Characteristic of Waters and Wastewaters

Introduction


Pure water
= H2O


Impure water or Natural Water = H2O + X


X = impurities of water

For example, 

1.
Rain water contains a few mg/L of X (e.g., total solid)


Sea water contains up to 35.000 mg/L of X

2. Water supply or drinking water contains p mg/L of X

Wastewater contains (p + additional impurities from the waste producing process)

3. With water consumption of 200 L/person/day, 6 gram of chloride produced/person/day, then the sewage will contain 30 mg/L more chloride than domestic water.

4. Raw sewage contains around 1000 mg/L of solids, and is thus 99.9% pure water.

5. Tea or coffee may contain the same amount of solids as those of raw sewage, i.e., 1000 mg/L of solids, but their character is not the same.

Remarks

To gain a true picture of the nature of a particular sample, it is often necessary to measure several different properties by carrying out an analysis under the broad headings of physical, chemical and biological characteristics (see Table 1).

Physical Characteristics

1. Temperature:


basically important for its effect on other properties, e.g. speeding up of chemical reactions, reduction on solubility of gases, amplification of tastes and odors, etc.

2. Taste and Odor:

Due to dissolved impurities, often organic in nature, e.g., phenols and chlorophenols. They are subjective properties which difficult to measure.

3. Color: True color and apparent color

True color is due to material in solution

Apparent color is due to suspended matters

Many consumers object colored water on aesthetic grounds and colored water may be unacceptable for certain industrial uses, e.g., production of high-grade art papers.

4. Turbidity:

The presence of colloidal solids gives liquid a cloudy appearance which is aesthetically unattractive and may be harmful.

Turbidity may be due to clay and silt particle, discharge of sewage or industrial waste, or the presence of large numbers of microorganisms.

5. Solids:

These may be present in solution and/or suspension as organic or inorganic matter,

TDS = Total dissolved solids

SS = suspended solids. 
TS = Total solids

6. Electrical conductivity:

The conductivity of a solution depends on the quantity of dissolved salt present and for dilute solutions it is approximately proportional to the TDS.

Conductivity  = 
[image: image10.wmf]k * TDS

Table 1.: Important characteristics for various sample waters

	Characteristics
	River water
	Drinking water
	Raw sewage
	Sewage effluent

	pH
	x
	x
	x
	x

	Temperature
	x
	x
	x
	

	Color
	x
	x
	
	

	Turbidity
	x
	x
	
	

	Taste
	
	x
	
	

	Odor
	x
	x
	
	

	Total solids
	x
	x
	
	

	Settleable solids
	
	
	x
	

	Suspended solids
	
	
	x
	x

	Conductivity
	x
	x
	
	

	Radioactivity
	x
	x
	
	

	Alkalinity
	x
	x
	x
	x

	Acidity
	x
	x
	x
	x

	Hardness
	x
	x
	
	

	DO
	x
	x
	
	

	BOD
	x
	
	x
	x

	PV, COD, TOC
	x
	
	x
	x

	Organic nitrogen
	
	
	x
	x

	Ammonia nitrogen
	x
	
	x
	x

	Nitrite nitrogen
	x
	
	x
	x

	Nitrate nitrogen
	x
	x
	x
	x

	Chloride
	x
	x
	
	

	Phosphate
	x
	
	x
	x

	Synthetic detergent
	x
	
	x
	x

	Bacteriological counts
	x
	x
	
	


Chemical Characteristics
1. pH: 

The intensity of acidity or alkalinity of sample is measured on the pH scale which actually measure the concentration of hydrogen ions present

pH = - log [ H+ ]

pH = 7 is defined as neutral

pH < 7 is defined as acid

pH > 7 is defined as alkaline
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2. Oxidation-reduction potential (ORP):

ORP values is an indication for various operational oxidation reactions.

ORP > +200 mV indicates aerobic reactions

ORP < +50 mV indicates anaerobic reactions

3. Alkalinity:

Due to the presence of bicarbonate HCO3-, carbonate CO3=, or hydroxide OH-. Most of natural alkalinity in waters is due to bicarbonate HCO3-.

Alkalinity is useful in waters and wastewaters because it provides buffering to resist changes in pH.

4. Acidity:

Due to the presence of  CO2-HCO3- system.

Carbonic acid H2CO3 is not fully neutralized until pH 8.2 and will not depress the pH below 4.5

5. Hardness:

It prevents lather formation with soap and produces scale in hot-water system.

It is due to mainly metallic ions Ca++ and Mg++


Carbonate hardness – metals associated with HCO3-
Non-carbonate hardness – metals associated with SO4=, Cl-, and NO3-.

There is no health hazard with hardness but economically disadvantage.

6. Dissolved Oxygen (DO):

Oxygen is a most important element in water quality control. 

It is essential to maintain the higher forms of biological life.

The oxygen balance of the system largely determines the effect of a waste discharge on a river

Unfortunately oxygen is only slightly soluble in water, e.g.,
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Game fish requires at least 5 mg/L DO



Coarse fish will not exist below about 2 mg/L DO

Oxygen saturated water gives a pleasant taste but increases the risk of corrosion in boiler system

7. Oxygen Demand:

Organic compounds are generally unstable and may be oxidized biologically or chemically to stable, relatively inert, end products such as CO2, NO3, H2O.

An indication of the organic content of a waste can be obtained by measuring the amount of oxygen required for its stabilization.

BOD (Biochemical Oxygen Demand) – is a measure of the oxygen required by microorganisms whilst braking down organic matter.

PV (Permanganate Value) – is chemical oxidation using potassium permanganate solution

COD (Chemical Oxygen Demand) – is chemical oxidation using boiling potassium dichromate and concentrated sulfuric acid

PV < BOD < COD

Organic matter may be determined directly as Total Organic Carbon (TOC) by specialized combustion techniques or by using the UV absorption characteristics of the sample.

8. Nitrogen:

This is an important element since biological reactions can only proceed in the presence of sufficient nitrogen. 

Organic Nitrogen

Ammonia Nitrogen

Nitrite Nitrogen

Nitrate Nitrogen

Nitrification:

Org.-N + O2 
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 Amm.-N + O2 
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 NO2-N + O2 
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 NO3-N

Denitrification:


NO3- 
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 NO2-  
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9. Chloride:

Responsible for brackish taste in water and is an indicator of sewage pollution because of the chloride content of urine.

Threshold level for Cl- taste is 250-500 mg/L, although up to 1500 mg/L is unlikely to be harmful to healthy consumers.

Biological Characteristics

Almost all organic wastes contain large number of microorganisms, sewage containing over 106 micro-organisms, but actual numbers present are not often determined. After conventional sewage treatment the effluent still contains large numbers of micro-organisms as do natural surface waters.

Typical Characteristics
Table 2: Characteristics of Various Water Sources

	Characteristics

mg/L

(except where noted)
	Sources

	
	Upland catchment
	Lowland

River
	Chalk Aquifer

	pH (unit)
	6
	7.5
	7.2

	Total solids
	50
	400
	300

	Conductivity (S/cm)
	45
	700
	600

	Chloride
	10
	50
	25

	Alkalinity (total)
	20
	175
	110

	Hardness (total)
	10
	200
	200

	Color ( oH )
	70
	40
	<5

	Turbidity (NTU)
	5
	50
	<5

	Ammonia nitrogen
	0.05
	0.5
	0.05

	Nitrate nitrogen
	0.1
	2.0
	0.5

	DO (percent saturation)
	100
	75
	2

	BOD
	2
	4
	2

	22 oC colonies/mL
	100
	30.000
	10

	37 oC colonies/mL
	10
	5000
	5

	Coliform MPN/100 mL
	20
	20.000
	5


Table 3: Typical Sewage Analysis

	Characteristics

mg/L
	Sources

	
	Crude
	Settled
	Final Effluent

	BOD
	300
	175
	20

	COD
	700
	400
	90

	TOC
	200
	90
	30

	SS
	400
	200
	30

	Amm.-N
	40
	40
	5

	NO3-N
	<1
	<1
	20
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Classification of Constituent in Water Used for Potable Supply

1. Organoleptic parameters

These are characteristics readily observable by consumers but usually having little health significant, e.g., color, turbidity, taste and odor.

2. Natural psyco-chemical parameters

These are normal characteristics of waters such as pH, conductivity, total solids, alkalinity, hardness, dissolved oxygen, etc.

3. Substances undesirable in excessive amounts

This group includes a wide variety of substances, some of which may be directly harmful in high concentrations, others which may be produce taste and odor problems and others may not be directly troublesome in themselves but are indicators of pollution. These include nitrate, fluoride, phenol, iron and manganese, chloride, TOC.

4. Toxic substances

A wide range of inorganic and organic chemicals can have toxic effects on human. The main concern in water supply is with the possible long-term effects of chronic exposure to low level of toxic compounds, e.g., arsenic, cyanide, lead, mercury, polycyclic aromatic hydrocarbons, organochlorine and organophosphorus compounds.

5. Microbiological parameters

In most parts of the world these parameters are by far the most significant in determining water quality for potable supply. Standards for microbiological quality are essentially based on the need to ensure that bacterai indicative of pollution by human wastes are absent.

Table 4: 

Some examples of WHO Guidelines for Drinking Water Quality

	Characteristics
	WHO

Action Level
	Action Level

	
	
	Malaysia
	Indonesia
	Philippine

	Arsenic
	0.05 mg/L
	
	
	

	Cadmium
	0.005 mg/L
	
	
	

	Chromium
	0.05 mg/L
	
	
	

	Cyanide
	0.1 mg/L
	
	
	

	Fluoride
	1.5 mg/L
	
	
	

	Lead
	0.05 mg/L
	
	
	

	Mercury
	0.001 mg/L
	
	
	

	Nickel
	0.1 mg/L
	
	
	

	Nitrate and nitrite nitrogen
	10 mg/L
	
	
	

	Nitrite nitrogen
	1.0 mg/L
	
	
	

	Selenium
	0.01 mg/L
	
	
	

	Chloride
	250 mg/L
	
	
	

	Sulfate
	400 mg/L
	
	
	

	Hardness as CaCO3
	500 mg/L
	
	
	

	Total dissolved solid
	1000 mg/L
	
	
	

	Aluminium
	0.2 mg/L
	
	
	

	Copper
	1.0 mg/L
	
	
	

	Iron
	0.3 mg/L
	
	
	

	Manganese
	0.1 mg/L
	
	
	

	Sodium
	200 mg/L
	
	
	

	Zinc
	5.0 mg/L
	
	
	

	Chlorophenols
	0.1 g/L
	
	
	

	Chloroform
	30 g/L
	
	
	

	DDT
	1.0 g/L
	
	
	

	Heptachlor
	30 g/L
	
	
	

	Lindane
	3.0 g/L
	
	
	

	Monochlorobenzene
	3.0 g/L
	
	
	

	1,4-dichlorobenzena
	0.1 g/L
	
	
	

	2,4-D
	100 g/L
	
	
	

	Gross alpha activity
	0.1 Bq/L
	
	
	

	Gross beta activity
	1.0 Bq/L
	
	
	

	Color
	15 TCU
	
	
	

	Turbidity
	5 NTU
	
	
	

	Taste
	Not objectionable to 90% of consumers
	
	
	

	pH
	6.5 – 8.5
	
	
	

	Coliform
	Absent in 100 mL
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