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AIr hygienec measurethe
Invisiblé&’

AThe hygiene of atmosphere studying air-related
Issuedo protect healthandpreventdisease

AActivities of air hygiene
A Measurementof air quality
A Evaluatiorof the effectsof air quality on humanhealth
A Appliedair hygiene

AAir c%uality: The degreeto which air is polluted,
the type and maximum concentration of man
][oroduced pollutants that should be permitted Iin
he atmosphere

AAir safety: Any measure, technique or design
iIntended to reduce the risk of harm posed by
either moving vehiclesor projectiles above the
earth's surface or pollutants to the earth's
atmosphere




Theverticalstructureof the

athmosphereaccordingo chemice ., -

composition

A Two layers :

A The lower
about 80
(continuous

of
homosphere
turbulent mixing the
composition of the atmosphere
relatively constant for chemical species
which have long mean residence times).

AA  thin transition called
turbopause

A Above  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
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Source Lagzet al.: Atmosphericchemistry(2013)



Theplanetarypoundarylayer

A The lowest level of the atmosphere i the bottom layer of the troposphere i called
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 .

A The upper boundary of PBL is statically
stable (temperature inversion) . Free Atmosphere

A Interactions  between the atmosphere <
and the surface take place in the PBL.

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

Residual Layer

) ) i Mixed Mixed
A Atmospheric  variables  (wind  speed, Layer Layer
temperature, water vapor content etc.) S g
show great variabilty —and fluctuation | sy
and the vertical mixing Is strong . | Surface Layer /o Surface Layer Surface«l_.gyg_r]r
A Planetary  boundary layer has great Noon Sunset Midnight Sunrise Noon

Importance In dispersion, dilution

and deposition  of air pollutants The structure of the planetary boundary layer



Thecompositionof the atmosphere

Chemical species Sources
g d
2 4944 47 .
Name § Concentration Residence time 2 % aj j=:_5 .’E
2 g g9 49 ©
=¥

Nitrogen N2 78.084% 1.6x10 years| v' v
Oxygen 0; 20.946%| 3x10™-10" years| v/
irgon Ar 0.934% v
Water vapour* H,0 0-4% (0- 40 000 ppm) 10 days| v I v v (1)
Carbon dioxide CO, 3.94x10 % (394 ppm)|  20-150 years| v’ | v v
Neon Ne 1.818%10 % (18.18 ppm)| V7
Helium He 5.24x107°% (5.24 ppm) 10" years| v
Methane CH, 1.79%10 *% (1.79 ppm)| 10 years| v | v
Krypton Kr 1.14x107%% (1.14 ppm)| v
Hyvdrogen H; 5.3x1079% (0.53 ppm) 2 years| v I v (2)
Nitrous oxide N.O 3.25%10 % (0.325 ppm)| 150 years| v I v/
Carbon-monoxide |CO 5-25%10*% (0.05-0.25 ppm)| 0.2-0.5 year] v [v
Xenon Xe 8.7x10% (0.087 ppm)_l
Ozone Oy 1-5%10% (0.01-0.05 ppm) | weeks - months v
Nitrogen-dioxide NO; 0.1-5%107% (0.001-0.05 ppm)l 8-10days| v Iv I v
Ammonia NH; 0.01-1x10"% (0.0001-0.01 ppm)| ~5 days| v | v
Sulphur-dioxide  |SO: 0.003-3%107% (0.03-30%10" ppm)| ~2 days viv]vy
Hydrogen-sulphide |H.S 0.01-6x10"% (0.01-0.6x10"" ppm)| ~0.5day|l v [| v v

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



Trace materials

ATrace gases anderosols
ASmall amount, important role
ATheir quantity may be specific to the area, altitude, origin of the air masses, et

AAerosot Suspendednatter, or more generallyall solid, liquid or wavingparticles
In the atmosphere are called aerosols Aerosol particles can be classified
accordingo

A their genesis,

A the origin,

Athe particle size, . Large Aoroso
A their optical and physical properties, (100 microns)
Athe chemical composition,

Aand their impact on the climate system.

Typical Cloud Droplet
@ (20 microns)

Smaill Aerosol
- Particle
{1 micron)



Aerosoltypes(basedon particlesizg

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

Massdistribution:

A Coarse particulate matterwithan
I SNEReyl YAO RYor YSU(

10 um (Coarse)

2.5 pm (Fine)

0.1 pm (Ultrafine)
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less PM10),

A Fine particulate matter, with a ’
RAF Y S SNdordeds PM5p

A Ultrafine particles YFP3$ are all

Total mass‘ 1 1 1
Particle number‘ 1 64 1,000,000
Surface area
per particle 1 0.0625 0.0001
Total surface area
per mass 1 4 100

particles with a diameter of 100nm
or less.

+» Filtered in proximal

airway

» May irritate skin,

mucosa

* Reaches peripheral

airway

« Cannot enter

systemic circulation

» Higher adsorbed toxic
material on surface

» May enter systemic
circulation

Kwonet al. 2020




- Brownian motion = Sedimentation
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A Ultrafine particlesare rapidly deposited m o5 e-10 =

Brownian _diffusion, = especially y ' '

|

pgrticles<_20 V. Yargecoarseparticles 0.01 0.1 1 10
are depositedby sedimentation,impact ; ;

by inertia, and interception Particles Particle diameter (um)
between30 VY ahd 1> Ytend to have
longer atmospheric lifetimes because
they are lesslikely to be depositedin
either way. Theseparticlesaccumulate

Rapid'd_eposition Suspension Rapid deposition

in the atmosphere due to the long  Brownian diffusion + Sedimentation
suspensioriime and are thus calledthe * Impact by inertia
accumulationrmode. * Interception

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 (PeteBuseck]

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 Projectpnathan
JessupYox,andLudie Cochrang.



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/

(. Residential activities (heating,\

3 cooking, using printers, etc.) Ultrgfine
£ | - Industrial processes Particles
8 \_* Traffic emissions )
2 &
-fz.’ * Laboratory research,
: Nano-
© synthesis and development y
o ) particles
* Manufacturing processes
. >,
Ultrafine particles Nanoparticles

Atherosclerosis
Ischemic heart disease
Diabetes

Inflammation
Asthma
Lung fibrosis

Lietal. 2016



Effectsof aerosols

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

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

A Alter warm, ice and mixeephase
cloud formation processeby
Increasing droplet number
concentrations and ice particle
concentrations.

A Climatechange
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Thephysicabropertiesof atmosphere

ATemperature(solarradiation,
terrestrial radiation,chemical
reactions.air currents)

ABased on the variation of
temperature with height, the
atmosphere can be divided
to different layers

Maximum ozone

Mt. Ever&e%
-80 0 -20 10 0O

THERMOSPHERE




Thephysicabropertiesof atmosphere

AWind: the perceptiblenatural movement
of the air, especiallyin the form of a
current of air blowing from a particular
direction

AAtmospheric pressure the force exerted
on a surfaceby the air aboveit asgravity
pullsit to Earth

ACyclones

AHumidity. absoluteand relative humidity,
dew point

AAtmosphericelectricity

. .

Warm Light Air
RISES [

M HHT'
s

Warm land

‘ Cool Land or Water




Thebiologicalaspectf atmosphere

A Atmosphereasa biotope

A Oxygen was first produced in the atmosphere by
photochemicaldissociationof water vapour by intense
ultraviolet radiation

A 2H,0+UVradiationlh2H, + O,.

A Becauseof the Urey selfregulation of this processbyshieldingH,0
vapor with O,, o3 and CQ, primitive oxygenlevelscannot exceed%)2
0. Olpresenfatmospherl evel(PA.L).

A Around2.5 billion yearsaga photosynthesis
A CQ +H,0+ sunlightfhorganiccompoundst+ O,

A Around1 billion yearsaga Pasteurpoint wasreached(a
levelof oxygengabouto. %by volumewhichislessthan
1% of PresentAtmosphericLevelor PAL)above which
facultative aerobic microorganisms and facultative
anaerobes adapt from fermentation to aerobic
respiration.

A As the atmosphericoxygen reached 1¢2% of present
oxygen level, ozone (IO3) could form to shield 9 | Ni
surfacefrom intenseultraviolet radiation

A 20, + UVradiationThO, + O

amount of atmospheric gases (%)

100

methane (NH;) and ammonia (CH.)

757
nitrogen (N,
s04 9 gen (N:)
25 4
oxygen
. - (O:)
¥ carbon dioxide (CO,)
water (H,O)
0 T T T T T
4.5 4 3 p) l

time (billions of years ago)




Respiration

A Internalrespiration- involvesgas exchange between the blood and body cell

A Externalrespiration- the breathing process. It involves inhalation and exhalz N
gases.
A The process of breathing (inhalation and exhalation), also called ventilation

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

A Factorswith an effect on respiration
A Oxygerlevel
A Partialpressureof oxygen
A Atmospherigpressure
A Lungvolume

A 16-18xbreatiVmin. 0.5 L 12 n#/day



Atmospherieffectson healthandwell being

AEffect of oxygen concentratior{%, death!)

AEffect of carbon dioxide concentration

AEffect of air pressure (barotraumeaissordisease; decompression

sicknesy
AEffect of air temperature (ka8 p s / 0
AEffect of air humidity
AEffect of air movement (below 0.3 m/ s)
AEffect of atmospheric electricity

Decompression sickness (the 'bends")

pressure reduced
in ascent 4¥
= S 7
—s ’ fa\
* L7 7l
s

74 y &
et ORI QTN gy
g ) o N B |

® A\ \

\ R \ bubbles
nitrogen bubbles form in blood vessels & tissue

blocking
blood
vessel .



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. Weatherdiffers from climate.

Effecton our health ¢ increasednortality 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 periodt generally30yeas.

Effecton our healthA



Degraded Living Conditions

& Social Inequities
Exacerbation of racial and health inequities
and vulnerabilities, loss of employment

Air Pollution & Increasing Allergens
Asthma, allergies, cardiovascular
and respiratory diseases

Changes In Vector Ecology

Lyme disease, West Nile Virus,

Extreme Heat
Heat-related illness and death,

cardiovascular failure j | hantavirus, malaria, encephalitis
Q ,
&  IMPACTSOF ' ¢
v,
Drought ' f CLIMATE 2 Food System Impacts
Water supply impacts, g CHANGE Malnu?:rltlon, food insecurity,
dust storms, Valley Fever b higher food prices,
' \ E‘_\ ON HUMAN ‘ foodborne illness

HEALTH

Severe Weather & Floods
Injuries, fatalities, loss of homes,
indoor fungi and mold

Environmental Degradation
Forced migration, civil conflict,
loss of jobs and income

(Adapted from CDC; J. Patz)



Climate
Change
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ICE Case Studies
Number 229, December, 2010



Climatic levels

A Scale

A Macroclimate the overall climate of a region usually a large  |© ‘
geographic aregarctic, temperate tropic, continentaX 0

A Mesoclimate(localclimate) - the climate at an intermediate —
geographic scal@owntown district, largepark, farm,
woodedareaX 0

A Microclimate - the suite of climatic conditions measured in
localized areas.g in a household
A Type
A Natural
A Artificial
A Acclimatization The processin which an individual organism
adjuststo a changein its environment (such as a changein

altitude, temperature, humidity, photoperiod, or pH), allowing it
to maintainfitnessacrossarangeof environmentalconditions

; . f

'; > g -
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Sunlightandsolarradiation

ABiologicakffectin influencedby the wavelengthandthe energy
AShorter waves carmnore energy than longer waves.

ALight Infrared, visibleand ultraviolet

Alnfrared 700 nmc 1 mm

AVisiblelight - wavelengths fron8800 nanometers (violet) to 700
nanometers (red).

AUltraviolet (UV) light (298100nm). A S
AUVC (10280 nm) “ o B
AUVB (28615 nm) P P L N I
AUVA (31%00 nm)

[0 RRS [ BN [V R 1) 10° : "o 10 102 10 107 10
' Increasing Wavel
T — Visible spectrum S
ANot constant gunspotsflares - ]
11 [ T
400 500 600 700
Increasing Wavelength (2) in nm —

< Increasing Frequency (v)
g z 10° v (Hz)

M AM
Radio waves

| |
0 2

Long radio waves

3 10° 10

easing Wavelength (1) —




AlIr pollution

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

EnvironmentalPol
degradationprod
adverselyaffectt

utants Substancesr mixturesof substances,their
ucts which, if releasedinto the environment, may

ne condition of environmentalelementsor harmful

to humanhealth or havea negativeeffect on environmentaluse



AlIr pollution

A Strongcorrelationwith energyconsumption

A Firstsmogdisastersc betweenthe 1st and 2nd World
War
A After the Il WorldWar, the mainfactorsare
A Increasinghumberof vehiclesA increasingraffic
A Chemicalndustry
A ContaminatedegionsA Globalcontamination




Emissionimmissiontransmission

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

Almmissionis the measurable environmental concentration of
pollutants released from emission sources

ATransmissionis the spreadof primarily emitted contaminantsin the
environment .




AThe source of contamination according to the spread of the
pollutant

APOINTSOURCHocal pollution): the emission source delivers the
pollutant to a given medium at a well-defined location (factory
chimney channelinlet to an openwater receivel

AEXPANDEBOURCE Spatiallydistributed releaseof pollutants into
the environmentalelement (surface diffuse of non-point pollution):
entersthe medium over a large spatial extent (e.g. plant protection
product, slurry, fertilizer use in agriculture and its leaching to
surfacewater).

ASurfacesource (air): any ambient air pollutant activity or material
storagethat isnot a point or buildingsource




Originof
contamination

ANaturalorigin (vaves marine life,
lithosphere, volcanic activity, flora,
fauna)

A Agricultural activity (natural materials;
chemrcalsc pesticidesartifical
fertilizers

A Artificial origin(industry; trafficX 0




Alr pollution

Types and sources of air poliutants




AIr pollutantswith thresholdlimit values

(TLV$4/2011 VMdecree

AAcetone A Phenol

AAcrolein A Infectiousagents
AAmyl acetate A FEluorides
AAmmonia A Formaldehyde
APetrol A Smoke flyingash
ABenzene A Hydrogen sulfide
ABiol. active substances A Mercury
AOdourmaterials A Sulfur dioxide (SO2)
ACyclohexanone A Sulfuric acid
AMetal powders and vapors A Chlorine



AIr pollutantswith thresholdlimit values
(TLV3%

ASoot

AMethyl alcohol
ANitrobenzene
ANitrogen dioxide

Nitric acid
Hydrochloric acid
Carbon dioxide
Carbon monoxide

o oo T T o Po To I

ANitrogen oxides Styrene

AlLead Toluene
AOzone Trichlorethylene
APolycyclic CHs Xylene

AFlying dust

ASedimentary dust



Major pollutants

Sulfurdioxide(SQ)

Aa gaseousair pollutant composedof sulfur and oxygen Golorless
typically pungent, irritating cough gas SQ forms when sulfur-
containingfuel suchas coal, oll, or dieselis burned Sulfur dioxide
also convertsin the atmosphereto sulfates,a major part of fine
particlepollutionin the easternU.S

Alt 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 Vegetationis extremelysensitiveto it.



Major pollutants

Nitrogenoxides(NO, NGO, NQ)

ANaturalsourceslightning, or from the activity of aerobicsoil bacteria
ATypicalemissionsfossilfuels, energyproduction transportation

ANitric oxide (Nitrogen monoxide: colorless gas low solubility in
water, heavierthan air. A neurotransmitter it is involvedin various
physiologicalprocesses Bound by the hemoglobin in the blood.
Highlyreactivec immediatellyconvertto nitrogendioxide

ANitrogen dioxide reddishbrown gas heavierthan air. Very reactive
soluble in water. Oxidizesto nitric acid in the presenceof water. It
playsan important role in atmosphericprocesseqozone formation,
smog precursorof nitrate compound$







Major pollutants

Fluorides

AElementalfluorine is a yellowishgreengaswith a pungentodor that
IS heavier than air. The most reactive of all elements Extremely
reactive with hydrogen and decomposeswater. Hydrogenfluoride

poilsat room temperature It is misciblewith water in all proportions

t dissolvesglass Fluorine and hydrogen fluoride are very toxic to

Iving organisns. Amongthe fluorides, water-soluble alkali fluorides

arethe major air pollutants

AHF reacts with chlorocarbonsto give fluorocarbons An important
application  of this reaction IS the production
of tetrafluoroethylene(TFE)precursorto Teflon



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

Major pollutants

Carbommonoxide(CO)

AColorless,
sparingly soluble In water,
difficult to oxidize at room

temperature Slightly lighter
thanair.

Alt is formed during imperfect
combustion

AExtremelytoxic to humansand
animals It accumulatesin the
bloodin the form of verystable
Carboxyhemoglobin

odorless gas,

Carbon monoxide poisoning

Effects of carbon monoxide (CO) on the human body

Carbon monoxide (CO)

Carbon monoxide is among the most toxic
compounds produced by combustion and is

part of the composition of smoke. It is produced

by the combustion of almost alf lammable

Effects of carbon m()n(wide

(_ Lonn noxide combines with hemoql obin
monex d dh emo! glob

mogiobin

materials

-~ & o

le

Illib\
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Carberyhasmogiobin
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n (COHD)

astable ¢ mM % of carbon

monmide antd hey

nogiobin

¢

220

Carboxyhemoglobin J

Symptoms of carbon

monoxide poisoning
(CO concentrations

Mild poisoning

0,08%

Symptoms include headache, asphyxia,
dizziness, chest pain, dry cough, nausea,
vomiting, visual and auditory
hallucinations and high blood pressure

Moderate poisoning

up to 0,32%

Symptoms include motor paralysis and
losing consciousness

Severe poisoning

above 1,2%



Major pollutants

Solidparticles Particulatematters(PM)

ASedimentarypowder (sedimentor aeroseston® The precipitated powder is
usually divided into water-soluble and water-insoluble and organic and
Inorganicfractions

AParticulate matter (particleswhich remain suspendedfor a long time and
havea diameterof lessthanabout10x Y 0

AAeroplanktors

AThemain constituentsof solid contaminantsare fly ashand soot, dust from
the sollsurface transport,industry. The compositionvariesgreatly.

AWe distinguishbetweentoxic and inert powders (more stringentregulations
apply to toxic powders) Toxic powders powders of biologically active
agricultural products, such as pesticides,fungicides,herbicides,as well as
lead, which was previouslylargely of transport origin, as well as various
carcmogenm:ompounds



Major pollutants

Photochemicabxidants Fah

- PAN decomposes ;lowly
Residual layer VOC+0,->PA

High PAN

~Low PAN

18:00

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

A photochemical oxidants are formed, such as ozone and
peroxyacetyhitrates (PAN)

Ozone Is easily measurabld, an indicator of PANs Ozoneis a very
aggressivesubstancedue to the nascent oxygen produced by the
decompositionof the O3 molecule It causegissuedeathin plantsand
mucosalrritation in humans PANmaterialsalsoincludecarcinogens



Major pollutants

Heavymetals

AlLeadtetraethyl was addedto increasethe compressiortolerance of
vehicles Prolongedinhalation of lead may cause nervous system
damage,adverseeffects on mental abilities have been observedin
children

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



Polycycli@aromatichydrocarbons PAHS

AThemost commonpolycyclicaromatichydrocarbond PAHSN air are

benz (a) pyrene, 1,1,2-benzperylene, 1,2-benzanthracene and
chrysene

AThe above mentioned and many other PAHshave been shownto be
carcinogenicto humans They are released into the air during
Imperfect combustion, bound to soot during combustion, with
exhaused gaes smoking



Air sampling

ALocationof samplingsite

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

AEmission air sampterom a point in the technological equipment
(chimney) that characterizes the operation of a given part of the
technological process and quickly follows the changevperation.

Almmissionair sample for the determination oimbientair pollution



Air sampling

AActiveand passive(diffuse) samplingmode
A Active calibratedpump (activeair flow) E.g Tedlarbag
A Passivesorbentbindingof harmful substancegaxialandradialsampling

tubes
Diffusive Surface T
H T Ar 1 o :
Adsorbing Surface .

Axial Sampler Radial Sampler

Uptake/Sampling rates are higher for radial samplers than axial






Air Qualitylndex (AQI)

AAn indicator defined on the basis of — dom

scientific  literature and relevant -_
legislation

Alt characterizeshe level of air pollution Some polutants there may bea
In the last 24 hours for basicpollutants ™™ 1™ i umber of peopie who are
SUCh aS SUIfur ledee (SQ)’ nltro en unusually sensitive to air pollution.
dioxide (NG,), carbon monoxide (CO), [ Members of sensitive groups may
ozone(Q,) and particulatematter (PM,,) = general public is not likely to be

Groups affected.
Alt 1S CaIClJla_tedfrOm the maximuml-hour o Everyone may begin to experieace
Concentrathn (SQ, NOZ’ ] CO)’ the S 200 E:;tlltl:;]sen;fzyﬂi;tperience more serious
maximumof the 8-hour movingaverages '
and the 24-hour  average
concentration(PM,,).

Air Quality
Index .
Numerical .
Levels of value Meaning

Very 201 to Health warnings of emergency
Unhealthy 300 cnndltl_nns. The entire population is
more likely to be affected.
301 to Health alert: everyone may
Hazardous S00 experience more serious health
effects




Aln Hungiarythe air pollution data required to calaulatethe AQI are

providedl by the databa&seof automatic measuiiygstations of the
Nationall Air Polllution Measunenwent Network

(httpﬁmkwmhu /0|m) Msigyggir%%;égszennyezet;soég-térkégg :"s;) w2 A

Estimatton of  health &=
effects is  sciemific | @
literature. N


http://www.kvvm.hu/olm

A At left, a map of aerosol optical depthis
superimposed on the image. Optical depth is a
guantitative 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, oiotlcal 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.

An early November 2016, monitors at various
locations in the area posted air %uallt%/ Index
measurements as high as the 900s (the most
severe ranking, "hazardous," is any air qualit
Index measurement over 300). Thousands o
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 gollution-related
health issues.

Aerosol
Optical Depth




Smogc smokefog

AAccumulation of contaminants under adverse weather conditions.

ATwo types:

ALos Angeles type:
ASunny windless weather in summer
A Oxidizing components (NOX, O3, hydrocarbons)

ALondon type:
AOvercast, humid cold weather
AReducing components (SO2, carbon black, CO)




Thefate of aircontamination- atmospheric
processes

ACirculationof pollutants

AVariouseffects

AReactionwith air and other pollutants

ACosmic effects: heat, light, UV, radioactive radiation.
AMetal ions (catalysts)

AAtmospheric water

AOxidizingreducing substances

AEnergy requirements for reactions (light, heat, UV)
ACatabolisnrather than anabolism

ANatural selcleansing



Thefate of contamination- naturalself

cleansing
AThreemajor groups
A Contaminanis removedfrom the atmosphere Adsorption versus Absorption
A Sedimentation
A Impaction precipitation q ey 4; .
A Adsorption absorption i -

A Rainout

A Washout 1
A Contaminantransforms(chemicaldegradation
AThe concentration ofontaminantdecreasegdilution)

A Wind, turbulence
A Localgeographicatonditions



AWind: disorderedthermal motion
of air. Factorsforming a vertical
wind structure

AGradient force (differences in
atmospherigpressure

A Frictionalforce
A Coriolisforce
A Centrifugalforce

ATurbulence disordered motion
within a flow (thermal of
dynamiq

Dominating air currents

/) Central industrial areas

®) Rrenisi &



Consequencesf airpollution



Biospheraandatmosphere
Formingandadaptation

APlants

AlIndicatororganismge.g, licheng

A Changesén vegetationandtheir correlationwith the type and concentration
of pollution

A Adaptationcapacityof speciesd.g, inagriculture
AAir filter andcleaningeffect of vegetation

AAnimals

ATypicalsymptomsof air pollution (fluorosis canarytest)
AExperimentahnimals

ALandscape




Monetaryloss

A Technicadamage
A Metal corrosion, dissolution, rust

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

A Indirect damage: Inspection, measurement costs
A Economicdamage

A Material goods

A Vegetationloss

A Healthcare expense



Effectof airpollutionon humanhealth

AEffectthroughthe respiratory
track

ASkin surface contamination
AEye andnucacsairritation
AOdour

ASunlight and UYeducer

AThe need fopersonalhygiene
IS greater

ADisturbs well being

LOWER RESPIRATORY TRACT UPPER RESPIRATORY TRACT

Pleural membranes

the chest cavity

Cover the lungs and line

Epiglottis — i
Covers larynx
during swallowing

Intercostal muscle
Moves ribs during
respiration

Rib

Diaphragm —
Skeletal muscle
of respiration

. Nasal cavity

Filters, warms, and
moistens air

Common pas
air, food, and liquid

—. Pharynx (Throat)
sageway for

Larynx (Voice box)
Production of sound

Trachea (Windpipe)

Main airway

Bronchi

Branching airways

Alveoli
ir

Air sacs for

xch

ange



Healthconsequences

ADiscomfort negativeeffects changesn homeostasischronicdisease
acutediseasedeath

ATheeffectsof air pollution are dependingon

AExternalfactors (concentration toxicity, synergisti antagonistic
effects duration of exposure periodicity environmentalfactors

Alnternal factors (sensitivity generalcondition)

AAccordingto the exposition
A Shortterm
ALongterm




Epidemiology the effect of airpollutionat
populationlevel

ARespiratorydiseasesind deathsc 20%
ARespiratorycanceranddeath ¢ 20%
AHeartand cardiovasculadiseaseand death- 10%



DEATH BY BAD AIR

¥ India ™ China

g 2502
S 3,000

S
P

oo 2865
L300

s s
" R 3.

Figures for deaths every day, source: Greenpeace




Thankyouverymuchfor yourattention
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AIr hygienec measurethe
Invisiblé&’

AThe hygiene of atmosphere studying air-related
Issuedo protect healthandpreventdisease

AActivities of air hygiene
A Measurementof air quality
A Evaluatiorof the effectsof air quality on humanhealth
A Appliedair hygiene

AAir c%uality: The degreeto which air is polluted,
the type and maximum concentration of man
][oroduced pollutants that should be permitted Iin
he atmosphere

AAir safety: Any measure, technique or design
iIntended to reduce the risk of harm posed by
either moving vehiclesor projectiles above the
earth's surface or pollutants to the earth's
atmosphere




Theverticalstructureof the

athmosphereaccordingo chemice ., -

composition

A Two layers :

A The lower
about 80
(continuous

of
homosphere
turbulent mixing the
composition of the atmosphere
relatively constant for chemical species
which have long mean residence times).

AA  thin transition called
turbopause

A Above  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

layer, up to an altitude
km is the

layer,

IS =

~—
—

=
—_—

altitude

Major
constituents
H
air flow is nearly laminar
1000 — ' '
He
_| Heterosphere
500 P o lonosphere
NN 0',0;
— " swratification according NO* N
100 — to the molecular weight e
N, O;
80 —-{ Turbopause
60 — turbulent mixing
40 4 Homosphere N.. O,. Ar
%0 - relatively constant composition

Source Lagzet al.: Atmosphericchemistry(2013)



Theplanetarypoundarylayer

A The lowest level of the atmosphere i the bottom layer of the troposphere i called
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 .

A The upper boundary of PBL is statically
stable (temperature inversion) . Free Atmosphere

A Interactions  between the atmosphere <
and the surface take place in the PBL.

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

Residual Layer

) ) i Mixed Mixed
A Atmospheric  variables  (wind  speed, Layer Layer
temperature, water vapor content etc.) S g
show great variabilty —and fluctuation | sy
and the vertical mixing Is strong . | Surface Layer /o Surface Layer Surface«l_.gyg_r]r
A Planetary  boundary layer has great Noon Sunset Midnight Sunrise Noon

Importance In dispersion, dilution

and deposition  of air pollutants The structure of the planetary boundary layer



Thecompositionof the atmosphere

Chemical species Sources
g d
2 4944 47 .
Name § Concentration Residence time 2 % aj j=:_5 .’E
2 g g9 49 ©
=¥

Nitrogen N2 78.084% 1.6x10 years| v' v
Oxygen 0; 20.946%| 3x10™-10" years| v/
irgon Ar 0.934% v
Water vapour* H,0 0-4% (0- 40 000 ppm) 10 days| v I v v (1)
Carbon dioxide CO, 3.94x10 % (394 ppm)|  20-150 years| v’ | v v
Neon Ne 1.818%10 % (18.18 ppm)| V7
Helium He 5.24x107°% (5.24 ppm) 10" years| v
Methane CH, 1.79%10 *% (1.79 ppm)| 10 years| v | v
Krypton Kr 1.14x107%% (1.14 ppm)| v
Hyvdrogen H; 5.3x1079% (0.53 ppm) 2 years| v I v (2)
Nitrous oxide N.O 3.25%10 % (0.325 ppm)| 150 years| v I v/
Carbon-monoxide |CO 5-25%10*% (0.05-0.25 ppm)| 0.2-0.5 year] v [v
Xenon Xe 8.7x10% (0.087 ppm)_l
Ozone Oy 1-5%10% (0.01-0.05 ppm) | weeks - months v
Nitrogen-dioxide NO; 0.1-5%107% (0.001-0.05 ppm)l 8-10days| v Iv I v
Ammonia NH; 0.01-1x10"% (0.0001-0.01 ppm)| ~5 days| v | v
Sulphur-dioxide  |SO: 0.003-3%107% (0.03-30%10" ppm)| ~2 days viv]vy
Hydrogen-sulphide |H.S 0.01-6x10"% (0.01-0.6x10"" ppm)| ~0.5day|l v [| v v

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



Trace materials

ATrace gases anderosols
ASmall amount, important role
ATheir quantity may be specific to the area, altitude, origin of the air masses, et

AAerosot Suspendednatter, or more generallyall solid, liquid or wavingparticles
In the atmosphere are called aerosols Aerosol particles can be classified
accordingo

A their genesis,

A the origin,

Athe particle size, . Large Aoroso
A their optical and physical properties, (100 microns)
Athe chemical composition,

Aand their impact on the climate system.

Typical Cloud Droplet
@ (20 microns)

Smaill Aerosol
- Particle
{1 micron)



Aerosoltypes(basedon particlesizg

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

Massdistribution:

A Coarse particulate matterwithan
I SNEReyl YAO RYor YSU(

10 um (Coarse)

2.5 pm (Fine)

0.1 pm (Ultrafine)

+ _— . * .. . .
. - . .
. taow .. . .
- . . +
. ts
. . ®
. .
. . . s, .
. .
. L
. 8 . LN
. .
. - . . -
. - -
. .o .
. * - .
. . . . .

less PM10),

A Fine particulate matter, with a ’
RAF Y S SNdordeds PM5p

A Ultrafine particles YFP3$ are all

Total mass‘ 1 1 1
Particle number‘ 1 64 1,000,000
Surface area
per particle 1 0.0625 0.0001
Total surface area
per mass 1 4 100

particles with a diameter of 100nm
or less.

+» Filtered in proximal

airway

» May irritate skin,

mucosa

* Reaches peripheral

airway

« Cannot enter

systemic circulation

» Higher adsorbed toxic
material on surface

» May enter systemic
circulation

Kwonet al. 2020




- Brownian motion = Sedimentation
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A Ultrafine particlesare rapidly deposited m o5 e-10 =

Brownian _diffusion, = especially y ' '

|

pgrticles<_20 V. Yargecoarseparticles 0.01 0.1 1 10
are depositedby sedimentation,impact ; ;

by inertia, and interception Particles Particle diameter (um)
between30 VY ahd 1> Ytend to have
longer atmospheric lifetimes because
they are lesslikely to be depositedin
either way. Theseparticlesaccumulate

Rapid'd_eposition Suspension Rapid deposition

in the atmosphere due to the long  Brownian diffusion + Sedimentation
suspensioriime and are thus calledthe * Impact by inertia
accumulationrmode. * Interception

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 (PeteBuseck]

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 Projectpnathan
JessupYox,andLudie Cochrang.



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/

(. Residential activities (heating,\

3 cooking, using printers, etc.) Ultrgfine
£ | - Industrial processes Particles
8 \_* Traffic emissions )
2 &
-fz.’ * Laboratory research,
: Nano-
© synthesis and development y
o ) particles
* Manufacturing processes
. >,
Ultrafine particles Nanoparticles

Atherosclerosis
Ischemic heart disease
Diabetes

Inflammation
Asthma
Lung fibrosis

Lietal. 2016



Effectsof aerosols

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

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

A Alter warm, ice and mixeephase
cloud formation processeby
Increasing droplet number
concentrations and ice particle
concentrations.

A Climatechange

. lransporiauon

FREE
TROPOSPHER

Eviooration BOUNDARY
| and &vécﬂon - LAYER
Sulfur
mo&um emissions
P? i ;.msj"°“‘ oceans

(A VA
o e, MR

i —




Thephysicabropertiesof atmosphere

ATemperature(solarradiation,
terrestrial radiation,chemical
reactions.air currents)

ABased on the variation of
temperature with height, the
atmosphere can be divided
to different layers

Maximum ozone

Mt. Ever&e%
-80 0 -20 10 0O

THERMOSPHERE




Thephysicabropertiesof atmosphere

AWind: the perceptiblenatural movement
of the air, especiallyin the form of a
current of air blowing from a particular
direction

AAtmospheric pressure the force exerted
on a surfaceby the air aboveit asgravity
pullsit to Earth

ACyclones

AHumidity. absoluteand relative humidity,
dew point

AAtmosphericelectricity

. .

Warm Light Air
RISES [

M HHT'
s

Warm land

‘ Cool Land or Water




Thebiologicalaspectf atmosphere

A Atmosphereasa biotope

A Oxygen was first produced in the atmosphere by
photochemicaldissociationof water vapour by intense
ultraviolet radiation

A 2H,0+UVradiationlh2H, + O,.

A Becauseof the Urey selfregulation of this processbyshieldingH,0
vapor with O,, o3 and CQ, primitive oxygenlevelscannot exceed%)2
0. Olpresenfatmospherl evel(PA.L).

A Around2.5 billion yearsaga photosynthesis
A CQ +H,0+ sunlightfhorganiccompoundst+ O,

A Around1 billion yearsaga Pasteurpoint wasreached(a
levelof oxygengabouto. %by volumewhichislessthan
1% of PresentAtmosphericLevelor PAL)above which
facultative aerobic microorganisms and facultative
anaerobes adapt from fermentation to aerobic
respiration.

A As the atmosphericoxygen reached 1¢2% of present
oxygen level, ozone (IO3) could form to shield 9 | Ni
surfacefrom intenseultraviolet radiation

A 20, + UVradiationThO, + O

amount of atmospheric gases (%)

100

methane (NH;) and ammonia (CH.)

757
nitrogen (N,
s04 9 gen (N:)
25 4
oxygen
. - (O:)
¥ carbon dioxide (CO,)
water (H,O)
0 T T T T T
4.5 4 3 p) l

time (billions of years ago)




Respiration

A Internalrespiration- involvesgas exchange between the blood and body cell

A Externalrespiration- the breathing process. It involves inhalation and exhalz N
gases.
A The process of breathing (inhalation and exhalation), also called ventilation

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

A Factorswith an effect on respiration
A Oxygerlevel
A Partialpressureof oxygen
A Atmospherigpressure
A Lungvolume

A 16-18xbreatiVmin. 0.5 L 12 n#/day



Atmospherieffectson healthandwell being

AEffect of oxygen concentratior{%, death!)

AEffect of carbon dioxide concentration

AEffect of air pressure (barotraumeaissordisease; decompression

sicknesy
AEffect of air temperature (ka8 p s / 0
AEffect of air humidity
AEffect of air movement (below 0.3 m/ s)
AEffect of atmospheric electricity

Decompression sickness (the 'bends")

pressure reduced
in ascent 4¥
= S 7
—s ’ fa\
* L7 7l
s

74 y &
et ORI QTN gy
g ) o N B |

® A\ \

\ R \ bubbles
nitrogen bubbles form in blood vessels & tissue

blocking
blood
vessel .



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. Weatherdiffers from climate.

Effecton our health ¢ increasednortality 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 periodt generally30yeas.

Effecton our healthA



Degraded Living Conditions

& Social Inequities
Exacerbation of racial and health inequities
and vulnerabilities, loss of employment

Air Pollution & Increasing Allergens
Asthma, allergies, cardiovascular
and respiratory diseases

Changes In Vector Ecology

Lyme disease, West Nile Virus,

Extreme Heat
Heat-related illness and death,

cardiovascular failure j | hantavirus, malaria, encephalitis
Q ,
&  IMPACTSOF ' ¢
v,
Drought ' f CLIMATE 2 Food System Impacts
Water supply impacts, g CHANGE Malnu?:rltlon, food insecurity,
dust storms, Valley Fever b higher food prices,
' \ E‘_\ ON HUMAN ‘ foodborne illness

HEALTH

Severe Weather & Floods
Injuries, fatalities, loss of homes,
indoor fungi and mold

Environmental Degradation
Forced migration, civil conflict,
loss of jobs and income

(Adapted from CDC; J. Patz)



Climate
Change

¥

\ 4

L Soil Salinity J—— =

Sea Level Rise I_-
i i

-
r—» Agriculture

|
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Food —

Forced
Migration

' Population

Density

4

|

t External

Migration

d \

ICE Case Studies
Number 229, December, 2010



Climatic levels

A Scale

A Macroclimate the overall climate of a region usually a large  |© ‘
geographic aregarctic, temperate tropic, continentaX 0

A Mesoclimate(localclimate) - the climate at an intermediate —
geographic scal@owntown district, largepark, farm,
woodedareaX 0

A Microclimate - the suite of climatic conditions measured in
localized areas.g in a household
A Type
A Natural
A Artificial
A Acclimatization The processin which an individual organism
adjuststo a changein its environment (such as a changein

altitude, temperature, humidity, photoperiod, or pH), allowing it
to maintainfitnessacrossarangeof environmentalconditions

; . f

'; > g -
e’ y
S

—



Sunlightandsolarradiation

ABiologicakffectin influencedby the wavelengthandthe energy
AShorter waves carmnore energy than longer waves.

ALight Infrared, visibleand ultraviolet

Alnfrared 700 nmc 1 mm

AVisiblelight - wavelengths fron8800 nanometers (violet) to 700
nanometers (red).

AUltraviolet (UV) light (298100nm). A S
AUVC (10280 nm) “ o B
AUVB (28615 nm) P P L N I
AUVA (31%00 nm)

[0 RRS [ BN [V R 1) 10° : "o 10 102 10 107 10
' Increasing Wavel
T — Visible spectrum S
ANot constant gunspotsflares - ]
11 [ T
400 500 600 700
Increasing Wavelength (2) in nm —

< Increasing Frequency (v)
g z 10° v (Hz)

M AM
Radio waves

| |
0 2

Long radio waves

3 10° 10

easing Wavelength (1) —




AlIr pollution

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

EnvironmentalPol
degradationprod
adverselyaffectt

utants Substancesr mixturesof substances,their
ucts which, if releasedinto the environment, may

ne condition of environmentalelementsor harmful

to humanhealth or havea negativeeffect on environmentaluse



AlIr pollution

A Strongcorrelationwith energyconsumption

A Firstsmogdisastersc betweenthe 1st and 2nd World
War
A After the Il WorldWar, the mainfactorsare
A Increasinghumberof vehiclesA increasingraffic
A Chemicalndustry
A ContaminatedegionsA Globalcontamination




Emissionimmissiontransmission

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

Almmissionis the measurable environmental concentration of
pollutants released from emission sources

ATransmissionis the spreadof primarily emitted contaminantsin the
environment .




AThe source of contamination according to the spread of the
pollutant

APOINTSOURCHocal pollution): the emission source delivers the
pollutant to a given medium at a well-defined location (factory
chimney channelinlet to an openwater receivel

AEXPANDEBOURCE Spatiallydistributed releaseof pollutants into
the environmentalelement (surface diffuse of non-point pollution):
entersthe medium over a large spatial extent (e.g. plant protection
product, slurry, fertilizer use in agriculture and its leaching to
surfacewater).

ASurfacesource (air): any ambient air pollutant activity or material
storagethat isnot a point or buildingsource




Originof
contamination

ANaturalorigin (vaves marine life,
lithosphere, volcanic activity, flora,
fauna)

A Agricultural activity (natural materials;
chemrcalsc pesticidesartifical
fertilizers

A Artificial origin(industry; trafficX 0




Alr pollution

Types and sources of air poliutants




AIr pollutantswith thresholdlimit values

(TLV$4/2011 VMdecree

AAcetone A Phenol

AAcrolein A Infectiousagents
AAmyl acetate A FEluorides
AAmmonia A Formaldehyde
APetrol A Smoke flyingash
ABenzene A Hydrogen sulfide
ABiol. active substances A Mercury
AOdourmaterials A Sulfur dioxide (SO2)
ACyclohexanone A Sulfuric acid
AMetal powders and vapors A Chlorine



AIr pollutantswith thresholdlimit values
(TLV3%

ASoot

AMethyl alcohol
ANitrobenzene
ANitrogen dioxide

Nitric acid
Hydrochloric acid
Carbon dioxide
Carbon monoxide

o oo T T o Po To I

ANitrogen oxides Styrene

AlLead Toluene
AOzone Trichlorethylene
APolycyclic CHs Xylene

AFlying dust

ASedimentary dust



Major pollutants

Sulfurdioxide(SQ)

Aa gaseousair pollutant composedof sulfur and oxygen Golorless
typically pungent, irritating cough gas SQ forms when sulfur-
containingfuel suchas coal, oll, or dieselis burned Sulfur dioxide
also convertsin the atmosphereto sulfates,a major part of fine
particlepollutionin the easternU.S

Alt 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 Vegetationis extremelysensitiveto it.



Major pollutants

Nitrogenoxides(NO, NGO, NQ)

ANaturalsourceslightning, or from the activity of aerobicsoil bacteria
ATypicalemissionsfossilfuels, energyproduction transportation

ANitric oxide (Nitrogen monoxide: colorless gas low solubility in
water, heavierthan air. A neurotransmitter it is involvedin various
physiologicalprocesses Bound by the hemoglobin in the blood.
Highlyreactivec immediatellyconvertto nitrogendioxide

ANitrogen dioxide reddishbrown gas heavierthan air. Very reactive
soluble in water. Oxidizesto nitric acid in the presenceof water. It
playsan important role in atmosphericprocesseqozone formation,
smog precursorof nitrate compound$







Major pollutants

Fluorides

AElementalfluorine is a yellowishgreengaswith a pungentodor that
IS heavier than air. The most reactive of all elements Extremely
reactive with hydrogen and decomposeswater. Hydrogenfluoride

poilsat room temperature It is misciblewith water in all proportions

t dissolvesglass Fluorine and hydrogen fluoride are very toxic to

Iving organisns. Amongthe fluorides, water-soluble alkali fluorides

arethe major air pollutants

AHF reacts with chlorocarbonsto give fluorocarbons An important
application  of this reaction IS the production
of tetrafluoroethylene(TFE)precursorto Teflon



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

Major pollutants

Carbommonoxide(CO)

AColorless,
sparingly soluble In water,
difficult to oxidize at room

temperature Slightly lighter
thanair.

Alt is formed during imperfect
combustion

AExtremelytoxic to humansand
animals It accumulatesin the
bloodin the form of verystable
Carboxyhemoglobin

odorless gas,

Carbon monoxide poisoning

Effects of carbon monoxide (CO) on the human body

Carbon monoxide (CO)

Carbon monoxide is among the most toxic
compounds produced by combustion and is

part of the composition of smoke. It is produced

by the combustion of almost alf lammable

Effects of carbon m()n(wide

(_ Lonn noxide combines with hemoql obin
monex d dh emo! glob

mogiobin

materials

-~ & o

le

Illib\

&ﬁ

Carberyhasmogiobin

- Q@

n (COHD)

astable ¢ mM % of carbon

monmide antd hey

nogiobin

¢

220

Carboxyhemoglobin J

Symptoms of carbon

monoxide poisoning
(CO concentrations

Mild poisoning

0,08%

Symptoms include headache, asphyxia,
dizziness, chest pain, dry cough, nausea,
vomiting, visual and auditory
hallucinations and high blood pressure

Moderate poisoning

up to 0,32%

Symptoms include motor paralysis and
losing consciousness

Severe poisoning

above 1,2%



Major pollutants

Solidparticles Particulatematters(PM)

ASedimentarypowder (sedimentor aeroseston® The precipitated powder is
usually divided into water-soluble and water-insoluble and organic and
Inorganicfractions

AParticulate matter (particleswhich remain suspendedfor a long time and
havea diameterof lessthanabout10x Y 0

AAeroplanktors

AThemain constituentsof solid contaminantsare fly ashand soot, dust from
the sollsurface transport,industry. The compositionvariesgreatly.

AWe distinguishbetweentoxic and inert powders (more stringentregulations
apply to toxic powders) Toxic powders powders of biologically active
agricultural products, such as pesticides,fungicides,herbicides,as well as
lead, which was previouslylargely of transport origin, as well as various
carcmogenm:ompounds



Major pollutants

Photochemicabxidants Fah

- PAN decomposes ;lowly
Residual layer VOC+0,->PA

High PAN

~Low PAN

18:00

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

A photochemical oxidants are formed, such as ozone and
peroxyacetyhitrates (PAN)

Ozone Is easily measurabld, an indicator of PANs Ozoneis a very
aggressivesubstancedue to the nascent oxygen produced by the
decompositionof the O3 molecule It causegissuedeathin plantsand
mucosalrritation in humans PANmaterialsalsoincludecarcinogens



Major pollutants

Heavymetals

AlLeadtetraethyl was addedto increasethe compressiortolerance of
vehicles Prolongedinhalation of lead may cause nervous system
damage,adverseeffects on mental abilities have been observedin
children

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



Polycycli@aromatichydrocarbons PAHS

AThemost commonpolycyclicaromatichydrocarbond PAHSN air are

benz (a) pyrene, 1,1,2-benzperylene, 1,2-benzanthracene and
chrysene

AThe above mentioned and many other PAHshave been shownto be
carcinogenicto humans They are released into the air during
Imperfect combustion, bound to soot during combustion, with
exhaused gaes smoking



Air sampling

ALocationof samplingsite

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

AEmission air sampterom a point in the technological equipment
(chimney) that characterizes the operation of a given part of the
technological process and quickly follows the changevperation.

Almmissionair sample for the determination oimbientair pollution



Air sampling

AActiveand passive(diffuse) samplingmode
A Active calibratedpump (activeair flow) E.g Tedlarbag
A Passivesorbentbindingof harmful substancegaxialandradialsampling

tubes
Diffusive Surface T
H T Ar 1 o :
Adsorbing Surface .

Axial Sampler Radial Sampler

Uptake/Sampling rates are higher for radial samplers than axial






Air Qualitylndex (AQI)

AAn indicator defined on the basis of — dom

scientific  literature and relevant -_
legislation

Alt characterizeshe level of air pollution Some polutants there may bea
In the last 24 hours for basicpollutants ™™ 1™ i umber of peopie who are
SUCh aS SUIfur ledee (SQ)’ nltro en unusually sensitive to air pollution.
dioxide (NG,), carbon monoxide (CO), [ Members of sensitive groups may
ozone(Q,) and particulatematter (PM,,) = general public is not likely to be

Groups affected.
Alt 1S CaIClJla_tedfrOm the maximuml-hour o Everyone may begin to experieace
Concentrathn (SQ, NOZ’ ] CO)’ the S 200 E:;tlltl:;]sen;fzyﬂi;tperience more serious
maximumof the 8-hour movingaverages '
and the 24-hour  average
concentration(PM,,).

Air Quality
Index .
Numerical .
Levels of value Meaning

Very 201 to Health warnings of emergency
Unhealthy 300 cnndltl_nns. The entire population is
more likely to be affected.
301 to Health alert: everyone may
Hazardous S00 experience more serious health
effects




Aln Hungiarythe air pollution data required to calaulatethe AQI are

providedl by the databa&seof automatic measuiiygstations of the
Nationall Air Polllution Measunenwent Network

(httpﬁmkwmhu /0|m) Msigyggir%%;égszennyezet;soég-térkégg :"s;) w2 A

Estimatton of  health &=
effects is  sciemific | @
literature. N


http://www.kvvm.hu/olm

A At left, a map of aerosol optical depthis
superimposed on the image. Optical depth is a
guantitative 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, oiotlcal 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.

An early November 2016, monitors at various
locations in the area posted air %uallt%/ Index
measurements as high as the 900s (the most
severe ranking, "hazardous," is any air qualit
Index measurement over 300). Thousands o
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 gollution-related
health issues.

Aerosol
Optical Depth




Smogc smokefog

AAccumulation of contaminants under adverse weather conditions.

ATwo types:

ALos Angeles type:
ASunny windless weather in summer
A Oxidizing components (NOX, O3, hydrocarbons)

ALondon type:
AOvercast, humid cold weather
AReducing components (SO2, carbon black, CO)




Thefate of aircontamination- atmospheric
processes

ACirculationof pollutants

AVariouseffects

AReactionwith air and other pollutants

ACosmic effects: heat, light, UV, radioactive radiation.
AMetal ions (catalysts)

AAtmospheric water

AOxidizingreducing substances

AEnergy requirements for reactions (light, heat, UV)
ACatabolisnrather than anabolism

ANatural selcleansing



Thefate of contamination- naturalself

cleansing
AThreemajor groups
A Contaminanis removedfrom the atmosphere Adsorption versus Absorption
A Sedimentation
A Impaction precipitation q ey 4; .
A Adsorption absorption i -

A Rainout

A Washout 1
A Contaminantransforms(chemicaldegradation
AThe concentration ofontaminantdecreasegdilution)

A Wind, turbulence
A Localgeographicatonditions



AWind: disorderedthermal motion
of air. Factorsforming a vertical
wind structure

AGradient force (differences in
atmospherigpressure

A Frictionalforce
A Coriolisforce
A Centrifugalforce

ATurbulence disordered motion
within a flow (thermal of
dynamiq

Dominating air currents

/) Central industrial areas

®) Rrenisi &



Consequencesf airpollution



Biospheraandatmosphere
Formingandadaptation

APlants

AlIndicatororganismge.g, licheng

A Changesén vegetationandtheir correlationwith the type and concentration
of pollution

A Adaptationcapacityof speciesd.g, inagriculture
AAir filter andcleaningeffect of vegetation

AAnimals

ATypicalsymptomsof air pollution (fluorosis canarytest)
AExperimentahnimals

ALandscape




Monetaryloss

A Technicadamage
A Metal corrosion, dissolution, rust

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

A Indirect damage: Inspection, measurement costs
A Economicdamage

A Material goods

A Vegetationloss

A Healthcare expense



Effectof airpollutionon humanhealth

AEffectthroughthe respiratory
track

ASkin surface contamination
AEye andnucacsairritation
AOdour

ASunlight and UYeducer

AThe need fopersonalhygiene
IS greater

ADisturbs well being

LOWER RESPIRATORY TRACT UPPER RESPIRATORY TRACT

Pleural membranes

the chest cavity

Cover the lungs and line

Epiglottis — i
Covers larynx
during swallowing

Intercostal muscle
Moves ribs during
respiration

Rib

Diaphragm —
Skeletal muscle
of respiration

. Nasal cavity

Filters, warms, and
moistens air

Common pas
air, food, and liquid

—. Pharynx (Throat)
sageway for

Larynx (Voice box)
Production of sound

Trachea (Windpipe)

Main airway

Bronchi

Branching airways

Alveoli
ir

Air sacs for

xch

ange



Healthconsequences

ADiscomfort negativeeffects changesn homeostasischronicdisease
acutediseasedeath

ATheeffectsof air pollution are dependingon

AExternalfactors (concentration toxicity, synergisti antagonistic
effects duration of exposure periodicity environmentalfactors

Alnternal factors (sensitivity generalcondition)

AAccordingto the exposition
A Shortterm
ALongterm




Epidemiology the effect of airpollutionat
populationlevel

ARespiratorydiseasesind deathsc 20%
ARespiratorycanceranddeath ¢ 20%
AHeartand cardiovasculadiseaseand death- 10%



DEATH BY BAD AIR

¥ India ™ China

g 2502
S 3,000

S
P

oo 2865
L300

s s
" R 3.

Figures for deaths every day, source: Greenpeace




Thankyouverymuchfor yourattention
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DEFINITIONFWATERIYGIENE

AA discipline dealing with the health effects of various water types (drinking
water, recreationalwater, irrigation water, etc.) and managesall water-related
publichealthactivities

A Objectiveof water hygiene
A Topreventhealth damagecausedby inadequatewater quality
A Topreventwater contamination

AToremovwe water contaminants
AlIndirect to maintainthe organolepticallyacceptablevater condition

AAIll water types are coveredby water hygiene(drinking water, recreational ~
water, irrigation water, water usedfor washingdishwashinggtc.)



DEFINITIONFWATERIYGIENE

AA discipline dealing with the health effects of various water types (drinking
water, recreationalwater, irrigation water, etc.) and managesall water-related
publichealthactivities

A Objectiveof water hygiene
A Topreventhealth damagecausedby inadequatewater quality
A Topreventwater contamination

AToremovwe water contaminants
AlIndirect to maintainthe organolepticallyacceptablevater condition

AAIll water types are coveredby water hygiene(drinking water, recreational ~
water, irrigation water, water usedfor washingdishwashinggtc.)



o REGULATIODFDRINKING®VATERUALITY

AThe humarright to water and sanitation

AMarch1977 MarDelPlata, UNNater conference

A THE ACTION PLAN FROM THE UNITED NATIONS WATER CREFEREREIEWATER AS A
wLDI ¢ Chw ¢19 CLw{¢ ¢La9 59/ [ ! KHEIRSDAGEDFE ¢ &! [ |
DEVELOPMENT AND SOCIAL AND ECONOMIC CONDITIONS, HAVEQHEVEEGYCTCESS
TO DRINKING WATER IN QUANTITIES AND OF A QUALITY EQUALITO THEIRb 9 9 5% ¢ @

J
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—WHAT IS...? ®

A Sufficient. The water supply for each person must be sufficient and continuous for personal and domestic uses.
il 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.

A Safe. 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.

A Acceptable. 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.

A Physically 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.

A Affordable. Water, and water facilities and services, must be affordable for all. The United Nations Developmenk/
Programme (UNDP) suggests that water costs should not exceed 33er cent 9f household income.



—— COUNCIL DIRECTIVE 98/83/EC OF 3 NOVEMBER

——

1998 ON THE QUALITY OF WATER INTENDED
FOR HUMAN CONSUMPTION

A Member States shall set values applicable to water intended for human consumption for the parameters
set out in Annex |I.

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

A (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;

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

A (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;

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

S



' GOVERNMENTAL DECREE N®OF 223 (1.12.)
.~ ON QUALITY STANDARDS FOR POTABLE WATER
AND ON RULES OF QUALITY CONTROL

A applied to quality standards of water destined for human consumption (potable water) and to quality control.

A 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.

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

A 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 .

A 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).

A Article 15 lays down rules regarding provisional permit (maximum for 3 years) for the supply of potable water that does not meet guality
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 for%\_y
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. Q) , O
N’ e\ /



SOURCHEIFWATERN HUNGARY

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

AlIn terms of amount, environmental and utility value, our groundwater resources
have an outstanding importance in Europe.

A95% 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.

A Hungary has a significant supply of thermal water, which also contributes to the
development of tourism.
</



- ~—
" DRINKINGVATERSUPPLIES
—

A “Surfacewater. 6%
/A Lakesrivers
A Alwaysrequirespre-treatment National drinking water supply according to

A Bankfiltration: 36% the source of raw water
A Mixture of surfaceand subsurfacewvater

A River(80%),eakinggroundwater(20%)c sandfiltration

A Subsurfacavater. 45% 5%
A Groundwater(unconfinedaquifer)
A easyto accessprivate wellsusuallyuseit 36%
A Vulnerablec almostalwayscontaminated
A Agriculturalchemization lackof sewagesystem \-

A Confinedaquifer
A Aquiferbetweentwo aquitards(confoningunits)
A Lessvulnerable
A Slowrecharge Bank filtration Other (karst, thermal)
A Goodquality, localproblems(geologicabontamination e.g arsenig iron)

A Karstandother: 13%

A Water flowing through solublecarbonateand evaporiticrockscalledKarst ~/

A Karstis animportant potablewater source

A Problems highvulnerabilityto pollution; low spring discharge during the recession periods

= Subsurface water Surface water

SourceofdataY #b ¢ { L2 HAMT ) |\ /

. A
N e\



Share of the population with access to improved drinking water —

in Data

ACCESBRO
DRINKINGVATER
IN HUNGARY

Ivévizzel valé ellatottsag
I 99-100%

I 90-99%
[ 80-89%

No data 0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
1 | 1 | i i (O

Source: WHO/UNICEF Joint Monitoring Programme (JMP) for Water Supply and Sanitation OurWorldInData.org/water-access
Note: An 'improved drinking water source' includes piped water on premises and other improved drinking water sources: public taps or
standpipes, tube wells or boreholes, protected dug wells, protected springs, and rainwater collection.

=
3

1. abra Koziizemi iv6 ellatott lal aranya megyénként, 2017.
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Bankfiltration

Non-confined
aquifer
(groundwatej
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E Non-confined Aquitard g
= karst
Confinedkarst Conf_ined
j‘ Water (under aquifer
i pressurg
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METHODBORWATEREXTRACTION

A SIMPLBUGBOREMELLS

A GRAVEPACKEBORIZONTALOLLECTORELL
A DRILLERWVELL

A KARSWELLSBVINES




Secure well cap —>

Well casing stick-up
atleast0.3 m

F

>~ il

Well ID plate

Graded

above grade T <« around

round
e wellhead
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BANKFILTRATION HUNGARY

2 JELMAGYARAZAT

I | Bankiiltrated water
60/38 Freecapacityfor bank
filtration, 1000 m3day



BANKFILTRATION

Production Well

RiverChannel

Low Permealbility
Streambed

] Water Table Minimal
Sand and Gravel Head Differrential

By
Pumping ~JL—
Water Table

Minimal Sufrace \Water
Mixing with Groundwater

LateralfRannsy We

Regional Groundwater

pefetes
b '
Lowsvitie, Kenlucky A

. SAND &
" GRAVEL "
AQUIFER .




PROTECTIGDFWATERBASES

——

AOne of the most important tasks of environmental protection
A Purpose Tomaintainwater quality and fulfill the requirementsof the intended water use

AWater protection areasof subsurfacevater basesthree zone:

A Internal protection area(fenced in a circle of R = 10 m, facilities directly serving water product
e.g. wells; unauthorized access is also prohibited)

A External protection aregarea 100x100 meters, task: protection of the nearest part of the wate
supply area; facilities indirectly serving water production; limited agricultural cultivation (no
fertilization), no industrial activity) =

A Hydrogeological protection areéR = 1- 2 km; catchment area; here only activities with an
Increased risk of pollution are prohibited.gelargescale livestock farm, chemiaaldustrialactivity
working with toxic substances) i — W) ~/ /

) N\



SURFACQKKATERSUPPLIES

A ENDANGERIN®CTORS
A INDUSTRIAAGRICULTURACTIVITY
A SEWAGBISCHARGEIDUSTRIANDMUNICIPABEWAGE

A PRECAUTIONS
A PROHIBITIOBFTHENTRODUCTIGDFUNTREATESEWAGE
A RESTRICTI@¥FAGRICULTURACTIVITE.G ARTIFICIAEERTILIZERS THECATCHMENAREA



——

BASIREQUIREMENFORDRINKINGVATER

A DOESNOTCONTAINCHEMICAL SRLIVINGORGANISMSARMFUTOTHEHUMAN BODY
A CONTAINSHEESSENTIAHEMICALS

A ORGANOLEPTICARPLEASENNODISTURBINGISCOLORATIOMSTERODOURNO
FLOATINBARTICLES

A SOMECHOSENDICATORIICROORGANISSOULBEBELOWLVEVENFTHEWRE
HARMLESS



ARSENIC

A DRINKINGVATER POSES THE GREATEST THREAT TO PUBLIC HERSENFROM A

A INORGANIC ARSENIC IS NATURALLY PRESENT AT HIGH LEVELBIDWATERBRG A
NUMBER OF COUNTRIES, SUCH AS ARGENTINA, CHILE, CHINA, BENSANESIEXICO,
THE UNITED STATES OF AMERICA, AND PARTICULARLY BANGLABEEROMHERELY
HALF OF THE TOTAL POPULATION IS AT RISK OF DRINKHOG® RREBEWTED WATER
FROM TUBE WELLS.

A IN ONE ESTIMATE, CONSUMPTION OF ARSENFBIINATED DRINKMNGTER IN
BANGLADESH RESULTED IN ABOUT 9100 DEATHS AND 125 00ADBABTHDYIFE YEA:BS

(DALYS* ) IN 2001
o/

\-/ \
https://www.nnk.gov.hu/attachments/article/213/arsenic. WHO[1]pdf NS/



2 ARSENIC

ATLV10xg/l

ATemporarymeasures50«g/l (until 2009. dec.) and 2®8g/l until 2012. dec)
A Typicalconcentration irsurfacewaters 1-2 kg/|

ANatural(geological origin SouthEastpart of Hungary

A Antropogenioorigin (mining, waste incineratigpesticide$
AInorganicarseniccompounds veryfiedhumancarcinogens

A Longterm exposition epidemiologicaproof for increasedisk of skin, lung,
bladdercancerandfor pregnancy and birth defects, e.g. miscarriages

ARemovaladsorption precipitationmethods



</

' Thearsenicaffectedareasof Hungarywith the relevantarsenicconcentrationsof drinking water, 2017

’

Maximum concentration
of arsenicug/L

I Y

= 5,1-10,0

10,1-15,0

Bl 15,1200

I 20,1-25,0

I 251

Forrds: Nemzeti Népegészségigyi Kozpont.

Arzén (ugll)

[ 100-100
[7110,1-20,0
B 20,1-38,0
N
D
X 0 15 3 60 90
S

Thearsenicaffectedareasof Hungarywith the relevantarsenicconcentrationsof drinking water, 2021



2 BORON

A Limit value: 1 mg /|
A geological origin
A Reproductive and developmental disorders

A Removal: by ion exchange or reverse osmosis only

FLUORIDE

A Limit value: 1 mg /|
A calcium metabolism, bone and tooth development
A Concentratiortoo low: tooth decay

A Toomany: <2 mg / |: enameliscolouration <4 mg / I: skeletal system damage

u-\/ )



NITROGERNORMS

A Naturalcontaminants(originatingfrom nitrogencycle

A Lackof sewerageand fertilizer use together increased its preseare concentratiornn
groundwater

A Nitrate

A It can be converted to nitrite in thgastric

A Nitrite
A converts hemoglobin in the blood tmethaemoglobinwhich is unsuitable for transporting
oxygen ~/
A endangerdgnfants (especiallyin the first 3 monthg (methaemoglobinaemig /
A Mutagenic o) i



HEAVYETALS

A Industrial origin: Cd, Hg, Cr (VI)

A From plumbing, faucets: Cr (lll), Ni, Cu, Pb, Cd

A Cr (1), Se, Guessential

A Hg, Cd damages the kidneys

A Cr (VI) gastrointestinal cancer, eczema (in case of skin contact)

A Pb
A reducethe utilization of trace elements, vitamins
A causes kidney damage, fetal damage

A adversely affectsnenthaldevelopmentandintelligence(in childhood

A Removal: by adsorption or precipitation

RN

Parameter TV
(drinking
water)

Cadimium 5 g/l

Chromium 50 (g/l

Copper 2 mg/l

Lead 10 (g/l

Mercury 1 (g/l

Nickel 20 g/l

Selemium 10 (g/l

J

N/




INDICATORARAMETERS

A ORGANIC MATTER CONTEserve as a nutrient for microorganistsproliferation in the
drinking water network

A HARDNESG&eal: 100150 mg / ICaO
A Soft: cardiovascular diseases

A (Hard: kidney stones)

A SODIUM

A Rolein the maintananceof biological membranéransport-> maintainnervous system,
hormonal system

-/

A ) ° )

A Too much: high blood pressure



ORGANOLEP RERAMETERS

A Sensory characteristicsonsumer acceptability
A Taste, smell
A excessive chlorination,
A metabolites of microorganisms(earthy, musty taste),
A inadequate concentration of some iofisigh Fe, Mn, Na or too low hardness)
A Color
A E.g high iron content
A Turbidity
A water base pollution,

A reduction in the efficiency of cleaning technology



) METHODBORWATERCLEANING

ACoagulation and Flocculation

ACoagulation 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.

Sedimentation

Muring sedimentation, floc settles to the bottom of the water supply, due to its weight. This
settling process is called sedimentation.

Ailtration

AOnce 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.

\/ - J

-/
J.



DISINFECTION

A After 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 :

A It should be able to kill microorganisms in small quantities, very effectively.
A The effect is long -lasting (until the water reaches the consumer's tap).

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

A Do not chemically react with any substance other than microorganisms.



TYPESFDISINFECTION

A PHYSICAUETHODS
A BOILING
A uv

A CHEMICAMETHODS
A CHLORINATIGINHEMOSTCOMMONVIETHODFORNVATERISINFECTION HUNGARY)

A OZONFPOWERFUANDFASDISINFECTIQRZONRESIDUGUICKLDISAPPEARROMIHE
SYSTEM



WATERUALITWIEASUREMENTS

A Realtime monitoring andoperationcontrol of drinkingwater systems

A The incorporation of recent advances in the information and communications techn@©gy
A best strategiedor water and energy use,

A to assess in redime the efficiency of water networks,
A to avoidwaterlosses because of leakage,
A to minimize risk ofnadequatewatemuality,

A to understand consumer demands by taking into accountlilavioursand attitudesof the
consumers and to improve the plans of asset prediatnantenance.

~ A\ - v



REGULAMONITORING

A SEVERAIIMESYEAR
A WATERPROTECTIONREAS COMPLIANGEITHSTANDARREQUIREMENTS
A VISUAINSPECTIODFTECHNICAQUIPMENTS

A ACCORDINGDTHECONDITIONSAMPLINGNDLABORATORYNALYSMMBOIDENTIFY
REGULARNDSPECIACOMPONENTONSITENSPECTIOBIAFBECIDEHE-ISTOF
PARAMETERS



SAMPLING

A REPRESENTATBAMPLEE.G TAPWATERUSUALLY RUMATEREOR 5 MINUTES, USUALLY 1 LITER
SAMPLE)

A SAMPLING OF WATER FED INTO THE CONSUMER NETWORK AND C ONSNG RATER

A THE LABORATORY CAN ONLY DETERMINE THE PRESENCE AND CODEENERSEIBGTED
PARAMETERS

A FIELD TEST: ACTIVE CHLORINE CONTENT AND DISSOLVED GASES

A LABORATORY PROCESSING: UNREFRIGBRWIEWITHIN 4 HOURS, REFRIGERSABPLE
WITHIN 24 HOURS

A STERILE BOTTLE FOR BACTERIOITESITAL \_/

R N et \ /
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J MICROBIAPARAMETER

A FAECAINDICATORSSEWAGEISCHARGE
A FAECACOLIFORMS E. COL(0/100 ML)
A ENTEROCOCQDR00 ML)

A PSEUDOMONAS AERUGING380 ML) BIOFILMEHOSPITAWATERIETWORKS

A CLOSTRIDIURERFRINGENS
A 0/100 ML (NCLUDINGPORBS
A INDICATORFWATER REATMENITECHNOLOGY


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

TOTANVIABLECELICOUNTS Ny |
(COLON¥ORMIN@NITS

A APPROXNUMBER.IVINGANDPROLIFERATING
MICROORGANISMS

A MOST OFHEMAREHARMLESS
A INDICATORSFWATER REATMENHFFICIENCY




POURPLATHECHNIQUE

1ml 1ml 1m

Ve Tl T T s o

Original 9 ml broth
inoculum in each tube
Dilutions 1:10 1:100
N4

1:10,000 1:100,000

Calculation: Number of colonies on plate x reciprocal of dilution of sample = number of bacteria/ml|
(For example, if 32 colonies are on a plate of /10,000 dilution, then the count is 32 x 10,000 = 320,000/ml in sample.)

Copyright © 2004 Peargon Education, Inc., publishing as Benyamin Cummings.,
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2 MOSTPROBABUEUMBERMETHOLRMPN)

A CULTIVATIOBIFOBLIGATEEROBIC
MICROORGANISMS

A MIXTHEDIFFERENEVELSFDILUTIONVITH
LIQUICBROTHMEDIUM

A 3-5 REPLICATES

A READINGOPTICADENSITDISCOLORATION
ETC.

A STATISTICMETHOOHOSKINSABLEFORMPN
DETERMINATION

9,0 ml desztillét

dzszesen:




E. COLI ANOOLIFORMS

A E. COLI [BHETYPICAMEMBEROF HUMANFECES

A LIVINGN THECOLON

A 150 TYPE®, ONLYA FEWARERESPONSIBEEBRDISEASES

A INDICATORFFAECACONTAMINATIODFDRINKING/ATERSUPPLY

A COLIFORMSCOLALIKBMICROORGANISMSOTRELIABLEAECAINDICATORS

— @



