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The article focuses on the formation of iron concentrations in groundwater of
Lithuanian Quaternary sediments. The vertical and horizontal distribution of iron con-
centrations, zonality, forms of compounds and conditions of equilibrium and mineral
saturation were determined employing the WATEQ4F computer program. The main
factor determining the formation and stability of iron compounds in groundwater is the
aquifer—atmosphere interaction, i.e. the degree of confinement of a water-bearing sys-
tem. There are three types of hydrogeological systems distinguished: open, semi-open
and closed. Two factors — the dissolution process and the thermodynamic environment
(pH, Eh) of the aquifer — predetermine iron concentrations. Fe** and Fe(OH), are the
main migration forms of iron. The investigation was aimed at substantiating the most
effective methods of iron elimination from water intended for household consumption.
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INTRODUCTION

Iron is the basic chemical component affecting the
quality of Lithuanian groundwater. About 87% of all
investigated resources and 55% of supplied groundwa-
ter do not meet hygienic requirements for iron content
in water (20.2 mg/1) (Dilitinas, Jurevi¢ius, 1998; Dilit-
nas, Jurevicius, 1999; Dilitinas, Sakalauskas, 1996). The
purpose of the current research was to reveal the major
factors and thermodynamic conditions of the formation
and migration forms of iron compounds in the ground-
water of Quaternary aquifers.

METHODS

This study was designed as an investigation of factors
affecting the hydrogeochemistry of iron, such as the
concentrations of Fe**, Fe’, CO,, O, H,S and fulvic
acid and the level of pH and redox potential (Eh). The

role of iron bacteria and sulphate reducing bacteria was
also evaluated. The forms of occurrence and speciation
of chemical elements in groundwater and their impact
on migration processes were determined by the method
of thermodynamic computation. The modelling was ba-
sed on the WATEQ4F computer program (with thermo-
dynamic data BASIC). Saturation conditions (Q) are
expressed as the ratio of ion activity product (IAP) and
solubility constant (K) (Appelo, Potsma, 1993):

Q:ﬂ:’_
K

The basic parameters characterizing the state of iron
in groundwater and its changing conditions are pH and
redox potential (Eh). The types of iron speciation, oc-
curring as inorganic compounds, were determined on
the basis of the Eh—pH diagram.

Data representing iron concentrations under typical
hydrogeological conditions were assessed in accordance



Formation of iron compounds in the Quaternary groundwater of Lithuania

67

400000 500000 600000

LATVLJA

6200000
0000029

6100000
0000019

6000000
0000009

300000 400000 500000 600000

)
A
b4

B C )
Petrasianai
Wellfield

OPEN

HYDROGEOLOGICAL SYSTEMS OF mNN viganai Réver

QUATERNARY DEPOSITS 0 i
0 ot w
Y v b
| OPEN I| SEMLOPEN” CLOSED I -30

[ [ 1 ! 100
AQUIFERS AND COMPLEXES

IN CLASTIC ROCKS

v || /

Shallow:
aluvial, marine, eolian
fluvioglacial sediments

(al'V, mIV, vIV, fIIIy

v | |

Intermorainic
Upper, Upper-Middle Pleistocene
(aglll, agllI-I)

vy ¢

Intermorainic
Middle Pleistocene
(agll)

O R ES:

Fig 1. A. Iron distribution in Quaternary groundwater: /-5 — iron concentration (iron
content zone): / — <0.3 mg/l (I); 2 — 0.3-1.0 mg/l (II); 3 — 1.0-2.0 mg/1 (III); 4 —
2.0-3.0 mg/l (IV); 5 — >3.0 mg/l (V); 6 — no representative aquifers; 7 — aquifer
boundaries, 8§ — towns with water supplied from Quaternary aquifers. B. Classification
of fresh groundwater systems in Quaternary sedimentary complexes (main aquifers
for water supply). C. Profiles of typical hydrogeological systems: / — sand, 2 —
gravel, 3 — loam, 4 — chalk, 5 — clay

1 pav. A. Gelezies pasiskirstymas kvartero pozeminiame vandenyje: /-5 — gelezies
koncentracija (gelezingumo zona): I — <0,3 mg/l (I); 2 — 0,3-1,0 mg/l (II); 3 — 1,0—
2,0 mg/l (1I); 4 — 2,0-3,0 mg/l (IV); 5 — >3,0 mg/l (V); 6 — néra svarbiy vande-
ningyjy sluoksniy, tinkamy centralizuotam vandentiekiui; 7 — vandeningujuy sluoksniy
ribos, 8 — kvartero pozeminiu vandeniu apripinami miestai. B. Kvartero nuosédinés
dangos pozeminio vandens hidrogeologiniy sistemy klasifikacija (vandentiekai svar-
biausi vandeningieji sluoksniai). C. Tipiniy hidrogeologiniy sistemy profiliai: 1 —
smélis, 2 — zvyras, 3 — priemolis, 4 — kreida, 5 — molis

with the system analysis princip-
les and mathematical dtatistics. The
distribution of iron concentrations
in the groundwater of the main ex-
ploited aquifers and aquifer com-
plexes is reflected in a special hyd-
rogeochemical map (1:500 000) of
Quaternary deposits (Fig. 1a).
The defined boundaries of the
total iron concentrations in ground-
water are based on the most fre-
quent ranges of iron contents
(mg/1): zone | Fe < 0.3; zone Il
03 < Fe<1.0; zone lll 1.0 < Fe
< 2.0; zone IV 20 < Fe < 3.0;
and zone V Fe > 3.0. In each
groundwater iron concentration
zone distinguished within the
limits of aquifers and aquifer
complexes, the characteristics of
iron concentrations were analyzed
using the hydrogeochemical infor-
mation about Lithuania and me-
thods of mathematical statistics.

RESULTS AND DISCUSSION

Iron is an element of multiple va
lency that can migrate in the form
of elementary ions and generate
various ionic or colloidal complex
compounds with OH;, HCO;,
CO;, SO;, HS;, S;, and organic

matter. These migration types de-
pend on the state of the thermo-
dynamical system and its parame-
ters. An important role in iron sta-
bility and its speciation forms is
played by the occurrence of CO,,
HCO,, H,S, organic matter, phos-
phorous compounds, and iron bac-
teria in water, as well as by the
temperature and solubility of rocks.
Under the Lithuanian hydrogeoche-
mical conditions, the main factor
determining the formation and sta-
bility of iron compounds in
groundwater is the aquifer—atmos-
phere interaction, i.e. the degree of
confinement of a water-bearing
system.

There are three types of hydro-
geological systems distinguished:
open, semi-open and closed (Figs.
1b and 1c).

Fresh groundwater for urban
water supply is taken from eight
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Table 1. Hydrogeochemical indexes of typical Quaternary hydrogeological systems (values: 1 — limiting, 2 — extremes

occuring in water with centralized management)

1 lentelé. Tipiniy hidrogeologiniy sistemy hidrocheminiai rodikliai (reikSmés: 1 — ribinés, 2 — pasitaikancios ekstrema-

lios centralizuotai eksploatuojamame vandenyje)

Index Dimension Hydrogeological systems
Open Semi-open Closed
1 2 1 2 1

Fe mg/| 0.05+1.5 (8.0*) 2.0 (13.0*%) 0.1+2.7 55 0.1+5.0 10.0
Mn mg/I 0.002+-0.4 (0.9*%) 0.6 (1.9%) 0.005+0.5 10 0.004+0.4 0.9

Dry residuas mg/l 100+-500 660 120+550 700 130+640 820
Ca* mg/| 7+100 130 10+120 150 20+130 170
Mg?* mg/I 1+42 64 3+45 72 5+50 97

Na* mg/I 1+38 51 5+40 67 5+45 95

K* mg/l 0.1+-8 27 0.1+10 28 0.2+13 42

HCO, mg/l 50360 490 80450 530 100+500 560
804_ mg/| 2+80 168 2+140 420 2+160 520
Cl™ mg/| 2+60 150 2+75 240 2+90 270
Total hardness mg-ekv/I 1.0-84 11.6 1.0-9.0 12.0 1.4+9.5 16.0
Alkainity mg-ekv/I 0.8+6.0 8.0 1.0:74 8.7 2.0+8.2 9.2

Permanganate value mgO,/| 0.5+7.0 9.0 (20**) 0.3+4.0 8.0 0.3+5.0 9.0

P tota mg/l 0.01+-0.06 (0.2*) 0.08 (3.1**) 0.01+-0.09 0.16 0.01+0.13 0.25
PO mg/l 0.001+0.09 (0.6*) 0.18 (4.7**) 0.01+-0.16  0.30 0.02+0.18 0.33
NH,* mg/| 0.01+1.0 (4.5**) 15 (11.5%*) 0.01+1.7 3.2 0.01+2.6 5.0

NO, mg/l 0.01+30.0 80.0 0.005+20.0 50.0 0.01+10.0 40.0
O, mg/| 0.06+3.6 6.0 0.06+2.1 45 0.02+1.3 31

CO, free mg/l 4+40 69 554 83 5+60 95

H,S mg/l 0.0+1.4 17 0.0+1.2 17 0.0+0.3 11

pH 6.2+8.2 8.8 6.6+8.3 9.0 6.6+8.3 89

Eh mV 80+380 2 70+320 -60 -10+290 -85

t °C 4+16 19 6+11 12 6+13 15

Iron bacteria Th cdl/l 0.3+300 1000 (11000**)  0.5+400 2000 0.9+2000 11000
Huminic acids mg/l 0.02+-0.04 (1.8**) 0.02+-0.05 0.06 0.02+0.06 0.09

(0.16*) (0.8**)
Fulvoacids mg/l 0.02+-0.05 0.09 (0.8*) (4.2**) 0.01+0.06  0.09 0.01+0.14 0.20
(0.16*) (2.3**)

Anomalous values at waterworks:

Quaternary aquifers and aquifer complexes. Their gene-
ra characteristics are given in Table 1.

The calcium—magnesium-bicarbonate water type pre-
vails in al hydrogeological systems of Lithuania. With
increasing the confinement of aquifers, the salinity, the
concentration of dissolved chemical components and the
number of iron bacteria increase, while the concentra-
tion of dissolved oxygen goes down. Consequently, the
oxidation conditions deteriorate with iron concentrations
increasing in more closed hydrogeological systems.

Open hydrogeological systems comprise shallow sand
and gravel aquifers and agquifer complexes in river val-
leys and watershed areas. Three characteristic hydro-
geological and hydrogeochemical groups can be cate-
gorized on the basis of iron speciation and its stability
in groundwater: (1) aguifers of fluvioglacial deposits in
watershed areas recharged by atmospheric precipitation;
(2) dluvia aquifers recharged mainly by river water in

* PetraSitinai (alV-+agllI-II),

** Nida, Preila (vIV+mlIV).

the case of water extraction; and (3) aquifers of marine
sediments rich in organics.

Groundwater in fluvioglacial, alluvial and marine
sediments. Under oxidizing conditions with oxygen con-
tent exceeding the iron content, bivalent iron oxidizes
into trivalent one Fe* — Fe** + e. During hydrolysis
iron oxide precipitates: Fe** + 3 OH - Fe (OH), -
- FeOH_ In water containing no dissolved organic
matter and the oxygen content exceeding 1.2 mg/1, all
dissolved iron would be oxidised. The prevailing iron
concentrations range within 0.05-0.33 mg/1. Maximum
concentrations are related to organic compounds: the
permanganate value of water reaches 5-8 mgO,/1. The
basic migrational type of iron compounds is Fe?* and
Fe(OH), while groundwater is saturated with minerals
of iron oxide (Tables 2 and 3).

Complex of alluvial and intermorainic aquifers.
A distinctive feature is an intense discharge of ground-
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Table 2. Basic iron compounds in Quaternary groundwater (average values)
2 lentelé. Svarbiausi geleZies junginiai kvartero poZeminiame vandenyje (vidurkinés reikSmeés)

Hydro- Aquifer and Iron Fe Fe* |Fe(OH),| FeHCO; | Fe(OH); | FeCO, | FeSO, | FeHPO,
geological complex content | total
system zone | mg/l % rom Fe total
Open flll 0.29 545 186 13.0 9.2 35 0.6 0.06
aVv | 0.23 579 159 11.2 8.8 3.2 12 0.02
mlV 0.24 65.4 7.2 16.9 34 4.6 11 0.05
alV+agll I 0.49 50.4 19.9 15.9 9.8 35 15 0.02
aV+aglll-11* 0.59 577 144 15.8 6.4 4.1 11 0.14
miV+vIV 11 1.35 70.9 11.8 9.3 9.8 18 13 3.2
mlV+vIV** V 4.22 64.7 58 141 6.4 17 14 34
Semi-open aglll, Il 0.79 553 139 16.5 6.8 39 13 0.04
aglll-I1, agll 11 1.27 388 140 19.6 7.1 4.0 0.7 0.02
Closed v 254 54.6 8.8 24.8 6.8 4.0 0.6 0.02
\% 3.45 46.1 172 20.5 114 3.8 0.5 0.01
Waterworks: * PetraSitinai (alV+aglll-II), ** Nida, Preila (vIV+mlIV).

Table 3. Groundwater saturation with iron minerales in Quaternary aquifers
3 lentelé. PoZeminio vandens prisotinimas geleZies mineralais kvartero vandeninguosiuose sluoksniuose

Hydro- | Aquifer and | Iron Saturation state / Minerals
g?:;]O_ complex cc;r;;egt Subsaturation Equilib- Super satur ation
g o Q<1 rium Q>1
system Q=1
Open flll
av | Siderite Strengite Fe,(OH),, Fe(OH),.Cl,.,
miv FeCO, FePO,2H,0 Ferrihydrite Fe(OH),, Goethite FeOOH,
alV+agll I o Hematite Fe,O,, Maghemite Fe,O,,
alV+ag 11I-11* Vivianite Fe,(PO,), 84,0 Magnetite Fe,O,, Cupric Ferrite CuFe0,,
viV+mlV Il Jarosite K KFe,(SO,),(OH), Cuprous Ferrite CuFeQ,
vIV+mIV** \% Siderite  Strengite, Vivianite,  Siderite,
Semi-open —
aglll, 1 Vivianite Fe,(PO,),8H,0 Siderite
Closed aglll-Il, " Melantarite FeSO,-7H,0, Strengite Siderite
agll IV Jarosite Na NaFe,(SO,),(OH),, .
V  Jarosite H (H,0)Fe(SO,) (OH),, Strengite
Jarosite ss
[Ko7Nay5(H,0),1Fe,(S0O), Jarosite K

Waterworks: * Petrasitinai (alV+aglll-II), ** Nida, Preila (vIV+mlV).

water from Quaternary intermorainic aquifers and the
transportation of organic matter from rivers when water
is extracted from a complex. The most important factor
regulating the iron concentration is organic metter, es-
pecialy fulvic acids, their concentrations in some pum-
ping periods reaching 0.8 mg/l. The prevailing iron
concentrations range within 0.25-0.75 mg/1.

Shallow groundwater in marine and eolian sediments
of the Curonian Spit (mlV+vlV). The characteristics of
iron speciation depend on abundant organic matter con-
tained in sand and the intrusion of water from the Cu-
ronian Lagoon into the aquifer. The elements determi-
ning the physicochemical state of iron compounds are

humic and fulvic acids, their maximum concentrations
reaching 1-4 mg/1. Formation of complex iron com-
pounds in water may also depend on other organic sub-
stances when their components reach 6-13 mgQO,/I (per-
manganate value) and 3.0 mg/1 (total phosphorus), res-
pectively. The inner hydrogeochemical zone (l11) is cha-
racterized by more oxidative conditions (Eh = 100 mV)
and a lower permanganate value and iron bacteria con-
tent (about 9-10° cell/1), thus causing lower iron con-
centrations.

Semi-open intermorainic aquifers. There aquifers oc-
cur most frequently in river valleys, but are rather rare
in watershed areas. In places, the impervious Quaternary



70 Jonas Diliiinas, Arianas Jurevicius, Algirdas Zuzevicius

deposits covering the aquifers are eroded. The hydro-
geological systems of intermorainic aquifers are charac-
terized by oxidative conditions: the redox potential (Eh)
about 180 mV, and CO, concentration below 40 mg/1,
while the residual oxygen content in water usually ex-
ceeds the iron content. The prevailing iron concentra-
tion in groundwater ranges within 0.4-1.1 mg/1 (75%
of the values). lron migrates as Fe**, Fe(OH), and
FeHCO, (Table 2).

Closed hydrogeological systems are spread aong the
entire Lithuania. There hydrogeological systems can be
grouped according to the specificity of hydrogeochemi-
cal conditions almost unaffected by the stratigraphical
position of the aquifers. With increasing the confine-
ment level of the aquifers, reductive conditions gradu-
aly develop: the content of CO, and organic matter
and the number of iron bacteria increase. During oxi-
dation, organic matter is rapidly consumed by oxygen,
its residual content in water being below 0.5 mg/1, i. e.
37 times lower than the iron concentration. The basic
types of migrational iron are Fe** and FeHCO,.

CARBONATE EQUILIBRIUM OF IRON

Clayey and carbonate deposits are the most important
source of iron in groundwater. The iron content in wa
ter with a low oxygen content is determined mostly by
the solubility of iron carbonate. About 40-60% of iron
migrates as Fe** ions, which usualy are in equilibrium
with the iron carbonate system. The compounds and
ions such as CO,, H,CO,, H*, HCO,, CO.* and Fe*
take part in this equilibrium system. Their state of oc-
currence can be described by the following carbonate
equilibrium:

CO, (atmospheric)

0

CO, (in water) + HO « H,CO, » H* + HCO, o
2H" + CO_Z,

FeCO, (in sediments) + CO, (in water) + HO o
Fe* + 2H" + CO.7 .

0

FeCO, (in rocks, deposits).

Any change of a component of a system affects the
other ones. During extraction, groundwater is separated
from the iron source, i. e. carbonate rocks. As a result,
the carbonate equilibrium is disrupted, and iron is part-
ly precipitated as FeCO,. The process of iron settling
accelerates emission of CO; into the atmosphere. More-
over, Fe*" ions in aerated water are easily oxidised to
trivalent iron. The latter hydrates and precipitates as
Fe(OH), sediments.

The state of the iron carbonate system depends on
the saturation state Q (| 3), i.e the ratio Fe* and CO,;

activity products of and iron carbonate solubility. At
= 1, there is an equilibrium between iron car-

FeCO

QFeCO3

bonate mineral and solution, hence no solution or pre-
cipitation of FeCO, take place. All bivalent iron dissol-
ved in the water is bound with the iron carbonate sys-
tem. This maximum amount of iron enclosed in the
carbonate system under the present conditions will be
referred to as equilibrium iron.

At Q < 1, water is subsaturated with iron car-

bonate and there are good conditions for iron to dissol-
ve. The water contains less bivalent iron than the car-
bonate equilibrium requires, i.e. the iron content is lo-
wer than the equilibrium amount. The deficit of biva-
lent iron can be caused by oxidation processes. When
> 1, the water is supersaturated with iron car-

FeCO 5

QFecos
bonate. The water contains iron in amounts too high
for carbonate equilibrium to be achieved. This amount
of bivalent iron exceeding the equilibrium iron remains
stable in dissolved state due to other factors.

According to the degree of water saturation with
iron carbonate (siderite), the zones of iron concentra-
tion levels of aquifers and complexes are grouped into
three categories with different weight and percentage
equilibrium and above-equilibrium iron amounts cha
racteristic of a carbonate system (Table 3): | — subsa
turated with iron carbonate, Il — in equilibrium with
iron carbonate, |11 — supersaturated with iron carbonate.
The lowest level of saturation of water with iron car-
bonate (<1) is found in the aquifers occurring under
oxidation conditions of open shalow systems of Qua
ternary dluvial, fluvioglacial and marine sediments. The
highest oversaturation with iron carbonate (>1) is found
in the Quaternary intermorainic aquifers.

CHARACTERISTICS OF DISTRIBUTION OF
IRON CONCENTRATION IN GROUNDWATER

It is known that the geochemical features of iron are
regulated by the pH and redox potentia (Eh) of ground-
water. Components determining the Eh value at the sa-
me time are considered to control the electric potential.
Under the conditions described, three systems are
thought to regulate the electric potential. These are the
concentrations of oxygen, organic matter and iron. They
al act in a neutral or weakly alkaline medium (pH
mean range within 6.8-7.7). Under certain conditions,
the sulphur system can also determine the electric po-
tential.

The oxygen system determines the oxidative condi-
tions and iron content in separate hydrogeologica sys-
tems (iron-level zone 1) in groundwater at a low con-
tent of humic acids. The average amount of dissolved
oxygen ranges from 1.1 to 2.4 mg/l and Eh is >
250 mV, while iron concentrations are 10 times lower
than those of oxygen. Iron occurs as Fe (I11) hydroxi-
des.

The second groundwater iron-level zone (iron range
0.3-1.0 mg/1) is an expression of two systems (oxygen
and organic matter) regulating the redox potential. Both
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systems should manifest themselves under conditions
of decreasing oxygen and increasing organic matter and
CO, contents. In this zone, the oxygen system prevails,
determining the basic type of iron (Fe (OH),) in ground-
water. Deeper aquifers usually contain iron as Fe. Iron
and oxygen concentrations are similar. Eh is about 130—
180 mV on average. An important role in the forma-
tion of redox conditions is played by organic matter.
Organics are actively transformed by biochemical mi-
cro-organisms which, depending on the processes of
consumption or release, can be oxidizers or reducers.

In the third iron-level zone of groundwater (iron ran-
ge 1.0-2.0 mg/l), the systems regulating the potential
should be of transitional type: organic matter and iron.
Iron concentrations here exceed almost twice the residu-
a dissolved oxygen and are similar to those of organic
matter (half of permanganate oxidation). The prevailing
Eh vaues are 100-160 mV. In many cases, the content
of carbon dioxide, a product of micro-organic activities
of organic matter, has the most obvious impact on the
content and distribution of iron. Fe* is the prevailing
iron species. Under these conditions, after artificialy inc-
reasing oxygen content in the aquifers, Fe** is oxidised
and hydrolysed as Fe(OH), precipitate. Iron bacteria play
the basic role in this process. They are able to minera-
lise iron into complex compounds resistant to chemical
oxidation. The iron oxidation rate under biochemical pro-
cesses is ggnificantly higher than that caused by chemi-
cal oxidation. For instance, when iron concentration do-
es not exceed 5 mg/l (Eh < 250 mV), Fe** oxidation
rate is 200 times higher than that in the case of abioge-
nic oxidation.

With an increase in iron content in groundwater and
a decrease in dissolved oxygen (zones IV and V),
the iron system should regulate the redox potential. Un-
der the conditions when Fe exceeds 2.5 mg/l, O, <
0.3-0.4 mg/1, NH, = 0.8-1.2 mg/1, permanganate va
lue reaches 3.5-5.5 mgO/1, CO, > 65-75 mg/1, and
Eh is 85-130 mV, iron migrates as Fe*.

There is a rather complicated situation with the re-
dox potential in the shallow groundwater of marine se-
diments of the Curonian Spit. According to the gene-
raly known principles, the iron system should define
the electric potential (Kpaiinos, IlIsen, 1987). Rather
high concentrations of organic matter, first of all humic
acids (reaching 1 mg/l), determine the formation of
complex organic compounds of iron. The concentra-
tions of Fe** in the shallow groundwater exceed
1.0 mg/1l. This deteriorates the oxidative capability of
the system (Eh is about 80 mV). The redox conditions
can be affected by two components, iron and organic
matter, which regulate the potential. The reductive me-
dium where iron migrates as Fe* prevails.

In larger aquifer systems, both horizontal and verti-
cal zonalities in iron concentration distribution are usu-
ally observed. The horizontal zonality of iron content
is determined mainly by the hydrodynamical characte-
ristics of aquifer complexes. Quaternary intermorainic

aquifers contain groundwater with the iron content in-
creasing in the direction of water flows from recharge
to discharge areas.

CONCLUSION

The main factor determining the formation and stability
of iron compounds in groundwater is the aquifer—at-
mosphere interaction, i.e. the degree of confinement of
a water-bearing system. There are three types of hydro-
geological systems: open, semi-open and closed. Two
factors — the dissolution process and the thermodyna
mic environment (pH, Eh) of the aquifer — predetermi-
ne the concentrations of iron. Fe* and Fe(OH), are the
main migration forms of iron.

On the basis of the established conditions of forma
tion of iron compounds in groundwater, their migration
forms and the degree of water saturation with iron mi-
nerals, a choice of optimum technologies of iron remo-
val is determined.
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GELEZIES JUNGINIU SUSIDARYMO SALYGOS
LIETUVOS KVARTERO NUOSEDU POZEMINIAME
VANDENYJE

Santrauka

Gelezis yra pagrindinis cheminis komponentas, darantis poveiki
poZzeminio vandens iStekliy kokybei Lietuvoje. Apie 87% i§zval-
gytu gélo pozeminio vandens iStekliy virSijama higienos norma
gelezies atzvilgiu (Fe =2 0,2 mg/l). Tyrimy tikslas — atskleisti ge-
lezies koncentracijy ir migracijos formy susidaryma bei termo-
dinamines salygas svarbiausiy kvartero vandeninguju sluoksniy
ir kompleksy, naudojamy vandentiekiui, pozeminiame vandeny-
je.

Istirti visi gelezies junginiy formavimasi veikiantys kompo-
nentai: Fe**, Fe**, CO,, O,, H,S, fulvo riigitys, gelezies bakte-
rijos, sulfatus redukuojancios bakterijos, pH, Eh ir kt. (1 lente-
1¢). Cheminiy junginiy formos pozeminiame vandenyje ir ju
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poveikis migracijos procesams buvo nustatyti termodinaminio
skai¢iavimo (modeliavimo) metodu naudojant WATEQ4F kom-
piutering programa.

Gélas pozeminis vanduo Lietuvoje daugiausia hidrokarbo-
natinis, pagal pH yra artimas neutraliam. Pagrindiniai gelezies
Saltiniai poZeminiame vandenyje yra priemolis ir karbonatinés
uolienos. Pagal dazniausiai pasitaikancias gelezies koncentracijy
reikSmes pozeminiame vandenyje iSskirtos penkios gelezingu-
mo zonos: I — Fe 0,3, I — 0,3 <Fe< 1,0, IIl — 1,0 < Fe<
<2,0, IV -2,0<Fe <30, V- zona Fe > 3,0 mg/l.

Gelezies geochemines savybes lemia poZeminio vandens
pH ir oksidacijos-redukcijos potencialas (Eh). ApraSomomis sa-
lygomis oksidacijos-redukcijos potencialo reik§mg reguliuoja
deguonies, organinés medziagos, gelezies, reCiau sieros, siste-
mos. Pirmoje gelezingumo zonoje oksidacijos-redukcijos poten-
cialg reguliuoja deguonies sistema (gelezies koncentracija yra
10 karty mazesné uz deguonies), antrojoje — deguonies ir or-
ganinés medziagos, treCiojoje — organinés medziagos ir gele-
zies, ketvirtojoje ir penktojoje — gelezies (deguonies koncentra-
cija yra 3-7 karty mazesné uz gelezies).

Gelezies koncentracija mazai deguonies turiniame pozemi-
niame vandenyje reguliuoja geleZies karbonato tirpumas. Cia
apie 40-60% gelezies migruoja Fe*" jono pavidalu, esandio pu-
siausvyroje su gelezies karbonato sistema. Pastaraja sudaro
CO,, H,CO,, H", HCO,, CO,* ir Fe**. Karbonatinés sistemos
komponenty koncentracijos tarpusavyje susijusios — vieny ju
pokytis sukelia kity pokyti.

Siurbiant poZemini vandeni suardoma karbonatiné sistema
ir dalis gelezies nuséda FeCO, pavidalu, tod¢l CO, iSsiskiria {
atmosfera. Be to, iSsiurbtas i§ sluoksnio vanduo yra veikiamas
atmosferos deguonies: istirpusi geleZis oksiduojasi ir Fe** jonas
lengvai transformuojasi iki trivalentés gelezies, kuri véliau hid-
ratuojasi ir nuséda Fe(OH), pavidalu. GeleZies karbonatinés sis-
temos buvis priklauso nuo prisotinimo gelezies karbonatu laips-
nio (Q FeCO3) ir santykio tarp Fe*" ir CO,.

Pagrindinis veiksnys, lemiantis gelezies junginiy formavimasi
ir stabiluma Lietuvos kvartero nuosédy pozeminiame vandenyje,
yra vandeningojo sluoksnio rysys su atmosfera. Siuo poZitiriu i3-
skiriamos trys hidrogeologinés sistemos: atviros, pusiau atviros ir
uzdaros. Gelezies koncentracijy dydj lemia tirpumas ir aplinkos
termodinamika (pH, Eh). Pagrindinés gelezies migracinés formos
pozeminiame vandenyje yra Fe** ir Fe(OH), (2 lentel¢). Nustaty-
tos gelezies formavimosi pozeminiame vandenyje salygos, jungi-
niy migracinés formos ir vandens prisotinimas gelezies mineralais
leidzia parinkti optimalias gelezies Salinimo i§ pozeminio vandens
technologijas esant tipinéms hidrogeologinéms salygoms.

Honac dumonac, Apynac IOpsBuuroc,
Anbrupaac 3y3sBHYIOC

YCIOBUA ®OPMHUPOBAHUS COEJIUHEHUI
KEJE3A B ITOJA3EMHBIX BOJAX
YETBEPTUYHBIX OTJOXEHWI JIUTBBI

Pe3mome
XKene3o — OCHOBHOM XHMHMUYECKHN KOMITOHEHT, YXYAIIAFOIINI
KauyecTBO IOA3EMHBIX BOJ IHUTHEBOTO Ha3HaueHWs. IIpub-

nu3uTenbHo 87% Bcex uccnenoBaHHBIX B JIMTBE pecypcoB

MPECHBIX IIOA3C€MHBIX BOJ NPpEBBIIIAECT TUTMEHNYECKU I
HopmatuB (0,2 mr/m). Llenp mpeacraisieMoro McCieJoBaHUS
coCcTOSUIa B YCTAaHOBJIGHUU  TJABHBIX  (aKTOPOB U
TEepPMOANHAMUYECKUX YCIOBUM (hOPMUPOBAHUS KOHIEHTPALUHN U
CbOpM MUTpalMU KEJI€3a B MNOA3CEMHBIX BOJAX OCHOBHBIX JISA
XO3SHCTBEHHO-ITUTHEBOT'O MCITOJIb30BAHUS BOJOHOCHBIX CJIOCB U
HUX KOMINIJICKCOB.

I/ICCHGHOBB.HI/ICI) OCHOBHBIC KOMIIOHCHTbBI, BJIHUAIOIOINEC Ha
bopmupoBaHHe ¥ COCTOSIHUE COCAMHEHUH JKele3a B MOA3EMHBIX
Bomax: Fe?*, Fe'*, CO,, O,, H,S, dyabBOKMCIOTEI, XKene3o-
Oaktepuu, cynbdar penyuupyromue d6akrepuu, pH, Eh u 1. 1.
(Tabin. 1). opMbl XUMHYECKHX JIEMEHTOB B IPYHTOBBIX BOAAX
n HX BOSﬂeﬁCTBHC Ha MNOpOoHECChl MUTpALlUU ONPEACIICHBI
METOAOM TEPMOJUHAMUYECCKUX BBIUMCJICHUH C MCIIOJIB30BaHUEM
xoMnbioTepHO# nporpamMmmel WATEQA4F.

IIpecubie (o 1 r/m) noazemHbie Boabl B JIUTBE IJIaBHBIM
o0pa3oMm ruapokapObOHATHOTO cocTaBa, mo pH Omusku x
HEWTPaIbHBIM. [JIABHBIM MCTOYHUKOM OOpPa30BaHMSI COSIMHEHUI
Kemesza SIBISIOTCA IJIMHHUCTBIE M KapOoHaTHble mopopsl. Ilo
KOHICHTpAUAM XKEJI€3a B MOA3EMHBIX BOJAaX BBIACIICHO IIATH
30H: [ - Fe<03, 11 -03<Fe< 10, Il - 1,0 <Fe<20,IV
- 2,0 < Fe <30, V- Fe > 3,0 mr/n (puc. 1). 'eoxumunueckue
CBOMCTBA JKele3a IOJ3EMHBIX BOJ M €€ KOHLEHTPALMIO
npegonpenensroT pH U OKHUCINTETbHO-BOCCTAHOBUTEIIBHBIN
(Eh). B

OKHUCJIUTEJIbHO-BOCCTAHOBUTEJIBHOTO IMOTEHIIMAIA PErYJIUPYIOT

IOTCHIUAI OITMCAaHHBIX yCI1O0BUAX BEJIMYNHY

NOTCHIHAI3aaI0IKUEe CUCTEMbI KHCJIOpOAd, OPraHUYCCKUX

BEIIECTB, JKeje3a, pexe — cepbl. B mepBoil 30HE OKUCINUTENBHO-
peryinupyer
KHCITOpO/ia — 37IeCh KOHLIGHTpals Jerne3a B 10 pa3 MeHble, yeM

BOCCTAaHOBUTEIILHBIN IMOTCHL AT cucreMa
KHCJIOPOAA, BO BTOPOH 30HE — MOTEHIMAI3aJarouasi CUCTeMa
Kuciopoaga U OpraHNMvYeCKuX BEIICCTB, B Tperbeﬁ — OpPraHUY€CKuX
BEUIECTB W KXKeje3a, B YETBEPTOM M ISATOM — jKenmeza (311ech
KOHIIEHTpALUsl KUCTIOpoAa B 3—7 pa3 MEHBbIIIEe, YeM JKelle3a).

B mom3eMHBIX BOAAx ¢ HU3KHM COIEp)KaHHEM KUCIOpOa
KOHIIEHTPAIIMIO JKeJle3a PeryIupyeT pacTBOPUMOCTb KapOoHATa
xenesa. 40-60% skene3a mMurpupyer B moHHoi Fe** ¢dopwme,
KOTOpasi OOBIYHO HAXOAMTCS B PAaBHOBECHM C KapOOHATHOM
cucreMoil. B 3TOl cucreme paBHOBECHS IPUHUMAIOT Y4acTUE
nons CO,, H,CO,, H', HCO,;, CO>* u Fe*. Jlob6oe
HM3MCHEHUE KOMIIOHEHTA CHCTEMBI BJIEYeT 3a COOON M3MEHEHUe
KOHUCHTPAIIUU APYTIUX KOMIIOHEHTOB.

IIpu n3BieYeHNM MOA3EMHOI BOABI KapOOHATHAsl cCUCTEMa
HapyllaeTcs M 4acTb xkejesa ocepnaer B ¢popme FeCO,,
BoI3biBas  Bbitenenne CO, B armocdepy. Kpome Toro,
U3BJICUCHHAS] TIOJ3€MHAsl BOJA IOABEPraercss BO3ACHCTBHIO
Fez+

TpaHchopMHUpYyeTCsl B TpeXBaJeHTHYI0 (opmy, koTopas B

aTMocepsl: KeJlIe30 OKUCHSeTcs U HOH JIETKO

NanbHeleM ruapatupyercs u ocenaet B popme Fe(OH),.
CocrosiHUEe CUCTeMbl KapOoHAaTa eje3a 3aBUCHT OT CTENEHH

kapboHaTHOI HackiieHHOCTH ( Q 3) U OTHOUICHUSI MEXIY

FeCO
nponykramu Fe** u CO,.

I'maBHBIM (axkTOpOM, ompeaensomUM (HOpPMUPOBAHUE U
CTa0MJIBHOCTb COCAMHEHHMH Kele3a B IOA3EMHBIX BOJAX

YETBEPTUUYHBIX OTJIOXKCHUM .HI/ITBI)I, SBJISICTCS CTCIICHb

B3aMMOJICHCTBUSI  BOJOHOCHOTO  ClIOsi € aTMocdepoii.
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BI)IL[GHS[IOTC?[ Tpu THUIIBIL TUAPOTCOJIOTUYCCKUX CUCTEM:

OTKPBITBIE, TMOJIYOTKPBITBIE u 3aKPBITHIC. I'maBHBIMU

MUTPAIMOHHBIMU (OpMAMU HKejle3a B IOJA3EMHBIX BOJAX
apysiorest Fe?* u Fe(OH), (taba. 2).

YcraHoBneHue yciaoBuil (GOpPMHUpOBAHHUS  Jkele3a B
MIOA3EMHBIX BOJAX, MHUIPALUOHHBIX (OPM COCOIUHEHUH U
HACBIIIEHHOCTH BObI JKEJIE3UCTHIMU MHUHepaaamu (Tadu. 3) maer
BO3MOXHOCTb BI:IGOpa ONTUMAJILHOM TEXHOJIOTUH yAaJl€Hus

KEJI€3a NMPU THUIOBBIX T'MAPOTCOJIOTNMYCCKUX YCIIOBUSIX.



