ABTOpPCKHM BUJEHUEM JaHHBIX QUIOCOPCKUX ACTIEKTOB CIIYKHUT AUHAMUYECKUHN, TOCTOSIHHO
M3MEHSIOIIUNCSA ¥ TPaHCPOPMUPYIOLIUIICS MPOIlecC B3aUMOACHCTBHS YelloBeKa U TexHomoruu. Ot
HE3HAYUTENIbHOTO HCII0JIb30BAHUS B paHHUE BpeMeHa, 10 00bEeMHON MHTErpallii C TEXHOJOTUEH B
HaIlli JTHU, OTHOIIEHUE K JAaHHON mpobieme OyaeT CTaBUTh BCE HOBBIE M HOBBIE BOIPOCH K
o011ecTBy, KOTOpOE BCerja OyaeT UMEeTh Pa3Hyl0 BEKTOPHYIO coCTaBisomlyo. CuMOn03 yeroBeka,
Kak OMOJIOTMYECKOTO CYIIECTBA U TEXHOJOTHH, KaK MPOAYKTa €r0 YMCTBEHHOTO YCHIIUS — BO3MOXCH
1 HeoOxoauM. ['TaBHOI aKkTyanbHOCTBIO IPOOJIEMBbl CTAHOBUTCS IPaHb MEXAY CAaMOCOXpPaHEHUEM U
YIIYUYILICHUEM, C MOTEPE TOW JUYHOCTHOM TPAHCUEHICHTAIBHOW HICHTUYHOCTH, KOTOPAs] MOKET
ObITh yTpaueHa B TOM uucie 0e3BO3BpaTHO B pe3yJibTaTe TEXHOTCHHBIX BMEIIATENIbCTB, KOTJa
CYILIECTBYET PHUCK MPEKPAIIECHUS CTPEMJICHHUS YE€JIOBEKa K MUPY HJICATbHOMY M JyXOBHOMY, a
MIPOUCXOAUT €T0 «3aLUKIMBAHNE» Ha MaTEPUAIbHOM ILJIAHE.

BbIBO/JbI

1. ®wrocodckuit MOAX0A K aHAIU3Y MPOOJIEM COBPEMEHHOM MEIUITMHCKONW HAYKH SBIISICTCS
OJIHMM W3 aKTYaJIbHBIX aCIIEKTOB B HACTOsALIME JAHU. JIMHAMUYECKUN U BCEOOBEMITIONIUN MOIX0/T K
BBISIBJICHHIO MHOTOTPAaHHBIX M HEOJHO3HAYHBIX MPOOJIEM, C MOCIEIYIONIeH OLIEHKOW CTpaTeruil u
MOJXOJIOB K MX PEHICHHUI0, & TAK)KE€ MOTCHIUATBHBIX PUCKOB B OOJIACTH KJIETOYHBIX TEXHOJIOTUN
SIBJISIETCS] HEOThEMJIEMOM YaCcThIO YCHEIIHOIO Pa3BUTHUS JAHHOTO pa3zesia MEIULIUHBI.

2. HccnenoBanue npoOieMbl TEXHOJOTM3AMU YEJIOBEKAa C IOMOILIBIO PEreHepaTUuBHON
MEIUIIMHBI SBIISETCS MHOTOIUIAHOBBIM W MHOTOACHEKTHBIM TMPOIIECCOM, BKIIIOUYAIONUM B celd
MEIWIIMHCKUE, JTUYECKHE, COIMOJIOTHYCCKHEe U (UIOCOPCKHE ACHEKThl. JTOT MHOTOTPAaHHBIH
MOAXO0Jl Momoraer 0OoJyiee MOJHO TMOHSITh M OLICHUTH IMOTEHIIMATbHBIE BBITOJBI U PUCKU TAKHX
TEXHOJIOTUH JIJIs UeJoBeKa U OOIIECTBa B LIEJIOM.

3. B nepcriekTuBe BbIpaKaeTcsi OrPOMHBIN MOTEHLKAJ JAHHOTO HAPABIICHUSI MEULIMHBI, KaK
OII0Opa M MOMOUIb B pa3pelieHuy npodiaemM O0oje3HEeH uernoBeKa M BCEro MHUpPA, TOJIBKO C BbICIIEH
O5aroi 1eNbI0 MPUMEHEHHS TaHHOM CHJIBL.
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AHHOTAIUSA

Beenenmne. KucnotHble nOXIM — 3TO IioOaibHAs KOJIOTHYECKas HpoOsieMa, KOTOpash OCTAa&Tcsl akTyalbHOW st
YeNoBeYecTBa. 3arpsA3HEHHE BOJBI M TIOYBHI MPHUBOAWT K IpobieMaMm 310poBbs. HeoOXoaumMo mpoBOIUTH paboTy IO
9KOJIOTHYECKOMY BOCITUTAHUIO HACEJICHHS C LENbI0 MPO(MIAKTUKY 3a00JI€BaHNN, BEI3BAHHBIX BIMSHHAEM OKPY Karomei
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cpenbl. Llean mcciienoBaHus — cO3/1aTh B YCIOBUSIX JIAOOPATOPUM MOJENb JUIsl HAIJIIAHOW JEMOHCTPALMKM BPEIHOTO
BIMSIHUSL KUCJIOTHBIX JOXJAEH Ha OKPYXKAIOUIYI0 Cpeay Ui MOBBILIEHUS SKOJIOTMYECKOIl IpaMOTHOCTH HACEIEHUS.
Marepuan 1 MeToabl. VICroNb30BaNNCh PaCTBOPBI CEPHOM M a30THOW KHCIIOT ¢ ypoBHeM PH = 4. [lnst aToro o0pasist
KOHLIEHTPUPOBAHHON CEPHOW M a30THOM KHCIIOT B XUMHYECKOM CTaKaHe pa30aBJIsuIMCh AUCTWIIIMPOBAHHOW BOJOH, pH
3TOM YypoBeHb PH m3Mepsiics natunkoM nudpoBoil xummueckoi nadoparopun (CTEM). B kadectBe TecT-00beKTOB
ObUTH BBIOpAHBI BOJIHBIC PAYKH, IUCTH KOTOPHIX HMEJHCH B JTA00OPATOPHBIX HAOOPAxX 10 OUOJIOTHH IS IKOJIOTHYECKOTO
MPaKTUKyMa U JEMOHCTPAIIMOHHBIX OMBITOB. Tarke ObUTH BBIOPaHBI 0OPA3LIbl MIIEHHUIBI, METAIJIOB U CIIABOB, KAMHSI.
HccrnenoBanue MmMpoBOIMIIOCH B XMUMHUYECKOW jabopatopun cpenuedt mxoisl Ne 9 ropoma CeepoypaibCk B (opme
YETBIPEX DKCIEPUMEHTOB. [lJI1 MOATBEPKACHUS THIIOTE3Bl M OINpPENENEHHs YPOBHS SKOJIOTMYECKOW TPAMOTHOCTH
HaceleHHs OBbIIO NMPOBEICH OINpPOC, B KOTOPOM YYacTBOBAJO 58 UEIOBEK, B OCHOBHOM YYAall[ECs CTapIINX KIIacCOB
mKouel. OTPOC MPOBOAMICS [0 M MOCTE JEMOHCTPAMH PEe3yJIbTaToB SKcIepuMeHTOB. Pedyibrartsl. JlabopaTtopHbie
HKCTIEPUMEHTBI HarJISTHO JIOKA3aJIl BPEAHOE BIMSHUE KHUCIOTHBIX JIOXK/ICH HAa OKPY KaIOIINe OOBEKThI (METAIIbI, KAMHH),
MIOYBY, PACTEHHMS U JKHBBIE OpraHu3Mbl. BeiBoasl. Co3aHHas 1abopaTopHast MOJIENb HarjIsJHO AEMOHCTPUPYET BpeIHOE
BO3/ICiCTBUE KHUCIIOTHBIX JOXJEH Ha OKpY’Karoulylo cpeny. JlaHHas Mozenb MOXET OBITh IMOJIC3HOHM JUIs ITOBBILICHHS
9KOJIOTHUECKOH IPaMOTHOCTH HAaceJIeHUs U MIPOBEACHUS MEPOIIPUATHUIH 110 IKOJIOTHUECKOMY BOCIUTAHUIO.

KiroueBble cjioBa: HaryIgqHast MOJIENb, KUCIOTHBIE NOXKIH, OKPY’KaIOIlas Cpea, IKOJI0rudeckas rpaMOTHOCTb.
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Abstract

Introduction. Acid rain is a global environmental problem that remains relevant to humans. Pollution of water and soil
leadsto health problems. It is necessary to carry out work on environmental education of the population in order to prevent
diseases caused by the harmful influence of the environment. The aim of the study isto create a visual model in the
laboratory to demonstrate the impact of acid rain on the environment and improve environmental literacy of the
population. Material and methods. Solutions of sulfuric and nitric acids with apH level of 4 were used. For this reason,
samples of concentrated sulfuric and nitric acids in a beaker were diluted with distilled water, and the pH level was
measured by adigital chemistry laboratory sensor. Aquatic crustaceans (Artemii Salina) were selected as test objects, the
cysts of which were available in laboratory biology kits for environmental workshops and demonstration experiments.
Samples of Grasses or Bluegrass wheat (Poaceae), samples of metals and alloys in the form of plates for applying acid
solutions, and a stone sample were al so selected. The study was carried out in the chemical laboratory of secondary school
No. 9 in the city of Severouralsk, in the form of four experiments. To confirm the hypothesis and determine the level of
environmental awareness of the popul ation regarding the impact of acid rain on the environment, a survey was conducted
in which 58 people, mostly high school students, participated. The survey was conducted before and after the
demonstration of the experiment results. Results. The experiments have proven the harmful impact of acid rain on the
soil, plants, metals and stones. Conclusion. Based on the results obtained, a laboratory model was created that clearly
demonstrates the harmful effects of acid rain on the environment. This model can be useful for increasing environmental
literacy of the population and environmental education activities.

Keywords: visual model, acid rain, environment, environmental literacy.

INTRODUCTION

Acidrainisaglobal environmental problem that remainsrelevant for everyone and especially
for usin particular, and every inhabitant of the planet should think about their contribution to this
natural phenomenon. All harmful substances that enter the air during human life do not disappear
anywhere, but remain in the atmosphere and sooner or later return to earth in the form of precipitation.
At the same time, the consequences of acid rain are so serious that it sometimes takes hundreds of
years to eliminate them [1].

Acidrain, as arule, includes weak solutions of sulfuric and nitric acids, formed as aresult of
the reaction of atmospheric moisture with oxides of sulfur and nitrogen. Long-term exposure to acid
precipitation causesthe acidity level of water bodiesto increase. At pH < 4.5, al fish, bottom bacteria
and plankton, and most frogs and insects die. The life of aquatic organismsis disrupted which leads
to death. [2]. Toxic sludge pollutes agricultural areas. Plant integumentary tissues and cellular
metabolism are disrupted, which ends in the death of plants. From chemistry course is known that
acidsinteract with certain metals, destroy their structure, making them brittle, and convert metalsinto
soluble and insoluble compounds - salts. Acid rain affects stone, dissolving it, or changing its
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structure and gradually destroying it. Acid rain can have a negative impact on human health, causing
heart and lung diseases [3, 4].

Thereareindustria citiesin the Sverdlovsk region, such as Asbestos, Nizhny Tagil and Serov.
In 2018, the total emissions from enterprisesin these cities amounted to 990 thousand tons. The listed
cities are the leadersin terms of the number of these emissions. According to areport by the Ministry
of Natural Resources, some of the most common toxic substances are sulfur dioxide, carbon
monoxide, nitrogen dioxide, nitrogen oxide, dust, hydrogen sulfide and ammonia. Acid precipitation
isformed from the listed gasesin thislist [5].

The following hypothesis was formulated: if the effects of acid rain on living organisms and
substances surrounding humans are demonstrated, thiswill increasethe overall level of environmental
literacy of the population

Theaim of the study isto create amodel in the laboratory to demonstrate the impact of acid
rain on the environment and improve environmental literacy of the population. The object of the study
was acid rain, and the subject was the impact of acid rain on the environment.

MATERIAL AND METHODS

To conduct research and create a demonstration model of the harmful effects of acid rain on
the environment, solutions of sulfuric and nitric acids with apH level of 4 were used. For this reason,
samples of concentrated sulfuric and nitric acidsin abeaker were diluted with distilled water, and the
pH level was measured by a digital chemistry laboratory (STEM) sensor. Aquatic crustaceans
(Artemii Salina) were selected as test objects, the cysts of which were available in laboratory biology
kits for environmental workshops (ecology, chemistry, biology) and demonstration experiments.
Samples of Grasses or Bluegrass wheat (Poaceae), samples of metals and alloys (cast iron, zinc,
copper, duminum, lead, brass, bronze) in the form of plates for applying acid solutions, and a stone
sample (natural marble) were also selected. The study was carried out in the chemical |aboratory of
secondary school No. 9 in the city of Severouralsk, Sverdlovsk region, in 2021 for 6 months in the
form of four experiments.

To confirm the hypothesis and determine the level of environmental awareness of the
population regarding the impact of acid rain on the environment, a survey was conducted in which
58 people, mostly high school students, participated. The survey was conducted before and after the
demonstration of the experiment results.

Research methods: experimentation, modeling, observation.

RESULTS

For the first experiment, Artemii Salina was chosen as test objects. Their cysts were taken in
the laboratory. They were placed in salted water and after 2 days they were hatched. In a normal
environment, they were active. Then, dividing them into 2 groups, the prepared solutions of nitric and
sulfuric acidswith pH level 4,1 were added, which corresponds to the composition of acid rain. After
afew minutes, Artemi began to slow down their movement, after 7 minutes they showed no signs of
life.

For the second experiment, wheat was chosen. Wheat was a genus of herbaceous, mainly
annual, plants of the family Grasses, or Bluegrass (Poaceae) and sowed the seeds on February 3. After
3 days it rose, on the 5th day the plants were already 6 cm tall. Three groups were planted: one was
acontrol group, which was watered with ordinary water, the second with a solution of nitric acid, and
the third with sulfuric acid. The next day, the control group did not change its appearance and the
second and third withered and subsequently died.

The following experiment demonstrated acids effect on metals. To conduct this experiment, a
set of metalswastaken. Drops of nitric and sulfuric acids were applied to each plate. Visiblereactions
occurred within 7 minutes. During the interaction of amost all samples of metals and aloys, the
formation of precipitation, the release of gases (sulfur dioxide, hydrogen) was observed. After the
interaction, a rough spot remained on all surfaces except the cast iron plate, demonstrating the effect
of corrosion. There was an assumption that with repeated regular exposure of metals to acidic
solutions, the corrosion effect would intensify and lead to complete destruction.
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The latest experiment showed effects of acid rain on cultural monuments and buildings. The
samples of natural marble were taken, a well-known ornamental stone. It is calcium carbonate
CaCOg3, asdlt that is part of chalk and limestone. One sample was placed in a beaker with a solution
of sulfuric acid, and the other in aglass with asolution of nitric acid. In aglasswith sulfuric acid, the
reaction proceeded calmly, bubbles of carbon dioxide were released. In a glass with nitric acid, the
reaction was rapid, since nitric acid itself has a high chemical activity. The reaction proceeded until
the marble piece was completely dissolved.

In order to confirm the need for environmental education and increasing the level of
environmental literacy of people, a survey was conducted in which 58 people, mainly high school
students, participated. The questions were aimed at testing the level of knowledge about the harmful
effects of acid rain on the environment. The survey was conducting during a school event dedicated
to environmental safety, where the results of the experiments were demonstrated in the form of
presentation. The survey was conducted before and after the presentation of the experiment results.
The questionnaire contained 10 questions and had to be completed in writing.

The results of the survey conducted before demonstrating the results of the experiments are
as follows. To the first question: “Have you heard of acid rain?” 62% responded positively; 31% have
never heard, 7% found it difficult to answer. Regarding the question “Do you know what acid rain
is?” 51% gave a positive answer and 49% negative. When asked about the causes of acid rain, 50%
answered that it is due to the work of industrial enterprises, 25% associated this phenomenon with
human activity and 20% noted that the cause of acid rain isasharp changein weather conditions, 5%
found it difficult to answer. Awareness of the consequences of acid rain according to the survey
results is as follows: 55% of respondents know about the harmful effects of acid rain on the
environment and human health, but 15% of them cannot specifically explain what the harm is. 45%
of respondents know nothing and cannot explain the harm caused by acid rain. 70% of respondents
knew about the danger of acid rains for human health, but could not accurately explain it; 27% could
not explain the negative impact on plants and soil; 30% have never thought about the safety of
architectura monuments from acid rains and other climatic or chemical factors. The results of the
survey before the demonstration of the experimental results showed that approximately half of the
respondents did not have specific information about the impact of acid rain on the environment.

Theresults of the survey conducted after the demonstration of the experiments are asfollows.
98% of respondents responded that they received visual information about acid rain and its harm to
the environment. The number of respondents who could not explain anything about the consequences
of acid rain decreased by 12%. 67% responded that they first thought about environmental safety and
the dangers of acid rain for human health after demonstrating the results of experiments.

DISSCUSION

The first experiment was based on the following. It can be seen that an increase in the acidity
of the aguatic environment causes the death of aguatic organisms.

Theresults of the second experiment showed that when exposed to acidic solutionsin the soil,
the nutrients necessary for plant life dissolve. At the same time, heavy metals are leached from the
soil, which are then absorbed by plants, causing them serious damage and desath. It can be concluded
that acid rain is dangerous for soil and plants and reduces crop yields. As aresult of acidification in
the soil, nutrients that are vital to plants are dissolved and then die.

During the interaction of almost al samples of metals and alloys, the formation of
precipitation, the release of gases (sulfur dioxide, hydrogen) was observed, it should be noted that
poisonous ones as well, the formation of roughness on their surface was also observed. Thisisdueto
thefact that metals such asiron, which is part of steel, zinc, aluminum, tin arein the " Electrochemical
range of metals' before hydrogen, they can react with almost all acids and especially such strong ones
as nitric and sulfuric too. And copper, which stands after hydrogen, can react only with nitric acid.
The saltsformed during theinteraction of acidswith metals, except |ead sulfate, are soluble, therefore,
the effect of metal dissolution is created, therefore, ulceration is formed. When steel, zinc, copper,
lead, brass, bronze interacted with nitric acid, brown gas was released and the metals were colored:
copper and bronze acquired a greenish-blue color, lead - a dark gray color. Acid precipitation is
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capable of dissolving many metals and their alloys, destroying their structure due to the formation of
soluble salts. When acid solutions simulating acid rain interact with metals and alloys, it is shown
that the destruction of the metal structure (erosion) occurs.

Durable, hard marble reacts with solutions of sulfuric and nitric acids and turns into soft
gypsum (calcium sulfate) and a highly soluble salt - calcium nitrate. Acidic solutions destroy the
structure of the stone until it is completely destroyed, which proves the negative impact of acid rain
on marble products, such as architectural monuments.

A survey of respondents confirmed the relevance of environmental education activities in
order to increase environmental literacy and the effectiveness in this sense of a demonstration model
of the harmful effects of acid rain on the environment.

CONCLUSION

The results of the experiments clearly showed the harmful impact of acid rain on living
organisms and substances surrounding humans. On this basis there is confidence that the research
hypothesis has been proven. The study can provide ideas for future experiments simulating the
harmful impact of chemical and climatic factors on the environment and creating the other visua
models demonstrating natural climate phenomena and environmental impact. It is necessary to carry
out measures to increase environmental literacy of the population in order to prevent further
environmental pollution, improve knowledge in the field of environmental safety and prevention of
diseases caused by environmental risks.

Based on the results obtained, a laboratory model was created that clearly demonstrates the
harmful effects of acid rain containing chemicals such as ammonia, sulfuric and nitric acids on the
environment. This model can become a visual aid and can be useful for environmental education
activities.
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