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Abstract 
When there is a demand on market for lobster the profit on the live stored lobsters can 
become high. The published knowledge of live storage in water of Norway lobster, Nephrops 
norvegicus, is limited. The purpose of this study was to examine if one can improve live 
storage techniques in order to increase quality of lobsters. In this study lobsters were stored in 
three closed systems (tank A-C) with different combinations of filter methods for the cleaning 
of the water. The filter methods used in tank A was a combination of particle filter, lava 
stones and filter balls. In tank B there was only a fluidizing sand filter and in tank C, there 
was a filter with filter balls. The tanks were equipped with oxygen supply. During three 
weeks, pH, oxygen level and temperature were measured and water samples collected every 
day. Also, blood samples were first taken on the day the study began and thereafter once a 
week (four occasions in total). In order to see if there were any differences between the water 
filter method used, the collected water and blood samples were analyzed for total ammonia, 
which is the main waste product in crustaceans. The effect of filter methods used did not 
differ to a great extent when it comes to cleaning the water from ammonia. Together with the 
almost linear increase of total ammonia over time, found in all three tanks, this could be a 
consequence of a non cultivation of the bacteria, because of the low temperature in the water. 
The blood ammonia levels were around 30% of the ambient ammonia and the survival of the 
lobsters indicate that the ambient ammonia level was not harmful for the wellbeing of Norway 
lobsters. Water live storage is an alternative method of reducing stress factors usually 
experienced by lobsters during aerial exposure. This study does not show any distinctiveness 
between the different composition of filter methods and their efficiency to purify water.    
 
 
 
1. Introduction 
Days when weather is good and fishing is 
going well the price of Norway lobster, 
Nephrops norvegicus, on the market is 
about 80kr/kg. Other days when weather 
conditions are bad and the demand for 
lobsters is big the prices can rise up to 
400kr/kg (Göteborgs fiskeauktion & 
Glommens fisk, 2007-05-30). Norway 
lobsters have a big commercial value when 
alive (Pedersen, 2005). In live transport the 
water quality may be poor and the Norway 
lobsters can be kept in this condition for 
several days (Schmitt & Uglow, 1997b). 
Lobsters in bad condition can reduce the 
interest of the buyer and the price of the 
lobster on the market will drop. There are a 
restricted number of published studies on 
live-storage methods for lobsters in water 
and most of the knowledge about ammonia 
excretion in crustaceans is based on air 
exposure. Therefore the Swedish project 
“Kvalitetskräftan”, which in a co-operation 
project between professional fishermen in  
 

 
Fjällbacka and researchers at Tjärnö 
Marine Biological Laboratory (TMBL), 
Göteborg University, are working to 
optimize the conditions of live-holding of 
lobsters in water. The goal is to develop a 
prolonged method for live storage of 
lobsters that can give a good profit when 
demand for lobsters is as greatest. This 
study is a part of that project and can 
provide valuable information for fishermen 
and their way of storing their catches alive 
in water. 
 
Many aquatic crustaceans are able to 
survive aerial exposure and are often 
transported cooled to minimize metabolic 
activity (Morris & Oliver, 1999a, 199b; 
Ridgway et al. 2005). Due to the 
differences in breathing air compared to 
water, there are a number of disturbances 
in the physiological and metabolical 
processes in the Norway lobster (Schmitt 
& Uglow, 1998).  
Crustaceans are ammonotelic and excrete 
their metabolic nitrogen waste products 
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mainly as ammonia, a characteristic that 
differs them from other arthropods 
(Randall & French, 1980). Excretion in 
crustaceans is done trough the antennal and 
maxillary gland, but mainly trough the 
epithelium of the gills (Regnault, 1987). 
For the gill to function properly, the 
surface area of gill epithelia must be large 
enough (Randall & French, 1980). The 
absence of water causes temporary 
impairment in the capacity of the gills of 
N. norvegicus.  This can inhibit excretion 
of ammonia and cause accumulations of 
ammonia in the haemolymph, which is 
known to be a stress factor for the Norway 
lobster (Schmitt & Uglow, 1997a). If 
elevation of ammonia instead occurs in the 
external medium it will cause great toxicity 
and inhibition of ammonia excretion 
(Regnault, 1987). The amount of external 
ammonia that is counted as toxic to the 
organism varies among species (Regnault, 
1987). Ammonia production and excretion 
in lobsters is influenced by salinity, 
temperature, nutrition availability and 
compound, moult cycle, physiological 
condition (Regnault, 1987) and availability 
of water (Randall & French, 1980). 
 
Total ammonia can be present in an 
ionized and a free form (NH4

++NH3).The 
ammonia form NH3 has an ability to 
diffuse through phospholipids layers 
(Weihrauch et al., 1998) and is 53 times 
more permeable than NH4

+ (Cameron & 
Hisler, 1983 in Weihrauch et al., 1998). 
This form of ammonia is also the most 
toxic (Weihrauch et al., 1998). In solution 
the ratio between these two, 
NH4

+↔NH3+H+, regulate pH- equilibrium 
(Weihrauch et al., 1998). Ammonia 
increases as temperature and pH levels 
rises and is decisive for the distribution of 
the two forms of nitrogen, either toxic or 
not (Regnault, 1987). Weihrauch et al. 
(1998) have investigated two ways of 
ammonia excretion through the gills of 
Carcinus maenas (a crab) by addition of 
different inhibitors and omittors. One is a 
simple diffusion of NH3 due to high 
concentration gradient and the other one is 

active transport of NH4
+ in exchange of 

Na+ ions from water. Harris et al. (2001) 
also mention a diffusion of NH4

+ down an 
electrochemical gradient of ammonia. 
When lobsters are exposed to 1000-
4000µmol/l ambient ammonia the blood 
ammonia accounts for 30% of the 
surrounding concentration and confirms 
that lobsters do not equilibrate the blood 
ammonia with surrounding ammonia 
(Schmitt & Uglow, 1997b). When lobsters 
after being exposed to air are put into 
water their ammonia excretion is enlarged 
compared to the controls (Schmitt & 
Uglow, 1997a; Crear & Forteath, 2002, 
Regnault 1994). This knowledge together 
with the behaviour of the Norway lobsters 
when exposed to high ambient ammonia 
allows Schmitt et al. (1997a, 1997b) to 
suggests a possibility of another storage of 
ammonia in some location other then the 
haemolymph in Norway lobster yet not 
known. They also think there is a 
possibility of transformation of ammonia 
into some other substance. 
 
In freshwater and marine environments the 
ammonia level is low (Schmitt & Uglow, 
1997b). Schmitt and Uglow (1997a) 
suggest sustainable systems by keeping the 
prawns in running seawater at least in 
partially immersed circumstances to reduce 
nitrogen wastes and improve quality of 
delivered lobster. In the present study 
lobsters will be held in closed systems 
where ammonia concentrations can 
increase. The aim of this study is to 
compare different filter methods and their 
effectiveness to decrease ammonia level in 
the purpose to promote live storage of 
Norway lobster in water. We would like to 
understand; weather (i), it is possible to 
minimise stress and mortality of Norway 
lobsters, due to big amounts of ammonia 
during transport, with help from suitable 
filter method(s), and (ii) what kind of 
combination of filter methods are the most 
appropriate and favourable for the 
wellbeing of Norway lobster. 
 



 5 

2. Material and method 
2.1 Filter methods/ water experiment 
Norway lobster was creel-caught in the 
Väderöfjorden, offshore Fjällbacka (58°36 
25 N, 11°06 61, Skagerrak) at 50-80 m. 
Aboard the boat the Norway lobsters were 
kept in air but in tanks to protect from 
wind and sun. Two (of three) two 
fishermen cooperating in this project, 
contributed with six cassettes full of 
lobsters each. The cassettes (60x40x40cm) 
are designed in a case pattern with 104 
spaces and are able to hold 7-10 kg of 
lobster. The figure (Fig. 1) illustrates a 
cassette.  
 

 
Figure 1. Right after taken out of the water the 
Norway lobsters were placed in this cassette. They 
were put into the empty spaces with the abdomen 
pointing down the cassettes bottom, to avoid claw 
damage. 
 
The benefit of the cassettes was to separate 
the lobsters from each other in order to 
avoid injuries. The lobsters were shipped 
to Tjärnö Marine Biological Laboratory 
(TMBL) to a thermo-constant room at 
10ºC where they were randomly placed in 
three water tanks filled with deepwater. 
The tanks had a 600 litres volume and 
contained four cassettes each. They were 
called Tank A-C. The following 
combinations of filter methods were 
composed of: 
Tank A: oxygen supply, bio filter with 

particle filter, lava and “filter balls” 
(for description se below). 

 
Tank B: oxygen supply and fluidising 

sand filter. 
 

Tank  C: oxygen supply, bio filter with 
“filter balls”. 

 
Figure 2-4 show photographs of the three 
different combinations of filter 
arrangements in the tanks A, B and C, 
respectively. In addition, a schematic 
figure of the same arrangement are shown 
in Figure 2a-4a. 
 

  
Figure 2. Tank A is composed of oxygen supply, 
bio filter in the black box to the left and lava and 
filter balls to the right.  

 
Figure 2a. A schematic picture of the filter 
system in tank A. First the water is pumped trough 
different kinds of particle filters made of foam 
rubber. These are of different pore size and have a 
purpose to collect the dirty particles. The large 
inside area of the particle filter is enjoyable for the 
bacteria (www.vattenliv.nu). Next the bio filter 
receives the water, where it first passes first trough 
lava stones and then trough filter balls (plastic balls 
with cavities). The stones are more correctly called 
“Aquarock filter stone” and have a porous structure 
made by lava (www.vattenliv.nu). Both these bio 
filters use the area to get the most efficient filter 
possible. At the end the cleaned water returns to the 
water tank.    
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Figure 3. The system in tank B has oxygen supply 
and a fluidising sand filter. 
 

 
Figure 3a. A schematic picture of filter method 
in tank B. This kind of filter is located into the 
water, unlike the filters in the other tanks. The 
fluidising sand filter has sand in the bottom of the 
filter. Water is being pumped by a pipe down to the 
bottom of the filter. On the way up the water is 
cleaned trough the sand. 
 

 
Figure 4. The tank C is supplied with oxygen and a 
bio filter with filter balls is use. 
 

 
Figure 4a. A schematic picture of the bio filter in 
tank C. The water is pumped inside the filter and 
trough the filter balls. The structure gives a bigger 
area for filtration (www.vattenliv.nu). 
 
The lobsters were kept in these closed 
systems in 7ºC for 5 days and then for 15 
days in 10ºC. 

 
 
2.2 Filters 
The filters used in this study are purchased 
from www.vattenliv.se. The fluidising sand 
filter and the bio filter in tank C was hand 
made by Frank Sjödin (TMBL). 
 
Bio filters are based on a technique of 
degradation of ammonia by living bacteria 
and is used to purify water. The micro- 
organisms are used to remove ammonia in 
a nitrification process and improve water 
quality. The purpose of the bacteria is to 
oxidize ammonia to nitrite (NO2

-) and then 
to nitrate (NO3

-). This is an aerobic process 
and looks like this:  
NH3+O2 NO2

-+3H++2e-  
NO2

-+H2O NO3
-+2H++2e- (Campbell & 

Reece, 2002; Bauman 2004). For water 
organisms the nitrates are less harmful than 
ammonia. 
 
About two weeks before starting the study 
ampullae with bacteria (Bacteria Blue 
Start, Ferplast Pet Products) were brought 
to the tanks, to start the growing of the 
bacteria. 
 
 
2.3 Data sampling  
On daily basis measurements on 
temperature, pH, O2-saturation (% and 
mg/l) with Cyper PD 300 apparatus were 
taken and water samples (12 ml) collected 
for analysis of ammonia. Once a week 
haemolymph samples (blood samples) 
were collected from eight different 
individuals in every tank. 700µl 
haemolymph was taken from the 
basipodite at the fourth appendage with a 1 
ml syringe, 23 G needle. To prevent the 
blood enzymes and thrombocytes to 
coagulate the handling of samples involve 
addition of 700µl percloric acid and 
centrifugation and thereafter freezing. 
When blood was defrosted prior to the 
ammonia anlysis, a necessary 
neutralization with potassium carbonate 
was done and one further centrifugation. In 
the ammonia analysis both blood and water 
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was treated the same (see description Total 
ammonia analysis). 
 
 
2.4 Total ammonia analysis 
The total ammonia analysis is based on a 
colorimetric method (Solorzano, 1969) 
were the samples taken are prepared with 
three reagents prior to the measurements 
with spectrophotometer. In an alkaline 
solution with a pH between 8-11,5 
ammonia will react with hypochlorite to 
form monochloramine. Together with 
phenol, small amounts of nitroprusside 
ions and excess hypochlorite, it will give 
indophenol blue. The indophenol is a 
colour complex and is measured at 640 
nm. Higher concentrations of ammonia 
yield a greater intensive blue colour. The 
standards were prepared with nine 
increasingly concentrations of ammonia 
chloride (Koroleff, 1983). 35‰ ASW 
(Artificial Sea Water) was used in the 
standard for the water samples and 9‰ 
ASW was used in the standards for blood 
samples, respectively. Tests were made on 
both water and blood to see if dilution was 
necessary. The three reagents, 1= phenol 
and ethanol, 2= sodium nitroprusside, and 
3 trisodium citrate and sodium hydroxide 
were added in a serie, as the recipe 
description by Solorzano (1969). The 
procedure is first to ad 300µl of reagent 1 
to the samples, and then equal amount of 
reagent 2 and finally add 600µl of a 
mixture of reagent 3 and hypochlorite. 

After every addition, the samples were 
well shaken. Thereafter the samples were 
placed in a water bath in 30 minutes for 
39ºC. Finally the samples were analysed 
by spectrophotometric method and 
absorption at 640 nm (PerkinElmer 1420 
Multilabel Counter VICTOR3V). 
 
 
 
2.5 Data analysis 
The collected data was treated in Windows 
SPSS 13.0. Data from the water ammonia 
samples were treated with a Kolmogorov-
Smirnov two-sample test. This test shows 
whether the ammonia concentration in 
water differs depending on the filter 
method used. Also a Regression test was 
made to se if the ammonia concentration 
was dependent on time.  
 
For the blood ammonia a Pearsons 
correlation tests was made to see if the 
blood ammonia level corresponds to the 
ammonia level in the water of the different 
tanks use. 
 
To detect whether there was any 
differences in survival due to different 
filter methods used, a Kolmogorov 
Smirnov test was applied on the number of 
survivals.  
 
The Pearsons correlation test was used to 
determine if there was any correlation 
between pH and ammonia level in water.
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3. Results 
3.1 Ammonia level in water 
The total ammonia concentrations for water are shown in figure 5a and 5b. Figure 5a also 
shows the linear function of every slope.  
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Figure 5a. Total ammonia concentration in water over time. The ammonia level shown as a function of time 
for different filter methods in tank A-C was increasing with time. Ammonia concentration is given in mg/l and 
the time scale is 22 days. 
 

 
Figure 5b. Total ammonia concentration in tank A-C over time. The linear function and the R2-value for the 
slopes are shown in the figure. The time is presented in 22 days. The coefficient interval for the regression 
coefficient for tank A is 1,4-2,7; for tank B 1,9-2,7 and for tank C 1,8-2,8. 
 
The ammonia amount in water over time was found to be similar between the three types of 
filter methods used. Tank A had the highest maximum concentration with a value of 66,7mg/l, 
for tank B the value was 57,6mg/l and for tank C it was 48,1mg/l. There is no significant 
difference in the ammonia concentration and different filter methods according to 
Kolmogorov-Smirnov two-sample test (p= 0,987, for all tanks). At the end of the study the 
water in tank A was the one with the lowest amount ammonia (41,1mg/l) followed by tank C 
(41,8mg/l) and tank B (42,8mg/l) see figure 5. Tank B had the most rapid increase in 
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ammonia (R2=0,856) and the highest regression coefficient see figure 5b. The total ammonia 
concentration is significantly increasing with time (Linear regression for tank A r2= 0,689, 
p=0,0001, F= 228,89; for tank B r2= 0,856, p= 0,0001, F= 119,0; for tank C r2= 0,825, p= 
0,0001, F=94,38). In order to measure the total ammonia efflux for a lobster/day in the three 
tanks, the difference between water ammonia amount from day (x+1) was subtracted from 
day (x) and further divided by numbers of lobsters alive in the tank that day. A mean value for 
total ammonia efflux was calculated for each tank. The total ammonia efflux was shown to be 
highest in tank B and C with 2,9mg/l and the lowest efflux was found in tank A with 1,9mg/l.  
 
 
3.2 Ammonia level in blood 
In figure 6 the mean ammonia levels in the blood of N. norvegicus are shown for the filter 
methods in tank A-C.  
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Figure 6. Mean ammonia concentration in blood from N norwegicus. The figure shows four measurements 
with rising ammonia concentrations in mg/l. The first measurement was taken 1 hour after the N. norwegicus 
(n=416/tank) was lowered into the water tank and the study was started. The other measurements on the time 
scale are taken 1, 2 and 3 weeks after start. Standard error bars are shown. 
 
For individuals in tank C, the blood concentrations increased over time to a maximum of 
18,4mg/l while in tank A and B stayed at 15,3mg/l and 14,9mg/l respectively. To see if there 
was a connection between ammonia concentrations in blood compared to ammonia 
concentrations in water a correlation test was made. It showed a correlation (a Pearsons 
correlation p=0,964) between ammonia concentrations in blood and water in tank A (P<0,05). 
No such significances were shown in tank B and C. 
 
 
3.3 Survival 
The total survival, all tanks included, of the N. norwegicus was 94,2 %, with the largest 
mortality on the second day of the study (Fig. 7). The mortality for the different tanks is 
presented in detail below in figure 7. 
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Figure 7. Survival in tank A-C. The lobster survivals are shown in percent on the Y-axis, and the X-axis show 
the days of measurement. The survival was highest in tank C (95,7%), followed by tank B (94,2 %) and A 
(92,5%). 
 
The survival is higher in tank C than in tank B and A. The filter methods in the tanks impact 
the cumulative mortality in different ways. The filter method in tank A and tank B differs in 
the cumulative mortality from tank C (a Kolmogorov-Smirnov two-sample test, p=0,0001). 
The mortality in tank A and B had almost the same distribution in data, which means that 
their impact on mortality is almost the same (a Kolmogorov-Smirnov, p=0,159).  
 
 
3.4 pH and ammonia 
Figure 8a and 8b give a measurement of the pH and ammonia in the tanks. 
 

7,4

7,45

7,5

7,55

7,6

7,65

7,7

7,75

7,8

7,85

1 2 3

Time, week

Tank A
Tank B
Tank C

Figure 8a. Mean pH- change in tanks over time.  
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Figure 8b. Mean ammonia concentration in 
water over time. Ammonia is in mg/l and the time 
scale in weeks. The standard error bars are shown. 
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Notice that there was an increase in both variables, pH and ammonia over time, independently 
of filter method used. Pearson correlation test shows that there were a significant correlation 
in tank A and B, but not for tank C between amount of ammonia concentration and pH in the 
water (for tank A r=0,585, p=0,004, for tank B r=0,501, p=0,018; for tank C r= 0,352, 
p=0,108).  
 
 
3.5 pH, oxygen and temperature 
The mean pH, mean oxygen and mean temperature are shown in table 2.  
 
Table 2. Mean values for pH, oxygen (mg/l) and temperature for the different filter methods in tank A-C. 
 Tank A Tank B Tank C 
pH 7,69 7,68 7,74 
oxygen(mg/l) 6,75 7,19 7,62 
temperature 9,81 9,76 9,60 

 
The mean temperature was almost the same in all tanks and likewise for the mean pH. 
However the mean oxygen seemed to have a bigger variance. 
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4. Discussion  
This study was aimed at finding out which 
kind of filer method that is the most 
efficient in filtration of ammonia waste 
products and if these can be used in 
purification of water to reduce stress in 
Norway lobsters during live storage. 
Firstly, the ammonia concentration in 
water was increasing with time and 
apparently do not differ significantly in the 
three filter method techniques in the tanks 
A-C (detail description see Figs. 5a and 
5b). In all the filter methods the ammonia 
has almost a linear increase during the time 
exposure of the experiment (Fig. 5b). 
Secondly, previous studies done on 
Norway lobsters kept in water with oxygen 
supply but no filter for water cleaning, the 
ammonia efflux for each lobster was 
1,3mg/l per day (Projekt kvalitetskräfta, 
nov/dec, 2006). Theoretically, with 4 
cassettes containing 104 lobsters each, it 
would be right to expect a daily efflux of 
0,9mg/l per day. The daily efflux of 
ammonia by lobsters in this study was 
calculated to be 1,9- 2,9mg/l day  and per 
lobster. These are the main reasons to 
believe that there has been no filtration in 
the tanks. The only explanation I can find 
for this is that the bacterial culture, that 
was added 2 weeks in advance of the 
study, did not cultivate probably because 
of the low water temperature (7,1-10,9ºC). 
However the results show that tank B has 
the most rapid increase in ammonia 
concentration (Fig. 5b) and was the filter 
method with an ammonia efflux of 2,9mg/l 
per lobster and day. Therefore, this filter 
method seems to have the lowest 
efficiency for elimination of waste 
products such as ammonia. Due to the 
suspicion that the filtration may not 
occurred at al, this conclusion may not be 
completely reliable.  
 
The ammonia concentration in blood also 
increases with time (see Fig. 6). Because it 
was found that there was a strong 
significant correlation between blood 
ammonia concentrations and water 

ammonia concentrations only in tank A, 
this correlation may be due to other factors 
then the impact of the filter methods. The 
concentration of ammonia in the blood of 
individuals is approximately 1/3 of the 
ambient ammonia. The results above are in 
consistence with earlier studies by Schmitt 
et al. (1997b) where Norway lobsters did 
not equilibrate their blood ammonia levels 
with the ambient ammonia and maintained 
approximately 1/3 concentration of 
ambient ammonia when concentrations 
were 1000-4000µmol/l (17,5-70mg/l). The 
Norway lobster is able to actively control 
the in and out efflux of ammonia in 
relation to the ambient ammonia levels 
(Schmitt & Uglow et al., 1997b). My 
results may be a confirmation of the claim 
that Norway lobsters have a way to 
transform ammonia into another less 
harmful substance. Another possibility is 
that they store the ammonia in some 
location in the body, other then the 
haemolymph (Schmitt & Uglow, 1997a; 
Schmitt & Uglow 1997b), which could 
imply that the response of Norway lobster 
exposed to very high ambient ammonia is 
the same as in exposure to air in live 
storage.  
 
The blood values of the lobsters may 
indicate that the oxygen, temperature, pH 
conditions (Tab. 2) and ammonia level in 
water are suitable for the wellbeing of the 
Norway lobsters no matter filter technique 
used. Another possibility may be that the 
Norway lobsters are a species with a good 
adaptation ability. This allows us to believe 
that lobsters in the future can be used as 
indicators of unhealthy water. Hagerman 
and Uglow (1985) predict that as long as 
the Norway lobster has an adequate 
amount of food supply that is not affected 
by consequences of eutrophication, forcing 
them to leave their burrows, the lobsters 
are able to manage low oxygen values due 
to lack of currents and following 
respiratory stress. Also the Norway lobster 
may be tolerant to high ammonia 
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concentrations in their burrows (Schmitt & 
Uglow, 1997b). 
 
When considering the survival of the 
lobsters it was found to be high in general, 
with the highest survival detected in tank C 
and the lowest in tank A (Fig. 7). There 
seems to be a correspondence between the 
mortality and total ammonia concentration. 
That is, a higher ammonia concentration 
the bigger the mortality. One can not give 
an explanation of whether this difference 
depend on which filter method used or the 
lobsters being exposed to other stress 
factors, not investigated in this study.  
 
Aboard a boat, there can be practical 
difficulties to have equipment to measure 
different variables investigated in this 
study. In that case the found correlation 
between ammonia and pH is useful (Figs. 
8a and 8b) because it is by far easier to 
measure pH than total ammonia 
concentration. When the fisherman finds 
pH- value he/she can find out whether the 
amount of ammonia in the water of the 
tanks they carry on the boat, is high or low. 
This in turn can help them to treat their 

lobsters right and improve their quality of 
the lobsters. 
 
It is known that aerial exposure causes 
stress and results in a reduction of immune 
capacity in Nephrops norvegicus, therefore 
lowering the ability to resist bacterial 
infections (Ridgway et al., 2005). In 
conclusion the individuals used in this 
experiment seemed to cope well. The live 
storage in water is seen as an alternative 
method for reducing some of the stress 
factors experienced in Norway lobster 
during aerial storage. This is possible only 
because the water storage has more 
similarities to the natural biotope of 
Norway lobster. The sad consequences 
during handling and transport can be 
avoided. Due to the insignificant 
differences in water ammonia level in the 
three tanks, this study does not determine 
the advantage neither the efficiency in 
removal of water ammonia in terms of the 
different compositions of filter methods 
used in this study. Therefore further 
research has to be done in order to prove or 
disprove my conclusions.
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