
Heavy metal transfer to Beta vulgaris

L., under soil pollution and 

wastewater reuse

Papaioannou1 D., Kalavrouziotis1 I.K.,

Koukoulakis2 P.H., Papadopoulos2 F., Psoma P. 2

1 School of Science and Technology, Hellenic Open University, Aristotelous 

18, 26 335, Patras, Greece
2 Hellenic Agricultural Organization ‘DEMETRA’ Soil Science Institute, 

Thermi, Thessaloniki, Greece



The use of municipal wastewater for the irrigation of vegetables is

a common practice in urban and periurban ecosystems of many

countries.

The treated wastewater contains plant nutrients and organic

matter, but also contains variable levels of heavy metals.

Plants have a natural ability to extract elements from soil and to

translocate them between roots, shoots, and fruits.



The aim …

of the present work is to study and assess the transfer of heavy

metals from a heavy metal enriched polluted soil to Beta

vulgaris under the effect of wastewater reuse.



Physical and chemical characteristics of the experimental soil 
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Cd 

mg/kg 

Co 

mg/kg 

Cr  

mg/kg 

Ni  

mg/kg 

Pb 

mg/kg 
N-NO3 

 mg/kg 
P    

mg/kg 
- 
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75 260 >2000 20.09 2.32 33.58 88.55 0.25 
S-sand, C=Clay, Si=silt, EC=electrical conductivity, OM-organic matter, VW- volume weight 

Experimental Soil 

The experimental soil was collected from the top layer (0-30 cm 
depth) from a non cultivated agricultural area.

The soil was a light textured sandy loam (SL)

It was slightly acid, with low electrical conductivity

Medium content in organic matter

The heavy metal composition was very low



Preparation of the pots

The experiment was consisted of 24 pots. 
10 kg of dry experimental soil transferred in each plastic pot
(10.5 kg of soil with a moisture content 5%).

Six treatment (T1, T2, ….T6) were composed of a mixture of
heavy metals (Zn, Mn, Cd, Cu, Co, Cr, Ni and Pb) and the
concentration of each metal being 0, 10, 20, 30, 40 and 50 mg per
kg soil for the six treatments, respectively.
The six treatments were replicated 4 times.

The bottom of the pots was closed, so that there was no loss of
metals due to leaching.
After the preparation of 24 pots was sowing with six seeds of the
test plant beet (Beta vulgaris L)
The plants were irrigated with treated municipal wastewater
(TMWW).



When the cultivation was completed, after 4 months 

Chemical Analyses

Soil analysis
included: mechanical analysis, organic matter, pH, available soil P,
K, and Na, micronutrients Zn, Mn, and Cu and heavy metals Cd, Co,
Cr, Ni, and Pb.

Plant tissue analysis
Plant samples were separated in: above ground plant, beets and roots. 
The micronutrients Zn, Mn, Cu and heavy metals Cd, Co, Cr, Ni, and 
Pb were measured by ICP

TMWW analysis
The TMWW was processed and the microelements and heavy metals 
were determined by ICP



Table . Mean concentration of soil heavy metals determined at the period of the beet harvesting

SD=standard deviation



Table . Heavy metal concentration of the above ground plant part, beets and root dry matter of Beta vulgaris (μg/g).



Transfer Factor 

The transfer of heavy metals from polluted soil to Beta vulgaris
parts was assessed by means of the Transfer Factor (TF)
Transfer Factor is defined as the ratio of plant dry matter metal
concentration (Mpc) to the concentration of the same metal in
soil (Msc)

Then the TF value related to the 
following parameters …



Transfer Factor relation to soil heavy metal concentration

The relation between Transfer Factor (TF) and DTPA extractable soil metals 
was found according to regression model to be antagonistic, 
i.e. with the increase of soil metal concentration the TF decreases

Figure : Relation of DTPA soil extractable Ni and Zn with the respective
transfer factor (TF).



Relation between Transfer Factor and pollution indices

The pollution indices used as a tool for the evaluation of soil pollution 
level.
The soil pollution indices have been studied in the present work:

Pollution Load Index (PLI)

the Concentration Factors (CF) of each heavy metal equal to the ratio of

the metal concentration divided by each corresponding reference value, as

given by the following formula:

n
nxCFxxCFCFPLI ...21

background
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C

C
CF

Elemental Pollution Index (EPI)

M1, M2, M3,….Mn are the concentrations of soil heavy metals involved in 

the pollution in mg/kg soil.

n
nxMxxMMEPI ...21



Relation between Transfer Factor and pollution indices

The relationship between the pollution indices and TF of heavy metals
from soil to plants showed that it is generally antagonistic (negative).

This means that less heavy metal was taken up   by the plants due to the 
toxic effect by the increasing concentration of heavy metals in the soil.



Transfer Factor and plant dry matter

The maximum dry matter yield is attained at a
maximum value of TF due to the lower level of
pollution.
Exception is the case of TF (Cd), the maximum dry
matter yield is attained at the minimum value of
TF, due to Cd ’s toxic effect on beet.

In order to establish a more complete picture of the TF on the plant

growth the relation of some characteristic heavy metals TF with the

beet and whole plant dry matter yields



Transfer Factor and pH

The soil pH, is an important parameter for the heavy metals
accumulations in the soil.
Transfer factor is also affected variably by the soil pH, possibly
depending on the kind of metal.

the TF(Zn) and TF(Cr) are affected positively by the increase of pH

the TF(Cd) and TF(Co) are influenced negatively



Conclusions

 The transfer factor (TF) of heavy metals under soil pollution
and wastewater reuse was found to be related negatively
with the DTPA extractable soil metals, whose concentration
increase decreased the TF of the studied metals.

 The applied treatments of the heavy metals mixture
decreased statistically significantly the TF. Similarly, the
increase of soil pollution level, as assessed by the pollution
indices, decreased the TF

 The relation of TF with pH it was found that affected
variably the values of the TF i.e. positively and negatively,
possibly depending on the degree of solubility and
bioavailability of the metals.
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