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Dust Variable Particulares Primary Solid particles
Lead Pb Particulates Primary Solid particles
Sulfuric acid H;50, Particulates Secondary Liquid droplets
Nitrogen dioxide NO, Nitrogen oxide Secondary Reddish brown
(mainly} gas
Sulfur dioxide $Os Sulfur oxide Primary Colorless gas with
strong odor
Carbon monoxide Carbon oxide Primary Colotless,
odorless gas
Methane H Hydrocarhon Primary Colorless,
H-C‘-H or CH. odorless ges
H
Benzene H Hydrocarbon Primary Liquid with
C sweet smell
H—$’ \ﬁI—H
H—C\\C L=Ho r CgH
I
H
Ozone O\—_/O or O Photochemical Secondary Pee blue ges
0 oxidant with sweer smell
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Primary air pollutants Secondary air pollutants

NO; SO,
(s:c? ggz HNO, H,50,
2 . H,0;, O; PAN
Most hydrocarbons » B ’ ’
Most particulates MIOSt NO;~and 50,
salts

Natural
sources

* Human sources
R

31/#1 52 Primary 19z Secondary air pollutants

Carbon monoxide Sulfur oxides Hydrocarbons
60%
68.4%
29.6% /D
2% 1.3% 2.4%
Nitrogen oxides Particulates

43.2%
Sources of air pollutants
D Transportation
D Fuel combustion 7.7%
{except in vehicles) 49.1%

Industrial processes other
. than burning fuel .
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SO, (Total §) Fiame Phoyometric (FPD) H,S, CO

SO, Gas Chromatography (FPD) H;S, CO

SO, Spectrophotometric H,S, HCI, NH;, NO, O,
(pararoaniline, wet chemical)

SO, Electrochemical H,S, HCI, NH;, NO, NO,, O3, C;H,

SO, Conductivity HCI, NH;, NO,

SO, (Gas-phase spectrophotometric NG, NO,, O,

0; Chemiluminescent ‘ H,S

0; Electrochemical NH;, NO,, SO,

O Spectrophotometric NH;, NO,,NO, SO,
(K1 Reaction, wet chemical)

(o]} Gas-phase spectrophotometric NGO, NO, SO,

co Infrared Co, (ﬁszﬁvﬂﬂum’l’uﬁuqa)

CO Gas Chromatography -

CcO Electrochemical NO, C;H,

CO Catalytic Combustion-thermal NH;

detection
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NO, Conductivity HCL, NH;, NO, NO,, SO,
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5.3 Polycyclic Aromatic Hydrocarbons ( PAHs )

53.1 UWasNNI (sources)

8/
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AN 5.3 Polynuclear Aromatic Hydrocarbons ( PAHSs)

Campound * Abbreviation Molecular Structure Relative
weight taxicity
@
Berzo(a)pyrene B(a)P 252 OO& ++
&
Benzo(b)fluoranthene B(h)F 252 O‘O ++
Berzo(j)fluoranhtene B()F 252 O +
OO-O
O ‘
Berz(a)anthracene Bla)A 228 X +
Benzo(e)pyrene BlelP 252 O%? +
i)
Chrysene Ch 28 OOOO +
Indeno(1,2 3-c-d)-pyrene IP 276 OQ‘?-O +
Anthracene An 178 ?
@
Phenanthrene Ph 178 ® ?
(]
()
Benzo(k)fluoranthene Bk)F 252 )
Benzolg.h.j)-perylene Blghi)P" 276 | O%
®
Fluoranthene A 202 0 .%
Perytene Per 252 Oé% -
L
Pyrene Pyr 202 003

2 Names according to TUPAC nomenclature .
b Scale of relative toxicity: +++ strong, ++ moderate, + weak, - nil, ? unknown
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g‘lj‘ﬁ 5.7 Chromatogram of 16 PAH standards using gradient elution (50 %
aq&eous acetonitrile to 100 % acetonitrile ) 1. Acenaphthene; 2.
Fluorene; 3. Phenanthrene; 4. Anthracene; 5. Fluoranthene; 6. Pyrene; 7.
Benz[a)anthracene; 8. Chrysene; 9. Benzo[e]pyrene; 10.
Benzo[b]fluoranthene; 11. Benzo[4]fluoranthene; 12. Benzo[a]pyrene; 13.
Diben}:[a,h]anthracene; 14. Benzo[ghi]perylene; 15. Indeno(123cd)pyrene;

16. Perylene
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¥
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5.4 daoslaoonlyd (Suphur dioxide)

5.4.1 siviaann ( sources)

H,§, 50,

0, 0,
H; S5 — S0; ——= H,; 80, sulfates

H,0 l bases

H i o LY ‘
XSO N Aty ", Rainfall and

" Rainfall, dry | * WL deposition
T Roinfall, dry | Vy \\\\\ dry dep T

YLy aas \ \l\\ '\ Over 1an.d SNl

) \\\Qdeposmon. and\} wiNWL i TR

Aol . ‘Ha.s . SO, and Lt ‘ canos

A'absorption over \w H, Biological pro- R olcan
Sulfates{ oane ,\‘\\:

LR o AN

W
Wb e

cesses in coastal sulfates @
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on land SO, , ﬂ“

v W
v \}.\ ‘\\“\ o SO, and

o
—. sulfates zm——= ‘S‘*"ﬁ- —~—t -
“Sea sait™ =
from wind - ‘-'ﬁ -
and wave ————
action v
V4 - Taken up
4 by plants
SO, and
sulfates
Rtmsnuii, Some sulfur /
————e (Y

applied to soil 4
m'“m“l_‘!ﬂlumul“ll!lll"'f""“

———r—r——

Some sulfur transported M’m
. by rivers to oceans :
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CO, 12%
CO 100 ppm

H-O 4.5%

SO, 1500 ppm

50, 3 ppm
INO 500 ppmi
NoO 40 ppm
HC1250 ppm - NO, 20 ppm
HF 20 ppm

Hg C.003 ppm

;‘lJ‘?l 5.9 Typical flue gas analysis of a coal-fired power station
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4FeSy + 1102 — 2 FepO3 + 8 SO2 (5.1)
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wasie gas p-rosaniline

mix T hvdrochloride
— gas-liquid arr (for
separator mixing)  formaldehyde

absorbing mix

Feagent-- sample OOOOOO
¥
sulfamic
acid

mix
wasle < colorimeter 000000

_ 360 nm 45°C

gﬂﬁ 5.10 Automatic Analyzer dmsudimaei SO2 JA83% West - Gaeke

Taomseuenmenlszuna 30 dasldlumsazais 10 gnursdisudmas
A ° 9/ A =7 as o é =} .
Faimnitudnny 3 luesazarw9zll 0.04 M Potassium tetrachloromercurate

& o a e = 9/ a o A s d,’
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2- . 2- + -
HgClg™™ + SO2 + H20 — HgClSOo3 +2H +2CI  (5.3)
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HCHO + SO2 + 2Hp0 —  HOCHSO3H (5.4)

CH 762 171



Ay v ° aan [y . ‘ . N <
msdsznou 1dazvnlgiseniu p-rosaniline hydrochloride ‘lda8OMA 9108 39

asaasida ldnnadn Insiues

5.4.3 WanszN ( Effects)
5.4.3.1 Hanseny Ingnsy

:! oy [ L = :
natnuansn Uiy Tngnssvesdames laeonlad Aoneliifa
= ' a as 4 4 v of o [ ‘ 1
ANuIzMeofeeszuUMuAuIely Faves laoenladweliduRbannn us
4 . o o . ' o '
reannazae i1 1daunn datuez lidh ldludealddnun udszgnivludan
=y o 9 = ar o o
uHveaszvumaauniels mldinaeimsleuazay dames lnoon lasly
518 500 ppm v lduyudneld szdulee 4T luemealuwadelngjund

9x1leend 1 ppm

- o J o o ] 1w o o o
Faos laoon ladezludunseneinnnnidad uameia

msWendveslu (chlorosis) Lazaanandnvessyn Ny

s ar 1] =} =4 1 A' 1 A =)
Faos lnoenlondine ltifannudemienodanead et uiiu

=Y o s e = A o ] [ Ad -4 ]
mazmuTanalgisn lddudujunseduseu ( HIFNUMITUDIUADY )

as o o a é’ A as v
navesfaes lnoon ladeziuiuiiegngaduunoynind o Ty
A & 11 dd 9 Add :J U L] =
ussene Feereeziih ligdmnanvestloald Tuithilvieg asu Tuaamse
1 e , o v 1 aaa o o o 4
nuen) YA INAN 9 (il Tanzimzmsvewed) suisslfnsomssuduvdaes
¢ & 4 4 . y v (& & oa -
laseonled qemsdszneviifieazamei:Idnsadarin Fainaguuss (o198

J ¥ ar ] a' ar A
20 111 nidaes lneenladlulen Tasmwizedadatuaundiulniia

172 CH 762



5.4.3.2 Wun3A ( Acid rain)
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552 M5A91zH (Analysis)
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5.9 Aaalsvigealsnisuey (Chlorofluorocarbons,CFCs )
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5.9.2 panizNny ( Effects)
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incoming solar radiation
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