Secondary Treatment 

Disinfections

Introduction

· Because of the small size of many micro-organisms it is not possible to guarantee their complete removal from water by such forms of treatment as coagulation and filtration.

· Some form of disinfections is therefore necessary to ensure the elimination of potentially harmful micro-organisms from potable waters.

· Disinfections of an effluent before discharge will tend to retard self-purification reaction in the receiving water and the formation of reaction products from the interactions of organic compounds and disinfectants may be undesirable in waters used as sources for potable supply.

· It is also important to appreciate the difference between sterilization (the killing of all organisms) which is rarely practiced or needed, and disinfections (the killing of potentially harmful organisms) which is the normal requirement.

Theory of Disinfections

· In general the rate kill is given as follow:
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where, 
K = reaction rate constant for particular 

      disinfectant,


N = number of viable organisms.

Integrating the above equation,

Loge 
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where, 
No = number of organisms initially,


Nt = number of organisms at time t
Changing to base 10,
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where, k = 0.4343 K
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· The rate constant as well as depending on the particular disinfectant also varies with disinfectant concentration, temperature, pH, and other environmental factors.

· The most popular disinfectant for water is chlorine which does not follow the above equation
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at pH 7, values of  k for chlorine are about 1.6x10-2/s for free residual and 1.6x10-5 for combined residuals, when applied to coli-form organisms.

Chlorine

· Chlorine (and its compounds) is widely used for the disinfections of water, because of some reasons:

1. It is readily available as gas, liquid, or powder.

2. It is relatively cheap.

3. It is easy to apply due to relatively high solubility, about (7000 mg/L).

4. It leaves residual in solution which while not harmful to man provides protection in the distribution system.

5. It is very toxic to most micro-organisms, and stopping metabolic activities.

· Chlorine has some disadvantages in that it is a poisonous gas which requires careful handling and it can give rise to taste and odor problem particularly in the presence of phenols.

· Chlorine is a powerful oxidizing agent which will rapidly combine with reducing agents and unsaturated organic compounds, e.g.,

H2S + 4 Cl2 + 4 H2O 
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 H2SO4 + 8 HCl

This immediate chlorine demand must be satisfied before chlorine becomes available for disinfections.

· After chlorine demand has been satisfied, chlorine reaction in water can occur in the absence of ammonia or in the presence of ammonia

· In the absence of ammonia:

Cl2 + H2O 
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 HCl + HClO (free residual)

HCl 
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 H+ + Cl-
HClO 
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 H+ + OCl- (free residual)

· In the presence of ammonia:

NH4+ + HClO 
[image: image11.wmf]®

 NH2Cl + H2O + H+ (combined residual)

NH2Cl + HClO 
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 NHCl2 + H2O + H+ (combined residual)

NHCl2 + HClO 
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 NCl3 + H2O (combined residual)

· The combined residual are more stable than free residuals but less effective as disinfectants.

· Ammonia may be added to water lacking in ammonia to allow the formation of chloramine which tend to cause less trouble with tastes and odors than do free residuals.

· In the presence of ammonia the continued addition of chlorine produces a characteristic residual curve as shown in Figure 1.

· Once all the ammonia has reacted, further chlorine converts the combined residual into a free residual at the breakpoint, simplified as:

4 NCl3 + Cl2 +  H2O 
[image: image14.wmf]®

 HClO + N2O

· The  break point  theoretically  occurs  at  2  parts  Cl2  for  1 part of NH3 but in practice the ratio could be 10:1.

· Past the break point the free residual is proportional to the dose.

· Troublesome taste and odor can be destroyed using the oxidizing action of excess chlorine in the process known as super-chlorination, where the excess chlorine being removed by sulphonation after the desired contact time.

Cl2 + SO2 + H2O  
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  H2SO4 + HCl

· Considerable concern has recently been expressed about the presence in water of small concentration of organochlorine compounds, some of which are potentially carcinogenic.
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· The organochlorine, of which trihalomethane such as chloroform are the most common, occur when raw water containing organic matter, e.g., from sewage effluent, are disinfected with chlorine.

Ozone

· Ozone is a pungent smelling, unstable, highly toxic blue gas produced by passing dry oxygen or air through an electrical discharge of 5000-20.000 V, 50-500 Hz.

· As a powerful oxidizing agent it is an efficient and useful bleaching color and removing tastes and odors.

· Like oxygen it is only slightly soluble in water and because of its unstable form it leaves no residual.

· Ozone production is usually up to 4% by weight of the carrier air with power requirements of around 25 kWh/kg of ozone produced.

· Ozone will react with organic matter to form ozonides in certain conditions and the significant of the presence of these products in water is not yet fully understood.

Ultraviolet Radiation

· Various forms of radiation can be effective disinfecting agents and Ultraviolet (UV) radiation has been used for the treatment of small water supplies for many years.

· The disinfecting action of UV at a wavelength of around 254 nm is quite strong provided that the organisms are actually exposed to the radiation.

· It is thus necessary to ensure that turbidity is absent and that the dose is increased to allow for the absorption of UV by any compounds present in water.

· Within a few seconds of retention time UV can give efficient disinfections although at rather high power requirement of about 10-20 Watt/m3h.

· The advantage of UV disinfections include: no formation of tastes and odors, minimum maintenance, easy automatic control with no danger from overdosing.

· Disadvantages are: lack of residual, high cost and need for high degree of clarity in the water.

Other Disinfectant

1. Heat: Disinfections by heat is very effective but is costly and impairs the palatability of water by removing DO and dissolved salts. No residual effect.

2. Silver (Ag): colloidal silver was used by the Romans to preserve the quality of water in storage jars since, at concentration of about 0.05 mg/L, silver is toxic to most micro-organisms.

3. Bromine: A halogen like chlorine, bromine has  similar disinfections properties and is sometimes used in swimming pools where the residual tends to be less irritating to the eyes than chlorine residuals.

4.  Advanced Oxidation Processes (AOPs): are combinations of disinfectants designed to produce hydroxyl radicals. 

Concept of the  C*t  Product

· Chemical inactivation of a specific species of micro-organism is function of disinfectant concentration and contact time.

· Other important factors are the type of disinfectant, temperature, pH, viability of the microorganisms, and presence of suspended organic matter.

· For engineering practice the C*t concept is expressed as follows.

k = C*t

where, 
k = a constant for a specific microorganism 

       exposed under specific conditions

C = disinfectant concentration, mg/L

t   = contact time required to inactivate a specified  

        percentage of the microorganisms, minutes.

· A regression analysis of the animal infectivity data yielded the equation as follows.

C*t  = 0.985 C0.176 pH2.75 T-0.147
where, 
C*t = chlorine concentration times contact times 

 for 99.99% inactivation of G. lamblia cysts,   

 mg/L.min.




C    = free chlorine concentration,  mg/L




T     = temperature, oC

· Extrapolating this formula to calculate estimated C*t value for 99.9%, 99%, and 90% would be three quarters, one half, and one quarter, respectively.

· For temperature correction, the reaction rate can be assumed to double ( a two fold increase) for a 10 oC temperature increase. For example, the C*t value at 15 oC and 25 oC would be one half and one quarter of  the calculated  value  at 5 oC.

· Extensive evaluations of the inactivation of micro-organisms by chemicals is presented in Table 1 and 2.

Table 1: 
C*t Values for 99.9% Inactivation of Giardia Lambila 

Cysts by Free Chlorine at Various Temperatures and 

pH Values ( in mg/L .minute )

	Free Residual

Chlorine

(mg/L)
	pH
	Temperatures

	
	
	0.5 oC
	5 oC
	10 oC
	20 oC

	( 0.4
	6.5

7.0

7.5

8.0
	163

195

237

277
	117

139

166

198
	88

104

125

149
	44

52

62

74

	1.0
	6.5

7.0

7.5

8.0
	176

210

253

304
	125

149

179

216
	94

112

134

162
	47

56

67

81

	2.0
	6.5

7.0

7.5

8.0
	197

236

286

346
	138

165

200

243
	104

124

150

182
	52

62

75

91

	3.0
	6.5

7.0

7.5

8.0
	217

261

316

382
	151

182

221

268
	113

137

166

201
	57

68

83

101


Table 2: 
C*t Value Ranges for 99% Inactivation of Various 

Microorganisms by Disinfectants at  5 oC

	Microorganism
	Disinfectant

	
	Free Chlorine

pH 6-7
	Preformed

Chloramine

pH 8-9
	Chlorine

Dioxide

pH 6-7
	Ozone

pH 6-7

	E.coli
	0.034-0.05
	95-180
	0.4-0.75
	0.02

	Polio 1
	1.1-2.5
	770-3700
	0.2-6.7
	0.1-0.2

	Rotavirus
	0.01-0.05
	3800-6500
	0.2-2.1
	0.006-0.06

	G. Lambia cysts
	47->150
	-
	-
	0.5-0.6

	G. Muris cysts
	30-630
	-
	7.2-19
	1.8-2.0


Example: 
Using the equation above, calculate the C*t  value for G. lamblia inactivation for a chlorine concentration of 2.0 mg/L, pH = 7.0, and temperature of 5 oC. Extrapolate this value to 99% and 99.9% inactivation and compare the results with the values given in Tables 24 and 25, respectively.

Solution:

· For 99.99%;
C*t  = 0.985 (2.0)0.176 (7.0)2.75 (5.0)-0.147
C*t  =  185 mg/L . min.

· For 99%;
C*t  = (1/2)*185

C*t  =  93 mg/L . min.

This value is within the range of 47->150 mg/L.min. given in Table 24 for 99% inactivation of G. lamblia by free chlorine at 5 oC in pH range 6-7.

· For 99.9%;
C*t  = (3/4)*185

C*t  =  139 mg/L . min.


     This value is slightly (16%) less than the C*t value of 165 

     mg/L given in Table 25 for 2.0 mg/L, pH 7.0 and 5 oC
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