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INFLUENCE OF FOG ON THE LEVEL OF ATMOSPHERIC
POLLUTION IN EAST KAZAKHSTAN FOR THE PERIOD 2014-2024

Annotation. The article presents a spatiotemporal analysis of the recurrence of
fogs according to data from Kazakhstan, in the East Kazakhstan region for the period
2014-2024. The influence of fogs on air pollution in the cities of the region is also
considered. Fogs in East Kazakhstan are observed throughout the year. A large number
of foggy days are recorded during the cold season of the year. In Ust-Kamenogorsk, fog
occurs in the X, XI, and II months out of the twelve. The synoptic conditions during fog
include a low-gradient field, a warm sector, and a high-pressure center. A certain
percentage (80%) is accounted for by the synoptic period during which fogs are observed.
Air pollution occurs very frequently during fogs. The level of atmospheric pollution
decreases towards the southwestern periphery of the anticyclone. In the case of fog, the
maximum permissible concentration is often determined primarily in accordance with the
MPC. For example, the amount of H2S (hydrogen sulfide) accounts for almost half of all
impurities.

Keywords: fog; urban fog; Ust-Kamenogorsk; atmosphere; pollution; synoptic
situation; environment; water evaporation; reservoir; Irtysh; toxic air.

Introduction

Fogs over land and water bodies are a fairly common occurrence. The national
economy, especially air and sea transport, needs both information about the distribution
of fogs and their forecast. As atmospheric physics develops, it becomes possible to solve
the problem of artificial fog dispersion. But the physical essence of the processes of fog
formation and dispersion cannot be considered fully clarified, because there are a number
of still unsolved problems in this matter.

East Kazakhstan is one of the largest and most picturesque regions of Kazakhstan,
located at the crossroads of Europe and Asia. The region includes several administrative
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districts and cities, such as Ust-Kamenogorsk, Ridder, Zyryanovsk and Semey. The
territory of the East Kazakhstan region is approximately 283,300 square kilometers. The
territory of East Kazakhstan is characterized by a variety of landscapes, including
mountain ranges, valleys, forests, rivers and lakes. The main mountain ranges include the
Altai Mountains, the Tarbagatai Range and the Sauyr-Tarbagatai Mountains. The region
is also famous for its nature reserves, such as the Katon-Karagay and West Altai Nature
Reserves, home to rare and endangered species of animals and plants. The region is rich
in natural resources, such as gold, silver, copper, zinc and lead. The mining industry plays
an important role in the economy of East Kazakhstan.

The relevance of the study is the local recurrence of fog. In parallel with the study,
the task is to count the days with fog and record the amount of atmospheric air pollutants.
The The main water basin is the Irtysh, which divides the city into two parts [1].
Therefore, the Irtysh is the main body of water that contributes to the formation of fog,
as fog itself consists of 90-100% humidity [2]. Evaporation fogs from reservoirs can be
considered as one of the types of fogs in cold advection, in which the main process of
saturation of air with water vapor is evaporation. Evaporation fogs most often form in the
cold season near the shores of non-freezing reservoirs. A significant process is
represented by data on the daily course of fog duration. Night and early morning fogs
prevail until August — September, and in October the winter daily course of fogs is
established, again daytime and evening fogs prevail. As special studies of the daily course
of fog duration have shown based on frequent observations, in winter, during anticyclonic
weather, fogs most often occur between 7:00 and 11:00 hours, when in populated areas
the heating of furnaces is intensified and the number of condensation nuclei in the air
increases. During the summer period, fogs typically occur between 02:00 and 06:00 hours
during the period of greatest radiation cooling of the underlying surface. After sunrise,
these fogs quickly dissipate. Wind speeds during fogs are usually low, and calm or winds
with speeds of 3-6 m/sec are often observed. Information on the temperature and relative
humidity of the air during fogs is very scarce, and only fragmentary data are available for
some areas [3]. Based on frequent observations, it was possible to obtain some idea of
the relationship between temperature and humidity with fog. In winter, fogs occur in 40-
50% of cases at temperatures of -10, -150C and relative humidity of 90-95%. In winter,
fog occurs at relative humidity of 75-80% and air temperature of -20 -25%. The
distribution of fogs in the eastern part of Kazakhstan is similar to their distribution in the
west of the republic: in the steppe regions, up to 15 days with fog are noted per year, and
in the mountainous part - up to 50. The mountainous regions of Eastern Kazakhstan are
represented by the Kalba, Altai and Saur-Tarbagatai ranges, they are surrounded by hilly
plains [4]. The ridges, individual mountains, valleys and gorges of Altai and Sayan create
a very varied picture of the distribution of the number of days with fog, typical for
mountainous regions. Altai and Sayan mountains differ noticeably in the distribution of
fogs. In The main number of foggy days is observed in the main part of the Irtysh River
valley, ranging from 30-75 days to 90 days. A significant increase in the number of fogs
in the upper part of the Irtysh valley is explained by its openness to westerly and north-
westerly winds, which contributes to the condensation of moisture as air currents rise
along the valley [5]. On the slopes of individual ridges and in closed mountain valleys of
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Altai, the number of foggy days per year decreases to 20 or less. In winter, the duration
of individual fogs is usually longer than in summer. In 40-50% of cases, winter fogs last
from 2 to 5-7 hours in a row. In 2-3% of cases, the duration of continuous winter fogs
reaches 24-48 hours. In summer, fogs are usually short-lived, in 50-70% of cases their
duration does not exceed 3 hours, and only in very rare cases fogs lasting up to 6-12 hours
are possible. On the northern and north-eastern slopes of the Eastern Sayan ridge, mainly
in the valleys of mountain rivers, from 20 to 50 days with fog per year are observed. In
foggy conditions, the composition of atmospheric air is very complex and diverse. In
urban environments, fog is often detrimental to various sectors of the economy, including
transportation, human mobility, and well-being. [6]. Non-ferrous metallurgy is developed
in Ust-Kamenogorsk. The number of enterprises in Ust-Kamenogorsk is very large
relative to the number of people living there. According to data for 2002, there are about
169 firms in the city. Most of them are industrial enterprises that work on the extraction
and processing of raw materials and, mainly, heavy metals. Meteorological conditions for
fog formation: inversion, calm or light wind, and high humidity. These conditions
contribute to the accumulation of impurities in the prism layer, which are also absorbed
by the droplets. Instead of being absorbed by the droplets, the impurities remain in the
surface layer of the air [7]. A similar process also occurs in the production of sulfuric
acid, when water is used in the absorption tower to absorb sulfur oxide. In this case,
sulfuric acid is formed in the form of a fog consisting of tiny droplets. In places of strong
focal pollution of the atmosphere under unfavorable weather conditions, as a result of the
interaction of pollutants and atmospheric oxygen under the influence of ultraviolet rays,
toxic fog can form - photochemical smog. In this case, a synergistic effect is observed -
two polluting components as a result of the reaction form more toxic substances, such as
chlorine, hydrogen sulfide, carbon monoxide, mercury, many metals and organic
compounds [8]. A number of toxic substances, especially chemical plants, are discharged
in large quantities. for example, sulfur dioxide, sulfuric acid fog, chlorine, hydrogen
chloride, nitrogen oxides, and others. Sulfur dioxide. Photochemical transformations of
sulfur dioxide lead to the formation of aerosols, and the scattering and absorption of
radiation by aerosols in the atmosphere cause a decrease in visibility. An accumulation
of small water droplets or ice crystals in the surface layer of the atmosphere, which
reduces horizontal visibility from 1 km to several meters. Sometimes fog is observed at a
height of several hundred meters [9]. And the greater the concentration of large droplets
at the earth's surface, the denser the fog becomes, and visibility sometimes decreases to
tens of meters or even less. Therefore, fog is considered a very dangerous weather
phenomenon and poses a threat to air, sea, and land transport. Fogs are formed as a result
of the condensation of water vapor on aerosol (liquid or solid) particles contained in the
air. According to their physical genesis, fogs are divided into cooling fogs and
evaporation fogs. Water vapor can be considered one of the main greenhouse gases on
Earth. It influences the formation of the planet's radiation balance and chemical reactions
in the atmosphere. According to synoptic conditions of formation, there are intra-mass
fogs, which form in homogeneous air masses, and frontal fogs, the appearance of which
is associated with atmospheric fronts. Fogs are more common in populated areas than far
from them due to the increased content of hygroscopic condensation nuclei in urban air.
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Materials and methods

Knowledge of the climatic conditions of the territory is of great practical
importance. Fogs are abnormal meteorological conditions, under which the danger of air
pollution increases significantly. For the analysis, the data of Kazhydromet (National
Hydrometeorological Service of Kazakhstan) observations of fog at 6 meteorological
stations of East Kazakhstan for the period 2014-2024 were used. The data bank made it
possible to calculate the days with more than 8 observations of fog. All observations were
conducted at weather stations according to the established Greenwich time. Air pollution
was calculated using forms issued by Kazhydromet, but these data describe the local
locations of the posts. Observations of impurity concentrations in Eastern Kazakhstan are
conducted in three cities: Ust-Kamenogorsk, Ridder, and Semey.

Results and discussion

In the East Kazakhstan region, the frequency of fog differs between warm and
cold periods. Out of the 28-31 days of the month, fog is most common during the cold
season, and sometimes during the transitional season (autumn and spring).

Table 1 - Average number of days with fog in East Kazakhstan (2014-2024)

Weather | I |II |11 | 1T |V |V |V |VI|IT|X|X]| X]| Col | War | Ye
station 1|V I I I | X I | 1II d m ar
peri | peri
od od
X- | IV-
111 IX
Ust- 3,13,14,1510,10,10,10213,[8, 18,8, |384| 95 |41,
Kamenog | 4 | 8 | 8 | 6 |2 |3 | 1 1 {71918 8
orsk
Ridder |2,(2,(13,/3,/10,10,]0,02(3,[6,[6,|6,|272| 74 |34,
1|03 |5|2]1]1 31218 8 6
Semey |0,/0,/0,/0,{0,{0,|0,{06|1,/0,]0,[0,| 26 | 3,7 |63
3138|162 ]3]|3 71614 2
Zaysan | 3,]2,/3.13,/0,/10,]0,[02/|3,|6,(7,]|7,]305]| 7,5 | 38,
411|562 3|1 1 (3]4] 8 0
Kurchum | 3, 3,(2,14,10,]0,]0,03/[1,[5,|5,]6,]26,7]| 66 |33,
4108|5511 17135 3
Katon- 0,12,13,13,10,10,1]0,10213,{6,|7,16, 273 34 |72
Karagay | 4 | 8 |8 6|1 ]1]1 1 12[3]8

The areas with the highest average number of foggy days (Table 1) are located
in areas of elevated terrain. First of all, this is the eastern area, where the average number
of foggy days is 8.9 days. We can also highlight the extreme northeastern and
mountainous eastern areas of the region, where the average number of foggy days is 2.1—
2.8 days. The lowest average number of foggy days is observed in the central areas and
in the southwest of the region, and ranges from 0.2 to 1 day. In the rest of East Kazakhstan,
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the average number of foggy days is from 1.1 to 1.7 days. The distribution of fog
frequency by month is also characterized by heterogeneity.

Fogs averaﬁe number of days:

Fig 1 - Distribution of fog frequency by month

Distribution of fog frequency by month

1,5 /
0,5 N—
0 ‘\/

Noe N ¢
S &
N N v‘\@

%

X o o Q/."
(_)QQ O(’}-o $04e QQJ(;

Fig 2 - Average frequency of fogs by month in East Kazakhstan for the period
2014-2024

Fog is most frequently observed in August (an average of 1.4% of the total number

of hours), September (1.7%) and October (1.5%), which is associated with the highest
values of relative air humidity in these months. The lowest frequency of fog is observed
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in January (0.2%) and February (0.1%), which is associated with low values of relative
air humidity. Next, a study was conducted to determine the synoptic situations in which
fog is observed. The frequency of fog in various synoptic situations in the studied cities
of the region for the period 2014-2024 is presented in Table 2. The synoptic situations in
which fog is most frequently observed in the region include a low-gradient field, a warm
sector of a cyclone and the center of an anticyclone. They account for more than 70% of
all synoptic situations in which fog was observed. Fog was least frequently observed at
various peripheries of anticyclones and cyclones. No fog was observed in the synoptic
situations of “cyclone center” (Semey), “northern part of the cyclone” (Ridder),
“northeastern periphery of the anticyclone” (Kurchum, Zaysan), “eastern periphery of the
anticyclone” (Katon-Karagay), “western periphery of the anticyclone” (Ust-
Kamenogorsk).

An analysis of the literature data showed that in Kazakhstan, among the
environmental stress zones, The first place in terms of atmospheric air pollution is
occupied by East Kazakhstan — Ust-Kamenogorsk. According to the World Health
Organization, over the past decade, more than 2.5-3 million people have died worldwide
from diseases caused by environmental pollution [11,12]. In the Republic of Kazakhstan,
every person who actively lives and works is faced with the fact that due to industrial
regions with an unfavorable ecosystem, they suffer from cardiovascular diseases of
varying severity. Ust-Kamenogorsk is one of the largest industrial centers in the Republic
of Kazakhstan, as it is home to the non-ferrous and ferrous metallurgy industries of the
nuclear industry [13,14].With very weak wind and inversion temperature distribution,
fuel combustion products are not dispersed over a large area, but spread over a short
distance around the source. Low location of chimneys and lack of wind contribute to the
accumulation of hydrogen sulfide in the surface layer. The atmosphere under these
conditions is characterized by high stability: due to the lack of turbulent mixing and weak
dispersion, its self-purification does not occur, and all industrial emissions remain in the
surface layer. Such unfavorable meteorological conditions contribute to the accumulation
of impurities and form high and very high levels of air pollution in the region [15,16].
The study used the bulletin of the RSE (National Hydrometeorological Service of
Kazakhstan) "Kazhydromet" on the state of the Ust-Kamenogorsk air basin as of
November 25, 2024. The bulletin states that the MPC (Maximum Permissible
Concentration) of H2S (hydrogen sulfide) is 2.013 mg/m3, which means that the amount
of this substance in the air that is considered normal for health is more than twice as high.
Hydrogen sulfide is a colorless gas that is dangerous to humans (hazard class II). The gas
enters the body through inhalation and transdermal (through the skin). When inhaled,
hydrogen sulfide paralyzes the olfactory nerves, and a person stops smelling the gas,
which has a lethal effect. This often leads to severe poisoning due to the inability to
promptly recognize and stop contact with the toxic source. Being very toxic, H2S
primarily affects the nervous system, causing severe headaches, convulsions, and can lead
to a coma. The lethal concentration of hydrogen sulfide is approximately 1000 mg/m3.
At a concentration of 6 mg/m3, headaches, dizziness, and nausea begin. Since from
November 22-25, 2024 there were windless days, that is, calm, fog formed unfavorable
meteorological conditions that contributed to the accumulation of pollutants in the
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atmosphere of Ust-Kamenogorsk. The formation of fogs in Central Asia is often an
interesting topic for study. Climatologists extensively research the synoptic part of the
occurrence of fogs in various places, both near and without bodies of water. The general
pattern of fog formation is the same, but there is a nuance worth noting: the relative and
absolute humidity in the air layer [17].

Conclusion

Thus, over the past 10 years, in comparison with previous long-term periods, the
average annual and seasonal number of days with fog in Ust-Kamenogorsk has remained
virtually unchanged, but throughout all three periods considered there is a decrease in
their annual and seasonal duration, a decrease in the share of cold period fogs in the total
annual duration of fogs, a decrease in the duration of one fog both on average per year
and during the cold period. An increase in air temperature leads to a decrease in fog
formation. A climatic analysis showed that last year, the average air temperature was
within the normal range, with no prolonged frosty days. This was one of the reasons for
the decrease in fog during the cold season. Hydro-meteorological phenomena, such as
heavy rainfall, contributed to the dissipation of fog. The results of the analysis of synoptic
maps of the intracontinental territory of Eurasia within Kazakhstan and Russia made it
possible to obtain the following results: to study the atmospheric processes leading to the
appearance of certain cloud structures and the relationship of large-scale cloud formations
with baric systems of a synoptic scale. The results of numerous studies have significantly
expanded our knowledge of the movement of air masses and their energy changes and
have shown that the forecast of urban fog is made on the basis of taking into account the
general factors of fog formation (radiation, advection, evaporation, proximity of open
water bodies) with the introduction of local adjustments for city conditions. Frosty
(village stove, airfield) fogs occur during severe frosts if an additional source of water
vapor appears (furnace heating, operation of an airplane engine, a steam locomotive).
Research has shown that urban fogs are usually singled out as a separate type due to the
fact that fog in a large industrial city is often observed even when it is absent in the city's
outskirts. This is especially true for winter conditions. Generally speaking, urban fog is
either radiation, or advective, or any other type of fog. The specificity lies, firstly, in the
fact that in a large city the regime of all the main meteorological elements (wind,
temperature, humidity) differs from the regime of these same elements in the city's
outskirts; secondly, in the fact that there are always additional sources of water vapor and
smoke in the city. Sometimes urban fog spreads beyond the city in the direction of the
wind. Pollution of urban air by industrial waste contributes to a significant deterioration
in visibility and the formation of fog.

In conclusion, it should be noted that the increase in the concentration of pollutants
can be adjusted by regulating industrial sectors in terms of technical aspects (such as filter
replacements, timely maintenance, and cleaning of equipment) to accurately measure the
maximum permissible level. The results directly indicate that fog is detrimental to human
life, especially for the national economy, which may have negative consequences in the
socio-economic sector of the Republic of Kazakhstan.
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AnpnabdeprenoBa A.M., b.A. KancaasimoB b.A., Xapiaamosa H.®.,
Hnpumena XK.K., Ceiisixan A.
2014-2024 )KbIJIJAPJIATBI HIBIFbIC KABAKCTAHIAT bI
ATMOC®EPAHBIH JACTAHY JO9PEXECIHE TYMAHHBIH OCEPI

Angarna. Maxkanaga KazakcranHbH ManiMetTepi OoibiHmma, [lIsreic KazakcTan
obmpiceiHna 2014-2024 sxpimap Ke3eHIHAE TYMaH KalTaJaHybIHBIH KEHICTIKTIK-
YakbITTHIK Tangaybl yebiHbUIFaH. Lbirbic Kasakcranaa tyman xbut 00iibl Oaiikanaabl.
CybIK Me3riiae TYMaHAbl KYHACPAiH KOl caHbl Oaiikananbl. OCKeMeHIe OH €Ki alIbIH
imiage X, XI xone II aitmapga Ttyman Oaiikanaapl. TymaH Ke3iHAETI CHHONTHKAJIBIK
KarJainapra TOMEH IPaIUCHTTI Opic, KbUIbI CEKTOP JKOHE KOFAPhl KbICHIMJIBI OPTaJIbIK
atazael. benrim 6ip maite3 (80%) TymaH OaiiKaaaThIH CHHONTHKAJIBIK KE3EHTe KEJeIi.
TymaH Ke3iHJe ayaHbIH JaCTaHYhI OTE KHi Ke3aeceni. ATMoc(epaHbIH JacTaHy JCHT el
AHTHUIMKJIOHHBIH OHTYCTIK-0aThIC IIETiHE Kapail ToMeHAeH 1. TyMaH kaFaaiibIHAa MIeKTi
pykcat etuiren kouueHtpaius keoiHece IIIPK coiikec anbikramansl. Meicanb, H2S
(KYKIpTCYTEK) Meuiiiepi OapbIFbIHBIH KapThIChIHA KYBIFbIH KYpailibl.

Kint ce3mep: tymaH; Kanmanelk TymaH; OckeMeH, aTtmocdepa; nacraHy;
CUHOIITUKAIIBIK JKaF/1aii; KOpIIaraH opTa; CyAblH OylaHybl; Cy alieIHbI; EpTic; yibl aya.

Aanabeprenosa A.M., Kancanxsamon Bb.A., Xapiaamosa H.®.,
HUnpumesa K.K., Ceiinxan A.
BJIUAHUE TYMAHOB HA CTEIIEHDb 3AI'PA3HEHUA
ATMOC®EPBI B BOCTOYHO-KA3AXCTAHE 3A ITIEPUO/I 2014-20241'.T".

AHHOTanusi. B craTthe NpeacTaBI€H NPOCTPAHCTBEHHO-BPEMEHHON aHAIU3
MOBTOPSIEMOCTH TyMaHOB Mo JaHHbIM u3 Kaszaxcrana, B Boctouno-Ka3zaxcranckoit
obmactu 3a mepuon 2014-2024 rr. Takxe paccMaTpuBaeTcsi BIMSHHE TYMaHOB Ha
3arpsA3HEHUE BO3AyXa B ropogax pernoHa. Tymansl B Bocrounom Kaszaxcrane
HaOIoatoTCs B TEYEHHME BCEro rojga. B xomogHoe BpeMsi rofa OoTMedaeTcs OOJbIoe
KOJIMYeCTBO TyMaHHbIX JHel. B Ycrp-Kamenoropeke tymans! Habmonatores B X, XI u 11
Mecsax u3 IBeHaanaTu. CHHONTHYECKUE YCIIOBHS BO BpEMs TyMaHa BKJIFOYAIOT B ce0s 10JIe
C HU3KUM TPATUEHTOM, TEIUIbIA CEKTOp M LIEHTP BBICOKOrO aamiieHus. OnpeneneHHbIN
niporieHT (80%) MpUXOANTCS HAa CHHONTHYECKHIA TIEpHOI, B TEYEHHE KOTOPOro HaOIIOAAI0TCs
TyMaHbl. Bo BpeMsi TYMaHOB OY€Hb YacTO IMPOUCXOAMUT 3arpsA3HEHHE BO3IyXd. YPOBEHb
3arpsi3HEHHsT aTMocQepbl CHIDKAeTCS 10 HANpPAaBICHUIO K IOTO-3amafgHod mepudepuu
AHTULMKIOHA. B cioydae TymaHa @peneslbHO JAOMYCTUMAasl KOHIIEHTPALMS YacTo
onpenensercs B nepByto ouepeas B coorBeTcTBUU ¢ [1/IK. Hanpumep, konuuecto H2S
(cepoBoOpOIA) COCTABISET MOYTH MTOJIOBHHY BCEX MTPUMECEH.

KuroueBble c10Ba: TymaH; TOPOACKOH TymaH; ¥YcTh-KameHoropcek; atmocdepa;
3arpsA3HEHUE; CUHONTHYECKAas CUTyalMs; OKpyXKarolas Ccpena; HCIapeHUue BOJIbI;
BOJ0eM; MpPTHILI; TOKCUYHBIN BO3TYX.
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