What is Turbidity?
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Turbidity is an optical determination of water clarity 1. Turbid water will appear cloudy, murky, or otherwise colored, affecting the physical look of the water. Suspended solids and dissolved colored material reduce water clarity by creating an opaque, hazy or muddy appearance. Turbidity measurements are often used as an indicator of water quality based on clarity and estimated total suspended solids in water (TSS).
The turbidity of water is based on the amount of light scattered by particles in the water column 2. The more particles that are present, the more light that will be scattered. As such, turbidity and total suspended solids are related. However, turbidity is not a direct measurement of the total suspended materials in water. Instead, as a measure of relative clarity, turbidity is often used to indicate changes in the total suspended solids concentration in water without providing an exact measurement of solids 1.
Turbidity can come from suspended sediment such as silt or clay, inorganic materials, or organic matter such as algae, plankton and decaying material. In addition to these suspended solids, turbidity can also include colored dissolved organic matter (CDOM), fluorescent dissolved organic matter (FDOM) and other dyes 14. CDOM is also known as humic stain. Humic stain refers to the tea color produced from decaying plants and leaves underwater due to the release of tannins and other molecules.
This discoloration is often found in bogs, wetlands or other water bodies with high amounts of decaying vegetation in the water. CDOM can cause water to appear red or brown, depending on the type of plants or leaves present. These dissolved substances may be too small to be counted in a suspended solids concentration, but they are still part of a turbidity measurement as they affect water clarity.
What is Water Clarity?

Water clarity is a physical characteristic defined by how clear or transparent water is. Clarity is determined by the depth that sunlight penetrates in water 9. The further sunlight can reach, the higher the water clarity. The depth sunlight reaches is also known as the photic zone. The clearer the water, the deeper the photic zone and the greater the potential for photosynthetic production 10. The photic zone (and thus water clarity) has a maximum depth of 200 m based on the light absorption properties of water.
Water clarity is directly related to turbidity, as turbidity is a measure of water clarity. The transparency of water is affected by the amount of sunlight available, suspended particles in the water column and dissolved solids such as colored dissolved organic material (CDOM) present in the water.


Turbidity vs Suspended Solids – What is the difference?

Turbidity and total suspended solids refer to particles present in the water column. Turbidity and water clarity are both visual properties of water based on light scattering and attenuation. All three parameters are related to particles in the water column, whether directly or indirectly.
Turbidity is determined by the amount of light scattered off of these particles 6. While this measurement can then be used to estimate the total dissolved solids concentration, it will not be exact. Turbidity does not include any settled solids or bedload (sediment that “rolls” along the riverbed) 7. In addition, turbidity measurements may be affected by colored dissolved organic matter 5. While this dissolved matter is not included in TSS measurements, it can cause artificially low turbidity readings as it absorbs light instead of scattering it 8.
Total suspended solids, on the other hand, are a total quantity measurement of solid material per volume of water 6. This means that TSS is a specific measurement of all suspended solids, organic and inorganic, by mass. TSS includes settleable solids, and is the direct measurement of the total solids present in a water body. As such, TSS can be used to calculate sedimentation rates, while turbidity cannot 1,6.
Water clarity is strictly relative to sunlight penetration. While this is usually determined by the amount of suspended solids in water, it can also be affected by CDOM and other dissolved solids 10. Water clarity is the most subjective measurement of the these three parameters, as it is usually determined by human observation 5.
Why are Turbidity and Total Suspended Solids Important?
Turbidity and TSS are the most visible indicators of water quality. These suspended particles can come from soil erosion, runoff, discharges, stirred bottom sediments or algal blooms 1. While it is possible for some streams to have naturally high levels of suspended solids, clear water is usually considered an indicator of healthy water 9,14. A sudden increase in turbidity in a previously clear body of water is a cause for concern. Excessive suspended sediment can impair water quality for aquatic and human life, impede navigation and increase flooding risks 
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Water Chemistry
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In terms of water quality, high levels of total suspended solids will increase water temperatures and decrease dissolved oxygen (DO) levels 1. This is because suspended particles absorb more heat from solar radiation than water molecules will. This heat is then transferred to the surrounding water by conduction. Warmer water cannot hold as much dissolved oxygen as colder water, so DO levels will drop 13. In addition, the increased surface temperature can cause stratification, or layering, of a body of water 3. When water stratifies, the upper and lower layers do not mix. As decomposition and respiration often occur in the lower layers, they can become too hypoxic (low dissolved oxygen levels) for organisms to survive.
Image:  Suspended solids can increase the temperature of water as they absorb additional heat from the sun. This can also cause dissolved oxygen levels to drop below the thermocline, creating hypoxic conditions.

Photosynthesis Production
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Turbidity can also inhibit photosynthesis by blocking sunlight. Halted or reduced photosynthesis means a decrease in plant survival and decreased dissolved oxygen output 9. The higher the turbidity levels, the less light that can reach the lower levels of water. This reduces plant productivity at the bottom of an ocean, lake or river 15. Without the needed sunlight, seaweed and bay grasses below the water’s surface will not be able to continue photosynthesis and may die 16.
Underwater vegetation die-off has two main effects. First, as photosynthetic processes decrease, less dissolved oxygen is produced, thus further reducing DO levels in a body of water 13. The subsequent decomposition of the organic material can drop dissolved oxygen levels even lower. Second, seaweed and underwater plants are necessary food sources for many aquatic organisms. As they die off, the amount of vegetation available for other aquatic life to feed on is reduced. This can cause population declines up the food chain 21. 

Image:  Suspended solids, particularly algae, can block sunlight from reaching submerged plants. This can cause dissolved oxygen levels to drop, as the plants rely on respiration (consuming oxygen) instead of photosynthesis.

Erosion
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An increase in turbidity can also indicate increased erosion of stream banks, which may have a long-term effect on a body of water 3. Erosion reduces habitat quality for fish and other organisms. In terms of water clarity, reduced light penetration due to suspended sediment can obscure aquatic organisms’ vision, reducing their ability to find food 17. These suspended particles can also clog fish gills and affect growth rates 13.
Erosion can contribute to shallower, filled-in lakes and streams as some of the suspended particles settle out 15. These settleable solids can suffocate benthic organisms and fish eggs 1. In addition, the sediment may smother insect larvae and other fish food sources 13. When this occurs in rivers and channels, the increased sediment loads can reduce navigability for ships and boats 7. In cases of excessive sedimentation, settleable solids from erosion and runoff can even halt freight passage completely. 
                                                                                                      Bank erosion along a river can be cause by runoff , flooding or strong water flow. Photo Credit: Soil-Net photo library.

Contamination
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Pollutants such as dissolved metals and pathogens can attach to suspended particles and enter the water 2. This is why an increase in turbidity can often indicate potential pollution, not just a decrease in water quality. Contaminants include bacteria, protozoa, nutrients (e.g. nitrates and phosphorus), pesticides, mercury, lead and other metals 17. Several of these pollutants, especially heavy metals, can be detrimental and often toxic to aquatic life 26. The addition of nutrients can encourage the development of harmful algal blooms.
When the suspended solids concentration is due to organic materials, particularly sewage effluent and decaying organic matter, the presence of bacteria, protozoa and viruses are more likely. These organic suspended solids are also more likely to decrease dissolved oxygen levels as they are decomposed 19.

Wastewater effluent can carry pathogens and other contaminants into a water body if it is not treated properly. Photo Credit: EPA
Human Concerns
These microbes and heavy metals can impact not only aquatic organisms, but drinking water as well 2. Organic suspended solids, such as decomposing matter or sewage effluent often naturally include high levels of microorganisms such as protozoa, bacteria and viruses 19. Such pathogens contribute to waterborne diseases like cryptosporidiosis, cholera and giardiasis 25. Turbid water, whether due to organic or inorganic material, cannot be easily disinfected, as the suspended particles will “hide” these microorganisms 20.
In a lake or river, turbidity may also reduce visibility of underwater structures such as logs or large boulders, negatively affecting a water body’s recreational use 19. In industrial processes, turbidity can contribute to clogged tanks and pipes 20. The particles can also scour machines, potentially damaging them.

Questions:
1. Explain how sediment, turbidity and water clarity are related.  Cite text to support your response.

2. Paragraphs 2 and 6 use the term “column” when describing water quality.  Explain the meaning and appropriateness of using the term using evidence from the text to support your response.
3. Explain the relationship between energy from the sun and suspended sediment in the water.

4. Explain the value of turbidity in predicting other water quality indicators.  Support your response using evidence from the text. 

5. Explain the effects of turbidity on the biotic and abiotic components of aquatic ecosystems.  Use evidence from the text to support your response.

6. This article does not have a title.  Create a title for the article that reflects the significance of turbidity in monitoring water quality.  Explain your reasons for selecting the title; cite text to support your choice.

