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EVALUATION OF TOTAL ORGANIC CARBON QUANTITY
AND EMISSIONS OF CO; FROM SOIL
INTO THE ATMOSPHERE NEAR STREET

Abstract: Soil as an ecosystem is actively involved intonelie formation process. Therefore, it is important
assess such soil quality indicators as total omyaarbon (TOC) and CCemissions. Soil organic matter is
considered to be its indicator of quality, whictoige of the most important components of biosphersistency
and stability. Soil respiration shows carbon emissirom soil into the atmosphere. This is a grealicator,
illustrating soil biological activity. Impact of Bdemperature, air humidity, time of day was ewdtd on CQ@
emission from the soil. The highest @@nission is observed in afternoon hours, up to0PRCQ m=h™
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Introduction

One of the most important environmental problensoisdegradation related with soil
pollution. It is especially evident in industriahch commercial areas as well as near
intensive traffic roads. In recent years climatarge issues are still one of the most
relevant issues when dealing with problems of ambgenic activities. Soil as an
ecosystem is actively involved into climate forroatiprocess. When under the sway of
spheres around it, this ecosystem accumulates tampon reserves and after oceans is the
second biggest carbon source in the world. The sbiEU-27 Member States are estimated
to store round 73 to 780" g (billion tonnes) of carbon, which is more thah tines the
anthropogenic emissions of the 27 Member StatéseoEuropean Union in 2009 year [1].
An especially dramatic growth in the @@mission from pollution sources occurred after
1956, reaching the value of 36.8 Pg8@in 2017 [2]. Air pollution is considered as one
of the main factors affecting the health of the ydapon. It can cause negative changes in
the respiratory and circulatory systems, even whemcentrations do not exceed
permissible levels. The most dangerous pollutaresND,, 0zone, PM10 [3]. CQis not
very dangerous to human health but increasing éwnissf CG; is related to global
warming effect. Average global temperature is higbg 0.8 °C when compared to
pre-industrial levels. In order to avoid the adeeedfects of irreversible climate change,
global temperature must not rise more than 2 °C T4k high amount of carbon dioxide
has raised an urgent problem [5]. Road trafficsisogiated with emissions of many known
hazardous and toxic substances. These include hwawwgce metals, polycyclic aromatic
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hydrocarbons, volatile organic compounds (VOCSs) @gdcing salts, which are emitted by
motor vehicles and road infrastructure. The follegvimetals: Ag, Al, As, Ba, Ca, Cd, Co,
Cr, Cu, Fe, Hg, Mn, Mo, Ni, Pb, Pd, Pt, Rh, Sh, Se,V, Zn are among the road traffic
contaminants [6]. In roadsides, especially alorgdidisy highways, heavy metals are
accumulated. Consequently, it is very importargvaluate what is soil pollution impact on
soil quality indicators - TOC and G@missions from soil. Scientific and statisticaldses
state that controlling soil respiration and carb@) cycling are of particular interest
because soils contain twice as much C as the atreospand three times as much as
vegetation [7]. Unlike the atmosphere, soil air pasition is very dynamic. An indicator of
soil respiration and biological activity is G@&mission speed per time unit from a soil area
unit, which, according to various soil, varies frénd1 to 1.5 gn>h™*[8]. Soil respiration
indicates carbon emission from soil into the atnhesp. This is a great indicator,
illustrating soil biological activity [9]. When dobrganic matter decays, carbon dioxide
(CO,) is produced into the atmosphere, and otherwgleen organic matter is formed, €O
is removed from the atmosphere. Carbon dioxideckvig produced from soil, contributes
to the overall balance of GOwhich contributes to climate warming. When tenapeare is
increasing, soil organic matter decays more rapidlyd for this reason their reserves
decline. This is a reason for soil degradation @ssc Soil fertility depends on soil organic
matter quantity and it has an impact to plants.[80jl carbon is a key chemical element of
soil fertility, which plays the main role in proses of ecosystem such as water retention
process. Therefore, the existing carbon sourcest meisprotected and expanded. Soll
organic matter is held to be its quality indicatamich is one of the most important
elements of biosphere permanence and stability [Md{ all carbon is immobilized in soil,
which is accumulated in ecosystems. When plantatiheeand micro-flora dissociates plant
remnants and soil organic carbon turns to, @ CH gas, a part of carbon is returned into
the atmosphere. Organic carbon compounds whichnaked in soil solution can be
washed into the ground-waters. For this reasonnhvwheequestration and the intensity of
metabolism in ecosystems is evaluated, these @dam® assessed [12]. One of the major
tasks related to climate change is to rise carleguestration (accumulation) in ecosystems
[13]. Many scientists studied G@mission from soil [14-26]. The present challet@soil
science is to present such knowledge in order wdgmtly avoid dangerous areas and take
measures in order to keep soil vitality and its nmfainctions. Consequently, in order to
better understand and assess the possibility ehbmise gas emission reduction, produced
by soil, soil organic matter decline, it is necegda collect and analyse such data. In this
work the total organic carbon quantity in soil wesaluated applying dry sample
combustion in high temperature method and,@mission from soil was evaluated
applying infrared light camera. The main objectfahis work was to evaluate the state of
polluted street soil in accordance with such ingiceas total organic carbon quantity and
CO, emission from soil which is affected by sources aof anthropogenic pollution
activities.

Materials and methods

Galw street in Vilnius was selected for experimentalesrch where average traffic
intensity is about 1600 vehicles per hour accordiog data of Lithuanian Road
Administration under the Ministry of Transport a@@dmmunications. The research was
conducted in two sections, perpendicularly to $trateboth sides of road in the road section



Evaluation of total organic carbon quantity andssitns of C@from soil into the atmosphere ... 401

located in Paneriai forest in Vilnius city municlipg At both street sides, as far as possible
in the direction perpendicular to used section, suezd areas were chosen, which place
from the equal stretch may deviate due to imprdpming surface - thickly overgrown
areas of bushes. At both street sides were sel8ateskarch areas. In overall, experimental
research consisted of six measurement cells (&,B), E, F) (Fig. 1).

Coordinates of sampling site WGS:
-54634251 N, 25.164811 E
=54 634417 N, 25164792 E
- 54 634747 N, 25.164B17 E
- 54 634273 N, 25167451 E
-54,834106 N, 25167529 -
-54833660 N, 25.167934 E Paneriai forest

Viljos sV

; 200 m 38 m 9I5E  162m

Fig. 1. Research places in Paneriai forest (A, BDCE, F marked area corresponds to soil sampling
sites) Vilnius

Conifers and a small amount of deciduous trees dat®il in soil of sampling area.
The research place of A and D areas were choseistemce of few meters from the street,
where dominated grass cover floor surface. In &rréreas from the road grass floor was
changed by forest floor.

The more accurate principle of selection of sangmleas is presented in thd®2
example. The distance from both road sides wasndrd®-50 meters. This section was
divided into three sections (measurement cellg).(B). The first measurement area was in
distance of 1.5-2.0 meters from the street secfitie. second cell, representing the middle
zone of pollution, was chosen to be around 10 reefmym the first cell. The third
measurement cell represented the neutral zonetfierstreet and was in around 30 meters
from the second cell. In every chosen cell, aceaydo the “letter” principle, soil samples
were taken at a depth of 0-30 cm in 10 cm intervals
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Fig. 2. Scheme of soil cells

The total organic carbon quantity in soil was deieed with SSM-5000A. Before the
analysis soil samples were chopped, riddled aretldri a laboratory oven at a temperature
of 105 +2 °C till stabile weight. Well dried sosples were weighted with analytic scale.
The sample was weighted when it was already pua imeated sample container [26].
The operation of device is based on incineratioa dfy soil sample in a high temperature
and assessing the released carbon dioxide quasgtiy infrared light camera (Fig. 3).

Purified air

Combustion DEHUMIDIFY
EXAMPLE — } CO, emissions 5 Eye!;;rmination

Fig. 3. Total organic carbon detection with Shima88M-5000A scheme

For the evaluation of carbon dioxide emission freail ADC SRS-1000 device was
used, which working principle is based on the abson of infrared light (Fig. 4).
The emission of carbon dioxide from soil was meadwavery hour in selected soil in order
to fix a direct link with the atmosphere conditions

Characteristics of ADC SRS-1000:

- CG;,: up to 2000 ppm by integral elevated £XDipply system;
- Infrared gas analyser 1 ppm resolution;
- Flow rate to chamber: 0-500 mimin™
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Fig. 4. ADC SRS-1000 for the measurements of @@issions from the soil

An evaluation of HM (heavy metals) quantity in ssAlmples was carried out. The total
content of HM in soil sample was analysed appl@t@mic absorption spectrometry (AAS)
method. 10 g of soil sample was dried at 105 *2té@perature till stabile weight.
The dried soil sample was sieved through a 1 mweséad 1.0 g was digested in mixture
of concentrated acids: 9 mL of 65 % nitric acid &L of 36.5 % hydrochloric acid.
Duration of digestion was 1 hour. After soil digest a container with the sample was
cooled down to the temperature of room. Then thatiso was filtered through a 0.45 um
glass filter into a 50 mL measuring flask. Aftdtrfition it was diluted with deionized water
til the mark. These wavelengths were used for rd@teation of heavy metal
concentrations: 213.8 nm (Zn); 232.0 nm (Ni); 3248 (Cu); 283.3 nm (Pb); 358.0 nm
(Cr). The atomic absorption spectrophotometer “B&chkentific” 210 VGP was used for
the heavy metal assessment in the soil. Graphiteafe was used for determination of Pb
and Cu concentrations and acetylene-air flame wad tor determination of Zn, Ni and Cr
concentrations. Concentrations of heavy metals repgred samples were determined
according to the LST ISO 11047:2004 standard. Qunaton C [mg-kg™] of metal in
solution was recalculated into concentration im applying formula:

F-V
€= 1)
where: F - concentration of metal in solution [rhg'], V - final volume (50 mL) of
solution,W - initial weight (1.0 g) of sample measured.

Quality assurance

Standard solutions of heavy metals (1000 ppm) (Bacientific, USA) were used for
FAAS or GFAAS calibration. All chemicals and reatgewere of analytical grade or higher
purity and were obtained from Sigma Aldrich (Geryjaand were used in the experiments
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as received without further purification. The s@uas were prepared by mixing standards
in deionized water from the water purification syst- Demiwa 3 roi (Watek, Czech
Republic) Deionized water used in experiments meets thein@gents of standard [27],
electrical conductivity < 0.0pS/cm).

All volumetric flasks used in the experiments weoaked for 24 h in 5 M HNQand
then rinsed 3-4imes carefully with deionized water. All the volumetrilasks were only
the highest accuracy class. High accuracy analybedance AS 60/220.R2 (Radwag,
Poland) was used for weighting. Concentrated n{f %) and hydrochloric (35 %) acids
were used for the digestion of the samples (in 8agegia”). In order to monitor for
possible contaminations resulting from the sampéparation procedure, a reagent blank
was prepared for each of the digestion procedoiowing the entire sequence of steps as
described above for sample preparation in each. ddkexperiments were conducted in
triplicate and the mean of the three was calcula®atistical analysis of data was carried
out using Microsoft Excel software. Statistical gaeters were estimatedpat 0.05.

Results and discussion

Emissions of petroleum and its burning products ihgsact on total organic carbon
guantity in the soil in area close to the used readtion as well as vegetation period.
The highest accumulation of total organic carbors waserved in meadow and forest
surface soil layers in the late spring (May). Thessults were obtained due to the active
vegetation period in this time and higher quargiti® humus in the soil [28]. Total organic
carbon content in the soil of forest (10 m from $treet) is presented in Figure 5.
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Fig. 5. Total organic carbon content in the soilasést (10 m from the street)
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According to the obtained results the tendency ighiicant total organic carbon
content decreasing with increasing of soil deptl vemistered. This was especially evident
in soil of transitional outskirts type where totabganic carbon quantity was about 8 times
lower than in the surface soil layer (3.369 andiR.% accordingly) (Fig. 5) due to mold
changes by sand in deeper layers of soil. Preseagsérch of total organic carbon content
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in the outskirts type of soil in Figure 5 were caantkd in the distance of 10 meters from the
used street section at both its sides. The tot@roc carbon content in 0-10 cm depth of
soil was 3.978 % in May (Fig. 5). In the deepel &jers it was significantly lower - it
decreased to 1.02 % (10-20 cm) or to 0.632 % (26A30

Total organic carbon quantity dependence on soil(ipHhe summer) is present in
Figure 6.
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Fig. 6. Total organic carbon quantity dependencsaipH (in the summer)

After conducting the experimental research of tot@anic carbon and pH of soil it
was observed that at different selected seasonsctzl data from the research areas
delivered very similar results. According to thetaibed results when soil depth is
increasing - total organic carbon quantity is dasieg. This is especially evident in
transitional outskirt soil where total organic aambquantity in accordance to the surface
soil layer is 8 times lower (from 3.369 to 0.442.%}hen soil pH increases, total organic
carbon content increases too (Fig. 6). Under tleegalitions carbonate compounds are
formed in alkaline soil and due to this reasonltotganic carbon content increases. This
dependence is observed in collected soil samplem fa summer time (correlation
coefficient is 0.73) (Fig. 6). Minimum total organtarbon quantity was determined in
more acidic soil, which according to the conductesearch, is assigned to outskirt and
forest samples. Of course, some impact was dueitccamposition as sandy loam was
observed at a depth of 15 cm and deeper, sand bggsved in research areas in outskirt
and in forest soil (Fig. 6).

Heavy metal concentrations and total organic carbmmtent in the soil at different
distances from the kerbside (in May) is presenegigure 7.
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Fig. 7. Heavy metal (HM) concentrations and totejjamic carbon content in the soil at different
distances from the kerbside (in May)

It was observed that heavy metals concentrati@oilnis affected by the distance from
the used street section. When the distance in@gasacentration of heavy metals in soll
decreases and total organic carbon content desremsevell (Fig. 7). According to the
experimental research data the highest concentratio zinc was registered among
investigated heavy metals. The highest concentraifazn (205.9 mgg™) was measured
in meadow soil close to the road in spring. Thigéasing could be explained by the impact
of melted snow polluted with heavy metals closeghe used street section. In subsequent
months zinc concentrations in soil slightly decezshsAccording to the Lithuanian hygienic
norm (HN 60:2004), in the spring zinc concentratiorsoil did not exceed the limit value
in light soil, however it was significantly hight#ttan background values. Concentrations of
other selected heavy metals (Ni, Cu, Pb and Cspihwere smaller. Limit values for heavy
metals concentration in soil are presented in Tal29-31]. Background values of heavy
metals (Zn, Cu, Cr and Pb) concentration in saisequal to 26, 8.1, 30 and 15 ™
(sandy soil) according to Lithuanian normative [29]

Table 1
Limit values of heavy metals in soil

Heavy metals in dry
matter [mg-kg™]

Lithuanian values for
heavy metals in soil [29]

Norwegian values for
heavy metals in soil [30]

Limit values for heavy
metals in soil of Europe [31

Lead (Pb) 100 60 50-300
Copper (Cu) 100 100 50-140
Chrome (CrVI) 100 2 -
Nickel (Ni) 75 60 30-75
Zinc (Zn) 300 200 150-300

CGO, emissions from the soil during the day in forast, L0 meters from the street is

presented in Figure 8.
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Fig. 8. CQ emissions from the soil during the day in forest, 40 meters from the street

According to the obtained experimental data it watablished that the most active
CO, emission from soil was registered in afternoon hay to 0.201 g COmM=h* (Fig.
8). In the morning was registered low emission 65 lue to higher moisture both in air
and soil, which prevents the emission of LL@his increasing of COemission was
especially evident during conducted researcheseptetber, when soil moisture was
higher in the morning and decreases in the afternand due to this CQmission from
soil increases from 0.067 g G@& % htill 0.201 g CQ-m>h™,

Dependence between carbon dioxide emissions arldtesoperature at different
distances from the street is presented in Figure 9.
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Fig. 9. Dependence between carbon dioxide emissiadssoil temperature at different distances from
the street: a) 2 m (grass cover), b) 30 m (forei$t s

Separately analysing changes of carbon dioxide sonisfrom soil in every distance
from the used street section, the very close degpawdwith soil temperature was observed.
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In all investigated distances from the street, @@issions increases with increasing of soil
temperature. The strongest relationship between, €Rission and temperature was
observed in furthest distance from the streetforast soil and correlation coefficient was
equal to 0.88 (Fig. 9).

Dependence between carbon dioxide emissions aativeehumidity of air at different
distances from the street is presented in Figure 10
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Fig. 10. Dependence between carbon dioxide emissind relative humidity of air at different distaac
from the road: a) 2 m (grass cover), b) 30 m (foses)

Humidity of soil and water vapour content in the bhas a decisive impact to GO
emission from the soil. During analysis of the aied data, it was observed that the
change of carbon dioxide emission is closely cotatedo the air humidity (Fig. 10).
Increasing of water vapour content in the air is thason of C®emission decreasing.
The strongest relationship was observed closeitedaised street section (2 m distance).
Correlation coefficient shows a strong negativeatiehship equal to —-0.85 (Fig. 10).
Excessive moisture prevents the activity of micgamisms, which reduces G@mission
from the soil. Moreover, higher air turbulence washe assessment points close to the
street which without doubt contributed to the dasieg of this parameter.

Conclusion

1. Highest quantity of total organic carbon was obedrin surface (0-10 cm) layer of
soil. The highest quantity was accumulated in timsslart and forest surface soil layer,
in late spring.

2. According to the obtained results when soil deptincreasing - total organic carbon
guantity is decreasing. This is especially evidentansitional outskirt soil where total
organic carbon quantity in accordance to the sarfal layer is about 8 times lower
(from 3.369 to 0.442 %).

3. It was observed that the collected soil from researeas in different time seasons
delivered similar results according two parametetstal organic carbon and pH.
When carbonaceous compounds are accumulated jrespilwhen soil become more
alkaline, quantity of total organic carbon is irasing in soil.
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It was observed that concentration of heavy metakil is affected by the distance
from the used street section. When the distance imm from the street, the
concentration of Zn was 205.9 mgkg™, which exceeds background values of this
heavy metal. When the distance was 30 m, concéniraf zinc was 141.5 mgkg™.

The most active COemission is registered in afternoon hours and equal
0.201 g CQ- m?. h'. CO,emission in the morning was especially low and egsal

to 0.067 g C@- m?- h™ This low emission is affected by higher leveltmimidity
both in the air and soil which prevents £ission from the soil.

Carbon dioxide emissions is increasing with indreasof soil temperature.
The strongest relationship was observed furthesh fthe used street section in the
forest soil, correlation coefficient was equal t88)

Emission of carbon dioxide from the soil is closefyated to the air humidity. With
increasing of air humidity C£emission is decreasing. The strongest relationsiaip
observed closest to the street section (2 m dig)ar@orrelation coefficient showed
a strong negative relationship, equal to 0.85.
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