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Abstract

Natural organic matters are widely used in both surface and underground waters, which are prepared as drinking water. The organic
matter are divided into four fractions: very hydrophobic acids (VHA), slightly hydrophobic acids (SHA), hydrophilic charged (CHA) and
hydrophilic neutral (NEU). Organic matters are negatively charged so they form complexes with metals. For the determination of organic
fractions and metal organic complexes rapid fractionation technique is used. Researches were made in Nida and Preila (III group (open)),
Taujenai and Petronys (II group (semi-closed)) water well fields. After fractional studies were made it showed that 90 % of all organic
compounds composed of very hydrophobic acids (VHA) and slightly hydrophobic acids (SHA) which consist of a large molecular weight
compounds. Over 90 % of bivalent iron composed complex compounds with hydrophobic organic matters. Manganese does not entirely
complexes with organic compounds.
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1. Introduction

The concentration of humic acids in Lithuanian underground water is 0.02—-0.08 mg/l, sometimes it reaches up to 0.8—
1.0 mg/1 [1]. Natural organic compounds can be insoluble, soluble and in colloidal form. A complex heterogeneous mix,
which contains humic and fulvic acids, small molecular mass organic acids, carbohydrates, proteins and other classes of
compounds, forms natural organic compounds which are both in the groundwater and in the surface-water [2]. Organic
compounds are divided into two main classes: non-humus compounds, such as proteins, polysaccharides, nucleic acids,
amino acids etc., and humic materials [3]. Humic substances are divided into humic acids, fulvic acids, and humines [4]. 40
to 80% of soluble and colloidal organic compounds contain humic substances [5], namely humic and fulvic acids. Humic
acid, with molecular mass higher than 2000 g/mol, is usually in the colloidal form and it is a typical sol that precipitates.
Humic acids have the polymeric structure which contains benzene cycles, chains and functional groups [6]. Fulvic acids are
of lower molecular weight and have a higher oxygen but lower carbon content than humic acids. Fulvic acids contain more
acidic functional groups particularly -COOH. Another important difference is that the oxygen in fulvic acids may be mostly
contained in known functional groups (COOH, OH, C=0) [7].

It has been found that using the physical and chemical fractionation of organic compounds at different pH values, organic
compounds can be divided to hydrophobic and hydrophilic substances [8]. Table 1 shows the classification of fractions of
organic compounds.

Chow with colleagues [13] presented data of the fractionation analysis in which organic compounds are divided into four
fractions (very hydrophobic acids (VHA), slightly hydrophobic acids (SHA), hydrophilic charged compounds (CHA) and
hydrophilic neutral compounds (NEU)) by using three different resins: DAX-8, XAD-8 and IRA-958. Buchanan with
colleagues [14] states that these fractions can be used to determine what functional groups are predominant in a certain
fraction; for example aromatic compounds are prevalent in hydrophobic fractions more often than in hydrophilic fractions.
Croue [15] states that organic compounds that have bigger molecular mass and more aromatic rings are more hydrophobic.
Fraction that is soluble in alkalines, but insoluble in acids is called humic acid [16]. During disinfection organic compounds
form secondary substances, such as haloacetatic acid and trihalomethanes [17]. Most of them are pharmacologically active
and have cancerogenous properties [18].
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Table 1. Fractions of organic compounds

Fractions

Class of organic compounds

Authors

Hydrophobic acids

Hydrophobic bases

Hydrophilic acids

Hydrophilic bases

Hydrophobic fractions

Fulvic acids, Cs—C, aliphatic carboxylic acids, 1- and 2- cycles aromatic
carboxylic acids, 1- and 2- cycles phenols

Part of the humic matters stopped by XAD-8 resins when pH 7, 1- and 2-
aromatic cycles compounds except pyridine, protonated compounds
Hydrophilic fractions

> Cs aliphatic carboxylic acids, polyfunction carboxylic acids, mix of various

hydroxy acids

Amphoteric protonated compounds with aliphatic amino acids, amino sugars,
peptides, proteins, < C, aliphatic amines, pyridine

Leenheer 1981; Marhaba et al. 2000;
Barber et al. 2001; Aiken ef al. 1992
[9-12]

Leenheer 1981; Marhaba et al. 2000;
Barber et al. 2001 [9-11]

Leenheer 1981; Marhaba et al. 2000;
Barber et al. 2001; Aiken ef al. 1992
[9-12]

Leenheer 1981; Marhaba et al. 2000;
Barber e al. 2001 [9-11]

Leenheer 1981; Marhaba et al. 2000;
Barber e al. 2001 [9-11]

Hydrophilic neutral

compounds

Short-chain aliphatic amines, alcohols, aldehydes, esters, ketones, < Cs
aliphatic amides, polyfunction alcohols, carbohydrates, cyclic amides,
polysaccharides (55-85% determined compounds after pyrolysis were
polysaccharides)

Humic acids have sorption properties therefore they form soluble and insoluble salts, and similarly complex compounds
with organic and inorganic substances. Organic compounds are charged negatively, so they compose complexes with metals
[19]. Complex compounds with metals are mostly composed by humic acids and these compounds have migration
properties. Stability of these complexes depends on the pH value and ionic strength. Complex compounds form with Fe(III),
Fe(II), Al(III), Cu(Il), Mn(1II), Ni(II), Co(II), Pb(II), Ca(Il), Zn(II) and other metal ions [20]. Jobin and Ghosh [21] found,
that Fe(II)-Fe(III) pairs in the water work like catalysts in oxidation of organic compounds. Hereby reactions of Fe(II)
complexation and Fe(IIl) reduction are possible. Theis and Singer [22] proposed a scheme how iron forms complex
compounds with organic compounds. Divalent iron reacts with oxygen and quickly turns into trivalent, hydrolysis occurs
and insoluble precipitate of trivalent iron forms. If the water has a high concentration of organic compounds, divalent iron
coheres with organic compounds. Whether divalent iron will compose complexes with organic compounds or oxidize
depends on the water’s pH value and concentration of organic compounds in the water. Complex organic compounds of
divalent iron oxidize to the trivalent iron’s complex organic compounds quite slowly. These substances are unstable, so
divalent iron’s organic compounds form again. Divalent iron falls into a circle, where it can compose complex compounds
with organic substances or can be oxidized to trivalent iron. Baigorri with partners [23] have found that metals could be
connected with humic materials in different bonds:
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Fig. 1. Options of chemicals bonds of iron and humic matters (I — monodental, II — bidental, III — bidental bridge)
(Baigorri et al. 2007)

Rahman with colleagues [24] proved that iron usually connects with carboxyl groups. During analysis it was found, that
iron’s organic complex compound is large and polydispersive with size of hundreds nanometres. Yang with colleagues
(2009) found, that complex compounds of metals with humic materials are more stable than complex compounds of metals
with fulvic acids. Munter with colleagues [25] published that trivalent iron’s complex compounds with humic acids are
stronger and more stable in comparison with divalent iron’s complex compounds with humic acids.

Nida and Preila water well fields are in Lithuania in Curonian Spit with the Baltic Sea from one side of it and the
Curonian Lagoon from the other side. Nida and Preila water well fields belong to the group of open water-places. These
water-places exploit open layers of the groundwater. These water well fields belong to I1Ib subgroup, because they are close
to the surface-water, i.e. the lagoon. Taujenai and Petronys water well fields belong to subgroup of semi-closed water-places
in the I group. There are increased concentrations of iron, manganese, ammonium, and organic substances in all four water
well field. The usual technologies (aeration and filtration through the granular filtration stuff) are ineffective in elimination
of iron, manganese compounds and ammonia ions from groundwater when large concentrations of organic compounds are
present. Rapid fractionation technique is used to characterise organic compounds. This technique could be applied in finding
organic compounds’ complexes with iron and manganese in water.



R. Albrektiene et al. / The 9" Conference Environmental Engineering. Selected Papers, Article number: enviro.2014.070
2. Materials and methods

Samples were taken from Nida, Preila (III group (open)), Taujenai and Petronys (Il group (semi-closed)) water well fields.
Water quality values are presented in table 2. The obtained result of analysis is an arithmetical average of concentrations of
three aliquots, when disparity was no more 5%. When disparity was higher, concentrations were tested repeatedly.

Table 2. Groundwater quality of Lithuania’s well fields

Water quality parameters, dimensions Water quality parameter’s value and standard deviation HN 24:2003 requirements
Nida Preila Taujenai Petronys

pH, pH units 7.4+0.1 7.2+0.1 7.4+0.1 7.3+0.1 6.59.5

Permanganate index, mgO,/1 6.0+0.3 5.0+£0.6 4.0+0.2 32402 0,5

UV,s, absorption, 1/m 0.1£0.0 0.1£0.0 0.1£0.0 0.1£0.0 -

Colour, mgPt/l 44+4 54+6 28+5 1343 30

Total iron, pg/l 3170+54 2976+163 3998+60 1592+27 200

Ammonia, mg/| 1.4 0.0 11.4+09 0.5 +0.1 0.6 +0.1 0.5

Manganese, g/l 255+£2 21545 60 £2 78 £2 50

20 1 of water samples were taken and transported to Norwegian Science and Technology University Water Laboratory
and to Vilnius Gediminas Technical University Water Management Laboratory. Water samples were kept in refrigeration
containers and temperature was below 5 °C.

The fractionation procedure was based on Croue with colleagues [15] and Bolto with colleagues [26] researches for
determination of organic fractions using different resins. Four different fractions (very hydrophobic acids, slightly
hydrophobic acids, hydrophilic charged acids and hydrophilic neutral acids) can be separated using three different resins.

Fractionation was performed twice for each water sample. Three resins (DAX-8, XAD-8 and IRA-958) were used. Three
glass columns 20 cm in height and 13 mm in diameter each were filled with 15 cm of resin. 500 ml of water was filtered
through a 0.54um cellulose nitrate filter. Filtered sample was acidized to pH 2.0 using hydrochloric acid. Then sample was
filtered through the first column containing DAX-8 resin. Speed of filtration was 3 ml/min. The first 30 ml were discarded.
After filtration of sample was completed, 50 ml of water was taken to test the concentration of dissolved organic carbon
(DOC). Remaining part of sample was filtered through second column with XAD-8 resin. pH index value of sample was
kept equal to 2.0. The first 30 ml were discarded. After filtration of this sample was completed, 100 ml of water was taken
to test the concentration of dissolved organic carbon. Remaining water was alkalized with NaOH solution until the pH index
value reaches 8.0. Then sample was filtered through third column with IRA-958. The first 30 ml were discarded. After
filtration testing of DOC was performed.

Regeneration of resins must be done after the completion of filtration. DAX-8 and XAD-8 was regenerated at first with
60 ml of 0.1 M NaOH solution, then 60 ml deionized water, 60 ml 0.1 M HCI solution and 60 ml deionized water. IRA-958
was regenerated by pumping through the resin 60 ml of 1 M NaOH/NaCl solution, 60 ml deionized water, 60 ml 1 M
HCI/NaCl solution and 60 ml deionized water. After regeneration, testing of concentration of dissolved organic carbon was
performed. Concentration can’t exceed 0.2 mg/l. Concentrations of fractions were calculated using formulas:

VHA = DOC (raw water) — DOC (DAX-8 effluent);

SHA = DOC (DAX-8 effluent) — DOC (XAD-8 effluent);
CHA = DOC (XAD-8 effluent) — DOC (IRA-958 effluent);
NEU = DOC (IRA-958 effluent).
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Fig. 2. Layout of fractionation setup

Total organic carbon determination in underground drinking-water is based on standard LST EN 1484:2002. “Water
analysis — Guidelines for the determination of total organic carbon (TOC) and dissolved organic carbon (DOC)”. Tests were
done using analyser Dohrmann Apollo 9000, Teledyne-Temar.

Total iron in water is discovered by adding 1.10-phenanthroline solution to exploratory sample. Orange complex
compound forms and its colour intensity is measured using spectrometer Genesys 10VT at 510 nm wave length (LST ISO
6333:1995).

Concentration of manganese in water is discovered by examination of orange-red complex using spectrometer Genesys
10VT at 450 nm wave length (LST ISO 6333:1998).

The obtained results of analysis are arithmetical averages of the concentrations of three samples, when disparity was no
more 5 %. When disparity was higher, concentrations were tested repeatedly.

3. Results and discussion

The more organic compounds are found in the water, the more difficult is the removal of iron and manganese compounds.
Organic compounds can form complexes with metals; these compounds are difficult to remove using only oxidation. In our
case, water of Nida, Preila (III group (open)) and Taujenai, Petronys (Il group (semi-closed)) water well fields contains a lot
of organic compounds (concentration of total organic carbon in fields was respectively: 9.63 mg/l, 5.63 mg/l, 4.33 mg/l and
3.85 mg/l). It was needed to determinate dominating fractions of organic compounds in groundwater. Concentrations of
organic compounds’ fractions in groundwater of Nida, Preila (III group (open)) and Taujénai, Petronys (Il group (semi-
closed)) water well fields are presented in Table 3.

Table 3. Concentrations of organic compounds fractions in groundwater of Lithuania wellfields

Groundwater quality parameters, dimensions Water quality parameter’s value and standard deviation
Nida Preila Taujenai Petronys

Total organic carbon (TOC), mg/I 9.63+0.08 5.63+1.02 4.33+0.04 3.85+0.32
Dissolved organic carbon (DOC), mg/I 8.07+0.25 5.07+0.64 4.06+0.15 3.27+0.24
Dissolved organic carbon after resin DAX-8, mg/I 2.45+0.01 1.53+0.19 1.06+0.05 0.99+0.09
Dissolved organic carbon after resin XAD-8 1.01+0.04 0.65+0.04 0.46+0.03 0.35+0.04
Dissolved organic carbon after resin IRA-958 0.31+0.00 0.37+0.05 0.22+0.08 0.17+0.04
Fraction of very hydrophobic acids (VHA), mg/I 5.62+0.23 3.53+£0.46 3.00+0.15 2.28+0.26
Fraction of slightly hydrophobic acids (SHA), mg/I 1.44+0.02 0,89 0,14 0.60+0.03 0.64+0.07
Fraction of hydrophilic charged compounds (CHA), mg/1 0.70+0.04 0.28+0.09 0.24+0.04 0.18+0.05

Fraction of hydrophilic neutral compounds (NEU), mg/I 0.31+0.00 0.37+0.05 0.22+0.00 0.17+0.05
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Results of fractionation of groundwater samples from Nida, Preila, Taujenai and Petronys are presented in figure 3.
Fractionation was done for all samples and examination of dissolved organic carbon concentration was performed.
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Fig. 3. Fractions of organic compounds in groundwater

From results collected during fractionation examination it is clearly visible that main part of organic compounds in all
water fields’ groundwater samples is a fraction of VHA (Taujenai — 3.00 mg/l (75%), Nida — 5.62 mg/l (69%), Petronys —
2.28 mg/l (70%) and Preila — 3.53 mg/l (69%)). It means that fulvic and humic acids are dominating in the groundwater.
Those are high-molecular hydrophobic humic compounds that are easily removed by coagulation. Buchanan with
colleagues (2005) state that aromatic compounds in hydrophobic fractions are prevalent more often than in hydrophilic
fractions. Croue [15] states that organic compounds with higher molecular mass and more aromatic cycles are more
hydrophobic. Concentration of SHA is considerably lower comparing with the fraction of VHA. Fraction of SHA in
analysed water samples reach 15-20% of all dissolved organic compounds. This fraction also consists of organic
compounds containing higher molecular mass and more aromatic cycles. It means that this fraction of organic compounds is
easily removable by coagulation process.

CHA compounds in analysed water samples reach 5-9% of all dissolved organic compounds. The smallest part of
organic matters is a NEU (4-7%). These fractions consist of short chains aliphatic amines, alcohols, ketones and esters.
According to Chow and colleagues [13] the removal of these organic compounds is complicated using coagulation process,
because these compounds have a small molecular mass and are hydrophilic. These matters tend to form disinfection by-
products.

After fractionation analysis, it was found that 90% of all organic matters were composed of VHA and SHA, and these
fractions contain large molecular mass compounds. These compounds are effectively removable by coagulation method.
And this technique of removal of organic matters is applicable to all discussed water well fields.

Humic acids have sorption properties, and as a result can easily form soluble and insoluble salts, and also complexes with
organic and inorganic compounds (Beckett and Le 1990). Organic compounds, specifically fulvic and humic acids, disturb
removal of iron from groundwater. Concentration of humic acids in Lithuanian groundwater reaches 0.02—0.08 mg/1, and
sometimes up to 0.8—1.0 mg/l [1]. To discover how much iron is in organic compounds following procedures were
performed. Water from all four water well fields was fractionated to separate different organic compound’s fractions and
then analysis of concentrations of iron and manganese was performed in every fraction. Before fractionation, water was
aerated for 24 h, and then filtered through a 0.45 pm size pores filter. Concentrations of iron and manganese were analysed
in raw water, filtered water and in each fraction. According to Jobin and Ghosh [21], ions of divalent iron form complexes
with organic matters and divalent iron compounds are soluble in water, so after filtration only divalent iron remains in the
water. Information presented in tables 4 and 5 indicates that groundwater from all water well fields contains divalent iron
and manganese compounds in concentrations exceeding allowable values, described in standard HN 24:2003. In the total
amount of iron, dissolved iron constitutes 13 to 61%. During aeration divalent iron should be oxidised to insoluble
compounds of trivalent iron which can be removed by filtering. From results of the analysis we can make a conclusion that
all divalent iron is in complexes with organic compounds.

The results in table 4 suggest that the major part of divalent iron forms complexes with VHA (Nida — 81%, Preila — 86%,
Taujenai — 79%, Petronys — 89%). 6 to 18% of divalent iron forms complex compounds with SHA. These results
demonstrate that more than 90% of divalent iron composes complex compounds with hydrophobic high-molecular organic
matters. It means that complex organic compounds with iron can be eliminated using coagulation process.

The results in table 5 suggest that concentrations of organic complex compounds with manganese in both hydrophobic
and hydrophilic acids’ fractions are very low. Manganese completely does not form complexes with organic compounds.
All compounds of manganese are soluble, so chemical or biological methods are needed to remove them from water.
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Table 4. Concentrations of iron in different fractions of organic compounds

Concentration of iron and standard deviation, pg/l

Nida Preila Taujenai Petronys
Total iron 3170+54 2976+163 3998+60 1592427
Dissolved iron 970423 850+52 236+15 228+33
In VHA fraction 786x14 731+26 186+23 202+24
In SHA fraction 1659 102+9 32+12 11+6
In CHA fraction 10£3 12+1 9+3 9+2
Fraction

943 542 9+2 6+0

Table 5. Concentrations of manganese in different fractions of organic compounds

Fraction Concentration of manganese and standard deviation, pg/l
Nida Preila Taujenai Petronys

Total manganese 25542 215+44 60+2 78+2
Dissolved manganese 227+14 200425 5542 70+4
In VHA fraction <6 <6 <6 <6
In SHA fraction <6 <6 <6 <6
In CHA fraction <6 <6 <6 <6
In NEU fraction <6 <6 <6 <6

4. Conclusions

After analysis of groundwater samples from III group (open) and Il group (semi-closed) water well fields fractionation’s
results it was discovered, that biggest part of organic compounds is the fraction of very hydrophobic acids (Taujenai — 75%,
Nida — 69%, Petronys — 70% and Preila — 69%). After determination of iron and manganese concentration in fractions of
organic compounds it was found that major part of soluble divalent iron forms complex compounds with very hydrophobic
acids (Nida — 81%, Preila — 86%, Taujenai — 79%, Petronys — 89%). Manganese doesn’t form complex compounds with any
fraction of organic matters.
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