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Basic Air Quality Monitoring Course

{General plan of air quality analysis training]

[ Basic tralning of Alr quatity analysis
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Basic Air Quallty Moniforing Course

(Lecture for Basic Air Quality Monitoring ]

Lecture-1: Basic knowledge of
+ measurements method of air pofiution

RSy

Lecture-1: Basle knowledge of measurements method of alr peliution
1. Content of Lecture
Plan of lecture (1)

Lecture | Training lems Contenls

i |Basic knoviedge of 3) Content of lectura
method for measuring | b) Intreduclion

air pofiution t) Szampkng melhod of gaseous matfer
P d) Method for measuring suspended pariculale
matter {SPM)
a) Mathod for m descent dust
Discussion

a) Method for measuring suffur dioxide and
sutfuric acid mist

by Method for measuring nitrogen cide

¢} Mathod for measuring carbon monoxids
¢) Methoed for measuning hydrogen sulphide
g) Meathed for measuting Ozone

2 | Gaseous matter
measuring method

X Bistissha > ”‘Q_\ - N

Leciura-1: Basiec knowledge of measuremants method of alr pollution

Plan of lecture (2}

Leclure | Training lems Contenls

3 Sampling of SPM and a) Confent of explanation

Consideration in sampling [p) Basle knowledge

¢} Methed for measuring SPM welghl

d) Outfine of method of heavy metal analysls of

SPM
4 Passive Sampler Method | a) Qutiine of Passive sampler for shortterm
foc Alr Pollution Monitering (NO, NOZ2,502,03)

{Simpla sampler method) | b) Principle of air quakity Passiva sampler

c) Invastigabion meihod thai uses passive sampler

d) Bampling plan

e) Analytical Method for MO, NOZ and NOx

&) Caloration of Concenlration for NOx, NO2 ard
NO

f) Comparison of Integrated Sampling and Reat
3. GTimg. had




Lecture-1: Basic knowledge of measurements method of alr poliution

introduction
$Points to keap in mind for measuring air pollution
(@ There are many kinds of a pollutant.
(@ Thera is a siteation shawlng a spacial alr pollution farm hy terrain, the kind
of fecal Indusfry and weather conditien.

@ Clarifitaticn of an research purpose {grasp ¢f degree and trand of pofiution
by genasal pollutant, or grasp of pellution Influence frem pasticular source
=Examination of an investigation method)

4Three pollutien forms from the point of view of an air pollutlen episade

Type | Pollution foerm Feature

No.1 |Lendon

1 consists malnly of smeke &nd seot, SPM, S02 by coal.

Ne.2 |[Los Angeles | Issulng from petroleum fuel Hydrocarbon and NO2
becoma smog ferm genarating O3, peroxide, aldehyds
by photochemical reaction. it's mainly causad by
vehlete amissien, and In additien, tamain and ocean

wpﬂlr condjﬂon

tion by errﬁolls rained

ndustrial zene,

Lecture-1: Basic knowledge of measurements msthed of air pellution

#Correspondence to new environmentaf problem
@ Global warming
{Framawork Conventlon on Ciimate Change ! Kyoto Protocol)
@ Dapletion of ozone layer

{Vienna Convertlon Tor the Protection of the Ozone /Mentreal Prolesol on
Substances that Deplete the Ozona Layar)

& Acidrain
@ Forest and desenlification
%Aganda 21" adopied with UNCED (Unifad Mations conferenee on
nvironment and Development : “Earth Convantion. *)}
® Blological diversity and wild flora and fauna
{Convention on Blological Diversity(CBD))
® Transkoundary mavement of themical and foxic waste
(Basel Conventlon on tha Contrel of Transhoundary Movamants of
Hazardous Wastas and thalr Dispesal Rotterdam a?searneni, Slockhelm
agreement concerning Persistent Organic Pollutants, Rotterdam apgreemant)
D Marine pollution
(North-west PacHic Action Plan:NOWPAP)
@& Recycling problam (waste prohiem)

N

Lecfure-1: Basic knowiedge of measuremants methad of air pollution
{1) Regularelement and contaminant In atmosphere

1) Regular element of atmosphere

Materials that are included more than the statlonary compeonents are
considered as contaminats.

Kind of gases Coneantration

Volume {95} Waelght (36)
Hitragen (H2} 8. HE ]
Oxygen (02) 21.0 232
Argon (A1) 033 128
Carbonic acld gas {COY) 0.037 2057
Heon {He) 00618 b.0012
Helizm (He) 0.0008 0.000072
Hethane {CH4) 0.00022 000912
Kaypton {Kr) o000 000023
Nitrous oxids (Nm) 000085 0.00015

RehpeRgentity -
i Xnno;\ (Xe

L ecture-1: Basie knowlodge of measurements method of alr pollution

2) Air pollutant and classification

¢ Classification of air pollutant

Gaseous matter

Dusts: Collapse of material

Particulate

Fumes: Sublimation, Distillation
matter

Mists: Coagulation of steam and chemical
reaction

¥ These materlals tend to ganerats complex componeals by
photochemical reaction In the atmosphere.

Lecture-f: Basic knowledge of measurements mathod of alr pollution
Classification of air pollutant
Classification Ajr pollutant

Sulphurcempound | 502, $03, H2804, H2§, R-SH

Nitrogen compound  [HO, NOZ, HNO2, HNO3, HH3

Oxygen compound 03, PAN, CO, CO2

Halogen campaund | F, C1, HF, HCI

Organie compound HC, RCHEG, Halogen compound

Pariiculate matter Fry Ash, CaC03, €, ZnD, PhCI2, NaF,
Secondary genaration particia

Source of air pollutant

Souree Kind Atmospheric poliutant
Combustien Gasss, Dusts 502, NOx, €O, HC, G, Aclds
Car (Gases, Dusts NOx,CO,HC, ¢
Oil refinery Gases, Dusts, Mists ic‘% H25, HC, NH3, CO, R-5H,

cids

Chemical plant Gases, Dusts, Mists | 502, H25, HC, F, NH3, CO, R-SH,

Furnace, slectric | Gases, Dusts, Fumes | Acids, F, CI, SO2, HOx, CO, HCG, €,
furnace and Fumes

mgta; rall_,ing(\
G

Lecture-1; Basic knowiedge of measuremenis methed of air pelution

<Damascus Counfryside> Cement factory




Lecture-1: Basle knowladge of messurements methad of zir poiiution

<DamascuseHoms> Asphalt factory

Leclure-1: Basic knowladga of measurements methed of 2ir poliution

<Homs>
Nitrogenous Ferlilizers Company. Triple Sulfur Phosphate Company

Lecture-1: Basle knowledge of measurements method of ait poliution

<Homs> Woods in the vicinity of Quatina village

Lecture-f; Basie knowledge of mezsurements method of alr poliution

<Homs> Homs refinery

!

Hazardous gas 2nd bad odor such as YOG, H2§

,:gui! conta%atlon g‘y off leakage, N

ta o,l coke

Lacture-1: Basic knowledge of measurements methad of air pollution

<Aleppo> Cement factory

Mine dustis axhausted from factory stack 3~6 ton perday.
T 1g/Hm [geacral sfandard)
Ris0.2

{eeiure-1; Basie knowledge of measursments methed af alr pefiution

{2) Research purpose and research item

1) Clarification of research purpose
a) Time variation of alr pollutlen phenomanon (daily, waekly, seasonal and
annual vaziations}...¢onlinuoiss researsh
b) Clarification of obfect of Investigation:
Is it a larga area or a spesific source (surrounding area)?
€) Degres of paflution comparisons ef various places
g} Grasp of distance attenuation of pollvtant frem source
8) Comparison before and after measures (control) axecution
f} Chemical raaction invastigation of Secendary generation matter ete,

Selection of investigation item

a) Combustion of pafrolsum Fuel such as avfomabila exbausts
(NOx, 802, HC, 03, Ox, GO, SPM)

b} Industrial emisslion (Exhaust gas)

Estimzte matarials of source of pollution by the kind of factory, and pick
up measurement em (NOx, 502, S03, HG, H23, F compound, Ci2, HCI, SPM,
Falling dust , Heavy metal)
¢) Sscondary generation matter

,?(@how, SPHRGH, s?.lf,

2

—

goa-)_ =




Lecture-1; Basic knowledge of measuraments method of alr pollution

{3) Selection of investigation place

#Points to keap in mind for selection of research point
a} Conskdaration for land-uss ; House, eeimmeiss, ndustry, and the ural districts, sie.
+Q1asp the characteristies according fo each industiial area,
‘h}a Oi-vedaonshieraﬁon to refatien betwaen main souree of polintion and main direction of
& Win
¥ Set up point on the Jeawald of mzin direction of the wind too (B.G. pelnt).
€) Relation ketween height of source and the highsst coneentration {C,, } point
+As the standard, the €_,, point s a distance 10-20 times the height of tha scurce,
d) Deeisten of numbes of points
£ When grasplag wide area concentration distribution, seton# point In each Skmz
a5 a rough gulde,
#when grasping the infiuence from a yoad, it 1s 20m, $0mm, 100ns or 200m from
windward, the ro2d edge of windward or the road edge ol leewazd.

#Points to keep in mind to decide measuring point,
2) Polnts that can 1epresent the surteunding azea
b} Points that are not covered by buibdings or trees
¢} Attention on sampling hsight

{.ecfure-1; Basic knowledge of measuremants method of air paliution

{4) Selection of method for measuring

1) 2 classifications of method for measuring of air environment
2} Qrasp the situation of air peffutlon In the whols azea
#1t can be figure out the contamination status te some extent by the method
for HO2 simpls sampler and dust fall,
b} Selentific judgment for the patition ¢f the pellution lssue
* Grasp of the abselute deasity of the specific poliutant is indlspensabla

2) Classification from the measurement time parspeclive
2] Muliplication metelegy
¥ Deposht gauge, PbO2 methed of $OF measusement, passive sampler

b) Tima metralogy

1:502\«':!1! lmplnger Pamozarhh method, HOx:Saltsman methed
&) A

*Ch ﬁnoé‘ C it methad, FID method,

Fhiczescant brightness method
d) Density metrelogy at moment
# Detection tuba methed

(rema:ks)Thewaleh is afways an dealinan lmromnl point by an aulomstia
eantinueus mairology, but befora that, it Is necessary lo undarstand the basls of

operativeness, a

L eclyra-1; Basic knowladge of measuremants method of air pellution

Outline of measuring method of air poliuiion

polhutant Aseumulation Time snd Aslomaztic continuous
Fheasurisg instantansous mezsurement method
rethod e asuiing methed

Particulate matfer

Dustfall Depask gruge Petars plate melhod
Dus! jat
5P Lowr-vol, sampler H-vel sampler B rays absosption mathed

PigHal 8PM meler DlgHal SFM metes

Flezos/scide balanca method

Gaseous matter

502,503 FEOZ mithod P Ting mpthod | UV B mathod
Alkall G2er method | Deteotlon fubb mathod | Flams pholempiry
Passive sampler Pasalve semptel Solutlen gonductiity mathed

HO, KO2 Passive sampler Baliman methed Ghamivminescencs mathod
Passhee sampler Absorptiomelry
H2s 2Zing aeelale oylindar | Mathylene Blue method | 502 ecnvarsion IR absotptisn
rrathed Doteetion fuba mathod | Test paper photodlestris method
to Detection fubs methed | NDIRE
03,0x Rubbar crack W Abserptiomelry (02) | Ch rrethod{03]
methed Passh samplsr UY absargion mathad (02)

K Absorpilometris {Cs]

FiD vthod, | Fideowthod

Lecture-1; Basic knowiedge of measurements methed of 2ir pollution

{5) Capacity correction method of the collection atmosphere
and conversion method of measurements

1} Capacity correction mathod of the collection aimesphers
The tollowlng three idzas exist as a capacity correction method.
© 0°C, 760 mm-Hg (§043mb),..(Japan: Chimney exhaust gas)
@ 20°C, 760 ram-Hg {1013mb)... (Japan: Ambient air)

@ 257, 760 mm-Hg (iH13mb)

The general typa of tha capacity correction method Is shown below
about M and @ listed above.
[, 780 mm-Hy)

i M P
Vo= ¥ X ragt X 760

v : Collection capacity
p : The atmespheric pressure
t: Temperatura

{20 °C, 780 mm-Hg)

Lecture-1: Basic knowladge of measurements mathod of 2lr pollution

2) Conversion of concentration of gas
About unit conversion {ppm ¢ mgim3)

(6 "¢, 760 mm-Hg)
22,4 M
= 3oy =TT m? = .-
ppm = mg/m W S Mo e
[20 %G, 760 mm-Hg)
ppm= mg/m? ¥ 2‘ %5 = rmgimt = ppm x z':us

About the unit
1ppm=4710% (=g & f=my m}
1% = 10,000 ppm
1 ppm = 1,000 ppb = 1,000,000 ppt
1 g = 5,000mg = 1,000,000 45
1 gg=1,000ng = 1,000,000 pg

(M : Molacular weight)

Lecture-1 Basic knowledge of measuremants mothod of air pollution

3. Sampling method of gaseous matter in
atmosphere




Leclure-1: Basic knowlodge of measurements methed of zir pollution

3. Sampling method of gaseous matter In atmosphere
Hare, it axplalns at the measurament of the manual of the gassous substanee,

(1) Stale of pas
Steam: The one that is liguld at normazl temperature
{H20, C&HS, R-OH, (CH3)2C0, Hy)
Bas:The ons that deesn't liquefy at even 0°C
{02, N2, CH4, NH3, CO, CO2)
(2} Nots when sampling it
2) When an explosiveness and Ignited material is handled, the ane that the switeh els.
spark should not be used.
b} Conskearation of tha parson who operates it for working envisonment.
©) Paricular attention should ba given to the oxygen deptivation and the gas
Inhzlaticn when sampling bn a special place.
d) The gas intreduction tube should be sherfened 25 much 25 possible,
&) Tefion is good for the gas Introduction tube, but if &'s not possible to prepars it
conside it according to the measurement element,
fi Leakags of the sampler should ba chacked befora using i,
g} Whanusing a long gas Introduction fube, ¢ixan up by the sampling air befers
sampfing,
g gas Intipduttion tubs
g flowingiquan

Leglyre-1; Basic know{edge of measurements methed of 2ir pollution

(3} Method of sampling gas

1} Vzeuum mathod
Vacuate the vacuum bottle with the vacuum pump (< 0.2mb).

<goini>
. 4 Vacuum lovel
. < Pay attention for leak.

Lecture-1: Basic knowledge of measurements method of air pollution

2] Deflatable floxible bag fechnlque (Pressure decreasa method)
{Benefit

a) Because the vacuum [eve! is Jow, it Is possibia fo decompress I sasily
(> 13 mb).
b) The worry of tha laakage Is a little.
¢] It is advantageous on the safety sida.
ODafect

a} The femperatura and the prassure when derompressing it are
Aetessary,

b} The temperature and the atmospheric pressure when sampling it are
necessary.

¢} The capacity taitulztion is nesessary.

Lecture-1; Basic knowladge of measuremants method of alr poliutien

3) Bag sampilng method
Sampla it by pumpiag the sample air jnto vasious bags,

= Write the type and application of the bag,

« Sampling bag for gas analysis made of paly vinyl fluoride {Tedlar }(Most
gases OK, such as acid pas, alkzaline gases, and VOC)

« Nylon bag (with insids PP)

+ Saran bag (material with fow reactiveness such as gases of freon system
2nd GO}

poltyethylene bag (material with low reacfveness such as gases of freon
system and CO)

low-pressure potyethylens bag {(S02)

Draln.
bottfa
il

Alrlight contalaet

Lecture-1: Basic knowledge of measuremants methed of air pollution

+ 4} Gas absorption method

Method with the gas absorpticn bottle {Impinger)

v :ll Is[z mathod of absorbing the targat gas elament to the absorptlon
quld.

+ With the absorption liquld, for an alkaline gas, the acldic sofution Is

ganeral, and fer acld gas, alkaline selution Is general. Prapare suitable

absorption Hauid fer the fargat gas element.

. (@ NO2: Saltzman zbsorption liquid

. @ S02: Mercuric chlorida [HgCl2)zbscrption liguld

. @ C! : o-Tolldine difiydrochlerds absorption liguld

. @ HGI : Distilled water

. & Feompound : Distied water (Sampling for a lorg time)
. ® H2S : [(ZnSC4+NaCH+ (NH4)2504 } solution

. (@ Ox : Meutral potassium todida {KI) absarption liquid

M ® NH3: Boricacld soluilon

Tr? erﬁoqﬁj\wﬁs g

ngars,znd we use itpropary according to tha
i
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Deslecant
confainer
(slBcagel)

Lecture-1; Baste knowledge of measurements methad of 2ir pollution

[ stand Sampter |— Alt Auto Sampler |~

e e T T

ANprarde-d, BARGHER P RS VEE TR IV E 0 TE 0 RyaAR L EAVERL AN NSL
| pdvadaRERRAGARARATAL s e ~RRARC R TARECANERLE T, RS TRy
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Leefure-1; Basic knowladga of measurements method of #ir peliution

5} Gas adsorption method

1t fs a mathod of making the sofid adsorbent adserb a target gas
elomant.

Goneral adsorbent

Abserbent Featurs

a} | Siicagel stiongly adsarbs the compound with the polarity
radical. {ex : H2D)

b} |The activated carbon adyanlageous though adserbs the one of the organis

solvent sysiem.

©) |Motecular sheve Tha funclion of ths melkecular skeve can be used,

d} |Alomina

e) | Afkall fikey paper Adsorption of acid gas

f) | PbO2 cylinder Long4erm sampling of 502 gas in the stmesphers

g) |Thecold coheslon oold oohssion to solid {SFS, fhiorocarbon halon gas}
The refrigerative is a dry lee - acetone 2nd liguid

oXygen.

h) |{The nuo!!ﬁu separa&on examina it according te a fazgat gas,
: }‘;uom ogta :

Lecture-1: Basle knowledge of measuremants method of air polluticn

A constant sample is
Injested,

Gas: 0.5~2m}
Liquid: 14 pri Each efement
Or, the gas absorption is detecied one
[High by ons,
pressure
yas eyfindez Detector

Regulalor

Inart gas
Mz, He, ote.

Evaporation of
each element
of sample

Separation of
each ehement
of sampla

Lecture-1; Baslc knowledge of measurements method of air peflution

6} Condensation method
absorption mathod that condenss the fargst gas In the trap tube.
Principle:it lowers the temparature enough and decreases the vapor pressure.

Refrigerants are

a) ke (-0C)

b) lee—Selt{—21.3°C}

¢) Dryles— Acstone [-78 T}
d} Drylee — Mathanel| {-78 C)
&) Liguid oxygen {-183 G)

f} Liquid Nitregen (195 C)

Dewar boltle

Lecture-1: Basic knowledge of measurements method of air poliution

7) Pyrolysis Collection method
QPurpese
&) When itis not possible fo do sensitive analysis as it Is.

b} When it1s not possible to do Collectlon easily by usual
Callection method.

$Practicat example

a) Pyrolysis of decompose hatogenated hydrocarbon and colisct
CI2 and HCI with abserptlon solutien.

1) Pyrolysis of decompose gassy tatramsthyi lead and ¢otlect
lead oxide,




Lecture-1: Basic knowiedges of measurements method of air peflution

(4} Gas collection efficiency
Wa exzmine the situatien when using tha Impinger hara.

(1} Factor which defines gas collection efficiency
a) Amount of absorption Hauid
b} Abscrbed material (selubility)
¢} The Shape of impinger, the shape of nozzle, and the depth of nozzle
d) Suction flow velocity

(2} Examination of easy ¢ollection efficiency
$Assume solubility dossm’t change with time,
Collection efficlency (E} Is $hown by the following expressicn.

Gi-Cs
E=——2
av V" a
Ci: Target alement density
fratied), lhagpasseshywtthuut belng
(1

Lecture-1 Basle knawladge of measurements method of air pollution

4. Method for measuring suspended particulate matter

(1) SPM maasuring method

Typs Application Feature

Low velume air sampler Collzction of 5PM Filler papef collaction
{LV-Bampler) Grayimetrle analysls Ori3p f lorg tens mean sonoesiaten

Eath partlele sle LV-Sampler | Ditto For air polkztion study
High volume air Mazss colleetion of SPM, | Filler pzper colisction
sampter{HV-Samplar) and TSP Grasp of sharl fam mean consentration
Gravimelie anafysls
Compasitlonal analysls
Fach pastiels slze HV-Sampler | Ditfo For ake poliution study

Piezo balznce mathod

SFH zutomits sontlueus
raasura=ent

Musnzeestof mass eotcaniaton
pmpsaeldenmns figec o
qErts resonrter

Bray absorption method

6PM avtematia conlintous
measutement

Hearwementol mass congentratsn
Measuremestefineruase clamouniof § ray
abyoeptan

Light —seattering method

§FM automafia continzeus
reasurament

Grasp of Inslanlaneoas value

Maprurement of relafiye esnsartafion
[Gumrreob\h tha mrss onzantaan

Ihuv:lmute! ameant of fighl geatiering
pﬂch

g NS

ihal of ralzErd ChcenAton
ERat pazer
of shazptional

Locture-1; Basle knowladge of measurements methed of alr poEution

{2) Comparison of permissivle levels of SPH
ClassTrasagsgn afp%g}ﬁsihla Iavﬂacggﬁgﬂg 2o piricle sfpq p

TSP 245 mp/m3 (24h1)
E50mgfm? (fyezr)

PN1O 100 gg/m3 (25hr} 200 g/m3 (ihe} 168 p glen3 {2400}

{SPM) 50 pgfm3 (Lyar) 150 g g!m3 (24h1)

PM2.5 4§64 glm3{24h)

{3) Weight density measuring methed
1} LV-Sampler
Itis 2 standard mefrology of the mass concentiation evakuation In Japan,
Itis used to correct tha mass consentration of the relative concentration,

L LR E 1'"

u E‘uu
l ulwf

Measurement mefhod : Multistep sizing type

Suction flowlng quantity:20~30 Fmin

Dlzmete: of fier paper:§5 mme

# Note : When the sampling duration is shart,
the measurement erior grows.,

k 059/ 38 A
Emog%f&e_ !

’5'?1}"’

[ZEBTERE
el

Ldadie e f- ‘if’.’

PH10

Lacfure-1: Basic knowledys of measurements method of alr peliution

2) Each particls siza LV-8amplar (Andersen LV-Sampler}
Measuremant mathod : Classify with multistep and poreus Impactor method
Measuring rangs: 0.4 m ~ >10m, 8§ steps + Backup filter
Suction flowlng quantity :28.3 & min
Diameter of filter paper :80 mme

“ F81% pm

P15 am

p.I786 pen
pl4.70m RE

2ALIEm

P fA-zigm

betddam Lh|[jc jf 1! u‘\
hesoespm fotilnad) Lf}
bodspm  beli S

[ecture-1; Basle knowladge of measurements method of air pofiution

Rain Fog Clgarette
Kist S0amisl)
HHA4C furme Gas maleculs
Chareoa] dust fly ash Smeka of MgO
Cement dust Lamp soct]
Pallan Bacleria Virus
Hooo 00 ¢ s 0.1 oen 001 o001
{sm) i g B
!:; . ——
ek
¥
¥
Ik £

3} HV Sampler
@ pm10 (SPM}

SPM

@ TSP

Leclure-1: Basle knowledge of measurements method of air pallution

Heasurement method : Porous Impasctor methad
Menafrems Impastor method
Cyelens method
Maeasuring range:<t04 m

PM10 > 104 m 60% cut
> 40 g m 100% cut (Japan)
Suctlon flowing quantity :800~1600 £/ min
Fllter papor size ; 8 x 10 1nch {203 % 254 mmj} or 120 mm g

Measurament of the mass concentration of fotal suspended particulate
matter. (No classification}

4} Each particle size HV-Sampler

Measurement malhad Ciassﬁywnh multistep and perous impzetor methed

LRI

Bi
ag&_gz:ll!er




Lecture-1; Basic knowlodge of measurements method of air pollution

{Sampler's composition}
< Inlat
& Filter holder
& Alrpomp
< Flow controller
& Timer

RS s

@732 [ IV Samplar (P10

Leclure-1: Basic knowlsdge of measurements method of air poliution

(4} B ray absorption method

SPM coliection: Glass fiber filter
> 10m cut: Cyclone method or multistep method
Compositlon of sampling part

Filter sending systam

Collection part
Steady flow device
Pamp
Datector (Gelger - Muller counter or lenization chamber}
B ray source
B ray seusca Ha¥f - Tde Coverags
(mg{ecm2)
g B730Y 0.01~10
s 87d 0.02 ~18

Lecture-1 Basle knowledge of measuremants mathod of air pellutien
5, Measuring method of dust fall

{1} Outiine
1) Tha main dust fall measuring method
Hame Main use | Sampler Mathod of Coliection | Main analysis

country ¢ollection petied ftern
® Britala 1bemi rote Gfound:< §m Ore moath | Infuslkle
Deposit gargs 0.02¥-Cus0, 10m] #lemart
L} usa Cylindas bypa The feurth feor One mosth
Dusijar tnside  $132cm | Foofiop
Depth; 203 cm £0a~1800 ml KO Dissoiub ity
{c} USA Jar Suiable helght Gnt mesoth | element
APCD Insids : $108em | 3000 mI K,0
rasthed CapacHy; 1.5 4
1] USA Cy'lndar Gype Bround: L5 ~1lm | 30 22 day
APCA Inside: $35~20 | Rooflopit2zm
standard em
method Depth: 27 om
Folysthylens

] Japan Slanfard byee Groundi>bm Ong month
Standard (Bsiish standard) | Applies ke (A).
meathods of Slmplo type
analysis for Jar 0.624-Cus0, 10mi | One month
hyglenia inskde: G16-15
hee : el ¥
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Lecture-1; Basic knowlsdge of measuremants method of 2l potiution
{2) Dust fall general analysis system

Filtrate

(Meastrenent of ameuat
of sotutien and pH)

{Evaporaticn io
drmass)

{Evapatatisate
dryness)

Lecture-1; Basic knowledge of measurements method of air poliution

{3} Calculation
Dust fall ate, are caleulated by the unit of ¥km30 day,

Dustfaliete, =1.273 —— X —— % ¢ ({Vkm¥20 day)
w 30

D2 n

W : Analysis valus of Dust fall ete.
D : Diametar of dust meter {insida diameter)
1 : Days of ¢collection {n = 28~32 days)

% Subtrzct the weight of the added copper sulfate,
0.0ZH-CuS0, 10ml = 0.8478 g [Cu$a, K,0)




Lecture-1; Basic knowlsdge of measuraments methad of air pollution
{4} Recognition in dust fall measurement

1} Accumulating data

The meaning of the measurement appears by accumulating data,
2) Industrial area

It Is espaclally sHactive to the Industrial area where dustis
exhausted and the region where coal is used,
3) Comparisons

1t is convenient for mutual comparisons of the urban atmospheric
poliutions.
4) Administrative astlen

H can be a judging material for battle against afr poflution and
administrative action of tha city as a whole.
5) Measuremant rosult

The measurement resultIs not the one to use as an absolute valus
but Is an Index that judgas pollution.

s " N % )

B. Lectura for Basie Alr Quality Monftering

Lecture-2 . Gaseous matter measuring method

—y

. Method for measuring sulfur dioxide and sulfuric acld mist

Leclure-2 . Gaseous malter moasuring method

1. Method for measuring sulfur dioxide
and sulfuric acid mist

{1} Sulfur Dioxide(S0O2)
a) Measuremant msthod :Pararosaniline Method

b) Mathod of scavanging: Abserption liquid scavenging (Impinger)
c] TComposiion of measuring instrement material

At Wes

Lecture-2, Gaseous matter measuring mothod

d) Analysls flow chart

Abwrhing resgent 10~ml

Flow rata t 1~3Limin
Sarpling time : Por abost one hour

Lecture-2, Gaseous matter measuring method

g) Calculation

Get sulfur dioxide concentralion In the sample aimosphere from lhe
following expression.

_Axy x273+t
AgxV 213

C:8ulfur dioxide coreentration (ppm)
A:Absorbanca of test (sample) selution
A tAbsarbance of standard solution
V:Amount of sampte alr suck {L}
v:Absorption liguid measure {mlL)
t:Temperature in gas meter (C)

P‘;Qk- % "

Lecfure-2, Gassous matter measuring methed

(2) Sulfusic acid mist (for reference)

3% The sampling of the sulfuric acid mist usvally uses LV-sampler,

{Sampling}
a) Filter paper : For inslance, Whatman No.1
b} Flow velocity : 20 fmin ~ 30 dmin
¢} Colleclion lime: T hr~&hr
{The collection time is decided according to the poliution dansity.}

{Operation}

a) Filter paper divislen Inte 152

b) The furnace paperis added in T.B. T solution (2 ml).

c} Titration : 0.01N- Borax (Na,B,0,+10H,0}

*\When the alkalina compenent is in lhe sample 1 Sulfuric acid and back




Letture-2 . Gaseous matter measuring method

2. Method for measuring nitrogen oxide {NOx)

(1) Operation flow charl
Absorhing reazentJ
10mL

Flow rate 1 0.4Lmin
Sampling tims ! For about 10 minutea

Tearing | [(0~30 minwied) |
[ Cell ]

Absorbance
measarement

(650mm)
L] Catealation |
e

Leclure-2 . Gaseous mattar measuring method

({2} Composilien of measuring Instrument material

> (KC2) (O}

) ﬁ
U o
@ ¢ @ @ ®

OFiltsr @Sorbent tube (@Bubbler for oxidation
(@ Sorbant tube BRotameter ©FPomp

| Figure Measurementdavica |

Sorbent fube

@] *) Polasstum permanganate solufion
(KMaO4 + H2504)

Wet gas meler for

Lecture-2 . Gaseous matter measuring mathod
(3} Calculation and Censideration

I Calculation of capacity: 1013 mb (780mmHg). 25°C

& 1 Molo=2447 § NaNQ,=69.00
@ Saltzman coefficient = 0.72

{0.72 moles ara coloration equal with the NO, 1 mels.)
<. NaNO, 203 gt0f NO, T £
47

WONO, T E= x 0,72 x69,00 = 2,03 %10-6 g NaNG,
@ Making of calibration curve
@ Calculation

M
Obtairied NO, concentration (ppm) = Absorbance

M (ppm) ; Calibration coefficlent
02 ry..ﬁgl}ah‘surpﬁmﬁsuigj ?ml

¥ alabsorbance Hea T=1))

Leciure-2. Gaseous matter maasuring method

& About the Sajtzman cosfficlent
a) Various Saltzman ceofficiont
Saftzmar coefficlent = NO2- {solutlon) f NOZ2 {in alr) ratio

Coefficiant mads public In tha past
{experimental data)

Saltzman coafficient
(Efficiency Factor)
B. E. Salizman 0.72
J. 1. Shaw 0.72
Pappy 052 ~065
M. B. Jacobs 0.60 ~0.70
Slratman 0.62 ~1.00
F. P. Scaringeli 0.764

Saltzman coefficient 0.84 Is adopted in the NOx autemalic
cantinuous measurament system of Japan industry sfandard (JIS).

e

lLeclure-2 . Gassous matier measuring mathod
b} Saltzman coeffietent and srror margin factor

Faeter on Saltzman matrology

{Collection efficlency}
£ Composition of absorption Hiquid
& Strutturs of sorbent fube
& Absorption liquld measure (liquid level and bubbler's positions)
{ Suckspesd
& Micraborze of glass filtar of serbent tube

{ HO* (solution} / NO, {In air} ratie )
<r Reagent compaosition

{Error margin given to concentration}
O Collection efficlency and HO, T NO, ratie
© Accuracy of measuring Instrument
© Evaporation of absorption liquid
© Analysls time

RO B ARGy Ntro deh monaxide THOS

Lecture-2 . Gaseous matter measuring method
3. Method for measuring carbon monoxide (CQO)
{1) Measuring Method

There ara a lot of kinds of measuring methods of the carbon monexide.

Thien easy operation methods are cutined loday.
Outting of measuring method

Measuring method Measuring range Featire
Detector fube method | $~30 ppm Simplicify

25 ~~2000 ppm Prompiness
Infrared absorption 0 ~20, 50, 100, 1600 ppm | Analysis of bag colfection
methad @ ~10,29, 50, 10¢ % Automatic continuous

measurement

Gas chromatography | FID: »1.0 ppm Analysis of bag coecton
msthod TCD: 0.1 %

FID:Flame lonization detector

10



Lecfure-?, Gasaous matter measuring method

{2) Detector tube method
(D Gas detactor set

There is z detector ‘

fube method also S Tetestor fobe

forthejong-term . an o i

o LI 5
measyrament, I T

A TRIANEE 7o 1T

o Ewliil] T o
) “HIA betastor rba] -
RN R
(<]

Lecture-? . Gasoous matter moasuring method
@ Hoasuring principls

‘The measuramant comparas the langth of coloring the detecting
tube with the standard concentration table,

j];i]]ll;llllll|l >)
¢ b/c{ a/ /L'!,‘l \o

a b

a i Detection reagent [ayer ¢, o°; Sealed part

B, b' L Plug of catton d, d' ; Silleagel

K P4[80,); + CO = K,{50,),PdC0O
K,(S9,),PdCO - CO, + 50, + Pd + K,80,

(White — Dark brown)
o (B 20

Leclure-2 . Gaseous matter measuring method
@ The main detecting tubs {part)
Scals range Measuring "
Element name (ppr) Tangs (e Dis¢oloration
. 1~30 i~30 ]
Carben menexide (CO) T 1000 25 = 2000 Vifite —+ Dark brown
HRydtagen eyanide HCN} 02~7 0.2~ T Yallow — Pink
Hydiegen fhuiorids (HF) 0.2~10 0,09 ~ 72 Yallow - Brewn
Sulfur diexide [SO2) 0.2~5 0.05 ~ 10
Amuonda {5H3) 1~ 0.5~ 78
Hydro chlorids (HC) 1~20 0.2~ 76
Chlorine (C2) 0.65 ~1.9 0,025 ~ 2,0
Hilrogen GRXKIE (NO2) 05~ 05 ~125
Ozoca (03 0.06 ~ 0.6 0.025 ~ 3
Banzena (CEHE) 0.1~ 10 0.1 ~ 65 Vinfie —+ Oeep green
25 ~60 0.25 ~ 120 White = Brown
Hydrogen sulptide G28) |3 6~ 12 [Lightyeliow— Fink
Acetene (CH3COCHY} 50 ~ 4000 B0~ 12007 Yellow —+ Red
Xykens (CEHUCHAY 2~80 2~ RO Whits —+ Brown
sy 30~ 500 ~800 | Yellow~» Dark brown
Stytpng (CEHECH:CH2) 2~ 20 b | White - Yellow
oethy S~ G FrT %} ¥ellow — Purplish red
C:C| 2. Yallow - Purple

Lecfiure-2, Gaseous matter measuring mathod

{3) Infrared absorption method

@ Outiine

The aceuracy of this method Is very high.

Analysls ebject (Continuous measurement and bag analysis)
&) Amblent alr
b} Vehicts exhaust
¢) Chimney measuremant of factery

Measuremant elements otherthan CO : NOx, 80,, €Oy, CH,

In the measuring instrument for the seures : The multicemponent
simultanseus measuremant Is also pessibla.

Measusing range
NOx : 0~E0ppm=«+5000ppm
§0, :0~50ppm---10%
CO  :D~20ppm=++100%
€O, :0G~20ppm=--100%
CH, :0~200ppm-=-+100%

Lecture-2, Gassous matter measuring method

@ Measuring principle
Interference amends defector |
'y =

Synehronous
reatification
(A.L4DC)

Smocthrass

Dlrect curraat

Lecture-2. Gassous matter measuring method
@ Example of stack gas sampling system configuration

[DGas sampling machine

S

Hidng to
Hnaar

2ok EaTi

(Bendlng simuttan iy

i
<IZMIstfiter Ioter S Flow raetsr
r—m——’ W:«——L—'U
(@G5 aspirater H
O
4 = £
w
[feaolizng ||
//
FSatety drain >
L 2R (4 [s0,{e0. [Co
LRI -
Dz [E5tandard gas =

(©Gas sampling machins @Mistfilter ~ @iSafely draintrap  @Gas aspirater
,@Elﬂ.;@?ﬁ!ﬁﬂsﬂ *@Elecicomagnetiz vilys  PMembrane filter
EFlow metal nia gxygen sans'orh@g:s converter
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Lecture-2, Gaseous matter measuring method
4. Method for measuring hydrogen sulphide (H23)

(1} Measuring Method
There ara the main three kinds of measuremant of the hydropan sulfide,
Other methods bave ths iodimetry methad, the controlled potential

elactrolysis methed, mﬁ#fﬁ%?%mmﬂ'ﬂm@i gas

chromatography, sle.

Maasuring method Measuring range | Featura
Datetlor tube method  |0.25 ~ 120 ppm | Simplicity
i~40% Prompiness

Stlver nitrate velumateic | 10 ~500 ppm The sensitivity Is bad,
determination methed

Methylene Blue method | & -~~1000 ppm [ a fot of sample gases ars
sucked, the sensitivity Is
ralsed.

=%

Leciyra-2, Gasoous maiter measuring method
{2} Detactor tuba mathod
#,5 concentratien and kind of defecting tuba

J—
T s
1Ak —————

i
3 f i wma:*aﬁ'tx
"Ei‘——""'_"'_'_._.. rEAIET

i3 xj'uzjuui
Wop Forga

1
[
1

{3) Mathylans Blus mathod
@® Sampling

a) Absorption liquid
[ZnS0,+NaOH+ (NHA@OJsulution

b) Absorplion reactlon—>

Lecture-2 . Gaseous matler measuring method

WS W

Duct

Leclura-2 . Gaseous matter measuring mathod

@ Colored operation

(CHJN—@ Hs o, (CHs}zN N(CH),
" OO

P - Amtno dmiethyl anEne

(Co}nllessnass}

FeGI3 (CH, 1N N*(cH,)l

(Methylene Blue)

Leciure-2 . Gassous mattar measuring methed

5. Method for measuring Ozone (03)
(1) Measuring Method

Coulemetric
e Jos
-4 Potassium lodide (K1) method
— Absorptiomatry 1(Ox)

|_{phenoiphthalein methed | (0x)
Chemical method

L Rubber crack method | 109

-——{ Olefin reaction method | (oA}

Ox 103, PAN, elc.

—[Chemﬂum?nescencemelhod | [(¢A]

[Paysieal mathod |——{ UV absarption method | ©2

\{inirared abserption method | (0;)

‘gnalysis.

Lecture-2 . Gassous matter measuring mathod
(2} Neutral potassium jodide method
@ Reaction
2KI+H,0+ 0O, > 2KOH + 1, + O,

@ Interfering substance
a} Negative obstruction
*302 (Influence rate : 30 %)
* Unsaturated hydrocarbon
*H2S8
*DUST
b} Positive obstruction
*NO2 (Influence rate : 10 %)}
*PAN (influence rate : 10 %)
Cl .

12



Leclure-2 . Gaseous matler measuring method

(3) Collection of sample air

& [tis basleally similar to the method of the collection with the
impinger of 802 and NO2.

4 The sample ramoves the obstruction of SO2 first through the
oxidlzer.

Chromium trioxide
impregration filter

1

Lecture-2, Gaseous matter measuring mathod

I Absorption Hquid
KH,PO,:1361g

Na,HPO, : 14.20 g (or Na,HPO,+12H,0 : 35.82 g)
1 Ki:10.0g

+
H,0
1]

@ lodine standard solution

Kl 16.0 g + lodine 3.173 g + H,0 =

13
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Lecture-3, Sampling of SPM and Consideration in sampling

1. Content of explanation
{1} Basic knowladge

1) Definition and classification of Aerosol and SPM
2) Existence situation of SPM In the atmosphere

(2) Method for measuring SPM weight

{3) Outline of method of heavy metal analysis of
SPM

NG T

Leciure-3,” Sampling of SPM and Consldaration in sampling

2. Basic knowledge
{1) Definition and classification of Aerosol and SPM

Name | State | Formation mechanism

Dust Sofd Crushing of solid, Lifling by car and wind
Fume Sofid Re-condensation of sofd made steam
Mist Liquid Crushing of kiquid, Condensation of steam
Fog Liguid Condensation of steam

Smoke | Sofid + Liguid | Combustion ¢f orpanic compound
Ash Sold Nonflammable parlicle generated from
combustion process

LecluTe-s . Samplirg of SPM and Cons|deration In sampling

[{Z) Existence sitvaffon of SFW In the atmosphere
1) Size and classification of atmospherlc aeroso!
The range of the aerosol particle size Is called about 10-2~100pm .

din(i:_!‘o sizg of atmospliaric asrosol

" {zpmh
1084 1073 102 et pUES 103 pickty
" ; T s - T -

« ATRE

- aitken particls- pmjg, gisnt partick-
M -

- fing partisles 3 £arse pariclae
E

- (Rr=t.Bpm=

Leciure-3 . Sampling of SPM and Gonslderation in sampiing

Usually, ifhe paricle size disiribullon of an atmospheric zeroscl has the
reguiarity.

Fine particla

Coarse parficle

R

concenzatisn +|
€ pnige

.
& s Spa




Lecture-3 . Sampling of SPM and Consideraticn In sampling

2} Concentration of SPM in the atmosphere

The SPA concentration has he expressions of the particla count concentration, the
mass oncentraton, and ihe relative conceniration, ele.

Object Congentration expréssien Interchangeabiity of
methad contentration axpression
Salute cono, There is a slagle meaning
B solution
Vorame " satio | Welght ratio CW/W ppm) :eal:;ion. and conversicn Is
(V¥ ppm) !
Gas cons. Mola cone, {(m moll)
in Alr
Concentration | Particls count cono, The asresol has differences
of asrasol (SPM No/jem®)  [among the skze, the specific
vit d the sh tc. of th
Mass cone. (mg:'ma) g:—ﬁe?;,an & shaps etc. of the
Relative cons, (mgfms) Tha sonversion of the density
=
o

Leclura-3, Sampling of SPM and Consldaration In sampling

Relalion between paricle count cone. and mass cone. accerding to

particle size
Particla siza (D) Waight cons. of Particle count in
ope particle particle leg
(um) {magim®)

[X1 0.52X10°" 13%10°

05 0.65%10°" 15%10%

1 052%10™" 19%10°

5 05%107" 15%1¢°

10 052 1.9%10"

Tecture-3, Sampling of 8PM and Consideration In sampling

3) Chemica! composition of pariicle

3 wr n ne wt 1! 1t
T T T T T
. T=
B,
Sk
xor
eV
a
BRS
Mn
a¥
&Y5
BB Oy
CoduCd
1 ) 1

0. 1w 1t 1wt
dratpn n ambient alr _
EmiciYeompasi wiban

el o cal compos

Maog 3
tonoepiration

g

Tecture-3. Sampling of 5P°M and Censideration In sampling

0.5 1
Diameter (Dp pm)

0 pariicle size distribation and chemical
s 7

Lecture-3, Sampling of SPI: and Gonsideration In sampiing

Generation mechanism of particle and fealure of chemical composition

Generation
mechanism Natural source Artificial source
Ocean (Na, O, Mg, 505, K Fixed source
Soil 1, Al, Fe, Ca, T (Heavy metal, Org-C, E-C
Temporaty | Fosest fire (Factory and kineration plant)
particle (Org-C, E-C, NOx, ete,)  |Mobile sources
(rypical  Ivoleanic activity (H:S, 50z} (v, Org-C, E-C)
element) |plant pollen {Car, ship, and atiplane)
Others Others
Sulphur campound Sulphur compound (502
(H2S, CHaS:CH3, ete.) 1t oxlginates In the fossi fuet.)
Secondary | [t orlginates In the pcean and| Nitrogen compound (NOx, ete.}
particle the blological activity.] (1t oilginates In combustion,]
{cause Hitrogen compound Hydrocarbon compound
element} (MOx, NHy, R:0, etc) {Hydrocarban)
{1t otlginates In the blctoglcal (1t criginates In the Industrial
activity and eombustion, )

Lecture-7, Sampling of S and Consideration In sampling

Feature of Primary particle and secondary particle

Primary particle Sacondary particle
Generation  |The particle Is discharged| This particla Is changing of the
mechanism | dlrectly from the source | material discharged as a gas
as a particle. into the particle by the
phetechemical reaction and the
Particla Coarse particle Eingparticle
dlameter | (Crushing s a subfect, {Tha aitken particla when
and there is a limitin generating it coagulates and
making minutely. } grows up to 0.£< r<1.04 m with
other particles.)
Typical Solt particle and sea salt | Sulfate and nitrate aerosol
particle particle




Leclure-3. Sampling of SPM and Consideratien In sampling
HARST (EDp<A0pm)DRERLBER
2 £ 0 RER (10°T/Year)
Primary parficles
(A} Soil and rock 100~ 500
{B) Sea salt 300
BERE (cg Farest fire 3~ 150
{D} Volcanic activity 25 ~ 150
Secondary partices
E} Sulfate from H2S 130~ 200
F) Ammoniom salt from NH3 80 ~ 270
G} Nitrate from NOx 60 ~ 430
H) Hydrocarbon from plant 75 ~ 200
1 773 ~ 2200
(I} Primary particles 10~ 90
Secondary particles
AR 1} Suifate from 502 130~ 200
K} Nitrate from HOx 36~ 35
L) Hydrocarban Compound 15~ 90
R~ Bh & 47185 ~ 415
~. 958~ 2615

Leclure-3. Sampling of SPM and Consldoration Tn sampling

{105Tj¥ear)
800"

500
400G
300
200
100

Amount of generation

Source

ca y?.iymg.of troposa;lgr

i,

Leciure-3. Sampling of SPH and Consideration In sampiing

(05T ean)

Amount of generation
[+
=
(=]

K L M
Source
Source and Incidence volume of troposphere particie (2}
: B! U A T

Lacfyre-3". Sampling of SPM and Conslderatien in sampling

3. Method for measuring SPM weight
(1} Measurement of weight

24 hours or more

16~30°C£3C :

RHgo% L5 | Weighing of filter paper ]
24 hm;r% ar Z;I:DIB

16~30CET Weighing of fifter paper
RHB0% 6% l i 2 J

Tectire-¥,” Sampling of SPM and Censideration In sampting
{2) Humidity influsnce of weight of dusf)
¥ When i Becomas §5% or moje,
{%) " {%) the Infivencs of humidily grows.
e & 50 -
0% &0 110
s 103 10
30 g 08 a0
c "
- o
20 5 50 ] 30 3
Ll 0% 708
o £ Wy £
0 20 & $0 63 S8 ] “g
Relative humidity (4) 20¢ 602
(Sample 6F subutbs area) i £ 40 'é
2 WwE
0 N 40 60 0 100 E
Relativs humidity {'4) W=
{Sample of bulkup ares) 10

Leclure-3, Sampling of SPM and Consideration In sampling

4. Outline of method of heavy metal analysis of SPM

{1} Purpose of sampling

< Particle concentration measusemant

£ Heavy metal anzlysis

< lon analysis (502, NO,, Ci, F- ,NH %, pH)

¢ Organic compound analysis (P{a}H, R-CHO, Aromatic
hydrocarbon, ote,)

{ Analysis of organic carbon and sloment carbon

{2} Chalce of filter
< Machanical stablfity
¢ Chemical stability {Gas adsorption, Hygroscopicity)
¢ Pariicle sampling efficlency
<& Flow rosistanca

Gaalpsubstanpa. | g,
gﬁ? 3 'a]lamey\ S8




Lecture-7. Sampling of SPA and Considerafion in sampling Selure-3 . Sampling of 3P and Consideration In sampling
(3) Type of filter {Meta! content in Glass fiber filter paper)} "
& Cellulose fiber fitter {ugiidin? = pgt35560m
& Glass fiber filter Waker Toyo Rosl | fac Bulety | Gebsan | Whitman | Whatman | Kimota
<$ Quartz fiber filter Appllances | irsinirsent Erodrts
Zrand GB-S60R | MB.A Galman f | Whatman | Whatmaa PF2
0 Toflon fbor filtar e 118688 GHA GFA
[&9. Deaj | [70. Des.]
Materizl Glass Glass Glass Glass Qalass Polystyrens
(4} Anajytical approach of Heavy matal fiber fiber fibes fibes fiber
- Fe 5.2 35 64 FE) 120 66
Anzlytical methad Matal N 3 7 1 14 52 P
Atomic absorption Ee, Kn, Zn, Pb, NI, V, Cr, As, Ag, Al, Ti, 8, Ge, Be, Mn 24 16 1.5 % 10 15
;Peimlo P Fo‘: I ’;n' C4, PE, Cu, NI, V, Cr, Hg, Se, BI, §n, A b 22 2 t : ot 18
mission %, Mn, Zn, Cd, Pb, Cu, NI ¥, ©r, 1Y, 5¢, B, on, As, sb . 20 45 £ 4T 15
spactrophotometer | Ag, Na, K, Al b 46 50 0 10 18 &
Hame @ otameter | ¥, Ga, Mg, Sr,Zn n s 15 4526 | 28000 | 378 18
sp“:mphozometer Fe, Mn, Zn, Cd, P, Gu, NJ, V, Cr, Hyg, Se, Sn, As, A o o o b Iy o ol
spectrophotometer | Fe, Mn, Zn, Cd, Pb, Cu, NI, V, Cr, Hy, S, 8n, As, Ag, cu 5 580 11 28 <8 £3
Al, S, 1i, Sb, TE'P?:'CZ":::"V W'M‘[‘{' Bas ST €a 280 580 550 320 | g0 420
W r, Hy, Se, Sn, 8b, As,
X L - 1] CRNE ) 1320 860, 300
E\"éa . N2 X %‘é QZW?\ & % 20! 195
E 158

Tecture-3. Sampling of SPM and Considarafion In sampling

{Metai content In membrane filler paper}
(ug/ $47 mm)

BEaker Toyo Resi Satrivs Millipare
Brand TM-5 |TM | TM-2 | MF-14 | MF-40 [ MF-50 | ME-NG [ MFPH | MF-HA
nama

Pore size | 0.1 4.3 645 |01 03 0,45 |0, a3 0.45
(2m)

st 08 | 08 15 06 0.3 04 1.3 2.0 1.7

Al <96 { <05 <06 | <05 | <05 <05 | <085 | <05| <05
Fa 24 | 0.8 0,9 0.6 0.6 LR 0.6 0.5 08

Mn 0.2 6,2 0.3 <04 | <04 | <04 0.2 o1 <0.1
Pb 0.5 0.5 06 | <06 | <08 | <08| <057 <06} <05
Zn 970 (123 | 0,30 | 0.75 | 0.50 | 0.95 | 0.57 | 0.55 | 0.23
Cu 15 1.7 3T 0.1 0.2 0.2 0.4 | =01 | 0.04

B. Lecture for Basic Air Quallty Monitoring

Lecture 4. Passive Sampler Method
for
Air Pollution Monitoring

Leciurn 4, Passive Sampler Mothod for Air Pollution Monttoring

Content of explanation

1. Outline of Passive sampler for short-term
{NO, NO2,502,03)
2. Principle of air quality passive sampler
3. Investigation method that uses Passive sampler
4. Sampling Plan
5. Analytical Method for NO, NO2 and NOx
6. Calculation of Concentration for NOx, NO2 and NC

7. Comparison of [ntegrated Sampling and Real-Time
Monitors

WAL

Lecture 4. Passive Sampler Mathod for Air Poliution Monitoring

1. Qutline of Passive sampler for short-term
(NGO, NO2,502,03)
i Scavenging ND, NOZ, 502, 03, and NH3 In the

atmosphere
(D Leave it during fixed time and Seavenge element

inthe atmeosphere.
@ When the exposurs lima ¢nds, ¢oflast tha sampler.|
& Extract the scavenging slement in the fifter paper

by water, and a2nalyze it.
+* Foaturs ¥ ywatn "

& Moasure NO and NOZ at the sama time

& Itis reusanlo as many timas as naaded

& Itis the best for the alr pellution concentration profils measurement.
{The personal oxposure measuzementis also possible)

# Measuring range : 0~ 3000 ppb!day

& Sensitivity : 2ppblday

€__Measuring jme r 8-24 hegrs vsually (One week or Tess st the most)
S5draizh mﬁa}d hit 5

= *
hafométer, -Ion?hronggztograph




Lecture 4, Passive Sampler Mathod for Air Pollution Monitoring
Shelter for rain protestion

Diameter: 60mm

Height: 70mm

Colltection filter paper

3 There is Passive sampler also for a long term.

Collection filter paper of NO2, NOx, 802, NH3, and

O3 in atmosphere.

«Slze 14.5mmo

=Refrigeration praservation

Varlous seavenging linulds are impragnatad

+20 pleces contained
3 8

Lecture 4. Passive Samplor Method for Air Pollution Monltoring

Ambient Air Passiva Sampler forNO-NO2, NOx, $02, 03, NH3

1. Diffuser End Cap

2. Sfainless Stesl Screen

3. Pro-Coated Collsction Pad
4. Retainer Ring

§. inner Base Pad

8, Sampler Body

Lecture 4. Passive Sampler Method for Air Poliution Monitoring

Lowesi detectable range

NO2 24 hr 2.3 ppb 168 hr 0.32 ppb
NOx 24 hr 2,3 ppb 168 hr 0.32 pph
SO2 24 hr 3.8 pph 168 hr 0.54 ppb
03 24 hr 2.7 ppb 168 hr 0.39 ppb

Upper detectable range

24 hr <25 ppm
24 hr <25 ppm
24 hr <25 ppm
-34-he <08 ppm

168 hr <3.6 ppm
168 hr <3.6 ppm
168 hr <3,6 ppm
A88,hr <0.11 ppm

Lecture 4, Passlve Sampler Mathod for Alr Pollution Monitoring

Table 1 Shelf ife assecclated with Passive Sampler Components

Refrigerated Frozen Sterage
Storage Method Mathod
Sealed In glass vial pouch S0 days 1ysar
Resezled in vizl, after opaning S0 days
1oaded sampler in bag placed In S0 days
orange vial with [id
Exposed loaded sampler, in bag 14 days
placed ia erange vial with 14
Extracled soluilon in waler, in seated a0 days
vial

% Recommended sampling beight : 2.5 Meters

Q‘Q

Lecture 4. Passive Sampler Method for Alr Pellution Monitering

2. Principte of air quality passive sampler

{1) Molecular diffusion law {Fick's first diffusion law}
Amount of cartied peliutant

C Collecibsn Biter C
ogcfa *
SodT o000
[eR1% L8] Q
ogog [} ® o0 OC"\ Concentration
0x0
gegtogo, %o ©
o o
Ooogo o o o
8godoo0 o ¢
0509, N -
OC*OQ Difusion leagth L, Dlrf“‘(‘;ﬂ)lmgh L
(L)

{Ficks first diffusion law}
I==D(AC/AX)
&

iy

B : Molecular diffusion epefficient (em? / see)

Leciure 4. Passlve Samplor Method for Air Peilution Monitoring

J=D(C/ L) J+ Amsuat of carried pollutant {ng f cm2 / 5e¢)
I : Moleculsr diffusion eoefficieat (em? / sec)
C 1 Concentration (ag ftm3)

L : Length (cm)

JXA=D X A(CILY=WIt  A:drea(od

W/t Collection velwity (ng / min}

# The concentration Is proportional at the speead of the collection.
C=ax (WIt)

o : Retio constant

X 3n




3. Investigation method that

distribution

height of the greund

Lecture 4. Passive Sampler Methed for Air Poltution Monitering

4 Grasp of large area air pollution concentration

¢ Diffusion investigation of contaminant from road
(Density attenuation, NO—NO2 conversion}
¢ Concentration distribution investigation according to

% investigation of the impact from fixed source
4 Measurement of individual exposure-dose

1L I5 possibls to usa it from the viewpelnt of the environmental education,

uses Passive sampler

Lecture 4, Passive Samplor Mothod for Alr Pollu
4. Sampling Plan

tion Monitoring

Etis Impartant to plan the sampling pregram aceording o the

Investigation purpose,

{1} Arrangemont of sampling point
{@ Grasp of rogiconal pollution

@ Grasp of inAlusnce from source{fastory and road}

@ Research purposa
{2) Sampling time

(D season, month

@ day of the wask
{3) Sampling pericd

@ 8 haurs, 24 hours and one waek
{4} Sampling frequancy
{6} Other considerations

O Tatent of invesiigation

@ Budge! of Investigation

i I

‘% Hlighin esﬂlg_aggn

Lecture 4. Passive Sampler Method for Alr Pollutlon Monitorlng

Al

el

Lecture 4. Passive Sampler Msthod for Afr Pellution Fonitoring
—50 ppb 40ppb 30p b

.n;l_}

20 ppl —= 10 ppb

d N

}'ﬁ,f WA

)

{Mothod - A}

Laclure 4, Passive Sampler Mathod for Air Poliution Moenitoring

5. Analytical Method for NO,
{1} Preparation Procedure of Coloring Reagent

NO2 and NOx

[ Volumetrie flask 1000ml |

| Velumetric flask (00ml ]

l—— Pure water 700 m)

[*— Phosphoric acid 200 ml
(HIFOH)

Mixing

Sulfanitamide 50 g

v n H2NCEHASOINHY,
: ’

Pure water

{Stock in refrigerstor)

A: Sul¥anilamide solotion

[A:B=10:1}

.??vtg

B: NEDA solution

* Fresh prepared
[ LY Rl

te—— Pure water 70 ml

i NEDA 0553
N[ Naphthyl) etbylenedianne
iy Srochlaride

Dissolution

Make uj Pure water

{Stock in refrigerator)

Make up 1000m]

{Method - B)

Volumetric flask 1008ml

Lecture 4. Passive Sampler Hlethod for Air Poliution Manitoring

Volumefric flask 10Cm]

Puze water 700 ml
Sulfanific acid 15 g
QEINCEHASQIH)

3 Dissolution recommends
heating in the beaker.

Disselotion

te—— Pare water W m}

l+—— NEDA 0.62 g
NA)-Naphthy ebylens fisrdee
dibydrechlertde

Acetic actd 250 m1
L (CHICO0H;

Make vp 1000m]
(Steck in refrigerator)

Pure waler

1] €

vy

Coloring Reapent

Dissolution

Make op 100ml

B: NEDA soluticn

* Fresh prepared
.

Pure water

{Stock in refrigerator}




Lecture 4, Passive Sampler Mathod for Alr Pollution Monitoring
{2} Making of standard solution
1} Making of the first stock solution

Biker 100 ml

Ssdivm nifrite 10g {about)
(NaNOQ1Z}

(105~110°, 4 br)

Leaving and
cooling

(1.5002)

Valumetric flask 1000m1

Puore waler

first stock solation

Lecture 4. Passive Samplor Method for Alr Pollution Monitering
2) Making of the second stock solution and standard

solution

(10 ml)

Volumetrie flask 1000ml

Make op 1000ml

Second stock solutfon

(2 7m), 4 ml, 6 m1, 8 m], 10 ml)

Volumetric Rask 100ml

Pure water

Pure water

Lecture 4. Passlve Sampler Method for Alr Pellution Menitoring

(3} Making calibration curve and analysis of NO, and NOx
ﬂTnk'mg ut of collection filter paper t

ﬂ Making calibration cun‘el

WOy [{i{e ]
th paper end wire Bet) NOystaedard solutions
[Testtube | [ Test tube

{Each $ml)

Purewater

)

3 The blank tLeaving and cooling 3 min )
wample {1 . :
stanifarty analyzed. (tis soft.)

(2~6°C, 30 min}
Coloring Reagent 2ml

(2~6%C, 30 min}

npth 545 nm)

Lacture 4. Passive Samplor Method for Air Pollution Monltoring

6. Calculation of Concentration for
NOx, NO2 and NO

+ In order to do the calculation you need to do the
following steps:

{1) Outline of saleulation of NO, NO2, and NOx concentration
{2) Preparing ths Standard Curve
{3} Calculatlon of Goneentration Data

(1) Culline of calculation of NO, NO2, and NOx
concentration

Absorbante of Absorbance of Absorbanre of Iﬁ@
measurement sample blank sample standard solutioa

Calcalstion of inclinelion
f calibration curve

[ Caknlafien vf ampunt of collection of KO 2nd NOx |

Amount of collection of NOZ snd NOx

- _(Measurement sample) — (blank sample} %{A
{Inclination of calibration curve) B

mount of extraction
mi)

| Calewlation of amount of NO ‘ Amount af rollection of NO =NOx —NKO2
T

| Calcvl#tion of NO, NOZ, and NOx concmtrxliﬂ————w

NOZ concentration = 56 % {Amount of eoliection of NOZ ) f (Exposure time}
NO concentration = 60 X {Amount of collection of NO ) / (Expasure time)
NOZ contentration = {NO2 concenlration )+ (NO coacentration )

NO2, NO, NOx concentration © ppb
Amoant of collection of NO2, NO and NOx : ng

Measurement result |5

version coefficieat

Lecture 4. Passive Samplor Method for Alr Poflution Monitering

(2) Preparing the Standard Curve
Preparing (he Standard Curve for NO, NOZ and NOx

Concentration of
Standard Abscrbance Slope
NOz Solution {pg/mi)
R B B EXTY-¥o)
x H X Y y-yoo i x{y-w} 1l
M1 mxi el AP XA (3} 7 (8)
] @ | |
[ % 71} fe3] HE S
02 i 004 {4} Hd) - (2)
04 i DS 5] i (5}=(2)
06 i 038 (s Heh-(2)
08 i oE’ (7] n-y
EHat H T PHYETY] 197 1 (8)
{5 121,




Lecture 4. Passlvs Sampler Mathod for Alr Poliution Menitoring

(Erarts) Slope of the Standard Curve (G) = 03415
¥ = 08418z

D25 T Slope can be obtrined by using the
0.100 spreadsheed program of Excel el
2800

é 2868 X ¥ y=y0

£ 0480 [ 0012 0400

3

204 ar 0104 0052
(¥4 ] 02 0.185 0153
o.ne 04 033 0327
o8s2 08 0502 0450

0610203040508 070868
Corczntraton (5 /i) oe L1 o892

Standard Carve for N0, NGL and NOs

Lecture 4. Passive Sampler Method for Alr Pollulfon Monitering

(3) Calculation of Concentration Data

Table (1) Calewlation of Concentration Data For NOx, NO2 and HO

Compound Biank Absorbanse Slops | Temp. | R.H.| Cone. Conversion
e) | G4 Coelickent
Bt1 |Bt2 [BL3 |Averag ok aNo
]
MOx {1= G= {20°C) | -70% | cvor = (B6)) avo = {60}

[JieF) 2= aNor e anNo =

Slope : Slape of the Standard Curve R. M. Reletive Humidity  Cone z Concentraton
aNOZ =48 snd aNO = 64 when Temperature = 20°C and Relsfive HumMity = W%,

Piease follow the Lable of the manoa! abonl other combinations of the temperatare and
the relative homidity.

Leciuyra 4. Passive Szmpler Method for Aly Poutien Monitoring
Table (2] Caleulation of Concentration Data For NOx , NO2 and NO

Spesification Samplas
Sample Humbser k] 2 3 4
Sample Lezatlon
Sampfing Tims {min) {(3) =143}
Sample Abserbance {4 =
NOx | Absorbanca {5} [= (4 ~{1}
Solution Concantration &) |=(514G
(pg/mh
Collected Welght (ng) () §= (6] X6 x 1600
Gongentration {ppb) [ @ [=un+ s
Sanple Absorbance {9} |=109)
NO; [Abserbanee {10} | = (3} - (2}
Sokution Concentration (1) |=ti0) /G
[pgml)
Cotectsd Vielght ing) 12) [= (1) % 6% 1685
Goneentration (ppb) | ) [= ooz x (12} 13}
[Eaigesd Wersbt (ngt £~ (f0 {2 D (12) . ==
Coneenlralion {pph} | iIS) = axa X {14) 1 {3)

Leciure 4. Passive Sampler Mathod for Air Pollution Monitoring
[Calculation example]

{Selting of calculation condition}
#Sampling time: Feb. 25 10:18 ~ Feb, 27 10:10 = 1450 min

& Absorbance : Sample Paper blank
HNOx 0.343 0,149 (Avarage)
ND2 0.094 0.003 {Average)

# Slope of the Standard Curve (G) =0.8415
# Cono, Conversion Cosfficlent 1 @y, = (58), &y, = {B0)
(Ameunt of collection )
a) Amount of collection Noxéln the NOZ convarsion)
= ((0.343 -0, 145)!0 8414} xB ml = 1,844 pg HOZ (= 1344 ngNOZ2)
b) Amuuntnf cu!fec on NO:
0,0 009)!03415) x8 mt = 0808 pg NOZ (= 808 ngNO2)
-] Amnunt ofcollactlon NOSn the NO2 conversion)
= 1844 — 808 = 1036 ngNO
{How to obtain parts-per-bilfion (ppb) conteniration}
2) NO PP} = (o Wyg ) 1T
=60 % 1036 { 1432 = 43 [pph)
b} NO2 (PPh] (sz Wi } 11
432 = 32(ppb)

Lecture 4. Passive Sampler Mothod for Air Politition Monitoring

aNO and «NO2 as a function of temperature and relative humidity

Temp RH. w2 awe Temp RH. axo: ox0 Temp RH owo: avo
ber 8 ) cel o)
M6 &0 B8 61 7 60 & 62 PO T I TR T
3 &0 [ 5] &1 8 & 11 682 5 ] 53 81
5 B 8 81 $ &0 & st PUIE I~ I 1
7 w80 8 10 s0 &3 % 7 & 62 &0
£ 18 79 &1 11 (-1 63 (11 28 8 62 €0
5 s 78 8 12 &0 &2 &0 PLI I R
4 g 17 &l 12 &0 52 € 3 8 B2 68
4 # 75 &0 14 80 85 &0 # s 82 82
2 s 78 %0 5 70 B 63 32w 51 88
4 50 7% w0 6 Yo 8 82 FER T
o 0 74 &0 T 70 B 2 ET O T
1 %0 68 & 8 70 8 61 LT I I 1 {
2 60 68 63 18 70 & 6 B B0 &0 56
3 su [T ] £ I
4 ss 51 275 10 8% & B B0 &0 55
22 70, 8 so il g9 80 48 8
Q;No B0 M s 49 kS

Lecture 4, Passive Sampler Mathod for Alr Peflution Monitoring

7. Comparison of Integrated Sampiing and Real-Time Monitors

H0} (®02)
0 R B -
= IAR ?!it- thuy g [ER S - WERIL)
E 05t £ [Ny B33 .
te P S 4 A
k) in -
gt s
0 5
L A
[ i e P B 4 /
H i
¢ &
1 ¢
i # T3 ¥ 1, n ®
Conlingeus Real-Tims Monktor (PPE) Contintoys RaahTime Boafor [PFE)
Referance:

Institute of Env[ronmenta] Science,
1t R 428, Mirgh-199

g Ry
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1. Damascus
(1) Total Suspended Particulate Matter (TSP)

Air Pollution Monitoring Resulis s as)
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FigmeI-1 Comparima of TSP concantration in different ocationa
the cavironmental quality standard
{2) Suspended Particuiate Matter (PM10) (3} Suifur dioxide (502)
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Pigure 1*4 Compariscn of NO, concentration in differeat locations
and tha environmental quality standard
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Figura 2-1 Comparison of PM10 concentration in different locations
and the environmentsl quality standard




(2) Sulfur dioxide(502)
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Figura 22  Comparison of 50, concentration in different ocstions
and the environmental quality standard
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Tha PHILO conceniration in Ba circumlerenca atea of the cement faclory s shown in Fgure 3-8,
Dala are for 24 hours (Hi-Vol samplers) and for a maan for 7 days (Low-Vel sarples).
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Figure 3-4  PMI0 contentration in the area around the cemont factory

(2) Wide area NO2 concentration distribution
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