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Summary. The correlation between the geographic occurrence of Balkan endemic nephropathy (BEN) and low rank
Pliocene lignites is striking. Comparison of mass spectra of methanol extracts from lignite samples collected in the
vicinity of two endemic villages, with mass spectra of methanol extracts higher grade coals, shows the presence of
many more potentially nephrotoxic compounds, and much higher total organic concentrations in the lignite extracts.
The Pliocene lignite composition is dominated by highly functional aromatic compounds not found in the other coal
samples. The geologic history of the endemic regions helps to explain the high concentrations of highly functional
aromatic compounds found in the low grade lignites in this region. The Pliocene lignite area, and associated endemic
villages in Bulgaria, Romania, Serbia, and Croatia, occur on the margins of the Balkan Peninsula's major Tertiary
basins. The young age and lack of deep burial or tectonic effects on the lignites have resulted in the incomplete coali-
fication of the original peats.
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Introduction
Balkan Endemic Nephropathy (BEN) is a fatal kid-

ney disease that occurs in geographically discrete areas
of the Balkan Peninsula (1,2). The disease was first
described in 1956, but may have existed for many cen-
turies (3). The disease seems to occur only in rural vil-
lages located on alluvial valleys of tributaries of the
lower Danube River (4). A common geologic feature of
endemic villages is the proximity to distinctive low rank
Pliocene lignite deposits and lignitic shales. It was hy-
pothesized (4) that weathering of the lignites and asso-
ciated shales yielded soluble organic compounds, that
were transported by the local ground water flow system
to the shallow water wells used by the villagers. Figure
1, is a diagrammatic figure showing the geologic and
hydrologic setting of endemic home sites.

Geochemical analysis of water samples from en-
demic and control villages (4) indicated the presence of
potentially carcinogenic and nephrotoxic organic com-
pounds (including napthylamines, aniline, aminophe-
nols, and polycyclic aromatic hydrocarbons-PAHs) in
much higher concentrations compared to non-endemic
villages.

The purpose of this paper is to describe more recent
research on the possible relationship between Pliocene
lignites and the etiology of BEN.

Method of study
Field investigations and coal samples collection
In May 1999 we performed a field trip in the main

Romanian BEN endemic area (Drobeta Turnu Severin),
located in SW Romania. Eight endemic villages and two
non-endemic sites were visited on this occasion. The
villages were selected based on the medical records
showing their endemic character, which we obtained
from the Drobeta Turnu Severin County Hospital. Lo-
cation, elevation above sea level, proximal presence or
absence of coal deposits and/or coal mines were noted
for each investigated site, and an observation of the sur-
roundings was performed.

Pliocene lignite samples were collected from Pietris
mine (located in the endemic village of Pietris). Metha-
nol extracts of the lignite were made, using approxi-
mately 5 g of coal and 5 ml of chromatographic purity
methanol. The extraction was performed in clean glass
tubes, the coal remaining in contact with the methanol
for two days. After two days, 500 µl of methanol extract
were transferred into another clean glass tube, and the
macroscopic particulate matter was removed by spin-
ning down in a centrifuge, at 2000 rpm, for 10 minutes.
The supernate was transferred into the GC/MS analysis
glass vials. The methanol extracts were subjected to
GC/MS analysis on an HP 6890/5973 system (Agilent
Technologies, Palo Alto, CA, USA), using for injection
an HP 7683 Series automatic injector. We used a cus-
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tom method, with the following specifications and con-
ditions: carrier: helium 5.6 purity, constant flow,
1.0 ml/min; column: HP-5MS, 30 m × 0.25 mm × 0.25 µm;
injection: splitless, 2 µl; oven: 60oC (3 min), 8oC/min
280oC (1 min); detector: 5973 MSD, 280oC. Mass spectra
interpretation was helped by the use of NIST/NIH/EPA
1998 mass spectral library.

Methanol extracts from two other coal samples (see
"Results and Discussions" for description) were ana-
lyzed for comparison under the same conditions.

Results and discussions
The setting of the endemic villages
All the endemic sites we visited during the field trip

are located at elevations below 250 m, and occur in both
narrow and wide alluvial valleys surrounded by soil
covered hills. Most villages have a river flowing
through, with many intermittent tributaries within the
village. These streams are tributaries of the Danube
River. Field observations and discussions with the vil-
lagers revealed the presence of Pliocene lignite deposits
in the surrounding hills and of coal mines located in
close proximity (less than 1 km) to several endemic vil-
lages (Pietris, Erghevitza, Livezile, Prunisor, Husnicio-
ara). Figure 2. shows the locations of Pliocene lignite
deposits, and endemic villages in Romania.

GC/MS analyses
The analysis of the methanol extract of the Pietris

mine Pliocene lignite sample revealed a unusual organic
composition of this coal. The mass spectrum is pre-
sented in figure 3, in comparison with spectra of metha-
nol extracts of a subbituminous and a bituminous coal
sample, obtained from Tebea-Brad and Paroseni-Petro-

sani mines, respectively. Tebea-Brad mine is located
180 km north from the Drobeta Turnu Severin BEN
endemic area; the villages around the coal mine also
have a population dependent on well/spring water for
drinking and cooking purposes but no BEN cases have
been described here. Paroseni-Petrosani coal mining
complex is located 100 km NNE from the endemic area
and again, no BEN cases have been diagnosed in the
villages around. It is also interesting to note the tint of

Fig. 1. Diagrammatic cross section of alluvial valley in the vicinity of an endemic home site, showing the geologic
and hydrologic setting. (Map scale is approximately 1 centimeter equals 300 meters).

Fig. 2. Map showing the overlap between the Balkan Peninsula
Tertiary basins margins and Balkan endemic
nephropathy areas. Map also shows the present location
of Pliocene lignite deposits. Adapted from Jasko (5).
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the three methanol extracts, the Pliocene lignite giving a
dark yellow color, compared to the faint yellow color of
the subbituminous coal extract and the almost transpar-
ent bituminous coal extract.

Fig. 3. Mass spectra of two days methanol extract of a
Pliocene lignite sample from the endemic village of
Pietris (A), of a subbituminous coal from Tebea-Brad
mine (B) and of a bituminous coal from Paroseni-
Petrosani mine(C).

The mass spectra of the Pliocene lignite shows an
abundance of peaks not present in the other two coal
samples. These represent aromatic hydrocarbons mainly
in the benzene and naphthalene category, rich in func-
tional groups: methoxy, acetyl, keto, hydroxy. Some of
these compounds could be nephrotoxic/carcinogenic
and have a sufficient hydrophilicity to be leached into
the groundwater used by the villagers. Other compounds
encountered in the Pliocene lignite extract belong to the
terpane/steranic groups or represent functional deriva-
tives of these. They are most likely generated by fungi
degrading the original peat structure and reveal the poor
quality of the coal, which even macroscopically resem-
bles in many ways the fossil wood.

In contrast, the subbituminous and bituminous coal
samples, although collected from two different Roma-
nian coal fields, located many kilometers apart, give
methanol extracts with similar mass spectra, the domi-
nant compounds being monocyclic and polycyclic aro-
matic hydrocarbons. Compared to the Pliocene lignite,
these compounds are poorer in functional groups, the
most representative being: xylenes, benzene and meth-
ylbenzene, naphthalene, azulene. Alkanes like undecane
and dodecane are also present in both coal samples, but
not in the Pliocene lignite sample. These compounds are
practically insoluble in water and their lack of func-
tional groups with potential toxicity could explain why
rural populations using well/spring water and living in
the proximity of these coal deposits do not develop the
disease. On the other hand, the Pliocene lignite deposits
found in the hills around the town of Drobeta Turnu
Severin contain many potentially toxic compounds that
are leachable into the ground water, in consequence
posing a health hazard to the villagers. Even if present
in low concentrations into the well/spring water, in the
time frame of several decades they could lead to BEN.

The geological history of the endemic regions
A map comparison (figure 2) between the present

location of the BEN endemic sites and the correspond-
ing Tertiary geographic features of the same regions,
shows that BEN areas are located in places correspond-
ing to the southeastern and southern margins of the Ter-
tiary Panonian Basin (present day Croatia, Bosnia and
Serbia along Sava River and the terminal part of
Morava River, around its confluence point with Danube
River, and Romania –the Caras Severin endemic area)
and the southwestern and southern shores of the Dacian
Basin (present day Romania – the Drobeta Turnu
Severin endemic area - and Bulgaria – Vratza region -,
respectively). Another endemic region is located in
southwestern Serbia, around Morava River; this region
also corresponds closely with the Tertiary location of a
smaller interior basin – probably a shallow swampy
area. A recently described endemic area in Kosovo is
also spatially correlated with Tertiary marshlands that
are sufficiently large to leave a significant amount of
Pliocene sediment (5). A specific flora was growing on
these places during the Tertiary, in a subtropical, warm
and humid climate, as revealed by extensive paleobo-
tanical investigations (6,7,8). Marshland vegetation
including water grass and species of plants and trees
(Taxodium, Sequoia, Glyptostrobus, etc.) was usually
found at the edges of shallow lakes and lagoons. The
dead vegetation was buried by sediment and decayed
mainly under anaerobic conditions. Peat and lignite
formation in these areas was a common event during the
last part of Tertiary (Neogene). The locations of many
of the lignite deposits that have been identified in pres-
ent day Central and South-Eastern Europe correspond to
the marshy limits of the Pliocene Basins (5,8). Coal
formations occurring here vary in thickness from sev-
eral centimeters up to several meters and are layered
into several horizons separated by strata of organic rich
shales and sediments. In Romania, as in the former
Yugoslavia, most if not all of the endemic villages lay
over or are adjacent to Tertiary sediments that have (in
an 80-100 m column) 10 to 15 Pliocene lignite layers
(8). Depending on location, one layer or another can be
missing but overall, the presence of the Tertiary (mainly
Pliocene) age coal with a particular degree of alteration
is an individualizing and unifying factor for the BEN
endemic foci from Romania and the former Yugoslavia.
Frequently, open pit or underground lignite mines are
located in the vicinity of the endemic villages. However,
the Bulgarian endemic region (in the Vratza district,
northwestern Bulgaria) apparently it is not very closely
linked to such coal deposits, although north and south
from the endemic region, extensive coal regions are
found, which belong to the economically important Lom
and Sofia coal basins, respectively (9). It is possible
though these coal deposits to be hydrologically linked to
the endemic area or undocumented (non economic) lig-
nite deposits to exist in the BEN area. Moreover, the
area where the Bulgarian BEN endemic sites are located
is geologically defined by Pliocene sediments corre-
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sponding to the Southern margins of the Tertiary Dacian
Basin. In other words, Vratza region emerged as a BEN
endemic area in paleoenvironmental conditions similar
to those encountered in the Romanian Drobeta Turnu
Severin endemic region. Hence, wet, swampy lands
characterizing the margins of the Tertiary Balkan inte-
rior shallow seas are a common denominator for the
sites where the current BEN endemic regions are de-
scribed.

Why is the disease geographically restricted?
Similar Tertiary sediments and Pliocene coals as

those described above are found in other countries of
the Balkan Peninsula or elsewhere, from Slovenia and
Hungary in the north, to Greece, Albania and Turkey in
the south, where no BEN cases have been described so
far. Then, why has BEN such a limited geographical
distribution? According to the hypothesis involving the
Pliocene lignite derived compounds in BEN etiology,
two factors responsible for this limitation can be in play:
1. the geochemical composition of the Pliocene coal
associated to the BEN areas; 2. the local hydrogeologi-
cal environment in the affected areas. We will briefly
discuss below the two factors.

1. If compounds leached from the Pliocene lignite
are related to BEN etiology than it is likely that the
quality of the lignites is a significant factor in making
those lignites etiopathogenic or not. In this regard, geo-
chemical analyses revealed a higher degree of alteration
of lignites sampled from Bosnia, from an area free of
BEN and from Greece, compared to the lignites from
the BEN endemic regions. The later ones also proved to
be very rich in organic functionalities containing meth-
oxyl, phenolic, and O-bonded aliphatic hydrocarbon
groups (10). We have also shown in this work the par-
ticular composition of the Pliocene lignite methanol
extracts compared to that of other coals, from nonen-
demic regions.

A specific organic composition of the Pliocene lig-
nites, resulting from some particular coal forming and
sedimentation conditions in the Tertiary swamps, would
be a major factor in restricting disease distribution. In
other words, coal geochemistry has to be unique, dis-
tinct from that of the Pliocene coals occurring in other
regions, either in the same countries where BEN occurs
or worldwide. For instance, in Romania, Pliocene lig-
nites were identified in many places along the southern
Carpathians, in the Carpathian foredeep (corresponding
to the northern border of the Dacian Basin) but BEN is
restricted only to the area corresponding to the west-
ernmost margins of the Dacian Basin. It is likely that
some specific coalification processes have occurred in
these places during different stages of the Neogene,
starting from the late Miocene and continuing up to the
early Pleistocene. Recent studies have shown that the
Oltenian lignites (sampled from depositional layers
found around or underlying the endemic villages) have a
peculiar organic composition. What individualizes these
lignites from other lignites of Romania or other nonen-

demic areas seems to be the huminite fraction, rich in
phenolic and other aromatic structures, probably origi-
nally derived from lignin. It is possible this huminite
fraction contains certain nephrotoxic and/or carcino-
genic molecules not found in the organic composition of
other, "non-BEN causing", coals. Leached into the
groundwater, these molecules could lead to BEN in a
susceptible population group.

The major coal forming plants growing in the Bal-
kan Peninsula Tertiary Basins belonged to several dis-
tinct phytocenoses, growing in specific paleoenviron-
ments: the reed marsh, the Nyssa-Taxodium swamp, the
Myricaceae-Cyrillaceae moor and the Sequoia moor
(11,8). Although all these plants contributed to the for-
mation of the coal deposits, by far the most frequently
involved was Glyptostrobus europeus, which formed
large forest swamps during Tertiary. Although G. eu-
ropeus was widespread in the Dacian Basin (and very
likely in the other coal forming basins of the Balkan
Peninsula), some species, like Sequoia were restricted in
distribution only to certain areas (for instance, to the
western part of the Dacian Basin in Romania), probably
due to some limiting paleogeographic circumstances
(8). Such species could have contributed to a particular
organic composition of the Pliocene lignite connected to
the endemic villages. In a similar way, a specific ratio in
the coal generating plants could also have been respon-
sible for a distinct composition of the BEN-inducing
coal and not encountered in other coals.

2. BEN endemic villages are located in alluvial val-
leys, and for most of the villages the only water supply
is ground water from shallow wells dug in each yard or
on the streets. We found that the depth to water in most
of the open shallow wells and springs used for drinking
water in the endemic villages is between 0 to 15 meters.
Groundwater circulating through the Pliocene lignites
and organic shales in the rocks underlying and adjacent
to alluvial valleys would leach the toxic organic com-
pounds from the rocks, and transport them to the shal-
low wells/springs. Even the unconsolidated alluvium in
the vicinity of endemic villages may contain weathered
particles of shale and lignite from adjacent hills, and
these particles also contribute soluble toxic compounds
to the groundwater. The occurrence of endemic and
non-endemic villages within a few kilometers of each
other is probably a result of variations in concentrations
of toxic organic compounds in well water. This varia-
tion can be influenced by: a) proximity to formations
containing the toxic compounds, b) differences in con-
centrations of toxic compounds in the sediments,
c) differences in flux of groundwater through the sedi-
ments, and d) differences in dilution of toxic com-
pounds due to rainfall and permeability of the soils,
especially in the vicinity of water wells. The relatively
low concentrations of toxic organic compounds found in
the drinking waters in endemic villages could explain
the long period of exposure leading to BEN.
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Conclusion and future prospects
The correspondence between the Tertiary margins of

the major basins located in the Balkan Peninsula and the
BEN sites is intriguing and could offer, along with the
similar correspondence of the Pliocene lignite deposits
and BEN foci, a resolution to the old mystery of the
etiology of Balkan nephropathy. The search for the
toxic molecule(s) is underway through geochemical
investigations of water and coal samples collected from
the endemic villages, and if the suspect molecules will
be found, animal experiments will follow in order to
prove their nephrotoxicity and/or carcinogenicity. The
nature of this compound(s) is unknown, as hundreds or
thousands of organic molecules can be found in coal
composition, many of them with potential toxicity. Due
to the local climatic and geological conditions in the
Balkan Peninsula, the coalification process of the peat
has been incomplete, leaving partially decayed com-
pounds, aromatic and nonaromatic, starting from the
originating compounds of the dead plants. Such com-
pounds are, for instance, the terpenoids, considered

biomarkers of incomplete degradation of fossil fuels,
like coal and oil (12,13,14). These compounds are also
sometimes found in association with aromatic hydrocar-
bons. Also, certain of these molecules or their deriva-
tives can have mutagenic effects (e.g., terpineol) (15), or
could be nephrotoxicants, and we have found similar
compounds in the methanol extracts of the endemic area
Pliocene lignite but not in the other "non-endemic" coal
samples. Detecting similar or identical compounds in
the water collected from the endemic areas will bring a
solid connection between the etiology of Balkan en-
demic nephropathy and the geological background of
the endemic villages, dominated by the presence of
Tertiary lignites.
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