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1 Introduction 

Many demands are made on the water resources of the earth: Drinking, hygiene, the 

production of food, energy and industrial goods and the maintenance of natural 

ecosystems. To keep this precious resource it is indispensable, especially with the 

pressure of economic growth, population increases and climate change, to manage 

water in a considered, sustainable way all over the world. 

 

1.1 Starting situation 

The study of this thesis was realized on the campus of EARTH University (Escuela 

de Agricultura de la Región Tropical Húmeda) located in the province of Limón, 

Costa Rica, Central America, about 60 km west from the Caribbean coast (Fig. 1). 

 

Fig. 1 Study location 

(verändert nach Karten von: http//commons.wikimedia.org) 
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1.1.1 Costa Rica 

Costa Rica occupies an area of 59 400 km2 on the Central American Isthmus 

between the Caribbean Sea and the Pacific Ocean. Its topography is dominated by 

the central tectonic and volcanic highlands, with a maximal elevation of 3819 m a.s.l., 

separating the Caribbean and pacific lowlands. Temperature and rainfall vary 

strongly by location, consequently the country supports a big diversity of habitats. 

 

1.1.2 EARTH University 

The ‘Escuela de Agricultura de la Región Tropical Húmeda’ is a private international 

university for agriculture, founded in 1989, and is dedicated to the development of 

environmentally friendly and sustainable agricultural production in the tropics. On the 

campus area (Fig. 2) of 3300 ha there is a banana plantation of 306 ha. The produced 

bananas are prepared for sale in the banana packing plant that is operating since 

June 1992 [18] and is also located on the campus. 
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Fig. 2 EARTH Campus area (Satellite picture Costa Rica) 
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1.1.3 Banana production 

Bananas are the main export product of Costa Rica (Fig. 3), for example in 2008 there 

were 1 867 645 tons of bananas produced for the export, the substantial part of it 

with 1 834 381 tons in the Caribbean area [38]. 

 

Fig. 3 Costa Rica - Main products, 
share of the value of exports in the agricultural sector, 2008 

 

In the banana production water is necessary not only in the cultivation but also for 

further handling of the fruit. In the banana plantations which are located in areas of 

high rainfall, the irrigation is mostly in abundant supply, the water is drained in canals 

in the field and leads into natural water bodies. During the further handling of the 

harvested fruit water is needed for the washing process in the banana packing plant 

and wastewater is produced that has to be disposed. As usual, also in the EARTH 

banana packing plant this wastewater is, except for the separation of the banana 

pieces by a solid waste trap (Fig. 4, Fig. 5), discharged untreated into the nearest water 

stream. 

  

Fig. 4 Solid separator EARTH Fig. 5 Rests in solid waste trap 
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1.2 Objective 

The wastewater from the banana packing plant should be treated with the aim to 

possibly reuse it. With that the natural waters could be protected from contamination 

and freshwater could be saved. 

The used method for that should be a vertical subsurface flow constructed wetland. 

 

1.2.1 Basics 

Subsurface flow constructed wetlands consist of a planted filter body of sandy, 

gravel-like material where the water flows through in horizontal or vertical direction. 

The planting, the essential component that makes the soil filter a constructed 

wetland, is formed by helophyts (swamp plants). Their roots contribute to filtration 

and improve the hydraulic flow. The uptake of the water components by the plants is 

of secondary importance, decisive is the decomposing by microorganisms. However 

the plants support the microbial processes because they supply their roots with 

oxygen through the specially structured tissue, the Aerenchyma, and emit it in the 

root area. This creates good conditions for the microorganisms which form a highly 

active biofilm on the roots [25]. The biological processes in combination with 

chemical and physical processes like filtration and adsorption, achieve the cleaning in 

the planted soil filter. 

The advantages of constructed wetlands are that they require lower costs and less 

maintenance compared to technical procedures. Besides they can fit in harmoniously 

with the environment or even be an attractive landscape element. 

Especially in the tropics the use of this biological procedures seem to suggest itself 

because there are high temperatures all over the year that speed up microbial 

processes, which probably improves the efficiency of the constructed wetlands 

compared to temperate climates where they are often used already. 

The most common used method to treat wastewater in tropic areas are treatment 

ponds (surface flow constructed wetlands) [21] that are also used already on the 

EARTH campus to treat effluents from the dairy farm, a landfill and the paper 

production [27]. Subsurface flow constructed wetlands have the advantage over 

these treatment ponds that they have much lower space requirements, vertical filters 
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even less than horizontal filters. Besides they don’t present an open water surface 

where mosquito larvae can develop, as observed in treatment ponds [11], which are 

vectors for diseases especially in the tropics. 

 

1.2.2 Task 

The task of this project was the operation of a pilot plant for the treatment of the 

wastewater from the banana packing plant and the examination of the elimination 

efficiency of such a constructed wetland under the given conditions. Additionally the 

possibility of the wastewater reuse should be studied considering the future planning 

of a system for the treatment of the total wastewater. 
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2 Material and Methods 

In this chapter the material on which the study is based on and the used methods 

and equipment for the analyses and assessments are described. 

2.1 Material 

 

2.1.1 Water origin 

The water treated and analyzed in this study was washing water from the banana 

packing plant on EARTH University. There the bananas arrive from the EARTH 

plantations and run through the packaging process with several stages until they are 

ready to be send to the destiny’s market, also through export to the United States 

and to Europe. 

 

2.1.2 Banana packing process 

The bunches on the banana plants with the indicated degree (marked with colored 

ribbons) are harvested and transported from the plantation (Fig. 6) by a cable system 

(Fig. 7) with a motorized aerial tractor. 

  

Fig. 6: Banana plantation Fig. 7: Banana transport 

 

The selected and deflowered bunches arrive at the packing court covered with plastic 

bags and with protection pillows against bruises between the fruit hands (Fig. 8). The 
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bags, impregnated with insecticides, protected the fruits from the sun and insects 

during growth, after use they are packed together to be recycled afterwards (Fig. 9). 

When the plastic bags and the pillows are removed, the fruits are sent to be cut off. 

  

Fig. 8: Harvested fruit Fig. 9: Plastic covers in the packing court 

 

A curved knife or spatula of steel is used to 

tear off the hands from the bunch and are 

put in the selection tub (Fig. 11).  

From there the hands are separated into 

two or three clusters with four to eight 

fingers [36]. At the same time damaged, too 

small or in another way not acceptable 

fruits are sorted out (Fig. 12).  

 

 

  

Fig. 11: Tear off from the stem Fig. 12: Separation & selection of the fruit 

 

Fig. 10 Structure banana bunch 
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The stem of the banana bunches, in Spanish called pinzote (Fig. 13), and the rejected 

fruits are cut into small pieces and the fiber (Fig. 14) is used for paper products in the 

EARTH paper processing plant (Fig. 15). 

   

Fig. 13: Stem (Pinzote) Fig. 14: Banana fiber Fig. 15: Paper processing plant 

 

The selected fruit is washed in tubs with water (Fig. 16) that comes from a well nearby 

mixed with 40% water from the end of the washing process. Into the washing water 

they put a disinfectant (Clorox = sodium hypochlorite ClNaO [8]) and a latex dissolver 

(Isopropyl alcohol: 5-10%, Laurel ether sodium sulfate: 10-15%, Diethanolamid de 

Coco: 3-5%, Ethylendiamine sodium tetraacetate: 0.5-1% [18]). Latex is released 

from the fruit itself as a result of the deflowering and separation of the clusters. The 

water is brought under pressure through a piping above the surface level that permits 

displacing the fruit from the end of the selection line to the packaging line. From one 

to the other end of the basin the fruit takes around twenty minutes, which is enough 

to release and clean all the latex from the bananas. After the washed bananas are 

taken out of the washing tubs (Fig. 17), they pass the packaging line (Fig. 18). 

  

Fig. 16: Washing tub Fig. 17: Taking out the selected & washed fruits 
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The crown (cut end of the banana hand) is painted with fungicides (Fig. 19) to protect 

it from putridity. Depending on the destiny a certain solution with fungicides is used. 

For fruit that are exported to Europe, they use a solution of Thiabendazole and 

Imazalil, for the US market the fungicide Citrowax (Trioctadecyl citrate [28]) is 

applicated.  

  

Fig. 18: Packaging line Fig. 19: Fungicide application & product 
labeling 

 

The fruits are also labeled with the EARTH-stickers for identification (Fig. 19, Fig. 20). 

In the end they are packed in carton boxes (Fig. 21) before they leave the packing 

plant in trucks to Puerto Limón, from where they are shipped to Europe within around 

15 days or to the USA within four to five days [36]. 

  

Fig. 20: Label Fig. 21: Packing box 

 

 

2.1.3 Pilot constructed wetland 

After considering the best location on the banana packing plant area for the 

experimental wetland, it was decided to be built directly in front of the 

washing/packing-building. As shown in the map of the area (Fig. 22) it is located 



Material and Methods 

     11 

beside the discharging channel circa 10 m downstream of the packing plant water 

system outlet. 

 

Fig. 22: Location of the wetland on the packaging plant area 

(map by Rodrigo Mata) 

 

The wastewater is transported in an open canal in which solid waste traps in form of 

coarse rakes are installed at two points (in Fig. 22 named as Solid Separator, red 

colored) to hold back the banana pieces. The water flows in the approximately 250 m 

long channel until it leads into the creek ‘Los Henry’ which is a tributary of the 

Río Parismina. 
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2.1.4 Construction plan 

The constructed wetland was planned as an experimental plant for a hydraulic load of 

80 mm per day, which is a small part of the water amount coming from the banana 

packing plant.  

The dimensions of the filter are a surface area of 5 m x 2 m with a depth of 1,5 m 

(see Fig. 27). The filter consists of a 70 cm high layer of gravel (maximum size 25 mm; 

Fig. 23) in the middle and a bottom layer and a top layer of coarse sand (maximum 

size 0,3 mm; Fig. 24.), each 40 cm high. On the top sand layer there is a 30 cm high 

layer made of a mixture of 40 % sand and 60 % earth that covers the filter. The filter 

body is sealed up from the natural ground by a plastic foil. 

  
Fig. 23: Filter material: Gravel Fig. 24: Filter material: Sand 

 

Four distribution tubes are located in the upper sand layer, parallel to each other and 

to the long side of the filter. There are three parallel collection tubes at the bottom, 

surrounded by the gravel of the bottom layer. For the primary sedimentation there are 

two sedimentation tanks (Fig. 25) with a depth of 1 m consisting of concrete tubes with 

a diameter of 0,7 m. The filter outflow and sampling well (Fig. 26) is also built of a 

concrete tube with a diameter of 0,7 m and has a depth of 3 m, its storage capacity is 

a water depth of 1 m. 

  
Fig. 25: Sedimentation tanks Fig. 26: Outflow & sampling well 
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The construction plan shows the measurements of the filter in side- and overview. 

 

Fig. 27: Construction plan of the vertical filter (Rodrigo Mata) 
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2.1.5 Plants 

For the planting of the filter a species was selected, that can be found in Costa Rica 

close to the EARTH campus, so it would be possible to take a sufficient quantity of 

plants from the field and avoid the costs to buy suitable plants that are able to grow in 

this climate. 

With the help of Carlos Sandí (Representative of the Finca Académica Forestal, 

EARTH University), a plant was found that seemed to be possible for the wetland, 

which also grows inside the EARTH campus. It was identified as Cyperus giganteus 

(confirmed by Nelson Zamora, Instituto Nacional de Biodiversidad (InBio), Costa 

Rica). 

 

 

Fig. 28: Cyperus giganteus, EARTH campus 

 

C. giganteus is an emergent plant up to 3 m tall, living in swamps and permanently 

standing water. It is a perennial sedge that is endemic to Tropical America. 

It belongs to the flatsedges and is therefore a sister species of the Papyrus plant 

Cyperus papyrus. 

 

Another aspect in the decision to use this plant for the filter on the EARTH campus 

was the good suitability for the production of natural fiber. With a large wetland the 
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fiber could be used in the paper processing plant on the campus where already 

banana fiber is used to produce paper products. 

Because on the campus there were only a small amount of plants, the same plants 

were taken out of a wetland near Cahuita (Fig. 29) at the Caribbean coast. Referring 

to the recommended density with 6-8 rhizomes per m2, 80 plants (Fig. 30) were 

planted with their rhizomes into the cover layer of the soil filter. 

 

  

Fig. 29: Wetland near Cahuita Fig. 30: Plants taken out of the wetland 
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2.1.6 Batch 

A vertical flow filter should have an intermittent mode of operation, so the soil could 

be aerated between the water intervals. 

For the further analyses there was the need to know the amount of water that flows 

through the filter. To make an intermittent batch with a certain amount of water 

possible, a pumping system was installed. It consists of a pump in the second 

sedimentation tank with the piping leading to the distributing tubes inside the filter 

(Fig. 31).The pump is connected to a time switch controlling the pumping intervals (Fig. 

32). In the outflow well there is another pump of the same kind (Fig. 33) installed to 

remove the water from there, also connected to the control switch. 

 

 
  

Fig. 31: Sedimentation tank & pipe 
construction into the filter 

Fig. 32: Pump control box Fig. 33: Outflow well & 
pump 

 

While working, the pump transports 0,4 to 0,45 liter per second (measured by 

Rodrigo Mata), so to achieve the planned 800 liters per day, the control clock was 

programmed to switch on the pump for five minutes per hour, on six hours a day. The 

working hours of the pump were depending on the working hours of the banana 

packing plant. The packing plant is working from about five o’clock in the morning 

until the early afternoon, so the time switch was programmed for the hours from 

seven o’clock until 12 o’clock. Because the packing plant does not work every day of 

the week (four to five days in the week, depending on the season and the demand for 

bananas), the filter was not supplied with wastewater every day. 
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2.2 Equipment 

In the following the equipment is listed which was used to analyze the samples. 

 

• Ammonia Cyanurate Reagent powder pillows HACH USA 

• Ammonia Salicylate Reagent powder pillows HACH USA 

• Ammonia test vials, glass with screw cap HACH (USA) 

• Autoclave Sterilmatic (220 V 60 Hz) MARKET FORGE (USA) 

• Balance Explorer OHAUS (USA)  

• Beakers, different volumes PYREX (USA) & KIMAX Kimble (USA) 

• BOD Incubator PRECISION 815 (Precision Scientific/Napco USA) 

• Burner, glass with textile wick (with Ethanol 95%)  

• Colorimeter DR/870 Portable HACH (USA) 

• Conductivity Meter Orion 550A THERMO ELECTRON CORPORATION (USA) 

• Darkfield Colony Counter Quebec REICHERT-JUNG (USA) 

• Digital camera EasyShare Z740 KODAK  

• Dissolved Oxygen Meter YSI (USA) 5100 

• Heating block COD Reactor BIOSCIENCE Inc. Analytical Products (USA) 

• High Vacuum Grease DOW CORNING (USA) 

• Histological Mounting Medium Permount® SP 15-100 FISHER CHEMICALS 

(USA) 

• Insulated bag 

• Metal spatula different sizes 

• Microscope G – 305 (110 V) OPTIMA (Taiwan) 

• Microscope MICROSTAR IV with Camera e-VID™ (USA) + program AVer Media / 

AVer TV 

• Oven THELCO Precision with analog display (Precision Scientific USA) 

• Parafilm “M” PECHINEY PLASTIC PACKAGING (USA) 

• Pasteur pipettes, plastic 

• pH/ion Meter Pinnacle 555 CORNING (USA) 

• Polyseed-solution PolySeed® USA 

• Purifier Clean Bench LABCONCO (USA) 

• Sampling net for macrobenthos (Fig. 34) 
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• Sampling tool: wooden pole with 2 ribbons to fasten the container (selfmade) 

• Spectrometer ThermoSpectronic HEλIOS γ v4.55 SERIE No 091913 (Thermo 

Scientific USA) 

• Stereoscope Leica Zoon 2000 Z45V (120 V 60 Hz) LEICA (USA) 

• Sterile pipettes 5 ml in 1/10 COSTAR (Corning USA) 

• Storage/Medium bottles with GL45 screw cap 500 ml, 1000 ml PYREX (USA) 

• The Pipette pumpTM (25 ml) BEL-ART PRODUCTS (USA) 

• Turbidimeter 2100N HACH (USA) + HACH StablCal® Calibration Set (Formazin 

Standards: S4-4000 NTU, S3-1000 NTU, S2-200 NTU, S1-20 NTU, S0-<0,1 

NTU) 
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2.3 Methods 

2.3.1 River ecosystem assessment 

To assess a possible effect of the wastewater from the banana packing plant on the 

water ecosystem, samples were taken of the macrobenthos as well as of the epilithon 

in the river just before and after the wastewater inflow. The sampling sites were 

localized five to ten meters before (ANTES) and about 500 m after (DESPUES) the 

entry point of the wastewater into the river. 

 

2.3.1.1 Macrozoobenthos 

The benthal macroinvertebrates, organisms that live in the water bottom, primarily the 

insects and insect larvae but also crustaceans (Fig. 35) were analyzed sampling in the 

river with a net. The net was hold at an angle into the water stream to capture the 

organisms while a second person was moving the water ground with the feet (“kick-

sampling”) and turning the stones in the area of about 1 m2 upstream of the net (Fig. 

34). The organisms were picked up separating the also caught material like detritus, 

sediment and leaves (Fig. 35). They were put in plastic containers and 70% alcohol 

was added to preserve the samples for further analysis. 

 

In the lab the samples were examined using a stereoscope. 

  

Fig. 34: Macrobenthos sampling Fig. 35: Caught material 
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For the samples the BMWP`-CR index (Biological Monitoring Working Party modified 

for Costa Rica) was calculated as the sum of all the BMWP`-CR values of every 

family found. Additionally the modified ASPT (Average Store Per Taxon) was 

calculated as:  

[ ] [ ]( )
[ ]organismsnumbertotal

XfamilyofvalueCRBMWPXfamilyoforganismsnumber
ASPT

  

    `*    
.mod
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=  

 

 
2.3.1.2 Periphython 

Samples of the Periphyton were taken also in the river before and after the 

wastewater inflow. As well the German word Aufwuchs could be used, which includes 

all the organisms that are attached to, or move upon, a submerged substrate, but 

which do not penetrate into it [3]. To obtain the samples, three stones were chosen 

with fist to head size, which had been completely under water, one from the middle of 

the stream and the other two each from the side of the stream. With a spatula a small 

area of every side of the stone surface was scraped off and the obtained material 

was transferred into a plastic container with a small amount of water (Fig. 36, Fig. 37). 

  

Fig. 36: Periphyton sampling Fig. 37: Periphython samples 

 

The samples were analyzed under the microscope, sketches of the organisms were 

drawn and/or pictures were taken with a microscope camera. After the live 

examination, the samples were fixed with Lugol solution (5 g potassium iodide, 2,5 g 

iodine, 2,5 ml sodium acetate, in 35 ml distilled water). Of the fixed material 

permanent slides, sealed up with histological mounting medium, were made. 
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2.3.2 Water analyses 

With every sampling three different samples of water were taken (Fig. 38).  

Before the filter was put into operation, one sample was taken of the wastewater from 

the banana packing plant at the beginning of the wastewater channel (BPP), another 

from the point in the river where the wastewater channel enters (NACH) and one 

comparison sample was taken from the river just before the wastewater enters 

(VOR). During the filter was in operation one sample was taken from the inflow of the 

filter, that means the wastewater from the banana packing plant at a point before it 

goes into the treatment plant (IN), the other sample was taken from the outflow of the 

filter inside the sampling well (OUT) and the third sample was water from the river 

where the wastewater enters (RIO). 

 

 

Fig. 38: Water sampling sites 
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At every sampling site two 250 ml plastic containers were filled, one sterilized for the 

microbiological analysis, and transported immediately to the laboratory, where the 

measurements were started (pH, temperature, conductivity, BOD). Because the 

samples did not contain much particulate material, it wasn’t necessary to filter them 

for the nutrient analyses. In the laboratory the samples were kept in the refrigerator 

(~8°C) for further analysis within the following 24 hours. 

 

 

2.3.2.1 Chemical analyses 

 
Temperature 

The water temperature was measured directly after the sampling in the field with an 

analog thermometer or shortly afterwards in the lab with a digital thermometer 

(Orion 550). 

 

pH 

The pH was one of the measurements that were taken first upon reaching the lab. 

After calibrating the pH meter with pH4 and pH7 standard solutions, the pH of the 

samples was determined. 

 

Conductivity 

The conductivity was measured after the pH, using a conductivity meter. 

 

Turbidity 

The turbidity was determined with a Turbidimeter using the nephelometric method. 

This method is based upon a comparison of the intensity of light scattered by the 

sample with the intensity of light scattered by a standard reference suspension. The 

higher the intensity of scattered light, the higher is the turbidity. 
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After the equipment was calibrated with the calibration set, 60 seconds for each of 

the five formazin standard solutions, the mixed samples were measured in glass 

vials, in nephelometric turbidity units (NTU). 

 

Biochemical Oxygen Demand (BOD) 

The BOD was determined as BOD5, the oxygen used by microorganisms to 

decompose the organic compounds within 5 days, with the dilution and seeding 

method. 

Of each sample 20 or 30 ml was filled up to 500 ml with dilution water (CaCl2 solution 

27,5 g/L - 1 ml/L, MgSO4*7H2O solution 22,5 g/L - 1 ml/L, FeCl3*6H2O solution 0,25 

g/l - 1 ml/L, Polyseed-solution - 1 ml/L, Phosphate-Buffer pH 7,2 - 1 ml/L in deionized 

water). As a control, Glucose-Glutamic acid standard solution (150 mg glucose, 150 

mg glutamic acid in 1000 ml deionized water) was used. The diluted samples and the 

control were filled in BOD flasks, as a blank one additional flask was filled only with 

dilution water. The dissolved oxygen in the analysis solutions was measured with the 

Oximeter, the flasks were closed hermetically without air inside and put in an 

incubator at 20°C. After 5 days (+/- 4 h) the dissolved oxygen in the solutions was 

measured again. 

The BOD was calculated as: 
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 In mg/L, with: 

c1: concentration of dissolved oxygen in mg/L in the analysis solution at 
time zero 

c2: concentration of dissolved oxygen in mg/L in the analysis solution after 
5 days 

c3: concentration of dissolved oxygen in the blank solution at time zero, in 
mg/L 

c4: concentration of dissolved oxygen in the blank solution after 5 days, in 
mg/L 

Ve: sample volume used for the analysis solution in ml 

Vt: total volume of the analysis solution in ml 
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Chemical Oxygen Demand (COD) 

The COD, the amount of oxygen required to oxidize all organic compounds in the 

water, was determined with a quick test set, using the closed reflux, colorimetric 

method. In this method, the sample is mixed with a reagent, that contains a strong 

oxidizing agent, potassium dichromate K2Cr2O7, and the digestion catalysts sulfuric 

acid SO4 and silver sulfate AgSO4. The dichromate oxidizes the organic compounds 

in the sample during incubation with heat, which is another catalyst of the digestion. 

The dichromate itself is reduced: Cr2O7
2- → CO2 + Cr3+. After the digestion, the 

remaining unreduced K2Cr2O7 could be determined on the spectrometer at the 

wavelength 420 nm where the dichromate ion absorbs. With this the amount of 

consumed K2Cr2O7 is measured and the oxidizable organic matter is calculated in 

terms of oxygen equivalent. 

Of the samples 2 ml were given into digestion tubes containing of the premixed 

reagents (COD Vials (Mercury free) for Photometric analysis CHEMetrics (USA) 

K-7361 S 0-1500 mg/L LOT NO.:10677). As a blank, deionized water was used 

instead of the sample. The tubes with 5 ml total volume were incubated in the 

preheated COD reactor for two hours. The cooled solutions were measured with the 

Colorimeter in the unit mg/L COD. 

 

Nitrate NO3-N 

The concentration of nitrate was measured using the ultraviolet spectrophotometric 

screening method. 

The samples were read in glass cuvettes on the spectrometer for absorption at the 

wavelengths λ1 = 220 nm and λ2 = 275 nm. As a blank, deionized water was used. 

When λ1 was higher than 3, a 1:2 solution (2 ml sample + 2 ml aqua deion.) was 

made. 

 

The concentration of nitrate-nitrogen was calculated as: 

[ ] ( ) ( )( )( )0172,0 7851,3* 2752.*2 -  2201. / . 3 −= nmabsnmabsaveragelmgNOConc  
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Ammonia NH3-N 

The measurement of the total ammonia-N in the samples was made with a 

colorimetric, modified phenate method, using an Ammonia test kit. In this method 

(Hach method) the ammonia reacts with chlorine to form monochloramine, this reacts 

with salicylate to form 5-aminosalicylate. 5-aminosalicylate reacts with a sodium 

nitroprusside catalyst to form a blue color that is masked by excess reagent to form a 

green color (Fig. 39). The concentration is determined by absorbance of the sample at 

655 nm. 

Of the samples 10 ml were put into glass vials, as a blank 10 ml of deionized water 

was used. Into each vial first the prepared ammonia salicylate reagent was added 

and then the prepared ammonia cyanurate reagent. The solutions were read on the 

Colorimeter, determinating the concentration of ammonia-nitrogen in mg/L. 

 

  

Fig. 39: Ammonia test Fig. 40: Phosphate test 

 
Phosphates PO4-P 

The phosphorus, in this case the ortho-phosphate, was determined with the 

ammonium molybdate/stannous chloride spectrometric method. This method is 

based on the formation of molybdophosphoric acid, which is reduced to a colored 

complex, the molybdenum blue that can be detected with the spectrometer (Fig. 40). 

Of each sample 100 ml was taken with measuring cylinders, for the standard curve 

1 ml and 2 ml of a P-standard solution with 100 mg/L P (KH2PO4, purified water) was 

given into 100 ml volumetric flasks and filled up with deionized water. The zero-

standard (blank) was 100 ml pure deionized water. To each analysis solution 4 ml of 

ammonium molybdate solution ((NH4)6Mo7O24*H2O, Ascorbic acid, Phosphorus 

reagent, deionized water) and 0,5 ml of stannous chloride solution (3 g SnCl2*2H2O, 
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10 ml HCl, in 100 ml) were added. After color development the solutions could be 

read on the spectrometer for absorbance at 660 nm. First the phosphate standard 

solutions with 0 mg, 1 mg/l and 2 mg/l P were read to make a calibration curve. 

Calculating with that standard curve, the spectrometer determined the phosphate 

concentration of the samples read afterwards. 

 

Total solids 

To measure the total solids in the water, about 100 ml of the sample was given into a 

125 ml beaker, after weighing the empty beaker [frask]. After weighing again 

[frask+liquid], the beaker with the sample was stored in an oven at 50 – 80°C for 

about two days until all the liquid had evaporated. With the third weigh 

[frask+dry sample], the total solids can be calculated as: 

[ ]
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(Chemicals by: Fisher Chemicals, Fermont, Merck) 
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2.3.2.2 Microbiological analyses 

The water samples were analyzed microbiologically with the determination of the 

bacteria colony count by inoculation in an agar medium. 

The water samples were diluted with sterilized PBS-solution pH 7,2 (1,72 g Na2HPO4 

*2 H2O (MERCK Germany), 0,5 g KH2HPO4 (MERCK Germany), 7,2 g NaCl (Sigma 

≥ 99,5% SIGMA-ALDRICH USA), 1000 ml distilled water). The dilutions 10-1, 10-2, 

10-3 and 10-4 were made and 0,1 ml of the indicated dilution was transferred on the 

agar medium plates and evenly spread on the agar surface with a Drigalski spatula. 

The dilution series were made in two parallels. 

The inoculated plates were incubated separately at the temperatures 22°C (air-

conditioned storage room) and 36°C (incubator). 

 

Total bacteria plate count 

For the total bacteria plate count DifcoTM Nutrient Agar (REF. 213000, 23 g/l: Beef 

extract 3,0 g, Peptone 5,0 g, Agar 15,0 g) was used. Incubation at 22°C and at 36°C 

(+/- 1°C) for 24 - 48 h 

 

Coliform count 

For the cultivation of E. coli and coliforms the selective medium ENDO Agar (Difco 

by DB, USA) was used.  

The selectivity of Endo Agar is due to the sodium sulfite/basic fuchsin combination, 

which results in the suppression of gram-positive microorganisms. Lactose-

decomposing bacteria, especially Escherichia coli and coliforms, produce besides 

acids also ethanal, that reacts with the sulfite-fuchsin-complex releasing fuchsin, 

what leads to a red color of the colonies. E. coli colonies show additionally a greenish 

metallic sheen (fuchsin sheen). Lactose-negative colonies appear colorless. 

Incubation at 36°C (+/- 2°C) for 24 h 

 

After the incubation, the plates were examined and the bacterial colonies were 

counted. To keep the statistical and methodic error within limits, only those plates 

with a number of colonies between 20 and 300 should be analyzed. Because of that, 
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if possible, one dilution of each sample and temperature was chosen which fulfilled 

that number and was clear to count. The results were counted as colonies per plate 

and converted into the unit CFU/mL (Colony Forming Units) with the calculation: 

[ ]
[ ]

[ ]factordilution

platepercolonies
mlCFU
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2.3.3 Pesticide residue analysis 

To analyze the residues of pesticides in the water, samples were taken on April 17th 

at four different sites (Fig. 41). The sampling sites were in the wastewater canal of the 

packing plant before the wetland inlet (A1), the second sedimentation tank of the 

wetland system (A2), the outflow well of the wetland (A3) and in the canal from the 

packing plant at the solid waste trap (A4). 

 

Fig. 41 Pesticide analysis sampling sites 
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From each site a water sample was taken in an 1,5 L amber glass bottle. The 

completely filled bottles were put on ice and transported to the Universidad Nacional 

UNA in Heredia, where the analysis were made by the Laboratory for Pesticide 

Residue Analysis (Laboratorio de Análisis de Residuos de Plaguicidas LAREP). 

The used methods for the pesticide analyses were the following (from C. Ruepert, 

translated): 

Solid phase extraction for gas chromatography (SPE-GC) 

The water sample (1 L) was extracted by solid phase extraction (SPE). A previous 

prepared Isolute ENV+ (200 mg/6 mL) cartridge was used. The sample was shaken 

and made pass through the cartridge. In the end the cartridge was dried and eluted 

with ethylene acetate. Each extract was concentrated in nitrogen and changed to an 

acetone/cyclohexane mixture. The final extract volume is about 1 mL. 

Solid phase extraction for liquid chromatography (SPE-LC) 

The water sample (1 L) was extracted by a solid phase extraction (SPE). A previous 

prepared Isolute ENV+ (200 mg/6 mL) cartridge was used. The sample was shaken 

and made pass through the cartridge. In the end the cartridge was dried and eluted 

with methanol. Each extract was concentrated in nitrogen and changed to a 

methanol/water mixture. The final extract volume is about 1 mL. 

Chromatographic analysis 

The extract in methanol/water was analyzed by liquid chromatography (HPLC) with 

photo diode array detectors (PDA) and the extract in acetone/cyclohexane was 

analyzed by gas chromatography-mass spectrometry (GCMS). 
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2.3.4 Meteorological data 

The climatic data, like air temperature and precipitation, were surveyed by the 

meteorological station (Campbell Scientific, Model: CR-10X) on the EARTH campus 

(Latitude: 10°12’45” North; Longitude: 83° 35’ 39” West; Altitude: 59 m above sea 

level). The parameters were measured as a daily resume, the results were read by 

the Ingeniería Agrícola and the data was transferred into an Excel file [33] which was 

updated regularly. 

 



Results 

     31 

3 Results 

In the following chapter the obtained results and observations within the context of 

the study are shown. 

3.1 Water in the banana packing plant 

Every day 200 to 230 m3 water run through the packing plant (personal information, 

Eduard Jara), so the wetland was planned, with a load of 800 liter per day, to treat 

only about 0,5 % of the total wastewater. 

 

3.1.1 Washing water 

The washing water used in the packing plant is groundwater brought from a well 

nearby and has to have drinking water quality in accordance with the Costa Rican 

law for potable water [13]. The following table shows an excerpt with the tested 

parameters of the regulation which drinking water has to fulfill.  

 

Table 1 Regulated values for drinking water corresponding to the Decreto 25991-S 

 Parameter Unit 

 

Recommended 
Value 

Maximum 
Permissible Value 

Fecal Coliforms - negative negative 

Turbidity NTU 1 5 

Temperature °C 18 - 30 - 

Hydrogen-Ion 
Concentration 

pH 6,5 - 8,5 (a)  

Nitrate -NO3 [mg/L] 25 50 (b) 

Nitrite -NO2 [mg/L]  0,1 a 3,0 (b) 

Ammonia [mg/L] 0,05 0,5 

(a) The water should be stabilized in a way that it does not produce corrosive effects or incrustations in the 
piping. 

(b) The nitrate and nitrite concentrations should be related in the way that the sum of the ratios of the 
concentration of each to its guideline value should not exceed 1. 
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The quality of the well water is controlled with a microbiological analysis on E.coli and 

coliforms performed by a Costa Rican laboratory. The analysis in March 2009 

detected no fecal coliforms, no total coliforms and no E. coli in 100 ml sample of the 

water going to the packing plant (Appendix 1). 

 

3.1.2 Wastewater 

The wastewater from the banana packing plant contents components which get in the 

water during the washing process of the bananas. These are the components 

adhered on the banana skin and the components that are excreted by the fruit as a 

result of its cutting. Additionally there is disinfectant and latex dissolver in the water, 

both is added to the washing tubs in the packing plant. 

 

3.1.2.1 Effluents from the packing plant 

The sample analyses in the time between November and January, before the filter 

was put in operation, show the physical-chemical properties of the water from the 

banana packing plant outlet (BPP) and as comparison samples of the 

uncontaminated river water (VOR) as well as the water after the inflow from the 

packing plant (NACH). 

 

Tab. 1 Chemical analysis of wastewater samples and reference samples from the river – means 
of samples from November 2008 to January 2009 

parameter 

pH Conduc- 

tivity 

Turbi- 

dity 

BOD5 COD NO3 NH3 PO4 Total 

solids 

unit  µS/cm NTU mg/L mg/L mg/L mg/L mg/L mg/L 

VOR 6,92 74,3 2,7 (-0,8) 0,2 0,18 0,004 0,02 36,7 

NACH 6,99 74,2 2,9 (-2,2) 2,4 0,19 0,024 0,01 29,4 

BPP 7,13 120,2 4,4 2,1 56,4 7,29 0,022 0,56 94,6 
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Although the concentration of the nutrients and the organic load is low in all water 

samples, the highest results are found in the wastewater for all parameters. The 

BOD5 in the BPP samples was with about 2 mg/L just a little higher than zero, in VOR 

and NACH samples it was zero (negative results are methodic error). With 56,4 mg/L, 

the COD of the BPP water was significantly higher than the COD of the river water, 

which had with 0,2 mg/L hardly any organic content. 

There is an increase in the results in the river after the wastewater only in the 

parameters NH4, COD and pH. 

Very noticeable was the so called “latex” from the banana plant sap in the packing 

plant effluent. It is visible as a grey-white film on the water surface (Fig. 42, Fig. 43, Fig. 

44, Fig. 45), has got a certain, objectionable smell and a sticky consistence. 

    

Fig. 42 Outlet canal of 
the banana 
packing plant 

Fig. 43 Solid waste 
trap 

Fig. 44 Creek at the 
inflow of the 
canal 

Fig. 45 Creek ca. 
500 m downstream 
the canal inflow 

 

The banana sap contains beside polyphenols (per mL about 100 mg condensed 

tannins and 17 mg dialyzable components), traces of gallic acid and phenoloxidases 

also rubber (~0,222 g/100 g sap) [16]. This rubber in the sap is responsible for the 

consistence and the name banana latex. 

 

3.1.2.2 Effect on the receiving water course 

The water in the creek is unpolluted, as to be seen in Tab. 1, it contains hardly any 

organic compounds and very low concentrations of the nutrients phosphate, nitrate 

and ammonia. The substrate on the water bottom consists mainly of stones 

(mesolithal to macrolithal) and the water is clear (Fig. 46) except during heavy 
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rainfalls. These are not unusual for the region (Fig. 65), then the water level in the river 

can rise a lot within a very short time, and the water turbidity is much higher (Fig. 47). 

 

  

Fig. 46 Creek before the wastewater entrance 
point upstream at dry weather 

Fig. 47 Creek before the wastewater entrance 
point at rainfall 

 

 

Macrozoobenthos 

The sampling for the benthic macroinvertebrates in the river before and after the 

effluent entrance was performed at four dates in the time between January and April. 

 

In Tab. 2 all the identified families are listed with the indicated BMWP’-CR value and 

the resulting total BMWP’-CR index and the ASPT mod. for the samples. 
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Tab. 2 Taxa and numbers of organisms in the macrozoobenthos samples 

ANTES DESPUES 

14.01.09 

Family Order number 

value 
Index 
BMWP'
-CR  Family Order number 

value 
Index 
BMWP'-
CR  

          

Palae-
monidae Crustacea 6 5  

Coena-
grionidae Odonata 4 4  

Perlidae Plecoptera 6 10  Perlidae Plecoptera 3 10  

Coena-
grionidae Odonata 5 4  

Palae-
monidae Crustacea 2 5  

Baetidae 
Ephemeropt
era 2 5  

Lepto-
phlebiidae 

Ephemeropt
era 2 8  

Lepto-
phlebiidae 

Ephemeropt
era 2 8  Hydrobiidae Mollusca 1 3  

Tipulidae Diptera 1 4  
Platysti-
citidae Odonata 1 7  

Ptilo-
dactylidae Coleoptera 1 7  

 
    

   
BMWP 
total 

ASPT 
mod. 

 
  

BMWP 
total 

ASPT 
mod. 

   43 6,4    37 6,3 

10.02.09 

Family Order number 

value 
BMWP'
-CR  Family Order number 

value 
BMWP'-
CR  

          

Coena-
grionidae Odonata 5 4  Perlidae Plecoptera 5 10  

Perlidae Plecoptera 3 10  
Palae-
monidae Crustacea 2 5  

Hepta-
geniidae 

Ephemeropt
era 2 10  Platysticidae Odonata 2 7  

Psephenidae Coleoptera 2 7  
Hepta-
geniidae 

Ephemeropt
era 1 10  

Naucoridae 
(adult) Coleoptera 2 4  

Hydro-
psychidae Trichoptera 1 5  

Plasticitidae Odonata 1 7  Baetidae 
Ephemeropt
era 1 5  

Hydro-
psychidae Trichoptera 1 5  

 
    

   
BMWP 
total 

ASPT 
mod. 

 
  

BMWP 
total 

ASPT 
mod. 

   47 6,5    42 7,8 
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ANTES DESPUES 

19.03.09 

Family Order number 

value 
BMWP'
-CR  Family Order number 

value 
BMWP'-
CR  

          

Tipulidae Diptera 6 4  Perlidae Plecoptera 10 10  

Coena-
grionidae Odonata 4 4  Baetidae 

Ephemeropt
era 4 5  

Baetidae 
Ephemeropt
era 3 5  

Lepto-
phlebiidae 

Ephemeropt
era 3 8  

Leptophlebiid
ae 

Ephemeropt
era 2 8  

Lepto-
hyphidae 

Ephemeropt
era 2 5  

Platysticitidae Odonata 1 7  
Platysti-
citidae Odonata 2 7  

Megapoda-
grionidae Odonata 1 7  

Chiro-
nomidae Diptera 1 2  

Xipho-
centronidae Trichoptera 1 6  

Philo-
potamidae Trichoptera 1 7  

Philo-
potamidae Trichoptera 1 7  Simuliidae Diptera 1 4  

Perlidae Plecoptera 1 10       

Elmidae 
(adult) Coleoptera 1 5  

 
    

   
BMWP 
total 

ASPT 
mod. 

 
  

BMWP 
total 

ASPT 
mod. 

   63 5,4    48 7,5 

06.04.09 

Family Order number 

value 
BMWP'
-CR  Family Order number 

value 
BMWP'-
CR  

Baetidae Ephemeropt. 8 5       

Lepto-
phlebiidae Ephemeropt. 8 8  

Platysti-
citidae Odonata 2 7  

Perlidae Plecoptera 4 10  Perlidae Plecoptera 2 10  

Lepto-
hyphidae Ephemeropt. 4 5  

Megapoda-
grionidae Odonata 1 7  

Elmidae 
(Larve) Coleoptera 2 7  

Dryopidae 
(adult) Coleoptera 1 5  

Naucoridae Heteroptera 1 4  
Palae-
monidae Crustacea 1 5  

Dytiscitidae 
(adult) Coleoptera 1 4  

 
    

Coena-
grionidae Odonata 1 4  

 
    

Leptoceridae Trichoptera 1 8       

Caloptery-
gidae Odonata 1 4  

 
    

Palae-
monidae Crustacea 1 5  

 
    

Hydrobiidae Mollusca 1 3       

   
BMWP 
total 

ASPT 
mod. 

 
  

BMWP 
total 

ASPT 
mod. 

   67 6,4    34 7,3 
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Except the first sampling, where it is almost the same, the ASPT results of the 

samples after the wastewater entry are higher than the sample before the entry. The 

BMWP results of the samples before the entry are 5, 6, 15 and 33 points higher than 

the samples of after the entry. 

Tab. 3 Results of macrozoobenthos sampling 

 ANTES DESPUES 

 

number 

families 

number 

organisms 

number 

families 

number 

organisms 

14.01.2009 7 23 6 13 

10.02.2009 7 16 6 12 

19.03.2009 10 21 8 24 

06.04.2009 12 33 5 7 

average 9 23 6 14 

 

As Tab. 6 shows, is in average in the sample ANTES the number of organisms found 

23 and the number of families 9, while the number of organisms in the sample 

DESPUES is 14 and the number of families 6. 
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Periphyton (Aufwuchs) 

There was a definitive difference visible in the vegetation on the stones in the river 

before and after the wastewater (Fig. 48, Fig. 49). The vegetation DESPUES was more 

and higher and had a different color and consistency compared to ANTES (see also 

Fig. 37). 

  

Fig. 48 ANTES - River bottom before the 
wastewater inflow 

Fig. 49 DESPUES - River bottom after the 
wastewater inflow 

 

In the microscopical examination a high diversity of organisms in both samples could 

be observed, in the DESPUES sample was the diversity even higher. 

 

The following photos, which were taken of the live-material at the microscope using 

the 20x objective (if not indicated otherwise), show examples of the found organisms. 

  

Fig. 50 Conjugatophyte Spirogyra (ANTES 
16.01.09) 

Fig. 51 Diatom Cymbella & green alga 
Stigeoclonium (ANTES 16.01.09) 
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Fig. 52 Epiphytic diatoms (Cymbella) on a 
filamentous alga (ANTES 24.03.09) 

Fig. 53 Filamentous algae (Oscillatoriales) 
(ANTES 17.04.09) 

 

  
Fig. 54 Diatom Gyrosigma (DESPUES 

16.01.09) 
Fig. 55 Conjugatophyte Closterium (DESPUES 

24.03.09) 

  
Fig. 56 Cyanobacterium Merismopedia 

(DESPUES 24.03.09) 
Fig. 57 Conjugatophyte Cosmarium 

(DESPUES 24.03.09, 40x obj.) 
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Fig. 58 Diatom Surirella (DESPUES 24.03.09) Fig. 59 Diatom Cyclotella (DESPUES 17.04.09) 

  
Fig. 60 Rotaria (DESPUES 17.04.09) Fig. 61 Heliozoon (DESPUES 17.04.09) 

  
Fig. 62 Ciliate Stentor , right diatom Pinnularia 

(DESPUES 17.04.09) 
Fig. 63 Sessile ciliate Vorticella (DESPUES 

17.04.09) 

 

In the ANTES samples there could be found mostly filamentous algae belonging to 

the green algae (Chlorophyta) and the blue green algae (Cyanobacteria). There were 

also diatom cells, some of them growing epiphytic on filamentous algae. The 

protozoans (ciliats, flagellats) in the ANTES samples were small (<100 µm) and fast 

moving. 

In the DESPUES samples the diatom cells were dominant, besides there were 

Conjugatophyceae, mostly single cells and some blue green algae (Cyanobacteria). 
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Nematodes and rotatoria as well as protozoans were in the DESPUES samples more 

abundant than in ANTES. Amoeba with shell and also Heliozoa could be found. The 

ciliats were mainly big species (>200 µm) and sessile forms. 

The organisms in the samples that could be identified are listed with the generic 

name in Tab. 4. 

 

Tab. 4 Taxa list of the identified organisms in the Aufwuchs samples 

 ANTES DESPUES 

Gloeocapsa (Cyanobacteria) - ++ 

Gloeotrichia (Cyanobacteria) - ++ 

Merismopedia (Cyanobacteria) - ++ 

Oscillatoriales (filamentous, Cyanobacteria) ++++ + 

Phormidium (filamentous, Cyanobacteria) +++ + 

Spirulina (filamentous, Cyanobacteria) ++ - 

Tolypothrix (filamentous, Cyanobacteria) - ++ 

Achnanthes (Bacillariaphyceae) + +++ 

Cyclotella (Bacillariaphyceae) - ++++ 

Cymatopleura (Bacillariaphyceae) - ++ 

Cymbella (Bacillariaphyceae) ++ + 

Fragilaria (Bacillariaphyceae) ++ +++ 

Gomphonema (Bacillariaphyceae) - ++ 

Gyrosigma (Bacillariaphyceae) + ++ 

Navicula (Bacillariaphyceae) + +++ 

Nitzschia (Bacillariaphyceae) + ++++ 

Pinnularia (Bacillariaphyceae) - +++ 

Rotatoria (Bacillariaphyceae) + +++ 

Stauroneis (Bacillariaphyceae) + ++++ 
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 ANTES DESPUES 

Surirella (Bacillariaphyceae) - +++ 

Synedra (Bacillariaphyceae) + ++++ 

Tabellaria (Bacillariaphyceae) + ++ 

Closterium (Conjugatophyceae-Chlorophyta) + +++ 

Cosmarium (Conjugatophyceae-Chlorophyta) + +++ 

Spirogyra (filamentous, Conjugatophyceae-Chlorophyta) +++ + 

Cladophora (filamentous, Chlorophyta) + ++ 

Desmidium (filamentous, Chlorophyta) ++ ++ 

Microspora (filamentous, Chlorophyta) ++ - 

Rhizoclonium (filamentous, Chlorophyta) - ++ 

Stigeoclonium (filamentous, Chlorophyta) +++ + 

Ulothrix (filamentous, Chlorophyta) ++ ++ 

Lemanea (filamentous, Rhodophyta) + - 

Difflugia (Amoeba) + ++ 

Vorticella (Ciliats, Protozoa) - ++ 

Stentor (Ciliats, Protozoa) - ++ 

Composition of the samples – abundance of the genus representatives: ++++ frequent - + occasional 
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3.2 Constructed wetland 

 

3.2.1 Construction 

The construction of the filter started in November 2008. Tab. 5 describes the several 

steps until the filter system could be put in operation in January 2009. 

 

Tab. 5 Timetable of the construction steps 

20.11.2008 

 

Excavation of the holes for the filter 
system 

29.11.2008 

 

Insertion of the concrete tubes for 
sedimentation tanks and outflow well 

03.12.2008 

 

Filling the cavity with filter material 
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Trip to Cahuita 

→ 80 plants of Cyperus giganteus 

 

04.12.2008 

 

Putting the plants into the filter 

Since 
17.01.2009 

Operation of the filter 
system 

Pumps working automatically 

(Program Wed.-Sat. 7-12 a.m., 5 min per 
hour) 

 

 

3.2.2 Wastewater treatment 

 

3.2.2.1 Sampling and climate 

The climate is always of great importance in natural treatment systems and has to be 

included in the assessments of the constructed wetland. 

 

Fig. 64 Climate in Limón during the year 

dark area – monthly rain amount; lowest line – mean temperature (www.dendrobase.de/rain/dia_limon.gif) 
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In the province of Limón, where EARTH is located, there is a tropic climate, with 

temperatures above 20°C and high rain amounts all over the year (Fig. 64). 

 

The following table gives an overview of the monthly results of the air and soil 

temperature, the humidity and the rain amount during the whole project time from 

November 2008 to April 2009. 

 

Tab. 6 Overview of the climatic situation during the project time 

 

There was a minimal air temperature between 13,6°C and 19,5°C and a maximal air 

temperature between 31,0°C and 33,3°C while the humidity ranged from 83,4% to 

89,4%. The monthly accumulated rain amount was the highest in November with 

744,1 mm and the lowest in April with 158,2 mm. 

In the daily rain amount there is also a high fluctuation (Fig. 65), the daily accumulated 

rain amount varied from 0 mm to 169,7 mm. 

Month Days 

Air 

temp. 

max 

Air 

temp. 

min 

Air 

temp. 

mean 

Soil 

temp. 

max 

Soil 

temp. 

min 

Soil 

temp. 

mean 

Humi-

dity 

mean 

Accu-

mulated 

rain 

  °C °C °C °C °C °C % mm 

Nov 08 30 33,3 19,5 24,5 27,9 25,0 26,9 89,4 744,1 

Dec 08 31 31,0 18,0 24,7 26,0 25,0 25,5 88,0 507,8 

Jan 09 31 31,0 17,0 24,2 26,0 25,0 25,6 89,3 295,6 

Feb 09 28 31,0 17,0 24,0 25,0 25,0 25,0 88,3 601,8 

Mar 09 31 31,0 15,6 23,0 26,1 24,6 25,4 84,2 499,0 

Apr 09 30 31,8 13,6 24,3 27,0 26,0 26,4 83,4 158,2 
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Precipitation - daily summary
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Fig. 65 Daily rain amount during the project time (Nov 08 to Apr 09) 

 

The rain had an influence on the water sample results, especially in the way that the 

turbidity as a measure of the erosion increased, depending on the amount of rain 

during the time before the sampling. Fig. 66 shows the sum of rain of the sampling day 

and the day before. 
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Fig. 66 Amount of rain at the sampling dates 

 

To assign the results to the sampling situation, in Tab. 7 the numbering of the samples 

and the precipitation intensity at each sampling date is listed. 
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Tab. 7 Sampling dates, numbering of the samples and precipitation amount 

Sample date Sample No. Precipitation  

23.01.09 1 *** 

28.01.09 2 ** 

13.02.09 3 ** 

20.02.09 4 *** 

26.02.09 5 * 

05.03.09 6 **** 

14.03.09 7 * 

25.03.09 8 ** 

27.03.09 9 * 

02.04.09 10 * 

04.04.09 11 * 

07.04.09 12 * 

16.04.09 13 * 

Precipitation 

((sampling day + day before)/2) 

* - 0-10 mm/d 

** - 10-20 mm/d 

*** - 20-50 mm/d 

**** - >50 mm/d 

***** - >100 mm/d 

 

There was the highest amount of rain at the date of sample no. 6 and very little rain 

was falling at the dates of sampling no. 5, 7 and 9 to 13. 

 

 

3.2.2.2 Hydraulic Load by the Wastewater 

As the constructed wetland was planned, in the beginning the daily wastewater 

amount on the filter was 800 liter, which corresponds to a hydraulic load of 80 L/m2*d. 

During operating the system with this load the amount of the outflowing water and the 

quality of the wastewater and the filtered water was observed. 

Because the water amount coming out of the filter was small and the concentration of 

organic and nutrient components in the wastewater were small, it was decided to 

increase the wastewater loading on the filter. 
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From February 10th water was pumped on the filter for 10 minutes every hour instead 

of 5 minutes, so the amount was doubled to 1,6 m3 per day. That means since 

sample no. 2 there was a hydraulic load of 160 L/m2*d. 

 

 

3.2.2.3 Chemical-physical parameters 

The results of the measures of temperature, pH-value, conductivity, turbidity and total 

solids can be found in the following tables. Tab. 8 shows the results for the water 

samples from the inflow, Tab. 9 the results of the samples from the river water and 

Tab. 10 shows the samples from the filter outflow. 

The mean temperature of the different sampling sites is with 26,5°C in IN, 26,2°C in 

OUT and 26,5°C almost the same. The variation in the temperature between the 

sampling dates is in the IN samples between 25,7°C and 27,8°C, in the OUT 

samples between 25°C to 28,7°C and in the RIO samples between 24°C and 28,6°C. 

In all samples the highest temperature was measured at the last 4 sampling dates. 

The pH is the lowest in the OUT samples, in average at a value of 6,44. The IN and 

OUT samples were around the neutral point, the IN samples with a mean value of 

7,04 a little higher than the OUT samples with a mean of 7,01. 

The content of total solids had a high variation, the averages of all samples are with 

138,6 mg/L for IN, 148,1 mg/L for OUT and 147,8 mg/L for RIO approximately equal. 

It was obvious that the method didn’t show representative comparable results, a 

determination of the suspended solids would be useful, but wasn’t applied here. 
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Tab. 8 Chemical-physical parameter of the inflow water 

IN Temperature pH Conductivity Turbidity Total Solids 

Sample no. °C  µS/cm NTU mg/L 

1 25,7 6,73 125,6 5,24 86,0 

2 25,8 6,31 122,1 4,76 163,3 

3 26 6,9 117,1 5,24 171,9 

4 26 7,03  5,04 147,7 

5 26 7 119,1 5,55 142,9 

6 25 6,89 115,6 8,7 5,3 

7 26 7,12 121,1 5,33 178,8 

8 26,5 7,44 121,3 4,76 177,4 

9 27 7,26 120,1 2,67 131,0 

10 27,3 7,14 128,8 3,57 186,1 

11 27,5 7,19 127,4 8,25 28,1 

12 27,8 7,26 132,2 6,18 174,2 

13 27,4 7,31 127,2 3,82 208,6 

average 26,5 7,04 123,1 5,32 138,6 

 

The conductivity and the turbidity of the IN samples were quite stable, the 

conductivity varied between 117,1 µS/cm and 132,2 µS/cm and the turbidity between 

2,67 NTU and 8,7 NTU. 
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Tab. 9 Chemical-physical parameter of the river water 

RIO Temperature pH Conductivity Turbidity Total Solids 

Sample no. °C  µS/cm NTU mg/L 

1 26,2 6,59 108,5 10,4 130,2 

2 25,1 6,25 68,1 12,4 58,8 

3 27 7,05 115,3 4,17 165,1 

4 25 6,59 113,3 58,2  

5 26 7,24 115,6 3,56 144,8 

6 24 6,67 67,9 72,3 158,8 

7 26,5 7,01 111,3 4,14 162,1 

8 26,5 7,32 111,1 8,88 156,0 

9 26,7 7,27 110,3 3,57 155,1 

10 27 7,27 101,3 2,29 129,2 

11 28 7,24 126,5 4,74 133,6 

12 28,6 7,32 129,1 4,71 182,6 

13 28 7,33 128,1 4,87 197,5 

average 26,5 7,01 108,2 14,9 147,8 

 

The RIO samples had a higher variation in the conductivity and turbidity values, the 

conductivity ranged from 67,9 µS/cm to 129,1 µS/cm and the turbidity from 2,29 NTU 

to 72,3 NTU. 
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Tab. 10 Chemical-physical parameter of the filter outflow water 

OUT Temperature pH Conductivity Turbidity Total Solids 

Sample no. °C  µS/cm NTU mg/L 

1 26 6,37 430 52,4 373,6 

2 25,6 5,97 226,5 4,21 164,3 

3 25 6,4 148,3 2,55 124,0 

4 25 6,43 111,8 16,9 116,5 

5 25 7,31 171,4 3,85 129,8 

6 25 6,37 282,7 14 107,7 

7 25 6,52 142,9 4,29 117,2 

8 26,7 6,24 89,7 25,1 115,5 

9 26,3 6,24 89,2 12,6 132,8 

10 27,3 6,27 96,7 16 138,5 

11 27,7 6,48 96,4 17,1 128,0 

12 28,7 6,56 100,6 16,1 128,8 

13 27,8 6,55 126,4 16,1 148,0 

average 26,2 6,44 162,5 15,5 148,1 

 

In the OUT samples the highest differences were found in the conductivity as well as 

in the turbidity values. The conductivity of the water was the highest in the first 

sample with 430 µS/cm, it went down in the following samples, was higher again in 

sample 6 with 282,7 µS/cm and was between 89 and 127 µS/cm in the samples 8 to 

13. The turbidity was with 52 NTU relatively high in sample no. 1, in the samples 2, 3, 

5 and 7 it was below 4,3 NTU, the other samples (no. 4, 6, 8, 9 to13) had a 

conductivity between 12,6 and 25,1 NTU. 
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Fig. 67 Water samples IN, OUT and RIO (no. 13) 

 

It was evident by contemplation of the water that in the OUT samples there weren’t 

components, which existed in the IN and the RIO samples and gave them a yellow-

brownish color (Fig. 67). 

 

3.2.2.4 Organic compounds 

The COD and BOD of the water samples were determined once a week, the results 

are listed in Appendix 3. 

 

COD 

As depicted in Fig. 68, the water from the inflow had COD values of 53 to 96 mg/L, in 

average 75,1 mg/L, the outflow water COD ranged from 0 mg/L to 39 mg/L with an 

average of 13,3 mg/L and the river water COD was between 23 mg/L and 78 mg/L, in 

average 53,4 mg/L. 
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Chemical oxygen demand
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Fig. 68 COD results of the water samples 

 

 

BOD5 

The BOD5 results, shown in Fig. 69, were in average for the IN samples 12,1 mg/L, for 

the OUT samples -0,4 mg/L and for the RIO samples 5,5 mg/L. 

The highest results of the IN samples was 38,7 mg/L and the lowest 4,3 mg/L. Of the 

OUT samples only three samples were above zero, with the highest value of 

6,7 mg/L. The RIO samples had the highest BOD5 value at 17,5 mg/L and the lowest 

was below zero. 
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Biochemical oxygen demand
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Fig. 69 BOD results of the water samples 

 

The organic compounds could be eliminated by the wetland to very low outflow 

concentrations. The mean COD reduction was 82,9%, with results between 64,8% 

and 100%, the mean BOD reduction rate had a higher range from 42,2 % to above 

100%, in average 113%. 

 

3.2.2.5 Elimination of nutrients 

The concentration of the inorganic nutrients phosphate, nitrate and ammonia and the 

difference between the inflow and the outflow concentrations indicates the elimination 

efficiency of the constructed wetland. 

 

Phosphates 

The phosphate concentrations in the filter inflow varied between the maximum value 

of 0,99 mg/L and the minimum value of 0,74 mg/L. In the river phosphate 

concentrations between 0,22 mg/L and 0,98 mg/L were found. In the filter outflow the 

maximum detected phosphate concentration was 0,23 mg/L, in three of the samples 

the concentration was zero or rather no phosphate could be detected because it was 

below the detection limit. 
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Fig. 70 Phosphate concentrations of the water samples 

 

The mean phosphate reduction during the passage through the filter system was 

0,78 mg/L, which means in comparison to the low phosphate concentrations in the 

inflow an elimination rate of 90,9%. 

 

Ammonia 

The ammonia concentrations in the IN samples were between 0,02 mg/L and 

0,08 mg/L, the OUT samples had a maximum concentration of 0,05 mg/L, at five 

sampling dates there was no ammonia detected in the water. The RIO samples had 

the highest variation in the ammonia concentrations, there was the total maximum 

value of 0,24 mg/L in sample 4, but there wasn’t any ammonia detected in the 

samples 8, 10, 12 and 13. 
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Fig. 71 Ammonia concentrations of the water samples 

 

The ammonium reduction rates from IN to OUT lay between 33% and 100%, in 

average at 71,7%. 

 

Nitrate 

The nitrate concentrations in the inflow samples were except for one low outier value 

of sample 4 with 1,27 mg/L, within the value margins from 7,78 mg/L to 11,29 mg/L. 

The RIO samples had high fluctuations in nitrate, the highest value was 12,08 mg/L 

and the lowest was 0,19 mg/L. The outflow samples 1 to 8 had nitrate concentrations 

of zero to maximal 0,44 mg/L, from sample 9 to 13, the concentrations were 

increased with values between 2,56 mg/L and 4,45 mg/L. 
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Fig. 72 Nitrate concentrations of the water samples 

 

The elimination of nitrate by the filter in the first phase (sample 1 to 8) had rates from 

95,9% to 100%, in the last 4 samples the reduction rate was between 60% and 

76,4%. 
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3.2.2.6 Bacterial elimination 

The coliform bacteria count was determined for the samples 1 to 5, the total bacteria 

count was determined for all the samples 1 to 13. 

 

Coliform bacteria count 

From the samples 1 to 4 only on the agar plates with the lowest dilutions (10-2) of the 

IN and the RIO a color change to red could be observed (Fig. 73). But on none of the 

plates distinct countable colonies could be seen. 

On the plate of the undiluted water sample 5 one colony E.coli could be detected in 

IN (Fig. 74). That means an E. coli count of 10/ml for the inflow water. In the OUT 

samples there were no E. coli and coliforms detected. 

  

Fig. 73 Endo agar plates sample 1 

(left IN 10-4, 10-3, 10-2; middle OUT 10-4, 10-3, 
10-2; right RIO 10-4, 10-3, 10-2) 

Fig. 74 Endo agar plate sample 5, IN, not 
diluted 

 

 

Total bacteria count 

There were noticeable differences in the colony count between the samples from IN, 

OUT and RIO. The following pictures (Fig. 75, Fig. 76, Fig. 77, Fig. 78, Fig. 79, Fig. 80) 

show examples for the bacteria growth on the nutrient agar plates after the incubation 

time. 

There was the densest growth on the IN plates, less growth on the RIO plates and on 

the OUT plates there was scattered or no bacteria growth visible. In general there 

was less growth at 36°C incubation compared to the plates incubated at 22°C.  
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Fig. 75 Nutrient agar plates sample 9, 

incubation at 36°C  

(left IN 10-4,10-3,10-2; middle OUT 10-3, 10-2, 
10-1; right RIO 10-4, 10-3, 10-2) 

Fig. 76 Nutrient agar plates sample 9, 
incubation at 22°C  

(left IN 10-4,10-3,10-2; middle OUT 10-3, 10-2, 
10-1; right RIO 10-4, 10-3, 10-2) 

 

  
Fig. 77 Nutrient agar plates sample 12, 22°C, 

dilution 10
-2

  

(left IN; middle OUT, right RIO) 

Fig. 78 Nutrient agar plates sample 1, 22°C 

(left IN 10-4, 10-3, 10-2; middle OUT 10-4, 10-3, 
10-2; right RIO 10-4, 10-3, 10-2) 

 

  
Fig. 79 Nutrient agar plates sample 13, 

incubation at 36°C 

(left IN 10-4,10-3,10-2; middle OUT 10-3, 10-2, 
10-1; right RIO 10-4, 10-3, 10-2) 

Fig. 80 Nutrient agar plates sample 13, 22°C, 
dilution 10

-2
  

(left IN, middle OUT, right RIO) 
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The table with the counting results can be found in the Appendix 4. 

The values are put on logarithmic scale diagrams (Fig. 81, Fig. 82). 

 

At 36°C incubation, the results of the total bacteria count of the IN sample had values 

from minimum 1,9*104 CFU/mL to maximum 1,53*106 CFU/mL. The RIO samples 

had bacteria counts at 36°C from 2,7*104 CFU/mL to 7,0*105 CFU/mL. In the OUT 

the total bacteria count at 36°C was zero in the samples 3, 6 and 10, the other 

samples had results between 3,0*102 CFU/mL and 7,0*103 CFU/mL. 
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Fig. 81 Results of the total bacteria count at 36°C incubation 

 

At 22°C incubation, the bacteria count in the IN sample had results between 

5,8*104 CFU/mL and 2,65*107 CFU/mL, in the RIO sample between 3,8*104 CFU/mL 

and 2,57*107 CFU/mL. Like also the IN and the RIO, the OUT had the highest total 

colony count in sample 8 with 2,06*105 CFU/mL. In the OUT samples 2, 3 and 10 the 

count was zero, the OUT samples 1, 6, 9 and 11 to 13 had bacteria counts from 

2,0*102 CFU/mL to 7,8*103 CFU/mL. 



Results 

     61 

1,0E+00

1,0E+01

1,0E+02

1,0E+03

1,0E+04

1,0E+05

1,0E+06

1,0E+07

1,0E+08
C

F
U

/m
L

total bacteria count 22°C IN
OUT

RIO

IN 1,19E+06 5,8E+04 3,40E+05 8,45E+05 2,65E+07 1,02E+07 1,96E+06 7,10E+05 1,03E+06 1,09E+06

OUT 1,50E+03 0 0 2,00E+02 2,06E+05 7,00E+02 0 4,00E+03 7,80E+03 1,40E+03

RIO 9,00E+05 4,1E+04 1,87E+05 9,00E+04 2,57E+07 3,80E+04 1,02E+06 2,80E+05 6,10E+05 6,70E+05

1 2 3 6 8 9 10 11 12 13

 

Fig. 82 Results of the total bacteria count at 22°C incubation 

 

The elimination efficiency of the constructed wetland for bacteria is shown in Tab. 11, 

calculated as the reduction of total bacteria in the OUT samples in comparison to the 

IN samples. 

 

Tab. 11 Reduction of total bacteria in the wetland from IN to OUT 

 22°C 36°C 

No. % factor % factor 

1 99,87 8,E+02 99,71 3,E+02 

2 100,00 - 89,47 1,E+01 

3 100,00 - 100,00 - 

6 99,98 4,E+03 100,00 - 

8 99,22 1,E+02   

9 99,99 1,E+04 99,65 3,E+02 

10 100,00 - 100,00 - 

11 99,44 2,E+02 98,83 9,E+01 

12 99,24 1,E+02 99,18 1,E+02 

13 99,87 8,E+02 99,97 3,E+03 

average 99,76  98,54  
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The bacteria that grow at 36°C were reduced at least by 89,5% or tenfold from the IN 

to the OUT. In three samples 100% of the bacteria were eliminated, the mean 

reduction was 98,5%. 

The bacteria in the OUT compared to the IN growing at 22°C were reduced at least 

by 99,2% or 100 times, with a mean reduction by 99,8%. 
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3.2.3 Pesticide residues 

The pesticide residue analysis tested the water samples on ten organophosphate 

pesticides, three conazoles, four triazines and the other pesticides bromacil, 

bitertanol, chlorothalonil and thiabendazole.  

 

Tab. 12 (original from the UNA Appendix 2) shows the list of the tested substances with 

each detection level and the result concentration of the analysis. 
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Tab. 12 Results of the pesticide residue analysis 

sample    A1 A2 A3 A4 

 unit Analysis QL     

Organophosphates        

Clorpyrifos µg/L GC-MS <0,04 n.d n.d n.d n.d 

Diazinon µg/L GC-MS <0,1 n.d  0,6 n.d 0,2 

Dimethoate µg/L GC-MS <0,1 n.d n.d n.d n.d 

Edifenfos µg/L GC-MS <0,2 n.d n.d n.d n.d 

Etoprofos µg/L GC-MS <0,1 n.d n.d n.d n.d 

Fenamifos µg/L GC-MS <0,2 n.d n.d n.d n.d 

Malathion µg/L GC-MS <0,2 n.d n.d n.d n.d 

Parathion-ethyl µg/L GC-MS <0,1 n.d n.d n.d n.d 

Parathion-methyl µg/L GC-MS <0,1 n.d n.d n.d n.d 

Terbufos µg/L GC-MS <0,1 n.d n.d n.d n.d 

Conazoles        

Difenoconazol µg/L GC-MS <0,2 n.d n.d n.d n.d 

Propiconazol µg/L GC-MS <0,1 n.d n.d n.d n.d 

Imazalil µg/L GC-MS <0,1 1,5 4,5 n.d 5,5 

Triazines        

Ametrine µg/L LC-PDA <0,05 n.d n.d n.d n.d 

Atrazine µg/L LC-PDA <0,05 n.d n.d n.d n.d 

Hexazinone µg/L LC-PDA <0,1 n.d n.d n.d n.d 

Terbutylazine µg/L LC-PDA <0,05 n.d n.d n.d n.d 

Others        

Bromacil µg/L LC-PDA <0,1 n.d n.d n.d n.d 

Bitertanol µg/L GC-MS <0,5 n.d n.d n.d n.d 

Clorothalonil µg/L GC-MS <0,05 n.d n.d n.d n.d 

Thiabendazole µg/L GC-MS <0,2 n.d n.d n.d n.d 

Other sustances with 
GCMS  

GC-MS (SCAN) no no no no 

QL: quantification limit  /  n.d.: not detected (below detection limit) 

 

The analysis detected two of the tested substances in some of the water samples, 

which were diazinon and imazalil. 

Diazinon was found with 0,6 µg/L in the sample A2 from the inflow of the filter in the 

sedimentation tank and with 0,2 µg/L in the sample A4 from the canal at the solid 

waste trap. 

Imazalil was detected in sample A1 from the canal before the wetland with 1,5 µg/L 

and also in the samples A2 with 4,5 µg/L and A4 with 5,5 µg/L. 

In sample A3 from the outflow of the filter none of the pesticides were detected. 
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4 Discussion 

 

4.1 Wastewater discharge 

The wastewater from the banana packing plant isn’t high concentrated, in the 

measured parameters it falls below the legal limits for the discharge into water bodies 

valid in Costa Rica [12]. 

But that doesn’t mean that there is no effect on the river caused by the discharge of 

the wastewater. 

 

4.1.1 Loading of the receiving water course by the wastewater discharge 

On the basis of the chemical-physical parameters hardly loading by the wastewater 

of the banana packing plant could be detected, what can be put down to the fact that 

the wastewater has got low concentrations of the organic load anyhow and is highly 

diluted in the river. 

In the macrozoobenthos samples after the wastewater inflow for the most part 

organisms were still found that are sensitive to lack of oxygen and indicate a good 

water quality according to the saprobity index (for example Plecoptera). Because 

both indices BMWP and ASPT are founded on the saprobity, it resulted to a scarcely 

worse water quality after the wastewater discharge with the BMWP, with the ASPT 

the water quality even increased. These indices can’t be applied here because there 

is hardly any organic loading and therefore was no lack of oxygen existent. Although 

there were found relatively few animals in all of the samples, probably owing to the 

coarse substrate structure, there was a difference in the macrobenthos population 

evident between before and after the wastewater discharge: Before the discharge 

more animals and a higher diversity were found compared to the wastewater 

influenced river parts. 

With regard to the Aufwuchs on the benthic substrate alone by observation of the 

water bottom a remarkable difference could be noticed in the composition of the 

vegetation between before and after the discharge. Microscopically a shift of the 

species composition could be observed after the discharge. The found organisms 
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could be identified in this study at best until genus level. A water quality classification 

with the periphyton organisms wasn’t possible here, for that the knowledge of the 

species would be necessary, because different species of the same genus can be 

indicators for different water types [41]. However it was noticeable that both before 

and after the discharge no special species could be found that indicate a high loading 

but mainly clear water forms were existent. In the samples after the discharge there 

was even a higher diversity of organisms, as also the vegetation was denser there. 

This suggests a growth stimulating effect on the algae and other organisms by the 

wastewater discharge. Nutrients to a limited extent are brought in but scarcely easily 

degradable organic substance that could lead to noticeable oxygen consumption. 

Also the banana latex could have a stimulating effect on the algae growth what still 

needs to be examined. 

In general it could have been determined that the wastewater exerts an influence on 

the macrobenthos- and Aufwuchs- population, even if there is no lack of oxygen due 

to the low organic load, on which the usual water quality systems are based on. 

Nevertheless there is a discernable effect by the wastewater discharge on the 

receiving water course. 

Besides it remains to be mentioned that the wastewater can contain additional 

substances that probably have a harmful effect. Thus also pesticide residues from 

the banana production can have an ecotoxicological relevance what however isn’t 

that obvious and determinable, because the effect doesn’t have to be acute and the 

species have variable sensitivity on the different substances [5], [6]. The analyses 

revealed that in the wastewater there were still pesticides detectable that could reach 

the river and can accumulate there. The fungicide imazalil for instance, which was 

detected in the banana packing plant wastewater seems to accumulate in sediments 

[7]. For this reason a negative effect by the wastewater from the banana packing 

plant on the water course is not ruled out. 

 

4.1.2 Reuse of the wastewater 

The nutrient concentrations and the organic load of the wastewater are minor, all 

parameters fall below the limits for drinking water [13]. Judging only by the chemical-

physical results, it would be possible to reuse the wastewater in the washing plant, 
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what is already been done in the way that part of the wastewater is recycling and is 

fed into the washing process with 60% fresh well water. 

However a cleaning is necessary for the complete reuse of the wastewater because 

after the washing process there are substances in the water which have to be 

removed. One is the banana latex, which is obvious in the wastewater and would 

leave stains on the fruits, another are the microorganisms that come into the water 

during the procedure. There is no limiting value for the total bacteria count in drinking 

water, but there shouldn’t be any smell and taste detectable in the water at a dilution 

of 3 (at 25°C) [13], what requires a limitation of the bacteria count and also the 

removal of the latex. 

Besides chemicals, among these pesticides, have to be removed from the water 

insofar that he values fall below the eventually existing limits and in the washing 

water no critical concentrations can arise. 

 

4.2 Construction and operation of the constructed wetland 

4.2.1 Technical difficulties 

In the course of the construction and operation of the plant some problems occurred 

that impeded the building process and the start and also partially hindered the 

sample taking. 

In the beginning of the project in November and December the rain, which was heavy 

even for this region (Fig. 64), delayed the construction of the wetland. But also after 

the insertion of the pumps in the end of December some internals were still 

necessary, like sealing up the outlet/sampling well and the installation of the water 

level sensors to avoid a dry running of the pumps. Consequently the pumps were 

functioning automatically not until middle of January. 

The adjustment of the pump and the water amount in the outlet well turned out to be 

difficult as the water availability kept changing because of varying and hardly 

assessable conditions (precipitation, evaporation etc.). 

The sampling took place directly from the outlet tube of the filter, however this wasn’t 

possible every time, when there was no water flowing out of the filter (or the water 
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level was above the outlet tube). For this reason a few samples (sample 3, 4, 5 

and 7) were taken from the water stored in the outflow well, provided that it was 

existing and not cloudy. Since these water samples possibly weren’t representative 

referring to the bacteria count and the ammonia concentration because of longer 

retention time, the concerned values were taken out. 

Towards the end of the project in March 09 at some dates it wasn’t possible to take 

samples either, as the pump stopped, probably because of already leaking pipe 

connections. The used pumping system seemed not to be powerful enough for the 

long-term usage. 

For the operation of a constructed wetland in the future a construction for a batch 

without pumps with a mechanic lifter and a slope [14] would have to be taken into 

consideration to guarantee a constant operating and still keep the costs and 

maintenance effort low. 

In a full-scale construction it should be paid attention that buildings like sampling well, 

sedimentation tank, piping, covers etc. are easily accessible and robust, that still 

have been partially provisional and difficult to handle in the pilot plant. 

 

4.2.2 Plants 

Although the plants haven’t been charged with water during the time after inserting 

them into the filter from beginning of December until middle of January and the 

irrigation had to be provided manually (Fig. 83), the most part of the population 

survived. The directly inserted, high plant bodies dried out and died within the first 

weeks, but most of the plants produced new sprouts (Fig. 84), which Cyperus can 

develop through vegetative reproduction [9]. In the end of the project in April 09, 

compared to the inserted amount of 80 plants, about 55 vital plants could be counted 

(Fig. 85). 
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Fig. 83 Irrigation of the plant 
bed at 05.01.09 

Fig. 84 Cyperus-sprout on 
the filter 

Fig. 85 Planted filter at 18.04.09 

 

It proved that Cyperus giganteus is suitable for such a constructed wetland. As 

demonstrated in the tropics before by Kantawanichkul et al. (2009) [19], Cyperus is 

even superior in growth and biomass production over other swamp plants (Typha). 

Cyperus seems to have a higher tolerance to water shortage, on the other hand it is 

more sensitive to an excessive water supply and a prolonged high water level 

compared to other swamp plants like for example Typha (Typhaceae, Poales) or 

Thalia (Marantaceae, Zingiberales) [20]. That is probably because the plant can be 

found in the nature other than in swamp areas also in drier places. This adaptability 

to temporary water shortage is advantageous for the intermittently charged vertical 

filter systems, whereby water and dry stages alternate, especially in the tropics where 

with the wet and dry periods these stages are even fortified. 

 

4.3 Cleaning efficiency 

4.3.1 Hydraulic and organic load 

The hydraulic load has been increased after an operation of three weeks and lay 

from then on with 160 mm/d above the recommended marginal charge (920 mm/d, 

summer operation [14]). This didn’t seem to affect the performance and the drainage 

of the filter body. On the contrary a higher hydraulic load was actually indicated, as 

the higher water amount was compensated by strong evaporation. 
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The organic charge by the wastewater was small with a mean COD of 75,1 mg/L and 

a mean BOD5 of 12,1 mg/L With the hydraulic load of 160 mm/d, which was 

maintained from sampling 2 on, it means an area loading of 1,9 g BOD5/(m
2*d) on the 

filter. In comparison to this a constructed wetland system for domestic wastewater 

with an assumed mean charge of 60 g BOD5 per inhabitant and day is calculated on 

an area loading of 6 to 12 g BOD5/(m
2*d) [35]. 

Although the degradation rates are smaller with a low charge [42], an almost total 

reduction of the organic ingredients could be achieved by the filter with maximum 

outflow concentrations of 39 mg/L COD and 6,7 mg/L BOD5. 

 

4.3.2 Chemical-physical parameter 

The treatment of the water resulted to just slight changes of the chemical-physical 

properties, which were caused by the conditions during the passage through the soil. 

The temperature in the outflow was a little lower, the fluctuations went parallel to 

those in the inflow, both values depended on the air or rather the soil temperature at 

the particular day and lay between 25 and 28,7°C. 

In the outflow slightly lower pH-values were measured compared to the inflow, what 

is a consequence of the carbon dioxide production in the filter. 

The conductivity is highly dependent on precipitation and evaporation, what have 

especially under tropic conditions a distinct effect on the processes in constructed 

wetlands and the outflowing water quality, as also apparent in other studies before 

[20]. The highest conductivity results were measured immediately at the operation 

start and then in sample 6 where the rain amount was the highest of all sampling 

dates, though normally the conductivity is lower after heavy rain events. This gives 

the assumption that washout of not fixed substances and salts from the new inserted 

filter material or episodic clay release is responsible for the high conductivity results. 

In general the values in the outflow lay for all parameters in the acceptable range for 

drinking water, except for the turbidity. That was quite varying, particularly in the 

beginning, because it is certainly dependent on the climatic situation too and rises at 

precipitation events. In the last samples the turbidity seemed to level off at about 

16 NTU, the samples had visibly a slight homogenous white cloudiness (Fig. 67). 
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Since at the same time the conductivity didn’t show higher results, fine sand washout 

from the filter body could probably the reason for the turbidity of outflow samples. 

 

4.3.3 Nutrient removal 

Though the inflow concentrations of the inorganic nutrients are low, an obvious 

reduction in all parameters was caused by the constructed wetland. 

The elimination reached high rates, the phosphorus for instance above 90%, the 

mean outflow concentration lay as little as 0,07 mg/L P. 

Nitrate was eliminated initially almost totally, in the last samples there was an 

increase of the outflow concentration visible, which is put down to the establishment 

of the nitrificants’ population in the filter, presumable mainly in the upper centimeters 

of the filter layer [43]. These bacteria oxidize ammonium to nitrate under aerobic 

conditions. Still an obvious reduction of the nitrate concentration of above 60% was 

achieved. The degradation of the nitrate mainly takes place through transformation 

by microorganisms, probably in oxygen-deficient areas in the filter also denitrification 

occurs. The nitrate uptake by the plants apparently plays a minor role [40]. 

The ammonium was eliminated in part completely, in any event the highest 

concentration in the outflow was within the guide value for drinking water of 0,05 

mg/L and far below the limiting value of 5 mg/L. This confirms that vertical filters are 

able also in tropic climates to nitrify ammonium effectively [19]. 

 

4.3.4 Bacterial reduction 

As expected, no significant fecal pollution of the banana washing water could be 

detected, E. coli or coliforms couldn’t be quantified by this method with colony 

counting. In the samples from the filter outflow no E. coli and coliforms at all could be 

demonstrated, the concentrations fell below the detection limit of the applied method. 

In relation to studies on planted soil filters with fecal polluted wastewater that report a 

reduction of the indicator bacteria by 0,8 to 1,5 log units [2] or 4,9 to 7,7 log units [31] 

or also more than 90% [32], it can be assumed that here the few fecal germs are 

even totally eliminated. 
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The reduction of the total bacteria count was high with 98,5% and 99,8%, in some of 

the samples in the outflow there couldn’t be found any more bacteria. The bacterial 

removal in soil filters is effected probably for the most part due to predation by 

protozoa and biolytical processes of Bdellovibrio [46]. Here good conditions for these 

processes seem to be prevalent, the results point to a very good degermination 

potential of this filter. 

 

4.3.5 Pesticide elimination 

Even though in the wastewater from the banana packing plant only two of the tested 

pesticides could be detected, the results confirm that chemicals used in the banana 

production can come into the packing plant effluents and thus into the receiving water 

course [7]. 

In the wastewater samples the fungicide Imazalil, which is used in the packing plant, 

could be detected. It is described to be very toxic for aquatic organisms [17]. In the 

second sedimentation tank with 4,5 µg/L as well as at the solid waste trap with 

5,5 µg/L, where the water has a longer retention time and sediment and solids 

deposit, multiple higher concentrations could be found than in the beginning of the 

wastewater canal with 1,5 µg/L. This confirms the accumulation potential of Imazalil. 

The other pesticide Diazinon was detected in the samples from the sedimentation 

tank and from the solid waste trap in low concentrations of 0,6 µg/L and 0,2 µg/L. The 

origin of this pesticide is uncertain because it is used neither in the banana plantation 

nor in the packing plant and also wasn’t applied on the whole EARTH campus 

recently [18]. Possibly this substance has such a high persistence in the environment 

that it can be spread by precipitation. 

Although pesticides are used globally, there is hardly any cognition about how good 

they can be hold back in natural wastewater treatment plants. Braskerup and 

Haarstad [4] showed for a constructed wetland with open water surface in Norway 

that the concentrations of 7 out of 13 pesticides could be reduced by more than 30%. 

In this treatment plant, with a different working principle than those with open water 

surface, none of the tested pesticides could be detected in the filter outflow. This 
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implies that the vertical filter is able to eliminate pesticides, in this case even 

completely. 
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Summary 

The quality of the wastewater from the banana packing plant differs from common 

sewage and the treatment for the reuse has to meet higher demands than it might be 

for irrigation water. 

The constructed wetland established and operating within this project was able to 

clean the wastewater effectively even in the startup phase, it achieved a considerable 

reduction of organic compounds, inorganic nutrients and in particular the bacteria 

count. Furthermore the retention of the specific substances in this wastewater 

(banana latex) was visible and existing pesticide residues could be eliminated. 

The results indicate the suitability of such a planted vertical filter for the treatment of 

the water from the banana packing plant. 

For the recycling of the treated wastewater potentially another filter stage would be 

recommendable to reduce the turbidity and absorb possibly occurring climate-

induced peaks of the solid contents and the bacteria count. 

Further investigations would be necessary, on the banana latex, if and how this 

substance accumulates, and on the long-term properties of the filter concerning 

clogging and elimination effect. 
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Schlussfolgerung 

Die Qualität des Abwassers aus der Bananenverpackungsanlage unterscheidet sich 

von gewöhnlichen Abwässern und die Behandlung zur Wiederverwendung muss 

höhere Ansprüche erfüllen als es etwa bei Bewässerungswasser der Fall ist. 

Die im Rahmen des Projektes errichtete und betriebene Pflanzenkläranlage war 

bereits in der Anfangsphase in der Lage das Abwasser effektiv zu reinigen, sie 

bewirkte eine deutliche Reduzierung der organischen Inhaltsstoffe, der 

anorganischen Nährstoffe und im besonderen der Bakterienzahl. Außerdem war die 

Rückhaltung der speziellen Stoffe dieses Abwassers (Bananenlatex) sichtbar und 

vorhandene Pestizidrückstände konnten eliminiert werden.  

Die Ergebnisse lassen auf die Eignung eines solchen bepflanzten Vertikal-

Bodenfilters für die Behandlung des Wassers aus der Bananenverpackungsanlage 

schließen. 

Um das behandelte Abwasser wieder verwenden zu können, wäre unter Umständen 

der Einbau einer weiteren Filterstufe notwendig, um die Trübung zu reduzieren und 

eventuell klimabedingt auftretende Spitzen beim Feststoffgehalt und der Keimzahl 

abzufangen. 

Weitergehend wären Untersuchungen des Bananenlatex notwendig, ob und wie sich 

dieser Stoff akkumuliert und wie sich der Filter hinsichtlich Eliminationseffekt und 

Kolmation über eine längere Zeit verhält. 
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6 Appendix 

 

Appendix 1 Results of microbiological analysis of the well water for the packing plant (March 
2009) 

FUNDACIÓN TECNOLÓGICA DE COSTA RICA (FUNDATEC ) 

INSTITUTO TECNOLÓGICO DE COSTA RICA 

CENTRO DE INVESTIGACIÓN Y SERVICIOS QUÍMICOS Y MICROBIOLÓGICOS (CEQIATEC) 

� (506) 2591-5149 ó 2550-2368, Fax: (506) 2591-5147, Apartado 159-7050 Cartago,                               

E-mail ceqiatec@itcr.ac.cr  

ANALISIS MICROBIOLOGICO DE AGUA  

ENSAYOS ACREDITADOS* 

PROCEDENCIA:  CHEMLABS 

                                                                                                     FECHA DE RECIBO:           30-03-09 

                                                                                                     FECHA INICIO ANALISIS:   30-03-09 

                               FECHA DE INFORME:          22-04-09 

 

OBJETIVO DEL ANALISIS: CONTROL           �        EVALUACION 

 

N°  DE INFORME:  1360309 

NUMERO 
MUESTRA 

 

IDENTIFICACIÓN 

COLIFORMES 

TOTALES  

NMP/100 ml 
(*) 

COLIFORMES  

FECALES 

NMP/100 ml 
(*) 

E.coli 

NMP/100 
ml(*) 

1 Fuente de agua Planta Ausente  Ausente Ausente 

ULTIMA LINEA 
 

(*)   ensayos acreditadas ante el Ente Costarricense de Acreditación ( ECA )  según la Norma INTE/ISO/IEC 
17025:2005 ( ver alcance de acreditación en www.eca.or.cr). 

TIPO DE MUESTREO:  Realizado por el personal de Chemlabs. 

OBSERVACIONES: 

La técnica usada para la detección de bacterias coliformes fue de N.M.P. (Número más Probable) del 
Standard Methods for the examination of water and wastewater 21thed. 2005 APHA-AWWA-WEF.   

Para los análisis de E coli se utilizó la Técnica de NMP por LMX 

La muestra pertenece a E.A.R.T.H  según información suministrada por el Cliente. 

Los resultados emitidos en este reporte sólo son válidos para la muestra tomada en el momento y el día 
arriba indicado. 

SOLICITADO POR:  TECNO SOLUCIONES S.A. 

REALIZADO POR: DRA. VIRGINIA MONTERO C. 
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Appendix 2 Results of pesticide residue analysis of water samples 
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Appendix 3 COD and BOD of the water samples 

 

sample IN OUT RIO 

COD BOD5 COD BOD5 COD BOD5 

No. mg/L 

1 53  3  39  

3 74 4,3 0 (-2,8) 52 2,0 

4 88 15,8 31 6,7 51 11,3 

5 84 38,7 0 (-4,2) 55 6,4 

6 60 9,3 1 (-1,0) 52 1,2 

7 78 11,8 16 (-0,5) 72 5,3 

8 66 8,7 8 (-3,3) 37 9,3 

10 73 5,0 39 1,0 23 (-0,5) 

12 79 4,7 26 (-5,2) 75 (-3,3) 

13 96 10,7 9 6,2 78 17,5 

average 75,1 12,1 13,3 (-0,4) 53,4 5,5 

 

 

 

Appendix 4 Total bacteria count of the water samples from inflow, outflow and river 

 

Sample IN OUT RIO 

No. 22°C 36°C 22°C 36°C 22°C 36°C 

1 1,19E+06 1,04E+06 1,50E+03 3,00E+03 9,00E+05 5,30E+05 

2 5,80E+04 1,90E+04 0 2,00E+03 4,10E+04 2,70E+04 

3 3,40E+05 2,70E+05 0 0 1,87E+05 1,50E+05 

6 8,45E+05 7,10E+05 2,00E+02 0 9,00E+04 8,00E+04 

8 2,65E+07  2,06E+05  2,57E+07  

9 1,02E+07 2,82E+05 7,00E+02 1,00E+03 3,80E+04 1,50E+05 

10 1,96E+06 1,53E+06 0 0 1,02E+06 7,00E+05 

11 7,10E+05 6,00E+05 4,00E+03 7,00E+03 2,80E+05 3,50E+05 

12 1,03E+06 6,50E+05 7,80E+03 5,30E+03 6,10E+05 2,40E+05 

13 1,09E+06 9,10E+05 1,40E+03 3,00E+02 6,70E+05 2,30E+05 

 



Appendix 

     83 

 

 

Appendix 5 Total bacteria count of the water samples from inflow, outflow and river 

 

Sample IN OUT RIO 

No. 22°C 36°C 22°C 36°C 22°C 36°C 

1 1,19E+06 1,04E+06 1,50E+03 3,00E+03 9,00E+05 5,30E+05 

2 5,80E+04 1,90E+04 0 2,00E+03 4,10E+04 2,70E+04 

3 3,40E+05 2,70E+05 0 0 1,87E+05 1,50E+05 

6 8,45E+05 7,10E+05 2,00E+02 0 9,00E+04 8,00E+04 

8 2,65E+07  2,06E+05  2,57E+07  

9 1,02E+07 2,82E+05 7,00E+02 1,00E+03 3,80E+04 1,50E+05 

10 1,96E+06 1,53E+06 0 0 1,02E+06 7,00E+05 

11 7,10E+05 6,00E+05 4,00E+03 7,00E+03 2,80E+05 3,50E+05 

12 1,03E+06 6,50E+05 7,80E+03 5,30E+03 6,10E+05 2,40E+05 

13 1,09E+06 9,10E+05 1,40E+03 3,00E+02 6,70E+05 2,30E+05 
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