WORKSHEET.





SEWAGE TREATMENT WORKS



Southern Water



Write to Southern Water (Customer Services), P.O. Box 41, Southern House, Yeoman Road, Worthing, West Sussex BN13 3NZ, (tel. 0845-2780845) or visit Southern Water’s web site at www.southernwater.co.uk for up to date information on waste water treatment. 



Flow diagram



Copy and annotate the following flow diagram to show the basic stages in the treatment and purification processes involved in waste water treatment.
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Biological Oxygen Demand



Using information from the unit on Farming (arable), describe and explain the meaning of ‘Biological Oxygen Demand’.  Illustrate your answer with a flow diagram.



pH scale

Consider the following scale.  Each number on the scale represents a tenfold increase or decrease in acidity:



            

           ACIDIC                 NEUTRAL                  ALKALINE



�



�������





LEMON         ACID   SOFT        HARD    BAKING     AMMONIA

JUICE            RAIN   WATER   WATER  SODA           



(a)  What is meant by pH?  Explain the meaning of ‘soft water’ and ‘hard water’.



(b)  What is the likely background pH level for the Great Stour?  Explain your answer with reference to the geology of the river’s catchment.



(c   Why is ammonia considered to be an indicator of poor water quality?  Link your answer to BOD.  Suggest some sources of ammonia pollution.



(d)  Why is heavy metal contamination not as serious a problem in Kent as it might be in (say) Dartmoor (Devon) or the Pennines (Derbyshire)?  Link your answer to geology of the local rocks in these areas and pH levels in the outflowing rivers.

























































(Response to clicking on Chartham Paper Mill and St Mildred’s Tannery)



You selected:		Chartham Paper Mill (1055)

			St Mildred’s Tannery (1457)



What category of potential river pollution exists here?



Farmland (arable)		O

Farmland (orchards)		O

Built-up area			O

STW				O

Light industrial		O

Heavy industrial		O

Landfill (new)			O

Landfill (old)			O



Click for:	Heavy industry (introduction)

		Heavy industry (potential dangers)

		Heavy industry (preventive measures)

		Return to map



                                       HEAVY INDUSTRY



Chartham Paper Mill and St Mildred’s Tannery are two large industrial factories in the Canterbury area.  Canterbury is not as industrialised as Ashford (upstream) or Sandwich (downstream) where more serious pollution problems exist, but any industrial processes like paper-making or tanning pose potential hazards by the range of strong chemicals employed, and the intensity and scale of production.  Water is an essential ingredient in the manufacturing processes as well as the means to discharge effluent.





				(PHOTO)





Industrial effluent is strictly controlled, but accidental spillages can still occur from time to time, and can be very serious since heavy metals such as lead, mercury, cadmium and copper may be involved.  They are very toxic to aquatic life.  Water may also be used as a coolant in the manufacturing process. Warm water discharge is a problem, because oxygen is less soluble at higher temperatures. There will be less dissolved oxygen.  Fuel oil breakages are another potential danger.  Oil is very pervasive and, floating on the water surface, can coat plants and animals, reducing oxygenation and (in animals) destroying the insulating properties of fur and feathers. Oil will reduce photosynthesis in green plants; it can enter the food chain by ingestion, and will bioaccumulate in the higher animals in the food chain.



On to:             

		Heavy industry (potential pollution)

		Heavy industry (preventive measures)

                       Worksheet

		Return to map





Heavy industry (potential pollution)



Manufacturing industry, such as paper making and tanning, involves a wide range of complex organic chemical substances.  Worst are non-aqueous phase liquids (NAPLs) which include chlorinated hydrocarbons widely used as industrial solvents.  Concentrations of these compounds is allowed in drinking water only in miniscule amounts i.e. parts per billion or micrograms/litre.  A tiny amount of dense NAPLs has the potential to contaminate very large volumes of water to levels in excess of the acceptable limit.  Leather-processing, for example, uses a dense NAPL (tetrachloroethylene solvent) in the manufacturing process.



Experience in British Columbia (Canada) has shown that paper mill discharges have  complex effects on river water, including increased suspended solids, increased temperatures, high BOD, lower pH, oil and grease, and saline solutions containing chlorine, ammonia, defoamers, resin acids, furans and dioxins.  Dioxins are a group of powerful organic chemicals associated with chlorine bleaching; even in minute quantities, dioxins are a significant health hazard, and can have serious effects on wildlife.  In Britain, many paper mills have invested in expensive water treatment plants; industrial effluent, rich in fibres, clay and other chemicals, has a strong BOD character.



In tanneries, the treatment of animal hides is also a complex manufacturing process, involving the use of ammonium salts, enzymes, organic salts and degreasing agents. Tanning is achieved by the addition of chromium sulphate and sodium bicarbonate; dyes, resin binders and waxes are applied in the final stages.  There are a number of potential pollution problems:  sulphide waste, chromium discharge, suspended solids, pigments and dyes.  These all have a high BOD quality. 



On to:		Heavy industry (preventive measures)

                       Worksheet

		Return to map





Heavy industry (preventive measures)



Paper mills usually have their own water treatment plants with sedimentation tanks.  Chlorine pollution can be reduced using alternative bleaching methods (for example peroxide bleaching), and by using already-bleached imported pulp.  Re-cycling waste paper is sometimes carried out but is not necessarily a better solution; de-inking processes are expensive and difficult.  Chartham Paper Mill has its own treatment plant with IPPC authorisation and agreed Environment Agency consent; trade effluent is monitored regularly.  The EA report some problems of BOD and discoloration in the river at Chartham, but there is no ammonia problem.  General water quality at Horton, downstream of the mill, is “good” in three indicators (BOD, dissolved oxygen and ammonia), and the River Ecosystem Classification is also “good” here, supporting all types of fish species, game and coarse.



The primary aim of pollution control in a tannery is to remove excess sulphides and chromium discharges.  Recycling wash water, spent chromium and dye solutions, reducing suspended solids in settling tanks, and removing toxic sulphides by oxidation are all recognised ways of achieving this.  St Mildred’s Tannery is linked directly to Canterbury STW through the public sewage system, and no effluent problems have been reported.  Concentrations of chromium released at Canterbury STW amount to 8.2 ug/litre (micrograms per litre or parts per billion), against a background concentration of 1.1 to 1.3 ug/litre.  Heavy metals such as chromium are potentially dangerous, but in such tiny concentrations pose no significant pollution risk.



On to:             Worksheet



Return to:	Heavy industry (introduction)

		Heavy industry (potential pollution)

                       Map



                                                (WORKSHEET TO COME)

























































(Response to Shelford)



You selected Shelford (GR1660).



What category of potential river pollution exists here?



Farmland (arable)		O

Farmland (orchard)		O

Built-up area			O

STW				O

Light industrial		O

Heavy industrial		O

Landfill (new)			O

Landfill (old)			O



Click on for:		Landfill waste disposal

                                   Landfill (potential pollution)

			Landfill (preventive measures)

                                   Worksheet

			Return to map





                            LANDFILL WASTE DISPOSAL



Waste management places considerable strain on the environment.  Waste disposal sites, whether active or closed, can result in serious pollution of groundwater due to leachate.  A recent survey by the Environment Agency of groundwater pollution in England and Wales, revealed that the main sources of pollution (in order) are:



landfill leachate

chemical and metal processing industries

gas works

power stations

petrol service stations



Landfill leachates rank alongside heavy metals and organic compounds as the most frequently recorded pollutants.  Locally, in the Great Stour catchment, 26 sites of waste disposal have been identified by the Environment Agency as potential groundwater contaminants.  Brett Waste Management Ltd. (Shelford Quarry, Broad Oak Road) is one of them.  At present, however, there is no contamination of the river via groundwater leakage of leachate from any of these sites; all landfills are under licence, and are monitored closely.  There are alternative ways of disposing of our domestic, commercial and industrial solid waste, but for the moment, landfill remains the cheapest disposal option. 

 

                                                        

                                                      (PHOTO)



On to:		            Landfill (potential pollution)

                                   Landfill (preventive measures)

                                   Worksheet

		            Return to map





                           Landfill waste disposal (potential pollution)                      



Solid household waste is recognised as a major threat to the environment, with high pollution potential.  The average household in Britain generates 600 kg of waste

per year (11.5 kg per week); the total waste generated nationally is 380 million tonnes per year!  Each household produces on average each week:	

3 kg 		paper

1.25kg	           glass

2 kg		cans

1 kg		plastics

                       In mixed (unseparated) compostable waste, including kitchen and garden refuse, 

there is also a diverse range of other materials, some of which are potentially hazardous.  These hazardous substances include:  decorating products (paints, stains, varnish, paint thinners), garden products (pesticides, fungicides, herbicides), vehicle products (engine oil, brake fluid, antifreeze, car batteries), household cleaners (bleach, disinfectant, air fresheners), toiletries (cosmetics, old medicines) and other miscellaneous items.  Batteries from watches, radios, mobile phones, etc.  may contain heavy metals like mercury, nickel, cadmium.



When such household waste in landfill sites is acted on by rainwater, the organic and inorganic constituents are dissolved, and a highly toxic leachate results, collecting at the base of the landfill.  This is normally high in heavy metals, ammonia, toxic organic compounds and pathogens.  It also has a high BOD, and if it escapes into the groundwater serious contamination results.  Meanwhile, at the top of the landfill, gas is produced by the fermentation of organic material.  Approximately equal quantities of carbon dioxide (CO 2 ) and methane (CH 4 ) are released.  Both are greenhouse gases, but methane is 26 times more effective than carbon dioxide in this respect.  In addition to leachate and biogas problems, landfill sites are very unpopular with local residents: traffic, smell, noise, vermin, seagulls, blown litter, and disease can all spoil the neighbourhood and lower property prices. 



On to:		

                                   Landfill (preventive measures)

                                   Worksheet

			Return to map





                       











                           Landfill waste disposal (preventive measures)



In the past it was considered acceptable to allow leachate to seep away slowly and be dispersed through the ground.  This old dilute-and-disperse method of waste disposal is now no longer acceptable.  New methods are based on the idea of containment.  Landfills are lined with clay and flexible synthetic membranes intended to prevent leachate escaping and contaminating the groundwater.  Leachate is drained through a horizontal array of perforated pipes to be collected by a sump for treatment.  Methane (biogas) is also collected at the top, and is either vented to the air or tapped off and re-cycled for industrial or heating use.  Landfill is a long process.  Compaction of waste means that material might only reach a final stable state after about 30 years.  Landfill operators are required to have a licence, and to comply with strict waste management regulations.  Landfill sites must be designed and constructed to high standards to ensure safe containment and long-term protection. 





		“Prevention is better than cure” Do you agree?



Another approach to landfill pollution prevention is to minimise domestic waste in the first place.  Separation of waste products, composting of organic remains (in green cones), recycling schemes, and awareness-raising campaigns can all be used by local authorities in the task of domestic waste reduction.



In the Great Stour catchment, 26 sites of waste disposal have been identified by the Environment Agency as potential groundwater contaminants.  At present, fortunately, there is no contamination of the river via groundwater leakage of leachate from these sites; they are all are under strict licence, and closely monitored.  Landfill remains the most important option locally, the main advantage being the relatively low costs involved.  But land shortage, especially in the south-east of England could mean that we will run out of landfill sites within 10 years.  Kent County Council has a target that  “by 2006, landfill with unprocessed wastes will become the exception in Kent”.  The county has the vision of “ultimately aspiring to zero waste”.



Return to	            Landfill waste disposal (introduction)

                                   Landfill (potential pollution)

                                   Landfill (preventive measures)

		            Return to map



On to:                         Worksheet

















LANDFILL WASTE DISPOSAL (WORKSHEET)



1.  Using the following figures for average weekly waste disposal, construct a divided bar chart (in the form of a cylindrical ‘dustbin’) to illustrate the relative proportion of solid household waste.  Calculate % figures in column 3 first.



Material�Weight (kg)�Proportion %��Kitchen/garden waste�4.25���Paper�3.0���Glass�1.25���Cans�2.0���Plastics�1.0���Weekly total:                                   11.5kg			        100%

Annual total:			          600kg
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2.  Copy and annotate the following illustration of a landfill containment ‘cell’ to show how leachate contamination of the groundwater is prevented.
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ANNOTATION

Compact clay base			Impermeable clay cap

Compacted waste			Leachate 

Gas extraction pipe			Leachate collection sump

Ground level				Leachate water table

Horizontal array of perforated pipes	Synthetic membrane liner

		(Response to Broad Oak Road and Sturry Road/Park & Ride)



You selected:	Broad Oak Road    		(GR1559)

		Sturry Road/Park & Ride	(GR1759)



What category of potential river pollution exists here?





Farmland (arable)		O

Farmland (orchard)		O

Built-up area			O

STW				O

Light industrial		O

Heavy industrial		O

Landfill (new)			O

Landfill (old)			O



Click for:	Potential pollution from old landfill

		Return to map





Potential pollution from old landfill



Land is said to be contaminated when substances are present at concentrations that could be harmful to human life, wildlife or the environment as a whole.  To pose a risk of contamination there must be:

a source of contamination

a pathway of migration

a specific target 



Old landfill provides a ready pollution ‘source’; the slope of the ground and water table generate the ‘pathway’; the nearby river is the pollution ‘target’.



The precise scale and nature of contaminated land in urban areas is often unknown, because there may be few written records of old landfill and other disused ‘brownfield’ industrial sites; local authorities and the Environment Agency will try to compile registers of these as accurately as is possible. Brownfield industrial sites in the Canterbury area, including old waste disposal landfill, provide good opportunities for redevelopment on the outskirts of the city.  The Sturry Road park-and-ride car park is a good example.  Many of these local sites are close to the River Great Stour, including:



Site				Grid Ref	Contamination problems



Broad Oak Road		168603	Inert ash and refuse; no problems

Broad Oak Road		157592	Heavy metal contamination

Kingsmead Station		152587	Some difficult waste; closed 1940s

Sturry Road (park-and-ride)	170597	Difficult waste; asbestos; ammonia 

						leachate.



Slow degradation of compostable materials beneath the Sturry Road park-and-ride site is currently releasing ammonia leachate from below.  Degradation of old landfill material is a slow process; disposed solids in old waste tips might only reach a final, stable unpolluting state after about 30 years.  Meanwhile, discharge of leachate has to be collected in a sump, treated and  released slowly into the river under consented agreement with the Environment Agency. Other examples of  local brownfield redevelopments (e.g. Safeways, Wincheap) have revealed the presence of contaminated soil, which needs to be carefully removed to avoid pollution of watercourses during the construction phase. 





Return to:	Map



On to:		Data analysis





































































DATA ANALYSIS



Congratulations!  You have completed a journey of enquiry along the River Great Stour through Canterbury, examining various forms of potential river pollution.  It should be clear to you now that



there are different categories of water pollution

pollution sources can be point sources or diffuse sources

each source has its own characteristic suite of chemical pollutants

the best indicator of river health is BOD

a number of preventive measures have been implemented

under Environment Agency guidance and scrutiny, waste water disposal is very carefully controlled

apart from accidental pollution incidents, water quality in the Great Stour is classified as ‘good’ to ‘very good’



Now you are in a position to make sense of water analysis data and to test various hypotheses regarding river pollution.  We are fortunate in having access to detailed and accurate data from the Environment Agency.  These cover five river sites  above and below Canterbury, taken over the last two years.  Data will be presented in two groups:

	

Downstream changes.  Measurements are shown for these five sites: Horton Bridge (GR 115553), Vauxhall Bridge (GR 163598), Canterbury Sewage Treatment Works (GR 165598), Blackmill Bridge (GR 174599), Bretts Bailey Bridge (GR 187602).  Location of these sites is shown on the map.  All data refer to analyses taken on 4th June, 1999.  Water analysis of final effluent from the STW is shown in red in the 3rd column; this allows us to see the contribution of the STW to the average river flow, and to examine its chemical composition against an expected background of ‘normal’ river behaviour.



Seasonal changes.  Measurements taken at Vauxhall Bridge and Blackmill Bridge are shown for a 12-month period from January 1998 to December 1998.  Here we are able to investigate how river quality responds to monthly changes in weather, discharge and land use.



It is your task now to analyse and evaluate these data.  You can do this by

suggesting hypotheses to test 

graphing the data

applying ideas from your earlier research

applying statistical tests (such as correlation)















WATER ANALYSES FOR RIVER GREAT STOUR

June 4th 1999



1. DOWNSTREAM CHANGES





�SITES DOWNSTREAM��

Footnotes�Parameter�Units�Horton

Bridge�Vauxhall

Bridge�STW�Blackmill

Bridge�Bretts

Bailey Bridge�����GR 115553�GR 163598�GR 165598�GR 174599�GR 187602��1�Discharge�Cumecs��������Temperature�o C�16.3�15.4�17�15.5�15.5��2�pH�pH units�8.2�8.2�7.4�8.1�8.1��3�Dissolved oxygen�%�112�119�n/a�114�116��4�BOD�mg/l�2.8�1.6�3.0�1.7�3.0��5�Ammonia�mg/l�<0.03�0.05�<0.05�0.04�0.04��6�Nitrate�mg/l�5.18�5.8�21�9.0�7.8���Nitrite�mg/l�0.03�0.04�<0.1�0.04�0.04��7�Phosphate�mg/l�0.19�0.21�3.8�0.94�0.68��8�Chloride�mg/l�46�45�94�55�53��9�Chromium�ug/l�n/a�1.3�8.2�1.2�1.1���Copper�ug/l�3.2�3.1�14�4.3�3.1���Iron�ug/l�n/a�130�60�n/a�110���Zinc�ug/l�9.0�16.6�34�16.1�17.0��						    Source: The Environment Agency





Footnotes



Consented discharge = 18,000 cubic metres/day

pH: reflects background alkalinity of Chalk river

Oxygen % GQA (General Quality Assessment) grading:  >80%  very good; 70%  good; 60%  fairly good; 50%  fair; 20%  poor.

BOD mg/l GQA: <2.5 very good; 4 good; 6 fairly good; 8 fair; 15 poor.

Ammonia consent level 5mg/l.  Low levels are a sign of a successful STW. GQA grading: <0.25 very good; 0.6 good; 1.3 fairly good; 2.5 fair; 9 poor.

Nitrates = main cause of eutrophication.  High nitrates and low nitrites indicate a successful STW, with good oxygenation.

Phosphates = another STW residue. Consent level = 1mg/l.

Chlorides = mainly salt pollution.

Low levels of metal contamination linked to high pH levels; metals will be more mobile in acid water.











WORKED EXAMPLE OF DATA ANALYSIS

(Graphing data for downstream changes in Biological Oxygen Demand).



The data for BOD figures have been plotted on an nominal Y-axis to illustrate five equal bands of General Quality Assessment.  Five points on the X-axis locate downstream sites, with Canterbury STW falling between Vauxhall Bridge and Blackmill Bridge. 
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This could be our starting hypothesis:  biological oxygen demand (as a sensitive indicator of overall river pollution) will increase downstream, as the combined effect of all point and diffuse sources accumulates through the Canterbury area.  In particular, the discharge of final effluent from the STW will seriously reduce river water quality.  Does the graph bear this out?



Evaluation:  The line graph shows clearly, and contrary to expectations, that water quality remains in the ‘good’ to ‘very good’ bands of the General Quality Assessment.  Potential pollution sources are closely monitored by the Environment Agency and consent agreements are being successfully adhered to.  Final effluent from the Canterbury STW is of ‘good’ quality, well within the consent guidelines, and makes no serious impact on the overall character of the river.



We can therefore reject our hypothesis.



Explore another downstream change in river water quality in this way, plotting the four main sites first and adding Canterbury STW as a 5th and separate point on your graph.  Suggest an hypothesis to test.  Evaluate the result, explaining the various sources of pollution which may be contributory.  Accept or reject your hypothesis.  Explore other downstream trends in the pattern of  pollution through Canterbury.







�WATER ANALYSES FOR RIVER GREAT STOUR

January 1998 - December 1998



2. SEASONAL CHANGES

Vauxhall Bridge (GR 163598)

Parameter�Units�Jan�Feb�Mar�Apr�May�Jun�Jul�Aug�Sept�Oct�Nov�Dec��Discharge�Cumecs��������������Temp�oC�7.4�4.9�10.1�11.6�17.1�12.9�16.1�20.0�17.9�12.5�11.2�6.6��pH�pH units�8.1�8.1�8.1�8.1�8.3�8.1�8.0�8.2�7.9�8.1�n/a�7.9��dissolved  O2�%�94�93�96�115�120�94�86�110�97�102�97�97��BOD�mg/l�1.8�1.6�1.5�1.5�1.5�1.7�1.3�1.2�1.8�2.0�n/a�1.6��Ammonia�mg/l�0.10�0.15�0.04�<0.03�<0.03�<0.03�<0.03�0.05�0.04�0.06�n/a�0.15��Nitrate�mg/l�6.7�7.4�6.2�5.3�5.4�5.2�3.6�4.2�3.6�5.3�n/a�6.8��Nitrite�mg/l�0.05�0.06�0.04�0.03�0.03�0.09�0.02�0.03�0.06�0.09�n/a�0.06��Phosphate�mg/l�0.30�0.53�0.46�0.19�0.24�0.77�0.86�0.56�0.52�0.42�n/a�0.18��

Blackmill Bridge (GR 174599)

Parameter�Units�Jan�Feb�Mar�Apr�May�Jun�Jul�Aug�Sept�Oct�Nov�Dec��Discharge�Cumecs��������������Temp�oC�7.5�5.6�10.7�12.1�17.5�13.4�16.2�20.5�18.0�12.7�11.6�7.0��pH�pH units�8.0�8.0�8.0�8.0�8.2�8.0�7.9�8.1�8.0�7.9�n/a�7.9��dissolved  O2�%�103�89�95�117�125�100�88�122�92�97�94�96��BOD�mg/l�5.5�2.2�1.8�1.7�2.0�1.6�1.8�1.5�1.6�2.6�n/a�2.1��Ammonia�mg/l�0.28�0.95�0.84�0.08�0.10�0.04�<0.03�0.05�0.07�0.40�n/a�0.14��Nitrate�mg/l�6.7�6.6�7.4�8.3�10.6�9.8�7.6�10.2�10.4�9.7�n/a�11.2��Nitrite�mg/l�0.54�0.80�0.36�0.12�0.11�0.09�0.02�0.03�0.06�0.18�n/a�0.11��Phosphate�mg/l�0.41�0.68�0.54�0.34�0.56�0.91�0.93�1.54�1.01�0.71�n/a�0.56��														        Source: The Environment Agency
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ANNOTATION

Dried sludge cake

Filter 

Filter bed

Methane gas

Pump

Raw sewage

River

Settlement tank

Sludge

Sludge digestion tank



























S



S



RS



S



MG



SDT



DSC



1      2       3       4       5       6       7       8       9       10       11       12       13       14



100%



50%



0%



GEP



ICC



GL



GL



L



L



CW



LWT



SML



HAPP



CCB



LCS



VERY GOOD



GOOD                    

      



FAIRLY GOOD



FAIR







POOR



 2.5










