 Typ;caf .rangement of one pair of 
PCI Hopper Type Clarification lank~ 

Example of floc blanket clarifiers (Bratby, 

1980) 

La Motta (1971) in the United States and by Tambo and Wang (1993) in Japan. Some of the principles 

pertaining to floc blanket clarification are discussed in greater detail in the following sections. 

4.2 
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The fact that the percentage UV absorbance remaining is not affected by up-flow velocity, indicates that 

if the coagulant dose is correct, coagulation of the organic colour and formation of flocs that can be 

removed by filtration through a 0.45 j.j.m membrane filter will take place, irrespective of the up-flow 

velocity. At higher up-flow velocities however, the flocculation in the FBC becomes less effective and 

the micro-flocs will not grow sufficiently large enough for them to be settled from the water. These 

micro-flocs may even pass through subsequent sand filtration. 

At all kaolin dosages used, there was a slight decrease in percentage UV absorbance remaining as up­

flow velocity increased from 1.0 mIh to 1.8 m1h.lt is not clear what caused this. It is possible that at the 

lower flow rate, inaccuracies in coagulant dose were more noticeable, or the rapid mix intensity was 

insufficient or other inaccuracies were more noticeable. 

5.3.3 Floc blanket concentration 

Figures 5.8 to 5.12 show plots of the floc blanket concentration profile against floc blanket height for 

the various experiment runs. A separate graph is shown for each of the up-flow velocities used in the 

experiment runs (i .e. 1.0 m1h, 1.8 m1h, 2.5 m1h, 3.5 mIh and 5.0 m1h). In each of the graphs, a separate 

plot is shown for each kaolin dosage used. 

In the 1 mIh graph shown in Figure 5.8, the plots show a decreasing concentration towards the top of the 
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EXPERIMENT SUMMARY 

Parameter Kaolin Dose 

No. P30A PI6A P33A P29A 
Water Batch 2B 2B 4 3 
Raw Water UV Abs nm @ 1 em) 0.845 0.845 0.758 0.739 
Raw Water Apparent Colour 210 210 200 175 
Raw Water 0.8 0.8 0.8 l.0 
Raw Water T€>rnn.'rllfllr .. £n~ __ ~ .• ~ 18.0 16.5 16.0 19.5 
Alum Dose 8.6 8.6 7.5 

0.1 0.1 

1.8 P22A PI4A P32A P27A 
Water Batch 2B 2B 2B 3 
Raw Water UV Abs (260 nm @ 1 em) 0.845 0.845 0.739 
Raw Water Apparent Colour 210 
Raw Water 0.8 
Raw Water 

8.6 
0.1 

2.5 No. P31A P26A 
Water Bateh 2B 3 
Raw Water UV Abs (260 nm 1 em) 0.845 0.739 
Raw Water Colour(HU) 210 175 
Raw Water 0.8 1.0 
Raw Water 17.5 17.0 17.5 17.5 
Alum Dose (mg AI!I) 8.6 8.6 8.6 7.5 

Dose 0.1 0.1 0.1 0.1 

3.5 Exp. No. P23A PI8A PI9A P24A 
Water Batch 2B 2B 2B 3 
Raw Water UV Abs nm@l em) 0.845 0.845 0.739 
Raw Water Apparent Colour 210 210 210 175 
Raw Water 0.8 0.8 0.8 1.0 
Raw Water 165 17.0 175 17.0 
Alum Duse AI!I) 8.6 8.6 
Polyelectrolyte Dose 0.1 0.1 0.1 

5.0 No. PI7A P20A P25A 
Water Batch 2B 2B 
Raw Water UV Abs (260 um @ 1 0.845 0.845 0.739 
Raw Water Colour 210 210 175 
Raw Water 0.8 0.8 1.0 
Raw Water Celcius) 19.0 17.0 18.0 
Alum Dose (mg AI!I) 8.6 8.6 

Dose 0.1 0.1 
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