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1. Abiotic factors

Abiotic factors are those parameters in water analysis that are not directly linked to living organisms, such as temperature, pH, dissolved oxygen, conductivity, turbidity, depth, light penetration, salinity, hardness, nitrates, phosphates, etc. 

Abiotic factors can guide us about the quality of the water, and about the kind of flora and fauna that we can expect to live in and around it.

These factors can be classified into physical and geographical: temperature, depth, light penetration etc. and chemical: pH, dissolved oxygen etc.  - Artificial classification?

2. pH




pH = - log [H+]

Natural unpolluted water can have a pH varying from 4 to 8. 

pH depends on the salts and acids or bases that are dissolved in the water

3. Dissolved oxygen

The dissolved oxygen comes from both the atmosphere in equilibrium with the water and from photosynthesis. 

The oxygen dissolved is vital for fish and aquatic flora, and it is used by microorganisms to oxidise organic matter. In general, the lower the level of DO, the more polluted is the sample. 

The maximum concentration of oxygen in water depends on the partial pressure of the gas in the atmosphere:

[O2]=KHPO2
KH = Henry's law constant (mol l-1 Pa-1)

Partial Pressure and Henry's Law Constants of some gases present in a Natural Atmosphere (1 atm total pressure, 25oC and dry air conditions) (Lewis & Evans, 1997)

	Gas
	P (atm)
	KH (mol l-1atm-1)

	N2
	0.7809
	6.48 x 10-4

	O2
	0.2095
	1.28 x 10-3

	CO2
	0.00032
	3.38 x 10-2


It also depends on the temperature: the higher the temperature, the lower the concentration of oxygen.
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Table 10
Size of objects moved by different current speeds (Nielsen 1950b)

Diameter of Classification of
Speed of current objects moved objects.
(cm/sec) (mm)

10 02 mud

25 13 sand

50 5 gravel

b 75 11 coarse gravel

100 20 pebbles
150 45 small stones
200 80 stones (fist size)
300 180 small boulders

(man’s head size)





The presence of dissolved solids in water further reduces the solubility of oxygen. 

River Classification (Lewis & Evans, 1997)

	River Quality Class
	DO2 % saturation
	Comment

	Class 1A
	>80
	Supports high class fisheries. 

	Class 1B
	60-80
	Lower than 1A but still high qlty.

	Class 2
	40-60
	Moderate quality

	Class 3
	10-40
	Low grade, fish rarely present

	Class 4
	<10
	Very polluted; no fish


Other related parameters are: BOD and COD. 

The Biochemical Oxygen Demand is a realistic measure of water quality. It is defined as "the amount of oxygen that would be consumed if all the organics in one litre of water were oxidized by bacteria and protozoa" (ReVelle and ReVelle, 1988). 

A BOD level of 1-2 ppm is considered very good. 

A BOD level of 3-5 ppm is considered moderately clean.  

A BOD level of 6-9 ppm, is considered somewhat polluted 

A BOD level of 10 ppm or greater, is considered very polluted with organic waste.  

The Chemical Oxygen Demand is taken instead of BOD when a faster measurement is needed. An acidified dichromate solution (Cr2O72-) is used to oxidise the organic matter in a sample of water (couple of hours)

4. Conductivity

Conductivity measures the ability of a water sample to carry and electric current. 

It is directly dependant on the total concentration of ions dissolved in the water.

Freshly distilled water has a conductivity of 0.05 to 0.2 x 10-5 ohm-1cm-1. 

The conductivity of potable waters ranges from 5 to 150 x 10-5 ohm-1cm-1. 

Wastewater may have conductivities in excess of 1000 x 10-5 (10-2) ohm-1cm-1. 

This parameter is directly related to Total Dissolved Solids (TDS). Total dissolved solids (TDS) comprise inorganic salts (principally calcium, magnesium, potassium, sodium, bicarbonates, chlorides and sulfates) and small amounts of organic matter that are dissolved in water. 

Turbidity

Turbidity is a unit of measurement quantifying the degree to which light travelling through water is scattered by the suspended organic and inorganic particles. The scattering of light increases with a greater suspended load. 
Turbidity due to a large volume of suspended sediment will reduce light penetration, thereby suppressing photosynthetic activity of phytoplankton, algae, and macrophytes, especially those farther from the surface. Cyanobacteria are favoured in this situation (McCabe et al., 1985). Excess turbidity leads to fewer photosynthetic organisms available to invertebrates. As a result, fish population can decline. 

If turbidity is largely due to organic particles, dissolved oxygen depletion may occur in the water body. 

Sources: 

 Nonpoint source: 

o Natural: Land-derived sand, silt, clay, and organic particles dislodged by rainfall and carried by overland flow may cloud surface water systems. 

o Anthropogenic: Sediment and nutrients contributed by anthropogenic activities can substantially increase turbidity beyond natural levels. 

 Point source: Sewage treatment plants may discharge organics during sewage by-pass periods that contribute to turbidity. Dissolved nutrients released in treated wastewater may contribute to phytoplankton production. 

5. Water Hardness

Hard water is water containing compounds (carbonates and sulphates) of calcium and magnesium. The "total hardness" of the water is usually expressed as ppm CaCO3. 

	CaSO4  
	Calcium sulphate

	MgSO4 
	Magnesium sulphate

	Ca(HCO3)2 
	Calcium hydrogencarbonate

	Mg(HCO3)2
	Magnesium hydrogencarbonate


Water with a hardness over 80 ppm CaCO3 is often treated with water softeners.

6. Phosphates and Nitrates

The elements phosphorus and nitrogen are necessary for plant growth, and are plentiful in untreated wastewater. 

The primary sources of nitrate and phosphate are the leaching of the nutrients from manure slurries and from the agricultural use of artificial fertilisers. 

The phenomenon of over-enrichment of waters by so-called nutrients, principally nitrate and phosphate, is known as eutrophication - 

The ECC establishes 50 mg/l of nitrate as the maximum contamination level allowed in public drinking water, but the recommended maximum is 25 mg/l. The recommended total phosphorous is 0.1 mg/l for rivers and streams.

	Amount of total phosphate-phosphorus
	Effects

	0.01-0.03 mg/L
	Amount of phosphate-phosphorus in most uncontaminated lakes

	0.025 mg/L
	Accelerates the eutrophication process in lakes

	0.1 mg/L
	Recommended maximum for rivers and streams


Eutrophication is a natural process that occurs to all lakes over time as the weathering of rocks and soils from the surrounding catchment area leads to an accumulation of nutrients in the water and associated sediments.

The main effects of eutrophication are an

 increase in plant and animal biomass 

 increase in growth of rooted plants, e.g. reeds 

 increase in turbidity (cloudiness) of water 

 increase in rate of sedimentation 

 development of anoxic conditions (low oxygen levels) 

 decrease in species diversity 

 change in dominant biota (e.g. carp replace trout and blue-green algae replace normal algae) and an 

 increase in the frequency of algal blooms. 
 Under anoxic conditions anaerobic bacteria flourish: production of hydrogen sulphide (H2S), thioalcolohs (RSH) and ammonia (NH3). 

7. Water flow

The current influences substratum (Macan, 1974)
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Fig. 11.6 Variation of the
concentration of dissolved oxygen is
pure water with temperature.





8. Temperature

The sun is the source of heat - dependant on angle.

Heat is lost by evaporation - dependant on moist in the air and the speed of the wind.

In lakes: variation of temperature from top to bottom, two layers:

- productive upper layer 

- less-productive lower layer. 

The smaller the volume of water, the greater is its diurnal fluctuation 

Water may emerge from the ground at any temperature up to boiling point, but it is generally colder than the air, and it warms up as it runs away from the spring. 

There are some animals and plants whose range appears to be limited by temperature. 

Species have an optimum temperature.

