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Air hygieneςmeasurethe
invisible?
ÅThe hygiene of atmospherestudying air-related

issuesto protect healthandpreventdisease.
ÅActivitiesof air hygiene:
ÅMeasurementof air quality
ÅEvaluationof the effectsof air qualityon humanhealth
ÅAppliedair hygiene

ÅAir quality: The degreeto which air is polluted;
the type and maximum concentration of man-
producedpollutants that should be permitted in
the atmosphere.
ÅAir safety: Any measure, technique or design

intended to reduce the risk of harm posed by
either moving vehiclesor projectiles above the
earth's surface or pollutants to the earth's
atmosphere.



The verticalstructureof the
athmosphereaccordingto chemical
composition

ÅTwo layers :

ÅThe lower layer, up to an altitude of
about 80 km is the homosphere ,
(continuous turbulent mixing the
composition of the atmosphere is
relatively constant for chemical species
which have long mean residence times ) .

ÅA thin transition layer, called
turbopause .

ÅAbove the turbopause , in the
heterosphere , the molecular diffusion
dominates and the chemical composition
of the atmosphere becomes stratified
and varies according to the molecular
mass of chemical species

Source: Lagzi et al.: Atmosphericchemistry(2013)



The planetaryboundarylayer

ÅThe lowest level of the atmosphere ïthe bottom layer of the troposphere ïcalled
planetary boundary layer (PBL) is directly and strongly influenced by the
underlying surface (Stull, 1988 ) . Within the PBL the convective air motions
generate intense turbulent mixing .

ÅThe upper boundary of PBL is statically
stable (temperature inversion) .

ÅInteractions between the atmosphere
and the surface take place in the PBL.

ÅTimescale of atmospheric response to
surface forcing is an hour or less .

ÅAtmospheric variables (wind speed,
temperature, water vapor content etc .)
show great variability and fluctuation
and the vertical mixing is strong .

ÅPlanetary boundary layer has great
importance in dispersion, dilution
and deposition of air pollutants . The structure of the planetary boundary layer



The compositionof the atmosphere

Source: Lagzi et al.: Atmosphericchemistry(2013)
Aerodispersesystem
Nominal molecular weight: 28.973 g / mol



Trace materials

ÅTrace gases and aerosols
ÅSmall amount, important role
ÅTheir quantity may be specific to the area, altitude, origin of the air masses, etc.

ÅAerosol: Suspendedmatter, or more generallyall solid,liquid or wavingparticles
in the atmosphere are called aerosols. Aerosol particles can be classified
accordingto
Åtheir genesis,
Åthe origin,
Åthe particle size,
Åtheir optical and physical properties,
Åthe chemical composition,
Åand their impact on the climate system.



Aerosoltypes(basedon particlesize)

ÅThe metrics that are most commonly 
used to describe particulate matter 
(PM) are the number concentration 
and the mass concentration. 

Massdistribution:

ÅCoarse particulate matter- with an 
ŀŜǊƻŘȅƴŀƳƛŎ ŘƛŀƳŜǘŜǊ ƻŦ мл˃Ƴor 
less (PM10),

ÅFine particulate matter, with a 
ŘƛŀƳŜǘŜǊ ƻŦ нΦр˃Ƴor less (PM2.5).

ÅUltrafine particles (UFPs) are all 
particles with a diameter of 100nm 
or less.

Kwonet al. 2020



Sizeand fate

ÅUltrafine particlesare rapidly deposited
by Brownian diffusion, especially
particles<20 ƴƳ. Largecoarseparticles
are depositedby sedimentation,impact
by inertia, and interception. Particles
between 30 ƴƳand 1˃Ƴtend to have
longer atmospheric lifetimes because
they are less likely to be deposited in
either way. Theseparticlesaccumulate
in the atmosphere due to the long
suspensiontime andare thus calledthe
accumulationmode.

Kwonet al. 2020



Varietyof aerosoltypes

The wide variety of aerosol shapes. From 
left to right: volcanic ash, pollen, sea salt, 
and soot. [Micrographs courtesy USGS, 
UMBC (Chere Petty), and Arizona State 
University (Peter Buseck).]

Desert dust, volatile organic compounds 
from vegetation, smoke from forest fires, 
and volcanic ash are natural sources of 
aerosols. (Photographs copyright (left to 
right) Western Sahara Project,Jonathan 
Jessup,Vox,andLudie Cochrane.)

http://www.flickr.com/photos/western_sahara_project/2959766276/in/set-72157608223275169/
http://www.jonathanjessup.com/index.php
http://www.flickr.com/photos/vox/54963058/
http://www.flickr.com/photos/ludiecochrane/4542320422/


Li et al. 2016



Effectsof aerosols

ÅAerosols affect directly our 
environment as they are 
responsible, for instance, for health 
problems and acid rain.

ÅHavea direct radiative forcing 
because they scatter and absorb 
solar and infrared radiation in the 
atmosphere

ÅAlter warm, ice and mixed-phase 
cloud formation processesby 
increasing droplet number 
concentrations and ice particle 
concentrations.

ĄClimatechange



The physicalpropertiesof atmosphere

ÅTemperature(solarradiation,
terrestrial radiation,chemical
reactions,air currents)

ÅBased on the variation of
temperaturewith height, the
atmosphere can be divided
to different layers



The physicalpropertiesof atmosphere

ÅWind: the perceptiblenatural movement
of the air, especially in the form of a
current of air blowing from a particular
direction

ÅAtmosphericpressure: the force exerted
on a surfaceby the air aboveit asgravity
pullsit to Earth.

ÅCyclones

ÅHumidity: absoluteand relative humidity,
dewpoint

ÅAtmosphericelectricity



The biologicalaspectsof atmosphere

ÅAtmosphereasa biotope

ÅOxygen was first produced in the atmosphere by
photochemicaldissociationof water vapour by intense
ultraviolet radiation:

Å 2H2O+UVradiationҦ2H2 +O2.

ÅBecauseof the Urey self-regulation of this processbyshielding H2O
vapor with O2, O3, and CO2, primitive oxygenlevelscannot exceedO2
0.001presentatmosphericlevel(P.A.L.).

ÅAround2.5 billion yearsago: photosynthesis
ÅCO2 +H2O+sunlightҦorganiccompounds+ O2

ÅAround1 billion yearsago: Pasteurpoint wasreached(a
levelof oxygen(about0.3%by volumewhichis lessthan
1% of PresentAtmosphericLevelor PAL)above which
facultative aerobic microorganisms and facultative
anaerobes adapt from fermentation to aerobic
respiration).

ÅAs the atmosphericoxygen reached 1ς2% of present
oxygen level, ozone (O3) could form to shield9ŀǊǘƘΩǎ
surfacefrom intenseultraviolet radiation:

Å 2O2 +UVradiationҦO3 + O



Respiration

ÅInternalrespiration- involvesgas exchange between the blood and body cells.

ÅExternalrespiration- the breathing process. It involves inhalation and exhalation of 
gases.
ÅThe process of breathing (inhalation and exhalation), also called ventilation

ÅCellularrespiration- the metabolic processes of converting the energy stored in
biologicalmoleculesto usable energy in the form of ATP.

ÅFactorswith an effect on respiration:
ÅOxygenlevel

ÅPartialpressureof oxygen

ÅAtmosphericpressure

ÅLungvolume

Å16-18x breath/min. 0.5 L :12 m3/day



Atmosphericeffectson healthand well being

ÅEffect of oxygen concentration (<7%, death!)

ÅEffect of carbon dioxide concentration

ÅEffect of air pressure (barotrauma, caissondiseaseςdecompression
sickness)

ÅEffect of air temperature (15-нрɕ/ύ

ÅEffect of air humidity

ÅEffect of air movement (below 0.3 m / s)

ÅEffect of atmospheric electricity



Weather

State of the atmosphereat a particular place during a short period of time. It
involves such atmospheric phenomenaas temperature, humidity, precipitation
(type and amount),air pressure,wind, and cloud cover. Weatherhasan effect on
well beingandhealth. Weatherdiffersfrom climate.

Effecton our healthςincreasedmortality underextremeweatherconditions

Climate: the synthesis of weather conditions (solar radiation, temperature,
humidity, precipitation (type, frequency,and amount), atmosphericpressure,and
wind (speedand direction)) that have prevailedover a given area during a long
time periodτgenerally30years.

Effecton our healthĄ





ICE Case Studies
Number 229, December, 2010



Climatic levels
ÅScale:

ÅMacroclimate: the overall climate of a region usually a large 
geographic area (arctic, temperate, tropic, continentalΧύ

ÅMesoclimate(local climate) - the climate at an intermediate 
geographic scale(downtowndistrict, largepark, farm, 
woodedareaΧύ

ÅMicroclimate - the suite of climatic conditions measured in 
localized arease.g. in a household

ÅType:

ÅNatural

ÅArtificial

ÅAcclimatization: The process in which an individual organism
adjusts to a change in its environment (such as a change in
altitude, temperature, humidity, photoperiod, or pH), allowing it
to maintainfitnessacrossa rangeof environmentalconditions.



Sunlightand solarradiation
ÅBiologicaleffect in influencedby the wavelengthand the energy

ÅShorter waves carrymore energy than longer waves.

ÅLight: Infrared, visibleand ultraviolet

ÅInfrared: 700 nm ς1 mm

ÅVisiblelight - wavelengths from 3800 nanometers (violet) to 700 
nanometers (red). 

ÅUltraviolet (UV) light (290-400nm). 
ÅUVC (100-280 nm)
ÅUVB (280-315 nm)
ÅUVA (315-400 nm)

ÅNot constant (sunspots, flares)



Air pollution

Physical, chemical or biological changes in the properties of
environmentalelementswhich havean adverseeffect on the health,
survivalor well-beingof humansand/or other livingorganisms.

EnvironmentalPollutants: Substancesor mixturesof substances,their
degradationproducts, which, if releasedinto the environment,may
adverselyaffect the condition of environmentalelementsor harmful
to humanhealthor havea negativeeffect on environmentaluse.



Air pollution
ÅStrong correlationwith energyconsumption

ÅFirstsmogdisastersςbetweenthe 1st and 2nd World 
War

ÅAfter the II World War, the main factorsare

ÅIncreasingnumberof vehiclesĄ increasingtraffic

ÅChemicalindustry

ĄContaminatedregionsĄGlobal contamination



Emission, immission, transmission

ÅEmissionis the release of primary pollutants from a source. Further 
contaminants formed from a primary contaminated are referred to as 
secondary contaminants (SECONDARY POLLUTION)

ÅImmissionis the measurable environmental concentration of 
pollutants released from emission sources

ÅTransmissionis the spreadof primarilyemitted contaminantsin the
environment



ÅThe source of contamination according to the spread of the
pollutant
ÅPOINTSOURCE(local pollution): the emission source delivers the

pollutant to a given medium at a well-defined location (factory
chimney, channelinlet to an openwater receiver)
ÅEXPANDEDSOURCE- Spatiallydistributed releaseof pollutants into

the environmentalelement (surface, diffuse of non-point pollution):
enters the medium over a largespatial extent (e.g. plant protection
product, slurry, fertilizer use in agriculture and its leaching to
surfacewater).
ÅSurfacesource (air): any ambient air pollutant activity or material

storagethat isnot a point or buildingsource.



Originof 
contamination
ÅNaturalorigin (waves, marine life, 

lithosphere, volcanic activity, flora, 
fauna)

ÅAgricultural activity (natural materials; 
chemicalsςpesticides, artifical
fertilizers)

ÅArtificial origin(industry, trafficΧύ



Air pollution



Air pollutantswith thresholdlimit values
(TLVs) 4/2011 VM decree
ÅAcetone
ÅAcrolein
ÅAmyl acetate
ÅAmmonia
ÅPetrol
ÅBenzene
ÅBiol. active substances
ÅOdourmaterials
ÅCyclohexanone
ÅMetal powders and vapors

Å Phenol
Å Infectious agents
Å Fluorides
Å Formaldehyde
Å Smoke, flyingash
Å Hydrogen sulfide
Å Mercury
Å Sulfur dioxide (SO2)
Å Sulfuric acid
Å Chlorine



Air pollutantswith thresholdlimit values
(TLVs)
ÅSoot
ÅMethyl alcohol
ÅNitrobenzene
ÅNitrogen dioxide
ÅNitrogen oxides
ÅLead
ÅOzone
ÅPolycyclic CHs
ÅFlying dust
ÅSedimentary dust

Å Nitric acid
Å Hydrochloric acid
Å Carbon dioxide
Å Carbon monoxide
Å Styrene
Å Toluene
Å Trichlorethylene
Å Xylene



Åa gaseousair pollutant composedof sulfur and oxygen. Colorless
typically pungent, irritating cough gas. SO2 forms when sulfur-
containingfuel such as coal, oil, or diesel is burned. Sulfur dioxide
also converts in the atmosphereto sulfates, a major part of fine
particlepollution in the easternU.S.

ÅIt is very soluble in water and combineswith sulfuric acid. Heavier
than air. It mixeswith oxygenonly in the presenceof catalysts. It is a
strongreducingagent,decolorizingsomeorganicdyes. Toxicto living
organisms. Purely inhaling causingdeath from suffocation, in low
concentrations(0.01%) causessymptoms of poisoning with heavy
breathing. Vegetationisextremelysensitiveto it.

Major pollutants

Sulfurdioxide(SO2)



Nitrogenoxides(NO, NO2, NOx)

ÅNaturalsources: lightning, or from the activityof aerobicsoilbacteria

ÅTypicalemissions: fossilfuels, energyproduction, transportation

ÅNitric oxide (Nitrogen monoxide): colorless gas, low solubility in
water, heavier than air. A neurotransmitter, it is involved in various
physiologicalprocesses. Bound by the hemoglobin in the blood.
Highlyreactiveςimmediatellyconvertto nitrogendioxide

ÅNitrogen dioxide: reddish-brown gas, heavierthan air. Very reactive,
soluble in water. Oxidizesto nitric acid in the presenceof water. It
playsan important role in atmosphericprocesses(ozoneformation,
smog, precursorof nitrate compounds)

Major pollutants





Fluorides

ÅElementalfluorine is a yellowish-greengaswith a pungentodor that
is heavier than air. The most reactive of all elements. Extremely
reactive with hydrogen and decomposeswater. Hydrogenfluoride
boilsat room temperature. It is misciblewith water in all proportions.
It dissolvesglass. Fluorine and hydrogen fluoride are very toxic to
living organisms. Amongthe fluorides,water-solublealkali fluorides
arethe majorair pollutants.

ÅHF reacts with chlorocarbonsto give fluorocarbons. An important
application of this reaction is the production
of tetrafluoroethylene(TFE),precursorto Teflon.

Major pollutants

https://en.wikipedia.org/wiki/Tetrafluoroethylene
https://en.wikipedia.org/wiki/Teflon


Carbonmonoxide(CO)

ÅColorless, odorless gas,
sparingly soluble in water,
difficult to oxidize at room
temperature. Slightly lighter
than air.

ÅIt is formed during imperfect
combustion.

ÅExtremelytoxic to humansand
animals. It accumulatesin the
blood in the form of verystable
Carboxyhemoglobin.

Major pollutants

Carboxyhemoglobin



Solidparticles, Particulatematters(PM)

ÅSedimentarypowder (sedimentor aerosestone). Theprecipitatedpowder is
usually divided into water-soluble and water-insoluble and organic and
inorganicfractions;

ÅParticulate matter (particleswhich remain suspendedfor a long time and
havea diameterof lessthan about10ҡƳύ

ÅAeroplanktons

ÅThemain constituentsof solid contaminantsare fly ashand soot, dust from
the soilsurface,transport,industry. Thecompositionvariesgreatly.

ÅWe distinguishbetweentoxic and inert powders(morestringentregulations
apply to toxic powders). Toxic powders: powders of biologically active
agricultural products, such as pesticides,fungicides,herbicides,as well as
lead, which was previously largely of transport origin, as well as various
carcinogeniccompounds.

Major pollutants



Photochemicaloxidants

ÅVariousorganiccompoundsthat pollute the air, as well as nitrogen
oxides, react chemically with each other under the influence of
sunlight,especiallyUVradiation

Ąphotochemical oxidants are formed, such as ozone and
peroxyacetylnitrates(PAN).

Ozone is easily measurableĄ an indicator of PANs. Ozoneis a very
aggressivesubstancedue to the nascent oxygen produced by the
decompositionof the O3 molecule. It causestissuedeath in plantsand
mucosalirritation in humans. PANmaterialsalsoincludecarcinogens.

Major pollutants



Heavymetals

ÅLeadtetraethyl was addedto increasethe compressiontoleranceof
vehicles. Prolonged inhalation of lead may cause nervous system
damage,adverseeffects on mental abilities have been observedin
children.

ÅHeavymetals/ lead,vanadium,cadmium/ accumulatein the bones
and hinder their physiologicaldevelopment,especiallyin children.
Some(e.g. chromiumVI,cadmium)arecarcinogenic!

Major pollutants



Polycyclicaromatichydrocarbons- PAHS

ÅThemost commonpolycyclicaromatichydrocarbons/ PAHsin air are
benz- (a) pyrene, 1,1,2-benzperylene, 1,2-benzanthracene and
chrysene.

ÅTheabovementionedand manyother PAHshavebeenshownto be
carcinogenic to humans. They are released into the air during
imperfect combustion, bound to soot: during combustion, with
exhausted gases, smoking.



Air sampling

ÅLocationof samplingsite

ÅAmbient air is not the same as indoor air and workplace air, which are 
subject to special regulations!

ÅEmission air sample: from a point in the technological equipment 
(chimney) that characterizes the operation of a given part of the 
technological process and quickly follows the changes in operation.

ÅImmissionair sample: for the determination of ambientair pollution



ÅActiveand passive(diffuse) samplingmode
ÅActive: calibratedpump(activeair flow)  E.g. Tedlarbag

ÅPassive: sorbentbindingof harmfulsubstances(axialand radialsampling
tubes)

Air sampling

Uptake/Sampling rates are higher for radial samplers than axial





Air QualityIndex (AQI)

ÅAn indicator defined on the basis of
scientific literature and relevant
legislation.
ÅIt characterizesthe level of air pollution

in the last 24 hours for basicpollutants
such as sulfur dioxide (SO2), nitrogen
dioxide (NO2), carbon monoxide (CO),
ozone(O3) andparticulatematter (PM10).
ÅIt is calculatedfrom the maximum1-hour

concentration (SO2, NO2, CO), the
maximumof the 8-hour movingaverages
(O3) and the 24-hour average
concentration(PM10).



ÅIn Hungarythe air pollution data required to calculatethe AQI are
provided by the databaseof automatic measuringstations of the
National Air Pollution Measurement Network
(http://www.kvvm.hu/olm)

Estimation of health
effects is scientific
literature.

http://www.kvvm.hu/olm


ÅAt left, a map of aerosol optical depth is 
superimposed on the image. Optical depth is a 
quantitative measure of the abundance of 
aerosols (tiny particles in the atmosphere). 
Optical depths for the area around New Delhi 
have not been calculated because the haze is so 
thick that the algorithm has classified the area as 
a cloud. In the region immediately surrounding 
the thick haze, optical depths approach 1.0. An 
optical depth of 1.0 means that only about 37 
percent of direct sunlight reaches the surface 
due to interactions with particles in the 
atmosphere.

ÅIn early November 2016, monitors at various 
locations in the area posted air quality index 
measurements as high as the 900s (the most 
severe ranking, "hazardous," is any air quality 
index measurement over 300). Thousands of 
schools have been closed, and a survey by the 
Associate Chambers of Commerce and Industry 
of India reports that 10 percent of the city's 
workers called in sick due to air-pollution-related 
health issues.



Smogςsmokefog

ÅAccumulation of contaminants under adverse weather conditions.

ÅTwo types:

ÅLos Angeles type:
ÅSunny windless weather in summer. 

ÅOxidizing components (NOX, O3, hydrocarbons)

ÅLondon type:
ÅOvercast, humid cold weather. 

ÅReducing components (SO2, carbon black, CO)



The fate of air contamination- atmospheric
processes
ÅCirculationof pollutants

ÅVariouseffects:

ÅReactionwith air and other pollutants

ÅCosmic effects: heat, light, UV, radioactive radiation.

ÅMetal ions (catalysts)

ÅAtmospheric water

ÅOxidizing-reducing substances

ÅEnergy requirements for reactions (light, heat, UV)

ÅCatabolismrather than anabolism

ÅNatural self-cleansing



The fate of contamination- naturalself
cleansing
ÅThreemajor groups
ÅContaminantis removedfrom the atmosphere
ÅSedimentation

ÅImpaction, precipitation

ÅAdsorption, absorption

ÅRainout

ÅWashout

ÅContaminanttransforms(chemicaldegradation)

ÅThe concentration of contaminantdecreases(dilution)
ÅWind, turbulence

ÅLocal geographicalconditions



ÅWind: disorderedthermal motion
of air. Factors forming a vertical
wind structure:
ÅGradient force (differences in

atmosphericpressure)

ÅFrictionalforce

ÅCoriolisforce

ÅCentrifugalforce

ÅTurbulence: disordered motion
within a flow (thermal of
dynamic)



Consequencesof air pollution



Biosphereand atmosphere-
Formingand adaptation
ÅPlants
ÅIndicatororganisms(e.g., lichens)

ÅChangesin vegetationand their correlationwith the type and concentration 
of pollution

ÅAdaptationcapacityof species (e.g., in agriculture)

ÅAir filter and cleaningeffect of vegetation

ÅAnimals
ÅTypicalsymptomsof air pollution (fluorosis, canarytest)

ÅExperimentalanimals

ÅLandscape



Monetaryloss

ÅTechnicaldamage

ÅMetal corrosion, dissolution, rust  

ÅBuilding material weathering, stone sculptures   
Industrial machines, equipment, motor vehicles, 
industrial, public and residential buildings, line 
facilities

ÅIndirect damage: Inspection, measurement costs

ÅEconomicdamage

ÅMaterial goods 

ÅVegetation loss

Å Healthcare expenses



Effectof air pollutionon human health

ÅEffectthroughthe respiratory
track

ÅSkin surface contamination 

ÅEye and mucosairritation

ÅOdour

ÅSunlight and UV reducer

ÅThe need for personalhygiene
is greater

ÅDisturbs well being



Health consequences

ÅDiscomfort, negativeeffects, changesin homeostasis, chronicdisease, 
acutedisease, death

ÅThe effectsof air pollution aredependingon

ÅExternalfactors(concentration, toxicity, synergisti, antagonistic
effects, durationof exposure, periodicity, environmentalfactors)

ÅInternal factors(sensitivity, generalcondition)

ÅAccordingto the exposition
ÅShortterm
ÅLong term



Epidemiologyςthe effectof air pollutionat
populationlevel
ÅRespiratorydiseasesand deathsς20%

ÅRespiratorycancerand deathς20%

ÅHeartand cardiovasculardiseaseand death- 10%





Thankyouverymuchfor yourattention
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The planetaryboundarylayer

ÅThe lowest level of the atmosphere ïthe bottom layer of the troposphere ïcalled
planetary boundary layer (PBL) is directly and strongly influenced by the
underlying surface (Stull, 1988 ) . Within the PBL the convective air motions
generate intense turbulent mixing .

ÅThe upper boundary of PBL is statically
stable (temperature inversion) .

ÅInteractions between the atmosphere
and the surface take place in the PBL.

ÅTimescale of atmospheric response to
surface forcing is an hour or less .

ÅAtmospheric variables (wind speed,
temperature, water vapor content etc .)
show great variability and fluctuation
and the vertical mixing is strong .

ÅPlanetary boundary layer has great
importance in dispersion, dilution
and deposition of air pollutants . The structure of the planetary boundary layer



The compositionof the atmosphere

Source: Lagzi et al.: Atmosphericchemistry(2013)
Aerodispersesystem
Nominal molecular weight: 28.973 g / mol



Trace materials

ÅTrace gases and aerosols
ÅSmall amount, important role
ÅTheir quantity may be specific to the area, altitude, origin of the air masses, etc.

ÅAerosol: Suspendedmatter, or more generallyall solid,liquid or wavingparticles
in the atmosphere are called aerosols. Aerosol particles can be classified
accordingto
Åtheir genesis,
Åthe origin,
Åthe particle size,
Åtheir optical and physical properties,
Åthe chemical composition,
Åand their impact on the climate system.



Aerosoltypes(basedon particlesize)

ÅThe metrics that are most commonly 
used to describe particulate matter 
(PM) are the number concentration 
and the mass concentration. 

Massdistribution:

ÅCoarse particulate matter- with an 
ŀŜǊƻŘȅƴŀƳƛŎ ŘƛŀƳŜǘŜǊ ƻŦ мл˃Ƴor 
less (PM10),

ÅFine particulate matter, with a 
ŘƛŀƳŜǘŜǊ ƻŦ нΦр˃Ƴor less (PM2.5).

ÅUltrafine particles (UFPs) are all 
particles with a diameter of 100nm 
or less.

Kwonet al. 2020



Sizeand fate

ÅUltrafine particlesare rapidly deposited
by Brownian diffusion, especially
particles<20 ƴƳ. Largecoarseparticles
are depositedby sedimentation,impact
by inertia, and interception. Particles
between 30 ƴƳand 1˃Ƴtend to have
longer atmospheric lifetimes because
they are less likely to be deposited in
either way. Theseparticlesaccumulate
in the atmosphere due to the long
suspensiontime andare thus calledthe
accumulationmode.

Kwonet al. 2020



Varietyof aerosoltypes

The wide variety of aerosol shapes. From 
left to right: volcanic ash, pollen, sea salt, 
and soot. [Micrographs courtesy USGS, 
UMBC (Chere Petty), and Arizona State 
University (Peter Buseck).]

Desert dust, volatile organic compounds 
from vegetation, smoke from forest fires, 
and volcanic ash are natural sources of 
aerosols. (Photographs copyright (left to 
right) Western Sahara Project,Jonathan 
Jessup,Vox,andLudie Cochrane.)

http://www.flickr.com/photos/western_sahara_project/2959766276/in/set-72157608223275169/
http://www.jonathanjessup.com/index.php
http://www.flickr.com/photos/vox/54963058/
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Effectsof aerosols

ÅAerosols affect directly our 
environment as they are 
responsible, for instance, for health 
problems and acid rain.

ÅHavea direct radiative forcing 
because they scatter and absorb 
solar and infrared radiation in the 
atmosphere

ÅAlter warm, ice and mixed-phase 
cloud formation processesby 
increasing droplet number 
concentrations and ice particle 
concentrations.

ĄClimatechange



The physicalpropertiesof atmosphere

ÅTemperature(solarradiation,
terrestrial radiation,chemical
reactions,air currents)

ÅBased on the variation of
temperaturewith height, the
atmosphere can be divided
to different layers



The physicalpropertiesof atmosphere

ÅWind: the perceptiblenatural movement
of the air, especially in the form of a
current of air blowing from a particular
direction

ÅAtmosphericpressure: the force exerted
on a surfaceby the air aboveit asgravity
pullsit to Earth.

ÅCyclones

ÅHumidity: absoluteand relative humidity,
dewpoint

ÅAtmosphericelectricity



The biologicalaspectsof atmosphere

ÅAtmosphereasa biotope

ÅOxygen was first produced in the atmosphere by
photochemicaldissociationof water vapour by intense
ultraviolet radiation:

Å 2H2O+UVradiationҦ2H2 +O2.

ÅBecauseof the Urey self-regulation of this processbyshielding H2O
vapor with O2, O3, and CO2, primitive oxygenlevelscannot exceedO2
0.001presentatmosphericlevel(P.A.L.).

ÅAround2.5 billion yearsago: photosynthesis
ÅCO2 +H2O+sunlightҦorganiccompounds+ O2

ÅAround1 billion yearsago: Pasteurpoint wasreached(a
levelof oxygen(about0.3%by volumewhichis lessthan
1% of PresentAtmosphericLevelor PAL)above which
facultative aerobic microorganisms and facultative
anaerobes adapt from fermentation to aerobic
respiration).

ÅAs the atmosphericoxygen reached 1ς2% of present
oxygen level, ozone (O3) could form to shield9ŀǊǘƘΩǎ
surfacefrom intenseultraviolet radiation:

Å 2O2 +UVradiationҦO3 + O



Respiration

ÅInternalrespiration- involvesgas exchange between the blood and body cells.

ÅExternalrespiration- the breathing process. It involves inhalation and exhalation of 
gases.
ÅThe process of breathing (inhalation and exhalation), also called ventilation

ÅCellularrespiration- the metabolic processes of converting the energy stored in
biologicalmoleculesto usable energy in the form of ATP.

ÅFactorswith an effect on respiration:
ÅOxygenlevel

ÅPartialpressureof oxygen

ÅAtmosphericpressure

ÅLungvolume

Å16-18x breath/min. 0.5 L :12 m3/day



Atmosphericeffectson healthand well being

ÅEffect of oxygen concentration (<7%, death!)

ÅEffect of carbon dioxide concentration

ÅEffect of air pressure (barotrauma, caissondiseaseςdecompression
sickness)

ÅEffect of air temperature (15-нрɕ/ύ

ÅEffect of air humidity

ÅEffect of air movement (below 0.3 m / s)

ÅEffect of atmospheric electricity



Weather

State of the atmosphereat a particular place during a short period of time. It
involves such atmospheric phenomenaas temperature, humidity, precipitation
(type and amount),air pressure,wind, and cloud cover. Weatherhasan effect on
well beingandhealth. Weatherdiffersfrom climate.

Effecton our healthςincreasedmortality underextremeweatherconditions

Climate: the synthesis of weather conditions (solar radiation, temperature,
humidity, precipitation (type, frequency,and amount), atmosphericpressure,and
wind (speedand direction)) that have prevailedover a given area during a long
time periodτgenerally30years.

Effecton our healthĄ





ICE Case Studies
Number 229, December, 2010



Climatic levels
ÅScale:

ÅMacroclimate: the overall climate of a region usually a large 
geographic area (arctic, temperate, tropic, continentalΧύ

ÅMesoclimate(local climate) - the climate at an intermediate 
geographic scale(downtowndistrict, largepark, farm, 
woodedareaΧύ

ÅMicroclimate - the suite of climatic conditions measured in 
localized arease.g. in a household

ÅType:

ÅNatural

ÅArtificial

ÅAcclimatization: The process in which an individual organism
adjusts to a change in its environment (such as a change in
altitude, temperature, humidity, photoperiod, or pH), allowing it
to maintainfitnessacrossa rangeof environmentalconditions.



Sunlightand solarradiation
ÅBiologicaleffect in influencedby the wavelengthand the energy

ÅShorter waves carrymore energy than longer waves.

ÅLight: Infrared, visibleand ultraviolet

ÅInfrared: 700 nm ς1 mm

ÅVisiblelight - wavelengths from 3800 nanometers (violet) to 700 
nanometers (red). 

ÅUltraviolet (UV) light (290-400nm). 
ÅUVC (100-280 nm)
ÅUVB (280-315 nm)
ÅUVA (315-400 nm)

ÅNot constant (sunspots, flares)



Air pollution

Physical, chemical or biological changes in the properties of
environmentalelementswhich havean adverseeffect on the health,
survivalor well-beingof humansand/or other livingorganisms.

EnvironmentalPollutants: Substancesor mixturesof substances,their
degradationproducts, which, if releasedinto the environment,may
adverselyaffect the condition of environmentalelementsor harmful
to humanhealthor havea negativeeffect on environmentaluse.



Air pollution
ÅStrong correlationwith energyconsumption

ÅFirstsmogdisastersςbetweenthe 1st and 2nd World 
War

ÅAfter the II World War, the main factorsare

ÅIncreasingnumberof vehiclesĄ increasingtraffic

ÅChemicalindustry

ĄContaminatedregionsĄGlobal contamination



Emission, immission, transmission

ÅEmissionis the release of primary pollutants from a source. Further 
contaminants formed from a primary contaminated are referred to as 
secondary contaminants (SECONDARY POLLUTION)

ÅImmissionis the measurable environmental concentration of 
pollutants released from emission sources

ÅTransmissionis the spreadof primarilyemitted contaminantsin the
environment



ÅThe source of contamination according to the spread of the
pollutant
ÅPOINTSOURCE(local pollution): the emission source delivers the

pollutant to a given medium at a well-defined location (factory
chimney, channelinlet to an openwater receiver)
ÅEXPANDEDSOURCE- Spatiallydistributed releaseof pollutants into

the environmentalelement (surface, diffuse of non-point pollution):
enters the medium over a largespatial extent (e.g. plant protection
product, slurry, fertilizer use in agriculture and its leaching to
surfacewater).
ÅSurfacesource (air): any ambient air pollutant activity or material

storagethat isnot a point or buildingsource.



Originof 
contamination
ÅNaturalorigin (waves, marine life, 

lithosphere, volcanic activity, flora, 
fauna)

ÅAgricultural activity (natural materials; 
chemicalsςpesticides, artifical
fertilizers)

ÅArtificial origin(industry, trafficΧύ



Air pollution



Air pollutantswith thresholdlimit values
(TLVs) 4/2011 VM decree
ÅAcetone
ÅAcrolein
ÅAmyl acetate
ÅAmmonia
ÅPetrol
ÅBenzene
ÅBiol. active substances
ÅOdourmaterials
ÅCyclohexanone
ÅMetal powders and vapors

Å Phenol
Å Infectious agents
Å Fluorides
Å Formaldehyde
Å Smoke, flyingash
Å Hydrogen sulfide
Å Mercury
Å Sulfur dioxide (SO2)
Å Sulfuric acid
Å Chlorine



Air pollutantswith thresholdlimit values
(TLVs)
ÅSoot
ÅMethyl alcohol
ÅNitrobenzene
ÅNitrogen dioxide
ÅNitrogen oxides
ÅLead
ÅOzone
ÅPolycyclic CHs
ÅFlying dust
ÅSedimentary dust

Å Nitric acid
Å Hydrochloric acid
Å Carbon dioxide
Å Carbon monoxide
Å Styrene
Å Toluene
Å Trichlorethylene
Å Xylene



Åa gaseousair pollutant composedof sulfur and oxygen. Colorless
typically pungent, irritating cough gas. SO2 forms when sulfur-
containingfuel such as coal, oil, or diesel is burned. Sulfur dioxide
also converts in the atmosphereto sulfates, a major part of fine
particlepollution in the easternU.S.

ÅIt is very soluble in water and combineswith sulfuric acid. Heavier
than air. It mixeswith oxygenonly in the presenceof catalysts. It is a
strongreducingagent,decolorizingsomeorganicdyes. Toxicto living
organisms. Purely inhaling causingdeath from suffocation, in low
concentrations(0.01%) causessymptoms of poisoning with heavy
breathing. Vegetationisextremelysensitiveto it.

Major pollutants

Sulfurdioxide(SO2)



Nitrogenoxides(NO, NO2, NOx)

ÅNaturalsources: lightning, or from the activityof aerobicsoilbacteria

ÅTypicalemissions: fossilfuels, energyproduction, transportation

ÅNitric oxide (Nitrogen monoxide): colorless gas, low solubility in
water, heavier than air. A neurotransmitter, it is involved in various
physiologicalprocesses. Bound by the hemoglobin in the blood.
Highlyreactiveςimmediatellyconvertto nitrogendioxide

ÅNitrogen dioxide: reddish-brown gas, heavierthan air. Very reactive,
soluble in water. Oxidizesto nitric acid in the presenceof water. It
playsan important role in atmosphericprocesses(ozoneformation,
smog, precursorof nitrate compounds)

Major pollutants





Fluorides

ÅElementalfluorine is a yellowish-greengaswith a pungentodor that
is heavier than air. The most reactive of all elements. Extremely
reactive with hydrogen and decomposeswater. Hydrogenfluoride
boilsat room temperature. It is misciblewith water in all proportions.
It dissolvesglass. Fluorine and hydrogen fluoride are very toxic to
living organisms. Amongthe fluorides,water-solublealkali fluorides
arethe majorair pollutants.

ÅHF reacts with chlorocarbonsto give fluorocarbons. An important
application of this reaction is the production
of tetrafluoroethylene(TFE),precursorto Teflon.

Major pollutants

https://en.wikipedia.org/wiki/Tetrafluoroethylene
https://en.wikipedia.org/wiki/Teflon


Carbonmonoxide(CO)

ÅColorless, odorless gas,
sparingly soluble in water,
difficult to oxidize at room
temperature. Slightly lighter
than air.

ÅIt is formed during imperfect
combustion.

ÅExtremelytoxic to humansand
animals. It accumulatesin the
blood in the form of verystable
Carboxyhemoglobin.

Major pollutants

Carboxyhemoglobin



Solidparticles, Particulatematters(PM)

ÅSedimentarypowder (sedimentor aerosestone). Theprecipitatedpowder is
usually divided into water-soluble and water-insoluble and organic and
inorganicfractions;

ÅParticulate matter (particleswhich remain suspendedfor a long time and
havea diameterof lessthan about10ҡƳύ

ÅAeroplanktons

ÅThemain constituentsof solid contaminantsare fly ashand soot, dust from
the soilsurface,transport,industry. Thecompositionvariesgreatly.

ÅWe distinguishbetweentoxic and inert powders(morestringentregulations
apply to toxic powders). Toxic powders: powders of biologically active
agricultural products, such as pesticides,fungicides,herbicides,as well as
lead, which was previously largely of transport origin, as well as various
carcinogeniccompounds.

Major pollutants



Photochemicaloxidants

ÅVariousorganiccompoundsthat pollute the air, as well as nitrogen
oxides, react chemically with each other under the influence of
sunlight,especiallyUVradiation

Ąphotochemical oxidants are formed, such as ozone and
peroxyacetylnitrates(PAN).

Ozone is easily measurableĄ an indicator of PANs. Ozoneis a very
aggressivesubstancedue to the nascent oxygen produced by the
decompositionof the O3 molecule. It causestissuedeath in plantsand
mucosalirritation in humans. PANmaterialsalsoincludecarcinogens.

Major pollutants



Heavymetals

ÅLeadtetraethyl was addedto increasethe compressiontoleranceof
vehicles. Prolonged inhalation of lead may cause nervous system
damage,adverseeffects on mental abilities have been observedin
children.

ÅHeavymetals/ lead,vanadium,cadmium/ accumulatein the bones
and hinder their physiologicaldevelopment,especiallyin children.
Some(e.g. chromiumVI,cadmium)arecarcinogenic!

Major pollutants



Polycyclicaromatichydrocarbons- PAHS

ÅThemost commonpolycyclicaromatichydrocarbons/ PAHsin air are
benz- (a) pyrene, 1,1,2-benzperylene, 1,2-benzanthracene and
chrysene.

ÅTheabovementionedand manyother PAHshavebeenshownto be
carcinogenic to humans. They are released into the air during
imperfect combustion, bound to soot: during combustion, with
exhausted gases, smoking.



Air sampling

ÅLocationof samplingsite

ÅAmbient air is not the same as indoor air and workplace air, which are 
subject to special regulations!

ÅEmission air sample: from a point in the technological equipment 
(chimney) that characterizes the operation of a given part of the 
technological process and quickly follows the changes in operation.

ÅImmissionair sample: for the determination of ambientair pollution



ÅActiveand passive(diffuse) samplingmode
ÅActive: calibratedpump(activeair flow)  E.g. Tedlarbag

ÅPassive: sorbentbindingof harmfulsubstances(axialand radialsampling
tubes)

Air sampling

Uptake/Sampling rates are higher for radial samplers than axial





Air QualityIndex (AQI)

ÅAn indicator defined on the basis of
scientific literature and relevant
legislation.
ÅIt characterizesthe level of air pollution

in the last 24 hours for basicpollutants
such as sulfur dioxide (SO2), nitrogen
dioxide (NO2), carbon monoxide (CO),
ozone(O3) andparticulatematter (PM10).
ÅIt is calculatedfrom the maximum1-hour

concentration (SO2, NO2, CO), the
maximumof the 8-hour movingaverages
(O3) and the 24-hour average
concentration(PM10).



ÅIn Hungarythe air pollution data required to calculatethe AQI are
provided by the databaseof automatic measuringstations of the
National Air Pollution Measurement Network
(http://www.kvvm.hu/olm)

Estimation of health
effects is scientific
literature.

http://www.kvvm.hu/olm


ÅAt left, a map of aerosol optical depth is 
superimposed on the image. Optical depth is a 
quantitative measure of the abundance of 
aerosols (tiny particles in the atmosphere). 
Optical depths for the area around New Delhi 
have not been calculated because the haze is so 
thick that the algorithm has classified the area as 
a cloud. In the region immediately surrounding 
the thick haze, optical depths approach 1.0. An 
optical depth of 1.0 means that only about 37 
percent of direct sunlight reaches the surface 
due to interactions with particles in the 
atmosphere.

ÅIn early November 2016, monitors at various 
locations in the area posted air quality index 
measurements as high as the 900s (the most 
severe ranking, "hazardous," is any air quality 
index measurement over 300). Thousands of 
schools have been closed, and a survey by the 
Associate Chambers of Commerce and Industry 
of India reports that 10 percent of the city's 
workers called in sick due to air-pollution-related 
health issues.



Smogςsmokefog

ÅAccumulation of contaminants under adverse weather conditions.

ÅTwo types:

ÅLos Angeles type:
ÅSunny windless weather in summer. 

ÅOxidizing components (NOX, O3, hydrocarbons)

ÅLondon type:
ÅOvercast, humid cold weather. 

ÅReducing components (SO2, carbon black, CO)



The fate of air contamination- atmospheric
processes
ÅCirculationof pollutants

ÅVariouseffects:

ÅReactionwith air and other pollutants

ÅCosmic effects: heat, light, UV, radioactive radiation.

ÅMetal ions (catalysts)

ÅAtmospheric water

ÅOxidizing-reducing substances

ÅEnergy requirements for reactions (light, heat, UV)

ÅCatabolismrather than anabolism

ÅNatural self-cleansing



The fate of contamination- naturalself
cleansing
ÅThreemajor groups
ÅContaminantis removedfrom the atmosphere
ÅSedimentation

ÅImpaction, precipitation

ÅAdsorption, absorption

ÅRainout

ÅWashout

ÅContaminanttransforms(chemicaldegradation)

ÅThe concentration of contaminantdecreases(dilution)
ÅWind, turbulence

ÅLocal geographicalconditions



ÅWind: disorderedthermal motion
of air. Factors forming a vertical
wind structure:
ÅGradient force (differences in

atmosphericpressure)

ÅFrictionalforce

ÅCoriolisforce

ÅCentrifugalforce

ÅTurbulence: disordered motion
within a flow (thermal of
dynamic)



Consequencesof air pollution



Biosphereand atmosphere-
Formingand adaptation
ÅPlants
ÅIndicatororganisms(e.g., lichens)

ÅChangesin vegetationand their correlationwith the type and concentration 
of pollution

ÅAdaptationcapacityof species (e.g., in agriculture)

ÅAir filter and cleaningeffect of vegetation

ÅAnimals
ÅTypicalsymptomsof air pollution (fluorosis, canarytest)

ÅExperimentalanimals

ÅLandscape



Monetaryloss

ÅTechnicaldamage

ÅMetal corrosion, dissolution, rust  

ÅBuilding material weathering, stone sculptures   
Industrial machines, equipment, motor vehicles, 
industrial, public and residential buildings, line 
facilities

ÅIndirect damage: Inspection, measurement costs

ÅEconomicdamage

ÅMaterial goods 

ÅVegetation loss

Å Healthcare expenses



Effectof air pollutionon human health

ÅEffectthroughthe respiratory
track

ÅSkin surface contamination 

ÅEye and mucosairritation

ÅOdour

ÅSunlight and UV reducer

ÅThe need for personalhygiene
is greater

ÅDisturbs well being



Health consequences

ÅDiscomfort, negativeeffects, changesin homeostasis, chronicdisease, 
acutedisease, death

ÅThe effectsof air pollution aredependingon

ÅExternalfactors(concentration, toxicity, synergisti, antagonistic
effects, durationof exposure, periodicity, environmentalfactors)

ÅInternal factors(sensitivity, generalcondition)

ÅAccordingto the exposition
ÅShortterm
ÅLong term



Epidemiologyςthe effectof air pollutionat
populationlevel
ÅRespiratorydiseasesand deathsς20%

ÅRespiratorycancerand deathς20%

ÅHeartand cardiovasculardiseaseand death- 10%





Thankyouverymuchfor yourattention
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DEFINITIONOF WATERHYGIENE
ÅA discipline dealing with the health effects of various water types (drinking

water, recreationalwater, irrigation water, etc.) and managesall water-related

publichealthactivities.

ÅObjectiveof water hygiene:

ÅTopreventhealthdamagecausedby inadequatewater quality

ÅTopreventwater contamination

ÅToremove water contaminants

ÅIndirect: to maintainthe organolepticallyacceptablewater condition

ÅAll water types are coveredby water hygiene(drinking water, recreational

water, irrigationwater, water usedfor washingdishwashingetc.)



DEFINITIONOF WATERHYGIENE
ÅA discipline dealing with the health effects of various water types (drinking

water, recreationalwater, irrigation water, etc.) and managesall water-related

publichealthactivities.

ÅObjectiveof water hygiene:

ÅTopreventhealthdamagecausedby inadequatewater quality

ÅTopreventwater contamination

ÅToremove water contaminants

ÅIndirect: to maintainthe organolepticallyacceptablewater condition

ÅAll water types are coveredby water hygiene(drinking water, recreational

water, irrigationwater, water usedfor washingdishwashingetc.)



REGULATIONOF DRINKINGWATERQUALITY

ÅThe human right to water and sanitation

ÅMarch1977 Mar DelPlata, UN Waterconference

ÅTHE ACTION PLAN FROM THE UNITED NATIONS WATER CONFERENCE RECOGNIZED WATER AS A 

wLDI¢ Chw ¢I9 CLw{¢ ¢La9 59/[!wLbD ¢I!¢ ά![[ t9ht[9{Σ ²I!¢9±9w ¢HEIR STAGE OF 

DEVELOPMENT AND SOCIAL AND ECONOMIC CONDITIONS, HAVE THE RIGHT TO HAVE ACCESS 

TO DRINKING WATER IN QUANTITIES AND OF A QUALITY EQUAL TO THEIR .!{L/ b995{έΦ



WHAT IS...?
ÅSufficient. The water supply for each person must be sufficient and continuous for personal and domestic uses.

These uses ordinarily include drinking, personal sanitation, washing of clothes, food preparation, personal and

household hygiene. According to the World Health Organization (WHO), between 50 and 100 litres of water per person

per day are needed to ensure that most basic needs are met and few health concerns arise.

ÅSafe. The water required for each personal or domestic use must be safe, therefore free from micro-organisms,

chemical substances and radiological hazards that constitute a threat to a person's health. Measures of drinking-water

safety are usually defined by national and/or local standards for drinking-water quality. The World Health Organization

(WHO) Guidelines for drinking-water quality provide a basis for the development of national standards that, if properly

implemented, will ensure the safety of drinking-water.

ÅAcceptable. Water should be of an acceptable colour, odour and taste for each personal or domestic use. [...] All

water facilities and services must be culturally appropriate and sensitive to gender, lifecycle and privacy requirements.

ÅPhysically accessible. Everyone has the right to a water and sanitation service that is physically accessible within, or in

the immediate vicinity of the household, educational institution, workplace or health institution. According to WHO, the

water source has to be within 1,000 metres of the home and collection time should not exceed 30 minutes.

ÅAffordable. Water, and water facilities and services, must be affordable for all. The United Nations Development

Programme (UNDP) suggests that water costs should not exceed 3 per cent of household income.



COUNCIL DIRECTIVE 98/83/EC OF 3 NOVEMBER 
1998 ON THE QUALITY OF WATER INTENDED 

FOR HUMAN CONSUMPTION

ÅMember States shall set values applicable to water intended for human consumption for the parameters 

set out in Annex I.

ÅThe parametric values set in accordance with Article 5 shall be complied with:

Å(a) in the case of water supplied from a distribution network, at the point, within premises or an 

establishment, at which it emerges from the taps that are normally used for human consumption;

Å(b) in the case of water supplied from a tanker, at the point at which it emerges from the tanker;

Å(c) in the case of water put into bottles or containers intended for sale, at the point at which the water 

is put into the bottles or containers;

Å(d) in the case of water used in a food -production undertaking, at the point where the water is used in 

the undertaking.



GOVERNMENTAL DECREE NO. 5 OF 2023 (I.12.) 
ON QUALITY STANDARDS FOR POTABLE WATER 

AND ON RULES OF QUALITY CONTROL
Å applied to quality standards of water destined for human consumption (potable water) and to quality control .

Å Articles 3-4 and Annex 1 contains the quality standards for potable water and determine the water take-out points where the quality of potable
water must meet quality standards.

Å Article 5-7 deals with risk assessment and risk management

Å The manager of the potable water supply plant or the food producing enterprise must provide for the control of water quality to be carried out
by an authorized laboratory, according to the rules contained in Annex 2 and in conformity with the control plan agreed with the competent
authority.

Å In case of exceedance of one of the limit values or if any extraordinary event, that may danger of contamination, occurs, the competent
authority (National Public Health and Medical Officer Service) shall examine the reasons and order the necessary measures for quality
improvement (Article 9).

Å Article 15 lays down rules regarding provisional permit (maximum for 3 years) for the supply of potable water that does not meet quality
standards of Part B of Annex 1, provided that the consumption of such water does not mean hazard for human health, and that potable water
supply can not be ensured in other reasonable way in the interested area. If this is the case, the competent authority shall determine provisional
limit value for the parameter in question. Rules regarding water treatment and substances being in touch with potable water are set forth in
Article 9. Data regarding the quality of supplied potable water is public according to Article 10. The same article provides also for data
collection and reporting activities .



SOURCESOF WATERIN HUNGARY

ÅDue to its basin nature and geological structure, Hungary is rich in groundwater. 

ÅIn terms of amount, environmental and utility value, our groundwater resources 

have an outstanding importance in Europe. 

Å95% of our drinking water supply is provided from groundwater resources, but 

the extraction of groundwater is also significant for industrial, agricultural, 

mining, energy and tourism purposes.

ÅHungary has a significant supply of thermal water, which also contributes to the 

development of tourism.



DRINKINGWATERSUPPLIES

ÅSurface water: 6%
ÅLakes, rivers
ÅAlwaysrequirespre-treatment

ÅBank filtration: 36%
ÅMixture of surfaceand subsurfacewater
ÅRiver(80%), leakinggroundwater(20%) ςsandfiltration

ÅSubsurfacewater: 45%
ÅGroundwater(unconfinedaquifer)

Åeasyto access, privatewellsusuallyuseit
ÅVulnerableςalmost alwayscontaminated
ÅAgriculturalchemization, lackof sewagesystem

ÅConfinedaquifer
ÅAquiferbetweentwo aquitards(confoningunits)
ÅLess vulnerable
ÅSlowrecharge
ÅGood quality, local problems(geologicalcontamination, e.g. arsenic, iron)

ÅKarstand other: 13%
ÅWater flowing throughsolublecarbonateand evaporiticrockscalledKarst
ÅKarstis an important potablewater source
ÅProblems: highvulnerabilityto pollution; low spring discharge during the recession periods

Sourceof dataΥ #b¢{½Σ нлмт

45%

6%

36%

13%

National drinking water supply according to 
the source of raw water

Subsurface water Surface water

Bank filtration Other (karst, thermal)



ACCESS TO
DRINKINGWATER

IN HUNGARY



TYPESOF SUBSURFACEWATER

Non-confined
karst

Confinedkarst
Water(under

pressure)

Confined
aquifer

Confined
aquifer

Confined
aquifer

River

Bank filtration

Non-confined
aquifer

(groundwater)

Aquitard



METHODSFORWATEREXTRACTION

ÅSIMPLEDUG/BOREDWELLS

ÅGRAVELPACKEDHORIZONTALCOLLECTORWELL

ÅDRILLED WELL

ÅKARSTWELLS/MINES





BANK FILTRATIONIN HUNGARY

Bank filtrated water
Free capacityfor bank 
filtration, 1000 m3/day



BANK FILTRATION



PROTECTIONOF WATERBASES

ÅOne of the most important tasks of environmental protection

ÅPurpose: Tomaintainwater qualityand fulfill the requirementsof the intended water use

ÅWaterprotectionareasof subsurfacewater bases(three zone):

ÅInternal protection area (fenced in a circle of R = 10 m, facilities directly serving water production, 

e.g. wells; unauthorized access is also prohibited)

ÅExternal protection area (area 100x100 meters, task: protection of the nearest part of the water 

supply area; facilities indirectly serving water production; limited agricultural cultivation (no 

fertilization), no industrial activity)

ÅHydrogeological protection area (R = 1 - 2 km; catchment area; here only activities with an 

increased risk of pollution are prohibited (e.g. large-scale livestock farm, chemical industrialactivity

working with toxic substances)



SURFACE WATERSUPPLIES

ÅENDANGERINGFACTORS:

ÅINDUSTRIAL/AGRICULTURALACTIVITY

ÅSEWAGEDISCHARGE(INDUSTRIALAND MUNICIPALSEWAGE)

ÅPRECAUTIONS:

ÅPROHIBITIONOF THEINTRODUCTIONOF UNTREATEDSEWAGE

ÅRESTRICTIONOF AGRICULTURALACTIVITY(E.G. ARTIFICIALFERTILIZERS) IN THECATCHMENTAREA



BASIC REQUIREMENTSFORDRINKINGWATER

ÅDOESNOTCONTAINCHEMICALS, ORLIVINGORGANISMSHARMFULTOTHEHUMAN BODY

ÅCONTAINSTHEESSENTIALCHEMICALS

ÅORGANOLEPTICALLYPLEASENT, NO DISTURBINGDISCOLORATION, TASTEORODOUR, NO 

FLOATINGPARTICLES

ÅSOMECHOSENINDICATORMICROORGANISMSSHOULDBE BELOWTLV, EVENIFTHEYARE

HARMLESS



ARSENIC

ÅDRINKING-WATER POSES THE GREATEST THREAT TO PUBLIC HEALTH FROM ARSENIC. 

ÅINORGANIC ARSENIC IS NATURALLY PRESENT AT HIGH LEVELS IN THE GROUNDWATER OF A 

NUMBER OF COUNTRIES, SUCH AS ARGENTINA, CHILE, CHINA, INDIA (WEST BENGAL), MEXICO, 

THE UNITED STATES OF AMERICA, AND PARTICULARLY BANGLADESH WHERE APPROXIMATELY 

HALF OF THE TOTAL POPULATION IS AT RISK OF DRINKING ARSENIC-CONTAMINATED WATER 

FROM TUBE WELLS. 

ÅIN ONE ESTIMATE, CONSUMPTION OF ARSENICCONTAMINATED DRINKING-WATER IN 

BANGLADESH RESULTED IN ABOUT 9100 DEATHS AND 125 000 DISABILITY-ADJUSTED LIFE YEARS 

(DALYS* ) IN 2001

https://www.nnk.gov.hu/attachments/article/213/arsenic_WHO[1].pdf



ARSENIC

ÅTLV: 10 ҡg/l

ÅTemporarymeasures: 50 ҡg/l (until 2009. dec.) and 20 ҡg/l until 2012. dec)

ÅTypicalconcentration in surfacewaters: 1-2 ҡg/l

ÅNatural(geological) originSouth-Eastpart of Hungary

ÅAntropogenicorigin (mining, waste incineration, pesticides)

ÅInorganicarseniccompounds: veryfiedhuman carcinogens

ÅLong term exposition: epidemiologicalproof for increasedriskof skin, lung, 
bladdercancerand for pregnancy and birth defects, e.g. miscarriages

ÅRemoval: adsorption, precipitationmethods



Maximum concentration 
of arsenicug/L

The arsenic-affectedareasof Hungary with the relevantarsenicconcentrationsof drinking water, 2017

The arsenic-affectedareasof Hungary with the relevantarsenicconcentrationsof drinking water, 2021



BORON

ÅLimit value: 1 mg / l

Ågeological origin

ÅReproductive and developmental disorders

ÅRemoval: by ion exchange or reverse osmosis only

ÅLimit value: 1 mg / l

Åcalcium metabolism, bone and tooth development

ÅConcentration too low: tooth decay

ÅToomany: <2 mg / l: enamel discolouration, <4 mg / l: skeletal system damage

FLUORIDE



NITROGENFORMS

ÅNaturalcontaminants(originatingfrom nitrogencycle)

ÅLackof sewerageand fertilizer use together increased its presenceand concentrationin 

groundwater  

ÅNitrate

ÅIt can be converted to nitrite in the gastric

ÅNitrite

Åconverts hemoglobin in the blood to methaemoglobin, which is unsuitable for transporting 

oxygen 

Åendangersinfants(especiallyin the first 3 months) (methaemoglobinaemia)

ÅMutagenic



HEAVYMETALS
ÅIndustrial origin: Cd, Hg, Cr (VI)

ÅFrom plumbing, faucets: Cr (III), Ni, Cu, Pb, Cd

ÅCr (III), Se, Cu ςessential

ÅHg, Cd - damages the kidneys

ÅCr (VI) - gastrointestinal cancer, eczema (in case of skin contact)

ÅPb 

Åreducethe utilizationof trace elements, vitamins    

Åcauses kidney damage, fetal damage

Åadversely affects menthal developmentand intelligence(in childhood)

ÅRemoval: by adsorption or precipitation

Parameter TLV 
(drinking
water)

Cadmium 5 Õg/l

Chromium 50 Õg/l

Copper 2 mg/l

Lead 10 Õg/l

Mercury 1 Õg/l

Nickel 20 Õg/l

Selenium 10 Õg/l



INDICATORPARAMETERS

ÅORGANIC MATTER CONTENT- can serve as a nutrient for microorganisms Ą proliferation in the 

drinking water network

ÅHARDNESSideal: 100-150 mg / l CaO

ÅSoft: cardiovascular diseases

Å(Hard: kidney stones)

ÅSODIUM

ÅRolein the maintananceof biological membranetransport-> maintainnervous system, 

hormonal system

ÅToo much: high blood pressure



ORGANOLEPTICPARAMETERS

ÅSensory characteristics - consumer acceptability

ÅTaste, smell

Åexcessive chlorination,

Åmetabolites of microorganisms(earthy, musty taste),

Åinadequate concentration of some ions(high Fe, Mn, Na or too low hardness)

ÅColor

ÅE.g. high iron content

ÅTurbidity

Åwater base pollution,

Åreduction in the efficiency of cleaning technology 



METHODSFORWATERCLEANING

ÅCoagulation and Flocculation
ÅCoagulation and flocculation are often the first steps in water treatment. Chemicals with a 
positive charge are added to the water. The positive charge of these chemicals neutralizes the 
negative charge of dirt and other dissolved particles in the water. When this occurs, the 
particles bind with the chemicals and form larger particles, called floc.
ÅSedimentation
ÅDuring sedimentation, floc settles to the bottom of the water supply, due to its weight. This 
settling process is called sedimentation.
ÅFiltration
ÅOnce the floc has settled to the bottom of the water supply, the clear water on top will pass 
through filters of varying compositions (sand, gravel, and charcoal) and pore sizes, in order to 
remove dissolved particles, such as dust, parasites, bacteria, viruses, and chemicals.



DISINFECTION

ÅAfter the water has been filtered, a disinfectant (for example, chlorine, chloramine) 

may be added in order to kill any remaining parasites, bacteria, and viruses, and to 

protect the water from germs when it is piped to homes and businesses.

Requirements :

ÅIt should be able to kill microorganisms in small quantities, very effectively.

ÅThe effect is long -lasting (until the water reaches the consumer's tap).

ÅAvoid the formation of by -products that adversely affect water quality.

ÅDo not chemically react with any substance other than microorganisms.



TYPESOF DISINFECTION

ÅPHYSICALMETHODS

ÅBOILING

ÅUV

ÅCHEMICALMETHODS

ÅCHLORINATION(THEMOST COMMONMETHODFORWATERDISINFECTIONIN HUNGARY)

ÅOZONE(POWERFULAND FASTDISINFECTION, OZONERESIDUEQUICKLYDISAPPEARFROMTHE

SYSTEM



WATERQUALITYMEASUREMENTS

ÅReal time monitoring and operationcontrol of drinkingwater systems

ÅThe incorporation of recent advances in the information and communications technology(ICT).

Åbest strategiesfor water and energy use, 

Å to assess in real-time the efficiency of water networks,

Åto avoidwaterlosses because of leakage, 

Åto minimize risk of inadequatewaterquality,

Åto understand consumer demands by taking into account the behavioursand attitudesof the 

consumers and to improve the plans of asset predictivemaintenance.



REGULARMONITORING

ÅSEVERALTIMES/YEAR

ÅWATERPROTECTIONAREASςCOMPLIANCEWITHSTANDARD REQUIREMENTS

ÅVISUAL INSPECTIONOF TECHNICALEQUIPMENTS

ÅACCORDINGTOTHECONDITIONS, SAMPLINGAND LABORATORYANALYSISTOIDENTIFY

REGULARAND SPECIALCOMPONENTS(ON-SITE INSPECTIONSTAFFDECIDETHELISTOF 

PARAMETERS)



SAMPLING

ÅREPRESENTATIVESAMPLE(E.G. TAPWATER- USUALLY RUNWATERFOR 5 MINUTES, USUALLY 1 LITER 
SAMPLE)

ÅSAMPLING OF WATER FED INTO THE CONSUMER NETWORK AND CONSUMED DRINKING WATER

ÅTHE LABORATORY CAN ONLY DETERMINE THE PRESENCE AND CONCENTRATIONOF THE SELECTED 
PARAMETERS

ÅFIELD TEST: ACTIVE CHLORINE CONTENT AND DISSOLVED GASES

ÅLABORATORY PROCESSING: UNREFRIGERATED SAMPLE- WITHIN 4-5 HOURS, REFRIGERATEDSAMPLE-
WITHIN 24 HOURS

ÅSTERILE BOTTLE FOR BACTERIOLOGICAL TESTS



MICROBIALPARAMETERS

ÅFAECALINDICATORSςSEWAGEDISCHARGE

ÅFAECALCOLIFORMSĄ E. COLI (0/100 ML)

ÅENTEROCOCCUS(0/100 ML)

ÅPSEUDOMONAS AERUGINOSA (0/100 ML) ςBIOFILMS(HOSPITALWATERNETWORKS)

ÅCLOSTRIDIUMPERFRINGENS

Å0/100 ML (INCLUDINGSPORES)

ÅINDICATOROF WATERTREATMENTTECHNOLOGY

http://hu.wikipedia.org/w/index.php?title=F%C3%A1jl:EscherichiaColi_NIAID.jpg&filetimestamp=20050410214037


TOTAL VIABLECELLCOUNTS
(COLONYFORMINGUNITS)

ÅAPPROX. NUMBERLIVINGAND PROLIFERATING

MICROORGANISMS

ÅMOST OF THEMAREHARMLESS

ÅINDICATORSOF WATERTREATMENTEFFICIENCY



POUR PLATETECHNIQUE



MOST PROBABLENUMBERMETHOD(MPN)

ÅCULTIVATIONOF OBLIGATEAEROBIC 
MICROORGANISMS

ÅMIX THEDIFFERENTLEVELSOF DILUTIONWITH
LIQUIDBROTHMEDIUM

Å3-5 REPLICATES

ÅREADING: OPTICALDENSITY, DISCOLORATION, 
ETC.

ÅSTATISTICALMETHOD(HOSKINSTABLE) FORMPN 
DETERMINATION



E. COLI AND COLIFORMS

ÅE. COLI IS THETYPICALMEMBEROF HUMAN FECES

ÅLIVINGIN THECOLON

Å150 T YPESĄONLYA FEWARERESPONSIBLEFORDISEASES

ÅINDICATOROF FAECALCONTAMINATIONOF DRINKINGWATERSUPPLY

ÅCOLIFORMSςCOLI-LIKE MICROORGANISMS(NOTRELIABLEFAECALINDICATORS)


