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Abstract. In order to monitor the chemical composition tthaspheric air in cities located in
the zone of petrochemical enterprises influencematic atmospheric air monitoring stations
(AAAMS) are being established. The concentratiorpbénol and methanol in the air of the
residential part of the city is recorded at AAAM3s.the industrial zone air, the methanol
content is measured at the source of pollutionc&ssing the numerical series of the measured
concentrations values using the cross-correlatiotfon allows you to get the time lag of the
contaminated gas cloud moving from the source of&ion to the city. Models have been
developed for changes in concentration of phendh@air of the residential area using the
factor regression method, taking into account thecentration of the analyzed compounds, the
time lag from the source of pollution to the livirgrea and weather conditions: - air
temperature and humidity, wind direction and speed.

Lintroduction

Phenol is one of the large-tonnage products ofcbhasjanic synthesis. Global phenol production
capacities exceed 8.5 million tons per year [1]2018, more than 201 thousand tons of phenol was
produced in Russia [1]. The most significant useptenol are the production of bisphenol A and
phenol-formaldehyde resins - more than 70% of dlobasumption [1]. About 10% of phenol is used
in the production of caprolactam [1]. Phenols enlber environment in various ways: as a result of
processing solid fuels, in the production of pageints and varnishes, the production of phenol-
formaldehyde resins, adhesives, and various ptagfiowerful anthropogenic sources of phenol in
atmospheric air are oil producing, coke, metalleabiplants, production of asphalt concrete,
engineering. The amount of phenols emitted intoatineosphere by coke production is determined by
the technology of processing coal and its secondesglucts, the quality of coal, and especially the
means used for de-phenolization of wastewater $ignificant atmospheric phenol pollution also
occurs during forest fires.

In general, the effect of phenol and its homologstiee environment in general and the human
body in particular is manifested not only as a Itesiuits release into the environment from thegsta
of its receipt and processing [1], but also assalteof biogenic processes, for example, the life o
hydrobionts [1]. The concentration of phenol in agpheric air with stable operation of the entegpris
depends on the prevailing weather conditions. Gasiens show that even with constant volumes and
compositions of industrial and transport emissiassa result of the influence of meteorological
conditions, air pollution levels can vary by sevdiraes [1].

Phenols are one of the most common environmenthitiom and are considered highly hazardous
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to the environment. This compound causes a viglatioecological systems, the recovery period of
which, after the complete elimination of the sounEbarmful effects, is at least 30 years [2,3].

The toxic effect of phenols is manifested at thelue level (impaired respiration,
pigmentogenesis, protein biosynthesis; membramégebéunctions) and at the body level (suppression
of growth and reproduction in algae, impaired eqilm, respiration, loss of motor activity in fish
etc.). The discharge of phenolic waters into watallies and streams sharply worsens their general
sanitary condition, influencing living organismstramly by their toxicity, but also by a significant
change in the regime of nutrients and dissolvee@gé&xygen, carbon dioxide) [1].

Therefore, monitoring the air of residential aredsirban areas adjacent to petrochemical plants
for the production and processing of phenol andétivatives seems to be a necessary task.

2. Materials and research methods

The objects of the study were the values of pheantentration measured in the period of 2010-2012
at an automated atmospheric air control stationARS) located in the residential part of the city,
and methanol concentrations recorded at the ergeipemission source. The content of pollutants in
the air of the residential area is recorded byrobisensors configured to measure every 3 mindtes.
chromatograph installed at the enterprise’s emissimurce records the methanol content every 10
minutes. Arrays of hourly values of meteorologipatameters were obtained, such as wind direction
and speed, air pressure and humidity. To processtatistical results, a correlation and regression
analysis of numerical series was used. [5-8]

To determine the influence of the source on theharal content in the atmosphere of the
residential zone, a cross-correlation function wsesd to determine the time it takes for the methano
polluting the air to reach the atmosphere from sloeirce of the methanol. With its help, the
relationship between the time series of the pheantentration in the residential area and methanol
the source of industrial emissions is displayedctviallows taking into account the delay between th
emission and the increase in phenol content irdbelential area of the city. Due to the influente
meteorological parameters, the value of the comagoh of a substance in the residential area is
currently determined by both its current metharmttent at the source of emission and the value
shifted for some time. [2,3]

3. Results and discussion

The industrial zone is a compact location of a dempf petrochemical enterprises, which include
industries that use phenol and methanol as stamatgprials. In the air of the industrial zone, the
phenol content is not recorded, and only the metheantent is recorded. In this regard, it seems
interesting to carry out modeling of the phenolteanhin the atmosphere, based on its content in the
residential area, taking into account the methanatent in the air of the industrial zone and weath
conditions - temperature, humidity, wind directemd speed.

The industrial zone is located north of the redsidéarea of the city. Therefore, the directiortiudé
wind acquires a significance in the qualitative agdantitative chemical composition of the
atmosphere of the residential area.

Using cross-correlation functions between the cotradions of phenol (residential zone) and
methanol at the source of atmospheric pollutiodygirial zone), it was found that in recorded
weather conditions (north wind 2 - 3 m/s, tempeet8° C, humidity 80%), the phenol content is
determined by the concentration methanol in thehdisyed gas mixture at a given time and in the
previous hour (Fig. 1). Therefore, in the equafi@nmodeling the concentration of phenol (Ivl 1 and
2), in addition to meteorological parameters, thethanol concentration at the source at the initial
moment and in the previous hour is included.
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Figure 1. Correlation coefficients for cross-correlation étions linking the concentrations of
methanol at the source of pollution and phenol AAMS (weather conditions: north wind 2 - 3 m/s,

temperature &, humidity 80%)

The obtained equations allow us to calculate thenphcontent in the atmosphere as a function of
methanol concentrations at the indicated time gantd the values of the weather parameters:

Ocstson = - 0.14v - 0.002 + 0.06b+ 0.04h+ 0.023vT - 0.012vl - 0.004ThH
-0.0002plp - 0.0017v{ - 0.001T} - 0.000%l:- 0.003bl1 + 0.0008vT] + 0.00002¢lo — (1)
0.0004vI0f + 0.000008Tlol4

Coefficient of determination (correlation) 0.658D.

Qcenson = - 0.00004v - 0.00002T + 0.000@9% 0.00014 — 0.00008I 2)

Coefficient of determination (correlation) 0.1138) (2),

T - air temperature (S

v - wind speed, m/s;

¢ - air humidity, %;

10 - methanol concentration at the source at tinnegin®;

I1- methanol concentration at the source at tirherhg/ns.

A comparison of the calculated (model) and recorghdénol concentration in the air of the
residential area (Fig. 2) allows us to note a fatiery coincidence of these parameters when using
equation (1), the correlation coefficient is ab@8. The calculation according to equation (2) dugs
transmit experimental data, the correlation coefitis about 0.33 (Fig. 2).

mg/m3 mg/m3
0,0012 0,0012

0,001 - 0,001
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0,0006 0,0006
0,0004 0,0004
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Figure 2. The phenol content in the air of the residentiabaecorded experimentally and calculated
according to equations 1 and 2.

Meteorological conditions associated with the abesesf wind - calm, 18, humidity 90%, are
characterized by surface inversion of air masgesan be assumed that the influence of industrial
pollution sources is determined with a long del@pservations show that the methanol content does
not exceed established standards in the residemgal while its average concentration at the sourc
was 7.9 mg/rh In the atmosphere of the residential area, calsezceeding the MPC of phenol were
recorded.

Using cross-correlation ratios, it was found tlet tlosest relationship between the phenol content
in air and the methanol content at an industriate® corresponds to periods of 13 and 14 hours (Fig
3).
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Figure 3. View of the cross-correlation function between tioacentrations of methanol at the source
of pollution and phenol at AAAMS under weather citiods: calm, temperature 13°humidity 90%.

OcsHson = 0.02T — 0.0008 + 0.18ks - 0.0002Tp + 0.01Thks — 0.002l13 -
0.09114 + 0.000%kl14 - 0.006Tis + 0.00bplis 0.0001pTIiz+ 0.00000Tlis +

0.000007 Ti3l14 3
Coefficient of determination (correlation) 0.71840)
Qcsnsor= 0.0001T + 0.00008+ 0.000613 + 0.000114 4

Coefficient of determination (correlation) 0.4466)

T - air temperature (%

¢ - humidity, %;

l13 - methanol concentration at the source at time3;, mg/ni;
l14 - methanol concentration at the source at timg4t, mg/nd

These equations (3) and (4) describe the dependgnte phenol concentration on the selected
parameters with a fairly high degree of couplingyihg correlation coefficients of 0.84 and 0.66,

which determine the similarity of the calculated axperimentally recorded values (Fig. 4).
0,025 - ma/m’ 0,025 ma/m’

0,02 0,02

0,015 0,015
0,01 0,01

0,005

initial data  eesse model = = MPC

initial data eeese model = = MPC

Figure 4. The phenol content in the air of the residentrtabarecorded experimentally and calculated
according to equations 3 and 4.

In the time series of observations, there are gderithat are characterized by relatively low
concentrations of phenol in the air of the resid¢mtart of the city. For example, under weather
conditions: calm, 11° C, humidity 71%, the averagecentration of phenol in the air in the residanti
area is 33% of the MPC, while in the previous obsgon period it exceeds the MPC by 230%.

In the period under consideration, there is no mm of air masses, therefore, there is a delay in
the influence of pollution sources on the qualifyatmospheric air in residential neighborhoods. The
time for phenol to reach the residential part @f ¢tity is 12 - 13 hours (Fig. 5).
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Figure 5. View of the cross-correlation function between tlencentrations of methanol at the
source of pollution and phenol at AAAMS under weatltonditions: calm, temperature C1°
humidity 71%.

Therefore, when constructing a model of phenol eatration changes, the methanol content at the
source with a lag of 12 and 13 hours is used anpeters.

Ocstson= - 0.135T — 0.08 — 0.026]> — 0.0006T + 0.026T1>+ 0.00Gpl 1+
0.009k3 + 0.028Tls+ 0.00G[)|13+ 0.003kol13 + 0.0001pT|12 + 0.0001pT|13 —
0.005Thol13— 0.00pl12l13 - 0.00008 T 112113 (5)
Coefficient of determination (correlation) 0.9296)

Qcshson= 0.00012T + 0.000@6— 0.0005112+ 0.0001113 (6)

Coefficient of determination (correlation) 0.3058)

T - air temperature (S

¢ — humidity, %;

l13 - methanol concentration at the source at time3;, mg/ni;

l14 - methanol concentration at the source at timi4t -mg/nd

Comparison of the calculated phenol concentratiatues according to equation 5 with the

experimentally obtained results allows us to obtagorrelation coefficient of 0.96, which indicates
high bond strength. According to equation 6, theatation coefficient is 0.54.

0,008 ma/m’ . 0,008 Ma/m’
0,007 | 0,007
0,006 - 0,006
0,005 0,005
0,004 0,004
0,003 0,003
0,002 - 0,002
0,001 0,001
0 0 Data

o $ % s <% N % O o & % s <% 5 % X
initial data seees mode| == «=MPC initial data eseee model == «=MPC

Figure 6. The phenol content in the air of the residentrebharecorded experimentally and calculated
according to equations 5 and 6.

The south wind provides the movement of air magees the residential area of the city towards
the industrial one. In this case, there is no dieftect of methanol and phenol emissions on the
formation of the atmosphere composition of thedesiial area. Indeed, the average concentration of
methanol at the source is 5.48 m§/and the phenol in the residential area is 0.0§8mh However,
observations of a change in the phenol content®aMS show that even in such periods, the phenol
concentration in the residential area may exceedtRC (Fig. 7).
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Figure 7. The phenol content in the air of th&igure 8. Type of cross-correlation function between

residential area recorded experimentally undéye concentrations of methanol at the source of

weather conditions: south wind 2-4 m / follution and phenol at AAAMS under weather

temperature 1% humidity 63% conditions: south wind 2-4 m / s, temperatur€, 1°
humidity 63%

Using the cross-correlation function between thaceatrations of methanol at the source of
pollution and phenol a8AAMS, it is not possible to establish the delay time tfee appearance of
phenol in the residential area of the city (Fig. 8imilar results for similar weather conditionsreve
obtained: south wind 3-5 m/s, temperatuig, $fumidity 79% (Fig. 9 and 10)

mg/m? Correlation
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Figure 9. The phenol content in the air of thé&igure 10. View of the cross-correlation
residential area recorded experimentally undeinctions between the concentrations of
weather conditions of south wind 3 - 5 m/spethanol at the source of pollution and phenol
temperature @, humidity 79% at AAAMS under weather conditions: south
wind 3-5 m/s, temperature@°humidity 79%

In this case, it is not possible to formulate epnst that adequately describe the observed changes
in the phenol concentration in the residential asga judging by the cross-correlation functiong(Fi
8, 10), the industrial source of atmospheric phepalution should not affect the change in the
concentration of the substance in the air livingaain the south wind. In these cases, the presgnce
phenol in the air of the residential area and tkeess of its concentration compared with the MPC
may be due to several reasons. Firstly, due tpibsence of sources of atmospheric air pollutiah wi
phenol located south of the AAAMS station. Secondlye to the presence of stagnant zones, in which
the previously received air masses containing phameoconcentrated and redistributed over the urban
area when the wind direction changes.

4. Conclusion

Thus, even in the absence of experimental mondarfrthe phenol content in the air of the industria

zone, it is possible to simulate this parametethi air of the residential zone, when the methanol
concentration in the industrial zone is recordétpth compounds are raw materials in the produoctio

of petrochemical products. The adequacy of the mi@densured by taking into account weather
conditions (temperature, humidity, wind directiordats strength). On the other hand, meteorological
conditions can be limiting parameters when choosmafels that provide the greatest degree of
adequacy of calculated and experimental data.
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