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Space Station
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= Wusdu (total suspended particulate)
LUuWuyuNatRedNDLdauWIUAUEgNAaIY
dvltci 100 TwASDUAVU

= PMIO : WuHeU (course particle) WU
DUMANDLFUKIUAUINATY 2.5-10
luAsDU

= PM25 : fua:ldea (fine particle) 1Wu
DUMANDLIUWIUAUTNAIVLENADT 2.5
luAsDU

€PM25
Combustion particles, organic
HUMAN HAIR compounds, metals, etc.
50-70um < 2.5Uum (microns)in diameter

(microns) in diameter

@ PM1g
Dust, pollen, mold, etc.
<10 um (microns)in diameter

i 44 \<- ,

-
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oy . .

90 um (microns) in diameter
FINE BEACH SAND
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Saraburi Province
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Countrywide
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Bangkok and vicinity

Saraburi Province
(Ma Phra Lan subdistrict)

. Northern region

Mortheastern region

Countrywide
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M Waste management

. B Agriculture
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| Energy sector
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B Industrial combustion
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Industrial processes
B Fuel extraction
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B Road transport
Non-road mobile

40% -
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Typical Symptoms of Carbon Monoxide Poisoning
Only a guide, people may experience symptoms differently

----- Death (if not removed fram CO exposurs)

....... Unconsciousness, Seizure

Pounding Headache, Confusion, Shortness of Breath,

SIGNS OF CARBON MONOXIDE

Loss of Consciouness, Vertigo, Chest Pain, Memory Loss ~.T:E|. “tﬂ}
INCREASING
%ofCcO | 30-40 ------ Bad Headache, Breathing Difficulty, Impaired Judgement, P
INTHE Vision Impairment, Drowsiness, Stomach Pain A Y * -
sioop ® e

20-30 - f’h"':;’m‘;‘:fn':g l;':“’::;::“* Dizziness, HEADACHES NAJSEA BREATHLESSHESS COLLAPSE

DIZZINESS Lass OF
COMSCIOUSHESS

10-20 ------ Slight Headache, Mausea

ransport
proteinin CI-
plasma

HCO3;~ Transported

COzfro 1 in plasma

tissue

Carbonic
anhydrase

Plasma

aisdwlnadutulbiatdaauay fKGAtwIDaN3IDU
awsavunu CO Tatsan3vandLoutiv 250 M lagtu
Watdoauavo:=taatdumsuonddwinatu Gva:ll
JQud1vMSsalagvoondouludlsaacinu a uovusiome

Normal
oxygenation

@

2

| Carbon
1) Oxygen (O») and 2) Ozand CO monoxide
carbon monoxide (CO) enter blood poisoning

arc inhaled 2 Healthwise, Incorperatad



HUAdWU - Lnasdawwosoonisa (SOx)
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SOURCES } SINKS

Aerosol
Scavelging
A

In-cloud scavenging

H SO and reaction
Gas Phase / °© °

b :
+OH 7 Reactions

Sulfate-enhanced

f 5 CCN

I—A

Pollutant
Emissions

Precipitation Scavenging
(Wet Deposition)

Surface
Removal
(Dry Deposition)

Volcanoes

Top 25 emitter countries of anthropogenic SO2 in 2019

6,000
4,000
2,000
0
CRC PR e P AN LA LR RSOOSR ORDNR SO0 Q0
FE @ EF @O @ & NP P @@ S &2
I S (TS T 0 S ST s (o
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Effects of sulfur dioxide (SO,) on health

Sulphur dioxide concentration

(expressed in ppm)

400 to 500

Effects on human health

-

P Hazardous concentration of sulfur dioxide gas that can cause
edema or glottis then death after a prolonged exposure

» Maximum exposure for 30 minutes

P Irritating to the eyes

P Irritating to the nose and throat

P Easily detectable through smell

P Permissible exposure limit (PEL, NIOSH, ACGIH)

P Sulfur dioxide is primarily detectable through taste

S=QU

Waciogumw

0-300 pug/m3
HSD (0-0.1 ppm)

Uowans:=nu

300-600 pug/m3
HSD (0.1-0.2 ppm)

Lsuuwaﬂs NUS: OULhUﬂano LCID1DD:
ISUDWAaNS: nunquaanutsomomu
H9(D

600-2,000 pug/m?3
HSD (0.2-0.7 ppm)

Owans:nuciogumw WUd9ADISA
NIVLAURIYTDADSHANLAYY
aHsSuUAUNTUILADSDDNNIADASSUANNS
LYV

2,000-9,000 ug/m?
HSD (0.7-3ppm)

JWans:NuUCaguAIWAUNNAU LLa:ADS
ogtuunuLa:zdarucv

9,000-14,000 ug/m?
HSD (3-5 ppm)

Uaumswmaaumw DE1VUIN ADSDDN
mﬂwunHsamuHaomaZauHoZHuZH
AUNOVA La:aadadIHINARaIUISH
¥IgLHanJ

>14,000 pg/m?3 HSD
UINAND1 5 ppm

Wus:=auduasieguga fo31t0uwun
aumswtoaauusm Uauisaoeg
HSD aausofuwunto




HuNawu - unalutastouoonisa (NOx)

» 10uansus:znaudanlyduaviulastou laud NO ua: NO, O 0 O o
" Aa NC)?L lUUllﬂaaU’IC‘nallﬂUlHaE)\)HSE)llO\) L0DSOUM
AUADIWBUTUDINIAKREDUNWUD=NagLdunsalunsn NO NO, N,O

(HNO3) ﬂUllﬂaIUIOSLDUUDUDﬂIUO (NO) Nitric oxide Nitrogen dioxide Nitrous oxide
N=0 0”0 N=N=O

Road transport
39.3 %

Non-road
transport

7.0 % Effects of nitrogen dioxide NO,

Industrial
processes
2:3 Y%
Airway spasms, lack of oxygen, immediate death
I_Engrgy use Mild to moderate irritation (immediate effects)
in industry Waste Severe lung damage (exposure time 4-8 hours)
13.9 % 0.2 % 50
Agriculture Mild irritation: eyes, nose, throat (immediate effects)
1.8 % 5 Moderate to severe irritation of the lungs (exposure time 4 to 8 hours)
(;Omme_rCiall 1 Mild respiratory tract irritation
Energy institutional
production and households
and 14.9 9% 05 Olfactory thresholds
distribution
20.5 % Concentration in

ppm



Change in atmospheric
Natural sources

Anthropogenic sources abundance

0000
4.3 9.7
(3.8-4.8) (8.0-12.0)
f \ f
Atmospheric chemical sink
Climate and Biomass Post deforestation Waste and Lightning and 13.5
CO, effects burning pulse effect waste water atmospheric production (12.4-14.6)
0.5 0.6 0.8 0.3 Atmospheric N 0.4
(-0.3-1.4) (0.5-0.8) (0.7-0.8) (0.2-0.5) deposition on land (0.2-1.2)
[ | 0.8 1
Agriculture (0.4-1.4)
38 Fossil fuel Deforestation Inland and coastal waters
(2.5-5.8) and industry reduction Surface sink Natural soils Natural Anthropogenic

1.0 1.1 0.01
(0.8-1.1) (1.0-1.1) (0.0-0.3)

'

5.6 0.3 0.5
(4.9-6.5) (0.3-0.4) (0.2-0.7)

Atmospheric N
deposition on ocean Oceans

0.1 3.4
(0.1-0.2) (2.5-4.3)

T

.

e - . 1‘.

[ oo AN

# H QW r,r,,ﬂ-_? o, .II f}” " ,7}’ /
™

———

Tian, H., et al (2020). A comprehensive quantification of global

nitrous oxide sources and sinks. Nature 586, 248—-256
https://doi.org/10.1038/s41586-020-2780-0
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unatalasAisuau Taun dinu (CH4) Ootnu (C,H,p) TWSIwu (C5Hg) Ua=aisaunses:IHeve
(VOCs) 1Wu tjutdotwav Hrina:aigdunse uas d1SS:LHYVINYIVU0DY a1sthaduIonms
S:lHEJUSSYINIATQYASY ULAzDIDD: anﬂmSLmIHuLuatwaouuuluaugsm NHOals
(BlasAISUDUHAVIEADDDNJUSSYINIA

H Methane mass released per year
2314 Primary sources of methane release i
Maximum - - 100
A umina
. Minimum Biomass emissions
. . Wetlands burning - 90
Percentage of Methane emission, % o _
m Enteric Fermentation 20
Landfills
M Oil and Gas Oiland Gas - 70
(Burned as fuel) Rice
® Rice Cultivation Paddies | ¢
m Other Argiculture 7
Coal -4 50
= Landfill (Burned as fuel) |
® Wastewater 1l
Termite

emissions

Manure Management 30

» Coal Mining e 20
Oceans emissions
Biomass Gas
10
w Other

e O




#Wunsa (acid rain)

lWuwauionuna SO, ua: NO, muijasginudiua:s
JIsLAUDU 9 tUBuuUsSsSyTNMIANDIKLAQANSQBawISALlLa:
nsaluasn

250,(g) + 2H,0(l) + O,(g) — 2H,SO,(aq)
4NO,(g) + 2H,0(l) + O,(g) — 4HNOs(aq)

} L L L
L L Y L L ¢ Lo bg g €Tty &
by g € g &g g Ly Ly e F g & gt g g &g &g
r{t_'{'{{l: {'{l'.' {{IE ':{-!'{{t{".{f
Ly & ¢ L HNOL ¢ ¢ P L L
&g -:{.:{Lft SD em:ssmp {{u & ¢
{{lﬂ{({{{{{{ HSG ‘

'fc{fz 41{-:'1{'5
Ea by et oo E g gy
. # L - Ly €y

#

NO, emission




#UsS1NNNISEULSDUNSEDN

Jsingnisednlanidarusnigodu:
LUpvonTulanauovunauIvsiani
AtUaUUAUNISQaBUAAUSVANIIUSDU
HSoSvdouwltsalad NlsendT una
1SDUNS:=ON (greenhouse gases) LGU
= Asuoulaoonisa (CO,)
= Junu (CH,)
= Tuasaoonisva (N,0)
= unalolaswaoolsAmsuou (HFCs)
= undtwoswaoolsAsSuau (PFCs)
" Unagalwoslons:=waoolsq (SF)

= unatulastoulaswaoolsa (NF;)

The sun's
racliation travels
toward the earth.

The Greenhouse Effect

I His e

e rest reaches the
wherea it is absorbed by

oceans and land,

sarth

o The earth also
""|LI-1.'.-"'.'.- JL=F=1! :.:-1:..'|":
oward space

e Some of this heat

passes directly through
the atmosphare

o But most of it is
/ captured and retained
a by greenhouse gases.
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alon (smog) u1onaAalun (smoke wdadn Adu) AuAD WD (fog ulas Kuon)
= fuDQOKUDNAIULAQTUUIDINNISWAUS:HIVAIUTWAULNG SO, D1nMISLWITHUOIURU
= UUDRUUUND=UIDINADUNLAQDINMISIWIIRUUDVLASDVYUALA:ADUDINTSVVIU

DOJIHNSSU MUANASEAULGVLAAQ DVISYNIT KuDNAIULUUIWIALAD
(photochemical smog)

L

SulsnikuanAIUISUUNAQUWUR SuRKkuanAduUnAauWuURAsuUISLAEQ

ADIUNQDINTAGD
21NAISU

) ADIUNQDINIFAEYD
9INASaU

21NASoU

ani2:una UsSINQNISUQUKANIUWNWU
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SOLID

STATE
OF

MATTER

kt.

° O

LIQUID

Sublimation

LIQUID
(water)

GAS
(water vapor)

Evaporation >
540-600 cal

GAS

Releases latent heat to the environment
Absorbs latent heat from environment




n:nu§au11Nouqomsna1meuIz;
(JUSulcumAduSouncoavidtunisidagu

) aniuzuovlkadtknansLldud)
ADUSOULW YYD VMSHADULHAD

(USUeuA uSaUNCD0tstunIs A
IWJaguanu=uovudvis 4 p
Temperature nalgLlduuovlKad)
°C N
¢0) 4 N
| | |
| | |
120 — : : | =
| | | Vaporisation
! ! =
100 - ; : '
: : : 2,260 kJ/kg :
80 — : : : (539 cal/g) :
I I | |
I I | I
60 — : : : :
I I | I
| I | |
40 : : : :
I I | I
| | | |
20 - : Melting : : |
| I | : :
0 — 1 334 kJ/kg (100 cal/g), . :
Solid ; Solid and liquid | Liquid ; Liquid and vapour | Vapour
=0 1 L ] 1
Time (min)
A




#auuaniolAo : pH

Acid 'H,0*] > 1077
Base H,0*] < 107/
pH Neutral [H;0*] = 107/
1 very acidic
2
3
4
‘ v
6 slightly acidic
7 green neutral
8 dark green slightly alkaline
9 tarquoise
10 pale blue
11 blue
12 dark blue
13 violet v s 3 22 2;‘:?!:0 aa:;kmiw
14 purple very alkaline
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The Hydrologic Cycle (Water Cycle)

Condensation

Transpiration Precipitation Evaporation ~

Evaporation

Groundwater
Flow



#DO

Dissolved
Oxygen
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#BOD

Biological
Oxygen
Demand

WGL0UAIUIOSTIUALYE
:nnfumwuaouwum
yanid:=uovunnv UNL3e
VINLSVVIUYOAIHRNSSU
A1 BOD uavUNLGgNWIU
N1sUIUQ Noudaned
LKAVUNaIs1stu=AoviiAn
BOD TUitAu 20 ppm

AIUADVNISDDNTIOUNIVEILALT AD )
JSuituoon3Llounyaunsgisiunisgoadalgaisounsatuun

(MAVINTSVVIUDAEIHASSUDIKIS Budaisdunsgralea sla
a:a1edupgady 1wu udv unma Wsdu asauadlu Tuduua:zundu
. uwnouumutaoao (davudIundAtuNMWILG DUSu1eu

assunsguudounin

N1SJQAN BOD o: UaaaZHuunmsanmaomsmmﬂ (aerobic
bacteria) anatuuwaaaawawsaunsatumLaatum:) A
DoNBLOU DtuHNU 20 aomwawaa (¥1da1 5 Ju 1Sgnd M
BOD5 uwﬂsmmatzjs &): Dawuwuuuao 20 JU 1Sgnd1 A

BOD20 Watkaisaunsgngosaaluenn wu WWsAu tKgpyuaansla
E)Eﬂ\)EIUUUSfLI

= BOD gv Rulgaviutndnistdoonadouuinlagdudddiadvoodulula
:nuwaaaaunsaamﬂ
= BOD (N HU1gOvS: 0umstuaaﬂzjtouuaoaoﬁﬁﬁmtuuwuum dvlU

—II-—I

Jiuisauoniao Zuuwuuuawsaunsamﬂuaaﬁsalu (Daaunssntutu
DDNSLOULKUDUANU)



#COD

Chemical
Oxygen
Demand

AAUDNATUNIWYUD VL
LaavAdIUanUsnuovUn
ldgAD USuieu O, NtGU
ANSpoNBlaslunNIsaans

aisounsgadigaistAil
lagtgaisa:=ary K,Cr,0,

AUSUNtuDDNEIRUNaISIADEluNISYDadatsaisdunsaiui

= Jrudaluudavavoondloungntdiumsgouaans
awsaunsatuumadsmmmtaa (mg/L)

= COD un Hmamwuawuwummwuandsnmn FoA
UIASTIULIAVUANKLUIENSUTSVVIUDAEIHNSSUAD VDA
COD TutAu 120 mg/L



LADUDVYAQU

AodaaniadumusssusIaoinnIsaalsdd
NIVMIYAIW ULA:NIVLACUDVRULAzUSSIUAU

aisounse nmomﬂﬂ'saawﬁ:}uaomﬂv‘\iu
sndatdurNdduuuntuHDlan

ANSILUVBUAUDIFYNISIOLNAINWUAKINAQ
mumouaoou (soil profile) Us: NoUQI8QU
ARUnUAULduBURE NI UUOU (soil
horizon) wdvoanldu 5 3u

Au HuNedvudvWausdartvALAaduLDYO
sssUB8 DINNISaagdudvRUAUAILTO
(parent rock) HS2IOnAUMILTQ (parent
material) TQ&NS:UDUNISWWOFAYAD
(weathering) AtAaNIsIWUasuLUavniv
MUNIW NMVEINMW UaNIvtAd SoNtRauun
vovauntiaduciviudnIanduriia

i 0 :Horizon (Humas or organic)

\ Horizon (Topseil)

B-Horizon (Subsoil)

(-Horizon (Parent material)

— € (| | Relorizon (Bedrock)

- — —



auuamemw

» Updu (soil texture ) -

= TAsvasivau (soil structure ) '=

= Jau (soil color)

= ADWWSULAzaNw3uU
(porosity & permeability)

Sand
2.00 - 0.05 mm

Silt
0.05 - 0.002 mm

..‘ "‘
¢ ; [
‘/Cay S

less than 0.002 mm

e
R P
- <2

auuawni

nsQ-wua (pH )
DoUduazAoaansq

(humas & colloids)

ALN: https://www.sciencelearn.org.nz/resources/957-soil-properties
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Particle size:

0.05mm-2mm

0.002mm-~-0.05mm

<0.002mm

https://www.bio.miami.edu/dana/330/330F19_8.html



#Soil texture

WpautduovAUs: NDULBVYMYNIWUDVAU outuumah
FoundanunuLancIvAu LovIINAUUS:NDUTUDIN
UovoUNIAQ:N2UKaNgUUNQ

yunQoynAyovau

= dUMANSIY (Sand) S:HJ210 0.05-2 mm.

= punAns1gudy (Silt) s:Hd310 0.002-0.05 mm.

= punAQULKUYD (Clay) upgnd1 0.002 mm.

Unugwingnudvauoantdu 12 sda
audaaiunisns=a1gaunAUDVAU
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% ‘% > % % B % 2%  ©
-< Sand (%)

AU: https://lotusarise.com/properties-of-soil-upsc/



#Soil structure

LuufnpUnau (granular) OUsUsivAaignsonau
LWuuUABDULK3sU (blocky) DsUs1oAd19naoy
LWUULWU (platy) AouQuuUUuuIIVAIIULUDSIU La:
Soulkaouauldusdu

LUULAVEDIRAsY (prismatic) Apuduudaznoui
NORUNLUULAzEOU tM:MAuldulnordiKasy
AA19USTU

LUULLNVRIUU (columnar) IN1sduUdAaIgnAVNU
LUULAYEDILIKASU LddiuuuuavUaneunvidanuau:
nauuu

LWUUADURU (massive) tOuaullna:l3sadadh
Ganuldunputred

uuuaqmnlﬁ'aj (single grained) WiiNMsS&QAD
Ganutduspu

Examples of Soil Structure Types

Granular

(Soil aggregates)

Blocky

(Subangular)

2@

(Angular)

Lenticular
S i .
P e
] e
Wedge

Y &

Structureless Types

(Loose mineral/rock grains)

Massive

(Continuous, unconsolidated mass)




Krummel-
struktuur

Blokstruk-
tuur

Prismaties
(suile)

Prismaties

Plaatagtige
struktuur

Massief

Structure type Structure shape Description Plant Root Internal  Erodibility
available penetration drainage
water

Single grains (none) No observable aggrega-  Verylow Usually Veryrapid High
tion, no natural lines of very deep
weakness, but non-
coherent.

Apedal (weak) Moderately aggregated @ Lowto  Deep Very rapid Medium to
forms a micro-crumb medium high
structure. Common to
sesquioxic Ferralsols and
Oxisols.

Crumb (moderate) More or less small round- Medium Deep Rapid Medium to
ed peds and relatively high
POTOUS.

Blocky (strong) Flat or less rounded peds High Moderately Moderate Medium
and relatively non-porous. deep
Common in Chromic
Luvisols.

Prismatic and Vertical dimension Medium Shallow, Slow Medium to

columnar (strong) exceeds horizontal dimen- poor roots low
sion. Common to dry cli-
mate soils, e.g. Vertisols.

Platy (strong) Horizontal dimension Low Very shal- Veryslow Low

exceeds vertical dimen-
sion. Can be caused by
heavy infield compaction
under wet conditions.

low, poor
roots



#Soil Color

Wuauu@uovaun

uDvLlRUladalduna:=Nnou

AvdNIwWWDQaonuU

AS-UJUAISLAQAU LLSA
LWWuovAUS:-NouUDvaU
HSDJdqQou a Apgtudu

auduaaltdussSoam

uaunsa:)mﬂaatuoumﬂ
HSD LUuounmomﬂmsw
WoaansauavAU-US ADS
LI LBU HUﬂLU'ﬂV\/ UAdU
DQUaUYsSaUgv LUDvoN[

DUﬂSEDC’If]U'\ﬂ

Audu1dKSDaLN1ooUu

lﬂOO'\ﬂDC’IﬂC’IUfT]I.UOOU

—I—I—I

DINRUNDdo1v K3aldu
NSIYUIN HSD USLOUNDS
210UULAQNS:UIUNISNIY
aunrtitisiaciv a gau:
31099NTUINBUAUDUHLO
lBU sudu E UAUDQU
Juysauci s:utguld

Organic matter (humus)
Topsoil layer

Eluviation layer

Accumulation layer,

subsoil

C Horizon Parent

material

Bedrock (not

a soil layer)

AUdLKaoVKSOJuQv

AUNDTDASINISWWY

dangcngv Jwonoonlsa

UDVIRANLAGDURNIDUMA
UIN 1AQIUUSIDTUNGY
MULOULIKSDNSIUTHA
[NV R SHUAlI[Valalalbe
UN

audtnyuuiou

ouusofuuuaatu
and: numuomaao
gnss:uNgtnTy
IWgOWD NtK
aisus:nouuDvLKaN

—I—I—I

aatusUnuaLm

:(mottle)

auauys
rKépaundraled

Waunu



#Porosity & Permeability

Non-porous
Non-permeable

L B N N R

Porous Porous

Non-permeable

Permeable

Particle sizes and pore space:

Grawl 2 om o 7hH

v
!
:

S 002 mm 10 0.06

E

- S » .
2% %ﬁ;}_«,ﬁﬁz

e
G

"

S

R A e
S

e
i Clay bess than 0.002

Material

Typical porosity2 (%)

Typical permeability®
(md)

Top soil

Clay

Sand and gravel
Sandstone
Limestone
Chalk

Granite

>50
>40
20-47
5-25
5-25
50
<1

102-107
2-2000
0.3-3
10-4-10-
10-3-10
10-°



#nonssU work@class

LUVNJUNINDNSSU 6.2

UoUHU1gToNgtHsuLca:znau
S-QuUduovUNulQygdSNIS
SO ULIavAIUAQLRU

tHuclaznauunlauo 35Msuniulong Uy,
1) KanMsaATUKSORANWUZIUNONCDY
2) 38MISAIUITUAINHACDY

3) 3SoSuUngLBvwnanssy (3SUnua) NNCov
lagtHNauou a SUWY ua:gnaiutudondudy



