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Abstract 
The main topic of this project is artificial turf hygiene, trying to prevent bacterial growth to ensure 

the safety of people using these types of fields. This is done with a keen focus on Staphylococcus 

aureus, which is frequently mentioned within bacterial infections. All the experiments were 

conducted at Kalvskinnet laboratory. 

Firstly, the experiments started with an examination of the mist-sprayer flow rates, to learn the 

amount of liquid being sprayed per unit time. Then, the main experiments were conducted with 

artificial turf, spraying the disinfectant directly upon it. 

After observation and analysis, testing different spraying times, samples using swabs were 

collected, and inoculated onto agar plates. When the incubation of bacterial colonies finished, they 

were counted and organized into tables. 

Within this thesis, a 0.5% Nüscosept PRO in water was tested on artificial turf in order to 

analyze the disinfection rates at the top and 10mm below, in between the yarns. The results 

showed a higher disinfection rate at the top than at the bottom. Due to the limited number of tests 

that could be conducted, along with flaws in the method, some of the data is not usable for 

further analysis. However, it was possible to observe disparity in disinfection rates across the 

different experiments, varying type of contamination, amount of disinfectant, and drying time. 

 

 

 

 

 

 

 

 

 

 



 

 

Sammendrag 

Hovedtemaet til dette projektet er kunstgresshygiene i et forsøk på å forsikre tryggheten til alle 

som bruker innendørs kunstgress. Dette er gjort med et klart fokus på Staphylococcus aureus som 

ofte er nevnt innenfor bakterieinfeksjoner. Alle eksperimentene ble utført i et laboratorie på 

Kalskinnet.  

Eksperimentene startet med en utforskning av tåkemaskinens strømingshastighet for å lære hvor 

mye væske som skytes up over tid. Etter dette ble hovedeksperimentene utført ved å spraye 

kunstgresset direkte med tåkemaskinen. 

 Etter observasjon og analyse, samt testing av flere mengder spray var prøver samlet med 

vattpinner og inokulert på agar plater. Når disse platene med bakteriekolonier hadde inkubert var 

antallet kolonier tellt of organisert.  

I denne oppgaven ble 0.5% Nüscosept PRO i vann testet på kunstgress for å finne 

desinfeksjonsraten  på toppen av gresset samt 10 mm under toppen, mellom gresstråene. 

Resultatene fra disse prøvene viser høyere desinfeksjonsrate på toppen enn mot bunnen. På grunn 

av det begrensede antallet prøver som kunne bli gjort, sammen med mangel i metoden så er deler 

av datasettet ikke brukbart for videre analyse. Men det er fremdeles mulig å observere en ulikhet i 

desinfeskjonsratene fra forskjellige eksperimenter med varierene type kontaminering, mengde 

desinfeksjonsmiddlel og tørketid. 

 

 

 

 

 

 

 

 

 



 

 

Contents 
1. Introduction .......................................................................................................................................... 6 

2. Theory ................................................................................................................................................... 7 

2.1 Disinfectant - Nüscosept PRO – usage and toxicity ............................................................................ 7 

2.2 Artificial turf – structure and maintenance ................................................................................. 8 

2.2.1 Structure of Artificial turf ............................................................................................................. 8 

2.2.2 SBR granules and organic fillers ................................................................................................... 9 

2.2.3 Maintenance and cleaning of artificial turf ................................................................................ 10 

2.3 Microorganisms – General information and Staphylococcus aureus ........................................ 11 

2.3.1 General information about bacteria .......................................................................................... 11 

2.3.2 Staphylococcus Aureus ............................................................................................................... 12 

2.4 Microbiological quantification, labwork and techniques .......................................................... 13 

2.4.1Bacteria collection, inoculation, and quantification ................................................................... 13 

2.4.2 Aseptic technique and cleanliness scale .................................................................................... 14 

2.5 Statistical methods – standard deviation and linear regression....................................................... 14 

2.5 Nozzle parameters of the mist sprayer, droplet size and behavior .......................................... 15 

2.6.1 Behavior of a liquid on a surface................................................................................................ 15 

2.6.2 Nozzle parameters and behavior ............................................................................................... 16 

2.6.3 Calculations for coverage ...................................................................................................... 16 

3 Materials and Methods ............................................................................................................................ 18 

3.1 Equipment and Chemicals ................................................................................................................ 18 

3.2 Method ............................................................................................................................................. 18 

3.2.1 Media preparation – making and plating of tryptic soy agar .................................................... 18 

3.2.2 Preliminary and proper flow tests ............................................................................................. 19 

3.2.3 Sample collection, turf contamination, disinfection and agar plate incubation ....................... 20 

4 Results and Discussion ............................................................................................................................. 23 

4.1 Quantification of bacterial colonies on the agar plates .................................................................... 23 

4.1.1 Evaluation of colony counting method and colony counts........................................................ 25 

4.1.2 Significant values and outliers for CFU counts ........................................................................... 25 

4.2 Additional information about each turf sample ............................................................................... 25 

4.2.1 Contamination and spray parameters of each turf ................................................................... 25 

4.2.1.1 Evaluation of contamination methods and drying time ..................................................... 25 

4.2.1.2 Reasoning for variation in parameters ............................................................................... 26 



 

 

4.2.2 Flow curves ................................................................................................................................ 27 

4.2.2.1 Evaluation of flow curves .................................................................................................... 27 

4.2.3 Calculation of surface coverage ................................................................................................. 28 

4.2.3.1 Discussion of surface coverage ........................................................................................... 29 

4.3 Appearance of agar plates ................................................................................................................ 31 

4.3.1 Evaluation of results of agar plates ............................................................................................ 32 

4.4 Calculations of colony forming units................................................................................................. 33 

4.4.1 CFU/cm2 for each series ............................................................................................................. 33 

4.4.1.1 Evaluation of standard deviation and outliers .................................................................... 34 

4.4.2 Remaining colony forming units left on turf after disinfection ................................................. 35 

4.4.2.1 Evaluation of remaining CFU/cm2 ....................................................................................... 35 

4.4.2.2 Incongruent data in Table 6 ................................................................................................ 37 

4.4.2.3 Height difference and lopsided distribution ....................................................................... 38 

4.5 Evaluation of overall results of the experiment ............................................................................... 38 

4.6 Method validation ............................................................................................................................. 39 

4.6.1 Experimental complications due to the sides of the collection tray ......................................... 39 

4.6.2 Difference between setup and reality ....................................................................................... 40 

4.6.3 Troubles of collecting below the yarns ...................................................................................... 40 

4.6.4 Possible sources of error due to equipment .............................................................................. 41 

4.6.4.1 Expired swabs and Nüscosept ............................................................................................. 41 

4.6.4.2 Changing behavior of the mist sprayer ............................................................................... 41 

4.6.4.3 Lack of results ..................................................................................................................... 42 

4.7 Recommendations for further research ........................................................................................... 42 

5 Conclusion ................................................................................................................................................ 44 

References .................................................................................................................................................. 45 

Appendix ..................................................................................................................................................... 50 

A1 All four flow curves for the mist sprayer ........................................................................................... 50 

A2 The tray and turf placement relative to the nozzle for all flow curves ............................................. 52 

 

 

  



 

 

1. Introduction 
Artificial turf is widely used for football pitches, especially indoors. Flatåshallen is an indoor 

football pitch utilizing artificial turf with infilling of sand and olive stones (1). Olive stones are 

one of many organic infill options being tested to attempt to replace SBR-granules in artificial turf 

due to SBR-granules’ negative impact on the environment (2). This organic substitute can 

consequently lead to greater bacterial growth on the turf (3). An excess of water on the turf can 

aid in bacterial growth, as water is a more suitable medium for growth (4). To prevent buildup of 

bacteria on the artificial turf, which could harm users of the turf, it is disinfected regularly. The 

disinfectant that is currently in use at Flatåshallen is a solution of 0.5% Nüscosept PRO mixed in 

water (5). The effect of this disinfectant has been tested for the very tip of the synthetic yarns of 

the turf, yet it is not known to what degree this effect applies to the deeper sections of the yarns.  

The aim of this thesis is to find an optimal dose of disinfectant on an artificial turf system that can 

achieve effective disinfection throughout the yarns rather than just the tip. This evaluation is 

conducted in a lab at a microbiological level. Having an effective dose for the disinfectant both 

reduces cost and likelihood of promoting further growth due to excess water remaining in the 

system (4). This will ensure optimal conditions for sports and other activities using the turf. 

 

Two main research questions were formulated based on this information: 

1. What is an optimal dosage of 0.5% Nüscosept PRO in water to achieve 90%+ 

disinfection? 

2. What is the difference in disinfection rate between the top area of the yarns of an 

artificial turf and the area approximately 10 mm below the top of the yarns? 

 

 

 

 

 

 



 

 

2. Theory 
This collection of literature is included in order to give relevant background information that is 

helpful in understanding the contents of this thesis. This includes literature on the disinfectant that 

was used, and its lethality for bacteria, general information on microorganisms as well as the 

bacteria Staphylococcus aureus. In addition, it includes information about some of the equipment, 

precautions and statistical methods used for the tests that were done. 

 

2.1 Disinfectant - Nüscosept PRO – usage and toxicity  
Nüscosept, is a series of chemicals designed for professional use to disinfect many types of 

surfaces (6). Nüscosept PRO is a form of Nüscosept that is sold by the chemicals manufacturer 

Dr. Nüsken Chemie GmbH and is the form that is used for disinfection for the turf used for testing 

in this project. Nüscosept PRO contains several chemicals toxic to bacteria, such as: 

didecyldimethylammonium chloride and benzalkonium chloride (7). 

In a previous study it was found that 0.5 % Nüscosept PRO in water works well for disinfection 

of artificial turf (3). This dilution is the baseline which this study will base itself upon for 

optimalisation of the dosage. Didecyldimethylammonium chloride has a concentration between 5-

20% in Nüscosept PRO and benzalkonium chloride has a range of 5-25% (7). 

Didecyldimethylammonium chloride and benzalkonium chloride are toxic to bacteria at 

concentrations of 1.3 mg/L and 5 mg/L respectively (8,9). 0.5% Nüscosept PRO in water can 

therefore be found to be a reasonable dilution as even at the lowest concentration for each in 

Nüscosept PRO, the final concentration in the dilution would contain 25 mg/L of both 

didecyldimethylammonium chloride and benzalkonium chloride.  

Didecyldimethylammonium chloride, quaternary ammonium compounds such as benzalkonium 

chloride, benzylakyl dimethyl, and chlorides, which are corrosive and environmentally hazardous 

substances. However, Nüscosept PRO has been used for, and found safe for, treatment of athletes 

foot and hand washing (10). Working with and washing with Nüscosept PRO can therefore be 

considered safe, especially when diluted. 

 

 



 

 

2.2 Artificial turf – structure and maintenance 

 

2.2.1 Structure of Artificial turf  

There are 6 components to a professional artificial grass system: the sub-base, backing, infill, 

seaming, nails and yarn. Each one of these is made of different materials. In this case the infill and 

the yarn are being focused on (11).  

The sub-base is the layer underneath the artificial grass. It is usually made of compacted gravel, 

and its depth can vary depending on factors such as drainage requirements and site conditions (11). 

The backing is the main support structure, then, infill materials are added to the turf to help support 

the yarns, improve stability, and enhance performance. Common infill materials include silica 

sand, crumb rubber, and organic infills such as cork or coconut fibers (which will be discussed 

later). Infill also helps to cushion the turf and provide a more natural feel underfoot, also adds 

durability and protects the backing from sunlight. There are various types of infill materials, like 

zeolite, sand or rubber. Seaming joins together individual portions of the turf. The yarn are 

polyethylene fibers which interact during use. Finally, nails are commonly used to keep the turf in 

place. Figure 1 shows a diagram of the structure of artificial turf, showing the yarns, infill, backing 

and sub-base. 

 

Figure 1: A structure of a piece of turf down to the sub-base layer (12). 



 

 

For the turf that is used for the investigation each m2 of turf has 17848 bundles of yarn, with each 

bundle containing 1 slitfilm yarn and 4 texturized yarns, each stitched on both ends for 2 slitfilm 

yarns and 8 texturized yarns total per bundle (1). The height of each yarn is 30 mm when stretched 

and the width of the slitfilm yarn is 11 mm while the texturized yarn has a width of 1.05 mm. 

Based this information a simple calculation for the area of the turf was made and is shown in 

Equation 1:  

               17848 ∗ 2 ∗ (8 ∗ 0.03 ∗ 0.00105 + 2 ∗ 0.03 ∗ 0.011) = 32.555
𝑚2(𝑓𝑖𝑏𝑒𝑟)

𝑚2(𝑡𝑢𝑟𝑓)
                 (1) 

 

2.2.2 SBR granules and organic fillers  

Recently, the increasing use of tire crumb rubber has raised the alarms specially for being 

hazardous and causing health problems. The granulate can release dangerous particles into the air, 

polluting it. Said particles can also attach to clothes leading to a serious health risk. That is why 

there are some infill recent alternatives: TPE, EPDM, sand and the most important, organic 

materials (2).  

There are several organic infills available with different organic components in combinations with 

one or more of the following: Coconut fiber, coconut husk, cork, etc. In this case the following 

will be focused on: Geoplus, cork, sugarcanes granules, cotton or polyester blend and peat moss 

(2). Organic infills makes the artificial turf more suitable for bacterial growth, as it provides 

organic material for the bacteria to consume (3). 

-Geoplus infill consists of a mixture of organic plant material, derived from defibration of woody 

plants, being 100% natural and recyclable (2).  

-Cork infill is advertised to keep the turf cool because of the low thermal conductivity; the material 

has good shock absorbing properties and is completely recyclable (add some more). 

-Sugarcanes granules are showing great results, but with some challenges, as it is more expensive 

than cork and also lighter (2). 

-Cotton/Polyester Blend, is a mixture of cotton and polyester fibers can be used as infill material 

in artificial turf to provide cushioning and support while maintaining natural aesthetics (2). This 

blend offers durability and resilience, making it suitable for high-traffic areas. 



 

 

-Peat Moss is an organic material composed of decomposed plant matter. It is lightweight, 

absorbent, and helps to retain moisture in the turf system. Peat moss infill improves shock 

absorption and provides a natural feel underfoot (2). 

 

2.2.3 Maintenance and cleaning of artificial turf  

In a previous study it was found that 50 L of 0.5% Nüscosept in water was sufficient to disinfect 

2800 m2 of artificial turf, with a 90-95% disinfection rate on the top of the yarns (3,5). The current 

system in place at Flatåshallen, an indoor football pitch for which findings in this report will be 

compared to, uses a tractor to pull a mist sprayer with two nozzles which sprays the Nüscosept 

solution onto the turf at low flow rates (5). This system is integrated onto the regular turf grooming 

equipment, the Hammer HB-240, which uses brushes and rods to disturb the turf and infilling and 

collect items left on the turf and evenly redistribute the infill as shown in Figure 2 (13). The mist 

then pushes the finer particles that were flung into the air by the grooming equipment down onto 

the turf, in addition to disinfecting the turf (1). According to a test of the field for the turf at 

Flatåshallen the height of the infilling is approximately 10 mm, which means that only 2/3rds of 

the area of the yarns is disinfected during a washing (14).  

50 L of Nüscosept solution spread over 2800 m2 of turf means a total spread of 17.86 ml/m2 of turf 

if no infilling is present (5). Assuming equal coverage over the yarns this would equate to 0.55 ml 

solution per m2 of yarns. Since the height of the infilling is 10 mm, the effective area of the yarns 

will be 21.7 m2 yarn per m2 turf surface (14).  

 

Figure 2: The disinfectant spraying equipment on top of the standard grooming equipment used at Flatåshallen (5). 



 

 

2.3 Microorganisms – General information and Staphylococcus aureus 
 

2.3.1 General information about bacteria 

Bacteria are single-celled microorganisms which come in various shapes, sizes, and lifestyles. 

Bacteria are prokaryotic cells since they do not have a nucleus (15). Their genetic material is 

typically found in a region called the nucleoid. Bacteria inhabit a wide range of environments, 

including soil, water, air, and even the current topic, which is artificial turf. 

Many types of bacteria are harmless, and can be beneficial, but others can cause health problems 

to organisms, for example Staphylococcus aureus which will be talked about later. 

In the laboratory, under favorable conditions, the growth rate of bacteria is exponential, given by: 

2n, where n is the number of generations. Four different phases of the bacteria growth cycles can 

be recognized: lag phase, exponential phase, stationary phase and death phase (16) these phases 

are shown in Figure 3. 

-Lag phase: it occurs immediately after inoculation in the fresh medium. Even though there is no 

cell division, the cells are growing in volume and mass (16). The length of this phase depends on 

many factors: time required for synthesis of enzymes, the size of the inoculum, etc. 

-Exponential phase: means balanced growth of the cells by binary fission (16). They grow at an 

exponential rate. The rate of exponential growth of a bacterial culture is expressed as generation 

time and the doubling time. 

-Stationary phase: this phase means that some factor (not enough nutrients or space to grow) 

limites the growth rate of the bacteria, as exponential growth cannot be continued forever (16). It 

is during this stationary phase in which the bacteria colonies are counted.  

-Death phase: viable cell population declines and decreases exponentially (16). 

The growth curve provides valuable information about characteristics of bacteria and is essential 

for microbiological research, industrial microbiology, and medical diagnostics (16). By 

understanding the growth curve of bacteria, it is possible to optimize culture conditions, or predict 

population dynamics. 



 

 

 

Figure 3: A graph showing the general growth curve for bacterial growth and its phases. The y-axis is the amount of bacteria 

and the x-axis is the time of growth. (16). 

 

2.3.2 Staphylococcus Aureus  

The main bacteria found on indoor artificial turf used for sport is Staphylococcus aureus (17). S. 

aureus is found on the skin and in the throat of humans and it is unlikely to cause an infection 

unless given access to the bloodstream. In general, Staphylococcus aureus infections are more 

probable and usually found in people with risk factors, being mostly harmless in healthy people 

(16). 

This bacteria can resist the effect of penicillin, since it has the mec gen, which encodes PBP-2a, 

that binds penicillin, leading to bacterial growth (18). Staphylococcus aureus is difficult to fight, 

being really problematic for certain groups of people. 

Staphylococcus aureus is commonly found on the skin and in the respiratory tract of humans and 

animals (19). While typically harmless, it can cause various infections ranging from minor skin 

issues to potentially life-threatening conditions. Infections caused by Staphylococcus aureus can 

manifest in various forms, including skin infections like boils, impetigo, and cellulitis, as well as 

respiratory infections such as sinusitis and pneumonia. It can also lead to more severe conditions 

like bloodstream infections and endocarditis. Staphylococcus aureus is notorious for its ability to 

develop resistance to antibiotics (20).  

Staphylococcus aureus produces various virulence factors that aid in its ability to cause disease, 

including enzymes, toxins, and factors that help it evade the immune system (21). It can colonize 



 

 

the skin and mucous membranes without causing symptoms, potentially leading to infection if it 

enters the body through a wound or during a medical procedure. Prevention measures include good 

hygiene practices while treatment typically involves antibiotics (19). Therefore, it is important to 

try to reduce the number of bacteria on artificial turf, as it may affect the health of the people who 

use it. 

 

2.4 Microbiological quantification, labwork and techniques 

 

2.4.1Bacteria collection, inoculation, and quantification 

Regarding the sample collection, there are two main methods, wipe-rinse and swabbing in surface. 

In the swabbing method, the surface is first swabbed, and the bacteria get attached to the swab 

(22). Then it mixed with the solution inside of the swab tubes and a vortex mixer. This diluent 

solution is cultivated on agar plates.  

The wipe-rinse method was developed specifically for use on the Space Transportation System, 

but its high efficiency makes it possible to apply to other surfaces contamination control (23). This 

technique could be used in various areas of environmental microbiology where the ability to 

quickly, accurately, and economically measure surface contamination is important. 

Due to the use of agar plates, counting bacteria will be required (24). One method for doing that 

is CFU (colony forming units) which is a manual counting method. In this case, these results are 

given in CFU/cm2 using Equation 2 which is given as: 

𝐶𝐹𝑈

𝑐𝑚2
=

(
𝑎𝑣𝑟𝑔. 𝐶𝐹𝑈

𝑝𝑙𝑎𝑡𝑒
⋅ 𝑑𝑖𝑙𝑢𝑡𝑖𝑜𝑛 𝑓𝑎𝑐𝑡𝑜𝑟)

𝑆𝑎𝑚𝑝𝑙𝑒 𝑎𝑟𝑒𝑎 (𝑐𝑚2)
                                            (2) 

 The recommended counting range is 25-250 CFU/plate (24). 

 

 



 

 

2.4.2 Aseptic technique and cleanliness scale 

It is crucial to prevent contamination in the culture medium in petri dishes (25). While allowing 

some airflow, the petri dish lid simultaneously serves as a barrier against contamination by other 

microorganisms. Placing the removed lid on the benchtop could contaminate the lid, while 

disturbing the air near the lidless plate could contaminate the culture medium contained within. 

To maintain aseptic conditions, it is vital to prevent contamination of cultures and samples, and to 

ensure the safety of the people going into the lab. When removing caps and lids from liquid 

cultures, the flaming technique generates warm air convection, though it does not sterilize them 

outright. This convection effectively blocks the entry of particles into the opening (26). Quick and 

meticulous handling during plating is essential, as is maintaining a clean workspace. 

In this case, bacteriological standards and measurements are required. The first one is finding a 

specific organism on a surface such as Staphylococcus aureus. The second standard is a 

quantitative aerobic colony count of <5 CFU/cm2, based on a U.S study. Another study from the 

U.K. suggests that the aerobic colony count should be <2.5 CFU/cm2 (27). However, the U.S study 

results are internationally recognized, and can be used as a reference. 

 

2.5 Statistical methods – standard deviation and linear regression 
In order to analyze the data, with all its uncertainty and random variation, statistics is used (28). 

One of the most common ways to validate or analyze data is standard deviation. Standard deviation 

shows the spread of the data, that is to say the accuracy, by setting it in comparison to the mean 

result. A high standard deviation means there is a lot of spread in the data, either due to an outlier, 

too few data points or simply high variance in reasonable results. Standard deviation is calculated 

as shown in Equation 3. 

𝑆𝑡𝑎𝑛𝑑𝑎𝑟𝑑 𝑑𝑒𝑣𝑖𝑎𝑡𝑖𝑜𝑛 =  √
𝛴(𝑥 − 𝑥̅)2

𝑁
                                                (3) 

Regression analysis can be used to quantify the relationship between two or more variables (28). 

A simple regression is the analysis of the effect that changing one variable has on another variable. 

While this, especially in controlled conditions, can give an accurate overview of the relationship 

between the two variables it will never be fully accurate as other variables will change 



 

 

unintentionally in any real setting. Even still, a regression analysis can be used to show a clear 

correlation between two variables given enough data points. 

 

2.5 Nozzle parameters of the mist sprayer, droplet size and behavior 
 

2.6.1 Behavior of a liquid on a surface 

To know the coverage of a liquid on a surface it is important to know the behavior of the liquid on 

the surface given the amount of liquid applied and application method. There are two main ways 

to calculate the area covered by a liquid these are: by assuming a certain thickness of the layer of 

liquid while knowing the volume of liquid applied, this is most accurate if the surface attracts the 

liquid such as water on a hydrophilic surface (29). The other way is to assume the water remains 

as individual droplets with a contact angle that is dependent on the interactions between the liquid 

and the surface, this is most accurate if the surface partially repels the liquid such as water on a 

partially hydrophobic surface. This is showcased in Figure 4, where the angle shown is the contact 

angle of the liquid on the surface. 

 

Figure 4: Examples of wetting for droplets at different contact angles (29).  

 

 

 



 

 

2.6.2 Nozzle parameters and behavior 

The nozzle used for testing has the parameters shown in Table 1 (30). Since droplet size decreases 

when flow increases, this means that the average droplet would be smaller than the mean value of 

Dv if flow rate is towards the high end of the shown spectrum and vice versa (31).  

Table 1: Mist stream parameters for the Elergy GM-04 nozzle (30). 

 

Droplet size from a nozzle follows a normal distribution around the center point (32). This means 

that any coverage calculation that assumes that the water remains as droplets with constant volume, 

the coverage will be affected by not only the mean size of the droplet, but also the range.  

 

2.6.3 Calculations for coverage 

Polyethylene is fairly hydrophobic so the contact angle of water on it is 126° (33). It is unknown 

what the contact angle of 0.5% Nüscosept in water has on a polyethylene surface since a difference 

in surface tension would change the contact angle (34).  

Using various formulas used for calculating the volume of a spherical cap Equations 4, 5, 6, 7 and 

8 were devised (35). For these formulas α and θ are internal angles dependent on the contact angle 

of the droplet, Voriginal is the volume of the drop and Vcap is the volume of a spherical cap that a 

drop of this volume would have if it were to land on a surface and have an angle α, Vtheoretical is the 

total volume of these, and being the volume for the theoretical droplet that has the same radius as 

the droplet on a surface with the internal angle α, this radius is Rtheoretical, areal is the radius of the 

surface area the droplet takes up. If areal is assumed to be a perfect circle Equation 9 can be used to 

find the surface area covered by a droplet. Using these formulas, a known contact angle and known 

original volume the surface area taken up by a droplet can be calculated.  



 

 

𝑉𝑜𝑟𝑖𝑔𝑖𝑛𝑎𝑙 =
4 ∗ 𝑉𝑐𝑎𝑝

2 − 3sin 𝛼 + sin3 𝛼
− 𝑉𝑐𝑎𝑝                                            (4) 

𝑉𝑡ℎ𝑒𝑜𝑟𝑒𝑡𝑖𝑐𝑎𝑙 = 𝑉𝑐𝑎𝑝 + 𝑉𝑜𝑟𝑖𝑔𝑖𝑛𝑎𝑙 =
4

3
∗ 𝜋 ∗ 𝑅𝑡ℎ𝑒𝑜𝑟𝑒𝑡𝑖𝑐𝑎𝑙

3                               (5) 

𝛼 = 𝑐𝑜𝑛𝑡𝑎𝑐𝑡 𝑎𝑛𝑔𝑙𝑒 − 90°                                                      (6) 

𝜃 = 90° − 𝛼                                                                    (7) 

𝑎𝑟𝑒𝑎𝑙 = sin 𝜃 ∗ 𝑅𝑡ℎ𝑒𝑜𝑟𝑒𝑡𝑖𝑐𝑎𝑙                                                              (8) 

𝐶𝑜𝑣𝑒𝑟𝑒𝑑 𝑎𝑟𝑒𝑎 = 𝜋 ∗ 𝑎𝑟𝑒𝑎𝑙
2                                                               (9) 

 

At a contact angle of 126°, that is to as an α of 36°, it can be found by Equations 4 and 5 that 

Vtheoretical is 1.1235 times larger than Voriginal. This means that Rtheoretical is 1.0395 times larger than 

Roriginal, which further means that since θ is 54°, areal is 84.10% of the length of Roriginal.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

3 Materials and Methods 
The materials used for all conducted experiments, as well as the procedure for said experiments 

are listed in this section. All experiments were conducted in a lab, as field testing was not required 

for the goals that were set forth to be achieved. 

 

3.1 Equipment and Chemicals 
Table 2 shows the equipment and chemicals used for tests done for this thesis. It also includes the 

producer and product number for these materials. 

Table 2: List of materials and chemicals used for this thesis, including producer and product number. 

Materials and chemicals Producer Product number 

TSB Sigma Aldrich 22092-500G 

Agar VWR Chemicals 20767.298 

Nüscosept PRO Dr. Nüsken Chemie GmbH UN1903 

Staphylococcus aureus pellets Microbiologics 0179L 

Autoclave TOMY Digital Biology TOMY SX-700E 

Incubator Termaks B 9051 

1 mL swab samplers Copan 4E053S.A 

Mist sprayer Elergy Elergy EFOG 

Artificial turf FieldTurf Purefield Ultra HD 30-17 

Alveo 3001-12  

 

3.2 Method 
 

3.2.1 Media preparation – making and plating of tryptic soy agar 

Tryptic Soy Agar that was composed of 30 g Tryptic Soy Broth and 15 g agar powder in 1000 ml 

of deionized water. The solution was heated and stirred in a Pyrex bottle until all the powder was 

dissolved. It was then autoclaved in the same bottle at 121 °C for 15 minutes. The bottle was cooled 

slowly in the autoclave until 60 °C at which point it was removed and the solution was poured into 

petri dishes so that the solution filled 1/3rd of the volume of the dish while on a sterilized bench, 

making sure to heat up the mouth of the bottle with a flameboy between each dish. The dishes 

were left on the bench for 20 minutes to make sure the agar had set, at which point the lid was put 

on each dish and they were flipped. The dishes were then stored on a workbench overnight in an 

open plastic bag. The day after, the dishes were checked for condensation, and after making sure 



 

 

there was none, they were stored in a closed plastic bag in a refrigerator at 4 °C to use later. This 

method was based on former laboratory work within microbiology (36). 

 

3.2.2 Preliminary and proper flow tests 

To assess the flow capacity of the mist sprayer, a sample of measurements spanning lengths from 

5 seconds to a minute was recorded. This gave a linear relationship between the time and the 

volume, so flow was found to be consistent. These tests were performed by letting the mist sprayer 

run and seeing the difference in volume of the 2 L measuring cylinder it was taking water from 

when it was turned on to when it was turned off.  

To see how much water would hit the pieces of turf a container/tray of size 10 cm by 20 cm was 

placed under the mist sprayer nozzle which was held up by a stand. The height of the nozzle was 

placed 45.5 cm above the tray. The mist sprayer was left running for 10-60 seconds for the tray to 

collect water and after the flow had stopped the volume of liquid in the tray was measured with a 

measuring cylinder, then the results were tabulated. Since the pieces of turf are 10 cm by 10 cm, 

two pieces of turf would be placed next to each other in the same spot as the tray used to collect 

the liquid was previously for the disinfection.  

This test was repeated each day samples were taken to ensure proper values, as the setup will have 

minor differences each time. If, during the flow test or during the disinfection of the turf, the flow 

of the mist sprayer had clearly changed then a new flow test was conducted. The turf would also 

be moved for tests that required smaller amounts of disinfectant, so that a more accurate amount 

could be distributed since the mist sprayer would be active for less than a second had the turf not 

been moved. Regression analysis with the trendline forced through origin was used to find the flow 

over time.  

When switching the flow from water to Nüscosept the hose sucking up the liquid was emptied 

before being put in the Nüscosept to not change the concentration of the Nüscosept solution. Each 

time the mist sprayer was changed between water and Nüscosept solution it was left on for enough 

time for all the liquid in the system to be replaced. This was done by seeing when regular flow 

resumed after the change of liquid, at which point the mist sprayer was left on for a few seconds 



 

 

to make sure the liquid inside had been replaced. The setup of the hose of the mist sprayer and the 

collection tray inside of the fume hood is shown in Figure 5. 

 

Figure 5: Picture of the experimental setup, the blue tape marks the point below the nozzle and the yellow tape is a 20 cm by 20 

cm square around the center which the collection tray is placed in accordance with. 

 

3.2.3 Sample collection, turf contamination, disinfection and agar plate incubation 

To collect the samples a cotton swab was run across the top of the larger, slitfilm, yarns of the 

artificial turf as well as in-between the slitfilm yarns, across the smaller, texturized, yarns as 

separate runs. These layers are shown in Figure 6, with the top of the taller, thicker yarns being 

the upper layer and the top of the thinner more crumpled yarns are the lower layer. The swab was 

run along the yarns in the pattern shown in Figure 7, with the long stretches being along the 20 cm 

length of the turf. Three parallels were done for each collection run for each set of turf. All tests 

were taken while the turf was on a sterilized bench. Then the turf was placed in a fume hood and 

sprayed with Nüscosept for a specified amount of time decided on based on desired theoretical 

coverage and used the measured flow as the way to find said time. For the tests some of the pieces 

of turf were left in an ambient atmosphere and some were artificially contaminated in order to 



 

 

attempt to simulate the amount of bacteria that would be found on a real football pitch. This was 

done in multiple ways, such as by spitting on the turf, stepping on the turf for a few minutes or 

applying a Staphylococcus aureus solution. The Staphylococcus aureus solution was made by 

solving a Staphylococcus aureus pellet in 250 mL of water. The type of contamination each turf 

received is given in Table 3. 

 

Figure 6: Side profile of a segment of artificial turf. The top of the thicker white yarns is the top layer, and the top of the thinner 

white yarns is the lower layer. 

 

Figure 7: The pattern the swab samplers were brushed across and through the artificial turf. 

After the turf had been disinfected it was allowed to dry, with time waited varying from 10-30 

minutes, samples were collected the same way, three parallels each. Then the samples were 

vortexed for 5 seconds before 75 µL of the samples were dripped onto agar plates and spread using 



 

 

a glass rod which was sterilized with spirit and a flameboy. Since the total amount of liquid in the 

samples was 1 mL the tests have a dilution factor of 0.075. After the suspension had settled the 

plates were put in an incubator set to 36 °C. After 24 hours the plates were checked to see whether 

they were growing as they were supposed to and counted if they looked likely to become 

overgrown. After 48 hours of incubation the number of bacterial colonies on each plate was 

counted using a marker and a clicker. For some plates there were smaller colonies inside of a larger 

colony of a different bacteria, when this occurred both colonies were counted. 

Each turf was introduced to external bacteria in different ways. The way each turf was 

contaminated is listed in Table 3. Table 3 also shows which flow curve was used, and how long it 

was sprayed. An explanation of the flow curves is given in section 4.2.2 and the flow curves are 

given in Appendix 1. Along with the curve, it is possible to calculate the volume of water in the 

turf. Lastly, Table 3 has the time each turf was drying before being tested for bacteria.  

Table 3: Information about the process used for the disinfection of each turf. This includes how each turf was exposed to 

contamination, which flow curve measured the volume of disinfectant on the turf based on the amount of time it was sprayed, 

which is also included in the table, and it includes the time each turf spent drying before being sampled the second time. 

Turf Contamination 

method 

Flow curve Spray time (s) Drying time (min) 

1 Ambient atmosphere CW1 2.0  10 

2 Ambient atmosphere CW2 1.2 10 

3 Ambient atmosphere CW2 3.1 10 

4 Stepping with shoes 

used outdoors 

CW3 1.1 10 

5 Stepping with socks CW3 2.4 15 

6 Saliva CW3 1.2 20 

7 S. aureus solution CW4 1.3 30 

8 S. aureus solution CW4 3.0 30 

9 Saliva CW4 1.3 30 

10 Saliva CW4 3.2 30 

 



 

 

4 Results and Discussion 
The results from microbial testing, shown in section 4.1, as well as the parameters of each washing 

based on Table 3 in section 3.2.3, shown in section 4.2 are presented in this section. The rest is 

either calculations made off of the numbers presented in sections 4.1 and 4.2 or discussions 

regarding these results and calculations. Equation 2, shown in section 2.4.1, is used in the 

calculation of CFU/cm2 and Equation 3, shown in section 2.5, is used to calculate standard 

deviation.  

 

4.1 Quantification of bacterial colonies on the agar plates 
The amount of colony forming units counted on each plate is shown in Table 4. There are three 

main terms used for this data: turf, which is for each piece of turf both before and after disinfection, 

series, which is a subset of the turfs, and parallel, which is a subset of the series. In total there are 

10 turfs with each turf having four series, totaling 40 series, with each series having three parallels 

for a total of 120 parallels. 

For each series the three numbers represent a different aspect of the set of samples. The first 

number represents whether the samples were taken before or after the disinfection, with 1 being 

before and 2 being after. The second number represents whether the samples were taken on the 

upper part of the yarns or the lower part, with 1 being the upper part and 2 being the lower part. 

The third number represents which piece of turf the samples were taken from, ranging from 1-10. 

For example 1,1,1 means the sample was taken from the top of the yarns and before disinfection 

from turf 1. Each of these series had three parallel samples taken, shown in Table 4 as parallel 1, 

2 and 3. The red cell is an estimation based on partial counting due to overgrowth of a difficult to 

count bacteria on the agar plate. These results are used for calculations later on in section 4.4.  

 

 

 



 

 

Table 4: Bacteria colonies counted on all plates throughout the experiment. The series represents if the turf was before or after 

the disinfection, whether it was swabbed on the upper- or lower layer and which turf it was respectively. The red cell is from an 

overgrown plate and is thus estimated.  

Parallel 1 2 3 
Series    CFU/plate   
1,1,1 3 2 6 
1,2,1 5 3 2 
2,1,1 0 1160 2 
2,2,1 3 10 5 
1,1,2 16 586 16 
1,2,2 6 3 2 
2,1,2 2 0 0 
2,2,2 2 15 3 
1,1,3 1 0 40 
1,2,3 22 5 1 
2,1,3 1 53 8 
2,2,3 2 4 2 
1,1,4 30 37 6 
1,2,4 89 73 122 
2,1,4 29 5 17 
2,2,4 48 62 457 
1,1,5 21 27 20 
1,2,5 126 93 67 
2,1,5 7 5 131 
2,2,5 75 61 2 
1,1,6 1892 2350 2188 
1,2,6 4028 3386 3077 
2,1,6 1572 73 534 
2,2,6 1891 1450 2790 
1,1,7 50 40 195 
1,2,7 2 5 2 
2,1,7 4 15 0 
2,2,7 40 12 5 
1,1,8 5 1 59 
1,2,8 123 4016 6 
2,1,8 2 5 0 
2,2,8 3 1 1 
1,1,9 1740 1813 811 
1,2,9 1063 2778 1028 
2,1,9 60 167 82 
2,2,9 807 821 383 

1,1,10 1284 1407 993 
1,2,10 983 2610 1982 
2,1,10 119 270 244 
2,2,10 857 1593 1915 



 

 

 

4.1.1 Evaluation of colony counting method and colony counts 

One major issue with the colony counting is that many of the plates, while not overgrown, had 

enough colonies that the count would necessarily become inaccurate past a certain point as they 

far exceeded the 25-250 CFU/plate range (24). This could have been mitigated by further diluting 

the solution in the swab samplers or by applying less of the solution onto a plate. But this was not 

done since it was impossible to know whether the sample would have a high or low CFU count 

before incubation, so the risk was deemed not worth potentially losing data. 

 

 4.1.2 Significant values and outliers for CFU counts 

The most important values for interpreting the data in Table 4 are that of turf 6, 9 and 10. As shown 

in Table 3 turfs 6, 9 and 10 were contaminated with saliva, the added significance of these values 

will be elaborated upon in section 4.2.1.1 and 4.4.2.1. Additionally, some of the series in Table 4 

contain clear outliers, these series are 2,1,1, 1,1,2, 1,2,8.  

 

4.2 Additional information about each turf sample 
 

4.2.1 Contamination and spray parameters of each turf 

As shown in Table 3 in section 3.2.3, each turf was contaminated in a different way, as well as 

having a different flow curve, spray time under said flow curve and drying time. Turfs 1-3 were 

contaminated in an ambient atmosphere, turfs 4 and 5 were contaminated by stepping on the turf 

shortly before sampling, turfs 6, 9 and 10 were contaminated with saliva, and finally turfs 7 and 8 

were contaminated with a Staphylococcus aureus solution. 

 

4.2.1.1 Evaluation of contamination methods and drying time 

As shown through Tables 3 and 4, saliva gave the best results, compared to stepping on the turf or 

ambient conditions. Of course, the pieces of turf left in ambient conditions had considerably fewer 

colonies. The main reason for this is that they did not have any serious contamination, since they 

were left in the lab with few people getting near them, reducing the possibilities of collecting 

bacteria while any preexisting bacteria on the turf died. 



 

 

It is a difficult task to count how many bacteria live inside a human’s mouth, but some studies 

have shown that it can go as high as 20 billion bacteria, with 500-650 species, 

including Streptococcus, Neisseria, Veillonella, Prevotella, and Haemophilus, which are the most 

common ones (37). This can surely change depending on a person’s diet and hygiene, and the 

bacteria can live in the teeth, tongue, mucosa, etc. Regarding their growth, while observed in a 

petri dish, these bacteria can grow rapidly within 20 minutes, even doubling their numbers. To 

understand how many bacteria can inhabit a mouth, it has been proven that one person swallows 

1 Liter of saliva containing about 100 million bacteria (38). A mouth is warm, wet and a rich 

organic environment, which is ideal for bacterial growth. Even though bacteria can form totally 

different colonies depending on the part of the mouth that is from, it is saliva that connects all of 

them, and is the fluid that contains most of them (39). 

Now regarding bacterial formation on the shoes or socks, a study conducted by Good Morning 

America and the University of Arizona, showed that a shoe can be more contaminated and with 

more living bacteria, with around 66 million bacteria and 9 different species, than a toilet seat, 

with roughly 1000 bacteria (40). Comparing these numbers of bacteria, with the amount found 

inside a human mouth, it is only natural that the tests conducted with saliva had more colonies. 

Finally, it is worth mentioning that little time passed since the infection of the turf and the spraying. 

As mentioned before, bacteria collected inside petri dishes can increase their numbers rapidly. 

However, this is not a problem while on the turf since bacteria need specific conditions to grow, 

such as moisture, temperature, and a source of energy, which they do not have at ambient 

conditions, compared to a petri dish in an incubator (41). 

 

 4.2.1.2 Reasoning for variation in parameters 

Each turf has different parameters which alter the efficacy of the disinfection, reliability of the data 

from the samples as well as the ability to compare different series. Due to the different parameters 

no two turfs underwent the same procedure and so they cannot be directly compared without 

considering how these differences would affect the results from each turf. As a consequence of the 

method not being properly tested before use there were no consistent parameters for the tests, and 

so, each parameter was iterated upon throughout the course of the experiments. 

 



 

 

4.2.2 Flow curves 

Figure 8 shows the volume of liquid collected in the tray used to measure the flow rate at a specific 

spot in the fume hood. Linear regression forced to intercept origin was used to find the relationship 

between how long the mist sprayer was active and the volume of liquid collected at the location of 

the tray. The curve given in Figure 8 is referred to as CW1 in Table 3. The point of the flow curves 

is to see the relationship between the time the mist sprayer is active and the volume of liquid that 

lands in the area the turf occupies. This makes it possible to find the volume of liquid given the 

time is known. 

 

Figure 8: Flow curve labelled CW1. This curve is a linear regression fit through origin of the flow tests taken on the day the turf 1 

was disinfected. 

 

4.2.2.1 Evaluation of flow curves 

Due to erratic behavior of the mist sprayer, which is elaborated upon later in section 4.6.4.2, each 

flow curve is made up of fewer data points than would be ideal to be sure the curve is fully 

consistent. This is largely the case for CW2 and CW3 as the mist sprayer was not exhibiting 

consistent behavior for very long when those tests were taken so the number of tests had to be 

small. CW4 had a similar issue, though it seemed more erratic in the short term and so the 
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individual test results exhibit large variation. CW2, CW3 and CW4 are all shown in Appendix 1 

along with CW1. 

There is undoubtedly some error in the measurement of the liquid in the tray, not only from the 

measuring cylinder used to measure the volume of water but also from a discrepancy in how the 

collection tray was set up. This is further elaborated on in section 4.6.1. To try to make up for this 

error the flow curve was forced to intercept the origin. This was also done to make the results more 

accurate to the theoretical value, which would necessarily be 0 ml collected at 0 seconds. While 

forcing a curve to intercept the origin is not always correct even if it is closer to theory (42). It was 

also required to be able to use the flow curves at the shorter timeframes needed for disinfection. 

 

4.2.3 Calculation of surface coverage 

By using the flow curve and spray time given in Table 3 the volume of Nüscosept solution sprayed 

onto the turf for each test can be calculated. The calculated values for the volume of Nüscosept 

solution can be used to find the volume of liquid per m2 if the turf were a flat surface as well as 

the volume of liquid per m2 of yarns. By assuming a constant value for the diameter of the droplets 

of 40 µm the coverage of the polyethylene yarns can be calculated by using Equation 1, Equations 

4-9 as well as and the values shown previously in Table 5. With the assumption that the droplets 

have a constant diameter of 40 µm the value for the radius of the surface covered by the droplet 

will be equal to 16.82 µm as shown in section 2.6.3 in the theory Since each droplet takes up 

roughly 3.351*10-8 ml of space this means that there are 2.984*107 droplets in a milliliter of liquid. 

By using Equation 9 it can be found that each droplet covers 8.889*10-10 m2 which means that 

each milliliter of liquid covers 0.0265 m2 of area. 

 

 

 



 

 

Table 5: Calculated values for volume of Nüscosept solution sprayed onto turfs 1-10, the volume of water per m2 of a 200cm2 flat 

surface as well as that surface of artificial turf, and the theoretical coverage of this volume of Nüscosept. The values for each 

turf is based on the values shown in Table 4 and the flow curves shown in Appendix 1.  

Turf Total volume of 
water on turf (ml) 

ml/m2 (turf) ml/m2 (yarns) Percentage of 
surface area 

covered (yarns) 
1 2.651 132.540 4.071 10.79923 
2 1.190 59.496 1.828 4.847678 
3 3.074 153.698 4.721 12.52317 
4 0.442 22.121 0.679 1.802398 
5 0.965 48.264 1.483 3.932505 
6 0.483 24.132 0.741 1.966253 
7 0.550 27.495 0.845 2.240267 
8 1.269 63.450 1.949 5.169846 
9 0.550 27.495 0.845 2.240267 

10 1.354 67.680 2.079 5.514503 
 

4.2.3.1 Discussion of surface coverage 

The calculations for the numbers in Table 5 were done with an assumed droplet diameter of 40 µm 

and assuming that the droplets remain as droplets on the surface of the yarns due to their 

hydrophobicity, as opposed to assuming full wetting (29). The reason 40 µm was chosen as the 

diameter is because the flow from the mist sprayer was toward the upper end of the values shown 

in Table 1, so a value just below the average within the range of diameters shown in Table 1 was 

used (30,31). Additionally, due to the low amount of Nüscosept in the water it is assumed that the 

contact angle would not deviate from that of water and so a contact angle of 126° is used.  

In reality, the surface coverage values are different for three reasons: the contact angle for 0.5% 

Nüscosept in water would be slightly different than 126°, the actual droplets are in a range of 

diameters instead of just 40 µm, and lastly, the disinfectant interfaces with the yarns at an angle so 

that the surface covered by the droplet would not be the theoretical ideal (32,34). Each of these 

incongruities means that the value deviates, but not by much, as a small change in contact angle 

will not change the area covered by a droplet by a large amount and it is outside the scope of this 

project to investigate the contact angle, so the assumption must be made. In addition, the choice to 

assume a constant diameter for the droplets was made largely due to convenience, and since the 

exact number would once again not change by much by making this assumption it was deemed to 

be an appropriate assumption. Lastly, the shape of the surface covered by the droplet would change 



 

 

due to the verticality of the yarns as shown in Figure 9 (43). Having any amount of verticality to 

the surface that the droplet is resting on will distort the surface it covers, so the theoretical 

calculations done for a droplet on a horizontal surface do not hold. Since the exact shape of a 

droplet of 0.5% Nüscosept in water on angled polyethylene is not known, the assumption had to 

be made. 

 

Figure 9: Examples of behavior of droplets on different surfaces, including an angled surface (43). (i) shows the case of complete 

wetting. (ii) shows the case of a droplet with a contact angle less than 90°. (iii) shows the case of a droplet with a contact angle 

of more than 90°. (iv) shows the case of a droplet on an angled surface, and that this affects the shape of the droplet. 

The assumption most likely to cause a discrepancy between the real coverage value and the 

calculated coverage value is the assumption that the droplets remain as lone droplets and do not 

merge nor fully wet the surface. However as previously stated, investigating the behavior of 0.5% 

Nüscosept in water on Polyethylene is outside the scope of this project. 

Although the momentary coverage is shown in Table 5, due to the movement of the disinfectant 

over time, the disinfectant would come into contact with more than the stated percentage of the 

yarns surface area. Since 0.5% Nüscosept in water is well above the threshold for lethality for 

bacteria the parts of the yarns that the disinfectant comes into contact with momentarily would still 

be disinfected, even if not entirely (7-9). This allows the effective coverage of the disinfectant to 

be higher than what is shown in Table 5, though to what extent is not known. 



 

 

Additionally, a turf with infilling would have a higher theoretical coverage. Taking the turf at 

Flatåshallen as an example, the theoretical coverage would be 50% higher since the infill would 

cover one third of the surface area of the yarns (14). The real effect of this difference is small as 

will be shown later and discussed properly in section 4.6.2. 

 

4.3 Appearance of agar plates 

Pictures of agar plates from series 4-6 are shown in Figure 10 and series 7-10 are shown in Figure 

11. In both pictures the plates are laid out in no particular order.  

The numbers on the plates shown do not match up with the numbers shown in Table 4 for two 

reasons. 1. The numbering system that was used was different but was changed during the writing 

of the thesis to be clearer and more general. 2. During the tests the second turf that was sampled 

was erroneously sprayed for too long, which resulted in unusable data as it was unknown how 

much liquid was sprayed onto the turf and choosing not to sample the turf after disinfection. 

Despite this, the turf was kept in the data and so each later turf has a number one higher than what 

is shown in the results presented.  

 

Figure 10: Agar plates from series 4-6 laid out in no particular order. 



 

 

 

Figure 11: Agar plates from series 7-10 laid out in no particular order. 

4.3.1 Evaluation of results of agar plates 

After preparing the agar solution and the agar plates, the plates were kept in cold storage for later 

use. When collecting the plates to inoculate the samples after disinfection and sampling it was 

found some of the plates in the bags of plates used for turfs 4-6 were contaminated with bacteria, 

these clearly contaminated plates were discarded. This suggests that some mistakes were made 

while storing them or while preparing the agar plates.  

Another possible cause for incorrect plate counts is that the plates were not in a bag or other 

enclosed space when incubated, which could have caused them to dry out, leading to lower CFU 

counts than what they really were (44). This is likely not a large issue since the plates were only 

incubated for 48 hours.  

 

 

 

 

 

 



 

 

4.4 Calculations of colony forming units  
 

4.4.1 CFU/cm2 for each series 

In order to visualize the number of colony forming units present on each piece of turf, as well as 

show the standard deviation for each turf, the charts shown in Figures 12-15 were made. 

For each value in Table 4 the CFU/cm2 was calculated using Equation 2. By taking the average of 

each parallel for a series the average CFU/cm2 was then found for each series. This, as well as the 

standard deviation, calculated by using Equation 3 for these same values, are shown in Figures 12-

15 (28). The columns are the average CFU/cm2 for a series, while the vertical lines represent the 

standard deviation for that same series. For each column, if the standard deviation line falls below 

0 then the standard deviation for that series is larger than the average CFU/cm2. Otherwise, the 

standard deviation is as high as the line goes above or below the top of the column.  

 

Figure 12: Calculated CFU/cm2 with standard deviation of all series taken from the top part of the yarns before disinfection. 

  

Figure 13: Calculated CFU/cm2 with standard deviation of all series taken from the lower part of the yarns before disinfection. 
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Figure 14: Calculated CFU/cm2 with standard deviation of all series taken from the top part of the yarns after disinfection. 

  

Figure 15: Calculated CFU/cm2 with standard deviation of all series taken from the lower part of the yarns after disinfection. 

 

4.4.1.1 Evaluation of standard deviation and outliers 

Aside from a few series in which one value was an outlier, as well as series 2,1,6, the standard 

deviation generally lies around 30-50% of the value, though for some of the smaller values the 

standard deviation is well over 100% (28). Given the low number of parallels for each series this 

is a fairly low standard deviation, though the low number of overall trials and parallels makes it 

difficult to say whether this is a fluke or high consistency.  

The reason outliers were not removed from the dataset is because the series that contained outliers 

are not the ones that are important for further analysis. Additionally, while the removal of these 

outliers would likely make later data, such as the values in Table 6 of section 4.4.2 more accurate, 

the affected values would still be largely inconsistent with the rest of the dataset.  
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4.4.2 Remaining colony forming units left on turf after disinfection 

Table 6 shows the percentage of colony forming units left on each of the ten turfs after disinfection 

both on the upper part of the yarns and on the lower part.  

 Table 6: Percentage of bacteria colonies left on turfs 1-10 after disinfection on both the top and lower layer. 

 

 

 

 

 

 

 

 

4.4.2.1 Evaluation of remaining CFU/cm2 

For the discussion of the colony forming units in Table 4, many parameters are going to be 

compared for each of the turfs, such as the type of contamination and drying time (Table 3), and 

total amount of liquid sprayed on the turf (Table 6).  

Regarding the first three turfs, their trials were conducted with the same drying time after 

disinfection. Comparing the results based on the spraying, it would make sense that the piece of 

turf with the lowest amount of liquid sprayed on it had the highest ratio of CFU left, and the piece 

of turf with the highest spray time had the lowest ratio of CFU left. However, since the results 

from the first turfs (ambient conditions) were not conclusive, they do not follow what was said 

above. In theory, turf 3, should have the lowest percentage of CFU left after disinfection, which is 

true for the bottom layer, but not for the top. In the bottom layer, turfs 1 and 2 have similar 

percentage of bacteria remaining (Table 6). In the top layer, the second turf had the highest 

effective disinfection rate, with almost 100% of disinfection, which does not make sense, since 

this turf had the lowest spray time; and the first turf having an unreasonably high amount of CFU, 

even more than before disinfection. Turfs 1, 2 and 3 are all unreliable tests, as they have both high 

standard deviations across the board, but also have small enough CFU values to be greatly affected 

by random error. 

Turf % left after 
on top 

% left after 
on bottom 

1 10563.6364 180 
2 0.3236246 181.818182 
3 151.219512 28.5714286 
4 69.8630137 199.647887 
5 210.294118 48.2517483 
6 33.8880249 58.4405681 
7 6.66666667 633.333333 
8 10.7692308 0.12062726 
9 7.08065995 41.3021154 

10 17.1824104 78.2959641 



 

 

In turf 4, the turf was contaminated differently, stepping with shoes used outdoors. As expected, 

turf 4 has more CFU than turf 2, with a shoe having way more bacteria (40), than ambient 

conditions inside a lab, where the only contamination comes from people walking by. It is worth 

mentioning that the percentage of remaining bacteria (Table 6), reflects this difference in CFU, 

since both turfs had the same spraying time, turf 4 have more bacteria left after disinfection on top, 

which is the most affected zone by the disinfectant.  

Turfs 6 and 9 had a similar volume of disinfectant sprayed, as well as type of contamination 

(saliva). For number 6, the turf was left drying for 20 minutes, and number 9 for 30 minutes. Turf 

9 having 7.08% remaining on the top of the yarns while turf 6 has 33.88% remaining means that 

turf 9 had an 79% more effective disinfection at the top of the turf. This could be caused by either 

the longer drying time leaving the disinfectant with more time to take effect, the slightly larger 

volume of disinfectant on the turf or simply by random error. Which of these is the main cause, or 

if it is a combination of all three is unknown since it is a comparison of two results. 

Comparing turfs 7 and 8, both contaminated with Staphylococcus aureus, and a drying time of 30 

minutes. These two sets of turf gave inconsistent results, with the pieces of turf having less bacteria 

left in number 7 on the top layer, with a spraying time of 1.3 seconds, which is a third of the 

sprayed time of turf 8. For said turf, there is a highly inconsistent result in the sampling collection 

of the bottom layer before disinfection, counting thousands of colonies (Table 4), and decreasing 

to 1 colony after disinfection. This led to a disinfection rate of almost 100%. Neglecting the 

abnormal result from turf 8, the percentage of remaining colonies after disinfection increases. 

Again, between turfs 9 and 10, the same type of contamination was used (saliva), and drying time 

equal to 30 minutes. Just as in the previous case, turf 9 was sprayed for a third of the time in 

number 10, and against expectations, had less of its bacteria left. 

Turfs 7 and 9, and 8 and 10, have similar total amounts of disinfectant sprayed and drying time, 

with different types of contamination. Saliva was more efficient contamination-wise in turfs 9 and 

10, with thousands of colonies. Turfs 7 and 8, in which the turf was sprayed with a Staphylococcus 

aureus solution, had slightly less bacteria remaining on top, compared to 9 and 10. Regarding the 

small difference, and that 7 and 9, and 8 and 10, were conducted in similar conditions, it is possible 

that during the experiment, some human error was made while configuring the set-up, or taking 



 

 

samples. Results in the bottom layer, are again inconsistent with too much difference to be 

compared.  

 

4.4.2.2 Incongruent data in Table 6 

In general, the disinfection rates for the top of the layer of the turf is more consistent than the 

bottom layer. This is likely due to the lower disinfection rates for the bottom layer being lower, 

and so more prone to random error. Some of the causes of this error is discussed further in 4.6.3.  

The cause of the lower disinfection rates is likely that the distance from the top at which the 

samples in the bottom layer were collected, was too large for the Nüscosept to reach all the way 

and make a real difference before and after disinfection. Because the disinfectant has a hard time 

reaching the lower layer, this means that the disinfection rate itself is prone to random error, not 

just error in the collection of the bacteria. Now, comparing results in each turf individually, it 

would be expected to have a percentage of remaining bacteria inferior to 100%, so that there would 

be less bacteria after disinfection, meaning that the amount of Nüscosept sprayed was sufficient. 

This was not true in some of the turfs (Table 6). The most irregular value came from turf 1, in the 

top layer, with 10563.64% of bacteria left. If the outlier that is parallel 2,1,1,2 was to be removed 

from the dataset this value would be 27.27%, which is a realistic value. 

For each other turf with more than 100% bacteria remaining after disinfection in Table 6, such as 

turfs: 1, 2 ,3, 4, 5 and 7 the difference is less significant, compared to each previous series. For 

these series it is likely that mistakes were made during the procedure, or while counting the 

colonies, though the results may be within random error. Some possible causes of the 

inconsistencies within this section are errors during the flow tests conducted before the disinfection 

trials, human mistakes with the sampling collection methods, problems with the stored agar plates, 

or differences in the set-up for the experiments conducted in separate days. Especially, the first 

three turfs were inconsistent with the results, the main cause for this was, besides the mentioned 

reasons, the “contamination phase”, which took place in the laboratory, with barely any contact 

with people or anything that could cause a greater contamination. Another explanation would be 

that since the CFU count is lower in the first three pieces of turf, it is more susceptible to random 

error, and could have caused the incongruent results. 

 



 

 

4.4.2.3 Height difference and lopsided distribution  

Each piece of turf that was sampled and disinfected had a slight difference in height of both the 

upper level of the yarns as well as the lower level due to different amounts of bending of the yarns. 

This difference is largest for the upper level of the yarns, as these are not bunched up as tightly as 

the lower level. This might cause random error in the results, as the disinfectant will be more or 

less likely to reach the lower level of the yarns before evaporating.  

Another issue that could cause the disinfection to be inconsistent is that with the experimental 

setup used for this experiment the disinfectant did not cover each section equally. As the water 

was being collected for the flow tests this was noticed but was accepted as a fairly unintrusive flaw 

of the setup. The effect of this is amplified as the turf is moved further from the nozzle in order to 

have a lower effective flow rate. This means that certain parts of the turf would likely be more 

disinfected than others, however since CFU/cm2 measures an average of the surface it minimizes 

the error, though it does not eliminate it. 

 

4.5 Evaluation of overall results of the experiment 
Focusing on turfs 6, 9 and 10, there is shown in Table 6 to be a clear difference between the 

disinfection rate of the top of the yarns and the disinfection rate approximately 10 mm below the 

top of the yarns. Though while the individual results for each series could be deemed to be 

trustworthy due to the fairly low standard deviation as shown in Figures 12-15 the overall results 

are less so. No clear relationship between the disinfection rate of the top of the yarns and the 

disinfection rate approximately 10 mm below the top of the yarns has been found. 

There has not been shown a clear correlation between the dosage and the disinfection within the 

small amount of tests performed and so no clear conclusion can be drawn for whether the dose was 

too much or too little, or by how much. Additionally, the random error for the results is 

considerably high, so the number of parallels per series is likely too few. 

 

 

 

 



 

 

4.6 Method validation 
 

4.6.1 Experimental complications due to the sides of the collection tray 

The discrepancy between the experimental conditions and the "real-world" conditions of 

dispersing disinfectant on a football pitch is an important aspect to consider in interpreting the 

results obtained. The use of a tray with edges or walls to collect the disinfectant liquid could 

influence the amount of liquid collected and so, the results. While conducting the experiments, 

many different positions for the tray were tested. One of them was laying the tray directly 

underneath the nozzle, and for the others, it was set around the nozzle. For the first case the walls 

of the tray could act as obstacles that interfere with the dispersion of the disinfectant, causing a 

significant amount of liquid to accumulate in the tray, whereas for a turf in the same position the 

liquid would disperse to a greater degree as it is not blocked from doing so.  

On the other hand, if the tray is laying far from the nozzle, the particles may hit the outside part of 

the wall, meaning that liquid is being lost during the experiment, and therefore not being measured. 

This can affect the results, since the measurement of the liquid collected inside the tray helped in 

the task of trying to overcome the changing behavior of the mist sprayer and obtaining the exact 

amount of disinfectant being sprayed afterwards. Both losing liquid on the outside of the tray, as 

well as accumulating too much liquid inside it could lead to errors as the volume is not congruent 

with what is collected on the turf in later tests. Despite this, collecting water in a tray, or similar, 

was necessary in order to find the flow rate toward the specific spot where the turf was to be placed. 

The amount of random error decreases with the amount of time the mist sprayer is running. This 

means that in some cases the error is negligible, while in others where the sprayer was running for 

5 or 10 seconds, the error will be higher.  

However, this is the only method the group could use or at least thought of, which is why 

experiments had to keep going with the knowledge that there may be a slight error margin, with it 

being impossible to avoid.  

 

 

 



 

 

4.6.2 Difference between setup and reality 

There are many differences between the experimental setup devised for this experiment and the 

conditions of disinfection at a real football pitch. One difference in the way the disinfectant is 

applied is that the experimental setup aims the nozzle straight down whereas the regular grooming 

equipment aims diagonally down, as can be seen in Figure 5 and 2 respectively (5). The angle here 

could affect the disinfectant’s ability to reach lower areas on the yarns. Another difference is that 

the turf in the experimental setup is not groomed moments prior to disinfection like the turf at 

Flatåshallen is (13). This means that the disinfectant does not push down dust particles as it is 

being sprayed onto the turf, which could possibly affect the way in which the liquid interacts with 

the yarns, and how well it spreads. It is not known whether this interaction with dust particles aids 

the disinfectant in covering more area.  

Finally, the lack of any form of infill in the experimental setup makes the area of the yarns that the 

disinfectant can lay itself upon significantly larger (14). How outsized of an effect this difference 

has is difficult to determine since it has been clearly shown that the disinfectant, to a large degree, 

does not reach the lower third of the turf where the infill is located. Though it is possible that the 

interaction with the dust in the air caused by the grooming equipment would cause this effect to 

be greater than would be believed by looking purely at the data from these trials (13). 

 

4.6.3 Troubles of collecting below the yarns 

One possibly major issue with the data is that the samples collected on the lower level is that the 

head of the swab was in contact with the side of the slitfilm yarns in addition to the top of the 

texturized yarns as it was collecting samples. This means that the overall surface area the swab 

collected samples from is larger than that of the upper-level samples. How large of a difference 

this makes is unknown as no way to avoid this issue directly was found, and no similar tests were 

done for the upper level. One possible solution to this issue could be to also have the upper-level 

samples be taken from in between the yarns, so as to have a similar amount of area covered, while 

keeping a height difference between the sample collection spots. 

 

 



 

 

 4.6.4 Possible sources of error due to equipment  
 

4.6.4.1 Expired swabs and Nüscosept 
For the project, the use of swabs for sampling collection was needed. Unfortunately, the ones that 

were provided at the lab were expired, and it is not possible to be sure whether or not this affected 

the results, since there are no unexpired swabs to compare to. 

Either way, usage of expired swabs can lead to problems with the results, if the equipment or 

packaging was deteriorated, or the capacity to collect and preserve microbiological samples was 

compromised. Besides, the liquid inside the vials can evaporate resulting in the dilution factor and 

thus CFU/cm2 being inaccurate (45). It is unlikely that a decrease in the ability to preserve the 

microbiological samples would lead to a large error since the samples were not in the sample liquid 

for long. 

In this case the Nüscosept disinfectant was expired by two months. Specifically, Nüscosept PROs 

primary active ingredients are Didecyldimethylammonium chloride and benzalkonium chloride as 

mentioned in the section 2.1 of the theory (7). Benzalkonium chloride, present in many different 

types of sanitizers, can be used safely after expiration date (46). Didecyldimethylammonium 

chloride, which is classified as a biocide, can also be used some months after its expiration date 

and phasing out (47). 

Because of this it is improbable that the expired Nüscosept could have affected the results, or at 

least did not do so in a way that can compromise the reliability of said experiments, though the 

efficacy might be slightly lower than intended, but not noticeably so. 

 

4.6.4.2 Changing behavior of the mist sprayer 

Another problem during the lab experiments was the mist sprayers behavior, which kept changing 

temporarily. This change in the behavior affected the flow. That means that flow tests needed to 

be done each time before disinfecting the turf to minimize the error as much as possible. This flow 

test was explained in section 3.2.2. Since the turf spraying experiments only lasted 1-5 seconds, it 

is unlikely that the mist sprayer behavior changed within those seconds. 

Either way, it is worth mentioning that after the flow tests, it was necessary to empty the sprayer 

to get all the water out so that Nüscosept entered the system. During this process, there is the 



 

 

possibility that the mist sprayer changed behavior again, but as previously mentioned, it is not 

possible to avoid this problem unless Nüscosept solution is used for the flow tests, which would 

be wasteful and unnecessarily dangerous. In addition, if during the experiment with the turf the 

flow was obviously different from the flow test that it was clear a new flow test was needed then 

one was conducted. If the mist sprayer behavior changed during an ongoing flow test, a new one 

was started to ensure the same behavior during and after the flow test. 

 

4.6.4.3 Lack of results 

Perhaps the biggest issue of this whole investigation is that there have not been a large number of 

successful trials and as such the conclusions drawn are far from conclusive. The reason for this 

low number of trials is a low supply of disposable equipment, mainly the swab samplers. Due to 

poor planning in regards to time and equipment there was not time to resupply this equipment and 

as such the tests had to be cut short before a large amount of tests could be performed. 

This is especially noticeable for turf 10, wherein the disinfection is shown to be less than for turfs 

6 and 9, both of which had a smaller dose. Whether this is caused by random error, or is the 

makings of a trend is impossible to tell due to a lack of repeated tests. In addition, the lack of 

usable results on most of the turfs would not be an issue if not for the lack of tests done.  

 

4.7 Recommendations for further research 
The main recommendation for further research is to redo the work and method outlined in this 

thesis with far more tests being run and a more systematic approach to the dosage of each turf. In 

addition, the alteration to the method brought up in section 4.6.3 could be used to check the 

difference between collecting atop the yarns and in between them.  

Previous theses have analyzed the microbial growth on artificial turf of which it was attempted to 

replicate in this thesis (17). For this thesis this was assumed to be adequate for the relatively low 

exactness that this setup replicated these real conditions. However, further analysis of bacterial 

samples would be needed to be able to assume the correct amount of bacterial growth on the turf.  



 

 

Finding out to what degree the total area of the yarns affects the disinfection of the yarns. Does 

the surface of the yarns lower than what was investigated here get covered by enough disinfectant 

to warrant consideration for calculation of an optimal dose?  

Analysis of the behavior of 0.5% Nüscosept in water that were not in the scope of this thesis would 

greatly aid in being able to calculate an optimal dose. This would include the behavior of the 

solution on vertical strands of polyethylene, and if it does collect as droplets, an investigation of 

the contact angle. The effect of the angle of the nozzle would also be helpful in order to determine 

how to best make an experimental setup that replicates real conditions. 

The effect of the disinfectant on the turf in the long term could be analyzed in order to determine 

whether the toxic chemicals in Nüscosept PRO are harmful to the turf or could cause a buildup of 

either organic material or chemicals. 

Finally, another attempt to calculate an optimal dose for a section of artificial turf based on the 

surface area of the yarns and desired disinfection rates both above and below the top of the yarns 

should be conducted. 

 

 

 

 

 

 

 

 

 

 



 

 

5 Conclusion 
This thesis conducted tests of various doses of 0.5% Nüscosept PRO in water on artificial turf to 

evaluate the relationship between the disinfection rate on the top of the yarns and the section 10 

mm below the top of the yarns. For all the samples no exact relationship was found, though it 

was made clear that that the top of the yarns benefited from a higher disinfection rate than the 

section below. While the top section had disinfection rates from 66%-89% the lower section only 

had 22%-59% disinfection rate. 

The goal to develop and test an optimal dose of the disinfectant on artificial turf based on the 

surface area of the yarns ended in failure. 

There are many uncertainties in the data that cannot be made up for through statistical analysis, 

both due to a lack of tests and due to a lack of knowledge regarding the errors’ effect on the 

result. The errors, both inherent to the method, such as errors in the plating and sample 

collecting, as well as those caused by lack of understanding are significant. Though not 

significant enough to ignore the stated difference in disinfection rate across the height of the turf.  
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Appendix 
 

A1 All four flow curves for the mist sprayer  

 

Figure A1: Flow curve labelled CW1. This curve is a linear regression fit through origin of the flow tests taken on the day the turf 
1 was disinfected. 

 

 

Figure A2: Flow curve labelled CW2. This curve is a linear regression fit through origin of the flow tests taken on the day the turfs 
2 and 3 were disinfected. 
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Figure A3: Flow curve labelled CW3. This curve is a linear regression fit through origin of the flow tests taken on the day the turfs 
4, 5 and 6 were disinfected. 

 

 

Figure A4: Flow curve labelled CW4. This curve is a linear regression fit through origin of the flow tests taken on the day the turfs 
7, 8, 9 and 10 were disinfected. 
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A2 The tray and turf placement relative to the nozzle for all flow curves 
 

 

Figure A5: Illustration of the area covered by the turf and collection tray for CW1 and CW2. The black rectangle is the covered 
area and the circle is the location of the nozzle. The top is toward the back of the fume hood and the bottom is toward the 

opening of the fume hood. The square is 20 cm by 20 cm. 

 

 

Figure A6: Illustration of the area covered by the turf and collection tray for CW3. The black rectangle is the covered area and 
the circle is the location of the nozzle. The top is toward the back of the fume hood and the bottom is toward the opening of the 

fume hood. The square is 20 cm by 20 cm. 



 

 

 

Figure A7: Illustration of the area covered by the turf and collection tray for CW4. The black rectangle is the covered area and 
the circle is the location of the nozzle. The top is toward the back of the fume hood and the bottom is toward the opening of the 

fume hood. The square is 20 cm by 20 cm. 
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