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Abstract 
The interest in the use of constructed wetlands for the treatment food processing wastewaters 

including dairy wastewater is growing. The reason is the intention to create clean technologies 

that can substitute the currently used “environmentally unfriendly” conventional facilities. 

This paper suggests options for adopting a constructed wetland system to treat wastewaters 

from diaries. The potential use of two stage wetland systems is investigated. Examples of 

multi-stage wetland use are reviewed. The calculations based on the k-c * model (Kadlec and 

Knight 1996) showed that a reasonable option is to use a subsurface wetland 160 m
2
 area 

followed by a free water surface wetland 2000 m
2
 area. However, these calculations are 

influenced by the use of older data. The most significant effect is the use of the rate 

coefficient values for both FWS and HSSF wetlands. A comparison is made to show the 

effects the new data might have on the calculations. Other measures that can increase the 

efficiency of the suggested wetland systems like filtration media, deep zones and engineering 

solutions are suggested. Finally, an overall investigation of the costs involved suggests that 

the wetland option can be cost effective if all the factors that affect the wetland´s construction 

and functioning are properly dealt with.   
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1. Introduction: 

The wastewater which is generated from milk processing in dairy factories is a source of 

environmental pollution. Such wastewater often contains high concentrations of organic 

materials, e.g., proteins, carbohydrates and lipids, high concentration of suspended solids, 

high BOD and COD, high nitrogen concentrations, high suspended oil and/or grease contents 

and high variations in pH (Britz et al, 2006) (Table1). This requires special water treatment in 

order to eliminate potential problems that can arise from the discharge of milk processing 

wastewater to water bodies. The technology of choice to handle wastewater treatment depends 

on several factors that make the decision to be taken in this regard a difficult one. These 

factors may include the nature of activity carried out in the area and the components of 

wastewater generated from this activity, the weather conditions that prevail in the area, the 

environmental consequences of adopting a certain treatment technology and the finances 

needed to execute the chosen technology.   

In this paper my objectives are: 

-  To go through several studies that deal with the use of different technologies in the 

treatment of dairy wastewater and review the current use of wetlands in the treatment 

of dairy wastewater; and  

- To suggest options that may improve the performance of these treatment wetlands.  

In view of the fact that BOD5 is the most important component in dairy wastewater (Table 1), 

I gave much attention to BOD5 removal. However, the suggested options also take into 

consideration N and P removal.  

 
Table 1 Range and composition of dairy factory wastewater (EPA Victoria 
1997): 
Component Range (mg/l) Average (mg/l) 

Suspended solids 24 - 5700 - 

BOD5 450 - 4790 1885 

N 15 - 180 76 

P 11 - 160 50 

Na 60 - 807 - 

Chloride 48 - 469 276 

Ca 57 - 112 - 

Mg 25 - 49 - 

K 11 - 160 67 

pH 4 - 12 7.1 

 

 
2. Treatment of wastewater from diaries:     
The need to handle dairy wastewater treatment makes any of the two following options 

thinkable: 

- Discharge to a nearby sewage treatment plant. 

- The treatment of factory wastewater in an onsite wastewater treatment plant. 

 

2.1 Direct discharge to a sewage treatment plant: 

Under local or national discharge regulations, all operators of milk processing plants are 

obligated to minimize the levels of pollutants that exist in their plant effluents. An option to 

remove these pollutants is to discharge factory effluents to a nearby treatment plant. However, 

this option is often affected by increasing costs. Another problem is the high level of certain 

components like fat that might exist in a dairy plant’s effluents. Fat adheres to the walls of the 
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main system and causes sedimentation problems in the sedimentation tanks. Some form of 

onsite treatment is, therefore, advisable to minimize the fat content of the processing 

wastewater before discharge to treatment works.   It is also advisable to separate the sanitary 

wastewater from processing wastewater and dispose of the first by pipes that go directly to the 

treatment plant (Britz et al, 2006). 

 

 
2.2 The treatment of factory wastewater in an onsite wastewater treatment plant: 

 

2.2.1 Onsite pre-treatment: 

This includes a few measures that have to be taken in order to set the stage for the chosen 

treatment technology that follows: 

- Screening: 

A starting measure is to remove the large particles that may cause clogging downstream. The 

screening of the wastewater should be done as quickly as possible to prevent further COD 

increase as a result of dissolution of solids. The use of a wire screen and grit chamber with a 

screen aperture size that varies between 9.5 and 0.39 mm is recommended (Wendorff, 2001 & 

Hemming, 1981). Screens can be cleaned either manually or mechanically and the screened 

material disposed off at a landfill. 

 

- pH control: 

The optimum pH for biological treatment plants ranges between 6.5 and 8.5. pH values below 

4 or above 9.5 reduce the treatment efficiency of the microorganisms (Goronszy et al, 1992) 

and increase corrosion of pipes. For these reasons a form of pH adjustment is recommended 

and can be done by adding lime to acidic wastewaters and H2SO4, HCl or CO2 gas to alkaline 

wastewaters (Britz et al 2006). 

 

- Flow and composition balancing: 

This measure eliminates overloading on treatment systems caused by volume, strength and pH 

variations of discharged dairy wastewaters. It also allows the use of smaller equipment and 

thus makes significant cost savings (Goronszy et al, 1992). pH adjustment and flow balancing 

can be performed by keeping the effluent in a balancing tank for 6 to 12 hours (Wendorff, 

2001). Mixing is required in balancing vessels to maintain the homogeneity of the fluids and 

to prevent solids from settling. Mechanical aerators are recommended to adequately mix the 

effluents. Balancing tanks must be large enough to contain unexpected loads (IDF, 1984). 

 

- Fat, oil and grease (FOG) removal: 

High levels of FOG in dairy processing wastewaters must be reduced, if not removed 

completely prior to further treatment to avoid problems that can arise as a result of FOG like 

blockages in drainage systems, scum formations on tanks and grease accumulation on interior 

pipe surfaces. These pollutants can also lead to high concentrations of BOD5 in receiving 

waterways and cause nuisances such as bad odour upon partial decomposition. 

Gravity traps are among the systems that are generally used to remove FOG from 

wastewaters. Wastewater flows through a series of cells and the FOG mass is trapped within 

the cells. This system is highly effective, self-operating and easily constructed but requires 

frequent monitoring and cleaning to avoid FOG accumulation. Another drawback is that 

removal efficiency decreases at pH values above 8 (Britz et al, 2006). 

Low concentrations of FOG can be removed by dissolved-air floatation. In this technique, 

wastewater is pressurized in the presence of excessive air, and pumped into a floatation tank. 
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The dissolved air comes out of the solution, and the oil and smaller solids cling to the small 

bubbles and float to the surface of the tank to be skimmed off (Goronszy et al, 1992). 

However, emulsified oils in wastewaters are more difficult to separate and in such cases 

chemical coagulants like ferric chloride, aluminium sulphate and polyelectrolytes, are added 

to the wastewater to convert into agglomerates large enough to be removed. pH value must be 

corrected before the floatation treatment because a pH value of 6.5 is required to efficiently 

remove FOG (Britz et al, 2006). 

 
2.2.2. Treatment options 

2.2.2.1. Biological treatment: 

Dairy wastewaters are treated using physico-chemical and biological treatment. However, 

biological processes are often preferred because of the high costs of reagents and the poor 

removal of COD in physical-chemical treatment processes (Demirel et al, 2008). Biological 

degradation is a promising option for the removal of organic material from dairy wastewaters. 

Main advantages include the microbial transformation of complex organics and possible 

adsorption of heavy metals by suitable microbes. Biological processes are still unsophisticated 

and have great potential for combining various types of biological schemes for selective 

component removal. On the other hand, a disadvantage of this option is the generation of 

sludge, especially during aerobic processes, which can lead to costly disposal problems. The 

ability of sludge to adsorb specific organic compounds and toxic heavy metals makes this 

problem even worse (Britz et al, 2006).  Below is a review of the main techniques currently 

used for the treatment of dairy processing wastewater: 

a) Aerobic treatment systems: 

Conventional treatment of dairy wastewaters involves aerobic processes in view of the fact 

that most pollutants found in such wastewaters are easily degraded by bacterial populations. 

Aerobic biological treatment depends on microorganisms grown in an oxygen-rich 

environment to oxidize organics to carbon dioxide, water and cellular material. Past 

experience has shown aerobic treatment to be reliable and cost effective in producing a high 

quality effluent. A start-up period is required to allow the development of a competitive 

microbial community. However, foaming and poor solid-liquid separation are among the 

problems that are normally encountered when aerobic treatment systems are used. 

Among the main techniques used, activated sludge process (ASP), trickling filters and aerated 

lagoons or a combination of these systems have been quite popular. In recent years, more 

attention has been paid to the use of constructed wetlands, due to their relatively low capital 

costs and maintenance requirements. Table 2 summarizes the main aerobic systems used for 

the treatment of dairy wastewater: 

 
Table 2 Main aerobic treatment systems used for the treatment of dairy 
wastewater. 
System type Description 

Activated Sludge Process (ASP) Microbes suspended in wastewater are used in an 

aeration tank to absorb, adsorb and biodegrade 

pollutants. 

Trickling filters Wastewater is dosed from a storage tank over a carrier 

media (20 – 100 mm dia.) populated by microbes and 

trickles downward through a 2m medium bed. 

Rotating Biological Reactor Circular discs of lightweight material rotating in a tank 

at 1-3 rpm placed on a horizontal shaft, 40 – 60% 

protruding out of the tank to allow oxygen transfer from 

the atmosphere to the exposed films. A biofilm develops 
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and facilitates the oxidation of wastewater. 

Sequencing batch reactor (SBR) A single fill and draw tank is utilized to aerate, settle 

and withdraw effluent and recycle solids. 

Aerated lagoons 0.5 to 4.0 m deep ponds, floating aerators are used to 

allow oxygen and sunlight penetration. 

Constructed wetlands: Vegetated systems with extended retention time. 

a) Subsurface flow Typically contain a gravel substrate planted with reeds, 

through which the water flows. 

b) Surface flow Typically contain a soil substrate planted with reeds, 

over which the water flows. 

 

 

b) Anaerobic biological systems: 

Anaerobic digestion is a biodegradation process in which natural bacteria convert a large 

portion of organic solids that exist in the wastewater into biogas, mainly a mixture of methane 

and carbon dioxide, and the remainder is utilized for cell growth and maintenance (Al 

Turkmani, 2007). Three stages are often used to explain the sequence of microbial events that 

occur during the anaerobic digestion process: 

Stage 1 – Hydrolysis: 

It is the process in which the hydrolysis of particulate organics, through the action of endo and 

exo-enzymes, occurs to produce smaller molecules that can go through bacterial cell walls. A 

large and diverse community of bacteria is needed to ensure that the proper types of endo and 

exo-enzymes are available for the degradation of the substrates present. 

Stage 2 – Acidogenesis: 

The soluble compounds that are diffused into bacterial cells are either fermented or 

anaerobically oxidized. The degradation of these compounds results in the production of CO2, 

H2S, alcohol, organic acids and some organic-N and organic-sulphur compounds. Acetate is 

the main product used by methane-forming bacteria. 

 

Stage 3 – Methanogenesis: 

Methane is formed mostly from acetate and both carbon dioxide and hydrogen gases. 

Methane-forming bacteria obtain energy by reducing simple compounds or substrates like 

CO2 and acetate. Acetogenic bacteria reproduce very slowly, usually more than 3 days at 35 

°C to 50 days at 10 °C, and therefore, long retention time is required in an anaerobic digester, 

at least 12 days ( Al Turkmani, 2007 ). 

Among the advantages of using this technique in the treatment of wastewater are the less 

energy requirements, production of methane that can be used as a power source, less 

generation of sludge, destruction of pathogens, possibility to treat high COD dairy wastewater 

and thus less space requirements. If these systems are operated efficiently, no bad odours will 

be emitted. However, the high capital costs, long start-up periods, the strict control of 

operation conditions, greater sensitivity to variable loads and organic shocks as well as toxic 

compounds have been reported as limitations that often hinder the adoption of these systems 

(Britz et al, 2006). Table 3 summarizes the main anaerobic systems used for the treatment of 

dairy wastewater: 

 

 
 
 
 



 
9 

Table 3 Main anaerobic treatment systems used for the treatment of dairy wastewater. 

System type Description 

Anaerobic lagoons Ponds normally covered to exclude air and to prevent 

methane loss to the atmosphere. 

Completely stirred tank reactor 

(CSTR) 

Wastewater is introduced into a tank reactor equipped 

with an impeller that stirs the wastewater to ensure 

proper mixing. 

Anaerobic contact process An anaerobic ASP process that consists of a CSTR 

followed by biomass separator to reduce retention time 

to less than 1 day. 

Anaerobic filter reactor Similar to aerobic trickling filters, the reactor is filled 

with inert support material and thus no need for biomass 

separation or sludge recycling. It can be operated either 

upwards flow or downwards flow. 

Expanded bed and/or fluidized 

bed digesters 

Contain fine carrier particles for the bacteria. Biomass is 

retained in the reactor by the formation of a biofilm 

around the carrier particles from well-designed liquid 

velocities, which also enable the bed to expand. 

Upwards flow anaerobic sludge 

blanket (UASB) reactor 

A blanket of granular sludge which suspends in the tank 

is formed. Wastewater flows upward through the blanket 

and is degraded by the anaerobic bacteria. 

Fixed bed digester Contains permanent porous carrier material and by 

means of extracellular polysaccharides bacteria can 

attach to the surface of packing material and still in 

close contact with passing wastewater, either upwards 

flow or downwards flow configurations can be created. 

Membrane anaerobic reactor 

system (MARS) 

Effluent is filtrated using a filtration membrane to 

enhance biomass retention. 

 

 

Various other configurations in the design of an anaerobic reactor can be found mainly as 

combinations of these types, a two-phase anaerobic treatment. Hybrid reactors are often 

considered to be the ones involving an anaerobic filter and a UASB. Also, the ABR 

(anaerobic baffled reactor) is a combination of UASB in series. However, in both 

conventional single and two-phase anaerobic treatment processes, primary objectives are the 

same: achievement of a high degree of waste stabilization and a high conversion of waste to 

methane (Demirel, 2008). 

 
2.2.2.2. Land application: 

Another treatment option is the application of dairy wastewater to land, a measure that has 

been practised successfully in the past. Among the factors that make this option attractive are 

the more stringent regulations that restricted waste disposal to main water bodies and the high 

costs of incineration and landfilling. Nutrients such as N and P contained in wastewaters make 

these wastes valuable organic fertilizers in view of the fact that research has shown that 

inorganic fertilizers might not be enough to stop soil degradation and erosion in certain parts 

of the world. 

However, this use of wastewaters is not a problem-free option. Healy et al (2007) reported 

that land spreading of dairy wastewater in Ireland has proven to be “problematic”. The labour 

requirements for effective management and the potential for eutrophication due to run-off and 
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leaching are some of the difficulties that are often encountered when this measure is taken. 

Analyses of five Irish water wells drilled in light textured soils receiving high N application 

have shown NO3-N concentrations greater than the EU maximum allowable concentration of 

11.3 mg/l for drinking water. Other limitations of this option are the presence of toxic 

substances in the wastes, high salt concentrations and extreme pH values. 

 
2.2.2.3. Treatment wetlands: 

A treatment wetland is a constructed ecosystem designed to support physical, chemical and 

biological processes as required to reduce contaminants that exist in wastewater, to acceptable 

levels (Kadlec, 2009 b). This treatment technique borrows an idea from Mother Nature:  

creating aerobic and anaerobic zones to allow microbes to attack waste streams (Tenenbaum, 

2004). A properly designed and successfully functioning treatment wetland is a great 

contribution in the efforts that are made throughout the world to hinder the deterioration of 

different eco-systems. It certainly makes us manage without the use the conventional 

treatment systems that can in many ways damage our environment: use of fossil fuels, 

harmful chemicals, gas emission…..etc. 

Unfortunately, a full abandonment of conventional water treatment systems is a form of 

fantasy at the time being. A comprehensive review of all factors that can affect the treatment 

efficiency is essential to achieve the best solution and this may require a combination of 

conventional and environmentally friendly techniques. Still, a lot of work is needed to 

improve the performance of treatment wetlands to make them as efficient as other treatment 

technologies and thus, we become less dependent on most environmentally “unfriendly” 

technologies. 

 

 

3. A wetland - An active and cheap treatment alternative? 

Biological filters that provide protection for water resources such as rivers, lakes, 

groundwater and even shallow coastal areas; this is what wetlands are often regarded. These 

land areas have properties that make them unique among other ecosystems. Wetlands offer a 

range of physical, chemical and biological processing mechanisms that transform, degrade or 

store nearly any incoming waterborne substances thanks to an abundant supply of water that 

is available during part or all of the year. A relatively cheap cost of some earth works, pipes 

and a few structures is all we need to have the valuable environmental services of wetlands 

(Kadlec, 2008). 

 

 

 
3.1. Types of treatment wetlands: 

A review of the literature that deals with this subject shows that treatment wetlands are 

generally classified as follows: 
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Figure 1 Treatment wetland types (Adapted from Kadlec & Wallace 2008). 
 

-  Free water surface wetlands (FWS): 

These systems have open water areas and therefore, look like naturally created wetlands (fig. 

2).  The wide use of FWS wetlands is an indication of their efficiency in the treatment of 

different kinds of wastewaters, municipal, industrial and agricultural. Other benefits are also  

 

 
Figure 2 A Free Water Surface Wetland - Falkenberg Railway station, 
Sweden (Author´s photo).  
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gained from constructing FWS wetlands. Biodiversity and aesthetic values are additional 

advantages when this treatment technology is employed. 

 

-  Subsurface flow wetlands (SSF): 

In these wetlands a sand or gravel bed planted with emergent vegetation is used. The 

wastewater passes through the root zone and is kept under the surface from inlet to outlet. The 

water flows either horizontally (Horizontal subsurface flow wetlands) or vertically (vertical 

subsurface flow wetlands). 

 

 

 

 
 
Figure 3 A Subsurface Flow Wetland (Zipper et al 2009). 
 
 

The planted bed in subsurface wetlands serves as a microbial substrate for treatment and also 

prevents exposure of the contaminated water. 

 

Horizontal subsurface flow wetlands (HSSF) have been utilized for flow rates smaller than 

those for which FWS wetlands are used, probably because of cost and space considerations 

(Kadlec 2008). These systems are capable of operation under colder conditions than FWS 

systems. The clogging of media and the few opportunities for ancillary benefits are among the 

limitations that should be taken into consideration whenever this treatment option is adopted. 

HSSF wetlands have a limited capacity to oxidize ammonia, because of limited oxygen 

transfer and therefore, vertical flow (VF) wetlands were developed to provide higher levels of 

oxygen transfer. By using VF wetlands nitrified flows are produced which makes it possible 

to combine VF wetlands with HSSF or FWS wetlands to create nitrification- denitrification 

treatment trains (Figure 4). 
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Figure 4  A hybrid wetland system (HSSF + VF) (Kadlec & Wallace 2008). 
 
 
 
3.2. How do these systems work? 

Several removal processes can occur in a conventional wetland system. Volatilization, 

photochemical oxidation, sedimentation, sorption, biological degradation, plant uptake and 

contaminant accumulation are the major processes that affect the contaminant loads in 

wetlands. The relative importance of a particular process can vary significantly depending on 

the contaminant being treated, the wetland type (e.g. SSF or FWS; HF or VF) and operational 

design (e.g. retention time), the environmental conditions, the type of vegetation within the 

system as well as the soil matrix (Imfeld et al, 2009). 

 

4. Materials and methods: 

A careful literature review that aimed at finding as much information as possible about the use 

of conventional and wetland technologies for the treatment of food processing wastewaters 

including dairy wastewater was done. The search included Halmstad University’s database 

using words like wastewater treatment, dairy wastewater, aerobic & anaerobic digestion and 

constructed wetlands in the search. This literature review also included the internet sources 

and printed material from the library of Halmstad University. 

I tried to gather some information from dairy operators like Arla Food about their handling of 

wastewater but had little success in my attempt. For this reason I was forced to make my 

approach more general emphasizing on theoretical assumptions. 

 
 
5. Results & Discussion: 

5.1. To choose the best treatment option: 

Having reviewed the main treatment technologies, the next step was to go through all the 

factors that can affect the choice of wetland design. These factors may include the 

constituents of the effluent to be treated, the targeted effluent, the prevailing environmental 

conditions, the area available for the installation of treatment facility and the economics of 

each option. 

The first step in my assumed procedure of reaching a better option is to propose average 

influent values within ranges that apply to most dairy facilities. Table 1 shows the values of 

wastewater constituents that are often found in dairy wastewaters. A further review of the 

literature did not reveal different values and therefore a range of BOD5 1500 to 2000 mg/l as 

an influent to be treated was assumed. 
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The targeted values should not exceed those currently achieved by secondary or tertiary 

treatment wetlands or the limits defined by the environmental protection agency. The effluent 

concentration in a couple of wetlands, Götene and Vimmerby in Sweden is BOD5 10 mg/l and 

the discharge limits prescribed by the Swedish environmental competent authority for the 

main nutrients are as follows: 

 

- Total N : 10 – 20 mg/l 

- Total P : 0.5 mg/l 

- BOD5 : 15 mg O2/l 

 

 

Influent BOD5  conc. = 2000 mg/l 

Effluent BOD5 conc. = 15 mg/l 

 

However, an effluent concentration that is less than the background level cannot be reached 

by using a wetland system and in order to calculate the background level we can use the 

values shown in table 4 (Kadlec & Knight, 1996). 

 

Table 4 Preliminary Model Parameters for FWS and SSF wetlands. 
Developed from the North American Wetlands Treatment System Database* 
 k20 (m/yr) C* (mg/l) 

Parameter FWS SSF FWS SSF 

BOD 34 180 3.5 + 0.053 Ci 3.5 + 0.053Ci 

TSS 1000 1000 5.1 + 0.16 Ci 7.8 + 0.063Ci 

Organic N 17 35 1.5 1.5 

NH4-N 18 34 0 0 

NOx-N 35 50 0 0 

TN 22 27 1.5 1.5 

TP 12 12 0.02 0.02 

 
 (*) The k20 represents the first order areal rate constant at  0  C and C* represents the likely wetland background 

concentration. Ci represents the constituent inflow concentration. Higher k values correspond to higher mass 

contaminant removal rates. (From Kadlec & Knight, 1996) 

 

 
Ci = Influent concentration 

 

C* = 3.5+ 0.053 (2000) = 109.5 or 110 mg/l 

Then, a reasonable effluent conc. should be 120 mg/l 

 

 

An initial wetland design can be done using a pollutant reduction model. Kadlec and Knight 

(1996) have reported several pollutant settling rate coefficients for an areal model that is 

useful for initial design purposes. The areal model is as follows: 

 

ln ((Ce – C*) / (Ci – C*)) = - (k/q)                     (1) 

 

Where: 

Ce = Target effluent conc. mg/l 
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Ci = Influent conc. mg/l 

C* = Background conc. mg/l 

k = First order areal rate constant, m/yr 

q = Hydraulic loading rate, m/yr 

 

But, since q = Q/A        (2) 

Where: 

Q = Flow 

A= Area 

 

Thus, equation (1) can be written in the following form: 

A = (0.0365 Q / k)  ln((Ci – C*) / (Ce – C*))             (3) 

 

Where: 

A= Wetland area (ha) 

Q= Influent flow, m3/ day 

 

The modified Arrhenius relationship is commonly used to adjust the removal rate coefficient 

for temperature in traditional wastewater treatment processes: 

 
                            T-20 

kT = k20  θ 

 

Where: 

k20 = k at  0  C (m/year), kT = k at T deg. C (m/year), θ = modified Arrhenius temperature    

value (dimensionless), T is water temperature. 

 

Values of θ for various treatment technologies range from 1.00 to 1.08. Wetland literature 

indicates that a θ value of 1.06 applies to FWS wetlands. However, Kadlec and Knight (1996) 

could not trace temperature dependence in wetland BOD data, a finding that was later 

supported by analysis of more systems. Kadlec (2008) explains the lack of influence of 

temperature by suggesting that the pond systems are so large that the temperature effect is 

masked by other factors. 

 

A range of water flows is to be proposed in order to make it possible to use the model 

equation (3) in our wetland design. Knight et al (2000) reported that the design flow of most 

dairy farms in North America is less than 10m
3
/day. However, much higher flows must be 

assumed for dairy processing facilities in view of the fact that a typical European dairy 

generates 500 m
3
 of waste effluent daily (Demirel, 2008), 400 m

3
/day in the case of Götene. 

For comparison purposes I used the following wastewater flows in my design: 

 

10, 50, 100, 200, 400 and 500 m
3 

/day. 

 

Using these proposed values in our equation gives the following: 

 

A = (0.0365 . 10 / 34)  ln (2000-110) / (120 – 110) 

A = (0.018) ln (189) 

A = 0.095 ha 
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By using the rest of the proposed wastewater flow values we get the following results: 

 

 
 

 
Design Flow  (m

3
/day) Area ( ha) 

10 0.095 

50 0.283 

100 0.561 

200 1.127 

400 2.254 

500 2.815 

 
 
 
 

These calculations show that we need large areas of land to treat high design flows of polluted 

wastewaters. About 3 hectares are needed to reach a 120 BOD5 mg/l level which is well above 

the limit admitted by the environmental authorities. However, this rather disappointing result 

should not hinder our efforts because treatment level can be improved by using mechanical 

aerators that can enhance the level of nitrification and by combining other stages into our 

treatment design to create an efficient treatment line, e.g. a horizontal SSF wetland to reach 

the current level of treatment (10 mg/l) and thus, we make use of an already existing wetland 

in the treatment of much higher polluted wastewater (BOD5 2000 mg/l). 

 

A good example is reported by Dunne et al (2005), a FWS wetland area 4800 m
2
 in southeast 

Ireland, cool temperate west maritime climate, 1000 mm rainfall, 10 °C temperature, inflow 

rate ranged between 3.6 and 18.5 m
3
/day, BOD5 inflow conc. 2000 to 3250 mg/l. The 

constructed wetland comprised of three FWS wetland cells in series with a total area of 4265 

m
2
 and one final 490 m

2 
monitoring pond (figure 5). Water flowed passively between wetland 

cells. Farmyard dirty water was collected in a central storage facility, a three chambered tank 

where wastewater underwent some primary treatment (sedimentation). 

This wetland system has proved to be quite effective in the treatment of dairy farm 

wastewater and results achieved throughout a monitoring period of 2.5 years are shown in 

Table 5. 
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Figure 5 Sketch of (a) a farmyard and (b) a constructed wetland system in 
Ireland (Dunne et al 2005). 
 
Table 5 Removal achieved by the above wetland system. 
Constituent Inlet (mg/l) Outlet (mg/l) 

BOD5 2000 – 3250 20 ± 3 

TSS 850 – 1250 11 ± 1 

NH4 30 – 70 1.9 ± 0.4 

P 10 – 20 1.7 ± 0.14 

 

However, we must take into consideration the low rate of inflow and the high precipitation 

rate of this particular area. Certainly, the pollutant level has been largely diluted by the 

persistent rainfall (1000 mm). 

Another drawback of using large FWS wetland systems is the limits often imposed by the 

competent environmental authorities to regulate the discharge of nutrients to wetlands. For 

example, a BOD5 100 mg/l is the maximum level defined by the Swedish EPA when 

wastewaters are to be discharged to wetlands. Indeed, creating large polluted areas is not the 

wisest of options when wastewaters are to be treated. 

Other options include the use of vertical and horizontal SSF wetlands. Still, we have to solve 

the problem of high inflows and I think that a reasonable solution is to create an effective 

storage facility, large enough to contain any wastewaters generating from processing 

activities. We can begin with experimental design inflows that represent only small part of the 
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actual wastewaters generated by the factory and then, make later efforts to increase the 

efficiency of our treatment system as required to increase the quantities of wastewaters that 

undergo treatment. 

A review of the literature that covers SSF wetlands used in the treatment of food processing 

wastewaters suggest that these systems are often used for a wide variety of wastewaters 

including agricultural and industrial effluents. Vymazal (2009) highlighted the use of HSSF 

wetlands in the treatment of municipal, industrial and leachate wastewaters. Industrial 

applications included wastewaters from oil refineries, tillery and winery industries. Vymazal´s 

review showed that the use of HSSF wetlands is becoming very common in the treatment of 

food-processing wastewater (e.g. production and processing of milk, cheese and potatoes). 

The average treatment performance of HSSF wetlands treating agricultural wastewater is 

shown in Table (6). 

 

Table 6 Average treatment performance of HSSF wetlands treating 
agricultural wastewaters Source: (Vymazal 2009). 
 Concentration (mg/l) Eff.  (%) Loading (kg/ha/day) 

in out in out Rem. 

BOD5 464 183 68.2 541 294 246 

COD 871 327 63.0 1293 602 637 

TSS 516 180 76.9 1430 779 651 

TN 116 57.5 51.3 68.0 42.0 26.0 

NH4-N 71.5 39.6 33.8 74.6 19.0 55.6 

TP 19.8 8.5 54.3 13.7 7.0 6.7 

 
However, the use of HSSF wetlands as single units may not be the best option. Nitrification 

level in these units is quite limited because of the anaerobic conditions that prevail under soil 

surface. The removal of certain pollutants becomes less efficient and as a result relatively 

large areas will be needed to treat high rates of wastewater flow. For example, Vymazal 

(2009) gives the following figures for the treatment of landfill leachates using HSSF 

wetlands: 

 
Table 7 Examples of HSSF wetlands used to treat landfill leachate (Vymazal 
2009). 
Country Location Area (sq. m) Flow (cubic m/day) 

Canada Richmond, BC 6 * 45  

Norway BØlstad 40 2 

Poland Szadolki 3600 50 

Slovenia Dragonja 450 10 

Mislinjska Dobrava 600 35 

Lubevc 275 11 

United Kingdom Monument Hill 1800  

USA Tomkins Co. NY 720 8 

Jones Co. Iowa 93 0.55 

 
  
Table 7 shows that for the treatment of 50 cubic meters of wastewater an area of 0.36 ha is 

required. The higher the flow the bigger the area needed. Kadlec´s area equation for the 

calculation of our SSF wetland area can also be used here: 
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Daily flow: 10, 50, 100, 200, 400, 500 m
3
/day 

BOD5 inflow conc.: 2000 mg/l 

 

Background level: 110 mg/l 

Effluent conc.: 120 mg/l 

 

A = (0.0365 . 10/180)  ln (189) 

A =   0.01 ha 

 
Flow (m3/d) Area (ha) 

10 0.01 

50 0.05 

100 0.10 

200 0.20 

400 0.407 

500 0.51 
 
The above calculations of area give us an idea of the wetland size and this solution may be 

acceptable when small inflows are to be treated. However, the treatment of high daily inflows 

requires a rather wide area of land. Indeed the construction of such large SSF wetland is 

neither practical nor economic. For this reason we have to look for a better option, and here 

the use of the so called hybrid constructed wetlands might be a reasonable solution. 

 

5.2. Hybrid Wetlands: 

Different types of constructed wetlands are often combined in order to satisfy specific 

contaminant removal needs. Vertical flow wetlands are often added as a first or later stage to 

solve the problem of low oxygen content in the HSSF wetland’s infiltration bed and thereby 

reduce the level of oxygen demand in the received influent. This step would also enhance the 

nitrification process and thus the Nitrogen removal becomes more efficient. Recently, FWS 

constructed wetlands have also been combined with SSF wetlands to achieve better treatment 

performance. Therefore, the optimum combination of various types of constructed wetlands 

always depends on the targeted pollutants and the level of removal to be achieved. Table (8) 

shows examples of hybrid constructed wetlands used for food processing wastewaters 

(Vymazal 2009). 

 
Table 8 Examples of hybrid constructed wetlands used for food processing 
wastewater treatment (Vymazal, 2009). 
Type of wastewater Country Type of CW Reference 

Dairy Japan VF - HF Kato et al (2006) 

Cheese dairy France VF - HF Reeb and  Werckmann 

Pig farm Thailand VF - HF Kantawanichkul and Neamkan (2003) 

Winery Italy 

Italy 

HF – FWS 
VF- HF-FWS-P 

Masi et al (2002) 

Masi et al (2002) 

Fish aquaculture Taiwan FWS - HF Lin et al ((2002) 

Shrimp aquaculture Taiwan FWS - HF Lin et al (2003, 2005) 

Slaughterhouse Poland VF - HF Soroko (2005) 

VF = Vertical flow, HF = Horizontal flow, FWS = Free water surface, P = Pond 
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Out of these examples, the system reported by Masi et al (2002) seems to be most interesting. 

An engineering firm has designed and monitored three different multi-stage constructed 

wetlands for the treatment of a winery’s wastewater: 

 

1. La Croce system:   Imhoff tank ----- HSSF ----- Control manhole 

2. Cecchi system: Imhoff tank ----- HSSF ----- FWS ----- Reuse or discharge to a river 

3. Ornellaia system: Imhoff tank ----- VF ----- HSSF ----- FWS -----Pond 

VF 

A comparison of the performance of these wetlands is shown in table (9): 

 

Table 9 Mean concentrations of overall inputs and outputs of the three 
treatment facilities (Masi et al, 2002). 
 Cecchi Ornellaia La Croce 

 In Out In Out In Out 

pH 6,0 7,4 6,4 7,5 6,6 7,2 

Flow m
3
/day       35       10        8 

TSS  mg/l 221,8 24,3 102,2 25,3   

COD  mg/l 4044,9 90,6 1003,2 78,6 721,7 90,0 

BOD5 mg/l 1792,7 29,4 424,9 28,6 353,7 29,7 

Total N mg/l 14,7 2,6 26,6 2,65 65,2 27,5 

Total P mg/l 4,9 1,3 1,92 0,12   

 
 
The obtained results clearly indicate an efficient performance by all combinations, esp. 

Cecchi wetland that reduced BOD5 from 1792.7 to 29.4 mg/l, total N from 14.7 to 2.6 mg/l 

and total P from 4.9 to 1.3. However, we must not be too optimistic when we look at these 

results because there are always the differences of time and place i.e. the specific conditions 

that prevailed when these trials were done and also the fact that the source of the influent is a 

winery. 

 

 

5.3. The suggested option: 

Having already seen other cases of combining different types of wetlands to achieve effective 

removal rates, I suggest that a similar system is used in the case of dairy wastewater 

treatment, i.e., a horizontal wetland to reach the desired rate of nitrogen, BOD5 and TSS 

removal followed by a FWS wetland as a later stage to reach the levels prescribed by the 

competent environmental authorities. However, I have made more than an option and used the 

calculations prescribed by Kadlec 1996 in order to show the performance expected from each 

of the suggested options. 

As a first step such a system can be constructed to treat part of the highly polluted wastewater, 

e.g., 10 to 20 m
3
/day (a level of 15 m

3
/day is used in the herein below calculations). Other 

units can be added in the future to treat the remaining flow. These new units may be 

constructed parallel to the older unit. 
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Option 1  
 

HF ----------- FWS 
 

- Surface area: 

The surface area of the horizontal wetland can be calculated using Kadlec´s equation: 

Example: 

Wastewater flow: 15 m
3
/day (a suggested experimental flow). 

BOD5 Inflow concentration: 1500 mg/l 

BOD5 background concentration: 3.5 + 0.053 Ci = 83 mg/l 

A reasonable outflow concentration would be 90 mg/l 

k = 180 m/year 

A = (0.0365 . 15 / 180)  ln(1500 – 83 / 90 – 83) 

A = 0.016 ha or 160 m
2
. 

 

This surface area is calculated based on the influent, background and effluent concentration 

values of BOD5 and in order to calculate how efficient is the wetland in TN removal we can 

use the same equation as follows: 

 

0.016 = (0.0365 . 15 / 22)  ln(75-1.5)/(Ce-1.5) 

Ce ≈ 35 mg/l 

 

The result shows that the wetland can remove TN up to 50%. However, this level is well 

above the limit allowed by the environmental authority and therefore, further steps need to be 

added before or after the HSSF wetland. A  FWS wetland can successfully achieve removals 

within such levels.  

 

The same calculation can be made for TP: 

 

0.016 = (0.0365 . 15 / 12)  ln(50-0.02)/(Ce-0.02) 

Ce = 35.18 mg/l. 

 

The limit effluent concentrations prescribed by the Swedish Environmental Protection 

Agency are as follows: 

 

BOD5                   15 mg O2/l 

TN                         10 – 20 mg/l 

TP                          0.5 mg/l 

 

The surface area of the free water surface wetland can be calculated using Kadlec´s equation: 

 

BOD5 influent conc.: 90 mg/l 

BOD5 background conc.:  

3.5 + 0.053 . 90 = 8.5 mg/l 

 

A = (0.0365 . 15/34)  ln ((90 – 8.5) / (10 – 8.5) 

A = 0.064 ha 

A = 640 m
2
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This surface area is expected to achieve the following TN and TP removals: 

 

TN removal: 

0.064 = (0.0365 . 15/22) ln ((35 – 1.5) / (Ce – 1.5) 

Ce = 4 mg/l 

TP removal: 

0.064 = (0.0365 . 15 /12) ln ((35.18 – 0.02) / (Ce – 0.02) 

Ce = 8.8 mg/l 

 

Overall option 1 performance: 

 
Table 10 Overall performance for option 1. 

Pollutant Inflows (mg/l) Outflows HF (1) 

160m
2
Area 

Outflows FWS (2) 

640m
2 

area 

BOD5 1500 90 4 

TN 75 35 15 

TP 70 35.18 8.8 

 
The calculations clearly show that P effluent is well above the limit prescribed by the 

environmental authorities (0.5 mg/l) and therefore a greater area is required for this purpose. 

  

The area required to achieve TP limit: 

A = (0.0365 . 15/ 12) ln ((35.18 – 0.02) / (0.5 – 0.02) 

A = 0.1975 ha 

About 2000 m
2
 is required for the FWS stage. 

 

Option potentials: 

A horizontal subsurface flow wetland, 160m2 area followed by a FWS wetland, 2000m
2
 area 

to achieve the limits prescribed by EPA seems to be a reasonable solution. However, we must 

keep in mind that this is only a theoretical approach and field conditions are extremely 

complicated, a fact that requires a lot of experimentation and a careful evaluation of all the 

factors that can affect wetland efficiency.      

 

 
 
 
 

Option 2  

HF ------------------ HF 
 

HF (1): 

A = 160 m
2
 (From option 1). 

 

HF (2): 

BOD5 background = 3.5 + 0.053 Ci 

                                = 3.5 + 0.053 . 90 

                                 = 8.27 mg/l  

                        Ce    = 10 mg/l (EPA requirement) 
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A = (0.0365 . 15/180)  ln (90 – 8 / 10 – 8) 

A = 0.01 ha 

 

Area required to achieve Ce BOD5 of 10 mg/l = 100 m
2
 

 

N & P removal performance: 

TN in = 35 mg/l     (From option 1) 

 

0.01 = (0.0365 . 15/27) ln (35 – 1.5 / Ce – 1.5) 

Ce  (N)  = 20 mg/l 

 

TP in = 35.18 mg/l  ( From option 1 ) 

 

0.01 = (0.0365 . 15/12)  ln (35.18 – 0.02 / Ce – 0.02) 

 

Ce (P) = 28.15 mg/l 

 

 

 
 
Overall performance: 

 

Table 11 Overall performance for option 2. 
Pollutant HF (1) 160 m

2
 area HF (2) 100 m

2
 area 

In Out In Out 

BOD5 (mg/l) 1500 90 90 10 

TN (mg/l) 75 35 35 20 

TP (mg/l) 70 35.18 35.18 28.15 

 
                       
 
Therefore, greater HF(2) area is required to deal with TN and TP concentrations. 

 

Using 160m
2
 HF (2) area: 

TN: 

0.016 = (0.0365 . 15/27) ln (35 – 1.5 / Ce – 1.5) 

Ce = 16.4 mg/l 

 

TP: 

0.016 = (0.0365 . 15/12)  ln(35.18 – 0.02 / Ce – 0.02) 

Ce = 24.8 mg/l (Higher than EPA requirements). 

 

Surface area required for TP removal: 

 

A = (0.0365 . 15/12) ln(35.18 – 0.02 / 0.5 – 0.02) 

A = 0.196 ha 

A = 1960 m
2
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Option potentials: 

The P removal in this option requires an area increase from 160 to 1960 m
2
. However, this 

option becomes thinkable when TP is not the major problem. 

 

 

 

 
Option 3 

 

FWS ------------------------- HF 
 

FWS: 

BOD5 background conc. = 3.5 + 0.053  . 1500 

                                         = 83 mg/l 

Outflow conc.                  = 90 mg/l 

 

A = (0.0365 . 15/34)  ln(1500 – 83 / 90 – 83) 

A = 0.084 ha   (840 m
2
) 

 

TN removal performance: 

Background conc. = 1.5 mg/l 

 

0.084 = (0.0365 . 15/22)  ln(75 – 1.5 / Ce – 1.5) 

Ce = 4.03 mg/l 

TP removal performance: 

Background level = 0.02 

 0.084 = (0.0365 . 15/12)  ln(70 – 0.02/ Ce – 0.02) 

Ce = 38.5 mg/l 

 

HF2: 

BOD5 Background level = 3.5 + 0.053 . 90  

                                         = 8.27 mg/l 

Reasonable Ce = 10 mg/l 

 

A = (0.0365 . 15/180)  ln(90 – 8.5 / 10 – 8.5) 

A = 0.012 ha  ( 120 m
2
) 

 

TN removal performance: 

0.012 = (0.0365 .15/ 27)  ln(4.03 – 1.5 / Ce – 1.5) 

Ce = 2.86 mg/l 

 

TP removal performance: 

0.012 = (0.0365 . 15/12)  ln(38.5 – 0.02 / Ce – 0.02) 

Ce = 29.62 mg/l 
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Overall performance: 

 
Table 12 Overall performance for option 3. 

Pollutants FWS ( 840 m
2
) HF ( 120 m

2
 ) 

In Out In Out 

BOD5 (mg/l) 1500 90 90 10 

TN (mg/l) 75 4.03 4.03 2.86 

TP (mg/l) 70 38.5 38.5 29.62 

     

Area required for TP removal: 

A = (0.0365 . 15/12)  ln(38.5 – 0.02 / 0.5 – 0.02) 

A = 0.2 ha 

Required area is about 2000 m
2
. 

 

Option potentials: 

Not a wise option when TP is a problem as our calculations show that the area of the HF 

wetland must be increased from 120 to 2000 m
2
 in order to deal with P removal.  

 

 

 
Are we on the safe side? 

An important note to be made here is that the calculations shown so far are based on older 

data bases such as NADB (Knight et al., 1993) and the 1994 Danish database (in Kadlec and 

Knight 1996), and most of such values have been superseded (Kadlec & Knight 2008). Also, 

old databases are uneven in quality and quantity of the data presented. According to Kadlec & 

Knight (2008) many examples of misinterpretation in such databases exist and therefore, 

using them as a sole source of information might be risky. For this reason such a wetland use 

surely needs more updated databases, but still there is no modern, published, all-inclusive 

database that can be used as a reference by a designer.     

As a compromise, reference in this respect is made to a rather new and relevant article 

(Kadlec 2009) where one can find useful comparisons between FWS and HSSF wetland 

efficiencies.  

 

 

 

k-values: 

A significant source of error in the above calculations might be the k-values used. A higher k-

value means a higher hydraulic rate may be used to accomplish any given contaminant 

reduction (Kadlec 2009). That hydraulic loading is achieved by a lower wetland area. 

Therefore, a higher k-value means a lower wetland area. In the following figures taken from 

Kadlec 2009 a selection of k-values are shown. In figures 6 and 7 the percentiles of the 

distributions of annual average k-values for the various common contaminant targets are 

provided. Median k-values are also listed in Table 13 to make the comparison easier.  
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Figure 6 Frequency distributions of first–order rate coefficients for BOD 
reduction in FWS and HSSF wetlands. Tertiary systems experience inlet 
concentrations of 0–30 mg/L; secondary, 30–100; primary, 100–200; and 
super >200 (Kadlec 2009). 
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Figure 7 Frequency distributions of first order rate coefficients for nitrogen 
and phosphorus reduction in FWS and HSSF wetlands (Kadlec 2009). 
 
 
Table 13  k-values reported by Kadlec 2009. 

Contaminant FWS HSSF 

k (m/yr) k (m/yr) 

BOD: 

- Tertiary 

- Secondary 

- Primary 

- Super 

 

33 

41 

36 

189 

 

86 

37 

25 

66 

Nitrogen: 

- Nitrification 

- Denitrification 

- TN 

 

14.7 

27 

12.6 

 

11.4 

42 

8.4 

Phosphorous 10 6 

 
 
The data in figures 6 and 7 clearly indicate that FWS systems are more efficient in the 

removal of BOD (except for the tertiary application zone), nitrification, TN removal and TP 

removal, but slightly less efficient for denitrification. However, a designer should not jump to 

the conclusion that these values are recommended for use in his wetland project. The 
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intersystem variability is too high to allow such a possibility. All that can be said is that “an 

area advantage may accrue to either FWS or HSSF, depending on the nature of the target 

contaminant, its inlet concentration and the desired degree of removal” (Kadlec  009). Rate 

models allow area computation on a case by case basis. 

In order to see how much is the effect of using the k-values suggested by Kadlec 1996, a 

comparison is made in table 14 below. 

 
Table 14 A comparison of k-values between data reported by Kadlec (1996, 
2009). 
Contaminants k-values (m/yr) (1996) k-values (m/yr) (2009) 

FWS HSSF FWS HSSF 

BOD (super) 34 180 189 66 

TN 22 27 12.6 8.4 

TP 12 12 10 6 

 
The most interesting value here is the k-value of high concentration BOD removal. The new 

data show that the removal in FWS systems is much larger than that in HSSF systems (about 

3 times), while older figures show a much higher (5 times) BOD removal in HSSF than in 

FWS. An explanation for such a contradiction can be of course the more quantity of data that 

became available since then, but also one might think of the fact that the older information is 

taken from a data set developed in Europe (Kadlec 2008) where SSF systems are more 

popular and treatment efficiency in FWS can be more affected by cold weather. However, the 

confusing matter here is that Debusk & Debusk (2001) indicated that the older K values were 

developed based on NA Database while Kadlec (2008) mentions otherwise.  

 

But, how may these new k-values affect our suggested option? 

Well, as we have already mentioned, a higher k-value means a lower wetland area and the use 

of the lower k-value shown in Table 13 for BOD5 removal in HSSF suggested as a first stage 

in option 1 can lead to an increase in the area required by more than twice (440 rather than 

160 m
2
). Meanwhile, the use of the higher k-value for FWS suggested as a second stage 

means a much lower FWS area required for removal (120 rather than 640 m
2
). However, I 

still think that these differences can be handled and by making a little more effort in seeking 

more details and information about already existing wetlands operating under similar 

conditions, satisfactory results can be reached.             

 

 
5.4. Performance improvement: 

 The theoretical removal models such the first order areal k-c* model (used above) proposed 

by Kadlec and Knight (1996) were developed principally for BOD5 and SS removal 

(O´Luanaigh et al 2010). The use of such a simplistic model to assess the removal of N and P 

in wetland systems can prove to be misleading because the model does not take into account 

the seasonal and stochastic variability in system responses, the factors that may affect the 

detention of nutrients within the large wetland storages or the uncertainty of seasonal uptake 

and release. Therefore, it might be better to improve the N and P removal performance of the 

wetland by adopting measures that positively affect the N and P removal. In this regard, using 

an efficient filter material for our HSSF wetland, providing favourable conditions for 

nitrification and enhancing suitable vegetation are among the suggested measures that can 

improve the performance of the wetland system.  
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-  Filtration media: 

In SSF wetlands, filtration media must support vegetation growth, provide high and 

sustainable filtration effect and maintain high hydraulic conductivity (Vymazal, 2000).   

These media vary from fine sands and soils to relatively large stones in some systems. A size 

range of 3 – 12 mm is recommended by Cooper et al (1996). SSF media are most often 

mineral materials, either mined or river gravels, or crushed or graded stone (Kadlec, 2009). 

However, a review of the recent available papers shows a trend to investigate other filter 

materials that can be more efficient in nutrient removal. Albuquerque et al 2009 tested 

Filterite NR, a commercial name for Light Expanded Clay Aggregates (LECA), versus gravel 

and obtained better ammonium removal results with Filterite (91.7% removal efficiency for 

domestic wastewater). Renman et al 2008 also tested six potential filter materials: coarse 

amorphous slag (ASC), crystalline slag, coarse (CSC) and very coarse (CSVC) and Polonite 

(all highly reactive based on the CaO content) and limestone and Opoka (both intermediately 

reactive) versus sand (non-reactive) using domestic wastewater in 0.5 m long columns and 

reported that N- transformation rather than removal was the main mechanism within all 

columns (ammonium to nitrate). They suggest dual treatment systems because their study 

indicated that efficient N and P removal within the same filter material cannot be achieved. 

Another study conducted by Blankenberg et al 2007 indicated a N performance efficiency 

when organic filters (vegetated, barley straw filters) were used in comparison with mineral 

filters. 

Removal of phosphorus in all types of constructed wetlands is low unless special substrates 

with high sorption capacity are used (Vymazal, 2007). Materials that are commonly used for 

SSF constructed wetlands, i.e., washed gravel or crushed rock, usually provide very low 

capacity for phosphorus sorption and precipitation. Recently, several filtration materials such 

as LECA have been tested in constructed wetlands. A literature review conducted by 

Johansson Westholm (2006) and a later more extensive review done by Vohla et al 2011 show 

a variety of filter substrates that are in both papers categorized as natural materials, industrial 

by-products and man-made products. To summarize the content of these papers, Table 15 

shows the maximum P retention capacities of the substrates that have been so far reported by 

the literature: 

 

Table 15 Maximum P retention capacities of natural materials, industrial by-
products and man-made products (Vohla et al, 2011). 
 Maximum P retention, g P / Kg  Ca% (CaO%) 

Natural materials: 

Heated opoka 

Dolomite 

 

40 

5.2 

 

30.1 (42.1) 

21.7 

Industrial by-products: 

Blast furnace slag 

Hydrated sediment of oil 

shale ash 

 

420 

65 

 

- 

20.9 (29.2) 

Man-made products: 

Lab-made LWA 

USA LWA  

 

12 

3.5 

 

- 

46.5 
Only materials with reliable hydraulic conductivity and useful for constructed wetlands are shown. 

 
The experiments that so far have been conducted show a decline in P removal capacity after 5 

years operation. This is quite understandable in view of the fact that sorption and precipitation 

are the main P removal mechanisms. The limited space available for the precipitated materials 

would be certainly filled after a period of continuous operation. Therefore, it is important to 
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make proper arrangements to substitute the filter material and make use of a P rich substrate. 

Among the potential applications is to use the saturated filter materials as fertilizers and/or 

soil conditioners in agriculture. A few studies showed that some substrates, e.g. blast furnace 

slag, release sorbed P in a form that can be up taken by plants (Johansson and Hylander, 

1998). However, attention must be paid to the fact that other pollutants like toxic metals can 

be sorbed by these substrates.  

 
Engineering measures: 

A few intensive engineering measures recently experimented have given positive results in 

the treatment of influents that contain high levels of organic material and ammonia nitrogen 

like landfill leachate (Kadlec, 2008). The advantages of aeration, sedimentation and forced 

aeration are reported in the literature. Nivala et al 2007 indicated higher SSF wetlands 

efficiencies in the treatment of landfill leachate when aeration was used. However, a 

disadvantage of such a use is the needed pumping units powered by fuels.                         

 

- Vegetation: 

The most commonly used plant species in treatment wetlands cells are Cattails (Typha spp.), 

bulrush (Scirpus spp.) and common reed (Phragmites australis) (Knight et al, 2000). The 

effect of nutrient removal by vegetation in HSSF is not unanimous, but most studies confirm 

the positive influence of macrophytes (Vymazal, 2009). 

 

- Hydrology and hydraulics: 

The water should be managed in a correct way in order to reach an optimal treatment. This 

means that the desired operation depth and detention time must be maintained. However, all 

designs are subject to the climatic effects of rain, evapotranspiration, ice formation and 

melting of snow. These factors can make detention time longer or shorter and can dilute 

wastewaters. 

- Effect of deep zones: 

A measure that can improve the performance of FWS constructed wetlands is the introduction 

of deep zones. Short-circuiting in wetlands occurs when a significant fraction of water exits 

well before the residence time, a quite often seen event that reduces the wetland performance 

(Lightbody et al, 2009). Observations have shown that short circuiting results from narrow, 

continuous fast flow paths that do not exchange fluid with slow flowing regions of dense 

vegetation. In order to deal with such problems, a non-vegetated deep zone that stretches 

laterally across the entire wetland is included. Based on empirical evidence, these deep zones 

are expected to decrease short-circuiting and improve pollutant removal. Field data show that 

wetlands with internal deep zones whose surface area is 35% of total wetland area tend to 

remove more Nitrogen than wetlands with no deep zones or wetlands with deep zones of 

greater surface area (Lightbody et al, 2009).           

 

 
 
5.5. How cost effective is our choice? 

Debusk and Debusk (2001) reported that construction costs are greater for SSF wetlands than 

for FWS wetlands and gave the purchase and transport of the rock or gravel media as an 

explanation. Cost of SSF wetlands is about seven times higher: USD 44,600 per ha for FWS 

against USD 358,000 per ha for SSF.  Most sources confirm that the capital costs of 

constructing wetlands equals the capital costs of equivalent conventional facilities. However, 

wetlands’ O & M costs are much lower. 
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As an example of the costs of a conventional treatment system, the case of using sequential 

batch reactor (SBR) as a treatment option is hereby investigated: 

SBRs have been used to treat both municipal and industrial wastewater and are often 

described by the literature as cost effective. These systems are suited for wastewater treatment 

applications characterized by low or intermittent flow conditions. 

 
Figure 6  Process flow diagram for a typical SBR (US EPA, 1999) 

 
SBRs are used at flow rates of 5 million gallons per day (MGD) or less (1350 m

3
/day or less). 

Table 16 shows SBR equipment costs based on different flow rates: 

 
Table 16  SBR equipment costs based on different flow rates (US EPA, 1999). 
Design flow rate (MGD) Equipment cost ( $) 

1  (270 m
3
/d) 150 000 to 350 000 

5  (1 350 m
3
/d) 459 000 to 730 000 

10 (2700 m
3
/d) 1 089 000 to 1 370 000 

15 (4050 m
3
/d) 2 200 000 

20 (5 400 m
3
/d) 2 100 000 to 3 000 000 

 
The above costs do not include the cost of tanks, site work, excavation/backfill, installation, 

contractor’s overhead and profit, or legal, administrative, and engineering services. These 

items must be included to calculate the overall construction costs of a sequential batch reactor 

system. 

Operations and maintenance (O&M) cost items associated with an SBR system and other 

conventional wastewater treatment systems include labour, overhead, supplies, maintenance, 

operating administration, utilities, chemicals, safety and training, lab testing and solids 

handling. These costs are site specific and may range from USD 800 to 2000 per million 

gallon treated (EPA 1999). 

On the other hand, wetland systems have very low O&M costs, including pumping energy, 

compliance monitoring, maintenance of access roads and berms and mechanical component 

repair. These basic costs are much lower than those for conventional technologies by a factor 

of 2 – 10. However, ancillary activities like harvesting or maintenance of a particular 

vegetation and research costs done to comply with a directive of a regulatory agency can 

cancel out this potential advantage. A median O&M costs may reach USD 2000/ha per year 

for FWS wetlands and 3000/ha per year for HSSF wetlands (Kadlec 2008). 

By making a simple comparison between the costs of both conventional and wetland options 

we cannot see a significant difference in the capital costs required to construct any of the two 
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technologies. However, we must not forget that the life expectancy of any conventional 

facility is 20 years. On the other hand, wetlands can remain functional for much longer 

periods of time. A treatment wetland may be expected to sustain its character as a fully 

functional ecosystem as long as appropriate hydrology is maintained (Kadlec, 2008). 

Another important item of costs is the expenditures needed for operation and maintenance and 

in this regard our examples clearly show a significant difference between the two 

technologies. Wetlands are much cheaper to operate and maintain especially in gravity flow 

cases where no pumping equipment is used. 

In short, our wetland option can be cost effective if all the factors that affect its construction 

and functioning are properly dealt with. 

 
6. Conclusion: 

The use of constructed wetlands for the treatment of food processing wastewaters including 

dairy wastewater remains an attractive option. The efforts are continuously made worldwide 

to minimize adverse man-made effects on the environment. In order to get rid of all sources of 

pollution associated with the employment of conventional facilities, the wetland technology 

must remain the subject of extensive research. As a humble contribution in this regard I tried 

to come up with some ideas about using a dual stage wetland system for the treatment of dairy 

wastewater and in this paper more than option are discussed. However, an extensive study of 

the targeted wastewater and all the current and potential future factors that can affect the 

wastewater treatment is needed before making our decision regarding the best choice.    
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