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Abstract
The aim of this investigation was to find out if, and to what extent, evidence of contamination 
was to be found in the river Vallkärrabäcken, Sweden 34 years after the closure of the landfill, 
Sankt Hans The Allium bioassay was used to analyze the water quality in this study, including 
root growth inhibition and other macroscopic effects. 
Water samples were taken 0.05 km away from Vallkärrabäcken to the Sankt Hans landfill as 
well as 0.5 km and 2 km downstream.
Allium cepa bulbs were grown in styrofoam frames which floated giving Allium cepa constant 
contact to the samples of the river water. 25 Allium cepa bulbs were used for each water 
sample, as well as for the control. After 4 days the length and mass of the roots were 
measured and numbers of roots on each bulb were counted. The results were then compared 
to a control control group.
The results from the Student’s t-test showed that Allium cepa bulbs in water sample from 0.05 
km from the landfill were extremely significantly inhibited in root length, mass of roots and 
number of roots (p < 0.0001). At 0.5 km downstream the landfill, the bulbs were significantly 
inhibited in mass of roots (p < 0.05) and number of roots (p < 0.0001), but not statistically 
significant in root length (p > 0.05). At 2km downstream the landfill, the bulbs were only 
significantly inhibited in number of roots (p < 0.05) and was not statistically significant in 
number of roots or mass of roots (p > 0.05). 
Aberrations such as crochet hooks were also observed on Allium cepa grown in the river 
water.
The results received should be considered as a warning and also an indication that the water 
may be a risk to human health as well as our environment.
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1 Introduction
As a child, during the winters, I often went with my family to Sankt Hans hills, in Lund, 
Sweden, to go sledding and was often told that underneath me was an old dump. Back then I 
thought random bags of household waste (not a too pleasant, childish, interpretation either), 
but later I found out that there were no inhibitions[5] to what was allowed to be dumped, only a 
few decades ago. 
No records were kept of what was dumped at the old landfill, which was active 1948 to 
1967[1]. The landfill was used by anyone, including the packaging company Åkerlund & 
Rausing[18] who are known to have used toluene in their processing[11] meaning they also 
dumped it. Exposure to toluene has shown to disturb fertility in humans[10]. The information of 
what substances the companies used, and which companies did so, is very limited.
High levels of numerous compounds such as ammonium, iron, manganese[15], nitrate[17] and 
methane[6] have been found in the soil, water and air by Sankt Hans landfill. 
When the landfill was closed it was covered with clay and topsoil[2] and shrubs and trees 
planted. At the same time, the stream bed of Vallkärrabäcken was changed to flow next to 
Sankt Hans. A pond, 0.5 km downstream, was created[2]. The area is today mainly used as a 
recreational area for the citizens of Lund.

The research done in the area is limited to investigations on fish. The results from those 
investigations shows that 10%[3] to 29%[4] of all fish caught in Vallkärrabäcken had skeletal 
malformations 2 km downstream the landfill and that 0% was malformed 4 km downstream 
the landfill[4]. 

Another study on fish in Vallkärrabäcken 0.5 km, 2 km and 4 km downstream from the 
landfill have shown major impact on fish health from exposure to water at 0.5 km and 2 km 



downstream the landfill. PAHs (Polycyclic aromatic hydrocarbons) were found in the fish 
bile[12]. Their liver size was also greatly increased at 0.5 km downstream[12]. This suggests that 
there may be contaminants at 0.5 km and 2 km downstream the landfill. The fish also had a 
low blood count, a normal response for fish exposed to high levels of metals[12].  

The municipality’s waste plan of 2011[20] states that their previous goals on Sankt Hans 
landfill was, in 2002, that latest in 2007 a control program would have been decided upon and 
that latest in 2010 environmental remediation should have taken place. It also states how this 
was not acheived. At the moment, no actions are planned until 2012[20]. Also claimed in this 
report is that only household- and construction waste was dumped, which may be denial 
considering the statements workers[19] have made and how the chairman of the municipal 
board of 2007 stated to that there was no control of what was dumped[5]. 
An environmental advisor, Teresia Wengström from the company Melica, for Lund 
municipality said that their focus has not been on monitoring the amounts of toxins but to 
bind whatever is in the soil[7]. The measures planned by the municipality have been to cover 
the landfill more securely to avoid rainwater seepage[7]. A newspaper reported, in 2011, that 
the waste management board in Lund said yes to a proposition to start the cleansing of the 
worst parts of the landfill[16]. Treatment ponds are to be created, to drain the landfill. 
At the start of this investigation the proposition was not in place and the municipality seemed 
non-commital, which was alarming considering the lack of information on the area. The aim 
of this investigation was to find out how serious the situation is, and if the seepage from Sankt 
Hans landfill contains substances that may be detrimental to higher organisms.
The Allium cepa assay is commonly used in many laboratories and has shown correlations 
with other test systems, eukaryotic as well as prokaryotic[30]. Allium cepa’s macroscopic and 
microscopic effects may be observed, where the macroscopic is the most sensitive 
parameter[21]. The macroscopic effects of Allium cepa, the root growth, may be measured by 
the length, mass and number of roots. This has been used in previous investigations, and is 
now an alternative for indicator of toxicity[28]. The toxicity is directly linked to the root growth 
of Allium cepa. The microscopic examinations provides additional information of the severity 
of toxicity, but was not included in this investigation. The Allium bioassay has been suggested 
as a standard in environmental monitoring[34]. 
Previous research done on Allium cepa in water containing hazardous compounds has resulted 
in the presence of crochet hooks[29][38], root tips being dark brown[29][31] and roots/root tips 
being pale and thin[29][31] Crochet hooks are a type of tumor where the elongation zone of the 
root develops a swelling[29] and causes the root to bend upwards. These are signs of 
contamination.
PAHs have shown direct correlation to genotoxic and mutagenic effects in Allium cepa cells[13] 

which may show effects on a macroscopic level. PAHs are components of crude and refined 
petroleum[14].
Allium cepa exposed to ammonium salts has shown a strong negative effect on mitotic cell 
division[22]. High concentrations of iron in leachate has shown significant inhibition of mitotic 
index in Allium cepa[35]. Allium cepa in the presence of the heavy metal manganese has 
previously resulted in roots being smaller and fewer in number than control[25]. High levels of 
nitrate alone does not pose problems to Allium cepa but may be fatal for infants and may 
cause illness in humans and animals[36]. 

This investigation will focus on the following research question:
Is the river water of Vallkärrabäcken, downstream from Sankt Hans landfill, 
contaminated to such an extent, that it will affect the root growth of Allium cepa, 
measured as the length-, mass- and number of roots of Allium cepa bulbs?



2 Hypothesis

Due to what was previously discussed in the introduction it is expected that the bulbs placed 
in the samples from Vallkärrabäcken, compared to the control water, should all have roots 
being shorter, fewer and weighing less. Also, it would be expected to find a larger amount of 
crochet hooks and colour changes of the root tip on bulbs grown in the river water compared 
to control. 

It can also be expected that the contaminants will diminish the further away from the landfill 
the samples are taken. Therefore it is predicted that the length and mass will be lower and the 
number of roots per bulb will be fewer the closer the landfill the water samples are taken. It is 
also expected to find a larger amount of crochet hooks and colour changes of the root tip on 
bulbs grown in the river water, the closer to the landfill the samples are taken. 

However, it is expected that the Allium cepa roots should show less growth at all locations 
tested, 0.05, 0.5 and 2 km downstream.



3 Method
Water samples were taken from the river at three different locations 0.05 km, 0.5 km and 2 km 
downstream from the landfill (see Fig. 1). 
Five 1000ml plastic bottles were filled at each location. Water was taken from approximately 
15 cm below the surface and attempts were made not to stir up the water. 

 
Source: Google maps.
Fig 1 - A map of Lund, showing the location of Sankt Hans landfill and the river 
Vallkärrabäcken flowing past it. The dots are marks of the sample locations, first one being 
0.05 km downstream the landfill followed by 0.5 km and 2 km.
100 Allium bulbs of approximately the same size (~15 mm diameter) without any visual 
defects, were chosen for the study. Using a small, sharp knife, the dry yellow-brownish outer 
scales were removed. 25 bulbs per water sample was used.
20 styrofoam plates were cut to fit into 20 transparent plastic boxes (15 cm length x 10 cm 
width x 9 cm height). Once water was added, the styrofoam plates, carrying the onions, would 
float on the water. In each of the styrofoam plates; five holes were prepared by dropping 
acetone onto the plates. Every hole was done to fit each specific Allium bulb to ensure that 
every specimen was well attached to the plate and had good contact with the water. 
Tap water was used as control, acquired by allowing it to pour for a few minutes to avoid 
using water lying still in the pipes, affecting the results. The tap water was added to a 1000 ml 
measuring cylinder and then added to five boxes. The styrofoam plates with onions were then 
placed on the surface of each box.
The plastic boxes were filled to the brim with water, without the need of a refill, as the bulbs 
constantly had access to water. 5 liters for each water sample was taken to insure that the 
bulbs would have enough water. About 3-4 liters per sample was needed.
In the same manner, water, taken from the three different river sites, was added to its own five 
boxes and the styrofoam plates with onions added. 



The boxes were placed about 40 cm from the artificial light source, constantly lit at 1030 lux 
(± 10 lux). 
The onions were left to grow for 4 days at a room temperature of 19°C (± 2°C).
After 4 days, qualitative data was noted such as root tip colour, crochet hooks and the 
thinness. The roots were carefully dried with household paper, while still attached to the 
onion, until no significant amount of water was apparent on the paper. After this the roots of 
each onion were removed from its origin by a scalpel, at the same place for all onions. The 
lengths of the 5 tallest roots from each onion were then measured by a ruler. The amount of 
roots from each onion was counted. Lastly the mass of all roots from each onion was taken, 
using a scale. 
The mean root lengths of the onion bulbs, in each water sample, were calculated (see 
appendix III).
Unpaired t-tests were used to see if there was any significant difference in mean root length, 
mean root mass and the mean number of roots between the bulbs in the water samples 
compared to the control water.
The website http://www.graphpad.com/quickcalcs/ttest1.cfm was used to perform the t-tests.
The standard deviations were calculated to measure the spread of the collected data. A small 
value for standard deviation indicates that the data is close to the mean whereas a large value 
indicates that the data is spread out. (see appendix IV)

4 Results

Figure 2 – The mean length of the 5 tallest roots, of Allium cepa, with water from 0.05, 0.5, 2 
km from the landfill and control. Error bars showing standard deviation. 

Figure 3 – The mean mass of roots, of Allium cepa, with water from 0.05, 0.5 and 2 km 
downstream the landfill and control. Error bars showing standard deviation.

Figure 4 – The mean number of roots, of Allium cepa, with water from 0.05, 0.5 and 2 km 
downstream the landfill and control. Error bars showing standard deviation. 
Table 1 – The p-values from unpaired t-tests comparing the difference in root length, mass of 
roots and number of roots of Allium cepa bulbs grown in sample waters from 0.05, 0.5 and 2 
km downstream from Sankt Hans landfill with a control group.

P-values
Sample site Root length Mass of roots
0.05 km 0.0001 0.0001
0.5 km 0.1787 0.0024
2 km 0.0877 0.1704

Results of other qualitative data:
Table 2 – Number of Allium cepa with roots with crochet hooks from water from 0.05, 0.5 and 
2 km downstream the landfill and control. Showing the calculated percentage

 
Allium cepa watered 
with control

Allium cepa 
watered with 
0.05km

Allium cepa 
watered with 
0.5km

Allium cepa 
watered with 
2km

Number of onions with roots 
with crochet hooks 1 10 11 9
Percentage of onions with 
roots with crochet hooks 4% 40% 44% 36%

http://www.graphpad.com/quickcalcs/ttest1.cfm


Table 3 – Number of Allium cepa bulbs who's roots tips were dark brown from water from 
0.05, 0.5 and 2 km from the landfill and control. Showing the calculated percentage.

 

Allium cepa 
watered with 
control

Allium cepa 
watered with 
0.05km

Allium cepa 
watered with 
0.5km

Allium cepa 
watered with 
2km

Number of onions who's roots 
tips were dark brown 0 3 1 0
Percentage of onions whos 
roots who's tips were dark 
brown 0% 12% 4% 0%

Table 4 – Number of Allium cepa bulbs who's roots were thin from water from 0.05, 0.5 and 2 
km from the landfill and control. Showing the calculated percentage.

 

Allium cepa 
watered with 
control

Allium cepa 
watered with 
0.05km

Allium cepa 
watered with 
0.5km

Allium cepa 
watered with 
2km

Number of onions who's roots 
were thin 0 4 4 0
Percentage of onions who's 
roots were thin 0% 16% 16% 0%

5 Discussion
The hypothesis stated that the water samples from the river Vallkärrabäcken would result in 
less root growth at all three locations, 0.05, 0.5 and 2 km from the landfill compared to the 
control. The root growth would be lower the closer to the landfill the samples were taken. 
Also abberations such as crochet hooks would appear more frequently the closer the landfill. 
The results from my data support the hypothesis that something is affecting Allium cepa in the 
water of Vallkärrabäcken. The distance from the landfill where contaminants can still be 
found in high enough amounts to affect the growth of Allium cepa roots is unclear, and did not 
support the hypothesis completely. The hypothesis that the further away from the landfill 
samples are taken the less growth inhibition would be found was correct.
The mean values for root length, mass of roots and amount of roots were calculated (see 
appendix III) of the Allium bulbs in the water 0.05, 0.5 and 2 km from the landfill and 
compared to the control.
The root length of the Allium bulbs grown in the water 0.05 km from the landfill were 9.7 mm 
(18%) shorter in mean root length when compared to the control. The root length of the 
Allium bulbs grown in the water 0.5 km from the landfill were 1.3 mm (2%) shorter in mean 
root length compared to the control. The root length of the Allium bulbs grown in the water 2 
km from the landfill were 2.0 mm (4%) taller in mean root length compared to the control. 
The mass of the roots of the Allium bulbs grown in the water 0.05 km from the landfill 
weighed 0.19 g (43%) less compared to the mean mass of roots of the control. The mass of 
the roots of the Allium bulbs grown in the water 0.5 km from the landfill weighed 0.11 g 
(25%) less compared to the mean mass of roots of the control. The mass of the roots of the 
Allium bulbs grown in the water 2 km from the landfill weighed 0.7 g (16%) less compared to 
the mean mass of roots of the control.
The number of roots of the Allium bulbs grown in the water 0.05 km from the landfill had 11.9 
(35%) fewer roots compared to the mean number of roots of the control. The number of roots 
of the Allium bulbs grown in the water 0.5 km from the landfill had 10.4 (31%) fewer roots 
compared to the mean number of roots of the control. The number of roots of the Allium bulbs 



grown in the water 2 km from the landfill had 6.4 (19%) fewer roots compared to the mean 
number of roots of the control.
As mentioned, the clear trend is that the closer to the landfill the more inhibited was the root 
growth of the Allium bulbs.
To give a statistical validity to the results, t-test were carried out to see if there was any 
significant differences in water quality between the different sites compared to the control in 
root length, root mass and amount of roots. They were all statistically significant except for 
the length of the roots of Allium bulbs grown in the water 0.5 km and 2 km from the landfill, 
and the mass of roots for the water sample 2 km from the landfill. 
This information can conclude that the main issue Allium cepa experience is the number of 
roots grown, which is statistically significant from every sample water. 
Other qualitative data that was found during the collection of data was the presence of crochet 
hooks (roots bending upwards), abnormal thinness of roots and the tip of the root being dark 
brown. 
The Allium bulbs grown in control water only had one case (4%) crochet hook compared to 10 
cases (40%) on the bulbs grown in the water 0.05 km from the landfill. There were 11 cases 
(44%) with the water 0.5 km from the landfill and 9 cases (36%) with the water 2 km from the 
landfill. This does further support that the water 0.05 km and 0.5 km from the landfill is 
contaminated, and hints that the water 2 km from the landfill may also be contaminated. The 
crochet hooks are a type of tumor where the elongation zone of the root develops a swelling[29] 

and causes the root to bend upwards. 
The Allium bulbs grown in the control water had no abnormally thin roots. Bulbs grown in the 
water 0.05 km from the landfill had 4 cases (16%) of thin roots, the same amount as the bulbs 
grown in the water 0.5 km from the landfill. The bulbs grown in the water 2 km from the 
landfill had no cases of thinness.
The abnormally thin roots were seen as slim, pale roots, stuck together in clusters instead of 
the normal spread of roots that was observed everywhere else. The same observations, with 
the Allium test, have been found in effluent concentrations where the thin, pale, roots are 
described as abnormal[31]. The thinness was only experienced with the water 0.05 km and 0.5 
km from the landfill both at 16%. This follows the trend that water from these two locations 
may be contaminated.
The Allium bulbs grown in the control water had 0 cases of dark brown tips. Bulbs grown in 
the water 0.05 km from the landfill had 3 cases (12%) of dark brown tips and the bulbs grown 
in the water 0.5 km from the landfill had one case (4%) of dark brown tips. The bulbs with the 
water 2 km from the landfill had 0 cases of dark brown tips.
Dark brown tips of the root is yet another indication as in other investigations with Allium 
cepa, at high effluent concentrations, the complete root has turn dark brown/ black[29] and dark 
brown root tips are described as abnormal[31]. The roots with dark brown tips were only found 
with the water 0.05 km from the landfill with 3 cases and with the water 0.5 km from the 
landfill with 1 case. These are very few cases of this, but it still follows the trend that these 
two locations may be contaminated.
To come to a conclusion and to answer my research questions: 
Is the river water of Vallkärrabäcken, downstream from Sankt Hans landfill, 
contaminated to such an extent, that it will affect the root growth of Allium cepa, 
measured as the length-, mass- and number of roots of Allium cepa bulbs?
Yes, the landfill does seem to have affected the water quality in Vallkärra river to such an 
extent that the growth of the Allium cepa bulbs were affected. The evidence that the further 
away from the landfill, the better growth of the Allium roots confirms that the landfill is the 
origin of the substances in the water causing the detrimental effects. That the water health is 
hazardous for anything else than Allium cepa is difficult to confirm with this data in hand. 
The data does show that the water does have a very significant effect on Allium cepa 
especially at 0.05 km from the landfill; the mass of the roots is nearly halved (43%) compared 



to the control, mainly because of significantly fewer and shorter roots. The presence of 
crochet hooks together with the dark brown root tips and thin roots further confirm the effect 
of the landfill. 
The same goes for the location 0.5 km downstream the landfill, but to a lesser extent. The 
mass of roots was reduced by 25% compared to the control, due only to fewer roots, as the 
difference in length of roots not was statistically significant (2%). The Allium bulbs at this site 
also had many crochet hooks, thin roots as well as brown root tips. All of this confirms an 
effect of the landfill except for the length of roots which can be ignored considering the other 
data.
As for the location 2 km downstream the landfill the mass of the roots was not of a 
statistically significant difference (16% less) compared to the control and weighed less only 
due to statistically fewer roots as the length of roots were taller (4%) than the control. On the 
other hand, the water did show to have several cases of crochet hooks (36%) but no thinness 
of roots or colour changes of root tips. The crochet hook malformations do indicate 
contaminated water. It is left unclear, but the large presence of crochet hooks lean towards 
contamination.
These results are only on Allium bulbs, so the effect on the rest of the vicinity can not be 
definite. The positive results received should, however, be considered as a warning and also 
an indication that the water may be a risk to human health and our environment[34].

6 Evaluation
Once again, the results should not be concluded as definite proof of toxic materials or of a risk 
to human health or to the environment but should be a warning that it may be. 
A number of things could have been changed for a more reliable result:
The pH of the river water was not checked as Allium cepa is known to grow in a wide range 
of pH (3.5-11.0) without effects on the growth[21]. What was missed before the experiment 
took place was that the toxicity of compounds such as ammonium [32] [33], and many others [21] 

may change dramatically by pH. This could have given more insight as to why the results 
were as they were. 
In papers about the Allium bioassay, the test water is explained to be changed daily but was 
not done in this investigation. It is not described why so the repercussions are not known but 
this might have affected the outcome even though this was the same for all samples.
The location in the investigation 2 km from the landfill gets a third of Lund’s stormwater[12] 

and this might have affected the results seeing as it had rained the days before the samples 
were taken.
Greater sample sizes would have been preferable, even though a clear difference between the 
control group and the bulbs grown in the water 0.05 km from the landfill can be seen. It 
would have allowed a more confident look on the differences for the other groups, as now it is 
not absolutely clear.
It would have been interesting to have taken a look at the microscopic level to see what 
differences could be seen on the cells that, once compared to other research, may give hints to 
what substances reacted.
A larger scale investigation with microscopic insight could lead to further interesting results. 
Further exploration should be encouraged by the municipality as the landfill is located inside 
of a habited city. 
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8 Appendices
8.1 Appendix I: Materials and apparatus

• Allium cepa bulbs (Source: Weibulls) *100
• 1000ml bottle *15
• Beaker (1000ml) *1 
• 1000 ml water from 0.05km downstream*5
• 1000 ml water from 0.5km downstream *5
• 1000 ml water from 2km downstream *5
• 5000 ml tap water *1
• Transparent box (15cm/10cm/9cm) *20
• Styrofoam (300cm/200cm/1cm) *1
• Ruler (± 0.5 mm)
• Scale (± 0.005 g)
• Artificial light source (Philips, 230V) (1030 lux)
• Light meter (TECPEL 53) (± 10 lux)
• Light meter (TECPEL 53) (± 10 lux)
• Artificial light source (Philips, 230V) (Set at 1030 lux)
• Thermometer (+- 0.1 °C)
• Scalpel 



8.2 Appendix II: Calculated mean lengths, masses and number of roots
Table 5 – The mean of the 5 tallest roots, of Allium cepa, with water from 0.05, 0.5 and 2 km 
from the landfill and control. 

Mean length of all of the tallest roots of Allium 
cepa onion sets of control (mm)

Control 55.2
0.05 km 45.5
0.5 km 53.9
2 km 57.2

Table 6 – The mean mass of roots, of Allium cepa, with water from 0.05, 0.5 and 2 km 
downstream the landfill and control.
Locatio
n Mean mass of roots of Allium cepa (m).
Control 0.44
0.05 km 0.25
0.5km 0.33
2 km 0.37

Table 7 – The mean number of roots, of Allium cepa, with water from 0.05, 0.5 and 2 km 
downstream the landfill and control.

Mean number of roots of Allium cepa (n)
Control 33.6
0.05 km 21.7
0.5 km 23.2
2 km 27.2

6.3 Appendix III: The formula for mean.
Mean = X = Σx/n
Σx = The sum of all measurements. 
n = The number of measurements.
X = mean
All calculations are done with Microsoft Excel using this formula.

6.4 Appendix IV: The formula for standard deviation

s= Standard deviation
x= Each measured value 
n= Number of trials
All calculations are done with Microsoft Excel using this formula.



6.5 Appendix V: Raw data for 5 tallest roots
Table 8 - The 5 tallest roots, of Allium cepa, with control water.

Length of 
root 

(mm) ± 
0.5 mm

 Onion 1 Onion 2 Onion 3 Onion 4
Tallest 54 51 57 44
2nd tallest 53 51 57 43
3rd tallest 52 50 55 42
4th tallest 50 50 55 42
5th tallest 50 49 55 41

Table 9 - The 5 tallest roots, of Allium cepa, with control water.
Length of 

root 
(mm) ± 
0.5 mm

 Onion 6 Onion 7 Onion 8 Onion 9
Tallest 56 62 54 58
2nd tallest 54 61 53 57
3rd tallest 54 61 52 56
4th tallest 53 59 50 54
5th tallest 52 57 47 53

Table 10 - The 5 tallest roots, of Allium cepa, with control water.
Length of 

root 
(mm) ± 
0.5 mm

 Onion 11 Onion 12 Onion 13 Onion 14
Tallest 58 66 67 72
2nd tallest 55 65 64 68
3rd tallest 54 60 63 68
4th tallest 51 59 61 65
5th tallest 50 57 60 62

Table 11 - The 5 tallest roots, of Allium cepa, with control water.
Length of 

root 
(mm) ± 
0.5 mm

 Onion 16 Onion 17 Onion 18 Onion 19
Tallest 52 55 41 47
2nd tallest 50 54 38 45
3rd tallest 49 52 33 45
4th tallest 49 52 32 43
5th tallest 48 50 30 42



Table 12- The 5 tallest roots, of Allium cepa, with control water.
Length of 

root 
(mm) ± 
0.5 mm

 Onion 21 Onion 22 Onion 23 Onion 24
Tallest 71 70 70 62
2nd tallest 71 69 69 59
3rd tallest 67 67 68 58
4th tallest 62 65 67 57
5th tallest 61 63 67 56

Table 13 - The 5 tallest roots, of Allium cepa, with water 0.05 km from the landfill.
Length of 

root 
(mm) ± 
0.5 mm

 Onion 1 Onion 2 Onion 3 Onion 4
Tallest 60 11 53 47
2nd 
tallest 56 10 52 42
3rd 
tallest 55 9 52 42
4th 
tallest 55 8 50 41
5th 
tallest 53 7 50 38

Table 14 - The 5 tallest roots, of Allium cepa, with water 0.05 km from the landfill.
Length of 

root 
(mm) ± 
0.5 mm

 Onion 6 Onion 7 Onion 8 Onion 9
Tallest 44 60 58 36
2nd 
tallest 44 59 57 35
3rd 
tallest 43 56 53 32
4th 
tallest 41 56 53 30
5th 
tallest 38 55 52 28



Table 14 - The 5 tallest roots, of Allium cepa, with water 0.05 km from the landfill.
Length of 

root 
(mm) ± 
0.5 mm

 Onion 11 Onion 12 Onion 13 Onion 14
Tallest 50 56 46 39
2nd 
tallest 48 55 44 36
3rd 
tallest 44 53 43 36
4th 
tallest 41 51 42 34
5th 
tallest 38 48 41 33

Table 16 - The 5 tallest roots, of Allium cepa, with water 0.05 km from the landfill.
Length of 

root 
(mm) ± 
0.5 mm

 Onion 16 Onion 17 Onion 18 Onion 19
Tallest 55 34 48 54
2nd 
tallest 53 32 47 53
3rd 
tallest 53 27 45 53
4th 
tallest 52 25 44 52
5th 
tallest 51 24 42 49

Table 17 - The 5 tallest roots, of Allium cepa, with water 0.05 km from the landfill.
Length of 

root 
(mm) ± 
0.5 mm

 Onion 21 Onion 22 Onion 23 Onion 24
Tallest 46 62 70 53
2nd 
tallest 45 62 66 52
3rd 
tallest 44 60 65 50
4th 
tallest 42 57 61 49
5th 
tallest 40 52 60 48



Table 18 - The 5 tallest roots, of Allium cepa, with water 0.5 km from the landfill.
Length of 

root 
(mm) ± 
0.5 mm

 Onion 1 Onion 2 Onion 3 Onion 4
Tallest 55 53 47 50
2nd 
tallest 53 53 46 47
3rd 
tallest 52 52 45 46
4th 
tallest 51 51 43 45
5th 
tallest 50 49 42 44

Table 19 - The 5 tallest roots, of Allium cepa, with water 0.5 km from the landfill.
Length of 

root 
(mm) ± 
0.5 mm

 Onion 6 Onion 7 Onion 8 Onion 9
Tallest 56 73 56 72
2nd 
tallest 55 67 54 70
3rd 
tallest 54 66 52 68
4th 
tallest 52 65 51 66
5th 
tallest 49 63 51 65

Table 20 - The 5 tallest roots, of Allium cepa, with water 0.5 km from the landfill.
Length of 

root 
(mm) ± 
0.5 mm

 Onion 11 Onion 12 Onion 13 Onion 14
Tallest 52 57 47 53
2nd 
tallest 52 50 45 52
3rd 
tallest 51 49 43 47
4th 
tallest 49 48 42 46
5th 
tallest 47 47 41 43



Table 21 - The 5 tallest roots, of Allium cepa, with water 0.5 km from the landfill.
Length of 

root 
(mm) ± 
0.5 mm

 Onion 16 Onion 17 Onion 18 Onion 19
Tallest 54 54 54 70
2nd 
tallest 52 52 44 68
3rd 
tallest 51 51 43 67
4th 
tallest 49 50 42 65
5th 
tallest 48 49 40 65

Table 22 - The 5 tallest roots, of Allium cepa, with water 0.5 km from the landfill.
Length of 

root 
(mm) ± 
0.5 mm

 Onion 21 Onion 22 Onion 23 Onion 24
Tallest 64 67 60 70
2nd 
tallest 60 65 57 68
3rd 
tallest 59 64 55 68
4th 
tallest 59 64 53 67
5th 
tallest 57 62 52 64

Table 23 - The 5 tallest roots, of Allium cepa, with water 2 km from the landfill.
Length of 

root 
(mm) ± 
0.5 mm

 Onion 1 Onion 2 Onion 3 Onion 4
Tallest 70 74 56 61
2nd 
tallest 69 70 55 60
3rd 
tallest 67 70 52 59
4th 
tallest 64 68 52 58
5th 
tallest 63 67 50 57



Table 24 - The 5 tallest roots, of Allium cepa, with water 2 km from the landfill.
Length of 

root 
(mm) ± 
0.5 mm

 Onion 6 Onion 7 Onion 8 Onion 9
Tallest 62 63 62 52
2nd 
tallest 60 59 60 50
3rd 
tallest 59 57 60 49
4th 
tallest 59 57 59 48
5th 
tallest 57 56 57 47

Table 25 - The 5 tallest roots, of Allium cepa, with water 2 km from the landfill.
Length of 

root 
(mm) ± 
0.5 mm

 Onion 11 Onion 12 Onion 13 Onion 14
Tallest 64 66 73 52
2nd 
tallest 62 64 72 48
3rd 
tallest 62 63 70 45
4th 
tallest 60 63 68 42
5th 
tallest 59 61 67 40

Table 26 - The 5 tallest roots, of Allium cepa, with water 2 km from the landfill.
Length of 

root 
(mm) ± 
0.5 mm

 Onion 16 Onion 17 Onion 18 Onion 19
Tallest 58 52 54 64
2nd 
tallest 58 51 52 63
3rd 
tallest 57 50 51 63
4th 
tallest 56 49 51 61
5th 
tallest 55 49 50 60



Table 27 - The 5 tallest roots, of Allium cepa, with water 2 km from the landfill.
Length of 

root 
(mm) ± 
0.5 mm

 Onion 21 Onion 22 Onion 23 Onion 24
Tallest 49 65 53 38
2nd 
tallest 48 63 51 37
3rd 
tallest 46 63 50 35
4th 
tallest 45 63 48 35
5th 
tallest 44 62 48 34



6.6 Appendice VI: The raw data for mass of roots, for Allium cepa, with water from 0.05, 0.5 
and 2 km from the landfill and control.
Table 28 – The mass of roots, of Allium cepa, with control water.
Number of 
Allium cepa 
onion set in 
each box.

Box number 
1. Mass of 
roots (m) ± 
0.005 g.

Box number 
2. Mass of 
roots (m) ± 
0.005 g.

Box number 
3. Mass of 
roots (m) ± 
0.005 g.

Box number 
4. Mass of 
roots (m) ± 
0.005 g.

Box number 
5. Mass of 
roots (m) ± 
0.005 g.

1 0.33 0.63 0.23 0.32 0.76
2 0.53 0.59 0.66 0.35 0.54
3 0.28 0.34 0.33 0.29 0.45
4 0.18 0.36 0.60 0.34 0.43
5 0.63 0.65 0.37 0.38 0.76

Table 29 – The mass of roots, of Allium cepa, with water 0.05 km from the landfill.
Number of 
Allium cepa 
onion set in 
each box.

Box number 
1. Mass of 
roots (m) ± 
0.005 g.

Box number 
2. Mass of 
roots (m) ± 
0.005 g.

Box number 
3. Mass of 
roots (m) ± 
0.005 g.

Box number 
4. Mass of 
roots (m) ± 
0.005 g.

Box number 
5. Mass of 
roots (m) ± 
0.005 g.

1 0.40 0.10 0.13 0.62 0.16
2 0.06 0.49 0.52 0.08 0.19
3 0.15 0.31 0.35 0.08 0.24
4 0.21 0.12 0.30 0.34 0.23
5 0.27 0.10 0.22 0.09 0.40

Table 30 – The mass of roots, of Allium cepa, with water 0.5 km from the landfill.
Number of 
Allium cepa 
onion set in 
each box.

Box number 
1. Mass of 
roots (m) ± 
0.005 g.

Box number 
2. Mass of 
roots (m) ± 
0.005 g.

Box number 
3. Mass of 
roots (m) ± 
0.005 g.

Box number 
4. Mass of 
roots (m) ± 
0.005 g.

Box number 
5. Mass of 
roots (m) ± 
0.005 g.

1 0.40 0.63 0.23 0.24 0.31
2 0.43 0.36 0.39 0.44 0.31
3 0.20 0.32 0.19 0.17 0.27
4 0.30 0.54 0.40 0.44 0.19
5 0.27 0.21 0.35 0.22 0.37

Table 31 – The mass of roots, of Allium cepa, with water 2 km from the landfill.
Number of 
Allium cepa 
onion set in 
each box.

Box number 
1. Mass of 
roots (m) ± 
0.005 g.

Box number 
2. Mass of 
roots (m) ± 
0.005 g.

Box number 
3. Mass of 
roots (m) ± 
0.005 g.

Box number 
4. Mass of 
roots (m) ± 
0.005 g.

Box number 
5. Mass of 
roots (m) ± 
0.005 g.

1 0.45 0.39 0.26 0.36 0.19
2 0.61 0.43 0.56 0.32 0.28
3 0.15 0.41 0.57 0.53 0.18
4 0.24 0.73 0.21 0.54 0.12
5 0.71 0.21 0.32 0.53 0.27



6.7 Appendice VII: The raw data for number of roots, for Allium cepa, with water from 0.05, 
0.5 and 2 km from the landfill and control.
Table 32 – The number of roots, of Allium cepa, with control water.
Number of 
Allium cepa 
onion set in 
each box.

Box number 
1. Number of 
roots (n).

Box number 
2. Number of 
roots (n).

Box number 
3. Number of 
roots (n).

Box number 
4. Number of 
roots (n).

Box number 
5. Number of 
roots (n).

1 27 44 27 32 41
2 43 51 44 29 37
3 30 36 21 27 31
4 36 35 32 27 32
5 32 37 29 25 35

Table 33 – The number of roots, of Allium cepa, with water 0.05 km from the landfill.
Number of 
Allium cepa 
onion set in 
each box.

Box number 
1. Number of 
roots (n).

Box number 
2. Number of 
roots (n).

Box number 
3. Number of 
roots (n).

Box number 
4. Number of 
roots (n).

Box number 
5. Number of 
roots (n).

1 29 12 11 44 15
2 21 35 39 14 17
3 15 22 20 15 17
4 22 20 23 27 24
5 27 16 17 13 27

Table 34 – The number of roots, of Allium cepa, with water 0.5 km from the landfill.
Number of 
Allium cepa 
onion set in 
each box.

Box number 
1. Number of 
roots (n).

Box number 
2. Number of 
roots (n).

Box number 
3. Number of 
roots (n).

Box number 
4. Number of 
roots (n).

Box number 
5. Number of 
roots (n).

1 29 31 31 13 18
2 32 19 24 37 22
3 18 20 22 16 20
4 25 25 25 24 15
5 19 21 32 18 24

Table 35 – The number of roots, of Allium cepa, with water 2 km from the landfill.
Number of 
Allium cepa 
onion set in 
each box.

Box number 
1. Number of 
roots (n).

Box number 
2. Number of 
roots (n).

Box number 
3. Number of 
roots (n).

Box number 
4. Number of 
roots (n).

Box number 
5. Number of 
roots (n).

1 30 32 16 33 16
2 42 24 29 28 19
3 15 20 32 37 24
4 22 26 30 32 17
5 51 18 29 36 21


