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Abstract: Treatment of dairy farm wastewater with constructed wetlands 
Constructed wetlands can provide an inexpensive and easily operated 
means of removing organic matter, suspended solids, nutrients and 
micro-organisms from agricultural wastewater. At dairy farms 
wastewater is produced from dairy wash water, runoff from soiled yard 
areas and in some cases silage effluent. Typically, such wastewater has a 
high biochemical oxygen demand (BOD), contains solids, and nitrogen-
based compounds such as ammonia, and phosphorus. The wastewater 
characteristics show a great variability. This variability is not a function 
of animal numbers, type of milking system, or any other parameter. This 
paper summarizes the most important design criteria used for vertical 
subsurface flow constructed wetlands, based on experiences in Flanders. 
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INTRODUCTION 
In many countries, agriculture, particularly intensive farming, has been 
recognized as an important source of pollution, causing negative impacts on 
the surface water quality. Consequently, effluents from agricultural 
activities should be treated, but the treatment should be adapted to the 
economic and technical constraints of the agricultural environment. 
Treating farm wastewater using economic and low-energy-consumption 
processes should be developed. Furthermore these techniques should be in 
line with the principles of sustainable development, aiming for social 
acceptance and a low impact on the environment. 
Constructed wetlands can provide an inexpensive and easily operated means 
of removing organic matter, suspended solids, nutrients and micro-
organisms from agricultural wastewater.  Agricultural wastewaters suitable 
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for wetland treatment include milk house wastewaters, runoff from 
concentrated livestock areas and farmyards. Interest in using constructed 
wetlands to treat agricultural wastewaters is the result of the success of 
constructed wetlands treating domestic wastewaters. However, the use of 
constructed wetlands in agriculture is a fairly recent development and the 
number of systems that have been installed worldwide  is still relatively 
small (Gaillot et al. 2008; EPA, 2001). 
Constructed wetlands offer a number of advantages, including a high level 
of treatment, inexpensive and simple to operate, largely self-maintaining, 
can handle variable loadings, odor control. Constructed wetlands are 
constrained by a number of limitations, including variability in treatment 
effectiveness. 
Since the objective of using a constructed wetland is to simplify the 
handling of wastewater, the system should be made as easy as possible to 
operate while ensuring reliable treatment.  Attention to several factors will 
help to ensure successful wetland treatment: 

Adequate pre-treatment 
Pollutant loads in agricultural wastewaters often greatly exceed the ability 
of a wetland to treat or assimilate them. A wetland can be severely damaged 
by a wastewater that is too concentrated, for instance, one that contains high 
levels of organic matter. Pre-treatment to lower pollutant loads is essential 
to avoid overloading the wetland. 

Adequate retention time 
A wetland treats wastewater through a number of biological, microbial, 
physical, and chemical processes. The water must remain in the wetland 
long enough for biological and chemical transformations to take place and 
for sedimentation and deposition to occur.  The wetland must be built large 
enough to provide the necessary retention time. 

Proper management 
 Constructed wetlands are "high management, low maintenance" systems.  
They must be actively managed if they have to perform well.  
"Management" means watching the wetland for signs of stress or disease 
and adjusting organic and hydraulic loading accordingly.  While wetlands 
are low maintenance systems, they are not maintenance-free. For instance, 
the pre-treatment unit must be cleaned periodically to keep excessive solids 
from entering the wetland, and pumps, valves and piping must be checked 
to check correct functioning. 
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CHARACTERISTICS OF DAIRY FARM WASTEWATER 
 

Introduction 
At dairy farms wastewater is produced from dairy wash water, runoff from 
soiled yard areas and in some cases silage effluent. It typically contains less 
than 3% dry matter and contaminants such as manure, urine, silage effluent, 
milk and cleaning products. Typically, such wastewater has a high 
biochemical oxygen demand (BOD), contains solids, and nitrogen-based 
compounds such as ammonia, and phosphorus. Disposal of high-strength 
wastewater, defined as having a BOD of at least 400 mg/1, presents a 
particular disposal problem for dairy farmers. Current practice at some 
farms is to store the wastewater and spray it onto fields during the dry 
season. However, landspreading of wastewater has been found to cause 
degradation of surface and groundwaters (Wood et al., 2007). 
 

Wastewater from the milking parlor 
The milking parlor is a critical place on a dairy farm for maintaining 
sanitation to produce high quality milk. Milking parlor wastewater includes 
wash water from cleaning bulk tanks, milk pipelines, milking units, 
miscellaneous equipment and the milk house floor. Milk house wastewater 
commonly includes residual milk (i.e. milk that remains in the pipeline, 
receiver, and bulk tank after emptying), cleaning chemicals (i.e. detergents, 
sanitizers and acid rinses), water softener, small amounts of manure, 
bedding, feed, grit and dirt from the floor. 
A typical cleaning regime for the milking equipment is normally based on 
four possible phases: 
Pre-rinse  is performed immediately following the milking process. It’s 
function is to wash out most of the excess raw milk remaining in the lines 
with water. This rinse usually removes up to 92% of the organic matter. 
Detergent rinse removes attached organic material. It immediately follows 
the pre-rinse. The rinsing agent used is based on the presence of KOH or 
NaOH. This explains the high pH-values of the wastewater discharged 
during this rinsing phase. To remove inorganic deposits, especially scale 
from the equipment a acid rinse is necessary. The rinsing agent contains 
usually phosphoric acid or nitric acid. Normally this acid rinse is only 
performed once a week. If the buffer capacity of the pre-treatment system 
(septic tank) is large enough, the acid detergent will neutralize the alkaline 
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detergent residue. This wastewater can contain important loads of 
phosphorus. Because often polyphosphates are added for water softening 
and to improve the dispersability. 
Rinse with water to remove all the residues of the detergents. 
Sanitizing rinse can be performed immediately before the milking process 
to ensure that the milking equipment is free of any microorganisms that may 
be present. The sanitizer is usually chlorine based with recommended 
chlorine content of 200 mg/l. Chlorine residues will be inactivated by the 
organic matter present in the pre-treatment and will not harm the 
constructed wetland (Janni et al., 2007). 
 
 Wastewater characteristics 
Tables 1, 2 and 3 present results from wastewater analyses from dairy farms 
in Holland and Flanders (Belgium). The results show an important 
variability. This variability was not a function of animal numbers, type of 
milking system, or any other parameter monitored in these projects. It is 
very important to evaluate both quantity and quality of the wastewater 
before designing a constructed wetland. 
 
 
 

Pre-rinse 
 
M.V.        variance 

detergent rinse 
 
M.V.         variance 

rinse 
 
M.V.         variance 

 
pH 
COD 
Kj-N 

 
7,75 
1627 
36 

 
7,2-8,2 
555-3090 
15-61 

 
11,4 
112,8 
1,55 

 
10,2-11,7 
87-141 
1-1,2 

 
9,5 
27 
0,9 

 
9,2-9,7 
22-313 
0,7-1,3 

Table 1: Analysis wastewater dairy farms Zeeuwse Waterschappen (Holland 
1986), mean values per day 
 
 
 
 
 
 
 
 

 Quantity litres COD mg/l Kj-N mg/l P.E. 
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70 cows 697 1444 36 7.5 

68 cows 1094 1708 51 14 
54 cows 860 1403 47 9.3 
40 cows 1100 1302 88 12 
25 cows 383 1106 25 3.1 

Table 2: Analysis wastewater dairy farms Flanders (Belgium), 2000, mean 
values per day 

 
  Quantity 

litres 
COD mg/l Kj-N mg/l 

Milking 
system 

Pre-rinse 250 8000 250 

 Detergent 250 600 25 
 Rinse 250 50 10 

Bulk tank Pre-rinse 20 6000 160 
 Detergent 20 800 25 
 Rinse 20 30 10 

Milk parlor  300 3333 167 
TOTAL  1100 2972 113 

Table 3: Dairy farm, 80 milk cows, IMAG DLO Wageningen, Holland, 
mean values per day 
 
 
Wastewater treatment systems are commonly designed based on the number 
of person equivalents (PE). A person equivalent is a quantification of the 

environmental impact caused daily by the activities of an average person. 1 
PE stands for 150 l wastewater with a total load of 135 g COD and 10 g 
total N. A formula combining these three parameters can be used to 
calculate the number of PEs. 
Q = Quantity litres, COD = Chemical Oxygen Demand mgO2/l, Kj-N = 
Kjeldahl Nitrogen mgN/l 

Q x ( COD x ( Kj-N x 4.57)) 

150 x ( 750 x ( 55 x 4.57)) 
PE = 
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If this formula is used to calculate the number of PEs for the IMAD DLO 
example, the total number of PEs equals 25.6 PE. If the calculations are 
made for the different individual parameters, the quantity equals 7.3 PE, 
COD 24.2 PE and Kj-N 12.4 PE. This indicates a wastewater with a high 
strength. The hydraulic loading is low compared to the organic loading. 
 

 
 

CONSTRUCTED WETLANDS 
 

 Introduction 
In Flanders wastewater of dairy farms is treated in two types of constructed 
wetlands: Free Water Surface systems (FWS CW) and Vertical Subsurface 
Flow systems (VSSF CW) 
FWS CWs built in Flanders typically consist of a long shallow canal, 
planted with macrophytes and a water control structure that maintains water 
depth. 20–40 cm of soil is needed to support the roots of vegetation because 
the beds are sealed. FWS CWs function as land-intensive treatment systems. 
Inflow water containing particulate and dissolved pollutants slows and 
spreads through a large area of shallow water with emergent vegetation. 
Settable organics are rapidly removed by quiescent conditions, deposition, 
and filtration. Attached and suspended microbial growth is responsible for 
the removal of soluble organics. FWS CWs are very effective in removing 
suspended solids via filtration and sedimentation. Nitrogen is most 
effectively removed in FWS CWs by nitrification/denitrification. 
Ammonium is oxidised by nitrifying bacteria in aerobic zones, and nitrate is 
converted to free nitrogen or nitrous oxide in the anoxic zones by 
denitrifying bacteria (Vymazal et al., 2006). FWS systems provide only 
poor removal of phosphorus, because of limited contact between the water 
column and the soil. FWS CWs are low cost solutions but they can only be 
used if the treatment is sufficient to meet legal requirements. There are no 
long term results from FWS CWs used to treat dairy farm wastewater in 
Flanders. 
At present most of the CWs built in Flanders to treat dairy farm wastewater 
are  VSSF CWs. These systems usually comprise a flat bed of a layer of 
gravel (20 cm), a layer of sand (80 cm) topped with gravel (20 cm) and 
planted with macrophytes (Fig. 1). VSSF CWs are fed intermittently with a 
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large batch, thus flooding the surface. Wastewater then gradually percolates 
down through the bed, which allows air to refill the bed. This kind of 
feeding provides good oxygen transfer and hence the ability to nitrify. VF 
CWs provide good removal of organics and suspended solids but they 
provide little room for denitrification, and therefore, ammonium-N is 
usually only converted to nitrate-N.  As a consequence, removal of total 
nitrogen is low. Removal of phosphorus is low unless special filtration 
material with high sorption capacity is used (Vymazal et al., 2006).  
 
 

 
Figure 1: Vertical Subsurface Flow Constructed Wetland, Vymazal 2006 
  

 
Design and construction 

Pre-treatment of the wastewater in a septic tank is very important since the 
wastewater often contains high concentration of suspended solids. 
Suspended solids have a tendency to plug the connected pores of the sand, 
causing a reduction in the hydraulic conductivity of the substrate. 
Furthermore is a long retention time necessary to neutralize the wastewater. 
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The effective volume of the septic tank should be at least four times the 
daily amount of wastewater. 
The rule of thumb commonly used to design a VSSF CW is 3 to 5 m² per 
PE. For the IMAG DLO example this would mean a surface area of 4 m²  x  
25 PE = 100 m². A CW with this surface area would result in a hydraulic 
surface loading of only 11 l/m².d. Recirculation of treated wastewater is 
necessary to obtain a sufficient hydraulic loading. At least 75% of the 
wastewater should be returned to the pumping well to achieve minimum 
areal hydraulic loading. 
The total filter depth is appr. 1.2 m and consists of drainage layer of 0.2 m, a 
0.8 m layer of filtersand, and a distribution layer of 0.2 m. The filter bed 
must be enclosed by a tight membrane (minimum 1 mm thickness). The 
membrane must be protected by a geotextile on both sides. The drainage 
layer is built up of coarse gravel (Ø 8–16 mm) in which a number of 
100 mm diameter drainage pipes are placed. The drainage pipes are 
connected on one side to a 90–120 mm collection pipe that discharges the 
effluent from the bed to the effluent well. The drainage system is passively 
aerated by vertical pipes extending 0.3 m over the filter bed surface. 
The filter medium is coarse sand with a d10 between 0.25 and 1.2 mm, a d60 
between 1 and 4 mm, and the uniformity coefficient (U = d60/d10) should be 
less than 3.5. The filtersand is separated from the drainage layer in the 
bottom of the bed by the placement of an open geotextile between the two 
layers that will prevent the filtersand from penetrating and blocking the 
drainage layer. Often iron grit is added to the upper sand layer to adsorb 
phosphorus (10 kg Fe/m³). When the iron is saturated this can lead to severe 
clogging of the bed. 
The wastewater is distributed evenly over the surface of the bed by a 
network of pressurised distribution pipes. Calculation of the distribution 
system is based on the size of the distribution system, the perforation 
discharge rate and total dynamic head. The manifold should have a diameter 
of 70 – 110 mm, the distribution pipes a diameter of 25–45 mm and they 
should have 8 mm holes placed in the bottom of the pipes for every meter. It 
is important that the whole distribution system is placed under pressure for a 
period that is long enough to secure an even distribution of water over the 
entire bed surface. The minimum dose volume should be 5 – 10 times the 
volume of the distribution system. 
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The bed is planted with macrophytes, for example common reed, 
Phragmites australis, in a density of approximately 8 plants/m² (root 
cuttings). The best planting time is April–May. 
 
  

Performances 
The “Hooibeekhoeve” in Geel, Belgium is a dairy farm, part of a research 
centre of the province of Antwerp. The farm works with 70 milk cows and 
constructed a VSSF CW for 25 PE wih a surface area of 75 m² in 1996. 
After the first year of operation the effluent results were BOD 7 mg O2/l, 
COD 40 mg O2/l, Kjeldahl nitrogen <4 mgN/l, Total nitrogen 25 mg/l, Total 
phosphorus 0.8 mgP/l. Over the years the CW realized a removal percentage 
of 85% for BOD, >85% for Suspended Solids, 70% for Total N and 30% for 
Total P (Beke, 1997).  
Clogging of the filterbed is an important problem in VVSSF CWs built at 
dairy farms. The most important causes are: organic overloading due to 
malfunctioning of the pre-treatment or discharge of manure;  addition of 
iron grit to the filtersand; uneven distribution of the wastewater and wrong 
granulometry of the filtersand. 
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