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Soil of military grounds is often polluted with heavy metals. Their concentrations may be dosens of
times higher in polluted regions. The affected soils are permeable, so the pollutions can get into water
and spread to the environment. Into human and animal organisms they can get with food and water.
Heavy metals are very dangerous for people’s health, and we must know their accumulation places,
intensity of scatter and integral risk for health. The purpose of this work was to establish links between
zones polluted with heavy metals and morbidity caused by pollution with heavy metals. The morbidity
caused by heavy metals (Pb, Cu, Zn, Ca and other) in the polluted regions is 1.4-1.5 times higher for
adults and teenagers and 1.5-3.9 times higher for children aged under 14 years than the mean morbidi-
ty of the same diseases in Lithuania. Hypothetically, it is possible to prognosticate that this problem will
grow in future because the ratio of the newly registered and the existing cases of morbidity for children
aged under 14 years is 1.3-1.5 times higher than for adults.
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INTRODUCTION

The upper layer of the ground is very friable, fertile, and com-
posed of a complex of organic and mineral compounds. It is of
great significance for people’s life and health.

Man’s agricultural or other activities can basically modify
the stratum of the upper ground. This means that people’s life
and health become at risk. Recently this phenomenon (process)
has become not only local, but also global, and this may cause ir-
reversible changes of natural structure. To avoid the most severe
negative results, in 1987 the World Commission on Environment
Development (WCED) of the United Nations (UN) accepted the
conception of sustainable development, which anticipates the
optimal ratio between using environmental resources and the
development of industry. As the environment and the develop-
ment of industry are directly related with the quality of public
health, in 2002 the World Health Organization (WHO) accepted
the conception of sustainable development on the basis of so-
cial health development (WHO, 2002; Public Health, 2002; Geiss,
Wortmann, 2003; Ritt, 2003). Its main element is to keep a bal-
ance between the domains of social, economic, ecological life
and health, to ensure the quality of life.

Some factors of the ecological or geological nature can cause
a great risk, especially for public health. In health researches it
has been established that of especial danger for health is soil
which accumulates heavy metals. It has been proven that high
concentrations of these metals in the soil can be the factors of

people’s death or poisoning (A$menskas, Baubinas, Obelenis,
1997). Heavy metals from soil with water (also in vegetables) get
into human organisms, poisoning and destroying them. Most
of heavy metals (like mercury (Hg), plumbum (Pb), cadmium
(Cd), chrome (Cr), copper (Cu), nickel (Ni), zinc (Zn), cobalt
(Co), vanadium (V), molybdenum (Mo), beryllium (Be), ura-
nium (U), strontium (Sr), arsenic and other) have shown all or
at least several negative effects on health. Their effect may be
carcinogenic, mutagenic, teratogenic, neurotoxical. The most
dangerous and synergetic are the effects when the damage is
realized by separate concentrations not exceeding the standard
level (Taraskevicius, Radzevic¢ius, 1999). It is rather difficult to
evaluate the synergistic effect of heavy metals because they can
accumulate and their effect may be latent.

The target of this work was accumulation of heavy met-
als in the former military grounds and their possible effect on
morbidity.

As the effect of heavy metals is latent or synergistic, to iden-
tify it is practically impossible, therefore we used a systemic
approach (Jurgelénas, Juozulynas, Norvaisas, Siurkiené, 2004).
Its essence is that the levels of heavy metals and the state of
human health are regarded not as a cause and effect, but as a
constant biochemical process when heavy metals present in
the soil as a hazardous factor of health constantly affect the
health quality of some sectors of society. Hypothetically, in the
areas where the concentrations of heavy metals are high the
risk must be also high.
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SCATTER OF SOIL CONTAMINATION WITH
HEAVY METALS

In general, in Lithuania soil pollution with heavy metals is not
high, but soil is a place from which food, plants, animals and
people may be polluted. The pollution with Pb in various re-
gions on average varies from 10.9 to 14.1 mg/kg, with Cu within
5.0 to 7.0 mg/kg, Zn 23.5-37.2 mg/kg, Cd 0.48-0.63 mg/kg, Ni
7.4-10.9 mg/kg (ASmenskas, Baubinas, Obelenis, 1997). Heavy
metals are durable contaminants. Most of organic contaminants
disintegrate in nature, but the natural environment cannot de-
compose or destroy heavy metals. They may be only weakened
or integrated into temporary relatively innocuous complexes.
After disintegration of these complexes heavy metals easily get
into clay and other soil layers and also may get into plants, ani-
mals, food and water or directly into a human body. Studies of
heavy metals in the Nemunas polder grasslands have shown
that water meadow soils contained 1.5 times more heavy met-
als than in land meadow soils. Also, there was 2.5 times more
heavy metals in old ploughed lands (Vasilianas, Gipiskis, 1995).
Heavy metals from soil get into alimentary products. Researches
by Valiukénaité and co-authors into the pervasion of heavy
metals in cow’s milk has shown that in many cases the content
of Pb exceeded the permissible levels (Valiukaité, Jarmalaité,
Stankevi¢iené, 2005). Heavy metals penetrate even into ecologi-
cal agriculture. Researches made by Rutkoviené and Karnauskas
(1998) have shown that low levels of Pb were present only in
ecological suga-beets and in the one of the barley samples. The
concentration of heavy metals in alimentary products did not
exceed the maximum permissible level (MPL). Pb is mostly ac-
cumulated in pig liver, chicken meat, eggs, and barley grain. In
2003, researches in fish showed that in most Lithuanian rivers
and lakes the content of heavy metals (Cu, Zn, Cd, Cr, Ni, and
Hg) in fish muscles doesn’t exceed the MPL, but in fry tissues
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Fig. 1. Location of the Gaiziinai Military Ground (Greiidté, Juozulynas, Surkieng,
Valeikiené, 2007)
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Valeikiené, 2007)

their levels exceeded the data of previous years, although only
Pb exceeded the BLC. In 2003, the content of heavy metals in
Lake Driiksiai bottom sediments was 7 to 15 times higher than in
previous years and higher than in the other lakes (Sakalauskiene,
Striupkuviené, 2004). Wild herbivorous animals hunted for food
(roe, red deer, north deer, moose, boar) are good bioindicators
showing environmental pollution with harmful substances. To
identify harmful substances such as heavy metals or pesticides
in the wild animals’ tissues are important to ensure that their le-
vels in foodstuff do not exceed the limits which are safe for man.
According to data of Malakauskas, Janugkevic¢iené, Vaitkus
(2004), in some samples heavy metals exceeded the permissi-
ble hygienic norms but were not hazardous for health, because
these products are very rarely used.

These examples show that the distribution of different heavy
metals in the environment although not exceeding the MPL,
are hazardous because of their synergetic effects whose integral
norms are just unknown. Especially dangerous are accumula-
tion foci epicentres of heavy metals. It has been long ago noticed
that in different regions soils may contain different levels of
chemical substances. They are predetermined by the biochemi-
cal processes. Zones containing too much of different chemical
elements may be of various size from local to regional and even
global. For example, the zone of Pb distribution from the epicen-
tre may reach 100 kilometres.

Such zones arise from unbalanced or specific activities. In
Lithuania, they hypothetically could be the former military
grounds (Fig. 1).

Military grounds are territories of a specific purpose, in
which various buildings necessary for exercises are often con-
structed for shooting and explosure practical training. For these
reasons, the soil in military grounds is often polluted with heavy
metals because of continuous damage. There, vegetation is very
soarce in some spots of land and even missing, and sandy waste-
lands are formed. There are a lot of military ground territories
where the vegetation cover is completely destroyed. More af-
fected soil is more permeable, so pollution can easily get into
groundwater. The present study has shown that the content of
organic matter in soil of some territories used for army needs
is significantly (by 66% to 99%) lower than in the undamaged
territories. Soil pollution with heavy metals depends on the type
of territory and on its use intensity; most polluted with Pb and
Cu are soils in shooting ranges, meanwhile territories used for
military transport are most heavily polluted with metals con-
tained in oil (Cr, Pb, Mn, etc.). Besides, most of the environment
is polluted with oil products; in the fields of tactical trainings
lie bullets and explosive warhead residues, and because of regu-
lar damages sandy soil prevails. Military activities cause dam-
age to the environment because of soil pollution with various
chemical substances, also in the surrounding territories. Soil
pollution is indicative also of the risk of groundwater pollution
(Vasarevitius, Greiciate, 2004) (Fig. 2.)

EFFECT OF HEAVY METALS ON HUMAN HEALTH
Researches of health and safety have shown that heavy metals

are much more dangerous than it was considered before. Their
small doses accumulate in the body and then latently destroy it.
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Pabradé Kaunas district | Klaipéda district
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= = =
o Adults and teenagers 30.0 54.7 0.8 25.7 0.8 27.3 0.9
*Morbidity _ _
Children till 14 years old 3.0 6.2 2.1 3.4 1.1 2.6 0.8
Adults and teenagers 9.1 14.6 1.6 124 1.4 9.3 1.0
Tumours **New cases . _
Children till 14 years old 13 5.1 39 2.1 1.6 2.0 1.5
Ratio of new cases Among 303 | 266 482 341
and morbidity % Among 434 82.2 61.7 76.9
. Adults and teenagers / 3.1 49 1.5 42 1.3 6.5 2.1
** Morbidity _
. Children under 14 years 13.1 17.8 13 8.9 0.6 28.8 2.2
Diseases of
Adults and teenagers 1.2 2.3 1.9 2.7 2.2 3.8 3.1
blood and blood ** New cases _
. Children under 14 years 7.8 11.0 1.4 6.5 0.8 239 3.0
production organs
Ratio of new cases Among 387 49 64.2 58.4
and morbidity % Among 59.5 61.8 73.1 829
o Adults and teenagers 41.0 32,6 0.7 135.5 33 56.5 1.3
** Morbidity _
Children under 14 years 21.1 29.3 1.4 25.2 1.1 25.2 1.1
Nervous system Adults and teenagers 15.9 9.8 0,6 72.1 4.5 29.9 1.9
i ** New cases §
diseases Children under 14 years old 1.9 17.7 1.6 12.7 1.1 14.7 13
Ratio of new cases Among 387 | 301 532 529
and morbidity % Among 51.6 60.4 50.4 583
o Adults and teenagers 1.5 33 2.2 3.5 23 2.7 1.8
** Morbidity _
Children under 14 years 24.5 18.8 0.7 2.0 1.1 74.1 3.0
Congenital defects Adults and teenagers 0.5 1.1 2.2 1.2 24 0.4 0.8
i * New cases / _
and anomalies Children under 14 years 11.3 9.0 0.8 10.2 0.6 214 1.9
Ratio of new cases Among 333 | 333 342 1438
and morbidity % Among 46.1 47.8 36.4 28.8
o Adults and teenagers 5.0 18.8 3.8 15.2 3.0 21.9 44
** Morbidity _
Children under 14 years 524 523 0.9 117.9 2.2 2114 4.1
Abnormal
. Adults and teenagers 3.8 9.0 23 11.1 2.9 15.2 40
clinical and ** New cases _
. Children under 14 yearsold | 35.9 20.0 0.5 774 2.1 1334 3.8
laboratory findings
Ratio of new cases Among 760 | 478 730 69.4
and morbidity % Among 68.5 38.2 65.6 62.9

* Local morbidity ratio with average morbidity in Lithuania
** Morbidity and new cases of adult, teenagers, and children under 14 years per 1000
Source: Lithuanian Health Information Centre 2005

* K vietovés sergamumo santykis su Lietuvos sergamumo vidurkiu
** Sergamumas ir nauji atvejai 1000-iui suaugusivjy ir paaugliy bei vaiky iki 14 mety
Saltinis: Lietuos sveikatos informacijos centras, 2005 m.
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In humans and animals, they affect the central (CNS) and pe-
ripheral nervous systems (PNS), the functioning of blood pro-
duction system and internal endocrine glands gets impaired.
Especially dangerous is Pb which strongly affects the nervous
system and other vitally important functions. Accumulation of
heavy metals is mostly displayed in carcinogenic, mutagenic and
embryotoxic effects on the organism. The negative effect of heavy
metals is frequently invisible because some of changes in the
organism manifest only after some or several decades or years
and sometimes even only in the next generations. A study into
environmental pollution with Pb and the occurrence of myocar-
dial infarct (MI) morbidity (Dulskiené, 2003) has revealed that
air pollution with heavy metals exceeding 0.225 pg/m’ tended
to increase by 12% the risk of the first MI in men aged 24-64
years. The MI morbidity of younger men of employable age was
by 7.8% and of those elder by 16% higher in the zones of low Pb
pollution. Cr can cause cancerous diseases of the pulmonary and
digestive systems; Cu can cause pulmonary, hepatic, digestive
and other disorders. Especially difficult is the prognosis of the
diseases induced by the joint effect of several heavy metals. In
such cases we deal with an integral factor of health risk which af-
fects the common state of health or first of all damages its weak-
est points. Therefore, it is very important to know heavy metal
accumulation places and to organise respective health services.
Territories of military grounds are polluted not only with one,
but with several metals; especially dangerous are Pb, Zn, Cu and
other. These elements induce the development of diseases such
as tumours, hemopoietic and cardiovascular systems, nervous
system, congenital defects, anomaly of chromosomes and other
clinical and genetic derangements.

Table shows the possible morbidity in the biogeochemical
zones in whose epicentre there are military grounds, which a
supposed influence of heavy metals.

These data are not strongly determined because such an ex-
periment is impossible. Morbidity may be affected not only by
heavy metals, but also by other factors, among them the quality of
health services. Our purpose was to compare morbidity values in
polluted regions with the respective average values for Lithuanian
in order to reveal the respective effects of heavy metals.

Our data shows that morbidity of the regions contain-
ing a biochemical focus in their epicentre is higher than the
analogous average morbidity in Lithuania. Tumorous diseases
in adults and teenagers are 1.8 times more frequent in the
Pabradé region than the average morbidity of these diseases in
Lithuania. Morbidity of blood and hemopoietic diseases here
is 1.5 times higher, in Kaunas region 1.3 times, and in Klaipéda
region 2.1 times higher than the Lithuanian average. Diseases
of the nervous system in Kaunas region are approximately
3.3 times and in Klaipéda region 1.3 times more frequent than
the Lithuanian average.

Tumour morbidity in the biochemically exposed regions
among children aged under 14 years gives rise to anxiety. In the
study regions, it is higher (1.5 to 3.9 times) than the Lithuanian
average: blood and blood system - 1.3 to 2.2 times, diseases of
nervous system — 1.1 to 1.4 times.

The rate of newly registered cases among adults and teen-
agers is higher than the Lithuanian average (1.4 to 4.5 times),
and among children aged under 14 years ranges from 1.3 to 4.1

times for separate diseases. Newly registered cases of tumourous
diseases in the region of Pabradé are 3.9 times, in the region of
Kaunas 1.6 times and of Klaipéda 1.5 times more numerous. The
situation is similar with the hemopoietic and nervous system
diseases. These data show tha the territories of the former mili-
tary grounds are the epicentres of an increased risk for health.

The data of Table let are indicative of possible morbidity ten-
dencies. To this end, we have introduced the index of new cases
and morbidity rate ratio. It does not strongly define the process,
butit may indicate its possible direction. This index of all diseases
associated with heavy metals is higher 1.3 to 1.5 times in children
aged under 14 years than in adults and teenagers of Lithuania.
We believe that this is a dangerous tendency because the grow-
ing morbidity of the next generations is already programmed
now. But in zones of biochemical effect this ratio is even higher
than the Lithuanian average. In the region of Pabradé, for the
cases of tumours it is 82.2%, in the region of Kaunas 61.7%, in
the region of Klaipéda 76.9% versus the Lithuanian average of
43.4%. The situation of morbidity with other diseases, except
abnormal clinical and laboratory findings, is similar. These data
allow a hypothetic assumption that pollution with heavy metals
means an integral risk for health, which increases the intensity
of common morbidity, although the spread of separate metals
doesn’t exceed the permissible levels.

CONCLUSIONS

1. In the territories of the former military grounds soil, soil
pollutions with heavy metals generates the epicentres of an
integral biochemical effect. Although the levels of separate
metals do not exceed the permissible standards, their joint
effect generates a zone of the integral biochemical effect in
which Pb prevails in the biogenic matrix and the soil.

2. Territories of military grounds as epicentres of the biochem-
ical effect on public health in the surrounding regions in-
duce diseases cause by heavy metals, such as derangements
of blood or the hemopoietic system, nervous system, etc.
They are especially dangerous to children. The frequency of
these disease in such regions is higher than the average mor-
bidity in Lithuania. This morbidity in future is likely to be
growing because the newly registered cases and the extent of
the problem are higher among children aged under 14 years
than among adults.
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DIRVOZEMIO UZTERSTUMAS SUNKIAISIAIS
METALAIS IR ZMONIU SVEIKATA

Santrauka

Kariniy poligony dirvozemis daznai bina uZter$tas sunkiaisiais metalais,
kuriy koncentracija gali bati kelis ar keliasdesimt karty didesné negu
neuztersty regiony. PaZeistas dirvozemis yra pralaidesnis, todél ter$alai
patenka j vandenis ir i$plinta aplinkoje, o su augaliniu maistu ir vandeniu
pakliava ir { gyvuliy bei Zmoniy organizmus. Sunkieji metalai yra labai
pavojingi Zmoniy sveikatai, todél reikia Zinoti jy susikaupimo vietas,
sklaidos intensyvuma ir rizika sveikatai. Sio darbo tikslas - i3siaiskinti
tarSos sunkiaisiais metalais poligony zonose ir sergamumo, kurj galéjo
sukelti minéta tar$a, sasajas. Tyrimu nustatyta, kad sergamumas sun-
kiyjy metaly sukeltomis ligomis uzter§tuose regionuose suaugusiyjy ir
paaugliy yra 1,4-4,5 karto, o vaiky iki 14 mety — 1,5-3,9 karto didesnis
uz vidutinj sergamuma tomis ligomis Lietuvoje. Taigi galima teigti, kad
ateityje $is sergamumas didés, nes naujai uzregistruoty ir Zinomy ligy
atvejy santykis vaikams iki 14 mety yra 1,3-1,5 karto didesnis negu
suaugusiesiems ir paaugliams.

Anpruppac I0osynunac, Antanac IOprenenac, bupyre byrkene,
Kpucrnna Ipeiturote, Paca CaBuytore

3ATPA3HEHME ITOYBBI TAXKEJTBIMU METATITAMHI
N 3JOPOBBE HACEJIEHM A

Peswme

IIouBa BOEHHBIX IIONIMTOHOB YaCTO 3arPsA3HEHA TAXKEIbIMI MeTas/a-
Mu. VIX KOHIIEeHTpaluA MOXKeT IIPEBBIIIATh B HECKOMBKO IECATKOB pa3
ecTecTBeHHYI0 HopMy. [loBpexxienHas 104Ba IIOTUTOHOB CTAHOBUTCA
IPOHUIIAEMOIA, M 3aTPA3HAIOILNE BelleCTBA JIETKO MONA/AI0T B IPYH-
TOBbIE BOJBI J BMECTE C HMMM — B TINIY. TAKesTble MeTaIbl 04eHb
BPEJHBI [I 3[J0POBbs, IOITOMY HEOOXORMMO 3HATh MECTA UX CKOII-
JIeHMSL, YTOODI IPEJIPUHATD MePBI IPEAOCTOPOKHOCTH. Lleb faHHO
pabOThI — OLIEHUTD CBA3b MEXJY 3arpsA3HEHNEM MOYBBI TSDKE/IbIMU
MeTa/l/TaM) B 30He OBIBIIVX BOCHHBIX IIOTMTOHOB JINTBBI 1 60/Ie3HAMM
Hace/leHNsA B 9TUX PETMOHAX, B Pe3y/IbTaTe JOIT0CPOYHOTO BO3Jieiic-
TBUA TAXKENbIX META/IOB. PesynbTaThl McciefoBanms MoKa3ann, 94To
3a60/1eBaeMOCTb IIOf] C BO3[E/CTBIEM TXeNbIX MeTamnos (Pb, Cu, Zn,
Cr, 1 [ip.) Y B3pOCTIBIX ¥ TIOAPOCTKOB B 1,4-4,5 pa3a, a y gereit o 14
net - B 1,5-3,9 pasa Bbllle, 4eM CpeHsis 3a60/1eBaeMoCTh 110 JIntBe
TeMu e 6orme3HsIMIL. [MITOTeTMYeCKYT MOYKHO HPEIIONIOKIUTD, YTO MH-
TEHCUBHOCTb 3a60/IeBaHNII B 9TUX PETMOHAX OyLieT PacTit, I03TOMY
HOBBIE 3a00/IeBaHNA ¥ fieTelt o 14 et perucrpupyorcs B 1,3-1,5
pasa yalle, 4eMy Y B3POCIIbIX 1 IIOf;POCTKOB.



