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In Lithuania, centralised water supply is based only on groundwater, which after
restoration of Lithuania’s independence and changes in economic structure is con-
sumed in volumes nearly thrice as low as before. Therefore the conditions of ground-
water formation and its quality have changed. Organic matter is a highly important
factor of groundwater quality: firstly, its content and the concentrations of some
organic compounds in drinking water are limited by the EU-Water Framework Direc-
tive; and secondly, by consuming a large part of oxygen used in the oxidation process
organic matter changes the hydrogeochemical medium in the aquifers and favours the
redox processes. Hence, the content of ammonium, iron, manganese, hydrogen sulphi-
de and other limiting components increases above the permissible levels, and thus

water becomes unsuitable for drinking.

Based on a long-term monitoring of 27 wellfields, the article describes conditions
of organic matter entering groundwater and the dependence of its concentration on
the wellfield exploitation regime.
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INTRODUCTION

The problem of drinking water has been actual for
mankind in all periods of its development, but it
became especially urgent after World War II, when
the ruined towns had to be rebuilt and new indust-
rial units were created. The prospecting of water
resources and its use in water supply systems showed
that fresh groundwater was the best option. There-
fore, in the second half of 20th century numerous
hydrogeological investigations were carried out with
the purpose to find the most favourable sites of
groundwater extraction to meet the demands of cen-
tralised water supply of towns and cities.

As a rule, fresh groundwater meets the requi-
rements for drinking water according to all com-
ponents, except for iron, manganese and, rarer,
fluorine. Therefore, for some time the opinion pre-
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vailed that there were no special problems with
groundwater quality. However, the experience of
the last decades showed that due to constant pol-
lution of the natural environment some hazardous
compounds, including organic matter (OM), enter
the aquifers.

Organic matter (OM), which is analysed in the
present paper in relation to its impact on ground-
water quality, is important from two standpoints.
Firstly, OM content in drinking water is limited by
EU-Water Framework Directive, since higher OM
levels in drinking water deteriorate its organolep-
tic qualities (taste, colour and turbidity), whereas
toxic organic compounds involve the risk of chro-
nic diseases. Secondly, by consuming a significant
part of oxygen OM changes the hydrochemical me-
dium in the aquifers and thus favours the redox
processes, which enhance the levels of several com-
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Fig. 1. Prospected and used fresh groundwater resources in Lithuania

1 pav. Lietuvos gélo pozeminio vandens i$zvalgyti iStekliai ir jy sunaudojimas

ponents such as ammonium, iron, manganese, hyd-
rogen sulphide, carbon dioxide, etc. and deteriora-
te some of the physical parameters of water. OM
content in groundwater is not stable — it can grow
due to OM accumulation or decrease because of
OM degradation. Therefore OM investigations in
fresh groundwater, especially long-term ones, are
very important, since they reveal trends in ground-
water quality changes.

Lithuania is one of a few European countries
using only groundwater for centralised water supply
and has accumulated a rather wide experience in
this field. In order to provide urban population of
Lithuania with drinking water, in 1959-1992 more
than 100 groundwater wellfields were prospected,
with the total safe yield nearly 2 million m*d. About
37% of these resources lie in river valley alluvium
and 17% in the Quaternary intertill water-bearing
sand and gravel, and about 46% occur in pre-Qua-
ternary Cretaceous, Permian and Devonian water-
-bearing rocks. Such a large amount of prospected
water resources can be explained by the Soviet prog-
noses that in 2000-2010 drinking water demand in
Lithuania would reach 2.8 million m?d. However,

after restoration of Lithuania’s independence and
changes in its economic structure, water price soar-
ed and its consumption made less than one third of
the former level, reaching 0.3 million m*d (Fig. 1).
Due to changes in water extraction its resources
also undergo changes, at the same time OM con-
tent in groundwater increases, thus deteriorating its
quality. The groundwater monitoring performed over
the last decades enabled to accumulate numerous
data on the variations in raw groundwater chemist-
ry and OM content as well as to determine the
regularities in the quality of drinking water supplied
to urban population (both increased and decreased
wellfield pumping rates); the results might be inte-
resting for specialists from other countries.

FORMATION AND SPREADING OF ORGANIC
MATTER IN FRESH GROUNDWATER

The possibilities for OM to enter groundwater and
stay in water-bearing strata depend on the relations
of groundwater with atmospheric precipitation, sur-
face water and underlying aquifers, as well as on
changes of these relations in the process of water
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extraction. In some cases, however, a significant ro-
le, sometimes crucial, belongs to the OM amount
that has entered groundwater during formation of
the aquifer rocks.

From the hydrogeological standpoint, Lithuania’s
area belongs to the Baltic Artesian Basin. Its upper
part, the so-called active groundwater circulation zo-
ne, contains only fresh groundwater. According to
the relations with atmospheric precipitation in par-
ticular and land surface in general, the aquifers of
the above-mentioned zone are divided into shallow
(water-table, unconfined) and interstratal (most of-
ten confined). In the riparian zones — river valleys,
lake and sea coasts — the aquifers might have a
close hydraulic connection with surface water. The
near-surface interstratal aquifers are almost always
hydraulically connected with the water-table or un-
derlying confined aquifers. Taking into account the
mentioned fresh groundwater occurrence conditions,
all aquifers in the active groundwater exchange zo-
ne according to their interrelationships and relations
with land surface and its water bodies can be di-
vided into three types: confined (A), semi-confined
(B) and unconfined (C) (Freeze and Cherry, 1979)
(Fig. 2). In the conditions of each aquifer type, the
processes of OM accumulation, distribution and de-
gradation differ.

The confined type contains all pre-Qquaternary
rock aquifers related mainly to Palaeogene, Creta-
ceous, Jurassic, Permian and Devonian formations.
Rocks of these systems are not rich in OM. Excep-
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Fig. 2. Typical section of groundwater system in Lithua-
nia.

1-2 - aquifers (I - sand, 2 — porous limestone); 3—4 —
impermeable layers (3 — aquifuge, 4 — aquitard); 5 — well
and piezometric head

2 pav. Lietuvos poZeminio vandens sistemy tipinis pjuvis:
1-2 - vandeningieji sluoksniai (I - smélis, 2 — poringa
klintis), 3-4 — pusiau laidds ir nelaidiis sluoksniai (3 —
pusiau laidus sluoksnis, 4 — vandenspara), 5 — grezinys ir
pjezometrinis lygis
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tional cases are observed only for Jurassic and part-
ly Lower Cretaceous deposits (Geology of Lithua-
nia, 1994). Surface pollution cannot enter confined
aquifers; therefore the main sources of OM con-
centration in groundwater are OM present in the
aquifer rocks and metabolites of microbial activi-
ties. In separate cases, small amounts of mineral
water containing higher levels of OM can reach the
aquifers occurring in the lower part of the active
exchange (aeration) zone through tectonic faults.

The semi-confined type includes all interstratal
confined aquifers occurring in Quaternary glacial
strata 50-100 m thick. All they are hydraulically con-
nected with the water-table aquifer as well as with
deeper-lying pre-Quaternary aquifers and actually are
semi-unconfined. The bulk OM modifying OM con-
tent in this interstratal water comes from above.
However, the Quaternary strata also contain rather
high levels of OM. These are most often organic
interglacial clayey formations.

The unconfined type embraces the water-table
(unconfined) aquifer with water accumulated in the
glacial till and fluvioglacial formations and river val-
ley alluvium. In a narrow zone along the Baltic Sea
coast, shallow groundwater occurs in the deposits
of marine and aeolian origin, most often rich in
OM, as in the case of alluvium (Geology of Lithua-
nia, 1994). Aquifers of this type are not protected
from surface pollution, besides, they usually are in
a close hydraulic connection with surface water.
From regional viewpoint, however, OM content in
unconfined groundwater is modified most often by
soils (agriculture) and only then by surface pollu-
tion.

So, there are two main groups of OM sources:

* external: (1) atmospheric and land surface pol-
lution (including soil and fertilisers used in agricul-
ture), (2) polluted surface water of rivers, canals,
lakes, ponds and bogs;

e internal: (1) OM present in water-bearing and
low-permeable rocks, (2) microorganism metaboli-
tes.

The first group is most typical of shallow water,
especially unconfined, whereas the second group is
important for interstratal semiconfined water isolated
from the surface impact. OM content in a certain
period of time and in a certain site of a groundwa-
ter system is not constant and depends on two dif-
ferent factors: 1) OM inflow or production by micro-
organisms, and 2) OM use in redox processes.
Among the above-mentioned processes, however, of-
ten an equilibrium is formed; as a result, the OM
content practically does not change.

The aquifer types differ with territory. Confined
and semiconfined aquifers occur more often and are
exploited for water supply to the northern part of
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Fig. 3. Organic matter in groundwater of various Lithuanian urban wellfields: /-4 — aquifer types (I — confined, 2 —
semi-confined, 3 — semi-unconfined, 4 — unconfined; the geological index shows the main exploitable aquifer/complex,
D.t and D,k are terrigenous and calcareous Devonian complexes, respectively); 5-8 — organic matter sources in the
wellfields: 5-6 — external, 7-8 — internal (5 — pollution, 6 — surface water, 7 — rocks, 8 — metabolism); fractions given
at the wellfield signs express COD,, in nominator and COD,, in denominator, median value, in mg/l O,

3 pav. Organiné medziaga Lietuvos miesty vandenvietése: /-4 — vandeningieji sluoksniai (1 — uzdari, 2 - pusiau uzdari,
3 — pusiau atviri (spiidiniai-nesptdiniai), 4 — atviri (nespudiniai)), 5-8 — organinés medziagos S$altiniai (5—6 — iSoriniai
(tarSa ir pavirSinis vanduo), 7-8 — vidiniai (uolienose esanti organiné medZziaga ir mikroorganizmy metabolizmo pro-
duktai)); skaiCiai prie vandenvieCiy Zenklo (medianines vertés mg/l O,): skaitiklyje — ChDS,, , vardiklyje — ChDS_;
svarbiausi vandeningieji horizontai ir kompleksai paZymeti geologiniais indeksais (D,t ir Dk — terigeninis ir karbona-

tinis vandeningieji kompleksai)

Lithuania, while unconfined or semi-unconfined ty-
pes are more common in the southern and eastern
parts (Fig. 3).

METHODOLOGY APPLIED FOR
INVESTIGATION OF ORGANIC MATTER IN
WELLFIELDS

The direct index of OM content in groundwater is
organic carbon (C, ). However, in practice most
often the summary OM index, chemical oxygen de-
mand (COD) is used. It is determined in two ways:
as permanganate oxidation (COD,, ) and as bichro-
mate oxidation (COD_,). There is the general opi-

nion that the COD,, number shows easily high-
-oxidisable OM (fatty acids, most often acetoacetic
or acetic acid) content in groundwater, while the
COD,, number shows the content of low-oxidised
OM (fats, proteins, hydrocarbons). Therefore, the
values of both these indices and their ratio (COD_,/
/COD,,,) enable to determine the type of OM (high
or low degradable) prevailing in water, as well as
its source. For instance, if the ratio is lower than
2.5, then humic organic compounds usually prevail
in water (Jlypwre, 1984). High values of the ratio
are indicative of groundwater pollution with low-
-oxidisable organic matter or of cases when OM is
generated inside the aquifer, e.g., the above-men-
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tioned products of microbial metabolism (Kpaiinos,
IlIBen;, 1987).

In order to reveal OM content in groundwater
used for centralised water supply for Lithuanian ci-
ties and towns, investigations have been carried out
in 27 wellfields extracting water from Quaternary
and pre-Quaternary aquifers (Fig. 4). To assess the
general regularities, the retrospective data (from
1955-2002) on COD,, obtained in different labora-
tories have also been used; they were systematised
by non-parametric statistical methods eliminating the
hurricane values. Samples were taken from opera-
ting wells keeping to all technological requirements
for water monitoring (Nielsen, 1991).

ORGANIC MATTER CONTENT IN
GROUNDWATER OF OPERATING
WELLFIELDS

Systematisation of the data by statistical methods
showed that according to median values of OM con-
tent in groundwater the wellfields can be grouped
into three types — those with a high, medium or
low OM content, which reflect partly the above-
-mentioned confined, semiconfined and unconfined
aquifers and groundwater formation conditions (see
Fig. 4).

A more detailed analysis of these data shows a
characteristic regularity: * at high COD,, values, the
values of COD,, , as a rule several times lower than
COD,,, are also rather high; ¢ at low COD_, valu-
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4 pav. ChDS,, ir ChDS_ vertés, gautos neparametrin€s

statistikos biidu jvairiose vandenvietése

Table 1. COD,, and COD_ values (mg/l O,) in typical wellfields and the ratio of their median values
1 lentele. ChDS, ir ChDS_ vertés (mg/l O,) ir ju santykis pagal medianines vertes
Wf;gclield Wypeal QL Ifalbei! i Average Median Minimum Maximum COoD, /
i wellfields index analyses / COD
subtype i
A Klaipéda II COoD,,, 361 2.39 2.08 0.6 8.5 4.8
COD,, 11 8.10 10 0 12.2
B Vilkaviskis COD,, 25 4.72 4.32 2.56 10.4 3.16
11 COD, 8 13.62 13.65 10 16.98
B Vilnius- COD,,, 368 1.74 1.6 0.24 4.1 1.8
Sereikiskés COD,, 15 2.67 2.86 1.25 3.93
B Reékyva COD,,, 45 4.60 2.8 1.6 12.36 5.4
COD,, 4 14.65 15.14 12.1 16.19
B Vilnius- COD,,. 423 1.85 1.6 0.16 9.04 2.1
Vingis COD, 11 3.35 3.28 2.2 4.71
C Varéna COD,,, 113 2.27 1.68 0.16 8.2 1.8
COD,, 13 3.76 3.05 0.9 7.96
C Juodkranté COoD,,, 52 4.37 4.05 2.1 9 2.1
COD,, 3 10.92 8.48 6.42 17.86
C, Klaipéda IIT  COD,, 233 6.37 6.2 2.4 13.76 1.8
COD, 8 9.87 11.85 0 16.4
C, Vilnius - COD,,, 397 2.74 2.6 0 13.4
JankiSkés COD,, 19 5.29 4.19 2.17 14.2 1.6
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COD,, values. A conclusion follows that most often
water contains one prevailing source of highly or
low-oxidisable OM, and at the same time a prevai-
ling hydrogeochemical process occurs in several sta-
ges: the aquifer accumulates first of all a certain
amount of low-oxidisable OM which, depending on
the conditions in the medium (oxygen content, tem-
perature, microbial activities, etc.), is decomposed
sooner or later into easier oxidisable forms. For
instance, it is known that in the case of oil pollu-
tion compound aromatic hydrocarbons are oxidised
only after microorganisms degrade them into their
components (benzene ring is especially difficult to
be degraded) (Fetter, 1993; Apello and Postma,
1993).

The ratio of the two above processes, OM accu-
mulation and destruction, expressed as the COD_/
/COD,,, median value ratio enables to distinguish
the prevailing value (Table 1).

The data listed in Table 1 show that the highest
COD_/COD,, values are within the range of high
COD,, values. Hence, OM influx is higher than OM
oxidation. There are, however, some exceptions re-
lated to peculiarities of some aquifers. So, Klaipeda
1T wellfield is notable for a low ratio of COD_/
/COD,, , since COD,, here is very high due to high
amounts of easily oxidisable humic and fulvic acids
present in the marine sand of the water-table aqui-
fer, hence in groundwater as well (Klimas and Ben-
doraitis, 1998). The situation is similar in other aqui-
fers of unconfined type (C type), where the COD_/
/COD,,, ratios are low, since the summary values of
both of them are also low (see Table 1, Vilnius—
Jankiskés). This phenomenon is caused by the fact,
that oxygen easily gets into unconfined aquifers and
oxygen amount is sufficient for a rapid OM degra-
dation to proceed.

These several examples show that in order to
assess the COD values presenten in Fig. 4 and Tab-
le 1 and the factors forming them, the hydrogeolo-
gical conditions and sources of OM influx into wa-
ter should be analysed in more detail.

SOURCES OF ORGANIC MATTER ENTERING
GROUNDWATER

The obtained data implied a simple conclusion: the
COD values for separate wellfields are directly re-
lated to aquifer occurrence conditions. We shall dis-
cuss this deduction on several examples.

Under typical confined conditions (A), water of
Klaipéda I and II wellfields is formed; here a Per-
mian aquifer covered by thick Triassic clay compact
strata is developed at a depth of 200-240 m. The-
refore, only internal OM sources take place there
(Klimas, 1994; 2001). One of the most important

sources of water is that coming from the zone of
saline water with OM content higher than in fresh
groundwater. The median values of COD, here
reach 10 mg/l O, and exceed COD,, about 5 times.
Since deeply occurring water contains nearly abso-
lutely no oxygen, in the oxidation of OM entering
the recharge zone oxygen from metal oxides and
sulphate ions is involved. Therefore extracted water
often contains hydrogen sulphide, and pyrite and
mackinawite minerals are formed (Klimas, 2001).

B type wellfields operate semi-confined aquifers
that are differently closed from above. The most
tightly closed aquifer is operated by the VilkaviSkis
waterworks. Water is extracted from Cretaceous
rocks rich in OM. Moreover, the wellfield is in-
stalled in the drainage zone of regional mineral wa-
ter. Therefore some amounts of OM could enter
the water from the lower strata (Klimas, 1994). The
median value of COD_, here is 13.65 mg/l O,, ie.
3 times higher than the values of COD,, . Oxygen
content in groundwater here is very low (1-2 mg/l),
therefore reduction of both iron and sulphates is
intensive there.

Type B Vilnius-SereikiSkés and Vilnius-Vingis
wellfield operate less confined aquifer; it pumps Qua-
ternary deposit water occurring at a depth of 30-
40 m and covered by a rather thin layer of morainic
loam and loamy sand. The COD_ and COD,, va-
lues are not high (about 3 and 1.6 mg/l O,, respec-
tively). Since both wellfields are within the urbanised
area, the main source of OM is urban pollution and
partly surface water. The content of oxygen is rather
high, therefore OM inflow and degradation processes
are approximately in equilibrium. The situation is
similar in the Rékyva (Siauliai) wellfield, where a
Permian aquifer overlain by 40 m thick Quaternary
rocks is operating. The surroundings of the wellfield,
however, are highly bogged, and large amounts of
OM enter the aquifer; here OM accumulation in
groundwater is more intensive than degradation.
Therefore both COD, and COD,, differ greatly (15
and 2.8 mg/l O,) (see Table 2).

Unconfined aquifers are divided into two sub-
groups, C, and C,, according to relations with sur-
face water. C, aquifers even pumped are not re-
charged by surface water. This subgroup comprises
the Varéna wellfield operating a shallow aquifer wa-
ter occurring in fluvioglacial deposits, and the Juod-
kranté wellfield situated on the Baltic Sea coast and
taking shallow water from marine sandy deposits.
The Varéna wellfield is within the zone of urban
pollution impact, and here water is polluted through
the aeration zone. The median values of OM are
low and close to Vilnius City B type wellfield valu-
es. The main source of OM in the Juodkrante well-
field is water-bearing Holocene marine deposits.
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Table 2. Prevailing organic matter (OM) sources in typical wellfields
2 lentelé. Vyraujantys organinés medziagos Saltiniai tipinése vandenvietése

in OM (Fig. 5A). In this case,
with the debit of inflow into the
aquifer increasing, more surface

Vilnius-Vingis
C Varéna
Juodkranté +
C Vilnius-Jankiskés

Klaipéda III

SRR water from the Neris River en-
Wellfield Tt Internal External ters the aquifer and raises OM
sugfe,es wellfields OM metabolites | pollution | surface Content.. Lat(?r it decreases due
P in the rocks from above| water to an intensive use of OM for
— reduction of nitrates getting in
£ Kla_lpedz" I., 1 + + laterally, but of late years OM
B Vilkaviskis, + + grew again, since the inflow of
Vilnius-Sereikiskes s oxygen-rich water from the river

B Siauliai-Rékyva, + +

had been reduced.

Nine of 53 wellfields show an
+ adverse phenomenon - with de-
creasing pumping rates OM con-
tent in water increases. A typical
+ example is the Klaipéda I wel-

Therefore, as Table 2 data show, COD values can
be significantly higher here.

Formation of two types of water in C, type well-
fields is related mainly to surface water recharge
during operation of wells. However, the second sour-
ce is different for them. The Vilnius-Jankiskes well-
field receives OM partly through the aeration zone
due to urban pollution, whereas the Klaipéda III
wellfields accept OM partly from marine water-bear-
ing sands (Table 2).

Factual OM contents in the wellfields of C type
can be high or low, depending on whether or not
OM supply intensity exceeds the degradation rate.
For instance, for wellfields operating under intensi-
ve pollution conditions COD sometimes is low, be-
cause OM is intensively consumed in the reduction
of iron and nitrates, and in the case of Vingis and
Sereikiskes wellfields (B type) sulphate reduction is
consumes OM.

TIME-RELATED VARIATIONS OF ORGANIC
MATTER CONCENTRATIONS

Concentration of organic matter in groundwater and
its chemistry undergo variations in time. Short-term
changes related often to operation of certain pro-
duction wells and long-term variations caused by
changes in OM content in the recharging water, thus
enhancing or suppressing OM accumulation in
groundwater can be distinguished. These are com-
plex processes; therefore their general features
should be discussed taking into account data of well-
field water observation. Analysis of 53 wellfield
COD,,, trends showed a direct OM dependence on
wellfield pumping rate in 31 cases. This dependen-
ce is most typical for riparian wellfields having a
close hydraulic connection with surface water rich

26

Ifield (A type, Fig. 5B). As is
mentioned above, this wellfield
has not only an external but also an internal source
of OM, and the role of the latter becomes even
more important with a decrease in the debit.
During operation of many wellfields, sometimes
abnormally high values of COD,, (and COD,) oc-

Jankiskés wellfield
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Klaipéda I wellfield

D=, il
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Fig. 5. COD,,, dependence on pumping rate in typical
wellfields

5 pav. ChDS,, vertés priklausomybé nuo debito tipinese
vandenvietése
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cur. If they were accidental cases, they could be
errors related to water sampling and laboratory pro-
blems. Such “little clouds” of COD,, values, how-
ever, are observed even in 24 of the 27 wellfields
studied. Moreover, we can clearly see in Fig. 5 that
periods of anomalous peaks of OM content in the
wellfields are not accidental, since they were obser-
ved for a year or two, sometimes repeating, and
sometimes for the last 3-5 or even more years. The
reasons for their appearance are not clear. If they
were seen, e.g., only in unconfined aquifers (type
wellfields), it would be probable that the OM peaks
are caused by a sudden contribution from outside
(pollution, surface water recharge). However, most
often (in 15 of 24 wellfields) OM peaks are ob-
served in confined aquifers (A type wellfields), such
as Klaipéda I (see Fig. 5B). Therefore, they should
be related first of all to the processes taking place
in the aquifers under operation. Redox processes
are most important, since OM is not only used as
the main donor of electrons, but is also produced
by microbes controlling these processes. Depending
on the prevalence of the process (OM use or pro-
duction), the OM indices — COD,, and COD_, va-
lues — decrease or grow. So, detailed investigations
in the Klaipéda I wellfield revealed a cyclic charac-
ter of sulphate reduction, when variations from mi-
nimum to maximum values take place not only in
sulphate and sulphide concentrations, but also in
OM and iron content (Klimas, 1994; 2001).

More and more facts appear in Lithuania that
at lower debits of riparian wellfields and lower sur-
face water inflow, reduction of trivalent iron into
bivalent intensifies and hence more OM is consu-
med. The decreased COD,, values in such wellfields
might be related to the above results. However, OM
is consumed not only for trivalent iron reduction —
at the same time OM content in water can grow
due to accumulation of metabolites of iron bacteria
activities (Dilitinas and Jurevicius, 1998). Therefore,
a component of these processes, the COD,,  value
in water, can grow or decrease depending on the
OM consumption/production ratio (Jankiskés well-
field, Fig. 5A).

CONCLUSIONS

* Changes in the summary OM content indices in
the wellfields reflect their hydrogeological conditions,
sources of groundwater safe-yield formation and va-
riations during extraction, as well as complex hyd-
ro(bio)geochemical processes taking place in aqui-
fers with OM participation.

* Generalisation of regularities in organic mat-
ter (OM) content changes in groundwater under pro-
duction enables to assert that increase or decrease

of COD,,, values in unconfined riparian (subtype
C, wellfields) and semi-confined multistratal aqui-
fers (B type wellfields) is directly proportional to
their pumping rates. However, some wellfields in
riparian zones and some of those extracting water
from several strata show the following regularity:
with the debit decreasing, the COD,, values grow
due to internal reasons — reduced water exchange,
lower recharge of oxygen-rich water, increased acti-
vities of iron- and sulphate-reducing microbes. In
such cases only the COD,, value is usually grow-
ing, while the COD_, values go down, because un-
der conditions of lower water exchange the process
of oxidation-resistant OM turning into high-oxi-
disable OM becomes impeded. However, high-oxi-
disable OM can be rapidly consumed by reduction
of nitrates, iron and sulphates. Under such proces-
ses COD,, values also become significantly lower.

* That is the reason why OM affects drinking
water quality not only directly but also indirectly,
causing secondary changes in water chemical com-
position, first of all increasing the contents of iron
(Fe), manganese (Mn), ammonium ion (NH,*) and
hydrogen sulphide (H,S) in groundwater used as
drinking water.

* Investigations of variations of OM content and
their impact on groundwater chemistry and quality
are complicated, and these changes are best revea-
led by long-term monitoring. A constant decrease
in water consumption during the last decade in Li-
thuania provided a rare opportunity to elucidate the
regularities related to dependence of drinking water
quality on redox processes taking place in aquifers
with an active participation of organic matter.
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ORGANINES MEDZIAGOS KONCENTRACIJOS
POKYCIAI LIETUVOS GELO POZEMINIO VANDENS
TELKINIUOSE

Santrauka

Lietuvoje centralizuotai tiekiamas vien pozeminis vanduo,
kurio, atkirus nepriklausomybe ir pasikeitus ekonominei
sanklodai, sunaudojama beveik tris kartus maziau. Dél tos
priezasties kei¢iasi poZeminio vandens formavimosi salygos
ir jo kokybé. Didele¢ reikSme Sio vandens kokybei turi or-
ganiné medziaga, kuri svarbi dviem pozitriais: pirma, jos
kiekis ir kai kuriy organiniy junginiy koncentracija geria-
majame vandenyje yra limituojama Europos Sajungos Ben-
draja vandens direktyva; antra, organiné medziaga, oksida-
cijos procesui sunaudodama nemaza dalj deguonies, keicia
vandeninguosiuose sluoksniuose hidrogeocheming¢ aplinka
ir sudaro salygas oksidacijos ir redukcijos procesui. Dél to
vandenyje iki neleistinos koncentracijos gali padidéti amo-
nio, gelezies, mangano, sieros vandenilio bei kity limituo-
jamy komponenty kiekis, o vanduo gali tapti nebetinkamas
gerti.

Straipsnyje, remiantis 27 tipiniy vandenvieciy ilgametés
stebésenos duomenimis, analizuojamos organinés medzia-
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gos patekimo j poZzeminj vandenj salygos ir jos koncentra-
cijos kaitos priklausomybé nuo vandenvieciy eksploatacijos
rezimo.

Burayrac Foakasuc, Aasrupaac Kimmac

MN3MEHEHMWE KOHLEHTPALIUN

OPTAHUYECKOI'O BEHIECTBA B
MECTOPOXIEHUAX INIPECHBIX

INOA3EMHBIX BOJl JINTBbI

Peswowme

B JlutBe mns HyXI LIEHTPAIM30BAHHOTO BOIOCHAO-
JKEHMsI UCIOJIb3YeTCsl TOJbKO moj3eMHast Boaa. Ilocne
BOCCTAaHOBIICHHSI HE3aBUCUMOCTH M M3MEHEHUSI IKOHOMHU-
YEeCKOW CUTyaluu MOoTpeOsieHne IEeHTPaTu30BaHHO
TOCTaBJISIEMO MUTHEBON BOJIBI CHU3UJIOCh TTOYTH B TPHU
pasa. B cBs3u ¢ 3TUM MeHSIOTCS yCIOBHS (OPMHUPOBa-
HUSI IKCIUTYyaTallMOHHBIX 3allacoB M KayecTBO H3BIIE-
KaeMol Bozpl. bomblioe 3HaUeHHe ISl KauecTBa MUThe-
BOM BOJBI MMEET CoJiepKalleecss B HEl OpraHm4ecKkoe
BEIIECTBO, KOJIMYECTBO KOTOPOIrO BBI3BIBAET MHTEPEC C
JIBYyX TOYEK 3PEHMsS: BO-TIIEPBBIX, KOHIEHTpALMUs HEKO-
TOPBIX OPraHUYECKUX COEAVHEHUN B MUTHEBOU BoOnE JIH-
MHTHPYETCS] COOTBETCTBYIOIIUMHM CTaHIAPTAMU; BO-BTO-
PbIX, OPraHMUYECKOE BELIECTBO MOTPEOIISET PacTBOPEH-
HBIH B MOJ3eMHON BOJE KUCIOPOA U CTUMYIUPYET
OKHCIIUTEIbHO-BOCCTAHOBUTENIbHBIE pEaKIUd B BOTHOM
cpene. B cBs3M ¢ 3TMM B NMUTHEBOM BOJIe KOHIIGHTPALUS
HEKOTOPBIX KOMIIOHEHTOB (aMMOHMIi, *ee30, MaHIaH,
CepOBOJIOPOA U AP.) MOXKET MOBBICUTHCS HACTOJIBKO, UTO
BOJla CTAHOBUTCS YAaCTUYHO WJIM BOBCE HENPUTOTHOMN
IUIsT TOTpeOJIeHUsT B KadeCTBE MUTHEBOM.

B cratbe Ha OCHOBE [aHHBIX MOHHUTOpUHTra 27
THUITOBBIX BOJI03200pOB JIMTBBI TIPEICTABICHBI Pe3yiib-
TaThl aHalv3a YCJIOBUN TOTMAJaHUS OPTaHUYECKOTO
BEIIECTBA B BOJOHOCHBIE IUIACTBI M H3MEHEHMS €ro
KOHLIEHTpallUM B 3aBUCUMOCTH OT pEXHMa BOJO-
orbopa.



