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ABSTRACT. Ground-based Fourier Transform Infra-
red spectrometer (FTIR) observations have been used for
study stratosphere/troposphere ozone vertical distribution
during Vasylkiv (near Kyiv, Ukraine) incident of petro-
leum storage burning in June 8—14, 2015.

1. Introduction

The study of fire-oil incidents influence on atmospheric
ozone is important because the ozone content in the Earth's
atmosphere is of critical importance. The stratospheric ozone
layer protects all living organisms on Earth from the harmful
effects of excessive ultraviolet solar irradiation. Scientists
consider organic compounds contained bromine, chlorine as
substances that destroy the ozone layer. The ozone depleting
potential (ODP) is the paremeter which allow estimate the
harmful properties for ozone quantitatively. The higher the
ODP of a certain substance, the more dangerous it is to the
ozone layer. The highest ODP, reaching 12, have gallons,
organic gases, which are used, for example, for fire extin-
guishing. On the contrary, high concentrations of ozone in
the lower part of the atmosphere, the troposphere, ozone acts
as health hazardous air pollutant. Tropospheric ozone is very
toxic to air breathing organisms like humans and corrosive to
the leaf surfaces of plants.

Total ozone column (TOC) is a parameter which char-
acterizes total number of ozone molecules in the atmos-
pheric column over observation site. This atmospheric
parameter is traditionally measured in Dobson Units
(DU): 1 DU corresponds to gas layer with thickness in
0.01 mm under standard atmospheric pressure and tem-
perature. TOC is determined by many photochemical and
dynamical processes both of stratospheric and tropo-
spheric origin.

Ozone levels in the middle latitudes of the Northern
Hemisphere are strongly dependent on the Brewer—Dobson
circulation (Butchart, 2014), which causes air transport from
tropic regions. Time of the seasonal ozone maximum is
changed with longitude (Peters et al., 2008). Over Ukraine,
the maximum is usually registered during early spring with

total ozone values being equal 400450 DU (Evtushevsky et
al., 2014). During the next months, the TOC levels decrease
with a minimum existing in October-November when total
ozone could be only 280-290 DU or even lower. Short-term
total ozone variations are also observed. In particular, a TOC
decrease is frequently registered under anticyclone conditions
with high pressure and, respectively, TOC rises during cy-
clone activity with low pressure.

Total ozone could be changed due to tropospheric in-
fluence of the anthropogenic origin. It is known about
TOC variations during Persian Gulf War in 1991 (Herring
and Hobbs, 1992). The changes were caused by oil fires in
Kuwait (Herring et al., 1996). The effect is described as a
complicated phenomenon. In these events additional tro-
pospheric was created close to the fire regions. On the
contrary, at the edge of the fire area the total ozone values
were lower than usually.

In June 8, 2015, significant oil burning began near
Vasylkiv city (48.98°N, 31.32°E) close to Kyiv (Ukraine).
It is continued during a week with penetrating large number
of smoke particles into the atmosphere. Correspondingly, a
question on a possible influence of the fire onto ozone lev-
els over the surrounding area is matter of interest. The
methods of analysis and the picture of the phenomenon are
briefly described in the next parts of the paper.

2. Spectral modeling and analysis

The estimates of total ozone columns in the Earth's at-
mosphere were obtained using a simulation of the ozone
absorption spectrum at 9.6 p with the radiative transfer
code MODTRAN4.3 (Bernstein et al., 1996). The pro-
gram calculates the transmission of electromagnetic radia-
tion of solar origin through the modelled atmosphere and
its subsequent reflection on the surface in the frequency
range from 1 to 50000 cm . The program employs a two-
parameter (temperature and pressure) model of molecular
spectral absorption, which is calculated with the molecular
database HITRAN (http://www.cfa.harvard.edu/hitran/)
containing molecular spectral absorption lines. To calcu-
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late the band model, data for 12 light gaseous molecules
(H,0, CO,, O;, CO, CHy, O,, NO, SO,, NO,, N,O, NH,
and HNO;) from the HITRAN database were used, and
for heavy molecules — CFC (9 molecules) and CLONO,,
HNO,, CCl4and N,Os the calculated absorption cross sec-
tion (see [Bernstein et al., 1996]) were applied. The calcu-
lations were performed in the approximation of local
thermodynamic equilibrium (LTE) for the moderate spec-
tral resolution of 2 cm™' which corresponds almost exactly
to our observed spectra. The model parameters have been
calculated by us using the database HITRAN-2004
(Rothman et al., 2005). To construct the apriori atmos-
pheric profiles of ozone, temperature and water vapor
were employed here (i) the observation of surface ozone
concentrations as measured by the ground based ultravio-
let ozonometer TEI-49i that is located near to the Fourier
spectrometer detecting breathing-level ozone, (ii) data of
the NASA Atmospheric Infrared Sounder (AIRS) satellite
instrument  (http://avdc.gsfc.nasa.gov/Data/AIRS/)  on-
board of the NASA EOS-Aqua satellite. A detailed de-
scription of our method for determining tropospheric and
stratospheric concentrations of ozone can be found in
(Shavrina et al., 2007, Shavrina et al., 2008). The result of
the analysis is the best fit of the model spectrum to the
observed spectra of the ozone band, from which we ob-
tained the best estimates of the tropospheric vertical pro-
files of ozone, the total column amount of ozone in the
troposphere and finally the total column amount of ozone
in the atmosphere.

Figure 1: Smoke from oil burning near Vasylkiv on the
evening of June 8, 2015.

3. Results

Total ozone is measured in Kyiv-Goloseyev station lo-
cated at Main Astronomical Observatory (50.36° N,
30.50° E, altitude 206 m) in the southern part of Kyiv.
Total ozone measurements are carried out with Dobson
spectrophotometer every day. To retrieve ozone vertical
profiles, ground-based Fourier Transform Infrared spec-
trometer (FTIR) observations are realized under good
weather conditions. The FTIR observations have been
used to study the stratosphere and troposphere ozone ver-
tical distribution during Vasylkiv incident with petroleum

storage burning in June 8-14, 2015 (Fig. 1). The
MODTRAN4 modeling of O; (9.6 u) absorption band
profile and FTIR measurements allow to analyze the
ozone profiles. A noticeable decrease of total ozone (to
values below 300 DU) was registered 13 June at Kyiv-
Goloseyev GAW station 498 (Milinevsky et al. 2012)
after the wind was directed from Vasylkiv to Kyiv (Fig.
2). A distance between the burning point and the observa-
tional station is equal to 25 km.

Aura-OMI data for June 2015 have also exhibited
ozone decrease in June 12—13 with a minimum near 310
DU (Fig. 3). Earlier, in June 5-10, total ozone values
reached 340-350 DU. In the following days, high ozone
conditions recovered and were observed till June 25. Wind
directions on different heights are evident from back tra-
jectories NOAA ARL HYSPLIT data (Draxler and Rolph
2015). For example, maps for June 13 when air mass with
products of oil-burning arrived to Kyiv site from south-
west are presented in Fig. 4.

In that day, almost the same low total ozone values
were registered by Aqua-AIRS on a vast area
(~200x800km) to south-east from Kyiv (50.36° N,
30.50° E). The corresponding pattern is shown in Fig. 5.
One of the possible causes for the observed ozone destruc-
tion could be in elevation of the oil burning products and
organic gases which were used for fire extinguishing.

4. Conclusions

Total ozone content and ozone vertical profiles over
Kyiv and neighboring area were studied for June 2015.
Ozone decrease in June, 13 is indicated with the ground-
based (Dobson, FTIR) and satellite (AIRS, OMI) data
series. Analysis of back trajectories has demonstrated a
change in the predominant wind direction in the tropo-
sphere in June 13. The ozone decrease could be partly
connected with strong oil burning which lasted near
Vasylkiv in June 8-14.
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Figure 2: Ozone vertical distribution from FTIR observa-
tions, June 9-14, 2015.
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Backward trajectories ending at 1200 UTC 12 Jun 15
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Figure 3: Total ozone over Kyiv-Goloseyev station in June
2015 from Aura-OMI observations.

NOAA HYSPLIT MODEL - NASA’/AERONET Run
Backward trajectories ending at 1200 UTC 13 Jun 15
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Figure 4: Back trajectories at 12 UTC of both 12 June (left panel) and 13 June (right panel) at the heights of 500 m (red

curve) and 15 km (blue curve).
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Figure 5: AIRS ozone distribution in June 13, 2015. Total
ozone values correspond to the color bar presented in the

right part of the figure.
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