This article was downloaded by:

On: 18 January 2011

Access details: Access Details: Free Access

Publisher Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Walwrss B Merter 1303 19 Gk b8 Hew J008 (B3N 0GR TINE
E Y International Journal of Environmental Analytical Chemistry
4 \ § Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713640455
International Journal of

ENVIRONMENTAL . . N . . .
ANALYTICAL Prediction of Plant Contamination by Cadmium and Zinc Based on Soil
CHEMISTRY Extraction Method and Contents in Seedlings

FTAEAL | M. Sanka® M. Dolezal®
e i s | * Research Institute for Land Reclamation and Soil Conservation, Research Station Brno, Brno,

y s Czechoslovakia

EMEA, Boma, fealy, 813 Octadar 2004
Gasat Bditar Rabesis Pillaten
Parl 2: Ersernrsenial e Foed Applic sliee

@ Tanhor & Francis

To cite this Article Sanka, M. and Dolezal, M.(1992) Prediction of Plant Contamination by Cadmium and Zinc Based on
Soil Extraction Method and Contents in Seedlings', International Journal of Environmental Analytical Chemistry, 46: 1,
87 — 96

To link to this Article: DOI: 10.1080/03067319208027000
URL: http://dx.doi.org/10.1080/03067319208027000

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://ww.informworld. confterns-and-conditions-of-access. pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, |oan or sub-licensing, systematic supply or
distribution in any formto anyone is expressly forbidden.

The publisher does not give any warranty express or inplied or make any representation that the contents
will be conplete or accurate or up to date. The accuracy of any instructions, formul ae and drug doses
shoul d be independently verified with primary sources. The publisher shall not be liable for any |oss,
actions, clainms, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.



http://www.informaworld.com/smpp/title~content=t713640455
http://dx.doi.org/10.1080/03067319208027000
http://www.informaworld.com/terms-and-conditions-of-access.pdf

15: 47 18 January 2011

Downl oaded At:

Intern. J. Environ. Anal. Chem., Vol. 46, pp. 87-96 © 1992 Gordon and Breach Science Publishers S.A.
Reprints available directly from the publisher Printed in the United Kingdom
Photocopying permitted by license only

PREDICTION OF PLANT CONTAMINATION BY
CADMIUM AND ZINC BASED ON SOIL
EXTRACTION METHOD AND CONTENTS IN
SEEDLINGS

M. SANKA and M. DOLEZAL

Research Institute for Land Reclamation and Soil Conservation,
Research Station Brno, Lidicka 25/27 PO BOX 120, 657 20 Brno, Czechoslovakia.

(Received, 13 March 1991 in final form, 18 July 1991)

Prediction of plant contamination on the basis of environmental conditions seems to be an important
task. In order to assess the suitability of three soil extractants and seedlings as a prediction media for the
content of Cd and Zn in mature plants, three independent pot trials were conducted. In these trials six
soil types of different properties were used. The total number of pots was 160 (40 variants in 4 replicates).
Soils were artificially contaminated by Cd and the selected variants aiso by Zn. The contents of Cd and
Zn in soil extractants and seedlings were compared with the contents of these elements in corn mature
plants (roots and stems) by means of regression analysis. For cadmium, the best results as to the prediction
of its content in mature plants were obtained with NaNO;, whereas for zinc the best results were given
by the seedlings.

KEY WORDS: Cadmium, zinc, soil pollution, plant pollution, soil extractant, bioavailability.

INTRODUCTION

As a result of human activity, more and more agricultural products are being
contaminated by toxic substances, especially by heavy metals. There are two main
ways for the heavy metals to enter plants—atmospheric deposition and uptake from
soils. Both ways are influenced by many factors during the plant growth and that is
why it is difficult to assess the real danger of final contamination of foodstuffs. In
order to prevent farmers both from growing of unutilizable products and/or from
restricting farming in polluted areas, it is useful to investigate the methods of
prediction of contamination.

As far as the uptake from soil is concerned, it is obvious that soil properties
influence the content of an element both in soil extracts and in plants growing on
that soil. The extent of plant and extract influence is, however, different and that is
why the prediction of an element content in plants based on its content in soil extract
is ambiguous. On the other hand, there are specific extractants which can relatively
precisely reflect the uptake of an element by plants, for which reason they are more
suitable for assessing the plant contamination danger. Another possibility is the
estimation of this contamination based on the content of an element in seedlings.
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Three independent pot experiments with six soil types of different properties were
carried out, with two main aims:

a) to elucidate the influence of physical and chemical soil properties on Cd and
Zn uptake by plants,

b) to test the suitability of three soil extractants and seedlings as prediction media
of an element content in mature plants.

The latter aim is pursued on the basis of the joined results of all three experiments.
The experimental variables are indicated in Tables 1 and 2.

EXPERIMENTAL

Zea mays was used as a test plant and it was grown in Mitscherlich pots. All variants
(Table 1) had four replicates, the total number of pots thus being 160. Cadmium was
added into the soil in the form of CdSO, solution at levels of 0, 3, 10, 20 mg kg~ !.
Zinc was applied in the first experiment in six variants only in the form of ZnSO,
at the level of 100 mg kg~ !. Pots were situated on desks in the open air and plants
were regularly watered. 23 days after the sowing, the plants were thinned to four per
pot and samples of seedlings were taken. After the trial was over, the contents of Cd
and Zn in air dried and sieved (through 2 mm) soils were analyzed by the following
extraction procedures:

2MHNO; extraction: 10 g of soil are weighed in a 250 ml polyethylene bottle; 100 ml
of 2M HNO, are added, shaken for 6 hours and filtered. In soils with a content
of CaCO, > 3%, 4M HNO; is added in order to reach the final 2M dilution.

IM CH;COONH, extraction: 15 ml of IM CH;COONH, (pH 4.2) are added in a
250 ml polyethylene bottle with 10 g of soil and shaken for 20 min. After sedimenta-
tion the supernatant solution is filtered and 15 ml of ammonium acetate is added to
the sediment, shaken manually and filtered again. This step is repeated once more
and finally the dilution is completed up to 50 ml.

0.IM NaNQj; extraction: 50 ml of 0.1M NaNO; are added into a 250 ml polyethylene
bottle with 20 g of soil, shaken for two hours and filtered through filter paper (celulose
acetate)*.

The total content of these elements was measured in seedlings and mature plants
(separately roots and stems). Both soils and plants were analyzed by means of
AAS-graphite furnace.

RESULTS AND DISCUSSION

The contents of cadmium and zinc in soil extracts, seedlings and both roots and
stems of mature plants are shown in Table 2 (arithmetic means of four replicates for
each variant). The selected extractants, particularly HNO; and CH,COONH,, are
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Table 3 Correlation coefficients between contents of Cd and Zn in prediction media and

plants. Significant at 1%.

Prediction medium

Correlation coefficent

Seedlings Mature plants
Roots Upper parts
Cd Zn Cd Zn Cd Zn
HNQO, 040 0.50 0.67 0.34 0.75 0.74
Extractant NH,OAc 0.46 0.84 0.72 0.62 0.78 0.83
NaNO, 0.81 0.83 0.90 0.75 0.88 0.77
Seedlings 1.00 1.00 0.88 0.77 0.83 0.89
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common and they are widely used in soil analysis. NaNO; was also tested in a
number of experiments as a bioavailability reflecting extractant®~!012:13 Also
seedlings were used for that purpose!!. Comparison of these methods on the basis
of correlation coefficients is shown in Table 3 and Figures 1-3. In this case the
seedlings were used not only as a prediction medium but, along with mature plants,
also for the assessment of the tested extractants.

NaNOQ, has proved to be the best extractant for prediction of mature plants. The
correlation coefficients of Cd contents in mature plants (roots and upper parts) with
Cd contents in NaNQO; extractant (0.90 for roots; 0.88 for upper parts) were even
better than those with Cd content in seedlings (0.88 for roots; 0.83 for upper parts).

Figure 1 Correlation coefficients for prediction media v. seedlings.

EAC. D

Zn
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 0.90
0.80
.70
0.60
0.50
0.40

Figure 2 Correlation coefficients for prediction media v. mature plants-roots.

In spite of this, it may not be the rule, especially for naturally contaminated soils or
other kinds of plants and elements.

The same interactions in the case of Zn indicated that the seedlings are the best
prediction media of an element content in mature plants. As far as the extractants
is concerned, NH,OAc gave better results for the upper parts of mature plants of
corn than NaNO,, although for the roots, the best correlation was obtained again

0.90
.88
0.86
0.84
0.82

0.80
.78
0.76

Figure 3 Correlation coefficients for prediction media v. mature plants-upper parts.
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by NaNO,. HNO,, as a strong extractant, has proved to be the worst prediction
medium both for Cd and Zn in all parts of plants and the metal content in this
extractant evidently does not follow the data for plants. On the other hand, the data
for NaNO, and NH,OAc correspond with that of plants and refiect relatively well
the soil properties like low pH and low CEC (Table 1).

Chemical analyses of seedlings were proposed as the suitable means for prediction
of contamination in mature plants'!. However, there are certain disadvantages of
this method, especially the fact that results are available only after the germination.
Moreover, the rapid decreasing of an element concentration in plants during their
growth may depend not on plant properties only but also on original soil properties.
These properties should be reflected by a specific extractant. It is obvious that each
element will have its own “ideal” extractant as far as the bioavailability is concerned.
But their finding and subsequently their use in agriculture is difficult and rather
problematic. For that purpose it seems optimal to choose an universal extractant for
bioavailable content of all elements and analyze soils for both total and bioavailable
content of an element and, at the same time, to have limits for these two contents
as was already proposed'#. Such demands could be fulfilled by a mild extractant like
NaNO, which was verified in many experiments?-*>7-1° and in this work as well.
Good results were obtained also with CaCl, extractant!® which dissolves higher
amounts of metals in the soil and that is why it can be used in less contaminated soils.

CONCLUSIONS

In areas, where agricultural soils are exposed to the negative human activity and to
inputs of various substances, the possible danger of agricultural plant pollution
should be assessed. In the case of heavy metals, besides of the total content in the
soil we should measure also their bioavailable part, in order to indicate their uptake
by plants. In accordance with several previous studies the 0.1M NaNO, extractant
has proved to be the best prediction medium of the cadmium content in mature
plants (roots and upper parts) and seedlings. The situation is not so clear in the case
of zinc, where its content in mature plants was in the best way predicted by the Zn
content in seedlings. As far as the extractants is concerned, NH,OAc gave the best
results for the upper parts and NaNQ; for roots. As to the prediction of Zn content
in seedlings NH,OAc and NaNO; gave almost the same results. 2M HNO; gave
the worst results in all cases.
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