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Abstract

In the central part of Western Siberia a study of the chemical and organic compounds spatial distribution in the water of
oligotrophic peatland has been carried out. It was shown that marsh water generally contains exceptionally low total dissolved
salinity (TDS), low pH value, high content of organic matter and NH,, increased content of Fe. The composition of organic
matter is characterized by pronounced predominance of organic compounds and the presence of hydrocarbon and oxygen-
containing compounds. Features of ionic and organic distribution in water and its ground were investigated.
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1. Introduction

In Western Siberia marsh water is generally rich in dissolved organic matter, the content of which is several times
higher than that of mineral elements'. Such water is common for many peatlands of the world*’. Meanwhile, the
number of studies of ionic and organic distribution in the waters is very few that determines the relevance of the
study.

The study area is an isotypical peatland site formed by oligotrophic sedge-sphagnum quagmire of Lake
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Murashka, where peat depth varies from 3 to 6 m. Depth of marsh water occurrence reaches 0.3 m on higher points;
but on the lower points they flood the ground in between hummocks or form small lakes totaling an area up to first
tens of sq. m. Peat deposit hydraulic conductivity values range widely, often between 0.1 — 3.0 m/d '°.

Sampling points are located within undisturbed territory to the North (points ##1-4) and the South (points ##5-8)
from Murashka Lake. Water from the lake is taken near the southern shore (Fig. 1).

Fig. 1. Location of sampling points based on the Map data © 2014 Google.

2. Methods

The chemical analysis of water was performed at the certified hydrochemical laboratory of Tomsk Polytechnic
University using the following methods: potentiometry for pH; titration for Ca, Mg2+, HCO;, S0,%, CI'; atomic
absorption — NH,", PO,*", and Si; polarography for Fe; and spectrometry for Na" and K'; photometry for NO; . Part
of the samples was conserved and sent to the Institute of Petroleum Chemistry (Siberian Branch of the Russian
Academy of Sciences) to conduct a detailed qualitative and quantitative analysis of the organic compounds. Bitumen
components were extracted from water with chloroform, and hydrocarbons were concentrated from the extracts by
column chromatography with aluminium oxide of level IV activity and elution with hexane. The composition of HC
was determined using a NERMAG R-10-10C quadruple mass spectrometer and a Finnigan DFS chromatography—
mass spectrometer.

3. Results and discussion
3.1. Hydrochemical data distributed on the area

In terms of chemical composition the marsh water is bicarbonate, less bicarbonate-chloride and bicarbonate-
sulfate calcium or calcium-magnesium (Table 1).

In general the anionic composition of the water is homogeneous, except sample #1, wherein the content of
bicarbonate, chloride and sulfate ions is considerably higher than in the other samples, the concentration of HCO5’
exceeds that of other anions.
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Table 1. Ionic composition, salinity (mg/L) and pH of marsh and lake water

# pH TDS  CO, HCO; SO/> CI' Ca®* Mg" Na* K Fe. NHS NOy POS Si

1 58 323 827 232 1.6 17 25 08 1.6 10 183 04 12 ol 8.3
2 33 42 1047 3.0 0.4 09 14 03 06 04 40 0.3 0.1 0.1 4.0
3 32 67 1408 3.0 1.0 16 19 06 08 09 44 3.6 0.3 0.4 53
4 3250 1408 3.0 0.6 08 22 06 0.6 03 47 1.9 0.1 0.3 5.6
Lake 49 8.0 264 37 13 07 07 02 05 09 05 0.4 0.1 0.1 2.9
5 3.1 64 1223 3.0 2.0 07 22 06 06 04 41 13 0.1 0.1 3.6
6 32 49 90.0 3.0 0.6 06 21 06 0.6 04 50 0.2 0.1 0.1 3.5
7 33 35 980 3.0 0.3 06 05 06 05 11 75 1.6 0.1 0.8 3.8
8 34 40 986 3.0 0.5 06 1.0 04 06 09 39 1.6 0.1 0.3 3.7

The cationic composition of water is heterogeneous. Basically Ca ions prevail except for sample #1 and the lake

water, where the content of K' ions dominates over the others.

The marsh water of the isotypical peatland area is mainly acidic, pH ranges within 3.1-4.0, except for sample #1,
wherein the pH reaches 6.0. In the lake water pH makes 4.9. From the northern part of the bog to the lake pH varies
from 5.8 (sample #1) to 3.0, and then increases slightly (Fig. 2). Thus increased pH value in the lake water can

indicate possible groundwater recharge of the lake.

The greatest value of the marsh water salinity exceeding 30 mg/L is recorded in sample #1, that can indicate the
change in the recharge type during transition from the high-moor peat bog to the low-moor one which borders are
seen in Fig. 1 In this case at changing water and mineral recharge of the bog there is an increase of salinity and pH
values. Besides, this sample contains abnormally high value of iron (18.3 mg/L). As a whole in all samples of marsh
water the concentration of Fe exceeds several times its Clark concentration in water of the marsh zone, making 0.9
mg/L for the province of moderately humid climate”. In lake water the concentration of Fe is minimum (0.5 mg/L).

Such specific behavior of iron in marsh water is explained by low ORP and the high content of organic matter.
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Fig. 2. Spatial distribution of pH values in water.
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3.2. Organic compounds distributed in the area

In swamp water the content of organic substances exceeds that of mineral substances. The composition of organic
matter is characterized by pronounced predominance of humic matter and the presence of hydrocarbon and oxygen-
containing compounds (Table 2).

Table 2. Composition of organic matter of marsh and lake waters

Oxygen-organic

# Corg Aquabitumen E—g((:i;ocarbons compounds HC/00C
(00C)
mg/L mkg/L
1 70.3 0.03 295 0.97 3.0
2 88.1 0.04 1.7 0.81 2.1
3 120.6 0.08 19.4 19.6 1.0
4 119.4 0.06 6.52 6.33 1.0
Lake 14.9 0.05 6.17 1.56 4.0
5 98.5 0.05 10.7 7.16 1.5
6 102.8 0.07 10.9 7.04 1.6
7 88.4 0.07 25.9 13.3 1.9
8 74.6 0.06 16.1 8.08 2.0

If moving from the northern part of the bog to the lake (from the sample #1 to sample #4), the relative content of
hydrocarbons in the marsh waters decreases, but in the lake it is higher than in all the examined marsh water (Fig.
3). At further movement to the south from the lake the relative content of HC increases slightly.

The main hydrocarbons in the studied water are n-alkanes (83-97% of the total HC). In all marsh waters there are
pentacyclic terpenes and squalene. They are not found only in lake water, where HC are presented by alkanes solely
(Table 3). The rest of the HCs are observed only in the part of marsh water.

Bicyclic and tricyclic terpanes as well as steranes and arenas are absent in water of the northern part of the bog
(##1 and 2). This part is characterized by the lowest values in all other groups of hydrocarbon concentration in
water.
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Fig. 3. Spatial distribution of the relations of HC sum content to the OOC sum content in water.
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Table 3. Concentration of particular hydrocarbon groups in the waters (mkg/L)

Hydrocarbon group 1 2 3 4 Lake 5 6 7 8
n-alkanes 2.87 1.66 15.8 5.73 6.17 8.75 9.72 2493 1518
Squalene 0.009 0.012 0.27 0.12 0 0.14 0.19 0.02 0.22
Bicyclic terpanes 0 0 1.38 0.26 0 0.21 0.36 0.44 0.28
Tetracyclic terpanes 0 0 0.25 0.03 0 0.05 0.08 0.07 0.02
Pentacyclic terpanes 0.07 0.03 0.71 0.11 0 0.36 0.15 0.11 0.28
Steranes (typicaly oil) 0 0 0.11 0.21 0 0.32 0.28 0 0.05
Aromatic hydrocarbons 0 0 0.11 0.06 0 0.09 0.16 0.35 0.11

The water of sample #3 is characterized by the maximum concentration of cyclic saturated (except steranes) HC.
Marsh water samples taken near the northern and southern shore of the lake are rich in steranes. When moving from
the lake to the south and to the north the sterane concentration in water decreases. To the southern and northern
direction from the lake the relative content of aromatic structures in the hydrocarbon mixture is also reduced.

Among OOC in marsh water fatty acids dominate (Table 4) of C;-C,, structure with prevalence of palmic acid,
whereas in water sample #4 located near the northern shore of the lake caprylic acid dominates.

Table 4. Composition of oxygenated organic compounds in waters (mkg/L)

Group of compounds 1 2 3 4 Lake 5 6 7 8

Fat acids 0.7 0.45 417 3.38 0.64 3.13 221 8.03 3.18
Methyl esters 0.003  0.007 0.02 0.02 0.04 0.09 0.03 0 0.02
Ethyl esters 0.18 0.22 0.27 0.32 0.74 0.2 0.14 0.03 0.24
Isopropyl ester 0.02 0.01 0.04 0.04 0.02 0.07 0.05 0 0.03
n-alkanones 0.03 0.05 6.06 1.68 0.12 1.3 1.38 4.63 1.01
i-alkanones 0.06  0.04 1.21 0.34 0 0.4 0.3 0.9 0.33
Tocopherols 0 0 0.62 0.12 0 0.13 0.1 0.04 0.07
n-aldehydes 0.18 0.08 2.49 0.53 0 0.38 0.61 3.53 1.07
Terpinoides 0 0 4.48 0.12 0 1.47 1.49 0.27 0.81
-alkohole 0 0 1.95 0.07 0 0.71 0.79 0.11 0.37
-ketones 0 0 2.53 0.05 0 0.76 0.7 0.16 0.44
Steroid 0.02  0.04 4.2 0.39 0 1.12 1.57 0.41 1.76
-alkohole 0.02 0.04 3.05 0.36 0 0.9 1.32 0.28 1.52
-ketones 0 0 1.16 0.03 0 0.22 0.25 0.13 0.25

Only in the lake water fat acids are presented mostly by palmic acid, and the main compounds of OOC are ethyl
esters among which palmitate dominate sharply. In marsh water among ethyl esters, along with palmitate prevailing,
the concentration of cerotic acid ester is rather high.

From the northern part of the bog to the lake shore the concentration of ethyl esters of fat acids increases,
reaching its maximum in the lake water, then again decreases in the southward. Methyl esters show a trend to
concentration change, but their content in the lake water is lower than in the marsh waters near the southern coast.

The contents of all other groups of OOC as well as the concentration of the majority of HC groups are maximum
in water sample #3. In the northern part of the bog in marsh water ketones, tocopherols and triterpenoids are absent.
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4. Conclusion

According to the data obtained the most probable reasons for the differences in the composition and distribution
of chemical and individual organic compounds in the studied waters are the structure of peat deposits, species
composition of bioproducers (mosses, bacteria, and vegetation), the terms of organic matter deposition as well as the
type of water-mineral recharge of the bog'".

Peat deposits can be a source of not only humic and mineral compounds entering the marsh water, but also
organic compounds of specific class (aromatic, cyclic hydrocarbons, oxygenated organic compounds, etc.),
indicating similarity of the initial organic products and allows for tracing the transformation of substances in these
natural sites.
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