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Hungary
Szénmeddok masodlagos mineralizdcids folyamatai és kirnyezeti hatdsuk Eszakkelet-Magyarorszdagon
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Abstract — Ottnangian-Karpatian brown coal seams were exploited from the late 19t century producing numerous pit heaps accumulated
between 1920 and 1970 in the hilly foreground of the Biikk Mountains, northern Hungary. The aim of this paper was the observation of
the processes in the pit heaps and its environmental impacts.

The five coal seams were formed in paralic transgressional-progradational swamps. The oxihydration of the pyrite and marcasite
content of the coal heap resulted in the production of sulphuric acids that exposed the components of the embedding sediments.
Furthermore, the self-combustion of the partly siliceous and fragmented coal material in the pit heap was frequent. In this partly open
system with varying temperature, hydrothermal, low-pressure and high-temperature pneumatolitic and thermo-contact micro-
environments occurred simultaneously. In remobilising the original elements of the organic and the heap material, the migration of the
adsorbed water and the gravitational free water equally played an important role. According to the microscopic, micromorphological
electron microscopic, microprobe and X-ray analyses, primarily, sulphates occur in the heaps and the formation of thombic native sulphur
is frequent.

The environmental impact of the re-mineralisation processes was studied. The results showed that only a few soluble components
had moderately damaging effects on natural fresh water and groundwater and only a few caused the increase of As-, St-, Fe-, Mn-, SO4
contents. Due to local dilution, these were only occasionally increased above the tolerance limit.

Micro-climatic and ecological measurements were made on the surface of the heaps. These observations prove that the temperature
of the soil developing on the top of the heap is higher than in the surroundings of the heaps. At places sulphur exhalation and
transitionally slightly toxic element concentrations can be detected. As a result a moderately deteriorated pioneer vegetation appeared on
the pit heaps.

Osszefoglalas — A 19. szizad masodik felété] a Biikk hegység dombsagi eléterében ottnangi-karpati kord barnakészén telepek kitermelése
folyt szamos meddShany6 létrejottét eredményezve kilondsen 1920 és 1970 kozott. A kézleményben a meddShanydkban lezajlé
folyamatok megfigyelésének eredményeit, valamint azok kdrnyezeti hatasait mutatjuk be.

Az emlitett rétegsorban megtaldlhatd 6t széntelep paralikus, transzgresszids-progradacios lapovezetekben képzédott. A szénmeddd
szerkezetét. A medddre keriilt kovas szén, valamint a diszperz és toredékes széntormelék anyagaban gyakran kévetkezett be 6ngyulladds.
Az gy kialakulé, valtozé hémérsékletd, félig nyitott rendszerben egyidejileg alakultak ki hidrotermads, valamint kis nyomdsu, nagy
hémérsékletd pneumatolitos és termokontakt mikrokérnyezetek. Az 6ngyulladasban és a szerves, illetve meddé anyagok elemeinek
mobilizaciéjaban az agyagos iledékek szerkezetileg lazan kotott vized, valamint a csapadék eredetll gravitacids szabad vizek egyarant fontos
szerepet jatszottak. A kiégett meddé anyagaban végzett mikroszképi, mikromorfoldgiai, elektonmikoszképi, mikroszonda és rontgen
elemzések segitségével azonositott masodlagos asvanytarsuldsokban elsGsorban szulfatok fordulnak elé, rombos terméskén gyakori
megjelenésével kisérve.

A meddé szétesett és Gjraasvanyosodott anyaganak kornyezeti hatasat vizsgalva elmondhatd, hogy mindéssze néhany vizoldékony
Osszetevs okozott enyhe-kézepes szennyezdést a természetes él6vizekben és a talajvizben. Néhany esetben észleltik az As, Sr, Fe, Mn,
SO4 novekedését, de ezek is csupan helyenként haladtdk meg a kritikus hatarértéket.

A meddok felszinén folytatott mikroklima és Gkoldgiai vizsgalatok sordn tapasztaltuk, hogy a meddén képz6dé talajkezdemény
hémérséklete nagyobb, mint a tagabb kérnyezet talajaiban, s tobb helyiitt figyelheté meg foltszertien kén kigézolés, illetve atmenetileg
enyhén toxikus elemkoncentral6das, ami miatt a hanyok felszinén csupan kézepesen leromlott pionir névénytarsulasok jelentek meg.

Key words — coal pit heaps, self-combustion, mineralization, water contamination, environmental impact
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Introduction In the course of the research the mechanism of self
combustion of the pit heaps, the characteristics and results
To the NE of Miskolc city in the hilly foreground of subsequent mineralisation processes were studied. The

(East-Borsod coal basin) of the Bukk-mountains made up determination of the chemical elements accumulated due to
mainly by Miocene molasse sediments, Ottnangian- the secondary mineralisation processes induced by self
Karpatian brown coal deposits have been under combustion was attempted. It is also important to know
exploitation for almost 200 years. Mining production in the the effect of these processes on the surface waters and also
area reached its peak in the 1960s (5 million tons/year), but on the subsurface geological environment of the immediate
today only one field is in operation. Most of the pit heaps surroundings of the pit heaps.
accumulated between the 1920s and 1970s.

The barren material of the coal beds is mainly of fine Materials and methods
sand and clayey siltstone, with tuffaceous clays (smectite,
mixed structures etc.), brown ironstone condensations, and The minerals produced by secondaty mineralisation
fossils containing carbonate (KOZAK & PUSPOKI 1995; have been studied by polarisation microscope, SEM,
PUSPOKI 2002; VICZIAN et al. 1998). microprobe, and X-ray analyses.
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Burning experiments with temperatures between
250°C — 1200°C have been carried out on the barren
material of the outcropping coal seams, to determine the
burning temperature of the heaps. The DTA investigation
results of our burnt out samples with those of the self-
burnt heap material were compared.

To examine the possible emission effect of the re-
mineralisation processes, dissolutions by distilled water
with varying time scales (1 hour, 1 day, 1 week, 1 year) were

carried out. For this, 10kg of heap material was ground and
mixed to avoid non-representativity. Water samples were
also taken from streams and wells (from a depth of 2-5m)
in the direction of possible pollution moving away from
the bottom of the heaps. The element content of the
samples was determined by ICP-MS (Table 1), while
accredited laboratories according to the relating Hungarian
standards made the chemical water qualification (Table 7).

element (ppm) 1. 2. 3. 4. 5. L. 1I. II1. IV. V. B.grnd
Al 0.171 0.215 0.029 0.029 0.063 0.02 0.05 0.20 | 0.50 | >0.50
As 0.017 0.008 0.007 0.007 0.009 0.01 0.02 0.05 | 0.10 | >0.10
B 0.176 0.061 0.039 0.053 0.137 0.10 0.20 0.50 | 1.00 | >1.0
Ca 91.5 241 256 237 297 133
Cd <0.00022 [ 0.0005 | 0.0003 | <0.00024| <0.0003 [ 0.0005 | 0.001 | 0.002 | 0.005 |>0.005
Cr 0.0007 0.0009 [ 0.0028 | 0.0009 0.0010 0.01 0.02 0.05 | 0.10 | >0.10
Cu 0.0051 0.0020 | 0.0060 | 0.0018 0.0026 0.005 0.01 0.05 | 0.10 | >0.10
Fe 0.090 0.848 0.589 0.067 0.207 0.10 0.20 0.50 | 1.00 | >1.0 0.5
Mg 294.7 67.3 73 54.9 100 40.4
Ni 0.018 0.013 0.010 0.011 0.014 0.015 0.03 0.05 | 0.20 | >0.20
Pb <0.00148 0.005 0.006 0.005 0.006 0.005 0.02 0.05 | 0.10 | >0.10
S 451 148 238 159 346
Zn 0.012 0.014 0.496 0.231 0.015 0.05 0.075 0.10 | 0.30 | >0.30
pH 8.5 6.9 7.1 7.4 7.8 7.1
Conductivity 6970 1440 1830 1430 2430 500 700 1000 | 2000 | >2000
WS/ em)
HCO; (mg/!) 512 592 501 483 607 416
Cl (mg/ 1) 39 7.1 15 15 26 14.6
SO, (mg/)) 4112 446 710 487 975 163
NO, (mg/l) 0.244 0.019 0.013 0.05 0.029 0.01 0.03 0.1 0.3 >03 | 0-0.1
NOjy (W/g//) 31 12 47 16 2.6 1 5 10 25 >25 1.1
NH," (mg/ ) 0.08 0.08 0.11 0.02 0.11 0.2 0.5 1.0 2.0 >2.0 0.49
Total dissolved 7400 1350 1850 1320 2570
material (mg/ 1)

Table 1 Element content and chemical qualification of the water samples from the surroundings of a pit heap situated in the Addm valley (samples
) analysed by ICP-MS)
1. tdblazat Az Addm-vilgyi medddhdanyd vizmintdinak elemtartalma és kémiai mindsitése (a mintakat ICP-MS késziilékkel elemeztiik)

Legend: 1: Spring at pit heap foot | forvds a meddéhanyé labandl; 2: Spring 100m from the heap | forrds a hanydtdl 100m-re; 3: well 500 m
Srom the beap | kit a hanydtél 500m-re; 4: well 1000 m from the beap | kit a hanyétél 1000m-re; 5: Tardona stream | Tardona-patak
Water gualification classes | Vizmindségi ostdlyok: 1 excellent | kitiind; 11 good / jé; 111 reasonable | megfelels; IV polluted | szennyezett; V7
strongly polluted | erdsen szennyezett (MSZ 12749, 1993); B.grnd: Background concentrations from the groundwater of the region | a hattér
koncentriciok a Rornyék talajvizébil szdrmaznak

The ecological parameters of the vegetation types to
be found on the examined pit heaps were observed on the
different surfaces.

Because of the air and dust pollution the gas
exhalation and wind conditions of pit deposits in the valley
head were examined together with micro-climatic
measurements.

Results and discussion

Burning and mineralisation

The migration and transvaporisation effects of the
adsorbed waters and the gravitational free waters both
played a part in re-mobilising the original mineral and
element content of the pit heaps. In the reductive

depositional environment of the coal seams significant
amount of bacterial sulphide minerals (brassel, cellular
pyrite) were formed. The sulphuric acid and sulphurous
acid, produced by the oxy-hydration of these minerals
destructed the structure of the pelitic sediments and
damaged the different materials of the coal-seam bearing
sediments (in the same way as in the case of sample
preparation by acids).

Self-combustion and long-term burning of the
petrified coal fragments and black metals frequently
occurred in the coarsely dumped heaps. Hydrothermal, low
pressure, pneumatolytic and thermo-contact micro-
environments occurred at the same time in the open and
partly open system of varying temperature. Domination of
native sulphur and sulphates and also the occurrence of
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ammonium and organic material in the studied FEast-
Borsod coal basin and in other European sites in the
literature, reflect the interaction between the volatiles and
the heap rocks (SCHERBAKOVA 2000).

The pieces of pelitic barren rock of varying clay
mineral content (0-15 weight% based on X-ray analysis),
were burnt to a light brown and red colour. Fissures were
formed corresponding to the original bedding due to
compaction. The partly re-melted internal parts are
reminiscent of toadstone volcanic cinders (Fzg. 7/7-2) and
iton and/or sulphur rich melts were formed on their
surface (SUTO 2000). At the high temperature points
(above 1000°C according to DTA control) isolated mullite
and wollastonite, in the medium temperature zones hematite

Macro image of burnt
wooden texture

and fluorite, in the hydrothermal phase primarily sulphates
(barite, szomolnokite, thanmasite, jarosite, hexabydrite, antlerite)
and often rhombic native sulphur are formed, while in the
presence of carbonates calite, aragonite and huntite occur (Fig.
1/5-6). In some places progressive cotrosive dissolving and
re-crystallisation of the carbonate fossil structures could be
observed. In the course of burning, the silicified coal pieces
lost most of their organic material but retained their
specific textute (Fzg. 7/3). In their light grey and especially
in the white versions dominantly eristobalite (80-95%) (Iig.
1/4), a little silica ge/ and in their inner pores in subordinate
quantity anhydrite, gypsum, sulphur and aragonite can be found.

10 mm (100 pm "-» ;

\

Figure 1 Products of secondary mineralisation in the pit

e

beap

1. dbra A meddihanyd mdsodlagos mineraligicids dsvanyai

Water contamination

Due to the mineralisation processes in the pit heaps
water pollution is detectable in the surroundings of the
heaps. The dissolubly element content exceeded moderate
harmful effect on the natural surface and groundwater only
in the case of a few components and indicated increase in
dissolved As, B, Ca, S, Sr, and SO, contents. The latter
already reached the possible maximum (1100-1400mg/1) at
the 1 hour dissolution, and scarcely changed after this (1
hour, 1 day). Ca also displayed a short period of
dissolution, and reached the maximum solution within 1
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week. As opposed to this B appeared first after 1 week
dissoluion, and reached a slight contamination after 1 year.
All of the samples collected in the surroundings of the
pit heaps showed higher concentrations than the
euroconform Hungarian Drinking Water Quality Standard
(MSZ 12749). Due to the dilution taking place in the given
local environment these concentrations only increase above
the tolerance threshold value in exceptional cases and
temporarily. The surface water and groundwater around
the pit heaps which have diminishing activity, fall into the
tolerable-good classification category (Hungarian standard)
regarding Al content. Considering As, B, Cd, Cr, Ni, Pb,
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Cu content they are classified as excellent-good, while in
the case of Fe, Mn and Zn they are found as polluted (Table
7). As for conductivity the waters are classified as polluted
and strongly polluted due to their high cation content at
the foot of the heaps. The samples from springs near the
foot of the heaps display higher pH than the background
resulting from higher HCO3- and COs7, SO4* (Table 7).

In the region's artesian watets around 160mg/1 SO,
content can be displayed while the SO4 content of the
springs at the foot of the pit heaps moved around
4000mg/1, and the total quantity of dissolved matetial was
7400mg/1 (Table 7). Both the SO4 and dissolved material
contents were reduced exponentially moving away from the
pit heap. Ca, Cl, Fe and Mg values showed slight positive
anomaly compared to natural conditions. At the foot of the
pit heaps NO; and NOj3 values exceed the tolerance limit,
however, again strongly decreasing concentrations can be
observed away from the heaps (Table 7).

The spreading of this contamination is significantly
influenced by the geological formations at or near the
surface. The construction of our pollution-sensitivity map
was based on the porosity of formations creating the
surface and the depth of the groundwater table (Fig. 2).
Accordingly we separated good conducting (10¢-10-m/s)
and less good/poor conducting (106-10¥m/s) beds, and
unsaturated and water saturated or periodically saturating
bed groups. The specific pollution-sensitivity relating to
acidic loading and the magnitude of natural buffer capacity
are increased by the natural carbonate content of the sandy
sediments of the coal bearing sequence (5-10%) and the
siltstone horizons (often exceeds 10%).

Legend
=

. Fault

8-12° M 20-36°

i 12-16° Il stream
The steepness of slopes

Aleuritic horizons of the
ottnangian- karpatian coal sequence

Sandy horizons of the 30
ottnangian- karpatian coal sequence ,.,

f=a Sarmatian andesite

= Sarmatian-pannonian gravel,
— sandy, clayey sediments

Quaternary alluvia
« Directions of surfacial water

[Pitheap 500 400[m]
| S TR |

Strongly pollution-sensitive
(Saturated or periodically
saturated formations with
good water conductivity)
Moderately pollution-sensitive
(Unsatumtcd formations with
good water conductivity)

Slightly pollution-sensitive
(Formations with poor water conductivity)

Although varying stratification and increasing water
conduction capacity in some places impede the localisation
of the chemical pollution, overall the natural basement of
the pit heaps is favourable for trapping the pollution. In
determining the direction of further spreading, besides
surface drainage conditions, the regional flow relations of
shallow artesian waters also play a role. In our case the
beds dipping opposite to the surface runoff conditions are
responsible for subsurface spreading of contaminants, the
tracing and measurements of which, however, can only be
carried out outside our examination area (Fig. 2).

Other environmental impacts

The surface temperature of the pit heaps of decreasing
activity at Kazincbarcika, according to micro-climatic
measurements in summer during the day, appears as an
environmental loading which obstructs the vegetation from
gaining ground. The surface (to a depth of 5cm) soil
temperature values of the still active heap sections proved
to still be above 50°C. Where the excess heat effect caused
by internal burning is no longer realised, there values of 25-
30°C are measured. While in the tip surroundings the soil
temperatute is 15-20°C (HOMOKI et al. 2000).

On the active and the partly already stabilised tips, as a
result of the extreme water balance and temperature, and
the low supply of nutrition, a moderately deteriorated -
impaired association appears. When making the cenological
observations we found a dominance of less demanding
weeds and cosmopolitan species, among which, however,
indications reflecting toxic effects do not appear.

[== Brown coal

A Directions of surfacial water
oOe.. Position pf samples
(well, spring)

Figure 2 The pollution sensitivity map of the surroundings of East-Borsodian pit heaps and the main influencing factors
2. dbra Kelet-borsodi szénmeddik kirnyezetének szennyegés-érzékenység térképe a legfontosabb befolydsold tényezikkel

On the of
measurements, it could be established that the ,,mountain

basis our micro-climatic wind

winds” developing in the evening and night-time petiod,
blowing from the pit heap towards the wvalley are
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responsible for the spread of pollution to the inhabited
areas. Among the gases released in the course of the
burning, an environmental problem is caused by the strong
odour effect of hydrogen sulphide.
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Conclusions

The re-mineralisation of the pit heaps produced the
accumulation of Al, Ba, Ca, Fe, Mn, S, SO4%in the form of
certain rare minerals, presenting, therefore, a possible
source of pollution for the surrounding environment.
However, we found that, despite the chemical emission of
the pit heaps contamination appeared as not significant due
to the geological characteristics of the area. The
concentrations of certain elements increased in the
groundwater comparing to the background and to the
Hungarian Standards but this fact does not endanger
human life yet. On the other hand, we think that the
careful re-cultivation of these pit heaps is absolutely
necessaty.
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