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THE CONTENT OF HEAVY METALS
IN THE WOOD OF HEALTHY AND DYING OAK TREES
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Abstract. The total content of mineral substances (ash)h@ady metals (Al, Cd, Cr, Cu,
Fe, Mn, Pb) in the wood of healthy and dying o&esr from different regions of Poland
was subject to analysis. The material for analgsisie from the 12 Forest Districts in
which the main source of oak wood in our countdp@ated. Two trees healthy and dying
of the same age were cut in each stand showingteynspof a decline trees in the past
and at present. Wood samples cut out of the owartivood at the butt-end of the trunk
of oak trees aged 60-155 were used for analysis.cbhtent of mineral substances in the
wood of healthy and dying trees was at a similaelleNo statistically significant differ-
ence in the content of each of the analysed elesweas found in the wood of healthy and
dying trees.

Key words: heavy metals, health condition, pedunculate ocegsike oak, oak wood, Po-
land, tree vitality, forest decline

INTRODUCTION

In our geographic latitude, oaks are the main faree species. Oak stands play an
important ecological and productive role supply#aduable wood assortments.

The process of increased decline of broadleavesster especially oak forests, and
excessive natural thinning of trees has been obdeirv Poland and Europe since the
beginning of the 1980s. Oak decline is a compleseake in terms of both, aetiology
and symptomatology. For many years, attempts haes lnade to find the causes of
oak decline and explain the development of thisphgenon from different angles. The
prevailing opinions are that the nature of the aligeis complex and caused by many
factors, and that these predisposing, initiating aeontributing. Factors operate in oak

" Wood used in the studies was collected with tharftial support of the General Directorate
of the State Forests under Research Project 50608020
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ecosystems concurrently or in a specific sequembe. stress factors of abiotic, and
biotic origin give rise to unfavourable physiologi@and physicochemical changes caus-
ing that the natural resistance of a tree is dral§i reduced and the tree, being unable
to compete with other individuals, dies [Przybyl959 Siwecki and Ufnalski 1998,
Recent advances... 2000, Sierota 2001, Thomas 20@2, Protection... 2004, Oszako
2007].

Among many factors responsible for the weakening) decline of many tree spe-
cies, anthropogenic contamination of the environnieronsidered to be most impor-
tant. Numerous studies were conducted on the imgfaativironmental pollution on the
macro- and microelement concentrations in diffetee¢ parts. The mean content of
mineral substances, calculated per dry mass of wooder Poland’s climatic condi-
tions oscillates between 0.3 and 1.0%. Althoughdbantity of mineral substances in
wood is relatively small, many of them are of gremportance for tree growth. The
content of mineral substances in individual paiftadree increases in the following
sequence: trunk, branches, roots, shoots, finsrbatk, foliage. The content of mineral
compounds in wood also depends on the speciestlyemditions (soil, climate, envi-
ronment) or felling time [Proaski 1984, Fengel and Wegener 1989].

There is a scarce number of studies dealing withraparison of heavy metal con-
centrations in the stem wood of oak trees growimden the same environmental condi-
tions but varying in healthiness level.

The performed studies are aimed at determiningtiment of heavy metals in oak
wood in relation to the health condition of tred@fie oak wood samples came from
stands in those Forest Districts where oak treewet symptoms of decline and exces-
sive self-thinning over the past two decades. A phtrees (“healthy” — “dying”) of the
same age was selected from the same stand to rdtigapact of the environment on
the examined parameter. When such a tree pair cmilbe found within one stand, it
was selected from different stands with comparalaliral/forest characteristics. The
material for analysis was collected from standsfidifferent regions of Poland, which
may point to the possibility of spatial (geographiariability of a given parameter of
oak wood. The greatest number of wood samples tikeanalysis are represented by
the pedunculate oak. Only one sifavierczyna Forest District) is represented by the
sessile oak.

MATERIAL AND METHODS

The material for the studies was collected fromsfisgds located within 12 Forest
Districts (Fig. 1) being the main source of oak @odhe stands from which wood
samples were taken for analysis are situated iars®latural-Forest Regions: the Baltic
Region (1) represented by two Forest Districts (Néepwo, Swierczyna), Mazursko-
-Podlaska Region (II) — by one Forest District (@aBialostocka), Wielkopolsko-
-Pomorska Region (lll) — by two Forest Districtsrkoszyn, Milicz), Mazowiecko-
-Podlaska Region (IV) — by three Forest Districtabfonna, Chetm, Mircze), Silesian
Region (V) — by three Forest Districts (Wotéw, dWinia, Henrykow), Matopolska
Region (VI) — by two Forest Districts (Rogéw, Torma®) and Carpathian Region
(VIII) — by one Forest District (Kieczuga). Two trees with average diameter belonging
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Fig. 1. Location of Forest Districts from where wowas col-
lected for measuring the content of heavy metalshin
stems of healthy and dying oak trees

Rys. 1. Lokalizacja naddaictw, w ktorych pozyskano drewno do

badania zawartgi metali cézkich w pniach gbéw zdro-
wych i zamierajcych

to the 1st and 2nd Kraft biosocial class were $etecThey featured a straight stem and
absence of visible signs of diseases and injugaskers, cracks, fruiting bodies of
fungi, signs of insect occurrence). The trees Ted two vitality categories accord-
ing to the classification by Roloff [1989] and Drasito [1998]: vital trees (0 or 0/1
degree) and damaged trees (3 or 2/3 degree). Oall s@mples were cut out of the
stem butt-end of trees aged 60-155 (Table 1). idestwere felled in the second half of
the growing season. The oak wood samples cut atecduter heartwood were used for
testing. The samples contained ca 8-15 annual.rifigs wood with an 8.5 per cent
moisture content was broken up in the Retsch gribiiiga Centrifugal Mill ZM 1 into
sawdust. After sorting, the fraction which wentotgh a 1 mm mash sieve and stopped
on a 0.5 mm sieve was used for testing. The wolbwant at a temperature of 480
and mineralized with concentrated hydrochloric adiidted with redistilled water at a
ratio 1:1.

Concentrations of heavy metals (Al, Cd, Cr, Cu,¥a, Pb) were marked using the
ICP-AES method in the Analytical Centre of the WaavdUniversity of Life Sciences —
SGGW.

A statistical analysis of the findings was carrmat using STATISTICA 7.1. The
Mann-Whitney test was used to verify zero hypotkese
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Table 1. Characterisation of oak stands used famixag the relationships between healthiness
of oak trees and heavy metal content in their wood

Tabela 1. Charakterystyka drzewostanégbalvych, w ktérych pozyskano drewno do béada
zaleznosci miedzy stanem zdrowotnymekbldw a zawartécia metali cezkich w ich
drewnie

Compartment or Forest habitat type ~ Mean DBH

'I:\ICZSIS; rﬁ(‘j\t\rllgt subgompartmen_t Siedliskowy typ Dy C\%gi(ygigs
Oddziat, pododdziat lasu cm ’

Cheim 226d Ew 47.7 146
Czarna Bialostocka 1868 Lsw 36.0 108, 84
Henrykow 364b kw 52.0 118
Jabtonna 146¢ dw 28.2 60
Kanczuga 84a LWy 36.4 78
Krotoszyn 296a fw 429 147
Migkinia 93d LMsw 374 112
Milicz 49a Lsw 49.4 123
Mircze 366a kw 50.6 108
Swierczyna 20a Ew 33.7 110
Wejherowo 59c LNw 36.0 155
Wotéw 336a Lt 41.4 117

*Healthy tree’Damaged tree. L& — fresh mixed broadleaved forest, L¥\y upland broadleaved for-
est, Liw — fresh broadleaved forest, Lt — riparian forest.
®Drzewo zdrowe’Drzewo zamierajce.

RESULTS AND DISCUSSION

Mineral substances (ash)

Analysis of the content of mineral substances (ask)e oak wood of healthy trees
(0.1-0.9%) and dying trees (0.1-0.7%) showed thatash content was within similar
value ranges (Table 2). The mean ash content irotiter heartwood of healthy and
dying oaks was at the same level equalling 0.3%&rafure data show that the ash con-
tent in oak wood is at the level of 0.2-0.7% [Pfieki 1984]. The ash content in sap-
wood is higher than in heartwood and its conterit..sand 0.3%, respectively [Fengel
and Wegener 1989]. However, some non-Europeanpedies (e.gQuercus douglasii
Q. stellatg feature a significantly higher ash content reaghi.4% [Rowell et al.
2005].

At five sites, the ash content in the wood of Hgalbaks was higher than in the
wood of dying trees. At three sites (Henrykéw, WWefiwo, Wotdw), these values were
at the same level. The lowest ash content was teeltét the wood of dying oaks from
Mircze, Kaaiczuga and Wejherowo and in the wood of healthy & Krotoszyn and
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Table 2. Ash content in the wood of healthy anchgyoak trees from different regions of Po-
land, %

Tabela 2. Zawart@ popiotu w drewnie ebdw zdrowych i zamieragych pochodacych z ré-
nych regionéw Polski, %

Forest District Healthy tree Damaged tree

Nadlenictwo Drzewo zdrowe Drzewo zamierace
Chetm 0.4 0.7
Czarna Biatostocka 0.4 0.3
Henrykéw 0.3 0.3
Jabtonna 0.9 0.3
Kanczuga 0.3 0.1
Krotoszyn 0.1 0.6
Miekinia 0.3 0.4
Milicz 0.2 0.5
Mircze 0.3 0.1
Swierczyna 0.6 0.4
Wejherowo 0.1 0.1
Wotdéw 0.3 0.3
Mean —Srednia 0.3 0.3

Wejherowo. The highest ash content was detectdtleérgroup of healthy trees from
Jabtonna (0.9%) an$wierczyna (0.6%), which can be linked to a reldgiyeoung age
of these two stands: ca 60 and 110 years, respctidowever, in the group of dying
trees, the highest ash content was detected &hbbn (0.7%) and Krotoszyn (0.6%)
sites with the oldest oak stands whose diebackawasg-lasting process (Table 2).

The examined wood samples came from the standeseming four forest habitat
types (Table 1). The extreme ash content valueg d@etected in the wood of both,
healthy and dying trees from the stands represgtitie fresh broadleaved forest habitat
type (LSw).

The pH value of the tested wood of both, healthy dying oaks was slightly acidic
and ranged from 3.40 to 4.26 ¢ia et al. 2005]. There are no significant differesin
wood between healthy and dying trees, howeverjghteases, the pH value of wood
in dying trees was slightly lower than in healthgets. At six, out of eight, sites where
the wood pH was lower in dying trees, the ash aunigas lower (or at the same level)
in the wood of dying oaks compared to healthy ones.

Heavy metals

The data concerning the content of heavy metale shat the wood of healthy oaks
contained 33 to 192 mg/kg of dry mass of all exadielements (Table 3). Although
the lower value was almost six-fold less than tphpen value, these values should be
considered relatively small.
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Table 3. Total content of the analysed heavy métathe wood of healthy and dying oak trees
from different regions of Poland, mg/kg of dry mass

Tabela 3. Sumaryczna zawaddadanych metali ekkich w drewnie dbéw zdrowych i zamiera-
jacych pochodgcych z rénych regionéw Polski, mg/kg suchej masy

Forest District Healthy tree Damaged tree

Nadlenictwo Drzewo zdrowe Drzewo zamierace
Cheim 192.29 201.54
Czarna Biatostocka 136.72 127.06
Henrykéw 123.54 95.79
Jabtonna 110.94 98.29
Kanczuga 88.15 78.23
Krotoszyn 83.24 98.88
Migkinia 88.45 87.42
Milicz 32.64 79.45
Mircze 59.02 41.26
Swierczyna 62.54 233.60
Wejherowo 98.37 80.38
Wotdw 78.13 71.91

No impact of the geographic location of stands eavly metal concentrations in oak
wood was observed. The lowest content of heavymetas detected in the oak wood
from Milicz (Wielkopolska) — 33 mg/kg of dry masshile the highest — in Chetm —
192 mg/kg and Czarna Biatostocka — 136 mg/kg of dass, that is from the stands
representing Forest Districts located in the eastegion of Poland (Table 3). No sig-
nificant differences were found between concertratiof heavy metals in the wood
from the remaining Forest Districts, as for exanthkewood from Henrykéw located in
the Lower Silesia Region contained 123 mg/kg of uhass, and the wood from We-
jherowo (the Baltic Region) — 98 mg/kg of dry méEable 3).

The wood of dying oaks and the wood of healthy dwd a similar content of heavy
metals. The total content of examined heavy matalse oak wood samples ranged from
41 mgl/kg of dry mass (Mircze) to 233 mg/kg of drass §wierczyna; Table 3), except
for the wood fromSwierczyna, where the content of examined metalhéndying tree
was four-fold higher compared to the wood of thalthg tree (Table 3). This result was
impacted by the exceptionally high level of mangan@53 mg/kg of dry mass), i.e. sev-
eral or even a dozen or so times higher than ire¢h@ining wood samples. The wood
from theSwierczyna Forest District is represented by theupedlate oak@uercus pet-
raed), a species which, in the opinions of some autHeegures higher susceptibility to
heavy metal concentrations in the environment tithar oak species [Opydo et al. 2002].
Such differences are and were observed betweeresgeam the genus poplaP¢pulus
[Lukaszewski et al. 1993]. It is likely that suchigh concentration level of manganese in
the pedunculate oak wood was the result of a higitenit of this easily assimilative ele-
ment in soil. On the other hand, the wood of hgaftedunculate oak frorwierczyna
contained a several-fold lower content of this edatn
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As the total content of heavy metals in the oak dveamples was relatively low, the
cation concentrations were also low, yet theseesblyere not equal (Table 4). The
content of Cd, Pb and Cd in the examined materé at the lowest level (1 mg/kg of
dry mass, on average). The Cd content in wood ssfpll within the range 0.02-0.21
mg/kg, Pb — 0.17-0.86 mg/kg and Cr — 0.16-0.86 mnglk spite of voluminous litera-
ture on the occurrence and negative effects okthestals, no evidence has been found
so far that might confirm that the examined elememe indispensable for normal plant
development [Kabata-Pendias and Pendias 1999]vales for Cd and Pb concentra-
tions did not exceed the level accepted as nafordhe wood of oak species [Queirolo

Table 4. Content of heavy metals in the wood ofthgand dying oak trees, mg/kg of dry mass
Tabela 4. Zawart@ metali ckzkich w drewnie gbow zdrowych i zamieragych, mg/kg suchej

masy
Heavy metals — Metalegikie
Tree health grade mag/kg
Stopier zdrowotndci
drzewa minimum maximum mean
- ) , ; SD VX
minimum maksimum srednia
Al
Healthy — Zdrowe 6.56 124.02 55.91 30.53 54.61
Damaged — Zamierge 7.96 127.23 57.95 25.82 44.55
Cr
Healthy — Zdrowe 0.16 0.56 0.27 0.17 41.40
Damaged — Zamiergie 0.17 0.86 0.31 0.17 57.16
Cu
Healthy — Zdrowe 117 16.02 222 2.96 133.44
Damaged — Zamierge 1.18 2.14 1.69 0.29 17.25
Fe
Healthy — Zdrowe 4.93 24.82 11.70 5.65 48.31
Damaged — Zamierge 1.14 42.82 12.22 8.25 67.49
Mn
Healthy — Zdrowe 3.32 114.22 25.67 24.06 93.74
Damaged — Zamierge 2.96 153.72 34.37 43.26 125.87
Pb
Healthy — Zdrowe 0.20 0.51 0.37 0.12 33.06
Damaged — Zamierge 0.17 0.86 0.39 0.17 43.58
Cd
Healthy — Zdrowe 0.02 0.11 0.03 0.02 67.21
Damaged — Zamierge 0.02 0.21 0.04 0.04 91.28

SD - odchylenie standardowe, Vx — wspotczynnik zméci.
SD — standard deviation, Vx — variability coefficte
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et al. 1990, Opydo and Opydo 1996, Opydo et al22@005]. Also, the content of Cd
and Pb in the wood of oak seedlings grown on coptaods does not exceed 1 mg/kg of
dry mass [Greszta 1982].

Although no statistically significant difference the Cr content was found in the
wood of healthy and dying oaks, attention shoulditsvn to the fact that the concen-
tration of this element was higher in the wood wihd trees than in the wood of healthy
trees at all sites except for Wejherowo. If theteahof Cr in the healthy wood is as-
sumed as 100%, the content of this element in thedwof dying oaks oscillated from
several per cent (Mkinia, Swierczyna, Wotow) to 150 per cent more (Milicz).I®e
vant literature lacks data on the natural leveCofin oak wood. On the basis of the
findings, it can be suggested that the naturallledehis element does not exceed
1 mg/kg of dry mass. The concentration of this cggment in the wood of other tree
species, e.g. European beeEbdus sylvaticaranges from trace quantities up to 0.05 ppm
[Kazmierczakowa et al. 1984]. In edible crops, the @mnaentration has a quite broad
range 0.02-1 ppm. It is generally assumed thattmeentration of Cr > 2 ppm for ex-
tremely susceptible plants and of Cr < 20 ppm foderately resistant plants is damag-
ing [Kabata-Pendias and Pendias 1999].

The content of copper cations in the tested oakdwaaged from several to a dozen
or so mg/kg of dry mass which is a natural levethid element in soil [Kabata-Pendias
and Pendias 1999]. Both, the deficiency and exaksspper, which is an indispensable
element for the normal development and growth ahd, lead to disturbances in their
various physiological processes. The range of Geeatrations in the wood of healthy
oaks (1.17-16.02 mg/kg) was greater than in thednafalying oaks (1.18-2.14 mg/kg).
However, in all wood samples, the content of coppas below 2.5 mg/kg except for
the sample from the Wotéw Forest District wherewias markedly higher (16.02
mg/kg). The obtained results do not confirm theultesof the studies by Opydo and
Opydo [1996] who observed significantly higher Cancentrations in the wood of
dying oaks compared to healthy ones.

The content of iron in the wood of healthy oaks we3-24.82 mg/kg, while in the
wood of dying oaks — 1.14-42.82 mg/kg (Table 4).fike sites (Chetm, Czarna Bia-
tostocka, Krotoszyn, Milicz, Mircze), the Fe contewas higher in the wood of dying
oaks than in the wood of healthy oaks and the mdiffees were between 20% (Mircze)
and over 100% (Milicz). At the remaining sites, ttentent of Fe was at a similar level
or slightly higher in the wood of healthy trees gared to dying ones.

The contents of aluminium and manganese in thevazdd samples were highest
(Table 4). The content of aluminium was 6.56-12@fkg of dry mass in the wood of
healthy trees, while 7.96-127.23 mg/kg of dry miasthe wood of dying trees (Table
4). At seven sites, the Al content was higher i@ Wood of dying trees compared to
healthy ones, while for the majority of cases tHtedences were minor. The exception
was the wood from Milicz anflwierczyna where Al concentrations were five-foldian
three-fold higher in the wood of dying trees congghto healthy ones, respectively.

Aluminium is a common element in plants usually erteeding the concentration
range of X0-X00 ppm, however, its content signifida differs depending on plant
properties and soil conditions. A relatively highodntent in wood should be related to
the fact that it is one of the most widespread elesnin the lithosphere (7.45%) and it
was man who has caused its amplified cycling inmatLévy et al. [1996] pointed to a
marked increase of Al content in pedunculate oakdvivtom a dozen or so to several
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dozen mg/kg of dry mass during several decaddseisécond half of the 20th century.
Elevated soil pH causes leaching of manganesesipa@ad calcium compounds and
release of AP ions which have a toxic effect on the root systrees leading to
a dieback of fine roots and micorrhizae [Prusinkezvand Pokojska 1989].

The content of manganese was 3.32-114.22 mg/kgrofrihss in the wood of
healthy oaks and 2.96-153.72 mg/kg of dry mas$fiénvtood of dying oaks (Table 4).
Out of four sites, where the Mn concentration ia thood of dying oaks was higher
than in the wood of healthy oaks, it was Swéerczyna site where differences between
the examined trees were largest. At this site ctir@ent of manganese in the wood of
dying oaks (152.83 mg/kg) was over six-fold hightiman in the wood of healthy oaks
(24.08 mg/kg). In the group of sites at which Mmeentrations in the wood of healthy
oaks were higher than in the wood of dying oaks,dteatest difference (four-fold) was
detected at the Krotoszyn site. Manganese, whoseeotrations in oak wood during
these studies were highest, plays important matafhgictions in plants, and its content
can oscillate in a broad range, depending on tkeisp, plant part, age, storage of as-
similative manganese in soil and other factors gtalPendias and Pendias 1999].

The comparison of significance of differences ia ttoncentration of heavy metals
in the wood of healthy and dying oaks was performdt values of this parameter for
most elements had no normal distribution (Shapiitk\iest). Therefore, decisions
were taken to use a Mann-Whitney non-parametrit es= 0.05). No ground was
found for each of the examined elements to rejextra hypothesis of the lack of dif-
ferences in element concentrations in the grougpealthy and dying oak trees.

CONCLUSIONS

The findings allow the conclusion that no significalifferences in the content of
heavy metals in the outer heartwood were found éetmoaks which were affected by
the process of dieback irrespective of the duratibmhis phenomenon (from few to
several dozen years) and healthy oaks growing utidesame environmental condi-
tions, i.e. in the same stands. In the case of dueagy metals, a rising tendency was
observed pointing to their higher levels in the doaf dying than in the wood of
healthy trees. Out of the 12 examined sites, timeeatrations of Cr at eleven sites and
of Al and Pb at seven sites were found higher ewlood of dying oaks compared to
healthy ones. The content of Mn and Fe was high¢he wood of healthy oaks at the
majority of sites.

No impact of the geographic location of stands eavly metal concentrations in oak
wood was observed. On the basis of the examineshibm content, it can be con-
cluded that the natural level of this element iae Heartwood of oaks does not exceed
1 mg/kg of dry mass.
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ZAWARTO $C METALI Cl EZKICH W DREWNIE D EBOW
(QUERCUS ROBUR L., Q. PETRAEA (MATT.) LIEBL.)
ZDROWYCH | ZAMIERAJ ACYCH

Streszczenie Przeprowadzono badania ogoélnej zawait@substancji mineralnych (po-
piotu) i metali cezkich (Al, Cd, Cr, Cu, Fe, Mn, Pb) w drewniglibw zdrowych i zamie-
rajacych z r@nych rejonéw Polski. Materiat do badaochodzit z 12 nad$aictwach re-
prezentujcych gtéwne bazy surowca tego gatunku w Polsceazidgo drzewostanu,
w ktorym obserwowano w przesztd i obecnie objawy zamierania oraz nadmiernego
wydzielania si drzew, wycgto w tym samym wieku dwa drzewa: zdrowe i zamigraj
Analizowano materiatl pozyskany z twardzieli zewnnej odziomkowej cgci pni ck-
boéw w wieku 60-155 lat. Zawarté substancji mineralnych w drewnietwbw zdrowych

i zamierajcych byta bardzo podobna. Nie stwierdzono statystigcistotnej rénicy dla
kazdego z badanych pierwiastkéw w ich zawéetav drewnie drzew zdrowych i zamie-
rajacych.

Stowa kluczowe: metale aizkie, popidt, db szyputkowy, db bezszyputkowy, drewno
debowe, Polska, stan zdrowotny, witasdalrzew, zamieranie lasu
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