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Abstract

Determination of the total content of metals in soils does not give enough informa-
tion about their mobility and potential uptake by plants. The influence of heavy metals
on plants depends on the type and form of a metal as well as properties of soil.

The aim of the research was to evaluate the influence of soil type (Rendzic Leptosols,
Haplic Luvisols, Haplic Arenosols) on the content and speciation of copper in soil profiles.

The research was carried out in two physiographical regions: Lublin Upland and San-
domierska Valley. Samples were collected once from individual genetics horizons, in total
from 30 typological differentiated soil profiles, made from chalk marl, loess and sands.

Speciation analysis of copper was carried out with the use of a three-stage sequential
method of fractionation, which can isolate four fractions with BCR: fraction I – forms solu-
ble in water, exchangeable and bounded with calcium carbonate, extractable with CH3COOH;
fraction II – forms bound with free Fe and Mn oxides, extractable with NH2OHHCl; frac-
tion III – forms complexed with organic matter, hot extractable with 30% H2O2 and next
the mineralization products reextractable with CH3COONH4; fraction IV – residual forms
(residue), i.e. the difference between the total content and the sum of three fractions I – III.

The speciation analysis indicated that in all the examined soil types, the residual form
showed the largest share of copper in its total content, followed by forms bounded with
organic matter and, containing the smallest proportion of copper, the soluble, exchange-
able and bound with calcium carbonate forms. In rendzinas and lessive soils, the content
of fraction IV in the humus horizons was significantly higher than in the parent rock,
whereas in Haplic Arenosols the host rock was richer in this copper form than the humus
horizons.
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SPECJACJA MIEDZI W PROFILACH GLEB ZRÓ¯NICOWANYCH
TYPOLOGICZNIE

Abstrakt

Okreœlenie ca³kowitej zawartoœci metali w glebie nie daje wystarczaj¹cych informacji
o ich ruchliwoœci i mo¿liwoœci pobierania przez roœliny. Oddzia³ywanie metali ciê¿kich na
roœliny zale¿y od rodzaju metalu, formy, w jakiej wystêpuje, a tak¿e od w³aœciwoœci gleby.

Celem pracy by³a ocena wp³ywu typu gleb (rêdziny, p³owe, rdzawe) na zawartoœæ i spe-
cjacjê miedzi  w ich profilach.

Badania prowadzono na obszarze obejmuj¹cym 2 regiony fizjograficzne: Wy¿ynê Lu-
belsk¹ i Kotlinê Sandomiersk¹. Próbki pobrano jednorazowo z poszczególnych poziomów
genetycznych, w sumie z 30 profili glebowych zró¿nicowanych typologicznie, wytworzonych
z margli kredowych, lessów i piasków.

Analizê specjacyjn¹ miedzi przeprowadzono z wykorzystaniem trzystopniowej metody
sekwencyjnego frakcjonowania umo¿liwiaj¹cej wyodrêbnienie 4 frakcji metod¹ BCR: frak-
cja I – formy rozpuszczalne w wodzie, wymienne i zwi¹zane z wêglanami, ekstrahowane
CH3COOH; frakcja II – formy zasocjowane z wolnymi tlenkami Fe i Mn ekstrahowane
NH2OHHCl; frakcja III – formy zwi¹zane z materi¹ organiczn¹ ekstrahowane 30% H2O2 na
gor¹co i nastêpnie reekstrahowane produkty mineralizacji CH3COONH4; frakcja IV – formy
rezydualne (pozosta³oœæ), ró¿nica miêdzy ca³kowit¹ zawartoœci¹ a sum¹ trzech frakcji.

Analiza specjacyjna wykaza³a, ¿e we wszystkich typach badanych gleb, forma rezydu-
alna miedzi stanowi³a najwiêkszy udzia³ w jej ca³kowitej zawartoœci, nastêpnie formy zwi¹-
zane z materi¹ organiczn¹, a najmniejszy formy rozpuszczalne, wymienne i zwi¹zane z wê-
glanami. W rêdzinach i glebach p³owych poziomy próchniczne zawiera³y istotnie wiêcej IV
frakcji ni¿ ska³y macierzyste, natomiast w glebach rdzawych ska³a macierzysta zwiera³a
wiêcej tej formy miedzi ni¿ poziomy próchniczne.

S³owa kluczowe: rêdziny, gleby p³owe, gleby rdzawe, formy miedzi.

INTRODUCTION

The average copper content in Polish soils is 6.6 mg⋅kg-1 (TERELAK et al.
1997). According to TERELAK et al. (1997), 96.5% of arable lands area in Po-
land shows natural copper concentrations, while 3.1% has elevated copper
levels. Soils slightly, moderately and strongly contaminated with copper make
up only 0.2% of the total area. While studying the soil abundance in micro-
elements, CZUBA (1995) reported that the largest percentage of Polish soils
showed boron and copper deficiencies.

Determination of the total content of metals in soil does not provide
sufficient information on their mobility and potential uptake by plants. In-
teractions of heavy metals with plants depend on the type and form of a metal
as well as soil properties (KUCHARZEWSKI et al. 2004). Methods for determina-
tions of various metals in soil include sequential procedures, in which
a variety of single agents are used for extraction. These methods are used
for determining soil fractions and their sequence (KABATA-PENDIAS, SADURSKI

2003, KARCZEWSKA 2002). Methods of sequential extraction have some advat-
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nages and disadvantages. Different chemicals are used to determine particu-
lar metal fractions, and their selection should depend on examined soils
properties, including the level of heavy metal contamination.

The aim of the present study has been to evaluate the influence of soil
types (Rendzic Leptosols, Haplic Arenosols, and Haplic Leptosols) on copper
content and speciation in soil profiles.

MATERIAL AND METHODS

The study was carried out in two physiographic regions: Lubelska Up-
land and Sandomierska Valley. Samples were collected once from particular
horizons, from different types of soil profiles developed from marls, sands,
and loess. Ten profiles from every soil type (5 from forest and 5 from culti-
vated fields) were collected (Figure1).

Fig. 1. Location of the investigated area
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Soils developed from marls were classified to proper rendzic soils, and
according to WRB classification – to Rendzic Leptosols, while those devel-
oped from sands – to Haplic Arenosols, and developed from loess – to Haplic
Luvisols.

Collected soil samples were subjected to determinations of granulomet-
ric composition by means of Bouyoucos’s method with modifications by Casa-
grande and Prószyñski (OSTROWSKA et al. 1991); pH in 1 mol KCl⋅dm-3 main-
taining soil to water ratio for 1:2.5; organic carbon content applying Tiurin’s
method with modifications by Simakov (OSTROWSKA et al. 1991); as well as
the total copper content – after digestion of soil samples in a HNO3 and
HClO4 mixture (1:1) (OSTROWSKA et al. 1991) by means of the F-AAS tech-
nique.

The speciation analysis of copper was performed using the three-stage
method of sequential fractionation, which makes it possible to separate 4
fractions by means of the BCR technique (URE et al. 1993, THOMAS et al.
1994): fraction I – water-soluble forms, exchangeable and bonded to carbon-
ates, extractable with CH3COOH at 0.11 mol⋅dm-3 concentration and pH=2;
fraction II – forms associated with free Fe and Mn oxides, extractable with
NH2OHHCl at 0.1 mol⋅dm-3 concentration and pH=2; fraction III – forms
bonded to organic matter, extractable with hot 30% H2O2 and then the min-
eralization products re-extracted with CH3COONH4 at 1 mol⋅dm-3 concen-
tration and pH=2; fraction IV – residual forms (remains), the difference be-
tween the total copper content and sum of the above three fractions. All the
four fractions were determined by means of the atomic absorption spec-
trometry technique using a Varian Spectra-250 Plus system.

The results of these determinations were presented as arithmetic mean
values, and in order to evaluate the variability of the tested characteristics,
the minimum, maximum and standard deviation values were calculated. Sta-
tistical processing was made using Statistica 6.0 (StatSoft) software.

RESULTS AND DISCUSSION

Rendzic soils were characterized by the granulometric composition
of heavy loams: 4-32% (mean 15%) of fraction 1-0.1 mm; 12-31% (mean 19%)
of fraction 0.1-0.02 mm; 52-85% (mean 66%) of fraction <0.02 mm; haplic
arenosols were loose sands containing: 83-96% (mean 91%) of fraction
1-0.1 mm, 1-13% (mean 6%) of fraction 0.1-0.02 mm; 0-7% (mean 3%) of frac-
tion <0.02 mm; haplic luvisols were characterized as dust and contained:
0-20% (mean 3%) of fraction 1-0.1 mm; 40-65% (mean 55%) of fraction
0.1-0.02 mm; 22-60% (mean 39%) of fraction <0.02 mm.

Humus and transitional horizons of the examined rendzic soils had neu-
tral acidity (pH 6.0-7.1), while the mother rock developed from marls was
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basic (pH 7.2-7.7). Haplic arenosols were strongly acidic and acidic with pH
from 3.6 to 5.6. The pH value of haplic luvisols varied from strongly acidic
to basic. In humus horizons, pH value was within the range of 3.8-6.7,
in elution horizons (Eet) 4.0-5.0, in enrichment horizons (Bt) 4.0-7.1, and
in mother rock 6.9-7.6.

The organic carbon content in humus horizons of rendzic soils ranged
from 12.6 to 45.2 g⋅kg-1, haplic arenosols 4.2-20.4 g⋅kg-1, and in haplic luvi-
sols 8.4-25.3 g⋅kg-1.

Total average copper content in humus horizons of rendzic soils amount-
ed to 10.73 mg⋅kg-1, in transitional horizons 8.74 mg⋅kg-1, and in mother
rock 6.44 mg⋅kg-1 (Table 1). In haplic arenosols, mean copper concentration
did not exceed 3 mg⋅kg-1, while in haplic luvisols, mean copper content
in humus horizons was 6.49 mg⋅kg-1. These were values corresponding to
natural not contaminated levels (KABATA-PENDIAS et al. 1993). Low copper con-
centrations in haplic arenosols might be associated not only with the moth-
er rock (KABATA-PENDIAS, PENDIAS 1999) that is typically deficient in the met-
al, but also a strong acidity of that soil type. Under such conditions, copper
compounds are easily soluble and may migrate along with soil solution in-
side the soil profile; they are also faster taken by plants (GANCARCZYK-GOLA,
PALOWSKI 2005).

In the analyzed soil types, copper distribution varied in particular hori-
zons. In rendzic soils, the copper content decreased with the profile depth,
whereas in haplic arenosols, particular horizons were characterized by simi-
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lar copper levels. UZIAK et al. (2001) reported similar dependencies in differ-
ent types of soils developed from sands in eastern part of Poland. SZYMAÑSKA

(1996), who studied podzolic soils, found the largest copper accumulation in
surface layers, revealing a decreasing tendency with the soil depth. In hap-
lic luvisols, the elution levels (Eet) were the most deficient in copper, while
enrichment levels (Bt) were characterized by its accumulation. Mean copper
content in the mother rock of haplic luvisols was higher than in humus
horizons. UZIAK et al. (2001) recorded similar distribution of total copper
contents in profiles of soils developed from dusts. Also JAWORSKA (1996), in
studies upon haplic luvisols developed from dusts and loams in Ziemia Do-
brzyñska, found two centers of copper accumulation in profiles: humus and
illuvial horizons.

Copper fraction I (water-soluble, exchangeable and bonded to carbonates
forms) in humus horizons of rendzic soils was within the range from 0.09 to
0.32 mg⋅kg-1 – 0.19 mg⋅kg-1, on average (Table 2). Transitional horizon and
mother rock contained higher amounts of that fraction as compared to hu-
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mus horizon. In haplic arenosols, the fraction in all horizons was at similar
trace levels – 0.09 mg⋅kg-1, on average (Table 3). In haplic luvisols, the
mean content of fraction I in particular horizons varied from 0.07 to
0.17 mg⋅kg-1, and the mother rock contained the largest quantities of that
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fraction (Table 4). For all the studied soil types, this fraction – the most
available one for plants – was a small percentage of the total copper content
(in humus horizons of the soils: haplic luvisols 1.26%, haplic arenosols 2.97%,
rendzic soils 1.79%). Taking into account all the horizons, mother rocks of all
the studied soils were characterized by the highest content of this copper
fraction.

Copper fraction II (associated with iron and manganese oxides), like frac-
tion I, was less than 3% of the total copper quantity in all the studied soil
types. MCLAREN, CRAWFORD (1973) reported that free manganese oxides play
a very important role in binding copper in soil. This finding was not con-
firmed in the soil types we assayed, analogously to chernozems analyzed by
D¥BKOWSKA-NASKRÊT, KÊDZIA (1996).

The content of copper fraction III (bonded to humus) in rendzic soils
and Haplic Luvisols was much higher than in Haplic Arenosols. In Haplic
Arenosols and Luvisols, humus horizons were more abundant in this copper
form as compared to the other horizons. Copper fraction III made up from
17.6% to 21.8% of the total metal content. The results confirmed strong
copper affinity to form complexes with functional groups of humic and fulvic
acids, which affects the mobility, thus availability of the element in the soil
(MCLAREN, CRAWFORD 1973, KABATA-PENDIAS, PENDIAS 1999). In rendzic soils, the
content of copper bonded to humus was similar in all horizons and amount-
ed to 14.3% of the total copper quantity. It may have resulted from imper-
fections of the method for extraction of the organic fraction from soils at high
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pH because under such conditions strong oxidizers make additional metal
precipitation from other fractions (KARCZEWSKA 2002).

Fraction IV (residual) of copper made up the largest percentage in its
total content in all the studied soil types. Aslo GONDEK and FILIPEK-MAZUR

(2005), when determining the copper concentrations in soil by means of Zein-
en and Brümmer’s sequential extraction, recorded the highest levels of cop-
per in a fraction bonded to organic matter and the residual one. Studies
performed by D¥BKOWSKA-NASKRÊT, KÊDZIA (1996) on chernozems also revealed
the highest amounts of the form bonded to organic matter and the residual
fraction. Similar results were achieved by CHAO et al. (2007) for cultivated
soils in China. Such fraction distribution in profiles depended on a soil type.
In Haplic Arenosols, the content of the fraction was the highest in humus
horizons and gradually decreased with the depth, falling two-fold in the
mother rock. Also in Haplic Arenosols, the content of the residual fraction
decreased along with the depth, but not to the same extent in rendzic soils.
That fraction was most accumulated in enrichment horizons (Bt) of haplic
luvisols (Table 4). In particular horizons, the residual fraction contents could
be lined up in a following sequence: Bt>Cca>A>Eet.
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CONCLUSIONS

1. Humus horizons of studied soils were characterized by varied natural
copper contents. Rendzic soils were the most abundant in copper, haplic
luvisols contained less copper, while haplic arenosols the least.

2. The speciation analysis revealed that for all soil types, the residual
form of copper made up the largest percentage in its total content, then
forms bonded to organic matter, and soluble, exchangeable, and bonded to
carbonates.

3. The low contents of mobile copper forms indicated its poor migration
and bio-availability.

4. Speciation analysis revealed a significant role of humus in binding
potentially mobile copper fractions in studied soil types.
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3. W JE zamieszczamy materia³y reklamowe.
4. Materia³y do wydawnictwa nale¿y przes³aæ w 2 egzemplarzach. Objêtoœæ pracy orygi-

nalnej nie powinna przekraczaæ 10 stron znormalizowanego maszynopisu (18 000
znaków), a przegl¹dowej 15 stron (27 000 znaków).

5. Uk³ad pracy w jêzyku angielskim: TYTU£ PRACY, imiê i nazwisko autora (-ów), nazwa
jednostki, z której pochodzi praca, streszczenie w jêzyku angielskim i polskim – mini-
mum 250 s³ów. Streszczenie powinno zawieraæ: wstêp (krótko), cel badañ, metody
badañ, omówienie wyników, wnioski. Przed streszczeniem w jêzyku angielskim: Abstract
(tekst streszczenia), Key words (maks. 10 s³ów). Przed streszczeniem w jêzyku pol-
skim: TYTU£ PRACY, Abstrakt, (tekst streszczenia), S³owa kluczowe: (maks. 10 s³ów).
WSTÊP, MATERIA£ I METODY, WYNIKI I ICH OMÓWIENIE, WNIOSKI, PIŒMIEN-
NICTWO. U do³u pierwszej strony nale¿y podaæ tytu³ naukowy lub zawodowy, imiê
i nazwisko autora oraz dok³adny adres przeznaczony do korespondencji w jêzyku an-
gielskim.

6. Praca powinna byæ przygotowana wg zasad pisowni polskiej. Jednostki miar nale¿y po-
dawaæ wg uk³adu SI, np.: mmol(+) kg-1; kg ha-1; mol dm-3; g kg-1; mg kg-1 (obowi¹zuj¹
formy pierwiastkowe).

7. W przypadku stosowania skrótu po raz pierwszy, nale¿y podaæ go w nawiasie po pe³nej
nazwie.

8. Tabele i rysunki nale¿y za³¹czyæ w oddzielnych plikach. U góry, po prawej stronie tabeli
nale¿y napisaæ Tabela i numer cyfr¹ arabsk¹, równie¿ w jêzyku angielskim, nastêpnie
tytu³ tabeli w jêzyku polskim i angielskim wyrównany do œrodka akapitu. Ewentualne
objaœnienia pod tabel¹ oraz opisy tabel powinny byæ podane w jêzyku polskim i angiel-
skim. Wartoœci liczbowe powinny byæ podane jako zapis z³o¿ony z 5 znaków pisarskich
(np. 346,5; 46,53; 6,534; 0,653).

9. U do³u rysunku, po lewej stronie, nale¿y napisaæ Rys. i numer cyfr¹ arabsk¹ oraz
umieœciæ podpisy i ewentualne objaœnienia w jêzyku polskim i angielskim.

10. Piœmiennictwo nale¿y uszeregowaæ alfabetycznie, bez numerowania, w uk³adzie:
NAZWISKO INICJA£ IMIENIA (KAPITALIKI), rok wydania. Tytu³ pracy (kursywa). Obowi¹zuj¹cy
skrót czasopisma, tom (zeszyt): strony od-do, np. KOWALSKA A., KOWALSKI J. 2002. Zwar-
toœæ magnezu w ziemniakach. Przem. Spo¿., 7(3): 23-27. Tytu³y publikacji wy³¹cznie
w jêzyku angielskim z podaniem oryginalnego jêzyka publikacji, np. (in Polish).

11. W JE mo¿na tak¿e cytowaæ prace zamieszczone w czasopismach elektronicznych
wg schematu: NAZWISKO INICJA£ IMIENIA (KAPITALIKI), rok wydania. Tytu³ pracy (kursywa).
Obowi¹zuj¹cy skrót czasopisma internetowego oraz pe³ny adres strony internetowej.
np. ANTONKIEWICZ J., JASIEWICZ C. 2002. The use of plants accumulating heavy metals for
detoxication of chemically polluted soils. Electr. J. Pol. Agric. Univ., 5(1): 1-13. hyper-
link "http:/www" http://www.ejpau.media.pl/series/volume5/issue1/environment/art-
01.html

12. W pracach naukowych nie cytujemy podrêczników, materia³ów konferencyjnych, prac
nierecenzowanych, wydawnictw popularnonaukowych.

13. Cytuj¹c piœmiennictwo w tekœcie, podajemy w nawiasie nazwisko autora i rok wydania
pracy (KOWALSKI 1992). W przypadku cytowania dwóch autorów, piszemy ich nazwiska
rozdzielone przecinkiem i rok (KOWALSKI, KOWALSKA 1993). Je¿eli wystêpuje wiêksza liczba
nazwisk, podajemy pierwszego autora z dodatkiem i in., np.: (KOWALSKI i in. 1994).
Cytuj¹c jednoczeœnie kilka pozycji, nale¿y je uszeregowaæ od najstarszej do najnowszej,
np.: (NOWAK 1978, NOWAK i in. 1990, NOWAK, KOWALSKA 2001).
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14. Do artyku³u nale¿y do³¹czyæ pismo przewodnie Kierownika Zak³adu z jego zgod¹ na
druk oraz oœwiadczenie Autora (-ów), ¿e praca nie zosta³a i nie zostanie opublikowana
w innym czasopiœmie bez zgody Redakcji JE.

15. Dwie kopie wydruku komputerowego pracy (Times New Roman 12 pkt przy odstêpie
akapitu 1,5 - bez dyskietki) nale¿y przes³aæ na adres Sekretarzy Redakcji:

dr hab. Jadwiga Wierzbowska
Uniwersytet Warmiñsko-Mazurski w Olsztynie
Katedra Chemii Rolnej i Ochrony Œrodowiska
ul. Oczapowskiego 8, 10-744 Olsztyn-Kortowo

jadwiga.wierzbowska@uwm.edu.pl

dr Katarzyna Gliñska-Lewczuk
University of Warmia and Mazury in Olsztyn

Pl. £ódzki 2, 10-759 Olsztyn, Poland
kaga@uwm.edu.pl

16. Redakcja zastrzega sobie prawo dokonywania poprawek i skrótów. Wszelkie zasadnicze
zmiany tekstu bêd¹ uzgadniane z Autorami.

17. Po recenzji Autor zobowi¹zany jest przes³aæ w 2 egzemplarzach poprawiony artyku³ wraz
z noœnikiem elektronicznym (dyskietka, CD lub e-mail), przygotowany w dowolnym edy-
torze tekstu, pracuj¹cym w œrodowisku Windows.

Redakcja Journal of Elementology uprzejmie informuje:
Koszt wydrukowania maszynopisu (wraz z rysunkami, fotografiami i tabelami) o objêtoœci
nieprzekraczaj¹cej 6 stron formatu A4, sporz¹dzonego wg nastêpuj¹cych zasad:
– czcionka: Times New Roman, 12 pkt, odstêp 1,5;
– 34 wiersze na 1 stronie;
– ok. 2400 znaków (bez spacji) na 1 stronie;
– rysunki i fotografie czarno-bia³e;

wynosi 250 PLN + VAT.

Koszt druku ka¿dej dodatkowej strony (wraz z rysunkami, fotografiami i tabelami) wynosi
35 PLN + VAT.
Koszt druku 1 rysunku lub fotografii w kolorze wynosi 150 PLN + VAT.

Uwaga:
Z op³aty za druk pracy zwolnieni zostan¹ lekarze niezatrudnieni w instytutach naukowych,
wy¿szych uczelniach i innych placówkach badawczych.

Komitet Redakcyjny
Warunki prenumeraty czasopisma:
Cz³onkowie indywidualni PTMag 40 PLN + 0% VAT  rocznie
Osoby fizyczne 50 PLN + 0% VAT  rocznie
Biblioteki  i  instytucje 150 PLN + 0% VAT  rocznie za 1 komplet  (4 egzemplarze) + 10
PLN  za przesy³kê

Wp³aty prosimy kierowaæ na konto UWM w Olsztynie:
PKO S.A. I  O/Olsztyn, 32124015901111000014525618

koniecznie z dopiskiem "841-2202-1121"
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Guidelines for Authors „Journal of Elementology”

1. Journal of Elementology (a quarterly) publishes original scientific or clinical research
as well as reviews concerning bioelements and related issues.

2. Journal of Elementology can publish sponsored articles, compliant with the criteria
binding scientific papers.

3. Journal of Elementology publishes advertisements.
4. Each article should be submitted in duplicate. An original paper should not exceed

10 standard pages (18 000 signs). A review paper should not exceed 15 pages
(27 000 signs).

5. The paper should be laid out as follows: TITLE OF THE ARTICLE, name and sur-
name of the author(s), the name of the scientific entity, from which the pa-
per originates, INTRODUCTION, MAETRIAL AND METHODS, RESULTS AND
DISCUSSION, CONCLUSIONS, REFERENCES, abstract in the English and Polish
languages, min. 250 words. Summary should contain: introduction (shortly), aim, re-
sults and conclusions. Prior to the abstract in the English language the following
should be given: name and surname of the author(s), TITLE, Key words (max 10
words), Abstract, TITLE, Key words and Abstract in Polish. At the bottom of page
one the following should be given: scientific or professional title of the author, name
and surname of the author, detailed address for correspondence in the English and
Polish languages.

6. The paper should be prepared according to the linguistic norms of the Polish and En-
glish language. Units of measurements should be given in the SI units, for example
mmol(+)⋅kg-1; kg⋅ha-1; mol⋅dm-3; g⋅kg-1; mg⋅kg-1 (elemental forms should be used).

7. In the event of using an abbreviation, it should first be given in brackets after the
full name.

8. Tables and figures should be attached as separate files. At the top, to the right
of a table the following should be written: Table and table number in Arabic figures
(in English and Polish), in the next lines the title of the table in English and Polish
adjusted to the centre of the paragraph. Any possible explanation of the designations
placed under the table as well as a description of the table should be given in English
and Polish. Numerical values should consist of five signs (e.g. 346.5, 46.53, 6.534, 0.653).

9. Under a figure, on the left-hand side, the following should be written: Fig. and num-
ber in Arabic figures, description and possible explanation in Polish and English.

10. References should be ordered alphabetically but not numbered. They should be for-
matted as follows: Surname First Name Initial (capital letter) year of publication, Title
of the paper (italics). The official abbreviated title of the journal, volume (issue): pag-
es from – to. e.g. KOWALSKA A., KOWALSKI J. 2002. Zawartoœæ magnezu w ziemniakach.
Przem. Spo¿., 7(3): 23-27.

11. It is allowed to cite papers published in electronic journals formatted as follows: Sur-
name First Name Initial (capital letters) year of publication. Title of the paper (italics).
The official abbreviated title of the electronic journal and full address of the website.
e.g. ANTONKIEWICZ J., JASIEWICZ C. 2002. The use of plants accumulating heavy metals for
detoxication of chemically polluted soils. Electr. J. Pol. Agric. Univ., 5(1): 1-13. hyper-
link „http://www.ejpau.pl/series/volume5/issue1/environment/art-01.html” http://
www.ejpau.pl/series/volume5/issue1/environment/art-01.html

12. In scientific papers, we do not cite textbooks, conference proceedings, non-reviewed
papers and popular science publications.

13. In the text of the paper a reference should be quoted as follows: the author’s name
and year of publication in brackets, e.g. (KOWALSKI 1992). When citing two authors,
their surnames should be separated with a comma, e.g. (KOWALSKI, KOWALSKA 1993).
If there are more than two authors, the first author’s name should be given followed
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by et al., e.g. (KOWALSKI et al. 1994). When citing several papers, these should be or-
dered chronologically from the oldest to the most recent one, e.g. (NOWAK 1978, NOWAK

et al. 1990, NOWAK, KOWALSKA 2001).
14. A paper submitted for publication should be accompanied by a cover letter from the

head of the respective institute who agrees for the publication of the paper and a sta-
tement by the author(s) confirming that the paper has not been and will not be publi-
shed elsewhere without consent of the Editors of the Journal of Elementology.

15. Two computer printed copies of the manuscript (Times New Roman 12 fonts,
1.5-spaced, without a diskette) should be submitted to the Editor’s Secretary:

dr hab. Jadwiga Wierzbowska
University of Warmia and Mazury in Olsztyn
ul. Micha³a Oczapowskiego 8, 10-719 Olsztyn

jawierz@uwm.edu.pl

dr Katarzyna Gliñska-Lewczuk
University of Warmia and Mazury in Olsztyn

pl. £ódzki 2, 10-759 Olsztyn, Poland
kaga@uwm.edu.pl

16. The Editors reserve the right to correct and shorten the paper. Any major changes
in the text will be discussed with the Author(s).

17. After the paper has been reviewed and accepted for publication, the Author is obliged
to sent the corrected version of the article together with the diskette. The electronic
version can be prepared in any word editor which is compatible with Windows soft-
ware.


