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Abstract: The species belong to the botanical family Brassi-
caceae are considered to be useful for phytoremediation of soil
contaminated with heavy metals. Problems with use the plants
recognized as hyperacumulators is that, the plants need to be
harvested shortly after the plants become mature, which causes
problems of disposal of obtained biomass. When these plants are
dried, they easily crumble and flake off, greatly reducing the yield
obtained, and the rest of the plant residues are a source of sec-
ondary emission of toxic substances. Quite a large biomass and
the lack of difficulties after harvesting are advantages described
for different types of cabbage. Our study reveals the usefulness
of the white cabbage (Brassica oleracea L. subsp. capitata f.
alba) for the purification of the soil from zinc and cadmium by
phytoextraction.

1. Introduction

Phytoremediation is defined as the process by which plants detoxify soils, sediments,
and aquatic sites contaminated with organic and inorganic pollutants, including toxic
metals (Alkorta, 2004). Generally, there are five phytoremediation processes (Alkorta,
2004):

• phytostabilization – lowering and bioavailability of pollution in soil,
• phytovolatilization – collection of pollutions from soil and their subsequent re-

lease (either in modified from or not) into the atmosphere,
• phytodegradation – decomposition of pollutions by plants the accompanying

microorganism in soil,
• rhizofiltration – contamination are either adsorbed onto the root surface or are

absorbed by the plant roots.
• phytoextraction – collection of pollutants from soil, water, air and their trans-

port easily collectible parts. The most popular is phytoextraction. The Plants
to be used for phytoextraction should (Marchiol, 2004; Raskin, 1997):
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• tolerate high levels of metals,
• accumulate large concentrations of metals and other contaminants, preferably

in their aboveground parts,
• grow rapidly,
• produce a large amount of biomass in a short time,
• have an extensive root system,
• be easy to cultivate and harvest.

Until recently it was thought, that plants hyperaccumulators (plants accumu-
late metals in quantities greater than 1% of Mn, 0.1% of Co, Cu, Pb, Ni, Zn and
0.01% of Cd in the leaf dry mass) meet the above assumptions, the with which it
can be successfully used in the phytoextraction processes (Yang, 2005). Although
these plants have ability to accumulate large amount of contaminations, they don’t
produce large amount of biomass in the short time. Moreover the plants need to
be harvested shortly after they become mature, which cause problem of disposal of
obtained biomass. When these plants are dried, they easily crumble and flake off,
greatly reducing the yield obtained, and the rest of the plant residues are a source of
secondary emissions of toxic substances. Quite a large biomass and the lack of diffi-
culties after harvesting are advantages described for different types of cabbage. Our
study reveals the usefulness of the white cabbage for the purification of the soil from
zinc and cadmium by Phytoextraction (Szczygłowska, 2011). Two cabbage (Brasica
oleracea subsp. capitata f. alba) cultivars: early cv. Ditmarska Najwcześniejsza (DN),
late cv. Kamienna Głowa (KG) were used.

2. Materials & Methods

In this research used crops grown under controlled conditions- where plants grown in
the greenhouse of phytotron of University of Agriculture in Kraków in pots (10 L)
filled with the local soil taken from the arable layer (0–20 cm). The granulometric
composition of the soil was 19% sand, 5% coarse silt, 41% fine silt, 24% coarse silt clay,
6% clay fine silt, and 5% colloidal clay (pH 7.0). The initial heavy metal contents in
the soil were 0.38 mg Cd, 117.5 mg Zn, 21.3 mg Cr, 30.8 mg Pb, 16.2 mg Cu, 19.4 mg
Ni per kg dry weight. Seedlings were transplanted into the soil at the stage of six to
eight leaves. The soil and plants were fertilized according to agricultural standards,
but at the minimal level, just ensuring proper growth and development: N (NO3-
N+NH4-N) – 105 (DN) and 120 (KG) mg/L dry weight of soil, P (Ca[HPO4]2)
– 50 and 60 mg/L and K (KCl, 60% potassium salt) – 160 and 180 mg/L in the
case of DN and KG, respectively. The duration of plant growth in the greenhouse
depended on the cultivar and lasted for 113 and 134 dfor DN and KG, respectively.
The air temperature was 20 to 25/17 to 20◦C (day/night), photoperiod was 14/10 h
(additional lighting during short and cloudy days), and relative humidity was 30 to
50Cultivation was contaminated with a known amount of heavy metals in milligrams
per kilogram dry weight of soil: Zn to 50 (Zn1) or 200 (Zn2) and in the case of Cd
to 10 (Cd1) or 40 (Cd2). Control pots contained the same soil, but without addition
of either Cd or Zn. Each experimental group of plants consisted of four replicates.
For metal determinations, the air-dried soil samples and lyophilized cabbage samples
were mineralized in a microwave-assisted Anton Paar mineralizator. Mineralization
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was performed at 240◦C and 60 bar for 0.5 g portions of cabbage or soil mixed with
5 ml 65% HNO3 + 2 ml H2O2 or 7 ml HNO3 as a mineralizing solution, respectively.
After digestion, the acidic solutions were transferred into 25 ml PMP volumetric flask
and brought to volume with deionized water. Metal were determined using AAS
(atomic absorption spectrometry) techniques such as:

• flame AAS (Zn, Cd),

• electrothermal AAS ( lower content Cd).

3. Results & Discussions

The metals content determined in different tissues (leaves and stems) of both cabbage
(Tab. 1) and the yields of cabbage crops declared by registered producers of seedlings
to range from 150 to 300 tons per hectare were the basis for calculating the output
of pollutants from the environment. In the case of Zn, with a single crop of white
cabbage (assuming that the cabbage is 20 % dry weight and 80 % water) was estimated
to amount to 2 – 4 kg ha-1 for plants grown in normal soils (C). The plants grown in
heavily Zn contaminated soils (Zn2 samples) might be capable of removing 5-10 kg
ha-1 in the case of Kamienna Głowa and 10-20 kg ha-1, in the case of Ditmarska.

According to literature Thlaspi caerulescens –plant which is considered to be Zn
hyperaccumulator can be accumulate up to 18455 mg kg-1 dw of Zn in its upper parts
(Chaney, 1994). Doubtless this is a satisfactory result. However, assuming that the,
dry matter yield Thlaspi caerulescens, harvested from 1 hectare is 0.04 tons h-1, it
can be estimated that the plant is able to remove about 0,7 kg/h. The above results
show that white cabbage has high potential to remove Zn from soil and can be applied
as phytoremediation tool.

When it comes to Cd, according to the results from the phytotron experiment, the
estimated output of this pollutant from noncontaminated (C samples) and strongly
Cd-contaminated (Cd2 samples) soils may vary from 0,003 to 0,006 kg ha-1 to 0,5 to
1,0 kg ha-1, respectively assuming the low to high cabbage crop yield. According to
the literature Brassica juncea -declared hyperaccumulator Cd is able to accumulate
1450 mg kg-1 (Issam 2006), assuming that the dry weight is approximately 0,04 t h-1,
it can be estimated that this plant can remove about 0,06 kg h-1 of cadmium.
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Tab. 1. Comparison content of heavy metals in soil samples (mg kg-1) and cabbage
(mg kg-1 dw) two varieties of Kamienna Głowa (KG) and Ditmarska (DN),
from the cultivation carried out under controlled conditions

C ±
U(k=2)

Zn1 ±
U(k=2)

Zn2 ±
U(k=2)

Cd1 ±
U(k=2)

Cd2 ±
U(k=2)

Medium-late cultivar KG

Zn

soil 82.8±3.9 175.5±9.0 480±19 98.6±4.3 95.1±3.9

leaves 48.9±6.3 73.7±2.8 123.3±8.0 48.3±6.1 51.7±6.7

stems 20.0±2.7 23.7±3.1 42.5±5.8 19.7±3.1 34.0±4.1

Cd

soil 0.330± 0.040 0.300±0.030 0.270±0.030 7.75±2.9 37.5±1.8

leaves 0.0880±0.0080 0.0940±0.0080 0.0770±0.0060 4.8±1.2 13.1±1.2

stems 0.115±0.013 0.0335±0.0043 0.0378±0.0058 2.1±1.4 7.2±1.4

Early cultivar DN

Zn

soil 132.9±5.5 162.9±10.8 340±17 44.6±1.9 46.7±2.3

leaves 46.8±5.8 63.7±9.1 184±21 37.2±5.1 48.8±6.5

stems 41.4±6.1 90±13 164±18 37.4±4.6 19.8±3.2

Cd

soil 0.480±0.050 0.65±1.0 0.270±0.030 8.9±1.3 34.2±1.8

leaves 0.161±0.022 0.101±0.018 0.127±0.013 6.9±1.3 7.4±1.7

stems 0.0946±0.0093 0.098±0.013 0.0870±0.0074 4.7±1.7 8.6±1.6

4. Conclusions

The results have shown that the white cabbage cab be very promising crop for phy-
toremediation of farmlands polluted with either biogenic or toxic heavy metals. When
remediation process is planned the fact that cabbage varieties Ditmarska can be grown
twice, should be take into account, because it significantly speed up the phytoreme-
diation process. Although the cabbage varieties Kamienna Głowa can be grown only
once in a season it is more resistant to various climatic and mechanical damage during
harvest.
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