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I. EXECUTIVE SUMMARY 

¢ƘŜ ǎǘǳŘȅ ǘƛǘƭŜŘ ά5ŜǘŜǊƳƛƴŀǘƛƻƴ ƻŦ ƛƳǇƻǊǘŀƴǘ ƘȅŘǊƻƭƻƎƛŎŀƭ ŦŜŀǘǳǊŜǎ ŦƻǊ hǊƻƪƭƛƴƛ [ŀƪŜέ ŎŀǊǊƛŜŘ ƻǳǘ 

under the 3-ȅŜŀǊ [LC9Ҍ ǇǊƻƧŜŎǘ ǘƛǘƭŜŘ άwŜǎǘƻǊŀǘƛƻƴ ŀƴŘ aŀƴŀƎŜƳŜƴǘ ƻŦ hǊƻƪƭƛƴƛ [ŀƪŜ {t! 

ό/¸сллллмлύ ƛƴ [ŀǊƴŀƪŀ /ȅǇǊǳǎέ ŀƴŘ ŦƻǊ .ƛǊŘ[ƛŦŜ /ȅǇǊǳǎΣ ōŜƛƴƎ ƻƴŜ ƻŦ ǘƘŜ ŦƛǾŜ ōŜƴŜŦƛŎƛŀǊƛŜǎ ƻŦ ǘƘƛǎ 

project, recommended that an analysis of the pressures within the catchment area that affect or 

could affect the quality of the surface runoff to the Lake should be performed. 

I.A.CO Environmental and Water Consultants Ltd has carried out this follow up analysis of pressures. 

This has been done through site surveys in order to a) identify, analyse and assess potential pressures 

on the surface and ground water quality, and b) identify the sources of water contributing to the low 

and consistent runoff observed during the summer months. An impact assessment has been made 

through risk analysis, water sampling and analysis, and a recommended set of management 

measures safeguarding water quality have been provided. 

The water content of the Oroklini Lake and its operation depend entirely on the surface runoff from a 

2,7km2 almost totally urbanized catchment area and on a minor contribution by rainfall falling 

directly on the lake and the surrounding areas, bringing the total extent of the catchment to 3,2km2. 

Runoff quantities have been estimated for a typical dry, average and a wet year, these being 0,265, 

0,342, and 0,469 million cubic meters respectively. The totally dry months are normally those of May 

to August except for the wet year when flow is absent only in July. 

Runoff to the Lake is both due to overland flow, though a heavily tampered stream, and flow from 

the storm-water network, the central and the western, with a 120 cm and 100 cm outlet respectively. 

The storm-water network was observed during flow to carry sediments and garbage most of which 

are held up by the reed beds in the marsh area. 

Storm-water originates also from the Paralimni ς Larnaca Highway as well as from the road crossing 

the Lake and connecting the coastal area to the Oroklini community. The polluting effect from this 

source and from an accidental spill of petrol and other chemicals is of some concern for the sensitive 

Oroklini Lake. The existing absence of sufficient runoff management conditions for the Highway and 

the public road have been further examined and recommendations have been made.  

For the existing Petrol Station it appears that proper steps and measures have been taken to prevent 

pollution from within the grounds of the Station. 

Local groundwater appears also to be a source of water to the Lake. Within the catchment there are 

no wells or boreholes bearing water indicating the very poor water bearing capacity of both the 

Athalassa and Nicosia Formations that make up the hydrogeological conditions in the upper half and 

the lower part of the catchment respectively. 

The subsurface horizons in the area are being replenished with a) good quality water partly by local 

rainfall and from the surface runoff, b) a quantity of imported water for domestic supplies which is 

lost, reported to be as high as 50% of the imported quantity (or up to 0,4 million cubic meters per 

year), through an aging and faulty domestic supply distribution network, and c) sewage water 

discharged through on-site septic cesspools at each house used in lieu of an absent sewage collection 

system, adding an estimated 70% of the used potable water ( or up to 0,271 million cubic meters per 

year).  
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Part of this groundwater is expected to rise in the area of the marsh, upstream the highway, and 

replenish the lake. In this area the dominating hydrogeological element is clay, marls and siltstones 

which form an impervious horizon to the downstream movement of groundwater.  

In analysing the pressures and impacts from within the catchment area, the potential point sources 

were spot checked and evaluated. These amount to seven restaurants, one dry-cleaner, a petrol 

station, the highway itself and the road from the coast to the village, an uncontrolled dump site in 

the southwestern part of the lake, and an uncontrolled storage site for petroleum and other chemical 

products on the south-eastern fringe of the catchment upstream of the highway. Thus, for the main 

point potential sources of pollution the following can be highlighted: 

Á Wastewater from restaurants differs from that of housing units by the Fats, Oils and Greases 

(FOGs) that result from kitchen waste. Sampling and analysis of runoff, always at the 

entrance of the culvert under the Highway, for Total Hydrocarbons and FOGs was made, 

which were found to be below the detection limit. Similarly the Total Petroleum 

Hydrocarbons (TPH) as for FOGs indicate a low concentration. 

Á The dry cleaning store was found to be equipped with modern dry cleaning machines that 

use a closed-loop system. This means high solvent recovery rates and reduced air pollution. 

The solvent used in the process is PERC (tetrachloroethylene). From the site visits performed, 

it seems that the dry cleaner management keeps all the precautions and terms set by the 

competent authorities. 

Á Of particular concern to the sensitive area of the Oroklini Lake has been the presence of the 

petrol station only a few meters away from the Lake. The measures taken regarding the 

disposal of runoff both of storm water as well as of any other chemical, oils and petrol, 

within the grounds of the Station, appear to safeguard the discharge of any of these to the 

Lake. Besides the screened gutter in the periphery of the station, and the low rim wall around 

the whole property, a screened gutter at the entrance to the Station prohibits any outflow of 

effluents from the Station to the road and the storm-water network. Additionally, a double 

wall of the underground storage facilities, an electrical detector of oil spills, special leakage 

infrastructure facilities, an oil/water separator and a vapor recovery unit, are in place. 

Á ! ƳŀƧƻǊ άǇƻƛƴǘ-ǎƻǳǊŎŜέ ƻŦ Ǉƻƭƭǳǘƛƻƴ ŘǳŜ ǘƻ ǘƘŜ ƘŜŀǾȅ ǘǊŀŦŦƛŎ ƛƴǾƻƭǾŜŘΣ ƛǎ ǘƘŜ ǎǘƻǊƳ ǊǳƴƻŦŦ ŦǊƻƳ 

the Paralimni ς Larnaca highway which crosses the stream that discharges to the lake area. 

Additionally, another source is the road connecting the coastal area to both the highway and 

the Oroklini Community and which crosses the lake itself. A potential source would also be a 

traffic accident of a vehicle carrying petrol and /or other chemicals. The sensitive wetland 

ecosystem of Oroklini Lake needs to be protected by minimizing the road and bridge-related 

impact risks by establishing protective measures to reduce the runoff of pollutants, through 

the use and proper maintenance of structural controls. 

Á At the south-western part of the catchment area of the Lake, exists an uncontrolled dump 

site, well before 2003, of various types of wastes. Runoff from the area flows through and 

directly into the Lake. 

Á At the south-eastern fringe of the water-divide of the catchment just north of the Highway, a 

site where petroleum, other chemicals and scrap metal are laid out in the open exists. From 
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this area a storm-water runoff ditch begins, enters the highway and ends up in the Lake. This 

site presents a threat to the Lake especially since the full type of products stored are not 

known. 

The pressures and impacts of the potential diffuse or non-point sources were evaluated, the main 

ones being:  

Á Agricultural practices, since these take up a substantial area (0,82 km2) within the catchment 

area. Data were requested and granted from public services as to the area and type of crops 

and, agrochemical products used. The parameters selected for the monitoring of the impact 

were TN and TP to represent the possible pollution from fertilizers. For the investigation of 

agrochemicals there must be a further survey with the specific farmers of the area. 

Á Except for a narrow strip of land at the coast (450 m wide) which is covered by the sewerage 

ƴŜǘǿƻǊƪ ƻŦ ά[ŀǊƴŀŎŀ {ŜǿŜǊŀƎŜ ŀƴŘ 5ǊŀƛƴŀƎŜ .ƻŀǊŘέΣ ǘƘŜ ǊŜǎǘ ƻŦ ǘƘŜ ŀǊŜŀ ǿƛǘƘƛƴ ǘƘŜ 

hǊƻƪƭƛƴƛΩǎ ŀŘƳƛƴƛǎǘǊŀǘƛǾŜ ōƻǳƴŘŀǊƛŜǎ ƛǎ ƴƻǘ ŎƻǾŜǊŜŘ ōȅ ŀ ǿŀǎǘŜ-water sewer system and all 

housing units drain their sewage waste into on-site septic systems. Although the area has a 

population equivalent (p.e.) of 11000 and should be served by a sewerage system, it is 

reported that this is included in the National Implementation Plan which is under 

preparation. For monitoring the impact of the urban area with no sewerage the parameters 

selected were BOD5, COD, TN, TP, TSS and E. Coli.  

Á Storm-water runoff from an urban environment washes pollutants off the roadways, parking 

lots, construction sites, roofs and lawns. These include gasoline, motor oil, heavy metals, 

polycyclic aromatic hydrocarbons (PAHs), sediments, organic contaminants, nutrients, 

pesticides etc., which may be harmful to receiving waters. Keeping pollutants out of storm-

water runoff is less expensive than installing storm-water treatment facilities. The Oroklini 

Community Council needs among other to consider control regulations of construction site 

erosion and stormςwater management in new developments, extension of present storm-

water network, incentives for household hazardous waste collections, oil recycling, limit the 

use of fertilizers pesticides and, cleaning roadways. 

The impact analysis has also been based on three samplings of the flow just upstream of the highway 

culvert made on the 3rd and 16th of April, with light rain the previous day, and on the wet 6th of May 

2014. 

Á The high TN concentrations on the 3rd and 16th April is due to application of fertilizer in spring 

on the cereal crops that surround the lake and are present in all the catchment area. On 

these samplings the BOD5 and COD levels were considerably low. 

Á The high Electrical Conductivity and Boron levels are mainly due to natural causes arising 

from the geological formations possibly associated with halite commonly associated with 

evaporate deposits. When rainfall occurs, as on the 6/5/2014, these are diluted considerably. 

Á Total Hydrocarbons (TH) and FOG levels are below the detection limits indicating little, if any, 

impact from the road network and traffic and restaurants and households, respectively.  

Á High levels of E. Coli after the rainfall events can be explained by fecal material, from a 

variety of animals (pets, livestock, and wildlife etc.), that are washed out into storm-water 
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following a rain event. The soil-aquifer treatment is expected to prevent E. Coli or BOD5 and 

COD reaching the stream from wastewater disposed into septic pits.  

Á The TP concentrations were below the analytical detection limits. The only detected amount 

is on the day that rainfall occurred, which could be due to fertilizers being washed out from 

the fields. 

The indications are that no urban wastewater leaks into the storm-water network. Any contribution 

of groundwater containing wastewater appearing as rising water at the marsh area is considered to 

have been undergone natural soil-aquifer treatment. The agriculture areas around the lake appear 

though to have an impact on the water ending up in the lake. 

The impacts to the lake from other point pollution sources such as the petrol station, the uncontrolled 

petroleum products junk-yard or the highway and adjacent road, cannot be identified by the 

monitoring carried out at the selected point of flow. 

Changes of the water regime associated with the lake could have a serious impact on it. Such 

changes could be: 

Á A storm-water network expansion to cover areas south of the Highway and disposing storm-

water beyond the Lake and depriving the flows to it. Any change should end upstream of the 

main culvert, which passes under the Highway, and any network developed for the built up 

area around the Lake should be a separate and independent of the one serving the 

catchment area providing water to the Lake. 

Á The establishment in the future of a sewage collection network and transfer of the 

wastewater for treatment outside the catchment area of Oroklini will reduce the quantity of 

water flowing to the Lake but at the same time it will decisively improve the quality of the 

surface water. Thus, it is suggested that, in this eventuality, a substantial quantity of tertiary 

treated effluent be requested to be returned to the area for irrigation or other uses so that 

the water resources available in the area are maintained. 

Á Any improvement of the water supply system, which is bound to be carried out, will reduce 

ǘƘŜ ǉǳŀƴǘƛǘȅ ƻŦ άǳƴŀŎŎƻǳƴǘŜŘέ ǿŀǘŜǊ ǘƘŀǘ ƛǎ ƭƻǎǘ ǘƻ ǘƘŜ ǳƴŘŜǊƎǊƻǳƴŘΦ ! ƴƻǊƳŀƭ ǇŜǊŎŜƴǘŀƎŜ ƻŦ 

άǳƴŀŎŎƻǳƴǘŜŘέ water would be of the order of 20 to 25%. Thus, any efforts towards reducing 

the loss of fresh water could amount to a reduction of the present replenishment by about 

half the quantity that is being lost today. This will have an impact on the present day water 

regime reducing the available water resources. 

Hydro-morphological changes also within the catchment could also have an impact such as: 

Á Stream reed beds dominated by the Common Reed (Phragmites Australia), cover a significant 

proportion of the area, and are maintained by the seasonal surface and the subsurface flows 

in the south part of the drainage area upstream of the Lake. These impound the stream 

corridor and impair the free flow of water into the lake and at peak flows might lead to the 

flooding of a wider area. A large quantity of reed biomass is removed using mechanical 

means, normally just before the rainy season. Although this facilitates the inflow into the 

lake their role as water purifiers in aquatic environments is diminished. Thus, the removal of 

reed beds should be made with extreme caution and only when deemed to be absolutely 

necessary. 
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Á A drainage stream channelization and concrete lining should be avoided considering the 

water purification potential of reed beds. The loss of reed beds and their ecosystem services 

will downgrade water quality and will undermine the ecosystem as a whole.  

Recommendations of pollution prevention control measures have been put forward for the Dry 

cleaner, the Restaurants, and for the agricultural practice: 

Á For the Dry cleaner, compliance to the environmental permit terms is required, no storage of 

large quantities of chemicals, solvent wastes and waste areas to be managed accordingly, 

and a hazardous waste contingency plan must be developed.  

Á For the Restaurants , among other, use of dry clean-up methods to remove FOGs, reduce 

water consumption, collect and send used grease to a licensed liquid industrial waste 

collector, ensure grease traps are in place, dumpsters used for garbage should be protected 

from rainwater to avoid unwanted substances from entering storm drains. 

Á For agriculture, the Code of Agricultural Practice should be adhered to as well as any 

restrictions on the quantity of fertilizers and their seasonal use. The same applies to any 

agrochemicals used. 

Managing the traffic pollution risk from the Highway and the public road crossing the lake received 

special attention. The protection system must cover both the regular storm-water runoff from the 

roadways reaching the stream that feeds the Lake and the event of an accidental spill of a pollutant 

after a truck or bowser accident. 

A simplified system is proposed in which storm-water from the highway and the public road as well 

runoff in the eventuality of an accidental spill, are made to enter a pipeline that transfers them 

downstream the Lake at the point of exit of the water to the stream that carries it to the sea avoiding 

thus the discharge into the Lake. 

Additionally, the systems involves a low wall at the rim and a crash barrier on or either side of the 

road. Traffic speed bumps will slow motor-vehicle traffic so that safety conditions are improved and 

traffic accidents next to the Lake are prevented. 

A Systematic Monitoring Program is proposed in order to control the potential sources of pollution. 

Sampling at the point of entrance of the box culvert under the Highway and at the outlet of the 

central storm-sewer will show the importance of the reed beds. 

The parameters that are proposed to be monitored and a monthly frequency at the start, and less 

intensive later have been indicated. An Occasional / Investigative Monitoring Program has also been 

proposed at a point under the bridge to be sampled during a rainfall event, at least twice a year in 

different seasons 

An Emergency Plan is needed for protecting the quality of the water flowing to, or stored in the Lake, 

from sudden unexpected, accidental occurrences of a spill either of petroleum products, other 

chemicals or sewage, due to a traffic accident involving a truck transporting such substances or due 

to other circumstances. No matter how remote or rare might this possibility be of happening, the 

Community and other stakeholders need to have a working Emergency Plan for such an eventuality.  
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Such an Emergency Operating Plan should identify the potential hazards, the emergency procedures, 

acquirement of the basic tools, training of staff and occasional drills, public campaigns, lists of 

emergency contacts and establishment of a chain of actions for situations of an emergency. 

The basic steps in responding to a spill, of a volume of a truck load or less, of an unwanted substance 

are: Stop the spill, Contain and recover the spill, Collect the contaminated sorbent and Secure the 

waste. 
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II.  ɞɣɬɞɤɞɫɬɢɣɠ ɩɞɪɢɤɠɰɠ 

ɶ ˃ʶ˂ʷˍʹ ˃ʶ ˍʾˍ˂ˇ ζʃˊˇˋʵʽˇˊʽˋ˃ˈˌ ˋʹ˃ʰ˄ˍʽˁ˗˄ ˎʵˊˇ˂ˇʴʽˁ˗˄ ˔ʰˊʰˁˍʹˊʽˋˍʽˁ˗˄ ʴʽʰ ˍʹ ˂ʾ˃˄ʹ ˍʹˌ 

ʁˊˈˁ˂ʽ˄ʹˌη ˉˇˎ ˉˊʰʴ˃ʰˍˇˉˇʽʺʻʹˁʶ ˁʱˍ˖ ʰˉˈ ˍˇ о-ʶˍʷˌ ˉˊˈʴˊʰ˃˃ʰ LIFEҌ ˃ʶ ˍʾˍ˂ˇ ζɮˉˇˁʰˍʱˋˍʰˋʹ 

ˁʰʽ ɲʽʰ˔ʶʾˊʽˋʹ ˍʹˌ ɵɳʃ ɽʾ˃˄ʹ ˍʹˌ ʁˊˈˁ˂ʽ˄ʹˌ όCYсллллмлύ ˋˍʹ ɽʱˊ˄ʰˁʰΣ ɼˏˉˊˇη ˁʰʽ ʴʽʰ ˍˇ˄ 

ʃˍʹ˄ˇ˂ˇʴʽˁˈ ʅˏ˄ʵʶˋ˃ˇˌ ɼˏˉˊˇˎΣ ˉˇˎ ʶʾ˄ʰʽ ʷ˄ʰˌ ʰˉˈ ˍˇˎˌ ˉʷ˄ˍʶ ʵʽˁʰʽˇˏ˔ˇˎˌ ʰˎˍˇˏ ˍˇˎ ʷˊʴˇˎΣ 

ˋˎ˄ʷˋˍʹˋʶ ˍʹ ʵʽʶ˅ʰʴ˖ʴʺ ˃ʶ˂ʷˍʹˌ ˁʰʽ ʰ˄ʱ˂ˎˋʹˌ ˍ˖˄ ˉʽʷˋʶ˖˄ ʶ˄ˍˈˌ ˍʹˌ ˉʶˊʽˇ˔ʺˌ ˍʹˌ ˂ʶˁʱ˄ʹˌ 

ʰˉˇˊˊˇʺˌ ˉˇˎ ʶˉʹˊʶʱʸˇˎ˄ ʺ ʻʰ ˃ˉˇˊˇˏˋʰ˄ ˄ʰ ʶˉʹˊʶʱˋˇˎ˄ ˍʹ˄ ˉˇʽˈˍʹˍʰ ˍʹˌ ʶˉʽ˒ʰ˄ʶʽʰˁʺˌ 

ʰˉˇˊˊˇʺˌ ˉˊˇˌ ˍʹ ˂ʾ˃˄ʹΦ 

ɶ I.A.CO ʅˏ˃ʲˇˎ˂ˇʽ ʃʶˊʽʲʱ˂˂ˇ˄ˍˇˌ ˁʰʽ ʇʵʱˍʽ˄˖˄ ʃˈˊ˖˄ ɽˍʵΣ ʶˁˉˈ˄ʹˋʶ ʰˎˍʺ ˍʹ ˃ʶ˂ʷˍʹ-ˋˎ˄ʷ˔ʶʽʰ 

ˍʹˌ ʰ˄ʱ˂ˎˋʹˌ ˍ˖˄ ˉʽʷˋʶ˖˄Φ ɮˎˍˈ ʷ˔ʶʽ ʴʾ˄ʶʽ ˃ʶ ʶˉʽˍˈˉʽʰ ʷˊʶˎ˄ʰ ˉˊˇˁʶʽ˃ʷ˄ˇˎΥ ʰύ ˄ʰ ˉˊˇˋʵʽˇˊʽˋˍˇˏ˄Σ 

ʰ˄ʰ˂ˎʻˇˏ˄ ˁʰʽ ʰ˅ʽˇ˂ˇʴʹʻˇˏ˄ ˉʽʻʰ˄ʷˌ ˉʽʷˋʶʽˌ ˋˍʹ˄ ˉˇʽˈˍʹˍʰ ˍ˖˄ ʶˉʽ˒ʰ˄ʶʽʰˁ˗˄ ˁʰʽ ˎˉˇʴʶʾ˖˄ 

ˎʵʱˍ˖˄Σ ˁʰʽ ʲύ ˄ʰ ˉˊˇˋʵʽˇˊʽˋˍˇˏ˄ ˇʽ ˉʹʴʷˌ ˄ʶˊˇˏ ˉˇˎ ˋˎ˃ʲʱ˂˂ˇˎ˄ ˋˍʹ ˔ʰ˃ʹ˂ʺ ʰ˂˂ʱ ˋˍʰʻʶˊʺ 

ʰˉˇˊˊˇʺ ˉˇˎ ˉʰˊʰˍʹˊʶʾˍʰʽ ˁʰˍʱ ˍʹ ʵʽʱˊˁʶʽʰ ˍ˖˄ ˁʰ˂ˇˁʰʽˊʽ˄˗˄ ˃ʹ˄˗˄Φ ɶ ʶˁˍʾ˃ʹˋʹ ˍ˖˄ 

ʶˉʽˉˍ˗ˋʶ˖˄ ʷ˔ʶʽ ʴʾ˄ʶʽ ˃ʷˋʰ ʰˉˈ ʰ˄ʱ˂ˎˋʹ ˁʽ˄ʵˏ˄ˇˎΣ ˁʰʽ ʵʶʽʴ˃ʰˍˇ˂ʹ˕ʾʰ ˄ʶˊˇˏ ˁʰʽ ʰ˄ʱ˂ˎˋʹΣ ˁʰʽ 

ˉˊˇˍʱʻʹˁʶ ˃ʽʰ ʵʷˋ˃ʹ ˃ʷˍˊ˖˄ ʵʽʰ˔ʶʾˊʽˋʹˌ ˁʰʽ ʵʽʰˋ˒ʱ˂ʽˋʹˌ ˍʹˌ ˉˇʽˈˍʹˍʰˌ ˍˇˎ ˄ʶˊˇˏΦ  

ɶ ˋˎ˂˂ˇʴʺ ˄ʶˊˇˏ ˍʹˌ ˂ʾ˃˄ʹˌ ʁˊˈˁ˂ʽ˄ʹˌ ˁʰʽ ʹ ˂ʶʽˍˇˎˊʴʾʰ ˍʹˌ ʶ˅ʰˊˍ˗˄ˍʰʽ ʶ˅ ˇ˂ˇˁ˂ʺˊˇˎ ʰˉˈ ˍʹ˄ 

ʶˉʽ˒ʰ˄ʶʽʰˁʺ ʰˉˇˊˊˇʺ ʰˉˈ ˃ʽʰΣ ˋ˔ʶʵˈ˄Σ ʶ˄ˍʶ˂˗ˌ ʰˋˍʽˁˇˉˇʽʹ˃ʷ˄ʹΣ ˂ʶˁʱ˄ʹ ʰˉˇˊˊˇʺˌ ʷˁˍʰˋʹˌ нΣ7 

km2, ˁʰʽ ʰˉˈ ˃ʽʰ ˃ʽˁˊʺ ˋˎ˃ʲˇ˂ʺ ʰˉˈ ʲˊˇ˔ˇˉˍ˗ˋʶʽˌ ˉˇˎ ˉʾˉˍˇˎ˄ ʱ˃ʶˋʰ ˋˍʹ˄ ʶˉʽ˒ʱ˄ʶʽʰ ˍʹˌ ˂ʾ˃˄ʹˌ 

ˁʰʽ ˍʽˌ ʴˏˊ˖ ˉʶˊʽˇ˔ʷˌΣ ʰ˄ʶʲʱʸˇ˄ˍʰˌ ˍʹ ˋˎ˄ˇ˂ʽˁʺ ʷˁˍʰˋʹ ˍʹˌ ˂ʶˁʱ˄ʹˌ ʰˉˇˊˊˇʺˌ ˋʶ оΣ2 km2. 

ʁʽ ˉˇˋˈˍʹˍʶˌ ʶˉʽ˒ʰ˄ʶʽʰˁʺˌ ʰˉˇˊˊˇʺˌ ʷ˔ˇˎ˄ ˎˉˇ˂ˇʴʽˋˍʶʾ ʴʽʰ ˃ʽʰ ˍˎˉʽˁʱ ˅ʹˊʺΣ ˃ʷˋˇˎ ˈˊˇˎ ˁʰʽ ˃ʽʰ 

ˎʴˊʺ ˔ˊˇ˄ʽʱΣ ˋʶ лΣнсрΣ лΣопн ˁʰʽ лΣпсф ʶˁʰˍˇ˃˃ˏˊʽʰ ˁˎʲʽˁʱ ˃ʷˍˊʰΣ ʰ˄ˍʾˋˍˇʽ˔ʰΦ ʁʽ ʶ˄ˍʶ˂˗ˌ ˅ʹˊˇʾ 

˃ʺ˄ʶˌ ʶʾ˄ʰʽ ˋˎ˄ʺʻ˖ˌ ʶˁʶʾ˄ˇʽ ˍˇˎ ɾʰˀˇˎ ˃ʷ˔ˊʽ ˁʰʽ ɮˎʴˇˏˋˍˇˎ ʶˁˍˈˌ ʰˉˈ ˍʹ˄ ˉʶˊʾˉˍ˖ˋʹ ˍʹˌ ˎʴˊʺˌ 

˔ˊˇ˄ʽʱˌ ˉˇˎ ʹ ˊˇʺ ʰˉˇˎˋʽʱʸʶʽ ˃ˈ˄ˇ ˍˇ˄ ɹˇˏ˂ʽˇΦ 

ɶ ʰˉˇˊˊˇʺ ˉˊˇˌ ˍʹ ˂ʾ˃˄ʹ ˉˊˇˁˏˉˍʶʽ ˍˈˋˇ ʰˉˈ ˔ʶˊˋʰʾʰ ˊˇʺ ʰˉˈ ʷ˄ʰ ʷ˄ˍˇ˄ʰ ʰ˂˂ʰʴ˃ʷ˄ˇ ˎʵʰˍˈˊʶ˃ʰΣ 

ˈˋˇ ˁʰʽ ʰˉˈ ˊˇʺ ʰˉˈ ˍˇ ʵʾˁˍˎˇ ˈ˃ʲˊʽ˖˄ ˎʵʱˍ˖˄Σ ˍˇ ˁʶ˄ˍˊʽˁˈ ˁʰʽ ˍˇ ʵˎˍʽˁˈΣ ˃ʶ ʰʴ˖ʴˇˏˌ ʵʽʰ˃ʷˍˊˇˎ 

120 cm, ˁʰʽ млл cm, ʰ˄ˍʾˋˍˇʽ˔ʰΦ ʆˇ ʵʾˁˍˎˇ ˋˎ˂˂ˇʴʺˌ ˈ˃ʲˊʽ˖˄ ˎʵʱˍ˖˄ ˉʰˊʰˍʹˊʺʻʹˁʶΣ ˋʶ ˋˎ˄ʻʺˁʶˌ 

ˊˇʺˌΣ ˄ʰ ˃ʶˍʰ˒ʷˊʶʽ ʽʸʺ˃ʰˍʰ ˁʰʽ ˋˁˇˎˉʾʵʽʰ ˉˇˎΣ ˍʰ ˉʶˊʽˋˋˈˍʶˊʰΣ ˁʰˍʰˁˊʰˍˇˏ˄ˍʰʽ ʰˉˈ ˍʹ ʲ˂ʱˋˍʹˋʹ 

ό˄ʶˊˇˁʱ˂ʰ˃ʰύ ˋˍʹ˄ ˉʶˊʽˇ˔ʺ ˍˇˎ ʷ˂ˇˎˌΦ 

ʄˇʺ ˈ˃ʲˊʽ˖˄ ˄ʶˊ˗˄ ˉˊˇʷˊ˔ʶˍʰʽ ʶˉʾˋʹˌ ʰˉˈ ˍˇ˄ ʰˎˍˇˁʽ˄ʹˍˈʵˊˇ˃ˇ ʃʰˊʰ˂ʽ˃˄ʾˇˎ ς ɽʱˊ˄ʰˁʰˌ ˁʰʻ˗ˌ 

ˁʰʽ ʰˉˈ ˍˇ ʵʹ˃ˈˋʽˇ ʵˊˈ˃ˇ ˉˇˎ ʵʽʷˊ˔ʶˍʰʽ ˍʹˌ ˂ʾ˃˄ʹˌ ˁʰʽ ˋˎ˄ʵʷʶʽ ˍʹ˄ ˉʰˊʰ˂ʽʰˁʺ ˉʶˊʽˇ˔ʺ ˃ʶ ˍʹ˄ 

ɼˇʽ˄ˈˍʹˍʰ ˍʹˌ ʁˊˈˁ˂ʽ˄ʹˌΦ ɶ ˊˎˉˇʴˈ˄ʰ ʶˉʾʵˊʰˋʹΣ ʰˉˈ ʰˎˍʷˌ ˍʽˌ ˉʹʴʷˌ ˁʰʽ ˍˇ ʶ˄ʵʶ˔ˈ˃ʶ˄ˇ ˃ʽʰˌ 

ˍˎ˔ʰʾʰˌ ʵʽʰˊˊˇʺˌ ˉʶˍˊʶ˂ʰʽˇʶʽʵ˗˄ ˁʰʽ ʱ˂˂˖˄ ˔ʹ˃ʽˁ˗˄ ˇˎˋʽ˗˄ ˋʶ ˉʶˊʾˉˍ˖ˋʹ ʰˍˎ˔ʺ˃ʰˍˇˌ ʶʾ˄ʰʽ 

ʰ˄ʹˋˎ˔ʹˍʽˁʺ ʴʽʰ ˍʹ˄ ʶˎʰʾˋʻʹˍʹ ˂ʾ˃˄ʹ ˍʹˌ ʁˊˈˁ˂ʽ˄ʹˌΦ ɶ ˋʹ˃ʶˊʽ˄ʺ ʷ˂˂ʶʽ˕ʹ ʶˉʰˊˁˇˏˌ ʵʽʰ˔ʶʾˊʽˋʹˌ ˍʹˌ 

ʰˉˇˊˊˇʺˌ ʰˉˈ ˍˇ˄ ʰˎˍˇˁʽ˄ʹˍˈʵˊˇ˃ˇ ˁʰʽ ˍˇ˄ ʵʹ˃ˈˋʽˇ ʵˊˈ˃ˇ ʶ˅ʶˍʱˋˍʹˁʰ˄ ˉʶˊʰʽˍʷˊ˖ ˁʰʽ ʴʾ˄ˇ˄ˍʰʽ ˇʽ 

ˋ˔ʶˍʽˁʷˌ ˋˎˋˍʱˋʶʽˌΦ 

ɱ̔ ʰ ˍˇ ˎ˒ʽˋˍʱ˃ʶ˄ˇ ʃˊʰˍʺˊʽˇ ʃʶˍˊʶ˂ʰʽˇʶʽʵ˗˄ ˒ʰʾ˄ʶˍʰʽ ˈˍʽ ʷ˔ˇˎ˄ ʴʾ˄ʶʽ ˍʰ ʰ˄ʰʴˁʰʾʰ ʲʺ˃ʰˍʰ ˁʰʽ 

˂ʹ˒ʻʶʾ ˍʰ ˁʰˍʱ˂˂ʹ˂ʰ ˃ʷˍˊʰ ʴʽʰ ˍʹ˄ ˉˊˈ˂ʹ˕ʹ ˊˏˉʰ˄ˋʹˌ ʰˉˈ ˍˇˎˌ ˔˗ˊˇˎˌ ʶ˄ˍˈˌ ˍˇˎ ˋˍʰʻ˃ˇˏΦ 

ʆˇˉʽˁʺ ˎˉˈʴʶʽʰ ˎʵˊˇ˒ˇˊʾʰ ˒ʰʾ˄ʶˍʰʽ ʶˉʾˋʹˌ ˄ʰ ʰˉˇˍʶ˂ʶʾ ʰˁˈ˃ʹ ˃ʽʰΣ ʷˋˍ˖ ˃ʽˁˊʺΣ ˉʹʴʺ ˄ʶˊˇˏ ˍʹˌ 

˂ʾ˃˄ʹˌΦ ʅˍʹ ˂ʶˁʱ˄ʹ ʰˉˇˊˊˇʺˌ ʵʶ˄ ˎˉʱˊ˔ˇˎ˄ ˉʹʴʱʵʽʰ ʺ ʴʶ˖ˍˊʺˋʶʽˌ ˃ʶ ˎʵˊˇ˒ˇˊʾʰΣ ˁʱˍʽ ˉˇˎ ʵʶʾ˔˄ʶʽ 
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ˍʹ˄ ˉˇ˂ˏ ˉˍ˖˔ʺ ˎʵˊˇ˒ˇˊʾʰ ˍ˖˄ ʅ˔ʹ˃ʰˍʽˋ˃˗˄ ɮʻʰ˂ʱˋˋʰˌ ˁʰʽ ɽʶˎˁ˖ˋʾʰˌ ˉˇˎ ˋˎ˄ʻʷˍˇˎ˄ ˍʽˌ 

ˎʵˊˇʴʶ˖˂ˇʴʽˁʷˌ ˋˎ˄ʻʺˁʶˌ ˋˍˇ ʱ˄˖ ʺ˃ʽˋˎ ˁʰʽ ˋˍˇ ˁʱˍ˖ ˃ʷˊˇˌ ˍʹˌ ˂ʶˁʱ˄ʹˌ ʰˉˇˊˊˇʺˌΣ ʰ˄ˍʾˋˍˇʽ˔ʰΦ 

ʁʽ ˎˉˈʴʶʽˇʽ ˇˊʾʸˇ˄ˍʶˌ ˋˍʹ˄ ˉʶˊʽˇ˔ʺ ʰ˄ʰˉ˂ʹˊ˗˄ˇ˄ˍʰʽ ˃ʶΥ ʰύ ˁʰ˂ʺˌ ˉˇʽˈˍʹˍʰˌ ˄ʶˊˈΣ ʰˉˈ ˍʹ˄ ˍˇˉʽˁʺ 

ʲˊˇ˔ˈˉˍ˖ˋʹ ˁʰʽ ʰˉˈ ˍʹ˄ ʶˉʽ˒ʰ˄ʶʽʰˁʺ ʰˉˇˊˊˇʺΣ ʲύ ʰˉˈ ˃ʽʰ ˉˇˋˈˍʹˍʰ ˍˇˎ ʶʽˋʰʴˈ˃ʶ˄ˇˎ ʴʽʰ 

ˎʵˊʶˎˍʽˁˇˏˌ ˋˁˇˉˇˏˌ ˄ʶˊˇˏ ˉˇˎ ˔ʱ˄ʶˍʰʽ ʰˉˈ ˍˇ ˉʶˉʰ˂ʰʽ˖˃ʷ˄ˇ ʺ ˁʰʽ ʶ˂ʰˍˍ˖˃ʰˍʽˁˈ ʵʾˁˍˎˇ 

ʵʽʰ˄ˇ˃ʺˌΣ ˁʰʽ ˉˇˎ ˒ʷˊʶˍʰʽ ˄ʰ ʶʾ˄ʰʽ ˍˇ рл҈ ˍ˖˄ ʶʽˋʰʴˈ˃ʶ˄˖˄ ˉˇˋˇˍʺˍ˖˄ όʺ ˃ʷ˔ˊʽ лΣп ʶˁʰˍˇ˃˃ˏˊʽʰ 

ˁˎʲʽˁʱ ˃ʷˍˊʰ ʶˍʺˋʽʰύΣ ˁʰʽ ʴύ ʰˉˈ ˂ˏ˃ʰˍʰ ˉˇˎ ʰˉˇˊˊʾˉˍˇ˄ˍʰʽ ˋʶ ˋʹˉˍʽˁˇˏˌ ʲˈʻˊˇˎˌ ˋʶ ˁʱʻʶ ˋˉʾˍʽΣ 

˂ˈʴ˖ ˍʹˌ ʰˉˇˎˋʾʰˌ ˋˎˋˍʺ˃ʰˍˇˌ ˋˎ˂˂ˇʴʺˌ ˂ˎ˃ʱˍ˖˄Σ ˉˊˇˋʻʷˍˇ˄ˍʰˌ ˉʶˊʾˉˇˎ ˍˇ тл҈ ˍˇˎ ˉˈˋʽ˃ˇˎ 

˄ʶˊˇˏ ˉˇˎ ˔ˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽΣ ʺ ˃ʷ˔ˊʽ лΣнтм ʶˁʰˍˇ˃˃ˏˊʽʰ ˁˎʲʽˁʱ ˃ʷˍˊʰ ʶˍʺˋʽʰΦ 

ɾʷˊˇˌ ʰˎˍˇˏ ˍˇˎ ˎˉˈʴʶʽˇˎ ˄ʶˊˇˏ ʰ˄ʰ˃ʷ˄ʶˍʰʽ ˄ʰ ʰ˄ʰʲ˂ˏʸʶʽ ˋˍʹ˄ ˉʶˊʽˇ˔ʺ ˍˇˎ ʷ˂ˇˎˌ ʰ˄ʱ˄ˍʹ ˍˇˎ 

ʰˎˍˇˁʽ˄ʹˍˈʵˊˇ˃ˇˎΣ ˁʰʽ ˄ʰ ʶ˄ʽˋ˔ˏʶʽ ˍʹ ˂ʾ˃˄ʹΦ ʅʶ ʰˎˍʺ ˍʹ˄ ˉʶˊʽˇ˔ʺ ˍˇ ˁˎˊʾʰˊ˔ˇ ˎʵˊˇʴʶ˖˂ˇʴʽˁˈ 

ˋˍˇʽ˔ʶʾˇ ʶʾ˄ʰʽ ˇ ʱˊʴʽ˂ˇˌΣ ˃ʱˊʴʶˌ ˁʰʽ ʽ˂ˎˈ˂ʽʻˇʽ ˉˇˎ ʰˉˇˍʶ˂ˇˏ˄ ʷ˄ʰ ʰʵʽʰˉʷˊʰˋˍˇ ˇˊʾʸˇ˄ˍʰ ʴʽʰ ˍʹ˄ 

ˉˊˇˌ ˁʰˍʱ˄ˍʹ ˁˎˁ˂ˇ˒ˇˊʾʰ ˍ˖˄ ˎˉˈʴʶʽ˖˄ ˎʵʱˍ˖˄Φ 

ʅˍʹ˄ ʰ˄ʱ˂ˎˋʹ ˍ˖˄ ˉʽʷˋʶ˖˄ ˁʰʽ ʶˉʽˉˍ˗ˋʶ˖˄ ʰˉˈ ˋʹ˃ʶʽʰˁʷˌ ˉʹʴʷˌ ʶ˄ˍˈˌ ˍʹˌ ˎʵˊˇ˂ˇʴʽˁʺˌ ˂ʶˁʱ˄ʹˌΣ ˇʽ 

ˉʽʻʰ˄ʷˌ ˉʹʴʷˌ ʶ˂ʷʴ˔ʻʹˁʰ˄ ˃ʽʰ ˉˊˇˌ ˃ʾʰ ˁʰʽ ʰ˅ʽˇ˂ˇʴʺʻʹˁʰ˄Φ ɮˎˍʷˌ ˉˊˈˁʶʽˍʰʽ ʴʽʰ ʶˉˍʱ ʶˋˍʽʰˍˈˊʽʰΣ 

ʷ˄ʰ ˋˍʶʴ˄ˇˁʰʻʰˊʽˋˍʺˊʽˇΣ ʷ˄ʰ ˉˊʰˍʺˊʽˇ ʲʶ˄ʸʾ˄ʹˌΣ ˍˇ˄ ʰˎˍˇˁʽ˄ʹˍˈʵˊˇ˃ˇΣ ˁʰʽ ˍˇ˄ ʵˊˈ˃ˇ ʰˉˈ ˍʹ˄ ʰˁˍʺ 

ˉˊˇˌ ˍʹ˄ ˁˇʽ˄ˈˍʹˍʰΣ ʷ˄ʰ ˔˗ˊˇ ʰ˄ʶ˅ʷ˂ʶʴˁˍʹˌ ʵʽʱʻʶˋʹˌ ʰˉˇʲ˂ʺˍ˖˄ ˋˍˇ ˄ˇˍʽˇʵˎˍʽˁˈ ˍ˃ʺ˃ʰ ˍʹˌ ˂ʾ˃˄ʹˌΣ 

ˁʰʻ˗ˌ ˁʰʽ ʷ˄ʰ ˔˗ˊˇ ʰ˄ʶ˅ʷ˂ʶʴˁˍʹˌ ʰˉˇʻʺˁʶˎˋʹˌ ʶʽʵ˗˄ ˉʶˍˊʶ˂ʰʾˇˎ ˁʰʽ ʱ˂˂˖˄ ˔ʹ˃ʽˁ˗˄ ˉˊˇʿˈ˄ˍ˖˄ 

ˋˍˇ ˄ˈˍʽˇ-ʰ˄ʰˍˇ˂ʽˁˈ ˉʶˊʽʻ˗ˊʽˇ ˍʹˌ ˂ʶˁʱ˄ʹˌ ʰˉˇˊˊˇʺˌ ʰ˄ʱ˄ˍʹ ˍˇˎ ʰˎˍˇˁʽ˄ʹˍˈʵˊˇ˃ˇˎΦ ɴˍˋʽΣ ʴʽʰ ˍʽˌ 

ˁˏˊʽʶˌ ˋʹ˃ʶʽʰˁʷˌ ʵˎ˄ʹˍʽˁʷˌ ˉʹʴʷˌ ˊˏˉʰ˄ˋʹˌ ˍʰ ʰˁˈ˂ˇˎʻʰ ˃ˉˇˊʶʾ ˄ʰ ʶˉʽˋʹ˃ʰ˄ʻˇˏ˄Υ 

Á ʆʰ ˂ˏ˃ʰˍʰ ʰˉˈ ʶˋˍʽʰˍˈˊʽʰ ʵʽʰ˒ʷˊˇˎ˄ ʰˉˈ ʶˁʶʾ˄ʰ ˍ˖˄ ˇʽˁʽˋˍʽˁ˗˄ ˃ˇ˄ʱʵ˖˄ ˂ˈʴ˖ ˍʹˌ 

ˉʶˊʽʶˁˍʽˁˈˍʹˍʱˌ ˍˇˎˌ ˋʶ ˂ʾˉʹΣ ˂ʱʵʽʰ ˁʰʽ ʱ˂˂ʰ ˂ʽˉʰ˄ˍʽˁʱ ˉˇˎ ˉˊˇˁˏˉˍˇˎ˄ ʰˉˈ ˍʰ ʰˉˈʲ˂ʹˍʰ 

ˍ˖˄ ˁˇˎʸʽ˄˗˄Φ ɲʶʽʴ˃ʰˍˇ˂ʹ˕ʾʰ ˁʰʽ ʰ˄ʱ˂ˎˋʹ ˍ˖˄ ʰˉˇˊˊˇ˗˄Σ ˉʱ˄ˍʰ ˋˍʹ˄ ʶʾˋˇʵˇ ˍˇ ˇ˔ʶˍˇˏ 

ˁʱˍ˖ ʰˉˈ ˍˇ˄ ʰˎˍˇˁʽ˄ʹˍˈʵˊˇ˃ˇΣ ʷʵʶʽ˅ʶ ˍˇˎˌ ʁ˂ʽˁˇˏˌ ʇʵˊˇʴˇ˄ʱ˄ʻˊʰˁʶˌ ˁʰʽ ɽʾˉʹ ˁʰʽ ɴ˂ʰʽʰ 

(FOGύ ˄ʰ ʶʾ˄ʰʽ ˁʱˍ˖ ʰˉˈ ˍˇ ˈˊʽˇ ʰ˄ʾ˔˄ʶˎˋʹˌΦ ʁ˃ˇʾ˖ˌ ˇʽ ʁ˂ʽˁˇʾ ʃʶˍˊʶ˂ʰʿˁˇʾ 

ʇʵˊˇʴˇ˄ʱ˄ʻˊʰˁʶˌ όTPHύ ˁʰʻ˗ˌ ˁʰʽ ˍʰ FOG ɻ ʶʾ˔˄ˇˎ˄ ˔ʰ˃ʹ˂ʺ ˋˎʴˁʷ˄ˍˊ˖ˋʹΦ 

Á ʆˇ ˋˍʶʴ˄ˇˁʰʻʰˊʽˋˍʺˊʽˇ ʶʾ˄ʰʽ ʶ˅ˇˉ˂ʽˋ˃ʷ˄ˇ ˃ʶ ˋˏʴ˔ˊˇ˄ʶˌ ˃ʹ˔ʰ˄ʷˌ ˋˍʶʴ˄ˇˏ ˁʰʻʰˊʽˋ˃ˇˏ ˉˇˎ 

˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ ʷ˄ʰ ˁ˂ʶʽˋˍˈ ˋˏˋˍʹ˃ʰ ˂ʶʽˍˇˎˊʴʾʰˌ όclosed loop systemύΦ ɮˎˍˈ ˋʹ˃ʰʾ˄ʶʽ ˍʽ˃ʷˌ 

ˎ˕ʹ˂ʺˌ ʰ˄ʱˁˍʹˋʹˌ ʵʽʰ˂ˎˍ˗˄ όsolventsύ ˁʰʽ ˃ʶʽ˖˃ʷ˄ʹ ˊˏˉʰ˄ˋʹ ˍˇˎ ʰʷˊʰΦ ʁ ʵʽʰ˂ˏˍʹˌ ˉˇˎ 

˔ˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ˋˍʹ ʵʽʰʵʽˁʰˋʾʰ ʶʾ˄ʰʽ ˍˇ PERC όʆʶˍˊʰ˔˂˖ˊˇʰʽʻˎ˂ʷ˄ʽˇύΦ  

Á ɶ ˉʰˊˇˎˋʾʰ ˍˇˎ ˉˊʰˍʺˊʽˇˎ ˉʶˍˊʶ˂ʰʽˇʶʽʵ˗˄ ˃ˈ˄ˇ ˂ʾʴʰ ˃ʷˍˊʰ ˃ʰˁˊʽʱ ʰˉˈ ˍʹ ˂ʾ˃˄ʹ ˉˊˇˁʰ˂ʶʾ 

ʽʵʽʰʾˍʶˊʹ ʰ˄ʹˋˎ˔ʾʰ ʴʽʰ ˍʹ˄ ʶˎʰʾˋʻʹˍʹ ˉʶˊʽˇ˔ʺ ˍʹˌ ˂ʾ˃˄ʹˌ ˍʹˌ ʁˊˈˁ˂ʽ˄ʹˌΦ ʆʰ ˃ʷˍˊʰ ˉˇˎ 

ʶ˂ ʺ˒ʻʹˋʰ˄ ˋ˔ʶˍʽˁʱ ˃ʶ ˍʹ ʵʽʱʻʶˋʹ ˍʹˌ ʰˉˇˊˊˇʺˌ ˍˈˋˇ ʰˉˈ ˈ˃ʲˊʽʰ ˈˋˇ ˁʰʽ ʰˉˈ 

ˇˉˇʽʰʵʺˉˇˍʶ ʱ˂˂ʰ ˔ʹ˃ʽˁʱΣ ʷ˂ʰʽʰ ˁʰʽ ˉʶˍˊʶ˂ʰʽˇʶʽʵʺΣ ʶ˄ˍˈˌ ˍ˖˄ ˔˗ˊ˖˄ ˍˇˎ ˉˊʰˍʹˊʾˇˎΣ 

˒ʰʾ˄ʶˍʰʽ ˄ʰ ʶ˅ʰˋ˒ʰ˂ʾʸˇˎ˄ ˍʹ˄ ʰˉˇ˒ˎʴʺ ʵʽʰˊˊˇʺˌ ˇˉˇʽ˖˄ʵʺˉˇˍʶ ʰˉˈ ʰˎˍʱ ˋˍʹ ˂ʾ˃˄ʹΦ 

ɳˉʽˉ˂ʷˇ˄ ˋˍˇ ˉˊʰˍʺˊʽˇ ˎˉʱˊ˔ˇˎ˄Σ ʵʽˉ˂ʱ ˍˇʽ˔˗˃ʰˍʰ ˋˍʽˌ ˎˉˈʴʶʽʶˌ ʶʴˁʰˍʰˋˍʱˋʶʽˌ 

ʰˉˇʻʺˁʶˎˋʹˌΣ ʷ˄ʰˌ ʹ˂ʶˁˍˊʽˁˈˌ ʰ˄ʽ˔˄ʶˎˍʺˌ ˉʶˍˊʶ˂ʰʽˇˁʹ˂ʾʵʰˌΣ ʶʽʵʽˁʷˌ ʶʴˁʰˍʰˋˍʱˋʶʽˌ 

ˎˉˇʵˇ˃ʺˌ ʴʽʰ ʵʽʰˊˊˇʷˌΣ ʷ˄ʰˌ ʵʽʰ˔˖ˊʽˋˍʺˌ ʶ˂ʰʾˇˎκ˄ʶˊˇˏ ˁʰʽ ˃ʽʰ ˃ˇ˄ʱʵʰ ʰ˄ʱˁˍʹˋʹˌ ʰˍ˃˗˄Φ 

Á ɾʽʰ ˋʹ˃ʰ˄ˍʽˁʺ ζˋʹ˃ʶʽʰˁʺ ˉʹʴʺη ˃ˈ˂ˎ˄ˋʹˌ ˂ˈʴ˖ ˍʹˌ ˃ʶʴʱ˂ʹˌ ˍˊˇ˔ʰʾʰˌ ˁʾ˄ʹˋʹˌ ʶʾ˄ʰʽ ʹ 

ʰˉˇˊˊˇʺ ˈ˃ʲˊʽ˖˄ ʰˉˈ ˍˇ˄ ʰˎˍˇˁʽ˄ʹˍˈʵˊˇ˃ˇ ʃʰˊʰ˂ʽ˃˄ʾˇˎ ς ɽʱˊ˄ʰˁʰˌ ˉˇˎ ʵʽʷˊ˔ʶˍʰʽ 

ˎˉʶˊʱ˄˖ ˍˇˎ ˎʵʰˍˇˊʷ˃ʰˍˇˌ ˉˇˎ ˊʷʶʽ ˉˊˇˌ ˍʹ˄ ˉʶˊʽˇ˔ʺ ˍʹˌ ˂ʾ˃˄ʹˌΦ ɳˉʽˉ˂ʷˇ˄Σ ˃ʽʰ ʱ˂˂ʹ ˉʹʴʺ 
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ʶʾ˄ʰʽ ˇ ʵˊˈ˃ˇˌ ˉˇˎ ˋˎ˄ʵʷʶʽ ˍʹ˄ ˉʰˊʱˁˍʽʰ ˉʶˊʽˇ˔ʺ ˍˈˋˇ ˃ʶ ˍˇ˄ ʰˎˍˇˁʽ˄ʹˍˈʵˊˇ˃ˇ ˈˋˇ ˁʰʽ ˃ʶ 

ˍʹ˄ ɼˇʽ˄ˈˍʹˍʰ ˍʹˌ ʁˊˈˁ˂ʽ˄ʹˌ ˁʰʽ ˉˇˎ ʵʽʰˋ˔ʾʸʶʽ ˍʹ ɽʾ˃˄ʹΦ ɾʽʰ ˉʽʻʰ˄ʺ ˉʹʴʺ ˃ˉˇˊʶʾ ʶˉʾˋʹˌ ˄ʰ 

ʶʾ˄ʰʽ ʷ˄ʰ ˍˊˇ˔ʰʾˇ ʰˍˏ˔ʹ˃ʰ ˇ˔ʺ˃ʰˍˇˌ ˃ʶˍʰ˒ˇˊʱˌ ˉʶˍˊʶ˂ʰʽˇʶʽʵ˗˄Σ ˂ˎ˃ʱˍ˖˄ ˁʰʽκʺ ʱ˂˂˖˄ 

˔ʹ˃ʽˁ˗˄ ˇˎˋʽ˗˄Φ ʆˇ ʶˎʰʾˋʻʹˍˇ ˎʴˊˇˍˇˉʽˁˈ ˇʽˁˇˋˏˋˍʹ˃ʰ ˍʹˌ ˂ʾ˃˄ʹˌ ʁˊˈˁ˂ʽ˄ʹˌ ˉˊʷˉʶʽ ˄ʰ 

ˉˊˇˋˍʰˍʶˎˍʶʾ ʶ˂ʰ˔ʽˋˍˇˉˇʽ˗˄ˍʰˌ ˍˇˎˌ ˁʽ˄ʵˏ˄ˇˎˌ ˁʰʽ ʶˉʽˉˍ˗ˋʶʽˌ ˉˇˎ ˋ˔ʶˍʾʸˇ˄ˍʰʽ ˃ʶ ˍˇ˄ 

ʵˊˈ˃ˇ ˁʰʽ ˍʹ ʴʷ˒ˎˊʰ ˎˉʶˊʱ˄˖ ˍˇˎ ˎʵʰˍˇˊʷ˃ʰˍˇˌ ˃ʶ ˍʹ ʻʷˋˉʽˋʹ ˃ʷˍˊ˖˄ ˉˊˇˋˍʰˋʾʰˌ ʴʽʰ ˍʹ 

˃ʶʾ˖ˋʹ ˍʹˌ ʰˉˇˊˊˇʺˌ ˍ˖˄ ˊˏˉ˖˄Σ ˃ʷˋʰ ʰˉˈ ˍʹ ˔ˊʺˋʹ ˁʰʽ ˍʹ ˋ˖ˋˍʺ ˋˎ˄ˍʺˊʹˋʹ ˍ˖˄ ʵˇ˃ʽˁ˗˄ 

ʷˊʴ˖˄ ʶ˂ʷʴ˔ˇˎΦ 

Á ʅˍˇ ˄ˈˍʽˇ-ʵˎˍʽˁˈ ʰˁˊʰʾˇ ˍ˃ʺ˃ʰ ˍʹˌ ˂ʶˁʱ˄ʹˌ ʰˉˇˊˊˇʺˌ ˍʹˌ ˂ʾ˃˄ʹˌ ˎˉʱˊ˔ʶʽ ʷ˄ʰˌ ˔˗ˊˇˌ ˃ʹ 

ʶ˂ʶʴ˔ˈ˃ʶ˄ʹˌ ʰˉˈˊˊʽ˕ʹˌ ʵʽʰ˒ˈˊ˖˄ ˍˏˉ˖˄ ʰˉˇʲ˂ʺˍ˖˄Σ ʰˊˁʶˍʱ ˄˖ˊʾˍʶˊʰ ʰˉˈ ˍˇ нллоΦ 

ɮˉˇˊˊˇʺ ʰˉˈ ˍʹ˄ ˉʶˊʽˇ˔ʺ ʰˎˍʺ ʵʽʷˊ˔ʶˍʰʽ ˍʹˌ ˉʶˊʽˇ˔ʺˌ h ˎˍʺˌΣ ˁʰʽ ˊʷʶʽ ʱ˃ʶˋʰ ˉˊˇˌ ˍʹ ˂ʾ˃˄ʹΦ 

Á ʅˍʹ ˄ˇˍʽˇ-ʰ˄ʰˍˇ˂ʽˁʺ ˉʰˊˎ˒ʺ ˍˇˎ ˎʵˊˇˁˊʾˍʹ ˍʹˌ ˂ʶˁʱ˄ʹˌ ʰˉˇˊˊˇʺˌΣ ʰˁˊʽʲ˗ˌ ʲˈˊʶʽʰ ˍˇˎ 

ʰˎˍˇˁʽ˄ʹˍˈʵˊˇ˃ˇˎ ʃʰˊʰ˂ʽ˃˄ʾˇˎ ς ɽʱˊ˄ʰˁʰˌΣ ˎˉʱˊ˔ʶʽ ʷ˄ʰˌ ˔˗ˊˇˌ ˎˉʰʾʻˊʽʰˌ ʰˉˇʻʺˁʶˎˋʹˌ 

ʶʽʵ˗˄ ˉʶˍˊʶ˂ʰʾˇˎΣ ʱ˂˂˖˄ ˔ʹ˃ʽˁ˗˄ ˇˎˋʽ˗˄Σ ˉʰ˂ʽˇˋʾʵʶˊ˖˄ ˁʰʽ ˃ʹ˔ʰ˄ʹ˃ʱˍ˖˄Φ ɮˉˈ ʰˎˍʺ ˍʹ˄ 

ˉʶˊʽˇ˔ʺ ˅ʶˁʽ˄ʱ ʷ˄ʰ ʰˎ˂ʱˁʽ ʰˉˇˊˊˇʺˌ ˈ˃ʲˊʽ˖˄ ˎʵʱˍ˖˄ ˉˇˎ ʶʽˋʷˊ˔ʶˍʰʽ ˁʰʽ ʰˁˇ˂ˇˎʻʶʾ ˁʰˍʱ 

˃ʺˁˇˌ ˍˇ˄ ʰˎˍˇˁʽ˄ʹˍˈʵˊˇ˃ˇ ˁʰʽ ˁʰˍʰ˂ʺʴʶʽ ˋˍʹ ˂ʾ˃˄ʹΦ ɮˎˍˈˌ ˇ ˔˗ˊˇˌ ʰˉˇˍʶ˂ʶʾ ˃ʽʰ ʰˉʶʽ˂ʺ 

ʴʽʰ ˍʹ ˂ʾ˃˄ʹ ʽʵʽʰʾˍʶˊʰ ʴʽʰˍʾ ˍʰ ʰˉˇʻʹˁʶˎ˃ʷ˄ʰ ˎ˂ʽˁʱ ˁʰʽ ˍˏˉˇʽ ˍ˖˄ ˉˊˇʿˈ˄ˍ˖˄ ʵʶ˄ ʶʾ˄ʰʽ 

ʴ˄˖ˋˍʱΦ  

ʁʽ ˉʽʷˋʶʽˌ ˁʰʽ ˇʽ ʶˉʽˉˍ˗ˋʶʽˌ ˍ˖˄ ʵˎ˄ʹˍʽˁ˗˄ ʵʽʱ˔ˎˍ˖˄ ʺ ˃ʹ ˋʹ˃ʶʽʰˁ˗˄ ˉʹʴ˗˄ ʰ˅ʽˇ˂ˇʴʺʻʹˁʰ˄Σ ˇʽ 

ˁˎˊʽˈˍʶˊʶˌ ˍ˖˄ ˇˉˇʾ˖˄ ʶʾ˄ʰʽΥ 

¶ ɶ ɹʁ ˖ˊʴʾʰΣ ʵʶʵˇ˃ʷ˄ˇˎ ˈˍʽ ʰˎˍʺ ˁʰˍʰ˂ʰ˃ʲʱ˄ʶʽ ˃ʽʰ ˋʹ˃ʰ˄ˍʽˁʺ ʷˁˍʰˋʹ όлΣун km2ύ ˍʹˌ ˂ʶˁʱ˄ʹˌ 

ʰˉˇˊˊˇʺˌΦ ɴ˔ˇˎ˄ ʸʹˍʹʻʶʾ ˁʰʽ ˉʰˊʰ˔˖ˊʹʻʶʾ ˋˍˇʽ˔ʶʾʰ ʰˉˈ ɲʹ˃ˈˋʽʶˌ ʇˉʹˊʶˋʾʶˌΣ ʰ˄ʰ˒ˇˊʽˁʱ 

˃ʶ ˍʹ˄ ʷˁˍʰˋʹ ˁʰʽ ˍˇ ʶʾʵˇˌ ˍ˖˄ ˁʰ˂˂ʽʶˊʴʶʽ˗˄ ˁʰʽΣ ˍ˖˄ ʰʴˊˇ˔ʹ˃ʽˁ˗˄  ˉˊˇʿˈ˄ˍ˖˄ ˉˇˎ 

˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ˍʰʽΦ ʁʽ ˉʰˊʱ˃ʶˍˊˇʽ ˉˇˎ ʶˉʶ˂ʷʴʹˋʰ˄ ʴʽʰ ˍʹ˄ ˉʰˊʰˁˇ˂ˇˏʻʹˋʹ ˍ˖˄ 

ʶˉʽˉˍ˗ˋʶ˖˄ ʺˍʰ˄ ˇʽ ¢b ˁʰʽ ¢tΣ ʴʽʰ ʵʽʶˊʶˏ˄ʹˋʹ ˍʹˌ ˉʽʻʰ˄ʺˌ ˊˏˉʰ˄ˋʹˌ ʰˉˈ ˂ʽˉʱˋ˃ʰˍʰΦ ɱʽʰ 

ˍʹ ʵʽʶˊʶˏ˄ʹˋʹ ˍ˖˄ ʰʴˊˇ˔ʹ˃ʽˁ˗˄ ˋˍʹ˄ ˉʶˊʽˇ˔ʺΣ ʻʰ ˉˊʷˉʶʽ ˄ʰ ˎˉʱˊ˅ʶʽ ˃ʽʰ ˉʶˊʰʽˍʷˊ˖ ʷˊʶˎ˄ʰ 

˃ʶ ˋˎʴˁʶˁˊʽ˃ʷ˄ˇˎˌ ʰʴˊˈˍʶˌ ˍʹˌ ˉʶˊʽˇ˔ʺˌ. 

¶ ɳˁˍˈˌ ʰˉˈ ˃ʽʰ ˋˍʶ˄ʺ ˂˖ˊʾʵʰ ʴʹˌ ˋˍʹ˄ ʰˁˍʺ όпрл ˃Φ ˉ˂ʱˍˇˌύΣ ˉˇˎ ˁʰ˂ˏˉˍʶˍʰʽ ʰˉˈ ˍˇ ʵʾˁˍˎˇ 

ʰˉˇ˔ʷˍʶˎˋʹˌ ˍˇˎ ζʅˎ˃ʲˇˎ˂ʾˇˎ ɮˉˇ˔ʶˍʶˏˋʶ˖˄ ɽʱˊ˄ʰˁʰˌηΣ ʹ ˎˉˈ˂ˇʽˉʹ ˉʶˊʽˇ˔ʺ ʶ˄ˍˈˌ ˍʹˌ 

ʵʽˇʽˁʹˍʽˁ˗˄ ˇˊʾ˖˄ ʁˊˈˁ˂ʽ˄ʹˌ ʵʶ˄ ˁʰ˂ˏˉˍʶˍʰʽ ʰˉˈ ˋˏˋˍʹ˃ʰ ʰˉˇ˔ʷˍʶˎˋʹˌ ˂ˎ˃ʱˍ˖˄ ˁʰʽ ˈ˂ʶˌ 

ˇʽ ʁʽˁʽʰˁʷˌ ˃ˇ˄ʱʵʶˌ ʰˉˇˊˊʾˉˍˇˎ˄ ˍʰ ˂ˏ˃ʰˍʰ ˍˇˎˌ ˋʶ ʶˉʾ ˍˈˉˇˎ ˋʹˉˍʽˁʱ ˋˎˋˍʺ˃ʰˍʰΦ ɮ˄ ˁʰʽ 

ʹ ˉʶˊʽˇ˔ʺ ʷ˔ʶʽ ʽˋˇʵˏ˄ʰ˃ˇ ˉ˂ʹʻˎˋ˃ˈ όʽΦˉΦύ ˏ˕ˇˎˌ ммΦллл ˁʰʽ ʻʰ ˉˊʷˉʶʽ ˄ʰ ʶ˅ˎˉʹˊʶˍʶʾˍʰʽ 

ʰˉˈ ʷ˄ʰ ʰˉˇ˔ʶˍʶˎˍʽˁˈ ˋˏˋˍʹ˃ʰΣ ʰˎˍˈ ʷ˔ʶʽ ʰ˄ʰ˒ʶˊʻʶʾ ˈˍʽ ˉʶˊʽ˂ʰ˃ʲʱ˄ʶˍʰʽ ˋˍˇ ɳʻ˄ʽˁˈ ʅ˔ʷʵʽˇ 

ʇ˂ˇˉˇʾʹˋʹˌ ˉˇˎ ʶʾ˄ʰʽ ˋˍˇ ˋˍʱʵʽˇ ˍʹˌ ˉˊˇʶˍˇʽ˃ʰˋʾʰˌ ˍˇˎΦ ɱʽʰ ˍʹ˄ ˉʰˊʰˁˇ˂ˇˏʻʹˋʹ ˍ˖˄ 

ʶˉʽˉˍ˗ˋʶ˖˄ ˍʹˌ ʰˋˍʽˁʺˌ ˉʶˊʽˇ˔ʺˌ ˔˖ˊʾˌ ʰˉˇ˔ʶˍʶˎˍʽˁˈ ˋˏˋˍʹ˃ʰ ˇʽ ˉʰˊʱ˃ʶˍˊˇʽ ˉˇˎ 

ʶˉʶ˂ʷʴʹˋʰ˄ ʺˍʰ˄ .h5рΣ /h5Σ ¢bΣ ¢tΣ ¢{{ ˁʰʽ ɳΦ /ƻƭƛΦ 

¶ ʁʽ ʰˉˇˊˊˇʷˌ ˈ˃ʲˊʽ˖˄ ˎʵʱˍ˖˄ ʰˉˈ ˍˇ ʰˋˍʽˁˈ ˉʶˊʽʲʱ˂˂ˇ˄ ˅ʶˉ˂ʷ˄ˇˎ˄ ˊˏˉˇˎˌ ʰˉˈ ʵˊˈ˃ˇˎˌΣ 

˔˗ˊˇˎˌ ˋˍʱʻ˃ʶˎˋʹˌΣ ʶˊʴˇˍʱ˅ʽʰΣ ˋˍʷʴʶˌ ˁʰʽ ˔˂ˇˇˍʱˉʹˍʶˌΦ ɮˎˍˇʾ ˇʽ ˊˏˉˇʽ ˉʶˊʽ˂ʰ˃ʲʱ˄ˇˎ˄ 

ʲʶ˄ʸʾ˄ʹΣ ˃ʹ˔ʰ˄ʷ˂ʰʽʰΣ ʲʰˊʷʰ ˃ʷˍʰ˂˂ʰΣ ˉˇ˂ˏ-ʰˊ˖˃ʰˍʽˁˇˏˌ ˎʵˊˇʴˇ˄ʱ˄ʻˊʰˁʶˌ όt!IύΣ ʽʸʺ˃ʰˍʰΣ 

ˇˊʴʰ˄ʽˁˇˏˌ ˊˎˉʰ˄ˍʷˌΣ ʻˊʶˉˍʽˁʷˌ ˇˎˋʾʶˌΣ ˒ˎˍˇ˒ʱˊ˃ʰˁʰ ˁΦ˂ˉΦΣ ˉˇˎ ˃ˉˇˊʶʾ ˄ʰ ʶʾ˄ʰʽ ʶˉʽʲ˂ʰʲʺ 

ˋˍʰ ˄ʶˊʱ ˉˇˎ ˁʰˍʰ˂ʺʴˇˎ˄Φ ɶ ʰˉˇ˒ˎʴʺ ˍ˖˄ ˊˏˉ˖˄ ʰˉˈ ˍʹ˄ ʰˉˇˊˊˇʺ ˍ˖˄ ˈ˃ʲˊʽ˖˄ ˎʵʱˍ˖˄ 

ʶʾ˄ʰʽ ˂ʽʴˈˍʶˊˇ ʵʰˉʰ˄ʹˊʺ ʰˉˈ ˍʹ˄ ʶʴˁʰˍʱˋˍʰˋʹ ˁˍʽˊʾ˖˄κˎˉʹˊʶˋʽ˗˄ ʶˉʶ˅ʶˊʴʰˋʾʰˌ ˈ˃ʲˊʽ˖˄ 

ˎʵʱˍ˖˄Φ ʆˇ ɼˇʽ˄ˇˍʽˁˈ ʅˎ˃ʲˇˏ˂ʽˇ ʁˊˈˁ˂ʽ˄ʹˌ ˉˊʷˉʶʽ ˃ʶˍʰ˅ˏ ʱ˂˂˖˄ ˄ʰ ʶ˅ʶˍʱˋʶʽ ˁʰ˄ˇ˄ʽˋ˃ˇˏˌ 
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I.A.CO ENVIRONMENTAL & WATER CONSULTANTS LTD   -  xv - 

ʶ˂ʷʴ˔ˇˎ ʶˊʴˇˍʰ˅ʾ˖˄ ʴʽʰ ˍʹ ʵʽʱʲˊ˖ˋʹ ˎ˂ʽˁ˗˄ ʰˉˈ ʰˎˍʱΣ ʶˉʷˁˍʰˋʹ ˍˇˎ ˉʰˊˈ˄ˍˇˌ ʵʽˁˍˏˇˎ 

ˈ˃ʲˊʽ˖˄ ˎʵʱˍ˖˄Σ ˁʾ˄ʹˍˊʰ ˋˎ˂˂ˇʴʺˌ ˇʽˁʽʰˁ˗˄ ʶˉʽˁʾ˄ʵˎ˄˖˄ ʰˉˇʲ˂ʺˍ˖˄Σ ʰ˄ʰˁˏˁ˂˖ˋʹ 

ʶ˂ʰʾ˖˄Σ ˉʶˊʽˇˊʽˋ˃ˈ ˋˍʹ ˔ˊʺˋʹ ˒ˎˍˇ˒ʰˊ˃ʱˁ˖˄ ˁʰʽ ˂ʽˉʰˋ˃ʱˍ˖˄ ˁʰʽΣ ˁʰʻʰˊʽˋ˃ˈ 

ˇʵˇˋˍˊ˖˃ʱˍ˖˄Φ 

ɶ ʰ˄ʱ˂ˎˋʹ ˍ˖˄ ʶˉʽˉˍ˗ˋʶ˖˄ όimpact analysisύ ˋˍʹˊʾ˔ʻʹˁʶ ʶˉʾˋʹˌ ˋʶ ˍˊʶʽˌ ʵʶʽʴ˃ʰˍˇ˂ʹ˕ʾʶˌ ˍʹˌ ˊˇʺˌ 

ˍˇˎ ˎʵʰˍˇˊʷ˃ʰˍˇˌ ʰˉˈ ˋʹ˃ʶʾˇ ˋˍʹ˄ ʶʾˋˇʵˇ ˍˇˎ ˇ˔ʶˍˇˏ ˉˇˎ ʲˊʾˋˁʶˍʰʽ ʰ˃ʷˋ˖ˌ ʰ˄ʱ˄ˍʹ ˍˇˎ 

ʰˎˍˇˁʽ˄ʹˍˇʵˊˈ˃ˇˎΣ ˋˍʽˌ о ˁʰʽ мс ɮˉˊʽ˂ʾˇˎΣ ˃ʶ ʶ˂ʰ˒ˊʽʱ ʲˊˇ˔ʺ ˍʹ˄ ˉˊˇʹʴˇˏ˃ʶ˄ʹ ʹ˃ʷˊʰΣ ˁʰʻ˗ˌ ˋˍʽˌ 

сʹ ɾʰˀˇˎ нлмп ˉˇˎ ʺˍʰ˄ ʲˊˇ˔ʶˊʺ ʹ˃ʷˊʰΦ 

Á ʁʽ ˕ʹ˂ʷˌ ˋˎʴˁʶ˄ˍˊ˗ˋʶʽˌ TN ˋˍʽˌ о ˁʰʽ мс ɮˉˊʽ˂ʾˇˎ ˇ˒ʶʾ˂ˇ˄ˍʰʽ ˋˍʹ ˔ˊʺˋʹ ˂ʽˉʰˋ˃ʱˍ˖˄ ˁʰˍʱ 

ˍʹ˄ ʱ˄ˇʽ˅ʹ ˋˍʽˌ ˁʰ˂˂ʽʷˊʴʶʽʶˌ ˋʽˍʹˊ˗˄ ˉˇˎ ˉʶˊʽʲʱ˂˂ˇˎ˄ ˍʹ ˂ʾ˃˄ʹ ˁʰʽ ˉˇˎ ʲˊʾˋˁˇ˄ˍʰʽ ˋʶ 

ˇ˂ˈˁ˂ʹˊʹ ˍʹ ˂ʶˁʱ˄ʹ ʰˉˇˊˊˇʺˌΦ ʅʶ ʰˎˍʷˌ ˍʽˌ ʵʶʽʴ˃ʰˍˇ˂ʹ˕ʾʶˌ ˍʰ ʶˉʾˉʶʵʰ ˍˇˎ BOD5 ˁʰʽ COD 

ʺˍʰ˄ ˉˇ˂ˏ ˔ʰ˃ʹ˂ʱΦ 

Á ʁʽ ˕ʹ˂ʷˌ ˍʽ˃ʷˌ ˍʹˌ ɶ˂ʶˁˍˊʽˁʺˌ ɮʴ˖ʴʽ˃ˈˍʹˍʰˌ ˁʰʽ ˍʰ ʶˉʾˉʶʵʰ ˍˇˎ ɰˈˊʽˇˎ ˇ˒ʶʾ˂ˇ˄ˍʰʽ ˁˎˊʾ˖ˌ 

ˋʶ ˒ˎˋʽˁʱ ʰʾˍʽʰ ˉˇˎ ˉˊˇˁˏˉˍˇˎ˄ ʰˉˈ ˍˇˎˌ ʴʶ˖˂ˇʴʽˁˇˏˌ ˋ˔ʹ˃ʰˍʽˋ˃ˇˏˌ ˉˇˎ ˋ˔ʶˍʾʸˇ˄ˍʰʽ 

ʶ˄ʵʶ˔ˇ˃ʷ˄˖ˌ ˃ʶ ɮ˂ʾˍʹ όIŀƭƛǘŜǎύ ˁʰʽ ʴˏ˕ˇˎˌ ˉˇˎ ˋˎ˄ʵʷˇ˄ˍʰʽ ˃ʶ ʶ˄ʰˉˇʻʷˋʶʽˌ ˉˇˎ ʷ˔ˇˎ˄ 

ˎˉˇˋˍʶʾ ʶ˅ʱˍ˃ʽˋʹΦ ɾʶ ˍʹ˄ ʶ˃˒ʱ˄ʽˋʹ ʲˊˇ˔ʺˌΣ ˈˉ˖ˌ ˋˍʽˌ сκрκнлмпΣ ʰˎˍʱ ˎˉˈˁʶʽ˄ˍʰʽ ˋʶ 

ʵʽʱ˂ˎˋʹ ˃ʶ ʰˉˇˍʷ˂ʶˋ˃ʰ ˄ʰ ˉʰˊˇˎˋʽʱʸʶˍʰʽ ʰˏ˅ʹˋʹ ʰ˂ʱˍ˖˄ ˋˍʹ ˊˇʺ ˍˇˎ ˄ʶˊˇˏΦ  

Á ʁʽ ʁ˂ʽˁˇʾ ʇʵˊˇʴˇ˄ʱ˄ʻˊʰˁʶˌ ό¢Iύ ˁʰʽ ˍʰ ʶˉʾˉʶʵʰ ChD ʶʾ˄ʰʽ ˁʱˍ˖ ʰˉˈ ˍʰ ˈˊʽʰ ʰ˄ʾ˔˄ʶˎˋʹˌΣ 

ˎˉˇʵʶʽˁ˄ˏˇ˄ˍʰˌ ʶ˂ʱ˔ʽˋˍʶˌΣ ʰ˄ ˎˉʱˊ˔ˇˎ˄ ˇˉˇʽʶˋʵʺˉˇˍʶΣ ʶˉʽˉˍ˗ˋʶʽˌ ʰˉˈ ˍˇ ˇʵʽˁˈ ʵʾˁˍˎˇΣ 

ˍʹ˄ ˁˎˁ˂ˇ˒ˇˊʾʰ ˇ˔ʹ˃ʱˍ˖˄Σ ˁʰʽ ʶˋˍʽʰˍˈˊʽʰκ ˄ˇʽˁˇˁˎˊʽʱΣ ʰ˄ˍʾˋˍˇʽ˔ʰΦ 

Á ʆʰ ˕ʹ˂ʱ ʶˉʾˉʶʵʰ ˍ˖˄ ɳΦ /ƻƭƛΣ ˃ʶˍʱ ˍʹ ʲˊˇ˔ʺ ˃ˉˇˊˇˏ˄ ˄ʰ ʵʽˁʰʽˇ˂ˇʴʹʻˇˏ˄ ʰˉˈ 

ˉʶˊʽˍˍ˖˃ʰˍʽˁˈ ˎ˂ʽˁˈ ʵʽʰ˒ˈˊ˖˄ ʸ˗˖˄ ˁʰʽ ˉˍʹ˄˗˄ όˁʰˍˇʽˁʾʵʽʰ ˁʰʽ ʱʴˊʽʰ ʸ˗ʰΣ ˉʶˊʽˋˍʷˊʽʰ 

ˁˍ˂ΦύΣ ˉˇˎ ʷ˔ʶʽ ˅ʶˉ˂ˎʻʶʾ ʰˉˈ ˍʰ ˈ˃ʲˊʽʰ ˄ʶˊʱ ˃ʽʰˌ ʲˊˇ˔ʺˌΦ ɶ ˒ˎˋʽˁʺ ʶˉʶ˅ʶˊʴʰˋʾʰ 

ˁʰʻʰˊʽˋ˃ˇˏ ˍˇˎ ˋˎˋˍʺ˃ʰˍˇˌ ʶʵʱ˒ˇˎˌ-ˎʵˊˇ˒ˇˊʷʰ ʰ˄ʰ˃ʷ˄ʶˍʰʽ ˄ʰ ʰˉˇˍˊʷˉʶʽ ˍʰ 9Φ /ƻƭƛ ʺ 

BOD5 ˁʰʽ /h5Σ ʰˉˈ ˍʰ ˂ˏ˃ʰˍʰ ˉˇˎ ʰˉˇˊˊʾˉˍˇ˄ˍʰʽ ˋʶ ˋʹˉˍʽˁˇˏˌ ˂ʱˁˁˇˎˌΣ ˄ʰ ˒ʻʱ˄ˇˎ˄ ˋˍˇ 

ˎʵʰˍˈˊʶ˃ʰΦ 

Á ʁʽ ˋˎʴˁʶ˄ˍˊ˗ˋʶʽˌ ¢t ʺˍʰ˄ ˁʱˍ˖ ʰˉˈ ˍʰ ˈˊʽʰ ʰ˄ʾ˔˄ʶˎˋʹˌ ˍ˖˄ ʰ˄ʰ˂ˎˍʽˁ˗˄ ˃ʶʻˈʵ˖˄Φ ɶ ˃ˈ˄ʹ 

ˉˇˋˈˍʹˍʰ ˉˇˎ ʶ˄ˍˇˉʾˋˍʹˁʶ ʺˍʰ˄ ˍʹ˄ ʹ˃ʷˊʰ ˉˇˎ ˋʹ˃ʶʽ˗ʻʹˁʶ ʲˊˇ˔ˈˉˍ˖ˋʹ ˁʱˍʽ ˉˇˎ ˃ˉˇˊʶʾ 

˄ʰ ˇ˒ʶʾ˂ʶˍʰʽ ˋˍˇ ˅ʷˉ˂ˎ˃ʰ ˂ʽˉʰˋ˃ʱˍ˖˄ ʰˉˈ ˍʽˌ ˁʰ˂˂ʽʷˊʴʶʽʶˌ ˍʹˌ ˉʶˊʽʲʱ˂˂ˇˎˋʰˌ ˍʹ ˂ʾ˃˄ʹ 

ˉʶˊʽˇ˔ʺˌΦ 

ʁʽ ʶ˄ʵʶʾ˅ʶʽˌ ʶʾ˄ʰʽ ˈˍʽ ʵʶ˄ ˎˉʱˊ˔ˇˎ˄ ʵʽʰˊˊˇʷˌ ʰˋˍʽˁ˗˄ ˂ˎ˃ʱˍ˖˄ ˃ʷˋʰ ˋˍˇ ʵʾˁˍˎˇ ʰˉˇ˔ʷˍʶˎˋʹˌ 

ˈ˃ʲˊʽ˖˄ ˎʵʱˍ˖˄Φ ʁˉˇʽʰʵʺˉˇˍʶ ˋˎ˄ʶʽˋ˒ˇˊʱ ˎˉˈʴʶʽˇˎ ˄ʶˊˇˏ ˉˇˎ ˉʶˊʽʷ˔ʶʽ ˂ˏ˃ʰˍʰ ˁʰʽ ˉˇˎ 

ʰ˄ʰʲ˂ˏʸʶʽ ˋˍʹ˄ ˉʶˊʽˇ˔ʺ ˍˇˎ ʷ˂ˇˎˌ ʻʶ˖ˊʶʾˍʰʽΣ ˈˍʽ ʷ˔ʶʽ ʺʵʹ ˎˉˇˋˍʶʾ ˍʹ ˒ˎˋʽˁʺ ʶˉʶ˅ʶˊʴʰˋʾʰ 

ˁʰʻʰˊʽˋ˃ˇˏ ʰˉˈ ˍˇ ˋˏˋˍʹ˃ʰ ʶʵʱ˒ˇˎˌ ς ˎʵˊˇ˒ˇˊʷʰΦ ʁʽ ʴʶ˖ˊʴʽˁʷˌ ˉʶˊʽˇ˔ʷˌ ʴˏˊ˖ ʰˉˈ ˍʹ ˂ʾ˃˄ʹ 

ˈ˃˖ˌ ˒ʰʾ˄ʶˍʰʽ ˄ʰ ʶˉʽʵˊˇˏ˄ ʰˊ˄ʹˍʽˁʱ ˋˍʹ˄ ˉˇʽˈˍʹˍʰ ˍˇˎ ˄ʶˊˇˏ ˉˇˎ ˁʰˍʰ˂ʺʴʶʽ ˋˍʹ ˂ʾ˃˄ʹΦ  

ʁʽ ʶˉʽˉˍ˗ˋʶʽˌ ʰˉˈ ˍʽˌ ʱ˂˂ʶˌ ˋʹ˃ʶʽʰˁʷˌ ˉʹʴʷˌ ˊˏˉʰ˄ˋʹˌ ˈˉ˖ˌ ˍˇ ˉˊʰˍʺˊʽˇ ˉʶˍˊʶ˂ʰʽˇʶʽʵ˗˄Σ ˇ 

ˎˉʰʾʻˊʽˇˌ ˔˗ˊˇˌ ʰˉˇʻʺˁʶˎˋʹˌ ˉʶˍˊʶ˂ʰʿˁ˗˄ ˁʰʽ ʱ˂˂˖˄ ˉˊˇʿˈ˄ˍ˖˄Σ ˉʰ˂ʽˇˋʾʵʶˊ˖˄ ˁ˂ˉΦΣ ʺ ˇ 

ʰˎˍˇˁʽ˄ʹˍˈʵˊˇ˃ˇˌ ˁʰʽ ˇ ʵˊˈ˃ˇˌ ʵʾˉ˂ʰ ˋˍʹ ˂ʾ˃˄ʹΣ ʵʶ ˃ˉˇˊˇˏ˄ ˄ʰ ˉˊˇˋʵʽˇˊʽˋˍˇˏ˄ ʰˉˈ ˍʹ˄ 

ˉʰˊʰˁˇ˂ˇˏʻʹˋʹ ˉˇˎ ʷʴʽ˄ʶ ˋˍˇ ˋˎʴˁʶˁˊʽ˃ʷ˄ˇ ˋʹ˃ʶʾˇ ʵʶʽʴ˃ʰˍˇ˂ʹ˕ʾʰˌ ˍʹˌ ˊˇʺˌ ˄ʶˊˇˏ ˉˊˇˌ ˍʹ˄ 

ɽʾ˃˄ʹΦ 
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ɮ˂˂ʰʴʷˌ ˍˇˎ ˎʵʰˍʽˁˇˏ ʽˋˇʸˎʴʾˇˎ ˉˇˎ ˋˎ˄ʵʷʶˍʰʽ ˃ʶ ˍʹ ˂ʾ˃˄ʹΣ ʻʰ ˃ˉˇˊˇˏˋʰ˄ ˄ʰ ʷ˔ˇˎ˄ ˋˇʲʰˊʷˌ 

ʶˉʽˉˍ˗ˋʶʽˌ ˋʶ ʰˎˍʺΦ ʆʷˍˇʽʶˌ ʰ˂˂ʰʴʷˌ ʻʰ ˃ˉˇˊˇˏˋʰ˄ ˄ʰ ʶʾ˄ʰʽΥ 

Á ɾʽʰ ʶˉʷˁˍʰˋʹ ˍˇˎ ʵʽˁˍˏˇˎ ˈ˃ʲˊʽ˖˄ ˎʵʱˍ˖˄ ʴʽʰ ˄ʰ ˁʰ˂ˏ˕ʶʽ ˁʰʽ ˉʶˊʽˇ˔ʷˌ ˄ˈˍʽʰ ˍˇˎ 

ʰˎˍˇˁʽ˄ʹˍˈʵˊˇ˃ˇˎ ˁʰʽ ʹ ʵʽʱʻʶˋʹ ˍ˖˄ ˈ˃ʲˊʽ˖˄ ˎʵʱˍ˖˄ ˉʷˊʰ ʰˉˈ ˍʹ ˂ʾ˃˄ʹΣ ʻʰ ʰˉˇˋˍʶˊˇˏˋʶ 

ˍʽˌ ˊˇʷˌ ˉˊˇˌ ʰˎˍʺΦ ʁˉˇʽʰʵʺˉˇˍʶ ʰ˂˂ʰʴʺ ˉˊʷˉʶʽ ˄ʰ ˍʶ˂ʶʽ˗˄ʶʽ ʰ˄ʱ˄ˍʹ ˍˇˎ ˇ˔ʶˍˇˏ ˉˇˎ 

ˉʶˊ˄ʱʶʽ ˁʱˍ˖ ʰˉˈ ˍˇ˄ ʰˎˍˇˁʽ˄ʹˍˈʵˊˇ˃ˇΦ ʁˉˇʽˇʵʺˉˇˍʶ ˄ʷˇ ʵʾˁˍˎˇ ˉˇˎ ʻʰ ʰ˄ʰˉˍˎ˔ʻʶʾ ʴʽʰ 

ˍʹ˄ ˉʶˊʽˇ˔ʺ ʴˏˊ˖ ʰˉˈ ˍʹ ˂ʾ˃˄ʹ ʻʰ ˉˊʷˉʶʽ ˄ʰ ʶʾ˄ʰʽ ʰ˄ʶ˅ʱˊˍʹˍˇ ʰˉˈ ʰˎˍˈ ˉˇˎ ʶ˅ˎˉʹˊʶˍʶʾ 

ˍʹ˄ ˉʶˊʽˇ˔ʺ ˍʹˌ ˂ʶˁʱ˄ʹˌ ʰˉˇˊˊˇʺˌ ˁʰʽ ˉˇˎ ˉʰˊʷ˔ʶʽ ˄ʶˊˈ ˋˍʹ ˂ʾ˃˄ʹΦ 

Á ɶ ˃ʶ˂˂ˇ˄ˍʽˁʺ ˁʰˍʰˋˁʶˎʺ ʵʽˁˍˏˇˎ ʰˉˇ˔ʷˍʶˎˋʹˌ ˁʰʽ ˃ʶˍʰ˒ˇˊʱ ˍ˖˄ ˂ˎ˃ʱˍ˖˄ ʴʽʰ ʶˉʶ˅ʶˊʴʰˋʾʰ 

ʶˁˍˈˌ ˍʹˌ ˂ʶˁʱ˄ʹˌ ʰˉˇˊˊˇʺˌ ˍʹˌ ʁˊˈˁ˂ʽ˄ʹˌ ʻʰ ˃ʶʽ˗ˋʶʽ ˍʹ˄ ˉˇˋˈˍʹˍʰ ˍˇˎ ˄ʶˊˇˏ ˉˇˎ ˊʷʶʽ 

ˉˊˇˌ ˍʹ ˂ʾ˃˄ʹΣ ʰ˄ ˁʰʽ ˍʰˎˍˈ˔ˊˇ˄ʰ ʻʰ ʲʶ˂ˍʽ˗ˋʶʽ ʰˉˇ˒ʰˋʽˋˍʽˁʱ ˍʹ˄ ˉˇʽˈˍʹˍʰ ˍ˖˄ 

ʶˉʽ˒ʰ˄ʶʽʰˁ˗˄ ˎʵʱˍ˖˄Φ ɴˍˋʽΣ ˉˊˇˍʶʾ˄ʶˍʰʽ ˈˍʽΣ ˋʶ ʰˎˍʺ ˍʹ˄ ˉʶˊʾˉˍ˖ˋʹΣ ˃ʽʰ ˋʹ˃ʰ˄ˍʽˁʺ 

ˉˇˋˈˍʹˍʰ ˍ˖˄ ˍˊʽˍˇʲʱʻ˃ʽʰ ʶˉʶ˅ʶˊʴʰˋ˃ʷ˄˖˄ ʰˉˇʲ˂ʺˍ˖˄ ʻʰ ˉˊʷˉʶʽ ˄ʰ ʸʹˍʹʻʶʾ ˄ʰ 

ʶˉʽˋˍˊʷ˒ʶˍʰʽ ˋˍʹ˄ ˉʶˊʽˇ˔ʺ ʴʽʰ ʱˊʵʶˎˋʹ ʺ ʱ˂˂ʶˌ ˔ˊʺˋʶʽˌΣ ˗ˋˍʶ ˄ʰ ʵʽʰˍʹˊˇˏ˄ˍʰʽ ˇʽ 

ʵʽʰʻʷˋʽ˃ˇʽ ˎʵʰˍʽˁˇʾ ˉˈˊˇʽ ˍʹˌ ˉʶˊʽˇ˔ʺˌ ˋˍʰ ʾʵʽʰ ʶˉʾˉʶʵʰΦ 

Á ʁˉˇʽʰʵʺˉˇˍʶ ʲʶ˂ˍʾ˖ˋʹ ˍˇˎ ˋˎˋˍʺ˃ʰˍˇˌ ˏʵˊʶˎˋʹˌΣ ˉˇˎ ʰ˄ʰ˃ʷ˄ʶˍʰʽ ˄ʰ ˉˊʰʴ˃ʰˍˇˉˇʽʹʻʶʾΣ 

ʻʰ ˃ʶʽ˗ˋʶʽ ˍʹ˄ ˉˇˋˈˍʹˍʰ ˍ˖˄ ζʰˉ˖˂ʶʽ˗˄η ˒ˊʷˋˁˇˎ ˄ʶˊˇˏ ˉˇˎ ˔ʱ˄ʶˍʰʽ ˉˊˇˌ ˍˇ ˎˉˈʴʶʽˇ 

˄ʶˊˈΦ ɴ˄ʰ ˁʰ˄ˇ˄ʽˁˈ ˉˇˋˇˋˍˈ ζʰˉ˖˂ʶʽ˗˄η ˄ʶˊˇˏ ʻʰ ʺˍʰ˄ ˍʹˌ ˍʱ˅ʹˌ ˍˇˎ нл ʷ˖ˌ нр҈Φ ɴˍˋʽΣ 

ˁʱʻʶ ˉˊˇˋˉʱʻʶʽʰ ʴʽʰ ˍʹ ˃ʶʾ˖ˋʹ ˍʹˌ ʰˉ˗˂ʶʽʰˌ ˍˇˎ ʴ˂ˎˁˇˏ ˄ʶˊˇˏ ʻʰ ˃ˉˇˊˇˏˋʶ ˄ʰ ˉʶˍˏ˔ʶʽ 

˃ʶʾ˖ˋʹ ˍˇˎ ˉʰˊˈ˄ˍˇˌ ʶ˃ˉ˂ˇˎˍʽˋ˃ˇˏ ˋˍʹ ˃ʽˋʺ ˉˇˋˈˍʹˍʰ ˉˇˎ ˔ʱ˄ʶˍʰʽ ˋʺ˃ʶˊʰΦ ɮˎˍˈ ʻʰ ʷ˔ʶʽ 

ʰ˄ˍʾˁˍˎˉˇ ˋˍˇ ʽˋˇʸˏʴʽˇ ˍˇˎ ˄ʶˊˇˏ ˁʰʽ ˍʹ ˃ʶʾ˖ˋʹ ˍ˖˄ ʵʽʰʻʷˋʽ˃˖˄ ˎʵʰˍʽˁ˗˄ ˉˈˊ˖˄Φ 

ɳˉʽˉˍ˗ˋʶʽˌ ˃ˉˇˊˇˏ˄ ˄ʰ ˉˊˇˁˏ˕ˇˎ˄ ˁʰʽ ʰˉˈ ˎʵˊˇ-˃ˇˊ˒ˇ˂ˇʴʽˁʷˌ ʰ˂˂ʰʴʷˌ ˃ʷˋʰ ˋˍʹ ˂ʶˁʱ˄ʹ 

ʰˉˇˊˊˇʺˌ ˈˉ˖ˌΥ 

Á ɼʰ˂ʰ˃ʽ˗˄ʶˌ ˋˍʹ˄ ˁˇʾˍʹ ˍˇˎ ˊʷ˃ʰˍˇˌ ˃ʶ ˁˎˊʾʰˊ˔ˇ ʶʾʵˇˌ ˍˇ ɼˇʽ˄ˈ ɼʰ˂ʱ˃ʽ όPhragmites 

australisύΣ ˁʰ˂ˏˉˍˇˎ˄ ʷ˄ʰ ˃ʶʴʱ˂ˇ ˃ʷˊˇˌ ˍʹˌ ˉʶˊʽˇ˔ʺˌ ˋˍˇ ˄ˈˍʽˇ ˍ˃ʺ˃ʰ ˍʹˌ ˂ʶˁʱ˄ʹˌ 

ʰˉˇˊˊˇʺˌΣ ʰ˄ʱ˄ˍʹ ˍʹˌ ˂ʾ˃˄ʹˌΦ ɮˎˍˇʾ ˋˎ˄ˍʹˊˇˏ˄ˍʰʽ ʰˉˈ ˍʹ˄ ʶˉˇ˔ʽʰˁʺ ʶˉʽ˒ʰ˄ʶʽʰˁʺ ˁʰʽ 

ˎˉˈʴʶʽʰ ˊˇʺ ˄ʶˊˇˏΦ ʁʽ ˁʰ˂ʰ˃ʽ˗˄ʶˌ ʰˎˍˇʾ ˉʶˊʽˇˊʾʸˇˎ˄ ˍʹ˄ ˁˇʾˍʹ ˍˇˎ ˊʷ˃ʰˍˇˌ ˁʰʽ ʶ˃ˉˇʵʾʸˇˎ˄ 

ˍʹ˄ ʶ˂ʶˏʻʶˊʹ ˊˇʺ ˍˇˎ ˄ʶˊˇˏ ˉˊˇˌ ˍʹ ˂ʾ˃˄ʹΦ ʅʶ ʰˁˊʰʾʶˌ ˋˎ˄ʻʺˁʶˌ ˊˇʺˌ ʰˎˍˈ ˃ˉˇˊʶʾ ˄ʰ 

ˇʵʹʴʺˋʶʽ ˋʶ ˉ˂ʹ˃˃ˏˊʰ ˃ʽʰˌ ʶˎˊˏˍʶˊʹˌ ˉʶˊʽˇ˔ʺˌΦ ɾʽʰ ˃ʶʴʱ˂ʹ ˉˇˋˈˍʹˍʰ ʲʽˇ˃ʱʸʰˌ 

ʰˉˇ˃ʰˁˊˏ˄ʶˍʰʽ ˃ʶ ˃ʹ˔ʰ˄ʽˁˈ ˍˊˈˉˇΣ ˋˎ˄ʺʻ˖ˌ ˂ʾʴˇ ˉˊʽ˄ ʰˉˈ ˍʹ˄ ˉʶˊʾˇʵˇ ˍ˖˄ ʲˊˇ˔˗˄Φ ɮ˄ ˁʰʽ 

ʰˎˍˈ ʵʽʶˎˁˇ˂ˏ˄ʶʽ ˍʹ˄ ʶʽˋˊˇʺ ˋˍʹ ˂ʾ˃˄ʹΣ ˃ʶʽ˗˄ʶʽ ˍˇ˄ ˊˈ˂ˇ ˍ˖˄ ˁʰ˂ʰ˃ʽ˗˄˖˄ ˋʰ˄ ˋˏˋˍʹ˃ʰ 

˒ˎˋʽˁˇˏ ˁʰʻʰˊʽˋ˃ˇˏ ˍˇˎ ˄ʶˊˇˏ ˃ʷˋʰ ˋʶ ʷ˄ʰ ˎʵʰˍʽˁˈ ˉʶˊʽʲʱ˂˂ˇ˄Φ ɴˍˋʽΣ ʹ ʰˉˇ˃ʱˁˊˎ˄ˋʹ ˍ˖˄ 

ˁʰ˂ʰ˃ʽ˗˄˖˄ ˉˊʷˉʶʽ ˄ʰ ʴʾ˄ʶˍʰʽ ˃ʶ ʶ˅ʰʽˊʶˍʽˁʺ ˉˊˇˋˇ˔ʺ ˁʰʽ ˃ˈ˄ˇ ˈˍʰ˄ ˁˊʾ˄ʶˍʰʽ ʰˉˇ˂ˏˍ˖ˌ 

ʰˉʰˊʰʾˍʹˍʹΦ 

Á ɶ ˉʽʻʰ˄ʺ ʵʽʰ˃ˈˊ˒˖ˋʹ ˁʰ˄ʰ˂ʽˇˏ ʴʽʰ ʰˉˇˋˍˊʱʴʴʽˋʹ ˁʰʽ ʶˉʷ˄ʵˎˋʹ ˍˇˎ ˃ʶ ˃ˉʶˍˈ˄ ʻʰ ˉˊʷˉʶʽ 

˄ʰ ʰˉˇ˒ʶˎ˔ʻʶʾΣ ˂ʰ˃ʲʱ˄ˇ˄ˍʰˌ ˎˉˈ˕ʹ ˍʹ ʵˎ˄ʰˍˈˍʹˍʰ ˁʰʻʰˊʽˋ˃ˇˏ ˍˇˎ ˄ʶˊˇˏ ʰˉˈ ˍˇˎˌ 

ˁʰ˂h˃ ʽ˗˄ʶˌΦ ɶ ʰˉ˗˂ʶʽʰ ˍ˖˄ ˁʰ˂ʰ˃ʽ˗˄˖˄ ˁʰʽ ˍˇˎ ˊˈ˂ˇˎ ˍˇˎˌ ˋˍˇ ˇʽˁˇˋˏˋˍʹ˃ʰ ʻʰ 

ˎˉˇʲʰʻ˃ʾˋʶʽ ˍʹ˄ ˉˇʽˈˍʹˍʰ ˍ˖˄ ˎʵʱˍ˖˄ ˁʰʽ ʻʰ ˎˉˇ˄ˇ˃ʶˏˋʶʽ ˍˇ ˇʽˁˇˋˏˋˍʹ˃ʰ ˋˍˇ ˋˏ˄ˇ˂ˇ 

ˍˇˎΦ 

ʅˎˋˍʱˋʶʽˌ ʴʽʰ ˃ʷˍˊʰ ʶ˂ʷʴ˔ˇˎ ˁʰʽ ˉˊˈ˂ʹ˕ʹˌ ˍʹˌ ˊˏˉʰ˄ˋʹˌ ʷ˔ˇˎ˄ ʵʽʰˍˎˉ˖ʻʶʾ ʴʽʰ ˍˇ ɼʰʻʰˊʽˋˍʺˊʽˇΣ 

ˍʰ ʁ̀ˍʽʰˍˈˊʽʰΣ ˁʰʻ˗ˌ ˁʰʽ ʴʽʰ ˍʹ ʴʶ˖ˊʴʽˁʺ ˉˊʰˁˍʽˁʺ ˋˍʹ˄ ˉʶˊʽˇ˔ʺΥ 
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Á ɱʽʰ ˍˇ ˋˍʶʴ˄ˇˁʰʻʰˊʽˋˍʺˊʽˇΣ ʰˉʰʽˍʶʾˍʰʽ ˋˎ˃˃ˈˊ˒˖ˋʹ ˉˊˇˌ ˍˇˎˌ ˈˊˇˎˌ ˍʹˌ ˉʶˊʽʲʰ˂˂ˇ˄ˍʽˁʺˌ 

ʱʵʶʽʰˌΣ ʵʶ ʻʰ ˉˊʷˉʶʽ ˄ʰ ʴʾ˄ʶˍʰʽ ˁʰ˃ʾʰ ʰˉˇʻʺˁʶˎˋʹ ˃ʶʴʱ˂˖˄ ˉˇˋˇˍʺˍ˖˄ ˔ʹ˃ʽˁ˗˄ ˇˎˋʽ˗˄Σ 

ˁʰˍʱ˂˂ʹ˂ʹ ʵʽʰ˔ʶʾˊʽˋʹ ˍ˖˄ ʰˉˈʲ˂ʹˍ˖˄ ʵʽʰ˂ˎˍ˗˄ ˁʰʽ ˍ˖˄ ˔˗ˊ˖˄ ʰˉˇʲ˂ʺˍ˖˄Σ ˁʰʽ ʻʰ ˉˊʷˉʶʽ 

˄ʰ ˎˉʱˊ˔ʶʽ ʺ ˄ʰ ʰ˄ʰˉˍˎ˔ʻʶʾ ʷ˄ʰ ˋ˔ʷʵʽˇ ʷˁˍʰˁˍʹˌ ʰ˄ʱʴˁʹˌ ʶˉʽˁʾ˄ʵˎ˄˖˄ ʰˉˇʲ˂ʺˍ˖˄Φ  

Á ɱʽʰ ˍʰ ʶˋˍʽʰˍˈˊʽʰΣ ˃ʶˍʰ˅ˏ ʱ˂˂˖˄Σ ʹ ˔ˊʺˋʹ ˃ʶʻˈʵ˖˄ ˅ʹˊˇˏ ˁʰʻʰˊʽˋ˃ˇˏ ʴʽʰ ʰ˒ʰʾˊʶˋʹ ˍ˖˄ 

ChDΣ ˃ʶʾ˖ˋʹ ˍʹˌ ˁʰˍʰ˄ʱ˂˖ˋʹˌ ˄ʶˊˇˏΣ ˋˎ˂˂ˇʴʺ ˁʰʽ ʰˉˇˋˍˇ˂ʺ ˔ˊʹˋʽ˃ˇˉˇʽʹ˃ʷ˄˖˄ 
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ˋˍˇ ʵʾˁˍˎˇ ˋˎ˂˂ˇʴʺˌ ˈ˃ʲˊʽ˖˄Φ 

Á ɱʽʰ ˍʹ ʴʶ˖ˊʴʾʰΣ ʻʰ ˉˊʷˉʶʽ ˄ʰ ʴʾ˄ʶˍʰʽ ˍʺˊʹˋʹ ˍˇˎ ˁ˗ʵʽˁʰ ˇˊʻʺˌ ʴʶ˖ˊʴʽˁʺˌ ˉˊʰˁˍʽˁʺˌ  ˁʰʻ˗ˌ 

ˁʰʽ ˉʶˊʽˇˊʽˋ˃ˇʾ ˋ˔ʶˍʽˁʱ ˃ʶ ˍʹ˄ ˉˇˋˈˍʹˍʰ ˍ˖˄ ˂ʽˉʰˋ˃ʱˍ˖˄ ˁʰʽ ˍʹ˄ ʶˉˇ˔ʽʰˁʺ ˔ˊʺˋʹ ˍˇˎˌΦ ʆˇ 
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ʶˉʽˉˊˈˋʻʶˍʰ ˃ʷˍˊʰ ˁʰʻʰˊʽˋ˃ˇˏ Σ ʰˉˇ˒ʶˏʴˇ˄ˍʰˌ ʷˍˋʽ ˍʹ˄ ʰˉˈˊˊʽ˕ʹ ˋˍʹ ˂ʾ˃˄ʹΦ 
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ʰˊ˔ʺ ˁʰʽ ˂ʽʴˈˍʶˊˇ ʶ˄ˍʰˍʽˁʱ ʰˊʴˈˍʶˊʰΦ ɴʴʽ˄ʶ ʶˉʾˋʹˌ ˉˊˈˍʰˋʹ ʴʽʰ ʷ˄ʰ ʃʶˊʽˋˍʰˋʽʰˁˈ κɳˊʶˎ˄ʹˍʽˁˈ 

ʃˊˈʴˊʰ˃˃ʰ ʃʰˊʰˁˇ˂ˇˏʻʹˋʹˌ ˋˍˇ ˋʹ˃ʶʾˇ ˁʱˍ˖ ʰˉˈ ˍʹ ʴʷ˒ˎˊʰ ˍˇˎ ʰˎˍˇˁʽ˄ʹˍˈʵˊˇ˃ˇˎ ʴʽʰ 

ʵʶʽʴ˃ʰˍˇ˂ʹ˕ʾʰ ˁʰˍʱ ˍʹ ʵʽʱˊˁʶʽʰ ʲˊˇ˔ʺˌ ˍˇˎ˂ʱ˔ʽˋˍˇ˄ ʵˏˇ ˒ˇˊʷˌ ˍˇ˄ ˔ˊˈ˄ˇ ˋʶ ʵʽʰ˒ˇˊʶˍʽˁʷˌ ʶˉˇ˔ʷˌΦ 

ɮˉʰʽˍʶʾˍʰʽ ʹ ˏˉʰˊ˅ʹ ʶ˄ˈˌ ʅ˔ʶʵʾˇˎ ɴˁˍʰˁˍʹˌ ɮ˄ʱʴˁʹˌ ʴʽʰ ˍʹ˄ ˉˊˇˋˍʰˋʾʰ ˍʹˌ ˉˇʽˈˍʹˍʰˌ ˍˇˎ ˄ʶˊˇˏ 

ˉˇˎ ˊʷʶʽΣ ʺ ʶʾ˄ʰʽ ʰˉˇʻʹˁʶˎ˃ʷ˄ˇ ˋˍʹ ˂ʾ˃˄ʹΣ ʰˉˈ ˅ʰ˒˄ʽˁʺΣ ʰˉˊˇˋʵˈˁʹˍʹ ʶ˃˒ʱ˄ʽˋʹκ ʵʽʰˊˊˇʺ ʶʾˍʶ 

ˉˊˇʿˈ˄ˍ˖˄ ˉʶˍˊʶ˂ʰʾˇˎΣ ʱ˂˂˖˄ ˔ʹ˃ʽˁ˗˄ ˇˎˋʽ˗˄ ʺ ˂ˎ˃ʱˍ˖˄Σ ˂ˈʴ˖ ˍˊˇ˔ʰʾˇˎ ʰˍˎ˔ʺ˃ʰˍˇˌ ˇ˔ʺ˃ʰˍˇˌ 

ˉˇˎ ˃ʶˍʰ˒ʷˊʶʽ ˍʷˍˇʽʶˌ ˇˎˋʾʶˌ ʺ ˋʶ ˉʶˊʾˉˍ˖ˋʹ ʱ˂˂˖˄ ˉʶˊʽˋˍʱˋʶ˖˄Φ ɲʶ˄ ʷ˔ʶʽ ˋʹ˃ʰˋʾʰ ˉˈˋˇ ˃ʽˁˊʺ 

ʶʾ˄ʰʽ ˉʽʻʰ˄ˈˍʹˍʰ ʶ˄ˈˌ ˍʷˍˇʽˇˌ ˋˎ˃ʲʱ˄ˍˇˌΦ ɶ ɼˇʽ˄ˈˍʹˍʰ ˁʰʽ ˍʰ ʱ˂˂ʰ ʶ˄ʵʽʰ˒ʶˊˈ˃ʶ˄ʰ ˃ʷˊʹ ʻʰ ˉˊʷˉʶʽ 
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1 INTRODUCTION 

 άAction A.4έ of the 3-ȅŜŀǊ [LC9Ҍ ǇǊƻƧŜŎǘ ǘƛǘƭŜŘ άwŜǎǘƻǊŀǘƛƻƴ ŀƴŘ aŀƴŀƎŜƳŜƴǘ ƻŦ hǊƻƪƭƛƴƛ [ŀƪŜ {t! 

ό/¸сллллмлύ ƛƴ [ŀǊƴŀƪŀ /ȅǇǊǳǎέ, with grant agreement reference no. LIFE10 NAT/CY/716, and for 

which responsibility was within BirdLife Cyprus being one of the five beneficiaries of this project, 

constituted of a study titled ά5ŜǘŜǊƳƛƴŀǘƛƻƴ ƻŦ ƛƳǇƻǊǘŀƴǘ ƘȅŘǊƻƭƻƎƛŎŀƭ ŦŜŀǘǳǊŜǎ ŦƻǊ hǊƻƪƭƛƴƛ [ŀƪŜέ 

was performed.  At the conclusion of the above study, which was performed by I.A.CO 

Environmental and water Consultants Ltd, it was recommended that an analysis of the pressures 

within the catchment area that affect or could affect the quality of the surface runoff should be 

initiated. The European Commission gave permission to carry out the proposed study as part of the 

LIFE Oroklini project. 

I.A.CO Environmental and Water Consultants Ltd has been contracted to carry out the follow up 

recommended by the previous study as above, as per the Agreement of External Assistance no: 

2014/1 signed on the 26th of February 2014. 

hǊƻƪƭƛƴƛΩǎ [ŀƪŜ ǿŀǘŜǊ ǉǳŀƭƛǘȅ ƻōƧŜŎǘƛǾŜǎ call for (a) only moderate fluctuations in salinity in each 

compartment through the year, particularly in spring-autumn, avoiding fresh or hypersaline 

conditions; and (b) reasonable water quality, particularly nutrient inputs (<1mg/l N). 

The main objective of the present study is to thoroughly investigate via site surveys the Oroklini Lake 

catchment area in order to a) identify, analyse and assess potential pressures (sources of pollution) 

on catchment water and ground water quality, which would be serious enough to the Lake water 

quality, and b) the sources of water contributing to the low and consistent runoff observed during 

the summer months. An impact assessment is to be made through risk analysis, water sampling and 

analysis, and provision of a recommended set of management measures safeguarding water quality 

are other equally important objectives. 

This report is the draft Final Report of the study as requested in the Agreement and which covers:  

1. An inventory of all potential sources of pollution within the Oroklini Lake catchment area 

(Point and Diffuse Sources), including associated emissions and type of pollution (such as 

Nutrients, Chemical, Oxygen Depleting, Microbiological, Suspended matter), the location and 

other available information such as name, source, etc. 

2. A report on the existing storm water network and further plans for this as well as for the 

sewage network. 

3. An impact assessment and risk analysis of above sources on the basis of the {ƻǳǊŎŜ Ҧ 

tŀǘƘǿŀȅ Ҧ wŜŎŜǇǘƻǊ ƳƻŘŜƭΦ 

4. Analyses of collected samples of runoff water quality (three samples just upstream of highway 

culvert, at the beginning, in the middle and 15 days prior to study conclusion) ς Parameters 

involved include BOD, COD, selection of heavy metals, nutrients, microbiological load, 

Suspended Solids, and others defined during the project execution. 

5. Recommendations of pollution prevention and control measures. 

6. A Design of a monitoring program for the quality of surface flow 
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7. A set up of an emergency plan 

2 DRAINAGE CONDITIONS 

2.1 SOURCES OF WATER 

The water content of the Oroklini Lake and its operation depend entirely on the surface runoff of the 

stream originating within the Oroklini catchment. A minor contribution is made by rainfall falling 

directly on the lake area and the surrounding areas. By using the monthly rainfall data (1991-2005) 

of Meteorological Station No. 713 at Aradippou, at 45 m a.m.s.l and 6,5 km to the northwest, over 

the catchment area of 2,7 km2 and an assumed runoff coefficient of 37%, which was deemed 

reasonable for the extent of urbanization of the catchment, the runoff was evaluated1 for a dry, an 

average and a wet year (Table 2-2). 

The imported water for domestic supply is another source of water that contributes, to a sizable 

extent, the surface runoff, as rising water, near the marsh upstream the highway. A sizable amount 

of the imported water for domestic purposes is reported by the Community Council to be 

unaccounted for, increasing from about 30% in the period of 2007 to 2009 to around 50% in the last 

three years. This amount of water is considered as being lost to the underground through aging and 

faulty pipe distribution network (Tables 2-4 and 2-5). 

Furthermore, there does not, as yet, exist a sewage collection system and thus septic cesspools are 

being used at each house or building where water is used. On the average, 60% - 90% of the potable 

water is directed to an on-site septic system. Water not returned to the underground is typically 

used for irrigation and other applications. For the Oroklini Community having in mind the type of 

housing and gardening, a quantity of some 70% of this water is assumed to be returned to the 

groundwater (Tables 2-4 and 2-5).  

The groundwater outflow from the area occurs irrespectively of the surface catchment but rather it 

follows the existing subsurface hydraulic gradient and the subsurface lithological horizons. Part of 

this water is expected to rise and replenish the runoff to the lake in the area of the marsh in the area 

upstream the Highway and just downstream.  

2.2 SURFACE WATER  

2.2.1 Catchment characteristics  

The Lake is replenished by the flow of the stream that issues from the 2,7 km2 catchment area which 

has been urbanized, almost totally, by the Oroklini community. The catchment area of the streams 

flowing to the Lake and of the area around the Lake is shown on Map 2-1. Map 2-2 shows the 

morphology of the area. Table 2-1 presents the main characteristics of the catchment areas. 

                                                            
1 I.A.CO Environmental and Water Consultants Ltd, (2012): “Determination of important hydrological features for Oroklini 
[ŀƪŜέΣ CƻǊŜǎŜŜƴ as part of the project LIFE10 NAT/CY/716 where BirdLife Cyprus is an associated beneficiary 
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The time of concentration (Tc) for the catchment - the time needed for water to flow from the most 

remote point in the watershed to the lake - with these characteristics has been evaluated to be 1,5 

hours. 

Table 2-1. Characteristics of the catchment area of the streams flowing into Oroklini Lake and of the Lake 
itself 

Catchment 

area 

Basin Area 

(km2) 

Mean slope of 

Basin (m/m) 

Longest 

Flow Path 

(m) 

Mean Basin 

Elevation (m) 

Min Basin 

Elevation 

(m) 

Max Basin 

Elevation 

(m) 

Oroklini River 2,7 0,1 2500 39 1,7 171 

Around the 

Lake 
0,5 - 
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Map 2-1. Satellite photo of the catchment area of the streams and the Lake 
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Map 2-2: Elevation map of the subcatchments around the streams and the lake 
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2.2.2 Natural drainage network  

The estimated surface runoff to the Lake has been evaluated using the Rational Formula on the basis 

of the monthly rainfall of the Meteorological Station MS 713 at Aradippou which is the closest, being 

only 6,5 km away, and most representative in terms of altitude (of 45 m. a.m.s.l) to the catchment 

area of Oroklini. This runoff has been based only on the rainfall information available and an 

assumed runoff coefficient. Measured runoff values are not available. It is expected that runoff is 

ƳƻǊŜ ƛŦ άǳƴŀŎŎƻǳƴǘŜŘέ ǿŀǘŜǊ ǎǳǇǇƭȅ ŀƴŘ ǿŀǎǘŜǿŀǘŜǊ ŎƻƴǘǊƛōǳǘƛƻƴ ŀǊŜ ŎƻƴǎƛŘŜǊŜŘΦ 

The evaluation of the runoff factor has been based on a mix of land use making up the catchment 

and analysed into 68% residential area and 32% other type (16% cultivated and 16% forest). The 

hydrologic soil group on the basis of the classification by the NRCS (Natural Resources Conservation 

Service, USDA) Ƙŀǎ ōŜŜƴ ŘŜǘŜǊƳƛƴŜŘ ŀǎ ƻŦ άDǊƻǳǇ .έΣ ōŜƛƴƎ ǎƛƭǘ ƭƻŀƳ ƻǊ ƭƻŀm. For a slope >6% the 

runoff coefficient for Residential area (single house plots) is 0,44, for cultivated land is 0,28 and for 

forest is 0,18. These figures for the mix of land use as given above result to a coefficient of runoff of 

37%. 

Table 2-2 shows the runoff for a typical Dry (1995-96), an Average (1976-77) and a Wet year (2001-

02). This varies from 0,265 to 0,469 million cubic meters per year with totally dry months being 

normally the months of May to August except for the wet conditions when flow is absent only in the 

month of July. 

Table 2-2: Estimated2 monthly runoff to the Lake (in m3) per type of hydrological year 

MONTH 
Under DRY Conditions 

(1995-1996) 
Under AVERAGE 

Conditions 
(1976-1977) 

Under WET 
Conditions 

(2001-2002) 

OCTOBER 4.714 21.857 30.749 

NOVEMBER 41.892 61.498 26.464 

DECEMBER 6.857 113.890 163.495 

JANUARY 100.926 69.855 65.998 

FEBRUARY 48.856 11.571 35.570 

MARCH 23.035 20.357 41.677 

APRIL 35.356 38.249 28.499 

MAY 3.428 0 11.250 

JUNE 0 0 21.857 

JULY 0 0 0 

AUGUST 0 0 23.142 

SEPTEMBER 107 5.571 19.928 

ANNUAL 265.171 342.848 468.629 

                                                            
2  I.A.CO Environmental and Water Consultants Ltd, (2012): “Determination of important hydrological features for Oroklini 

[ŀƪŜέΣ CƻǊŜǎŜŜƴ ŀǎ ǇŀǊǘ ƻŦ ǘƘŜ ǇǊƻƧŜŎǘ [IFE10 NAT/CY/716 where BirdLife Cyprus is an associated beneficiary. 
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2.2.3 Storm-water network  

The storm-water network of Oroklini is shown on Map 2.3. This is divided into two parts: the central 

one with an outlet of 120 cm culvert diameter and the western part with an outlet of 100 cm culvert 

diameter. The whole network is within the catchment area that discharges into the Lake. It should 

be noted that there is no officially registered stream by the Land Registry Department and thus no 

stream appears on the Cadastral maps. As a result, the natural stream has been tampered with by 

the urbanization and most of the flow is currently carried through the stormwater network.  

The Photo 2-1, taken on the 6th of May 2014 during a storm, shows the exit of the box culvert under 

the Highway.  

 

Photo 2-1: Stream flow towards the Lake on the 6th of May 2014. Drainage of highway runoff may also be 
noted 
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Map 2-3. Extent of the storm-water network at Oroklini Village 
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Photo 2-2, taken on the same day as above, shows the 100 cm diameter storm-water outlet of the 

western section of the network flowing towards the culvert under the Highway (point 2 on Map 2-3).  

 

Photo 2-2. Storm-water outlet of 100cm diameter, of the western section of the network 

Photo 2-3, taken on the same date as above, shows the 120 cm diameter outlet of the central part of 

the storm-water network of Oroklini Village (point 1 on Map 2-3). 

The Photo 2-4, taken on the same date as above, shows the inlet of the storm-water sewer collecting 

the water from a small area upstream the Highway underpass and receiving runoff from the eastern 

part of the highway itself and discharging it downstream of the Petrol Station to the small eastern 

part of the Lake (point 3 on Map 2-3). 

The Photo 2-5 shows the outlet of the storm-water sewer collecting the water from a small area 

upstream the Highway underpass and discharging it to the Lake (point 4 on Map 2-3). 

Of interest to note is the amount of sediment and garbage carried through the entire storm-water 

network which, if not held by the reed, will end up in the Lake itself. The value of the reed beds for 

this purpose is discussed in more detail in subchapter 3.3.1 of this report. 
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Photo 2-3. Outlet (120 cm diameter) of the central part of the storm-water network of the Oroklini Village 

 

 

Photo 2-4. Entrance to the eastern part of the local drainage system in the area of the Lake which 
ends in the eastern part of the lake, next to the petrol station. 
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Photo 2-5. Outlet of western part of local storm-water drainage at the Lake area 

2.2.4 Highway drainage and present conditions  

The storm-water runoff and potential accidental spill of petrol and other chemicals of the Paralimni 

ς Larnaca Highway and of the road crossing the Lake connecting the coastal area to the Oroklini 

community is of some concern for the sensitive Oroklini Lake. The existing runoff management 

conditions at the highway and the road crossing the lake are as shown on Map 2-4 and Table 2-3.
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Map 2-4. Storm runoff management conditions at the Highway and the road crossing the Lake 
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Table 2-3. Storm water runoff management at the Highway and at the road from coast to Oroklini 

Location as per 
Map 2-4 

Type of structure 

A to B Flow through a concrete ditch (for half distance) and earth ditch (Photo 2-6) 

B to C Flow without ditch discharging to a point above the Box Culvert (Photos 2-7 and 2-8) 

D to C Flow without ditch discharging to the point above the Box Culvert (Photos 2-7 and 2-8) 

E to D Flow without ditch discharging to point D through a small v-notch (Photo 2-9) 

E to F 
Flow through concrete ditch up to half distance  and discharge to the eastern part of the 
lake (Photo 2-10) 

G to H 
Flow through concrete ditch and discharge to the adjacent service road, which lies on a 
lower elevation Photos 2-11, 2-12 and 2-13) 

I to H There is no ditch (no Photo) 

J to I 
Runoff is collected at a concrete ditch at the side of highway and discharged to inlet at 
entrance of bridge.  (Photos 2-14, 2-15, 2-16 and 2-17) 

K to L There is no ditch. Runoff discharges on either side of the road (Photos 2-18 and 2-19) 

 

 

Photo 2-6: Points A to B: Runoff through a concrete and 
an earth ditch 

 

Photo 2-7: Points B to C and from D to C: Runoff 
discharging to a point above Box Culvert without ditch 
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From the existing conditions at the highway and the road crossing the lake, it is apparent that no 

management plan to control the runoff away from the Lake exists. Rather, all the runoff finds its way 

to the lake. The same can be assumed that will happen in the event of an accident of, for example, a 

truck carrying petrol or any other chemical or of a bowser carrying wastewater. 

 This does not include the Petrol Station for which, as its described in paragraph 3.1.1.3, proper steps 

and measures have been taken to prevent pollution from within the grounds of the Station. 

Obviously, a management plan needs to be established to correct the situation for the Highway and 

the road crossing the Lake. Some suggestions /recommendations towards this direction are provided 

later in the text. 

 

 

 

 

 

Photo 2-8: Runoff from Highway between points B to C 
and from D to C flowing over culvert and to the Lake 

 

Photo 2-9: Points E to D: Runoff discharging to point D 
through a small V-notch 

 

Photo 2-10: Points E to F: Flow through concrete ditch 
(for half distance) and discharge to the eastern part of 

the lake 

 

Photo 2-11: Points G to H: Runoff through a concrete 
ditch and discharge to the adjacent service road 
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Photo 2-12: Points G to H: Runoff through a concrete 
ditch and discharge to the adjacent service road 

 

Photo 2-13: Points G to H: Runoff through a concrete 
ditch and discharge to the adjacent service road 

 

Photo 2-14: Point J to I: Concrete ditch starting from 
side-road entering Highway at “Scrap and petrol 

products storage area” 

 

Photo 2-15: Zoom –in of area shown by Photo 2-14 

 

Photo 2-16: Point J to I: Concrete ditch off side of 
highway before entering cascade steps and entering the 

storm-water sewer 

 

Photo 2-17: Cascade steps for runoff flow into storm-
water sewer shown on Photo 2-4 
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Photo 2-18: Points K to L: The road connecting the coast 
to Oroklini and crossing the Lake (looking north). Runoff 

flows to the Lake on either side 

 

Photo 2-19: Points K to L: The road connecting the 
coast and Oroklini and crossing the Lake shown to the 

right (looking south). Runoff flows to the Lake on 
either side 

2.3 GROUNDWATER 

2.3.1 Hydrogeological conditions  

The upstream half of the catchment is made up of the Athalassa Formation (Upper Pliocene to 

Lower Pleistocene) which overlies the Nicosia Formation, exposed further downstream and covering 

the Lake area as well. The Athalassa Formation is made up of multiple layers of median to coarse 

grained, fossil bearing calcarenite with intervening layers of sandy marl. 

The Nicosia Formation (Pliocene) is made up of fossil bearing grey marls and fine to coarse 

calcarenites. A gradual transition from fine grained rocks such as silts to more coarse grained such as 

calcarenites is observed from below to higher grounds. 

Within the catchment there are no wells or boreholes bearing water indicating the very poor water 

bearing capacity of both formations in the area. An exception is the spring at the foothills in the 

northwest of Oroklini village which issues from calcarenitic deposits of the Athalassa Formation. This 

spring has been cultivated and the water is pumped uphill to irrigate forest vegetation.  

The dominating hydrogeological element in the area of the marsh and the Lake is the clay, the marls 

and the siltstones. These form an impervious horizon to the downstream movement of 

groundwater.  

2.3.2 Replenishment of the groundwater  

The subsurface horizons in the area are being replenished with good quality water partly by local 

rainfall and from the surface runoffΦ ! ǎƛȊŀōƭŜ ǎƻǳǊŎŜ ƻŦ ŦǊŜǎƘ άǳƴŀŎŎƻǳƴǘŜŘέ ǿŀǘŜǊ ƛǎ ƭƻǎǘ 

presumably through aging and faulty pipe distribution network (Tables 2-4 and 2-5) as reported by 

the Community Council. The last complete estimates (2012) indicate an annual quantity of some 

400.000 cubic meters. Thus, more water is purchased than sold, the difference being lost to the 

groundwater (Table 2-4 and 2-5). 

Furthermore, and since there does not as yet exist a sewage collection system and instead septic 

cesspools are being used at each house or building where water is used, considerable quantities of 
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untreated urban wastewater finds its way into the groundwater (Tables 2-4 and 2-5). The estimated 

annual amount of wastewater retuned to the groundwater (2012) is of the order of 271.000 cubic 

meters. 

Table 2-4: Losses (Unaccounted water) from domestic water network and return to the groundwater (in m3) 

YEAR 2007 2008 2009 2010 2011 2012 2013* 

UNACCOUNTED 158.560 142.633 152.910 246.174 332.936 401.541 259.251 

DOMESTIC (70%)** 237.671 205.069 256.547 302.140 278.631 271.062 218.567 

TOTAL 396.231 347.702 409.457 548.314 611.567 672.603 477.818 

*incomplete data 

**  Sewage water discharged through on-site septic cesspools at each house used in lieu of an absent 

sewage collection system, adding an estimated 70% of the used potable water to the groundwater. 

The groundwater outflow from the area occurs irrespectively of the surface catchment. It rather 

follows the existing subsurface hydraulic gradient and lithological horizons.  

2.3.3 Rising water  

The losses of fresh water from the water supply network and the return of wastewater to the 

groundwater contributes to the water resources of the area. Part of this water rises and adds to the 

runoff to the lake in the marsh in the area, mainly upstream and partly just downstream of the 

Highway.  

Evidence of this is shown (Figure 2-1) by the rise of the groundwater level in mid-August (16/8/2012) 

as recorded in an investigative borehole drilled3 just downstream the Highway. 

This rise occurred although there was no rain during that period. On the same date increased runoff 

was observed at the culvert under the Highway. 

This has also been the long-time observation of local residents, in that there is presence of water 

which, in effect, it is groundwater that rises gradually to the surface at the marsh area upstream of 

the highway. This is the main reason that flow could be observed at the stream under the Highway 

culvert during summer, in periods without rainfall. 

                                                            
3 I.A.CO Environmental and Water Consultants Ltd, (2012): “Determination of important hydrological features for Oroklini 

[ŀƪŜέΣ CƻǊŜǎŜŜƴ ŀǎ ǇŀǊǘ ƻŦ ǘƘŜ ǇǊƻƧŜŎǘ [LC9мл b!¢κ/¸κтмс ǿƘŜǊŜ BirdLife Cyprus is an associated beneficiary. 
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The increase of domestic water import to the area and the consumption which almost doubles 

(increase by 60-70%) in the period of July ς August, as shown in Table 2-5, is the reason why 

groundwater exceeds the capacity of the aquiferous zones and rises to the surface. 

!ƴƻǘƘŜǊ ǊŜŀǎƻƴ ŎŀǳǎƛƴƎ ǘƘŜ ƻŎŎǳǊǊŜƴŎŜ ƻŦ ΨǊƛǎƛƴƎ άǿŀǘŜǊ ŀǘ ǘƘŜ ŀǊŜŀ ƻŦ ǘƘŜ ƳŀǊǎƘ ƛǎ ǘƘŜ ǇǊŜǎŜƴŎŜ ƻŦ 

the άƎƭŜȅƛŎ ǎƻƭƻƴŎƘŀƭƪǎέ όǎŀƭǘȅ ǎƻƛƭǎ ǿƛǘƘ ǘȅǇƛŎŀƭ ŘŀǊƪ ƎǊŜȅ ŎƻƭƻǊ ƻŦ ǘƘŜ ƎƭŜȅƛŎ ǘȅǇŜ ƻŦ ǎƻƛƭǎύ ǿƘƛŎƘ ƘŀǾŜ 

a very low permeability not allowing the travel of groundwater in the same amounts further 

downstream.  

 

Figure 2-1: Groundwater level observations showing a rise during the touristic month of August which can 
only be attributed to increased return of wastewater to the underground since rainfall was nil.  

2.3.4 Wastewater  

The residences, institutions, the commercial and industrial establishments of the community 

produce urban and urban-like wastewater, that is disposed into onsite septic systems.  

The passage of wastewater through the unsaturated zone and the aquifer provides a purification 

stage to a large extent through the well-known άǎƻƛƭ ŀǉǳƛŦŜǊ ǘǊŜŀǘƳŜƴǘέ ƻǊ {!¢Φ The major 

purification processes occurring in the soil aquifer system are: slow-sand filtration, chemical 

precipitation, adsorption, ion exchange, biological degradation, nitrification, denitrification and 

disinfection. The wastewater having travelled some distance is expected through SAT to have a 

quality suitable for a variety of non-potable uses especially for unrestricted agricultural irrigation.  

Urban wastewater has higher concentrations of the following polluting parameters: Suspended 

Solids ς TSS, Organic load defined by the parameters of COD and BOD5, compounds of Nitrogen and 

Phosphorous and Coliforms. In the case that this wastewater does not receive effective and 

adequate treatment, the polluting load can produce serious problems to the natural receptors. The 

presence of organic load leads to the development of de-oxygenation of the natural water receptors 

(reduction of the concentration of dissolved oxygen). The ammonium nitrogen is converted to 

RISE IN WATER LEVEL 
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nitrates which also lead to de-oxygenation. The nitrogen (in the form of ammonia and nitrogen) as 

well as phosphorus are the two categories of nutrients responsible for eutrophication. 

The presence of these has been examined through analyses on samples obtained at the point where 

surface runoff enters the culvert, which is under the Highway, and flows to the Lake. 

On the average, 60% - 90% of the used potable water is disposed to individual on-site septic systems. 

Water not returned to the underground is typically used for irrigation and other applications. For the 

Oroklini Community having in mind the type of housing and extent of gardening, a quantity of some 

70% of this water is assumed to be returned to the groundwater (Tables 2-4 and 2-5). 

 



Analysis of Pressures and Impacts on runoff water quality for the Oroklini Lake catchment -  
Part of the project LIFE10 NAT/CY/716 where BirdLife Cyprus is an associated beneficiary  

FINAL REPORT 

I.A.CO ENVIRONMENTAL & WATER CONSULTANTS LTD           - 20 - 

Table 2-5. Purchase, Sale and Unaccounted water Oroklini Municipality for 2007 – 2013 (in m3)* 

YEAR 2007 2008 2009 2010 2011 2012 2013 

MONTH PURCHASE SALE PURCHASE SALE PURCHASE SALE PURCHASE SALE PURCHASE SALE PURCHASE SALE PURCHASE SALE 

JANUARY 

64.530 

64.131 

85.206 

74.423 

58.656 

62.235 

90.571 

101.912 

103.691 

78.759 

106.574 

73.864 

77.190 

79.331 FEBRUARY 

MARCH 

70.530 75.407 74.134 96.041 111.984 114.129 91.855 

APRIL 

84.170 75.251 99.988 103.626 103.579 105.859 110.170 MAY 

88.390 68.217 78.777 112.613 126.692 139.738 120.085 

JUNE 

JULY 

104.780 

109.018 

76.680 

64.328 

107.661 

115.199 

133.659 

127.235 

142.743 

125.883 

157.161 

123.095 

136.705 

122.738 AUGUST 

SEPTEMBER 

95.580 66.730 91.225 135.048 129.449 145.477 145.655 

OCTOBER 

82.211 78.953 89.073 98.855 89.823 84.414 N/A NOVEMBER 

74.280 63.348 108.952 109.870 116.421 125.694 N/A** 

DECEMBER 

TOTAL 498.090 339.530 435.588 292.955 519.405 366.495 677.802 431.628 730.980 398.044 788.773 387.232 571.490 312.239 

UNACCOUNTED 
(m3 & %) 

158.560 142.633 152.910 246.174 332.936 401541 259.251 

31,83 32,74 29,44 36,32 45,55 50,91 45,36 

*Source: Oroklini Village Board ς Monthly data were not available, while the purchasing and selling periods are different, thus not allowing for a one-to-one comparison.  

** Not Available 



Analysis of Pressures and Impacts on runoff water quality for the Oroklini Lake catchment -  
Part of the project LIFE10 NAT/CY/716 where BirdLife Cyprus is an associated beneficiary  

FINAL REPORT 

I.A.CO ENVIRONMENTAL & WATER CONSULTANTS LTD    - 21 - 

3 ANALYSIS OF PRESSURES AND IMPACTS 

3.1 POTENTIAL SOURCES OF POLLUTION 

3.1.1 Point Sources 

The total Catchment Area to the Lake covers an area of 3,2 km2 as mentioned in Chapter 2.2.1 and 

shown in Map 2-1. Within this area there is a built up area with the corresponding amenities. These 

amenities include the potential point pollution sources, which amount to seven restaurants, one dry- 

cleaner, a petrol station, an uncontrolled dump site in the southwestern part of the lake, an 

uncontrolled storage plot for petroleum products on the south-eastern fringe of the catchment 

upstream of the highway, the highway itself and the road from the coast to the village where road 

runoff and a possible truck or bowser accident carrying petrol or other chemicals or wastewater 

could result to a spill which could end up in the Lake. The potential point sources are pointed out on 

Map 3-1 along with a view of the residential town planning zones and the agricultural areas. 

Agricultural areas are presented in more detail in paragraph 3.1.2 and Map 3-2 that follow. 

Information about the actual number and exact position of the restaurants and the dry cleaning 

store was provided by Mr. Andreas Theodosiou, Director of the Oroklini Community Council during a 

meeting on the 11th of March 2014. These were spot checked and visited by I.A.CO. The Petrol 

Station is situated at the northeastern part of the Lake. The uncontrolled dump site at the 

southwestern part of the Lake and the plot with uncontrolled storage of petroleum products, 

considered as potential point sources were located during a visit by members of the I.A.CO team on 

the 6th of May. 

3.1.1.1 The Restaurants  

The main issues that differentiate restaurants from housing units as it concerns to wastewater, are 

Fats, Oils and Greases (FOGs) that result ŦǊƻƳ ǘƘŜ ƪƛǘŎƘŜƴΩǎ ǿŀǎǘŜΦ For this reason an initial analysis 

of Total Hydrocarbons was conducted in order to check the level of Hydrocarbons. According to 

these initial results a more detailed analysis involving Total Petroleum Hydrocarbons (TPH) and FOGs 

were to be made in order to finalize whether the increased levels of Hydrocarbons were due to TPH 

or due to FOG resulting from the restaurants. As a result as shown on Table 3-4, there was no need 

for TPH analysis since the Total Hydrocarbons and the FOGs were below the detection limit (Table 3-

4 in paragraph 3.1.3 and Appendix 7-1). FOGs tend to accumulate on pipes, pumps, and equipment 

and sometimes obstruct lines. ²ƘŜƴ ƪƛǘŎƘŜƴΩǎ ǿŀǎǘŜ ǾŜƎŜǘŀōƭŜ ƻƛƭ ƛǎ ƭŜŦǘ ǘƻ ŘǊŀƛƴ ƻǳǘǎƛŘŜ ǘƘŜ ƪƛǘŎƘŜƴΣ 

ending up in the storm water network, it eventually ends up in the lake, as it is discussed in 

subchapter 2.2.3. Thus, as it is also further discussed in paragraph 3.1.3, the samples taken at the 

entry of the culvert under the Highway, indicate low concentration of TPH and the FOGs. 

Photo 3-1 shows an example of poor waste vegetable oil management in a case outside one of the 

seven restaurants (Photo 3-1).  
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Map 3-1. Potential Pollution Sources within the Catchment Area



Analysis of Pressures and Impacts on runoff water quality for the Oroklini Lake catchment -  
Part of the project LIFE10 NAT/CY/716 where BirdLife Cyprus is an associated beneficiary  

FINAL REPORT 

I.A.CO ENVIRONMENTAL & WATER CONSULTANTS LTD    - 23 - 

 

Photo 3-1. Waste vegetable oils and greases from a restaurant disposed to a street and collected by storm 
water network 

3.1.1.2 The Dry cleaner  

The dry cleaning store shown in Photo 3-2 is equipped with modern dry cleaning machines that use a 

closed-loop system. This means high solvent recovery rates and reduced air pollution. The solvent 

used in the process is PERC (tetrachloroethylene). PERC is one out of the 45 priority substances listed 

in Directive 2013/39/EU4.  

Possible sources of all priority substances according Directive 2008/105/EC, were investigated in 

detail ƛƴ ǘƘŜ ǇǊƻƧŜŎǘ άPreparation of an Inventory of Emissions, Discharges and Losses of Priority and 

Priority Hazardous Substancesέ5. Under this project, the catchment was suggested as one of the 

άƘƻǘǎǇƻǘǎέ ǘƘŀǘ ƴŜŜŘ ǘƻ ōŜ ŎƻƴǎƛŘŜǊŜŘ ŦƻǊ ǘƘŜ ŜǎǘŀōƭƛǎƘƳŜƴǘ ƻŦ ŀ ƴŜǿ ƳƻƴƛǘƻǊƛƴƎ station that would 

probably include PERC either on a regular basis or on an investigative basis of monitoring. From the 

site visits performed, it seems that the dry cleaner management keeps all the precautions and terms 

set to it in the Environmental Permit granted by the Department of Environment for waste disposal 

and by the Department of Labor Inspection for air emissions, reducing the pollution risk to a 

minimum. 

                                                            
4 Directive 2013/39/EU amending Directives 2000/60/EC and 2008/105/EC as regards priority substances in 
the field of water policy 
5 Department of Environment, Contract Number 14/2012 ς assigned to I.A.CO Environmental & Water 
Consultants Ltd 

Stormwater inlet 

Oils and fats flowing onto the 
road 
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Photo 3-2. Dry cleaner in Oroklini’s community main road 

3.1.1.3 The Petrol Station  

Of particular concern to the sensitive area of the Oroklini Lake has been the presence of the petrol 

station only a few meters away from the Lake as shown on Map 3-1. Observing the present 

conditions regarding the disposal of runoff both of storm water as well as of any other chemical, oils 

and petrol, it appears that a number of measures have been taken to safeguard the disposal of any 

of these to the Lake.  

The following measures have been observed: 

Á Peripheral screened gutter around the petrol pumps (Photo 3-3) leading effluents to a 

concrete watertight tank (Photo 3-4) ; 

Á Peripheral low cornice wall around the whole property controlling any disposal of liquids 

from it (Photo 3-3); 

Á A screened gutter at the entrance of the Petrol Station prohibiting any outflow of effluents 

from the station to the road and to the storm-water network (Photo 3-5). 

Additionally, due to its proximity to the lake, special measures, already reported to the European 

Commission, have been taken so as to limit any possibility of any leakage. These include:  

a) a double wall ceiling of the underground storage facilities, 

b) an electrical detector of any oil leak,  

c) special leakage infrastructure facilities, 

d) a number of shear valves to prevent any leakage, 
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e) an oil water separator Class A for collecting any water / oil leakage coming from the petrol 

station which then is being treated towards the waste treatment pipeline in a concentration 

of not more than 5 ppm, and 

f) a vapor recovery unit to limit and prevent any smell vapors. 

 

Photo 3-3. The Petrol Station 10-20m away from the Oroklini Lake 

 

Peripheral 
screened gutter 
around the petrol 
pumps  

Low wall around 
the petrol station  



Analysis of Pressures and Impacts on runoff water quality for the Oroklini Lake catchment -  
Part of the project LIFE10 NAT/CY/716 where BirdLife Cyprus is an associated beneficiary  

FINAL REPORT 

I.A.CO ENVIRONMENTAL & WATER CONSULTANTS LTD    - 26 - 

 

Photo 3-4. Concrete watertight tank properly emptied occasionally 

 

 

Photo 3-5. Screened gutter at the entrance of the Station collecting all effluents from the Station and 
discharging them into the watertight tank 

Concrete watertight tank receptor 
of all effluents within the petrol 

station 
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3.1.1.4 The Uncontrolled Dump Site  southwest of the Lake  

During a site visit at the catchment area on the 6th of May, an uncontrolled dump site was detected 

on the south-western part of the catchment area of the Lake as shown on Map 3-1. Photos 3-6 to 3-

9 show the extent of various types of wastes dumped at this site. Excess storm-water which 

becomes runoff flows directly into the lake as there is no control or management for it. On the basis 

of a research of satellite photographs (Google Earth) this site seems to be active since and before 

2003. 

  

 

Photo 3-6. Entrance to the uncontrolled dump site 

 

 

Photo 3-7. Inert and electronic equipment wastes at the uncontrolled dump site 



Analysis of Pressures and Impacts on runoff water quality for the Oroklini Lake catchment -  
Part of the project LIFE10 NAT/CY/716 where BirdLife Cyprus is an associated beneficiary  

FINAL REPORT 

I.A.CO ENVIRONMENTAL & WATER CONSULTANTS LTD    - 28 - 

 

 

Photo 3-8. Tire wastes at the uncontrolled dump site 

 

 

Photo 3-9. Inert wastes and pruning wastes at the uncontrolled dump site 



Analysis of Pressures and Impacts on runoff water quality for the Oroklini Lake catchment -  
Part of the project LIFE10 NAT/CY/716 where BirdLife Cyprus is an associated beneficiary  

FINAL REPORT 

I.A.CO ENVIRONMENTAL & WATER CONSULTANTS LTD    - 29 - 

3.1.1.5 The Uncontrolled storage plot for petroleum and other products  

On Map 3-1 a site of uncontrolled storage of petroleum products and scrap metals is shown on the 

south-eastern fringe of the water-divide of the catchment just north of the Highway. Photo 3-10 

shows a view of the storage site from which the storm-water runoff ditch begins, enters the highway 

and ends up in the Lake as discussed in detail in paragraph 2.2.4 under άHighway drainage present 

ŎƻƴŘƛǘƛƻƴǎέΦ 

The present day conditions of the storage site are presented in the Photos 3-10 to 3-15 shown 

below. No storm ς water runoff management arrangement has been noticed except the discharge to 

a ditch next to the entrance road to the highway that eventually ends up to the Lake. The same 

holds for any oils, greases and other petrol products that find themselves disposed within the yard.  

This storage area of scrap metals and petroleum and other products presents a threat to the 

sensitive environment of the Lake especially since the full type of products stored in the area are not 

known and runoff, as explained, finds itself flowing to the Lake. 

 

 

Photo 3-10: View of the uncontrolled petroleum products storage site from the highway exit (below) and 
view of the vehicles from within the plot 

 



Analysis of Pressures and Impacts on runoff water quality for the Oroklini Lake catchment -  
Part of the project LIFE10 NAT/CY/716 where BirdLife Cyprus is an associated beneficiary  

FINAL REPORT 

I.A.CO ENVIRONMENTAL & WATER CONSULTANTS LTD    - 30 - 

 

Photo 3-11: View of the uncontrolled scrap metals and petroleum products storage site from within 

 

 

Photo 3-12: Lead additive products (for old 
engines designed to run on leaded petrol) 

 

Photo 3-13: Engine oil products within the site 

 

Photo 3-14: Two photos showing tanks for fuel 
supply 

 

Photo 3-15: Scrap metal within the yard 
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3.1.1.6 The Highway and road from coast to Village  

! ƳŀƧƻǊ άǇƻƛƴǘ-ǎƻǳǊŎŜέ ƻŦ Ǉƻƭƭǳǘƛƻƴ ŘǳŜ ǘƻ ǘƘŜ ƘŜŀǾȅ ǘǊŀŦŦƛŎ ƛƴǾƻƭǾŜŘΣ ƛǎ ǘƘŜ ǎǘƻǊƳ ǊǳƴƻŦŦ ŦǊƻƳ ǘƘŜ 

Paralimni ς Larnaca highway which crosses the stream which discharges to the lake area. 

Additionally, another source is the road connecting the coastal area to both the highway and the 

Oroklini Community and which crosses the lake itself.  

A serious potential pollution source is also a possible traffic accident, when especially it might 

involve a truck carrying petrol and or other chemicals, on both the highway bridge itself and or on 

the road crossing the lake. These need to be seriously considered. 

The sensitive wetland ecosystem of Oroklini Lake needs to be protected by minimizing the road and 

bridge-related impact risks by establishing protective measures to reduce the runoff of pollutants, 

through the use and proper maintenance of structural controls. 

The pollutants generated by motor vehicles, involving mainly petroleum hydrocarbons, through 

emission and deposition of automobile exhaust fumes and through discharges of both fluids and 

solid particles while travelling and braking, run off by themselves or are carried away by storm water 

runoff. 

Evaluation6 of the land uses and their respective catchment areas suggested that the degree of 

automotive exposure (a combination of duration of exposure to vehicles with engines running and 

volume of traffic) is the primary factor in the generation of petroleum hydrocarbons in runoff from 

automotive-intensive land uses. The intensive presence of traffic on the highway but also on the 

road towards Oroklini and crossing the Lake make these a serious polluting source. 

The main pollutants found7 in highway runoff, along with their likely sources, are shown in Table 3-1. 

Thus, runoff from the operation of the highway and the road can adversely affect vegetation, the 

surface waters, and the wetland with a variety of pollutants, including sediments, heavy metals, 

hydrocarbons, and toxic substances. The sources of highway runoff pollutants fall into two main 

categories: vehicle traffic and, traffic accidents (especially trucks carrying petrol or other chemicals). 

Suspended solids increase turbidity, heavy metals are toxic to many aquatic organisms, and 

nutrients stimulate growth of algae and aquatic weeds and develop eutrophication, and BOD 

reduces the dissolved oxygen. Poly-aromatic Hydrocarbons (PAHs) found in petroleum products 

pose risks to fish and other aquatic species.  

 

 

 

                                                            
6 Shepp, D.L. 1996. Petroleum Hydrocarbon Concentrations Observed in Runoff From Discrete, Urbanized 
Automotive-Intensive Land Uses. In Proceedings of Watershed 96: Moving Ahead Together, Baltimore, MD, 
June 8ς12, 1996. 
7 National Cooperative Highway Research Program (NCHRP). 1999. Assessment of Impacts of Bridge Deck 
Runoff Contaminants on Receiving Waters. Research Results Digest. Number 235. National Research Council, 
Transportation Research Board, National Cooperative Highway Research Program, Washington, DC. 
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Table 3-1: Primary sources of highway runoff pollutants 

Pollutants Primary source 

Particulates Pavement wear and vehicle maintenance 

Lead, cadmium, copper Tire wear, lubricating oil and grease, bearing wear 

Chromium, copper, nickel, cadmium Metal plating, moving engine parts, brake lining wear 

PCBs PCB catalyst in synthetic tires 

Petroleum, ethylene glycol 
Spills and leaks of motor lubricants, antifreeze hydraulic 

fluids 

3.1.2 Diffuse Sources 

3.1.2.1 Agriculture  

With respect to agriculture, the diffuse sources include the agricultural practices that result in 

pollutant loads. Due to the fact that a substantial area within the catchment area is occupied by 

agricultural activities, data were requested and granted from the following relevant public services: 

Á Up-to-date data about the area per type of crop, for each parcel that is cultivated within the 

catchment area. (GIS Section, Technical Services, Cyprus Agricultural Payments Organization 

- CAPO) 

Á Up-to-date data about the agrochemical products used for the above referred crops. 

(Agrochemicals Control Section, Department of Agriculture, Ministry of Agriculture, Natural 

Resources and Environment) 

The parcels covered by crops that fall within the catchment area under study, sum up to an area of 

0,82 km2, from which an area of 0,055km2 is fallow land. The proportion of each crop cultivated in 

the catchment area is shown in Table 3-2 and Figure 3-1 that follow.  

The spatial distribution of the above mentioned crops per parcel is presented in detail on Map 3-2. 

In the following phƻǘƻƎǊŀǇƘ ŀ ǎŀƳǇƭŜ ƻŦ ǘƘŜ ŎǊƻǇǎΩ area is presented, particularly on the west side of 

the lake. On the back of the landscape shown in Photo 3-16, the barley bales can be distinguished. 
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Map 3-2. Crop type per agricultural parcel within the catchment area 



Analysis of Pressures and Impacts on runoff water quality for the Oroklini Lake catchment -  
Part of the project LIFE10 NAT/CY/716 where BirdLife Cyprus is an associated beneficiary  

FINAL REPORT 

I.A.CO ENVIRONMENTAL & WATER CONSULTANTS LTD    - 34 - 

 

Photo 3-16. Barley crops on the western part of the lake 

Table 3-2. Variability of crop cultivation for the cultivated land in the catchment area 

Crop Area per crop (m2) 

Olive Trees 1.600 

Alfalfa 3.200 

Avena Sativa 4.200 

Hay Barley 10.100 

Hay Wheat 12.700 

Lolium merredin 313.700 

Barley 417.300 

Total 762.800 

Fallow Land 54.900 

 

 

Figure 3-1. Variability of crop cultivation for the cultivated land in the catchment area 

Olive Trees 0,2%

Alfalfa 0,4%

Avena Sativa 0,5%

Hay Barley 1,2%

Hay Wheat 1,6%

Lolium merredin 
38,4%

Barley 51,0%

Crops cultivated in the catchment area

Barley bales 
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The data requested concerning agrochemicals used on these crops are as follows per main 

ingredients: 

2,4-D fenoxaprop-p-ethyl pendimethalin tribenuron methyl 

dicamba iodosulfuron methyl-sodium pinoxaden chlorpyriphos 

tritosulfuron glyphosate florasulam dimethoate 

mecoprop-p mesosulfuron prosulfocarb triadimenol 

The above mentioned substances are included in agrochemicals used on cereals. Most of them are 

contained in herbicides, while chlorpyriphos and dimethoate are contained in insecticides and 

triadimenol in fungicides. Farmers usually are familiar with the product names rather than their 

ingredients. Once these product names are known, their ingredients can very easily be determined. 

!ŎŎƻǊŘƛƴƎ ǘƻ ǘƘŜ Cƛƴŀƭ wŜǇƻǊǘ ƻŦ ǘƘŜ ǇǊƻƧŜŎǘ άPreparation of an Inventory of Emissions, Discharges 

and Losses of Priority and Priority Hazardous Substancesέ8, in regard to ammonium fertilizers, these 

are used mainly in cereals. The enrichment of soil nitrogen through the application of ammonium 

fertilizers, their ammonium form predominates their nitrate form due to the fact that it can be 

restrained better from soils colloids, thus reducing losses caused by washout. The application of 

ammonium fertilizers must be followed by watering until the fertilizers are dissolved, or if this is not 

possible fertilizers must be incorporated into the soils in order to minimize the losses of nitrogen to 

the atmosphere. 

Pollution from agrochemicals and fertilizers is considered to be diffused due to the fact that it is 

considered that it can contribute to the introduction of all the relevant substances, only in a general 

level of application. The crop fields that are likely to affect the lake water quality are the ones at the 

ƴŜŀǊŜǎǘ ŘƛǎǘŀƴŎŜΣ ŦǊƻƳ ǿƘƛŎƘ ŀƎǊƻŎƘŜƳƛŎŀƭǎΩ ŀƴŘ ŦŜǊǘƛƭƛȊŜǊǎΩ ǎǳōǎǘŀƴŎŜǎ Ƴŀȅ ŜƴŘ ǳǇ ƛƴ ǘƘŜ ƭŀƪŜ ōȅ 

surface water runoff. 

The parameters selected for the monitoring of the impact of the agriculture areas were TN and TP to 

represent the possible pollution from fertilizers. For the investigation of agrochemicals there must 

be a further survey with the specific farmers of the area that cultivate on the previously mentioned 

fields. Further analysis on this issue is presented in Chapter 5, in which a program is proposed for the 

water quality monitoring of the lake. 

3.1.2.2 Non-sewered urban area  

The urban waste-water sewerage network ƻŦ άLarnaca Sewerage and Drainage Boardέ ŎƻǾŜǊǎ ŀƴ 

area that reaches the Oroklini administrative boundaries, but only for a narrow land area, some 

450m wide, within the administrative boundaries which is adjacent to the coast-line, comprising 

mainly the touristic Town Planning Zones ŀǎ ǇŜǊ ǘƘŜ άCity of Larnaca and Suburbs New Local 

Development PlanέΦ 

                                                            
8 Contract Number 14/2012, Department of Environment, Ministry of Agriculture, Natural Resources and 
Environment, Final Report ς December 2012 
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¢ƘŜ ǊŜǎǘ ƻŦ ǘƘŜ ŀǊŜŀ ǿƛǘƘƛƴ ǘƘŜ hǊƻƪƭƛƴƛΩǎ ŀŘƳƛƴƛǎǘǊŀǘƛǾŜ ōƻǳƴŘŀǊƛŜǎ is not covered by a waste-water 

sewer system, and all housing units drain their sewage waste into site septic systems. Map 3-1 

shows the urban areas within the catchment area, with no sewerage system. This is based on all the 

designated ǊŜǎƛŘŜƴǘƛŀƭ ǘƻǿƴ ǇƭŀƴƴƛƴƎ ȊƻƴŜǎ ŀŎŎƻǊŘƛƴƎ ǘƘŜ άStatement of Policy for the Countryside 

of Cyprus ς Larnaca District ς Spatial Region I ς Voroklini ς 5ŜŎŜƳōŜǊ нлмоέ with the map being 

available on the Town Planning and Housing DepartmentΩǎ ǿŜōǎƛǘŜ9. 

According to Article 16 of the Urban Waste Water Directive (UWWD) 91/271/EEC, Member States 

shall ensure that every two years the relevant authorities or bodies publish situation reports on the 

disposal of urban waste water and sludge in their areas. The latest Report10 of the Department of 

Environment under Article 16 of the UWWD was submitted in October 2012 and covers the time 

period between 2009 and 2010. This Report states that the National Implementation Plan of 2008 

sets OrokliniΩǎ ŎŜƴǘǊŜ as one of the 50 rural areas with population equivalent (p.e.) above 2.000. 

Specifically it has a p.e. of 11.000. A revised National Implementation Plan is under preparation. The 

²ŀǘŜǊ 5ŜǾŜƭƻǇƳŜƴǘ 5ŜǇŀǊǘƳŜƴǘ ό²55ύ ƛƴ 5ŜŎŜƳōŜǊ нлмн ǇŀǊǘƛŎƛǇŀǘŜŘ ƛƴ ŀ άWorkshop on 

Compliance Promotion and Development of Structured Implementation and Information 

Frameworks (SIIFs): άTowards a Modern Information System for the Urban Waste Water Treatment 

Directive (91/271/EEC)έ ǘƘŀǘ ǘƻƻƪ ǇƭŀŎŜ ƛƴ .ǊǳǎǎŜƭǎΦ Lƴ ŀ ǇǊŜǎŜƴǘŀǘƛƻƴ11 of the WDD representative 

during this workshop, presenting the current status of the Monitoring of the Implementation Plan in 

/ȅǇǊǳǎΣ ŀǎ ƛǘ ŎƻƴŎŜǊƴǎ hǊƻƪƭƛƴƛΩǎ ŎŜƴǘǊŜ, the plan indicates that the construction of the network 

would start in 2014 and last for 24 months. As of today the Oroklini Community Council has not 

referred to such planning. 

As it is shown in Maps 3-1, a percentage of 68҈ ƻŦ ǘƘŜ ŎŀǘŎƘƳŜƴǘΩǎ ŀǊŜŀ ǘƻǿƴ ǇƭŀƴƴƛƴƎ ȊƻƴŜǎ is 

residential which refers to other built-up areas or areas where residential construction is permitted 

under the Town Planning and House Department Regulations.  

The parameters selected for the monitoring of the impact of the urban area with no sewage are 

BOD5, COD, TN, TP, TSS and Fecal coli forms.  

3.1.2.3 Storm-water  runoff  

When rain falls, the runoff in an urban environment washes pollutants off the roadways, parking 

lots, construction sites, other impervious surfaces, roofs and lawns. Thus, urban runoff carries a 

mixture of pollutants, such as gasoline, motor oil, heavy metals, trash and other pollutants from the 

streets and parking lots, suspended solids from construction sites, oxygen demanding substances, 

toxic metals and trace elements, organic contaminants as well as nutrients from fertilizers and 

pesticides from lawns, and pathogenic bacteria, which may be harmful to receiving waters.  

Roads and parking lots are major sources of polycyclic aromatic hydrocarbons (PAHs), as well as of 

the heavy metals nickel, copper, zinc, cadmium, and lead. PAHs are common by-products of 

incomplete combustion from vehicles, wood and oil burning central heating systems. These may 

                                                            
9http://www.moi.gov.cy/moi/tph/tph.nsf/All/2F78D950889B63E6C2257C47004106A6/$file/02_voroklini.pdf  
10http://www.moa.gov.cy/moa/environment/environment.nsf/D3C3E85AE3A886DFC2257C610046B65F/$file/
ReportArticle16UWWTDSituation2009and2010.pdf  
11http://www.moa.gov.cy/moa/wdd/wdd.nsf/All/A924DFDF2523B0ADC2257AD30041196A/$file/Presendation
.pdf  

http://en.wikipedia.org/wiki/Gasoline
http://en.wikipedia.org/wiki/Motor_oil
http://en.wikipedia.org/wiki/Heavy_metals
http://en.wikipedia.org/wiki/Waste
http://en.wikipedia.org/wiki/Polycyclic_aromatic_hydrocarbon
http://en.wikipedia.org/wiki/Nickel
http://en.wikipedia.org/wiki/Copper
http://en.wikipedia.org/wiki/Zinc
http://en.wikipedia.org/wiki/Cadmium
http://en.wikipedia.org/wiki/Lead
http://www.moi.gov.cy/moi/tph/tph.nsf/All/2F78D950889B63E6C2257C47004106A6/$file/02_voroklini.pdf
http://www.moa.gov.cy/moa/environment/environment.nsf/D3C3E85AE3A886DFC2257C610046B65F/$file/ReportArticle16UWWTDSituation2009and2010.pdf
http://www.moa.gov.cy/moa/environment/environment.nsf/D3C3E85AE3A886DFC2257C610046B65F/$file/ReportArticle16UWWTDSituation2009and2010.pdf
http://www.moa.gov.cy/moa/wdd/wdd.nsf/All/A924DFDF2523B0ADC2257AD30041196A/$file/Presendation.pdf
http://www.moa.gov.cy/moa/wdd/wdd.nsf/All/A924DFDF2523B0ADC2257AD30041196A/$file/Presendation.pdf
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accumulate in bottom sediments in urban streams and marshes and are taken up by aquatic 

organisms.  

The main source of many metals in urban runoff is vehicle traffic. Concentrations of zinc, which 

could be toxic to aquatic life, cadmium, chromium and lead, appear12 to be directly related to the 

volume of traffic on streets that drain into a storm sewer system. Some 70% of the zinc and lead in 

urban runoff has the streets as a source. Outdoor storage of scrap metal could also be a source.  

Urban runoff could be loaded with sediment (see Photos 2-2 and 2-3) especially if construction sites 

are poorly maintained. Furthermore, it could contain flakes of metal from rusting vehicles, particles 

from vehicle exhaust, bits of tires and brake linings. 

Organic material such as pet waste, dead animals, leaves, grass clippings and litter use up oxygen, as 

these materials decay, needed by aquatic life in the Oroklini Lake (Photo 3-17 and 3-18). 

Generally, high faecal coliform bacteria counts for urban runoff (see analytical results of 14 to 25 

thousand /100ml during rain) are typical for small urbanized areas. The sources of bacteria in urban 

runoff include sanitary sewer overflows, pets, urban wildlife such as pigeons, etc., (Photo 3-17). 

Keeping pollutants out of storm-water runoff is less expensive than installing storm-water treatment 

facilities. The Oroklini Community Council needs to consider: 

Á Construction site erosion control regulations;  

Á Enactment of regulations regarding storm-water management in new developments; 

Á Development and implementation of a comprehensive storm-water management plan by 

extending the present storm-water network; 

Á Consideration of sponsoring or providing incentives for household hazardous waste 

collections, and disposal of toxic wastes properly;   

Á Consider oil recycling enforcement; 

Á Maintain clean roadways and pavements to keep waste out of storm-sewers; 

Á Campaign for citizens to maintain and tune cars and repair leaks;  

Á Limit the use of fertilizer and pesticide use; 

Á Campaign for cleaning up pet waste 

 

                                                            
12 GWQ020 Polluted Urban Runoff ς A Source of Concern I-02-97-5M-20-S DNR: WT-483-97 http://clean-

water.uwex.edu/pubs/pdf/urban.pdf 

http://clean-water.uwex.edu/pubs/pdf/urban.pdf
http://clean-water.uwex.edu/pubs/pdf/urban.pdf
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Photo 3-17: A carcass in the culvert under the highway which discharges to the lake 

 

Photo 3-18: Discharge with debris at the outlet of the central storm - water network. The role of the reeds in 
controlling pollutants is clear  
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3.1.3  Impact Analysis based on Monitoring Results  

During the study ά5ŜǘŜǊƳƛƴŀǘƛƻƴ ƻŦ ƛƳǇƻǊǘŀƴǘ ƘȅŘǊƻƭƻƎƛŎŀƭ ŦŜŀǘǳǊŜǎ ŦƻǊ hǊƻƪƭƛƴƛ [ŀƪŜέ in November 

2012, surface water standing in the lake was sampled on the 21st of June and 10th of October 2012 

and the results were compared to average river water values, the EU Drinking standards and the 

Cyprus Threshold Values. The samples were taken from a point within the lake in its northern part. 

The sample analyses results and above mentioned comparison values are presented Table 3-3. 

Table 3-3. Results of lake’s surface water sample analyses during Action A.4 of LIFE+ project “Restoration 
and Management of Oroklini Lake SPA (CY6000010) in Larnaca Cyprus” 

Parameter Units 

Surface water results 
Mean 

composition 

of world river 

water 13 

EU 

Drinking 

Water 

Standards
14 

Cyprus 

Threshold 

Values15 
21/06/2012 10/10/2012 

Total Nitrogen mg/L-N 7,8 10,1    

Nitrites NO2
+ mg/L-N 0,1 0,03  0,50  

Total Ammonia 

Nitrogen 
mg/L-N <0,6 4,2    

Ammonium NH4
+ mg/L-N <0,58 4,0  0,50 0,50 

Total Phosphorus mg/L-P 0,20 0,09    

Soluble reactive 

Phosphates (SRP) 
mg/L-P <2,6 <2,6    

HCO3
- mg/L 308 355 58   

CO3
2+ mg/L <1 <1 7   

SO4
2- mg/L 4.092 4.498 11 250 250 ς 3.000 

Cl- mg/L 2.942 3.120 7,8 250 250 ς 3.000 

NO3
- - N mg/L-N 3,25 1,68 1 50 50 

F mg/L <1,2* <1,2*  1,5  

Ca2+ mg/L 441 511 15   

Mg2+ mg/L 657 759 4,1   

K+ mg/L 23 36    

Na+ mg/L 2.240 2.587 6,3 200  

B mg/L 5,29 5,56  1,0  

El.  Conductivity μS/cm 13.700 16.250  2.500 2.500-7.000 

pH - 8,3 8,0  
җ сΣр ŀƴŘ Җ 

9,5 
 

Total Hardness 
mg/L 

CaCO3 
3.780 4.375 54   

Total Alkalinity 
mg/L 

CaCO3 
308 355    

Colour Hazen 30 68  **  

                                                            
13  Source: J. HEM Study and Interpretation of the Chemical Characteristics of Natural Water USGS WS Paper 
2254 with further reference to  I. Oltman 1968 USGS Water Supply Paper 1964  
14 Council Directive 98/83/EC on the quality of water indented for human consumption. 
15 ANNEX 3 to the Commission Staff Working Document accompanying the Report from the Commission in 
accordance with Article 3.7 of the Groundwater Directive 2006/118/EC on the establishment of groundwater 
threshold values 
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Parameter Units 

Surface water results 
Mean 

composition 

of world river 

water 13 

EU 

Drinking 

Water 

Standards
14 

Cyprus 

Threshold 

Values15 
21/06/2012 10/10/2012 

Pb μg/L <2,9 No analysis  10 10 

Hg μg/L <1 No analysis  1 1 

Dissolved oxygen mg/LO2 6,6 9,5    

BOD5 mg/L 12 118    

COD mg/L 25 188    

As already mentioned in the introduction chapter, three samplings were planned and conducted just 

upstream of the highway culvert, at the beginning, in the middle and 15 days prior to the study 

conclusion. The sampling point is shown in Map 2-3 with a green square point. Eventually the 

samples were collected on the 3rd of April 2014, the 16th of April 2014 and the 6th of May 2014. The 

analyses results of the collected samples of runoff water are presented in Table 3-4. It is worth to 

notice that on the 15th of April 2014, the previous day of the sampling of the 16th, there was a light 

rainfall, while on the 6th of May 2014 rainfall begun early in the morning and lasted until late in the 

afternoon. 

Further to the three samplings conducted during this study, the Oroklini Community Council 

conducted a sampling from the same point on the 11th of July 2013. The analytical results of this 

sample are also presented in Table 3-4. 

Table 3-4. Results of recent analysis on water samples taken from the inflow point of the lake 

Parameter Units 

Date of sampling 

By Oroklini 
Community 

council 
By IACO Environmental & Water Consultants Ltd 

11/07/2013 
 

03/04/2014 
No rainfall 

16/04/2014 
Rainfall on 

the previous 
day 

06/05/2014 
Rainfall on 
the same 

day 

Average Value for 
the sampling for 
the scope of this 

report 

pH - 7,6 7,8 7,6 7,6 7,7 

Electric 
Conductivity 

mS/cm 9,11 8,03 7,69 1,277 5,67 

BOD5 mg/l 5 <3 6 18 9 

COD mg/l 12 7 13 58 26 

Total 
Suspended 

Solids 
mg/l 13 10 12 61 27,7 

Total 
Hydrocarbons 

mg/l No analysis <1,6 <1,6 <1,6 <1,6 

FOG mg/l No analysis <1,6 <1,6 <1,6 <1,6 

TP mg/l <0,01 <0,02 <0,02 0,19 0,07 

TN mg/l <0,4 8,3 7,1 14,3 9,9 

Boron mg/l No analysis 2,86 2,26 0,39 1,84 

E. coli /100ml No analysis 200 14.000 25.000 13.067 
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!ŎŎƻǊŘƛƴƎ ǘƻ ǘƘŜ άwŜǇƻǊǘ ƻƴ ǘƘŜ /ƭŀǎǎƛŦƛŎŀǘƛƻƴ ƻŦ ²ŀǘŜǊ {ǘŀǘǳǎ όǊƛǾŜǊǎΣ ƴŀǘǳǊŀƭ ƭŀƪŜǎΣ ǿŀǘŜǊ 

ǊŜǎŜǊǾƻƛǊǎύέ 16, the classification systems for the various Chemical ς Physicochemical parameters that 

were utilised for classification of the Chemical ς Physicochemical status of Cyprus river monitoring 

stations, and relevant parameters that were analysed in the water samples above, are presented in 

the following Table 3-5. 

Table 3-5: Classification systems/ limits for the Chemical – Physicochemical elements at river monitoring 
stations according to the Report on the Classification of Water Status (WDD Contract– YY02/2013) 

Classification system per 

parameter 
Unit High Good Moderate Poor Bad 

Sampling 

results 

average 

Odense Pilot RB criteria for 

BOD5 
mg/l <0,5 0,5-2,0 2,1-3,5 3,5-5,0 >5,0 9 

NCS* for N-NH4
+ mg/l <0,024 0,024-0,060 0,061-0,200 0,210-0,500 >0,500  

NCS* revised for N-NO2
- ˃Ǝκƭ <3,0 3,0-8,0 8,1-30,0 30,1-70,0 >70,0  

NCS* for N-NO3
- mg/l <0,22 0,22-0,60 0,61-1,30 1,30-1,80 >1,80  

SUM of NCS limits for N due to 

(-NH4
+, -NO2

-,-NO3
-)** 

mg/l 0,247 0,247-0,668 0,668-1,53 1,53-2,37 >2,37 9,9 

NCS* revised for TP ˃Ǝκƭ <85 86-165 166-220 221-405 >405 70 

Xerothermic area criteria 

(Messara. Crete) for EC 
˃{κŎƳ <250 250-750 750-2000 2001-3000 >3000 5666 

Classification system per 

parameter 
Unit Good Moderate 

Sampling 

results 

average 

Drinking water quality Directive 

98/83/EC criteria for Boron 
mg/l <1,0 җмΣл 1,84 

*Nutrient Classification System (NCS) for small to medium size river catchment areas (10-1000 km2), reference: 

Skoulikidis N. & Y. Amaxidis (2009). Origin and dynamics of dissolved and particulate nutrients in a minimally 

disturbed Mediterranean river with intermittent flow. Journal of Hydrology, 37: 218ς229 

                                                            
16 Water Development Department, ContrŀŎǘ bǳƳōŜǊ ¸¸лнκнлмоΣ άwŜǾƛŜǿ ŀƴŘ ¦ǇŘŀǘŜ ƻŦ !ǊǘƛŎƭŜ р ƻŦ 5ƛǊŜŎǘƛǾŜ 
2000/60/EC (water reservoirs) & Classification of water status (rivers, natural lakes and water reservoirs), that 
will establish baseline information and data for the 2nd Cyprus River Basin aŀƴŀƎŜƳŜƴǘ tƭŀƴέ ς assigned to the 
Consortium ENVECO S.A. - I.A.CO Environmental & Water Consultants Ltd 
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** The sampling results average is shown on Table 3-4. The SUM for NCS has been made in the present case 
because only Total Nitrogen was analyzed. The TN was compared to the SUM to enable indicative classification 
of the water at the sampling station. 

Surface water in areas not influenced by pollution according to EU Drinking Water Standards has a 

pH in the range of 6,5 to 8,5. For the last period of the almost eleven months, the pH is steadily 

within these limits. 

BOD5, COD, TSS and partly TN are affected by rainfall conditions. Airborne dust, urban debris, and 

eroded soils are carried by runoff, a procedure that is more intense during rainfall. TSS concentration 

also tends to increase during a rainfall event because of the re-suspension of the deposited 

sediments.  

TN concentrations are mainly due to fertilizer usage on the cereal crops that surround the lake and 

are present in all the catchment area. This may be verified by noticing that for the 3rd and 16th of 

April 2014 there were significant amounts of TN in water inflow while the BOD5 and COD levels were 

considerably low. The high TN is justified by the application of ammonium fertilizers mainly during 

spring and autumn season. Application of fertilizers during spring and summer is assumed by the 

practices suggested by the Good Agricultural Practice Code17 as spring and summer are the seasons 

with no intense rainfall events, when no surface water runoff occurs.  

Electrical Conductivity and Boron levels exceed the limits as shown in Table 3-5, and the sampling 

point is classified as being ƛƴ ά.ŀŘ ǎǘŀǘǳǎέ ŀƴŘ άaƻŘŜǊŀǘŜ ǎǘŀǘǳǎέ, respectively. Nevertheless the 

high values of Electrical Conductivity and Boron on the first (3/4/2014) and second (16/4/2014) 

sampling are mainly due to natural causes arising from the geological formations possibly associated 

with halite commonly associated with evaporate deposits. Evaporate deposits in closed basins may 

contain considerable amounts of boron. The natural source of these parameters becomes clearly 

obvious, when observing the results for the Electrical Conductivity and Boron analyses. When rainfall 

occurs, as is the case of the third sampling (6/5/2014), due to the fact that these parameters do not 

come from any other source (point or diffuse), they are diluted by rain water and their concentration 

in the water sample drops dramatically. 

Total Hydrocarbons and FOG levels are below the detection limits of the analytical method. That 

explains why none of the two parameters were detected in the water sample. 

 As it concerns FOG the results indicate that, for the period sampled, no actual impact from the 

restaurants or houses regarding waste vegetable oils leaking or finding their way into the storm-

water network, is noted.  

As it concerns Total Hydrocarbons, similarly for the period sampled, this is translated that no actual 

impact from the road network and traffic within the community built up area occurred. 

Higher levels of E. Coli after the rainfall events can be explained by faecal material, from a variety of 

animals (pets, livestock, and wildlife etc.), that are washed out into storm-water following the rain 

resulting, to microbial contamination. It is unlikely that the source could also be the septic tanks 

since the increase is noted after rain. Besides, the soil-aquifer treatment is expected to prevent E. 

                                                            
17 Regulatory Administrative Act 263/2007, Article 5, Paragraph (c) 
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Coli reaching the stream. This also applies for the BOD5 and COD noted on the 6th of May, when 

considerable rainfall occurred. 

As it concerns to TP concentrations, most of the results were below the analytical detection limits. 

The only detected amount is on the day that rainfall occurred, which classifies the water flow at the 

ǎŀƳǇƭƛƴƎ Ǉƻƛƴǘ ŀǎ ƛƴ άmoderate statusέΦ When considering the average value for the results, as it is 

practised for the classification after WFD (Water Framework Directive 2000/60/EC), the status of the 

sampling point is finally ŎƭŀǎǎƛŦƛŜŘ ŀǎ ƛƴ άƘƛƎƘ ǎǘŀǘǳǎέ (as per Table 3-5). The unique relatively high 

value of 0,19 mg/l could be due to fertilizers being washed out from the fields. 

All previously mentioned for BOD5, COD, TN, TP and E. Coli, amplify the conclusion that no urban 

wastewater leaks into the storm-water network. Any contribution of groundwater containing 

wastewater appearing as rising water at the marsh area is considered to have been undergone 

natural soil-aquifer treatment. The agriculture areas around the lake appear though to have an 

impact on the water ending up in the lake. 

The other point pollution sources such as the petrol station, the uncontrolled petroleum products 

junk-yard or the highway and adjacent road impact to the lake, cannot be identified by the 

monitoring conducted for this sampling point. Further analysis and recommendations for the 

monitoring program that could also involve these points,  is described in Chapter 5. 

3.2 CHANGE OF WATER REGIME  

3.2.1 Storm-water  Network Ex pansion  

As discussed in subchapter 2.2.3 on the present conditions of the storm-water network, the whole 

system operates within the catchment area and contributes water to the marsh area upstream the 

highway from where a small stream develops and flows through a culvert to the Lake.  

The storm-water network is already well developed and sufficiently dense to cover the major roads 

and most of the built up area. Thus, no serious expansion can be expected. Nonetheless, whatever 

expansion is made this would only increase the runoff to the Lake since runoff coefficients will 

increase and losses to the underground will be reduced.  

All the water that flows into the Lake is provided by the storm-water network since no definite 

stream is clearly identified, having been covered by the built environment since no άregisteredέ 

stream was ever indicated on the Cadastral plans that could have been protected by the town 

planning schemes of the past. 

A serious risk for the Lake would develop if the storm-water network expands, as a unique system, 

to cover areas south of the Highway disposing storm-water beyond the Lake and depriving the flows 

to it. Such a scheme should definitely be avoided. Whatever expansion of the network is planned 

and implemented, this should end upstream of the main culvert which passes under the Highway. 

Any network developed for the built up area around the Lake should be a separate one and 

independent of the one serving the catchment area providing water to the Lake. 
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3.2.2 Sewage Network  

The future establishment of a sewage collection network and transfer of the wastewater for 

treatment outside the catchment area of Oroklini will reduce the quantity of water flowing to the 

Lake but at the same time it will decisively improve the quality of the surface water. 

The estimated runoff to the Lake under a dry, an average and a wet year are 265.171, 342.848 and 

468.629 m3, respectively. 

If one considers the estimated return to groundwater of waste water being of the order of 271.000 

m3, the effect of the export of this water on the available water resources can be clearly identified. 

Thus, it is suggested that, in the case of Oroklini Village area being connected to the Larnaca Sewage 

Board, a substantial quantity of tertiary treated effluent be requested to be returned to the area for 

irrigation or other uses so that the water resources available in the area are maintained. 

With the development of a sewage network, the quality of the water resources is bound to improve 

and will remain improved even with the import of tertiary treated effluent. 

3.2.3 Reduction of losses of domestic water  

In the same way, an improvement of the water supply system which is bound to be carried out will 

ǊŜŘǳŎŜ ǘƘŜ ǉǳŀƴǘƛǘȅ ƻŦ άǳƴŀŎŎƻǳƴǘŜŘέ ǿŀǘŜǊ ǘƘŀǘ ƛǎ ƭƻǎǘ ǘƻ ǘƘŜ ǳƴŘŜǊƎǊƻǳƴŘΦ The reported present 

day annual quantity is of the order of 400.000 m3 which for 2012 this was 50% of the purchased 

water.  

! ƴƻǊƳŀƭ ǇŜǊŎŜƴǘŀƎŜ ƻŦ άǳƴŀŎŎƻǳƴǘŜŘέ ǿŀǘŜǊ ǿƻǳƭŘ ōŜ ƻŦ ǘƘŜ ƻǊŘŜǊ ƻŦ нл ǘƻ нр҈Φ ¢ƘǳǎΣ ŀƴȅ ŜŦŦƻǊǘǎ 

towards reducing the loss of fresh water could amount to a reduction of the present replenishment 

by about half the quantity that is being lost today. This will have an impact on the present day water 

regime reducing the available water resources. 

3.3 HYDRO-MORPHOLOGICAL CHANGES 

3.3.1 Stream reed beds management  

As already stated, the water content of the Oroklini Lake and its operation, depends entirely on 

surface runoff from the stream originating within the Oroklini catchment. The stream is fed by the 

natural drainage network of the catchment area, but also by underground water, originating both 

from significant loses of the water supply network and the septic cesspools leakages of the 

community. The underground water rises on surface northwest of the lake and close to the marsh, 

following the subsurface hydraulic gradient, and accumulates in the stream flowing to the Lake. 

The seasonal surface flows and the subsurface flows present throughout the year in the south part 

of the drainage area, maintain reed beds dominated by the Common Reed (Phragmites australis), a 

strong colonizer, that covers significant proportion of the area. The presence of dense communities 

of Phragmites australis, impounds the stream corridor and impairs the free flow of water into the 

lake. This, at peak flows might lead to the flooding of a wider area. Because of the fact that the 

common reed is a tolerant and highly aggressive disperser, presenting high growth rates at such 

suitable environments, the Oroklini municipality removes large quantities of reed biomass from the 
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stream and the adjacent canals, using mechanical means, normally just before the rainy season 

(Photo 3-19). 

Such practices facilitate the inflow of water into the lake basin, but they also present severe 

drawbacks. Due to the hydrological network and the adjacent built-up areas, but also the need for 

supplying the lake with sufficient water quantities especially during the dry season and dry years, the 

water from the drainage area must flow unobstructed through the stream and the adjacent canals, 

into the lake. In the opposite case, the water will remain trapped in the reed beds and the lake will 

face the danger of shorter retention times and longer dry periods, due to reduced inflows.  

On the other hand, reed beds are very well known to act as water purifiers in aquatic ecosystems, 

and thus enhance water quality. Their high growth rates of the common reed and the complex 

creeping rhizome network that it creates, enables its individuals to extract high proportions of 

nutrients from the sediment and water column and therefore filtering the water and reducing the 

risk of eutrophication phenomena. In addition, reed beds present high capacity in absorbing heavy 

metals such as Ni, Cd, Hg, Pb, etc, and thus minimizing the risk of toxic effects on the biota of the 

lake. Moreover, the extended rhizome network of reed beds improves the quality of substrate, by 

releasing oxygen from their tissues and create oxygenated microsites. This on the one hand creates 

aerobic conditions in the sediment and on the other hand enhances nitrification by converting 

ammonium molecules to nitrates. The ability of phytoextraction is considered crucial for the 

processes of Oroklini Lake, considering the fact a high proportion of inflows originates from the 

storm-water drainage system of built up areas and their septic system, and therefore it is expected 

to supply the lake with significant nutrient and heavy metal load. 

Considering all of the above, the removal of reed beds from the stream and the adjacent canals 

should be made with extreme caution and only when deemed to be absolutely necessary. The 

management of reed stands should be restricted only in the stream corridor and instead of dredging, 

alternative methods should be explored, such as low mowing, in order to maintain the functionality 

of roots. This has the benefit of facilitating the water flow into the lake and at the same time keeping 

the root system and its functionalities in place and minimally affected. 

Finally, the use of chemical methods as control agents should be ruled out, since aquatic habitats 

and their biota are highly sensitive and the possibility of causing negative effects on the ecosystem is 

high. 

3.3.2 Drainage stream channelization  

A possible solution that might be proposed to enhance water flow speed into the lake, but would 

also facilitate the works in case of residential development in the adjacent area, could be the 

channelization and concrete lining of the stream, as this method has been previously applied in the 

upper parts of the drainage basin. Such a method has been widely used in Cyprus, especially in rivers 

and streams of urban areas. Still, considering the water purification potential of reed beds, the 

option of eliminating them and concrete lining the streambed, must be avoided. The loss of reed 

beds and their ecosystem services will downgrade water quality and will undermine the ecosystem 

as a whole.  
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This will affect the current nutrient balance of the system and will result to eutrophication 

phenomena, which in turn can lead to further deterioration of water quality. In addition, concrete 

lining will replace aquatic habitats in the stream channel, decrease biodiversity and affect sediment 

dynamics and energy transportation through the river basin to the lake, by minimizing sediment and 

organic material transportation. 

 

 

Photo 3-19: Overview of the stream feeding the Oroklini Lake, after clearing works and the removal of large 
quantities of Phragmites australis biomass, upstream the highway. The regeneration of reed shoots is 

already taking place 
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4 RECOMMENDATIONS OF POLLUTION PREVENTION AND 
CONTROL MEASURES 

4.1 PREVENTION AND CONTROL MEASURES FOR POLLUTION SOURCES 

4.1.1 The Dry cleaner  

The following recommendations apply: 

Á Compliance with all Environmental Permit terms should be strictly kept, especially those 

regarding waste management.  

Á There should be no storage of great quantities of tetrachloroethylene on site in order to 

avoid accidental spills and similar risks. 

Á Solvent wastes or solvent containing wastes should be managed in the proper manner as 

they consist hazardous material according to the European Waste Catalogue and Hazardous 

Waste List (Codes: 14 06 03 - other solvents and solvent mixtures, 14 06 05- sludge or solid 

wastes containing other solvents). 

Á A hazardous waste contingency plan must be developed if it is required, and emergency 

control equipment should be inspected on a systematic basis by the competent authorities. 

Á Waste areas should be systematically inspected and a log of outgoing wastes to the proper 

collectors should be kept. Proper handling procedures should be kept for transport18. 

4.1.2 The Restaurants  

The following measures should be pursued: 

Á Use of dry clean-up methods to remove FOGs and reduce water consumption and sewer 

use. Avoid disposal of kitchen greases down the drain. Collect and send used grease to a 

licensed liquid industrial waste collector for rendering or conversion to biofuels. Find a 

licensed hauler that will provide storage barrels and free pick-up service. 

Á Ensure that grease traps (in case there are any) and interceptors are properly maintained. 

Caution should be taken never to hot flush through a grease trap. 

Á Never wash water down a storm drain, spill materials or wastes in the parking lot or yard 

without cleaning them up or allow materials or waste stored outside to leak.  

Á Clean equipment in a designated indoor area with a drain connected to the sanitary sewer. 

Never pour wash water down a storm drain or gutter. 

Á Dumpsters used for garbage should be protected from rainwater to avoid unwanted 

substances from entering storm drains. Some helpful hints for dumpster maintenance 

include keeping the dumpster lid closed to keep out rain water, replacing damaged or 

missing lids as soon as possible, never placing liquid waste or leaky garbage bags into a 

                                                            
18 άtƭŀƛƴ 9ƴƎƭƛǎƘ DǳƛŘŜ ŦƻǊ tŜǊŎ 5Ǌȅ /ƭŜŀƴŜǊǎέΣ tǊƻƎǊŀƳ ά5ŜǎƛƎƴ ŦƻǊ ǘƘŜ 9ƴǾƛǊƻƴƳŜƴǘέ, United States 
Environmental Protection Agency 
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dumpster, keeping dumpsters or the dumpster enclosure locked to prevent illegal dumping, 

not hosing out the dumpster interior, applying absorbent over any fluids spilled in the 

dumpster, sweeping up litter, and replacing leaking dumpsters.
19

 

4.1.3 Agriculture  

Á Regulatory Administrative Act 263/2007 sets the Code for Good Agricultural Practice. 

Farmers should keep their agriculture activities within this legislative framework. 

Á Practices should always care in mind terms about quantitative restrictions on fertilizers per 

crop, per seasonal application restrictions etc. 

Á Agrochemicals used must be certified to be legal for use as per Agrochemicals Control 

Section, Department of Agriculture, Ministry of Agriculture, Natural Resources and 

Environment Legislation. 

4.2 MANAGING THE TRAFFIC POLLUTION RISK 

4.2.1 Control of Highway and  public road p ollution  r isk  

Both the Paralimni ς Larnaca Highway passing over the stream that enters the Oroklini Lake, and the 

public road connecting the coastal area to Oroklini Village that runs parallel to the Lake, and crossing 

it at a certain location, do not have any protection measures to prevent storm-water carrying 

polluting substances from traffic activity and or spills of petroleum, wastewater or other chemical 

substances, in the case of an accident, to end up in the Lake.  

The existing drainage conditions both of the Highway and the public road have been presented in 

detail in subchapter 2.2.4.  

Two pollution conditions can occur: 

Á Regular storm-water runoff from the roadway reaching the stream that feeds the Lake or 

flowing directly to the Lake carrying pollutants such as hydrocarbons, lead, oil, etc;, and 

Á Accidental Spill of a pollutant after a truck or bowser accident which can reach the stream 

that flows into the Lake or by the truck falling off the road and directly to the Lake.  

The protection system must cover both of these two pollution conditions. Such a system has been 

presented in detail and recommended by the Water Development Department for the case of roads 

crossing streams over bridges that flow to reservoirs used for drinking water20.  

In the case of the Oroklini Lake this system is simplified to the extent that storm-water from the 

highway and the public road as well as in the eventuality of an accidental spill, are made to enter a 

                                                            
19 άwŜǎǘŀǳǊŀƴǘ tƻƭƭǳǘƛƻƴ tǊŜǾŜƴǘƛƻƴ ŀƴŘ ²ŀǎǘŜ wŜŘǳŎǘƛƻƴέΣ aƛŎƘƛƎŀƴ 5ŜǇŀǊǘƳŜƴǘ ƻŦ 9ƴǾƛǊƻƴƳŜƴǘŀƭ vǳŀƭƛǘȅΣ 
Environmental Science and Services Division, April 2008 
20 ROC-MANR&E, WDD (2013): Drinking water reservoir protection, Action plan and recommendations, 

Common annexes 
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pipeline that transfers them downstream the Lake at the point of exit of the water to the stream 

that carries it to the sea avoiding thus the discharge into the Lake. 

The following suggestions are conceptual and have to be properly designed and cost-estimated by a 

competent engineer on the basis of the existing topography of the area along the roadways.  

The system would involve the following:  

Á Both, the highway and the road, should have a low wall constructed at the rim on either side 

to prevent runoff over either side.    

Á A crash barrier wall for at least some 50 to 100m needs to be constructed on either side of 

the highway at the point over the stream to prevent a truck or bowser to fall over in the case 

of an accident.  

Á The ditches shown on the Map 4-1 should be extended as shown to transport storm-water 

and or spill to the existing storm-water sewers running towards the South on either side of 

the road passing under the highway.  

Á The ditch on the service road (Point E to F) should be extended to reach and be connected to 

the pipeline I at the eastern side of the public road.  

Á The public road should be equipped with a pipe on either side of the road, such as shown on 

Photo 4-1, which will collect storm-water and spills from the roadside at various points and 

transport them away from the protected area. 

Á These pipelines (I at the eastern and II at the western side) will be connected to the existing 

storm-water sewers at either side of the public road at the point under the Highway and 

discharge the storm-water at a point at the southern-most outlet of the Lake. 

It would be useful if the spill on the occasion of an accident is led into a concrete basin for retaining 

oils (accidental spills etc.). This should have a capacity equal to that of a tanker truck and be quickly 

emptied after a pollution incident. During a storm, the concrete basin would overflow into the point 

of the stream at the exit of the Lake.  
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Map 4-1: Map showing recommended works for managing storm-runoff and accidental spills from entering 
the Lake 

 

   

Photo 4-1: Views of a pipeline collecting storm-water and spills from the Limassol – Paphos highway at a point 
over Symvoulos Reservoir and suggested for the public road crossing the Lake 
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4.2.2 Traffic speed bumps  

It would be useful if traffic calming devices such as speed bumps are installed on the public road 

connecting the coastal area to the Oroklini Village from the point that this road runs parallel to the 

Lake area and up to the point where it passes under the Highway. This measure will slow motor-

vehicle traffic so that safety conditions are improved and traffic accidents next to the Lake are 

prevented. 

4.3 CONCRETE LINING OF THE NATURAL STREAM 

As it is stated in subchapter 3.3.2 the channelization and concrete lining of the natural stream, which 

starts at the storm-water sewer outlet as shown on point 1 of Map 2-3 and ends up to the box 

culvert at the Highway, will reduce water quality and will undermine the ecosystem as a whole. 

Having this in mind and the key role of reed beds, it is strongly recommended that in case of any 

future residential development in the vicinity area of the stream and the stream itself, the riparian 

vegetation the streambed and stream banks should be maintained in their natural condition.  

As it is mentioned above, this stream is not registered in Cadastral Maps, therefore, registration of 

this stream to the Cadastral maps is recommended in order to secure the natural conditions of the 

stream. 
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5 DESIGN OF A MONITORING PROGRAM FOR THE QUALITY OF 
SURFACE FLOW 

5.1 MONITORING FOR THE QUALITY OF SURFACE WATER 

5.1.1 A Systematic Monitoring Program  

A Systematic Monitoring Program must be established in order to control the potential sources of 

pollution. The sampling point selected for the monitoring during this project (at the entrance of the 

box culvert under the Highway) is representative for the main quantity of water flowing into the 

lake. A systematic program monitoring specific pollutants must also be applied on point 1 (the 

central storm-sewer outlet) according to Map 2-3. The simultaneous sampling on both points will 

identify the importance of the presence of the reed beds to act as water purifiers in aquatic 

ecosystems, and thus enhance water quality. The parameters that are proposed to be monitored as 

part of the Systematic Monitoring are presented in Table 5-1.  

Table 5-1: Systematic Monitoring Program’s Parameters 

Parameter 
as indicated in Map 2-3 

Point 1 Box culvert under the highway 

pH X X 

Electric Conductivity X X 

BOD5  X 

TSS  X 

FOG  X 

E. coli  X 

TP X X 

N-NO3
- X X 

N-NH4
+ X X 

Lead X X 

Agrochemicals (as further explained)  X 

Frequency of the sampling is described as follows: 

¶ Commencing as from the next hydrologic year, samples for Systematic Monitoring, from 

points stated in Table 5-1 ideally should be collected monthly, given that there is water flow. 

Once, the regime of the water quality is assessed, a less intensive monitoring program could 

be acceptable with a sample being collected every two months, given that there is water 

flow. 
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Concerning the agrochemicals used by the specific farmers in the area, a survey should be made, 

probably through a questionnaire through which the exact products of the ones mentioned in 

paragraph 3.1.2 are used, the quantities used and their application frequency. This will allow a 

selection to be made of the substances with the most frequent and quantitative use so that these 

can be monitored. 

5.1.2 An Occasional/Investigative Monitoring Program  

Occasional / Investigative Monitoring Program also must be established for point 3 shown in Map 2-

3 and for the point άIέ under the bridge, shown in Map 2-4 and Photo 2-16. Samples for Occasional / 

Investigative Monitoring should be collected during a rainfall event, at least twice a year in different 

seasons. The parameters that are proposed to be monitored as part of the Occasional / Investigative 

Monitoring Program are presented in Table 5-2. 

Table 5-2: Occasional / Investigative Monitoring Program’s Parameters 

Parameter 

Point 3 Point “I” 

as indicated in Map 2-3 as indicated in Map 2-4 

TPH (Total Petroleum Hydrocarbons) X X 

(PAHs) Polyaromatic Hydrocarbons X X 

FOG  X 

Lead  X 

In the event there is a need to investigate the tightness of the underground fuel tanks of the petrol 

station, a shallow (~5m deep) observation borehole of about 3 inch diameter, will need to be drilled  

for collecting samples for TPH and PAHs. The borehole should be drilled down-gradient the 

groundwater flow that is on a point exactly outside of the petrol station on its south-eastern border. 
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6 EMERGENCY PLAN 

6.1 NEED FOR AN EMERGENCY PLAN 

The sensitive wetland ecosystem of Oroklini Lake exists within a heavily built environment and its 

water is being replenished from runoff originating from within a catchment that is almost totally 

urbanized. A dense road network exists within the Oroklini Community. The area includes houses 

with central heating and swimming pools, a small hotel, restaurants, small enterprises such as dry-

cleaning, a shopping mall, supermarkets, schools, gyms etc.  

It is normal that these activities at various times call for transport with trucks of petrol and possibly 

other chemicals. Furthermore, the absence of a sewage network requires occasionally the emptying 

of septic tanks and cesspits with a truck and transfer the sewage to a Treatment Plant or an 

approved disposal area outside the catchment area.   

In addition to the above, the Paralimni -Larnaca Highway crosses over the upper part of the Lake. 

Also, a major public road connecting the coastal area with the highway and the Oroklini Village 

crosses the Lake. This road services also the only petrol station that exists in the area, less than 50m 

from the Lake itself. 

From the existing conditions regarding the drainage facilities either from the built up area through 

the storm-water network or from the Highway and the public road crossing the Lake, all the runoff 

eventually finds its way to the Lake. The same can be assumed that will happen in the event of an 

accident with a truck carrying petrol or any other chemical or wastewater. 

The Emergency Plan that is required is for protecting the quality of the water flowing, or existing, in 

the Lake, from sudden unexpected, accidental occurrences of a spill either of petroleum products, 

other chemicals or wastewater due to a traffic accident involving a truck transporting such 

substances. No matter how remote or rare might this possibility be of happening, the Community 

and other stakeholders need to have a working Emergency Plan for such an eventuality.  

6.1.1 The Emergency Operating Plan  

An Emergency Operating Plan (EOP) needs to be drafted involving: 

Á Identification of potential hazards; 

Á Description of the emergency procedures; 

Á Acquirement and storing of basic tools (sorbents, safety uniforms, mobile tanks, pumps 

etc.);  

Á Training of staff and possibly carry out of occasional drills; 

Á Public campaign and reporting procedures for events; 

Á Preparation of lists of emergency contacts; and 

Á Establishment of a chain of command in the event of an emergency.  
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In developing an EOP the Fire Department should be consulted and be involved since it is within 

ǘƘŜƛǊ ŎŀǇŀŎƛǘȅ ǘƻ ǇǊƻǘŜŎǘ ǘƘŜ ǇǳōƭƛŎΩǎ ǎŀŦŜǘȅ ŀƴŘ ƘŀǾŜ ǘƘŜ ŜǉǳƛǇƳŜƴǘΣ ǘƘŜ ƪƴƻǿ-how and the training 

to respond immediately to situations of this kind. 

6.1.2 Responding to a spill  

 The basic steps in responding to a spill, of a volume of a truck load or less, of an unwanted 

substance are: 

Á Stop the spill. Preferably by properly qualified and equipped personnel. 

Á Contain and recover the spill. Spread sorbent material, sand, straw, sawdust or even dirt 

from the roadside to stop the flow and soak the spill. Solidifiers in the market react with 

petroleum and turn it to a rubbery substance. 

Á Collect the contaminated sorbent. Buckets, garbage cans or barrels can be used if a truck 

with a tank is not available. 

Á Secure the waste. Dispose the waste in an approved manner. 

The time required for any spill on the Highway and or the public road to reach the Lake is so short 

(15 ς 30 minutes) that proactive measures to prevent or contain a spill must be in place in advance. 

A spill on the road network within the urban area of Oroklini may take longer to reach the Lake (30 

to 90 minutes depending on the runoff conditions at the time. 

In the case that a petroleum spill has reached water in a ditch or a pond, this can be recovered by 

using a sorbent such as dry straw, grass, or other natural material that will float. This contaminated 

sorbent can then be removed with a rake and thin-spread so that biodegradation can take place.  

7 APPENDICES 

APPENDIX 1 : CHEMICAL ANALYTICAL RESULTS 
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Sampling on 3rd of April 2014: 
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Sampling on 16th of April 2014: 
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Sampling on 6th of May 2014: 
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