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Green chemistry is the design of chemical products and
processes that reduce or eliminate the use or generation of
hazardous substances. Green chemistry applies across the life
cycle of a chemical product, including its design,
manufacture, use, and ultimate disposal. (EPA)
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Principles of Green Chemistry

Prevent waste
(UovaunistiQuovlde)

Atom economy
(@DNULUUNS:UIUNISAVLASIzKIRAIsavaun
MUtBLI0unaaneunuinnaa)

Less hazardous chemical syntheses
(DDNUUUNS:zUOUNISavLASI:KRNTWLJuduQsig
H3DLUUWUUIDIHSDIULIUUWY)

Designing safer chemicals and products
(DDALUUAISIADLA:NEOAATUNATLULUUWY)

Use safer solvents and reaction conditions
(t3AoMazalguazns-udunisnvanany)

Design for energy efficiency
(LWUUS:anSNwuovSIBWavviu)

Use renewable feedstock
(tBasKSoI0nAUNUNNAUUNEIHUTA)

Reduce derivatives
(aanistnQaisaywus)

Catalysts
(t3cdLswdnseN)

Design for degradation
(DDALUUIRWaONaUNNIEuasnIsaaracnlauiu
ADDOUCOSIY)

Real time analysis for pollution prevention
(UNSIOLASIzRg IV NUNIVALWBDUDVAUNISLAQ
Uanid:)

Safer chemistry for accident prevention
(tBarstninaaoas1NSINOUGALHQ)



P - Prevent wastes

— Renewable materials

— Omit derivatisation steps

— Degradable chemical products

— Use of safe synthetic methods

— Catalytic reagents

— Temperature, Pressure ambient
— In-Process monitoring

— Very few auxiliary substrates

— E-factor, maximise feed in product
— Low toxicity of chemical products
— Yes, it Is safe

PRODUCTIVITY

< "NM< —-—=-0CU0OO0 >

Tang, SL.Y. Smith RL. & Poliakoff, M. (2005). Principles of green chemistry:
PRODUCTIVELY. Green Chem.,7, 761-762



A1SYANIS

Jawuniv

Il

= =
= A nae

T e W i e S

:
:

i 2 z-mm
LR RN -Fn-
5 w_:w:gu-.mmﬂ YK

g (R

il

D 171 1F1



#HovanWuadeusoluundv (gravity settling chamber)

e. NACAA
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#(vlnau (cyclone)
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wseunudukuuTen (wet scrubber)
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#ASoulAuuuuullen (wet scrubber)

clean gas
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#1ASDvnsovty (fabric filter)

DIMANUNIULUTIUIURDVLEN (bag
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#1ASovana:NoUIWWIana (electrostatic precipitator)
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Wastewater is water generated after the use of freshwater, raw
water, drinking water or saline water in a variety of deliberate
applications or processes.

"Used water from any combination of domestic, industrial,
commercial or agricultural activities, surface runoff/storm

ﬂ"]S[j‘] U_Q [j"] water, and any sewer inflow or sewer infiltration"
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AsulvQuIL3e
Wastewater Treatments

(Sewage Treatments)

The removal of impurities
from wastewater, or
sewage, before it
reaches aquifers or natural
bodies of water such
as rivers, lakes, estuaries,
and oceans.

Domestic wastewater results from
water use 1n residences, businesses,
and restaurants.

Industrial wastewater comes from
discharges by manufacturing and
chemical industries.

Rainwater in urban and agricultural
areas picks up debris, grit,
nutrients, and various chemicals,
thus contaminating surface runoff
water.
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1. ¥paudanaviua (Total Solids) 1N./0. 350 | 720 | 1200 2 ATULaA (4A/a) TRILTILLIURAL (NA/3A)
. v . Usziavlsanu , ,
- Ypuiazasu (Dissolved Solids) Un./a. 250 500 580 wn3 ATLaRe wn3 AL Re
- YA ILane (Suspended Solids)| un./a. 100 220 350 . an
y 1 TSRS 100-1000 530 100-1300 830
2. inuaznaumin (Settleable Solids) wa./a. 5 10 20
3. fiiile@ (Biochemical Oxygen un./a. 110 | 220 | 400 AL =Li-2000 el 1o-stot 80
Demand; BOD.) IRLEE 200-2000 390 : ;
4. MFoA (Chemical Oxygen un./a. 250 500 1000 - _ _
ATTLBRRANBERR RO00-60000 29000 C00-10000 ra00
Demand; COD)
5. lulasnunaviug (Total as N) un./a. 20 10 85 WIERAE 130-2200 740 20200 =20
- dunidlulasiau (Organic) un./a. & 15 35 342 200-2800 1125 100-1100 480
- upylynie (Free ammonia) WN./a. 12 25 50 e . e e et .
" . ) L :_-i iuu'Eb’uu Eiu uu'Euu Eﬂu
- hulasi (Nitrites) Un./a. 0 0 0 ,
. R ENES = M_Onn 2N M_En T=1g
- huasn (Nitrate) UN./a. 0 0 0 i St <= P 5l
6. Woanoianaviva (Total as P) un./a. 4 8 15 yeqigliy 950-4000 1560 100-700 410
=, = & "
- ®M30un38 (Organic Wn./a. 1 3 5 - n e Iy _
_E g ) LA TETITELE HO0-12700 2560 100-3000 760
- @MI0UUNTY (Inorganic) Un./a. 3 5 10 _
15 (1) AL 500-4500 340 - -
7. Aaolsa (Chloride) Wn./a. 30 50 100
8. Aama (Sulfate) V) un./a. 20 30 50 LAUUE 1000-14000 3620 1000-20000 2400
9. @nw@AN (Alkalinity as CaCO,) un./a. 50 100 200 cov B R s e —— Laai, ol et T
'l:.ll' ::-.-.-:L"x - ] -l (MR LE L s e T L (gL
10. lniu (Grease) Un./a. 50 100 150
11. InavlosuuuaiiGeniua MPN/100ml| 10°-107 | 107-10% |107-10° PV R S ,
(Total Coliform)




= AISNIKELIAQO:NDU (precipitation)
_ = ASINODDANBLABUNIVLALD (chemical
AS=UUNISNvlAL oxidation)
(chemical process) » mMstAaSandunvlAl (chemical

reduction)
= A1sd:=ltNU (neutralization)

AS-UDUNAISNIVEOONEN " LUARLSYNADVIBDDNBIOU (aerobic
(biological process) bacteria) |
" wuAnsglulsoonslou (anaerobic
QS‘UDEﬂ—]S bacteria)
vuluQuildy

= A1SANAJYA:UANSY (screening)
Aszuoumsmumamw . fT]SCTOEJIE)EJ (combination)

(physical process) = A1sAD1Q (skimming)
= A1SN1Hany (floating)
= AISANQ:=NDU (sedimentation)

NS:UDUNISNIVAYAIW-LAD = A1SQQBUADYNIU (carbon adsorption)
(physical-chemical process) = Msuantlaguds:y
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#s-uuuoluon1A (Aerated Lagoon)
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#s:uuuluauldsuuuuodsulanss (stabilization pond)
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#s:=uuuruautdguuuupluonnA (Aerated Lagoon; AL)
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#s:=uuuruauidsguuuboUs:Quy (constructed wetland)

LWJuszuutdaltnldgRAoAgNS:UIUNISNIY
sssumm Icwtaw1 amoaotumswUquso
nmmwmnonmumsmuouaa ILAAPvYN1SAaQ
Usuwmtumsmuua Woawosdnous:ulgoond
ILKavSDVSULNAY

‘ A ' d
g A A @R , .

e > : 'A ’\\ ¢ :0 - P2y - ‘ ‘-’__'
(Uanfinlnamanl) A=Al gninlaamal)

AIUADY
(UanieRniuse loin)

S:yuuUQUILdgLUUTVUS-QUIUUU FWS

= WU free water surface wetland (FWS) 3o
anuau=tNAalAgVAUUVSSSUBIA

" lUU vegetated submerged bed system
(VSB) U\)D UuueuuunswamHquaﬂwuuwuah
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Aquatic plants

Hydrological gradient
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#s:zuuUuhuautdouuuuannléadadn’d (activated sludge process)
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Aeration tank Secondary clarifier
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(completely mix)
" AS:UDUMISUSULANYSAUNS SRR RATR
(contact stabilization process)
= S:UUAADVIULD8U (oxidation
ditch)
» ss:uudUauLEsLUULDa0D1S
(sequencing batch reactor;
SBR)
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#s-uuuruauhLldegnaovdudau (oxidation ditch)

1Wus:uuwonnLGaaany FReufuenie
Us:LANKUvMGBULUARLISIWINMS ;
pondlou WuddKantumsgoy N "Ei \

Jangaissunggiuinde La: LT

- DHENRZOEL

Lasmmutmwumuau ADUAD: Ei
ﬂﬂuaﬂaaﬂmﬂmnatoaasms

and:=nou . il
L fumsAtuAunsIva ligiiaue

A RTINS ARRNALUNY




#S:UUUIUQUILAYLUULWUDIURLIUBINMIW (rotating biological contactor; RBC)
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#s:uuunuaudsuuuloalons (sequencing batch reactor; SBR)
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