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The article touches on the topic of acid rain, which poses a serious threat to the environment.
The idea is substantiated that the presence in the atmosphere of certain acid-forming compounds,
primarily sulfuric and nitric acids, formed as a result of the chemical interaction of sulfur and nitrogen
oxides with atmospheric water vapor, can lead to acidification of rainwater. It is noted that the
Interaction of acid rain and ecosystem elements leads to a disruption of the equilibrium processes
occurring in the biosphere. Considerable attention is paid to the decrease in soil fertility as a result of
acid precipitation, which leads to the leaching of vital plant substances from the soil and ultimately
causes forest degradation. The article, due to acid precipitation and disruption of the natural cycle of
substances, also analyzes the harmful effects of acidified precipitation on the biocenoses of closed
water bodies (flora, fauna). It is emphasized that the disturbance caused by acid rain, having a negative
Impact, spreads to various abiotic and biotic components of the ecosystem. The purpose of the article is

to analyze the study of the origin and negative consequences of acid rain, as well as to evaluate efforts
to combat the negative impact of acid rain on the environment.
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Introduction

In a world characterized by a growing population, urbanization, and developing nations
striving to compete in the global market alongside post-industrial nations, the impact of acid
deposition deserves greater attention. As global energy demand continues to increase, and with coal
being the most affordable and abundant energy source, acid deposition is becoming more prevalent.
This phenomenon is primarily driven by the release of sulfur dioxide (SO2) and nitrogen oxides (NOx)
gases, which are emitted into the atmosphere. While a small portion, approximately 5%, of these gases
occur naturally through processes like forest fires and bacterial activity in decomposing vegetation, the
majority, around 95%, are of human origin and result from activities such as burning fossil fuels like
oil, coal, and natural gas [1].

When sulfur dioxide and nitrogen oxides are released into a moist atmosphere, they undergo a
process of transformation, which involves oxidation (the binding of free oxygen to other elements and
compounds) and dissolution (the dispersion of a substance into a liquid). This results in the creation of
nitric acid (HNOs) and sulfuric acid (H2SO4). In simpler terms, these gases become integrated into

clouds and eventually descend to the ground as precipitation, which can take the form of rain, snow,
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fog, or mist; this phenomenon is known as "wet deposition." Wet deposition can also occur when
ammonia gas (NHs) from natural sources is converted into ammonium (NH4). When scientists discuss
wet acid deposition, they identify acidity by measuring the pH level of the precipitation. Typically,
any precipitation with a pH below 5 is considered acidic. However, if the pH is lower than what is
naturally expected or typical for a particular region, it can also be categorized as acidic [1].

Forests

Forests are an incredibly important and necessary ecosystem for humans and most all living
things. Forests act as a huge carbon sink and are essential to keeping the carbon cycle in order, they are
home to a huge number of plants and animals, and the biodiversity of forests is amazing. In fact, forests
very likely could be home to a plant or insect or animal that could be used as a miracle medicine.
Sadly, forests are being destroyed everyday by human deforestation and climate change. As this
happens, we are upsetting the food chain and habitats of plants and animals, some of which may have
provided miracle medicines. Compared to cutting of forests,, acid deposition induces only a small bit of
damage to forests. But as we can see, forests are very, very important, and any bit of damage is
detrimental to life on earth [2].

Regrettably, a significant portion of the research conducted on forest vegetation is focused
exclusively on two tree species: red spruce and sugar maple. It's important to recognize that trees rely
on the quality of the soil they grow in, which substantially influences their growth and overall health.
Air quality is another critical factor affecting tree health. Firstly, acid deposition on the forest floor
leads to the depletion of essential base cations, specifically calcium and magnesium. Secondly, during
winter, a substantial number of injuries occur when acidic moisture in the form of mist and fog strips
away vital nutrients from the trees' needles. The combined impact of these two factors makes trees far
more vulnerable to various stresses, including defoliation caused by native insects, as well as extreme
conditions like drought, heat, or cold. This issue is particularly prevalent in higher elevation areas.
Additionally, trees in regions with low calcium content in the soil interact with acidic components in
clouds more frequently compared to trees at lower elevations. Research conducted in the Adirondack,
Green, and White Mountains has revealed that "in high elevation sites, 20 to 50 percent of the canopy
spruce trees have perished due to acid deposition, but this dieback is not limited to high elevations; it is
widespread throughout the range of these trees" [2].

Plants

Acid rain has dual direct impacts on plants, affecting both their development and
physiological processes. Unlike vertebrate animals, where development concludes early in life and only
growth occurs thereafter, plants maintain embryonic tissue throughout their lifespan. This embryonic
tissue, housed within plant buds, continuously contributes to the formation of new leaves and flowers.
However, this persistent embryonic tissue is susceptible to damage from acid rain, with the extent of
vulnerability determined by the level of protection afforded to it [2].

Certain plants, such as pine trees and yellow birch, exemplify the visible consequences of
exposure to acid rain through gross deformities. In the case of pines, this deformation manifests as
shortened needles. When a substantial number of these short needles emerge, it significantly
diminishes the photosynthetic capacity of the trees. This diminishes their overall well-being and
jeopardizes their chances of survival [3].

Acid rain's impact on plants also extends to physiological aspects. The leaching of nutrients

from the soil, identified as one consequence of acid rain, can similarly occur within the plant tissues as
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rainwater, acidic from the deposition, flows over the surfaces of the plants. However, more significant
are the repercussions on the photosynthetic processes [3].

Photosynthesis, the vital process through which plants convert sunlight into stored chemical
energy in the form of carbohydrates, relies on the green pigment chlorophyll for capturing solar

energy. It has long been established that chlorophyll, when extracted from plant tissue and exposed to
an acidic environment, undergoes a process known as "bleaching," rendering it incapable of capturing
sunlight energy. Yet, conflicting data exists regarding whether acid rain can induce bleaching of
chlorophyll within intact plant tissues. While moss treated with simulated acid rain exhibited a
reduction in chlorophyll content, beans subjected to the same treatment showed no impact on
chlorophyll levels content at all [3].

Soils

Without healthy soil, nothing will flourish. Healthy soil is the base for all life. Healthy plant
growth begins with healthy soils. Without healthy soils, plants don’t grow, and the whole food chain is
affected. Also, soils mitigate the quality of water feeding into streams. Healthy soils are the foundations
for healthy life and acid deposition has wreaked havoc on this delicate system. Acid deposition mainly
affects three elements in soils: aluminum, calcium, and magnesium. According to Greg Lawrence, a
forest and terrestrial systems specialist at the U.S. Geological Survey, “calcium in the soil is very
important”. Calcium is “essential for wood formation in trees [..] and trees have a very high demand
for calcium”. If trees don’t get the proper amount of calcium, their growth will be stunted; slowed to
an unhealthy rate which leaves them susceptible to their foes: foreign insects and extreme weather
events. In the soil, calcium” is the primary element that neutralizes acidity, whether the acidity was
generated through natural organic acids in the soil or by acid rain”. Calcium acts as a buffer to acidity,
and when soil is healthy, all acidity is fully buffered out by calcium [3].

At different depths, soil chemistry differs; this has a big influence on the amount of calcium
available to trees. Organic materials (leaves, branches, and other decomposing matter) that fall from
trees or have somehow ended up on the forest floor, and certain types of rocks, when weathered,
produce calcium that is available to plants. Carbonate bedrock, such as limestone “provides substantial
buffering of acid “whereas” basaltic, granitic, and siliciclastic bedrock types represent a series of
decreasing levels of buffering capacity”. On and near the surface of a forest floor, there is a layer called
the organic horizon. In the organic horizon “there is very, very intense root activity, and recycling of
calcium”. The organic horizon is fairly low in calcium, “so as soon the plant material decomposes and
releases some calcium, there are plenty of roots there to grab it, and that prevents it from leaching out
of the soil”. Deeper down in the soil, below the organic horizon, is a layer called the mineral horizon.
Calcium is usually maintained in the mineral horizon by the weathering of rocks, but in this layer, the
“recycling by roots is not nearly as strong”. When you lower the root available calcium levels, which
we saw in the 1970s, the soil loses its ability to buffer harmful elements, the pH of the soil decreases,
and mobilization of aluminum begins which is very detrimental to trees [3].

Fish and other aquatic organisms

Acid rain initiates a series of detrimental effects on fish, leading to harm or mortality at the
individual level, a decrease in fish population numbers, the complete elimination of fish species from
water bodies, and a reduction in overall biodiversity. As acid rain moves through the soils within a
watershed, it releases aluminum into lakes and streams situated in that area. Consequently, as the pH
of a lake or stream decreases, the levels of aluminum rise. Both low pH and elevated aluminum levels

pose direct toxicity to fish. Furthermore, these conditions induce chronic stress, which may not
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necessarily result in the immediate death of individual fish but leads to reduced body weight and
smaller size, making fish less competitive for food and habitat [4].

While certain types of plants and animals can endure acidic waters, others are sensitive to
acidity and face loss as pH levels decrease. Generally, the young of most species prove more susceptible
to environmental conditions than adults. For instance, at pH 5, the majority of fish eggs fail to hatch,
and at even lower pH levels, some adult fish may perish. In some instances, lakes affected by acid rain
may lack fish altogether. The variation in acid tolerance is evident in the chart below, highlighting
that not all fish, shellfish, or the insects they rely on for sustenance can tolerate the same degree of
acidity. For example, frogs exhibit a higher tolerance to more acidic water (lower pH) compared to
trout [4].

Solutions to acid rain

Acid deposition negatively effects soils, trees, plants, streams, lakes, coastal waters, human
structures and human health. There are several solutions to the problem of acid rain, ranging from
individual actions to government policies. One of the most effective ways to reduce acid rain is to
reduce the emission of pollutants into the atmosphere. This can be achieved through the use of clean
energy sources such as wind, solar, and hydroelectric power, as well as through the implementation of
stricter regulations on emissions from factories and transportation [5].

Individual actions can also make a difference in reducing the impact of acid rain. Simple
measures such as reducing energy consumption, using public transportation or carpooling, and
properly disposing of hazardous materials can help reduce the emission of pollutants into the
atmosphere. Furthermore, reforestation and afforestation programs can help absorb some of the
pollutants in the atmosphere, as trees absorb carbon dioxide and other pollutants while releasing
oxygen [5].

In addition to reducing emissions and individual actions, restoration programs can help restore
ecosystems damaged by acid rain. These programs may include liming, which involves the addition of
lime to soil or water to neutralize the acidity, or the introduction of plants and animals that are

resistant to acidic conditions [5].

Conclusions

Acid rain stands as a global concern with numerous detrimental effects on the environment.
The primary causes of acid rain are human activities, including the combustion of fossil fuels,
industrial processes, and transportation. Its widespread environmental impacts call for solutions such
as the reduction of pollutant emissions, individual initiatives, reforestation, and restoration programs.
Various strategies have been employed globally to mitigate acid rain and its environmental
consequences. Raising awareness and implementing policies can contribute to diminishing the effects
of acid rain. The utilization of advanced, cost-effective, and reliable technologies may also play a role
in reducing acid deposition. Governments can enact stricter policies concerning the emission of sulfur
dioxide and nitrogen oxide from both transportation and industrial sources. It is our collective
responsibility to take action, addressing this issue to safeguard our planet and its inhabitants. Through
the implementation of effective solutions, we can mitigate the impact of acid rain and ensure the

preservation of ecosystems for the well-being of future generations.
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Ghopwbhnt U-U. ., Ippubpwpm 9. U., Ujkdnppubn: UL}

Unyt hnnywénid wunpwnwnd b Guypwndby preyuwht wudpbbbnh ptduyht, npntp ning
Yypwbqg Gu bpluywgbinid ppowlw dhowduwyph hwdwp:  <pduwynpynid £ wyl dhypp, np
dpuninpipnmid npnpwlh pent wnwowgtinn Uhwgnipinitutiinh wnluwyniygynitip, wnwehti htippht
oduph b wgnippwlwib penittinh, nnntip wnwewgly Gu 66uph, wqnipnh opuhntiph U Jptininpypuyht
onuwjht gninppptliph htip phupwlwts thnpuwqnbgnieywt wpnyniipmd,  Yupnn £ hwtqliglt
wudplwontiph prywbtwgdwipn: Uxdnid £, np ppduwiht wbdpubbph b tynhwdwlwpgh pwppbph
thnhuwqnbignipyniin hwtgbgamd £ LGauninpippned ipnlinh niubgnn  hwywuwnpwlynnipywb
gnpdpbpwgttiph fuwhippdwp: 2quwih nipwnpnuypnit £ nwpddmd pryuwht pbnnidubph
hGinbwbpny hnnh pbpphnipywt tjwqbigdwup, htusp hwugbgumd £ hnnhg LGGuuwlwb
pwbwlynypynii niutignn pniuwlwti tyniebnh wolwpwhwonwdp, ptst, h Jbpon hwbqbgunid £
wbipwnbtinh nbgpnwnwghuwygphti: <nndwdénid Ybpinidynid £ bwli ppyuiht tnGnnidutinh b tynyebph
puwhwt opowujpnyiph pwpipdwt htipbwbpny ppeyuwiht panndubph quuwuwlwn
wqnbignieniup thwly opwdwquiatibpp (pniuwlwt, Yebnwbwlwt wypuwnph) phngbingiinh Ypw:
LCungdéymd £, np pprduht wudnbubph hGpbwipny wnwowgwd pwpiippnidp nibbbwn
pwgwuwlwb waqnbgnyenitp, pwpwddnid £ Eynhwdwluwpgh pwppbn wphniphly U phniphly
pwnunphstiiph ypw: <nnywdp twwpnwly £ hGypnwwbnnid bpindty prpyuiht whdputbnh swqdw
b pwgwuwlwt hGipbwbpbph niuniduwuppnipyniiipp, htuswbu bwlb pw;  ppowlw
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Upgunjuyph  ypw - ppyuyhl whdpbbkph  puguuwmluh - wqpbgnippub - pkd - wuypwp
wpyniinuybnnipul quhunwluin:
FPuliugh punkp. ppjuyhl wbdplbbbp, whnmwnikp, pnyubp, hnpbp, hbnlwipbbp:

BJIMSTHUE KVICJIOTHBIX IOXKIEN HA OKPY>KAIOITYIO CPEZY

Ky A-M. B., Ilpucsxapy B.A., Arsmopary C.P.

B crarse sarparmBaeTca Tema KHCIOTHBIX JOXZeH, KOTOpEIE IIPEACTABIAIOT COOOH CEPBE3HYIO
yrposy gua oxpyxarmomet cpegsl. OOOCHOBFIBA€TCA MBICTB O TOM, UTO IPHCYTCTBHE B armMocgepe
onpejeeHHbIX KHCIOTOOOPA3yIOmuX COeJHHEHHH, B IIEPBYIO OYepefb CEPHOH H a30THOH KHCIIOT,
00pa3yroI[HXCA B pe3y/IbTaTe XHMHIECKOTO B3aHMOZEHCTBHA OKCHZOB CEPHI H a30Ta C aTMOCHEPHBIMH
BOJAHBIMH IIapaMH, MOXeT IIDHBECTH K IOZKHCIeHHIO JoxzeBor Bozsl. Ormevaercd, dUTO
B3aHMOZEHCTBHE KHCJIOTHBIX JOXZAEH H JS/€MEHTOB 3KOCHCTeMbBI IIDHBOJHT K HAapyIICHHIO
PAaBHOBECHBIX IIPOIJeCCOB IMPOTEKAIOIHX B OHOCPepe. SHATHTETEHOe BHHMAHHE Y€IA€TCA CHH)KEHHIO
IIOZOPOAHSA ITOYBEI B PE3YAbTATe BRIIIAZCHHA KHCIOTHRIX OC44KOB IIPHBOAAIIHX K BRIIE/IAYHBAHHIO U3
ITOYBBI KH3HEHHO HEeOOXOZHMBIX DACTHTEJIBHBIX BEIJeCTB H B KOHEYHOM CY€Te BBI3BIBAIOLIHX
JerpazanHio 1ecos. Beregcrsre BrrmazeHHa KHCIOTHBIX OC3ZKOB H HapyLIeHHS IPHPOJHOIO KPyTOBOpOTa
BeIjecTs, B CTAThe TAKXKe AaHATH3HPYETCA MaryOHOe BIHAHHE 3aKHCIeHHBIX OC4AKOB Ha OHOILeHO3b!
3aMKHYTBIX BOZOEMOB (@uopa, gayra). IloguepruBaercsa, 4To HapylleHHe BBI3BAHHOE KHCIOTHBIMH
JOXIAMH, HETATHBHO BO3J€HCTBYA, pacCIpPOCTPAHAETCA HA Pa3/IMIHbIEe AOHOTHIYECKHE H OHOTHYECKHE
KOMIIOHEHTHI 3KOCHCTeMBl. I]e/Ibro cTaThu AB/IA€TCA aHATH3 H3YYeHHA IIPOHCXOXAEHHA H HeraTHBHBIX
ITOCTeACTBHY KHCIOTHBIX JOXZJEH, a TaKKe OIJeHKAa YCHIHH I1I0 MepaM OOpbOBI C HeraTHBHBIM
BIIHAHHEM KHCIOTHBIX JOXEH Ha OKPYXAIOU[YIO CPELY.
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