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( Elementary Idea on Environment )
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IR | @9 SCNRH e Zoed (CUF Ses o SewEE e
1) 93 RA Seee onfive ware mwm-qE TR | @I G
T TS G 20 ST J0R | T @I Qe HifEr
AFACE A (R Fa© GIoteT RHRTSS, FoaHs 8 FEsRAE 305
ﬁmwﬁmmﬁaﬁ@m@fﬁaﬁﬁamaﬁwwawﬁm
T2 TS BT T2 4T W9 (B T@ v 7o 7w 3o Wb (e,
A T WO SR | RSN <8 T 02, GBNGTAR Arerafog Prew
TRT FAPle 2orF [BQ AT i “Afem Farg @92 AR -
TE T SEEel, SR 5 SifterEna Wi ot Whre
AR | RGNt G5 oRisn sfefiere R ey i TreTs)
ﬁﬁ? ooy Sifemeraa ‘j@t"ﬂ‘ﬂﬁs‘\ﬂﬂ S0 A «fad fae (earthday)
TS 3R S5a% T ST WNT ARTITR B SIRoerad Soer
(United Nations Conference on Human Environment) WE@E | ATE
S5bR I e fe S (ot e 4@ T2PTae™ (earth summit)
TS W @A WETER St i@ tele @ha (biological
diversity) T%19 fwafbe Row owg @ 3@ 9 EICENEEOE
e sjfeda Tae wWqe WEW e Sifdad N Wi Gl
SIS, Ao e ¢ Mo PR v ATz @ag MR ST T



MHSIGERRECRYECHH PN

Al TSl T Ifa ATz | O@ ARATS SRR RUEEad 9
GFTF TPIRIR @G 93 Sieeea Sapa ol ¢ S 9t
R GF TR T Wik, @3 fay@ o sfsre-agwd [t
O B FE TR (@ TS 8 TFS (I (A0 2I0%3, fauiog Fae
CRIC AT YO 1S T R 1 | 9% IWISW ATHS SR F4,
T (AT RS TRCET TS @ ol @il TS 2R @, AR
F IS T ARE WG (TS TF AR ARE A aTHF O WEge
faeiqy =S “MMea

).¢ AR e &g s1tag Al (Definition of Some Terms Related to

Enviornment )

&S (pollutant) : (I IF 1 961 MHEF Fowa A sAfaeds o
Afrarag w@efe TAFE (@A QI A IFI Sod 5 wieww g v
S AR @36 VIS I | VES ANE - AlE A G0 T8
3 W6A1 | OF CHEE TS fof CF@ qFS 8 WEEa we A | oy
Trrge SfETa Fors SoAFo F W | (@A, AFVE ol ATeTEg
T BH =3 @ TF HATS (<N, SEAE FIg ©f [EAWA 708 2
g SIS FI(22 ol SIF *% W @ HoIq | IE-HA (FLG G0 B
AGEATST e 20 AP, THA VIS 7] (A @I 77 2w,
FNCIF AU S G 2[HAPTS TR | (FI6 A JALIA 7,
FAtsme o nES [ Ee Redw e A rEE 9T
JBANT AT FIB-STHA S (ATF *PUE TF] 304 oI ©f 7o
fog @ BT T4 T 8 A THAF FAE /ST IR 6@ 079
TG (OISR (M2 e F(A O AFIRfaa T 7 o4 o AfRerea
G3f> ES | 9RO FRCHE PIZS TAEE AR AT XTI Fe1q IS
© O] Fewq fFg @ THs WR TAE SEIE Y@ 'R G Mo
sfEiTe T S a3 3k A e WO ©u o wifraeie vEe e
SN T | GF3 TG 1 o AR So Gt ooyl v3 AR gely
A4 s 21 b @ I WACE ARTOIE 799 a1 Rowd
farTa fofers a1 ©I2 Arrseras 78 @

P49 (contaminant) : @ I¥ ARER VRS ST are TAYS
QS 1, WLaF FIINSA T ARE I 2 I AR @3fo =
0 1 g e wifqracd 3% wieda @Al faes 9 orres e
e ROIE o 78 1 ARETR TeiRE SREE e Cl, W B A




53 , SR : ATAE o0 8

G AW @I T (A (@AW, Afqaes Biferer) sfaEe e
I O O ARTICT @F6 T’ 932 afHB @IReR R 799 S 8
T &) oD JCS AT OTF W@ stz oo ©f AfEe st
S Y |

AIRE (receptor) : VIS WA G TS A ITF 97 A GIACS [IHA
WWIWWWWb0.0Sppm)@ﬁ@W@
AT A 93T e REWE o7 201 T As - 9 AR ow wE
HoUE TW I T As-99 GF6 QLS |

YT (sink) : (T IE VGG 90 He QM @ IH4 A0S ©OF
Eefon @I WeE AW AEER TE-wHIC wA ARG RE oyt
AW 9T RS | P (N SR ST peenecad me R
CaSO, SIFIE @it SGH! 2TT, TN ©1F H,S0,-99 aFTs SqR:

CaCOs5(s) + H,SO, = CaSO,(s) + H,0 + CO, (g) |

@R 5 AR (pathway) : OF0 788 @ @ Afaen [feg
7 [ERES F0 ONE RS0 G AU I (ANA- S A
LRIREEE

Wq
Hg* Tremer CHHe' — BT — (2GR — JTAG — TgT |

C"”iﬁ'@"ﬁ (speciation )+ OB O (5@, WTE, CEE-4I9], Eifds,
feenfoe ersfe Mmfay apmafe SwER REe S<gm Fws AE Q3
IS SRS ARETR B9 O gelde gk oy 7 | AREER
ALATT GFH0 QIR (A8 W o O3 (Terfog qpifeee eyl wiace
W e RS o9y Sfreaae o cBTEeR 9@ ofw
R 9Pt e ReTR Mardee «fite | qrel R[fey anmfe
SEA (N, Hg’, Hg,™, Hg'', CH:Hg', (CHy),Hg, &fe) #Afaars
TAFS A0S A IR WA CHaHe' ¢ (CH),Hy(e) TRGE @ Rars |
g, AR A 734 T ToTe TS 12 AP S/ER ofamd o
VA AT | SSE, TEMT ATH &t S0 ST s vwel qeeg e
T TR TG RN RIS S_gIe WM AT 1 | od, HAfare
SRS AT FIFBRAR TG0 GFAN (5@ AR (T RHg*, R,ig)
FoTSfe 2o A |

OB AW WA (Threshold Limiting Value, TLV) :  qF&F FZIA
s e @G 11 / AR TS @es T i 99T 0a Az slan



AT e gren SO

WU @ TH-97 Sl A Hf s wmEE ww el wiesw =@
(T@ER) G2 WE AR @i wiee e e W A TLV <@ TLY
AR TR ot e T 28 A @ (@R fAfiR) oS3 Ia
ffemsita w fdad w1 2 | AffE g svmda TLV ffem = =
(Afaf¥E - 8) 1 '

= 50 (LDyy): 4 wared Rafem W@t (oxicity) Wd@d @ag
ST MA@ M B $HA FAR G LDy, Bfowit Tqwa w9 =)
FAFAT A R G TeEEE omd @ TER gt FE 0
a=fbaq A s oo T W ©E TF *Wdd LDy, (Lethal Dose —
50) T | AATEE TIFS Awd I, AIHA AN G, AR (FEHA
AT FAAR afert, siwr g, AR aefs amed Soi LD;, - @9
T 87 3| Famsete @ @aifa e 6@ LDy, W=ds
RS THrS A | WES CF@ O W ASFS (extrapolate) I I
My (e oA v afEe g1m, Rafen e @e a3 fifey
e @ fafan o S T [drd =R o Bioweb azr
AT | A LDy, TS iR w1 e v @ €5 =3 |

Wﬁ?ﬂm‘ﬁmﬁ‘?ﬂm (tolerance level and recommended level):
QI FreR SMATs =1 AR gdste W9 g3 Fare fBfew it
AT A T 1 AIfTe @3B fire @ Ta Bl SAfgs AeE A
ROTE &1 AN F732@ 71 SR A0S e wred 2 77, W of Tans
SN AN T O TR WAl 70 | e sefite T@r e A7
T4 [ F4fRS aF | @Ana N g Sgees B Ty (AL ai
@3fs B T FE w9 Sfte 7 e el s st TR
T T9FT A |

Frg-AfHE oy weh ¢ urdifes afeem w9s AN Afa @
A W T ¢ SEiTe @ 4 27 | RS Hfif g wTorel,
FRRFFR WS oy, s Rafen gefe aum e oy
o Rorre 9 @9 gfepm smidfba @ W@ 4R 3@ @,
AN HAf ) SoiEE TeNE @ WHO 8 USEPA 393 fadfds
TR 0.05 ppm | AR SRS FrgRen T8 EWeR & T@it
et 91 TR 0.2 ppm | WA (T MHRTS WHO-9GF FBISI6




8 T ACNHAS 515 3 7R

PR 1 2 | RIS, I IR CFA8 A T’ ¢ Sifivs Wy
ffoara 7ft Traer T3 T A0S |

fipite &S (flux of contaminant) : AREER «3H e @ @
(domain) (VT 99 €I (F@ @ YE TNV W ©IF T 2@z
I | A NGRS qREE GAAN GBS (T, = 10'%g = 10° AGF )
o 391 W) ,

fifaax (ppm) @ PR (ppb) : PHH*QT (ppm- parts per million) 8
foifoif< (ppb- parts per billion) T9NI@R 36 9FS Tl T 37 8 AfSTEw
Y G BRCE CF@ AWy W 9 AR e o e
Ty | Afs TR wh gacd e ol qrea Wi ks se
FiftaT @ TR (ug) AANTE S PR T < | R TER
CF@ OTF b ©F-99 FAITS 2T 41 T3

R ffEars

= mg/L;

RO (Tt oo

R TEtera™ s
A (S e RET

4R e

I e = mgkg = ug/g;

foiftas (ppmy)

Il

=1 (ppb) = = pg/L;

:
3

). ARETR et [ $ sng e e wie |

3, BT IS 5 R FHEtEE T et A [ie
FRFYE - SRR A I 34 |

o, AR AR IS & R Avfere wm i gea Al
TN e @AM o - FIet PN A |

8. TN @ 9Few =@d & AR PIEs S oa
93 [T - SfEha @ifesel mare |



TR SR 41Zel @

¢. AT AR A Tie e eI oIeHd qrei 959 |
b, AR 9ES FA-FE-A1E Aors 9B 9@ 91 9591 - A1 9 |

9. RIS qF ARCS T OARCE NI ere] eufed AR 2-
PR FD

b, i 1 qEe, friE, ars, wd@, cHBTEeE, TLY, LDy
SR Wi, Sewive Tra, e s B

argifey

A Guide to the Study of Environmental Pollution, Editor W.A
Andrews, Prentice Hall Inc., USA. 1972

CRC Handbook of Chemistry and Physics, 63 Ed., Editor R.C.
Weast, CRC Press Inc., USA, 1983

The New American Desk Encyclopedia, Editor in Chief R.A.
Rosenbaum, A Signet Book, USA, 1984

Encyclopedia Americana, Intern. Edn, V-14, Grolier Inc., USA, 1981

. McGraw Hill Encyclopedin of Science and Technology, V-8, 6™ Ed.,
McGraw Hill, USA, 1987.
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(Hydrosphere)

. g

TR (A S ©F ¢ A S R WS s i Afimes 90 |
T, TR, WAL, A6, 439,30, P WE-5FA! (ice-cap) @
forarz e afiwen s | wrwl 8-S s agmeE wRE @ A
SICR, ©18 JREAT OGS T T | B89 (6 @ SN O &1 3%
I 8 o A B WgT gk wwe, FHT ¢ AT @B @ N
TS Rrm S ARG 3008 X S0 i B 1 e @ s
3% (BT frwamo:

T4 8 TXTR 9%
$-TS,.3¥, 4FT, T-T, 4 (S 2%
TAREA, TN @ I 5%

AN 3B B IR Aqe 9IH *%fS avfers wiz | ArerEE W
Rfeg wrena @ 1 Rve 1 3 e qeeeta R qoa e
(5.1X10° km’) ATSNI SIZA I O e @ oKl 77 31 3o110a
g 359 e

Y 8 TR 2900 - Yyoo fGE (fi:)
TS 8 TE ¢o - >0 ¥,
- se - 8e fi,

G 0.8 - >0
NG 0.0 fx.

o7 AR (G =17 b-%) & i we g @ TRy [k 9
&8 T of @ Mare @ (IR 2.¢ §:) o TREEE e
S BT (AF (@ AN T S ST T (3% <9 T (59
TR T ISR W7 | S0 W% B-Are @ AN eme 7@ ©E
GBI Y (2TF Hez T4 20 AT |




e >4

R ARz Resag

AR ol ARWGET 2o Tow T G ST T, ofFwed @
TP o7 WA ererad agfe Mdifre zw | wmifis, Afiaes
*ifFR ST Aowe fFaEd a5 cffeeig Bom afiNeEe @
&S OITe A fwfefe et awgsd ot A |

SeiaE RS et v wver s ¢ Afir sEEE ¢ whaE
TASF 0° 8 00° GFERTART (5191 1 atm) Sefe Siow@R doo® Fifers
N o STF SR S0 | AR @S5 wg (H,0) S @3 w97 A
6 H-T%A 941 I A 0 A 1T ¢ “EHAE W a5 {4
IR {2 7w | wieraE {Ei wifers Aife o S B G AfaiEs
o shfies e i w0

MRT QIS @8y - A @SB (oHeT @i, G T @R e are
IT-QM 7APS W | @ TAWE 8 (AR AN WIS OTS A
QB otife SiREETale 99, & 99 T (e=81) | 5 IAFR ¥H w9
TITC?HC?IT'\QQWT@T(electros[a[ic)?ﬁf(F)?57767?"C?’JT’ﬁETQ'W?TET?&?IWQ?@?s
FII AN FBYANSS Fo9F PR I (F = quq, / er?) e FREA
£ TS O T, 938 VALY (r 4IF) SiFe a1 wfba Wt fraria a1 oo
I AR R, AT W @3B e @R qAee W JEeE w
SR T O &9 29l AF | AR, NG ¢ Tw wE3eehs
39 WYy ita oo ifsy o smida w0 o Sow oS giae
RO 1% 303 | AT TFW {RGT TR G5B e secear sme
TW; o Affa R @ twie e (biological process) W6 ©1F
AEIETY *fff @ T S Fg (Mere o, ok afaw @
feTe Tshe coxfy Gitew 1R (A TR HIA HE @S A |

AT TH IRt TSl @ TH ARSI B @3B i
SIATE! 1°C (I 1K) @ ATS 93 5 wae o 9 sl we @
AT SIS TG 27 OIS YA M OGRS FAS (heat
capacity) @ I™ASIT G191 (heat of vaporization) e | 17 SioigEd
IO G ICACIT O Toud O, oAfSAlty TAGE 4.184 1 € 2.4 k]
(20°C SIIRAM) | Al OiefdRe TS NH, 09 79 *mida woerg @
adie 98 U W e i oefEa oied 3t IHH WH eIReE Siif
(TR OMFYER RIS 50 W W | @, @ A GF A9 @R

(SR WS 0.444 J/g) O Ja @ 9.5° Ed@m o wsl

—



St i : A oW @

TR s Sl 3 B WE 10 e S eeaed el @
O ATAST 61, LAl iRy wibe wieed sifiraia (¥ OIS TSI, WA=

T MR SR WS T awm oeTs aiie w1y e ooy
A0S I 20 &7 A @ e e qwes e ol s 6 e e
NS SR ST FEl G AR 95 i 1 |

ﬁ.ﬂﬁaaﬁ%&a@ﬁ@wwwq@éﬁw@mlwﬁamﬁ
aﬂf@amﬁrﬁ@mmﬁcmmﬁwwﬁwrf@ﬁﬁﬁmcm,
O AR 30% (1 x 10% Jiyr) #1fa A= Team 2w 771 oiifivs e <z
m%ﬁawm@mwammmei%wmaamw
o 8/ QIRATS SIFE WA $-oF s SN (oY T | wh aee
quﬁac%rﬁm/m@w@EWcﬂwmwwnfwvmm
RGO | 1T AT SR, V3 108 ST 0o {5 e B
AT [ SR Tl @3 afmetE -JTEe O e
cwmmmz@mﬂwaaaﬂﬁamﬁﬁwmﬂ@wamﬁ TS
ST ~ifIels @ 2 1 AR o SiwEl 15°C R @A @B B
OINIEl G @ @ oifer R e e, @ e Sfamm
é“raawmwmﬁmwm:mmﬁﬁafmﬂﬁa@w
IATS w1 AR R gt e |

Wwww:mmwﬁmmﬁem%@,
O XSRS OO FT S | ST 4°C SIeN@T SR e i
TREPIT T 0 T Q3R G (A 0°C  OHN@ 390 i3 zaa
WWWWWlW@W(OOC)WW
ﬂm@ﬁfﬁ@ﬂﬁawwmwmﬁamoyzsmml
T OIR B AR BoR SIS A | e (e SR Ry a
s &1 & WG iee s e e,

. E AR B ST AN A TS A7 oA Aesu i
éwwmﬂumwﬁmmmmmmm,w
AN ST TN 77 T 3R AR Bolg @9 (A 7% o] o
| I9E AT QT QT A AR AR o S o A e
ﬁmmeﬂﬁmhmwmwwﬁcwmﬁtwmwﬁw
IRCE TE T A1, IR TGP (05 O Ot WaFY A 992 S ofdfa
WW@W@W@:WWWWW(WGW
wmwwmm@wwwamcm@m@mmﬁw
RQ IR TS QAN Fo7 A0 3 SR (wwer® | 07 0T TS



e %

XY @A 1N IBro A A, ITF 2 SER (A0F TS A SiR
5% 2T TS |

4, [E AME T Qe AR Ay (e Aigfes T
TGS F4H1 T 24 ARFS | IIT AT T S 20T STIias Sereaee!
31 & RO G TA O Aifea TF wR O B A [ 3o
IR AT 1S o1 1 WS (I qHONHT 44Tl IL IS AT,
SN JACER 1T O OF T | A 0 G 2o 7 A
AT THAE (AF CIASNAN T (WF T7H(E (O7F IS | e
ST TACF Sl S0 FSl IR TS R 78 SHAIIE SHAce
A0 G B W1 FT 4 AT |

AfAMRTS ST BAY (thermal stratification) = #ifFa Siofgi@ 4°C
99 Bul T© o AT ©© ©fF TG TS ACF | AP R 47 Bl
14 RS @l Tenqied Tog sicy o i Bee e Tug 7@ g
ST =g T9g ZPT A | T ot eifRaifAa fases 9@ (Afers Aa
Al ¥ ToR VL PR FRSCER A SIS Aew 8 T AN 9k
i B W T @Sl Reme R w1 Araene sdene e
rafFe e sifaife S awe Rees e veam wBAiE Aifg
51T WA 0 |

SEAIGICE AERFEE TR @ A e ¢ twiks gfe w1, iR
SN BATY CISTETNS TOIFOI LSIfT® 0 | AT % (epilimnion)
TR =0T A A0 CTIIA AR AT CR1e & (77 1 X1
TEARFACTR S Teoly 27 11 AfFafe Sagace SiHem 7w
G SeTs eI Sed SRR Afiae F | S, it
F¥8 (hypolimnion) 0T “MNLR (&f4F ST (bio-degradation) WG |
PCa e shfece Sfgrem s v 20 e it fenfts swgm
A5 RIS A1) &1 IR | *RIIE [0 4ol T4 I ST 624
fififiz Sorea ¢ b Staa M osE =f1<fE s AAifg ware @
T 32 G 2 T SR Gt Sea g Affies ofEsym
TG G0 G AReT® T | 0o TN S (i dlele Iia A1 |

.0 AIPOS AT Irgmae™ s
AT GF GG NP7 ArFfed AfATs 6 93 Taw gaAgs =3:

x(g) IYNET —> x (aq) AT |

AT NEY QI ©qF @ GH BT WX (phase) TR 36
R (@ 3% 906 © (A 3@ (Henry's law) P9 I 1 5@t fAos



20 oI+ AR o9 @ e

TG @ 2T Bl (partial pressure) ST9 FAAESE |

[x(ag)] =K p, (2.3)
LT [ x (aq) | , TN FHR GATS AT x OF (TR GH@N

px, B WA 3T x93 W1 191 @ae

K, (&9 7% | TRt (1M 3.3) IEEB e K - a7 9
AR AT T
AR R.3: ~M1fTS ey e i g7 |

N K, mol/L/atm (25°C)
0, ' 1.28 x10°
CO, 3.38 x10*
N, 6.46 x10™
H, 7.90 x10™*

@%@WWWWW@,W%@W
CRITT P A GFICAT ARSS W6 1 1 g g 57197 s et #ifig
e R w5, @ww, co,, SO, &efs | IR ¢ qRNGER T G574
MICR @ I 06 (27 5@ 71 46 301 717 1 |

SETIHIE $A9-B0aa A ARmeteTa Aeied Aie «3e RN AT
OIS FATS 2 | AR 2T A HIES NPT @9+ e ez
(diffusion) I e =1re w02 | “wyiom" wfomy wgn qofb afirm GER
9 TG G NPT TR (AF o Fb Sl A6 FweId 35 20w
T A 2R 9 R | (A I s @Al pew Ay €60 906 |
N eS¢ S AT FE AR 9B s 21 |

AFE AfTe T @ BIrew 76 @ w7 @3 Fywe sremat |
SN A R AISR @ TF S FOAT-GURT (Clausius—

Clapeyron) JFe (RR) PR FA:
o C2 _ AH 1 _ 1 )
*c, 2w |T T, (RR)

1

T, €, €, T T S T, 6 T, -05 HITS A7 ol
AH, WICH G334 B191 cal mol
R, I <5, 1.987 cal deg'mol™!
Ao TS @ AT @ A T BeAfFe AE @e S
AT AR A ooy S WA ST o oS
T G F1 = |




ifawes N

20,5 &P e BAFS WRHTEA (0,) : AFes “ffre @ frg
AR 0, FAgS AE I @ fog s @l o vl it @@
@ - Al S, s Areereed S arpd, nfie Tl
NS STATTH @3 TS TRAR (oxidisable) IET AR |

AFfes #ifce gage @ 0, AF ©F YF AT IYAEH | %
IS 0, 93 AR 20.98% | AIFfoF A SATATSH AFRIER O,
ore fof foF WA gdtes @ (IR 2.R) 1 R (algae) FEIS-
AR gfeFat (s g A 0, argfos AfHrs gra s

AT
CO,+H,0 ——— [CH,0] + O, (aq)
[Crar]

@, S 0, T Fre Al @meE e Fu @ e
ACARFALITCER GG R_{E @A O, S B, ACS -
LA T ©fF ais e el Wi i (At 9 (W | ST,
RIS WA A I AT GITId WEoE S MRedd 14 fqere
¥ (bio-degradation) I SO HGATS 0, €3 A6 SN 7 27 |

AR 2.2: AFFEF A1fere IR wHeee |

“Aife ﬁ@s 0O,, ppm ‘Pﬁﬁ@ Farg® 0,,
w7, °C Sl @ ppm
0 14.6 20 9.1
10 11.3 25 8.3
15 10.1 30 75

LA TETE A ¢ T TR T @ O, ATEH &7, el
¢ Sfgn © AN (@ ez I ARGS gfe B AHte Smg 0,
BATS AFETZ (S ppm O,) A GZALRIR & SN 2¥; @A,
AigRed < AMRFT (TR SeN@l) STS & 8 ppm O, KPS
S | B3, 2NFTS ol o ang A $ofye AEE o e e
@ s gAiwe 0, TW W @, CEE GIEE GIFLRER & A1 O,
B w17 AfAre SRR AE o 9% G S o9 RS ¥ A3,
W A9fS T WS WA WR WA e @ T S 0, @9
Sorfigel @3 A4 @3 TR | g JBATS 2pa ofemd tow e g
TR 9T T AP (AT (S W AIFRed HAfrs @0 @32 Q9
SEGTH (T SIWR ]Sied 90b:

[CH,0] + 0, = CO; (aq) + H,0



22 Afgeam : IETEAE 5197 8 e

AT TAAS @ N T @A O, @fs BFor onfw 7.8
mgmﬂﬁ@ﬁ?ﬁﬁ—OaWWNSmommwm
AFCS FATS @ O, AMF (& 8 ppm) SR FWF | &9 TH7 7
SRR AfTS ©1R SfEcem wivfe R @ w3 W ¢ S agE
TS A1 OIS W (@S AT |

AR AfTTS S HTem wHfe o i agER aft @ ol
T =8 TS ETRIT SRS Q1fe fFeE 906 | 051 @ S ~wid
ﬁﬂmmw@%w%wmm@mwmamwwa
femaet 95 8 1S, CH, NH, 2efS “7F1 “ifirs Sesty 27 | 7f¥s o
AN S T (1 <151 7% 2 2 G S T &= TR AT |

202 iFfes sfite co,: @i ifits @ co, aigs s
S Gl AARTS 10 ppm-99 9 | dyiws foafs B (A CO, gIgfes
TS (R0 | T2, AT, 2 TS S -2 8 A Afre SeAfye
C&rd AR fToee |

ARESE CO, ﬂamoosé% (T SRrewfeles) | 8% CO, Apfes
NS GO &t F0a; T, AFA-3e9] TN (A CO, “1Frs Fapifa
HAIge 2 @R ARSETE CO, 3B @B W FAYS T | AWEE
mwmﬂﬁammmomﬁhﬁmmﬂﬁm
CO, OITS FAT® 2 O (TR LTI 2,.9) |

AR .0 : aFheT #fifvrs armeEE Co, (1-IRE) |

S19NIal °C &TW AIf~TS CO, 93 HiTel, ppm
0 1.0
10 0.70
20 051
25 0.43
30 0.38

TS CO,-49 JASIA 0,-97 FASAT TSl 77 78 @1, CO,
o @ ot @b i e R w@ ) Riea sz, aam
HIAPS CO, 99 @I SPIH H,CO, WFTE IR 4@ H,CO, 99 qos
S HCO5 8 CO,* WA feifers z3:

CO, +H,0 2 H,CO,; K =2 x107 ' (.9)
H,CO, = H' + HCO; ; K, =4.47 x10” (2.8)
HCO, = H'+COl: K, =4.69 x10™" (X.@)




qves 3¢

sffg TR CO, WIOR FIE ACRISd Fdfas spieed g
(H,CO;) T za {58 7A$S O, 93 9% S TG YA (~1%) OIS
H,CO, SUIRG WIFNE S[EM wd 19 W@ NH, CH JI9eEs
SRR TIGEES, NH,O0H 9 2w e awe wfveifes NH,OH
g7 SRg Bs ow sfed W 91 3ES, A NHyaq) BT T e

NH, (aq) + H,0 «NH{+OH :K,, =1.81x10"]

B (RIS ffaete (Flead Lo - .e) For o, 9t
N BT FNIEER CO,, HCO; 8 Oy @3 STaifs Afwe gaeed
' pH w1 frdifere 2w (6w 2.5 @ Turgaet *.3) 1 for@ (a1, Ao #Nifw
eliRE T pH (pI1 7 - 8) SITS BGAPS CO,(g) HLITS HCO; SR STZIT
FE G92 799 TS @M S@E T, CO, @3 SAfEs Hifawd oire w©
AT | HA SEWER FAT WA CO, @ HCOy, FAGIE ©ite ok
T, I SAMIN B COY @ ARFrE = |

1.0

0.6

" s TR S99 (o0

f5m 2.5 ¢ G BT pH TN €O, , HCO3 CO; B |
Targad Q.5 ¢ AIf W pH =7.0-4 CO,, HCOy € CO,* ToAWI
e 7o oI TAFS AF? [ o = SPIA ] |

) (O
"C0: = 0,1 + [HCO; 1 + [CO% |
o O‘ [HCO;]
€05 = [CO,1 +[HCO; 1 + (COY |
COo*
*COx = CO;’]

"~ [CO,] + [HCO5] + [CO%)



8 o 2 AR o1

MRIA T, o(CO,) =[H')YD; o(HCO;) = K [H'YD @32 a(CH
=K|K2/D;

T4, D = [H*)? + K, [H'] + KK, 93

K, 8 K, T H,CO; @ A ¢ 8y e 523 |

HITAGICHCE [HY] = 1.0 x107 @2 D = 4.452 x10™"*
- 0(CO,) =0.183; a(HCOy) = 0.816; a(CO5™) = 00

T4 SIREERe W Afe A [fem M v9e erE @ [
(2.5) O L@ ATISy Tre! Wk e AIfATe (pH = 7.0) TYRY Si9TR
(25°C) CO,-93 AIFS! TSl &A1 1.18 x10° M | #If¥a swd o, [fer
A A0 [RIST A 20% (AT T 8 Al pH-8 7.0 (ATF AT 5.5-a (N
ST (TWIERY 2.2) | #iif{ F1EdE A ( pH > 7.0), CO,-93 {IATS! ©I
RS (@S AT @ {0 STGZH NsTR e [iEw (:.8) ¢ (Rue
w2l fAfema (R.9) @3 TR TR S o A4S | aigfes A
SfIe CFCE e FRUTF (pH = 7.0) W/ g T (pH : 7.0 - 8.0,
SFE ANF; CO, G2 {IATS! O g A1 o o @ =3

TR 2.3 : [om @ Y AR SKkEe fQew AMfRre 25°C
SIANER CO, 92 {IIS! 97

[feem QTS CO, = 0.036%, “MfFa IR 519 = 0.0313 atm, CO, &3
& 3% = 3.38 X102 mol L atm™ |

Peo, = (1.0000 ~0.0313) atm x3.6 %10 = 3.49 x10* atm
[CO2l =K Pgo, =3.38 %107 molL" atm™ x3.49 x10™ atm

=1.179x10° M : ([CO,] + [H,CO4))
CO, +H,0 = H'+HCO; ; K, =[H'][HCO;]/[CO,]
[H'] = [HCO;]; .. [H*/[CO,] =K, = 4.45 x10”
- [H*] = [HCO5] = 2.29 x10°%; . pH = 5.64
Foud, fFem i ts CO, 3 I 999« | ¢ co, = €O, +[HCO;]

=1.179 x107° + 2.29 x10°®

= 1.408 x10° mol/L

ToTad WA (R STAPIE CO, aF (W6 (@ TNl O @eai &R
20% (M 4



e 3¢

TRLT COg) IBA oI GAgs T@e 2RFfos e 7@ 2@
@3 3BF GFBT CO, Tl 0.6 ppm *RE 20 AN | e -+l @b
S e foeq fren eaifes 2@ s a1 i e tem Amid
AT SO (S KIem (@ Teorg aipa «fene o, Jfewia s 57
fewgs At sEw w1 3R o afeer fowa fan eifke zam
O MR & CO, @ et 905 @ A 747 peioiie ey fietg desigs
I S FoT FIAAD SIS q3-FENAG SFE HITS T

CaCOs(s) + (CO, + Hy0) — Ca(HCOs), (aq) | '

e CO, @3 T @l 7 za ABEEED SHE3 W IS
SIPIE T SGETFA AT | S-S0 AT FIA GR-T94 FAIALCEd
*MRIG 8 @g) @<l I | B AlCS @ CO, RATS AS ©F ANY CaCO,4
ferema R cret R =) W@, §RFm Co, 97 W@ 243
T Ut 9 AMTS BITS Ca(HCO,), -0 To7 CaCO4(s) IR
RS FELFA TS =1, TP T @ O (| & AT S
CO, €% AR T T A SR TS Ca(HCO,), SIS FHA CaCO,
IFQ S Z7:

Ca(HCO;); (soln) = CaCOx(s) + CO, + H,0O

AIFfeT AfTS @ CO, HATS AT T Te GIIA HT-e (ATHS ©IF

UEIACH LGRS (B
AP
[CHO! + O ——— CO, + H,0

T4 91 eirifrss, aifimar Roag e snafe e @ co, alvs
O S AR AEWNENT CO, @ A/ S oo @ | ARmereE S
CO, AR AANGA CO, «4 Tl Ffe fafars =7 |

3.8 &IPS R4 pH
‘pH' I3 Sy qaceta S8 / W Wy Wi S0 | 25°C SreEr
@S TN 4R pH = 7.0 2 HAAB fwerw, pH < 7 T qeel
AR @R pH > 7.0 T O FEIT 77 | AR @36 2w omd, fes sifm
pH ©1 7.0 | dFfes s C0,. SO,, H,S, NH; el oI a3e [y
4T 8 ST A Jalge A0F, @97 Harge “mudd Affre eerg
Ao sfifera pH g1 =

AFfes Sifre @R aidi am FE oma TR WE SNmE o)
TRIW @ TAFTE | TR SR T AN e pH 6.7 8.6,
€3 AT Ty 57 T2 (06 A S Y4 FT 74T W% S T pH 5.0




2 AT AERS 1o 8 7Ee

93 6 @9 pH 9.0 97 T FMBTS ANF | (@4 e aFA 75 fHear T
pH @ JMC6 Ol ¥ieifes pH @ 50 #ffeg a1 |

4P, M AL TEAMT TS FFoF T, AfNG pH Ot € I 117 |
ATSH G Apd e ted wmid Af%S Ad | AER TR
SR B1 CO, 9 WIS =W | CO, apfes #fvg pH ficy or:

AT ) ' 5
[CHO ]+ O0;——— CO, + H,O = H'+ HCO; = H'+ CO5”

" Neq Qf@fﬁ'ﬁi Aifa oy - FRg (acidity — alkalinity)
e wER-FEY ST e Wy Ry w9y 9 @ 7w wdn-wdw
(acidic-basic) Sy #i1fea pH A= 4T 20 (pH < 7.0 : w3, pH =
7.0: TR, pH > 7.0: FIAT) | WA, 9HY -FEG 74 G0 Faed
FAG OH ¢ H* 5w e 19 ¥l I3 1 46 HIed pH 993
QTS ©TA ER-FRY (OH {23 H Siie erifire T wwey ) fog zrs
Tt | (I, 2.19 x10° M NaOH '8 0.1 M NaHCO,; &% H09d pH 433,
8.34 SY> FIAg e FACe T B NaOH HIAR & I Sae
JUATE T AT Ta  2.19x10° (W, NaHCO, B3B3 as &5 oy
CRI SIS =Tet 0.1 (e, &A1 4.6 x 10° @9 @ |

AFfsa A7 F1ag @R T#mE 7= s 29 HCO,, CO,> 8 O
S WA A @ awgsd oo, wmwiiEs, SRfe ¢ @is
WifTe vae &g g (o9 e wR-wee {conjugate base) 8 NH, ZTW
Mfre THAES AE | O@, @ FHY G@E S@WE SR OB
THAMICT P S F91e] 2 |

A FAG TONA 2 I TF A0S 1A, “@enale@ wg @
NN WA TEY | AN @A 8 WAk swe et
Cfgfore =l 9@ Qi 52 #FSE BREG F @ WY sAew
T ST I (Feneler ¢ MARa swag =g a0 | waeelem
FRY, (CO;* + OH) a3 AR wrme, ‘6 w9g avW w0d (Y9
ffewan):

FETCATS FIaG: (OH + CO5Y) + H' —» HCO5 + H,0 (pH= 8.3)
ﬁmﬁwgw (Co3 +HCOy + OH) + H* — CO, + H,0 (pH = 4.3)

AT fFasel AR FIRg MIRTS mg CaCO, / L Al ppm CaCO;
awmmmnﬁewmﬁ@fﬁmﬁgﬁmﬁﬁeqmamww
@ g BT | AMRIT, AFReF #1fg FIag 749 50 - 200 ppm CaCO,
QY AN TATZH TR 4T TS TP FIG I QT A |




RNen ' 29

apfos ~ifa iy oy srd ammE ewem 3 | o1 wRg O
| O pHE RIS T W @9 A% AIfre gatgs st AfRes
QM AE | T, M afeuerenad g AN SRz 99| oW
Aot N (TS BT =7 | A AR TR enasarg s
© o AREide ST FRegR ffere O w11 7@ AE | Aifa w1y
B ZE OF AT wAele @MY T qFR GF “fifare egd s stew
FET (CO,, HCOy, COY) TAfFs 4t | Geter Gicad qeigiacs 230G
TS BT A 03 | g, digfes A wwagre Afve SHrfes
aFH “fRe R iy 791 78 3 A pH ¢ WG Tl AFE ©ite
TR PR AHAS T A (TARI 2.9) |

AT (2SR SEA-FEH (CO,, HCOy, CO5Y) =il aiff® za-

CO; + H,0 + hv = {CH,0} : Mx®9 + O, ’ (V)

HCO;5 + H,0 + hv = [CH,0] + OH + O, (2.9)

Ao A7 pH TKRIS 7.0 @3 FRFME (7.0 - 8.0) ATF QI qFA
pH @ #iffe S&d FEE IS HCO;, AT S<EH 0 | IR
R A o pH ©fF @ (ite AT (@ TR .9) 1
CRIGR e Fre Wore AT APRSETE CO, AT T AR
SIS AT 71| QTS S[ead 797 1T pH 10.0 {6211 wlae @ 2 @rs
A |

TARREt Q.0 @ " F19g 2.00 x 107 eq/L. 93 pH=7.00 (e SIS
CO,, HCO; 8 CO,> 93 999@! 9 Z(Q? pH T49 10.00 ©IF GoAwiw
feafba Taw@ e F© 7@
pH = 7.00 : 5@ 2.5 (AT *freq T, pH=7.00 @ NS CO,*> 7 ToAfFfs
A7 |
pH ¥4 7.00 ©<4F [OH] = 1.00 x 107 M (A7) | S{o@q, “fifva @ Fg
© IS HCO; 49 SIKHI |
- [HCOy | = [F19g] = 2.00 x 107 eg/L

M) [HCO,] 100 x 1077 x 200 x 107?

[co, 1= = —- =450 x 107 eg/L
K, 445 x 10 '

> K,[HCO; 1 4.69x10 "' x2.00x10"°
[CO; 1= = =
H'] 1.00% 10

pH = 10.00 : 9<TH CO,> 8 OH 99 ¥99I@! ST ©LI CO, AT |

~.[FITg] = [HCO57] + 2{CO;"] + [OH] = 2.00x 107 (i)

=938x10 eg/L




s SRR 2 AT 1o 8

[OH] = 1.00x10™, [CO5*] = K,|[HCO5 )/[H] (ii)
NG (1) @ TAFAD (i) @2 AT b,
[HCO;] = 9.80 x10* M @32 [CO47] = (4.69x10"! x 9.80x107*/ 1.00x10°'%)
=4.60x10* M

oW, |FAG) = 9.80 x 10 eq/L HCOy + 9.20 x10™* eq/l. COs* +
1.00 x10™ eq/L OH = 2.00 X107 eq/L ] !

Aif e WG 0o O OH g=ifirs T el AT | efrgpfes #Aif
SE0g HPO,*, H,PO,", CO,, H,S, HCO,™ (Ao, (™o &7 (fatty acids)
nﬂ3°Al”‘GFc3"a.‘13‘TﬁW§ﬁ WWW@%W‘
meﬁamqﬁ@w, cozest Tt o | Sy
fdfaaatd o2 9reR dpe IR AS-

CO,(g) + OH — HCOy'; H,S(g) + OH — HS™ + H,0

AFfed NS TS AW, H,S0, HCI #$fS I wrms I 77; I
@ fFfe sffite @R =3 fiffe W | 8w TR SR g SEA
(T, AP, Fe** &9fs) Aigfos =fNre (@ wIEy onH ¥, 49 SR
GEATA ©IF &, (TI-

AlH,0)¢* =[ Al (H,0);OH)* + H*=[Al (1,0), (OH),]* + H*

~

<= Al (OH)y(s)] + H*

SRS T PIEFRRAINIE T8 (A0 SEY 4Ty WA ¢ A oY e
AfFCS @0t 1 54 @ s @ wR onfare N @7 wm aifis w7t
T A | T Al W @it 39 7E A Sy eifie 3 omE .l
TR &= AR ST A T g 27 )

.Y AFfeT e TGS
TEGE FiFfes Alfcs Agrde foqlb e s=@EgR s I,
741

>. AYRIEA N, AfTs gares w17,

3, SEA @ 8 WA |FF: (@A NOy, NOZ,NH4 NH; &9fS ;

0. (& ¢ AIEEEE s SHE, FReES (AE (e W AW
S FofE, 1S 8 Tfew S (ifow, wee ndf Resferam Seeg
3efn, 38 e oefe @ c9fia @ qafs Amid |

TGS IS O9F AR (T @9 W1 B ISR N, |
EGITeS @i fHiE s, sarad e o N-diet sfads zte mw



RIEDT W

1 4TS Cfers NGNS 7o Soit QAifs FRGITS Forsfie 27 -
W, PIOREET ST ¢ [ufem siwwe N9 [Reowm | Jfem o
AT ATS @ N, FAPS AT, AFHRAN AFIGE O TR N, @
Foee 7w | S Refeaa Srars Igmeda N,-99 Aemafds N @
fRelem w; 8& N oY IqEEAs 0,937 e RKiewm @ wws
MREIHR ey oF@ swEe Sy 7@ SHEern 3BT @O
RAPS A P8 (T WY 4R J6F ¢ aAFfes o ey qie
qUAd T4 NO, 8 N,05 @ g SR g s samifa ffan a0 a9
HNO; Sife «fkee =51 aRfs wuife yo = w2a M3Ge @1q
I G 8 AN S7FH A |
TfEn G (0T NO; (it 1 oS b #Afddrs a0z 7w «zfe
¢ IR WY AIAice JBRE 27 \de oF e 1T ¢ Bfgn qrea
T Ol AQE Yo ¢ Afvcs feta et IPEA IGRE I
A - N 8 NH,* SIEE NO; SR @92, SAREal sl NOy
FE W@ Qe TRGTEE (N,) FA8ES I (3@: .D0._) |
fog fog SRIEEIR IwEGRA qr AW GG NOy SEA NH,*

S 230w 77 |

2.4 AT NS FoFaE |
P Te, PReFe raRe AR, EF 9, A6 wlhE 98, 4
QU (Sl THEs W gefe f4fey S @ W agfes
AfFTS (T | SEE I digfes AN ¢ gfes SuRas FEs
SIPIE (H,PO, / HPO,”) SR 0 | Rigaiaa, Jzaie agfs fafey
cFa dfsina [RoE sfame fTorers Igs 20 | fRoRETsy a4 « i
AWM (25% — 40%) “AfeTeNcEs A fChRErsa /TR (builder) B
FE FCE | (T TS AMCS qpa AfRed Tt «ieql T8 Cr A/
EBIATeT-3e O SHrey W3 T 70 AT |

TGS TSI FHAFIS GIA & SoAfagd st Somw wae
ARG o] qFFea Wt G ¢ epfers wRes = | Il @@
Tfgn TACE0 (<9 01 CoieE R o) Stz g oM (@we, ATP)
FCAEY B | AHIR WG BF T0wa Bfagw (ATF s 3eis o
G BfEn e Al qWEgE MO ©f 7 A W[E Jfew e e
AifATe @ SET 1 GTAE GIHA FIFGRAR TN (S T
TRAY o) TS @ WE QA GRS T
A& FHATAHA (FAED) FARRS 77 |




20 ATl : AT 75 8 Wl

AT HAfce @ e we, TR oe wgsd O A
FE | FIACIIA & I8 N 8 P Toy (a3 I9RQe ©q »ifie N-safers
AMCs s M SKg 2fIee T A SI=E e [
YT | SRS, CHATETd N-BI9Fa9 (N-fixation) THEAN a1 Swifas =7 |
O1F, WA 341 77 AiPles sffece e e 9O (HE T oS
e o AFa 30d |

wzﬁrwmﬂmmaﬁmaﬂtﬁwmmmwfmaﬂﬁf—
A2 =1 wE qr ¢ W wee fT T [Rew wewd | @
@I Gife g, dipfes s TTeeR A 4T aipd 0.015
ppm QQWWZWW&'FTWWWWWRI
S S AR BAMIAS G e Aifaee $eifFe U A |

b eiPfE e st
AR ATTS AT MRS HEHT ¢ ACTHIZG / H,S wrrawm
3 | fafey T (A SR Apfes A 3@ o3; @

>. IMECEETS Afe At Ao v &R, Caso,, 2H,0; $-5
(At B A w1 (S 20w @9 g Afrs are )

3. UG ARTEIRS, @WH- ABAZT FeS,; WFERAN NGHo «ff
ARTCEE wife 24, 3B Afrs offe zm T ¢ e agfes Afts
T FA |

o, TSRS, SreHiEe (AFEEeE SEEAD (ABS) fEoRTEs
\’9@'\?914 O SEAGA (surfactant) TAI | IR, g ﬁ'\?f@ CF@
g @ e sAfend fCorres I9%e T ©F I (A SHIAR
ATHIR AIFfos AfTe (e |

8. YL I ¢ WG (oF; @ Yo TN TANEI G4 G @dg
A TR AETER RO A | Gl 14 ATSIA! 78 ©4F JETlF SO,
T +AfRee T IS A& FE | IR AL SO, A SO, WA
Tifde QAR T AR AT SO, W™ H,S0, Bt e 27 |

= 9 T Argles A ¢ yfewm 3w «Am:
[0] 0 H
S (gemf) SOx(8) s S0x() 2L, B0, |
Rk A



LR o

RFIRG Fpfo @ivicE AFFIEe uifds <@ | wEmei3e H,S M, HS
W W TR 4O ANHEEG WHE AIgRed AfE TAfFe A1 |
Wmmaﬂmgwwfrmwaﬁvnwmms gnieik
w0 ST dmel o1 Y 5 |

> AFfes ifies e e @rifke
QTSR W (FI ¢ ifem agfes «nfars s @ s
T | YIS YIFAIZT AFE Gq (AT ST 0 | @359 T (S
@FRRe e fire IE 3@ oF W FEEReeEn swawa @
SEbRE

>. PIE-SREI @ g 3w

3. A SRR I QLGS BT age @R @9e

o, ML (AT AV 1T FACAE T TLRS GHIIZG 73 (NaCl,
CaCl,) |

agfes Afvte @ @RBT Tofge At ©R gye S
GFITATSHIAGIZET [Cas (PO,).F] Wrol {6y fye smiid, dfae ~wnd g-s
R B4 (AT Rfogeia (fie za afes «1fts 3@ )1 agfes
GIGR! AfTTS F ARIS | ppm-ad 305 2t |

@RIZE AIFfoa AfTs depreit el o2 F@ T «qae 107 =ff
& & 250 ppm S CI° 51ZAT | ©@, 39 T Afeds, o o s
P G A A1 @ G5 @ IS w9 9 AT A | G
qOjf4F T TNl ZA (A @R NaCl) ‘i{%@ﬁw (texture) w8
T | T T PR T AN =@ ATE |

TR A0 FPRIRCGT B @ =pred | AR “1face Tig 9%
e @3 IR F AsE, © e waEd a0 (S8 F 93 Ak
QP 2R OIS RTA W W | FEIZT ¢ IWGHRET A (size)
A2 QFR, AWM 8 AN TG THIGT F R A A0 QTR
10T (TR OH ST At F o1end 190 e (PR 319 wee 0d 9077,
TS Y T A NG |

.50 AFES “AfTe Ca @ Mg

IFfoT Aifire @R FHRA ToifFe A oma WA Ca?t @9 AAfgwe
e | ffog M o Wfiw omid @ (@ wy o agfes siifte
e | oMSTER MR fEIN (CaS0,,21L,0). SUFRIEEREE (CaSO,),



3 ST : IPTAFAP 7o @ T

TTENEG (CaMgCO;), IFETHILE 8 SHIRANAIZE FAINLG (CaCO,) AL |
ePm dpa A Co, A 1 I A e foe fw emize zam
T CO, ©Ite {AgS 2, TF Al 7397 FNAAG-abe fFremg seied
WG O FANALG JINY IS s 77 942 ofﬁefwwm
ST (TN ST

CaCO4(s) + (CO+ H;0) = Ca (HCOs), (aq)

TEIIE JAPS CO,-93 A FR za W36 ofow Fes
HIFE AR TLTFA TS, TeTEd Seewes T g g owis ey |
1S S Ca’*-a7 e @ 1.0 x107 are / fB5r 7fe riiws
 COF9Y TIWR BHY O I 99 IR oqy 9T R W9
R TR (THIRR :.8) &ipfess #1f 747 CaCO; ¢ Iqme CO; (g)
a3 AN AMREF AE L FefHB TAMAGER W@l SIS (25°C):
[CO,) = 1.18 x10°° M, [HCOy] = 10.0 x10™*M, [CO5>] = 8.94 x10° M,
[Ca’] = 5.0 x10™* M (20 ppm) @32 [H*] =5.25 x10°M I pH = 8.28 |

O, PP AfTS TAWRGETR TTw@l IR TE WA (AT A
o5 =0 932 Fnffe et sire wIER Bl A a:

>. PSS +M1f ¢ IR WA 4TS AR oI,

3. IR ST SRR G CO,99 SAFIFS (3R grwad
LEN

©. PRI FEF CO, (139 ¢ ©Ts AfFa pH I |
FEPEN WA (Ca?) WIS @ IS (r = 0.99 A), fws A’ ©1F
IS & TIM AW | OE, AfFTS HCO, ¢ S0, a7 R @ zra
Ca™ SIMA M WFA-ZAT (ion-pair) NN I SLBH A ((FIF , Ca®*
.. HCOy / Ca® ... SO,7) | ABRmS (Mg?*) N Ts eqe TF S5
ACF T Mg™* @7 WIS ®TG I (r=0.65 A) O velits A @
R A S (@4 9T =W | AIFd Afwe Mg 9 AR Ca @3 g
I | Ca @9 B AIRY @A 20 ppm, Mg 7 GHATA &1F 10 ppm |

TARAT 2.8 : TEILA TS QIR -2 (@ CO, TBesiy 23 o
M 9T AFHNA CaCO,-93 ALY TTRFA ANS ST Al Hlag 47!
8 pH ¥© ¥(9?

32 TAmITETE wenaie FafeRe e A

[H] [HCO]) ")
= 37 2445 x 10 )
[COZ]

N oyt ~\)". -
CO2 + HZO = H"+ HCO3, K



pi| 09

+ 2-
H CO —1i
I T (i)

0; = H' +COJ; K,
[HCO; |
04(s)= Ca®*+ CO3* K = [Ca®*][CO,2)=4.47x10" ' (iii)
CaCO;5(s) + CO, + HyO=Ca* + 2HCO;
Ca’* J[HCO4-)* ,
_[Ca JHCO37] =K K /K, =4.24x107° (iv)
[CO,1
[CO,l = 1.18 x10™° M (TR .3, H:)
=~ [Ca®*] [HCO5T? = 4.24 x1.18 X100 = 5.0 x10°
[HCO; 1=2 [Ca®']
Ca®]1=50x10*M; [HCO;]=10.0 x10* M
B9 (iii) (TCH: [CO5>] = 8.94 x10° M;

’

) (col)
[COZ]“
3 (v) @ [CO5™] 8 [CO,] 93 =i IfC,
1=525%x10°M 91 pH = 8.28
FIg = [ HCO;] + [COs* 1+ [OH] = 10.0x 10* M
Wol'= [Ca®] =5.0 x10°M I 50.0 ppm CaCO; €92 pH = 8.28

) 2pfST sHfrs Ry

3 AMNCS @R FREY A0F, Na 8 K SR &4 75 Somi |
TS 4fer Y FIEPRE @ fER T (@ Na @i Afie 7w
Ao (et apfess e refba oim @3f St ot g
I 99 VAR SR IITS NaCl #99; q9% el off w1qamg
Wﬂﬁt@mm|mmmwwma+)m @ TG (r=099A)
fBfeMe e wiba ot fea watsrst Sal stytads o9 %@ =
1 3N TET o afb ofRreifes T W) I, Y SR Nat
S SR I | AT FRAFOI T A4S NaCl WIE Q<R S19Te
3 TS F39B grs 10 ppm @3 IEFIE ATS |

AFfes Nl “Biffas e Jwid e (feldspar, KAISi;Oy)

TS IS 27 | WREE 98 18 Aigfes 1 re anefsa swged
4B B, T& ST WA &pA AR K,0 AT | IR ~NfTs (o

17

K, = =209 x 10 v)



o8 AT AETE 957 8 7=

20 W G T (oo | K-4be Afe omidd gRame! $N 9
FENIGrs K AReEe 21 siore | agfes e 1@- K, ©1% Na 93
wETE AR T A0S |

2.53 agfes e sl (A

oy W T T Al @3 B PO, AW 8.1% | WIb TS WA
WA (AIY) 2Rpfes sffirs: arglba @ ToifEfs ot wfS ST, 1-ppm
98 T | P-GF (AP (e T el agles nfts e 598 fag a9
@Rt Gt SHifTs ST | pH 4.0-93 6 AP e #1fFrS SRR
mﬁ@prm,WWWﬂmﬁmamﬁ@wW
fRAIZCE (ALO; . 3H,0) #fdT® 7: ~

_H+

2+
AR === [A1(H,0), oH)

(pH {4.0) +2H20/]L-2H20
_H+ OH '
/N ~a+
A1,03 2H0 === [(H,01q A1 oA (Hz014 )
+Ht OH

(pH 4.5-6-3)

syt (111) 9% TO4l (amphoteric) WF; pH 10.0 &9 Tl
o5 gal SUERTES, Al (OH), 7o+ <03 1 Sy (1) Bt ¢
ST S TLETHA Y B s SwaaE F SAge e,
TR I SoH S, Al S G gags A |

3.0 AFfeT TS TR (Fe)
@2 TP ¢ B-19Y M Srew @b SAmi | e, A, M-
TR A6 Afs T (AF (TR AP #Aifrs (e | TS 12 0.3
ppm €3 @ 2ARFCE AT TN B FPAm Q=2 (i, Al TR Pieer
& o7 A e 2@ ShuER @R wie 9ue A wk 9@ e
I I T (S SRATS STETE A1 20T |

argfes NS ETEd @ N o @ Sifoa | qrefba MRS &
g 7, (@AM (Fe?) 8 (e (Fe™) | (Fam fReetadl (reducing) @3
e TRadd (oxidising) AR FBfeRE 7@ | T e z0| ok
g ¢ R S B 12 AREeT A, TRV WRAGE @ S
. R« ARE A SEE SR (@ SAREER A §ags 0,-99




TReE . C e

et P QS (@1 8 ppm) e FEgE 1 Sworwige o, TS SEE
WE AT | IACE S | GFA G TG @R O3 TS (TS
R 3R T (A sy fBfedie @ ofie wmw aneief
e 9o 9% w8 (K, = 89 x10%); aFfes =i e @
H(=7.0) OItS Y& BRI ST, [Fe (H,0),)> G Ffede 2o =i
N, IRIRTSIR wefve 2@ awy aff FEEeE Fe(OH), / Fe,0..
H,0 - ﬂ’fﬁcf_"{w

. s~ HY 2+ +
. FelH0 ) mT[Fe(HZO)stH__] =3 [FetH,0, 0k, ] -

+ 2H,0 ’] L—z H,0

OH
EH 0) Fe/ \ 4+T_H_i_ j;
20 )a \ /Fe (H,01,] = =SFeg03,3H,0
OH +H +nt

I Fe(OH)4/Fe,05. 3H,0 At At wwiB Y Q3R SN o wellfd
[

Tofta (BT SR @ TR O avie S g o fefere
A AW, SEIIRE SO 112 AT A0F 1 90 BEE (1.0 x 1078 M)
03 Fe’* O3 Y &ioa Siae o189 I a9 @i smid sifre $efye
TRRCET (Fiaea i v Afrs 3fa o |
BRI Te0-Ffe #fre a2 G%e 96 B 1 @ wrow HAifw wEy
IR AN 1R OIT G SHBT B S4THA AT a2 Fefdre
W Ted 9 et R w0 |

A S0 RS O, @3 AT T A0 @17 G AGRTS
T SIER ACE R A TR A GO @ENZ Fe(OH)* N
foflm =01 w1, sifite gRlwe Co, @ AFE @ ©9H FeCO,
1P SHLTFS AT | Scs W™ oo sifics 50,7 % @
TTF, (FAPT SIRLE (T SRS SH-YoF SN (Fet--S0,7) G
FIN 0 | A SR RO Aviedd e wioe e 157 F0d's A

T-19F Afire @Mz IS @A A ACE (@ BAS Al
RELS AR S B | B-197 NS @Tegg el I@l 1-10
pm  TMe T FALA ©1 50 ppm S 20T AN | TS $ISF Ao



oY AT 2 AT 5709 '@ 77

@Teza A 0.1 ppm @3 @R =2 o7 Hfif4 faeem fog ey e
@, A T4 TS (AP (O 7Y ©IF B TR A0S [Ty fFgwa A9
A (TR TS AME Fe GFANY o1 e I qg 4179 | §USF
AIfTS @ (FAPT S AN JYNGER TS SO 77 ©ite fHafefes
AfFTERTE YRIRIREFSI 06 07 AN @Fet w@iEy mar:

[0] QRIS ST
Fe(H,0)¢™* (9797 “Iff) ——— Fe(H0)¢™ >
5% QI Iy e I
Fe(OH); / Fey05 . 31,0 ( FF1T8)
(=1 et @R qe T amI)

.58 giFfes #Atfire et s Wi (Complexing Agent): (&
WY/ ST BETRGA Y W TS TF S T3 FES (Lewis base),
B HES 49 ST JCETRGT oo Wi 0 @ QA 40 I SIS
T (complex) 7 @32 TGa QA 4% SR ML T& HBH TS
9IS .(ligand) 0T | (TR F90TS 4 SACT GF(&IG! DA ZRGN A
@ A WANGAGE  (monodentate-AFWSY) fA9E 0 | NH; @36
ARGS9 | 98 251 FI[F Sitg M a6 9 / SR 4Iers
aFE WS TEEEY PE W I, G779 Ferste et
(polydentate) FE @3 Ty THAAE  [FEG  (chelate) A |
BREFFORSHIR (H,NCH,CH,NIL), EDTA, e Tat agfe @ist / s
47 ol ARREE Fee Rene aw o@ | et S9w1 wER ow7e
a7 wioe clere wem sAvRes @ fgfefa 27| [t Yon dfem
BB GFGa (entropy) ¥R ARS W06 I AT fFfedere]
o ' |

Argfes =nfare ey o ay @Iw e (o Sirs aF fFy 73
FEES ACE A U G S AN TOACHA NG FACS AT |
S w15t wE S e @ Ry wire wwgsd g sAftaes
ToTe ATE; (@,

s, TeIfRs SR NFTS @R 49 Garee AT QoA @l S
O SHATE W (T 41 SHATPS AT O JGAgS TS AN |

3, wEis Afdte gt smndt @ fEfeRere], wrd-Rerd el
$eql TAMREA 2[Ue] ANF, FWHAN ASAd T ORGP AFER
TS B | WES, AFfed AfTe @R GE7 FEE AGAbA ToAg




JIERRG 09

MBI ARTS FIAHRED  (-CO0), SHRGH (-NH,), (wT3H3s
Cets0) @ FFB (PO,™) &4 I s RERS (humic) 8 ARTEws
9 1A @4 7f5 o | few B g @ ARTEEES ST e
ST Sl g

R.38.) RER= Wi rma w1 oot v SrwEw 95 e Bokw
MY TS By 2 1 ATl @ SITTEE Wel 799 ABLS S LA O
IR BAMRSTE G @t [Herem 005 | 58 5 Gy Samm <,
AT FRee freifers w1 ) yRfeian @ Sswmats sFafesi
RTAH (humus) i RO el <t | RSfir swid gfigsl, Fowniess (Proe
X 8 TENIGHE OelfNre @ L afa =1faid Bfew sits, i tofd
| A Toq SAmITOE B SR SEa (Sl ©h) @ 9a B
MERETGITIZE; SCRTS QRySH fBRrs S 49 a1 T A

et 1) —— . gares S

XS st - -
A omres Sy fKefim; o v T
[ e = ) 7. GAES Byl @fre; o157 arare
JuEli-CRCHI R J—
i s L 9. srsrmot: 38R «fSts; o, o9 W Srepfes

EfSs @S (fulvic acid) @@ Afrs Had g BElm (humin)
3 R it (humic acid) Mfers Waﬁf |

fRERe mid o7 @R TAmE AT S YT SO S
R YT SRS | (P @A TAMITT ST SO
- St A TS S SOEE  AieF | ST v
UIAITGe o AP fhea tofie dfewm wiwe = 9w
KIS 8 (@1 Se TS S W0 | e S @
T« I SpP7edy mﬁ ‘(functional group) ITF ANF G4 ST
6 (1 9 o1 o1 Rl @ wafien @ e 7wy oAffe 2 | e
TPA! YT SFEH-A® 0F G55 a5 |

RREfre smid Foq Sammern (BEFm, Refe Wifn ¢ Tl
ifTe) (ifbae SR oo JRE 0 o Resme Riey dierm @
B @t sfea T B BT @FA: C: 45.55%. O 30-45%, H: 3-6%,



oY ' . {3 : ATTAT o157 8 TR

N: 15% €3 S: 0-1% | BAmiTa Sefds o AfMe A1 wAe @
AR G TAEE W e AT SIma &gy @b @t 9
ol T e T | e, RERT ifte FEe aFeetE AaRTS
Bl AT

OH

@EBEH e @OH.

CHO -
ﬁﬁm ................. CH3O@OCH3
COOH
3,5 Ui3-qIfeEaTees witte ... @
HO OH

weaq, ql o z@, RERE o Sfave dea -
(condensed) @@ < | R SOIFCS FIFESHG(N) Area A I}
e T’ qade SIEHre AFCS AT ¢ T F =W:

c. AU ¢
~c C
2
\_ _¢C /

c—

\N/(_:\C
H

FEfes WItTE INTAES W Towerm foF T AME B
fEffre JerFetE TORISNE <o e Irm: (Ffmee/am T =e:
33-38 , FIEIET:b-5 (TR JZGIFT:0-0, SEHIZAT QIGIH: ©-
¢, FIERE: s-0 @3 @A S | IR, e ¢ FEfes
TR I THE R @ o el 4z o fefers gl w4
= ifTe qft S SHGITARE M YRGIEH I & AT I&
YIS

R w1 argfes sAfrs apa AR $ofgs e a9 o =Y,
W,%WWQW-%WqWWWWW



Fifases 0%

W@u@ﬁamﬂCOOHememmmwmmﬂ
=0 1o Fea; @,

I i

o o
. ' \o o
: M
M 0

qIg ST (M), Fe** 8 AI** 7t [5etb 993 Ffear w3 N2, Pb2*, Ca®* 3
Zn* 2=l et By Rfema 21 @ Mg w3 s cudss Rfede
ERCIE

48 BrEd A TAE, BEfe omnds weEfee wibe SewE
AT AfTe FIA 1 @it «g W= A @ FET 167 307 ol
At Afirs 73T 20 | argles s el e @@ g s
Gite A, TS TETs Wt whE @Y wFiE s/ e
SEE T | (TR WA WSl TH TR S}ER (@K 4 SEe
TR AT AFCS AN 1, F STABT A0 SRS 0, SiAte
s wbies et =i =1fts glge @@ gae «ifte sorm
HeT e A |
- e e S wferrg @3l sm RSt 1 e, smady
R ¢ RS niftes Mg «mdf sim v s ZBRw 9
REf® ifices F4T ST @ -COOH &+ T& IS ©F H SR
WﬂWWTWWW@lWW@WW
RS »mid siee ¥ 1Y S e Je 23
R Amd-COOH"(s) + M* (soln) == & =4 .COOM*(s) + H*
(soln) _
R M geim aAgfes At I3 4y T 789 (Ae TS 3 |
- izt Tt epa A B it A AN @ g S
AR TS TAANIRE iR wwgsd S e e |

.08.%  AfTEICEs (polyphosphate): AT (®s  sifermTwfas
WIFTe  AR-WES(conjugate  base) @I ARG ifTe
Wﬁwﬁa‘:mﬁm@mw@ﬁ?(mndemsed) OF F | AfeTEHe 98
o (A #A1f RN @ AN JIF (water softening) @92 RHRTECRS



8 AT : AT 5159 8 A

s RO AT UI7S A S s fAfeg g «rg IR
e R FoF F |
AfeTFACED "I?i qg - RS M (linear chain) € sifeE (cyclic) |
R e AAReeEtd MIAY T [P0 WP (IRE  w:
H,,,P,0s,,; ) 932 ARETAES (P,0,") U FTTOT qFF | wmwwcﬁﬁ
ot wer (ifrears):
(I)H ?H
HO —P—O0—P—OH
l L
o) o)

B e oS IS P SRR e wEn Giieens
T NS, FIB (vitreous) W@’ﬂﬂ TACES G @ Wi gvfere < 4 -
18 5 woTwar wiq e [fey tafis fee sifereoretsn aals e |

sifrs sAfmeEs ‘CoreEs A HAfifs; a3 Mard T
(SIBIewl), (HPOy), | bifas fensds 5@ afb 93¢ R e
GBS ITEs; Wi e Tlem (SHtreace):

PN / N
HO—p_ P —OH / \ z
Il 0
(0]
o) T 0 \ 7'0 O\ /
\P/ /P P\OH
| ANV
OH
SiEwBrETTRe s RIS Wi

wfiw fiae sferemes B faera MyRTs 43 e waded
s a5 S 4o I3 | 5ifEs ATt Fere e SerFgs
v | ATTEACEE (@ N I e I 7 97 fFonre i fafae
T 4D O (AR SAfTETRnd I WIS et WS (0) A
TG TS A Wb Sifs AAfmietd ualh aaes uiba @ st
AN ©f & A A A1 | 4 T s ~Afermta a5 o} ks
SARGIEREA THEAR NO! & = 27 1 |




LIERRGE 8y

ATt SRS (PO,Y) weIfTe T dgfes AfNte @

Sdreces TafFe A, e Rfew o gum @afb S
H,P,0; + HyO=2H,PO,

SATFEs, WR AP AW, HASS W A WFE qrorE Al (AE
TYTFA (T @ Fe @3 e ffemn swdieTws @A S
Fe(HPQ,)* 157 < |

T FRE @ IR @F Ao A IR Grgee o woa
IR GATS S AL | WoAIHA ©ie-vw 9fs T2 = | 93 Amd
AT {AITS AIFR AME SIF T TG &I F9F RIS 70O 210 | 2 41Y
R @[Tl QI & [ SRR 99 419 SR @etEl QIRE &)
Slg [ w5 | Qe AT 4y T HATE SN AT I TS
QIR & O IR T | S e T 4 RAPS SIER AT
“fifrs qud 32 20 ¢ W W-we (@ (FIH Q9 OIS WFE S AT |
SIRG!, GATS Mg FRerAle qea A e 73 vAs 2o I |
2.5¢. @R (Micro-organism)
o, %A, I A FHIIOTY PR S AT T | Saieten o
;T IATFHR (bacteria), SHEAR (algae) @ ®IAPT (fungus) |
agfers  afefme  epr v AReds @ ser  ©IE
SIS (@A [ (@I Gl Se6s BEwg I 90 | IR
egforsm SEIQetEts Wik 12 Ate o 9 T T, EOIRD
(producer) '8 RS (decomposer) i & AFSFRS G Gl COo,,
H,0, NH, 2fS 74 SREd AWidd IRy ATEReIae aferars spterdt
AW ¥ FE; @ ANY e e «fers weiefe T Qi
Ao =W | I®S, WER AW FFEE (food-chain) 44T LESHES |

S @ @il el e §ig; @ AW Sioe AR

QN (STH T AR @A ARSI 93 6 (T @S afeTe
- e i SR IR | e GRigereng W Aficy auie w9 g

3. AR [Bacteria(pl), Bacterium(s)
AvTreIeT fefers IR fafafe o ¢ Sarydics e = I:
el
at%fclafvfas cﬁmﬁﬁa
merv;raﬁ vmlvniﬁ

FRTA ATANTEH




8y AT : ACTAE 9o @ &

>. SGTGIE (autotropic) IUIFHET : SOIGIFIE oA I
SEE AW TR free R e e @ sinfsten
(Gallionella) @ Cif17 @6 WFERT | NH,Cl, T7F6, s 19, CO,
@ T FeS WRl 2®e fisrd wHwewa $aif¥fors ame [R@m 96 |
GG et [y g gufe sie wm SweEeneEd welle,
@RS (I g Sil 92 A | '

3. RBIEIEGIS (heterotropic) IFGRA : EHIEIGITHS IUwGim
e AR FTsaT 2Fs A0S SN 7, 99T 4ES S A (AT 471
GIRE (99 @ | RBIEGIPR TRGRA 13 @G I, ERs 3
SJIANIEE | ,

STETFIZG (saprophite) : SIATHIZG T° Sfer @ A (AF ARE
@R ;A1 T A YO Q0T FL2 B-7B TIF| G (@S |

ATRAPHES (parasite) : ARG Qe &1f ¢ Sfgm a1 I@ 9
G (ATF ARIF T (74 |

O (commensal) : FCITE QF0 2AFRBILE; Q1 CFF (host)
(AP @ AR AGZ FE OO (AF (FICA 0 27 T 792 Soila 77 |
IR (EColi) @ Ma <6 sipamnss (sfa); «a Ty s
QA€ S (intestine) I I 93 P& AR Toa1 @NEF (STH Fe]
Qe AT Fq0e Qe TSl F(F | IS 3. FAR 8 @FER fa
e (g AR qRatE I W RSl SR TEE (@ Giaeed e
S TS WA HARET T4 w2 (& AR T 0! 7 | PSS,
T RGN Aqewees qea @R Fce A = |

ATATE (pathogen) : “TNATSAS GFH ATFNEE & FCATACAD
AR @7 AL ST | AACET O (ATS (host) (ATF T4 A-R T
(T O (AT OICS Ffo W, G QMR I %9 FF | GINAYT
R g Sy @S AMANET WieWd R =W e,
TSR 2sfs | T RN AAEH FHECT Fo7 @ I TS
e 2 F | g g AMAEE @0 O Awds (oxin) FeTe =27
ook 1, Bizwwre, feenafia agfs awet 53hm vt v «afb aify |

FPTEIaR St f951a WFGRE 43 8FF — ITRIQ (aerobic) 8
TRIFEIR (anaerobic) | IS ARGET SFCEER ARG 9w




EHEDRE 89

SSRGS WG SHEERaT AREe SamaRd $@ 1 AgE
HIFEGRAT e 799 @6 e [eifers 2 v 0, G 3G
A (Rees) aa TAEIA ABGRAF SIG CO,, NOy, SO, 2efe
W‘l/Wmmfi‘mﬁWw

IR FIFERA : O, + 4H + e =2H,0

SR FRFGEA: NOy + 2H* + 26=NO, + H;0

SO.> + 1OH" + 8e==H,S + 4H,0 |’

IYHT -8 TR WOl TS qF (NG FRFEGRA SR A WS-
R 8 SAEARAN TOF ARG TS A |

wwmﬁwﬁ@ﬁmﬁmmwfﬁm
S FFGRAR WP (size) 0.5 - 3.0 pm (u = 10 ) O SR 0.3
pm (@ TEH 100 pm @S @A @A FRFECRIR WG zrS
S{ITH | AYRTSIE 9671 A AF, 0.45pum TEHITaR TR WG J4E
9 T | ‘ "

LIPEAGT [(Algae (pl), Alga (s)] : TS FERRFRR 9F 4F1
EANg, TR ATl (@ 9T @I Gl (@I tefy TR WS! 9 |
TSI S Bf$T 99 T AME | a7 AT (I ARSI W
] oA FACS A | MRS GFSH NG S0 A A1 “Areetl, &%
IS (e ed TR e, QSR I O  F @3 SrErdt
TR | Spes WA Tog I (@ (A IS Fo W oL
2 | IS Y T SO ¥ AP W NI A A; TS 9F
a3 @E, (@R WE (@ FEE WS G S[REE I3 | SIS
ot S MR @3 Sfetra wret | qREeE, ke, fFh, W
FAI@B, SRS T (T |

W@W(producer) 4 1 | T SR AR TR
AR iy G AWy eFe I | IFS, SIS 4y R
2T AFSIES

6C0, + 6H,0 —Y 5 C.H,,06 + 60, (2.)

[hy , STl Fieafs ofs sRaps, I3 afa st afba
NAS A

R SgoABfere SEd 4w d¥e FACe AN Nl S O WH-2
(respiration) (37 ATAG BECO© ASF | YHT-&HT e Tora @ [
@R 2T (TRE b)) o e {ede | eReRered. el



88 ' " iR aeTEias e e Edl

IS S AR FAR s =F; 1F-9e s o7 «e 5 =
O THRT IIER LTAECH RIS Ol AL (A |

AT AACS A T4 LTSI SOITS | SIS AV AFS T
g (TR 2.b) (@0, Beofq 7w, Reamiona qIaet ©f &4, 39 8 s
YT T @ 0, OF &/ 80% T (3 | $% Sfrem aFies gaead
frere Yo SiHe W™ Al O, -Fibfe o9 % |

SIS e HAfta Fele ¢ TN uE I AW B @7
wfs-qegfa “frs 7ad S <@ UES W[ AR AW FIGEAR
SHEEE O I S AMTE O A {IAgS 0, ©NS [ T; Q@ AN
ofifer 3 ¢ M 7B @ Aifwe gofw YR 2w 1 R ¢ ISR T T
A1 e e A5ce A |

o, BT | fungus (s), fungi (p)] : STETHIT TS Fi2ATAe SIS il
AHER QTN ST | @, ST 8 FRAGR W GHfEs fFg e
TR @, SRS (@RIRFIR, FRACT @RI 40 T Syes!
A Seed mitdd AR frem 4wy e ege wE, Tt s 9[ee
AFS FA A, AAE dFSTA] Y A | S SFed A5Cs AN A,
W] AFS FAF MY A @F & SR | PR el ($R_ SHhF 7
@ I -SRI 95 FACS AT |

eimt IS IIER oo S SR SIS Fests o TSl |

wgfers wiem W@Ede Ty @Il @R @ TS AE cou
IR SIS ARIDS FIed Qo8 OF T FIEA | TR IS Sfew,
T ARG 97 T S T, $-7% FRACHE AEITD WRAPTEA | -
5 To GaeE ¢ SEACS TRAFT @S] A |

19 GG, SyrEe et vt @ g @ Rk afege
z7e1 qsfB (spore) N6 TR O BAT G (F06 ACF | Aels AT
| OF FE TIE ST, GRIGT RAE @78 BF A | AR 799 S
z odF G1q Awelt (At WRR e 9t @R IR TR | 9o
Giralq elfege Rt | o (eF e % 6

.50 GRS SEE Ffers T ey
FFfore qu g IS A elfsfras 4B seer IS @A A
@A @R G[lq SgEse BRewE dw R W ewgsd v g
AREEH FIF FALCHCA SCEAGAT T 2 |

3. BRIYF SO ST FoSA: YD (TS (biomass) -9F LT
o THAME FEF) GRIE ReAwfemn @ S gwem 7@ 9w




Ffames 8¢

fensfEm @ @ e T W SR T 9F SN I WRY T4
ARG WO AN AL 4T | YRG! O Bfgw I AFALTAI
LT CO, 8 H,0 99 AR *F &FS T 0+ C G TR 97! +4
@ 0 () (5 @ S 92 GG (hy) IPTRS *fE SHM
FACS TN T | AFA AR RS alfemm -2t ge-2wied
R o W06 13 (@ IS =& Sits s e o 1@ 2
hv »
COg)+H,0 = [CH 01+ 0,

-E

SRR W4, QR R IRE A, SEe-onye (e afgreiaE
@I AT Reifee zre o Sfarees Soifgfere ag&dt
YIFGRTR SRE A CO, @ TS W1 @ T 0, AW ARS
- R FIm @ a3 AfSTIE IERGEE O 29.9.keal SN e
fefam 905 1 i SfIERA 20 SRR TIRFGRT GTATA =41
ffeed 96 @32 CO,, NOy, SO, &ofs cliv/enas ©¥F g Az
A

CO, + 8H" + 8¢ = CH4 + 2H,0
2[CH,0] + 2H,0=CO; + 8H" + 8¢

2[C°H,0] =C*"H, + C*0,
Rifunftre afsta TEied o @ & e 27 oF #ffawe wa 5.55
keal, AFRA GGEAR SEHEE Aabe fFam @F stwwed | wFa
ot SRfe CH,- Seam i | =i Fefuew ova 7© w3 @9,
R TellaiER S, SR SEe gefe (iR i Sy wisien
1% R = o aft Ko swgsd it smm w1 e v
eEIfeT Ao, SR, frraaer, SNamsssm
¢ el freem afemm SHeteR wa FE 1 - @ R
A snera Fwen, A m (o7 @ A fwre, W T 9Rd 40 IR
TN AR TS Tfen ¢ Saogd Sy &fe OIS (anerobic bio-
degradation) ©/@ B | S ere tea Awndd v #ifiaes qihee
@, OIS SIEHER TS K ¢ FIECT WGATS I (ICR QR el
(5% 8 STIC @l Afdd® %A | '

JARGTE BYSH (N-fixation) : IFIHE & N, AlAPAHS ¢
SRE SER 2Mid FARTS SIS N 98 FIYOIA 0 | TGRS TOI
B LS A - IS ¢ (TS | (EEE FeIn Qg W6 €




8 (e AP 1o 8 R

G2 @R QY GTS SEsF RONE F& $Cd, WIS (rhizobium)
SvE WA TR @R W | BRI (leguminous) SfEma IS
9BSIE S A (nodule) ANTF | BTSN T SLFF A IS
(TF N, 9@ (1 99 SfEwa agans@i @i st F9i8is 0 |
Tfew W1 TIE 71 T N G (I (RIS SIKIGE SE6t NO;y @
sficTs 77, S Bfen 4my Rewe @ AIPfE URER F0 - IEEEE T
wifige zaR o wfiE Sdael Jfam o ©R Rraeemn Sfeme opd o
ZrS! | IRTHIRRA AMfFTS 9% @ 1 Srq Fg f5g AR SOET&! @
[HORA MR @GN NFTS I0 FE FAPS N-a9 FISIH I |
Agfos sNifite N-9fbs @R »mid Boifys At Siwe a4 T FiRrra

@rF s ARG N- TR A< GRI9E Seee [eifers e 28 |
JETA N- B[O I TE0C TO61 UG O IR (@ TG qRf~®
A | @ FAFR (AT AR, TOE AT afoqen g f51
@i e 5 agmey N, apefe dfeaa N Qi werefie sa @

3G (nitrification) : RETEH (1) QIR (@AF, NH,)
ARGIEA(V) G, NOy) FER To1CE TEGREEH I | Ao
s @ IR Foreas oAb 90 a9 TRGACHAR 8 FRGRITFCR
Y §3 Efed AIECBRA SIS SRS RO F1e 0 | MRIGAIAA
NH; @ NO, -4 @32 TRGERIFSE NO, (& NOy -4 FAsfis 3 |
s @8 @ 9t @99 0, 9T EAfgfers e Fare FwE:
(RG]

N(IIH+(3/2) O,
[ Gid]

N(IIDO, + ¥ Oy ————————35N(V)Oy’

BB (denitrification) : TGS @I FWEGITST e (N,)
Feiteire zens femEhfrem I | agfors SR SEoE Fredl
qb:

4ANO; + 5 {CH,0] + 4H'—— N, (g) + COx(g) + 7TH-0O

N(IDO, + H'+ H,0

ABGEIEH 5&F (N-cycle): AFASETI I[F - N, (&S ¢ ATENS
affear B-7 @ fEwars N-c ST effefiae g9 70 9ae FY N-c9
IRE ERe ofeE T N, WGE IQESE A FE; A0S
ABEICeET W3 @ AR@Wd GiF N-FGF ICE | WBEIET Sl FSF



EORG] 84

SHTE! GOt SITEToA! 1 200y, s foraw g fuafs g zeen
5@ 2.}) |

: SR s
FREE @ G
Ao (frafer) = N,
' A N-fs tw
orief| (e,
—FomiaRrem b,
(S=19R STao)
NO;
A SIS
EIGIRICE Y S
A\
NH;
ARG
ARG RIS NO, JFIFGH
<
B .2 FRGIE b |

0. SFOre QYT STEGE ARFIEE FASH : TeTeRes Ao
ffg SaRd @ Beimw, ffeg T@E A o T9a Aifare SeifFs
03 | IFfoT T @ T8y (AF AR ARNC TR ARTER S A=
Nlﬁmﬁm@mwﬁﬁ(&mewm)wﬁ?ﬁﬂ
mcmwwﬁ?ﬁwﬁ—@l

AEFBT 1S @ FMST : AT Lo TR (AT H,S AFhes
fATe Seslyy 0 1T @A @A AR AR (@, feoesifeie)
T SO,” (F H,S @ Reifde o3 | 98, QU@ (& AWidd R ¥
R SO,” QT© ARG 123 R Fe FA:

'S(VI) O,% +2 [CH,0] + 2H* —— H,S (-II) + 2CO, + 2H,0

Rt st SEoae SfEcem (0,) W 68 0,7 @ A | H,S
M FFERA ©F CRIE @2 A @ @ Afcs sewize

1,S) A, THAN AT I Fo = ([ (@1 SANCS @ Fe(Il)
TP, JEPIZCC A ©F [IGTW A I8 @9 FeS(s) BooAg T



g | sifaram : IS 15 8

2B AEFIET (H,S) O 1HTe (o5 ferm %) @6 et 1 «ft
oNfACS g 7ad e w0 | .

ZAGITE AAFIZCGA (H,S) TETFB FoAS : (TR JIAGEA H,S
@ SO, @ TSRS 0@ oF AT ¢ SAFHA T8 T 2T AT |
TEER IR TIF T 0, CRI LT A1ET T 58 S
WIFCBIRAR LB CO, ARG ARS RO I8 e

F&ER ATERE
2H,S + 40, 250, + 4H*

H,S + CO,+ 2H,0 SO,* + CH, +2H"

e @ H,50, B =@ oo AfR/geen sy qﬁﬁmn
Wmﬁwmmmm@%a}mﬁﬁmwmsamﬁm

28 + 2H,0 + 30, ——— 4H* + 250,*

: o SRR ROeH : SeTeld (S g AR qF
AR ) agfee Afare tea ST Beifgs Al R weie @3
5ol | 2o TEHE GAldE e Feifite g @3k Ay e A Afarm
Toq o SRy oy &qelq (T |

R TR @ (PR IS A6 SATFS AT S M
ZABGPTEFIZT (-SH), SIBAFTFIRT (-S-S-), TAFIES (S%), ALTHIFIE
(>S = 0), SAEIS (-SO,0H), WBWRFBA (> C=S) ¢ AT
(CsH,NS-) 2 | (enfotaa Reg sl wpifies e 3= 309 (T,
[EECET (HO,C-CHNH,CH,SH), IDICRRIET (HO,C—
CHNH,CH,CH,SCH;) &9f® | (& Fesld (Ted 749 tEfis fee 906
U © (AT ﬁ:ani‘a o3ed (CH,SH), U©ifdiEs  Ti3iewie
(CH,SSCHy), H,S @9l Gl ey 78 | Amidere Sy pfage | ofs
9 ABTS AHTA S BT (1 G 2O AT 5 s a2
0@ | egfore e AEwE @ [y awm 2re Hnd, sre RereE
@ ¢ T ©fR ey g TE (S |
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.39, OF AN MR (acid mine water)

ﬂﬁmwma@mﬁﬁmmﬁmmz)ﬁ&“@m:mﬁﬁ
Wﬁm.wﬁmﬂzsmwﬁwﬁ@%@wlwwmﬁﬁa

e o S ﬁﬁ I
2FeS; + 2H,0 +70, = 4H* + 4S0,% + 2Fe™* (2.®)
4Fe®™ + 0, + 4H" = 4Fe™ 4 2H,0 (R.50)
FeS; + 14Fe’™ + 8H,0 = 15Fe> + 16H* + 250,* ()

mﬁﬁmﬁmm%wm(mwm)
0T R o 932 RIS (2.50)8 (3.5)) SFIE 557 A1 |
@ e e g ., PH 3.0 99 Bt @I TETEa WG Gae
NS H* =W 3w =

Fe™ + 3H,0 = Fe(OH), (s) + 3H"
WO, AFFoF ACS (AT pH =7) 797 Fe™* W cars w9 i
pnmm(mm)lw,mmwmnwmw-mﬁa
ﬁmw@ﬂwwwwwﬁmﬁawaﬁwﬁwm
RIS zre mat s Fe(OH)y(s) (W21 Fe, O;, xH,0) & wImgme 2
mu#ﬁ@w-mﬁama@@ﬁfmm,m@ﬁammm
m:%@mﬁnwwmmﬁwm@wmeﬁa@mﬁmu
Y W NS T@ael (particulates)
Qﬂ'ff\?di AfTe g™ @"ff‘\if% AR 9FH Toq1 | A Wf% (size)
(S OI7a 2 9AITS ©iot w41 Tr; [l '
’ %.Wmmvﬁam:wma@mwﬁwwwmz

2. WS T N (@ 10 - 1.0 x10° um; p=10%): FMeTA o3
wmm,wwam@mmmmmﬁam
mﬁﬁmmmla@%asm%ﬂm@aamw:%%m
W,W(clay), Z@N-W, cmﬁw,wm@‘ﬁew&m@m,ﬂﬁw
m@%@ﬁmwwwmr

wwmwmwwﬁm)mwmﬂﬁmﬁ
w,"c‘sﬁe'«’rﬁ@maﬁﬁaq,@q‘é @F (S 2T @ AT
MTe e | Ry Ry aemfe R wome Q@ e I el
W"ﬂﬁt@hﬁ@; TN,

ST (F (@S W WD T WARTS Gre o Ca
RRCGIHSTIABIZE T sy =1t

SCa*+ OH + 3P0,™ — Ca;OH(PO,); (s)



@0 Sifaras : TS o6 @ e

3. CO,T% FRAl AT (AT CO, (g) WS RA,CaCO; G
A0S 575 2A:

Ca® + 2HCOy — CaCO5 (s) + CO, T + H,0

0. CO,TT% FFA “g=iifce i Apa sfawie eiRe wd), sifa pH
SITS (AT A @R CaCO; G SILTFA 7TS:

Ca™ + 2HCO; + hv — [CH,0] + CaCO4(s) + O, T

8. oFfsd “Aifre Fe?* THMYS AFE O TS A Fe(OH); NN
SHETH HATT:

Fe?* + 10H,0 + O, -» 4Fe(OH);(s) + S8H;
ffafore onfm wag 3% -, F= v gaee REeS B e
AR G AT BTS AT |

¢. SRR SEse Agfes Afre e Rfew w06, s 9t
AR ST AN WS NI WHCHA e 7 @, GIFGRTE
SR WFE TS SO,% (ATF H,S 99 Fe®t (AF Fe™* By @ Fe?
O7 AN H,S O G TAE FeS 93 FIET &AM ATS:

Fe’* + H,S — FeS (s) + 2H*

gfes “Aifire agad @ifey ey efer e, @1a,

3. AFfes SfifAre Tl ¢ el @ i 9, AuEers
T@F 8 AT FACAAFA CTeEE TG 27 |

3. dgfes #ifvm w@fEy A @ gefes 7y FEe S aE )
TEFT TN TG A S SeAtEE ©F wed e 1 @i, 9F g
BT QLUHAd 6 WS @A 30 -300 cn?, 9% G FAES A
TE WIS GG 21 3 x10° em? | FM SACATFS SF-S4STTa ™ S
fTaigel wel g R | AFTeR SIS (@R Urind RAIYS WA LS
FARE FAF A0 RHFEE e Afeire 96, segees Az e
fafern are sreenE gelfie 27 |

AIfCe R TAN@ B A [oE ARE ARTHS Sraeeir Fee
TG AT TEG MY | @ AVY AT FAgS @ WA Guic-i]
PG I09g T AN ATS | Tae e Sifd = a3 +Aleawe e
SFOE I SOHIIR TEAMEE S (TOTEl G SN T GR
AINE SR & B4 |

©. IEAEAT I AFIeS AN (AT HAGIS AP (@ FR (T4
g:) (N Gui A Fews Pred wefN wemEE wwn kende a1
FACS AN | SHAMNS @F SR WOH ACE, AR SAE g T



e : ¢

ST AR G (AF Y@ 20 @9 Al 2iceg s vemes gferd
108 | TS oed wenlfdl w9 HAif yatem Aigal @it T Roie wie
TS A |

2. 9% TSGR (Eutrophication)
% e Siafrs wenen Sferm {2 ¢ Am @ I chewE woAIE
RSP 30T | STEGIRF It 0a TPty Fiifay S[IfgS Aasy
It A3 T60S AE TR 5IW IR FrEfs aaie Sorsia wershs fee
e Afids 77 |

BFCO GI0 TR GIFANEE. W AE | G &) @9 o
B SRR CRTAR @I GTA 4T <11 | @& SIEE SEmIEd
A1 T0g, Aoe ¢ el 2F | SeTtaa a1 TS AT, -0 (AF FREGD,
FACES 8 S AR T (e W GIp 9IFp FCE SIS (0 | TFE,
S TSl @ IR A G IR 8 IR SeTe Biew 8 &l
site [ Wore AT | T SEd R @¥F W0, O J9Ie oFd
06 93 YR S S ¥ | FISGEAN WHEo 8% (Siis I8
SIS G053 QTS TEITd BTl WIAS AT G Sfeia s gafs
T | QI oA AT, S TN SO SEE Sl S A |
SN i e wErie sifgees 95e 42 2w A, Wy ¢ =i
BRI T et SRS S TuH s T AE @3 ATy
8 YA TP Qi [B FaCs A0S | ST AQE, OS] $ee
BY A R TN (O Q3R TSIl WAl FHE (T | WorSE Sty
M B Qi @R AdE @ it Grans R 2w oite Sfen e
ST PG @fAs 3 o9 @t (@S BoTS AT | BSGIRFEH qee
q SO T WA TATH TN SeswEEre! Jfa oNeq A«
TR T RGeS T 9o 2@ | SB@EIRErT ARefere
AP G PO ¢ WASH O ACE GO GF Y ©] TP, W
SIS W TS ITSRCS FAWRS T 1 TACS QA FENR (I,
oS @ ) (@ [RF SR ] qAg ©Ite W T Rd Wt ST
0 el TG e swe acaeg | ISEIGEEe B
ST O FTY 9 8 TIPS RIS Tag | $-9Igd S Gri
8 QP /T T0A §-91CS B (IR AR R AR ARcae @11
TR I TF &% I (0 [Joifere g e, (oq ¢ e sfers
AR | WG qfe  argphos afem ) off e w97 @, e




(& W.Wﬁﬁfm@w

G0 TR FOGIRFEHA I 20 T FeIa %7 ST (0 41 |
WW@QQ@T?@ (great lakes) JRCT IF ool 919 3§ qrae
(2T W e T=d et I9E Jeoid Az e ofb R zem e qren
T R) | PO AT SR 8 AOIR e onF @G 95 R afefire
OIS FTGIRPCFT qhrg | FAS WWF 99 NF G0 TS ©f
TCACR | IS ZAGT TSI] @S 21 @3¢ $4q] «w I (oiae @,
Q¥R FUML ] &> T T Z0E S SRS ZRGET [T 2 (S
AT T SF AP T ZLACR |

BTGRP To7e aFfos il eifdmn zrete TR wiele a9t
IO AeIfTe 2 | WER e RgeRam @ 965, TR Sk,
TS @ T SN AR T, SRty as esfe wm
M (T B O S fE W@ @re 1w @3 3G
WIS 27 | PRI I8 ¢ w9t SRET Sea SNy  affi-ce
(erie) T® AP IGCA (@ AfTS WBeacy, qReN T Z7, AFfoss fam o
TOTS S AR TSR 57 @M T wAiove | g Ry oy Fre e,
TIEE FEGIRAITT @i @ Frms; aft bmrersa srgad gl
@W(ﬁwwmmmmmwﬁmmﬁoﬁmq
febrrers Tee 2 o[ o T v e TSGR gaitie
AR A Sl R T weas |

R.0. ST AfTe Tzt Reret Ridra e gy sifemret, pE
2A1Ffos @ 5 “ifire @R wRd-Rure Riaw w6 o wm e &
TOITOIR OIS 2T | (AN,

5.5 AR e e 7w SAfre Teifge A ww o7 Aifrs
SfEeeE Wofe R W @ ARG geive SfEem o sida i
Rfen @t site o, -9 wiffe w3 | ST TR AFE (5 ppm @9
IN) 7 AMCS W7 ¢ IRFER 7 St A1 G5 A1 1 |

2.3 #Mfre e 9ibfs fE 7, ©f (e (¢fe 2 T 3T
@ @t oAfre GTR @RT (Fe) S 7eS 25, AR @ o
RO AT 7 A | AT, SFER ofAre @2 @ Swgw (R’
SRZM FW G Fe(OH)y/ Fe,0; T4TFH @@ 2N @z oide
T wA ©F 52T 20T AW |

© [T SR ST SETE W A 6@ A 1 A0 G
ofata el (reducing) Z; A%l “REE SR TR C. N, S @
Fe-Xfo® @ =mid A, Sareas e s@sn o/ @R Sage
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Lo mcaacmNQaNH}saast cﬁmFen)av%lﬁ?ﬁrﬁ—
@W@W@Wﬁmm‘ﬁ'@mlm ST BoieTy
A W@C@W% 3 W‘Tﬁ oxxdlsmg) R G GRI opg W'«’fﬁgﬁ
mﬁmmwr SRR AP; @7 C g CO, N93 No,, s g7
8O4*, Fe @3 e ﬁw%:m%mwmﬁ?ewaﬂ(%w&mm
am‘wwwm QGWGWWﬂWWﬁWIWCT-ﬁWCTﬁ%ﬂT
Wmﬁ@%mﬁaﬁﬁwmﬁ@mﬁm,mﬁ&aﬁeaa
T 2SI =7 | ﬁmﬁﬁ”ﬁmmNﬁﬁﬁﬂN&me
@ﬁ@amﬁmmmxﬁ@,wqﬁﬁmﬁnmmmwmm

Aferrorg (aH+) AT G5B f\zﬁmﬂn T CF@ @ a4 B
RaREE Wﬁnaa\ﬁammqwﬁam SE-REmes o cowe
a.- S RCE Hae ﬁ'@ﬁ‘-‘fﬁ (reducing) «qg IBE] RET JI9 Trgerg Sy
(oxidising) ¢3f%8; MY |

PE = -log a- (R3R)

(VT 91/TS 273, pE, BTG A BaAfigrey E 99 1og )

2H'(aq) + 2e=2,(g)

ffemiore g+ 8 Hy(g), Wﬁ#nmawa =S¥ a, =100 yq
| Yoy, @“‘TC‘,

Pr, Hz(l atm) I H* (a = 1)]] e (a—x) ' M
(RGBS - s1efarg effem:

H' +2e2H, (g);  pog,, (= 0.00V)
M™ ¢+ ne= M(s); Ev™/u, Vv

AR Ecey = By™y - Espy = Ev™on, v



e “Af3E : AT 918 8 R

sefe SE-RfFm M™ M @3 EFEC ABIRHTS (Ey,™, ). SEAfEm
HYH, 99 AACF M™/M 93 @ Sifda-=ifE s s sifqsst | 939 w4-
ffem, M™/M @7 Y JHE T TAMIa a=1 ©¥ S4-fIfgafea
BTG ABARIEAS (E) &5 STTBRIG AGARE Eo\™,, I T |
ToAmIE fETel 9 (e o E, IEE@E  ABARFEE 70
FAqFqe AW [{efr s am @ww, 9 [Kfsm oM ag 1965
AR

0.0591 am °
Eune/ = Eones — log ; (25°C)
M Aﬂ ML n CIVY
ay = 15 S99q,
o 0.0591 1
E =E,n+/ - —— lo :
e M AA n 9 ayn+

Y BT CFC@, ATFTONE WWWMNWW@M =
[M™]); ST®93,

0591 1
Eursgy TEN T T 19
Toitaq AN ARSI @ -
E=E° - —O,'Lr'?g—l— log ([R}/(0]); (4, O + ne=R) (2.58)

BEHAGA-AGTS!, pE, SEAIGIC AGARNE E 9 Wt 936 Seoifies
fBfoms | Sorm ova @IS w4-RIEW 20 (a=1) + 2e2H, (g) (1-atm),
TAE°=0.00V 4R pE°=0
SISy e I (AR TR:

pE =E/0.0591

. pE° = E°/0.059]

ST, W5 TABA ((.38) (F (T IW:

pE = pE° - (1/n) log [R]/ [O] ()
arpies sAifre Foamve W6, Wi oy w4-Rfear pE TRidts (IRfd 2.8)
ferforqm a1 2 |

TnrRaet R.¢: feoa wd-Rfametee E° (@ pE° (5 &4 391

(i) Cu** + 2e 2Cu(s) ; E°=+0.337V

(ii) 2H" +2ez2Hy(g) ; E° = 0.00 V



LIERRE ’ e¢

(iii) Zn** + 2e =Zn(s); E° = -0.763 V

AL -

(1) pE° = E°/0.0591 = +0.337/0.0591 = 13.35
(i) pE°=0.0/0.0591 =0

(iii) pE® =-0.763/0.0591 =-12.91

E° @ pE° Wt 5% (+/-) wd-fAfera @ wieng @141 =0 o7 $+47 fise
3 | R WwiE @4 S6-Rigan B 8 pEe MR @ B A, wid-
faferat e SIeE (o1l 2t o or et 23 1 upac 3 T8WH A
TP SR B0 @11 FE-RIFAR AGA T IEHEIe A
E I %3 1, QU3 Sa¢ AGHAE E,, I 27 | (@9,

Cu™+2¢ =Cu(s);E°=+0337V

Cu(s) =Cu*2e; E,=-0337V ]

3 Tt Reae RigFam pE: @ s ¢ Remd-sdiiEam

A g3 49 wra-fems (e w6 som pE «fas @ of

fafermm pE fheat A | =4 RfeT™ pE & pE, 291 7=l &ad T @S
AT | (T,

Cu™ +2exCu; pE°=5.71 (E°=0.337 V)

Zn** + 2e=7n; pE°=-12.91 (E°=-0.763 V)
sd-ffeR: cu® + Zn=Cu + Zn>*
~pE =571 - (-12.91) = 18.62

pE, 8 ~5-Rfewam s, K: 9=l ffam a2 smegn A s
R PE =0 (E ) =0) | 49 @6 ffgan Rz w1 71
A+nez=A" ; pE°,
=B’ + ne; pE°
sod-ffEm: AvB=2A"+ B, pE® = pE°4 + pE° = pE°Ap
(ST E° 5 = 0.00 V)
MR (2.5¢) PR
L, A1 1B

AB = PEag= — log
n {A][B]

pE



@ ‘ i : aeTEfE 15 e

[A][B]
AP , K = —————— QI AR pE,p = 0.00
(Al [B]

SGL, 0.00 = pE°4p - (1/n) logK.

lOgK = anOAB = nEOAB /0.0591 o (‘{bb)
J4, n=1 O log K = pE°,p = E°p / 0.0591 (R.59)
TrIgad Q.Y : Cu** - Zn(s) R ANEFIF, K F© Z(d?
Sfafer:  Cu’ + 2e=Cu ; pE° = 5.71

Zn=>Zn** e ; pE® = 12.91
‘Tﬁ%ﬁ'fﬁﬁ Cu* + Zn(s)=Cu(s) + Zn**; .. pE°, = 18.62

K = [Zn*)/[Cu®"]; log K = npE®, = 2 x 18.62 = 37.24 -

~ K=174%10"

TR 2.8 : “Mfre swgsf &g wrmd-Reme Rfewma pee (25°C)"
Rt pE° | pE(W)
Y40, (g) +H + ¢ = % H,0 20.75 13.75
1/5 NOy + 6/5H" +e = 1/10 Ny(g) +3/5 H,0 21.05 12.65
% NO3y +H'e = 15 NO, + 1,0 14.15 7.15
1/8 NOy + 5/4H" +e = 1/8 NH,* +3/8 H,0 14.90 6.15
1/6 NO; +4/3H*+e =1/6 NH,*  +1/3 H,0 15.14 5.82
Y4 CH,O +H'+e = V4 CHy(g) + % H,0 6.94 -0.06
Y2 CH,O+ H' +e = ¥ CH;0H 3.99 -3.01
1/6 SO~ + 43 H +e = 1/6 S +2/3 H,0 6.03 -3.30
1/8 SO,* + 5/4H* +e = 1/8 H,S +1/2 H,0 5.75 -3.50
1/8 SO + 9/8H" + ¢ = 1/8 HS + ¥ H,0 4.13 -3.75
Y2 S + H' + e = ¥4 H,S(g) 2.89 -4.11
1/8 COx+H* +¢ = 1/8 CH,(g) + ¥4 H,0 2.87 -4.13
1/6 Ny(g) + 4/3H" +e = 1/3 NH,* 4.68 - 4.65
H' + e =% Hy(g) 0.00 - 7.00
Y4 COx(g) + H' + e = %4 CH,0 + % H,0 -1.20 -8.20 |

*T[AF ag+=1.00 %107

1.W.Stum and J. J. Morgan; Aquastic Chemistry; Wiley Intersc.; Ny.1970,
p-318



FRAwea a

pE @R OIAY : TETFEC AGAREE, E ¢ 3eTRGE Awel, pE
T wled @32 | b pE W3 swgrd oy oo s @@ ae
(wd-faferat Reet SCE @I « M™ + neaM):

>.pE @HIgF (+) : &S RoWd M™ 9 HY SR weg @
A&7, pE U FIGE T T© TG T M™ 97 SRerfE oo qf¥l 23 |

.pE NG (-) : e Bona H, 93 wovig M @R =@ |
pE @9 ¥TYF T TS I¢ A M @9 e «f& s @ zg a3z

©.44-RI&T pE (I pE) : pE, g 2 Rl Torps, deargs
mwgwﬁmlwmwwmﬁmwmmcfm
(CTFEIF, K ©F q0) |

&AW q90t pE 97 A T (limiting value) : SN HIRA pE €
A 8 FEE T Nfag T ¢ Rerd K o= fdis o

A &=+ 2H,0 — Oy(g) + 4H" + de;

Mg ReRd: 21,0 + 2 — H, (g) + 20H
ffaa 9f6 pH o7 @ ates HYoH R R | Touq, gferE
BERGER e e ?@a pE ARrwa:

[% O, +H* + e=21% H,0; pE° =20.75 ]
et pE = pE® + log (pg; [H'])

=20.75 + Ya log Po, ~ pH (5v)
@3g, [H* +e = ¥2 Hy(g); pE° =0.00 |
fawad: pE = pE° - log (p'}f2 /[H+] )

= -log pyi> ~pH (2.55)

FAFAA (.56 ) 8 (.55) TP “ifea F¥feMeor pE A fidifre

2 1 T A IR0F @I S A s sifice et e o w1
ARPFEE SN 4 INSER AR AL ACE O O AR pH
=7.00 @Rp, =021 atm: % SR N 50 TR« AR pE =
135 o€ o @ (BMRIT 2.9) | O SEMNET SAme A
S faemaed Afacet pE @3 @€ W\ o, CH, 2$f AT B
frdifes = (Bwzmet 2.9) |



v M+ AR 199 @ e

W‘TQ.Q:WWQ@W@WW@WWEW
SR BATIEp, = 021 atm 9R GENEE ST SRAEH TG

AT SRYER IR FGREE CO, (TF CH, 77 Beorg 77 | 7
TG p, = Pcy, YR PH = 7.0, SR SEMER ST @
T pE OF ARSI W TS (7 SAWCH SATATE S 51y Po, TS
2?2
T SR YNGR AT <A 07 O AR sy «@ae
©S pE 97 A M g wa ww R @) weww, ek
wfafa,

%Oy +H +e=%H,0; pE°=2075
SRFAY (2.5b) WA,

PE = pE® + ¥ log pg, - pH=20.75 + % (- 0.68) - 7.00 = 13.58

TETCd Serwee fafes:
(/8)CO,+H ' +e = (1/8) CH, + (1/4) H,O; pE° =2.87

1/8 .

pE =pE° - log pCH4 /p002 " 4 log [ H']

=2.87-7.00=-4.13; [peo, = P, ]
RElERG I I

E=-413=20.75+%log p, —pH;[pH=7.0]

|% 02 p
“ Po, =3.0x107atm (SIS oy )

02

R AT “Aifre aemERe 5

TG e @l aeafe S w1 e-ojwe 719 7 ot @i A o
97% MR T WA | Y@ G ! 3.7 FEnfiGR qfve S Tyma
Tl 10 FeCGIae (@R 20S A | TR ~f e 6 w0 Amida
OFb HI9 IR T SR 8 Sted A ST F9ls (suspended
particutate) &p9 AR Toifys WIR"‘T@W@WW 4R 99 pH
8.0 &7 IRIFIY IIW T | -8 T© S el Wiry, O e
THES AfFTes Aew I O ARNIY w01 GO W™ e
3“'_?5 I mg/ kg @9 Wﬁmm,m&m@ﬁ(m@or element)
mﬁmwm(mﬁq.e);w@mmwmﬁwmwm



Ffgges @

Ao > s oD @2 ATE; TAMETR g9 eqete ©ig TEaRe
(conservative) b9 @l T (FFFl TAWIAI AW GI9@ (absolute
concentration) IPTEAS e tEe dfeam Rafte @ =, Fdfae =@
oIS A | @A @A CFE AnAdba e qH; @A, Catt 8
HCOy @ fIe3d | 519 '8 4iTo5a SR CaCO; 93 HAATS! e ~17; T
re! FO T, Ca® 8 HCO, @9 TN@l ©iF GRIE ©© AeCs AT |
TS, AYQE AT @A @ CF@ ARIE S_FS 96 I
73 RO 44y F @ ST | TwWHT qre WS TWEAFS ©@ 13
TAMHSTER (T @b e 2AT3es = |

Agfe AT aRfe o9 e amfifEn geged ot sew
FE G O MYLAR ~AfNce JAPS AR TN@ (S wRe-Rewae
AR @ pH), [fey IrRfie Swgr U 8 o Ssmee 4py,
TSIt Baredw fdifae 27 | e g oy Soma sy e s
A= TG AR AR Bareds (ZARE @ WP T | AN 6
TR A O (interface) R Rfwm w9b; e, m i
T B9 ARG T & 1 TR T A | A7 Seeter
T ¢ fgeas oY (e = qre gdgs e sAif T K
3% 95 | T IBCA A4S Ar, Xe 8 N, N TR @32 0, 8 CO,
L ER UG (non-conservative) ST T | CICAE 7 ¥f6F (0, 8 CO,)
Il teied et v Qi g9 @3 @1 TR A1 wad- e

R R.¢ : AYHS AMCS 2T G (major elements) [ TG
(salinity): &S (3f& AifAre 7Age Fo7 WMLT S = 35-g /kg]

R Tl w9 = /festE arr/feremae

Na Na* 4.79 x107! 10.77

Mg Mg> 5.44 1072 1.29

Ca Ca™ 1.05 x10° 0.4123

K K* 1.05 %1072 0.3991

Sr Sr* 9.51 x10” 0.00814

Cl cr 5.59 %10 19.353

S SO,* NaSO, 2.89 x10°? 0.905

C( =te) HCO;. COF 2.35x%10° 0.276

Br Br 8.62 x10* 0.673

B B(OH),, 4.21 %10 0.0445
B(OH),

F F, MgF* 7.51 x107 0.00139

*Dyrssen and Wedborg (1974)



0 ﬁﬁm:?rmmﬁzsﬂ%ae@q

AT @ pH s = A SRHEE e oA wRe R
A fsfEe s e o @@ g v ==

O, + 4H" + 4e 222H,0
OIFNET 20°C '8 pH 8.1-4 MY I4R SARHCSHA A1 AGRET AT (Po,
= 0.21 atm) 7 *Nf4 pE = 12.5 (pE, 3TERGH SHfere):

[PE = pE° - pH + log p};; =20.75-8.1 + log (0.21)"* = 12.5)

ﬂ@'@ﬂ?ﬁﬁaplﬂ.s—&zaammﬁgﬁfiﬁmnﬁw,w
HCO;" BRI A AW CO, 97 FANIRE! w1l e Nfa areiw
caf*i2y fafars =@ (Twreae 2.v) O B(OH), — B(OH), ( (A1 SIfTs -
QIEB) e qre FZ6! S<wmiw qd | IS, CO, T4 &RT efry
mﬁcwwwﬁﬁﬁsmmﬁwwmwwmaaﬁﬁmxmﬁ
aFh YO T, Q- AR o1 T (AF AT = Co,
4T IS T ©4F (TN pH AT | FFIWE, 199 Afre og 387
SR AT TIH CO, TS T, ST FIAI pH T (77 1GRTE e,
TRI b B:) | AR aiferwl «Afm whree (alkalinity) ©2[2a
O (T @1 AfFMBre B S B <A | 147 SRS (CO,)
MWICH AR PR @ ALIGIS A pH ,(F e a3 ©@ o
FEUGT (@I ARREH 906 M (@ H,CO, (AF a3 A5 (e 1 8
HCO; Teoig 7 | IS WA CO,99 TN @l (7 R IO I
*BZ © 5e® F SV Sfqes 93 FHs Afvg pH 297 «9e
TG I (oS ATt

CO, + H;2H,CO;=2H* + HCOy'; (pH )
CaCO; (s) + CO, + H,0 RCa® + 2HCO; ( FTg Ifa) |

TGS A TR 9B 3.5% HIY, NaCl @7 J27 BAmE (@
0.48M) | TS g Ste™ W ¢ o g Toifys A @ern Ry
9 ARCTI AN TN (ion-pair) 8 THH Gt o7 4 | ©C9, *ffa
T PR IS G, (TS A4IRS & S SI610a GG SEE 0
(@9, Na™: 97.6%. Mg™*: 89-92%, Ca®": 89-92%, K*: 98.8%) | R EEARE|
4Iga oot (o1 167 TR efRerel 43 e | @O Ty ©iF widS wioa
cﬁﬁmﬁﬁwﬁﬂ%mnmﬁwmwﬁﬁf@mzﬁm@
IgH PP AN | 9w Wb SR W eeel T S ASed
oIS R | SHIZRTFHRA, Cu* @ Zn* O L 441 TF; ST 1 3,
&SN SRR Q31 G FEF 7S W IR T TEE 97 SRz
Rafa o2 <9 1 arg ufow wfa Qe At eeer Iw w13 W T



FfFmes by

SR T ATS S @ 3 o A g S Qo Rl
(F T 2 | TR AGE AN W= IR AR e 13 e o
mwﬁsﬁmw;@@mm%ﬁrﬁaﬁmm%amﬁ@cﬂﬁ
A A AAfaenfe G area e Riew wm o7 o e 78 9m o
AR m%mww%aﬁmmwmﬁmﬁ@m|
W,-Wwﬁm@mwmmﬂ@maﬁmaﬁw%ﬁ
@meﬁwwmaawmmaﬁ,mﬁaw
8 TTel-Reaet <t W arga aeiEe W= ¢ v Apd AR 7
AR (Pb) I 4@ T, FUACE B AR S (@, PbCly,
PbCl,, PbCI", Pb(OH),, PbOH", PbCO;) 4Igls e +ifice sgm e
< A PbCO; f7ST pH @ (pH 7.5-8.0) @3 Pb(OH)* Twea pH -9
(pH 8.1-8.5) 37 TomIA KO3 “ifirs Toifyrs e |

We\.v:mmem,wqmmﬁaﬁwmmﬂ.ow.zn
TGS AR pH 8 qreR ey qare CO, - HCOy - CO,> 3T @3e
(NS B(OH); - B (OH), W akl s =1 “1fm e AL
TG PR 5w RS ARl Wb e g

S, g - 71'?,{5"1’6‘@? AT (interface):

COx(g)=CO0;, (aq) )]
Q. M-S (hydration):
CO, + H,0=*H,CO;4 (i)

fafema (i) @3 wer (i) o @ mpoes; wo,

H,CO
COy(g) + HO=2H,CO;; K., = H5C051 1ot (iii)
& 27 peo, [H,0]
C02 2

o, e (dissociation):

H,CO;="H" + HCO5; == pK, =6.05 (25°C)

HCO; ==H* + CO5*; pK’, = 9.23

(G ST FE: £CO, = [H,CO4] + [HCO5] + [CO:% ]

(NG g, TA (Titration Alkalinity):

TA =[HCO57] + 2[CO;™] + [B(OH), ] + [OH'] - [H"];

[B(OH),] (1B FTYR W@ 3% €32 [OH] S [HY] TST3 q9dy;

WS, TA = IS FIG (CA)

CA =[HCO;] +2[CO;* | =2.40 X107 eq / L.



vy ST 2 IR S1ow 8 e

SRR (iti) (AT [ H,COy | = K¢o, P

co,
_ -4
PCO2 =3.6 x10™ atm (15°C)

o [HyCOs) = 101 x3.6 x 10 = 1.40 x10°

: K'; [H,COsl 2K/ K5 [H,CO5)
CA = [HCO;] + 2[CO47) = +

[H'] HT
A {[H'}’ ~ K" [H,COs] [H'] - 2K’ K, [H,CO5]} = 0

CA, K, Ky 6 [H,CO,] 93 TF 30w fagre wlitw=dl smigi e

[H*] = 6.19 x10° mol / L; pH = 8.21

WEA IR TR I S@g, A Feds; s s
(T FIEEG ATF, S A CO, 9 [ s areR =re! gnie -

CaCO; + CO, + H.O==Ca** + 2HCOy

.23 i AAifAs wrmfe 5
@Qﬁmﬁ‘tﬁmmﬁawﬁwmﬁwlmmﬁa%ﬁamﬁﬁ?
- iRfpuE, T oW | Be fonfs wfRfereei @ sif g g o (ib
sfifeaifaa @3 s ooy OoIel, Mq 0.003%; ©f 7Cge JRIG Frard
fag g wrgsd a8y Bivat ~nfig sfdesd a Mdifs =) @M, O
TGS S e 119 8 MR A IgEeE de e | 3R ¢ wERee
@Y AMAS IR (AT (S FF 9o ¢ TErdiea Ffwa «ew 1 93
o1 @2fs Tew qees | 3w o ¢ T o @ yieem 5r e
Tw 13 i« o e v I e nfeee o 9 w0 e
qrg | s 3, A e Zma AR TR tew 3l s 2 |

2.23.0 B9 ofire e 89 R e wEEHrS i @ A
eyl AR, A oA mwm@mwmﬁma@mﬁ
A PLA QI R (T Fh U IFS] (particulates) (ST (FEIY,
SIHA (@G FC TR AT S 9K AT WP O 8 BITH EiG-<id]
IAFAT I/ GERATS WHE T-AW X W | GG ST
FEBUNE SHLAPA A (FAD AP 1-20 pm) | SHEHER S Alb--
Ayfae NN ¢ WA gfed | TR SHIETEE g9 SAme
RS @ YROTE (refractory) 499 SHRDT @72 TYHE
ST JIAT (FRRT 8 AREs 739 | TG Alfre gma I3
frrRe 96 o4 farge FRTe - apmera FG 5w 8w il



Fifawes v

AT TR 4 HATS 7139 TH TH IMo7 I ASE IR (S0
@@ | MHE AT @ TR AT SIHd WA NaCl @3 At
SRS A, o1 78%; ANMET SONAFTE ©I3 T4l idi=y 17 | ©rd
IYHS TS Na* 8 CI' (@ SFAICe S, AHE HEPTE ©f fog =7 1
SOARTE CI SIoPFIg® T A0H; A I @ (b Sajiest Tidl HCl
N T 4432 P (ATF ©F BT T4 |

3B AR e AP F6 AR 2.b @ AT FA X TRIENT
STEEE et TegrEe o Amid Aifice IF T O Wit SmeEsy
AfIAT TGOS AN | TAZITTEA, NO, € SO, (W cofa Awid) I
AN SHAGT AT P S (B4 AMCS &5 Jha A1 | A
T (AF TR TS B NS FFaeem AR Tt @ (v
A |

AR Qb : B @ T TS T SAMAGTER oG T

AW 1!, mg/L
e =i TG A TarF N

Na* 1.98 10,500 6.3
K* 0.30 380 23
Mg™ 0.27 1300 4.1
Ca® 0.09 400 15
Fe - - 0.67
Al - - 0.01
Cr 3.79 19,000 7.8
SO~ 0.58 2650 11.2
HCO;y 012 140 58.4
SiO, - 6 13.1
pH 5.7 8.2 -
DS - 32000-37000 10

* Garrels and MacKenzie (1971)

R3] A TS qeIERE g ¢ e (TR ) TR o
NG 4o Sfom T T | TS OF I IAB $IIeW TG | T
N aEmEfE ou fufad foaft s swgsd gt o ota; 3
(@) Afre R e (¥) @ pUied foox e At e[ifte = eeiA
o argfos = @3 () TR sifce awf smnds fEa ) gRagw



8 AT : AP oo @ e

WA TR AACS TR @ AGRTS I A, W A SoAREE ey
8 SOl fNAINS ufb G ok 7 | @ et of¥e WY 49 A9 G
TAR TS opa e T @ FIEAREN (Ca) SoifFs AE | Thw oy
A (@ TRAS ZW O7 SReCEA @A AT reqeaw Y9 @9
TE Tm SN AR AN O SfeNan FRAE @ A0 | G of1fare
Ca™ S FIAG SFE ALTHA AT @92 Na* gt =ifg g7
TAMI Afias 2@ Ths it o feme @ REd w6, w6
N ST 41 T2 R w16 701 | 2fS 27 @™ 4.2 x107 kg HAYS
M4 8 18.3 x10'2 kg IFI (particulates: 0.4-0.5um VI T B
MY) TS T@ T ~AfFte @t | I sgoam [fey chfee
A wmAfEe Al TR SiRael gared e e Mdifte x| frera
@R TAMIN IS 8 &iie gferay Eﬁ@ﬁaﬂ (refractory: (TIAF:AlL,
Fe, Ti, P) TAIKIR® @adm oma Afawid suorwgs @ @3 @pre
TAM FHLIUN(TIT Na 6 Ca) Ol #Iflet Sqopwigrs w0 A (=i
.48:) |

AR R.9 : AR TESA ¢ T SRSf garsa Femm R[fog o

A e ey |
&ARA, g/kg :

cferss g RIS Igal SISl $ee el
Si 285.0 275.0
Al 94.0 69.3
Fe 48.0 35.9
Ti 5.6 3.8
Mn 1.1 0.7
P 12 0.6
Ca 215 45.0
K 20.0 24.4
Mg 118 16.4
Na 71 142

* Martin & Meybeck (1979)

R0 FWA TS IS B 1 W @ TR AN TS AE ©F
i IS 489 Tma e efswlere 37 Ifie 97 8 3 Afig
AR ALFTS IS AE | I3 (SO ¢ (&4 Afema Wy, @eE W
AINTS TGCe #Atd g T AfACs WG w1 | o NN Em ee= 7919 27
@ 2R 2O O IS AT wrgeld By REsy o | e



BERRE] : e

iR Realb @ 3@, a9 o o Zme e 1o =S
(hydrodynamic energy) SH<F I | TR AN Zm S IR A ©R
ST IEIA (particulates) BI2. 2R TEAI TG G FAR A T ~Afe=
IR S @ R T 130 ATYTSICE ATSIE (N WA $ el FA
TEAN VO SAWCH SAFFS @ AR T ATS | GqTe A ol
HOZM (A0S IS | 7R A3 19w st @Y ereifde 23 offire @
s afew 906 or Mg «3e (S afEmeta 96 o AR @IRiE
eenfee &8 91 A0 | ArRSice T ol HAlfag Sose T =1 g e
¥q Aree AF | AN afie aFe sifin s (thermal stratification) ¥
T 1@ (Ned @, GFBER GATS 8 THATS AW STRETE AT FACS
AT 1 @ TNY JIVEI I Y2 TR twf{e afew 9 3R 92 9
i Tl s1ste Ralb =nday 2 =0 | et o rmere Ay
ATREE ACE G GRITA FACASHLIRY 96 0 & Afre 5Irgs
SRS THAQA TS A (AT 8 ppm) 1 ToRBLA N Al ©1R
TRAKS (oxidising) (pE= 12.0) TV | 2@, FESE IqEeEd SHE
FOIAFOE2 I AT FE QAL @ AFEH EILIGH = I OIS Toid
AT - [T T I [wE ok Sy ReRegdf (reducing)
q3fs o 9 W Qe AREeT qig SR frves wRe SAEE A
(@9, AR Fe*, Mn”™* I91W 82R@BE@ Fe’*, Mn*") «32 NOjy, NO;,
SO,* 2l =T Lo 974 fete JerG ares Rea sie w1 (T4-
@ 3ERGT ATF,0,) 1 CNIG Sraweter f[ofes 208 NH; 8 H,S -9y
z; Amid ufb onfce qad 98 w0 |

ST TEF] iz ANSACS O TEGIRFEA A (.20 8:) | T
TO Sfred TW o ol eqifweE 9 1 afeult agfes v T
et ot gafee 2o | @R Af? Tamm siifacs I s A
S TB/GIRFEIEE fas o o5 9@ | swacem fags fog =
LY YRS AZEE WL THED T S 2T o0a AS | AP
E, 3G, FEBRIES (FE0) W@ 1da IR Afvifrs e wirik
I (AT TRE0 8 TIACE6 ZWA A TF T 1 IWA TSI
oM W, AMER ISy, 99 & ZMd QAW IRER AR B qErs
@@—*‘ﬁ AT A |

i \vmmmwmamﬁwmammmww
mr»w TS (EE FASNG AR [G2E@aE wB 60@ | OB (diatom),
IS @ (algae), MACARGFERA ehefe MqErFlds QT @i G




vy offdieam @ aeTRfAE oo @ e

sdfore «ifere ere A | @F0 AN SRS ARG w0 T A
SIRGL, C1A1 YA AT ABT® AE ST OIS ot B 27 | Liared
o T T TSl RS MG 9L qoILd Ho0e AP ZW AT
easffa @ T A

KRG
. R T Hife ey [ 6 g RegetE wa s
fFong ereifie zm7

3. AR w8 g 57 SIE WA 9G] G WY - FAOGH W
ey 52

0. AFFSF AMTS N, 8 0, 97 {IASIN @ 37, CO, 93 HIHSIT
(ST 37 T - WY 9| AYNGEF MR AMRYT S1Fe Af{rs
(25°C) 0, 9 TANEA FS?

8. AFITS CO, AT Q4TS CO,, HCO; € CO,> WFT AIZF I |
AT pH T 4.0, 7.0 S 10.0 S SIS Tom foafba wiesifes ey
TS A? .

¢. ARFfEF AMCS @R FTORA 8 SHAET Iaba Seif¥s WS
CIeTAI AFe T SICioal 79 1 il Aif w@ikigm Sorm o
oI e e (e e

b, AIPET NS (<712 '8 SRR T WG 4 |

A. TeEw 2 angfon stifvce REweR e stwam 4 |

b. AT AMNTS @ FHIFT Ao I OR A Teorelr & &
Ao “Nifeia (B wes Fenr gefis w?

5. AREY PR FIAFAT QT I A Gl [ e |
AFET A ¢ Jowm GHERAR STIE C, N 8 S 97 (PR Foted 105
CTETE] ST I I | TGS bh b2

Yo. FREGISH FgeI, TG e fearzhiiee= anan 59

5>, 3 U AN w=1ce & e Agfes wifive um g 7

3R, AIFfeT AfTe @R IFIN TAFS AT GTetena BT s
T TSN T AFfes Alfera afes e aeifs g7

v, BTG fF2 27140 4 1

8. BCTRGA HGTS! @ ZEAFGIC AR WA TF fr



RmeH va

5¢. APfes Afq 74 ST AN AWEZA ACF $IF BICS O, -
93 SRF Biof Tfo IRFETE 0, 97 @ SARHF 17 (0.21 atm) SR 5F g1
SIera (MAle (@ A8 pH ¥4 7.0 ©49 S pE 9 &SI I 13.5. pH 4.0
8 10.0 -& BB *(S pE O SRAR A T F© ZA?

S, TR I

.- S[@SH A AR pH FA«Rere 98 23;

. WEC A I T4 Y S WG, NG pH ©LF (IS T

. TG 8 T-1SF TS A TwF 61 ST oF e T;

T, -7 Al 99 A1pY 98I A g Argfos siifare «rpfoa Teifgfe
93

8. A" @ Fe™* “ifva sy gfa ts;

5. 7O QITEE T 60 AT O 77 7 7W;

7. gIgfes HAifire w@ad e @i Afedes s ouf site
wads 32 a;

. T SN OIS WA AN TGS 3 3B 7 9

A, NS @ G e R A ©F eiefie qe aeeiEE
TG |

FygHiie

1. Carole L. Hamilton (Introduction): Chemisiry in the Environment
(Collection from Scientific American), Freeman, USA, 1952-73

2. S.E. Manahan, ‘Environmental Chemistry’, 6" Ed, Lewis
Publishers, USA, 1994.

3. W.A. Andrews (Editor), A Guide to the Study of Environmental
Pollution™ Prentice Hall, USA, 1972.

4. R.M. Harrison & S.J. de Mora, ‘Introductory Chemistry for the
Environniental Sciences’, 2™ Ed., Cambridge Univ. Press, UK., 1996
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“fifa el @ A “Afaeigs

(Water Pollution and Water Purification)

0.5 g

A e AW G | AT [FeR @F e e Ayfad @< -
TrEd oo™ AwE oy o AR ergsd Sh AEw wrae |
- 7RI g A o7 Far T Gagete gifyre Fewag o Wi
Y ZCACR O WoId SWIRAd (AN 2pd TR (S TR NS
Aifa szEiensrel W Tdte WHA ool TraE ¢ WM OIS I
Sl AT I, (13 3OTPIS WS SEiHl W9 SHEe e Qe
@Il (e AfaiRe GEERE ¢ TEaT @ TR W 2ew
ere (WAl AW | ©rd F@WiEFER (S 7o 95z, SR 993 @3
@eErfea ord ¢ afsray TIF T Tee T @de AfFRIES @R
IS T Z1 AR | B ey IS ~faifEe @l (13 I=0EE b |
QTSNS I RO M1 ST7E @ Srant IS T 214 SoE S0
o Wl e SK (owd (3 393 foe o« Afafsre afy a<samm
g &) SRR o Sraceid I 2w wifbrace | Fg-sramr kem
Tod @3 Srasld O Mg 1 WIS % A% bw ME-I9y, oA,
I g efshm argfes #ifirs 3@ am T argfos sifirs gad 72
A VE, GEEE ¢ FHANGA VA FoG B 5ECR | qZ A=
T RIS qIfAweE TS | wigfas Rigprerer Al SAfitatE I3
AR T O AN v R Tgq @ AReafEce A TR
A (el g |

9.3 AN 7S

e EarE (oTgoend A @ifite e T Iw; IW- eI qES,
StEe [, S, (ouE AWl ¢ eI vEs ) e R[iey ogft wacee
fa@aet e 3 7N (A sfere Rfey yaced azecasy w@ offee
ferforam 31 2CACR) |




= 13 @ #1f sAfdeenem I

0.R AFReT SAfre teY YEF T RS AMET S0
TATTS St 1 T T4 W@W@W@ﬁmm T
T e FRCFS s vEs, ARG (synthetic) &R Mg @3 ¥f®
(9% (mineral oil) |

SFATEAAA (oxygen demanding) F8%: T4F IRGI7 1-atm 8 i@l
25°C 4 IRMGET ALY AR STAFS #f e gargs 0,-93 q9a@l
(D.0.) 8.32 ppm. IREI®, TET@ 8 TS TR APLTST D.0.-4F
5551 2 e W6 | TS A1 e Sfemw v anfes Afm suden
(optimum) D.O. 4 - 6 ppm. D.O. 7 v @ otz Afre o g5s
g A 9 @F W 1 AN 0, 4 ([ We] pEE BAfge Awre A
I WA APTFNAT &y, SJRfere aega e, Frgl gferrerssad
FRA 8 FIs N IS], FATAF 8 M AfGAESTAd FIILTE TS
GR FRATFQ e 7=, FoAE el gy | G SEs
Q3 (&S I8 TR TG @I G D.0. I A

C + 0,5 CO,(g)

ARFA T qEE AN Q@EERIGE e O3l 9T |
TREd swged gt s | nfafEe S @R censfvﬁ @ O
A ST, DIZHCTG, TGRS, AW, (s, HWus @ABEos
a—ﬁaaﬂm@mmﬁwwwwowvmrﬂﬁ@mma&—
mﬁmﬂﬁrmﬁ«ﬂr@qwﬁwawnﬁﬁﬁmwmﬁ
21fSF It IR FENAE TR e oees F4rs o |

TR W ¢ FReFe NS oy qE - WNE = e FRevs
e #ifs 7w arfes T (@, 2, TERE, 439 dofs) G
©YF ERIA TR R W6 9R FIEER @I 9% J97 Y =W @,
Tegag A AT @ @ g IRYER SR T AT |
efrn I8 I3 <@ veCe YA [ TeNlqld aFmw AeIGtE] o4l
IMAE TS TEEfire FARHES T TETT AFH FAWT WOID
TG (eutrophication) I (Reafs f’dy sy faeifis smemsa
F TER) |

AfAre oo 73 : @ﬂwqwcﬂ@ﬁmﬂ(ﬁﬁmﬁr‘)mq
B GI"fﬁfC‘TTﬁI* G gqwe  AgEfEd, vfee smafes e
TGS JR@FET T e o @ s @b firge | 38w
JR1 ey efefma (IGIEaTTs 4929 &’ veo 7% IFE (1 US barrel =




v A : APRAERT 157 @ T

42 gallons; 1 US gallon = 3.8 L) | O%F (O&] $9 (AT T (HIM FOISH
TP o) @ AR W O 96 W AY[F ¢ o Afws
I | SIS, BTG CATOR TS TS TIY T S TAE
Sf1fe] FrIrE BTIFR (A TIPSR (71 (@ ANNCS 3 B 301 1 9
FAFE A AR, (S TrgE, AR ¢ SEEge g e
TSN 2AfS I=F W TR @ (=G IC FEOA WG 93 O (AT AW do
faferm G 59 (1 @ 57 = 1000 kg = 7.8 US ) (o7 MYHS
AifATs 0 | ATRATSFHIC AU TS IT AN (7 AT (T
To1 GUBTE OF IAFL 76 et 361 1 7ol |

S5%q AT G @FT (Torrey Canyon) FCH Q&6 GrIgHa B0
TS 9% (Land End)-99 G&6 IF (Ollard Rock)-4 s &7 T (S
AT @F TF 57 (OF TY@I ANCS @0 9. FEHST FAWS (Cornich)
THFTER ST 225-km =I5 UG 258 Al e 32 a1 G 3 FI
O @ fer o I@ 1 4599 A ARS I§ UF RO SN
FEE (Amco Codiz) BHER (ATF 77 (ool (2 7% (WG 508 (J¥)
fIBIR ToAFtm =S ATT 1 dobd A BIFE GFHT SRS (Exxon
Vaaldez) f&™1 T3ferama T8 @3 AN 41l (7o SETH Soipte [ =7
Q@32 A QN WERT (11x 10%) EF (oF WS THAFEE SAifAre
2o TG | Yioaifbre SErEy Aghs AR@eE anw e Afe =fs
T @, WE3aF 56 Hfaw @G W 9T oRe @ AR
Q@ SMICS R @ @O WoiRe ©F Y 9edl FE | SohR -
>0 I 72 T W4 (o) foqfb 3o Brigs qdoarR Hie =3
2SR Toa-oiftT Tegre, el Sed wheniied igpfed
AT mﬁamg Boise W G POIAG TCHAAGNE AN
Rotored wiwd S

HEfeF (Ao IR AYHR AMCS (o1 qarad @79 q6+1 9HlR
TR T Sodd A TAOIIN Frad T TG AfCS (o e
B SreN | 82 A @ rm (Wi JERIET (Fgry Igelfes
R L ZAF T) & - b [Wermm 1E cont SopieieE e i
T (TS S9EE @ WER Alfre %@ (ored e & s i)
G JCad °A8 &R do W WA FACSA &AW 006 (Ora F9 IS
Qe | are feli g s fifem 57 (o WreEasd ST (R ST
e 2o At w3 gfsva e wif fifer 54 Co, 8 =fem fiferaw




A1 739 8 =iy ~Afienga ay

B9 S0, Afefrs AW a1 BT [am @ S NS
st @ s zrare o el |

CAGIETA YR TS 1T 219 o™, (SFRIF-Si6] ¢ SEEirs ©f
@I 81 Q=TT B #ite confy S T, R HhAE @ oA
(IR, Seafby, C<12) Gt IeAgs 2@ ATV AT@H T
AR / AN TS JAPS T 1 AN TRe, e Keree, 3
(emulsion) 51?5?{ @@W?@‘VI@ "fﬁC‘ﬂﬂ‘Tﬁ:ﬁ ore ¢ e afeam
mm(composition) ARISS WG 1 NIRRT (ERe Forem TR
T O I AN ¢ Aty e Reifes =1 1 1 oG
St SAmiN @ute Reifte za M @ wefie «ite 1 crate s
AEFSAR 8 A T WFIE SE @GP T | W geE g,
HPTFad 8 bIN SR O ARECR T =W |

NS (o1 TR WoT ~H1f Ao R #1 « 3 it g 18w
I IACS AN A1 | &, AYHS WA AT TS T @G3R
AT D.0. & 7R 1 (o HT AHT Qg T TEIGE wedq de
T, TS QIR *niﬁ?@@m (physiological), TTBIfGEF @ SHIITS ARG
G T 57 SRET QIR A 18 9508 AN | AGIFTE gadw
AT THMASTENE (C<10) Q@d S0 HIweE @ wfowq |
LG AT GIa & GINT PRACATH-9F T2 T@11-100 ppm,
SAGITIMI T T@ 98 FA, I@ 0.1 ppm  a¥=S &7 wams -
IS G S FACS ~IMTF, G Tl 8 Haed AT €61y |
TGS o qaed weTsa A R e 7w ifRa A A g
AP A ANSF, (S0 ©f {Ags 27 A AR AT SPTs #i1ta 71 @32
O] SEICS TS AR |

(ST e AES AYHS Bfew TR Sy wied IR e AT |
I MHF G9 Wite @eTE W oy | PHRR T syibes
TfEma Y ot I 932 (S ef Ty G Siong Sy Feired
| 9T GFMCE (OIS e TH-1F (@W 7B 7W NS W
SIS (I eI T (R TP W01 FA s HfE zrs
AIH | TSI 9T W, (O 739 AYHF @ THAFA AR @5 78
I (oUW AT A1, Bfew @ AR e o [ wiew Bk 7
TG, TN VI LY TN (wefofad efed To 9K 16, TYHS
NS (BT WL WBAIS TS I AT |




QR SR @ AT o0 8 7R

AYHE A (oF qEY WeR T AW SpTY G IE SIS,
Bfowta IS ¢ (She g oY Tuifis At IR AR F9ad
I 1 | IS agfere (oF SimReld OeR g aeiefas e
B ¢el T @ (ER IS N ARKES WE @R
THAMIHGTE S5 ({14 T T SI@1 {Age 28 | A4S erar s
aft Afre coa atea g fog @ qad 2 3@ oo omfs e
Aafod (G SIS (@ fFa19m | aTs “1fag Bor SPmm (oreg Iadibee
SR @36 AR ML AfGs I 9F0 CaS IFI T e
T BT | ARSB @ AT @ (BT I |

Afre ARG (synthetic) & MR 7t I9TR 2feFa @ww
OFf CFae TACS! LT ASq AE A @A ALAFS @em o e
TIZS T A | -, o3y, R, qmy afFeresad agfe fifey
CF@ W® GMd Goifde q9eR | [AeT Ao OF (AF TGN Tod (&
e AR v e @y Wifige qary, Avfre omndy A
F@ios (O TFood T4l 0z | GO SIFFR dfs I7a o7 7o *Widf
T TS S WG Qid AL F0 7% QS (It | Amdetad Tt o™
QTR TS A2 ASTAR AfifEns g FiHF | 4fs I=0a @39 =i
T o1 wt fQferae (2.00 x 101) SIfET €32 OF I%J (ATF ATTSf 95
qMa TeAMA Jfm A AW 15% 1 N T W, FeAFe ted owid
RT3 AfFd BT (F@a SIS 6 1 HFE & FTA0R |

e Al 93 AGETa o Sraea @3 free o | @ [sE
R7F AR e (ATS fog 7 g wifane st @ M @A
ARTICY 6 W 9R ERIE FH &l S go] (@ | Toq @3fs
s 39 2w WHES T, {Ed B0 O AOR fF e oI o e
et Sepran S | e @R oRe vy SiejRe 7 A TN
sffapifers ~rftamig fofers | Arder—NA Sitaa Tor wmdf form wacs
e o o afsfem R e A @7 ey AR wwE @ T
FGAE DDT-9F 9y @ 2P Srgd 391 (@S A 1 s sfaca v
A0 TITE AU I GF T O ASNRC TR (I OIS
AT T | 8 @F wF @S A @re: RENima Iite @ NS
Joass I8 T FB-CH ¢ TAT AING F®A ICA HENR W9
ggfeq SPGB AR 1 ddy T (WF SR LPA (Environmental
Protection Agency. USA) (@RIE g w3 wifigae afssiae
TIZ-E vl wmiedfoa AR e w5 e | i 9 srdeEeE




1t @9t 8+ ~fRenew : Q0

e 2wt s (o ommdd WA @3 KD TMAF TR @SE
AR (heredity) TSN BAMF, F' (gene)-97 [RFM W @R
TR NCS! LISt I8 (carcinogenic)&d (A | TOGT, TH TH
o S AEEed O I [RIe @ frwasg e, ©f admes
@ 4gfET o eFgsd SIME qAte TS S[E SAREeTE oy
73 s gufeq srRde 32 Tz |

S o e efers e [elfers 2 | ey, wee- e
@ TETHET (hydrolysis) @iferaa fFerem Wb «a STaFaf¥], F6-1o% 8
SR ST BiCe qORE REIE IS 0@ | (& AN e AFfS
(ATF QST WIS 77| BT g fag o oM SR (et ARew
freiftre =g 11 @ @ st ufEr (refractory) svilef JC | RIS
SRTGE 8 @RTEe @R @@ nd gt za 1 o g
o e TG i oiferel et Al el (IS @0.3) 1 g e
g3fore g fe SeRRfs wagm e e Rl sl arre
257 905 | A ¢ Tfema T @ wrew svidd Ta 3R gere I
Seea T8 ©4F ARTACRE G Ol TSI SRR I Z0A WITHE | ITSAH
@R (T e TER SO eI FIUFeid JITS TR GR
MR AL ARG dp® HREHGT F0A STAR SIwd W oA,
ettt ¢ sfnwfEe aRfemEa (pop) ¥ omid e
Ty | f foa FE A (9.9 - 0.¢) AT WAL
AR |

Trgd 91 (AT A, egfere a3 e fTelfers z@ W @ Amid
38 27 O AR S TS HAC; T, TG IR SLIBC
TEICES (SO,>) 94 (@ [qore =06 Bl H,S 3oy 28 | Hys iare asfe
M Qe AR 4FH a5 | (&1 qepd fe14m qqgIael o1 i
TER T I | WeR-Ien BIGI (S RS AN SIFA GO
TG (qCS M0 | @ 0 S FAE G125 (Love Canal Dumpsite)
qoaa fe Sge < 3 F83Fd Aitwy gl eedHited IR
SRS TS T TS FESRTS Y50o-d5¢o FTH IFRIAF il Ie0
8 WEF WS (T TS | dv¢o ALE FEG T 7l St I3 WA
ferwrcars e @3t diefis e B @ a3 Juyerafea srene
@ifeg T 1t gt | fog gy Afee afmar w@d fSea pofw it
Waaasmvwamaﬁmmmﬁmmﬁww
FRIE e fFars o[ TR THE A | 9w T @I (@i



58 . AT 1 AR o 8 e

ALY I TLY AT AF {5 | &% ©waR AR GRSt
8273 ey weAlre AFTe TR S@F ARl BE G2 G WL
e AfdAEE wg A s @ 79

S FIE TIRE TE01 Sl o (@ 71=1 @miw 341 20,
o At SN o s ergsd @3l e B - <=0
AR, TE-FLF TAEE W0 W & F1o0 8 ey @9 fiwa w9 fm-
mﬁ%(silt)easrmﬁ(clay)ml ars NGa TSIt T TRIEH
(percolation) TG T | Wi, Boiq Braw W w4 e 85 S4q
W@W@%Wﬁmmamﬁmmmmcmﬂ%ﬁw
(M I IR QT ST | AT, 0TS ST G901 S o, 967
B3 TN iv11 ftete RIS ©17 @O (T3 TF! T WEE T
;A

W RfEfere awAr g e =M T, A twq o
RN @ It TG I (ST AP G2 T SR A=A
AT TR RS G SR e RS $u | R feTeig
SRS | ST SN - @ AR @iders G e
(B! T FE TS (A0S AT T F1 L S AE | T,
e @t e AREeR Toaw SIewis @ SR & e @rere
A O JRIFARSNT FPTHA FR ~midfoa eeainifify ewm sace 2@
3 e e o fsss wifing Re Fofbe gt wacs 21 |

A 0.3 el yidar (biorefractory) 7% 0 stwidf |

T st
SIANATE @AGOHZA, IARA (AW,  SRACA AT @,
eIz e, 12 wReEEAE,  wRG,
freiig= a3fPiZe, 513w, TIERRG B, e |
AT GS IR G, GRS |
spfeEoe/ SOOI, GRS, SR Syiee, MR
ifecEte R, @ARET REA 2wE, 3REFW wzmEEs,
TIRSIRAIBAZA A, 2- BAZACZHA |

0.2} AIfATS SteR WEF (inorganic pollutant) : SEE YIFA SIfeT
& ECEE qre! e = gees QUM 94 97 | WG &7, SNeq 799,
qIed % @ N6 @, ] Tod R+, (69 1] (organometallic)




Nt vmer @ 21 sAfaenem ¢

W1, FAIZS, TS, TAFEE, RGO, AAGIR5, WIGEH ATPRE
(1,S), T4 BiR-SrEEs, Sy aefs g ster 7ae e wefs |
B T4 Arie, Sfafe am wed ofim cwmd welfie wegined
mﬁwoﬂﬁt@@ﬁﬁg@mmawmﬁwmmamﬂm
TomI G ARG W | AMLST RIS P (S (S A
ST (T el S Siee SeEo (e e e e SWew
sl (/T ACS BeAT T | O@ WLET FAPNGT T (TN, RIS
@ IPTBIR 9E7) T4 @9 Awid eigfed AfATs dr I, JTS $IR
i elEfes SRPIy 2 @3¢ BIe vad 7} T8 | Stes ared T @3
o St W Sl €9 (heavy metal) 8 {TQFER (metalloid) @t | s
THfeFE REIAS (irace) I @7t AT Toifgs AT LA SIS $ig
E‘I‘Tﬁ@l@@@ﬂ@qﬁ HYRTSIE ‘GQH mﬁﬂq (trace element
pollution) 91 203 AE (Fe W @t s ST F1 TACR) |
St 413 @ 4I9FH AW (P SR g Ao Afirs Traws SHar
vt 32 0, s (o T e FTATE AL WAL B A |

AIRTS AGFZT (CN) [T A & CN° @< a=eedieg 1@t 0.01
ppm]: THAIEE @l TRreE 71 | Anfars «f6 HCN (K, = 6.0 x109)
It SE @ | HON @ 7, @3 e ufe Sig 1 Az
T 98 419 AT A oA afbe e oton e w3 @ fafa
Z T |

ARIAIES Syl NRT ST TG AFres AFTS &4 T |
a3 “fERTad ¢ Seegna a3 Ry By e Amid afereresad
CN TS IJAZS T4 @ G (ACF 787 Rewa affs argfos #nfs
I | @F TR mmm,ﬁ%mﬁamm@mwcﬁﬁa
S (A qrefs FrEmE wae T afefim e 1.25 Al B RS
a4 ST 93RO (AF aAfSHe A1 75 AT ARAIZG 6 R
a1gfea “fATe At 0! | AMTRE FAAR A7 (coal gas) (O14 FI4
TR 8 (1S §fEAS (coke oven) aFgad @G e |

gifdtate ON° @ OIF faafa 372 S0 O 44" TR Fe(lll) -49 offs
ON- @3 @@ S | STIfSTRIRH GIRTEs (ATP) GRaiE «fe azs
ROTE TG @ | TIGEABE CBFEFE (ADP) @3 I SEd TAF6
(pi) @3 R ATP erafEe =@ g3 faferaf e (B) o 3

ADP + P, + E — ATP




W AT < AT o1 @ e

(FICH TR O, -9 AL YTFea &9 908 | R s Sesima
T QR ATP-OF FLIHRA ©F (@I (T | SR YL A Fafars =1
E @Y S wfge =ife fife = @ ©ire mzae (tssue) @ =@
QS AT | (FFREAIRTBIEN AFOR Fe(IIT)-Cyt AT 955 QTSN (4Te-
(@nfom) it wae fferwm Maaeea (mediator) S Sl S AT |
A 4 JoF1e (REITF) Fe(IID-Cyt (& Fe(I)-Cyt (CRRIIEBILEN)«
fenfe® St @3z #1738, 409 Fe(I)-Cyt SAETA TERGH WIH 90 S4E
Fe(II)-Cyt @ =5(a STA:

[CeH120q] _w S C4H,,0, «3 B2
] te v
Fe(IIT)-Cyt Fe(II)-Cyt
- I
4 |Oy+2H"]

H,O+AE

(FIE CN A3 T[0T Fe(I1-Cyt / Fe(ID)-Cyt ~&@ JRCIF 10 91
VP TH ST R | T, GEiRAGT SRSt @9 Am g9 ATP @3
STTHY I =LA TNY; WOAID QT | OIRSl, CN° S=71 @B @esd
AN G @ F5H T3 TS WS SAHCS 92 TG 7] FF AT |

AR fAafea = NaNO,-99 5ae are= s fifsicy e
feaIer Aty SR WMIGE-99 A or IR BT w9 @re
T | FIRERT (NO,) RUNCATRATE [HbFe(Il)] RrataaiRe [HbFe(IID)]
Tife® 3 | At S 927 90 A 7 e o ON-93 e
T W R ARFIRSYE Fe(Il)-Cyt TFEE (AF CN° &G &
GTGRR FTETe! i S
[NO, ]

HbF e (1) — HbFe (I1I)
HbFe(11I) + Fe (III) - C;te - CN — HbFe(II)-CN + Fe (II1)-Cyt
T, Na,$S,0; 39 MTT IF (1S 91 2o CN° 61 (0 w9
- ,
HbFe(III) CN + S$,05* — SCN" + HbFe(Il) + SO,*;
fRfFafire ame3s, @oEs (rhodanase) SHY¥6F RO FTE & |

Ao AMCS FFE (S0,7) W (AT A= & Seweisa
ARATN TGl 400 ppm] : HETFS AGfod +ifFa Aweed qafs Fommm;



Wﬁ@‘f\q"ﬂﬁ"fﬁf‘ﬂ@ qQq

e PPan @ sEeged PPyn e e aigfes Afie
TeAgS AHCS AN | I (fre A I GIFfes AfHTS @0 $4T G
TG W@l [oE A Qe I | FEg-FRER I8 (S WAS
TR @b e epa AR IS 78 | WA (naptha) (AT ATE (S
AT FAE 2 (A TR (residue) NS T OIS &G AT Na,SO,
ACE | AT 99 A (S AT (e 20w Qrgfes s fxies A
ARG NS TACHET Tl Y7 @ ZE (A6 AT (TSt ARLE) @
My |

23T “Afre H,5-97 784 : H,S 96 e =71 @9 1% ol
@ aitHa et | Y@ AW sifdEnes 3w et e pAee A
oIReE AlNee wetE o =9 1 gy AAifs Rets S TR eFd (hot
spring) W2 t&iid Iw-fifde “fRts H,S aRE THlgs A | BIREE]
ARCATH (SR AT 8 AEHF (&9 [[OTEH (bio-degradation) T4
TG ©LUF OIS H,S Beoly 7w | armafae fig, wivm fm, @w Mg ga
BING! AfiFeresd HER 9 (AS % Afem epd Hfawd 1, onfare
@ RN S I |

sNfecs 1,S faretii @3 v S8 (pK; = 6.99, pK, = 12.92) 93
Apfea ~AifATe s TEIRFR AT A @ ©fY 41 &fe §* «a wrife
&9 | BIR ARPReT AMIS @I 416d FAFFIRT AME G H,S'8 A,
{7 (T QTS I |

2o ~AifAce STt gaet (=1 =fHCe NH;@9 iy Hdns
W@l 0.5 ppm] : TP § P-SE AMCO QAR AYRA 0y wpicaf
AFfeFeag TAE® AMS; AVEGITIE (59 ¥ 14 e T o4
SI7 AR AT NH; $olg 23 1 ©13, (@ ZAd A0S NH, A0F (IR
N-T& 59 98 98 TAfgs ARTs @l I | TSEAR S @9
HIBGEa 41 e (Tes NH, d15hes #Aif s sty =7 | gy, NH,*
@3 pKa = 9.26 CTZTS SHINFA TF NH, SFIE 71 ((F IS NH,*
A GIPfes A1frs SgE F0d |

AFfes Afte (NOy + NO,) WIS [ AFS NO;+NO;«F
QRSN W@ 50-100 ppm] : B-FTFA AfTS TGS (NOy) RIS
FRISHY (trace) RIS TAZS AT | 13, "§—51@/3 AfTe v Al @
TS A | WIFIEG (NO,) &Ffers NH; wiffe 263 fFea NO, s
29[ TRFS! I BeAM | AT AMATS NO; 8 NO, 93 ATpd I



P ST 2 IS o157 8 @

50 @ 0.1 ppm 93 @M T O FoT IRA TS oM | WIEG (NO3)
e INATE et o [ew wfeew; b aermmaReim
(methemoglobinemea) WP 36 M '-jﬁ 9 | Fremaa i nfce
WG ©13 10 ppm 97 @R AE Bft® 7 | WIGIRG (NO,) =R fifars
6% 0.1 ppm 93 @R TAfFS AT |

2Ffee AfTe wE, F19 ¢ AT A TS i pH a9 b W9F
Y FACS A N | ONA(F (T FTIEAFS T 1N e 7 GRS Sl
JI5CS #MA 1 | ©13, (AR1 A BIOH g W Ty % TG T g9
ANHE TR AT GBI A Ty T FBFT T | SfEM (T8 9
Ao TS “em T | *Mnda s/ 99 @R Rify sfewy a6 @ s
foorm ONE W@ @/ (@AF RE @RE e SERd g
(osmosis) To1f6 WG | Tt G NN @ pH [Fedl =Reeer WA
T TRE @R AW OS TS T, SiRe THE Afeqy Jrars 46
R §Y o7 TAfFEE Affafon fiem =z @y, wErm A1 8 ofew
TOUR T pH 8 FRANESR O UMY ATF TH IR 93 [T A
ANCd | O3, G ATV WA G (06 A [ 1S IS 270 1 |

“fifre =@ 734 @R TR e 7 oiwa e I 97 EE (acid
mine drainage) YRS QG G611 ABAZT (FeS,) P 9 @ @I
FAATFRC-ANEI AFER FAYT SGEoH ARG (SO,Y) 9 @
i waE Tk T | TEEt ¢ @l wEw o sifer Aeied =
2 =@, A (@QF (T W T q LIPS T (0 9
E‘GCTYIEPJ:

(&)

2FeS, + 2H,0 + 70, —— 2Fe®* + 4SO~ + 4H *

2Fe* + 0, + 4H* ——— 4Fe™ + 2H,0

Fe** + 3H,0 —— Fe(OH); (s) + 3H*

Sfafre afFmy wEEd #ifF «o3 ST = @, pH 3.0 *1%8
(TS AR | GG SIBF-GIY TSl ST Tersr A1 et Bfgwna s
siffa @Fel SET S9Y TRgE wed Ire W) Mg-aRemR Jwis
SAFTE APReS #Hifre oy gad TR |

(@A FOF A SO, 99 AP T 73 Far TZH F O
G Ao AAfres o vad 2 2o A1t | IR SO, 99 @ 77
0B, $-B G WG WG9 AEFIRC WSHE (AF g HEeI



ﬂﬁiﬂ‘f\’i"ﬂﬁﬂﬁ'{'ﬂ@ EN

OR 417 g6 BT | TN WHEW SO, (& SO, @ WEAS T @3k SO,
W T AR AT G 1,50, Sifie siffds 7 T wE-gfE
S G PP 8 I N WG| O S A
RIS STST (! 1 Awd 7 A0 o At pH Rerss @@
TN (TS A0 | B ST '@ ITCICAR IQBIA IR ~Mifivs w938
fer Zfootd T2ar TBrE U9 WU WG R | T, IHGTEIS S
NN ¢ TfHmMa Ape WS TWE - @RS IM R N @ AR WK
@RI Ze ~ifare ety R g ewifen Wy fwm «re sars [
eIl

TR FR-E Weas (onn 5y gt A A1 1 yiew ¢ W e ue
T AT 2 SR G Apfos AfRe wig A pH SRS Tpre
SIFA P TN A g3 @ R 2 weiam e e Aml
GG 7w TS |

APEF TR A1 T4 THN@R NS 7 ©U S G TR
e eqs Wil e @ T ReeRaEE e wee R e
@I TG NS @Ot TS N TN (@S A | ST,
AL (AT (7 AR FAE N NapSO,- & (@ SR 2 27 o1 7
AIFFoF AfTS =t oigwet N e 2@ @Te M3 |

0.9 W Alfre A (sediments) : Q’Ff%?ﬁ s e
AYTS B89 IGF (AT 0T Yl T 20 Ao s 3% = |
e w7 Rfeqena W g @, 9y ¢ MR-z, S| sEem,
A A, fiose aefe | @7 FWwm @A T, ofs ToR @@
TQOTPTHR ©F 5.8 cm F GF0 B W 32 &ifS I=7 &1T 2.26 x 10°
TG TF o B-o (AT Y 8 GAMI (A T | TS 2 9 @S
B NPK 114 (FIZGGICem, ¥t ¢ «Bif¥am) gojde e ofs 7eg
AR | ol PirveR T qwie cne gRen Seeer I ot
SR SR 2iples ¢ Pham s (d1 Wl B SEeE) AR s
TR | CAE s Teqee Al wwst Ihey @y 9=z @7
AAZE gl e FF |

FieTa 37 Foll ~Afam T ST AT 0 A TRl 2 A @3
TS SRR 1SR ST FACS AT [y AFA @A SN
ST (TR TfGgR AT SIHA AMEASALAT S WA TLoAWT 2%
R | TEITE SRS [ =i o 3% fiffrs o4t | S SRt



b0 AT : ICTHRS 07 8 779

GRS &R W (0, S TW) | @9 WoAR SEITER Semee
TS @ WiEfe 32 @ @, oite @I e SEmed TREEE B4,
I SOl (AFMSTEA Wy, LAEHIG @ SFG AFEA TS Al
SHEAT SSE WA AW SHWE TR SRGH D AR TGLo0
g o3 (o @ Ste “me (AF T (WWW) H,S, NH;,
CH, 2%l [REe ¢ YFy® N Seog &7 |

A JEFE DI TR Selfre ta Amd AR @fH
IMF | G (SR e W [t @ syt ans @ s [{ifEwy
FACS A, @AW RO i | g7t sim-RiTwg afEwn A @ cu,
Co, Ni, Mn, Cr, Mo &8s G 419 =1 (78 | B0, SO ool @53
G «rge @3 feir sierg AfRTe 2@ @3 o gEeer A 93t B
RN @18 I8 | T @ A (F G 99 9 (8 O Teaq v e
e Stz | #1fF @577 41gd MR (A ANRFOR IF 2 | W, Afre
@R g (A, TN oT Aefe) o AMEF O WRE AORS
GIRAARCe Prars TR | TRF ISR (gill) T SR 5LF AT T
TR W B8 AR 7T |

©.2.8 ﬁ@ﬂ%—@ sfifire sy wEe (thermal pollution): AT Sffare
S wEd W0 dqAe FFAl W[ ey gEfRfefer hemm @b
W | AT e I weefie wR @ @i agfecs s e
o530 TG | FIANS(6F FALAT ANSUR ATHE (FL@S TINE FG F91ST
TR WEFS] 40% 93 @M TY Al 1 ASTR A TH (FAGHIT FTIH)
Jlal A T TN (A Nl AN TR 9 T | THIL (AP 194 2z
TR 717 TS Al AT Seidied 5 19 | 0|, sendiE e siema
T g (TS A QTS Al D.O.JF A @R wEe G 8 Bfew
®Woiee T | ANGAR AT Wefgm gafa-Ae zm IRt See anfirs
(ouFTele 5y e I QI IRCIF *I7 87 O HI TE T
(SEHTCR W@ Qe i 93 9 oesas s offtg @ee sia
s, AIFhod e wia V3ol (A T IS A G Y TuRA
FICS F(A A AMIES S1o=ifF SRLa Qa1 I |

©.9 (APBAIRE (pesticide)

j@%ﬁmmﬁw&@ﬁﬁﬁw%m|@a@e@mﬂmﬁ
@ geifs g OR goA Fo-erHd gEfs Fedn weEad @f 1 e
\wwéﬁmm+%aﬁ3°*lwmmWWﬂ



= 739 @ AR ~ifRene= by

- T ORI TR Ffe I WA @i S v A @ e
WH | Jo-7o% TG [Fg TOWGTES (weed) T, @STE NTHT &Y
woeq | (IFERT W T o e T Bfew @ GiqeEd T wiowd
Fo-Ao% ¢ TONGFE [T A AT SAR (B @14 I | 9 1S 7
Enade @R it AefEe g e Wl @ eftReE
g IS0 NS Sl T4 TF; @qNH

S, JBACHAMS (insecticide) : XTI T HoFd IHASHS @3N
GIEH

R, TS (herbicide) : SAEFS Toiwe] @ST FT;

©. TAFAMS (fungicide) : TAF 8 TMAER (@171 fRa@e 0 |

awrers e Rer g ¢if5mEs e @t $ we Srpvst
(rodent) AE @S FA |

ifPBRTee 3o wfs o | BT g “oidt (WF 93 TR
oF AR | @ ANY (AF [t o @2mid e @@ oM iheaiRe
e e et et fiE gume sieffeate wter omid; @,
(TG SR, IEHTT NG, 4 s et (s JF)
o5l | SEel, EITTN @FRIRT ¢ FZeTRbe (CIEAN @eIEeEs)
GTFE IS 26! | IS e ¢ FaEd S8 Sl 936 &7
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PCB S T% SI=wiar weh 31 20 S rowifamst b wor =1 |
O, “@fs IARLA Fq I O (TF PCDD (polychlorinated dibenzo-p-
dioxins) 8 PCDF (polychlorinated dibenzofurans) =T 93 & @
Ty 7O #ACF, PCDD @ PCDF 43 55 @92 PCB «d REIEACICES
@t e | <¥s, PCB @ M@ @ R O & @3 56 e gire
W AE | WEEHBMEADT T 349 ferm @t w91 @ Bedl @rane 747
VIR TS BWG 78 S4F G PCB (A& PCDD '8 PCDF Ty
mﬁﬁ@mwwqﬁm|mmm3ﬁmmmamw
(AP A TSR @ PCB &N ©77 973} waw $% PCDD 8 PCDF
G ST QFG TS T 419N F1 7 | O, (¥ (I A=A, TS C, 0 8



iR 739 @ ofrf “Afdrnem N

Cl By T, IUAR #1879 FFAS ST TIRSHF B TS ANA | AL,
VIS @ =0T AT ISR B WK T4 I YR =W wdw (Al
Iy I A @ T AT O7 7g forx Tt (307 A w9 = W 9
“ffaefere st T fTs =iz = AAifE oree TiRElREEE ad WA
W@WW@T@!

g g

PCDD PCDF

©.b AfRSEITbE IWEE, PAH
PAH @¥ AR a6 B, W™ A6 SIANGS bab aBa =iy
S (TR A T @2 fi7 Sefe Ty e el w56 eme

P

, e ZICIRe

oy e

QTS [ a] SR (ITE [a]
( benz|a] anthracene) benzo[a] pyrene
N .
I H

@ (@I C-C1 THSICH (AT A (combustion) C-IB® 55 g
S 9IS 20 PAH B 2S AL | GIFTAR A AT 8 FD (TSI
PAH @3 g4 9f5 B3t feet | fasg qste o <5ea B (el =z@ieceia



Y T : I oA @

ArS AT @ TARS ©1F T (RGEBIETS TR (I dgiFe
W8 | AR, PAH A9 Qoete AfRReN & Sl IR 3@
nfeate | SEET O AW I@ @A g, awmdersl PN
(carcinogenic) I8 FACO WFA YR @IS [a] ARRH *Moraa M
T @A wleda |

VR (A0S (T PAH B 20 O AW IR A3 TR @ @A
@F PP 8 TENE RN WIGH O, W @O S
(Freffiemfeba qey (AeIaR «F @ WRRE) @ M JIgs 27 e
(S A PAH PR a1 ¢ etidica et aed | efhfremfafa <)
O TR T+ @RI S (TSI 28 O1F SR 2R ©% PAH 99
a9 Sjf? TS M AW | YN (S TR 8 MU ICAS PAH G
ST 9 |

PCB @3 (Y $&HI¥ PAH W @f6 ©ite s, «ft pcB @9 weet
we vEr | 5y 5y wiad i St A0s PAH 23fere G awh
II @O | OW, T CFEE QT Yredm e fEfederet @f
I WA 2 1 e oA g5 Refds @i o tor w83 @ Remwm
(B Ol (A0S PAH 38 TS A |

©.q I8 Az ey
ey siifa ey el (ore, armafie 8 aarmafe e
(parameter) RIS fadifas =3 '

3. (ot ST (physical parameters) : 2, I, g SfHCE 99
ARM(D.0.—dissolved oxygen), SN g, et (corrosiveness),
(OEfEFTS! (radioactivity), SIPER SN, @A BeAWH ool AT | -

. ARfAe Ffems: pH, S/ g , 499 (hardness), (NG T4,
RATS (I o<1 I (TDS = Total Dissolved Solids), SIHATEA TR
BIfRAT (COD = Chemical Oxygen Demand), @fss sifem e o< g
wed  swicds AR (@, CI, ST, SO, N, P, Pb, Cd, Hg, Cr, As, (T,
FRGEEA, oo, faw, SemfEy g (surfactant) Qf§%] [

ot SRS (biochemical) T&fowist: sfaree eidamias vifgw
(BOD = Biochemical Oxygen Demand), C?T‘TW [SIEIGG (pathogen)
AR, WigE, GeE, were 18 ¢ Sfema afs Rafe (toxicity) |

fgfoxistaten ffdy @ fog g mafs w@w g @wemsar w4
AT | '



A w79 @ o sifdren | 3

©.4.) RIS SfEeea sifdw, BOD (Biochemical Oxygen
* Demand): BOD &i$fes sifva ww fvie ewgsd «sfl ffews
fEfome=ifS sifirs @ tax 9 2its o7 wa b ARt ewe aa | ofs fitR
NG 1o I AFERA o Rofers zre 7o R s <35
T OF (7 ~f97 BOD 90 |

" CH,0 [ &R3E | + 0, = CO+ H,0
1 mg C=2.67 mg O,

BOD = mg-0,, T &fS &R AAifirs kmmim Siiqa seete wedy
(&9 T TG | '

gmmﬁm@@wmwﬁwmmwmmwpmoz
BATS AT | AT 5ATS 0, (D.0.) AT TETe Siad &SI
@S BAmI | g, TS 799 9% T T 9T ©9 D.O I AN |
TG A (@ 06 I A S [ GIWBRAR S FA$S 0, T
CO, -4 TIff® &F | AFEGRAR s @ R 96, o s
@ wefe awl Rfwm | apfos i @, TRGHRTR S,
BAPS O, WIS 2GTNF ©13 A7 eieaPiRf O, 5ifEw! 91 BOD 3%
¥ AT | AT M7 &= SGEfs BOD 6 ppm (WHO) | 5@ =iifars
T I 1 S9N O BOD AT 1 A BTwSm AR BOD
FRM =@ @wE, (BRenE BoD) wim i - 160 ppm,
%WWW—WW—ZOOppm,WWﬁT@?WWW-
375 ppm, I ofGuraresad figm @@ A - 750 ppm, BING!
efeareresad figm 9 A - 1000-2000 ppm | @ BOD T 5%
ACF, TErs IFGIA Qe SRAMR T &1 oAl e @ o
R | RIS, 87 A 74T A0 391 27 69 ~AReNed Awfore amw
&g a3 SIGE A T A SRRETE WS T BOD s WAy
ST |

©.4.% IRNE SfErE Bif&R, COD (Chemical Oxygen Demand):
COD ¢ BOD 49 Si& 9 fFfow+ a1 «iffa grgs wfcets (D.0)
SRR 0, 9T €I 930 AR @WH I 1 S, BOD @I S1eE
SO TRAN (ERIE O/ WA 0, €3 ARN ¢W, Cop @
AR G WS K,Cr,0, 71 SIEN 556 €T AT ~I1aq1 9

COD = mg O,, T &f$fB1a *Nfre favmm, sifiw K,Cr,0, 7] &Ry
JET NG |

Qo



B : o AR S5 S e

Gg-sifrn ¢ Sag-FEa Tor @ ® (051 ¢ SeR) wEd
K,Cr,0, - @ SIf¥® T 21d | AN COD ©i BOD-93 $ad 3&w1 @&f¥
7 | ,
BOD-93 $&I¥ COD fdfy &l 7&& 94r COD-49 W FHe!S
(precision) S @ ArF | BOD Ay e sivfve s/w =#1mest | oD
TR Mgiwd @3 TG @ T At (oufy Sy AN oA [efw
=F T™ | BOD TS GHaR %, AFfes Aifvre @ caike e
t5radEd FfTe T4 TR TS 28 $49 ROD [y w1 sresiare =2
ATG |

0. A ARTNGA (purification of water)
AN sifdrnaa TeEes @ity 7t @fite st w41 719, 9@

3. R ¢ PEFRAFE TR0 &= ARG AN T3 @R

2, AFFoT TG IS TR Sy 787 e AR 3
AfegAT “iifg Bea1 ¢ AN S [{eeat @ AAfFeiaeT 93
e 91 =1 @, R TRER AN @IS 20 W ©[ Qe
4TS (Ca 8 Mg W) g ~Afwite I-ce #td | S, I9ema I
AR A TR TSNS (O T | O0F, QUS @IS, ARG
25fs STFAIT G TARYS AT A0 | GUAE CFd AT A
IER B2 @i ¥y smd IR TS @ (@, ClL) T @GR ¢
AEBRATE /ST I GFR T CF S Tifqest Gwogs Fas
A GV GIF 47 T AN | GIIONR, (@ I A TG S T
Z(q OIS Tolf ARG T #0s, 0% AL GIZL A9 ST IS0
Aifqre o @ @@ A Afened sws @ e @y AR
ARONYTT G0 s Ferrest w1 w91 et -

&A1 ARG (waste water purification): & A FeCS MRS
1Ky TR S ¢ PgsremR o fifEs e R = 1 T I
@ FIgERL T, @ qUEd WA ALFT WwE | TR SR, Hgsadm=
FoRrem O dEre o @ (AR w.o) 1 qEpHifE sifkene Ralbe
Afafy w12 ufc 7@ | wra, oy foy afm ang o )/ @ g5 Al
ARCNYTT T e 201 Fs R @ dfFmera Afe o3l
et e =41 2 (foa ©.0):

T “fA siffengee afemetEs s G@iTe it 331 TR, 39,
egfoyes efeaad, Afie afFmead, Wer diaw dfensd s
ey ST e |



i 31 8~ wrfdcenem : EYN

RSy “riTR sffFmese
o e
B A apfie /1T [CHO+0,=C0+ HO | \ wot /]|
afFmem qw| \ efmre [ | NoNaNo: T [ |
T 3G, (o TR FRE } R PoPOY |
e e Il |cNp - &Re 7 !
| |4 4444 |
| 1
g |
|
= |
L____.____________i___i
_ TE IJ
| — _ o
! > €0 & 4
]i NH, 7R ; pH |
| 2NH; + 302 —H'+NO; +H,0 }
I NO; +(1/2) 0, -NO;
| 4NO3+5CH,0 +4H™ >
[ 2N, T+ 5C0O, T+ 7TH,0 ‘ i.
:
|
WG 5 5, W{
73gS ] s LHISORCEE
VAR ¢ Y SR ¢ |
HFTFS T RETETR/ |
o/ TSR o JE
QAR T QIRIGIEL VRS T
S ]

N 1
! . §

3 0.5 : 787 A ~ifavnes Gifemgs 7 5%) |



00 ot TR e 9

S, m SfEFAPAY (preliminary treatment): &f&fs FifEs | I5y
Aifeg Toig @ TOIRE SPTEM SB IG AFNIT T 98, F1F4, (9,
e aefs THifFe e | BT it +fF (AT ot #9s a1 77 |
o a8 33 {6 5T SR-RIFNR FZ @3 S o/ f1s -
(skimmer) €3 ARG A (ATF 9 el 7 | ©@, coF/ @ HAifa s
R0 BAEH (emuision) SRET AFE SFOTETT €A B 52F 27 A |
! 4t (IS AfFTFIY) ©f 595 = |

J. ARfEF AfFRPad (primary treatment): @3 AfERhe fEs |
2B TS AfFIFAR 7 AN TSI TH T o7 o/ ST SEH
AP, &1ATS fFHTIY 4 Cretel +j29S =W | FIE(B AR & 9T
G5 SelfIPITE BIIF (sedimentation tank) ITE F4l T TS (=®G @
ZEd N ST I TNUFT OE G ATG | IFB AH SIS
SIS Y3 I NI SPTN S &1 90% SETlfF #ATT IR WK 21 40%
e &R Awid | ©rq, FEeRLER IS (A Tl were AigRTs
Fgo1 @ 37 =S | SEISIES TS TS Sl RN el 2eTR
A BNLFF T B (AT Al aSg A aferaeswedd oy @ffds 23

o, fedtn it afeRaeae (secondary treatment): &1 aifEmsae
o @ AifA TSt Adie Afaeaas s @i 27, opa AR e
g ©ITe Ote TAfFe Aw | A o Amd THlEe AR A4
gl wfew s, to smd e SEEBE AfNe gags 0,99 3
fifEm s | w0, s 5aes 0, O3 SfaEd T T 9IR TES 21
GEYIES SITS TG T A0S | ol “/1iewg afeaesad aiet »ff= toe
fE /OT @ GIB TR V@R OIF AN JH W | FE0
S ECeE (TS, TR, Spiifam FEuges wes agfe i
sz SFEE) AR S QKT SO ) e ¢ ordw
freifere &4 28 @ */”Q® N BOD @29 O35 W (e A1 =0 |
efFmadlba TReeE 7F ¢ WA 9B ~we -SiErmge 4% Awfe’
(activated sludge process) | 5 st ada =t T -

e #% el : @3 Ay T it e 27 |
“fif I @R Y AE, Sl 0, ¢ i mrE SHfEfers e
FHEFT ©F CO,(g) 9 TS T G2 e Ieigfa <O 1 @ 27 o
TIGIEE NH,* S9@ NO, 9@ @32 081 THHA PO, @ #ifdes 77 | walfe,
TEHANTCS FANE T GFMCS (@9 0] ~mndd [Rerea 6 swes



N 7 8 o1 sifReenes 05

SRR GG B SAmE 8 TG TG S I AT TS ATF | (T
snda sRAfEER @ e Tedy 7@, QK1Y TN @FIF Ao (13 ¥
TR I | WS, GRAGE I W61 Towe AfE @ ey
(Aite ToFd ARG ISP I FCF @A (W W | SRR
Af @3 SRS TS @fe 28, @A SREEeE SR
TG MY 7L G TN BILFR S “UF (sludge) T Sl TS |
ATEY AP0 SY ARE AR FWE TCF (@IS 2 G 9 s
TITET O (F @ @ A RO FEeRTe wewd w 2d |
AP FOF % TG WA (i afiaae apem onfv) Fewic
I | AP SCF (T TN G IR SICe GIIY-(PIER T AR
e Ly THTES ACF | TS, ATED AR [ NS A Figs
CRI T FE | 9% TF 2STR TE IY-ALEET IOF OR OT 4F
Wﬁﬂwwwm@(mﬁm)awmwﬂa
el Rt <TB |

ATFD mmﬁa?@ﬁzmmﬁrﬁwmmmwﬁww
OR AN oty Amfelre gy WEEm duwed 1 fFE opfe
(conventional) AGSTS IRIET BIILI OF (WF AE IreTTIA
(aeration) '8 IEFNfR Y SNYAwfIe G el ORI 50 1 GTS
TN et AR AS SEee gl SfeNay fNprs (e 3w
&R w30 w0 @Fe ey e wiowd | g s sfre
safors Sy el HoER SO TF TS IO IAq0E ST SIFCSHT
AR 1 AW | FATSIQCER G5 9FA:

S, A AET Q08 AT Ol @A IRFIEAT BICS e 319
v R A R o T AT TN IS (tapered
aeration) N A0S | TS IFHAXRFCAT A6 WFS FT 0T 9R AYS
wfied TRFST RS 27 |

3. faSlw “&fs ‘uist IreTTT (step aeration) T ARfbe | are
Sfpres SR @ R T G AReNHEE [ e AEe weH
T el qrpieEA Bricen el Sed fog foy Y e A 29
F(A ST GF (AE N5 ~48 AFe BIfF1 WS 2499 TS A |

o U GBI : TR BT S (A ATHA (T S
% o wepTfie 79 sice g cfdmd 9 @ (@1 1%) 8 SRy
FoPe TAM AN | ARG A T FHR I WA GRGPes Fa



S0%  Sffara : Aol o5 e Ee

oF IR A SRFSIE TR I T AR OF TEE A
T = SEl e S e ©f %A F9 7 | §F T Gienf (CH,
M) TLAMCAS FIZS TS AT | OTE, ATH@E SAFE FR FGREE
SO ATASH T

CH,-Seomeaia)

2CH,0 > CH,+ CO,

AL TR 1 ARCNER R (TS fieae afeasad oim) @
% 32 27 O FREliE A9 R I37e S AN | 9T A1 5% N, 3%
P, 0.5% K (9% «t%q fofars) ¢ ap7 «fimies &efis md (Few s
B:) Taf¥e s | o amd MG CEC (cation exchange capacity) '8
SR g (TS WRFETS 17 30 | OF, A%-38 TR REnd < 919
g wloaa s =g, @@H-

<. FReFs-Rde i $oies ot s B dpfes wengg fies
GRS N-799 8 S0 #{1(d |

<, e AN @&l e {4y e’ it € (@, Pb, Cd, He,
Cr, Cu, Ni, Zn &$f®) &pa sifaaied SoAfFe 4z | @71 Jfesia to wmda
e fRCetB o167 F0a w3 Yo AR 2@ we@l w9HEs [/ FdEs
SIFICT I I | TG 419 G *1F 8 e A e a0
QR AMI-HE WOR | BIF, A%-I%) TR RN I@E SAI [ o
AT G 03 1 Tow | 0w T o7 WAt figem 13 s «fb
T4 IR T T Fof YMS T, I Wiy @ O AL fRrs 71 A |
I, 1% ey Bfew +{f37 «3 e o, Sift wre ate Seif¥e W1 AR
117 R «are e 9-e[ 391 99 |

8. §®’~I frm afemead (tertiary treatment) : Y?—\a’l AiEg
AT GIB GF3 Trw (@Y AfFm e 7w | B Aficam
AN I (@ A AleT T ©i7 TS FY TH IeE 3901, HAgS
e 8 weeE cmie Srgcy s $eifFe e | it taliEs atw
I G0 TAMH 4T GFSIE LIRS R | (@A, FATEIT 1 6 {APS
59 omitd WP AR BOD (@8 I | @GN @ awmid A1 8
ey o woFT 21 HAPS SEd Avndw WA WG (NOy) 8
TAEG (PO,) TofF® A Sif ey Riffe e’ "7 R
A (8 Whre A | SRR, e ovnd st g fifie et
TEIE WA TR R T | ;R - AR vei
T @3 f57 @A SPG AN (QA0F AR T " A |



N e @ o1 AR 09

FAEEY I THAARY : TAYE GF6 TAPRS O QRIS
(coagulant or floculant) *Wd (AT FBFM, K,S0,, Al (SO4);. 24H,0.
@RS @RS, FeCl,AREEEGREs ayfe) Afte ffFs wa
FECET N TG (1 TAFTES GHUTa Semee ot 3 93 A 752
2 AW | AGIEE ARG FoR Fae AT FEASE FA TR
qTO AT |

FRTs o) A et 78 e ARTN e A St
TEE (@ g T T 2 SEE SEeE ades o[ g
AT T 92 SN GBI SEICad weenred Rfsra w1 | nge
g smd SR o o3 Sen s 97 | 9t AlfAE BOD @
fARTS (R ST (O ST FARIOTT T A0S ZPT A |

ﬁwm@mwwqawmwwﬁw%,m
S (FIFT) foor fa A fed =, o dt FEA-s
ARTAS T i (ATF 49 T | DDT 8 FEIB @9 Tet (AFoRe
a7z TdlfEss 3 @ T YR TR G AEETFS I o 9fe Fi
g7l %R | ©@, TR @ ARTIEe 2R we wEea A
WS TR EOT (0 AE | TAE A7 8 AR et 950°C S
TS TS T 2 O 98 WSl feta ST TfWe e 10% FE aTS
|2 :

@ By e AReTee (@, SIAREIRS XAD-4) e
m (biorefractory) (&4 s SepTRTeR e [Rede e I guifas
2R | AT Y TES! AT FAS (@ NLH - I el
AP BITR STRICE (® 1 T3 T we] fFed e |

FATS ST AW WAl : - AR TS A o
26T 8 I TR 2pd AR e A {Aree SR (UTF I |
7Ape & Sted e s w1 -~ AR SR Y
F | SRS AifE erefie W @3 e afe wifds <@
A IR (RS *mfostE aF I 9F qF ATY (R T |

3. NS (evaporation): Mg (992 AT qAI)
g5 g RS | MRS I AR 71T I 7 9R ARSI
T8 99 {99l ST e 749 ARG G 9 AW (@, BE@aite
fAEa T7) ©A ETe ST T T | (SHHF A TG TAwA
NS TR I T ACF |



08 A=l : IR oo+ 8 e

¥, wEw-f[fawg (ion-exchange): SA-RfATaE@e s @FAT TH
ST TR L IR TRATS WHARACAN FF I FHS A TS AN (T,
RSOy H*, R-NR;*OH" &f$) | “IRT=¢ =fffcs @ wa s o s
ARTIIER SRR Sea RS 906 | T, e wiwa siiw g
B W% T G “AFTIER WRE AT 1 2

R-SOyH(s) + M*(aq)=2R-SO; M*(s) + H'(aq)

R-NR;*OH'(s) + X'(aq) ©R-NR;" X{s) +OH (aq) |

T qifeg fofare 0 8 o Rffwed et fiy e Taww 3
@ A (AN dfer el *’iw) SEa ee F9 2@ @9 9fe
THIC e #1fd ohegt T ~mafeba g 1da e sy, @we- 357
AMCS a7 =S W& AWd A T AR TRE 7 G SR o
T e =S a7, are = [y efeam rars 9% 1 999 v
qE-RfrsEe A FTwe! FEw T @ e =
ARIF, TS T TAFA @2 e A afols Iz T QTS
“MA

5. ARTAES (adsorption): RS T ATHI 8 ABHEET IEFT
e AR (ALM Bl «femmm toff a1 s8e e i o
419 AR TR SIS 2@ | % sifemig Siae wq o FgemeEg
-1 f5B1a 03 OIfY 4rga “fime ©its us FifR sarse [ TR
KIEHRIEE

7, JERgrerfEte (electrodialysis): ©f&e-5EE I Lo *wlolG
IE FW@ 1 ICEREOEIEAETT Aede 13 Ae Yt IERET W
TG o7 NS [rH  qPYR  SAN-Te*y A (permeable
membrane) AIFONI FHICH S FC© AN S@Fs vo [¥fae
(adjacent membrane) fo©a fta Reidrs s =T 2w w<e i (Ba
0.Q) |

fafy sfeers eta® sfed@n «i1fF o= «f 3@ Tege gt
de e A+ A AT IR Fmes We g9 sy
SIS At Sifeewe (migration) ¥ | AYES vt AifE crge, “a=w
A919TS Bltea WA 2@ A, 9F2 ATFY (AT BT O3 sy
T ATIY I3 AT APFIS] S ATHCH TN I | FCA, GF AT
ACS T F@l J 9RO 2 A0E q2 AT Faeea g
I Ar ) weg @ TWE W AR 9T st WY W9 weR



“if 739 @ S “Ren=

ST TG TR ACC | 92 T e ©1w oy oy enw® (U

ARSI T 1 R |

FAG TANGT Al

S0¢€

v I oifarenfes =i
T?/,QW@_I — T T — T T ig%
0O & e v
TaArE
/:@ NEN = @®1\
% — o @@i§
%j‘@@ ° @ o @®E§

e enasy &ifE [I]EIU ST AT T

5@ 0.x: EwGEEEEE 77 |

srafeba g i e oite, Al ety sFare! WIms wighed (size)
Torg 99 a1 (25 wmw Rifg Sfows Face #1a fog 76 wiglss s
(= caifom) Rifg ofsas Facs «w w1, Riftr M@ @l A, 9w
AR 2T ! @9t S | SIRIT FETCH ¢ RAPS (O T8 IR HEI©
GRrns R & FTers 78 301 Mrs =1t I W o 2 |

6, SfER-RTATY (electrolysis) : Sfe-RTaarad W4 I5y g 4
ANCE FMATG ¥ 4F SFNd & Fq Awfelvy alifre |ifs;
BEFEABe, 49 RMIZFAA (etching) @ 4G ARERFFAA @ (bath)
TG (A Cu. Sn, Ag '8 T g 419 2% FACS G St 92+
= | g BEHEG (rotating electrode) 99 TR FAafeiba wirel ﬁﬁﬁ
9 (TS AN |



oY

AT 0.9: ©s

oiffiet + AT 157 @ R

g g frem 360 w3 /i Mg $o SR 2o |

sfert ¢ AT 71

%] @ Te-fafEe g caf¥igy

3. % 8 Jeie B Mg
F. FEEE P, A, WRA (L@,
(bagasse), (TGl W, A°RIES ?TE?/T, 15

gl GrepreTe cifa 37 |

3. w8 (ofaead : FoMeE @R, mefg
LTS IS (AT 4T T 2

TIFE MFfS : IFMARS HJ-Na,S, NaOH,
Na,CO;

Y YEFET HEe : aemEe  59-
Ca(HSO5);, Mg(HSO3),
YRS M2l : I 55 NaOH,

NaZS

. W (oY : IMAS J9- Cl,
NaOH, Ca(OCl), |

T NS AFePI AT FI -

FWAIG, CaCO;, BaSO,, Ti0,, GITHE
FAFT, Aly(SO,); 6T TS |

I FEENER AR (S8
qd), SUTRIRT, &=, Cl,,
e . RIS,
CIBIPIAT ofefs | 7%
fiffre =fm w¢ I =3,
Afers TS i
TCNTACHRS S 96,
aTS TS AN ¢ S wfe
T, “ffs Do W AW,
TEIYICRT ST SIfT Feit s
W R GRS AT R
o |

3. 3 g - we e e

T, PO : NS IS - W v,
TSI, ﬁfﬁ"‘TW(smng ~9F YFY 3
SN, T |

P sersTer (desizing) : AMARE 7
H,S0,/ aT&3S |
EJCIEH (scouring) i, G, 1254

SHRA; IAANE F - NaOH, et
GUT‘LC‘ 551“‘ T CQSE, Nazoz,ﬁmﬁl
TGRS : Yo (foqet; IR 597

- 20% NaOH.

IO AWRFAd (bleaching) : oIFeF T@
AR RS 59- 0 wEE
QRAMSIIZG / Cly/Nay0, |

ST 3¢ 91 8 TF RIATALL: 96 8 7% wI=;
IET 935- 39S, WIR, Cr-99, (oe,
T &fS |

smid ¢ O BeiES A A
A are A 76 w8 =@,
BOD (AT T, AlfTrs S
¥ ¢ ol wow, HAff " pH
(3T I, DOZ™ @ BOD &
o7, Afcs G «igd gEa
k[N 3 il | B e L O
ffra oo Tz T
TS QI WO ®W, 980
e g IhF wwad
ATT ©f | (A TS A |




A1 e @ o st

4, Jfem ©® W, T, @, TR,
s, oEree Suifes, ARPoR
agfe wattae Fife, pva, @, feweos

09

oI TR (BT I A
sifamict T ©ra FI9, (T G,
@&, PVA @9fs 3@ T

ajf%wmctmmu e, are A+ afes =7, cop
8 BOD (3T I |
©, St Brife g ey epA TRA,  @EINEE,

BIG! f1EE9 (soaking): 4TS BING! (AT
TG, (- SRS =, BINeIR Se!
e AT, IS 7 - &pd T/ 3
Presrs omd |
T fPNTR (liming) : BTVl (ATF N 8
@IS Soga TS 7T @I IS WA
=Y, AAE G4 - 5 8 NaS |
P SR (deliming) : ATIRE HJ-
NH,C1/ (NH,);SO, T
F. W& Brifer (vegetable tanning) : sifd
BTG AFIEad; AR §33- O e
(Nt e, w5, MW egfen fwd),
AFQETE [ @, Wﬁf@r@fﬁ o,
A (o7 2A(S |
J, TENoTAL ¢ ], *S BN ATEEel:
AT B - Cra(SO4)3, NaySO; |

@b (bating): FAY® BIWMG pH I,
PG He, ARG, (FH ¢ IFAE T,
@R oyt @ & A a9 -
oM, BRENGARER Mo GT&IES |

Bl F6 4 ¢ Fio FifEe: sy 96 w4
T R GTF A @ TN T T | AT
H4J - 969, FCCPIADSE (O, TN |

oNEE, JRAAw @R (sue-
Fm), o ¥ AT 1 QST
(s =nfcs 1ofE o2 =31 e
@, §, G, @t @,
ARG @ G I Al
e, oif@ Bop & oM,
(4000-9000 mg/L)-

T5y wiEEw, A @ BOD 1000-
2000 mg /L. |

I opA (GRIE 8 I IF
T, TS #if afew 8 pfwgs
77, BOD QTS AW (& 12,000
mg /L) !

T w3, /A% Cr ars S
(100-200 mg/L), BOD &d
1000 mg/L |

ey SyicHfEa @ s N @3
AT o7 AT |

T R[foq 43 259, (o9 3
fae

8. TG A -

we AfHaEAct: 19-S5 cﬂwﬁﬂ»ﬁwmq
34l TW; NS HH-NaOH, Na,COs,
Na;PO,, Na;Si0,, @ /[ HIREEl-
3fafery

forsfete, (pickling) @ &1 4T99 S-SRI @
AA5T SR ARES 7 - H,SO,
/HC1

[T FRAY; ACS O [T,
om 8w ANd, A A
e efFmsat qq R
T |

FG - G99 (FRIS Fe)
=t @ w*«a— T |




Sob- A : AT 519 '8 yEe

a2 (plating): T 419w Borm fog wrwa | 7eg Slg R, «ts Cu, Ni, Ag,
ST AfBTAY AL G - @ 4T | Ay, zn, Cal Cr, Sn, Pb, Fe,
ST 204, O T3, S, LS | Mo, Se, As, Co, @B, CN, F

(A1) @ S 525 | , PO ST, BR@S, so
. WAREE  gufs anw
(FfE) | '

mm%%ﬁmaazmﬁmwmwﬁﬁmmq
a6 @aet emi w1 e

Q.Wﬁﬁﬁfazﬂa@?a%m-walm,ﬁmw
ﬂﬁwq,wmwwqeﬂﬁwqmaﬁ%ﬁwm :

zﬁ;:m,m%ﬁ,a@w@w,mﬁwm|
5 AR =B pH a9 +fdT$q 9B, BOD QUG T, s gige
Wmﬂewmﬂmmﬁmm,ﬁﬁw@ﬁm
932 BITS o1 9B 7w |

Y, TR 9 fig - A L, SHITNEN s, Syt
TET, AR WFD | Ca(H,P0O,), + CaSO,. 2H,0] T+ 7 wones,
[Ca(H,PO,),], NCH-SICAN @ SiESyiiagy TACHe, SR @
S Sq A |

F = H,S0,, H;PO,, HCI, HNO,, Ca; (PO),, NH; &$fS |

mwzmmwmmwamm%m,
JTHAIRR T 3 NI |

z@ﬁ@smﬁahﬁm:wﬁmﬁwa@ﬂﬁ@@wﬁmw
ﬁﬁwqmcwmﬂnﬁwmm;wﬁawﬁw%@m
T S WE 1 TS A WD @ SEWR FHF IU A | B
mﬂﬁnwwmmswmmmﬂmmaw
ﬁ@ﬁsmam»wwam@gwwmmmq@rmqm
(1000 mg /1. @7 ) @4 TE5-RErs A =1 w1 2 WHEER B @
QG FAIBPT (fluorosis) ZE AMF @ &S 1T @ Tferia wfe zre
A . '

q. F g : JIET - e 5 @ W | ,

mmw:ﬁ%ﬂﬁ&—qumwm,wmﬁamﬁzﬁr
8 TAFA (NI I | -



A et 8 R =fReenem 0%

TERBe 1 @By« #Af 7, 518 @ SR A IS T,
¥ COD 8 BOD (T T |

v. [orTes g : IBWE - ayis W | T wm @,
SR (@A ARG (ABS) @ ATt ([R) |
HR TST: TIz© IS Brad B! @ (oA WA §

7% fifdre sfva Ry : seRers S wIEE, ABS 8 S ©F-
A TAMM, TOES, G (borax) &S TS (W0, @etel (&l
wfreeaE | Afte @l 3Rz W e A1 e Sfema T wewd |
THCHHYE RO T SN ORI IR G ST TSGR
TH0© AICd |

et

s, sfifig EeTes TA% e ot w1 T R [ a6 atere
Trrgaertz FfRRe fGqad e |

3, AfTS @ SEE FEd R TS AR GTSTE ST ST 39 |

o.ﬁfﬁﬁ?ﬁﬁt@ﬁnﬁﬁ{em@ﬁ‘ﬁaaimﬁﬂﬂm@ﬁ
S AR S 9 |

8. aNgfess AT 1A A fFeia wi6?

¢. =i55wTs By fafog afa oiffoaRe #fidem B @ oSk
CL O ST 39 | (IFBIEE eigfers fFona @l 28 | Sidd T
frera aa e 92 Tw@r ¢iFtEres ey fog T3 FEN avF
39 |

v. feBtaTers & o af siface vaq 52 wwe

q, PCB @ AR 71 U9 Solq A 9 |

v, PAH @9 g 3ifie G o1 )

5. BOD 8 COD 7 «at #iifea wieaa wzrgyel gft ffom @2

so. TR ARTNGTR T @R afE it 7@, @drR e
SRITA] (RGTE! It 34 |

3. T A ARG g ERage E s & e
AR RSB N 9 t



530 | “TRE < APIRA 5107 @ e

>q.mﬁm%?wﬂﬁamﬂﬁamm%m@
A1 - ot ARy ©t 36+ 359 ¢

so. Fffrs =nfi warea Bt @ erom sz 59

T, NS, 2. H,S, . NO; + NO,, ¥. 9§ ¥, ®. waifd, v,
(oEfFTe! v, fEbares ©.(I5IZT, W PCB @, PAH .

ageife

1. S.E. Manahan, ‘Environmental Chemistry’, 6" ed., Lewis Publishers,
USA, 1994. :

2. Carole L. Hamilton (Introduction), ‘Chemistry in the Environment
(Collection from Scientific American)’ Freeman, USA, 1952-73.

3. M. Harrison & S.J. de Mora, “Introductory Chemistry for the
Environmental Sciences’, 2 ed., Cambridge Univ. Press, U.K. 1996.

4. AK. De., ‘Environmental Chemistry", 3 ed., Wiley Eastern, India,
1995. ‘

5. S.H. Stoker and S.L. Seager, ‘Environmental Chemistry: Air and
Water Pollution’, Scott Foresman, NY, USA, 1976.



CRACEhE

LN

(Atmosphere)

8.5 ofit :
AR MeR @3 R W ARGEES, 6 RIS IS T |
A (AF Tk A Aie*t D (1 km = 0.62 mile) IR AN
RFe | ©1, 798 T T AW YA 517 8 TI TOR A A |
TIHCH TN B19 @A 760 mm Hg (1 atm), 50 km ST o1 W1 |
mm He 1 RA0d et o9g &/ 1.3 x 10° gem’ | TEre @R
g O s AR 9 o1 @ @3B T FYF TG TS AL (mean free
path) FIGTS @RI T@ 1 x 10 cm, 500 km UK ©F &M 2 x 10° cm
(@R 12,42 T13) wrfe SRAD-IAF] IS GFT FNE TAG G0
P AL SPCS @A AT FACS 2 A0 WF 1x10° em 7Y, 500
km T G O Sfe@y &1 AL &¥ e A MIF | JEIAETI
(B 1 B3 (21T 5.0 x 101° (W5 (IBF = 1000 kg) ©F &R 90% -8
(AT T W& 16 km 99 T ST FCE |

7R PG 6370 km wfe AT R IS, IECETE TR
BIE AT (AP @, (SN I GRAY 1 (AP @ FRE o0
@ IREE NS (AF OE T A, IqWEs (o9 JfAde o
@ BT AN 8 Bfewrs T I SR | AN A | A OIFE
‘jﬁl@f TAIYE TEEoF 3R (cosmic-ray) 8 Seraef (uv) I -
A TITEF @3 AR “IEAS T | YR AR 449 B @t v T
SR ST T TAE G @S] | ARAY SIS AL FH 4T
Ffea M FE (@e @R FENe IPAST O SN | IR
{43 QT A S (ATF @9 THIE FE A, I (06 AR
WA 92 AR CORE THAME @ F | WG Sl TN e
iR WA O3 (@ ING, MR WIS R o effsfAre yEew e
2% | AN AR @I T | AR ACHAIN A0S A R,
NS IS ALCS A | GIEw) ATAEH IFAGCET 10w, AL



3R A 2 P 519 @ e

W%WGEQWWEWWWWNW@
TSI ST S |

8.3 IR ToAmIy
Waﬂ%ﬁmmﬁ-m,oz,cozem;m,wﬁﬁm%%ﬁa
A (H0:0.1-5%) @ Fq F9 w11 g Soimiq IS TATES AT (o=
8.3) | TAMMSTT Bofb (4t Bu & Wi Recerinm NS, Ao
Wmm,ﬁmwmwmmmawaﬁam’aam
wmmqmaﬁmxwwm@q@mmﬁw
SE1 ¥ 28.96 g /mol (Tl 8.3) | TN (NG S A1F 5.0 x 10"
TG B9, R @ ©H O W o iretq @t W |

Wﬁﬁs.xmﬂwg‘qmwm@ma

[ St % 4« SR | I, B
T ST
N, 78.08
0, 20.95
*H,0 0.1-5 (FI FITrewm I 27) |
Ar- 0.934
CO, 0.036 360
ot St
Ne 1.82x 107 18.2
He 5.24 x 10 5.24
CH, 1.8x10* 1.8
Kr 1.1x10* 1.1
H, 5% 107 0.5
Xe 0-8.7x 10 0.087
N,O 5x 107 0.5
S0, 0-1x 10" 0-1
O3 0-2x 10° 0-0.02
NO, 0-2 % 10°® 0-0.02
NH; 0-1x10°¢ 0-0.01
Co 0-1.2x 107 00012 |
* A7 IR

BIRAY 8.3: OF IR TG i Gw

wamme@mmaaw%mmﬁwﬁ%&@w

(weighted average) SfIs guw ERHENIG

0, CO, 8 Ar |

A 4 TAMA SR | N,,



IR 30

ToAmI e B x WoAfT GG | =R O T
N, 0.7808 x 28.02 = 21.88
0, 0.2095 x 32.00 = 670
Ar 0.00934 x 3995 = 037
CO, ~0.00036 x 44.01 =0.01
. Tg o =28.96
* % IS = % (Ui |
8.9 IRWELEA A&F (composition)

PP (A Bu AW 500 km € IRW KF© | TwoA M SoE@E
SRR @ 4R O To fofE @ sme IRmee A4 v e
o <1 2 | 3, @raTEEE (troposphere), WIGITFIR (stratosphere),
(NCTTHFAE (mesosphere) ¢ ATHTHFAE  (thermosphere) | ORI
GATTIR 8 [WIOICFIRT 9T YIS I GrAlHs (tropopause),
THIGICFAR 8 (NAICHAR 9 NOISIZIA SGIBIFG (stratopause) Ga2
THACTFTE 8 ATCFTR 93 ﬂﬂﬁﬁﬂﬁ (TS (mesopause) NITT “F5H
oS BT =% T4 & 1 GAIS, GBI 8 @TsG 3 S 31
CF | e ArgmareTs R[Sy S 32 SIti &dm gar g (B e
TeeT (7l 8.2 3 fo@ 8.3) |

iR 8.2: IFNSER YT T YL O 23T

SR - (AT RERTE PRAMILIC
TS km ?UT@*,"(‘

GICATTAR 0-11 15 ¢4TF -56 | Ny, O;, CO,H,0

BIBITEAR 11-50 -56 (AT -2 O,

CCTTHAR 5085 -2 (ATF -92 0,", NO*

AT 85 - 500 -92 (LT 1200 0,", 0*, NO*

* S (latitude) 8 AQUSH AT (3501 w3 @ 27 |

IR SIHGT GHR K YT T (A0 T3 frwa e
T A1, SIANIE] ATHTHAR S PIGICFANT TO3.Z @32 (HICHAR 3
GrATTIE T8 Jm o1y | SR W SAaAR @ e WH ol
A PN RCETIAT =@ (lapse rate), B9 (@F ooy s wistwma
ZI (AT R QAT g (+) 93 romwﬁqﬁacﬁraﬁmmm
wm()ﬁmﬁmwmmxwwom YETEFIR




0»8 ATAE 1 IETAT 15 8 A

qqie foift e wm fdife =7 qw- weifes TR Sige,
fafegel-cmae BoAMTCAR ATpd @3 BB (AT eTiers RiFas Siget |

1201
i g
5
_ 801 E
E :
5 L 5
40|

200 250 300
DL K,

fom 8.y : ISR wRwEHR |

ATfTEaR ¢ [HIGICFNE S ARISET g ;- AchiTEAT .
BIETEIR T8 S Reenem 79 wige | Jift @ Rifdad ames
AT P 1 STl (e SaeefRe e ge A (3fd 5@ 8.9) 1
IRAET I 96 TAMA N, € 0, Twm¥fETg Sferaef R[fead o
AR o (A RRFEd @At e TS SAE A (TWIRd 8.%) 1 AR
Y4 ACHTFANR A FE ©A9 242 nm 97 fAwen @ wfere [fdgd
Sl gYI© O, Wl CiifEe =w:

Oxe) —Y 0+ 0 (A< 242 nm) |

qrs b B! ;@ (NENCFHATE WHE RN g Jfw o |
S, B (A 100 km 97 TK 0, 97 TN O @3 Tl @R I |
7R. fifeatem «f& 0 riqre IRl o uar o1 oS oIifE wsiE
O I AW W ACHCEIE eieNiaE Jfa 9% ow, whiy
AT TS TS A Fw, Sforqefd [RiFman Sigel ve g
(TS AT | AT O B O SR TAMTG FPIZFT A G (WTANATH
AT SIS T ¢ATRIY (ST 1200 (/T -92°C) |



SRk 3¢

5
(% f‘l"}
°, N SEiGiitc
HEE S Nk N | i | L I 1
[0} 400 800 1200 _1600
SIHMET, nm
o 8.%: oz Tfifer

[PIBITFINR [ET 29 Age 26qR & 7l AE 9o oA —
SHAT (0) TS @ Gra 395 wforaely f[&fFa9 (200-300 nm)
CrEY | HIGITFIR ¢ Toed SWE (AUTHTHFIR 8 @EICHR) @ O
Ty 7, 0, U TR TS W 1 0, 199 IR | @ T @ *ifS frfe g,
0, S CIFY I (77 92 Trafers @ +ity | Erefere 0, v f3feHers
@ I | AfFS 28TR AN IR Trefers 0, I v « I F/rS (M) TR
Sfslie e e Mre a1 @ S 0, 99 W[k 0, 8 O AINYTS
o™ 96 | AR M @3 ipd T I A, 0, @F ATF M 93 FT0T
TR FEIA TO.ZM A W3 0, ©© @ SfFfeAE 23

Oyg) + 020, (S¥fofe, Trafere);

0+ M= 0, (Ffeq=, srafes) + M
M @¥IF 0, N, F@ S @ &9 | [IGITHIRF *[Ne 705 M
ToAfFS AT 5 0, ©IF QA BN 20 I 9T TG FWA 1.5 ppm 9@
(e | BIGICTNR (A TS T WA AW, M 97 AE T TP A
@ ATNTHFANE Q0T o QIR ] T T (F6 AL = 2 x
10%cm) | ATHTEFAR ©i% 0, FfeRa Twe A= 7 1 I, 0, Sere
e v @ o, @ 220 - 330 nm @3 f[fFe odme =+
cfre [fiSaeae «ife sioifs SIig 4™ Ny 9 =kl BIBITEAE
S SRS wa o fafEs =z



3% AR : AT o157 8

fferseta =ifamt w29 “Ar @ 0,F¢F UV Rfdae azereie s
TS 27 1 T& XB1 AReifors Sremigle BIBITTaE Bog (St -
2°C) tF b e Twres @m o (s 7w qIeF) AR
-56°C @ cﬁmuaw,mﬁmmemﬁmmmw
e Rfede ot 303 o7 gaz XA AR @ s A
cferm e wferaef ffvad o < @ 57y

TAICEAR 8 QRATEFAT S AR 4191 : OIS @
@nmﬁmmmarm(-)mﬁwiﬁw@wcmﬁm
ﬁwmmmqﬁsm:mmm,@mw,em
TR o e T$s wferwelt R o @3 43 B W wie
WWW@IW?@???W(M)@W@%WﬁWW
0; CRI fgfedla zre < M1 R ool (et -92°C) (AT
mﬁwmmmmwmamwmaMaaquﬁ
T | T, O; 9 Yl @ ool ffemem ot wa it 3
OO A S AMF IR (WACHANEE FHeT &g O siowag Jds
—2°C g Bore 77 |

QUATTIE ol RS @ i OF & 9ob o ofofre
(emitted) ©IMfE wfe WA <Ae TEM IWEeEE TR @@
,mﬁmmaWcmEmmcmmﬁﬁﬁmm
TR Wi 2w | w_fE @ R (300-20,000 nm) GrATTIE
AT I O G BRI (SRTARS 7.20um) T Aot (H,0), CO,,
CH, &3S 11 @32 Sofa @f5 sajiet (2luiere, VIS 400-700 nm) -
P e TR TS T 1 BE cife Rfad TS e il
(RTfRe ffead: 240 um) SRR GroATTE @ WG 9
TG -7 A B T AT 932 9T TG SNl Al 15°C @
ST S | PN T AR GUATFAR GG SATTSTTT Aty
maﬁﬁﬁmﬁmlgﬁcmﬁ%ﬁwﬁﬁm@@ﬁmmw
TS BA 605 Rtk BAMAGTT 7Rl O W s 3@ @92 @S
SO QT | T, $-ofF (@ TS BoN 1 AW WAV T Ay e
GATHIE SHo @S T ©f TERY T (-56°C) ¢oft=rg |

QAT 8 FROTFAEE TGS qOod  Gafofe a0 |
GIANE (@1 % S I (-56°C) 4T "9, T A= QT F T30
ﬁ%mmmm@mw%ﬂmﬁmwwmi



IR - RS

T @ TR (OF I A A GRATHAEE Sl @S A A
WO sjfIS oy fRals wofs férfm, Greensits acea siea =1 e,
GARAT GRATTEFIR ST HF SBJIRSICFIE O (@6 GF2 (A
Twon Sivw@ ¢ *feie sferae RfSwag wmite ot H, 8 0, @
Rrefers 2t | @i ARG Te qwf s gRRmErs s 93 arg
“IfTS 209! | .

TAIZE 8.%: 0, 93 IFAHE 494 kl/mol; TS ©IF (UHT IR FIRT
fafrad aft Ammqre Refre za? 1@ fits =@, oo wita e
IO | ,

494 %10’ j/mol xﬁ =821x107"y50,
.02 x10~0,

v=eh=821x10"T/(6.63% 107 71.s. = 1.24 x 10 /s

3.00 x 10® m/s

1.24 x 10" /s

[N,-99 THPIE 942 kI/mol; 9FTSIR AR B BT T, N, A799TS
feifere 27 13 am S MR e graem) |

8.8 YT WS (Evolution)

i e azeen T e A @IS qem i e swrs fedin e
e ot [ e A o Fae fem of e e @
fiFvs Pt Boate 2rs #ia | wifirs Qi @ e o
A AR, RS I TS GFLFR YN YR AR | FEws, AR
iR TR fs wiSs-arRe 3 SR SeAicer T 1% 7@
@ e R 1 RIT @ Wi IEEeE Sowe & s &\ el cH,,
NH, 9% wte! f@ifrs i Wem &1, 1 Co,, 1,0, SO, 9a wrel wifis
TOT 3 feer 7 qeies o s | wie, Reraar «zfs g s,
MY IR TS 0, T AN & 1, 1 27 9fS w91y @ fe |
Tofbq wAw du IF, 0, were Aew 9 W, R Wy @
I feet OItS Y& SIag AF 0, 97 ATF S o7 1 | $-rd @ TS
SRS G ST Q9 A5 FE (@A, CO,, H,0, 4Ied TAIZT ATfo)
a S AFR QAT #TF TR | qrenfor wArE goigs A
TS AT AR @R AFLET 9% IFes (o, HRAT T 0T Am
form (@16 a7 o (T& A P @I % WMA) TE 0,499 AN
TN OF W | T& 0, 99 fFR01 TTS QBIR T AT WA [oie

=242x10 " m = 242nm

SLA=clv =



S SR 1 AAFRT 10 8

(photolysis) (AT [ 2H,0(g) ~—Y—> Hy(g) + Oy(g); Hy(g) T2 R
(ITR] ST NG Y& 0, U AYH @Il Swde (& e
sffadice aw T WO o1 (IS (T 2 Y @I I=7 W) @Al
ag Afw e 7y few R = @erm Co, 8 H,0 99 AR,
SCAFALIY  (photosynthesis) AfEam =fEw fieis Samm e
PG (CH,,06) FALEIY FACS T7F -
hv

6C02 + 6Hzo C(,leo(, + 602(g) (8.))

a3 fafFmfba Toems 0, (g) IV T& Tr© A | @ 79 T G
YT TFLT YIS (Bt Fs «fErs & F90 «3e ol afe
FAWCH ©f IR FFS:

CeH,,04 ~——>Z§*' kil 2CH;CHOHCOOH + *if& (8.)

QeI 9F {ITH IR 0, aF T BIot (partial pressure) I ([T
W I QI AT GIAT BBI WG T IS (/TS O, AR 22 FA
QIERTIA SIHGIH LIS CO, 8 Alfrs [eifers Fars 7wy 27 |

CeH;,06 + 60, —L‘—l———) 6CO, + 6H,0 + & (8.9)

tEike 3 afemfs w-epgs (respiration) FIC <fdfo® | Fuas, Gfam
(8.5) 8 (8.9) U MW &F6T &I FHF (CO,) 0& FIKCH (CH,,0)
@3 W IET WO I FHEE TRSS e AqE T ARefore
Hofi® O, YN AlWS 2CS A T | OTF, FACA FACA (& FEA A
ol et A RETR G #4te | oW, o v Al sf¥Ees
WW@WW(WWW@GWWGWWWWWwT@G
\2711_ Gﬁﬁﬁiw—fwmlmwm (sedimentary
rock)mﬁﬂwmmmjaﬁﬁ_fiﬂﬁmﬁmm‘
FRA-SHEA 5&F @QF 2 x 107 g SFEH (0,) @RE@ arie | O
SACEN-9q & 1.9 x 102 g e 4w 1”7 W @@ SEEm A
SR 1 x 10%'g I TF 0, I TLIFH A% 0 {76l a1
(Bwrzze 8.9) |

FBGCES AT AN 17 (AT Grs ToAFS Wiy | oy
&7 ¢ ST ©ift I WSt YT S ¢ Pt Az (78%)
a3 ArF B D eI AR W@ WA A W | |, gy ash
vderel, 6T (Ney-9d vt@ aft ewarey =11 fRews FRGEER ol



e 9%

fEn ¢ worwigs ©ff @3 yF @ RS 97 TARFfS o
(0.0018%) 1 [R=afba Iprm “frem T A |

Trizad 8.9 : AEfE REE offme 2 x 10%g; TS TR FAT TS
ALY 0.4% 1| T& o fofare mate, epfon aTHE @ & Afma
e QR arTR?

0.004-g C

=8 x10%"-gC
l—gﬁiﬁT

faeTr St i 2o B =2 x 107 g e

6CO, + 6H,0 —Yy C4H,,04 + 60,
. 6C = CgH,,04 (351 -C) = 60,
SR, C - 97 @ WY ey w1 9F 9y SHE (0,) 858 A

i1-mol 1-mol O,
i2-gC 1-mol C

-, C- 5% (AT @ =1 0, = 8 x 10%g C x

2.
% 32- O,
1-mol O,

8.¢. A= Q& &SI (Green-house effect)

ebe oIR8 PIRMANST WEMS (AF e SRS TH T4 &)
Aeeye @Y GF AP INEI 99 IR I W, OF QS A-Zos
I | R @1 T oA I w9 T8E W GR AMST ([EAS G
Ot 6 SN TE TR B S | B, AR SR &) g ga
@ Taeet, T qrS W1 ©f JIA CF T AR 1 AfASice g fREed
SRCE(GUATTIR) @ T o W @E vy e ffe wie
(SRreTfEs RfEae) e I G N R @I S ARR PR
i @rae Mo | aTs, $oB-IIEy IPNS TR WS | WA TAw @
‘T T 0 I [ AR OIF ORI SG@&A I INSAT AR
D] SORTE AT T &OR’ qR @R MF TF 2ond o e
T Od ‘AT TG T @ T ANF | IFNLEAR Sy A (H,0),
CO,, CH,, N,0, CFC (CFCl; — freon 11, CF,Cl, — freon 12) € O,
(GrATFAE) @& G0 T T o7 G2 FF T AT qF 9T
OB @ SRWH O IQESE OR ApE R S@enRe [RfEd (R)
e wNel g AT T A9 28w AetE WAl IwetE
T A (H,0) 8 CO, U9 AR FIBE @ (TR 8.9) | AT e

=2x10%g



NV oI =R 519 @

g 1 9o O, I R Aem a1 ok, At I Ee A
WA PR AUF@ B2 I ¢Fgd 711 @1, PR Tow
I @B fAfFae el T91@ w1 1,0 Q1 CO, 97 o= Iged
@ =R I @A SRTEniEs R[ifFaed e e W ¢ireel 3, H,0
fet co, e T onfEe =g

TR 8.9 : IFNT I YEF AR AR |

R vy &l ppm | 3w@ &3 (%) | CO,-97 TS vy
H,0 (213f%%) 1,000-50,000 : : -

Co, 360 0.4 1

CH, 1.7 0.6 20

N,O 0.00031 0.25 200

0, 0.02 ] )

Freon -11 0.00028 : * 12000
Freon-12 0.00048 16000

]9 :Houghton J.T.etal (eds.), Climate change: IPCC Scientific Assessment,
Cambridge Univ. Press, Cambridge, 1990.
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T | SRS THAGEE Aot goE Sl gfa sieT i
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e (1, IR, G e Yol cAfawd w@ | agles @ co, a7 e,
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27 | AfREet co, a9 4 AITF (sink) 76 — TYWF AN 9 g T
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N =TT MR Wa @@ SoAME, LT (CH,). IREE g9 TNl
T SeIRS T I AR, Afeded @R 0.6%. EIE R @3
g e IR 5 S TS G AW [ | S, A A
TR BT G Serf W @ IR WY e i Aed TT0
@rF TR CH, IR mifba wia Jfa ~eqw a4 75 @@ |
ARACS TR @ TR AT I AT AL AT [RISICE
g I AR I 9&A g T4 2 | T G G WS (A8
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aFT Torm; D eretiRe o 9o | AEWetE CFC @9 ¥99@l
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fAfeqd (o1%) oM &AW 15,000 S CO, @9 I | FETHFTIATHEA
TR tef @3 A oA o | AedARd, i o, A5
o O 2efe T «aff MO AFS T | ARECR T CEC
g7 @ wRewa go o ARtefre st WrIEe (WG (@IER,
Sobb) PIGT Teoime ST TF TR Frae ard w9 AR R
FFoq0 OB TAWH SRS ZPHS (AR | O, WG TeAms @
QAR AEAE T A S W TR @ AR T S
TR T AFCE @ CEC aFfors qefme Bt AT (CPIA @It CFC
awmﬁ@);mi,mﬂﬁchmi%mmﬂﬁmmwm,mmﬁ
g %d 4 Bl oI FAS AR |

qNeTE AEGH SIHECEE (N,0) 2pds T (0.31 ppb) O a=
ZTE SSNT G BRF TLAHAR 7 | (F1, CO, 97 A 47 HSI A
200 @9 @R B | AHE AT B Sl WA W A 90, GEA F9
77, $R wfTe e AREE A 9R Fig T NO, FrE-a5ag
A PG Teoy T ATNEE FIF AW

o S ST AN Tew e (@ ey ©f M 91 7R |
Awen SR Rfdrer Rfeg o w9 @ e B0 1 O 8 - 12
um ffate aff s a1 0% (8 — 12 um FTOTEA) | TT@W, -7 (A
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wmamﬁms_lzumﬁﬁmwmmmwmﬁv@
N =7 G3R A o @36 I B-109 Mt S Reta e, @
8 ~ 12 pm IO FBROI T A GO $-*T8 ©INT SR #TT 1 1980
1990 93 WIS N ST FISTEAI IRWET (@ TNl ot e OIS g
-12pmam§mwwﬂmmm%ﬂﬁmwmﬁw_m|m@
LA ST I TS ST TSR ot Weotfiees warg Fef w1
ROACR:

CO,~55%, CFC 118 12-17%, CH,- 15%, S CEC - 7% @3¢
N,0 = 6% '

QEATHIRAT STaTRe ars Bl Sl UTe @ o@ o Tl
SRS | ‘

P14 : 1.T. Houghton et al. eds., Climate Change: The IPCC Scientific Assessment,
Cambridge Univ. Press, Cambridge, 1990].
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aammwmwﬁqummmx
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G G AIREEE TR FACA T4, IR T (@ QY@ AV’ ©
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o) (euf gFeq a6 T I 78 S fAwEma ol e wfs
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8.y mﬁ‘)‘ SIATIAR ST (Balance of Temperature on Earth)
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SRR LA 250° 1 $F WoA1 Fedfice RiA sER @ g T e
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B =g BT @R ] zew rge I FHTS SANEl R @
faals ANdw o T amR ARTs foget vl | sRE IREe, IS,
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G YFIF OF ATz AR Zrel | ISR Teig eifee Eeifed
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(<280 nm) STEWSE (BIGITFIR) @I JAENTS (>1000 nm) CO, @
T AT RS =@ 1 AR, B-ojeed A, Sfegn ¢ yfew ol
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cal/mol) I 6T 432 I VS BfYTH ~ITE | @ =t 747 IBire WBrw
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aT &9 | T 4 ¢ AN @3 pe (AT T g ke zw fRfey
TALSE WA SIN@R FTAS] ST |

Taread 8.8 : A TATSCA SN 6000 K IR $-STE SNl
288 K; 774 ¢ ARF @w @ Ridd fofe z7, ¢ wemtneh sime Sige!
o R AT

F%3E Rfead ears R 5@ (Wien’s Law) SIAICA:
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8.4 IS IWRE ¢ W T RfFW  (Chemical and
Photochemical Reactions in Atmosphere)
It (@ RHfFm 6 o ifS el T i ey wfde
R T TER W N IR dyiee gt - a3z, [fews ¢ Seom Teral
TANE A3 ge N A @, S ek ware ¢ i w4 wm A,
v, e e I 93 TRer @ Hftwed o9l fafem =i,
NI Aol “ARTet 38w wr =1 ) Inwe Sws oF R
w3, M fifead e ewgd gfm siem s fiewan e
SRt (@ gennEe e 9% SitE e -apTER@ (photochemical)
i am | SEe-aeaee (i g1 <9 96 [RETs (reactant
TET JEd o @3 RRRY oier w0 Swed TEwian 9o
fiferarea Sreed | A FEGAT SraeH SR 26T T PR SRl
wferaei ifFadt ammem 27 | sEnfEs [fFade wmd onfis zre Ana
I OIS JERGAT BTG TB A, (9 I @ Yol Srae Sras € |
IEF, BERGAY B Srafere walh Rfvrs Rfem Wb o= e
e e ade [ afear g oft o Srewm “fets wemie
w7a | [ aae g alfeaa Jdwe [Ragd gui w1 2T |

(STS SAGIWT (physical quenching) : 936 Trafers *midf 794 o
a3 e e el @ Sgee w@grn FE W ed|
SfFTiftre (ST SoTHwm qC; @9,

O +M——> 03+ M’
[+ Trefere @7l @3 M Braem =& SeRadl omid |
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TraE-*fea (STe FAMT Wo1d &) Srefere I S SmResi
T, M-I AL SIPTR STIeH T @32 M-3 I el 3t S o
ST WS S B A
fRere (dissociation) : ETaRTS w7 e 96rs =fiw; @,
O, + hv (A <242 nm) >0, >0+0

AN THEE 0, 97 TR O TN Qe @ AE | B
faferfs s1a &= wiilt

aors R (direct reactions): @& ¥ Srafere w7 foq
(A 3G Srafers a9 e 96ee omg; @,

0, + 03— 20,+0 |

Aif@ fRegad (luminiscence): Stafere 7 SfoRe *fe 747 WRE
fafeae weita wornfis 21 o Site M f[egad 9 | @,
NO," ———— NO, + hv

N fvgae 3¢ I efeam Sraftre afs 391 (UF 06 o3 oS
eIrEfE WS %39 (chemiluminiscence) I | IR WS 74 93
W AR A AR A I (air-glow) I T ATH; (RN 51
=3, W@W%ﬁmﬂama?ﬁsﬁﬂﬁﬁﬁmaww
—ﬁwmm

H,0 + hv (SfeRef) ——> H + OH

O3+ H——— OH +0,

OH' —— OH + hv (P*F - SREATS) |

SITER-SAEE RIS (photoionisation reactions): RfFad oo

A BCSRTe W/ofNIY I IERG I FA AW AT 7wl
OIE SCEARP-AA ffera e pigrers Sw=femrg wferaef Rfsad
FCEAS-SAIE A o1y 93 IR S4B (> 50 km) @fb wB:

N, +hv >N +e

O+hv—>0"+e

O;+hv >0 +e;(A=17-103 nm) |

YN THEIW IFIIR AT 4oF I AME (@, WIS Afqry

Ty W 8 FERGA WY AW AN T[S S9EE 53 F@ 1 @ AN
A G QI (S FAR TS SPCS AI A0S SIS 2N WG |
TP (AF & 50 km BU RAG @ et Lo WIF R @Ay @
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e @ erE @ @es IS @ Fray SR i T, ¢ @
SAHICHFAERE Jo | Swed Forhn @fes waw ST w1ige
TAEHICEFR (A AfSTre 200 93 GAwe (iR A |

8.b JYNEE TF AT (free redicals in atmosphere)
T @ Sl BETEEAE A SrRE @ty (e, IRy,
OH 93t & @fera | @it IERGAE 2+ AL FI-K & H,0
G @ (I QB0 O-H IHCF IR orem w5 41 @ +Ans:
H-O-H > HO- +-H

.OH ¢ -H To13 viEds wae So13 »3 o Feiaye Il 3z7
T | Poige @3 FERGeE Rede Frrge e ol g
e fifee 2eR o7a ofe A | T @ o sfewian ey
@3 TEe SEENE W | AN TNE 7@ @ ewgnd o
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SEGT F B |

@A G (OH): TR @fres amedy T
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I ey W | 613, g ¢ fiaa ymErent @Sty Apd esrEl
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>. HNO; + hv -— -OH + NO-

3. H,0, + hv = 2HO-
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GBI RIBGARE @ e QIR @ ooy = (R
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I @ AN AT ' firdret, 7 o ma [Kigm
P | SAIRTERA, ©% e @F [{f&w S0, 9T wad 9 e el
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HOSO, g 0, ¢ H,0 93 3 [{fww 33 1,50, -9 s =3;

HOSO, + 0, - SO; + HO,
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SOy + H,0 — H,S0,
VG NO, (AF HNO; e T; GUw@se -OH 93 o 413
NOy+ -OH — HNO;

FIIfEe @O, SETS-aRTEAS =99l(photochemical smog) 5}@'&
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MRfE s ey @i Sy o o s, @ [idam
RIRGIEA 7w (H) 2 T o oreife Rumiriktars c*;fTim @,
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8.5 JYNEC WRHTHT (Oxygen in Atmosphere)
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-~ L T N SN

: fo@ 8.0 : g O, - w71 TG @ o |

IR SHTHA T (oxygen chemistry in atmosphere) : AFISTTL
BIOW CNARAMR] 8 IFSIR I%4 o 20 A SHE ©A @ @A
AR AT TATAS FACSH (o 2 | YN SHBa gDl Kae,
Aronfa STy sfs@e ¢ s afbE ger ERIE <S5 )
GF AR SRS TN GT SEg SREN I, IGNSER
(@GreneEaR) T e zre oE 911 SHe R SwAe g
et ooy s SfEtetm Sreew ¢ e 96 ) S
ST (0,) ALY iR THI@ o4y 92 (S HH{E 419 (0),



903 I : eITAlRE o @ R

Trafere wfFrem (0,), SfFET SR (0%) @ STHF (0,) SHE Sl
CRITT SFFA I | AP, AT BAOT  WHCTNE [WFfeIRS
ffermetE MmyrTs wwE:

S, SIFATHIE (50-500 km) : ATHCHFTR 8 (WATHFIRNS @
SRCACEIR T Q@ a9 0et e | SREmesmg o, - «q
@R Rfem 90 o R AES-Reem 8 WEEET I/ 1 G,
G AR B Ty e RiFes s e wi9g (0,)
AT RHIGTS (0) @2 FFEH AW SHCHH WA (0) Frorem
06, SUMie @S 470 I A9, WA @ RGN ANEE =
SRATFEAICE Sigreas Al [Rfmera sakes w6 As:

135- 260 nm
SIS

O+hv ————————5 O*+e

O, + hv 0+0

0'+0) —— > 0,'+ 0
O"'+Ny ————— 5 NO+N

17-103
O, +hv LN O ' +e

3. SGIBTFAR (12-50 km) : STSH-IZ G BIBITFAR SAECR

7 f&ferat (Sqmw 8.9 1) |
242 n
02+hv—<—nm—90+0
0;,+ 0+ M——— 5 0+ M;

M (O F€) = 0,, N, 29S|
FBIGICFAE O; @3 G ¥ & 1.5 ppm (0°C SIFNE! 8 1-atm IFHICA
AT F4l A JIGITHFANE 0, BEF 2FG WO 3 mm), 25 -50 km 97
A RY SR @ AT, & 10 ppm | STEIS Sfete &t (A
< 300 nm) W GIH CNFF | [IOTFIET & B9 O3 Fhoag
sferef et Reca o @3 o Rew 3w 3@ a3e [l
S (A AT FCS 96T | 07, SorelF K oime w19 W
SIEIA [eiEms 915:

O3 +hv=220,+ 0
GO ifefe Terifs 8 Remeraa T erEs O AETIEE S<g=
A

FIBTFACT ST -7 ST & @I T 218 P @7

THA@ET TS (> 0.15 ppm) QIR T FoFq | TH www@E O,
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MARGA @ (R, O I3 G Gl 2 I 4 P-4 TS Aol
AF¥ 0.05 ppm €I I | B, q¥S I ¢ @PREF R 6 97
TYIE! 0.15 ppm TP TS @ Z0S AR | T@ T @b @B IEEW
@, TefE TRFR §HB, GIOTFAEE T0o! SHI@E 0, 72 2e A"
T @A, PR [EIS AW (GIATHFAR 0-11 km) AHCEH
IR Toifefs waey | wfraefa R[fsarem srace 0, 919 @ 0 [y
tofa 7@ 58 BIGITFIER StE S oNifFs zam -1 [feaaba @ sy
fee (GNTEAeR) (N ST ol 9©d Fy ACE @, B[ w - SEEy
TAI@R O =AY -0da Rl IRWEC Tofd 0@ =/1ea 1 |

©. GAICFI (0-11 km): GATTHFNE IFEH Frfe Wafs w319
(0,) AMF Q2 M IGIAE @RS TB1F | QIIF P, QAT 72,
59 ¢ e JEA e ggfe Aee (¥ 0, TR (RETRGET ARS)
RO 3w 361 |

8.0 NG AIZLRITHA PIFF (Nitrogen Chemistry in Atmosphere)
TS (PR TAMIF ICACE O WA N, @~ 5608 @, @19 3.8
108 i Bw, wames Brvd T apd e 78% 1 e @ N eleR
(ATF GG A I JEa m (fixed) T GIR WA @ NYAFIF
G OIre T SRR ATH FE@ 1 G9F ANHE @A TR, dfeqwd
ARG 8 -10 @I @G 57 Trepeaa Fonfirs armafas afeam (19,
e gefe tofre), 5 - 6 @It e 37 twls digam a2 4| @
@it e 57 Ref qgeite aRmes e Ifes! ¢ qfmerE s 2 |
W% N SR_R IREGE N, N 0 A8 4R qF0g SNYarslis g
G FATRIG q06 | ARGIEH ISACA IR (A @ Fed JfR_Aqce
WE W OR (AE NS T@ Ol W[ IS AOfed I | A0S
I e (@ N, ©I9IT O TR TRAT (@A FOI AT N 562
fog, T e Tm Bab Foan dor e A e
qE ARG @ TIGEEH e AR[TSE I A1 9T S
BTGP QI Qe ML ITACE |

TRGE I WEw @ Qe 1 edfed FIGeE a3
(N=N, IF7f& 942 k¥/mol) Ga6a FfeMeaer & Wi | Sfecae
fafearem smare Mafds 0, (IFTIRE 494 kI/mol) @ “FNTe TS
Foifae [eifere 29, N, @3 G §7 w52 faeres 906 | aEeE
100 km 93 St B P51 SNeT- o 906 I0a1 YA 41 &4:

N,+hv=N+N



08 : o : AR 1 8 e

A AACS 9, IR CESE @R R w6 eimg @ e
wmmmmm,%ameﬁwmﬂﬁamwmﬁ
SN A AW A@ | IR WRATFIE (> 50 km) N,* 8 NO*
‘m@wm|m,ﬁﬁrﬁ%maammﬁw

wEensfes
Ny+hv ———— N, +e (~ 50 km)
szt
N,* + 0O =NO+N (> 85km)
NO+hv =NO*+e (50— 85 km)

N,+0O" =NO*+N

8.5>. YW Ty I (Water Vapour in Atmosphere)
mm@ﬁawmmm%%mo.l-s%n@mmﬁn
wme%wcmmﬁwmmmmma«@ﬁuw
I ¢ QRS SR S SRR R @t | Tfe TR S
A ARG G @ AR (150 @IS w7 Recenifire) ot of Tl
AT BRI (0.001%) SN $- AR Tom o1 eretT Jre | BlER G
TR A [ A SeRiedt TR Ry < A |
Wﬁwﬁmmmqm,ﬁawmmawﬁaﬁ;mm
ﬁf%%ﬁ%%??%ﬁeﬁ%MlOOcm(m-mmﬁ
SIS 51 @I 3 fFEfivEs 899 100 cm 94F) 1 @ B A A
aﬁ@vmm@mm#mww@@ﬁwwmmcmw
ST WL A B AeATS S ol S AR R et | @3 53
Wﬂmﬁmm@cmmwmﬁ@mmr
TSN 641 W, IS TN QA NG Yo wamn e
Wﬁ@ﬁawwﬁmqmﬁazmmﬁmqmm,ﬁm
wmmmwr%%%mmmammﬁ%ﬁf@aﬁww@mm
TERE T b oS TS IR RA AT Biw v | @ e A
S0% TR (T WA o AfSwfere ) WHg J@vs @9 sirs
-aﬁmmmmcwm,gﬁcmmmw%
(SRTEnfEs ety W fRefe <@, ity e oiq 9ol TR <R B
AR M P AT SR O @ AT (@1 7T e 539y ) |
W@mwﬁamrﬁwww%@lm,@ﬁﬁw
WWW%W{N&%WWW@GWW:W,
TG SO, 8 NO, &pe “Afawieet By <recet (Frgestst urers )



YIS 50¢

A Ao e ey @ fiAite w9 3 AR 9 | TR 9 =R
TR T ¢ WA g APES T IR e Riew v wieew
e YR FE | IR pA (e BAES AT (Rren=ets sges
) TAEEArH R AR T W el T8
eIl
WA T AR (ou ey SrEs-apTais [igm @ oy
B | O N I 2, Werasy RiFaer SwMirs e e (H,0) H 8
OH @R fFghl Rem W €3 IEREE @ AN FRw H,
W, T8 S-S [Rfdm oF dad 9o T9:
H,0 +hv—H+ OH
S (0;) A H a7 7= Brefers oH* 1@ @ferea 8 =@
@92 OH* (¥ Traed & (LT (8 S I €7 (14T (A SRS
weeed 310 W gre [{iFd SaE g A O [ agee
(airglow) 3B T TS WA A WA F41 2
H+ O;=0H*+ O,
OH* — OH + hv -1

T

y. qEverEa I3 Som & e Sivw Aipd St 791

3. ARA o2 e @aw fie o fom @IS g ffads IgEe
& SHeEH o =, 9 @3 T3 w9oece - w9

. AT ey et [ 5r TIeTET areiibrs I3 BAWN
S 7 oI et BB 906, 17 99 | ‘

8. IFNENT RGN A (lapse rate) I A7 ACHCFAR @
FHTwE [REem o9 e 8 @i ¢ @rAre aft
PATGE (FH? G FF |

¢. GrArE T AT ARAY e qia A 2w @ - [
9 |

b, 0, a9 TSI AW NES-KEEH €6 FE8 N, 93 AES
fFsio w99, (F?

4. IWEE IEE @ Y WIS [ o o FHEA BA9S
zeqg AR T T sAERs e AW 2 x 10% g TS 0Ed



YoY AR 2 ITEET 7 @ 7

IR G AR 0.4% 1 2Ffere C- & (AF & ofime sfHeeye
RAHACR?

v. A9 e gor fFr Rl wre e fre T e
T aff I Srarer ey zow wifStars - e 9

5. AT TG A IF IE? [FO G ARTPNT gelis FE? @i
I AT D ZT& 7T I g2 :

So. AAfRTIR & CFC . TSI TRNGE 436 A - (o2

. ARE-ReRimy 93 ol W I, AN /T O
ARTATNT T AR ARAS (o wwE, woe (P fawe (o S -
fafs anen <1

SR, G wﬁaWeﬁﬁmmwﬁmﬁamwmﬁmﬂa
Aty wifaere Fawe - A 39

o, ﬁwmwm*ﬁ—cwﬁrmwmmmmv

38. BIMA 78 P IS OEANIEE SR &M 250° WG JRA7
aft T@ I g I TS e - FRS [N 9

s¢. FR3ATS SINIaR Sl [Fer s z3r

Sb, IR TEBE (R R T06, A@=wNiicg 430w @ ©ina
AT e Fdraa s T 1 - Raafs e w9

5q. IR @A AR-AAEEe [fE w6 oo Afwe [aad
wle |

So. Y& @fbtee 67 IRWEAT T G BNl s ewgae -
oS e =9

5. IFNEAT PR WA ¢ 1fF @™ i s
4

o. YN Y& WHCE PO 3R 2Ry IqWTTR RSy werst
T SHCHCAR A4 9 @1 [E 906 ereten a6 31

Y. AYNGCH T AT PN B A |

Q. T it 3. Q9 QqOw ger A GG . Iy,
T ENAICEIR 6. QIOTFTR 8 GUATTHFAE S 5. & @b,
AN O, Teoif§ &9ty SI*NER ST ¥, CFC |
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(Pollution Of Atmosphere)

¢.> it

VIS (P! IFI T4 93 ARG 99 1 AF3 @ GFFNA I GFHAN@E
W,WWQWW@WW (essential) ¥CS AT | O
I TS 6 AW O AT AR W=l T (oA @7 HRAFR
EEIS M I AR (N TR {BQ)) | T, SAGH TSAER
STAY O S TS (U.S. Public Health Service) Y T3’ @ (1
<TlfB qwis 331 ZCATR 1 b i w1 =

“q3 1 aFifss fpe (contaminant) 9 GFfgF fpeiera AYETS ‘j’?
I 3 RPN I @ A @ an ANERR oAz A
- TS §] WE, Ofew, GFeg [6edl @I e T wlewd =9 faeal
TFOFT QOTN AITST (A WA G [6eQ TP SoATONet a1 TS
A1 IR FC IR AN S firera TATFOrw A et 2w 1

I G AT Fiebw; sfEeas S W% @@ (@i,
fremes, Slaue) AT ¢ T T S @ afsfre are TE W
R (SN AR G (AT TTYE TS 208 | GOTR, IR
CPIT S (T JCH I AT 0, G2 92 @ 7o ©f qofas 77
OOF GTANA OF A5 AN ARG T A | S04, IR 5
AWTE TR GPITS 29TR @A 9oy (@A 2 3 A o ERIE
T S ANS | TS ARTICR O 78 TW. @3 QIHSOed 9w olF
FoPq 2T TG | :

ARG (AT TG AT I O B GR TR - &FRF (natural)
ERIGE] Vjﬁ (anthropogenic) | S8 ANTS TG LA NHASF; (T -
. AFfes B wmEiis Swliad, wRme, tow emida o
W,WCWWW@@W,W@,W@I

T R TS GRr geEfE wEw, esraEE w6 asfe
m%a%amwmﬁ@mﬂwmmwﬁwmﬁ



A STE R PN

Bt (AL (@ AR GFT @ T TN IERGCA O APFeT BT
e qged @& =T |

@. Y EF 99 TR 9P (Untis of Concentration of Air Pollutant)
T (PR IS ANE O TN A AR (T FEIO 4T
a5fere otz | o o uate aaifie Bong AMA-ami @ R T
e REfs M W G GFRGER ARTTRE A T A
qPE | IS FRETER e @ AR Ao TN AR
AT 20T |

>, ©F - TIN[E@I, w, = m,, /(m, + my) (€.)
3, YIS GRN@l , yp = vp / (v, + V) (e.)
o, A (ppm), Y pom = ¥p X 10° (¢.9)
8. ©F YIS TN, p, = m, / (v, vp) (¢.8)

T, m, 8 v, TAFTH FAET O ¢ TIAAGH G m, 8 v, TEH I
T4 @ TS | GFPSER WA BARET (Y,,,) 8 ©F ITATO (p)
93 it A @R wefer | T AR TS A R
T (€.2), (¢.9 ) 3 (¢.8) aFfq® IA:
Mp -6 (¢.¢)
pp=""Y x10 | .
p=",_ ppm :
p
Y A (0 S o7 A eaTey =¥ €l T (AR I,
PM,(107)
mp/ v (pg/mS) - P -
PP 8314 x 1072
FYH, P = I G (bar) (G 517
M, = I W9 o9
T = K 9% SIal 8
8.314 x 107% = T £33 (m’ bar /kg-mol-K) |
Siie SIFTI@! @ IREITA (25°C @ 1.0133 bar):

m, /v, =M, 10°/ 24.45 (¢.v)
TR (¢.¢) - @ T (¢.9) I,
Mp Yppm e.
pp = P 'pp (10%) (€¢.9)
24.45

Ffe, 25°C SIANE! @ 1-atm IFHLA



S80 S+ AETARE o157 @ et

MpYppm 5
—P PP 49 ey
pp(ug/m?) = Saas (107 (¢.v)
m x YA AfGF 85
=P x 10° (€¢.5)
24.45

i ewgsyd 5y IpEee W@l ppm @I @TF pg / m’ TS
ARG T @t Forform o1 7ot (5T ¢.3) |

A ¢.5 : IFEEE TI@I, ppm — pg /m’ |

V&S (5191 1 atm, S19WEl 25°C) pg/m’ (1 ppm 97 PEYIF)
Cco 1,145
SO, 2,620
NO ‘ 1,230
NO, 1,880
CO, 1,800

i@ @.> : it % e oI W7ER e Co @9 TN 35
ppm; 25°C OI°MIAl @ | atm IO YISFHA TI@ pg / m® AT A
F9

T (€.b) P, MY
3 P 'ppm 3 28x35 . 3
m ==—— 10 :————XIO
pp (g/m’) 2445 U0 24.45
=40x10° |

TriEd ¢.: (TR NREE ARCE SO, €T AT gHuEl 47ug/m’;
BT 25°C @ AYGIP 1-atm awﬁ?‘aﬂm ppm UFCF A T |
T (€.b) TP,

(ug/m?®)x24.45 7 %24,
Mpxlo 64x10

TrrRad @0 : @BING (@ ffe (R co «T wEeTeR AN
2%, SIPINE! 25°C € qFHIA 1-atm @ *TPIGF TAI@! mg / m® GFCS AP
39 |

Yppm =¥, X 10°=0.02 x 10°

(py ) Mp Yppm 28 %0.02x10°
Pp 2445 24.45

=2.28x10*
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@ Y IR T HIRRSHIT ASIT (Metereological Factors Affecting Air
Pollution) ;
v ffey S (A WA AT TR TN (FA A6 St Afes
(S AWMEF ©IF [LEHI AR STNS &qF] ] G AP Tl
I e 21 SeEfire Es afshe a8 YW AT FCS AR
P8 TEFSW CRIE ¢F dFWMT OF O B A IPEER T@ls
TN OF B 9% GFAFIT T | IS, TIRNGTR HIZ/8 IFIT &
o7 | Ae ASCHCE ATINE ARRIGANT dSIS FF | RIS
@ Frame TR IRl eeie '@ eima I e e e @,
SieIAl, IR FfeREe, 3feire, winel, 9 f[fFad 8 el
(visibility) o egga |

oI FIBAST IRASTA (F ES e T, SRIZAI SO AR ol
VRS SR RfGT #{T0 | YA B 1 O HHF A (71 TS 8
27, M RUeid ©© oo™ MY o, qUs RER TalRF AR | 15
TSR A TAGAETSIE 508 ACH | O A T wenaion edt
MG T IS XA IOPT THAM 20 @ [FFe G AN B
i B ATs | SAwIE WA eIt ey [(ifFd As afie oM
CARICE SR QY O T - T =@ | e GiTM T TAWE
o 2fS0 TS AT N5 (T Tes 24 | A I© o7 7, Ao
@ ©fF AN YHET G%9 IR O B WFH 4= |

gE e P 9/ garere gl ofel st ;I 3R
| IRNTSR AL $-~TB X QT ALLF TATF I | O, IS A
T O T Owe TP R S 7Y fBe WS A (T,
RESIENE

YR SES! wIE A R T S T gl 7 | 98 EE Wiy
(@@, SO, NO, &¥f%), @I FAFA (corrosive) | IS RSl T©
@ AF, QTR FAEE O i o |

A T GTARREE qor Fead ¢ IIEd, 12 dIER TS
it | e [ Sies-armaee e Maw SEe TR AR
AR 1 O@, MRS WA - Ted 7@ ACS IR IF
THIFITY =IO AITT QIR YRR MG AF |

Jrgwee AT (stability) 8 FEEA REI (dispersal) : TG
Fore WHfeN; PP (A (@ Ol ffe 23 eite e Ay Tee ¢
TS T TAE 9 @32 o (AT dal ©ifF I N (e @t ¢ 3



83 A : aeTafRe e e R

wE BE | AP TR 8 SUIINGTR @3 (@ TORE 47 Ol T4 TS T
©UF AT THENT (stable) M W 1 WIRSATS @ P-Ffore
fafey fafeme aqmets fFfeArel sjfire Hfen ot e 3@ 9
fHfsiererr T@l A9 INGTER IS oA0eR wwwret Igenier [Rdifas @ |

NG W5 (AT THIEE re ommER @ Ay 9% @3
THAR 93 IWE SHANAR @ SRS WO, SIma SeHAEE Ay
vl IeEa ffeRteret fRdifes 27 1 aamre ov SmER (@ Afdesy
6 ©NF OFNAE IR [T 2 (Jlapse rate) , (dT/dz),, 9
(TG (FLA QU SIANIAR Il fTeT=19 22 (adiabatic lapse rate), -
(dT/dz),y ICT | T Ffo TN T TN v s ¢ Ao anE
SN, B 8 XA AR A T | F TG AR AR SO
AW I (boyant force) I FCA T IR IPANHNS ©IF ‘s
oM (neutrally stable) I W1 @& 4<% Imws fFmsa Qg
THIEE IE M TS M@ 71| w0, ICS @ FS AE S (9T
P Afea gw s [eere s | dfent sfem 133 i
Y GG TP FS TS 900 |

I IFNHET [E TW O% ImeANy Qe e wermE
THed T [(dT/dz)um> - (dT/dz),y] S IFNEE WS q@orAy
(super adiabatic) <=1 I Ad | @A CFAR IR AN
NG O (@A T @ P A | T, @F GANTS! @ BHEYA
e a1 AT 9FH SR WEfeNA I W sfFfeRE
e Ay Kfeg Twe! (A 6T G @ (T0H; PN IS ST
oy «ft oifs grareea @3B = | sfEfedmer T@ 7 I 7, TEred
FANFY TS S G FIEFASIE 906 |

SHCE, IEET R TR 99 I@ey s g gommw
798 T [-(dT/d2)pm < (dT/dz),] ©IF Mo amars geam
TN ABE SN J @ Ny Jfa AW 932 IRTEG e o
+AS S L3 SIPICS 517 | IREEEE qFA T o Bl
gl W3 [T S TSI’ (Sub-adiabatic) 67 T | YNGR
fBfefe gy 9ga eG4 AR 96 e Eed Rvgad
Vg9 W 1 A, VIS IR Y3 FFS S0 6T |

IR FFfeATo! SaNgR (Mg 74T ©R [T TR [(dT/dz), ]
AT TW SIS THSIR AN IR SleIal Tl I =17 | IR



YA T 189

Q%5 ST THIYE (inversion)IT | IYWNSCETI  TOIRIT AR
THEYA Fogae IS @A A

YWEAT THIYRT (atmospheric inversion) : GRATEFIT SeTmA
fafirs ans afs JFenfitn Sweor o= Sl 6.5°C ZP A | SHold
AN SR TS ARTST ArE SIAR INeA [RuaieN T (lapse
rate) I |. ARYSITS 8 TR AFfors oy g wadt fwens 2
ey (FIege: THoR e wi=wE; 3fF) TS AT | %A SES
ISR THIRT TE T | IS STHIART s, i @b IBER
o T QESl WIfB AT TIA ;@ VT I SHANH A AT
O3 -5 ] IR VW YASA TSI WG | OF, OP IS WS

TR TR FoTeId 2 7S AT G492 ¢ NPT TS fomenst
SIRECEHETRER TCTSHOS (advective), CTHFIA (noctural) 8 SIS
(subsidence) Tl |

S, SITCTSHBS TBIYE (advective inversion): T b IFSA IIH
Hrea Gl IYET WA Aoat @Fb FF o7 Toi7 e QMRS 7 4
JRWSCH SITSrSHBS THINE B T | MRS, AT WA qFA WAl
T (Ba ¢.y)

[L3==Telf

—>
..... n\\

B A1y
51l
et g ; \
oI -

5 @.5: AT WESIHLS SHIGR! (inversion) |

we Tw A @ @I Arew AP I ATE oA e 4
HAIZITTA o R0B AT ©Y T eTrl IR B Aot ©ife AR BAF
T &<ifE® 20 qar SSTeSHoe SHIMRIE 59 906 |

3. CTEIA BFBIMAT (noctural inversion) : TSN (@ afe 71@ Y |
A qrren @y R(fFe Fofea g ol (=TS @, 9Te $op AE
A T O Aod W | PP (A V@ IS WG Tl @ Aroe
& g & w9 e I O3 TR Tu WA SWAFIFS T Q5 IR




388 AR : ARl 5 e e

B ACH; T THIR 3fB 77 1 FT0F G AOHIE GBI SBI4I
X1 @ W06 (T AR ACSA W AT TG A0S | Toerat @
ﬁwﬁwaﬁﬁ%ﬁwmﬁwmﬁy@@w@w
FIA ST G Ny Siee Tt IisarETen g4ifEs 3t S = |

TR ST AT TR @R AR @72 $THR Sleirl
fif¥i 77 I (dew point) TS Ew coitsl GIIE M (fog) Bt
T | AR, ACS LT WP I3 377 900 647 #fRAsjy Sa1a Tog 20
3R LTI SBICRIA SRS WG |

O STYR  Sigrat (subsidence inversion) : MR SHIyEl
AifeqrermeAr eif@qf?rama (subtropical anticyclone) (A F<4B g
OB WAl qR PP (AF @ Y Sl (@15 km) @ 7B =T
Afegfafarenm IrE Swbist St FEvlst St 7 SREES A | Swhe
STt e A T qed AR (S dr 9o Reef¥om) Fs @
WP AF SIS ALFOH WG W3 T ©ifF w3 B7 ufs «iffere =7 |
TG TR Fo Srwige Aew @I B9 wwygH @, ars SHIMEIBT
T8 W5 (od ¢.2) | gt Tt a s @ T B =F ol
93 FIGS W =7 | St TBrat S T @ B @ e
T4 @f 200 FBIRS FTs oW ©4F It S el 7@ | et
8 LTI THICR WS TGP MY SR IE; GFA TGS
141417 fag (double inversion) 511 Z(T AN |

ZTZ NN 0

- A
L 2 \
Loy Jd LY

ST —>
fo@ ¢.3: Irgmers e ToraER Benify |

| .8 7 TRt
AT I afifie sad efics ot s @rs ;32
. Agfes s @, AEfes T FAMN (fog), ATAY (pollen
grain), WIHORA 8 TANYFHAR (At Bire gl AT ﬁ@% |



W@W 3 V8¢

X, ST (aerosols) T4, (T, fed, (1, o=, 2pfe
©, AR 8 AT (TG T 8 IV IEEE AR (@ A,
FRfACS (TR ¢.2) SIm G Sifsrat ewie w1 Zre |

A @.2: Y IS BT 8 I |

Rl TR

STETER @e S0,, SO;, H,S, TEFoGTH
FIZGITSE @t NO, NO,, NH;

wfEeE cst , 0, (@A)

TS @9 HF, HCI

TN G CO 8 CO,

CoEfFY @t 1-131, P-32, Co-60, S1-90, Ra-226, &$fS |

A AERCE ORI AR [ 9t «fite @i wwr =@ g
‘YRR 8 CFSIf | ‘RN ¥ B<F (AT TP AN A TR
&Y R Q1 @, @D, TAPR Ql, TEGEE ST, P
TATHIRS, YIS @A, 0T @l @ (SEiHT *md | AFeE, ‘oI
TEF IRWGE Cofd T | IRWNEER YR A sreifEs e ciaifas
Rferars wrar e S A @I Soamiee [ w=e e
@ aga TAmieTR St IeRfe e @ qEe aqueE oy T
OE  ONPEIR M¥S  ICET | CWRATERS, SIEF, TANEiog3s,
ARTFFIFGIES TGS (PAN), SES ABMRES =09, &F FA (H,S0,:
SO, + 0 + H,0) &9fe ua 3fs Cawift 13 |

T 41 (AT A, AFOS 7S AW W @9 A TA g
SR TEEE F FAR, SRS S AT afemm Besty =@
R YN AT T | O(E, GONA AN (@ AW B A SR
Tl ARTS R e | O gawa@ns b v (background
concentration) (e | G *Gpfy qANal F6II 79 0T AGRTSIL €@l
| ATFRCIRTHARS (SO,) 9¥ I @@ IF; ARFFed Towme Ay
JENGE AT I QR @9 AT ITW@ 2 x 107ppm; DG TI@
T4 T T To Tre 70 ©R @ft wae {2 |

AT TR @ AHLH CofF wEeR WA egfenrs @efdg Ada
SR | A TR fRegan At (RalG s s R =@ w3 A3ee TwewA
AR GF T O A=A w7 7o 1 W e o I el
T T | PSR, T IR aet Rftey) 70 T9 W Afie e a3

50—



8y

AT : IR Ao @ TR

Mt 74 e as CTIs 3@ 2 | TS e al GRIE 9T O SIS R
gAY B (A, GO ST WF T2 WS = ) =faerm wuet sjeee
TR (@9 BT TR FRA T (T YIS NierEw R | W i
fFreffas afedm (TR ¢.oF) IR e BT 747 SRR e 03 |

AR ¢.9F : Y HHEAF T |

e N ST N @ A
wEH efe - Mgy wEH, o | ¢ i, @1 | S0, NO, €O, oW
16T A8, QA gt sifers |, et
FAIEH, I TR geTa APS |
It afer - e, s, gfe, c/, g, | SO;, H,S, NH;, CO,
it firg ergfs | T | NO, (&3 I, ofF
‘ (afEm 7)o

G aiferead | , AN | SO,, H,8, NH; CO

o7 YRGS, TIIAGIA |
qry  afeased  (@w, 554 | ¢fe, ym) SO,, CO FRIZT, (T
A, wyEffEEE edeAeTR e (afEr F9) |
29fS) |
I AfeFead | e, ¢ | (effFmif®a) S0, CO,

@FIRIZS, (&< A |

g efferaiead | gfer, T o THYE I |
FIRPIE A@G: A, JoarTs | ¢, T TS 2R
fBBIT, WS (AT | ¢, Tot SO, , 3 ™ |

© |
efFr e @m (SRS | g @RS, 1-131, Ar4l,
efeFad, R agead, CSTHT T (Sr-90, Cs-
Q= s | 137, C-14 &%) |

ARG A g FRAA 8 F[GBIETS IR YT SR A;
1% A3 RGIFS PRTIR (AT IR FIE QA gae Fem =
QBT TGS FHAE (AP Af6IRA (T AT 77F AYNAA &L I
o I «F6 AT e @ ZEn (TEfa @.o)

BrEY, dvq0 (AT d5oa iE S WNHTR SRy ¢ Stafes
FUBIe A (AT AN 30 8 40%93R (ACABITS TNARCTS HAF I
AT &1F 514 @ Wb SAfRar s e 21 4 A ovad o
(iEte (A €92 7:) | AR TiE vors! a3 qaed Ao
e FE97 T AR e MR g FIRTSIE FRE |
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TR ¢.od : AR THEAE ASIRA (Sova «F ) IRREAT A
Rgw@et (7% (26 59 937F; @6 57 = 0.907 @lGF 57)

TR 1 PMy SO, CO NO, | vocC Pb
RS 7 14 670 116 77 | 0.0052
Ty g 11 173 48 107 9 0.0050
| g s 13 17 61 9 98 0.029
S - 0.0 96 3 8 -
1% 31 204 875 235 192 | 0.039
$590-97 THAN - 65% | 78% | 116% | 70% | 1.7%

[PM,o = &34 (particulate matter), 10 um FLA! FHSF; SO, = AFe| LI
AAFRASTHLS, ATE SO,; NO, = T T TGRS THZG, A4S
NO 8 NO,; VOC = Baifll 053 cot; “Srwyiey” Berst WRIe @3t il 7]
e ,

1. National Air Quality and Emissions Trend Report, 1997, EPA —454/R-98-016;

2. National Air Pollution Emissions Estimates, 1940-1990, EPA-450/4-91-026

o A1 Mo oF @ Ed @ IE SRt qibeg ©l IMAREE
el AR T T TS T AR -7E IFARER G Ko
@A GG e AMETEE a0 T0S!, ddqo AER 4 CRIEA
AAYE TN AIQE AAFSE LIRS ICACR | O, g 78
T[EH @ e @S vtz © Afefrre  sfd [Reveea
TR, AR THANE, a9 PR TR @ 148 @ AfSTo A (1R S
TEEETT 77 92 SRS SR By BT s @ i =01 |

¢.¢ 21$fSSF I (Natural Pollutant)

AIPeT IY-VECHT WA ANAEY (pollen grain) TWIST | TSNS, T 8
M (e @S qEmerE FW o AREgE Rew 93 o - fe
Reter [Jifeg s (Reiw <@, gm0, o, o) 8 3i) «f TgamEs
Wﬁ%ﬁmmwmﬂergy)_dmlmm & BUIAURSH Y]
(asthma),’iﬁ,m,m?nw gq (hay-fever), JFRBA (Bronchitis) @@%
@8 I T | FRMIYE TP ALRAS 10-50 pm 93 I SZA A |
SRR I IRAIES TS by Tl SYES 2 I AS; @, B
(yeast), B®! (mould), QIIEEA (=11, AR 73 29l |

€. T AR, CO

AYTS CO-9F ARSI Tl (U.S. IBISS): 10 mg/m® (9 ppm) HALETSS W6
THR T, IYF 9FAF LS ANL; 40 mg /m’ (35 ppm) AED GF T



38k S{fIT] @ AT 95 8 T

T, 203 G 20O A | FIH TAIHITT T6-TW-THL, ANCS 723y
@FfB S (b.p. - 192°C); (SA-IFF STl w&e eiGa ey G T |
FEA TEHZT O [we G5B T 93 WS Rewd  fb #iffes |
2fsa=m & wro @16 IGe B9 CO IPANT &t I, 9T T@ 9T
AN WHCEA I (anthropogenic) w2 e T aigfes (TRia
€.8)1 AP Ber@ WA F. (wide afeFmEm Tesdy few (CHy)e
FANERYECCA (HCHO) R, Agset, Sifie o[e apfs Sfem
FEGER Rewm ¢ ABRPrw  SEs-aefe  wrd [ew
Br@I | I¥S, CH, @ HCHO 9T TR (AT (T CO IR AT+ A
Sl AN (B CO @ AR’ 88% | ARMCH, CO 9 (TSP TR
3B O A 70% 3 B TN GrETfw W wew, IRIRER R
TTT T IR FI AT | )
A .8 : IFIK CO «QEWWW(WN@@WM

Aphes s | e P O s
fiem ¢ FANETeRIRTed 300 | Sary qentaa wad 70%
TR :

@RI et ¢ 9 | *PrrEEs S@eaE e, | 17%
frete A=A .

SR ST 54 | TR TS PRI 9%
IR e e rerpla,

NGRS CMN=eNE, ST
i, a1 Bestv @ 4|

A AW @ e, | 22
sEffi Swiad, e
SEErAE, AgmerE [l
5 : | 3364 | 5 : 40 &™

I&: L.S. Jaffe, ‘J. Geophys. Res.,” Vol.78 (1973), p. 5293 |

IRESE CO 9 (T ST TG SITS MFE P! 70 ¢ &,
e G @ R Y =W, W P CO-T O/ T LS Wi
2CF | ATNIETT AYCS CO W TG TN (T & 0.1 ppm (IS
CO 97 ~BEf T, *RIGETR IFCS ©F G 10-40 ppm; 4TS
T TN (9 am.-10 p.m.) S FACA FAE 100 ppm GAE @ Z0S AR |
2T @ XA LS CO-TTNER @3 @ @G =14 o) &= Wed 2
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CO JIES Wl A | *12 SAED IYCO NIRRT (T AT ICE, AT
253 AT CO ATH T CIANFI AYCS AR Tyt AfSed (7 |

NG (AE CO FARS: IFNEE CO @ FSFI (@ T, It
& 70 o | AW AT TR T Weff—a@nmm%co
QoI SRS 23

~ 2CO +0 —2C0,

PR I T FIGATYS @fera= (OH) Squsa Ko
IS A A WA I T 3L (RS FoTw Fmgst @l @Fiels gquie
41 AR

OH+CO=CO,+H
H+O0;,+M=HO,+ M
HO, + NO=HO + NO, 1

IFRET CO @ YT WARITIISE ET© Jhad! @R (= g 7iers
TIFERT @ TGN GUFE@ AFT SO AFR S 1| 93 FErw" @<t
AT, 120ppmcomm{mﬁ@m§28kgmw
TP T A A CO IR e T WA RIS
(sterilised) RGP 2 QAIITS AR Testifrs Tfema CO WL
(I “FTS! TS 1 |

AR ©HF CO-99 9 FIET WAIHZE TG (lungs) (ATE
e TG T I G e A, Ramafis a3 s [{fen s
FfEREmafE toft s@ (conp) | Rumafam dfs co-aa seife
0,-93 FAFR A1 270 &4 @R &9 B} CO-97 THifFfere ReanaifeTm
0, I TR FWe! [{oF Taw B Al QR @@ 0, 49 s
“AfFe RS 2Ce AR T 1 @TS CO A WG e JPaiE (o,
a¥w{fE O Jo Af® WHre AL | OO, WE COHb TeAy A
SRFRCIARTTR (0,Hb) RTaies 23 =i1%; ~fiediey 1R T 0, “ifdra=a
FAS AIArS TG | AFCS CO-UF TG TS @R AT QR AW A&
7o @ AR =W F, T0F COHb-9F Tl T© I AR | AT, IS
CO-43 T@rTem NEd <A ok dfefea foq = (Rl ¢.¢) 1 co
Ve IRCS (CO<100 ppm) ¥MH-2NH a1 WS COHb @ AGIII@E
SRF P O RS AN AR e B w9 0w

ICE COHb (%) = 0.16 (IFTS ppm CO) + 0.15;
[*USEPA, ‘Air Quality Criteria for CO.” 1970]



N , A 2 ANAFRT o167 8 e

A ¢.¢: I AR I0FT COHb -V} &S |

T4 (%) | TIYRE e Soid geid | U@ T goT
1-5 | WeaJFele 0, 957 %ol 779 | Taana P
TS @Al (P SO | Sfeke 9% edr

ICH AU AR (AT M | TR A TS Ad |
5-9 @A T WelRe S[R3 A .
TE A Ol (At @M

ST LTINS = | -
16-20 | %M1 eIt <8 (I5d® S[@ER), | A O 2@ 9
f2 SIS 27 | XBTS AT |

20-30 | W€, IS A |

30-40 | Oy W@, ISR, I TS
e, e Rl 3

50-60 | f¥pM, @@ (coma) W< 2

. Eull
60-70 | ofeen a N XA @R
S YOI APTFE AP

[#@: R.D. Stewart, ‘The Effects of CO on Humans’, Annual Review of
Pharmacology, Vol. 15 (1975), p-409.]

TN CO @3 VI R : TETCE CO @9 @ 73 B O &y
QAR (T 2giTe TR | WeER (ofd (06 @ CO IFNKE F A
B 2T 70% 99 BT wey@dld WeA 3f&TNa (internal combustion engine)
(T | TSR IRWGCE CO @7 Ed fmaner Sraey @ 3R Ren 31
@F © TS 3Em s fife d co @9 e fRrgd s a3t
T TS R | AT B TF (dww o @3 sAfd e | @re
#1S; T,

y. 3feg 157 FeRd

3. AR i 7R R MO eI

©. IR RACS o= (@I G 3R A0S CO 9 T
96 QT A AW 9R ,

8. Serad war 3fEte offers =fee 9 I U RS [ R
8 F Ty '

BT IS TCE (@71 IS @ LS 200" O Fereet i |
T CO €3 AfRMd Zw wa TR 58 A e BfeTa TSI I A |



AT | ses

SRR (catalyst) Sif¥fore fifra mayey Bfewea el e
FET TR (AR GR I Pgige (e PAFSIE HIZo08 AR |
F51ffbs FeS@6a (catalytic convertor) TN «ft #ffos | =7, ate 4B
@ @ (oNf TGS [GRIRAR TG Ph(C,Hs),] GrEMH ars 2™
T T ;A SRR IEFIRS! 8 F (7 |

werEde wad e e @ @ fsfe = wits co Im NO,
FBWIFET (HC) €@ TEFNS (particulates) TeifFe AT | FIGTEAT TAMIAE
AYTET; 13 &9 AR FTORDER SR HASTET! P g 41 78 |
FASROER AN WE Pr-SEocd 8oAf¥fsts NO, T N, 8 NH;-(®
Fofre o) Refte @ TSl o ot @ IS AR
wAHre TRA AREed [ T @I (HIA™ @ HC 8 CO AF CO, 8

H,0-(S SIWd Sriae 9 | SRR
: s ¥ _
f§| HC CO.
HC, CO, NOy »]  Pt-H+NO, »Pt-O+Ny+NH; P-O+| —Pt-H+
Cco H,0

TSN FTSRGET U6 B A T (@ (&1 @R AF St 7S A |

FETEIEY  fEEmem Smwey menReR sRRee e
(compressed) € ©F, T 4 W ST M AE Bl
g | are AR i R A B3R S ANER T ¢ fe
(steady) “fFETR ATW R 27 | ETHRIS RN RENE IR T
Z7aTE 58 re WIFTGRIRT o 20 T (it MR iR S |

TR oo wed et few Rene Teele, Seawar
(steam)@WﬁWﬁWﬂﬁWﬁmwmlm,ﬁmﬁﬁ
ATeTH(B WA TR A (A3 T |

¢.q TRIGITSTTA FH/IZS (Oxides of Nitrogen), NO
[QRCe NO, 99 &=t ¥ @l (U.S. FBIS18) : 100 pg/m’ (0.05 ppm) NO,,
T fafes Tg)

ABESET THIZT A AS-N,0, NO, NO,, NOs, N,0;, N;O, 8
N,O5 | WA NICA Wig Fef5, MG THTT (N,0), TRET AHLE (NO)
@ WBGEIE CIZHHDTT (NO,) LN Sraarasy sifmme Tof¥s s |
wEs feata W@ N,0 e 77, 2 Twi=@ i (laughing gas) A
afs +iffoe; 2 1S w@IE, NO 8 NO, IgNerE yad 32 F | REGe



ses ' AR : AT 15 '

SHEG (NO) T, 1F2, 3B AT *FEE, NO, (b.p. 21°C) €9 Ts
AW 92 F [ 8 YRS | ARG wrHEes afe 3y g
NO, Oig ¢35 &7 :

ARG THZT 4TS NO BT IPNGE A A @GR
g TR O s TSR NO, @ Sifdde =¥ 1 O}, PN N-
SAZCCT (@ VY T OIS (FIA SHEC BRG] FO AT ©F AR
Sfweg SN AW | T FEAE ©IR ‘GG N-SHIRE qA NO, «F ad
R g =91 2

efoqwa AW doo @6 @hiF T NO IV LI FF; AT
AT Term S AE I | I @ ARTY NO, NTET Fe
T TF 20 ©R A1 e @ 3@ 23 aiFfes Tt (A (TR ¢.v) |
APRET NO, 43 24 6 ST, e wgarwiae Gieaq tafe aferan a3
IReCE Refer o<z | S TEE 5 @ NO, ©F B¢ Fif® (D,
TR SoifEfers Swens gEifN wed, Swenst @ N, 8 0, 93
faf@raa NO TeAy =:

N, + 0,<>2NO

TR €. : AFNST NO, «F AEF et (@I G 57) |
Agfes TR TCEA 3§ (NOy)
Fhewr cafes fewm, YT WA . 0.44
IR A&fer AT (NO): 45.5 | A& (o1 WZA $2.02 .
(N,0): 53.7 | argfess o1 v : .19
ECHoIRCGIERET : 0.14
Y : 4.79

[FI€: E. Robinson and R.C. Robbins, Gaseous Nitrogen Compound Pollutants from
Urban and Natural Sources, J. Air Pollutant Control Assoc., Vol. 20 (1970). p. 303.]

AGTeR-ufEen [Kfeam 2@ ¢ AW Sewa I shewiE
Sgei g A | @, 3% O, 8 72% N, @3 aFf e re (e
wed 3o BREETE fee) 1315°C @R 23 G 500 ppm NO
Besty 7m; T R (A0S @33 T@R NO Ty TS 1980°C i@
X A W 0,117 S | SR, [feafs swenat (27°C) s™iims 2@
@ NO Tevi W O FARTEANE A 1.1 % 10" ppm | TS@Ad T=A
3 TN NO @3 Ay @5 AR Few @ fefe o we
S z@ T I FESRA NO @F (@ AWl AT AW O R



SECCERLR N

e @ NO [efe (i Beifge A B @< plem (E @ NO
S ©IF (LGS T2 WO qOB | '

T3 SRHEER (NO) e 0, @3 RfGFam NO, By =3:

2NO + 0, =22NO0, ;

fafiraiBa Tere T SR (A1 1100°C) SHEH @Fh X% | O,
&5 oels @ AR NO, Beoiy = S (W6 NO, @3 A 9 S,
0.5% 98 FN | NCEAF-ANES [fGT™ VY8 NO (T I NO,
Berly 21 ©LE LS TRGRIE ToAfEs AR ffifbes yrars 9w |
AR (ATF NO, oA : RART ICS NO 49 o FFfSFT (residence
time) &8 SRR S Ay v i¥s 2= Ay Ffeam e =,
T FES WO Ol (T S | AIE (A NO WFAB NO, M
oS Zm; @IRFg B NO 71 NOya 9 2re At @, O,
g e NO-«3 R

2NO + 0,<*2NOy; K’y = 1.38 x 10° atm ™1 (@.50)
AP, K,€3 BfafRs wfs N @, IGAKT (p, = 021 atm)

pNo2

RS AWIRBT NO TS TR NO, @ TS 27 (

=6.3 X
Prno
10%, Rfermfba 7% @ S | SR (O;) 8 AREIARS wfHreE
RS SFHZEH NO, -9 s 7S AN:
NO + 0;==NO, + O, (@.5)
NO + O+ M=NO, +M (@.5)
IR FEETa &Fg AR O, AMF (0.03-0.05 ppm) IR 0547 AN
NO @3 Rfm T@e 6 | AEF, NO-O, St ffeam (5.10) fo7 &g
e @ 93 e FE 2eW TEilke 4R @ YW@ NO TFIF (AP
SRS 27 O A T R 29 Amern e 20e A 9 ) R, el
Tq TW, INS (A NO -9F WP (NO, FATE) O; &
wFEehy e eee I3 o AEd o0 | $@, NO 49 NO, 9
Sifef® 7Y S ATAFET (AF NO, T SR WF 7 IR 49 Sl
A | @, I RENE NO 97 T NO, Slged | IFAST (A0S TS,
NO, 99 A FECS ©18 IS NO, 43 AR JT
AGWE (AT NO, (iRrg RIFaR Tagea wopifre TS Al 9w
I NO, 7 SCTs-[Hores ¢ ZRE!fE 3¢ @fErea-aq AL NO, 99
fifm vgTe A @ ewgsd | '



e8 Afa : AT 5159 8 e

wferaef [fas geng No, Reifems za:

NO, + hy A54350m o N6 | o ( @.59)

e @b weel (quantum efficiency) & & (IAF, A < 370

nm) O3 RFCan 7% i 76 NG, el O Fro I o | Retew

Rferar 7Sl 4t Seotm vt SaE i e o@:
0+0,+M—>0;+MM=N,, 0y ’ (€.58)
03+ NO — NO, + 0O, (€.5¢)

Totam SRetTl R wpeor e B @ Wi w@Em
(photostanonary state) 2fSfoe 27| Tw L AYAGT NOYNO HATS(F
FIEFISNR @ I | O G T AR @ T,
[NO,1  k3[04]
N0} 3,
I &, [T (e.5¢) @3 TR-T= 93 I, S -amS i (e.0e)
Y RS | ST @@ T, = 0 QR AT GYWE 1, = 20 h'! (%) s
T (€.5%)-9 J, 93 Tw TN Py Prawe TANe zen @, ST
(@ NO/NO Sq#iT® Mo qR FTaq qid ©F FER Ad; et
IBE MO8 B} | WRF, NOI WE-Roew E 47 fakiRke
RfFetais TR TR ATE:

(&)

NO, + O; 5 NO; + O, (€.59)
O+NO; +M— NO;+M (e.>¥)
NO; + NO; = N,Os5; N,Os + H,0 — HNO, ( 2.5%)
NO + NO; — 2NO, (¢.20)

IFIE (@ NO, T#AT® 76T W @3 wFgad <, oH T[&
GfSTaeed AN wHRCeT [
NO, + OH — HNO;, (@.23)
T& @6, OH SfeTamn FEy a@G S | IgEets g safefes
TG 1.0 x 107 ppm |- OF SR NAEALF AR FE @A I (Swrzel
¢.8), TS NO, T@ R, AN QN QF6 I (AT OH G >
RifeFary afew%m NO, S7rnfs 27 99 =7 |
Toia fafefB (¢.25) BIBITFaae T [ SCEF- P w24l
OH @7 e Rfeswm HNO;, =it o s Reiftes 73

SJIGITFNET HNO, ST NO, @3 FoIgl @I (6 Io19<:
HO + HNO3 :NO: + Hzo
HNO; + hv — NO, + OH



AT T see

N-S[HZG3 18 HNO,; SUPIe wi2dl MRGE 1 NI b
a3~ ST IR (0 JRAE O SET @R T
NO, @9 779 $Ig T+ oire wEgfe 2 2@ I |

TrizE @.8: SIEE TS WS Wt 9 4re No2 G @l
10 ppb; IYAS OH I EGTICI TNl 1.0 x 107 ppm A I&
@ferataa se e NO, &fS 9%m & gm weiifds =@ ?

NO, + OH — HNO;, k=2.5x 10? ppm™' 5~
(d/dt) [HNO;] = k [NO,] [OH] |
. OH G’ wor Afea @ SAmH 4t ﬁﬁwﬁawaﬁm ‘s
S Gkl AfS’(steady state principle) HATIEY T QIR Hefrd STER iRTS
(LT TB1) OH @F TNE! STEAIG] (FTd L3P 431 (IS AT | SO,
(d/dt) [HNOs] =k’ [NO,J;
TN K (79 &AW i YA L) = k [OH]
_25X102ppm s1x 1.0x 107 Ppm
=25% 107"
- TR = (d/dt) [HNO; ] = k' [NO;]
=2.5% 107 s x 3600s x 0.01 ppm
=9x 10 ppm h™ 1 0.9 ppb h'!
woud, FfEa @ NO, 97 gfeaBr IPRe T :
% SEd = ( 9 x 10*/0.01) x 100 = 9% h;
@32 HINO, ¢Sfd Qe[ TT = 0.9 ppb h'!' | WRAKTT S IS 4HA
#faf3fea TBa I6re AT |

THIEA ¢.¢: YW (A NO, TRGfFHA @fSraet (OH) 9F L
Rfarg svPfds 2= IgEeE 9 3fSFIe (residence time) F© 2, T
RN OH 3 ITAfefed ¢ 1.0 x 107 ppm ?

O3B Mg QLT g AQ T 4T G (pseudo-first-order) A
S oE, ©F [FewE, 1= (k) 99, kK TR afeme 199 |
IRETE OH @ ™ NO, @3 (¥ Rfern 96 Sl 7@ A €SP
T A @ATS AT | ASET, W@m NO, «aafﬁ—zﬂa

1=(k)'={k[OH]}"
=(25%x10°x1.0x107)"'s =4 x 10*s
=11.1h.

IR NO, - AR ol : aifeded (6 @ «Afme NO, IgHIC
I AT O FH 9P SYIXT (AW OF W) I B TG IR
Ee @ e R T, W R §E @ sael o w de Al



QY : AT 2 IETHRS o5 8 79

W|WNOXM%WWQWWWWQEQ
AT TATHZ O IR T W AR qe3 e @ wite
IS 47 TG oS 79 Bea (A | e, W B NO,
VLS (TN I (I (RIT! 2es s AT (oxfy Freag o7 o
Ol IS I@ 2 | T, SfbraR @3 @ilpd waemian ¢offeg I ) e 2
@ NO, IFA I 7B S, I T vz 3fem o 24
@3 Tt e NO B =@, (dmm MR W IRWEE o I |
AL I *RANLCT IRCS ©IR NO, 9T q9o@l Sewe @ A,
S0-300 & | SR JSAET A W IS NO, @I TG qwi@]
(T @ 2 ppb, *EHILTT IS ©1 500 ppb S ZCH ACF | AR
(A (ARY *C TS NO, 97 A4 T BI3 W M 9 TAN@E
SSIG XTB | (SRR HTs TIaTes 999 I S S NO, @9 TAINS
T A 4R M I8 T (8-10 BY) IS wwa A ww
¢sffgrm | SICH" AR NO @ NO, @3 (NO, @3 Bomm) Soifies Tras
SE TTB 1 R XTSI MY, IRTS NO,-F TN © AT QR
NO-UF TATI@l 6 FCH | {9 A4T! T4 NG B Wiorauf [iFareq
m\sm;mﬁmwwmmmﬁmeow
NO, 4 ¥ T3 |

TN NO, 99 M3 &gy 8 Tfgn Tz & Wewd i NO
GF RY (o €Y 791 A% WHW¥C (NO), CO «F WS AwEd
et e sIRe 2 RenaRem 0, Afieze w el SR o |
Brgy, IS EY T B 7 B9 WIS NO @7 G- CO €3 el
S Q@R AT | SR, Rramafer Sew @ et ot o Fife Co W
&1, NO €3 Bfi ©1te 2t 1 FHAS 57 | I8, 3 RO NO @3
@ ARffs o1 e NO, 9@+ T =R TS B zreR |

ARGIE TR-SHITG (NO,) TR &) [34% @6 4517 | qgre
NO, T4 50-100 ppm VAR TAFS AE ©I9 ©Ite IS WG (AF 9T
901 =8 4PT-2rPT TR T S (R @ SR R T A O
6-8 AER #i7 ©F WAN WAR A e =7 1 NO, TR T P
fem w1 2@ HNO, '8 HNO, Sifiite @it Tice it 2re A | HNO,
eHNozmﬁwiﬁwwvﬁmmamﬁa@ﬂﬂmnm
VRUR WA TS (@ =R, IER B Ol W ead e[eld © A0S |

500 ppm &1 SIS @ T@R NO, LS ToAfFo A GT IRTS 2-
10 FTAR Mg 9GS TRIS WHTS #N17F | NO, 97 e FT CoPeiiors



. ARSTER T4 ' NG

aafs T HNO, Suibtss Jfafers Beams, el IR AR
mNozmqm@@mmW@ﬁm|w,ﬁmw
Nozm@mma%@mﬁwm@ﬁw(ﬂmﬁe.q)ﬁm
TR ‘

AR 9 : *AER TAw TSN NO, 93 At |

afefet NO, TR @], oI T

ppm (exposure)
iR e ity 0.06-0.1 P
W%@T‘T "a‘mﬁm (bronchitis) 20.1 6 A1
et AT @S (olfactory threshold) 0.12 <24 T
AR efeImT! ' 5 10 5
FATER CNATA 90 30 TIfH6
(pulmonary edema)

[Fl@: U.S. EPA, “Air Quality Criteria for Nitrogen Oxides’, AP-84 (USEPA,
Washington D.C.), 1971.]

Thre oo efefF Tols NO, I RMGREeE A e
“ICES-APNAE a7 (photochemical smog) R @ HCEAP- IS
e A @3 Cree T @b @iy e Sfeme T S
g | 3T, TIGNET TIESHEEE (N0, Sfewms @ =S = ®
(o8 TS A |

reifen frg way amie FOr 0, SBIGITHIE (3 0, T [, o
wrelld AR | NO,-99 U@ fFghl Pl Sirg I a=efl T A |
TS Qg (supersonic) @5 e e Ffe (@R W9 NO,
[IGICFA B ¥ | NO, 4% &l 0, 99 @ feiTE 9 Oid ATATH

05+ NO = NO,+ O,

NO, +0 =NO+ O,
0,+0 =20, (@33)
walfe, SFIBICTATE O, BEL FHANGH NO SH6F R0 et FL |

NO, T @ : W0 T2 NO, @7 Sevtarens @i 7 et
o &9 qF; I [T (stationary) 8 F6F1 (mobile) Tem | froe S
G SATGTR AICBI PR @R ITbe TR WA IR G e |
forpeT BT (ATF 50-1000 ppm NO 515 IAET et e | R e
ew@wﬁ%ﬂmﬁawm@ﬂm@ea&ﬁr@@wqﬁﬁ: N,




sevr AT ¢ AR o157 8 e

+02_2N01ﬁ%@emm % *I$ Yo aITed Nad 41 23 qre
e (dm NO @3« 4w | ¥3 waRkfEE ekt agd qafh
A (A €. - CO) |

v2 B9 FHOLLE G w5 ek gre @ Afqmd 0, (A1) s, ady
B TR 90-95% AT TAFSTS SAFFS TH SI@y Grenf we w1
7 | SHET Wog AE A AT NO &9 BeAmE 2 AR ol
RGP (HC), CO '8 Poiia TeAma «ts I« 1 s wea wiehie
I THAfFferS SerEge fEsite grEfRtE e 9 70 1 @ Iy eree
48 ATF I NO 97 Teowia F1s 3% A0S 58 0, @ AF I3 HC @
CO @7 TR Fjdfaesl 905 | f*ee FTORGET T aF= TIZE NO
a7 T 909 ~% SR A T TR 1 BR, OeNE R w7
9= pler wwe! are bl o

foxfag (e g @ No, Beif¥s A O W T (@ IT @S
ST | (AT H,S0, , Ca(OH), SI&1 Mg(OH), (s gacty foww ficg
#4IfF® T O NO WoFTRE I @TS AIE; CNES A0 SO, 47178
SEPTIRS FF 1 (Al (IS B (@l i o M NO, Rt 7w o
€TS NO MICHE N,0, & [9 906 | N,0; C1¥F Rt =5yl ooiifirs =3
&g NO ciifEs zm =1

NO, + NO — N,0;

mﬁmmﬁa@ﬂWW%ﬁaa\ammﬁNmme
SET A itet e S

i. ®R: SO, + H,0 (Toxf@ &) + NO, — H,S0, + NO

ii. AR®IRSA (serubbing): NOy#+ NO—N,0, 2% 5 INOHSO,+H,0;

TR (AT IS G A |

iii.fSte™: 2NOHSO, + H,0 __mg_) 2H,S0, + 2NO,

H,S0, SHIFes afs syt fasiy €its (i) @iffs =7

iv. HNO; 973194 3NO, + H,0=*2HNO; + NO;
@f*8 NO, 8 NO SRR & qiest (i) g a1 ,

YRR (AR AN @ NO I &t e, 3t (Sreyedid
wzA-3f&w) FToIRhE ety (catalytic convertor) FIET F(F ©f fame
1 QS A1d | T A E (Co Fras Sqmw ¢.v §:) S|
AN AR |



BRG] 734 N

&b, FEER BREAIZS (SO,)
[QRTS SO, @3 arReTay Wl (U.S. SBISIS : 80 pg/m’ ( 0.03 ppm), XS
Mfafes %; 365 ug/m® (0.14 ppm), 24 THH TN, ILI IFAL O
A1) 1

AEHE TR-NHEBG (SO,) IR SPIHYE AT AT | IS
Wad @b SreN W3S BermIA | WET-2IieT M AR AT
siTI6 Caffrs fRfET® (mucous membrane) SIS 8 BITS GUIR "'ﬂ? I,
Tfera Tmre wfs wrowa | 7

R dfeawna 2 ve @I cifs 59 SO, IFNEE AT FE | €T
¢ el (A 20 @ @ T agles, 6 T R
(anthropogenic) (FIRM ¢.b). | AFRST SO, @7 & BR (T 90%)
YR CTESIR -goP 8 TEr SRITSNl ARG T AT
fos T 749 oG 906 ©IF ©f (Q0F H,S NPT 8eAg T | T& H,S
QYA &TIH I @32 SO, @ G S T T

(&)
ST T 5 H,S — > SO, + H,0
JrERET AN

A1FfeE 50, ¥ Trgarny Wi« Te, sl Tuied | S0, ¢
H,$ TSy i3 SeAD (A3 PN AL I |
AR ¢.b: S SO, 9@ AfEF et (&I @le 59) 1

agfes TEs A3
ARTER (S) RETE aFike e 9.2
H,S «3 t&k& [eied : 9.0
e o =51 (AETEB) : 4.0 | AfE (ot 2.6
I Afareac 1.4
% = 13.0 ' @6 = 13.2

{71@: E. Robinson and R.C. Robbins, ‘Gaseous Sulfur Pollutants from Urban and
Natural Sources’, J Air Pollutant Control Assoc., Vol. =20 (1970), P-223]

TgEa f® @ S0, SR U St Gary gty e wa Fwed
WEs (88 70%) | IR TG @My ART ATER AT G IR
S OICe S @3 AR FAEH 27 | (@07, STANTEE SHRFR0 S
@7 S 1% 97 ¥% 58 [Ghm sren o 49 9ve @ T =)
A (T S 1-5% 93 AR At aft Ay = e e |
IR T PITGIA] T, S T FACTHE A1 80% Q3R ©Fe '8 ST



sv0 AR 2 AT 9157 @ e

QIR ST &4/ TR S0, -q wiFS 7@ <92 BufE e e
PG A & 3 | B @RE S0, @ SN A 0,05 -
0.25%, AM'S FIE FAE ©1 0.4% =1 2C© {1 |

mvﬁmsqwmmqwmﬁ?ﬁmwﬁascmw
e 1 W (Zn), S (Cu) S (Pb) qefs (o AfReE ok
ETRIRE 9w | 4y e Ffie wiwfis 397 g Sofsfers T
SCA AN TSI ATHIRTT SO, 9 SR 906 | F SO, APE H,S0,
e S FTEEE T @S AN | AFERET T SN e
IV TRATLT T (RTPS SO, TP Fsfs 27 | ©19, @7 AR BT
TN ACE 932 TG fNggereay | AERbrmfit a< e smmr fio
COMSTT FrA1 ©F (P8 g wifdwne SO, IRmets e« 7 |

2SS0, @9 g W R so, sfffmd afre ww fg w1y
T @7 PRSR YU AF 1 (NEF @ S0,09 TNGTE! MURTS
CTIRIETC IR AMF 3R 7S 1191 (=15 =i fea wo srgm e | w13,
T AR 0 Zere A2 (@ warn ol TRreR T WA (g
W QIR ARER ot w7 eor @ |

IAET AF SO, WAARS: Aeifis AT IR A SO,
SANITS RS AL A4S GFB - SO, -« YT THG: 250, + 0; —
280, | TEER JR-THAZC (SO;) Wexw Ay aafE He; oy zewR
AMA MR &E" A (1,0), NH, S2&l o-IAT A= «fS
H,SO,/MTFITRT TR0 SR “IfR9® 28 @3 I &4 S2@t MIapResel
AT O G PojB/ AN (N ST

+H,0
> HySO, + (H,;S0,), SO
SO, + O — SO,
[ (NH4),SO,, NH,HSO,] STTarts
+NH3 '

AEER GRIAHTE A I «ff Jo swgr IemaE stea T =1
T BT | LS SO, 97 TRV IA O 7 O G B AN g
¥ IR (N APTS #A10 | IS T TR SO, O H,S0, 2w
A0 3B ot =g 3 o (pH <4) |




SERNIGERAT ‘ Su

SfErea A SO, @7 R @4 Y39 9Us IEeE SO, -«
e (residence time) @< I, W@ WA | o2, 4R I T,
s et aRmeaE SO, ¥ TR aFgsd ot AT 3 |

S S-S i fifded oed 9@ S0, SERENE 9
Trafers =7 (S0,'):

. SO, +hv - SO," (A =384 nm) ( @.x0)
SO";, Afwa @ @ty «ff S0, WT TR Froen w3:
' SO, + 0, = S0;+ 0 (€.28)

. OH GfSTee-«@a WG SO, ¥ TR (I o wer):

SO, + OH — HOSO, (e.xe)
HOSOZ +02 —‘)803 + H02 (Q.Q\‘ﬁ)

SO; + H,0 — H,S0, (@.R9)

. foe SRRrem™ SO, W TWRE:

SOx(g) + HyO=*S0, (aq) (e.xw)
SOZ (aq) +H20:H30+ + HSO_}- (Q-QB)
HSO; + H,0 ==H;0" + SO, (¢.90)

SAZBI (P (TN Cu®, Fe®*) SE6TH SO, @F 3 0, 93 [fdwa
O TW:

250" + 0, — 2S0,* (€.93)

fAafefes fifam foe S0, @7 S S S@WE LTS AE:
HSO; + 03 — HSO, + O, ( pH T%%3) (¢.9%)
SO;” + H,0, — SO,* + H,0 (¢.09)

@FAS A MNeA I, IV NO, 8 SAFAa IR Teifgo
e R 3BT FBR NH, 8 €99 9 RAlge A weiRe
FCETCE SO, @7 TR GG 27 | AYNGETT SPWIT WIS SO, €
TR Feed WA |

SO, VI &OMF : (3) WA =T AO- A TITSAHIZG Lo
fifare 1@ wt O S0,- ¥f¥e IRCS PR @ YT 2w
| P CrA TRlg w0 | PR RS YRR (S, SO, %f¥e qrre
B SIFR TSR WIS T06 | 1.6 ppm TIER (SO,) IO GFE
AW Hfee AW wa FwE WG 99 929 T SR ©iF YOS e

S—



S . sifarat : AR 5157 @ A

Si1CE; oS THI@RE T (&1 500 ppm SO,) GFE TZ IEH TR SR
ﬁﬁ?ﬂtﬁlﬁ%ﬁmsoz-@qm@%mmﬁm@m
Fiferam o1 ZET (A e.5) | ~

T GRS TN SEE PR SO, W frer Towif,
B[ (S @ SO, (ATF BeAF H,S0, € STEEs SICPT; SHIEme
TG O AR FCE TG FLCF ARG AFT FC (ST |

R @5 @ TEE A SO, Tae Afefam |

TN (ppm) afefe

0.2 sifeTam e Tce s AL Tl

0.5 1l TS T

L6 HFAH T8 4 T8 T8 W B0 134 TR
SIS O AR Hay e A

§-12 THAICS M I SR B 2

10 cs*meirxm?;ﬁ@

20 N AN FIH OF 2 |

[3=: S.H. Stoker and S.L. Seager, Environmental Chemistry: Air and
Water-Pollution; Scott Foresman; NY, 1976]

() SfEmia B &eI: IR SO, 99 I e RISHICCICl
LA M@l B et AT Tl RS T ¥3e M TR T 5508 AIBC
SAre| ZA A T T ;IS e A @ e Tfgne
wfoq fFalR @1 O% IHA@R SO, IS H,S0, SUIPes Sy Sji@
< | BT YA AR TSR o1 (I #0G G (=6 (2o 7t e
2, SR, H,S0, -GS oF ' §4 ¢ 7w, Teraeg g weHa
FE |

(o) T S : IS I R I @A @ifFg A AR
T TS SR e 3@ | Reafs E oA, <A, e, ¢ (fume)
grefe @RI CoITI-=ifam, R foa, WAl THefe @ IS
T | AT T HOT (@R Y IS, S W SO, FIBT IR |
QN B2 SeFl qF, LS SO, IS AT @ 0.02 ppm (52 pg /m’)
TN TS A TICS THICST WO! *& 98 FH 2y dR 0.9-1
ppmﬂﬂmm,mmm@aﬁ@@nﬂmm{am
coifire 70 32 BTG [RUIEH WO | AETER TR-SHECE FNEH 9e 72
qaR FIS F ZCA AW | FETFE GIR-SIHIRCGT AU (ACF IRHG HS0,4



YIS 73 309
| SR B T | SO WO, FieE wre! i sTaaiEe @
T | AR, [TS e IEE 7S, TEA ARE 0ofF Ig ey ored
8 SEIFERF @ FIEAC R = (102 |

SO, @7 WIY FaE: et $O, @3 wF v fraEe T @S
ACT; I BNfE (@@ (AF SO, TR, IFEA (ATGTAR <id ©”
ARTEIR AR, R AR e 7R 932 S gqenfie [
G 9= |

TR 38 @ SO, IYNTT I I ©IF A T ~1SWE AT
e Rewd FFER weA 1 e R AS piR foufd Mk 33 Syre
e ATE; v, T @ RSt wwE v oe 1 gty o
T, 51 MR WiR - «re AICER Mes3s! Seee e Wit f{w A,
g avtx ova Tape o g @ | A, foxf@ dmt i so, i
e Rfeg safs avfere sz 1 IR ¢.d0 @ oFgsyd was
safoq S FB [ferar Mg awe s 2

ARl ¢.50 : fouff (i (AT SO, AT WA [y 1wl |

AafS IeTEE i 24 ALt/
Paisadet Ca(OH)+S0,—CaSOs+H,0 | &fe B T &=y
Afqeegead | g 200 kg B9
TG TF 93 fire
st 92y i =7
FISNIE FUCH | CaCOs+  SO,—  CaSOs+ | p-3w¥ BRI
AAfRmgFad | COx(g) P pH FH; WFS]
SATFIFS W |
WIMAPEN | Mg(OH);+S0, —>MgSOy+ | CIae e sfeaia
SHEE I | H,0 T QTS A |
AfEgEad |
GG =19 | Na,SO; + H,0 + SO, — G WAFIFS @
Afqeenaad | A o dyfee 33 @
2NaHSO; —— Na,SO; + Wgﬂq ﬁs‘ri el
SO, + H,0 (F7FaR)
[EIEER(S 2NaOH+ SO, —N2a,S0; + H, | Wi Na-*F13 3=t 54
Afdezgead | | Ca(OH), + Na,SO; — K I C e C A
CaS0O5(s) + 2NaOH T




Y ST« IeTAfE o157 8

gew g3 wfea ot (A ¢.do) (FTA O T TS AT
aﬁW&ﬁW’ﬁmn&f‘%ﬁﬂwwwmﬂﬁmﬁm
O B; ICETE AR ©i3 e W 4R IR | FFAR I (AT SO,
AT AR TS TGS AT W7 S AIGTER S G, TF-F
A T SO, A C4rEd oIl | (T, ﬁﬁwa?ﬂw (scrubber),
PAIAIRE TN (slurry) T OIS WEfERS faferaieteT €0:
S0,(g)=S0, (aq)
S0,(aq) + H,O==H" + HSO5'
HSO; ==H' + SO;*
CaCOs(s) + H=xCa®* + HCOy
CaCOs(s) + CO+ HyO=Ca® +2HCO5
Ca?* + SO + ¥ HO == CaSO;. ¥4 H,0 (W= smady
CaSO; (2f¥=I2gE) |
AREETRS PA-THN ZC IS @3] e ffem Wb
‘eg[, qUSTE H TSR OH widl eifis &F | FH-eaT’ ewvnv@'am
oy RETIEE CFiE IO IAN ITEFAFAT TRed AbEH
‘zm?t@ sifefl TSI TS JE TR (4 (AT SO, 8 TGl &
(fly ash), 2TSIHB TATH 90% @8 (A SIS =W |
2R ST A |, AR Arwa Afafire avw 93 s
AT, Ao API7e ARTITE (AT S-C TP I T | @ifsg
s, BF TS WA @I AAw [AW w9 @R O WA
SHAEREN SHIG IR, GG ATHIRT {Iv wwﬁmmq 3
3G gt SAfgsad Wﬁf‘ﬁt‘f‘&@?“’ﬁl
foxfa i sAfmERaad *were @ SO, (<Nf¥s 7q, FRegRa-A7=’ (H,,
CO, CH,) {9 1T SF H,S @ “ifieTs w1 T3:
SO, + (H,, CO, CHy)="H,S + CO,
F %194 (Claus method) TR TF H,S-(F Gl AR «Afdos &
TS AN
H,S (X5 2f{wrerd 1/3) + 0, — SO, + Hy0

NS

SO, + 2H,S (SR8 H,S) ——— 3S + 2H,0

W, H,S T Fe,0; @3 BoR sfR0n® 7 =@ H,S0, TeotmH
YT I ACS A



RN T N

400°C - 800°C
st(g) + F3203 —_—> Fezo3. HS— SOZ(g)
1

H,S0,
vﬁmmsozﬂﬂm@qﬁnacfw«; Ferd @b o, Il
SR T ©F (AF ATFR TS T | R Gl S ATHIa
PS8 FAR AT Bl 87 T | TR “ARILD (pyrite) SHIE
AT, AT Je @R 3T FAT O B 9T IW (FS I A TF
TP R TS 2 | O, (O AP AT FATAA Sl
w1, ©1F &) IR I (carbonization), $FTF9Y (liquefication)
MITFIT (gassification) LTS &ioe elf el e g7 | Sraey, Fr-sTere™
F7eT o TwER faeg, QM 99 @99 @Ien e @il B o
A ([ ARG | @ WO G AR Qe sieEdt A€ Rifre
JCACE |

¢.5. TR H,S 8 U5F FTFIRCSA Fet

QIEICEH ATEIRS (1,S) FiFge (51 Brww o5) are asfb suer)
oo ¢ T R Tou e Bt (AT ARG T AT TR
e @3 FFfowE @ 71, S0, WGT @9 TR TTB:

2H,S + 30, — 250, + 2H,0 |
REFGEH ATEIRET FfeT @R BT ©ftHd WA -8, Trehi ¢
e Afre wEER 9t ¥ SRR @RS [ (anaerobic bio-
degradation) JRCC & wggad | g W @ @hE 59 .S dfsamn
I YRS e 0 | SR, Wi 8 AT AR s
T wAfIe H,S IgwerE 4 A |

VT 3B @ H,S, ©F A4 B FHs Ne CHa IR AAFIZS
AT T 4TS @ TS FA1 =Y | W @A FRAA! a0F [1,S [Fofs =z
©IAA A (AGIHTN NLRAET (refinery), @FIF-5E A5 @ o
(viscose) (FTF 2T TTFLTIINT | )

@ g (o ACTFIRTS Witr @ST IRESE 7I R 09 | fRiEa
RPN, (CH,SH), TRMAZH TMeES  [(CHy),S], ©REwIzE
TIRAAPIZE [ (CH,),S,] 9 ATHE S (TN @7 (S IeTFI308d
wwfe &g smid | andeter A SO vefEge, Mards @ife s
spifscal spfices tefes fRemem @ owider R = e, oS-
A= ¢ fifyewEs @ CH,SH, fiRewds e s-Wei3|



Yoy ' S 2 IETERT o157 8 T

RfeTET @TF (CHy),S @3 e w6 1 g Qs v
ergfos TR (S0,7) R MAReEr faferarme o AT B
T qCE T A

+€ CH3+ CH3+ +€
SO,” SO.> CH;SO; _,(CH3),S0; ., (CH;3),S0
+e
_ . ,CH3SH ———5(CH3), S+ H,S (€. 98)

mém%‘mw@ﬁﬁmtﬁﬁaw, cdgiferars
CHEITE, ATAE B 2FOFAE FRAM (T WHEY TR R
TREAGTS IYTCE T A |

.50 5 B (Acid rain)

3w A wreIE Swgres. A, pH 5.6 - 5.7 O A% Jecs =3 gf
wizﬁn|Wﬁmaﬁq@wwmﬂoﬁmpﬂ45%m@mﬁw
mmnqﬁwﬁa%’ﬁﬁm‘aﬁq@’mﬁmmpﬁmcoz,
NO, @ SO, wl e fF{fe & WA el faATeE -SRI
e AT EEe AT U0 9 TSI (AT T Ty T

CO, +H,0== H,CO,; = HCOy + H'
0,/04 H,0
NO, N,Os 5 HNO,—— H* + NOy’
0, H,0

SO, 5 SO, 5 H,S0, 5 H + HSOy
H,C0, 4¥ @3 w3 &€ HNO, @ H,80, WiFie To3 eI |
(NO, 6 SO, €9 TRA-EPI *rd FATA (€.30) — (¢.3) ¢ FqNFae

(€.29) — (¢.99) &7 TR RS ATAL F1 ZACR) |
VRIS AL NO, 8 SO, I il Foiely A GEA YN
Rlies mﬁm(m@ﬁﬁqﬁ)mm@im H,CO, adt éifre
= a2 B wEE 4 AFE pH 5.5 @7 s A0S AN | AR,
s 74T NO, 1 S0, g Ton THIBET O ¥ WG ©IF G
SHZG B THET (AT TeAF HNO, / H,S0, e e Tw AT
@9 aF S ALIE (ATF @ B T W OF pH FA© HNO; /
" H,S0, wl RS 7 | SiTe g =R que 39 o pH et e




ARG yoq

(pH<4.5) TN AW G §F7 JB0F o947 w5 B’ 3o =7 1 walfe, o 2w
T NS NO, 8 SO, €3 Big a4 B HNO; 8 H,S0, SUifse widt |
S, T A SA[E (NGAR A0 @iy AR HC Igwetst e
AT I 93 T BT oS Bt A '

3 3fea MG @3 3, T TS (e TS AR WA IS
Ol (T WS A | (@R R[{f@TE Tm NO, 8 SO, AfRE wnifie
"(HNO; /H,S0,) Fes 27, (Tt T9d 03 SFIZE iFe wvefae
R MR @ Y Afe3Fe = G TN WA WHIRES YR 9
VAIE (S0 (ATS #AIF G932 @F A =g RIS 200 G wEgfE sjfe
JCA | BT @ HROGH WF I GOl ofpd WE 1 ¢l T W, THATT 3
TEANE FEeea (A @ SO, P TR 23« IFF o T& =g 3B
T W | AERIS, HC -SfFe @ o3 3 o qaed St sAgres s
ATF (T HCl SRS A AT T |

AT Toi o 3Ba e : fRegsifited IR CRTa 3% 98 P
o 95, W B ond @I oy IR G e AW Terw A9
TSI T | A I 4R ;ML p=iIeE, (56 8§ 1S =l
@R wERES ¢ orFy ffifs, w3 Jre ErrTE TRew @ wieas
W | @R TR it -simal I AR 9o SAME AE CaCOs;
T CaCO; (T FY ICI TR WA Foa-Foewa Rfeq g ws 2 =0 g2
Af3efers Mufds T v T ATS:

CaCOs(s) + 2H* — Ca®* (aq) + CO,(g) + H,0

g1 ¢ TIPS AN I TN ©IFd W JfRre w7 Ty e
SEWEES WG AR I QP T oF I w9 ¢ W farws
Y I |

oy IR v A A Sy Jla o W R 8 S e
HAF T Fhed FRA W1 d55 MEE 9T FTAFR &I I RCACE,
RO oF e Ar o gEe e T @fe wowT eer ATl |
Soby AT FRISTH a3 AR oF B w61 906 ©ITS A1 pH fesi 4.5 1
@ B T AR A1 8 FToee] 78 T I 93 ITgC® Tfewn & 8
R ATZ M @ SIS @R ANE SfAfos 17l woas 77 | o
T JfeFR g I #iw; e Joar Tr Fa 49 @51 a7 wRefers
N- SR@FA9 (fixation) fed xS T | WA Ifera o @ f[@iz=
Toig ATTF Fodd AOIA (A |



Sob SR @ AT 5169 @

G&Bg@ﬁm,ﬁmﬂmw,sﬁemﬁm|wﬁamﬂ
75 ©IfF 419 S B-+{T5 ¢ TETH (TN S 4 8~ e fes
© FEA & Fhed Fad = |

wg e fmat: s IR FuEe- ey eGP e 9 T e
siffice wEg 3 oo FRIGEE FrEd ware | | w9 e &
ST NO, ¢ SO, 99 B 7F J4r© wfl; I, (T JIZH I
&5a iR fsTad iy W clewE W ke fgs | IwgeeEn
A A TS T AT (TR €.9°8 ¢.b ) !

€.5> IR ZRGIFE

Afoqmg A1 a0 @I (WG 57 TRGFE AN A0 FC; G AW
009 iEfes, ARD! ML TR | ApfoT Seom (@ IGREA OF A
90% ST Rem | e, R erofe Sfem-sergs Afaet FIdTats
@A SRIEAN e e (anaerobic bio-degradation) 99 &= GEaig

e
TS

[ CH,0] ——— CO, + CH,
[

Tfome TENeTY TREPRER o3y a3 w1 | Bfen (s ey
2 BRI ForFeea fife 7@ | SrRPE il am, e
T, -, qE wen | SEENEE ¢ REREEe TR e CIERAD
(@1, PRI, &% (oak), TSCHEATIT @ W "= AR (AP g e
0B | SRS, CED, I @ (G 4, W 2pfe Argfes Tl
(e (@ g @ AYALXA W 7 |

mwmemﬁmmmw,mmmqm
T @ T 5 T JRWFHER d4F 93 AL (A 55%) S
CrGREEeR AfEREad 8 AT (ATF; ARl W (@ B SR B
TR T @ I PP WA, SRS SRR, A ¢ A
TS GREET AN 2GS SALTN | ARG TS 7 IS W A
R o AR AP WIMREET T TR I X
TS A @7 O A0S T A TR B QRO (R
T, (T AFMCS T AT EIFEE ANFE B ATs cout
S eI cRae e 7 | Afie owa fy s Ferde ofs
e vEe WA oftg T @ et wie 9 e Rerrens
BraAwEry, Aigfos TRUGREE 13 S fad wass feen s



ARG 7 : Yo

T | IR QRGP (@ HY 906 SIS RGRFIKER e s
FoLIf A R (A e @A MF G W@ @I S
1 et Ted g 72 21 ) fucew e s @i wRd w0 T
T TG G SRY (TR (XIS SIS Eel B 7 7 I B¢ | ,

I WG TAIRA (/T s (dman 27 it ey s
Efg Twoll ¢ 5l ST W ey @ fafem W sire sy
T FEAFE GERET GG ey 7 @2 (qrE A fed o
YN FH AR B (R frew, AN, @, [E%, (oS,
s, FafEm, S, wRfm aefe spfes ¢ wmmts @
@ AF (S (@S o-ARRER Aol AT FR R
(carcinogenic) ARTSICAHGS 2XGFET (PAH) 1 cliohe AT | *1Z9
ST IYCS PAH O AR $oAERS o 20 pg/m’ 5 (I GBI (A=
ACH PAH @~ SITat Siass @ 4itss; @, w36 5 s st
AR @3 AR 1000 pg/m® @32 FMTEI AT 100 pg/m’® HEE T
oA | T TR T TIT (B TW O ©NAd TR B ATAIRe
@A @R @ ANE CIWTE (STX PAH Teofy T A 9ol a1 = |
IRT, ARGRRA-IER SRGE Foa @ e o 7eas IqueE
SCEIE- RS e JfEre «3 wiEe (Reafs s stems v <) |

€. SR IAHRF N4 (Photochemical Smog)

‘CAF (smoke — CHIAT) 8 BN (fog-FaM) *% 7% «fos =@ sy
(smog) *f e zrare | e Rrsa Fwee I9RT Uy 16T 7 9
2T ARR AGT WA AR (Ve 8 TErFF (@ B cowfy A9
B G FICEA! A A1 TR TS | VNG IS SR S (10
et $efre @ @i 97 zre1 W32 R M (A ERATS | ST (A
@ B 7! WA W AW AR AR S0, A4S | Kore AerRg
SRICIR WeE (7@ TR T PG SR FRER LS, o
AT T TS MACS, qF AFR T AN B 2O ACF, At
W o 2F; g, AR @ A, AT 7939 T80 @A @ft 7o o | e
TR v e fqmrae (S0, 93 ) fag o™ spree™ w9aRar @
=5 ©f SR 5 SO, @ T, (@FIAID @3 AT T ATEE (Ol
9, <92 O 7 2ol @t 7R zre o 7 HemER e 9
A T A QT AT IPEG WY I T S | IS, WD
TR T S TR 2o SfEEE (0,), Tal 2R (CH,
QM) 8 NO, 93 A7 [<fimarg-Beoly 92 s e wiva w3



%0 - o TR o3 @

R | ST =7 SIe IS I IS 1 (iCd ez R @
vt Aegive w1 @7 g gt @fEr | R ¢ W IR T
ax4 =1t Y T peieE ¢ wRenrTe FEfERe WEeE -
eIl et YR RETR T WO

5. - Ay RS SN RAfieyd @3 T (inversion
layer, SRR @.0.5:) 3R SIS &pd AR IR I ST S
204 | TFIRGE (I @R IFES A, S ol ARG 8
NO, ©I%d 27 7f6 SoAmIT |

3, AR P T-OIGS N @ TS FA ACS A G A5
e «ae [AAAeyd @ WE TSR (NI g G (AF Seifae
200 9 AT |

o, 9 (s 8 T® e A |
SEAP-IPERS e T /ey ofR @R Amd e o e
fmferfis Seofmimete 40

(5). STEH : &I¥ 0.4 ppm WAN@R STEH (O5) ™A tsfa 27; Tw
T B «ff Wie ¢ Sfew T ww e e

(3). ARRISTRIES AEEE ¢ ARATHIRT TRWS (PAN) 98 T
SR oggd @B G7: &4 0.05 ppm TNI@ «ft A Tofgs Ac:

0

I
CH,C — O - O - NO, (PAN)

TR &) 1S Toul e ©f feweitd SrTRd 91 @ o @t
Tfeta &+ wlead |

(0). TEERIET : Wl WEeRET cdn eggd feAb Sem -
FAUETSRIRG (HCHO), SHIFGEeEZE (CH,CHO) - 8 SU&E (CH, =
CHCHO); 931 TS 7% '8 (5104 &M1R 72 <A |

(8). SETHIZA FIED : A €3 T2 ey Some A3 FREGe
(CH:ONOY) |

(@). wErE et oggeld @I TAME SOIErTE; A4S
(NH,),SO, '8 NH,NO; a1 «ff tsfd =a 1 =mst @ ARt TS ©f H,50, '8
HNO, SUiPTG tofd 2ea™ & RU g | mmcimwm
B, ©IT® SO, 8 NO, I Aw; TF TATT (A e 7o o2 =
SIS, SYEe GREER T (AF @ NH, Beo 20 o <3 opiet



JASTER T S

IREEE FA AT Te NH, =uifive ufibe e e s et spiaE
o R | ST W, S M GBI Ao B

H,SO, + 2NH; — (NH4),S0,

HNO; + NH; — NH,NO;
SRR 7 G SRARE (@ S-S et e 2 eie
forg g oM Tl @ R« eotAr wea (fod ¢.0); @ :

y. foreg 29 &0d NO @ QRIGIFIEGE (HC) TIuial T e @4
ST © Q7 TN T ALH WA AL

2. NO &9 995l 9949 HN ©49 NO, tﬂﬁmm UL S K< AS BT
ICY G

04F He

| HCHO
0.2}- (X0.1)

NO; O3

NO

TENET (ppm, INNTSH)
1 3
A

1} U A l A | 1 4_4

4 8 12 4 8
T ke fagter

B ¢.0: SEAT-AAEE o1 243 AN Cferas BRI S5 1

12



L A SR 2 AT 17 8 A

0. NO, 8 HC 99 S=1dl I35 S (MR w4gens), & (0,) 8
SHATGRIZCed TANal ©3F TG |
AT MY AT @QF e g =wnt b wers-
At R T8 aaf o T @,
5. W 2424 4@ @l T AT AN FAGAS T AT @R
CHITIE A AR &6, NO @ HC ©© (If ARe st g A1
R R QaEel TS AY, AE-AERE Rigam iz e
QT ©© QM ARG GFSIR 786 (NO,, 0, 8 WFifbaiZe) = Seig
LT
- Cfafie wApereE WS N9 B 2edR W AR afFersma
GFfB FE g ORI W FIWCS FE, WA fER MY SO
QG e AMF @A ©f AfGFTR @FPrs wfexy afoa @ @3;
@G SIS AT (tentative) |

=t YRR @ ¢ S, TR s 9o R e @ R
ST TS Bk FRGITEA wiee =7 A, vfmmcfﬁawﬁﬂzwm
T | O, 4N I W, NO, 99 SfH&F 2[qNYTe (0) HNeenz-[ore=
08 @R @ft o7 B AW e :
NO;+hv > NO+ O (¢.00)
TF O SIS (0,) WA I G O, 9T A NO 3 e =
NO, Cofd =
C+0;,+M>5 0+ M (€. oY)
0; + NO - NO, + 0, (¢.99)
Tfafe sifes ffam 0 8 0, W7 Tw@ 3 FfSMa (steady state)
ﬁammwﬁww,oeoawﬁmmﬂmqﬁ@wmfﬁmmm
e fifews w63
2. Wmﬁw(alkene)zmwwmmcﬂ%cﬂﬂ 08
0, Toy TomE T @I TS =W; AT ¢ {6 w9 oww @ R
q06 ©f f5a9:

CH,CH = CH, + O — C,H; + CHO (¢.ov)
CH;CH = CHCH, + O; — CH;CHO, + CH;CHO (€.95)

fafema qib It oo I S 20 A (T,
C,H; + O, > C,H;0, (¢.80)

C,H;0, + NO »C,H,0 + NO, (@.85)



SRR GER T 129

C3H;0 + O, — CH;CHO + HO, (@.8R)
HO, + NO ~> NO,+ OH (¢.89)
fAfFm (¢.83) @ (¢.89) @3 MHLT NO @3 NO, 4 G&Y 45 | 4TS O,
4T6 T A (¢.09); TRE, RiEA (¢.0e) @ (¢.0y) @3 T O, (o
e A | Te AREfere (¢.8Y) ¢ (¢.89) ffwm wfe s NO w3
TS WFE (ot ¢ odw & (¢.0q) oIgRT T AT | A,
0, 3 TITA (@S AW, S-S =007 1 o 9 €671 |
0, T TEFZCCF (CO) 9T Irgwers WiEa e T a1 7ro;
o8 =Rl = e Sigew w1 fEERe &few-gem co a9
T NO SEE-[ereaia NO, @ Afqes zw; ats 0, fa@l S
iy TS T 496 2 ! |
OH + CO — CO, + H (¢.88)
H+ 0, — HO, (¢.8¢)
HO, + NO — NO, + OH
8. Y& @rFe OH O TeAWMT UFAId 93 A FIWFRAT &iael
Srarmey A’ @re TW; OH @3 WY RegeHEE fAafEle
Riferaiete 9es:

RH + OH + O, — RO, + H,0 (¢.8Y)
(RH = Snifernfos / spanas 22igeda)
R=R +OH+ O, > RO, + HC(O) R’ (¢.89)
HC(O)R’ + OH + O, — R’C (0) O, + H,0 (¢.8%)

WS ARF RO, To1% Aew @Il 5 @fSl@e; NO, NO,, O,
0, ¢ TG e  ft [fewm wars %% | o@ S ez
<1 Sas g« stora |
¢. AIGE SIFTES (HNO,) 37 Brs ofvs! Al aed | (oied e
= Siget gl I #, HNO, «3 Siees-ferem qq s will e
A 1 T; HNO, -3 Fa1d} A0S (Fe78 HRC (A Aea:
1INO, + hv — OH + NO (¢.85)
b, ARRFEMGES TGS (PAN) SES AEES g d4@ @36
Topwt; SPBEGZES (¢.05), 2234 @fSiE (¢.9) 8 NO, 93 NI
aft Terly 20w ANE:
CH,CHO + CHs — CH3CO + Catlg (¢.¢o)
CH;CO + 0, — CHyC(0)0, (¢.@))
CH;C(0)0, + NO, = CH;C(O)0,NO,, (PAN) (@.a2)




348 SAfTa= 2 IR o5 @ e

SIS, RO GF ARY NO, 93 3R & FNAT (chain termination)
fafrr fi3s Si3GE0 Seriy 2u: ‘

CH;0 + NO, + M — CH;0NO, + M (¢.@9)
RIS 5t B T T RGP SOyE | LT (CHy)
AT RGRIEER T4 €36 B BT3 =291 FYfBre 97 (A Bt
<% 7 T 5T (@1 CH, & s aifs sfesm fign @ ot

S-S F AR : NEAS-IFRNE 9 Tead =419,
Bfen 8 T BoiR o SSIR (F0 | T QWS (1L eIz B I
(STEfeRETed efeR) SMMTE A MR NI qE Twea s @eifee
e ACd Wl | A YU FEI0 BATH, 05, NO,, SHEHILe SHIS
@R6TEe € PAN ; TAMRSTE U @3l Oig TRF AR EAP-IHAES
TR AT @31 e | wReetE GPEEte gvi ¢ W [ R
F(E | SIS 8 PAN Ton s Bferna o wioad; atie el Bfen

(AT BHTS 2R A (IR @.5d)
A €5 : TE = 8 SfEwa o STHN 8 Sy SCeid A=
AT A9 |

TR TN, ppm efeIq (Na/oTen)
- 101 — 1.0, @3B | AT TR
1.0 — 3.0, w2I%1 | O i, T [pire, O e

>9.0 TFPER NG (pulmonary '
_ edema)
ST, O3 [0.03, o590 ARd TSR BAtE Foie TG,

TR R e W
(necrosis), T *F; 0.24 ppm

SO, «d TARRST® 0.027 ppm O,
TR 2ATS! 98 FI |

0.1 ; I 7 (5TC3a &MIR
UG &IGE | 0.05 -0.06; GFHB! | WIS S I =17
0.03 — 0.3; GFYBI | FGIRTTE 7O IS TG |

PAN 0.0l — 005 9 |9=d TR Wyee oWt z3;
TS 90 IRIET @ WS T

[(}=: Air Quality Criteria for Photochemical Oxidants, National Air-
Pollution Control Administraiton, AP-63, Washington, D.C. 1970.]



TTER e 9¢
WA

orer Afearaa oy [eiw wioda @l s, Yo sifema faase
TS @M A, 0, 99 G O A4fS ©© SiF T | S NG
. AR CH&is (B0 T Q3R SOy *eteTa JC ANl ol tof
TW; To AR RTTS! (tensile strength) I =¥ 93 AR S
A T | WA 0.01 — 0.02 ppm STSIA TR FiB=T 47 |
IANEF HEF-AERS W [Fg : SEAs-aemas 9 NO, @
WG @QAF R 9T OIS ES | WY, IWEE NO, 8
R Fome Fafas o =wate fafde @ | 3wiedE s NO,
@ fATEe I TE S I AR (S ¢.) |
€.59 CUHI BTI HY (depletion of ozone layer)

- (AT BT 11=50 km A IR (@ B OIS BIGITCFIR I |
BIOTFANC  AFOFONT  ST&H  (05) A7 T S Siferasf
e v @3l oies | S (e S o =fowe; ofb
EICIIE DNA 99 Rretes w5 | 37 e Oy wferaef [idad 4RI
Wt %6 ST, QIGICHANET 6 99 I FAGF CNES I (7T |
[IOITFINTT Sreed Worely R[fsaedn ware @ 7lR¥e Seges
OOt TF1 (4 | ’

T O FITE NG AR 739 8 F0a veiy; B[IOTHFIRS
©IF (UF (TR AW A FOTFA I @ g 3k @ Sraem
ey g wiftrre @Al ERd Wa O 5y g Somae A @et
STEIAE [Oes SO Soba E WOINH  S{IGIEHEd oo
AfFBITe 9T AEEIR wTE Srad Rl WRe wHee IR |
RN G eEa-89 0ad ARWE w9 Ines; @i @i B
G %Y 9o @M AR @, [N Sd “SiEa 453 (Ozone hole) W
e | BROTFNET (PR 93 SEE-8Ed & e i I,
SIS [ NO, CFC '8 N,0 99 i 5Jesed @f4 wggad |

TRGT SHIZT (NO) : STEH BEF T AW Brarard I =27 A3He
AT | AfNEE (supersonic) (S5 RTF T [IGICHFINRT fwed W=
fooa M@ T 50, ©F (TR TGN NO SBICBITFANS B9 A | 7

TET® fFa= @ 0, ©F Rerem oa:
O, + hv — 20; A< 242 nm (e¢.e8)
0+0;,+M— O3+ M; (0; 7f®) (¢.ce)
NO + 03 5 NO, + O, (e.@v)

NOQ +0 > NO + 02 (03 ab 5?") (QQQ)



3y =i : AERS 9 8

o9 fifem 767 (¢.ev | ¢.¢q) cnsvee:

O+ 0;—20,° (¢.av)
wife, arEE e NO uﬂﬁwﬁs(camlyso TR 1 ¥4 | 9,
NO S@SaE T W 9; GNT HNO, SIS 9 & O @32 &
SAE NG (A S S z3

FRAEFE A B (CFC) : TREGT wwZed v @ el
ST I T Sraeeld B TR St CFC I 97 1 CFC @afs smid
1, @t @ 9= *mid; CECl, (8 - 11) 8 CF,Cl, (G -12) @9 efgim
9t @@ W o Reem WBR | @EEEeRs Ao
(refrigeration) 8 S 1@ (aerosol can) BENHRE NS TSI
IS W1 CFC Sfem fff7 qaR amm womRe 39 weel ewged
A ARG (sink) QUATTNE AE N1 GroTFa" b
m@iﬁﬁ‘a’oo-momﬁ@m‘m; Tt @ sweyg W
R[OICFEIE a7 @7 JoW W6 @R Wer@e [fFwam e
eRI it Reifers =31 fsfafs @i cec i o, 8 3@ T=
T 91 RY:

CFCl; + hv — CFCl, + Cl (€.ad)
Cl+0;—> ClIO+ 0, (¢.vo)
ClO+0—-Cl+0, (€.9Y)

wdfle, CFC (@ By Cl #am1q 0, [{SIenH, NO @9 TCel, w{e5F
RO o) I 932 93 €l BBTFTT (AT @RE@ AT st A
a9F TF 0, 97 [Foiew 91 | ‘
RGP WHIRE (N,0) : TGN THIT WHE wrefeasiz 0, ©-
WA Oy wead 0 s v =@ | aeEfEe e, 3G 3 e
AYRSE N,0 99 &9 @36 B | eile @t [ffw @3 Grestiesaw
FHFTONT 97 WARY 96 A T B[ISICFACT G e w3 9
NO-a G O SAF- e €5:
N,O + hv - N + NO; A <250 nm (€.v)
TS T Ropet Al 2GS 9 afews FRwfics q<e™ 541 29 oite
O; BT FTLH N,O TG STarala (*rH 9rs ATTR |
ST FE FIAGH WRe (g AeE S AFCS 21 0T WA
T TW; PTG T Cl Y& GY 932 CH;Cl, CCly 8 CH,CCl, 9td
R TR (G ¢.5%) 1 MAEE @RET (CH,Cl) @I angfes



TRGTT T v

;TSR Y e afemy «ft Sevg =@ 1 WG @rATEIER
@ S Al OIF T IH A (-0 I%) A LIFIOS ANCH & 3%
AT GATCEER Sfe@ I IO (g T qa Sfealy
ffFaem (200-280 nm) SR ERA @3 Fowm 46 1 T Koo
2f T CI [F T @32 IF Cl TP 0, 97 o w6 (CFC §:) | €=l
P91 =W; TGRS Cl IR GeAMA 7 OF A O CH,Cl 7
GIEIBTER FINGR 44 fa] AFH 98 99 CH;Cl @9 &SIE O,
O3 T 8 ARPeS @FHE 0, €7 57 4T N TAre T Ffoess e
T (steady state) efsfe wrafes |

FER GRIFRIZS (CCl,) 8 CH,CCl; %o @i e Rice Aerafs
T R ARERS g RO ama G e Iee ) o qioa
oo GaITHFaE MY T IR ¢.0)) «le [IBITHIE [erers
FIE R CRIE SEH FEF TP PRS] AF F3 | o, ClLIE
Taf T @t H/C ST T© I AT, GRATTAE ©f % @R
fBfofe =7 @2 H[IBITHFIE (Aitg Sl SrEH B7 QAT IR LS 71 |
W QT T T TS (&% RAF H IS AE, QAR oy
IE [IGICFIE MR TR SF OO JHA AR (1 IAFISCET OH
& Qo 9/l C-H %7 RoifEre e =iia g3 FIe= e 78 @R
| AT H IO S, GUATCHIE ©© e o fomem 96 1 3l ¢.5%
7 1 SRS eRdeR afewes (e Hted AW; @I, CH,Cl @9
T CH,CCl, 93 CH,CCl, @9 $oF¥ CCl, 8 CFC GrATTHFIE
wfsred fFis@e \

Ririii TGP, IGIGICHANEE (F TTH 8 qRTOG (metercolr\gy;
wiE A TR e ZCACE Ol (WhE WIS 79 [IGITTNE O,
TR o A el & FrS AR G TN awt wedie S
fofares  SfmEad sa T SR RPIPTEITe! FwvReie e #d A !
B, ArGIGE ST~ (Antarctic ozone depletion: Ozone hole) &8 CFC
3 A 905 o RS siEel ey qrend dfsfie e |
R @.3%: ST B9 T FACS THA @ g C1-I& @A |
st 8 ImarE | IRWeE [IGITFATR | BIBICFAE
T, ppb | o, | dfE % | Remw 107k |-
ELT sAfgse q=d)
CH,CI 0.62 2-3 <3 6.1
CF,Cl, 0.48 > 80 100 39

R—



S A e S5 e

CFCl, 0.28 = 83 100 2.7
CCly 0.12 50 <100 1.2
CH,;CCl; 0.12 =9 9 3.8

3]d: M. Campbell, Energy and the Atmosphere: A Physical-Chemical
Approach, 2" Ed. John Wiley & Sons, England, P-194, 1986.

Wit et 123 (Antarctic ozone hole) : SIBITF Cr&N T237
FIFA GG A, CUBHAT oF QT WHEET TR s g
IR @ @b ot A1 | G et e Ry Tz sebe
A WA 2w 141 +ivy; 35¢q AR i B BRSTFE o,
a9 9% 1 fem w7 ANy St AT SR SF) eIl @ WA W, A
TGN O,F B ATer 9R FER G AR TS Ay 50%;
Tfire 18 km SWOI 2 km M 0, 97 T < &7 & TFRAZ( >
90%) FHNY AR (@A RS EF My Aewet) |

ST & 1 CFC 97 geRws aoiB 1o (@ Boitm
GG RAACR) | GIBTTNEE @ @A A 9 w608 g wa
AIBITFACE Cl I Ry Reg 2Ry 5o syraifsy sy
DI QPETR | STEH-F 7S 96717 @i @oes w2 ofice o w4t
e A W AR @ @, 1 8 Clo 99 @IRE oeE
(reservoir);  (INW, HOCI 8 CIONO, | 3f&a @ifdy 0, %7 7 g
SIUR-Cl & O; 4 =g 1 |

frrsfeiae foafs =0 Brsrenm @R 0, 53w =1 Tars I

>. T M (ATEATGTIIA) TS T,

2. NO, 49 gl fag =t ¥ae

. @I BI9E R FEFY @R Fo1e7 5o 20e 21 |
*$ foxfba ©iesd = — 5. TIBICFAE IRWGT 8 A 0, Figed &7
(AT CRIRT A FICS A 3 QTS O, 93 T @ *TT; <, NO, 99
ANA C1 & 7@ (iFw eler @R (CloNo,) “Rde =3; NO, 931l
3 2 ey @Rer T JorrnE @R s A s 0; @3
T O oW R . [ET ser-@ifE 1o we T @fe sieie
%, 0; 99 FIS ©© JEST AN W |
WMWW@?G§W@WW%Q
I | AOFIE WIBIHTR BUSICTIR AT =18 AE 932 O] Si=iaia
R A G I (-82°0) | @ TR oM 9% o @YW T (polar
stratospheric cloud), NO, IS HNO, ST S qATS AMTE | T,



AR Z N

T NO, IS AE A IFCE 5 | Ao o S
I CFC 93 ARy @I seenas Reres 906 7l 0, 0; 499 %7 OF
TS S A | ST SFCe e A BIBITFAE ATG; GTS CFC &3
I fSIEH 8 STE BEd 7 OF T | $1, s Qe veics sfia =
@ VY SERE Q0T BIGICFAER (Y 7dfeqd $a 10 949 NO,
I Y& W FETE WET eee-@fRe Afrs @) e, @
T I TH TANGR O, 9 I FOT e (AT JIOITFANS [
NTT; T, O, BEH FI q1 2 0] (T 7N 73 & T4 |

@.>8 NS FEFA! (Particulates in Atmosphere)

TN ¢ OE MR TH TG I IRREER {OE I GRATEAER,
TR 96 TAWE; AfToery qme TGS I JF | I T 2.0
x 10 — 500 pm 7@ TS A O ALHH FANI A 0.1 — 1 pm 99
TR TP FCE | AR AHY IEGER S 9T T4 TS 99 @
Wyl A o9 o fofers gt a1 =1; &S 19 @ARBRGE (cm®) WESH
- oifitey IRCS O IS G} YIS IYCS 1S T TS TS S | Al
ST *RE S IR AR @ Qe; AT IS WSAR
MRt Apd @RI 10 pg/m?, *RALET FSIIS UGS ©F G 60-200
pg/m’ I3 ARSI IS IRCS 2000 pg/m’ HSS 2 |

TR I AN (AT T-p Sy v @A MR @wfo
RSl AR AT, WFFS, TG ¢ YA AENGH 7 AR o 2=
(settling rate) @2 fAeNAl 2 wR1 AW IR B (residence)
e 27| oG MR R @R qE, AR TG 399 1-g/em’
T4 IS AYCS (20°C, 760 mm Hg) 0.1 pm IR @6 301 8.7 x 107 m/s
@t frer g 9 U™ IUH 100 um 41 ©F RISt 4eid @ 23 &l
025 m/s1 SR, TR AP I CAtet o RO TR @ @<eTrerd Jfa
M | O, IR PR AL S RSTA (A @ F4F O (1 wfoet
G2 TR APReF AL G F0F f5gh1 Afdse €6 | T, S T4
TR T (T < 2 pm), I TG IR 1§ fAo1cs =41 =13
WS BTSN GOt (S0 AT | (E FA- G 2 — 40 um, 99
(SF @& GF @Y ORI AGRIS $-o7 ST Aw 93 IR SIma
BT TS CTS (AT IS TH 4B ZCS A |

TR TeifEfore Inmerm R[Sy oo/ (s SRR T WH W3R
TR T, WIGHS ¢ AFFOTom SFIGTTR SIS TN 2 A3 (@



N AT ICTA 5197 '8 77

. ¢ (dusy : BTl e @gaten fromem qwz wfdq aga pifead
ST (@ F/SAN el T Sl AN 4 R I 1 ¢S @I AR I
F AIGATS 20 pm, e, TOTSW ©f FAEMR T[S AMF; (@IF FA
it o Tl ST (fly-ash) : 3 - 80um. ST FRLAR ¢F#FTS10 - 150
pm, BETR FEAWE fF0S, 1200 pm t &R N NGIFEA T By
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I | TTTE (4R 9 o fog 20s |
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@l | argres o1 CRE Cofd Tt
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[FI@: E. Robinson and R.C. Robbins, ‘Emissions, Concentrations and Fate of

particulate Atmospheric Pollutants’, (American Petrol. Inst., Washington D.C., Publ.
No. 4076), 1971}

2% I%a 4/ 8o @I EET 57 @ I At I3 (M
@.>0); ATS EIFed TR WAIWA AME FAAE @, & do (@I
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WCEe Cofd BT (A(F AU (@ TSN FH A O AW ¢ -
vo @It @lT B7; AeT™ 4%, SIvlie afeaead, 4 9 8 wElfg
S WRe W YR G Q4 FAFH T | 9 FIAR 4R 4
SO AR oy W I BfA 0, @ el e giwe @
HYITS (53%) T | FTANR BC SCFR (fly ash) W R[Rfeg g
T G I TR FE (TG ¢.38)

A ¢.38: FATR TG SIS (fly ash) ST |

Gt % TG S T % SO
C 0.37 - 36.2 CO,”~ 0-2.6
Fe(Fe,04/Fe;0,) | 2.0- 26.8 Si (S10,) 17.3-63.6
Mg (MgO) 0.06 - 4.77 P (P,05) 0.07 -472
Ca (Ca0) 0.12-1473 | K (K,0) 28-3.0
Al (ALO3) 9.81-58.4 Na(Na,O) 02-09
S(S0,) 0.12-2433 | Sfardy 0.08 - 18.9
Ti (TiO,) 0-2.38 - --

" [¥@: US Dept. of Health, Education & Wel{are, Air Quality Criteria for Particulate

Matter, P-27]
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NI 06T WS (organic particulates): YA (T & IGRel!
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CafEy qmers e JjfRre wigeed ewgAd o AR I AN A
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E QA (FIAT M1 T28 FACS AN T TRHema & Wl &y

. AR Bofa TS A : A2, 25, 3018, g wra il o
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R

S, ufSSE RSN % (gravity settling chamber): a2 “@fors T
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(SEFTS! (artificial radioactivity) A0 | AT, ‘(TEHT T F=re Tl
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T (AfS oS A Ay Ra-226 @9 [oes ‘s 1) |
- Aigfes coulFTeR Bt uft-wfidite Rwmm cowlFn SIRGIETeR
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o [P 2 T, 9FAnRe @ @I SIS Wil WKk I WaE
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{5551 ASITH (ST (S(T SRR A PO IO S |
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4@ Q@ e T 77 71 | SREGE v i afern wees 7 A
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QTF SIS w1 TE, @2 8 ABENGe G (o 93l Fo
TS AR 1 | QEd & WK @ wew TR (owfE 3G
@ate TR we BN 9a iR afey SweE 2% Sr-90 8 Cs-
137 €3 @f7 96 WIEMEE 1 WIENEA e @It QR
oI T 77 O @3 GRmTRd WARRI uff SAWH, TAEHCH Ca 8
K 97 9N | 20ed A4 %6 AWM, Ca; Sr-90 TF Ca @3 g #fdwd
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;TS RIS (leucomia)8 AT AR Wre! w1 Afds 2
T[S AT | IS, Cs-137 SRENHIEE K-93 TS Seaces (e
T TNPS W IR (SHFTOR AOI L @Y 0 | WSfsrn v
ey =W, aWF SAe fFg WEENGIA, (@99, Pu-239, Ra-226, 1-131
2ofs) HRWMIR FF AR | QTR WA Pu TG, TS AL 8 (I T4, Ra
e @I [ (SEfen) e afyre SREE FE 1 Eifes-131
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ELGi _
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SREGAG | iy g fAfdad | srraiivs Sedies T (THRTE)
e o | ot (aifS | g (afs
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Pu-239 24,400 | @e®l () | 004 | 1.5x10° | 2x10”°
BLS

Ra-226 1,620 | St (o) 0.1 4x10° | 8x10”
o .

Sr-90 19.9 <Gt (B) 1 8x10% | 2x107
GEY|

Ca.45 15274 | Ro1(B) 13 0.25 6x10°¢

C-14 5,600 =G1 (B) 250 3 1 x 107
phay |

P-32 143 % | RB1(B) 10 0.2 1x10*

Fe-59 45.1m= | o) | Ll 0.1 1.5x 107

I-131 gifmm | B 0.3 0.03 3x10°

* Jack Schubert, Chemistry in the Environment
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NG A FACS M | OTF, TSGR (FICT ST (vital organ) 1
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T RS (EF (1 FIIER T S wfeww; 1 wglen Bl
e PR AfSTF T A4 (I A @RE T SR TIEH
SIS B FAFET (R TR G2 (HIF WA A |
(oTHTOR WS AeT Bfeon wu semel ¢ Fee! Ters
Fgd g6 XIS @ @ T ouETel (R v Fe TR @
G AFE LA TF AR (ANF @RE TC WL T I 6 g
G TS T OV | NRY BT, Sw giees e i Aeq
TS MCR | AR (TS &P SAEE AF A Ol Q6 AYTHAS; AfAoNS

T A 59 (@A GG 49 G AT T o

R Q7 (79 77 e A1 1 ey, o
Iy ISISCPISI (Zr) @ EDTA-:
amwﬁmmmmwﬁﬁmﬁm ) i

EDTA Y&-SRGGIoR ear wfde sm ﬂéﬂ?ﬂ% "z cafr% OIS (@7
mm:m,m%mmﬁ%aﬂmwfﬁwm: .

() ‘ﬁf{] IV (Domestic Air Pollution)

W@ai,mﬁmmﬁﬁmm, awammmm
W%Wmmnm&mm@qﬁ%ﬂwqmm-
(O, W foeq gEnf stror, CHE, Wgel (Trerits C‘:m)
TR SoHfEfe (et g @A), B sl e s
ﬂmcﬁcﬂwmwﬁsﬂaﬁ/mmwms



583 AR IARRT M7 @ TR

STl Ty @eRe SE-50% YR @ GEH 3957 T4 T o Afsgers
(traditional) 18, FTA 8 (ARF | @54 G ST CO, NO,, SO,,
QRGEREA, IGFN (particulates), EW g o &?% @9{1:'3@ qTF;
TAMAGTTR QTSI OF GFb ITIEF | 9F AN FLA A T,
FEE 8 (ART CATSIA! (W SO, 8 IFFI e, Wamﬁimm
(A W@, O PN S (¥ A |

WigfT SRR 8 PTedifere IRMIACR TRIFA! SR @ ares;
@, 9 AT OIS ol 1 T S W& ARFS (energy
conservation) ¥C® A QI J3EA TR [SOF &t IS F AN |
26, PGB (ventilation) I8 IIF 2 TS TS F | SR,
@Y MG tofires wanEbyEe @fam fiansdl (nfttea @i, se
&?%) ei@ﬁmmﬁ%ﬂ% FIN (ﬁ‘i}ﬁ AR - insulator) 562
LR T T | SN (@G (TE A9 IR (At waaeeRise
faftey '@ w039 IS (M0 | FINEATGZIZE A 8 S AT A I
O AN e @I g R fB 7S S A0S WA, (B Grel, G
8 5THR ewiz, A AW S, TR, auas gwatad ST Ate Rl (W |

AN IR ATER (3T el Tord PRI @ T WGR @9
(%5 IR T W S Hew fifEs AFCs A 1 TF (3T 9@l 7@
T AT PG S 8] A IS 779 2 w0 1 e weq, el e
ol Pioat @ R PR 7w R @ @ (RS W9 SRR SIE
TSI (TF IV T A1 |

SN SN SR @ ele AT 9@ Tk FI613; Se9l, WE
A AYCS AT 779 B Zre A AG G i (Ko 7o 41 Sfps |
@.59. {IAITEAS Edt
A, FS, GFAIIET YfAs Y 74 | Ord, Weifs T o=
AT, G G FAREN | 53169 @ Y AL G IR ©f s Tf
T, YEEd Wdl SIte MYRTs 7 A0F | TR, (A @ Y T
Wwaﬁm@%wwmmmﬁﬁmﬁ eeiE @
411 578 =7 ©ItS CO, NO, HCN iEfee(3s, AfR=immts gimg<
(PAH: THZEE THR SEFRS), H opfe qvun vIs TAES M
CO 8 NO 93 ~fa=ie NS SIS FAIELH (@M | IS TARNZCSA (CO) T
A | ETREES AYCS A= @ a2, ONS 8- ! AN
Fifers AT @l ARFCS AT (10-30 ppm Al 11 - 34 mg /m’); THEF,
¢ ff¥5 et IR@TT 400 ppm (460-mg /m’) CO @7 @G Hroneas

s




S GERGE 59

CRTR B 789 Widl 1 q9%SIE, NO @3 O YRS (eI
IS GF THE GG T AFT 1.5 ppm (1.8 my/m’) SOFY A Al
S FHACACER (EAR T SR NI ACE Q1 100 ppm |

e R 0, I @ IR ©f Atk ¥ 1 CO 8 NO
To7 e RUAeAfRTd MR IFT A5 TR @32 7 O, IAFA FH©|
IR o8 | G FINCREA R (AT e gfoa @ st Torget et
TR OIS 5-6% 48 BranaiE FFw 2re g | FieEd orE, o @
(I 21 NN 1R W2l [ Facs ans |

CEF AR & Ffod, 9N e T1]7 s (R[S, Bemasa
SRR T ACF); qTS FIFER RGN (chronic) FfY, @¥={s TR
I Fr A T AR I W | 4R IR ORTe dt i offE 2re
M ST FAACsa (R e W@l Sed @ Ae W 97 fwans
CFeT 1 @A 8 IR WeIfdF EA I 9FF M BCA, B
oo fam S @ Oy S (R T | OR, aFEn (e
A IfFS IR SR PEE TR oI O Fod TRA THeE
TAF @S T GR 9K S SHe PIEeR 7zl wba Aom goice
ACF | TIIY T AFHS, YA WO (@ (@A WG SIS (AAS
HTEIA &) Fload O3 fEFaR @i o5 20 ia |

¢.5v IICHFG Y M- (Occupational Air-Pollution)

RgsRLE (i Ty 3@? YR (occupational hazard) 19 20 | @
R AR 73 TROE @ gl | FeRemn I g R ze w
Y T4 E{% - IR ovda Ao ¢ @A (particulates); FNBER
POICd IR M Gt 9 95 | T% Qv @A A@BTR et
ST @R G TR MR FIAFET S I(E; FAEA FAA [ oo
it SIFgRiTes o ZM 17 | O3, FAFEE WGNIZ FIEE @ TS
R | (PR IFFAR A 3 pm @7 N6 A, ARTS GTOT FHGT &ra
I R HeraRet (Pneumoconiosis) WIS QILFE TWoa Wi
T (¥ | erTEReRtt gt O g WY W wiws e
TSl fiw A I G ©F A% F@ @0 | S Fnie
AT FET G -2 ]S IF 719 M G AT

E-ET _ ; Fify
e (silica) Piferfsm
ST SO

ol PRI (Byssinosis)



8 “Hfeee : arTEfE o e e

Rkl SRR

i BH e (Bagassosis)
I GrystE

/4G FAET FAA (Farmer’s lung)
GiE TeIa™ (Siderosis) 1

ST A SHPIIABIBH SIS S-E @R TR | W
TR SIPTRAET R A= AR ©1 MiEd i 39 27 @3
I3 (AR (time bomb) ! }¢ — wo, AT 80 T%F 6 T A
I A | PP Yorgem i, Ot I 00 ¢ w% R 7w
QI SIS ¢ FIAFOR FA 468 QTS Fr #1007 4iaell 1 27 |

SER

5. TR-ET 0 S qAW 2 AY TR A A FAE ppm @ B
TSN Q3T 7o AT wle | TR AR T for wate @, |
ppm SO; = 2.62 mg/m* SO,

R MEER e wRr fRameetE 5 6y Ry der
FRCHCA G 959 |

©. AN FFfeNerel e 5 @it IRmeE stwae RKeaem
mew%ﬁmmmﬁvmemﬁzﬁﬂmmﬁ%mﬁm
SRR RE '

8. AW RfeRerer g waw For gofe @ Rofs
A 4 |

_e.wﬁaﬁw%?maﬁﬁmmaw@zmﬁ
gorq 52

o, Y T 5 oifire few wa ame atere offt g vEe
THIRE 71 |
' . AFFET B werII TCE B ot Ay e TS W (A
@wﬁﬂmmam-amnw:mﬁwmmam
a4 B {5 fp

v, RS e 5. B 4. IRmes @i weis w1
@ o, e fa e . fmae e S v CO, NO, 8 SO, |



RIERNCERED G

5. HC, CO ¢ NO, fad Fitiibe saeta swfeq Mfe s

39 |
o. YIS (F SO, G WW«@@C@‘W@@T“W‘WW

mmwwmmm|

). IS (ST ATPII (T YF WG ©IF 4 gy e frena
T R 2

2. W B BT W 9R eI ©f R @@y wm IR e o
cwmm@mmi‘ameﬁﬁmm T 4 |

>0, AN HC 93 78 € O fge e 34

8. ALIENY JJGPHEET & 907 e s e Reond O
A1) 1 2 A (@FA? ,

Se. 47 8 AR IPIS "o’ W oy [y Sens-armatie
ol TS (I (I A B oA TR

S, SCETE-AEEAE 19 TR 2eqR T & R 0 s age 7
@PICE @6 YR =9 AT W w9 2q?

3. S-S o Rre IFRRER ($ER B A am
80% - AR TF | TWAIA S SNCEAGA B |

sor. Bl 9ol were-aETERT W owged coR Ee SeifEe
AT, ﬂ%wmwmaﬁwwmemnm
FCETHH 9 |

o, ITEE-AHIT =09 @6 TSR 7S - @2

0. PAN f? fssiea «ft =west 918 =3 3= et =1 =0

3. FBIBITFACLe 77 B 2oz @3k [y ~Afae sy ©f [Keib @
TR0 TR 7 WIGTITR - A7 9 |

R, TN FLIF FA 2008 I {194 B 2 - AT IS 52

R0. \smwmwimwu%mﬂﬁﬁwmavw
aft eI e =we

8. etEl B ARNAFFCS CFC TS @I T - TR A5
39 |

¢, SRR 6? feena aft arges waa 532 wwr

U, A FEIA T | TGW @ T 51 I - D! 69 |
- @R 7E fFera frage w1 Qs omE 2

Q9. IR WA fEoae AR ze Mm@ 3
©IG T BRAIEHS - SIEAGA 4 |




WY At : AETARE 96 8 TF

. A IS SIA@R S AR - A 79 1 @S ATBE
wfeq @2

35, o f&19:

FAGREAT T, 4. TEIGE IS @ O @S, of, W I, W,
GIEIH VLI F 8 GEH 5I%34, @, @WWWW |

agife.

l. C.S. Rao, ‘Environmental Pollution Control Engineering’, Wiley
Eastern, India, 1993. ;

2. S.K. Banerji, ‘Environmental Chemistry’, 2™ Ed., Prentice Hall,
India, 1999.

3. M.N. Rao and H.V.N. Rao. ‘Air Pollution’, Tata McGraw Hill, New
Delhi, India, 1997.

4. RM. Harrison and S.J. de Mora, Introductory Chemistry for the
Environmental Sciences’, 2™ Ed., Cambridge Univ. Press, UK., 1996.

5. S.E. Manahan, * Environmental Chemistry’, 6" Ed., Lewis
Publishers, USA, 1994.

6. Carole L. Hamilton (Introduction), ‘Chemistry in the Environment’
(Collection from Scientific American), Freeman, USA, 1952-73.

7. S.H. Stoker and S.L. Seager, ‘Environmental Chemistry: Air and
Water Pollution’, Scott Foresman, NY, USA, 1976.

8. Noel De Nevers; Air Pollution Control Engineering, 2™ Ed., Mc-
Graw Hill, UK. 2000.



LEACL T
Tt 6 FMo I IIGA

(Soil and Solid Waste Management)

URN-IEE I o

o-gred AT fifte @ vt St o ¢ [REE WG eI e 9
o= Pl wal vge 1fFs | tafie ¢ AERE efmn ar e Tl
LI T 7T I2d 403 et Y 2w yhew A wwe | v, e
firetrr @ae e =1m; ferem Toim amnenfs fiem e sifasifie sge
(fow, w2 @ a1ye) R <06 et i <1 1 oo e Ol @7 ¢
IR AT A=iq T FMo, I 8 ATHY 7= wioe 99 fmd
re Bifeest, FESs ¢ 4 SA3TT ICo! FF SNed I @AW AD
csuf #fif @ Ay «9e Ry 4R o) T@e AE | REsRS i+ @i
et Hefive YRedr @3l TR YTt 7, Yo parea Aol wibe
a3 FEEy, ks, Iee ¢ O AfETT IS SAMINSTER oS
AT WG HrACR |

.3 AR a6 Rt
T I 7@ TEORY (RFR AGIMRA) | A e oveg sAfa
Slerd SfOeNd BorG 1 T | Pig-FRLAM!, AR, TG, PN
gefs Rfey Bt e Yfowl afshme I azd ¥ SR @RI
TafefEe A 7 JEw PR TEE WS WESH A AGE I (W |
GITE AT P @ TGS FSRS I | 7, (@RI 43 @
A YGR QRIFS I Al TS IR ZS AT |

T T JEFR (@ TS SITS HAHCH @ I A Yfew™
PREED WGAFAS G @9 T IS (Sre FRIm @ g
A e SfEABe T et Feme -7 QA (7 | I¥S, T
AT TATAE T it 992 eFged @ IS T (@I
sofy BeA el e FE et AW [y [ew A, #Aarf
efie o 9 BT 99 T OR BoAm AREeR e Saem 64
o QORI FOACH TN T (R IFEAIRE FRERCS JIgs o
OiR SEFINSTE (ST [Remmg | G 91 A *Ph TF Ao



St 7T : A S5 @

AR @ = T 7S O Yo <07 wew v e 9 7o |
FBAE DDT 97 e Retem sfexy wgg | Awidfte qezE w3
T w1 FRfae gmce @3 i CFC @7 Sedme i ad
T AR | IR (GGF o FRewE@ FRrem 7y ) S Ny qrs
ﬁﬁm@qaﬁexﬁmsm,?@%ﬂﬂﬁmmsof G @ &
fRerem W% (Rard) o @ 1,S Teoly =W H,S % REre ey aae
YIS |

ﬁﬁw@aawmmﬁnmmmasmwﬁ%@;
@TF S0,. NO,, CO &3S | 3fGFw SO, HRIHE, NO, IEE ae
CO T4 TR-THIT ©2 RS ord Feifele o |

T TP Jfesl T TR (@F O AARESe SR | (PR
FTT IR Ll RO 9 7 Grete R 7w s A @9
TR ToFIA GG ROT T B0 | T YR (A T T AT
sf‘vcammaiﬁmmmwm@@mcmmw
AT I TG & TGS Hoq et 20 1 ©ify qrg 757 _
(P! 20 SIS RR 9%t 81 ¥6rs #fitg |

.0 Y& M T IR (disposal of solid wastes)

VR e wwy [Reica A @ IRF 7 TOW FF I 9 | T
ferarenta e o ¢ 3 70 93¢ 9z, FrE-TRLE, S o o <
9 A P BT | 9024 T WTTG OTS ) BTG T8 (WG
NG | SAMIA, HGS! @ I B -« (heating value) ST
e e RS s ofits o o 2 T,

3. TS (garbage) : W, [ 4fE, T ﬁ?f:@ AGTRE
(putrefaciive) I8F GRS @ Fegpd IR @ o I @Q"lﬂ Y SIS
G 0T | SHIERE THS! AR 70% @92 G Sl SAM AT A’ 6 x
107 /kg 1 :

R. WIREA (rubbish) : SREA AGTANT T, @ff iy foeq w2
M TS, T, A, BGl, @fS w1 @ar «Tg, w5, By 7
23 Sy e e g Gy | SRS Ee! W, @ 25% €
T S1% BRAM T & 15 x 106 J/kg |

O, @ AFE Isf (pathological wasie) : TS GRGE @ TIMCEA
TS (@, AFAF) 93 7 95: @7 HS! 2 85%, ©i7 T=AWH Wi+
AR 2.5 x10° J/kg @R TS W TAWIT AE AT 5% |

—
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8. fim <= (industrial waste) : JIANE B, (AT, qle, 49,
i afEe A w1, Tol o (fly-ash), T I ggfe xig
E TBNE qF G S |

¢. | TG (agricultural waste) : *T AT S S AN IS
e ST IEHT TAMM |

b, %S T (hazardous waste) : (SEIFT AMNLA IS G2 2T
IR @ ST e T4 TAR © (WD g fog TAMITE 49F w0
(T, SIfd qIga FU (sludge), IF5113T, @4 eFeFad fHirea fag 3wy,
frg fog TR AWid, GReEN, QIR RS 36T epfe) s we”
A el foi%e 4 q; Qe YIS Te KT g a7 9
R ANF |

fHE- IR 8 TPRY Ja Al T [T FEAT WS FN,
BINEl, AR, 21f5E, @red ¢ foamia T aefc 98w SemA A
A (TG (TR | ATS TS, TIFS, T Gt I I(ed +Afiwicts apa
e gfa ez | Srad ReTE S, WeifE IS (USA)
e NEAFome Fféa s oAfawe g vl @GR &R (400 x
10° kg) W32 TAfg ILT 9T SeAWA 27 GF B (&ffsm= MA=g 2.7 kg);
TE 9% AR 8 R/ FIN T (Moo IR 476 W o1 w7 [(feraw
(6 x 10°) I | SHATAS (AT SR AR @0 I (Su{H TR 453
o7 =1 9 TH FESel 8 I Birers «3fe = @ <y @
TSI o= G 1 (@TS AR (% SSH):

Qe | o | g a3 | I qE | oMl | enew, | 9y,
Ec S AT, | S kg/ m
i
@l
0.14 412 336 | 066 | 024 | 0.28 154 | 17 540
fa 27 30 16 7 1 3 3 3 132
e 2 2

[314 : 1. Report of the Committee of Urban Wastes, Govt. of India, Dec. 1975;
2. Management of Solid Wastes in Developing Countries, WHO, 1976.]

©.0.5 IfF-TE TG ey : FlI-T GaFIF Soa gi-
G AT 8 W A (ANART) | TR o i e
e & ol SR amd 9 BN @ WA AIFEA ASE A FA
AR N e B 7 (U ST T O &S9G| HARCFA



200 “Hfeee : AT orde @ e

@ S 7 ol i TR T, W, 97, el @Sy T Dooren
em%?mﬁmmmmai‘%ﬂ-mmwm,wﬁm@%m
(AL TR VSR W05, T 5 ST ST NRNIR I S It
mﬁm@ﬁ@mﬁamwlmﬁiww@ﬂﬁr@mﬁ@m
RO 32 GTA (ACF BT SN (TR B A1 |

R T A (R w0, A W) @w 7 A A
TR 8 S SETS @B =6 AN (rodent) IR; AT FLol o3
ammﬁamaaﬂﬁzﬂtﬁmwﬁ%mwmmn
%Wmﬁmmﬁﬁmwwmmacmmﬂ
(typhus), FETCACCAI, F3RFtm (trichinosis) ﬁ?f% @R [
o1 |

feoram® (hazardous) ¥ WTICTR U AT wROWT | o
@ @I efefrn senfe wem Ry g SAmm A
ﬁaﬂﬂﬁ%wwmw@mﬁwmum
TR AIE LA 1 =P 6 A TR TG S B 972 S @
e 415 8 AR = e g |

WW‘WW&%%,Q&WW@W;W
QET ORI (e A 20 ©ite AR (v <o 20 coufy 7e-
CHTET =M1 P SRS s Beiey eifires waet <o |

T TS G g TG JH T AT @ S A
(T R ST JeLS RIS 2y wiam soonm Ao w41 Ty | F0
AR EHE Ree (bio-degradable) BN (YF AT TeAM
(FARD) @ fomel Sabawe i e w<zm, w7 e azgs)ef
76 e R STe-sipye, w@mtt TN T TE S Ao
JIX© W OIRY, IT WHT @ BAM o el e
fesrem T (@, qreq s, 5, T, AW, A5 29fS) Gratan
j%amammaﬁmmwmw@m@wﬁ%w
(S #IT8 | (i Sieiemy fBedl Ssismie s T 90 F9g
e am ®% gt e RoiiEfee (recycling) 9T | f3-s3fae
T gl Restea W wr< @it v aff a3 e 7w @
BT ST AT = TR AV (A, FHAA 5 (AT S5 SR 2ol T
mﬁmcwwmmmmw)lw,mmm
Cﬂ@ﬁﬂ(ﬂ?ﬁwcﬂtﬁﬂﬁﬁﬂ%ﬂcﬁ%mﬁ%mmﬁiwm
SIRIE TIEI0 NAFHFE TOGTE 206 A |



TRt @ FRA IR T 0%

v.0.% FAIE YIFATR &S (disposal methods of solid wastes)
2 R IIBE oA wist AT ATH; TAL, T AeawF A, T
sfFread ¢ qEd FREAM BeE ) SPW aene dee Bt ufe
RERFENREE (dame a5y © ¢ Afifte dfedma wRE) @3
RgeRaE | B TR @d, I AR I AfFen FRE 93t Tm
AT TN T T | TS (e @ Biw AqRes dfEs e i
TS T | GRIPTST TAGre HIIPRTE 50-500 R 7w Wi F+re
oI | IFBA @Iy 7 7 g @¥F BikE (/TS I9 v e
ApT AN W T AR G IS AR GG ACH, T (AF S (TR
@ISR TR REe e Nd | I IFES B oA s1e
G5® (packered truck) ST 4199 §IF (container truck) <80 FRATRI S
@ Soed TIF! | @I FLFT €99 TS B/ 5F @R 76 TH-58
F949  (compaction) Tifgs IIZ are ATAES A | JIF (AE 1T
qfEs ANy 3fem siF® GN-9 (trailer: SRS G ST Spi)
FAERT I YIFHAT 0 OIS W e 77 | Afele Genea @
ol AP A FFE 57 1R ST I TS F[ (A7) ACE |

TG pAA (grinding) : GAR (XS IS AES TATH pATI A
(crusher) FFET 0 O @Gl 341 &7 | FIFS I (@R TAMI i
CIOTE SR WHTe (0 W | ars WHely Fe h5 e AN | TRl
wpef JUETA LA AT B T AT T TR G AE; A, I
JFRFIHAE PG T = |
- P RGN &S ¢ I I 3G SR wS 2ofere
Wy T F, SYE BH G @, AAFETNS WH ShibaEad, o,
FTAIBBR (composting) @ ¥. TG ©HFAY (incineration) | [CERACRIGIE]

fipe faqae gwid 41 =0 |

¥. YSY I8 Fl (open-dumping of wastes) : Tafelores 496
ST BN G2 O G (I SfHSEe] e WA | Sy (P S
TS WHE (ACF MRS qE (@Ide @I R @z (T 2
BB AT ¢ AR Ee; W, Wiy, T e o wewd
Foorerr iR woE o o R S | 9T S e 7o
ORI @92 7R B | I Io IR TOLCEAl TS eSS,
wIcEa o aft 752; e (o It evem e |

4, GG SN SAGIAY I8 I (sanitary landfill method of
waste disposal) : ©f TAMIG I&7 A AT @I wEw A&HS | TR




209 ST : AT o137 @ e

& i faoem gt gemifs, b ArgETe ¢ A s
A F1S qre 905 711 @6 sRen @6 Wl Trery W ST
(refuse) =fCa BI% Fiw O el “Areen B A 27 | W0F Fss
ARG AFA 9 9B FNF (@’ (cell) =1 | IHAF TH-1w7757 -
(compaction) TS IAIY G AN CTE= (1Y 3 fGieaa @l o e
Tfo 7 | SKEA @ Soin WS TSN e 515t et ang el
AT TS TS T TS LAY 4F]  20-cm 97 FIYFMR AF | O,
W%wmmwﬁ%@@ﬁﬁaaawﬁm§%@e
T R GTEA 15 cm 9 I YLAS B | GO (@I BAT HASICAT
(T T4 DI TSt TSI (Mg ©4 @17 B9 s1AMIBa & «F RBE
wwaﬁﬁmﬁmmlmtmﬁmoﬁwwmww
Y0 WO SRS Al (rodent) «T® TS TG WREA! (I FICS A1Ta
mngﬁwﬁwqmwﬁmwﬁmmwm (TR
TGO sfes 9ol SR B (cross—sectional area view) @1 ©I
AT FeT (5@ w.d) |

A. TR, B. 1, C. JRwra tafss v, D. Jfawr wedS vie, B, gfowm T
TIPA1, F. 519 18, G. JCSIog

6@ v.3 : <l Te) g g of SR e |
@quwﬁmww’mmﬂﬁmﬁﬂzﬁmmm
AT it it T T ) @AW o AGED WEGRER T WS @
(% I S S {©Te (SIRe) 906 | @ 70w SaEal @i Sfies
Sl R 79 @32 GRRBRAR WF-2IT @ *IfE Beoly 21 oIS CHieaa



feT 8 T AR ATHA _ 309

Sl (TS W | 93 A o A (@ @ Ry e wE pfE 2w @
T VIEEET ¢ TG (fungi) AT SR G WIS CO, @
sfire fsifers @ | fGom =itd qgam AR &I CO, 8 H, T=7g
YO _QPJ o s Teom) FTFHRA (Methano- bacteria) e =
@@ CH, 71 Beoq 27 A | 5od Acd firem Sesmn afira fafoia
Wc%maaﬂwmﬁzw@ammcvrommmm
TR ST ¢ i (< =CE W @3 A5 Sie SiTe AT IR
SILE TR HHEH A7 P S | IR, To@ @ S1F SrETR I el
o, WREAR &Pl ¢ RmEE ARECR S o aArereba
e o e frorerm W fidifie 2 T° T Rfeg  icd
@R AN ey =W ©F @I ARET (profile) N @ Ten (fha
L) |

o1 1 It v

~
4]
I

1
i
|
|
N !
i
|
!

18]
@]
L

ST 5769 (7 SITTOR

N

(3
!
E

|
1
1
i
|
1

e
T et

fBdr v.8 : Of ST TG FIFIANT Teofg ALIF AT A 0
[Ff@: A Basic Study of Landfill Microbiology and Biochemistry, Dept. of
Energy. ETSU B 1159, UK, 1983.]

vl @ bpd I (T TeAm 1 &S CO, 8 CH, ©E ©IF AL
T A H,S, NH, @ #f¥ Seoiy) 20| $ff saibead afedq &aw
qRd FE N, aaﬂﬁmmmmqﬁwumﬁmmm
TR WO TR FACS ATA A | RG] I A2 A9 A 200 A oW
@& CH, 99 B oF T (97 *4) 3 vgf *ed @ ol o
va o1 fac e 0 g 9 Tw 911 WS, Cry |@F AR 5% 93
@ T oirs RrERe W6Ts #itd ©i2 Wit Fea T SeEwig Et
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ﬁmmmmmlaﬁrwmwwﬁwqwﬁ@mcm
T Bty 2 O ST Ty 3l BT R T wCS AE; eI
Ifor ot 7oz |

Wmmmwmq%mmmm@
IR QT AN Sfers ey Seea | ota wme fg 6y pd s e
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