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SUMMARY


An important objective of water quality management is to prevent aquatic ecosystems from being degraded mainly from pollution and other human activities. The pollution of natural resources due to the discharge of untreated wastewaters is one of the main environmental problems globally. Pollutant removal by wetlands represents a potential mitigation technique for treating wastes. The capacity for wastewater purification by both natural and artificial wetlands is well documented. The use of aquatic macrophytes for the removal of nutrients and other pollutants from wastewater (agricultural, urban, and industrial), has received increasing attention in the last years. 


Natural systems for wastewater treatment such as constructed wetlands, present several advantages comparing to conventional treatment plants, especially for small communities. The advantages of natural systems include: Effective treatment of waste-waters, Low construction cost, Low cost of operation and maintenance, Low requirement of energy inputs, no use of chemicals etc.


In this lecture we present the results of two projects:

I. Evaluation of a natural wetland receiving waste-waters 

&

II.  II. Experimental results of constructed wetlands ‘’Galikos river’’(Field visit).

INTRODUCTION

The capacity for wastewater purification by both natural and artificial wetlands is well documented (Spangler et.al. 1976, Gersberg et.al. 1984a, Hammer 1988 etc.). Wetlands remove aquatic pollutants through a complex variety of biological, physical and chemical processes. The higher plants are the most obvious biological component of the wetland ecosystem. The major mechanism for pollutant removal in these wetland systems include both bacterial transformations and physico-chemical processing including adsorption, precipitation and sedimentation. In particular, the plant rhizome provides surfaces for bacterial growth as well as for filtration of solids. More importantly, plants are known to translocate oxygen from the shoots to the roots (Armstrong 1964). The rhizosphere or rootzone will therefore offer an oxidized micro-environment in an otherwise anaerobic substrate, which stimulates both the decomposition of organic matter and the growth of nitrifying bacteria, the latter which can convert ammonia to nitrate. The nitrate so formed can then diffuse or percolate through to the oxygen-poor zones where it will be removed from the system by denitrification.

The most important functions of macrophytes in the reed beds are 1) to supply oxygen to the aerobic microorganisms in the rhizosphere and 2) to increase/ stabilize the hydraulic permeability of the soil. 

I. EVALUATION OF A NATURAL WETLAND RECEIVING WASTEWATERS

INTRODUCTION

An important objective of water quality management is to prevent aquatic ecosystems from being degraded mainly from pollution and other human activities. For this reason, natural and constructed wetlands have been used in many ways, from treatment of raw effluents, up to the final stage of nutrient removal of sewage which has received secondary treatment (De Jong, 1975; Whigham, 1982; Finlayson and Chick, 1983). During the last years, many studies, researches, and innovative pilot-projects have been conducted. They have all shown that systems of wastewater treatment based on aquatic macrophytes are effective and offer a promising, low-cost method for the removal of pollutants from both wastes and polluted natural waters.

In the present study, the ecological features of a natural wetland were surveyed and the wetland’s potential as a purification system was assessed. The wetland with the local name "Karagiorgis stream" belongs to the catchment area of lake Koronia in Northern Greece and receives effluents mainly from an abattoir of Langada town.

The aim of the present study was to assess the performance of the wetland "Karagiorgis stream" in removing nutrients from the received effluent and to understand the wetland ecology, so that it can be used for management purposes. Therefore, various parts of the system which change due to effluent influence were identified and monitored on constant basis.

STUDY AREA

Lake Koronia is situated approximately at the centre of Macedonia (40o 41' latitude and 23o 09' longitude), NE of Thessaloniki.  It has 42 km2 surface which corresponds to mean altitude of 75 m and maximum depth of 8.5 m.  Since 1974 it belongs to the internationally important wetlands pursuant to Ramsar Convention. The mean annual precipitation of the area is 457 mm on average, with maxima in May and November (Balafoutis, 1977). Air temperature ranges during the year. The coldest month is January (mean monthly value 4.0o C) and minimum temperatures are very often below 0o C (up to -25o C) and the warmest month is July with mean values of 25.7o C and maximum temperatures reaching 43o C (Balafoutis, 1977;  Pavlidis et. al., 1986).

Many streams flow in the hydrological basin of lake Koronia, many of which enter the lake. Several industrial and small scale units operate in the area most of which are located in the area of Langada town, as well as many animal and crop farms (Kotleas et. al., 1987; Kotleas, 1988). Effluents from industrial plants, farms, as well as sewage effluents from the municipality of Langada reach the lake without any treatment.

The present study has been conducted in " Karagiorgis stream", which is located at the NW part of lake Koronia about 5 km. downstream. The aquatic vegetation of the stream is dominated by the macrophytes Typha angustifolia L. and T. latifolia L. This stream flew constantly during the sampling period (from April to November). It had a relatively low flow ~ 0.1168 m3/sec and velocity 0.32 m/sec. The retention time from effluent inflow to their outflow in lake Koronia was approximately 3.5 hours. The stream is situated very close to Langada town and is one of the most polluted canals in the area because apart from the effluents of the animal and crop farms that exist on both sides, it has been receiving for more than 5 years the effluents from an abattoir of Langada town (flow rate 25m3/day, Kotleas et al., 1987; Kotleas, 1988), and those of a cannery. The abattoir has 4 pipes (capacity 4860 kg/day, BOD=9 kg/day (=3800 mg/l), S.S.=25 kg/day (=1000 mg/l), Kotleas et al., 1987) where sedimentation of suspended solids is carried out. The sludge is transported to the Langada Municipality rubbish dump which is located nearby, whereas all the effluents, through a pipe, are disposed of, in the Karagiorgis stream through which they eventually enter the lake. 

MATERIALS AND METHODS

The inflow and outflow effluent from the stream were sampled 14 times, between April 1992 and November 1992, for nutrient analysis at 2-week intervals. Two permanent transects were sited across the stream, one above from the effluent inflow and the second below (Fig.1), for the vegetation survey purposes (Papastergiadou, unpublished data). Water samples were collected from water surface. The samples were transferred in a portable refrigerator to the laboratory and immediately filtered (0.45 ìm Whatman GF/C filters) followed by the determination of nutrients.

RESULTS AND DISCUSSION

The mean values of chemical characteristics of inflow and outflow effluent from the wetland are presented in Table 1. 

TABLE 1 MEAN VALUES OF VARIOUS PARAMETERS AND 95% CONFIDENCE INTERVALS FOR THE INFLOW AND OUTFLOW EFFLUENT DURING 1992

	Parameters
	Inflow
n=11
	Outflow

n=14

	pH
	7.39
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0.25
	7.71
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0.15

	Temperature (°C)
	19.27
[image: image3.wmf]±

1.68
	18.43
[image: image4.wmf]±

0.88

	Dissolved oxygen D.O. (mg/l)
	1.33
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0.31
	6.88
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0.4

	Conductivity (ìs/cm)
	1017.45
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74.4
	775.79
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16.25

	Suspended solids S.S.(mg/l)
	3190.62
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3000.78
	152.38
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77.45

	Phosphorus PO4-P (mg/l)
	3.58
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0.7
	0.54
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0.25

	Ammonia nitrogen NH4-N (mg/l)
	2.64
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0.18
	1.46
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0.4

	Nitrate nitrogen NO3-N (mg/l)
	0.09
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0.02
	0.59
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0.13

	Nitrite nitrogen NO2-N (mg/l)
	0.06
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0.05
	0.17
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0.05

	Total inorganic nitrogen T.I.N.(mg/l)
	2.78
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0.17
	2.22
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0.38


 pH.  pH values at the outflow of the effluent from the wetland were slightly higher than they were at the inflow (Tab. 1). The values at effluent inflow and outflow generally ranged from 6 to 9. On all sampling occasions, pH values follow the NSW State Pollution Control Commission (Finlayson and Chick, 1983) standards, which are 5-8.5 for sewage effluent.

Dissolved Oxygen (D.O.). A marked increase in dissolved oxygen at the effluent outflow as compared to the inflow was observed, both in mean concentrations and in values throughout the vegetative period (Fig. 2). The observed water oxygenation is desirable for all  biological processes and growth of plant species which operate as "purification system" of the polluted water of the wetland (Papastergiadou, 1990). Dissolved oxygen values at outflow were greater than 5 mg/l, favouring the appearance of animal species.

Conductivity.  Conductivity values were much higher at effluent inflow than outflow from the wetland (Tab. 1). Conductivity  ranged from 712 to 1568 ìs/cm at inflow and from 672 to 860 ìs/cm at outflow (Fig. 3). Conductivity values at outflow are still high characteristic of eutrophic waters. Water conductivity is related to weather conditions, and in particular evapotranspiration, which tends to condense effluent along their flow through the wetland, and precipitation which tends to dilute them.

Suspended Solids (S.S.).  Suspended solids are removed from wastewaters during their passage through the wetland, mainly because of physical filtering and to a lesser extent because of biological processes related to vascular plants or microbes (Gersberg et al., 1986). Suspended solids are used to estimate the degree of pollution from effluent received by a natural body. When there is a high concentration of suspended solids there is a reduction in light penetration in waters, resulting in reduction of oxygen built-up through photosynthesis. High values of suspended solids, in relation to those cited in literature, were observed which could possibly be attributed to lack of sewage treatment (primary settlement etc.), to evapotranspiration that condenses S.S. and to the small depth of the stream which does not exceed 30 cm (10-50 cm). Considerable fluctuations were observed in S.S. concentrations of inflow effluent which ranged from approximately 25 mg/l to the exceedingly high value of 33000 mg/l (Fig. 4, Tab. 1).The wide range of S.S. values reflects the outflow effluent concentrations which remained relatively high, during vegetative period (Fig. 4).

The S.S. concentrations were reduced by 80-96%. This reflects a very effective system for S.S. reduction during sampling period. The decrease in velocity, caused by vegetation, enhances the entrapment of particulate matter, and thereby consists one important factor for the reduction in S.S. concentrations at effluent outflow. Mean S.S. concentrations at effluent outflow remained high (Tab. 1), whereas on half sampling occasions, S.S. concentrations were 30-50 mg/l or lower, which are the effluent standards adopted by the NSW State Pollution Control Commission (Finlayson and Chick, 1983).

Phosphorus.  Regarding the orthophosphate (PO4-P) removal from the effluent, based on the existing data, it is considered as very satisfactory. Virtually in all 14 samples, outflow PO4-P concentrations were significantly lower than those at inflow, whereas only a slight seasonal influence was observed (Fig. 5). Removal efficiency was 94% for summer, while it was slightly lower for autumn and spring (89% and 74% respectively) (Tab. 2).

It is very encouraging that the wetland can reduce phosphates in environmentally acceptable levels. With very few exceptions, PO4-P concentrations at outflow were less than 0.5 mg P/l. With the exception of May (21/5/92), mean monthly concentrations showed that phosphates were removed with the same concentration base line with respect to inflow concentrations.

Orthophosphates usually consist 60-80% of total phosphorus and are removed in large quantities during the passage of effluent through the wetland. The phosphate cycle is possible to be strongly influenced by plants as well as by the physicochemical environment. In addition, orthophosphates are absorbed more actively under aerobic conditions and this is another argument in favour of root-zone type beds.

TABLE 2 SEASONAL MEAN NUTRIENT VALUES OF T.I.N. AND PO4-P AND "REMOVAL EFFICIENCY" (Rem. Eff.) DURING 1992

	
	T.I.N. (mg/m3)
	PO4-P (mg/m3)

	
	Input
	Output
	Rem. Eff. (%)
	Input
	Output
	Rem. Eff. (%)

	Spring 92
	2553.5 
	3265
	-28
	5095
	1388.9
	74

	Summer 92
	2680.5
	1510
	44
	3351.5
	183.48
	94

	Autumn 92
	3232.5
	2246
	31
	1880
	209.36
	89


Nitrogen. Nitrogen dynamics in wetlands is fundamentally different from phosphorus dynamics. Nitrogen can be lost from a wetland in the form of nitrogen gas. Under anaerobic conditions some microbes are capable of utilising nitrates instead of oxygen for their respiration (Wetzel, 1983; Reuter et. al., 1992), and this biological process being called denitrification. In these conditions nitrates are converted into nitrogen gas and are lost in the atmosphere. This represents a mechanism for nitrogen removal from effluent disposed of, in wetlands (Gersberg et al., 1983).

Mean concentrations of ammonia (NH4-N), nitrite (NO2-N), nitrate (NO3-N) and total inorganic nitrogen (T.I.N.) at effluent inflow and outflow are given in Table 1. Ninety five percent (95%) of the total inorganic nitrogen which enters into this stream consists of ammonia nitrogen. The wetland exhibits a constrained efficiency for ammonia nitrogen removal from inflow water during spring (21/4-21/5) and partly during autumn (Fig. 6), whereas during summer months it is very effective. During summer months the percentage removal reaches 67.5%, during autumn 42%, while this capacity drops to 13% during spring when the flow is higher. Mean annual ammonia nitrogen removal is approximately 45%.

Low concentrations of nitrate and nitrite nitrogen were observed at effluent inflow in the wetland during all sampling dates (Table 1), while outflow concentrations were much higher. The dissolved oxygen (D.O.) measurements at effluent inflow (Fig. 2) indicate the existence of low oxygen concentrations (anaerobic levels), which could be responsible for the observed nitrate losses since they enhance denitrification. The relatively higher NO3-N and NO2-N concentrations at outflow could possibly be attributed to their accumulation at the substrate, but this point requires further investigation.

The wetland did not have a constantly effective influence on the reduction of total inorganic nitrogen concentrations from incoming wastes, while 7 out of 14 samples have shown a net export of total inorganic nitrogen from the system (Fig. 7). The reduction of total inorganic nitrogen, based on mean values of the whole sampling period, was positive (outflow concentration<inflow concentration) but relatively low (21%). During spring and autumn, removal efficiency was negative or very small whereas in summer it reached the highest levels (44%) (Tab. 2). We could assume that in spring and autumn retention of total inorganic nitrogen in the wetland takes place, probably because of decay of plant material etc. The removal of total inorganic nitrogen is the result of the combination of natural settlement, entrapment and bacterial decomposition. Since these biological processes are temperature dependent, one would expect that a greater removal efficiency would be found during periods with high temperatures.

The decrease in nitrogen and phosphorus concentrations in water as it flows through plants in the wetland is indicative of the fact that plants and microbial populations in combination with the filtering capacity of the substrate, remove these nutrients efficiently. From the results it seems that the wetland is effective at decreasing the pollution load as it has been mentioned before. Especially for certain elements such as orthophosphates, dissolved oxygen, suspended solids etc., the efficiency is 80-90%.

The physical processes of the wetland comprise complicated mechanisms which influence the effectiveness of the system. For example, ''removal efficiency'' of the nutrients of nitrogen and phosphorus and other elements is related to the retention time of the effluent in the wetland. However there are more factors which determine this effectiveness and they should be the subject of further research.

II. CONSTRUCTED WETLAND FOR MUNICIPAL WASTEWATER TREATMENT (THESSALONIKI- GALLIKOS RIVER)
Description of the constructed wetland

The General Secretariat for Research and Technology funded the project. The wetland has been built in 1996, near Gallikos River and next to the unit of Biological Treatment Plant in Thessaloniki, Greece.

It operates since April 1997 and is used for the secondary treatment of 100m3 municipal wastewater per day with an organic load of 145mg/l.

The wastewater undergoes primary treatment in the Biological Treatment Plant and then is channeled to a 0.35 ha constructed wetland for the secondary treatment. 

1) The effluent is distributed equally to four parallel surface flow beds (dimensions 40x13,8x1m.)

2) The surface flow beds cover and they are planted with Typha latifolia L. 

3) The substrate of the two beds is clay loam and for the other two is sandy loam.

4) From there the effluent is channeled to a facultative stabilization pond, (dimensions 26,2x20,8x2,1m) to enhance nutrient removal through algae and denitrification.

5) The effluent then, is redistributed into two subsurface flow beds lined with limestone and planted with Phragmites australis L. 

6) The subsurface flow beds cover and the dimensions of each bed are 32,4x19,2x1m.

[image: image1.wmf]±

Figure 2. Schematic representation of the constructed wetland

Water samples were taken every 2 weeks from the inflow and the outflow of each wetland compartment for a period of 18 months.
Table 2: Results of different parameters studied in the constructed wetland for municipal wastewater treatment

	Parameters
	Mean inflow conc.
	Mean outflow conc.
	% reduction

	BOD5 mg/L
	145
	25
	82

	TSS mg/L
	120
	55
	54

	NH3-N mg/L
	60
	38
	33

	NO3-N mg/L
	1-2
	1
	50

	COD mg/L
	260-490
	135
	66

	Total coliforms
	1.9*107 coliforms/100ml
	3.8*103 coliforms/100ml
	88-99


The concentration of the pollutants was highly reduced during their treatment in the constructed wetland. The final outflow concentrations varied during the seasons, mainly because of the effect of the temperature on the performance of the wetland. 
The lowest concentrations of pollutants, in the outflow, were observed during the summer months. 
Climatic factors such as temperature found to affect the ability of the wetland to reduce both the organic load, measured as BOD, and the N-NH3.
The percent of BOD removal ranged from 50% at low temperatures (4 OC), to 95 % at temperatures between 22 and 24 OC.


The effect of temperature is even greater in the reduction of N-NH3. The percent of reduction is lower than 30% at temperatures between 4 and 10 OC. The rise of temperature over 10 OC, results an increase in the percent of reduction up to 85%. 

The peak in the percent of N-NH3 reduction, at 24 oC, is followed by a decrease in the efficiency of the wetland although the temperature is still rising. This is due to the effect of temperature on the nitrifying bacteria. The activity of these microorganisms is maximized at temperatures between 22 and 24 oC, thus the oxidation of N-NH3 to N-NO3 is more efficient in such temperatures.

The concentration of microbial pollution indicator organisms e.g. total coliforms and feacal coliforms, is another water quality parameter of a great importance for the human and animal health. The reduction percent of total coliforms ranged from 88 to 99%.

SELECTED REFERENCES

De Jong, J. (1975). Bulrush and reed ponds. Proc. Int. Conf. Biol. Water Qual. Improvement Alternatives. Philadelphia 3-5 March 1975.

Finlayson, M., and Chick, A.J. (1983). Testing the potential of aquatic plants to treat abattoir effluent. Water Research, 17, 415-422.

Gersberg, R.M., Elkins, B.V., and Goldman C.R. (1983). Nitrogen removal in artificial wetlands. Water Research, 17, 1009-1014.

Gersberg, R.M., Elkins, B.V., Lyon, S.R., and Goldman C.R. (1986). Role of aquatic plants in wastewater treatment by artificial wetlands. Water Research, 20, 363-368.

Grasshoff, K. (1976). Methods of seawater analysis. Verlag and Chemie, New York.

Kotleas, S., (1988). Pollution of lake Koronia, reason for research on legislative and administrative frame of environmental protection.235-244. Proceedings of two-day workshop on environment and development in Central Macedonia. Ápril 26-27, 1988. Thessaloniki.

Olsen, S. (1950). Aquatic plants and hydrospheric factors. Svensk. Bot. Tidsskr, 44, 1-34 and 332-374.

Papastergiadou, E. (1994) The Use of Aquatic Macrophytes in Water Pollution Control.

I. Evaluation of a Natural Wetland Receiving Wastewaters. 263-271 p In: Pollution of the Mediterranean sea. Proc. of the Inter. Congress of the International Association on Water Quality (IAWQ) and the Water Treatment Scientists Association Cyprus (WTSAC) November 1994 Nicosia Cyprus, 710pp.
Reuter, J.E., T.A. Djohan, and C.R.Goldman. (1992). The use of wetlands for nutrient removal from surface runoff in a cold climate region of California. Results from a newly constructed wetland at lake Tahoe. J. Environ. Manage, 36, 35-53.

Zalidis, G. & collaborators (1998). Construsted wetlands for wastewater treatment at Gallikos area.Final Report

Whigham, D.F. (1982). Using freshwater wetlands for wastewater management in North America. p 507-514. In: B., Gopal, R.E. Turner, R.G. Wetzel and D.F. Whigham (eds). Proc. First Int. Wetlands Conf. New Delhi, India 1980.

� EMBED PBrush  ���











1
14

_1022360526

_1015426898

