
q & m M ~ 3 f m m d v & ~ w ~ , w m m ~ m % r  ' 
(magma) [M $h (molten rock)] & ~ ' 4  sft I h d 7iS.r $h 3 d TIGI 
d.r;rZr$Rv~E1~~+m%&m3f-&1- 
m s ~ ~ d + p ~ ~ m v ' ~ m ; P r f i ~ , ~ m d m d ~ ~  

I 3 i t 3 m + a n s r f t * ~ 4 v m w w 4  3 f 4 8 1 3 1 1 ' 1 ~ + ~ ~ 7 ~ ~ 1  
I R m n r i f t 3 ; r r n m e ~ ~ d + , q & i f t M r n M * r n r n  

f+i+ & f%f3$3 a, 3 i i M  (ortl~oclase) w F V h  ZW I 3 * % 
+ d z f ~ v * * ~ ~ f i ~ * d m ~ m d  
f%f&k F? @F& 2- a (clay minerals) & i? I 4 FVEJ 
d $ R r n ~ l ~ ~ m m + f . m 4 m * m d r n l  
v~&m~qG-Tm~j~" .R.~*m,dp3im3 
ma;nlpRSf.r**,~m**&~m,~ 
J;t WTI$?& (morphoIogy)'W ~ Z T  & J;t WEW 3 3 ~  & if $I T$ * I VI$T d 4 p & M ~%Rw (parameters) $ i; 4 TW 

a *"t ~ * J P $ ? T  -(quality) $I f? l fTf f t&%~ 3Tn;;rq ~FITSIT . 
m ~ % ~ m * 3 f t 3 ~ r n 3 ~ m m ~ i ; ~ ~ . f * l m  
& d 4 . n f & ? r m . Z i * l  

I 

i T* 

1 * v FF\hjl$?i (profile) 727T WV!!? (horizons) W & iF! *, 



e imsr;s ifh w F d%8 (soil taxonomy) flv W * @ 
~ d ? R r T i r r r n i r i m * l  

@ i $ , ~ l $ $ * $ m s 4 \ m m 2 * R F h m t m m t J t h  
r n & d r n m m * ? R r ~ ~ ~ m ~ * v m 2 1 m  
f $ f y ~ ~ ~ i i r ; r r m % ~ ~ i f m ~ *  

Rstcr +tar 8 1 qy f?- TT 4 $, 1 (Eart11's cn~st )  ift 8 "girdi 
m y y 7 i ; w 3 k m r n 2 d d * $ & ~ ~ ~ m ~  
d m 8 l m ~ f i , m ~ + m * a 3 T 2 f ~ - * * i r l h  t m ,  q 4 7 q ~ ~ ~ m ~ z m 2 ~ t ~ ( ~ ~ ~ ~ ~ ~ ) ' m m ~  
& ~ ~ ~ ~ i 3 & d ? m ~ w d R d m ~ ~ m 2 1 f M h  
$ % ~ ~ $ m , ~ ~ ~ ~ i m d t * ~ , & , ~ f l ~ ~ ~  
* ~ d & $ f ; ; F P m 8 1 * ~ * ~ i ; ~ ~ W ( s o i l  
cla~rs) am $ 3 ~  aRi;r (clay minerals) s -  & (cracking agents) 
& & 8 I W: F y?6 ~ S C Q X ~ ~  Tim 3i$1791 (vital natural resource) 2 
f ? ~ ~ ? ' ~ r s F t ~ & 3 t t 3 ~ ~ & + ~ ~ ; c m s r d k  
I 4 - 6 i ~ ~ ; [ * m * 8 m & & i f r n & * ? - * * i F ? I . a ; r r p  
? a + 4 m p r i . r i R B 1  

@ i @ v f t . m ' L @ * ~ ~ m " + ~ m . ~ i t 3 i h m i l  
" y ~ t m w ~ ~ q d w ~ ' d 4 2 1 q z 7 i f t r P I r n  

d f?%T&%Z ?fb PT~~TFX (United States Department of 
Agrrculture: USDA) $ F ddif (So11 Sunfey Staff) SlRl 3 T$ $ 
~ ~ ~ ~ * W ~ J P I ~ + + ~ I I * * + ~  
& ~ ~ ~ * - r n m 8 l u y m f i m ; r ~ ~ $  
m ~ ~ ~ i T 1 a ~ m i 7 m ~ 2 a w m ; d m ~  
T r m f ? T m $ + e 8 , M * m ~ 8 d k * ~ m + d  
& r i t $ n T ~ ~ 2 ~ w h * 3 ~ m 8 1 "  

( "the collection of natural bodies in the earth's surface in places nlodified or even 
made bj- man of earthy materials: containing living matter and supporting or 
capable of supporting plants out-of-doors") 

q n * ~ 7 R ; i T j ; i i m m - y m m ~ ~ d g a r n c ~ w m J s l t m  
~ a y r m m m 8 1 m ~ # f S i @ t ~ ~ + 8 M ~ *  

V? T& (fertile) ~ 3 i r  fi 3it3 i3-d 3f 8 I JF$%T % TP-IT h 
M 3 &f~ -srorrffmt TT + BZIT 2 Em4 TZTEE TW (Ieg~uninous 
plants) F%? $ TWl (supplements) $ 3ri9 if ?-W (ashes) TW FEW! 
?FI & Shl V I * ?WFT$I 4 T W i  $67 d%lT (Justus von Liebig; 1840) 1 
~ % ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ l ~ ~  
l h - r % p ~ & m & . m i w d a ~ ~ t 3 i i r l j f f % x m m @ ~  
m ~ - h m 8 l ~ ~ m m $ & $ f * p ~ m ~ ~ d  I 

3ih & 4 sfi #t'f% (limiting, m) fT ~ if 

-Y 



mFim*l~~&rna~44;~m$$*d$m~m8f3;  
+3f*~-rrr*nf$-d*mimtmmm@4d 
M r n  (limitation) d' 9 h m M % I 

y ~ c ~ a m * M i r e + ' q z r & a m & m * * $ m q  
(concepts) 3 1 ~  m~ f 3 d + ~  F$ % I W Q+R$~I  1 i M 
(pedology) & % d F d' W m, W W & -FFTd%% W 
3f ~4~ (weathered) flQTT FE$@TT (syntliesised) WTG 2 347 3 p & 
4 3 P T f l V d 7 d & W *  *2.f2nd*dd*1Md 
-7 lqi7 f&3FI (edaphology) d d, d q47 d' d & JlE$TT W W  
(habitat) & W + $ 3k WlTT ~TE* FfrTT & 
a e r r ~ m t m ~ & d + m ~ , ~ 3 T R 9 a m , h a ~ ~ . j ,  
(fibre)~irCF7lW**l Z T k * , ~ ~ r d ' ~ ~ l  v a q  
d m $ d 3 m * $ m w ~ m Z T ~ & m f l J : d 4  
3 ~ ~ 4 4 ? . ~ 3 * d d ~ 4 u r r m d ' m & z m m  
MI 

4%skha (P edology) @Rl FFR - (edaphology) * 3f fih? 

d? &lT%lh?i (morphology) TW & 3lf%38Vh iSir Wf7 .* I <  F 
d ? 3 1 ~ S f ~ m d ~ ~ ~ d ? ~ ~ , r n B ~ ~  
m w a w & ~ d d f l w ~ m & & ~ & ; & m ~  
~ -\mar 8 I GFFF ~ 2 f  (parent material) 'C4 rn J ~ T  p f3f% WGI 
~ ~ 3 i t j ; 9 f t n T l y . ( i i ~ ~ ~ Q ~ ~ R ~ & ~ M J : r r y m &  
~ ~ d ( ~ w . F t m + ~ & T T i : 2 )  1 ~ ~ 3 i f + m *  

m m m $ - ~ ~ & & 3 p m d * m d * 1 2 h f - 2 h f  
m " R i T a T " j m ~ * , ~ m G H m 2 * - m d *  
& $ dk -M d 3 i ~  (ho~*izons) & f? I "YCT 

d' !TRR (regolith) * (hori7ontal) TW $ Wi 3 td?Wf%3 
h m m $ , d ~ m J : m ~ * Q B ~ f \ m J ; f d q  
VFT (~iomo~eneous) ~?'i%%~, aerr G ! f h  G?ft f 3 v 
sr&a3Ttj;rnrn*%l" 

d? & wc (vertical section) (h % T I ~ I  @ * 3 h GV 

TWRT $) 3 1 3 ~  BRFZ d (horizon) St % m 3~r~in. 2 I $47 ~JX $T 
sit- (profile) WWIT ~ C I  T& 8 I YTFFGT ~7m. * VWAT . 
m ~ w r n ~ i m 1 ~ h ~ w ~ ~ 8 ~ m 3 i f m a T r f J : m ~ h  
* , m p m % ? m * * 3 f t 3 M * m d B w q z r q  
~ r r  T P ~  3, TF 3iqn (solurn) - t ~ s ~ ; f n  2 I J: ~TWFT TI ~d T@ 
~ % m m a w f ; r a . f i . ~ & ~ m ~ ~ ~ 1 3 ; r r B 1  
f 8 h ~ m ~ & + f 3 & d ~ ~ j ; m m % ~ m  

*r;l /*rn 
(Pedology) qr;r m, 
(*a *) 
T R d  Tfim 3JlT 
mhmm$f%ash 
2 I 



~W-iIdrnd 
G n R T i m 4 d m  
3(lim (iron oxide) 8rTI 
Fdf+fd$m 
d-\3m;;rf i t i81 

gm t y R d  6 i m ; r e r t i c a l )  'h9 4 4k3 * ift JTh W * d $, 
&?tj qsfh -I;m (Interalvariations) '+ft 3. JEifffi W 
(three dimensional) WFTT 8 I 3m: WTd ift flw W'iW41 1 * iFd 
$ ~ a w q n & . j . i r t ~ 3 i r b i R q n ' I * ~ R R 4 ~ m m  

d $ 3 ~ i q i f M m 8 , ~ 3 3 ~ ; ~ @ e d o i 1 ) & 8 1  W ~ P T ~ W  

& i f 3 ~ f q q ; [ f & v d m 3 ~ r i i w w * e d i f q ? ; l M ( d d J :  
f$rw $ 3TTF;m m f=13lrt d TFI 3~&, & *TFf (Munshell notation) 

&), w 5~ M d 8 1  @ (s~mple) 
JPr d @ & (broken), Wd? @ (rubbed), TEf?3T (cnlshed) SF 
j; m 4 , w mi "d' (~lloist) "p" (dry) bi w 3 RrniiI 
f S ; s r c m r 8 1 9 - s ; t i ; r * ~ i f t d ~ 8 r n ~ 3 f ~ i f a ; r r m  
W W 3Ik W 3 3Fiq 8 I d $ dh (variables), 

(hue), Fm (value) flW WM (chronla) V3 m-ll&i 8 I * d W 3Fiq 
if fbk! f3i91 rjTrm 8 : f i  ~/FI'!$%; *-: 7.5R713 1 

% ( ~ m e ) m . * - F R d  (m) i$ix8m-rmm*am?d 
(~veevelei~gth) d ?ill $1 'I mFI (hues) &I? 
8, Fm (red,R), %8 (ycllow, Y), F!l (green, G). rn (blue, B) TW 

(purple, P) 9 ~ d  @ h y  $id3 $ ~ m d  $ &. d3 J: 
-4 1 azfsh 8 I d 8, %$I-m (gcllow- red: YR), 
@?-m (green - !?ello\\; GY), =flT8-'F!T (blue- green, BG), (purple- 
blue, PB) flq FiT3-'dh;R (red - purple ,RP) I W M & * - - 
J : m ~ l o m r n ~ $ 3 T Y 3 m m m i f m ~ & ,  
2.5: 5: 7.5 TiQTl 10 * $ 1  ' \ j3dz~,, 2.5Y: 5Y: 7.5Y dk 10Y '- Fp 
$JfTrd bi- 7d-m $7v 2.5YR. 5YR, 7.5YR flw 10 YR 
*&drn&*l 



.m  value)^ ~q d & am * $ 3it3 4 ~ :  
$? T7 TFi 8 GfI TIT5 FTT'TFI ftm (standard lighting 

conditio~~s) 4 C W k  TWi ?? I ?ZR$Ff FlkT (neutral grey scale) 93 Wi 

~ ~ d & R ( O / ) * ~ ~ t f ; s p ( 1 0 / ) m ~ ~ l ~ . R q n  
4 ~ m : m d * w d 3 1  

@i$l ~ Y T  T@ & f;sp d 7  T d t F l  (Munshell notation) TI hJ'bPl 

Fnfr;iv-&YPId~rn(b 1.2 ( * ) ) * q m - d h w % r n  
d jf M 3~m (chip) TH 2 $k w m3it j; 

m ~ * d ~ ~ ~ ~ m m ~ j ; ~ * ~ * ~ +  
d m  W (chips) dl $& 8 GfI $ d 6 * h 
? v R ? d * ( 9 - r ; r ) * d m & M 4 r n $ X . o s & h  1 . 2 ( a ) 4  
~m%1fh%fkhm&~d&f$gt&4fh3~i93faip3fzi(r 
~ ~ & ~ ~ m ~ m w ~ m ~ l ~ ~ ~ *  
4f+v/m aq jf m 4 Rm m 8, m T m-wm (7.5 R 7/31 4 
7 . 5 ~ m % ,  7 ~ ~ 8 ~ 7 3  Ti$%$l 

q n & $ ~ a w ~ * j ; d h m m z F 3 ? 1 & * , ~ ~  
93 &i $ & $ Wq 3 p Gh? TI?%+ (mechanical 
composition), 3 -  ;I (bulk density), PI-I, 'qr;r $ TF!W?i (saturation 
extract) (electrical conductivity), &, ?&%b 
3-lrjh? (mi~~eralogical composition, m m  flm &$W?j w) & 
~ ~ m r n w ~ ~ ~ d ~ ~ ~ ~ m ~ ~ ~  
mitYPIm&iihm%*vs?paqn*+ 
m*JEif*-MM81rnwmrn*h*% 
lJbEi3 Vflm;r p (soil genesis) & & + m p $ 
m q n ~ + f f F P ? P T m w % l M m ; f m m m j f  
;fi9.r (clesigoation) $? ~ $ 3  I d & fmw b r ~  $I d 
~ i l r r q r l - l  



Fa- 
(\~umitication) : 

w(- - 
rn)rn*fm 

i) rn 

ii) @ b ~  

iii) yiqfQ 

u * c r ' i f , m ~ 3 T z m & ~ m ~ * & r n 9 3 * 8 , 4  
m & ~ ~ q c r m 2 f J : f l q n % w ~ ~ ~ Z f t m b l ~ J : m  
mmp a r z f ~ * f . d ~ r n r n ~ A 4 F a T J : & * *  
.rft 5~ b 1 & qn% $iT $ Jf8F6T (symbols) rn 
& f%%=i 3 h b I 3 $ : & (capital letters) 
(lower case letters) flW W d l  I* (Arabic numerals) I & WE? JiT Y W h  

& (master horizons) W ;Tm $ rn it, * ?d& TI 
FTI~T JQE/ W X I ~  $ I%%T ~ W J I ?  $I J: f3T ; f l ~ i  (suffixes) J: 
w r i f f $ m m i t , f i w ~ ~ d m ~ - \ j 3 P r ~ $  d m  

(vertical subdivisio~is) $I Y?lb? $ f3T am $ 3;i9 3 ?ifk 
(disconti~li~ity) 4 TJ@I $ rn & W 3 fhl 81 

l?%=f 3 d w T k R  (master horizo~ls) 3- p f%bT *dl 
(I~umificatio~i), 37JHkiT (eluviation) 11W (illwiation) 

~ s f t . r m ~ ~ 1 ~ ~ 3 ~ ~ d l $ ~ ~ ~ ~ 0 , ~ , ~ , B , C 3 W  
~ m ~ ~ ~ ~ 1 ~ , 0 m - c n ~ ~ d ~ m 8 ;  
A, E, B 3q C, E$TSf * a 3, dk R $h (bed rock) $ 
f 3 w k r r $ 1 3 ~ ~ b % ~ q n i i Q q n ~ J s f f ~ n . t 1  

'0' MF~F mfnr 8 d VF&IT WRZ (litter) +l FITIT 8 d d aw 
q ~ w ~ a r j r * W * ~ ~ w r i f + l m m i t l  

'A
y * ?I&W~TIT f d ir TlirdRZh $ ((iccumulation) 3 b 

3th* qftYil (clay), 3TmT;I (Fe) 3TPm 3- ;h @ 8 
' F+I?V (quartz) msT TE (silt)$ $ w M 

a f t r ? t W r n t r n 8 1  

IE' w ? w * X ~ ~ a w ~ ~ , m ,  +$WMaw 
s . m : M * w ~ - h r h m ~ m r r . m & ~ m r m m  
~ r n f ~ ~ ~ ~ a ~ w ~ ~ ~ ~ $ $ d ~  
ma $ 1  

I 

I 



.A' ?7m? rn $hmli. 3TrWT 3 W  ~~% 3-, f;Ffm -rrq waqft 
$ 8 3 ~ ~  f i  j; * (accumulation) * rn c m ~  8 I 3 4 w13 q ~ $  , dk.f%f~ 
+ & 3 ?dm ~~ (weathering) d? $ i; vid 2 1 

-cy &%I% q 2 i 7 ? ~ ~  TRI *, 3TTfT13 &Fi (bedrock) =I& 2, d 
m'md & 213TI a m  rn * * fk7.d 3 m m * f& Fip-T (s0lum)m 

ftzfi. 8, 3 (pedogenic) m d  3f &v Ji4 FIlf%?i Zkh 2 
~ ~ ~ O , A , E ~ T W B ~ @ T ~ ~ & ~ = I & W ~ $ I  

~ ~ ~ ~ j ; ~ j ; ~ ~ ~ * ~ m ~ p  
~ ~ G I + ~ W J T ~ S W ~ ~ I ~ ~ ~ - ~ ~ ~ F I T + M W ~ ~ ~ $ T - F ~  
(accum~~late) fr T$7 d @ * d * I W (subordinate) fh=%Td $ 
w-r G?? (lower case letters) d a 8 d f % % ~  ~%FTH@T $ ;fi+it 
& ~ * 1 3 ; 1 d M ~ - ~ * a h & a d 3 - m n R  1 . 1  4mv 
2 1 ~ b b ~ ' m ~ ~ ~ 3 i t 4 , ~ m ~ ~ w ~ %  
-F$ER 4 wzw 3 d ~@PF ~d *, R?m % TIT ?FT$I (parent ~ilaterial) 
~ ~ T $ 7 m ~ ~ r m q ~ m f T l ~ t ~ ~ ~ i t ~ ~ ~ ~ i ~  
(t) &m$, # m Bk T k R  3- ( k ) m  Tbm fTm$I rn w 
d 3~b WC;T (suffix) ~i VVI?T frar *, TI? RTR~QTI ~8 d & h 

$ : a, e, i ,  11, I', S, L TW w I 

I b , 1 & (buried) qzr * I q  p ? @ m l ~ i r  I 

~~~~~m 
3 ~ ~ ? ; m  (frozen soi I ,  3 ~ 7 t  T$) 

YW & (my nlottling) . 
m 3 ~ m $ l f 5 ' m h m 3 m  
a s ? r r m f + m @ + m ~ d  
Trm. 

(illwial) m 

WX-T&i (weathered) a m  m 
% (soft bedrock) ' 

'RFihk -3it w TV?Z (illuvial) 
m 
m 2 m 3 i f w *  

T3wm$t (optical aids) * 3m6t iTm mef!T d V! r~ qc;r Tin;r (Pedogenesis): 

& $, d -9 (pedogenesis) T l T d  3 -hif % I V3 q c r * m H M  
-9;~- (micromorpliology) WZYTCT $? 1 W ER WF h h (]land 

3 - 13 
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F %& 
(pelrogrnpllic 
microscope) W 5 W h  
3efrawaRd$ 
d M m q - 9 m  
d7fifayfSiq[m 
8 I 

lens) $ @jq fi $ % (rigorous examination) 1 rn 
~ m f t d 3 ( ~ e d ) & d j m S R * i f t ~ ~ * l ~ b d W  
(resins) Tt (iolprepoated) & 3 ~ " qm * 3 W 
8 3th Rx $ tp'~~ q& (petrographic microscope) dkFT $ rn qa71 
~ 4 m m r n * l ~ m ~ ~ ~ , ~ w d *  
*, -3it (exogenic processes), q47 m d  f l ~  9 
~ ~ ~ ~ m m ~ m m m * l  

i )  Oap 

ii) Btk 

d Jir F $ (landscape) ih' d & WV l%im 
m ~ $ l ~ m ~ i f t ~ k ~ i ~ m 8 , 3 8 : m d  
(parent material) .-, dh, ?QETF@ (topography) flw W 1 -m M 

m ? 1 v f m m w 2 f r n M & 2 , ~ ~ ( 3 ~ w ? & m ,  
local relief>- & 8  flw w q47 *& $ h 
8 I $ TF!$l % * (degrees) 3TW m i  $87 8, f l W  
~ F F l T % q z 7 ~ & % b T i f t ~ ? d Y k ! % f 8 l f k ' F R ~ ~ $ l ¶ d  
~ & m m m & m $ l m ~ 3 ~ * f t t r 2 , m J P T  
~ ~ W ~ 2 1 ~ q n & w m * i t m m m $ f % ~ 3 i t  
m m * m % ? ~ d @ T ~ - i r f i T ; ; I & * 2 *  
mm~3itdm-;gq;jtrit$i;mhf~iam*? 

q i ; r m m - a ~ r ~ w i * i t ~ d ~ m ~ i r * h * m  
VFiFTtT: (unconsolidated) W 8  dk & 3mm 
f l ~ / 3 T ~  Tdfkj 35i '- 81 TWIT 1.4.2 $ d%7* flzTl 
?RT&% Jmtm (weathering) $h (rock) flzTl (sediments) m  
S l $ % = i d $ ~ ( e r o d e ) W ~ 8 T ~ ~ W r ~  W*$I* 
~ r n ~ ~ ~ , ~ r g , r n ,  as:mMm*~m&d 
2 I -sft d (decayed) % 93 f t ~  3mm W 
& 4 3 m * r n $ ~ m * 3 * m m m & - \ s m ; ; r  
i m i t 8 ~ q n m r ~ ~ 8 1 ~ m ~ $ q ~ ~ ~ m q ~ m  
* * m p r n i r : m i i q n ~ h . h m 8 1 q n r i ~ ; ~ y j f *  
1.3 ~ ~ m 3 ~ ~ ~ ~ 8 1  



8&: -\ir;[;r '7PT 3 W m i  8 I YsFi 3 m m  (weathering) 8 h F 8  $kff 
TW ET'bh Tn. f$'W57 (disiiltegration) 32TT WIT3 37FtTffm 8 TW 
RdTJT (deposition) 8 f%W? & T2TT m3lf & GRl 
y v m ~ v f % f ? m % ~ w r : r n . r ~ & h ~ M * & + R i - y ~  
(rocks) am 2kT GJf%$ (rock minerals) TFT V m  zn;fi. ~ r ~ o f  8 I W $Wh 

1 d h ? T & r n i i g t ; ? . l  

FiFFi' W WFF~FIT k (inorganic body) 8, d ~ $ 3  * ZRT 
m ~ % = : m m * ~ 8 1 * % 3 1 ~  

j v ~ ~ ~ ~ i f ~ ~ i r ~ ~ , a t ~ r n s ~ a v r r n ? - t ~ m ~ ~ t $ ~  
&?iI%T, f%X "PT. if i71?;t a m  (m~~orphous: 

m) d TC +F W ~ T G T  (soil mineral) if ?##&i TT?! % I 
m " -PT~3 fm*&3Mmh~+m*mTn .  
~ ~ 8 1 ~ & w m w , M d 3 3 @ 4 ~ M m 8 ,  
W* (primary) T V  f&fhT (seco~~dnry) I 



w + m - m 4 ~ m ~ a r ~ ~ ~ q & i f t m m m r 4 w ~ m p ~  
rn aw13~2r~r m (<looO~cw y+ qm)+ ~EZI? m  fW%* 

~ ~ ~ q & ~ r n m m p ~ ~ m i r v r m ~ ~ , ~  
+ f ? ?  -ii; m m  (weather~ng) * f%%% * 8 I * 3, W 
d wqm ?-~flm -ii; w ? d q, TTR ~ ~ F T W  3 rm (release) ~3 

~ ~ d m m ~ ~ $ 3 d R e r r f ; r r r ( l c a c h o u t )  1 W ? l f ! ? T W  

4Tjm (3 round Gter). Vf?iV3if ?Tzlr 3mcr V5RTR 3 k d f! m- T?'$R 
'g m) 3 ?) WJfl 1 T! W (adsorbed) f l q  
l6FTrf%?I (retained) 8 dk TlW h T i ' d  $ m?%3 TkTW Elk7 $ 377 3 
i m f & X l a ~ f g i R ~ ~ m m * R P h ~ j i ~ w $ w ~  
g;r ~~ 8 d 3 I f%f%d~ ym (s~licate clays) ?TW 3T143;[ 3- 
(~ron ouide) &$T m, ~ W7 ~ft3b8 (resistant) T C T ~  $ ?TW WielPT 
d R % ~ 3 , 3 f i ; - i f t 4 i F M ' i j ; - 8 1 g m ~ ~ u f a r * a ~  
f ~ ~ d ~ 1 2 ; r ~ f l t r s r m 8 1  

; ~ 3 b ~ $ - a f k ? ? 3 ( r o c k )  ~ ~ ! I ~ T J ~ ~ T ~ T J T * & ~ ~ w ~ ; T T  
fr  FRV f! I p 3k~ & W (campact) $3 8 TVGFJKT: 
(granite) flW $FKT (basalt) W 3TW flW wh (feebly 
aggregated) &d 8 G%t q W  TW (sai~dstonc) flW W W  (loose sand) I * $k~ * p mp EIT~ 3 G%t d, FFFFIT, R@IT FTZ (specific 
gravity), f$T?Fi (cleivnge) 7 W  d%fM (miocralogical makeup) I 3 
T S u i f s ~ ~ * - * & m & $ r n & s r m m 8 1 ~ d  . 
i R . r a g a 4 t e $ 4 @ i f ; m h m Q 1 ~ m * M m  
a*l+mmXl 

$ f P k  
3l%Vh 

WPm. 

3l.+q $3 (igl~eous rocks) : d W  f3i X R  TmT 3, 3T[T;f4 $77 4~ $ 
3t F F ~  3 I J: @ d m, wrr (pumice) TPIT * 

(obsidian) 37Fh .RCifa &d $ I  & 9'h ?-rn d FFPm 95 *. 
? - m + ~ r r t t 8 a i i z n . m ~ ~ ~ $ 3 9 1 - b 3 r ; r \ ~ ; ~ ~ ~  
f%EFh !?'@?? & $kl 8 flW 4%fk $3 (hard rock) %FiT?l 8 I W 3 
W 3 ).- a &?I 3 63d & (quartz), (feldspar), 
? ! d  (amphibole). ¶'?$RRh (pyrosine), 3iiRctft;[ (olivine) W T '  * 
* 3 1 ~ ~ 9 9 ~ i ~ * * 3 1 ~ g q h 3 o n q W R q f + , ~ = i f i ; T r n  
(sedimentary) TTW '*t$??i (~netali~orphic) 2ht a fC d $ I 

[CaA12Si,0x] 
[(Mg. Fe)?SiO.,] 
[K2(Si,Al~)A1402n(OI-I)2] 

% (sedimentary rocks) : 3VWFfI *, $ r ?  irf * 8 I d 9'h ih mm, 6 * (ice wedges) .ilV q& ift &?F6Pft iilV 

16 



d 3 azrr f ? ? ' i  (glaciars), M, f lq~ ~ r g  h 3 9 aJi & 
& S 1 3 ~ m ~ , 3 m 3 i i ~ ~ ~ . c ; ~ ~ @ M ~ r i f m  
~ T T  $ FI"%%T (consolidnted) W 4 -p W? 3 fiW T % d ~ ? ' d  
2 1  w f t - & $ h ~ f i  w ~ ~ ? ? ~ 8 d m f m ~ f & ~ ~ $ 3 i i 9 ~ E J ? ? g  
i j  aq q n ~ 3 ,  TFl 3W mf T\&* 3 n . h  (precipitation) $ ZT?T 

$ 59 3 f t 6 f i  ift ?i I GJW 9647 (sn~ldstone), V-647 (limestone) 
TJW .TT (shsIe) ~VRF?I M $ T+E 8 EIT? XTZI: m@ (quartz) 
~ ~ ~ ~ 8 $ 1 ~ 4 3 % h & a w d 4 f t ~ & 3 &  
j y l ? ~ ~ ~  3 E653 ??a (stratified rocks) ~ C f h  2 I 3* 9m.f WE36 
~ a u n . ~ ~ : ~ ~ r n + ~ ~ ~ ~ d M 1 . 3 4 ~  
mT 8 1  
&& 3~ (~netnmorphic rocks) : 3 3 d 4  7iW WTWG? fl, d f l  
~ $ ~ ~ m a w m ~ ~ ~ j ; s n ~ 3 m ; f f ~ m w +  
~ m H ~ d ~ ~ ~ m m 3 a 6 8 a w 3 a R r s r W m  
(metamorphosis) m m  '8 I W T+E XR 'dhTkfl 4 ?-rn a2n. d?f 
p ~ ~ , ~ M j ; ~ - a ~ t T . i t 7 E f m H 8 1 & m ~ ~ * j f  
mr411r+,* aw3mbmitif W2T a rnq miTI33 8 d$l p ?kd 3 
% ~ ~ w ~ ~ f i h ~ % m * ~ h * ~ f i R ~ ' p 3 ~ ~  
$ 1  m -&- 3 rfh 4 d  3rn wrd f3m T V F ; ~ ~  awn-m?;rr[ m 2 f  

f&f$mrr, W-TT ~WFT 3ii7mw RFI W K ~  3 f R - d  3~ q, (loose 
sand) q & r r  TM 3 TTW -3-TT TRP! J : & ~ z  3 TC?? ? V d  3 I .$f6 F [ q  

L ~ ~ F $ ~ W ? ? W ~ ~ ~ ~ ~ T I ~ V ~ ~  1,3 J?f&n+mr'81 

a d  1.3:  p wmpf rnd asr mdw?~ aw T -  -r;f m~I3 WJ 3 
Try ~ n - 4  -d &=r 

3 1 4  ~cq  1 4 9 ~ ~  (coagionreo~a~ 1 ~ F T ' , ~  ' -- w (gneiss) 
' ~ ) L ~ ~ ~ m + ~ ~ v w ~ l ~ w m + ~ ~ ~ 3 m n + ~ ~ ~ l  



~ + f h w a m ~ i f t Q m ~ d m m & 2 1 & m  
m m @ m m m ~ f r f t ~ 2 . d ~ q ~ * ~ ~ * m m  
x a  (land forms)* *W GTdi T&?i 21 WWW 3, T$j 

* m m  + E $ r Z f r n $ W ; f ~ d 2 d r n ~ * J : r n  
+ f r & * M d & * 3 3 7 ~ ~ 3 ~ i 9 * ? p r n & q m J :  

f r ~ 2 1 $ ! d ~ ~ ~ m * h a w m * * 1  
3 m m * - f l w * a M w * + r n m M * l d  
**m *E$rZfgdr+*&$*~;~j*wrny& 

(surface area) frrrr 2 d d TRV@IT WKVPT rtTFn $T 7 h 
8 , - \ ? r a & h m & a m m d ~ w h 2 ~ m %  
f a m 3 3 ~ m r ; r f r ~ * l  

~ W - r f r n m i . r w q n m m w q - w q ~ $ , m ~ m  
9 3 ~ r ~ m q i - r h * & * * l %  I . ~ - ~ ~ * T Z R T T ~ ~ * K ? ; I  
~m, sik (mechanical) i . r q  (cliemical) Y@~&T $ I d 
& d (disintegration) f l q  d. WEKT (decomposition) 
~~13;r;rr-Prm~if~~mffFTm**: 

f$dl $h TI & @ 4 ((pl~ysical) ~ W T  mftm (mecl~anical) 
rnm TFiTfll * I wr W (exposed) p'% h Z h T  *. 3 



F& ~ m e W  e m  (weatheriog potaltial) $t 3fh &F% h $ 1  1 m, 
d , m g m ~ * * ~ d a P r ~ h ~ m m m 3 f @ 3 J l h ~  
(degrade) ? ?i TJh * h TW % I ' T i l T F i  W WjmemT ld%T W 
~ C T  (indirect) T?hT 8 I TWFT * TLt WXFT 3 4TF;TJi f i  3f 
. ~ m m ~ r n i f 1 3 m ~ d ~ ? ~ ~ % Q w ~ ~ $ ?  

~ - r f ' M ~ : % ~ + w R w f t f . ' j - f ; ; r ~ m ; f m ~ r n  
f . t ; ; r F r . . r r n ~ ~ d $ . l R 7 T 4 @ @ ~ $ r n * ~ f r &  
~ * m 3 3 a m m ; F & ~ l ? t ~ t & $ 1 i t : l & j m  
(alterilate) ?TITI TF4-I fiTCFi d IITFjT? (stress) FFFi fr .TI37 % 
+ m ~ + ~ ~ ~ $ ~ ~ j ; ~ . t ~ ; i ~ ~ ~ ~ ~ $  

$t W ViW T3T $ I @ 'irm m, (conduction) 
~ f i 4 ~ r n ~ , ~ : ~ ~ n - ~ ~ ~ ~ ~ ? - m $ ~ ; i m ~ g ~ ~  

FFJT F mT3 ~d (lateral stress) k~ fr W if d h @ 
d & d *T * I 95 WRl?3Fl (exfoliation) if fiW 
$h $ %d (crevices) 4 &%i W $ d 4 3W 3T?m (unloading) 
3 ~ * ,  rn i?gm $bd ,d (sediments) & j; d 3f m fT 
~ & r n % & * l  

j; g + -  $ m RTK (icc glaciars) TWl E .  -+'@I 3f TTCi Wl (v +Tfi 

& ~ ) $ m & ~ v ~ m m & $ f f r P V q h m @ m * i f ~  
+ a m e m ~ ~ J P T m ~ ~ ~ 4 3 i ~ ~ $ 1 s & ~ , m - \ ? T ; r a P r  
~ ~ 4 p ~ ~ m m % ~ d i f ~ ~ * 4 ~ ? - f r W i f 1 m  

3 ~ ~ ~ W ~ ~ ~ ~ ~ ~ \ ' ~ f l W ~ d & ~ $ ~  
* * i t l * $ m $ & ~ ~ z r r M $ ~ ~ d d - m  
$I f$4l (freeze-than! activity) 3 7 W  qIsm f%4T (frost action) h 8, d 
~ ~ ~ 5 3 M 8 & $ t i ; r a i ? t ~ t @ 3 + f r R ; n R - i r m ~ 3 1 M &  A 

(altcnlatc) 3~i9 * % $4 t3if3 + ifm ~8 FPT&FFI 
(disruption) WEll 8 3fh 3 k :  -fid GH s3 Fd T7.T Tid? 8 I 

~ * ; f ~ ~ . ~ f r " F a X S i t + f ~ ~ 3 i . f 3 r n ~ i . r r f r n $ , ~ f l *  
3 + - F E E  m 315 3, f&~$ fi ?t V? -- (Ilalite), 
. h ~  (calcite) 3 W  fZfsm (g!,psum) $3 dTJT $kd m S d f l WtTFd 
(pore paces) ;f F W J T - ~  FC (salt-cr-~,stal gsoath) & d 

4 +IZ ?TI? 2 I XP+J ( ~ ~ I I C O U S )  iM,  +> ~ h ~ " 3 ,  GET & $ $h $ 
f 3 k d  (fractures) 3 F ~ T  FT TITTI $ TWT ~h xh d d V F V T - ~  ~4 
;f Tfk ihl % I a d%d? (granular disintegration) $ I 

3W *TJ . ?Ffb $d 33) f14%7 (l~chen), W (fungi), , %?f 
F@tT (blue grccll algae). fl21bz$'z 3~lf$ ~ r m  ?R. ~rTtm $ kQ 
3KiTTfl FflTfT f I & $m 3 m m  (biological weathering) :) W 3 I 
~ ~ ; t * ~ m ~ i t 3 ~ m * 3 1 ~ m S t T a m m  
M & 4 ~ m & 8 $ m h ~ ~ m 3 m ; ; l + m 3 - m t :  
~ t - m d = Y F i t ~ t ~ ~ M f ,  3 m a m 5 w  
~ ~ I ~ I I Z I W T  (carboilation) $3 ?&TT gm W ~~ W$ 3 Sf d 
2 I $b3 q f i  ?-m %d 3 3 FTTV VEhT (photosj~~~thesis) 
z m ~ m ; t @ i ~ 3 ~ $ 1  m m 3 W ~ 0 2 , ~ z ~ 0 3 h 8  
m m ~ g ; ; r r n ~ 5 W ~ ~ m s * ~ ~ i r l ~  



vmTfh5 m m  gml* 

~ - q & ~ * + d f i v & $ ~ m m $ ' ? r r r v 3 m $  
& 8 I e i  m& M d  (chel~~ical weathering processes) 4, & 
~ v T - ~ ~ 3 ; i 9 3 f ~ + ~ ~ 2 n ~ : W & r h ~ M  

mi 2 I ~ m h  (precipitation. WI ) & & 3f d 4  * W Wjmwuol 

h $ cTrc=rr 8, dm f3j 9T2.73 wvr  TrT77-m FR flw wrF$t T! 
~ ~ ~ ~ ~ 3 , m ~ ~ r n w ~ ~ i ~ ~ ~ ~ 3 1 ~  
3 m W 3 f ~ ; [ f i ~ ~ d f ~ 3 h ~ ~ d ~ ~ ~ * ~ ~ 3  
~ i r m m a e r i * 3 i t $ ~ ~ - j ; q t 9 ~ ~ + ~ * 1 m t ~ +  
. ~ 1 ~ 3 ~ f ; f f ; m r ~ ~ ~ ~ m * m m J i T * & m  
* l m d , ~ i @ m y 3 ~ 3 v r r ~ * m w P r a ~  
$ 1  

m:hi%m m w $ , . ; ? ? ; r ~ ~ w m m ~ ~ m 8  
3 i f 3 m ~ * g m f i r ~ ~ m @ 2 ; i i T % ~ z f t * m d m  
8 I % BF%T JI?JV mmft-5 3 f i m  * rn (hydrolysis), 

(hydration) 32lT 37 @FFT (dissolution) \& d ?&3Td $' 
(degl-adatio1.1). '$?T?h (alteration) 3W 9;[:&TJT (re-synthesis) d 

h 3  1 $' f;;rp, d%ff (- ( anhydrite, CaS04) m, 
3mmftzF 3;i9* % ~ T R ( c ~ s o , ~ , ~ H ? O )  3-73 ~ 3 1  rm FT- 
R-.lrfoT TEhT 3  %TI -TkT 8 I yclir &GWR (feldspar), -9 
(KAISi308) m 33 $ T?Tb% TFlT F 3F7T -3GTFPT =?h 7-rsr 
3 : 

KAlSi308 + Hz0 m a m  I-IA1Si3Ox + K"' + OH- 
(*) (-0 

m m  
( 1  (fkml.) 

2HA1Si3O8 -t 1 1H20 A1203 + GH4Si04 
(-m ( 4 ~ )  ( ~ - T ; T )  

A1203 + 3H20 GrFmlrn A1203. 3H20 
1 

( ~ h m  i m )  

~ * m ~ m m e m m r n ~ m f t m 4 ~ m m  * (m m, f&vm 3w GI*) -d TjEMKzi 

$$W~V 3 1  (w, alumina) 4  mfh ~rn 4 8  3, TW $E%Tw d 
VF aga w w 8 M mm ( H , s ; o , , ) ~  4  rm m 
2 I 

- m m - - m 4 ~ m m & ~ m + 3 m m * ~ &  
h & d I TTf W 9 * CO? d &?FIX ~h Wi?i (carbonic acicl), 
1 - 1 ~ ~ 0 ~ m ~ i ~ r n m ~ C i r ~ t 4 ~ 3 r m b ~ , 3 i m i r w  
m * 3 h d i r . i ; r $ ' m , w r f ? m f l a w ~ m g i m *  
~ * ~ ~ * f l ~ d ~ ~ ~ ~ $ l ~ " 1 ' $ ~ , v T ~  
(limestone) 3 WT d TiV 'm (calcite) r m  3;i9 31. qlW2m FFTT 
2 



q?;it is;: WWPT 4 d FIT 9-~ld (pclscnt ~naterial) 3;imTlft-6 
4 @ ii d Tzr :  T? inft $R d?d&~ h (transported) 

ft&fh (sedepositcd) fT & f! I $T '33T W\ PR 3ii9 ?? WE4 d T  @ 
3 m W W T T ~ ~ f f p r f o r 3 ~ W i T ~ - d F F Z 3 ; i ~ 3 ~ f i h T r R - j 9 l p . ~ ~ , ~  

(conse~i~tive) TIT f3i ?A%?PT@ (overlapping) '8 fT d 3 I % 
R Q - i f b E T * m m r m ~ ~ ? i r r ~ a r r r ~ m ~ * ? m % . ~  
w-.rffM?iR,k.frnillroqlail~3ifimmqnfirs3?irr1r;hr 
% %d VT 8, FPZT WVIT ~3~4% (soil genesis) * ~ 
im rmm 2, m rifTj m md', 3~?~3$3 (topography), W, 

8 W  (biosphere) TT 8, flfl$jRT W ?? 73 

~ # - ~ ~  
Tmif T i T  mm -m 
p - m & m m  
f S i m ~ * ~ ~  
m 9 ; 1 : R h j f f t y  
r n r n r ; h r B l  
w c m * m . = ~  
G i t i r t r n ~ W  
Bazrr*'i$j;w 
mw~~mTR*Ts 

(alluvium) 
mdlaBl*% 
r n * ~  
Wmmnzi ;  
m w f ? * & M  
8 a'r it f%~rsrSn 
(colluviurn) J~SFTR?~ 2, 
ml 



=ST (soil formers) & 2 I 447 j; m, ~ F I  I%d% V 3T1PI d Jil Lhcr;l 

M * a w - i $ f + w i m + m f 3 m m m ' 8 :  
S = f(cl,o,r,p,t ...) 

S, ~ . m  GRVFJ (cl) (0) 3- Jim 3'WFlT (relief) 
~ u n 4 ( p ) m w ~ ? m @ i A ~ ( t ) m r m ~ ~ M ; f l ' r ~ ~  

$=i s? $J l7'W (relative influence) Z;mr f?Nf'fk 8 I' 
d TITWV aq d $ $ j; 4, (flora) TMT 

(fauna) d CfkFEZf &I?; . f t 4 - ~  FdT (water table) Tkll$, X6'Fi Fiw 
TFT$ $ (ielief) S w 4 WFQG h W I  Wrf w TRFMX 
(~~nconsolidatad) flYr b 3;ig $ ~ E d % 3  E$KT 3-TW 
WPf Fkl '8 f3dt ((pedogenic) !Jf?fTTd & GlV t FFfGl (sol~~m) 
m m f h r * l s ; r & * m : , 7 ; t d m 4 m h m * :  
i) W 37Wl Y-GC W (passive factors or passive soil 
formers ) H2TT (ii) Tb!l M 3Tm T I f h J  Y-GC TWF (active factors or 
active soil formers) m. =?d $? 8 I 

?WW'@?: (landscape) V qCT Jil 3 -  3T* @ $? 3- 
(topograhy) JrzTsrr TiWFFl  (relief) f%dT TI W f%f$V7 2 
~ ; r r ~ * S m d m ~ m ' 8 l m ~ , ~  
i%Tjrdl (drai~lage), ?TiS?? (runoff), (soil erosion) 3~ q W  -3 
3 ~ @ . @ m n ~ a v q J : ~ = p m m , m 9 ~ : m ~ M d  
m m 8 1 ~ ~ ~ 8 r n m ? - j T * * d ~ m m m  
& f r 2 1 ~ m 3 d a z r r f k z V r 2 , a b m - m ~ $ 8 8 1 d *  
m T A ~ d $ m * ~ J P I & w m m f i t - 6 m * , a w M  
~ * + ~ d * 3 i ; r f + ~ M 8 j t r n q c r d $ ? * r n r n ~  
&fr 8 T$I ;Tft M 2 I ~3 W, GJRT T (accumulation), TW h 
m , & J i T m , e a * , 3 ~ 9 3 ~ 1 . ? ~ w m " r f t 3 ~  
m m R ; h J i 3 i f t 2 1  



- : m q n ~ t l ~ < ~ f ~ ~ - r r m % w i f t i a ~ ~ i ( i i i  
~ 3 i t d m w 4 m M & a r i i d d M & m m w  
m r n * l ~ m d ~ * f T ; f + * c ~ m m i t ~ ~ *  
~ ~ m f r f r 8 1 ~ p ~ q z r ~ a ~ d ~ m  
qm~ * I qGT f k  93 F (soil formers) 3$% W@4 
t?Emf'm&**mpwmm@&m%,d~p 

937 (mature soil ) % I gftgim (horizons) m: 
3 ~ r l ' + $ l  ~ ~ ~ ~ m w t i R W j l i t ? R p # i ~ ~ M d  
~ m $ , M m m ~ ? ~ * * 8 1 ; r m s & ; m v ~  
~ ~ w m R t a u r ~ p . f i . f r - & f + % q r r f r ~ 8 1  

w h  d 3 % 4lT TT '8 % (climate) FjC4 3m3W & (state 
~ h c t o r s ) $ ? ? ~ * d q ~ ~ ~ d  Fj?lm*ly~~\~l""rgmd 

JTIT~TT (soil moistore) TW M $ & 3 Rw$ &fl 3, bl 
& (applicati~ns) & f??? -4 8 %id q27 TW. 
I$&J& dd? (precision fanning), FFLW@T VFFi FkFi (integrated crop 
managelllent) TPT *W (ecosystem management) 'd%f$iT 
f l m g $ * m M ~ a q ~ ~ 8 , ~ .  
~ ~ ~ ~ ~ ~ m 8 1 w , - m ~ . ~ ~ r ; s i 3 ~ ~  
; f d m m * a ~ ~ q ; [ & l  

T ~ . w ~ T w Y & * ~ v ~ ~ M + ~ ~ ~ T T * ~ , & ~ T w  
~ $ w T  (precipitatio~l) FFd - TT?T 8 I W 8 
f ~ ? m ~ 4 * ~ ~ f s r s * ~ * i F m P r ~ ~ ~ ~ ~ m  
& * l m ~ ~ ~ 2 f & ~ ' Y r n $ @ * m * , d i f 3 d ~ ~  
~$TW ;f TT~TT k (susl~ension) 4 w ~ Y  if 3 w it I 1 3 w TT 
~ 2 f ~ - i h r n * ~ & w ~ T m w 2 f & * ? r m + ~ :  
ftm f r  d 8, am ft& (leached out) m: % 4 fT 
TT6& ~ ~ f & h m ~ % * 3 i t 3 , m * ~ 3 3 ~ m & 3 & W % 1  
m - , p m ~ j i ~ ~ + i ~ m a m + t m i t ~ ~  
~ 7 f l T T d ~ d r n 3 1  
~ * - d * m a ~ m ; f ; m f t r n m i t ~ a d e  

TIT7 *, W 6kVFi $ gT;I T 3kRFPT (percolation) , f t ~ ; ~  
I (leaching) 5 W  - (run off) & g r ~  fl TIT ?? W d 3 I ii?rSf 
I m , ~ & - ~ m ~ W i t a m m m + i M 8 , ~ ~ *  

+ ? - $ ' m v M 3 ; j ~ $ % ~ 3 1 1 3 ~ ~ M + t m B % a w w  
p k t l 8 p r ~ * l I r n d 3 3 1 ~ 9 3 T i t h ~ % f ~ ~  
4 f t * f r f r % l m m T ~ m & - c n a [ ; ~ 3 m ~ - J f t ~ d  
m * . - i h ~ i h - ~ ~ & w ~ & ~ ~ e ~ z r r m ~ + ~  
T T 6 2 ~ m m T & w d % l w r n d m w m $ m ~ m  

I ~ ~ Q d p ~ l i ~ & % m 4 f r l z ; r a ? . + ~ 3 1  

Jdi 3 W  W (PIE ratio) 3, 4Td PI* WVhW 
(precipitation) & $ t t~~  it AW E/$ (evaporation) -C9Tm[ % I * 
~ ~ ~ B a f r n m M ~ ~ ~ ~ r / ~ ~ ~ i r ~ % ~ m m  
@ fh 1 3m & & ;mV b d 4qv~6 W (water table) fl & 
d Ift WT&T rn % TTW FF$I ~F;IT?. w$Q 3 GIFI $I %T (capillary 
action) W (aeration) $I ?R *I T?Tq 3;is 4 WX AW 
* * . r R R ~ ; f ; m ~ ~ d s r ? r r f t i r r n % l j ; r ~ * ~ ,  
m a w m M m f m ~ B & Z i ~ - \ m j ; d s F t ~  
&21 

~ m : ~  
g%m*mm 
avrr~rn*Rw+ 
*q*m 
(ukbnfimed aquifer, RdS 
~ 3 a 3 S a - 8 ~  
;m;r*rn*)?rn 
m * m 4 * m  
* I  



~ m R e l m $ r ~ S i m ~ % a ~ ~ [ ~ R T ; [ d d m ~  
& ~ ? ; T ~ ~ I ~ ~ . P ~ , ~ & R * ~ ~ M ~ , * w  
m s s R . ~ $ r m * i l m & % m w ~ 8 q * Y P I *  
f i t m a a m & m m e & M * - + P d p ~ - * 3 1  
@3in,rw-m,mandmm&Rmdm*$lI~ 
$r d rn & FI-FI & (accumulation) 4 W 2 I 
~ m ~ r n m ~ q 2 f t i i M ~ 3 r n T & J i a r ~ ~ M ~ 3 f i &  
- c 3 * T 2 T T a m & 2 ; & n d m + ? a - r  81 

m - m $ + * d s l n m ' i m e & m m J $ f a m &  
~ ~ - ~ ~ ~ q i f t a d a ~ ~ m ~ ~ w f $ ~ ~ R s i f i . m n * ~ ~ w r n b  
~ d h = i ~ m a v r 3 T f & f t m d a T 8 1 - d ~ d  
Y W T X , T ~ ~ ~ W ~ ~ I ~ ~ ~ W ~ ~ R ~ ~ I ~  
m , m J E T f & ; m ~ ~ m m h ~ ~ ~ ~ r n & m 8 , ~ ~ m  

8 TW m m  fi W 8 I f tF i i77 (leaching) flW WWkTT 

(eluviation) $ WIT FVPI & $ * 3~~ '& ?t 8 1 3 
~ M ~ ~ ~ m * d 2 d R ~ * 8 a ~ m w & m Y P I  
3 i n ~ + i m ? r r m m s r W ~ ~ w ~ % 1  

WM: 3 $ d & Wq 8 Ff (biosphere, * 
T $ - G F T ) . - P I ~ W - ~ ~ ~ ' ~ F [ ~ J ~ ~ ~ . I ~ ~ ~ Z T T ~ ~ ~ ~  
Y P I T f a f m T T f l w & m m r f w $ f l q & ? j ; m m p  
~ r n ~ m ~ % l ~ $ ~ * d a r m 3 ; i 9 * ~ ~  
M $ fr?t 2, 3 EPh w 31 ~ F J T  &d (transition) 4 ?d&~ 
Fi-Y*%rn~fl?~~.TTqT;lf81 

f % d t . P r ~ . n ~ m m i h & r n ? r ~ f h R b + i m W M *  
* m i t m m ~ ~ * ~ . E i r d r n m T 7 s i ; ~ u l ~ I  
w ? 1 ~ & M m m m % 1 p ~ 3 i t ~ ~ d + ~ ~ & m  
Z T T w m ~ d a m ~ $ ~ m & s r c l ~ * ; t m ~ ~  
R s r V 1 ~ 3 3 ~ ~ 3 f ~ ~ m * m m ( ~ o o d ) a m ~  
(productive) 32TT p & E R W  (bad) qm (nonproductive) 
4, V W  ;;;f (heavy soil) 32TT @ r;m (light soils) & W $ 

fh l l  W7lT I "2,- TW W$ (geological parent material) & 
& (sand) V m  qftmr (clayey) ~ ? d  3 3;i9 7 f  & 

f3isrrnwl~$JPI*fq31$3; i9$xmd*&;.hi3A 
$.@. dG$? (V.V.Dokuchaev) 3V d ~ i ~ h f h ?  s;m @d%R f8Xl 

~ ~ T T , W J ; ~ T ? F ~ ~ ~ ~ Z ~ - ~ , ~ ? T Z T I ~ ~ & & ~ ~ W  



t L q q  m IT* d $ F d  3iTn7 + m, q , y ? T . m  * {- (U.S. 
De11alment of  Agriculture) 1 F Tl'dTdd (soil swvey staff) ? 
~ & ~ ~ I d * ~ ~ * ~ ; r ~ b r &  
( ~ o m ~ ~ r e l ~ e n s i v e )  $I h ~ I fl W cHTEnft 4 I 4i: q-r;r 
~ * m M . R 3 f * M m * i f m m * , d q a m *  
(soil taxonomy) TFd' 8, ?$ TN 3 1975 if F -4 G l T  
~ ~ m ~ l m * . m ~ ~ 7 P r ~ ~ ~ d , 3 m ; ~ m ~  
8 I 
q n ~ i f t d p @ r n 3 m r r R M $ d q n m r ~ ~ &  
r n ~ a ~ r ~ : ~ ~ r n ~ 1 ~ ~ ~ m 3 ~ ~ ~ ~ , ~ .  

(texture), pH, Wd?lT m, &, VTTi CFk7i (cation exchange 
capacity), 3lFlT (Na, I<, Ca, Mg), 6bFhkT 3l'WT (extractable 
acidity) TMT am9T;[ & W WFi b TmT 2 I TRFi ?7ThJf  3TTEm T! 
q z r ~ $ I w ~ 3 T w m i f m ~ f S i q l m $ w ~ ~ 4  
(hierarchy) I 3 m  ;R7jf h Tmr b I 

W ( o r d e r )  : WT$WXT &' $TI FFWP7 W? W ~ 3 ? i  YkTR (horizon) 
~ $ 2 m ~ w m f ? m ~ + m & ~ v m w ~ ~ m b 1  
mm3R-;rj;;rrcitm+3in(~01)mrnfnr3(%..+9i;r)1 

-(suborder) : m, 5 W  3 T f '  fl & 3TFm T! TJh Jif 
d if f4m Riq.r m b d d (waterlogging) f l ~  & 
~ * 3 T r ~ ~ ~ ~ s r f t ~ ~ h ~ ~ 3 1 & w i f 3 ~ ~ ~ *  
~ ~ 4 7 d * 3 ~ a r n m * m - @ $ 1  

p q q d ( g r e a t g r o u p >  : $TI if d 8# 8 f;flj; 3TEm 4 T.Crm;T 

~ $ * & ? 3 f 3 m m , a r s f a r ~ r n ~ 2 5 ~ ~ 3 f l ~ m  
6%f?? (base status) "-ft 3-TCm dd? 8 1 230 * 3Tf&F Wj$ & f7m & W 

**I 
group) : db I ift ift T$ b, 4 R h  

(typic) v, $ 4 ~  (intergrades) 5 W  wT'?k (estrag~ides) 3 I 
i f ~ I p i ~ ' ~ r * f t r t $ ~ ~ ~ * ~ 3 f m -  
& p * * * , m i % ~ 4 ' ~ i f a p * 3 d m " - P I  
-$.rftftti31 1 2 0 0 3 f ~ ~ ~ * r n $ 2 ~ ~ 8 1  

gT(fami iy)  : w 447 if ~ 3 8  d w .ttR?F i.rw qkih yy? $ 3 ~ r m  T 
m ~ f S i q l m 3 * m @ + ~ q ~ 4 ~ ~ 1 ~ m ,  

(regime), * (mineralogy) FlW d $3 q m r  I ffrP 
~ * ~ * y y ? ~ ~ ~ ~ ~ n , 6 6 0 0 ~ ~ i f t ~ m r ; r ~ ~ y i f t $ 1  

d e ( s e r i e s )  : OPI & ift fi 8 W d FM 2 
*3-r-pI~hm&*r(r[q1;7m$1mm3~~:m 

(co~itiguous polypedo~~)  s, k '8, fh 3 rii?;Prth;r & 
(aggregates) i.rW d (inclusio~is) f[ 3 I 

h q n ~ & 1 q c r * f f a r n i 1 m q n m ~ r 2 m r r n f l & m w  
m d  (soil phases) 3 ";R w i? I 

3 v$l d d% (fertile) FfzlT (unil vara) i3i?R (m, 
barren) $ W if h W 2TI I d ?lE vd f3i3(TiT GRT 3QP?lT 

f@ & d d ;r? ;ht (Matasi). k (Reh). % (Regur). * 
(CIiopas & I I if tt T- i;kz * mf3d ~ ; m  
R i m r n * l y n 3 r n r r ~ ~ ~ * & * ~ r n  



ifiidg (~ l luvia l  soils) : G G k  V7TT $ * (m 
700,000 km2) 3 & * WRW, m. FRR &, gfPim 
~ j : ~ m ~ 3 1 3 m r n 5 W ~ " ~ ~ d ' m * ~ ~  
a 1 @ d ? g k 3 t 3 ~ & r - % 1 ~ $ ~ ~ ~ ~ a  
@ f W ~ = A z h i ~ , d , m g m r r ~ ~ t m m m 4 t ~  
d ~ - 4 3 f R f 4 a M g w f 4 f Q y W - n W I ~ m * ~ @ i  
m 8 y a y , $ f e h $ T p $ t 3 f m w d M M B 1 ~ ~ & &  
~ ~ m 1 3 T * - ~ g t i r i l l r m ~ m T ~ w ~ 5 W m  

p y m ~ . t ~ s m i h + 4 w - ~ m m t ~ A s S m m  
m ~ ~ ~ ~ i l ~ f i * d ~ 8 l f l ~ ~ ~ $  
TF%kh (lime carbonates) ?R ?Jf& * I 
* ~ r n r n ~ . d i r f * ~ d ~ M * 5 W ~ ~ W  

F-@ d' 3Tf%Tm Fkfl 2 I FWV @ (sandy loam) 3f 
9% 59-i' (clay loa~tl) M i 8 I TG? * ift FM? 
*, dt @ 3 (loose), (open) 5 W  gTR (free 
draining) 5V T$JT fi $?FtT ~d 4 ??EX (compact) 5 W  * 
(impervious) &f l*  I FYI & d * M .rft h *I M m, % .R @ 9 3 ~ 1 ~ 4  (clayey) .m$ $T -8 d j: 
R ~ 3 f M ~ a ; r m ~ s z r f 4 ~ m ~ m * * * l  

3mm$T&*mm&8,-&-,*~ 
~ w T ~ ~ ~ M T Q T ~ ; ~ ; ~ + * ~ " ; ( ~ ~ E ; ~ M ~ I * * F  
yq$t$da?r$T&ih+4f?m$m81 w p ~ 7 . 0 *  8 . 0 ~ 7 f t W f Z l T * l  

& $-dl-$Z (illite) 5 W  * (chlorite) 3 I 

d m - ( ~ l a c k s o i l s )  3 3ii9 3f 3rd ?JV f- 3 f'%f% ** 
TW 3th f%d@l d' $Efl f I & (basaltic trap) W d  
T!Vm**m&*&m*l*B~m*-8a 
yay&3~m&y$m$rFkfl81f%?ih+4, F W V ~ * ( ~ u r m a d )  
~ ; t m y y ~ q ~ d k ~ ~ ~ ~ q z r 3 T i . ~ r n y y h  
2 I W$ ih+4 h-h frzft 8, ?W4f$@ (eroded) p 4 
~ * * p ~ ~ , d m - ~ 2 0 ~ + m w m & m 8  
d m ? R r i f j : ~ m 1 s ; r ; t $ t p y ~ ~ f W ~ ~ 3 i i 9 3 f T t ~  
(Regur) 3TW & mm3cf (black cotton) sF d 8 I $7Fi 59-i' 3f 
' y r g l y f % m ~ & m 8 1  

W C T W ~ ~  (Desert soils) : 4 21 TTi T?TQE& &h 3 d 3, dt 
$ v-M ?rm 4 wFFT 290,000 km W & % I 3 ?FiWFl W 

~ ? r m , ~ a ~ r i \ ? r a m ~ ~ m a ~ ~ ~ m ~ 1 ~ m ~  
r n ~ 1 ~ 4 m ~ + ~ * , r n m ~ ~ * ~ ~ m ~ a 1  
~ & ~ Z i ~ $ t ~ ~ r n a ~ f + i ~ ~ ~ ~ t i ~ + ~ i h % ~ w p ~  
* h 8 , 5 W m * m ~ m * B l  

rn i7W d (Forest and llill soils) : f$RE& eit?r 8l V$E!? 5 W  F7 
yqy d ?khV (humid temperate) &d f&d?lT F$ ~ 3 l ?  V$VT 8 @Gd 



2 TV bf-3 (podsolised) m, 7W 24G (brown Earths) fiV 
&m~ p (meadow soils) * F@&lT Trd? 8 I 

3- gw 2&~$? (Laterite and lateritic soils) : 4 
$ M , m m ~ w ~ M 2 . & { * 9 r m ? ~ w ~ m i A  
~ ~ R ~ ~ ~ M I B I ~ ~ ~ ~ ~ M ~ ~ ~ R R  
~ 1 4 & m * M 2 f i m s . r r r ~ @ ~ m M 3 i 3 T m M 2 1  
a f im3TRzFdh~eTT ; i fmad$3~ .Md ; r f t h9T - iR21  
q R ~ ~ i t ~ m * ~ ~ m ~ * . h l I * * ~ m  
~ ~ ~ ~ ~ ~ r n ~ ~ ~ ~ ~ l  p ~ 5 . 0 * 6 . 0 & f i  
m 2.1 

&3393a;R-4p*&r;Tm;TWrnd*8,*m 
(gravel) $7 TTI S@IT dTB 2 fiW 4 ~8 T$XTI w WI dd 2 I 4) f.fs 
3 9 3 ~ * m & d ~ m f r a T 8 , r n m : * - ~  

I * f r d & m * 2 l m m ~ h m ~ 2 T w m  
I rd*PImM811~~m'r;,~m?11-TTh&$~m 
I - f E 9 3 , ~ $ 7 m $ m , + r ~ T 2 T T ' \ 3 f m T * f l d q 3 d  

m?r 8 1  
I &TW aw i ( i  y e  (Peaty and marshy soils) . $ZW sFrp 3 ~ [ <  &$i 3 

w $ m ? r 2 a w + i m ~ d r m ~ z k i r 2 1 M h ~  
, m 9 - . 7 f F T T T I i t ~ m ~ $ . M & i ; M ; i d & 8 3 w  
I T&W* 'i3Ffl7(kari) * I  &WFTCd *m 

(submerged) $l TR?T 8 I $ m, 43 3 Wdl 2 fiw WET * 6ld? 
T f C & . h l ~ ~ . ~ ~ f i 2 ~ ~ 3 * ~ ( ~ ~ 3 . 5 ~ ~ ) ~  
8,fizrrd ~ o + 4 o * * m M 8 1 m e m & a . r ; i  
~ m c l c ~ l j f ~ ~ f t * ; i 3 ~ j f ~ r n 2 1 ~ ~  
~ 3 w ~ ~ ~ w * 8 1 w m * ~ ~ *  
j ; * ~ , m m & i ; ~ * 4 , M m j ; m m Z f 3 W  
3f3FFq&i ; iTfe ' roT~~dd81  

Fi'7Ff q* (Red soils) : TI3 h (ri~sty) 4TF7 Tf iF3 Trd? 8 
d 3 h ~ & ~ 3 ~ ' i ~ ~ ~ ~ W V T ~ ~ 1 ~ 9 ~ ~  

d (ill sitto FR? 2 WWJT P-m w v a ~ :   IT T M & 3~ & 
~ * a ? i i t * 1 ~ i - 4 j r ~ ~ f w f h r 2 ~ 3 & 3 ; i 9 3 f m ~  
(loam), FiFi a (sandy) fiw GEihZ (alluvium) & i;'fi+l 3 CFT GllTlT 2 1 
~ ~ ~ w ~ r n m r n , ~ ~ . ~ ~ ~ ~ ~ r l r ~  
~ ~ ~ % I & ~ T F F X T ~ & ~ ' ; T T ~ ~ ~ , ~ , ~ ,  

. 3 ~ @ + 4 m m ~ 8 ~ ~ ~ m & w ~ ~ H 8 1 ~  
e T R T 8 F i d T B 8  ~ ~ t l 7 . 0 3 f 7 . 5  &*dTlT$lWT@*TAld  
TtT 3WT8 7;!% aft;sT $31- (kaolinite) 3 I 

F f P h  i?WT & YW. (Saline and alkaline soils) : W V  q ~ r 3 f l  
d Rf;t.;r & * G7'lT m 8 &? TEfl? Zf h (Reh), (Kallar), 

, 4 W (Khar) (Khaja~i) 3w Tf%T 4 d (Karl) I VFiFT3 W ~ 3 i f  
* . ~ m r r i f . ; f l f 9 m S $ r n ~ * 8 l r n * ~  
i j 3 W  $ ijfm (capillary) W *  3ll d8WFiTq 8 m'h. 

I d $ m s m t T t r n w 3 ~ 1 ~ ~ m & $ l ~ * - ~  



m 4 ~ ~ $ ~ 4 , ~ 4 ~ ~ ~ 4 - i T w @ ~  mr13 
h M i t a w * e f ? i r 4 e d 3 l - t r ~ * p 3 i i t f a - ~ q  
?mqi?r (salt content) 3 GRl 3zTi m4 p 3 f  4  TR% FhfblT 3- 

p H z ; n r w a # & i R t I 4 d ~ q n 3 i r 4 @ i f t s m r ~ M 3 1  

(Tarai soils) : f&8 tf "fRT$' T I 3  34 b Tm. Ti3 FMkT &IT $ 
& ~ q z m f d 1 ~ $ 3 ; m ~ $ m r r ~ ~ m R ~ d & ~ m  
3 gm -M$I d rn RRmz (foothiII) 3  -~TW -5113 TF?~?,  
~ & , ~ R w * m t f m & m ~ ~ ~ ~  
m ~ d w 4 W & b 1 m R M 4 p m e 4 g i r a  
$ l s ; r p ~ * ~ ~ ~ a ~ 2 1  

* ~ 4 a ~ m m & i ; m * ~ ~ ~ 3 T z ~ - 3 ; y j ;  
R h m : ~ , ~ - ~ r n & ~ w ~ w d 3 q m m - & 3 T i l . &  

f I p Wd?4 Zb?i 2 (pH 4.7 3 5.8), ?Fd & TW nm ¶-qq qbm 
d * r n r n f l  

m ~ & ~ ~ m a r f ~ h * - i T w ~ J P T ~ ~ ~  
hT * $1 d?Vfl$, 'f=r;lif U.S.D.A & M d  m313 
f ~ i f t ~ @ d % ~ r 8 , i f t ~ i f t r n y ~ % ~ l ~ q n ~ . i ~  
7 T f m m 8 h 3 ~ & * ~ * m ? m * m * *  , 
v m b r M r n v - & ~ v r n a w m & & W i f W % . w $  

f%?rdl (Pedologists) W VE9m W h & 3;ig Zf 
W?i 3 CW@ & am q47 (Edaphoiogist) fm & @ ?fT 1 

mmsmn?&*94*31 



3 .  i) * (0) jt m~ db W$ ; ~ q q ~ ?  53n 3 (a) ZTzTT 
b R.4* 3Tm & it (p) I 





M ip$ 4 4 j; & (coilstitue~lts), d 3iis di! & 3 
mm*mf ihm*-*dmm+di f  
~ ~ & ~ ; f T ? J l ~ ~ f % b T ~ ~ ~ 3 f . r f t ~ ~ ~ ~ ~  
M (soil minerals), G&$ 3~ w M ~9 3 & +M cSf 4 
~ 4 S t . m ; r P G 4 1 8 1 & R 4 F . r ~ r r f ; F i v r ; f ~ ~ ~ r n ~ ~  
$ , G i t 3 ; [ ~ i ; m f k h % r ~ 3 ~ ~ ~ ~ ~ - p m n ~ R ~  
& ~ I w & $ ~ ~ ~ ~ ~ & ~ ; , ~ * B w M - W  
mxd (P araneters): d w dk M @ d * I W & d & 
3 f d q ? ; r & ~ ~ 9 r c ; ~ r n ~ i l r n m h i f + m f % M d k ~ ~ ~  
d 3m3cr?. (soil erosion) & dh d ?Fd & F&$I w & 
~ * ~ m m & * d 3 J r i q n & ~ & & * m J : ~ ~ w  * 2 1 d d if m (soil fertility) 8'R 
(productivitj~) & 93 Wf Tkd' I 



qn 9 mmrai (pore spaces) ?-rn aw FF=T RFt-?r $7 -- 
n ~ ~ s ; m ~ ~ i i ~ i t .  

~ ~ ~ m w ~ ~ ~ 8 , ~ ~ r n ~ m m m ~ ~  
h i t m m 3 t m + r ~ m i t . 1 * m ~ + ~ m &  
~ m d m $ 1 p i f ~ 3 p I - ? - m m - r &  
b d h j ~ a w m m m ~ * * w T f f i * m m h j m  
d R E T F R m i t f + m m ~ ~ f M m ~ ~ 8 1 p & ~ ~ m  
@ d, % qq T m  (soil separates) 8 dYlTW?T 
a i h  3ii- ~ ( ~ , ~ . l + 9 . ~ . ,  ISSS) m -dl? m rn R-qa 3Tw 

(clay), W ( f i n e  sand) , -7 T< (coarse sand) $47 G+!l (gravel) 
~ 3 ~ i q ~ ~ ~ ~ m r V i 1 ~ ~ 3 ~ ~ ~ 3 I h ~ ~ ( ~  
~ + ~ . ~ . ~ . : u s D A ) $ ~ & ~ & ~ M % W M ~ R V T ~ I  
~ ~ S f ~ ~ w ~ ~ 2 . 1 i i h ~ m r * 1  

dk T w k, TIT (silt) dk $kmj'r (cla~r) & TFX!~F & VMR 

~ R ~ # m f % m m 2 1 m f 8 3 = i m S ~ J ; i y m ? r ; 3 z F : d -  
a ~ d @ m = i 3 ~ i i i l R T f d i m q d ~ q n ~ i f t & ~ d 2 1  



, ~ * 3 d & ~ ~ ~ i h t ~ m ? " l & m ~  ~ a f f r n  
f ? j @ $ & m m 2 :  *m 

1) "&' (feel) W WW f@f (Analysis by "Feel" Method) 

~ m r n * 8 ~ m m m m m i & * J f t i . * j r  
~ p ~ z m ~ m M m m B ~ ~ ~ s r ~ d ~ ' ?  
JrW- ~ ~ ~ r n ( ~ i t t y ) $ m % ~ m ~ ~ ~ ~ I f ~ ~ : *  
& & a ; R r n  % M m ~ m w I f m + r n $ * 8 1 w  
m fi, 4T f%T&Fl 4  FT?T: (sand), i$?ViT (clay) dk +m 
( s i l t ) J P I m J P I d % l  a~f4z;Ad@3ij3m$&+ 
i%mcm~ " f ? w " ( ~ ~ i b b o n ) W F l T ~ ~ ,  Fhm FhT f?dTi+RlT $T@ 4 
m ~ p T ~ ~ * ~ m m J p T ~ r ? l f m ~ f t ~ & - . m ; r & ~ ~  
w W r n * l  

2) V I  WW (Mechanical Analysis) 

q l E m m m * m $ ; ~ m m m m i t d ~ I f * m  
~ 3 ~ w f i . $ ~ J P T m m m m & m h m 2 1 m d  
& ~ ~ ~ m ~ M m 3 :  

i) iizm? &F#W &@(sieve Analysis Method) 

* c r f  + j r m r 2 B i l m ; R - + @ f a ; A m  

m I f ~ $ ~ d m : W ~ * m m m t ? M f k  
m ~ ~ ~ 2 3 t 1 3 M m & ~ d m m M  
m21mf3 l3*3Tj7L i ; tm&,~m;r f tMmm2,&.  
d 4 - ~ 7 f i ~ m . m M I f ~ k x m 3 h m  
& ~ ~ T W C T % I ~ $ ~ ~ ~ I ~ T I T F % W T @ ? F ~ ~ * W ~ T ~ ~  
. = @ J P I ~ . & T $ m ~ ~ ~ ~ ~ m ~ ~ 4 ~  
$ * ~ W m m a m * l .  

i i  wh%T @@ (I-~~droineter Metliod) . 

-1 (Bouyoucos) * W f8?h 3Ti9 * f%% CE&$bf.ih W crdm d 
y ~ ~ h r q , m a v $ ? m r J P r s m m ~ d q m ~ m &  , 

& ~ m ~ k ~ ~ ~ ~ J P r 1 ~ ~ 3 ~ r g p ~  ' 

(air dry soil) $f FiRl (9m 5og* p) i$kVT f&PW (calgon, 
~ ~ ~ 1 u - ; i t 4 c ) W g m ~ m m I f ~ m 2 1 m  
~ m & m , ~ i f 4 0 ~ ~ m , w ~ ~ m ( q  
m * & - r f & 3 w q , m ~ 4 h J P r m * m * m  
(density) W W 3 T m l  W 8 I p If W dk * %V 
W3-I W 2 I W W, 40 h XFll (reading) 

. (suspension) 4 +m $k ~2 my w 2 I WITTY, it 
~ m m ~ + r r c r r m 8 w m " C f t ~ J i . * ~ 8 1 ~ 4 a  
? T d ~ w w ~ ~ % l ~ w t a h w R i m m t l ~  
J P r ~ ~ ~ ~ m 4 ~ 4 o ~ ~ ~ m i m r i m  
h & 2 t  

iii) #Z &@(pipette Method) 

m m , m m ~ ~ m ~ , m m 2 0  
~ * 5 . ~ ~ ~ m ~ m ~ m 8 l ~ ~ ' ~ m  

jlW WiWFl  TTiFfb (sedimentation technique) ?J?l 'jVF Rim 
m $ 1 a f a f Q ~ ~ ~ r n ~ ~ f 3 i m ~ ~ d m i f .  
m f S i s r m 2 d i j f ~ Z i h ~ $ l * ~ ~ & J :  

' ~ l r c r * T m 8 F f ~ 2 , ~ ~ ~ ( ~ t o k e s ~ a w ) $ ~  
33 



d ~ i r  T$I 3 b4 w k (velocity, V l3d WTHTFT k 7 f T  d 8 )  
d~ WJT $? Ih l  (radius,r)& Tf & 3lT3mt& h f * f3i V = k r 2  
GE? k~ RJFT~ (constant)$ I h d d TFFJ WT JPI @ TR 
( h ) ~ ( t ) d g m ~ r l p - & q ~ ~ * * @ ( ~ ~  
l o c l n ) m r ~ & m m ~ i m ~ % l w m m ~  
~*$v&&d*$*@$*$*mm 
m J? d rn + ( 1 0 0 - 1 0 5 0 ~  r n ) V  m 8 YRWT ' ~ m  f;.m[ 
m 8 , ~ ~ ~ ~ w ~ m m m m m ~ 1  

M r ~ ~ & ~ m M ~ d & ~ 3 9 ~ ~ q a m ~ m *  
rrf;raa m w -rimn %, YTI"&T 3 F & d (textural class) $I 
~ d + ~ ~ & $ l ~ , ~ d ~ * ~ * ~ ~ ~ f %  
. m & d m d 3 i i 3 % m m q ; = r & m d d m & % 1 ~  
& f + d % ? m ~ ~ r n m r n - H J i r m ~ ~  

~ & ~ r d m & 4 m 4 k m f & d - v r m m m f ?  
.................................................................................... 
.................................................................................... 
.................................................................................... 

2.2.2 m ir: d 
$ &W fi F q d  (separates) $ 3Tijcm * W m  V, F d  d 

~ W F ~ ~ & W J T  I~PIT @ 4 h 3 f3% 7~ d (soil classes) & % I ~ ; m  
W h d i + r f d  d m m m q m ~ ( 3 ~ m ~ ~ ) & m ~ h m % d q n . i :  
3 I ~ m ~ ~ ~ h ~ ~ ~ ~ , ~ r n $ d $ . r m s r m ~  

J : w p f . n ; ; r & ~ 4 m r m m 8 ~ ~ a v h ~ g u f r w w k r . R .  
hm$I $Td*TbwW@*mQ%+'8, 3 8, m ( s a n d ) ,  . 

(loam) ST *T (clay) I * & d 3 % TCR d $ 4? 
f (rn 2.2) 1 

mm 
(sandy soils) 

m m  
(loaniy soils) 

m m (clayey 
soils) 

3v (coarse) (sand) , 
loamy sand) 

VFWJ 3;i9 3$ 3~ 
(moderately coarse) 

(medium) 

-m3f* 
(moderately fine) 

ar9rJi (fine) 

W& (sandy loam) 
&h q@ 3a 
(fine sandy loam) 

T ~ @ F  
(very fine sandy loarn) 

(loam) 
T G T l  V ( s i  lty loam) 

(silt) 
 ern^ 
(sandy clay loam) 
~ W . F  
(silty clay loam) 
qf;i;rJir (clay loam) 

V$ ?M (sandy clay) 
9 f i 3 ~  (silty clay) 

qk~chl (clay) 



n i r t s m M B B ~ d $ ~ m ~ ~ V i l ~ ~ ~ R P h  
' ~Bdirq?TmiftmB*m*m4iiTdtm*lIw~ 
' g ~ ; r ~ ~ r ~ ~ r n . P r ~ ~ ~ ~ B s f k ~ ~ ~ ~  

FZm 
gf9zha d-d~ 8 I 3 d * fi, 6hh frt (aeration) M @ (tillage) 
i f t * r n m i ~ * ~ ~ % l  I I 

i) f$fh (Field Method) $!7 $ d TI 3TTT 2.2.1 TI I&!&TT $ 
" d ' ~ ~ 3 R d T i W F l T ~ ~ 8 1 & l ~ ~ W V l T 4 i i T d t ~ 8 ,  

I $-d~f%qa**d***m$*mkm 
I 

fl 

i i )  S I ~ T ! T E I T  (Laboratory Metliocl) 
Tf * TFmmT zft m rn T d I  ji f&T qTn-9r.y. m m 

/ 2 . 2 . 1 ~ ~ ~ ~ ~ ~ J i T r r d m ~ ~ ~ l  F!?fh 
2.1 T I m ~ * m ~ r n 3 1 ~ & m v a u l i i r ? ~ i ; ,  

I ~ ~ ~ i l m J i 3 j ; m * T f ~ ~ i ~ ; r m R s r ~ m 3 1  



m 

@T& (m, ='R'%) 

& (alluvial) (&, q.-) - (Laterite) (&, *) 

a-67 (VTJ?', W.) 

mi (m, -1 

FTI-3 (*, -1 
TJ-?f7 (m, Mm) 

* *) 
TFfb (!$pRm m) 
wrRIM (e, W8@Fr) 

. 

* R i & ~ m m w * ~ . & * i % ; j r m m ~ ? i t i m  
? I f % ~  q,, WJ?I * W I T W ~ ~ ?  m.TA GRR 6 iti'-, -.FiSzm' (structure) 
~ * ~ r n i t l * ~ i f ~ ~ ~ * ~ l ~ & + t ~  
m ~ m m m H l r i l m * ~  

i - 
dit.s rrm 2 

mRm -.Fmt-el-;T (%) 

9 

10.2 

18.5 

62.5 

34.9 

52.2 

75.9 

38.4 

78.6 

71.4 

85.5 

m 

13.0 

28.0 

3 .O 

33.7 

16.5 

3.5 

44.2 

7.1 

15.0 

8.4 

m 
76.8 

53.5 

34.5 

3 1.4 

3 1.3 

20.6 

17.4 

14.3 

13.6 

6.1 



I )  ~h (single grained) : Jrl & W TJi d & 3;i9 
d~33i~[***&*m*h%1~3tf3w& 
m 2 1  

2) (massive) :  PIT dk 4 @ rn d &d 
(clods) TTI8T 8 I Z$ m k  T? & &h (puddled) & 3 
mlm: C - r n  (C-horizon) FR% I 

3)  .wpd%tl (aggregated) : 'it mul% & Gh?, v, W ~~r $f 

- * ~ ~ I ~ T J ~ ~ ! Z ? T ! ~ ~ ? J ? T % T ~ % ~ ~ ~ I  
f l m ~ * m * 3 - I 1 T m R 2 . 4 s f f i h m * l m $  
3fiET13 rn ¶% LGDR & -m 3, * (sphel-oidal) , (platy), 
fffiirfts (prismatic). ETYFiT? (columnar) BW ?S?t (blocky) I 

~ r r P f l 2 . 4  : @ t % ' 3 ~ 3 1 ~ ~ m ~ 7 ~  

' 4 '  

d (six faced) 
T r a m & ,  
TlnFm*m 
m m m $ ,  
1 o c m m &  

*.Ti 

1. 

2. 

- 
(columnar) 

5. 

m ' 

m T Q - w a 1 -  
1 0 111111 rn W, 
WJPVT (granular) 9T 
rn (porous), fT 
rn $ 1  

E%&I (liorizo~ital) - 
smz~ ~1-55~4  ah 
F J a m R *  

3. 

(splie~.oidal) 

(platy) 

rn* 
WFI 

em@??,? 
A-horizon 

A-2 
(A-2 iiorizon) 

&I (blocky) 

mfm 
(prismatic) 

3ffw 
8 nqq 

* P 

‘z ;J ,J r.. 

- -  " 2 - ' - " 1  * . - 1 
* .~,*?& : . <:g5%. " 1 

*. x ?7 *.d" - 5.. &" :&? .*" -.-" 

r'y-'" y '-C / -  + 

%.:.-&' [A"" 

~ B ~ ~ ~ M ; A M  
*-;r .$-& $)$ 

.rh t ,  m 
a-rn 
(B-horizon) 



~ q i f t ~ f l m f ~ ~ ~ p i i 3 ~ ( p o r e s ) ~ ~ 2 ~  4 W m g  
T I W 3 J r n m 3 $ ' ~ 3 ~ 8 * m @ * m ~ m * l * m  
~ ~ ~ ~ ~ 2 * m ~ F i f T ; T f t f P f . ? i f ~ ~ ~ j i ~  
a*-r - =& fT mpPT dk * +T3 d I Fd%T (soil aeration) 
. i f t ~ - m m j ; w d m * t ~ * ? ~ ~ a  
& d, mR f3i wgji m (bulk density) WJi WTS (particle 
density) W -C% 2 I 'j3-i & 3v m. D, $I fi W'WT 
(voiume)if $ TWTT (mass) * WT 3 VR.STWTT 2 R\7Ft 
q i ; ~ m ~ m a ~ r y e 2 1 ~ r n m m . ~ ~ ,  fimrn* 
q n w i - i 4 9 n f m b ~ R s : q n r n f i M 2 ~ & ~ ~ ~  
m W m f i * m h $ m * - h r n * l * m m  
~ d j ; 3 [ 3 ; ~ w h m ~ w f k a v k m m R - f 3 m 2 & ?  
3FmjT9F (pore space) gRT * Ekll Fd?dT Fd 2.65 g cm-" 
3W 2.65 Mg m-% 9m 8 I 

F 3 h arr ?- (pore space) & &I 3v 

m m * i f t ~ m 8 , m 3 ; [ i h t $ I f i r n & I m 3 ~ *  
~ ~ . r s r f r l ~ * * d j ; ~ * ~ r n * ~ m  
*# 

p y a ~ ~ a w 1 3 ~ m c o , W ~ ~ t & 8 1  +h?mjim 
* m * 2 1 ~ ~ 2 t S i m * ~ m m m m 3 $  
VlWT (oxidation) $ h T  . 

F TITI7 TST@ Qf?TN m- (oxidation 
reduction reactio~is) 2 d qFT if $kfT 2 3tf3  3 p 3 f%%y & $I TFFFI~ 

m.TT (oxidation state) $7 im W ?VF~I 8 I w aim 8, ?jf Fe, 
Mn, N TiW S $' V4?%T (oxidised) 3;i9 ~ e ~ ' ,  ~ n ~ ' ,  NO3-, ~ 0 ~ ~ -  &k +mr if 

1 VlY rnr T f W  TE? 2 iif Wd%'?i W (redmed form) 3~* . ~ e ~ + ,  
MII", NH4', S" TT ~167 2 I 

F i37 '* h &I EFfGR W W ~  (oxidation state) fraT 8 I 
m . ~ m ~ ; F * F i T T m ~ ~ r \ f ~ ~ ~ ~ * ~  
~ * ~ ( g r e y ) ? T ~ ~ ~ 5 1 " ; T T g T ~ 8 ~ ~ $ ~ ~  
Y ~ R ~ ~ ~ I * ~ ~ ~ * ? T W * ~ ~  
'm W$Td (alternate streaks) W T& 2 I I?-8 (mottled) d 



~ & m m ~ 3 F F R 4 ~ * ~ v F T ~ M $ ~ ~ &  
~ ~ T ~ ~ F ! T ~ ~ ~ % T ~ T ~ W ~ ~ ~ ~ ~ % M I I & ? F ~ ' J P T  
~~T 3 ~ 8 ~  v jfm$ ~ ; ~ I T ~ + E J  ( tox ic ) f r f t31  q w ~ r 3 i t  

(neutral) 3Ti C7l ' ib  (alkaline) qi7 jf ~ e " ,  MII" tW ?F4 ~~ 
(micronutrients) XFFi ~ & h  (precipitated) & d $ 3+$T WfT fi 
imR21 

* & m m 2 m q v t R s ; r m * m ~ m a r d i t d m  
jf fi?T XEFWT 2 I WTI? d & T V T - ~  (evapotranspiration; jf 
~ v - + d 4 - . d ? i d a 6 j f m m m m F m j a = n ) j f f i ? T , ~  
(solvent) jf 3ri9 jf 3tf3 R-Fit;;T ~~R%~3 i t  jf ~%FTR -ift tkfl 
f m ' J P T ~ 3 ~ R r n a t w m J P I ~ j f m 9 3 h -  
fit;;r frft 2 I jf (water content) & jf 3TlW? 93 3TW 
j f 3 T T m s ; r ~ ~ m r n * l m * ~ ~ - i f t ~ m  
( o v e ~ ~ ) ~ ~ ~ ~ j f ~ j f ~ ~ & j f ~ ~ & ~ $ l  EL3 

?FT 3 TW'W'T. F jf jf &H $a m i - i ? T  (0, soil water content) 
FEwm 21 

m m w * ~ , w ~ m d s , p d j f m m * ~  
FITBT WT 2 4'k $@FIT (capillary) jf GIT & ER $7 $3 jf GRT 

smrrsrrm*lEL3*m$~"m$mmm*m 
~ ~ 1 ' ~ ~ & l 3 i ) ? f % w & m d m 2 1  

j;%ttvj (soil capillaries) dk * -.rft * 8 I 
$f%TJl3it-iftm~m*l 
&f$lW&h 4 & (air blockage) $I'd' 3 I 

m m ~ ~ ~ ~ m m ~ ~ & m m q r n s ; r f i t ; ; r r n 4  
G I T m m m 2 1  

5d (electrical energy), d (potential energy) 'WT d 
(kinetic energy) w JPI d (free energy) ~ V I T  & WQIT 
(energy status) TEZTKV 2 I V T F  d 3mw (standard reference state) jf 

52TT TJG 53 * p ?iAf $ qa GET 6WUI (soil water 

& r n f m r f S ; ~  
m (surface-tension) 
G=hm*m+Fh 
(perpendicular) $W$ 
d * d ~ m  
$m*qffYlWFTh 
m 3 1 & q & *  
n * m m  3f 
qa;yrmTRI*m 
h (surface 

arm) w m$ d 
$ f ? T q 3 m d  
(energy) $ 3iP 
sff;nmWm$l 



potential) FGFTRV B I 3 p$ * 1 Relft Jth dTRkKIT W W GSTIT 

8 1 $ t m m * m z y [ ~ z m r ~ R ~ l m m ~ 8 ~  
3- (free water) lPI d ~ i i ~ e ~ d  & T ~ H  WRWRT Riql TITIT B I 
4 7 3 % 3 7 ~ d $ m & { * ~  $vm.rr;fi81p~d?R 
qa &?l (farce fields)* d F!Tl 8 & 3d T l  W Zkil % I  fm GET 

d dfl & aF[ th Z h  8f@iV (solid matrix) 3Q7T El? & W &, 

3 d n ~  d;r w 3 M (solutes) & d a T R  $ iiil~ol EH 3 I 
f;MJ m: -3 f$4a (matric potential, Y,,,), 'is,- 

(gravitational potential, Y;), 3W W!RlVT (osmotic potential, K). 3 I 

. l a f ~ r r n R m r $ & ~ ~ . 3 ~ C i . r 3 ~ 7 ~ F T m  
(hydraulic gradient, & TiRT 37 & TWI 32TT 2 m J T  & 3lTfT 
m m m ) & m p - m m w r q m ~ d w ~ M 3 f = W & 3 i t 3  
m * 8 1 ~ - ? R R ; r & a n ; ? . M 4 ~ ~ ~ + m . m u s r f r m  
8  I $ WFfI 2T GlFl fi (field capacity) 3  Ti3 $ I W 
~ * m ~ m * * ~ ~ m ~ . ; r m ~ & m * *  
d Jw;r (evaporation) & & 8i 3 I TR$ & W ;if t!l 
m & m ~ m - & m B ~ m q z ; r ~ ~ Q , d m ~ l m  
= i 4 d ~ & & M ~ ( w i 1 t ) d 8 1  m I I d ~ w 3 ~ 3  
v f & r ~ m n * 8 , & R m & m : ~ R ; I - ~ y m y ; A d $ 1 ~  
~ 4 3 t ( . ; T f t 8 T ; f R . r ; l j t ? M ~ t i ; s 3 f ~ 8 & 8 * w & m ; r  
m f S r v r w T i t ~ r ~ 3 ~ ~ l ~ m w * q ~ ~ * = i 4 1 ~ * ' 5 ~  
(wilting coefficient) VVIT h W$l J&RlTi (permanent wilting percentage) 
TGFfld? 81 * * d %m d (micropores)* flm & d $ 
~ * m s r m B & * ~ ~ * m m * ~ 8 1  

¶Fi VEF4 T?t (plant available soil moisture) 3TW WEPT G W  

(total available water) W W th (plant root zone) * 33 & WT W 
3~ &qi: (fieldcapacity)$ *$  TW ?m 5tT6'3 @ & $Trl & 
W T i ? * T ' d 8 1 ~ ~ ,  K,,Wmma**~** 
+F[jrr $i FW%i rn 8 3 qi: Vli%Tf (field capacity) TW * 

(wilti~~gcoefficient) m 6i i; * ?Ff % I  3 
* m , * m $ ~ ~ m w * & % .  plm,TiaTT 
T ~ T T T F F w J ~ ~ ~ ~ ~ ~ ~ ~ ; ~ ~ ~ ~ ~ ~ I ~ ~ . ~ * v w + w T w w  
~ vrkn m $1. 



Tcxlure of tikc soil 

M 2 . 2 : + ~ r ; i & . Z r : a F ~ a & m q ~ m $ d h m ~ ~  

b 2 . 2 * 3 % m m 8 B M - M m ~ M d ~ B , ~ *  
g a a z r r ~ m g z ~ 3 i t m v m w ; J I P I m ~ 3 ~ m m m * m m 8 1  
k ~ , " r ~ ~ m m m ~ - a d ~ m ~ m m  
~ ~ l ~ ~ * m ~ a m 3 s t ~ " ; p I ~ ~ ~ w * ~ m  
4 m w B 1  

~ d j ; 3 r 7 ~ m ~ ~ r n ~ r n ~ 1 ~ ~ n m ~ m s r &  
F ?th & m w % & bl (hun1us)rf 47 W f h l  F R  
m T# &T a?rr dd? 8, ?%$~f FI$I (wilting coefficient)$ 
Y R ? r 3 7 v i f m ~ ~ 8 ~ m : m ~ j ; ~ ~ m h ,  
m m ~ 9 3 ~ e ~ , ~ ~ 9 3 & m & i ; m * 8 1 ~ 3 i . ~  
a & m ~ - ; r & * m * m w m i t l  

%&+ (biological parameters) f%Fd Ghf@Ti d b  Y T h f k -  *, qrli JiT 
. q ~ x . F m ~ ~ ~ ~ ~ ~ q z r ~ m ~ ~ w m ~ ~ , m  
3 $7 (fertility) rf s l r j $  w,ffrllit % I  qZI * 2m 

(macroorganisms) i$ & 3 h TT TIWT * dl? q M  
(microorganisms or micrdbes) 3, f;r;f f%$ qm 3 h T 8 I 

4 1 



9a 
3&q3q-y@T& +.a. bif?b~$~ (J.B. Bonssingeutt) 1 8 3 8 i f ~ ~ W ~ ~ m @  ? 3 Vm dTFl'l W & Ffhl 

(legumes) & +W t RT qgEis& 'fil * M % I 4 
GRI ~ T F  rn 4~7r~Pm d'k763T (M.W. Beigeri~lch) 3 d?d aT;; 
?ff&t?T& (root nodules) Th hTCT Th iit aT;; @ d' ~ I 
m * ~ m ~ % r * ~ J T R i s ( i n e r t ) * m % * 3 W h ~ m  

t 2 3 & 3 $ FTf?Tl (pulsating) 8 d' &W VfkFim (viable) 
3 i ' t 3 * ~ ~ , ~ ~ ~ ~ ~ ~ 3 q ? . ~ 1 3 * r n r n ~ j ;  
r ; m ' ( F q 3 - r i T i m & ~ i m * 2 J f h p i f * a W m m  
M # 2 l  

p M d + 1 ; r g a ~ i f ~ h ~ 2 3 2 , ~ ~ ( s o i 1  
flora, d * m) vv F (soil fauna, & $ m) 
d d $ V p (macroflora), 31,H 'm 
(microflora) , p (macrofauna) TWT TW 5T@KTkT (microfauna) if 

f h T  Tmr 2 I '(F (surface soil, 15 cm TFl-ii *) if m 4  
3 ; i 9 * Q r q ~ ~ r n * * d M 2 . 5 + R s r . r s r % l  

G h  Tim 
afa d JREZ q h r n  

L I ~  (bacteria) 1 013-1 0j4 1 08-I 0' 

{-hi (act inom ycetes) I 012-1 0l3 10'- 1 o8 
W/'T (fi~ngi) 1 0 ' ~ - 1 0 "  I 05-1 o6 
k (algae) 1 09-I 0'' 1 04-lo5 

MW (protozoa) I O ~ - ~ O ' ~  1 04-lo5 * (nematoda) l0"lo7 10-1 o2 
(fauna) 1 03-lo5 - 

(earthworm) 3 0-300 - 

@ p + m * m M w d - ~ w d h m w & +  
8 1 d a m m & + f + m m 3 f p q ~ & M + m  

'8 dk & + &&, p -I (aggregation) , Emm 
(cation excl~ange capacity), W, 53 VWJT 8TlT (retention 

capacity) ifmfim$I 
d T w M %, f k d  $T (compact) 3t13 d' 
2 1  ~ & ~ m ( d e c a y ) f h r ' 8 d d m ~ m i f m & q h ~  
~ $ l ~ ~ q * i f * , { ~ , m V l ~ k 2 1  
3 3 & ~ ~ m m 7 f f v f t 8 1  

-(bacteria); Vd * wftm if W * ~ $ 7  p * 3 I 3 * 
(primitive), qw, & f  (unicellular) * dfl 3 dkkl 
(chlorophyil) 78'l $ I if Vd WFJ 3 f%FiW 3lkRi TFWR 
m ~ . ~ x ~ o - ~ ~ T ~ & T % I  m p + ~ ~ e f S I i f m 3 0 0 *  
3000 kg G?l'&f GfhFJ Qrq Wd 8 I 

&ITIT y h  (clay) $ ii WTT (humus) CSIYM~T 
?i78 $ 1  p if FlVffm F$lPtT! TTq Mm (climatic 
conditions) f%k 8 I m, WF% @ $ i; m: -i;m7m 

(nei~tral) & & qTEzm 4 TFX W?t 2, f%7'WT pH 6.5 7? 8.00 F h  8 I 



qn (heterotrophic), 4 WF?i d Ti F F h  Tf&?f 3TdkF 

md 3 &?I 8 37W (autotrophic) fT WTd -8, d 3W% & 
m b i ~ * , m ~ ~ * * , 3 t t 3 ~ T w m  
? $ % T r e m * m & 8 1  

(acti~iomycetes) 3 8 GfT d?PJ (bicteria) TiW -*m- 
rn (ray fungi) W 

KF&@TT mf (heterotrophic-aerobic ) * & % 3fk & @ bi rn . G?FTJJ (thread bacteria) "-Sf 
m, (optiii~~llii moisture) dk WIT (aeration) * 3 5 ~  & + I  

*1m~1-15.0*mfrsrr%Tir3;~m*mmfTm%l 
? J ? i ? t F h  77% TFFR & Td%5 TT$ (degrade) 8 
~ i 3 + i = i - r ~ 3 t t 3 m * f f F ; T ~ ~ m ~ % ~ ~ ~ ~ ~  ' 

q~ &ft % I W If f%?d d Tid%F Wd%& (residues) F! & 
31'h TW (fiuigi) WWFT & 8 3tt3 3 d % I 

mIf, f , - b r n m r n m 8 % m ~ * r n f T ~ a d  
~ ~ ~ * ~ m 3 1 ~ ~ W ~ * % l  

m(fungi)mm**dm*+&$~dm~$$ 
qa TET$I (tissues) 93 FFF~ $ EF$ (sapropliytic) & 8 I 3 
~ 3 i t 3 t i 3 m h 3 ~ ~ F ~ M 8 1 * q n I f & * ~  
lo5* l o 6 F 5 d 8 1 $  ( ~ 2 . 5 ) 1 ~ T b W ~ i f ~ ~ * W i d T ? i %  
d f + ~ r m ~ m m : ~ 3 3 ~ 8 h % 1 3 ~ m  
d ~ & * * ~ , r n T z r r ~ ~ r n ~ 8 d *  
q r ; r ~ 3 i i $ ~ 2 t 3 1 . ~ F t 8 , * ~ ~ f r s r r % f 3 i ~ 9 i ; r ~ ~  
TZFF&IT~I~*%I w?rf%3sF\riRcr~q?aww@rfWiH%. 
*&pIf*Tv~~md*v*JpT- 
?$& * I m, T W P  (aeration factor) bi -- F2g3 +Ta;T (coarse 
textured) TIE8 * Fk?5T W%& ?a;r T$l' y$?$Tl. p d&ll 
dhi &ft 8 I - p 3f%f%T (optimum soil reaction) 4.5 * 6.5 $ pH& 
~ d 8 l % 1 k " - P T , ~ q n m 9 . o m m m ~ ~ ~ m ~ $ 1  

h (soil algae) q ! ,  d (chloropliyll containing) F%l 
% d V??TFT (cl~lorophyl lous) W7T 2 I 3 ~ l f i  (phototrophic) 
qdWr&Ft84m*mq$$mm*dm&%& 
z l T 9 4 S i ; R 4 ~ ~ 3 1 ~ W ~ J i F l j ; & ? i h ; T ~ * ~  
2 I p h ij%h & i; 4 IfW m4 (filamentous) ?dW 
(coIonies)& i; If JpT ~ [ r m  F! w GTF~ 3, b ;FFPT WT & fm 8 
&! d @ & ji $I W $ki 3 I $h'lT Tdtf%?l (Iieterotrophs) $ 
W If p &? $i mp T d 8, ?%$I$ (symbiotic) &?l 
8 m 3 T = 4 ~ * ~ 8 1 ~ ~ l w g g f r ? . r 3 1 ; 6 * 3 f S T ; R m * ~  
* J I T ~ R T ~ ~ & ~ . F ~ R M ~ % I ~ ~  
& f 3 ~  p1-1 WR? (straills) $ f $ i ~  %-PIT h 2 I ~ E T  9i;r TI+FV & 
f ? J + T 4 % m ~ 2 , r n m q n i f ~ *  
(biocliemical transformation) If mr $FKW 3 I 3 qZ[ 3 ~ r f  
3i[3 if -&?i 2, m-m $h'E? (blue-green algal) d V p If 

WTT 9 M $ I a W p w &'T EFT (tropical) 
R Q T ~ M & ~ ~ ~ ~ ~ % I  

= l q z F l Y & r n ~  
(algal 

population) a FSf @ 
iqcl=bhi:w 
(weathering) * I  

(symbiotic): 
~ ~ ~ + h  
w f k T ? W ~ - ~ + i  
mftrm21 

If ?& d p (soil fauna), w WT$T * @KT 3 
~ & * m * % l ~ ~ g f i r m ? q q n ~ m 3 , - m m  ' 

W .- (niites)W FETT fr W % 4 qa W $Im W!'$ 
~ I f a i z t ? f f 8 ~ q m m ~ ~ m f m ~ * q ~  

I 43 



w h $ ~ a s f m m ~ 3 1 ~ ~ m ~ w u ~ 3 i t * ~  
W $67 *, d & m-& (digestive tracl) d?Vl ?&I $ I $ 9T;T 

r n ~ i t R z m r ~ t t 3 d k t m m m 3 ~ i 9 3 f ~ ~ ~ i t 1 ~ ~  
J i n i ~ a ; ~ ~ ~ ~ i l l ~ i q m 1 @ ; 4 m f * ~ * m  
TIT 81  

&gr (eartIiworms) : GZpfI @ 'R$ 3, f=r;rJPr M m, 
3 m 1 3 3 f t 3 . M m m M * 1 3 * ~ m d * w ~ ~ a ;  
m ? w q i r m ~ & d i f t a r ~ b ~ ~ ~ l r m r f * m m $  
d? ~ q 5 ~  qz7 w) (granular soil aggregates) $ 7?? 3 9-6 J: WzT W 
R m ~ ~ ~ R s r m 8 & ~ ~ m a f % r h d 4 j f * $ 1 3 G k  
h d w e & 2 M * m M * j i * - d  

m 3 i t 3 ~ ~ & * ~ 1 3 * . m m q n 3 i t 3  
&$% qTP 2 h$l TV q W  p d? (lime) ?TT~$T h 
8 1 

~ r n ( n 1 0 I c s ) :  rn 3 3Rm mq33 j; rn & h TT m it 3 
b z  jjR~ r& ift T$ 3 T p - r  (subsoil) $ & * 8 l 4 ihffsms 
*&smr* -M* l  

YCT dZ!hd3~~ (soil protozoa) : $ ?%h dkT?Jd * & && 8, 
WTV - (microns) 3f $FTX $E?P?RY TFF w , ~ 3  2  I 

5i?dG??W ?Tfl (aerable) qnSh 3 a & $, ?X;tr;F T b T  $ ji R 3 
F ~ & T F T [  f?d TT 'i9fn TI 3 d 8 1  I (fertile) W T & ~ Z T *  
i o , o o o + + m  ; 3 o m m ~ w ~ . m q n + d ~ i t 1  q n i k h f ~ w  
m ~ ~ R m * ~ , ~ ~ m m c r r q ~ * ~ q *  
@ ~ ~ ~ . ~ ~ ~ ~ ~ ~ ~ ~ w ~ ~ ~ ~ ~ r n  
= & b - i m t R r 3 ~ a w f f ' ~ ~ d & 3 , ~ 3 m p ; f  
qm c l l t ~ l f i v l l r ~  $ ?@m d TTIq P5-l 3 if M 8 I 

Md3 (nematodes): q-GI 3 rhihi~ $ j;ar;; ?T& 3 l f k j  if d d 
2 I & - (eelworms), (tl~readwor~ns) 
(roundworms) ift d 8 I * Ch W%$l% (decaying) 6 $t E h  
3 3 9*& (sapropliylic) FFFTC? %, Ch &J$ TWIT w ~WR?S rn $I 
2 $ W& (predatory) a W  G f t  \Jnl 4 * & 2 3 
(pal-asitic) d 3 I d 3 if 8, 
~ m - 2 r ; i f v j @ j i ~ @ & ~ h * ~ ~ ~ 3 M 3 -  
m*b&$&***p3&d9T?TCit&M$ 
GQ F ~ T  3 I FFE~ ji & F+ET d (crop rotation). GJT$ 

(ploughing), W&%T F&&l TW EE?i (oil cake) rn $ * 
~ m t 1 M d F m f ? m M m & ; ~ m M p 3 M  
(nematicides) ~d EfiT;T (li~migation) h 2 I' 

T (vir~lses) ; m !  V!d%ft (~~ltramicroscopic parasites) ';PT 4 
I?+?? & - (~nultiplication) & & -cPrFim ms?rgt (host) * 

m m ~ $ l m 3 ~ 3 f & * * 3 * 3 ; f w * f l ' ; r  
311,- (electron microscope) * & &TI TT sfT i? 1 I %T 3 -* 3P3 (~i~lcleic acids) # 2 4 $7%7 & (shell) 3 E?? '8 I 3  
MW (parasitised bacteria) d ?? 3;f 



d?-ay'#bfi (bacteriophage) Td  3 I 3 @ $ f&? $idTJJd dd 
(r11izobiuni)d % ;rF3 &?l 8 T[t W ?? - fi & $ 1  

i $ a m a w p * m m ~ m ~ t J m 4 h W a i m ~ $  
& w m + p T * d m w d 8 3 f t 3 m M & 8 1  

q s r ~ a , R m ? , ~ ~ ~ m $ m m a w q d $ ~ i l  
' ~ ~ ~ d , ~ m * $ m m $ ~ - . R P s R ~  

~ ~ ~ ~ m ~ ~ ~ ~ ~ ~ r r n , ~ ~ ~ ~ ~ ~  
* " ~ f m & m $ , m ~ m ~ & p * ~  
(huniic) ~d -cFT Vk thT.  T2$K+7 -cFT d-@TbZT (fixation). 
3 ~ i v R ~ ~ 3 ~ ~ m 3 ~ 3 ; i s i a 3 . T a 2 ~ ~ q ~ i * m ~  
(granulation) 8 I f%4%k~ a ~ d  3 F V ~  ';nf $7 ~ 8 1 

d w k  (biofel-tilizers) : %& $ WG$f (cultnres) &d' 2 %l77T YFFbT 
3msf f?m 3 d h ~   WIT qr;[ d * (inoc~llate) & $ f3rsr TRT $ 
~ m ~ a d J P T ~ ~ r ~ ~ ~ ~ m m ~ ~ ~ ~  
& ~ q ; 9 r m $ + ~ m m ; T f t * l p ~ & ~ d ~ ~  
d ?rm W (flx) * ??. 3 31FJFi?flFT (insoluble) tfW$Z 
d y- (soluble) FF!~ sf W W d $ f&? Ji3 %I 8, 3 
rRTFif * UTG E F 7  & & W R d k  W TFGf 4 $FN'R (biomass) Vdf%f 
d 3 3if3 FdYZ (con~post) Jif3 V d  & (farmyard) & 4 $ 
bJPT*d & i m % I 8 1 9 R p a w m -  
(substrate) 3 4 dh YTTRS~ 7 fr at d ?33T WVET Sf W!%%tT 
(inoculate) f3rsr GFT M TFI % d 31% a 
(accelcsate) h Tl TT$ I 

Yrn vi%?FT (soil aggregation): G f b  p $I %RR ?ftRi %&?lTT FFF? 
~ , ~ ~ - ~ ~ ~ w w ~ ! ? ~ ~ ~ ~ I &  

2.3.2 3 F Vfl'W7 (gsilnulation) &Jd * & d * W W I 
m & 7 F r & m ~ $ m ~ ~ ~ d m M % 1 ~  
%d f%%i d ir;; (gum) dk $&hkh$G (polysaccharides) ";R 

7- (soi I aggrcgjtioll ) & 8 I @ij&??i&%3 (A~otobactcr) , 
f d f s i  (B~ijeri17ckirr) T q  ~ ~ $ i j h % ? 7  (Rhizobizm) W 3FlTFT 6 
nhfhPJd$m*l 

%'?W?VT i~%# (c~~ltural pmcticcs) F 8 8 ?QFT T! TWIR 
~ ~ ~ ~ & q ~ r n ~ r n v s m r & & $ , d m r n ~ ~  
~ ~ ~ ~ s n s ~ r n m M ~ r f t ~ ~ ~ ~ - r  
(unhvousable population balance) W fi TRT 2 I m, 3Fd'h pd' if 
SEF? (lilning, ~ERV & & @ ?/ WFIT) $k Sf f\;mm 
(gyl~sttm) w V T ~ T  & 3t d b ~ ~ d  Jft * 7FmPI F M +?I * 
(feltilizer) .fiq 73K (tnanure) rF 4 %W?l W R  'ilW qm GW@Wil T? 

w*21 



7 f r i i 5 3  (colloids): 3 
3-l Gmm WIT 1-100 - ( l l l l l )  3if3 FFR 
d - w *  
h (surface arm) 
dm * I 

2.4 Rltld 

d ar $ % 5-& (Ealfl~ omst) ift & (rocks) dk 3d%?t (minerals) 
m ~ $ f h m ~ 3 ~ - ~ 2 1 ~ d 8 3 m p d ~ ~ R F r t . ; r &  
~ ~ * M a f t \ 3 i r m m ~ w l ~ s r p ~ ~ ~ ~ *  
~ ~ & r ~ ~ r n ~ * m ~ + ~ ~ ~ 7 5 % ~  
d m F 3 ~ l ~ r n y , ~ r t ~ * i f t ~ ~ ~ 2 1 ~ ~  
* . r m ~ 3 ; i 9 * ~ & m m ~ i i a ? l * 2 1 -  
m r r r m 3 i f 3 m ~ & m * m * , m m  - 
mh7 3fk TJFE @3?78 FFVT d8l 2 I (primary) dk &dhV 
(secondary) &%h & 3;i9 3 d?Vf%?f %T WTl 2 I 3FKR f&%WP * W 
q j ~  3 ~ m  mqi% FWT WTFI (iron), <* (aluminiu~n) 3if3 l%%$ki 
(si~icon)& aWm & wv h TITIT 8 dk 3Smm 0.002 111111 * w 

2 I 3 $%w w (clay fiaction, 73 %kff?S) h 8 d q m  
& (clay minerals) 8 I W (Tdf%@ m) 3;i9 

TF3lMk*3;i9*q3it&m*2laww*ma.rrti2 
3 i t 3 ~ ~ ~ ~ f T d 2 d ~ ~ * ~ j ; m ~ q ~  
R W  (soil h u m u s ) d I  81 9- * & dFfkS9 ?d% ~ TKTS 3tf3 
v d & TZ$ @ d & ET;Tm? (cation) dk (anion) $ 
m T i ; m - m 2 1 * * , - 3 t f 3 * m  
m l~ .R3 ; rmd~&pr21 -?d%~%**  
m ~ * j ; r n m f l v * - & m * d - m  
2 1 

2TEwmr y m  m 3 it m 7Rr <it7.illccl* ~$m$$l d8l 8 - 
~ F C i d ? 4  (tetrahedral) 3tf3 W E E d h l  (octal~eclsal) I 
s ~ o ~ - ~ ~ R G ~ ~ ~ ~ ~ ~ * M @ w * I ~  
& y T - l ~ & m * m 2 m ~ . m a w ~  
m - 3 ~ m m & * m * 8 1 ~ 4 2 1 d k  
~ H m - m m $ ~ ~ ~ m ~ m s ~ 3 ; r  
~ ~ ~ ~ ~ ~ ~ . ~ ~ W W ~ T ~ ; ~ S ~ R G I T W W T ~ I ~ ~ ~ ~ *  
e m  (dioctahedral) Wi7 & 8 72n. FF?l WTT d 

(trioctahedral) W & 2 I 

-4 (tetrahedral) flW (octahedral) d i?@V?2 y$?VjTd $ 
+~TFFIT 8 I a (shared) 

~ ~ q d & m M ~ 4 4 f i ~ b ( * 2 . 3 ) 1 3 m 3 i 3 - s m  
- y f 8 T i d & m * m ~ f l j t ~ ~ m s l  



Tetralledral Sheet Oxygen or llyhxyl 

' Qulahdrnl Unit Owhain1 Sled 
I 

I 

b 2 . 3 : r n ~ m m a m  

f%f?+$d & 3 3- (architectural) ST$  (SO:-) f I 

R R = ~ l % f $ d d d m ~ 3 ; i 9 3 $ p  ~ i o : - - ~ $ r w * 3 $ - m r &  

* : ' . & w m 4 3 * f $ r q l r ? l m * l & - M *  
(contin~lo~is chains) TT& 3TWTT RJf f3rffs. (three diinensional) 

& 3 4 m f%k WT~I 2 f3i. VFmfk (linked) 
~ i r ~ ~ ~ 3 $ f r r r r 8 1 - ~ ~ ~ ~ n 3 m ~  
(geometrical) F47 (electrical) TTVFh' $r d?!T (interplay) GW 
**$m*mj;TR";Rqd$r-m*l~m 
t Z n l r r ~ i ~ p * 4 m a 3 2 ~ ~ w ~ m m m d m *  
1:l r;lmT3 'ij: Cd%i ? I  EETFPTT: $df$Fi (kaolin), WTf$ 3 f%FZ7 
m m w ~ m i f ~ E F P m m * ~ Z i ~ M * ,  
2:l m $ m ,m 2 FRlwJm:, m 2 c i 1 1 r  6 " .2 

(montmorillonite) I 
d ~ ~ ' & ~ w + # - r m a f t ~ w ~ ~ ~ M & m i h r ~  
*mM%-iirz:1:1 m * * m * % l m : # m ;  

3RM (mica) $ W (brucite) & W Fh? 8 I 



(ion exchange) F (reversible) f I  v d  *,& 
+ ~ & ~ T j ; m d m d r & R - R m m ~ & i % ~ ~ r d k ~  
mdih f f t~*~Tj ; * * ,d , -h*Rmmd 
i W m m & E m ; m ' r 3 ~ m m m i t 1 m f f i f t F F s * ~  
4- (cation exchange) iFiullql (anion exchange) 
~ M Q ~ m r n ~ ~ ~ m ~ f $ c ; r m * ~  
~ & r n ~ ~ & 3 l ~ & ~ , w m m . s 3 ~ w  
~ ~ ~ ~ % W T * . ~ H * ~ ~ W Y % ~ ~ I  

v - ca2+ + 2 ~ '  -t F:: + ca2* 

v ~ i ~ r R f % ~ e m ~ i r  VT%%CT WFI? & $l s?m;r f%f%T4 M (cationexchange 
. v$f id  

m 4 m  capacity, CEC) TGFRfl 2, m: ca2+; M ~ ~ + ,  Na * , K*, NH: , Wf? I 3 T$ 

3& (cation ~ & ~ R - b m ~ ~ * ~ * ~ ~ ~ I * d e ~ ~ m  
adsorption sites) $t l%b! T?i% 8 ilV fi W (oven dry) 3dT & 
i + s n $ m 2 1  (centimoles) & 3;i9 if $7 f I  (monovalent) 

. d (divalent) (trivalent) Ems?t $I 
* r n 3 f & m m m m f l m ~ - d * p  
f ; r , ~ a v r ~ 3 T m ; r t ~ ~ ~ m ~ : ~ m ~ & i - 2  I 

V$$ (sandy) pif $l GVFf f$hW (CEC) $kiW pd  3 W f 
~ 4 %  3~ (coa~se) W vd * dk * +mr.- 
mM-21 

~ ~ i f ~ ~ m m ~ ~ ~ ~ $ ~ ~ ~ ~ $ , 6 . 0 3 . ~ ~ ~  
V ? ~ - ~ i l ~ $ ~ & R r d ~ ~ m E h T f ,  ~ ~ . O T ? . W ~ H #  
m a P m ~ ~ 3 T l i i 9 1 y h ~ r n m f ~ f 3 x m t M ~ m .  
ftWi V@ (exposed hydroxyl groups) 3f FX$bFT W SiRWT 
(ionisation) f I %? ";R, W ppHT * 8FKT m: W7 

' ' r n h  
4 ; r m ; r m 5 " w ~ E h T ? a r ~ 3 F q n $ * -  
~ d ~ ~ 8 1 ~ ~ ~ r m ; r ~ , ~ ~ ~ &  
~ 8 I ~ ~ ~ 1 i ~ ~ & f h y , ~ ~ ~ . ~ ~ ~ p ~ ~ a ? r r f t i l i m m  

8 1 4 R R R r T g m f t z m 1 ' * m M 2 d q i ; ~ m f T m 8 . M  
A)'+- fT W F ~  2 3th sndr* j; M (toxic) 

t r n % l ~ ~ i h ~ T m i i m r ~ ~ * W p m f T  
48 



2 I * * $ ?m (aggregates) d zf ~ 2 f  
fraT 8 1  

. yGT $ MWT 3, . ~ G T  h 78 TlkT EFRll (nutrie~~t storage capacity) & 4 . ( s a l i n i t y ) & m & m & z f ,  . @ ~ - m W & 4 , & 1  

~ z f ~ $ ~ 4 m ? r ~ + d M f ? r r n m ~ 3 m T T ; P I + r n ~ $ ~ ~ ~  
~ $ 7  aiflVT TT l W-W f%Tr27 (soil-water system) GT ptl WWll (soil 
phase) $ -\mR- -I' & & 3im Jil (approximate 
measure) dTil 2, TE? 3 Wf$$&R (undissociated) %&I 3 I qi3 (soil 
acidity) 3FFF8T (ionisable) 3FFfl 3TW rkiht (protons) $ VFT 
M ? I ~ I - I + ~ ~ ~ ~ ~ ; ~ ~ A ~ ~ E T ; T T ~ ~ F + % M ~ S ~  
~ m z f a a r s r - . m r ~ 1 ~ , * ~ f S i ~ 3 m + m ~ 1  

~ * m * q 7 = ~ m * ; m W m J i 3 i S ~ , ~ ~ : - m &  
& $ J7730T Fkb $ 1  w m  pI-I(<5.O) T!- ~ $ 7  . 

? dk AI(OH)" & i; zf W ((hydrolyse) fT W 2, d HC 
f%$R (laelease) 8 3lVRIl $ ffrC 3TRT$ 81 5.0 * 6.5 $ 

p H W  OH- & ift Ed?-&?'$ m, AI(0H); 3im?j 4 
m ~ & W ~ m m d & f r m ~ ~ ~ ~ v r r ~ + 3 ~ 1 4 ~ ~ ~  
~ , & ~ & 3 E i T ~ 3 t f 3 ~ ~ ~ 1 ~ ~ d ' ~ ~ ~ ~  
FmfafQTw*3fxm*: 

1 * m ~ ~ c n j ; ~ ~ a ~ : m 2 3 T ~ w * ~ S i m m  
? 3 t f 3 ~ ~ * 3 i 9 3 E $ 1 S . r n * l  

I 

2. Qf Jil W -8 $I CO, E?F%j? W (carbonic acid) a;lT 
I 

I h 8 d ~ ~ $ m v z f M ~ i ; ~ h ? t 1  
I 

Na' - + H1CO3 + H+ - + NaHCO, 
1 

I ~ r l ' ~ c l ' ~ ~ ; f  S 0 2 , S O 3 , ~ 0 1  W - \ m R ~ M % d , d i j f  
i W zf gT;TzF3 H2SO3, HISOJ TPIT HN03 FMI' 3, M iFi 
1 



WdVi IF 4 %?IT ?3& $ i;&T (direct) 3 W  T!~T (~ndirect) WiT 
TFZf @ & W 4 # $, -& d%VT (magnitude) $?f%7 

A v f t r d r a w m m 4 m % & & * l m ~ + g i R ; j t  
(legumes) 3 y;q & v CYEIT CWR 8 I PFI? w $7 
m 3 n w ~ r n r r y r ~ m i t 1 ~ ~ & i ; ~ ~ ) ~ ~ w ~ - w a ~  
m * ~ , m , w 3 ~ ~ $ 7 ~ ~ m 2 1 r n - m M i t  
~ & & m m f r . t m p m m 9 % ~ & ~ m  
$2 & f?i"? d%l%T %*? (so11 reaction references) # 3 I 

qr;7 &llWl W V$% (high base saturation) ?VSh' W, F#XFf & i;V 3 W  
3 x 3 m T 3 t t 3 3 i r R 9 9 & ~ m a 7 A . $ m & f i 2 l ~ *  
& m ~ m * @ m * :  





6 .  ~ 3 F R ~ d 2 f & h ~ ? j j ~ W F d ? E E Z ~ @ k i ~ ? $  
&*h? 
i>  ~ ~ S i r T ~ ~ % ~ n j : d d . S i  
ii) d w t f  
i i i )  d M - $ F ' & & b 4  
i v )  ~ . ; r r s 3 . ; f i i n $ d i % & ~ ~ ~ ; f  
V) di m-TR-~TYT &T 81 



i  
i i )  m, 3~ 
iii) 'Y&Tr" 
iv) m & m m * * w 2 i r . ~ i ~ - l  

I 3. ~ I ' T  i?i&? 8 ( i )  p ?FZ \jql9yy (redox potential) ( i i )  5F W ~ 
( i i i )  * 3- $7 @ I 



6. i) * * 
i i )  rn 

' iii) rn 3~ 
iv) ~ ? r u r ~ - 8 f h % ~ ~ d d ~  
v) v - 

8. ~ ~ p ~ - ~ 8 * ~ p ~ ~ ~ ~ ~ & ~ ~ ~ m m m  
(depleted) & IW dk & TQlT q3 3 dli&m WTT wm~ ~$ZW 
* ~ ~ r n - d ~ ~ + ~ m ~ d k m m  
* r n * m m f T m  



~ ~ * m ~ ~ & p ~ ~ w ~ + ~ ~ ~ ~ &  
f ; - ' tgF.r-r i -*d&i;v-i ;vM*&dd$d* 
~ ~ 1 - q w ? r & 2 i p & 4 f ? m , ~ a z r r ~ - ~ d d ~  
~ m j ; ~ ~ & m - r i ~ w * f = r ~ ~ ~ ~ m ~ z r r ~ - w ~  
& FT 6? FFfkTIT (fertility) TP7l .TT ((productivity) & j;$ W WTf 

*I  

TV Jjt d7 (fertile) TIT W '8 $ d?f@f&d 4 
~ ~ ~ ~ ~ ~ 1 f h " - f f ~ ~ ~ 2 n . ~ ~ ~ ~ I f  
~ m ~ m * l ~ * w * ~ p & m ~ s ~ m  
. 5 " i r * ~ B d d M m ~ * * & ~ ~ h ~ d  , 
* m 3 t 1 3 ~ r f m & ~ ~ w ~ ~ ~ m m , m q q n , ; [ r R ~ w  
p 6 ? . f t R i R m * ~ m " ~ * 2 1 m v * ~ * *  
w~$TQ ~ r f  (toxic substances) "fit Ti!? fi;S I (saline soil) % 
~ i t * * i t ~ 3 i t R 9 9 . & ~ r n & r n r n & f T *  
dk N~+.c~~ ' ,K 'TM 3W rit$ji d $ dbl+*q Thf$TEM+l 
~ - q ; m 3 1 w M ~ ~ * ~ ~ m ~ m ~ ~ r i  
q n f i r n ¶ m r n a r n d & r n & m & & m d  
m 8 1 - q r ; r * m n m & & m ~ m M $ & m  



i) W 4 Tm 3 & dbFi $t Tf&5 (vegetative) 3TW 
(1-eproductive) WXV JiT fm 3T3j?TJ &, 

ii) ~ ~ ~ d ? $ d ~ ~ ~ $ b r w ~ i f ~ f t ,  
i F F F T % ~ ~ ~ - w ~ ~ ~ . ~ M ~ - F ~ ~ ~ ~ ~ T W ~ ~ J V ~  

e m T r * r n & l  

?Tld-Pmw-ri,-d3&&4*~3;rdJiT~* 
~ f & ~ m f , ~ r n w & ~ m ~ ~ ~ m r n ; f ~  
s k h 8 1 ~ 4 - - $ $ I p & ~ i 5 @ $ * - 6 d  

(essential element) & 8 I P & 3-W? d 
(macronutrients) TIQ 3f,@dWi tiid? (micronutrients) 9 f@Vf%?T f3j4T T i l  
$l*rnmm*@~b3TFTJim+~** 
(\71Yl"ld: ¶TT 4 (>50 mglkg), ~6 T@T i5@T?l 2 3ft3 - 
(nitrogen), (carbon), FE$EFT (hydrogen), 3hdhF7 (oxygen), $btfk'V 
(pliospliolus), a (potassium), (calcium), (magnesium), 
TTV FETX ( S L I I ~ ~ I L I ~ ) ,  F&%RT $ 1  3 ~ ~ R T T J ~  $3 $ f 3 ~  ;A WFT 
T?T 4 (< 50 mglkg) 3VWTEVT frft 8, ~~ T E l  d 8 I 3 8 $ 6 7  
(bol*on), 3TT93;r (iron), %Ff?T (manganese), (zinc), (copper), 

(molybdenum) T2TT (chlorine) I Thi%ZiT (sodium), &VFE 

(cobalt), (vanadium), f?d%$h (silicon), &?@FW (selenium), 
(gallium), (aluminium), BeTT WdT%i (iodine) fl Vfl @ 3 ?lTf%?f 
8 l ~ , ~ ~ ~ ~ m * w * ~ i : 4 d ~ l  



w 3 qTP d '8, d (cellulas organisation) W d 8, d 
?NT?T (energy transfor~nations) Fiq  .TT m;Kf 3 & 3 I m, 
' ~ : ~ 3 i f 3 ~ m & p m m m 9 4 % ? ~ m d $ 1 ~ ; r  
~ d * - ~ ~ ~ w ~ * m f 3 j - q m 8 d m ~  
(photochemically) 3;i9 3f -di 3  fC d 8 dh m: flw 
CTFRFI (protop~asni) 3 fr T F ~  2 I WF?I ~ I W - I I W  & wv $7 
G 5 ? - f m m m ~ j i ~ ~ & m - b m & * 3 f t 3 m &  
f 3 - q ~ ~ m ~ 2 1 k " ; R , w ~ # r * ~ m * m  
~ ~ ~ l ~ a r c r r r n * * ~ m * l  

* w ~ m ~ m 8 + ~ ~ m * f l w  
39- $' W 3 (assimilated) CTl?ll 8 I p & 
~ ~ * m . ~ w 2 1 m i r m ~ ~ d ~ * m  
FTG! 7Pr 3, W TS -N= ,NI -1 - , -NHzM 3  &PI Skh 2 & 
M r n * * a ; 7 T - i P T 8 Q h ~ : r n m r n r n 8 1 *  
m, * *qd (biomolec~~les) 3 47 # 8 Gh?, 

dd?T (chlosopl~yll) , ' q i  (nilcleotides), 9ik$f?3 
(-) f l w  { ?  (alkaloids), V2T 8 3 3T;hs -, FiCn 
m 3 " ; ~ * m * 1 * * 3 q - 3 a ~ . a s -  
(pliysiological) TEW & 8 I all'jj? & FV$IT T? 
*m81;7R.**mg?fmM8~+-m 
(vegetative) d@FPT;Kf if ftm (deposit) fr 8, f%Rd 9fA fi '8 I 
';n- & ah 3f (sugar beets) * W$iX $I W 

& M i \ ~ * . P r , , * m m ~ & a h A M a m i j i , *  
,- M 3tt3 4 G%EFI (protoplasm) * ~3 GIT& 3 I 
f h  3  Ti$gbFi1' %% ffift i?, 6 i  (stunted)&! @6l 3 WT? 31 
3 8FlTT7 F ~ % T ~ T  (cl~lorosis) m: Wd d? d? $? W 
~ ~ ~ $ , ~ $ I ' ~ ~ & ~ ~ I ~ % % ~ ~ ~ ~ ~  
m ~ Y ; S J & ~ 8 3 i i 3 r ~ ~ l ~ - 8 1 ~ i m i f  m*$giiarvr#8 
3 i f 3 m * m w m m w i \ 1  

~ - ? l T $ g b m 3 ~ ~ & ~ r ~ a ~ d " ; R ~ d l B J i m $ 3 ; i g i f  
dhp h W b I a -~qdhj 3m (nucleic acicls), ¶?$% (pliyti~~), 
" 

I t - c h m  (phospholipid), d@i37' @7?8 (cell n~enibl-me), 
(ch~o~.opIast, -1, w 8 I WFI & d b ~ ~  * W+T * $7 
m $ I m * & m d j i ~ b Y : h 7 ~ [ . m  



q j +  4 .m ift ift iliift ft fi %, * fi * $ ((nodule 
bacteria) - ??7 3 Ti Fd 3?d $ WFh 4 3 $? 
**&%I 

s m h m r r ~ i m r a g a m * m m m * j i k - M % ~ ~  
m : ~ ' m ? j i 3 ; i g 3 ~ ~ % 1 p ~ 9 5 * 9 9 * ~  
MT $ W (lattice) ?ji rn 3 & 3 (feldspar), %h S?VF 

(~~~uscovite) ,  ?dm (biotite) & 3Tm (Ilydro~~s ~nica)  I 4 
$ ? f $ W 7 i f t ~ 2 . 6 3 T f & % 7 T 3 T ~ 8 1 ~ ~ % f 3 ; ~ ~  
&dT! 40,000 ?? 50,000 d%?FFi Fhl % I $?'fhW TT 
~ a ; R & $ R y s s f . r r 3 1 & " ; P I , a d % @ m m m ~ f m ~ ,  
~ ~ ~ ~ ' i r n d # r n ~ ; ~ r n m 3 f 7 ~ ~ 1  

3 * , m , ~ a w ~ s m ~ ~ m - m * v  
m ; t ~ * * a ; m r % * m r n - , m f i ~ T T ~ - ~  
* * m m & m * m * % l m d - ~ ~ m  

% I & % r- m m  (physiological) d & &"(' 
m 2 : 
q ' s r n ~ & ~ ~ % ~ m ~ ' & ~ f l ~ ~ , i + ~  
~ ~ & r n 2 ~ 2 7 T m a Z : r n % ~ m ~ ~ *  
~ ~ & ~ 2 1  

rn d fbd (?&, stomata) & @ 3tt3 fT;f $I 
m M % 3 t t 3 w m ~ m + m 3 ; ~ c l * * d m  
- % I  

m m 9 3 ~ ~ & ~ m * ~ r n * ~ x m * l  
r n : ~ * r n r n m ~ & ~ w ~ h * ~ ~  

2, $ W# fi d T w M d (younger 
f?m=&mam.B 
mf\;r?-4A?m* 

~neristematic tissues) 3 3- & WiT % I  fkdi ST-, fl & 3m 

Jr?;Rvtf3-mRM*l d ~ m * m m r n m ~ 2 * m m ~ m a ~ :  ~ % i + * r n ~ ~ ~ * r n d ~ 2 1 * ~ ~ *  
f l  3 * 4 (straw grain crop) -w& rn 31f3 
~ $ ? & m & f ( m * m * w k & % ~ ~ J P r W #  * $? W & * * h ((resistance) 
m+r~3142Rm$?f l#rnqpvm?t ,Mrn~~72~~  
m$I";PI~m~mfTm%~ 



~ , ~ a " ~ + i ; 3 ~ + 2 & ~ ~ : % f i t R ~ w ~ $ ,  
; ~ m m ~ * d n f i i F s m * 3 i ' k J i f r n m * R m +  
1 ~ ~ 2 1 ~ r n ~ ~ d ~ z i ~ i ; n r ~  , & * & - m * - * b m m $ l m * d i  
1 & 4 4 '@F3T di TPPT a %??I & W TZT (middle lamellae) $ 
I m + i ; m m ~ m * 1 1 a . ~ m $ % f 3 r m +  I ~ s i . r ~ ~ ' ; h ~ ~ m m ~ ~ m d r ~ ; r ~ d ~ ~ ~ % ~ ~ -  
1 G $~REI f;Lfff w F WT 3, a (straw) 8 -8 d d 4 
' 3 m 4 i ~ . & n 8 1 a ~ ~ & J i i m d + r & w m m ~ 3 t t 3 ~  

r%iT&flTTJl W (detoxifyrng agent) j f  316 4 rn 8 I w 
' 3m1.d" ;Rm21 
I 

& f (leaching) $ W d h  v& d h d & h? 
I i l * & 8 , m ' ~ 1 3 i i * m m ~ : ~ ~ $ l m * ~  ' + ~ w - m m 2 ~ ~ w - w w ~ m ~  1 m b ~ q n i r $ f & ~ w ~ ~ 4 ? . R d ~ ~ A . ~ M l l l i & t m  
I 
I ~ - w * m & * l - ~ * a ~ * m  ' ~ ~ ? ~ ~ ~ T ~ w J T ~ ~ ~ ~ I M ~ ~ ~ ~ ~  
, flrn/~M'4~*~33in?Fj~** 
i 2 1  
I b 3 WFiT SW Ca : K 3m I$%!FFl di XihlFJT (uptake) d Ti? 

r h * 1 3 m ~ ~ ~ ~ w ~ m a 8 f 3 r & ~  
I m 3 ~ a ~ f m m ~ m 2 1 % i 3 . f t . w M - ~ m & ~ M 8 , a ' r  
/ ~ r m s m * m + ~ m d * h 8 3 t t 3 m m 3 j  
g 3 T b 4 d * + r n * l  

f % 4 l @ m 7 - $ 3 ~ * m * * f l a v r r m * d $  
I x d ~ ~ ~ d ~ m * * : ~ h q ; i ~ y ! i R ~  M 
, (pliosphorylated compounds) di %dT 3 ;im9in. A",& 8  1 Zm $kd?T 
I ~ i f t ~ ~ ~ ~ ~ T t ~ a r R i r * t - r r r v  
1 83a?-hmm-l l *~$m*, r rmm81m*m 
! ~ ~ i h n 3 m @ f i 2 1  

~ ~ j f ~ ~ ~ , S T 1 T n . ~ O . l 5 % i t P T m 9 1 . ~ m i r r 8 1 ~ ~ r J s d m  . 
* m ~ m ~ m w ~ z ~ ~ ~ m ~ ~ z i t ! 3 j J T w ~  
?? 3TkT 8 I ?TFFX gJiT ?$h? W f % ~ %  (cystine) h ~ $ - $ F f h  (methionine) 

f & ~ %  (cysteinc) 31% $ WGWT j f  WWTWT sMI $ 1  
Vk'?t (sslphydryl group, -SH) $ <T$ *W?f 

d3T lrft 1 YEW -4 (coenzymes) * I-JI r~ A, wy+i 
TFh$k$t2 (thiamine pyrophosphale) flW irmfft;r ( b i o t i n z b  '% 8 I 3 
~99-,'2mT82TT?$&T~j;32i~*frti~~ 
7m m 8 f3; 'TFFX T$ ?R *, -)-G1. $ 6Rb~ & (nodule) d' VT? 
d r r i a f t i i i m m $ l m & 3 ~ m ~ ~ $ m ~ 1 f t ~  . 



9.- ~ ( < 5 0 1 n g / k g ) :  
R. Fr. Mn.Zn,Cu.Mo.Na. 
C'o. V. Si. Se. Ga. Al. C1 TiW I 

wI-$cvi:d&m-&l 
(co~lducting tissues) 3iCVF 
+mFivErf%Td 
$ V%GT (contluction) & 
h * 3 1  

~ 4 m ~ 8 ~ m & ( f l a x ) g ~ ~ W d + h ~  
rn $t e q - i  h 8 I rn 8 ti id (disulphide linkages, -S-S-) 

$ t .~m7FPImTj~Mm8fi2TT~d*** 
(sulphydryl) i: t 9mT *+7 Fi?l F$ ?h * * Ti $ I TWbT 

7 F P I ~ 4 - 3 f m ~ ~ - & w m ~ d m 8 1  

$ R % T ~ - & ~ W + O . O I  Tj l . O p p r n $ M i l ~ ~ r % ~ ~  
.mrR=T-R=T~~mMdrn%rnmra-&rn+rr?rr 
$tZTR d (broadcast, m 3 h & ?6T 3 S X d  T )  T 33-56 kg d%RT 
~ ~ 3 f ~ ~ m ~ ~ d ~ 4 . 5 k ~ 3 f ~ & f r % l  . T m m J : m d r r ; r r f t a & m m ~ m m  

8 (~nembranes) & 3TR-rn ?TTkl~ + 3- $t 
m 81 

Q arFI-F;g~&kw4&w+zm3tt3dqp3'\39rhrdM%rm 
8 1 

e T K+/c~'' $' 3FplT $ %TWj (regulator) $ FT $ 4 TXFlT $ I - 

Tl+FZw*-$m*-83tt3*-+ 
fh aTGQv6 $ 1  

e ~ ~ 8 & ' 4 ~ : ~ ~ ( t i s s u e s ) 4 R ~ ~ 8 M ~ ~  
l T r d 4 * m m $ M r n & r n - & f r 8  I &  
w ? T w F m w & m & d ~ & + m - m m *  
&-&*I 
m r n I f q m * f l ~ 8 d i t * * m d ~ 8 1  

~ ~ ~ ~ m T j - 1 & ~ 3 ~ ~ m ( ~ o s s ) m m  
8 & ~ F k R j T $ h d " - f t m m $ 1 f i & M + ~ m 8  I 

(growing tips) 71rl W, W ;T[ ~, (xylem) $ m, 
TEI .tiir i~ M dk $ t f b i ~  M i 3 4 ~  3;i9 3f (pl~loem) & 

dfb7 l%f?d W TW &Ph (discoloration) Tm 4 F?T 
x FPFT 3T.A ¶T$ + M WTFPTFJ (toxic)  TIT 8 d f 3 ~ ~  * SIT~~TEJTI 
& ~ ~ ~ & t i ~ < l ~ ( s u s c e p t i b i l i t y ) $ ~ & ~ ~  ' 
$ 1  

I 
m 

XI'TFi, ~'$?kd9 (cytochromes), 8D7 (haem), mftq $' (non-haem) 
p ~ i l w ~ f r m 8 1 a m W m & i + h + % i - p # ~ f r m 8  
m ; t l m ' ~ i m = & f r m 8 1 ~ m 4 p \ J q l y t l y ~ 3 r f 4 ~  
TiQ3if3*%*+W9?$VIme-*d&m 
rn dm 81 

* . m * $ ~ m m $ 3 t f 3 @ & * d m  
&FRw$~ (oxidation states) + 3RdfTT 9mT 6WFi & 9mT & m 8 I MII" 

& 3lT$f 8@tT d 4 T 6 3 3TW& 7Eh  (reducing sugar) 3?k 



(sucrose) 1 ~4 ~3 GF33 X I ifmfh f i  3~~$3 V&T $$? d 3 
! ~ & s m * P r & f i 2 1  
I 

I $ i ~  M? * & (electron carrier) TJ d WTIT 2 $I W 3 
m~~!+31- (oxidation-l.educti011) $I 3 dk ?RFi & TI' 

' f ; ? [ 9 q ; 7 m * 1 ~ ~ ~ m ' i m * ~ ~ d 4 m h 8 1  , ~ $ 7  d 3f TIFJT (young growing tips)' T 2 3if3 9 9PT$?S $ 
r $I+ -YEFIT (auxillaty buds) f h d % ~  fT X M WVI a m~ 
' efTGF3321 

I 

i ~ m * ; ~ * $ m * * - h i s * ~ B l w -  ' f?%smh7 'fknl (nitrate reductase systeai) W 1Tm $ Eh 3l-W $ W'thT * 
? $ m @ w i f t m m m f T ; S w ? r S S f z $ a + 3 ~ d a T * ~ a  
! (symbiotic) VUIT 3 1 I &  (nonsymbiotic) #%3%TJT d 
I ~ r n ~ ~ . r f t ~ * 2 1  



am: -T M & Tj; SRV ETT & W ~3 M m  (empirical) fWM 
~ * J ~ ~ ; T I ~ ~ I ~ ~ ~ H M ~ ~ ~ . J S F I . ~ ~ ~ ~ ~ ~ ~ I  
* ~ , ~ ' ~ ~ ~ ~ ~ ~ ~ * l  

~ b F f  - 3TS$bFi ~ k ' h ?  (organic nitrogen) d w 4 
m a M i i R M & j ; f * r d j i j ; 3 . 1 i ~ i r m 4 m  
(miaeralise) fifim GRT 3 I iF&%Ij TPk (organic carbon) Wl ~~ 
m 3 $ ~ 4 m w ; 1 ~ & m j ; : m * f h r n 2 1 ~ m W  
q?r S;r\7 6l -\srrft 2: 



(Dyer method) : m6-m yGT %?&T $ -1 $ 1%) r%f@ 
3 7 ~ 3  (citric acid) GT f ? l~  rn * I 
jb ?/wT T<W f%@ (Bray and Kurtz method) : m?: w 0.025 M HCl 
aw 0.5 MNaHCO34 WIT 0.03 MN&F& f h ~ ~  3 fSiVT c m  8 aqr 

p H 8 3  YWT GTKiT 8 1  
mUz#;7 $8 I%@ (Olscn's mcthod) d 0.5 M NnHC03 & Wq 8.5 pH 
q! LO%, $%?z+' *T (cni~stic soda) 3 h WTIT % I  $$$Z 

w%%W (ammoii iu~~~ molybdate) %TI T[% R~~T$s  (stannous 
chloride) 3 f%W W FRd ?% f&j%T d rn 8 I a ~ TFRlT * 
q$ipfl (colorimctcr) 3 TT TITIT 8 I 

q t m - m i f ~ * d a ~ ~ ~ m 4 ~ d  
TFEWT d d l  % I "bh ?d%Vd+ (Morgan reagent: 3% '&8f??F 3m & h 
3 1 0 ( % ~ ~ ) 3 ~ z r n T  l ~ ~ ~ ( T K l T f l 7 ) ~ ~ h  
TITIT 8 I f%Wtbfj 3, d?f%T7 GT -\-;Jr?;fi. FWFFfl (flame photometer) SRT 
3 1  h GT'FTT 8 I WFIl a if Wi&iT (turbidity 
method) F i  Flh 6ki7 FFtTdT 8 I  F!7 63h 3 d f & W  %- 
( s o d i ~ ~ ~ u  cobaltinitritc) f%?TRIR CY&%Ril f&3d%Ri ??I if dk &I ~ k J 3  
(photoclectric ) TbVfl WEll 4 3TX % I 

~ ~ a ~ ~ l - q m q :  3 3 m f * m m d m *  
m + m r m $ 1 R w 4 % - * m m r n T R T . f t ; [ ~ ~ ~ ( f , ~ ~  
8. y., etl~ylenediai~~n~inetetraacctatc. EDTA) $ i;3TTq 3FJTW TjV$ h EKlT 

% I 

~ ~ ~ * : ~ * + p r f m 3 f M ~ m 8 1 m ~ - c R .  
(P, solution. '&?!%RT 'w ~~, potassium dihydrogcn 

orthophospl~ate \37Wl 3-114 $E?I Y Y T h k ,  monocnlcium phospl~atc 3f J?m[ 
XTI 2)') 5 0 0 p p n l b  3 f 3 ~ $ % ~  k $ TP-II JofSTrff f3R 
(colorimetricnlly) STFi 3 T W  ;.Klfti;im (turbidimctricnlly) F 7 T  f&&PT 
XTI%l 

- \ ; h r f 3 ; m i n r m r n * , ' ~ r m ~ e r J r ~ a ~ m ~ & ~  
e m  (nutriel~t ssupplying capacitjl) W d * f3SPT.m 3 I m~ 4 
m ~ d v r i ~ w m d r $ m ~ w m & ~ ; f m 4 3 v m v ~  
% M r n r n d ~ r n r n d  l m q m e k l $ * m  
(t'ertdity le~fcls) rn 8 I W rit$Ji TF& W ft' $ (NPK) $ FT fierJr 
~ & w r n v 3 ~ 3 T t ~ ~ , w q ~ w m d i f ~ h m ~ 1  
37maft3.1 i f y c r ~ e r n ~ d ; f ~ P ; t ~ * M m i t ~  



~ ~ P d s r ~ ~ 2 1 m J : ~ ~ * m & m ~  
FTt?srffrnmm*hitlmm~+*m&~~ 
$t $I d 2 h it I d%Rrf (intensity) 4lft % Fi! iSW' 

m ( f & & f M m ) r R T F i t $ M & & ~ ~ m R E T f 3 o T ~  
* * ~ g * J P T ~ ~ m 2 1 ~ , m * m  
* r n 3 t j 3 @ , r n d * S R R r n 7 ~ ~ & @ 9 3 ? f i M r n  
8 1 & (extractant) ?#I m3h (variables) ihT WIT ;lft ?ET +liliiii 
2 37k 5 3 ~  3t a F$? M (empirical) 3 I 

~ P H M T T & / W @ ' W T F ~  d p * d l B t F d * i F E W R l T d  
~ ~ i t 1 3 - r ? P T ~ m m d m ~ a m = R m w ' 3 ~ R q  
d $ , M ~ & d ' r ~ r n p ~ w f + ~ k ~ * ~ q ? ; r ; f  
~ ~ m ' i % ' r m m ? f f p ~ 9 3 ~ ~ ~ 1 ~ 3 . 1  *p.fm$rm 
& J P r - m m $ P c f p . p ~ ~ ~ ~ ~ % l h ~ ~ 8 % 6 . 0  
Y? 7.5 p~ @WR XERGT h & dl SGWRIT $ @T 3- (optimum) 
;t l 

W$FfhTW (arnmonifier) 5V ~ n h T O %  (nitrifier) C f h  5.5 3 6.5 3% * pH 

'81 3 l fhTT %Fk rf 3T'dh $ W ? d f h  (precipitated) & d $m 
h 4 LFEFW (species) ~ @ 3  pH w f3&! TT~?  '8 I M pH 

T H?PO; WW WJTWX W G d  3, 7 pH ZFl W F12PO:- GFFh dl 
~ ~ ' 8 ~ p ~ 1 2 & ? ~ ~ ~ :  ~ ~ ~ Q I ~ ~ H ~  
r n p ~ + m ~ ~ i ; t m w r l - m ~ ~ ~ ~ ~ e ~ 3 h r S ~  
~ ~ ~ ~ ~ ~ W W T T ~ ~ T ~ ? $ ! ' I ~ ~ T R F T ~ ~  

F P $ ~ W F ~ ~ Y : ~ * P J - W + H ~ P O ;  ~ f % + m ~ F 4 % ~ P i  
$!'I w: -\Si;T3fh & T& * a%d%?T (microbial . 

activity) d $ * ift VEFWT TZ $ 1  3if3, * 
58 T 3? ((humate) WIT (fulvate) GRl ;3T[9.i"T TW 
tFJf3%T***3~m;~~mp~m?.$~3~m-m 



3 i f 3 ~ ~ ~ S ~ ~ ~ d ~ ~ ~ ~ ~ d ~ ~ ~ l  
m (~inmic acid) 3th h-q d ; ~ m  $l&c m % p  (chelate 

co~up~exes) .d f G+ Zi fiii 2 $k M 3- 

(fixatioo) d Wl TXi% f I F?FfZ W W i T  6.5 d 7.5 d p~ i?k W d  
3mm21 

e, $%9iT/ flW W (cationic form) 4 &d 2 
& - m m r n . d r n M m $ d q 7 ; r i i m d  
(exchange equilibria) d %Tf%d & % 1 6.0 3f m p1-I ??$i rn F & 3;i9 
3 e~ms (base saturated) $k?i 3 3th tFd? a'axkn ~4 8 't 8 1 
~ H ~ c o : - , H C O :  i i ~ f r w m ~ f 3 d ~ a ~ ~ ~ ~  
calL ifin M ~ ' +  & d 2 I 

F~~~ OM- Fe(OH)~+ OH- Fe(0I-I): 011- > Fe(OH), 

~ J P T * d m & $ i ; , u m ? ; i t m ~ * * & m v ~ ~  
d w a w d w s m m w m ~ i i w f & m t ~ ~ ~ g ; i : $ f M  
~ ~ ~ m ~ w ~ ~ m r n J P I ~ m ~ ~  
f l z ~ ~ ~ J P T h ~ n w $ f ~ m r n ~ M f ~ ~ ~ h m  
N'?)?f V k T  (nutrient supplying capacity) m q;* y a  * W +I\T41= 
(soil fertility evaluation) 8 I & q7;r h 4 
yT=mFmTd*m31 

4 $ : i) ym W f3m9 (Law of III~~I~IIILIITI) flW ii) SlflTFI TliAVkh 
' 

% (Law of diminisliing return) * 4% * Trm 2 I 



log (A-y) = log A - C s . . . . . .  (3.1) 1 
-47i C = 3- (proportionality constant) (F TFm 5M) TV 
s = ~ ~ ~ ~ m 7 R I  qm;* g = T ,  >r=w 

Nutrient in quintals per hectare - 



$4%S$ (Baule ~uiit)-  (Gottiagen) & F @REI @lTbT T J 7  8, 
86h (B.Baule) W TI%%? .Tm & 3 %F!fhT ~ RSRTi $I I @ 
m ( ~ m ) ~ m d 3 ' ~ m m  . A ' W ~ T P T T T F F T ~ ~  
(% 3.2) Ed Xi?? 2, 383 bu ?? RRki & gI N, P205,  K 2 0  & 

&RZT uff ?k%ih? 3GRT: 2.47. 0.5 337 0.75 21 FX $ rn &7T 

* % W W ~ ~ F ~ M W - & ~ ~ ~ $ W ~ T ~ - Z W  
~ @ ? $ ~ T $ ~ ? R ~ $ I  ' 

b~fm 3 snsf j; wrr m h  B y ,  %t+ F$H 20 CIII m d 
wz~2o~1~-m$&mtm-\399tTT~1~~~ij;~arJPrvfi@ 
~ a ? d & r m & m ~ i ? x ~ ~ m m 3 ~ ~ m ~ m ~ m d  
~ ~ 3 f d ~ & ? ~ ~ m ~ m m ~ ; r m r m f f m r  
M m 3 1 $ m m m & 1 ~ ~ 3 f 3 R ~ ~ ~ T m r f S i w ~  
3 3.50 IV, 0 70 TlT P10, flW I 30 ?PI K,O ?ff r3$lTFl3 W M SJ! I 
~ ~ ~ $ l ~ l ~ ~ 9 ~ ~ ~ ~ ~ ~ \ 3 4 v l $ f ; ; T C : ~  
# 1 1  15 k, P20, 37 2 23 flW lI(lO& 4 14 WTd ift 
- ~ 8 1 + n i ~ : % m + ~ - ~ m r ~ m r ~ m 7 ~ q e - m e  
.rr?rr, d 3- $, W 10 (Baule) 8 I -13 N $I 1 
~ 1 1 1 j f m T l f 3 ~ ~  1/10 w ~ l l l 5 m m m $ 1 ~ m ~  
0223  P20id '$T M X? 7R). T ? $ f d ? m $  7V 0 4 1 4  M KzO + QFVI~ v +kfI T ~ P I  2 1  4 ( ~ p u n v n ~ )  3 "-A WFT *m3 i t  4 w R* 
f$XIl 6% 0 0672 b Mg 3'j T3FF$l v 3 W  8 967 w fh7!3 S i!? 
rnwMa;n31 

-& 
1 = 63 m, (lbs) 
1 $I3 (UK) = 36.368 FkT 
1 $I3 ([IS) = 35.239 FfhZ 

WFl3 
W5l 

3% 
& 
d + 

*m . ? F T . ~ ~ ~ ' - T T  #m '*.3ff a . aa:3367ma. 
*w*m 

'TFGl 
225 

171.2 
395.0 

308 
108 0 

'4iW3 

a=k 
-mTd 

W 
WTFR 

SWil 
1550.0 
252.5 
54* 
192* 
4.6 " 



3.3 : z&& & t %? (potency) M 3Tfb7FiT9 
~ m m m  

WFET $? ww (potential) ~ T W  4- TWGT & TTom -.073oft 3.3 4 Pm 
~ & J : ~ m & ~ r [ T J i i f t i i , ~ & ? r ~ r j : ~ m m f f ~  
-Im 3 Wim % N$ ?W$?f 0.7 m8, P2O5* @ 1.0 ifk8 
2, K~O$? 3iF@f 2.0 $ WT q$iZZdfs 3ft3 T R T  4.5 m8 I d 
d d ~ $ $ l $ , f % F $ T ~ ~ T F E i  1 7 1 . 2 * ( m  
3.2)%1&3.3 $ 3 d l T G ' R T $ @ f l ~ . ~ q ~ ~ ~ ~ ~  
m n m z .  



~ i t * * q 3 d i t ~ ~ ; y r f * + ~ ~ * ~ * r n  
m - ~ d ~ ~ + i ; ~ * M m 8 1 * . p r * w  
m m : - * * * + 3 t t 3 3 n t r * m , * * *  
m w m ; f 3 i t 3 W 3 ; i 9 Z j . ~ + 8 ~ m v t r m w w M w m m  
(assimilated) n @ 8 I M, 7-, flW ~J*TF 
m * 8 m - \ j s b m w m * b m % 1 * , -  

1 TW e h  'ht TTihm M (fertilizer elements) TZJ 8 I h & 3 
m . s f f j ; m * m m + B a * * + , m d f l ~ 3 m T T ; R *  

m*~m~*1'rnm-~J:31~~m-w= 
r n * l m * * ~ & d p m * T w * m  
* d * m 3 . 4 + m ~ i t 1  



j .  

2 ,  

. . 
t ,  

i/ll 

7 :  
i 

8 , ,  

'. I 
, ., 
I ,  ! 

I 'I 

I , ,  

1 j' 
j:, ' 
".t b ,  p $1 '  

2; * ,  
$ ' 1 ,  
1 I 

U 'I '. 

4 
1. 
jp , . 
, 
# . ,  k' 

1, 
:. ' 

! '  ,, ; 

I 
I: / 
' I 
I '  ' . i  

:. I 

1 '  i 
I ' I  

, I  
! '  

! 

I (Stl.aight fertilizers) 

'*ST* 

(Complex fertilizers) 

qm T%6Z (1 8-46-0) 
a-df%m * TFk (20-20-0) 

3V$%W $k$E (28-28-0) 
m*+J 
WV (15-15-15) 

h $ r ~ a z r r w m j f f 3 q i 3 q m f W h m ~ ~ a z r r ~ ~ ~  
mI f *& i i lm&m&IfM&~mIfm~ 
f h ~ f m 8 ~ ~ m W n n n f t 3 . 5 3 R r n r n 2 1 3 ~  
23T VftWI (soil testing) & 3 l T f m  93 A 8 I p F?tHT & Ti3 

FiRf?l? (soil test su~n~neries) jf W If jf h $ 
~ p s R a h m ~ l m r n m , q m 3 ~ m m ~ , P * ~ *  
mfiqtDR~ara+**mdm31 

VlWh 3.5 : qi;r T8WW & WT TdWi  3Fplf%7 ((recommended) 

" * W (farm yard manure. FYM) ?PI f h V T I  GFiT I 



3 31FpTTiT (ratings) TF$BT (arbitrary) TWl p (en~pirical) d d 
~ 3 & ~ m & $ f 3 q $ 1 ~ d m l + R F R m 3 i t d ~  
m r m r n w @ * ~ r n ~ ~ w - m a a - n + m ~  

TTTCT[ fSiP. w d 3, (i) (ii) fi 
*T (iii) Jf?T & f % h  m & /m$l +! (iv) V Y  

m ~ r m d m a u r ~ ~ b ; ~ ~ ~ m ~ f d i m ~ ~ ~  
~ ~ = p - m - ! 1 \ ~ ~ w m ~ ~ 8 m ~ ~ m + ~ ~ ~ ~  
~ d ~ ; t m - d ~ ~ f e f ? y c r d ~ ~ ~ ~ ~ s v r n q n . t ~  

(l~eterogeneity) T, & 3 F[@ TfhT W T  
MI 

* I f ~ ~ ~ & m ~ ~ * ~ * m * ~ ~ J i f t *  
m ~ ~ * m f S r s r m m l m ~ ' ~ ~ m r n * i ; ~ ~ ~  
~ ~ w $ ~ m ~ A m ~ $ ~ ~ ~ , q ~ ~ ? F ; f M  
f i f T ; r m r m r n w ' \ 3 ; T z f t ~ ~ & 3 t t 3 m 3 m & %  

+rr?rr $7 m T i ' d 7  $ I ?h (trace element) & d TZT 
& , - i i t m - w w - a : ~ ~ h m $ m d m + r q c ~ i f f % m f + n m  
$ 1  & 3.6 4 p q$W%CF TlTd $ TF56l (carriers)* 8 TTf 
8 I 

GVW (soil factors) : $7 m, q-GT 134%~ ~QIT .. 
~ f h  v f ~  rn $i rn f%&3* m 3l@iTT f%mdl (impeded 
drainage), $If% 4TfFi 3Vi Yf?F@T T;Tmqn & 35TW TkT' $ k T F d  , 

~rssr im?-Pr&mm$lmm~'~dJPI~*~m 
(coarse textured) pd If 7m $T$ 53 F?d $ dk $Tlf%V? d Vf%5 aT;F 

* - R , ~ a w m ~ m w ~ m ~ ~ ~ l ~ - G - T  
&*RaSR*WMt,m8immif t *~tm 
&cfT$~mm$m*jimifpm~rt~ 
&cfT*l 

sm (climatic factors) : @ TllWR, d 3W YWFl f&WJT, WVl, 
%I $I FMI$ Z~T I *  ift (growing season) 8 I & rfiKq TW 
\j.cq TTI ?rd M 3 M ;f 3- (ammoniacal 
nitrogenous) JPI fift 2, W Td * W R- 



(leaching) iTW $ 6lWj d w fc Zf I # m, S@iT WDlV 
m ~ r ~ 1 . f a ? ~ ~ m ~ * - ~ w * 2 1  

GWEF (crop factors) : &&i & rrft m;n $3 W+ET ‘eft l ~ t $ ~  
~ ~ m + ~ f i h - M & 8 r % d d * ~ ; l r ' r l ~ f % + m r n *  

2 I FFEI WT Zi FFRTR & (legume) Zi 
~ ~ - z m ~ * ~ d f B z F r n 3 T ~ 4 m ~ * ~ ~ ~  
&mdm?1*m-&fTn j ; l  

@? GWPT (agronomic factors) : 3 W j; ffrP c&'$T ji 
& 2 aj'k & $3 ~ F F  ~FJEVIT (fertilizer responsiveness), 

(sPacYng), &% m, WVT T+T '4: q*, 81 ift % I . 
~ * d p 3 f m d ~ m M ~ 3 ~ m m & s ,  
~ ~ j ; m q z r ~ m ~ w * 2 1  

(NH4)2HP04 

rn 
500 

1 80 

(cotton 
seedmeal) -* 
(castrol bomace) 

145 

90 





-T&TPJ~ BW w-23~ (actinornycetes) 3th TF&? * @ 
GIT& 3 I W (crop rotation) * f& T G T  W FW3 FPd'  

3 f m ? ~ - ? i ~ m m * l k . ; R , r n m a ~ m  
$3 (monoculture) 214 G? 19 FFI 4~ d%~ @ S f  2  I ~3 % fGgl 
m * :  

2. d?fl if 3TR7F (vegetative cover) h 2 dk 
(soil erosion) fm 2 I 

3 .  ~%mdRF!fT**l 

6 .  
dkh $ h d 8 dk d (pathogens) dR W 
& m 2 1  



I .  m) ( i )  @X&T ( i i ) m b F T  

a) 4-8mT 





2. {Rhizohium) Tl  Fdkl? R C d  * Td * WFf%T 
(iilfect) 3 & a (nodules) $ 1  3 * * 
$m&*-*3*--J:m 
TEJ$iTa*d31 *hm-&mmq~~* 
* & ~ , m v d i t f S r m J P t m * w m * d ~  
~ m m * ~ m J ; 9 . ~ ~ w m ~  
~ M w m ~ ~ l ~ q ~ . j f r n h ~ ~ ~ m l  

3. ~ ~ d ~ d m M ~ m f ~ 8 , & ~ R m  
(leaching) $ WFJT $@FlT * W8 fr Wd? 3, V! ~d ;f 
$EWFT a v   TIT 8 I ~TWP (mica) 34 K- W 4, Ca- 

a . r r ~ m ~ f W n w m f t ~ i t : ~  







y a i f ( l i R i f 3 ~ p l ~ r l m 3 m $ 1 k ~ 1 ~ ~ ~ r l ~ B R w i f t ~ m  
1 . 4 0 0 ~ 1 0 ~ f h M k x ~  B 4 9 ~ 3 1  ~ r n q 2 % $ r w % 3 0 0 ~ ~  

~ * d ~ ! % T k 8 1  ~ ~ m 9 7 , 2 % - 3 3 h 2 . 8 % &  
W%l 2.15% f&R$ (glaciers) $R d d  ht 3 Tl'T 4 W 3 l  I F5l7 

m*?Rdlw~w,q*,fa*..r.rmft**M** 
,+jp?Trnl?;r~rnif(l  w 0.65%81 mtt-m* 
m 3 w t f  F ~ ~ ~ ~ m m r n ~ - p + i i  I O O O ~ P - # ~ % I F T T T  
0.017% W d?$ 3h3 d 3 ~&FIW $ 1  



";T;P m Q~@?FF m 3 
TG * mt; (run 

off) & z I 

4.4.1 (Annual rainfall) 

ii) FFFT $l d + ~  

' SWTE (drainage) : I ii) TTJT~~FFF ( W M n f t d ? ) ~  
j %*wpm 
1 ~ ~ 3 r  iii) r h r r & j K i f t ~ ~ ~ . r R m ( % ~ , m r r i i i r ~ )  I 



p h (arid area): 
W w-h 25 3.q. 
* m d M 3 *  
p v % f i & ? l  

mg%=rwrsnw 
**(T*) 
3 J T C d h M l  



m1f34Tm-m*rn% 

3k TFdk, h h, m, FkWlT, 

7FRum 
TEKkT, h, k TfhT @lR, 

m, m, mum, S W m ,  h, rnl 
m $311 m, h-ra-4, fj?'+Frl 
*, f@J1 * m 
p, mum 
7JTlF3, SW m, 
3-, SW S&l, -A 

m d ,  SW S&l, -A 

h, J?%lll $kT 
h , S W ~ , *  

h, *, SW Y b l ,  mA, * 
W W ~ , ~ , S W $ ? T T , ~ W ~  

w a  &, dm, 
wa &, wk-+ 

rn 

1. 

2. 

3. 

4. 
5. 
6. 
7. 
8. 
9. 
10. 
11. 
12. 
13. 
14. 

** 
&S 

rirlT 

ml 
srft  
TbT 
WfT - 
TF& 
ffTT'F8 

y 
h 
.;F.rbff 

m m  
*m 
3,28,000 

8,60,000 

1,87,000 

20,000 
30,000 
98,000 
60,000 
19,000 
39,000 
1,40,000 
3,10,000 
2,58,000 
55000 
87000 



i) 3$mm (evaporation) 



47 ii) =P?E&?T (transpiration) 

~wf*rnd=q% 
m s r ; r & f 1 *  iii) (interception) 

r n w % 1 3 % T ,  
G4%w*mm* iv) & (precipitation) 

v) mGi7 (run off) 

on land + + 4 
Pmclpitation 1 1 1 11 1 

on Oceans 

Fvaponlion f f f v 

'T 
Ground , 

Water Fbw 

vi) 3i?T:'frii=;f (infiltration) 



ii) m ? 1 7 7 7 5 ~ ~ h ~ ~ m y - ~ r n ~ & ~ W 7 3 i T C  * Jmm? * m3mem (weathering reaction) M 8  1 JmW 
~ 3 f i 4 m j m i f t ~ M 8 1 ~ , & i f t ~ ~ 4 ~  
amr f -mt~  ~ j m ~ ~ ; 4 s f + w ~ t ~ , ~ a  
m 3 * w m ~ , m 3 i h * + ~ z ? - ; f - m h f % 1 ~ d  
n m f h r m b , i h ? r d i ~ m B = , & ~ ~ i f m  
(erosion) f I % FFR VI? riii * -, %?.,d $ 
~ ~ ~ m 3 M m w ~ ~ l * 1 * m l I f ~ w  
B ? m ~ - r * ? h T I l ~ T l r n * r n t & 3 &  
8 * v VT w R%T (coagulate) 8 WT B RKa. k F I ~  S I 2z-1 
i l * q ~ ~ R h * i m l I m m w h ~ m b s i m *  
f ~ $ y i i i 3 m f l @ n t ~ ] * m * * ~ , ~ *  
~ - Q % ~ , s c r a ; m + i m z ~ i m R m a ~ w Z m i ! ~ a ~  

i%&&f (Crevices): 
~z-€diifGQqw, 
*zT? 



iii) h m $ m % m 8 & m m f i 3 F F T M $ 1 ~ q 8  
i m . R ~ ~ ~ ~ ~ ~ r n ~ ~ i i ~ f i r n % l  



Tism (Confluence): 
ac~m3TfiN* 
M w F I &  
r n l  



e $FFITT % ~ J L I C I ~ U ~  4~JgammTM *@k 3 itv@p=i 3 ( ~ 9 - ~ m l  

4.4.4) I 

m) * (usable) d l h ~  JPm~udl. 

h R ~ ~ - h m m ~ ~ w 3 B h * ~ & ~ M 3 4 0 0  
f i f t d m ~ r R r r m r n a m ~ ~ ~  I R s f t f h a 3 ~ $ $ 1  
* h & r n ~ r n % l  

2) F* (topographical) & ~ 8 4  T& % 4~- 



ili;~irrr mit ~ T T  4 aft 4% w q r a w o i  1951 8 5176 k 3  3 YWTT 

1991 3 2216 k3 T?i T$ 2 I 7TfWVT 4.5 3 h  3TR & W Wh%? W 

a-$mwmmsni+t=rhiir~ 1991 + 3 n ~ $ t 3 1 1 f + m 4 M  
f l m W m m 9 2 3 1  %!X3 @ ~ ~ ~ ~ m P f % f i d k r  
2000 7%X3 W W@ 8 * 1000 k3 ;il 21 pTm 2007 + 
m - ; r d a f f i . ~ M 4 ~ m 1 w * a % 3 s T R R ~ m r + m m  
& X @ g W  & I  1990 4 d&d aft a w dqacual $T $fk 
3 i o o ~ - ; r ' m ~ 4 2 ~ ~ u m  T I  

TTd?l (Water logging) 

*-m-mT (-) 
M % m m  
4.7,2 3f * ?- I 



h (Flood plain): 

m@*q+ 
rn*rnt?Tl 

I 







m) d-GET \*T (Rainwater harvesting) 

iii) & &I 



Bench 
terrace 
\ 

Contour 
trench 



m TPT h T W  * am: T m  -9'- (water shed 

protection plans) TR 8 I M ~?FT * $ w $3 ift 3 % ~  ~ l h  * TW 

i i ; M ~ ~ ~ o f j s m * w 4 3 m y m B 1 m m ~ ~ ~ 3 &  
*~jmrf1~m&&$rmsrnB*m**ifRKit% 
k @ m m f i n j m r b 1 n i V @ ? w J s r h ~ 8 ~ 3 F m r n 3 1  
~ ~ ~ % ~ W T ~ ~ W ? T $ T ~ ~ ~ ~ R ~ ~ ~ I  



iii) ~ , ~ , ~ J i h ~ * ~ f t m r S ~ ~ . m ; r r ,  





~ m m w J s d m ~ & $ ~ m @ 4 R m y m r ~ ~ f m ~ p 4  
* h t 7 4 j 5 r w z m $ t 4 . 3 ( ~ )  & ( ~ ) 4 f $ y ~ R m ~ $ & f ~ R - 5 ~ $  
r n E W $ d ? l  

F (Loamy 
sandy soil): %) d + k h r ~ & ~ * ~ ~ - i l ~ ; f  

~ p * ~ 1 . m J R d 3 ~ i m & n f t i m 1 h 4 x ~ b 1  
~ * ~ * h ~ * 8 , ~ - ~ t ~ ~ ~ ~ & ~ i f t ~  I 
M?1d%*ur i i@*4,yMr~ i ; i ih inm31 

I ~ l ~ V O A m ~ M 3 ? T R 3 n R & q R p j r - h ~ i i ~ *  

~ - ~ m n f t * = h t i n m 3 1 I m ~ ~ ( ~ ( ~ i n d  
1 

breaks) ~ ~ $ 3 ; m ~ i f t 1 T f ; l i m i f t j l l m d ? % 1  ~ $ % 2 ~ 7 * ' A f  
3 .  



m-f+m$ ih. m~ \* (monomolecular) f % ~ $  d I 

ih) &q3fk8E?@FF*Brnmww3* 

\ 

ih) z F m & r n ~ m r n r n  

TIT 37 (Brackish 
water): 
w W + @  
m**l 



(electrodialysis) if er;rm;r 
3h3 73YlFm q<ulIcY+ 

T J r w m i f *  
i+tFT*~*-w 
* ~ i i : r n $ l  

I 











dm * (American Public Health Association) ;dm WhTfT 

(turbidity) ift h P77 3 * T$ ? : + T$ m  
r & + g ? M m m m @ 3 $ * a m 3 S = r & i , ,  
* * m & r m m 3 1 "  * v : * w $ * r n &  
+ ~ G ~ w ~ M v R ~ w J Y T J ~ Y ~ ~ & ~ ? I  vf%+~weiF3~~@~~8~ 
( * ' c ~ , r m 3 ~ r ; s q n ~ ) ~ ~ , ~ ~ , m m ~ , m m  
(woodash) & - @ & & ? I  8 m m % ~ l g i i g V F P T 8 1  8 ~  

*+mTFm 
+ W ? r T r f ; l l *  

1000 nni TFF &T JTfm I 

FFW~,  w 
-& 1000nm ?T 

& * 3 * ~  
& M + m  
l nn i  3 ~ ~ ~ 3 3 3 1  
.*&azrr&fl+ 
m.;f*mwfr+ 
fayrmmm(a 
W T-04) 
& 2 0 + % & 3 1  



iv) Fm 



~ i f t r n M $ ~ ~ B R m ~ @ % ~ z r m ~ ~ ~ m  
(surface tension) & (viscosity) 3 d 3 I W, W 3;r tb 

vi) % TRTFW 

~ ~ F I ~ ~ ~ m w ~ ~ ~ ~ ~ e i f i l ~ 3 1 *  
~ r n ~ ~ i l 4 l r i i r n v m ~ ~ w m ~ ~ ~ ~ ~ ~  
m ~ q ~ ~ 3 1 ~ ~ * 3 g r g r r ~ r n i m 3 1 m 3 @ i l ~  
W * 298 K m 4.5 x lov8 pS cm-' 3 359K m 7.6 x ~O-\LS 
c l l l - ' t ~ B i R ~ ~ m 3 1  m * @ % b i m + m 1 p  
m * m m m 4 8 ? ~ M % ~ ~ a p r r z i i l ~ ~ & m d 1  
~ M ' ~ T ~ $ & & Y ~ B I  m v 6 ~ m R J i R ~ j m % H i J i h 0 1 d - &  
* ~ ~ ~ ~ ? l ~ ~ ~ ' V T ~ . ~ o r ~ i f t ~ 3 ? k ~  
m f i m ~ m , m m ~ J r i r w r m i r m m ~ h ? ~ ~ q  
~ P J R ~  d ~3 (thermal power plants) bc f ? ~  TTR ~f b I iT % 
m s B m ~ + b 3 n f t ~ m i k % b ~ ~ m m w ~ f m $  
~ ~ t * ~ . l 3 ~ ~ 8 1  3 g r g i r 1 m s + ~ ~ $ m  
*%-*FFk!18*VPT 1 8 . 5 i f ~ T T T 8 1 F ? P T 2 ~ ~ *  
T T T I % ~ ~ T ~ I T ~ + ~ * ~ T ~ ~ I  



m: 3cJl * 
$sZkw2if+m% 
3 T P m m ' c T ; i c T + ~ ~  
mm*mm 
B ~ = r $ * m m R +  
m3 8 9i: m 0.55 3 
0 . 9 m 3 m b 1  @ 
-*mmcr@~ 
M w m = i *  
f + d = i * f t ~ ~ s J F l  

JgiFTi (sewage 
treatment plan[) '9T d&:m 

Fbh (effluent 

treatment plant) % ?t h 3  
~ ~ T h ~ 3 ~  
m31 

w m $ f f ~ * ~ & 4 m m a i e 4 %  
~ 1 ~ 1 & - ~ d t ~ ~ ~ r n m r ; i ~ ~ 1  
* * * ~ ~ m ~ * 3 r n m $ 3 * % m * 3 1  
7v t *d%~ma; *+ *drh - rq~m;r r  

~ m % ~ m i r ~ * m B R h ( ~ ) $ m m . r f t B ~  
m + v @ r 4 f H f i ~ % m ~ i i i m 3 1  I & & + u 3 m &  
T@' 4 TFZdl %I m9: PTm d?f R parts per 111illi011 (ppm 3TW V T  ?d?i 
ws parts per billion (ppb) w@~I 3 h 3 I %? & h f3-d 
3 ~ ~ ~ . f i t ~ H ~ u ~ ~ h ~ ~ m % I m s F f t r ~ m m  
~ ~ W I - R R X ~ ~ ~ ~ T J ~ M ~ ~ ~ ~ I R F F - F M  

m a m e * R p ~ m * R I ~ * g m m  
TTW ( M - 0 4 )  *TFF$ 10 a WT 10.3 w r m  *I 



m ( m )  1 .imw39R%rm1 

~ ~ B R v $ r w ~ $ ; i  1 0 - ~ . i r m 1 % ~ & ~  p . i t s f t f + d W h  
Gil m 8 m m LFq\' (mu) 3 I 



IT.RT~.RV;T~-~ 
$m Fb-7~  (n,) 1 = nHIO xi = 55.6 x, 

~%TR zf TCT * FIFEIT (pprn) 4 
= ( 5 5 . 6 ~ ~ )  [W w k FFFT ( m ~  h-' 'i)] x 1000 

=(55.6x104xi)  [-if(lkm (JFT*-" ' i ) ]  ....( 5.4) 

fl $? = 3.125 x lo4 x 32 x 1000 ppm 
= 10 pprn 

a * h Jmr.r ift = M2x 35.45 x 1000 pprn 

= 3.545 x 1 o4 M2 ppm 



jril if fl $kdh7 W h W 5.62 x lod 3 1  ppm if Jfmft FFGTI 

$?fd?RT*l $kRfhT.f;r*WWiT 3 2 T F f h - ' ? ! 1  

fl 3 j 1  ift WiZil = 5.56 x 10' x 5.62 x x 32 ppm 

i) TT a f&fh (Total dissolved solids (TDS) 

~ % 7  % (hydrological cycle) WV7 @ ~8 if F: %?%Wl -, 
m * * % I ~ z l d ~ z , . , m , * z Z . *  

m218, ~ , % ~ ~ - T ; ~ ~ ~ & ~ - F T < @ $ ~ & ' $ I  

- i~ -$mv~~?~*whw?r~?f tmFmd3$m$rnMB1m 
Tk 3wm 5.5.1 jib 5.5.2 4 f%4T $ 1  TDS m ~TT*  W 

~ + F @ T + * * T + ~ F I - F J ? ~ ~ . ~ ~ ~ - A T $ B I  

ii) 

m 1 w 3 & ~ ~ m 3 G ' r ~ + & ~ ~ ~ 3 ~ ~ m  
m , m 3 ~ ~ m ; J P c ~ M ~ ~ ~ ~ m ~ ~ ~ B 1  
d h JTffP f% (alkalinity) $k CiR?Kll (basicity)$ k &dl 8 I 
8FRtTl (intensity factor) $k8 8  & * pH ZPJ h 

f I wrlar iiiRih. (capacity factor) h 8  & f%f?k FCIT zfim f% 
~ ~ * ~ ~ ~ % ? W ~ ~ ? H + ~ W T ~ ~ % I W ,  

-7 
m 
XWFwJt-4 

*m-@FT 

T~ 
(brine) 

* R m x y + T $  
T D S & ~ ~ W  
m F i T u * 8 1 &  
6 di W 6.2 3 3-rm TDS 
- s ; r m + m f e 4 , @ *  

zhad-drm 
- s ; r 3 ~ ~ * 1  

TDS/ppm 

1 0 0 0 3  m 
1000 - 3000 

3000 - 10,000 

10,000 - 35,000 

> 35000 



F @FF (coagulant) Al, (SO,)? . 18H,O % FFFi & Tf@TTT * % 
a v i t ; w f t s r m * a ~ & * f t * d 4 ~ 3 a m  
J s ; l m $ ~ ~ ~ 1 ~ ~ 3 m r ? ~ i Z m r B 1 ~ 4 ~ r n  
i m ~ m ; t ~ i r ~ ~ ~ m m f t ~ ~ s m B ~ R i ? W i l  
w7-f+ms*km~1 

[AI (H,o), 1)' (aq )  + 3 0 ~ -  (oq) -t AI (OH) 3 (s) + ~ H , O  (I) .... (5.5) 

W -* * 8 3i%#m* 3 OM-.co:- 3?k HCO; 3 
R - % d + M $ l d + d b 1 a W - 0 3  (L)-+* 
11  $ w - r q ~ R s s m j n m R B ~ ~ ~ A ; r ~ r ; i p ~ % + m ,  
pH 8.3 T OH- TT 3ih C O ~  ihT MCO; % &-- 
& % I  O H - ~ f l m *  ~ 0 ; -  ' ~ T ~ R ~ - ~ G R % ~ V T *  

~0:- + Mt s .... (5.6) 

HCO; + Hf + H,CO, + H,O + CO, 

~ * m ~ + d i a ~ e m m f  ~ l , V % + *  
V 

?3-t-mT (P) 3+i 
t l s r R m * J i i t j i Q $ T i r i i r - w n m I i r F 4 i T e m  
j r y m ~ w m ( ~ ) w ? r t ~  d ? ; r % ? n ~ ~ , ~ ~ t m  a 

h m 8 1  



CaC03 + 21-IC1 + CaCl, + H,O + CO, .... (5.7) 

m ift a* m (P)  $i CaC03 $ ppm WFF % w 8 RdRn M 
m m B f 3 ~ & R q t p 5 . 9 9 3 ~ ~ + ~ ~ 3 ~ ; j 9 m ; l i j : ~  
3-rkSiw3S;irSTmm=$r 

4 $ T F % r  m (P) (p,, 4) 

m3 PTliifi ( T )  (ppm if) 



w q%-i??%* wmr ?ih % $ f t ~  m emm OH-,co~- $h HCO; 

y f r m w r n *  
w $ ~ w & &  -%8Fi eTmT (P) = OH- + (COP m ) / 2  .... (5.12) 

co:- 
FI-KaT (-1 

0 

2P 

2P 

2 ( T - P )  

0 

OH- 

(a;) 

0 

0 

0 

2 P- T  

T 

m 

-. 

R% (i) 

I?* (ii) 

(iii) 

R e  (iv) 

ft* (v) 

HCO; 

83-Ra-r ( ~ 1  

T 

T -  2P 

0 

0 

0 

P & T ~ *  
m 

P=O 3 k  T>O 

P < K T  

(WFiT T  - 2P > 0) 

P = T / 2  

(~TW 2 P  = T)  

P > % T  

(m 2Y > T )  

P =  T 



i) 3 f % ~ ~ ~ W 1 ~ ~ ~ ~ J g d m ~ % ? ~ a s h ~ ; i ~ ~ $  p ~ + r m $ ; i ; *  

~ ~ ~ ~ ~ ~ ~ ~ H ~ l ~ ~ ~ ~ ' $ ? f $ q ~  
m;rS d,3~~-* 1 8 $  ;i; 18.2 

ii) ~ 5 . 1 0 ~ 5 . 1 1  W & W P $ ~ T W ~ ~ ~ ? - ~ ~ I  $7 1 8 . 3 3 8 ~ 8 1  

f % ~  5.1: pH Jhr co,, rrco;,co:- Jhr 01.1- 4 vman% VFR *a, rn * ~ 
f i  $r 25OC T 100 &.*.p~. H R i T  % FFT Tf?%@Ti f%T fS;gT % I 



dii CO, m * m & m ~ , * ( ~ ' % ~ f i g * m ~  
m * i a 1 ~ b ; R s s $ ~ q R * 3 ~ ~ s w * ~ ~  
& & ) r * 4 b ~ * ~ ~ l ~ f ~ * i i 8 & m i ' r n 3  
3lf&T CO, ~ i ? $ m  ~0:- 387 HCO; & * h 4 i = d 8 1  
~ ) r ~ 8 p ~ 3 m 3 ~ i ? ~ M ~ % P I m M  
3 I 

2FeS, + H20 + 15 [O] + Fe2(S04)3 + H2S0, .... (5.14) 

FeS2 + 7 [O] + H,O -+ FeSO, + H2S04 .... (5.15) 

2FeS04 + H2S0, + [O] -+ Fe, + I-120 ..,. (5.16) 

e d k ~ i - - + 7 4 ? + m ~ ~ a i h d i 4 ~ + ~ 3 ~ 3  
m ~ ~ m m - . l m b ~ ~ ~ & ~ & ~ r n -  
;f *'%i 'T@$FT bi 31-6, TIFIT ~ s r ~ ~ ~  -iTF.m ~ J F ~ ~ ~ I B s  3 
M - h ~ & % , i t ? r ~ w 3 ~ ~ r n ~ m r n  
8 i 

SO, + H,O + [0] ~m*3imTms 
H 2 S 0 4  

vdz- a m X-38 m & m-ii?mm y-~TR T i3-m d m  m 
(calibration curve) * W 3 I 















































m 9R$im S & 4 h  (integrated approach) ift 
3 T m W F a T 1 m ~ m l  

(virus) - f&& (hepatitis), (poliomyelitis) 

dkQ (bacteria) - h (cholera), (typl~oid) 

$r?F$Nl (protozoa) - ?$%84 (amoebic dysentery) 

h (l~elminth) - @ (hookwoim) 



(corrosion): W 

~ ~ ~ ~ r n  
T * W ~ ' R  
xQ%m***8 
m M % r n a ;  
m % e f r . n t r  
f l  

2) Na' * WEIT (high Na' concentration): W 

d ~ $ y r n i f t m ~ ~ ~ b i ~ q 4 7 *  
* m m T f t m m * * m 3 1  

if 3 FI &: Fri47 (infiltration) ?kff 8 
f3d w (stagnant) 3 3 I 4'bi w 
& B , ~ ~ ~ ~ m f ? b a p r r m ~ d t ~ m r r  
2 l T % m , m * * & m B l &  

m, f (chlorophyll) * * W  M 8 
a y r m ' ~ f i ~ * , ~ m e f i t T m @ w  
wxmr8l 

3) J.rr( (high sulphate and 
chloride concentration): 3 f; 
~ ~ i f t ~ * ~ ~ % B ~ ~ f ; s l  
-~ l i r ;ar . f rm?;rme$m 
~ F I ~ , ~ ~ ~ ~ ~ W ~  

8 I 

4) &h (high boron): 4 %!&%%3 % P T l k T  

m f a e r r M w * , ~ a m * m  
@ W W ~ B I  

5) pH (unusual pH): F * dl 
(sprinklers) Tim 8 I 

1) f & TFfRr (high TDS concentration): 3 
@rn*wm%1 

2) -1" * (high bicarbonate and 
sulphate concentration): b;Rm9 W * ** (slm*d%m;r*&%) t e  
T$I 4 F& (scale) w2.m 3 I R M  %,?FITOT 

m d M f  msr ig f+d&?r~~m& 
. r n 8 l  

3) ~r~a&(hi~h~~):&rn*smor*~mprrM 
8 I 

4) m ~ : m b ~ ~ % ? i d 3 T V ? f %  

m*mTftmfirn81 *srm-~;r&3 



+ r n * r n * * & 8 \ 3 r n r n *  
M*PRPqfa@tl 

5) q& (microorganisms): ?i$lbd? WI%I m 
~ ~ ~ ~ % m ~ Q ~ i m & m  
flir*FgTJr T 6 3 l m b l m ~ $ i l m  
m * m ~ ~ ~ . Z a r 3 1  

6 )  (chloride): 250 ppm % 3TlT $T qT 

TiKm;r*m~*frm,mmma 
m31 l ~ ~ ~ p ~ r n i f d h ~ ~ ~ ~ ~ - F i ~  
~ b ~ ~ ~ ~ ~ r n * ~ ~ ~ i f i l  
*3i"rbrprzr;*%~*~w31 

2) (ammonia): FtTVT 0.06 ppm q & 
h ~ & i r ~ & ~ ~ R ? f ~  2 p p r n % j ; m & 3 ~  
m91PRms1 

iii) d h  
4kiT 

3) ft Jh (DO): * * * f3q - 4.5 ppm ift 
WVVEITM~I ~ d ? % i T + t & ~ + ~ 9 p p m  
DOER$?-&?~$I m % , e  
~ k r r f t B ~ % a p n f t 1 3 ~ ~ m B G . r f f  
~ ~ I ~ ~ , ; ~ D o ~ ~ T ~ ~ T B Q . T ; T T I M ~ I  

1) erffrsar ?FIT pH (alkalinity and pH): f%8m~ & 
WX f%4T (buffering action) % * 
&~+?Tm81 5 B ~ a ~ r r 9 i t ~ ; m Q ~ ~  
s m ~ * ~ l  fhT;T (Gill): 

m**wai 
m*3** 
m4-T 

/' 

' 5) (temperature): W ~TTFT DO -fm & TT w 
k%,*m&m21 

6) (turbidity): $ * ffl$ * * * 
* & w m 3 1 1 w a m ? r T Z T f i % m  
s r c f f s~ rnm~sm&m$l  
- l + m m * b M & $ ?  
~ * m ~ ~ ~ & ~ % 1 3 P r 3 f r ~  
W t y m r b l  ~**GRifil%m**%l 



FR$ZT (Lacllrymal fluid): 
*;f*TiFrtdr35H 
m m  

iv) ** 

3) ~ d , * l ~ s r R : ~ a r z S . $ t ~ Z f ~  
d 8 TMT ~T?II& TT, i~, TNT di;r (foam) XTR 
~ % T ~ ~ I ~ ~ ' ~ & ~ T ~ I  

wXrrcft,*mm*m: 
1) M TMT & (toxic chemicals and 

pathogenic organisms): &, TIT, W, d 3T 3 T J  

* & - f f r & i ; * S i ~ r n r n f l  

2) pH: m W  pH7.4 t jmmm hm* 3QG3 
(lachrymal fluid) d; pH 3, 3FFT & W d l  3 
rn&rn%l 

i) T - F ~ ~ $ F I T $ ~ w Z ~ N ~ + ~ T ~ ; ~ * ~ * & & * ~ ~  

W f I & m, & T 7?tf&R (sodium absorption 
ratio, SAR) & F T T  $FIT I 

I 

(Nat), (ca2+) ( M ~ ~ ' )  ft iht fi W (equivalents per 
I 

miIIion, epm) & if ~%TT 3, * M rift &X 

(milliequivalents per litre) % &3 8 I 

x eprn = x milliequivalents per litre 
I 

x mg per litre (ppm) - - 
n!Fm-rmrn .... (6.2) 



1 0 8 & ~ ~ ~ 9 r ; r + ~ * @ d + ~ - f i e f h m ~ ~  
6 l % 3 3 & ~ a + ~ s r ? r r ~ ~ 8 ~ 3 f F i t ~ 6 . 2 - i f W E ! T T f ~  
3iil:m (infiltration) ift ?$+?i@ 3 dl b  I 9~ 3 W 3 ca2+ M 

M ~ ~ '  X%?l b, ??r 1 TTFWIT (permeability) d & 8  1 f%T Na' 
M i f t ~ ~  m + e d 8 1  @al f%!T-3 HCO; 

i f t m ~ f i ? R & ~ , ~ , a p r r ~ ~ ~ q n ~ r n a m  
& M * + w t * & " * ~ M $ B d ~ i l i f -  
W~TWI% (evapotranspiration) + 8~3 $; dl -Z FGI b 
j m s R a ' k ~ z ~ ? 1 3 ~ i f ; l r n 8 % m % ~ z f ~ l s ~ ~ w ~  
~ % ~ ~ a + d * r n ' . F m ; z % T ~ ; i . ~ $ l  

ii) F F F I T + w % ~ + I J ~ R ~ T ~ ; T w F F J R ~ ! & % ~ & w w % ~ ~  
%, 4 ~ ;  (antagonistic reaction) 8 I J47Fin7 * m, FW 

w ? z m ~ - t l l c s ; a r & ~ m 3 d % P c r p ~ m ~  
d * J Y c l W c I T  d?iV m8 .m& -81 
iii) m w 3 c n i f ~ d ' h l d g i R m ~ % l w r m h w m ~ ~  
3 ; T i f ~ * m ~ - m w 8 m T F i S ; m - i f m ~ ~ ~ l ~ ~  
d%fhT (synergistic reaction) WRiR% 8  I JTF?JT % ~, 5 + m-m pH 
~ ~ 0 . 9 ~ ~ m ~ ~ ~ + f ? i q 3 ~ ~ m - ~ ~ ~ ~ & h  
8 , ~ m - 2 t ~ ~ ~ m ~ 3 , ~ ~ + ~ ~ ~  
b ~ p m a t f  ~ ~ t f ? i q ~ ~ i m o r ~ m s s n  
% ~ + m m ~ o m + . m $ Z F + m q ~ 8 1  

~ ' m ; i r w ~ + ~ ~ T m s s s  mitrw~ (SARI iftmm: 
(ca2') = 2.32 eprn, ( M ~ ~ ' )  = 1.44 epm; (Na') = 7.73 epm. 

................................................................................. I.........,.................,....,........... 

- 





(Design Standards) * W$f Jrpmr d qpf * 
@e~~aii;fhqm3*w43rtscim*KPf4] m m m ~  
M%*f+qd*wd;3;w*d**%d 
3 1 

+rrrs; (Performance standards) sh 4 & * ?dh Hlckal * 
d 4 P T r g f t m ? r % f 3 i ? m m q q w M ~ J g a m m + m r $ @ - r  

@ nfdismca (Procedural Standards) rn & di 
31mddm%~i fd%l - rn -d im 
rn*&M91~%$1 

ii) W @:d (effluent) YmT & 3 d 
mm 3, 

iii) W W f%PlT R419ifi % % $d (Pollution Control 
Boards) FmFLg % ?leTI @ 
~ ( ~ ~ m ~ w d i d ; ~ ) r o m r ~  
( * : a m + R r n n 4 ) + m r n * f r t ~ q q m * * - & 1  



di++fma; ~*~~ 
*-m 
m h m 8 l w  
~ ~ w l w w r %  
m m m m  
Escherichia coli 8 I 

- ; r r ; r R - ~ - m ~ ~ b ~ m B ~ ~ ~ ~ d m ; ; ~ ( ; ~ & $ ~  
/ 

mm?a&lid+tdkh*u+ml C P C B ? ~  
- n m P m / ~ ~ w ? r $ w m r n j m y m c i r ~ i f t m i f t B  

"merfim - m" (primary water quality criteria) & 2 I 
u 3 m m ~ ~ u ~ ~ n m f i r s c ~ ~ 4 ' h t m 6 . 3 4  
Rm m 8 1  

Wvi3 

1 .  pif;tdt4iirf* 
50MPN/100ml VWTWT 

2. pH 6.5 3 8.5 d; -6R 
3. f l $ ~ 6 p p m 9 1  * 
4.-3iigfPh;rqirl. 

(3 f&7 aVrr 27OC) 2 ppm 
m w r  

1 .  ~ M d k i  500 
MPN/lOO rnl m 

2. pH 6.5 3 8.5 d; $bT 

3. @$ 5 ppm m * 
4 . - m m  

(3 f h  aVrr 27OC) 3 ppm 
VTwr 

1 .  pi4%8h%f 5000 
MPN/100 ml T w 

2. p ~ 6 3 9 a ; r n  

3. fl z$ ;f 4,ppm m 
4E.m 

4 . * m m  
(3 f&7 aVrr 2 7 ' ~ )  3 ppm 
m w r  

1 .  pH6.5 3 8.5 d; $rJ 

2. 9 g$ &R%FT 4'pprn m 
3m-T 

M'mRwk*  

**m9119R4i 
mTkrn* 

iilTi;(-*w 

*-) 

TE7=El3*fhy 

mhRFm$m 
h* 1 

-Q~TT*TFTw 

m + * + m  

w?r;r* 

A 

B 

C 

D 



*w 
& $b P+J LhE 

~ + ' = @ @ ' ~  

If42 Q u1dd Z !c!Ql$ 'j7 

I+ 92 (UVS) 

d ~ f t h ~ l l ~ . ~  
k42 Q u13/s1f OSZZ 

l-I&FLk fi J o S Z  .Z 
k& % S'S -@ 0'9 F I ~  ' I 

kL!4 rn ~ ~ [ d c l  Z. I (& hsl 
*N) lrlhwd 'E 

3 



% i . l h ; r 3 m f f r m - q a l < + d $ & ~ i ~ + M a ~ k * * * f f r p  

j ~ m m = + m ~ ~ ~ ~ ~ ~ * m * ~ ~ + m m + m  
d$W Y&f&R 3FkT (risk management) TRiTh 3 I WiT 

MW $l 7 * (water quality managemeilt) a; 
m h - m m f ~ ~ @ e ~ ; ~ ~ ~ ~ ~ m R ~ m i t - f  % 

m m * * a m m ~ i r ? * * % ~ 3 l * w ~  
d W 3 (periodically) W b; $f% W & 4 f?Q 3, 
d + i + n r ; s s ~ m r 6 . 4 . 2 % ~ ~ - ~ i + d t  q - m ' ~ i f t * % l  
~ 3 h . r f t M m v ~ % $ - w , m ~ m ~ a w 3 ~ & , 3 $ r f $ w  
~ 3 e l ~ * d m M t R p w d h * m M 3 ,  
?i;.Fm;r 6.4.3 % f h T  3 I 



iii) ~ ~ a r n m k ~ ~ ~ ~ ~ ~ r n ~ ~  
m ~ ~ 1 3 ~ 3 R 9 m ~ ~ m a i m ~ M v m m  
i4-m *I  

vi) ~ i n ~ ~ ~ m J s d m ~ ~ w l  

FTlfF6 (Spatial 
variance): M &T $ 
mz~fi3  *h 

~~ 
(Temporal variance): Tm9 

+m*mf+Tn 



* * F J - i - 1 3 * ~ a l i ? l * m w m * m n ~ ~  
Wfmm*: 

F& T ?&T W 3TXI -C Fbh (Sewage Treatment Plants, STPs) 

m d$:ar;~ a (Effluent Treatment Plants, ETPs) & 
~ ~ ~ ~ - 4 1 . ~ ~ r n ~ d ~ 1  

kf% 7NFT 6.3.1 3 W W 3, TWTfhW 3b?d%% 

STPs ?W ETPs di R4fnT Tr;r[ 3 &RW m, 
~ ~ m ~ ~ e f t m w m ~ ; ~ ; ~ m ~ ~  
*I  

o ~ , ~ a ~ ~ - F a t r ~ . r f t  GTU STPs TW 

ETPs W f%@R ~~ %4T TFtl Mm 
+ R f ; m m + ~ m m ~ r n ~ ~ d d i m  
~ ~ * t f W m j r ~ i f ; r * ~ i j m r ~ l  





9 w d (Water courses) 4 WT @2 (m w 
-a-m)rm& m 5.5.3 't@bTTt*it w W I )  

@ % m m  (bioaccumulation monitoring) 

~%TW $Q$WJT (ecosystem monitoring) 

w ~ m J g d m * ~ ~ ~ # * ~ - d f f ~ ~ :  

if.) dk (indicator organism method) W f % ~  w Jrmrfta 6 f% * 
% m i i m i f t m ~ m m % ~ ~ ~ M t ~ m  
~ w ~ ~ m T F I $ * m * i f t * i f t % t m a m  
~ ~ @ $ a m % f i @ m M % t r r n , g y = n d f h ' ; r r  



b I $ & (plankton) f%f?Vf & 
m m 3 , 4 r R 4 ~ a i m ~ & $ 1 ; T f t ~ f i 3 + + ~  
* w m d & * M " . ; m 4 ; r f t m m 3 m 3 * &  
w r ; r m m f w r M B 1 m & ~ q W 3 7 n . g t ~ ~ m &  
" I l f t b 1 ~ ~ ~ ~ 1 4 ~ f m r n ~ ~ ~ m m ~ f f  
% I ifti., dl TMT 3 ~ 4  &i (flora) (fauna) % 
f & f b T ~ F T h i f t & 8 3 1  ~ * ~ ~ % % . M T % B % % T T $  
R ~ ~ + ~ m ~ e m t m f h - r ~ % m & & 9 $ ~ % 1  

M ~ k @ m ~ r ~ i i n + i 3 y ~ ~ % M %  
T I T I % T T O ~ ~ ~ . ~  ( ~ o ~ % w ~ ~ ) ~ ~ d i i i p r i f m m ~  
w $7 61% 1 w P4fa "% W $ m T  .* &" (Biological 
Water Quality Evaluation System, BWQES) TFFfIdls I ?iFRl f&TPl W TfV$ & 
~ m ; i R s r m b , ~ w m ~ m ~ m 2 3 h r ~ ~ m  
~ ~ w ~ w ~ + T ~ ~ ~ ~ T w T ~ T ~ v ~ ~ ~ ; I I w ~ ~  
* T $ * m * * . f m ~ ~ ? & ~ f f t * H % ~  

*s1 

2) * TTT (toxicants) % mpri m,% TMT ¶b??~ TY -\Ja 
- t ~ . g ; r a a w w q m ~ ' f ; l ~ ~ m ~ 3 1  

3) X 4 4 W m f % W ¶ - h v T % m R $ a f h ~ p m & ~ R . p ~  
~ + T ~ V J T ~ * ~ ~ ~ T T ~ ~ $ I ~ * % * *  

?d%h~~ (integrative) irm (accumulative) @ % $8 % I 



* ¶f#m*vft8mmm*YT*mmm3mrr.R 
.rff & w?I 8 1 & rn dhd (acceptable gradation) 

~ ~ % r n ~ ~ * m ~ + 3 ~ 1 ~ 1 ~ 9 4 i m ~ t 1  



4) i) TH 31~$3 4, TFT 

ii) GT~TPFF TFT 31$3 4 

6.8 m 

+T m 
6 

1) FhWT 6.1 4 if* el SAR = 5.64 



ii) % 
iii) Weft TNT M ~ ~ R T I T  
iv) 

3) i) w 3 a r r r ~ z f t i = h , ~ s c ; r r n c l r r R ~ @ 1  

ii) FF&?T WT, ?KT, SR af?+iqJ ?T V W T ~ ~  e t ~  
4) i) ~ ~ d * m ~ m f i m $ m ~ *  

m i l k ~ & s  ( a N d * ~ + + m ) ~  
~ ? m o ~ ~ 0 i m b m 8 t ; m t j $ ~ @ ~ d ~  
NH,, H,S Vd? jim b & 3 I 

ii) *'-m+mfim'h4TmFm&)13milpnilm 
W*~Sft*&?l 



The water (Prevention and coiltrol of Pollu~tion) Act - 1974 and 198 8 
An~ei~dnlel~t 

The water (Prevention and Control of Pollution) Cess Act-1 977 

The Environment (Protection) Act- 1986 

Environment Impact Assessment Notification- 1994 

0 ?Z$7 W Wffh (Central Water Comission) 877 3 $ 3 19 R r f t ~  
(Observation Stations) * D7 &TW 4 TfT GiFl ?JWRl ;flT '$?8f$PjT W b 
( I X * ~ + * * F )  



a k @ (Central Ground Water Board) 14995 m % rn 
~ ~ t ~ r n i f i ? ~ m w 3 ( 1 x d d m ; r r ~  
+v) 

a $8 (Central Pollution Control Board) W Rgffl 

(State Pollution Control Board) &!PR if F& 784 m 4 ElT 

(CPCB 2003 * Filf&l? bi m) 

w l r n m ~ % ~ m % ~ ~ ~ m ~ ~ ~ ~ h ~ 8 m ; l  
(case studies) I W W * d?$Tll (Hydrology Project) 3, 
~ ~ ~ m ~ ~ m + ~ ~ - ~ - + r n ~ r ~ m t r n ~  
Rp M rn  TI I F, (Ganga Action Plan), W 
? w . r A * m ~ + g & + m - M ~ m r 3 l m i f , w  * W ~WEi i i  PJllt8 (Biological Water Quality Evaluation System - 
B W Q E S ) ~ ~ ~ ~ ~ I  

~ m q m  1995if~d***mw*fih.- 
* m s f t m 3 ~ * ~ m v * Z f t l m *  

P T R ~  [Hydrological Information System (HIS)] * * in;n 
qJ W (%t CPCB &), Y F T  3277 a TR m TF l  3 Wff&T 
& c p f ? ~ ~ d + d + m d 3 1  HIS~+T@IE~%*M+ 
* d ' d i f m f  1 



e &m - (modules) W ?Rh 

> (open defecation) * W % h? % f*$ im %%T + VF3$ 

T I % * r n r n l  

P h * ~ m & d 3 T T / t % R i - y R g q ? ~ n m ~ w p -  
(crematoria) f-ffair FRl I 

r n m a m f f t u : r i m d ~ + w ~ ~ m B ~ m A ~  
m ~ ~ ~ + ~ + ~ ~ r n d i ~ a i t m * +  
4 % tm (attainable level) % rlgl pTI : 

9 1 



@ @ 3fkdkTT (Dissolved oxygen) : 5 ppm 3 W T& 

* (Biochemical oxygen demand) : 3 ppm % d h  78 

( T ? d h f d ~ ,  Bactarial load, coliform count) : $?i 100 ml ii 
10000 MPN % d&F 38 

Gallpa Action Plan - http://www.cani~1dia.org/re~orts/scientific/2OOO-book2/~a~~ga actionplan.11tm 

* ~ ~ ~ ( c P c B ) ? w F I & - $ ~ w M  
f&@RT ift b f%8 * W (Biological Water Quality 
Evaluation System, BWQES) & b I W YJll8i iht P @ 
1 ~ + ~ m ( ~ o ~ P w 8 ~ ~ ) 3 ~ & r n  
3 I dTl-iT7 JiW (calibration study) T ~ W k i  8 sg.rr .rft 3 - 
% T WF%? ;F;i Jsdm * + % (distribution) w FPT$ + 
~ M ~ B I M ~ w R ~ ; [ ~ M * ~ ~ F T * ~ ~ T T ; R % ~  
8 * 8 P& p 3 W T  (abundance ranges) W d 
~ o ~ f + a - ~ + T n n ; F 3 ~ ~ m 8 1 ~ m $ ~ d ; t ~ ~  
w m w , m * m + ~ m + ~ b M 8 ) i ? , ~  
SWd8 (deterioration) iht f%d%&i f h  T J ~  3 W 8 : 
~ ~ r r ~ d l s t m r w ~ ~ l ~ ~ a ~ ~ ~ w % ~ ~ w  
i94bmf ~ 1 8 ~ j R s ? r i h t . t t ~ f i n ~ 3 m m 8 1 ~  
~ + m t ~ m r n o m a i i ~ f ' 3 v w ~ + m m ~ w ~  

(biomapping) 3 I %? W * ift % 
d 3 M m 3  % m F h 8 * ~ 1 r n t ~ .  
M ~ - ~ ~ f & m f % w r * ~ w ~ m & * * M m *  

T d  * k ?JT * (color coding system) ifil Fl$PT f4;m W X  8 I 
*mZf t~rnswrs ; rm+mi t3+~~*rn  * 91 f % ~  'NT& i? I (abundancy notation, A 3 G) 3 
~ ~ ~ % ~ ~ % W ~ ~ ~ ~ % I  



;;ffa 

-77 
(Ephemeroptera) 

r n ~  
(Trichoptera) * 
(Plecoptera) 

M 3 ~ r  
(Odonata) 

d E F 7 - r  

(Crustct cea) 
w77 

(Hemiytera) 
mile-77 
(Coleoptera) 

-T"='T 

vi=3 

5FmFl-r * 
WFrw* * 

fb?% (Dipteera) 
k 
(Mollt~sca) 
m 
(Hirtrdenia) 

t+&l 

(Oligochae fa) 

(BOD 

P.km)/ppm 

< 1  

1 - 5  

1 - 1 0  

----- 

Tim w 3 * 

-I* 

C -D 

A - E  

A - E  

1  - 15 

20 - 30 

d 

I 

I1 

I11 

A - E  

A - C  

~=I-w~T 

f 1 - 3 ~  

rn 
.R?;rr 

m 

r~ 

V 

TcJYl 

Tm 





JTm ~ ~ B * * * ~ ~ % t ~ v ; i m q ~ r l m ~ f  
@ m R p r m f ~ ~ , + i ~ m % ~ t $ y : ~ ~ m  
$hiftu? f6 TN-w w w aeir (aerosol, irrg i 4  M d2 $ t ~  

apprmm)mddrRaEtmrb~ m h m - m ~ r n : ~ ~ y ? r ~  
mcmr;r*ma;m'~$tm&m~~~wMmrrZrd 
w R * m * m t l * , j h p @ * ~ m * * m m  
v:sa ~ = R + ~ w ~ T z = ~ ~ T w ~ ~ ~ ~ I  ~ ~ b m a ; m s  
a C* p aPrr (dynamics) lftKa (met.eorology) *fi $f 

~ * i t . m m ~ a * + m f * m 1 8 8 * ~ 1 ! 3 1 ~ * ~ '  
qY?f?.FF (compressed) $hl ifi ((r(lcq = 1.2 kg/r,~i) ?iW y a  ift FRE T 

aflw 1 0 1 3 m b ( ~ ) w m ~ m 8 1 ~ $ $ ~ l e ~ ~ m ~ ~ ~  
v & w t (exponentially) & $ TNT 6 6k mift ~ X I T  (a1 ti tude) W @ 
a n * m a c r ~ m ~ i r ~ v m b f % p @  ~ V J ~ T - C T ~ O O ~ ~ ~ ~  

Pmrnb3fM.~c~wd@JrWrFpor ly l?  pPiftiftfmti?Tjkm$=f& 
~ ~ 9 0 % $ d $ F 2 9 k m ~ ~ b ~ 8 1  





?FlTf * * fh7V (vertical distribution) t Jmm TI T I I ~  + 
f%WZ &$ if d@3 h WlT 8  B;mm: (troposphere), 
(stratosphere), (mesosphere) 7P-V "rg- (thermosphere), TI- * - @& * f$bVkT (troposphere) & $ I Fb! 3 3 T d  

(latitudinal) wk (seasonal) 4 zmnl 6bi risd w f h l 7  

8 - - 1 7 k r n ~ ~ $ l  ~ W + m a m F r n m B a ~ m ~ m e ; r  
~ * * * ~ . & ~ ~ ~ ~ ~ ( l a p s e r a t e ) & 8 1  m q * m 8  
~&CIIT* J T ~  ??id 8 3 m 1  FITI'WT-?~R~ 0 .64 ' c f i  l oom 
$ ' f i % l  

b I GIY * 3 ~ 1 3  'FR91 GM  IT (tropopause) TRTKR 8 I TM F%%VT + 
~ ~ ~ . ~ % ~ ~ ~ ~ 3 e i P I T t f t r l l ~ M y f t % ~ r n w f h m r r  
m x q 3 y p k ~ m M 3 1  

% (troposphere) m, $6ih $d * @ FFRT 

~ ~ ~ m ~ ; i F m m m B l ~ ~ i r i . 3 f , *  
48 krn w h $, dT risd $ ZW q W T t i k f  (stratified) 

8 * ??& * (stratosphere) w 3  I 
TPWR* ;f TFFFT -2°C W T$iT3 (h -FRsrr % -56'C*) h % TNT 

Tmam ris?;r % F&JW h (transition region) 6i'~ mI ~%RT 

zFT h i!hl 8  I ?mmq riSET d TllTVT (222' 3 205OK) ?rT & 
(convective air currents) ift ** fim 8  I VKFT % 

37& Tm * h (stratopause) @ $ I 

. -80 -40 -40 -20 0 20 

Temperature (OC) 



~TJET w (mesosphere) $ & b C& FFITT 180°K 
( - 9 3 ° ~ ) i l i f i f h m % ~  ~ ~ ~ ~ 8 5 k m ~ f & g t ~ ~ b m n ~ ; j ; s f t  
I%IT * w TRsr (mesopause) ~ $ 3  $ I 

W J ~  & 3i9ft hR. W arzj-rl' (thermosphere) b amsr? b 
3 k  1200°C TIT $ pft lRTiT 8 I I W (altitude) T? mg & 
WT 3 frRr $ & WJ$ # f i  (* d, kinetic energy) W 3 b 4 k  
~ m ~ ~ m . 3 1 - i r m ~ m ~ ~ r n ~ M ~ ~ ~  
a ; w 3 h  7 . 1 * W h T r n 8 1  

~ @ v r d + F @ i t i m m ~ * 3 M 3 R v R m f 3 w m b :  
d m ~ 8  (chemosphere) TPTT (ionosphere) I TthiiS-d mt m$ 
aorr*m*hirlsRamm-*$mgi 
~ m ~ ~ * ~ ~ ~ m ~ P R s R r h f f % r  

~rm;r (ionosphere) 3 3f?w JTmih 3 ~ 8 % %?@'t 

ai?f TV$%' (reflect)/* (transmit) & * $WRIT 8 TF?IT 8 I 
~ J @ R ~ ~ & % ~ % * ~ I - M T M @ + *  
3 k C & $ d b ~ ~ m s ~ ~ R 4 k M 3 1  ~ ~ W T P T - ~ ~ ~ ~ M - W ~ F R F F R  
(Kennedy - Heaviside layer) D RK 3 1 W W8 * E, F1, F2 TNl 

~mRmw31 .33T19;iY.%m lo3* i o 6 f i s ; r ~ r n M 3 ~  



0.0001 14 1.14 * (HJ 

*- ~~ 
(H20) 

* Tl-iFlim (CO,) * - (CO) 
Wm Tr@%mFs (SO,) 

=m@- - (NO,) 

Ji?r;r (0,) 

0.000050 

0 - 5  

0.0340 

0.010 

5 0.010 

- 

- 

0.50 

0 - 5000 

340 

< 100 

0 - 1  

0 - 0.2 

0 -  10 



m t K d l g ~ ~ ~ ~ c l ' * m ~ ~ 4 % ( m * ~ ~ ~ 3 % )  
$RT hm I - 4 M snqfX m M * (evaporation) TPT TT?T * 
T~FF+T (transpiration) 8 M h TPT -cPrs RG?N r m ~  ift GR 
VRWT &rr31 

*m 

2) M m m a t $ m ~ - J m l  
w!Jtsiinrnrn~lr4 

i) 3%FitTlpT*31 

ii) m*mei?1 
iii) M t ITPT +I$ $@d% .rff GTR %.I 



MZPJ 77Flf83 (reflected)f%$$?T% m q i  d 8d 
m?i (short wave) % $3 91148f/ (transparent) h 8 % y a  

~ r l ~ :  3 * 4M ~ (long wave) -sri.fif Rf%@h di $3 & (opaque) 
h f ! , n f t p @ % i f t ~ ~ T $ h T ~ ~ ' h 7 3 ~ ~  
WFPpY DTR (greenhouse effect) =5'& ? I W 3 f % k  f8!%?8 & (additional 
radiant energy)* $7 Kim TT iTm(m - 1 7 0 ~ %  w W + 1 5 * ~ $ T  
3 1  1 ~ ~ m ~ ~ d % R ~ a ~ r r s $ 7 ~ ; r [ ,  3r@trnmssn$r 
m ~ a m ~ = r * R i m ~ ~ % ~ ~ y ~ r 4 X O f  8) qmm 

(global warming) % f%%3 W$ +* Fhi T $73 b 
m ~ a m ~ w @ S 1  P T r n 7 . 7 i f ~ ~ M ? ~ * ~ i T r n i l ~  
*m*dMitiftf B l m , ~ ~ & m t C I m *  
-T7vw3-61 



R m  
0 > 0, 
0 3  = 0 
O3 > 0 

*m3 Tmm* 
N2 - 78% (332, 0 3  

O2 - 21% CH4, NO2 
Ar- 1% N,O, CO 

Hz, Hz0 

~ r i r f l m i C ; A # ( o . o o l % ) * r . r r g . i s ~ i n ~ ~ m ~ ~  
r n g i ~ ~ + m * ~ ~ ~ + f ~ r n ~ r n ~ ~ ~ . ~  d ~ h m r f h - ~  

V ? T W ~ . ~ & I  miC,-~ny7is~$jla;@iftm3JqROm-mBm mm* 
W T ~ ; T T W ~ ~ ~ ? I W ~ * ~ ~ - ~ U . ; ~ Z ~ ~  (three dimensional caged 

network) 8 I 
$ RiF m-q (water cycle) (m 4.5, 4) * w 3 M h rn 2 I 

T TT Jnrmr;s T@?? Ell fhT (heat capcity) b I 3T$@DT di 
3 l a l ? r J m * ~ ~ ~ ~ ~ % 1 ~ J i a r n r n ~ ~ o f *  

M q m R r * d * p 8 t t T l i f m m m i l l g g l i l r n d i R P  
~ ~ ~ ~ ~ T ~ z T B ~ s F ~ T T M ~ I w ~ ~ ~ ~  lac&% 
f ? ~ 4 . 1 8 ~ m % - M b 1  q $ $ ~ ? ~ , m r n * m  1m 
~ w a m ~ m 4 ~ c * m ~ ~ % l w ~ ~ m e n f t a S * m &  

W % Jm JTOg(T TR? W 3FW (latent heat of fusion) imT iwf*m*b * (latent heat of vapourisation) i? I 1 & 'SDil Q°C YfWFT m v m m $ r ~ . ~  



7.6.1 rn m 

- i l ~ ~ ~ ~ ~ % , m m m a p l r % ; s + % m ~ m  
(glaciers) ift d % X* (sublimation) 8 3 1 I Jl%@T$T %I ?'x 
m ~ a m s r ; r m R s f ; r & Z ~ M & ~ ~ m ~ m &  
m $ m h $ 1 m r n ~ % I m 8 M ~ q $ i f t ~  

( e ~ a ~ o r a t i o n ) ~  d FRR? x F: WTb3 $F? * w ?fi WJJ$ %I 
% WPR &?l$ I 3FT M m ?Fl (vapour pressure) F$% 

w w (saturation vaour pressure) 8 TXT w tm4 m TTT @ TJ 
(saturated) d 3 1 I ?W m, (dew) & * 

(precipitation) % F T ~  % fiQ $ki~ 8 M RWRRIT 3- T@ $ 
~-i.~d%f?~r$t?r81 

f%%f~~   IT (saturation mixing ratio): * 3- fi3 f6 W f;;a 
i f w m i i m t ~ * J r 3 m a R m 3 ~ r ~ m i r ~ l i  * p T J +  
~ ? T ~ % ? R I T T % ~ w % ~ ~ - ~ w ~ I  

& & (relation humidity, RH) : F Tf&W W W * ilW WT 
t 3 - q ¶ m 7 T - * * b m * R r m ~ * ~ R r m  
3 1 . g m a % q y ~ I  ioot~m3rnmrrmft1 

W amm;r (dew point temperature, T,): 4ir W M RV T mg 
~ ? l i h ~ ~ ~ ~ ~ m ~ l * q * m m m m w ~  
~ ~ z i i r * ~  ( c o n d e n s a t i o n ) & m b ~  IQ* i%d? w * d +  
K r f t p * f 4 r 4 1 ~ * ? h * J i m 3 1 I @ # r n * ~ ~ * *  
mw*f4r41m?hTm;r;rtarn*@Mtl m t m ~  
$kt~ % - (forecasting) 3 & b I 3 + iiSI $67 ift W * - 3hR, ( f o g ) , r n m  ***+ 3 4 m g M  
3 1 ~ m i f t ~ t ~ o f t M i i i r m m i r 1   mi^ 
~ ; ~ r ~ m h m i r h i i i h . ~ ~ + ~ . h - ~  

(latentheat)-* dk ?F IT&~?~ I  



- 4 W * -Cpft WT; F!Th, JlzlfilqR, W WT47 bm m-m (hydrometeors) $ 
*~**Cli;;r4*mm~mw*w**~*RTqii 

?14i f * brecipitation) d ? I & * 3 m $%? ? TW: IS 

(liquid) aPrr f&d%F3 (frozen) F$JT * f% f4( f?lTI 8 I 

~ T $ J T : ~ ~ ~ ~ * - * ~ W F P . ~ ~ ~ ~ I ~ T $ J T B + I  
q$ f; @-a (drizzle) apTl Tlf (rain), 0.5 mm * im W ift %? 

*-fim*mm@*d*@mrn81 qiT-mmm 
~-.WB/&-* (alto-cumulus/a1to-stratus) 9 W  & d 
i r f i r f t b ~  t ~ ~ a ~ ~ ~ r n a m m a m , ~ ~  
&*mtmt~M27alf~i9;ilmC14?Tftw,@?1;1 
m 0 . 5 m m * 5 m r n * ~ i r * & ~ 8 1 $ ~ h ~ ~  
d i r f h ~ R B ~  

(fiozen precipitation) : Tfl* h * qm 3 rn 
Rb 3 TF%T b I -4 & WTT * 3 fh?T C I T$ % M (ice crystals), 
& (snow), f & ~  TT (snow grain), f??~ (snow pellets), iimf % (ice 
pellets) W (hail) I 

T% * %RFT (ice crystals) WlTZ (flat six sided 
plates), W$Pbl & '-7 (hexagonal branched dendrites), d%% 
(ice needles) 3TeTgl. V$P!Pf (hexagonal prisms) * m if $%T 8 I M-T* 
*m $ KrrPrft (hexagonal symmetry) 6 qc* 
~ * i i k * t * * t l  

T T T # * ~ % F Z T F ~ ~ ~ K ~ & Z T  ( c o l ~ i s i o n ) & % i ~ n ~ @ K t i t ~ ~  
$**(snow)- h$b I~&f&fitaw (snowflake) 
~ & - m m w m h i r l  *-mma7*w ~ ~ 7 7 -  
m m m o O c i f ~ * w h ~ , ~ * i t w F ~ ~ * % w F  
~ ~ ~ 6 1  

fh9 w (snow grains) d ai el *, WIT&T (opaque) WT $R 8 I 9 
H I Y ~ ~ ~ ~ : T T ~ V V ~ & ~ ~ F P I T F F R W R T  l r n r n % ~ m & i ! ~ +  
@-m 77- (frozen equivalent) 9m T FFdl b P I T  FIFWtT.: 39 

(subfreezing) m?7 % ReTfilaf 4 h b I 

* 6;iff. (ice pellets), d (transparent) W (transluscent) d b, 
~ ~ ~ ~ $ l d ? 8 b ~ 5 m m ? t ~ 1 ~ i f i l h ~ l  ~ ~ f f ' F ~ ~ ,  

- 3 ~ e ~ m ~ ~ 3 m f 1 P * d * * * m m M %  
~mM3&rnm~&*%-&JSbi ; rA .B1  d*1Ti7di 
m m * r n * ~ . b * d ~ * 8 1  

d--: Tf TW1' 

3T FIT, w GW-2 
mt rnFli?Tft*l$ 
M 3 $ & 3TVTl 

m 8 % d i ? ? 1  



* * W (hail particles) MI h d  (ellipsoid), * (cone) 3Nm 

- % ~ i f T $ d ; F ? i M 8 1  % T $ i f t i M 3 &  ml (5rnm3 
l o r n r n m % ~ ) d ~ M * 8 1  M f  w?]~%Fcw$@T$ 
;h.r R h  w b  8  imim WT 3  (alternate) d (opaque) iwr ~ 9 m  

d*f;-caifdf;$la$l 

Tim;r (convection): & m W rng in 4~ (parcel) m-m 
$ m ( s p a n n i n g ) 3 i m ~ b ~ k & ~ 4 m ~ * d ~ * ~  
- m m * * a ~ a r m 3 1  

T$%V (synoptic convergence) : d & b $? at w WFYT 

( a i r b l a n k n ) m i f t & * ~ i % 6 d m q ~ % i f t m m  
ift $7 W (inflow and outflow) i 7 T  d?T 8 I 

(orographic motion) : T d  W (moist air) T k h  f$Fmr FT TI84 

?WT (coastal line) M TM'VT ?FF $ 4 ift $IT TER b  I 

J ; ~ R  f3-q 3;deri f i  % P F T ~  4 a m ,  d %'T (convective), ITRET 
(synoptic) W (orographic) 3  h W % I d 3 f%'& pft 

~ 3 m i f t J i r r ~ m g w f $ t m h b ~ h m + m i f t m  

54EwrF&W*hbl 

(condensation) : W rng 3hR $ $ w & $ti% 418, 3m 
W q If. * 4 9T * FhTT T#Fi (condensation nuclei) d 
t m m * @ ~ F 1 8 M ~ & m n ~ m + w i M  
t 1 ~ ~ m ~ ~ w a s m 2 i t 5 0 ~ m f i f m 1  ~ ~ r m a ~ ~ c r n ~  
TNVT 100 w 8 I Ifig + d b ift -7 f % i  (condensation 
r n e c h a n i s m ) ~ d ; ~ 4 ~ * t i i m ~ ~ 8 6 d @ i f t ~  
3 M 3 - r l % M * d f f l  

~ T W  (coalescence) : k C imr B f4Ra b  FITFIT TJ7T + If. @ 3  M 
i r l Q f i l w f m b W ~ ~ b f . r % m B ~ i h o l m % ~ t  
~ M * ~ ~ ~ 1 ~ * 4 + m - t f ~ ~ b 1  

R~ (deposition) : W % 3  W W d$3 9 + ihR QT f%m 



~ m ; r ; r r $ ~ i i ; m ; r ~ * * * d ~ ~ m & m d t $ d i % & ~ r  

~ a f & i ~ $ * ~ ~ 3 ~ m W f ~ ~ ~ @ 3 m W f 3 1  
m W 3 - q  loopm* 1 0 6 t w @ * m w f 3 K r h ? R b 1  Qwmb 
f$ T ~ $ T  JicffTSfT (tropical latitudes) a; m1 % F;9 8 a; m< . 
~ - ~ ~ ~ ~ * j r r i ~ r n ~ W ~ ~ ~ . f ~ m  
r n t l ~ & r n 1  y * ~ a * m l i n g ~ * m ~  
(freezing) $13 8 3~ ~%3 % T& p* t FFT?T TTVT ~%TFF (freezing point) 8 
= R a 1 m s f t f f r r W r ? h ~ m J i f ; i 4 R R a d * $ ) r t w ~ ~  
31  (freezingrain)$Hl$~ I @ & R J $ ~  
~ ~ , 1 9 - m m $ * m ~ * m a m 3 1  
* - w i t y ( Z R r n @ m * d d t t m i 3 * t ~ f i m  
(supercooled) d * 9 3 @Jfb)jT $d?i % 1 % * & Wf ift (ice 
p e l l e t s ) + ~ ' i f W m 7 ~  I * W m % i f t W f i f t ~ ~ h ~  
m m b ~ i i i t J T R i s R R a m * ~ ~ ~ m r r P a ~ a r g ~ m m  
(m ift $i~ updraft) % 3 I f&f?7 

a; W 'if h Tjh ?$i (thunder clouds) 3 mf 8 I 

i) ~ ~ P R F R T T I T ~ I  
ii) . ~ a ; ~ m a ; f ? i q - ? l T m 3 % 3 1  
in) y ~ r n & ~ m m 7 m ~ m b + i - l v p f W 3 $ ; r ~ 1  
iv) f l r n 7 h r F f % 3 m + ~ t ~ ~ % 1  



ppbv = parts per billion by 
voIume 

(m+Tlw* 
f3fa.W @+) 

m 7 . 5 ~ ~ . m k ~ i f t ~ 7 % n m ~ 3 4 m i r ~  
~ t m ~ i i ~ * ~ m m r n f t l + - % ~  
m % m m f . t i m ~ n m 3 1 ~ ~ i f t W ~ w m a r , m h  
3TGhVFSl ~ ~ ~ , ~ ~ 6 ~ 3 e i ~ ~ % 7 ~ T h r f ! % T J T % %  

d TiT 46& f$i%W % fi d $kfI 3 %$ (greenhouse 
g a s e s , ~ ~ ~ ) - % l  J ; c i f t % v % + h % ~ s r ? M % ~  w d %  

f?lFil 7@T-qm f?TTJ 3 8 4rfd (long wavelength) 3 & 
~ ( t r a p ) 3 3 M 3 * ~ & ~ 3 ~ d T M ~  VCFETFMFT 

~ ~ s ; n f ~ : ~ 3 m w a m m ; r ~ ; r ~ i f t J r g s f t ~ 3 ~ ~  
m i f t ~ 3 m h B 1 w R ? f i m h ~ 8 % ~ ~  
~ ~ q M - - 4 ; r H % m - m T ; r ~ M & m ~ q m ~ " m  

R ~ ~ m w r i r m m ~ ~ ~ ~ % n ; R m n m ~ w @  * M (g loba lwa~ming )d  8 I '37 qrh % l7FiRT 3 % 
50 d 3 @ k?T ~ 3 b ((anthropogenic) *$, f%DRT 
GRmqift fM (fossil fuels) b; W, % TFGT $ITIT % I WFI 

a ~ r m ~ f % l T i n i m ~ r ? ! l ~ ~ V d ~ ¶ ~ ~ z f t @ f i  

7 . 3 * - A - r l f 3 8 R * * ~ . i f ~ * r n & ~ d 3 1  

$2** - (%) 

0.4 

1 .O 

0.25 

7.0 

- 

5.0 

5 .O 

1 .O 

0.2 

v* 

FFk T ~ B ~ ? M I B S  

3% 

,m 
%&T m, CH,CCl, 

*' 

CFC- 11, CFCl, 

CFC-12, CF2C12 

* %J%'KFS *- 

-m 
Qvbv) 

358,000 

1,650 

304 

0.13 

* 
0.23 

0.4 

0.125 

* 



m$, q ~ p k d t 4 m w ; r  9 0 % ~ ~ c l ' $ j n m 1  m m  
d a i - b m h b ~  I 1 0 % ~ 1 ? f i i b m h b 3 3  
$ibj3hm~3ii4flTTr~ j m ~ ~ * m ~ m * m 3 m f %  
qixv b I & $ w 3, T @ 'h4 ?FF?T * VM%T (reflect) RFTT 8, VT PTR 

@ t m W i l l q q l i l m m m h b ~  ~ ~ i r 4 w r n - @ h - t ~ ~  
~ W w ~ ~ ~ ~ & m ~ m * - F m ; r ~ r n m ~ r n  
d * oft *cl' * d * * F?l X (FPVT 7.6.1) 1 

TVPT& f5.Fm (climatic system) 3 a (troposphere) * jm m 'h4 ~ f l  

m f W + ~ ~ J r i a f t 4 ; ~ H W 3 a ~ b  b y-rnm, ~ ~ % Y - & F ? R T  

(sources) @ (sink) ?TFT * & & % I 3 
~ m m ~ ~ j m w & 4 ~ ~ 1 ~ b c h ~ r f ~ ~ m  
m m m m h 1  

~ ~ T l & m ~ Y F @ ? T ~ $ ~ b & V d ' V F l l T ¶ i t = %  
~ B + i % ~ * m s o s r o r m i a r a m ~ % f t ~ 4 t : ~ M 8 1  
q 3 h m l  125003 1 7 0 0 0 r n r n * * % ~ ? T W T R T ~  
(infrared radiation) ifrl SR$VT d b I *-* Ti* &$ if T ~ l ' $  

~ R ~ b 1 ~ ~ ~ ~ ~ 6 ~ ~ ~ t ~ m m ~ u m r ; r m  
~ ~ ~ * * * ~ m ~ - . ~ ~ ~ - ; t ; ~  
~ ~ $ P R T & B I  1 ~ 4 T ~ ~ ~ w f 3 ~ ( t r a ~ ) r n g + ~ 3 ~  ' 

m b R m ~ 3 * 3 m r m i f t m & m @ J l h m  
i t ~ 7 ~ 4 i e m T A b 1 ~ ~ 3 - + m 3 &  
m ~ ~ % f m m ~ 2 5 % % ~ f l  mmm+s~ingym 
M f~ (fossil fuels) ifrl w b M -$EFT 3 TT& VWFR Z~TT 

q 3 h m m s m 3 & t ~ 4 ~ t m b 1 1 p * m  
rn.ft~$&3M$*~@+m?pr*mfhm-mb?tr-w 
m d y v t 3 m  w k m 3 1  

~ ~ m l m 4 = r m ~ ~ f e 7 1 1 * M a ~ f ? a - v - r * w m  
. f t * M 3 1 ~ 6 4 i r ~ r n m b m ~ c o ~ m ?  
w % ~ $ $ * * r n m m m b l  ~ d & * m m  
m t m $ - ~ ~ m m 3 t ~ 4 g 4 a M b t R k k ~ 4  
~ B ~ ~ r n , t % ~ r n ~ * P b ~ *  
mI+i?*mv**m-m311~M3 
-?TI%' ( f l a r e ) ~ 3 ~ . f t ~ ~ ~ 0 ~ ~ ~ b 1  m?fi 

ta W w R&fJ?i (deposits) 3 $ I ifiPR h f$3 (oil 
drilling) & 3 %FT '* 3 JlftPil (flare) W W bl f%?Q W 3 
S R k v i m ~ k ~ m k i f r l ~ s w % &  

n?rt@T~&l 1 9 7 0 * ~ ~ 3 ? f l m c 0 ~ i f i l ~ ~ ~ ~ V d '  
~ ~ w m r r m 3 a t m b l * G h ~ ~ ~ ~ ~ 9 1 * ~  
*?f l 'h4*ri i r l*mifmbc&t**~**h* 
(capture) 4 T T;A b JhT WITFT FFFFT 3 TJW f h ~  m m b I R 6%~ 3 
co2b TRFh (1989)* 2 0 2 w  ZT $ WJR Jyiif.l T4l b * 
~ ~ ' C O ~ * ~ ~ F # T W O . ~ % ~ I  





; . r r g m ~ 1 3 J s f f e m W ~ 3 ~ c r f ~ k 3 h % *  1 . 8 p p r n ~ ~  
& $ t t l ~ c l ' 3 ~ m ~ w 1 % 3 ~ m p m  i . i%P&m8wbm 
~ % 1 ~ 6 0 0 & * 3 ~ i f t ~ i f t @ & 3 h P m ? ~  
~ 8 ~ - @ ~ ~ f ; t ; m % l i t i h * 7 n ~ d i f ~ $ ~ * ~ $  
~ ~ ~ . L i i w m M f i t i m ~ @ P r n m ~ ~ ~ m  
rn *JIT I (rumination), W ift * (rice farming), <o;r m rn 
~ - F m r ; r 9 r ? r r * ? l d  ~ ~ R f k T h % & ~ F z m  (marshy 

place) ~ ~ P T I  * =;IT (coal mining) k d $ I ?J$% d 
- 4 l g r i s a * ~ k 4 2 5 f % f ? N T i n . * ~ $ ? 8 8 t ~ * f i f 8 h $ ~  
tm*f  m 3 r n d 8 1  yp***m*eit3* 
~ ~ % ~ ~ ~ ~ B ~ ~ r n v ~ ~ , M i f l . w ' ~  

9 ; s " s * m + w  
iprr ~%w+T a k + TT~T B F%T 3 I ~ m y $ m  (arctic) h 4 w 

Rdq,,d m,3ii a 
* t t T m r ; r i n d ~ * i r s f t 8 d 3 m a k ~ 8 d  $&ir*$h$, 
*3h**m*fimern'14~%1-qMtf - i i J R ( @ p g % ,  
aKift $jlW W w#I 8 I C02 % @ (chemicals) 
- i t ~ m m r ; m * = r - ? W ? ~ f 3 d s ~ i i r r ~ r n m  l o r n  
&mtt 

* m a i m ? * m * m P R ~ m i ! l ~ m M  
(fossil extraction)% VTT M + 3 ~  M % I k TFIT 3 W; +'N?T 3 % * * @ockets)%r8$Rm?lell&6?ift 3irr4 qdmTcTrnrM 
W F ~ J T % T R T ~ * ~ ~ ~ ~ ~ ~ I % ~ ? ~ ~ ~ ~ ~ R ~ ~ ~ ~  

~ a ~ . ~ ~ a r a i ~ ~ ~ ~ ~ ~ w ~ m *  
.- it RI 3 I d ~ 3  $I v-~i m ~ i  371T @% (pulverise) T& 

r f t % 4 K 4 G ' r i t - M W ~ r ~ C m M B ~ % ~  
~ ~ I - ~ ; ~ R ~ ~ ~ M * ~ ~ ~ * ~ R ? W * " ; P I  
m d e l  



t 9 . r t m ~ - ~ , 0 ) , 5 1 * - ~ m * M m * ~  
$ * S & ~ ~ ~ * b l d ~ - ; t ~ r ~ p 3 ~ M 3 a  
Ti3bmm*-mh-h 1 7 0 m w b 1  mg+wimv* 
~ ~ m ~ 0 . 3 ~ ~ r n v b i l ~ t l ~ ~ t  ~ 1 3 8  

6 V i i i  Ti3 b I W 3 hl (microbial action) % imvl 

~ i v ; ; r $ t c f t b ~ w % ~ ~ i f t ~ f l % ~ ~ ~ ~ ~ * %  
w%m33mR~Mb1m3 1 2 3  1 5 * a 4 ; g 4 a m a m  
T m l o % m ~ % ; m d m t m f m % l  * x m * ,  
~ m ~ l ~ m m l ~ ~ m ~ < m ~ % ~  
J r r l i ? ; r m B l d ~ r n * b * M ~ 3 ~ ~  
T ~ T ~ M ~ ~ ~ ~ I W ~ T ~ ~ % B ~ ~ < ~  
& @ r ~ h q P r % z m o r 4 ~ @ ~ w * B M 1 I m  
- - r y l ~ ~ ~ ~ B ~ ~ m m r n i r B ~ O r m ~  
~ ~ 4 ~ 3 ~ ~ % m ~ m w ~ ~ , 3 m f i 2 0 0 ~ ~  
P f t T 8 ~ ~ ~ ~ ~ ~ ~ ~ f i & ) r l ~ ~ i h t ~ ~  
7&T 5 d 2050 3 ~~ % Fm 0.375 ppmv & * 
~ ~ ? ? ~ 3 4 % @ 8 1  

m~m (chlorofluorocarbons, CFCs) T&PITI$ %i 3 
m ?Fjh 3 V W b (d 4 - 5%) 1 4 TVTR (stratosphere) if 

~ @ F T % ? W ~ % I  C F C S T J ~ ~ ~ I ~ ~  dfli,mtM 
(propellants) ai *, ~&TTT % Fts 4 FT $i m if. m rn d 
~ ' . F F 4 * w i f . & r r B & i a f ? q s ? d i m d i ? 3 ~ - & ? r ~ 1  m 
~ ~ m t m 4 ~ w 3 m ' ; r T 8 M t a p r r a r g r i s a t ~  
~ f ~ s s 3 ~ ~ i m 4 - r i i m v r B i r 1 ~ - . m a h ~ t ~ c ~ c  
rn 3 i n : q * ~ ; f & i m m * l ? i q m m b 1  



W %6l$ Fl-3- (hydrochlorofl~rocarbons, HCFC) JT;9 

~ ~ q $ = = a p r r ~ ~ B 1 ~ ; r 1 ~ + ~ m m i m ~ t  

~ ~ ~ + ~ B B ~ ~ ~ . ~ ~ & ~ S I T H C F C S Z  
$ I 7ifm $&$k (Montreal Protocol) a; CFCs 

~ m M - F a i r ~ m * d ~ ~ w 3 1  

W W fk?T ift TIT7 ift (global warming potential) % 8 
$ 1 m m ~ ? r ~ f ? M % & v $ a M i ~ r n w 3 w m q % l f % q 1  



6) m i f e ~ m m ~  
m m * r n m * * m M 3 1  
i) * ~ * 1 + 3 i i i 3 i  
ii> 33 -7 
iii) CFCs 

iv) F$IW M 
v) $m i) ii) 

¶WJS 1T( T?!T~ h & W?FT * FF& M * t ((global 
warming potential, GWP) % W if b I ifim W fl 
- & m ' ~ ~ W i f t ~ i f ~ ~ & % ~ i f t ~  

24 ~ ~ ~ ~ w ~ I G w P . ~ ~ ~ ~ ~ c o ~ * ~ R ~ w ( J ; ~ ~  



~ * r i h 4 m ) ~ m 8 ~ ~ ~ * h + c o ~ % * ~ m * ~ . ( f m  *:apf;ramasa 
x**a~134Bm)mjntrf t i rMiR11*m~R,% 

1 k g c o z ( ~ )  * F W * d T W 1  l k g ~ $ % T % - %  
& TW (energy budget) X VCM' *R splm + w 4 rfit.rrfam f;hm T 



* ~ ~ $ ~ * y m R m ~ ~ d i ? r m ~ * *  
s r g w - ~ ~ I $ % m ~ ~ m 3 ~ b m W @  
~ ~ $ ~ ~ ~ i , ~ ~ f l z ~ ~ m ~ ~ ~ l  T T  

f m m q i t ~ w $ m i ~ i f t ~ ~ m ~ w M i r d i m ~ ~  
3 i k r r i F r n r n * f l ~ s f r ~ M 8 1  

d w * ~ * * ~ * s & d ; m * 3 & 3 h q  
* * a e ~ ~ d * ~ ~ d ; h ~ 3 1  irTF$w 
31fFfTiTV5' (NO,), -1' (HCs) ?fm * @ WFi d 8 
J m . t 3 i m $ ~ W + l ? ~ m m i f ~ v v m P m & + r ~  
~ B t ~ ~ r n m ~ M + r m d ~ ~ ~  
rn 2 1 

~ 7 . 4 ~ 2 0 0 i t 9 0 0 ? m * r n i f t ~ ~ + m ~ +  
. r n M Z R I m * d 3 1  * % ~ Z i ~ T r n f ,  3ir;3r?.mir 
& m Q  J m s h W a a f t ~ ~ - s ; r W 2 9 0 & 3 2 0 3 ~  

$$me ~ ~ $ $ $ ~ T $ ~ u v - B ~ $ ,  *m'f i l8fCfff l l~-w 
(sunburn),ffsim (snow blindness), h E7h 3Tf? W TlTl &TT 3 I 

26 



200 300 400 500 600 700 800 ' 900 

Wavelength (nm) 

1) $@b w ?a;r;rr (formation) 

0, + , o + o  
180-240 nm 

0 + 0 2  - 0 3  

2) ;r;r (break down) 

3) * (CFCS W FT, FFWT 7.7.5) ETCT .til TT (catalytic 
destruction) 

4) *$m ( d m i r ) a v * * r n r n m J i a f t  
TT (catalytic destruction) 

NO + 0, -------+ NO, + 0, 

N 0 2 + 0  -NO+02 

0 + 0, - 202 



$ V j b  w ifil (ozone layer depletion) ~TPT F - -Y' F?FFR 8 
d R ~ ~ i m $ m ~ ~ q P r f f ; h 4 m m ~ f i ~ ~  
+&~m4+w$%mwml~.m;ivfkrrnrn%~m1 
~ m $ m a i a w 3 d ; ~ ; i ~ m i J i t 1  

%!T 

CFC 11 

CFC 12 

CFC 13 

1301 

M- 
Tr& m%b' 

@ d rfl d& (cataract) iPm VTfh  FTR (depression) $ jis;;l 

m3mm*efrm1 

@ (marine food chain) * 
**dM*TrTR, 

CFCl, 

CF,C12 

C2F,C1, 

CF,Br 

N 2 0  

CO 

C 0 2  

cH4 

a -ciqRq (genetic mutation) I 

q-TrmaJitKcT * (?TFf) 

7 5 

110 

90 

110 

150 

0.4 

7 

11 

~ ~ T S ~ I T  

rn (ppbw) 

0.23 

0.40 

0.02 

v w  
304.00 

m 
344,000 

1,650 

$in3 * TT (%) 

5.00 

5.00 

7.00 

1 1 .OO 

0.25 . 

0.20 

0.40 

1 .OO 



.m dl WR 3 d fkfh'Fk7 -w% (polyvinyl chloride, PVC) $ : 

r & n ~ i f t ~ i r n ~ ~ B ~  - s F F ~ ~ - P ; @ T ~ ~ ~ , ~ z  
~ ~ ~ m a o r r ~ a p r r m ~ ~ , m ~ m ~ $ 3 i ~  

$ $ f l q z T w $ m h t l  m m a ~ R m c m B w m ,  
k , m , m r n ~ ~ O f t ~ m $ ~ l  

f; + 4e ~ m m  if ~ m s m  (longlag t i m e ) h  6 
( m 7 ; 4 ) , 3 ~ & 3 ~ m ~ i r r n ~ 3 1 I m ,  WT 

~ ~ m i f t n ~ + - p 4 * $ m i f t ~ ~ m ~ i ~ ~  
m ~ & i f t ~ i f ~ ~ M m w m i f m m ~ ~ k  

ITFIG a h 8 * ?hK & * 3 J-..1 3m (high altitudes) $ 
~ ~ T W % T T  if & d * 9 W  4 f i  (mid altitudes)$ $ 
- . F o t i 3 m 3 . r f t m m 1 ~ m 3 f r ; i f ? - w m d ~ ~ s P r d m  
* O f t m 8 t m $ % * ? * 3 ~ & * m d e  
d $ m w @ d i i w . f l m i t i r r n * & m l  





.................................................................................................................. 

iii) 3 



ioj ~m%m7Rd;imoldrn~mwr8? 
11) MrnT;TT;m;Tft.*&b*iTSm$R;rlf*.rfffrm? 

1) i) 
ii) 

iii) 

iv) 

v) 
vi) 

2) ii) 
3) iii) 

4) 3 

ii) 

iii) 

5 )  3 
ii) 

iii) 

iv) 

.v> 
6)  iv) 

NO + 0, -, NO, + 0, 



iv) ViRFlmmmmtm 

11) 'm?' %T aeir TD%W$IT (exotic) $m %I -- I 



f i f i u a ~ - ~ q m m - m * & m % l  w d  
4 FT TPJ m h TM$ T T R ~  (qeteorological factors) t a d 
i i ? c h ~ ~ J f % m ~ w ~ b ~ ~ ; r m ~ ~ M ~  
~ i t ~ ~ ~ ; m f i r n ~ M t ~ ~ ~ f @ m ~ ~  

*m;~~~ift*iftm,*'***tft- 
f!! PT w w T T ~ I  ift rft $ TiPT (stack) % (transport) .irm 

dim (diffusion) 8 I -$ rhKq M~fi q$, * dr$ 
d;wl=r.a;mmp~~*l&9ft~aSTf~~ *& 
~ J h r ~ * m 4 ~ ~ 1 ~ * m & a d i f t  
f 3 1 v y m 4 k x i p ~ + n * R m ~ i h r n & i f t m 8 f t d %  
*T$kl 



m ~ 3 & m f i t i m i w * m * m t m  
-crhmivrdarnifmrnb~ F s m f , $ i r i n g i f i g m ~ ; r f f i t  . 
m ~ - ~ ~ + m ~ t i s i : p ~ m I ~ V T f t i b 4 1 ~ + i ~  31~lin. 

ssfmofts TVR 8, FR? JsRPlffi * (pollute) TGR b I ;fig 
(air pollution) W rplftT * W gn % % W p* K m df 
(inhabitants) 77 W+? W F F  d d W TiTJT fr T.Fm 8 TTW 

m f b a 7 m h * ~ d d + R p w ~ w ~ ~ i [ m $ m 3 1  * (ecosystem) X ?$QTFF WR h f I . 

ifig rrffror $ rlrftRDTRift * 3 db SF@T@ (phases) $kh$ ; ; 9 7 7  T 3 
3 h h (emission phase), 3 @3lW WT 

(transport and diffusion) mg 'iir im * X MI ml ~3 3Prm 

m q $ m m ( r e c e p t i o n )  I w 8FfI&*% 8.1 3 m ~ m  

'w * (movements) FPTI? $ +R? $??&V?R 8 -JV 
* V f h F T  aeir Fl%FT (diffusion) di TTGT8 ? I 3 * * e f t  

firnd*M$l*rn'iir d9TCmmmrn 
T f h F f  3 8 b r 51 * W (short term) * #?FT 
(weather) WF6T X * WFll'T, 3Kkl (humidity), W, Tislft asilfba 8$ $ i 

- * w M  
B M w * -  
*$ . i twh%q '  
miwtm?r$ael~qtrfi% 
**~1~p73whEm 
if;rtr 8 I PiftRo;rR1 (eco) 

YFiw3TefggfiXnTm 
t l 



@ irmi ~4 rn * $* c?r $$@F5 h (geographical region) f%h 
3 & $63 B ~g (climate) h 8 I 3 #Gd% Kmr;rm: M @ 
(seasonal nature) f6 8 I M, h, 17sl WR * Mfi d 
t ~ m - y ? m d ~ & + * r n R . f i ~ ~ * ~ @ M  - r n $ * r n T m t l  3-lT$q1rnm+rhnsMfiM 

- F i i r i e f t ~ 4 3 ~ ~  / 

SfiTiTT 8 I (parameters) @ mg m J.r.3; m-d f6 3 * 1 

ifri?& F$ m Tbm mg (air) =tm (wind) d t I ml q- d w m 
3  $@ ?iih. Vd' 8 1 fi rrft (three dimensional) i!h& 
8, V fi * fi * -FmiaT (horizontal) * 3 I 

W (vertical) 3 fi mg 6? mg (air current) 3 I & % 
FPTI? m * FJtl (dilution) qry? f?m V $3 m R.fr ihTiR 8 I W %' 
Rsrr31qy%'itm*Rmrd*tl*qry?fi~tdFha3 
Rmhd iR im*RRa iR i i ~b~  3 ~ r + m K m ; r $ ~ a 4 & 3  * * ift 311T w f i  * (inversely proportional) i!h& 8; 
b 8.2 1 

+ + * * l * a i L  e 1) * * 

H i g h  vvfnrl 
r pcet l  

( a )  ( lr 1 

~ 8 . 2 : ~ ~ ~ w w ~ ~ m ~  



q q  f 4 7  %$T JhT jiimFl (scale and periods) W #$ JrRsfrfa rrRdi $ 
~ t ~ * 8 s o r * * * ~ ~ m t ~ m t ,  
;figris& fiteirsr (turbulence) 3 I 8 w B h  ii m $3, $ 
r f f . s ~ ~ ~ 3 i f * ~ ~ r n ~ f f t ~ ~ h 3 T R ~ ~ f m b $ ~  
q v f 3 t m m * * m 3 * ~ b ~  

Mi. (shrubs) * @ 31Tq fkFf? 3 V3-6 4 - (roughness) 
~ z m o i ; r n T ~ f 8 & ~ 3 * 4  k ( e d d y ) m 8 3 3 f i ~ m  
~%$wT (mechanical turbulence) 3 I Hr(lrcya: @&4 rn 
* h R a ; r r ~ - k - . F . c * m l I ~ ~ P r l f t ; T i T B d ~  
W irf;i * trrer oft b  I mgrisa $I f?m (stability) R&ST (thermal 
turbulence) * ilfta f I m $I rmi; F?I$ hri iror ?h?t 8, 
~ * R s m a ~ & ~ % a e l r m g % R s r o i ~ ~ ~ m r $ l ~  
3 1 - $ r m ? m ~ m m % 1 w W m 3 d ~ ; 7 1 . % R M $ q  
m t l & w m ~ m 6 E 8 ~ * i f t ~ l i m 3 m i h l M  
(radiation) $'KIT 3 I I f?m 3 f % % ~  & W $Ri7 b  1 

'4 d % F  @ * R h  * 5@ W$ (eddy currents) JF9"T & $ $ 
~ P M 4 ~ i t r r t i t 1 4 R r i f t i ~ s m ~ k w m m  * f 9 ~ ~  (pollutant plume) * WWT 3 & f m  b  3 ?I m- $ jn 
~ * m ~ l s R ~ ~ 3 ~ h 3 , ~ w ~ ~ * m  
(diffuse) JWm fhT6? TT f I * % bm a Ttw 3 
~ f m b b m ~ * * l R s m i t r m t *  

(vertical distribution) T R* 3 I 

m i f t ~ R R i * m ~ $ m a ~ r r % 1 ~ ~ i f t m % m &  
(friction) * d bi imor, 3%E! * TPT p 8 (Tf&Wd (clockwise) 
~3)1fiaprrRBll*@iftmm~*Mba~rrmw 
W RiZ ift 3TKST;Tm (roughness) mfi -Y f@RtlT (stability) 3 Thf@?T 
8 1  ¶ = i f i ~ ? l % l l - $ % ~ ~ V R - C I F f ; J f b  8.3 3*TrnTb1 

50 0 

45 0 

40 0 

350 

W lnd speed 



3?k f%$?'b w w$% (bidirectional wind frequency distribution) aZR 

&81 T T ~ ~ ~ W f T & V % T W W F R T ~  (clear) h$, 
P T f t + a ~ ; r i k f & + ? + f % m f & i ? + ~ a & - H t - d r O f h h +  
m&m*mVRSif? .m*8mm*-** 
(circulations) i! I w $ W, @ % % 3k 

~ r n f l r R g * @ T W ~ + 6 3 * + J i i l T a i r n ~ $  
~ ~ i ! ~ ~ m ~ ~ m B r n - ~ ~ i n m ~ b ~  
~FEF~RWJ ( s 1 0 p e w i n d ) e t l  m, d? PTft+mrnm + 

W 4 (gradient) M b ?h mg % QW * m-m f i  
I si; Kmma: mft W (valley wind) f I 

WY % % ifig @ w wr (trapping) ~3 3 33 ~ 8 7  ~ s f m  

b I  3 f (subsidence inversions, h$l Jspmr 8.3.3 3 
% , T $ b ) m * e * * - 4 m  e f t r f f ~ ~ * 8 1 r n w  
t r F % ~ t i f i g - q = f t ~ & ~ b R W - f r n r n ~ 3 ~ M 8  
a f f " " r ; R t P m + % * * r n & r n $ l  

~ m a p r r 1 m 8 i m j h r ~ m g + d r f 3 i i S * ~ +  
(circulations) $%! % I T!?$ 4 b * ~ m s  

r n ~ ~ m ~ z m o r m f + m + a i ~ ~ ~ ' ~ ~ ? ~ ~  
m q ~ B ~ 1 q P r 4 m ~ P R a m i l d d ~ 8 1 ~ m  
m M 3 i r 8 t ~ @ m + % m 4 m g j h r w  
* m 1 ~ B * r n m m R ; q t 3 1 ; m J i 9 ; i l 8 1 ~ ~ ~  
(pressure gradient forces) t m, @ t rn & w jlFl i~ * t m=h 

. sftdmor Jiv;;r * t I  ?$ W@ W 38T % (sea or lake breeze) & 
8 1 n a % w ~ t i f f i r m ~ i f i ; m o r ~ * m i f t F a @  * W + amqlil* f! 1 W m, F ~ e f f  (reverse flow), 
@ pl (lwd breeze) 8 fi k (velocity) m t r :  

* ~ i h m m R a ; n R ~ m r w ,  JRcrrmr;va:trgft*m*m* 
~ $ i m m ~ $ l  



mvm~gat@*~~mhb jh* t f 4k i f i ; (  
(dispersion) imr fkFTR * F l l f % T  itim i! I Tl?TfFT af 3 fl 8 R  36k 
r n ~ r n f i ~ R h l a i ? C m r m r t ~ a i ~ m  
his1 

T*& M -'(horizontally) W (vertically) d 4 
s f t i r f f a 3 a T b m m n d m ~ m * m m b  ( M R *  
i r P $ a b ) 1 m ~ k ~ 3 i n m m ~ m s f t 4 f i m f m r t m  
a f f " t b f $ w h 4 % ~ . ~ m ~ a m ~ m b ?  

3%dt W 3 * t Wf$ 7 (7 7.3.2) 3 - d  
~ $ @ 1 m i 3 w $ m R f f t - ~ r n ~ d m W q k T 8 w p m i w  
a m a n ~ ~ 3 ~ ~ ~ 1 i m m r 3 , m , 3 ~ % m m  9ak"rmh 
~Immm4*mmrrt1* taham f$sm.4Rsahg*w 
(troposphere), riSFT (stratosphere), W (mesosphere), ZlPll riSFT hKalft*'6f$w*1 

(thermosphere) I fiW fi, d 4 imm w h n  ifigrha ai 3 
t * t r a ~ B m 2 ~ m w * f 4 r a n m 8 1 ~ m m m i n ~ ~ ~  
~ 3 ~ m r t m p r n M r n f ? l o f r i h T a ~ ~ ~ i r f t i f i *  
~ ~ t l ~ ~ i f ~ ~ l b * m m r ' w ~ b  w m * .  
- z f m M a i m r n m q m t l ~ * a i m m 4 9 ~ 4 *  0 .  

agirm (inversion) ihRarft b  8k ~ 3 4 ~  Th Jsam 8.3.3 3 %4l rn 8 I 

, ~ ~ a i f , ~ ~ ~ * * m 3 ~ % m m r ~ i F R ~  .* km 6 . 5 " ~  &h I . . 

--. 
W 4 fi € k T  8 f%h W 3 3T8lW (latitude) 3 tns * 

* r ~ " * t l r R g % J m ~ h ( ( c ~ u a t o r ) * ~ l l r f h b ~ , k %  
h m (qptinents) (oceans) W d W 



EF~&T -$qmRi~qmr l ' : *~m31.mf tm34m*m 
$167 8, h 3 I I s (radiation inversion) b  I W WT W 

w ZF WY' (subsidence inversion) TFTiRIT b  * h %T &?i 3 
f z i t ~ i ~ ~ m ~ $ m m t 1 1 * & m g * f r * b a p r r m f  
+ t x m f i m d 6 1  ~ g ; R r n ~ f ; w m H b b ~ ; A  

3Ram-M ~ ~ M w i t 9 r m * ~ 4 ~ ~ w * p r ~ ~ ; A  

h (double 
inversion) '& 8 I m i ~ ~ ~ , = ? r 1 1 9 ~ m ~ ~ j r m r B ,  ri;ffffwm 

l k m ~ ~ f -  fshir 3%d (mixing height) ?F4 k % * 9- % ml 
f 3 G + ~ 3 1 f - ~  * * ~ b , r n ~ i r n 7 R 4 1 b ~ ~ R . r + d i T m 9 r n ~  ** a ' ' ' ifig ' (convective activity) w Mi fm b  I v i+ ma ift W b  f3C~ *m (dm*) 
aiqgd+ixT-snfi m i t m i f t & m m b M m a m m b R m w f + r +  
T T ~ ~ - M + ' I ~ I ~ I  m i f t m + m ~ 8 m w f 4 m h b ~ m m ~ R  

~ ~ m ' i + ~ s f t i m ; i r n ~ ~ ~ r n ~ ~ +  m 
Tmm;r~lia;FMrFelT;R4 W ff ? I t mi 3 Tiim;r TJTiT (ventilation coefficient) 

iv@q TiQ$? '" '~  w m J s r i m * 3 l ~ ~ m M & m 3 m i f t m  
~ R d v ~ ~ 3 1  Tli?l Ri (product) 8 I 

ii) JV-& 2) mTj?=f 
1 iii) 3) f& VpkT 

9 ~ + r n i ~ m ~ [ ; [ a ; v a ; r i f t ' ~ l  
iii 3%-I-iwrndlyyll**;A~l 



~ m d ~ w f i t i y a , ~ , m m d * w i f - 3 ~  
~ f i k ~ v p 3 - t d m m * @ $ ~ ~ ~ ~ m ~  
imor T# T -rff b I 3 W ift TN & (humidity) 8 8 R  
w ~ m m i f t m ~ m g m m i f t f  mamrn-&wm * av * 3  * TITT 8 3 V&K (relative 
humidity) 'hC;Fn?R b I 41y'10 if TR iT & (clouds) * w $ * 3 
$ i ~  T$JT (precipitation) * * % I 

F$JT w wf (rainfall) q- 4 3- (removal) mTI Bhm 
(cleaning) ft ~ ~ 6 3  * b I VGT * ~ ? 7  3  F@W -* & ift 9 
~ $ 3  b $T FITIF m T&T (precipitation) B w 3  B I XRI fiti M if 
JF=fa ~ T T ,  W$ &?-* w * M (nuclei) * 3-h d d f! &T 

m w f i l ~ b & t l I m ~ 9 s * d m * * h i &  
8, i f t ~ * ~ d b T ( w a s h o u t )  & $ 1  ~ 6 7 %  
p + m m 3 f M 4 w d i f t @ r n e k n e r r R a b & 6 ~  
w m i f t m f W 4 f ; ~ w m S ; m ~ m 3 ~ $ 1  

(visibility) * gm (haze) * W $ ift %!? b $T "ry- ft 
m I d m m * ~ m w b l  m * w m m * * m  
$ m t m ? p i * m * M b , & p t & $ q a &  
-21  s R W 3 m g d d ( h u m i d ) M b * ~ B m g - ~  
(saturation point) T b, (fog) b I $T f%FPT ' 

(radiation fog) ~ $ 3  3 & mft & 3  d W V ~  i! I @ ift 
; m f t ~  vifi % (blackbody) * %- & $  ik 
slfgih T?T b, w FVT @ * iftii; 'w ma (inversion layer) VT 
fi b I %-% VKW (infra red) &f 3  if f%%f% & 3, @ ift 
M ~ w m T * & - & m J m s h f a r a w M t * ~ t t  
m f%??T * M d  (wavelengths) * h 3 I 

f * f@RttT (stability) ifi d %! ;ih( W @ * f?&T 
+ * ~ t l w @ i f t d m a m f  r m p w e t , r f t i r f t  
m a m t ~ ~ ~ & ~ b ~ w ~ i f t ~ i l ~ ~ q ' p r m  
~ m ~ b ~ ~ ~ r n a t m ~ ~ ' * i m o r ~ ~ a m  
~ ~ I ~ ~ ~ ~ ~ ~ ~ ~ ~ T R P R ~ ~ ~ M ~ T T w  
~ ~ ~ T J ' W ~ ~ R ~ ~ ~ ~ ~ ~ ~ & ~ ~  
R (pseudo-adiabatic lapse rate) 3 d & ~  $Vfi I 

g;or (haze): w 
F, p m m m h  

B * * * p *  
W ~ % I  

I 



WkifhiV (albedo): f&fi 
k m m * &  
ztrlm;w* 
m** 
(reflected electromagnetic 
radiation) T 

f%h?l (incident radiation) 
* r n w w & $ b l  

R . r M t w , $ t $ m 3 ~ i t d m m $ b % *  
h ~ m b 1 ~ & @ ( h 5 0 % a e n 8 5 % w s f t & m B ) 1 m  

(reflectivity), (albedo) * imor ?h 8 I I @ d 
~ i t ~ i m & ~ t * ~ ~ ~ d @ t t m ~ w &  
j r m r B ~ ~ P R ~ ~ ~ R m - h ~ r n t ~ @ i f t m r r t m  
J r R e r r u c r ? m & & t % b h m - + d a % t i d * ~ ~  
& Tlihm i! I WPR (particulate pollutants) d W m~ 1 Z$h%T 
4 , s t ; R a f f r a m r i i f b . r 9 f i t i ~ i ; f ; c r ~ m s ~ S m R % m  
(particulates) $I Ilim 8 %f8%3 (scatter) qeir WFfhfk %* 8 
a ~ ~ ~ r n f l d r n 3 1  .- 

h ("dh, cyclonic) am jia (-, anticyclonic) Riiim m 
%i'*qfZomtmifig~1emm**%*$l 

d (cyclones) t M %m 5KI $ : 

(anticyclones) *m 5 : 

@ mJ W (subsidence) sWfiI F Y  (subsidence inversion) . Frrvm: m *, 

* % & r n w b p ~ * ~ ~ t M M m , ~ w  
b I rf;r d (tmnsmision) f 3 3 4  

% $F4 %Xl'TT (400-750 nm) 1 h )m * '+$bT?T (ultraviolet) WCk 

(infrared) $% 3 pft d )m 1 

p m m R P f c m ? r ~ 7 1 1 6 R f 3 m ~ ~ m g r i s a i i # i f t ~  
% r n & ~ r n ~ a p r m h B ~ ~ ~ M i n m i ~  

J;m PT '@ ift @ ?Nl iPlT 1 & * V'J%h (reflected) W 3  I FFlFl  * ThTfhlT (albedo) im i! * ?*-.* a3 * f&q 36% 



ij 'dtiR%@%mmm?%iftbM**'hTlftb~ 
~ ~ ~ % p m i m ~ 4 ~ * m 3 1 1 ~ ~ l i f ; 1 9 1 m  
m * h 4 i r m t a f ~ m a r m ~ d 3 ~ i l a ~ i ? l % ~  
3M w r[iftdi;r (scattering) h 8 I Mesf. & 3 +$% 
% r n * * * * ~ - M 3 1  

p o $ r 3 F $ a m + m t t l ~ d ' 4 3 d T T ~ : f % % J h Z h T i R % l ~ d ? % a ~ m m  
% ~ , M ~ & ~ . m p m  ~ o , o o o ~ ~ R ~ R T ~ ~ ~ %  M 

h 4 -$En 8 I wr W 5500 ?-IT 7000 nm % %T 27,000 nm 9 rn 
m* FFi$FlTd$ R 8000 3 13,000nm TIT 3lTRTRT 

(transparent) -$En 8 I Td% m l  13,000 17,500 * FEf 

miibmmtft81 W f 3 @ m * g m 3 ~ m m @ w m M  
(terxstrial) % % % W H@ * ift * 
(conserved) fi & 8 1 h d fkE8 d 4 W ''v m" 
(greenhouse effect) =FiTlTT 8 I 

I 

I 8.5 * ~ s ~ b w a w m  
I 
I 73W d it;r (diffusion) m: ift @TCiT W &T b I 

I t a s B w h ( p l u r n e )  diw$*I33$1 ~ @ M m i n r r ~  
I w m m ~ ~ 8 1 ~ % m a r s s r ; r ~ f i ~ ~  

~ & R P r m r w r i p r * M m R q k m 3 ~ R f + m m % ~  
JFFT*f 1 9 ~ % ~ s R $ e R ( a m b i e n t ) ~ ~ % ~ & *  
mm31~*m&mm*qFT%i;am9r.rm 
TJ * M * i$R Jim * d~ (directly proportional) fm b I 
~ ~ ~ % % d ~ ? f @ ~ ~ ~ ; s 4 f % 8 . 6 8 ' ~ ~ h ~ ~ ~ h ~  
31*a 4 rn G & $ m a * % l  

* (looping) 

m, R.m;r h # .- 8, m' (looping) f! iTen. 43- * W (super adiabatic lapse rate) f i  3 d h  363R '& 3 sir! 
* a 1 w m 3 t ~ P r r m g i r ~ ~ J i P F i l m ~ i m ~ .  
~ i l ; f ? i y ~ ~ ~ m m q ~ ~ $ 1 k O R ; w h n f m 9 8  
* ~ m T & a , m W m % m ~ ~ ~ ~ r ~ ~  
~ 8 1 ~ m m 9 i ~ ~ a n ? t m ~ m , M ~ ~ +  
w?*-tm;tr81 



%~ZFF (coning) 

T@ (cone) t ~~1~4fP~~~@~~zft~~&Jlftprrmzftf&~M33~i9"1 
M%3hm*jh3~am4~;rm+*mqmqr-m* 
(gradient) + W $%I - /-& % I d d m q  f4m '%I 8 I %%7 * 
f + % m r n t Z M d m t l ~ * r n * ~ 3 T f ~  
*~rrnqmwg~ 

(fanning) 

~ i r r n W * R P r R r i i 3 & % l  * - * m z f t * m  
8, arg Rm 6 3 8 ~  RGTv (turbulence) w TCIT 6 I 

~ m i f ~ w b ~ ~ i l ~ q ~ ~ R P r m r n ~ ~  
R a ; r r R ~ , m 4 m f i t i i o f t w ~ * 6 1 m z f t m  
' ~ i ? r R l 8 % & r 3 ~ ~ i f ~ ~ B P h S Q & @ m ~ 3 1  
Q m ~ ~ ; a a r . r f f ~ h m m n i m t ~ + m ~ ~ z m 6 s r f + m +  
~ r n ~ ~ ~ r & ~ + m m ~ + ~ g m + t m s r i ~ ' m ~  
w r n a m * 3 1  

(lofting) 

~ ~ w ~ 3 t ~ ~ ~ + m * - ~ m a ~ l  
t & t ~ 3 i t J ; r n & ~ & h b * * J ; r n ~ l r r r n ~ *  
k ~ m m ~ s ; r i M H i f W m m ; r f f ~ m m @ m M  
(settling velocities) * TJT & 8 I @ &T if tw ;f 

* - @ M @ w T T T w ~ ~ ~ ~ ~ I v F w : ~ ~ w  

@FFJT RsR (transition situation) &h b * -F & % rn $ 
m - 3 1  



W (trapping) 

0 'Fern V 7'47 (selection oflocation) 

0 WkW (design) TNT Fi%PT (operation) 

vFrmr=fm 



~y-ixz ~ * v n = i k ~ r n ~ ~ * t l  4wrnmqt f3~~~qJ i4m 
&-**81Mw*rnFen;RsMMirn*~Mfam~ 
di 3h ift ift 3  ii @Ti (meteorological) TIW 

(clirnatological) Jim 3 ?I $ b 1 4 & ~q~im* (topography), ift 
~ T T  atnam Rn;R9 MI wv TT TIF$~ f4rmr (vegetation cover), f?mFrl* h, h. 'mr r~  RRsfT 

% q ~ $ r ~ i ?  d 8 1 R ~ ~ 3 1 i 7 m r w ' 1 & ~ ~ ~ % m i l k ~ r n f a m  
1h%a81 m ~ 3 m i f i i m ~ i f t m ~ f 1 4 ~ * * m i f i l m  

~ & w R 9 T m & b I ~ ~ B ~ w ~ ? R ~ ~  
~ ~ ~ ~ ~ ~ f i ~ ~ m 9 m ~ ~ ~ 1 B ; T i t  
+ * t 3 d t m & ~ ~ m ~ w ~ i n i d i  
f ? i y g ~ ~ l n * a r ; r * ' r 1 ~ 9 m ~ * M * m ~ r n * ~  
3 1 r ( m m * * m w 8 m $ w d * t f * P - ~  
a z r rm~i f t~~mmRhm- ;~~* l  

+ * * 3 h i : m * M # 3 * * m q m ~ m 8 1  * WT q $R (orientation) 1.1-4 $Rl 8 I * 
mR R h  ift $?i iftS. ift & ST- (downwash) iift b W * 
**Brn&*81 tmrrRsi*iftiff*q* 
@ (aerodyanamic properties) 31r( f&T * W d b I 9ifi ift m, 

FIT f&T #eft  f h ~  * d M 3 ift FI?TT (design) FT 
Wtf&f& (orientation) * WT zf;;l d * 3 * ? I w 
- i s i r r . r r ~ 8 R M m * ~ - ~ w w k r n M ~  
~ v r ~ m ~ h $ 3 1 r ( w * + ? i f t J i n i f t R a r r 3 ~ W i i ( l 5 B  
10 h 3 b .;m;fi k 8 b ft fitifft140141It * Jmr-m 

~ * i f t J i n a ~ w h 8 m m * g w ~ ~ p r 8 W i f t f & T  
4 5 ° * * m z M 8 t ~ ~ m d n ; r r * ~ ~ e r t w *  
T ~ T F I E K ~ * $ R ~ ~ ~ R ~ = T ? T ~ . ~ ~ * W ~ I  

& d v m ~ 3 M M 3 " ~ m * m * r n  
~ 3 ~ ~ e ~ ~ * r n m * r n ~ ~ * f t m f f a ~ ~ m *  
mhirlTi ipf imYiTijr*-q>*tpprrm* 
(aerodynamic) RFFT di * T * ~VTWT 8 % G ~ T  #fi di 
VF?T $ ~ T T  2- (expose) -WC?T ~ m 4  rft v r R m ;  $T 3  ~ f i m  

~ v f % R F r m m f % h m 8 3 ~ 1  



+dm (powerp1ants)W d Q ~ m * e ? R ~ i r i i r * %  . r r g q w r a i ~ ~  
mgif;mr*bi-Frn;r$l I"z'/,vrrm" (m*M%z'/ ,w m 
;mr 8) * ift JhT * Tim (downwash) $T ?SIR d TJ 

f(pT * W '413 TT (m Ziil ~%WV ?m (exit velwity) 
d ~ q ~ T f 3 i f t p ; f 4 / 3  ~ ~ & F J ) % ~ % ~ % ~ $ T F $ T J T  

(entrainment) * FR d w & I W FI%Z * & ~WJ w 
~ ~ m * l ~ & w t m ~ ~ ~ m % ~ ~ * i f ~  
m i h P m i ~ ~ % ~ ~ ~ ~ . m c ~ T m x i f t ~ i f ~ m  
t ~ v * M * a m f  * ~ * f 3 F g T i m ~ t J l h r n P f t ? 3 1  
3- * d $k Jib * ift 4 (frequency) ift & $$ 
~ ~ ~ ; f m M 8 1 ~ ~ % M a i ~ ~ t ; , ,  
m~~dtm~~**%Rmri f t *mPf l* . r r~ 
r m t ~ i f t ~ i f ~ m ~ ~ ~ i f t ~ ~ m i f ~ d s  
$%-$ (effective stack height) * 'Fs if smT f I 

awrdt TiiPr M W% iPT G?~?IT MI H * &T (exit velocity), h v t (ht.h.hv): 
imor $%-$ (height differential, ht) rn $IT hrl% %( ht FT h v T ii @ XTJ m m 

(buoyancy) FiFiXlT 8 I J6? %T W im 3 W 413 ih~i~3rnir l? ;f$~m 

~ * B * m h % a m m * l * m i f t f  w d i m m d i m  
WlWT, * ? r + f  W . h - & T C f T f ~ ~ ( a m b i e n t a i r ) ~  d ~ ~ f l  

~ * ~ & i T % & ~ h t ~ & l T l ~ i i ~ $ ; ~ ~ %  

& % I T w TFll v f  f f% TFJ3-T (dilution) T fig ai Jry W 
(function) 8 Y y  W Rm  it^ 8 I 

8.7 

R W ?l% 8 f% %l$ W (material injection, W W, 

**i~llw,m*,m%-~* (M 
Twh @ &i ~WT &) ?PII - (roughness) if ~ 6 3 8 ~  9mftiR"I 
(urbanisation) ilPll- (indu~trialisation)~ zhl b 1 9mft N T I  

~49 















mg w JlPf 6 M - 3 gp, v. f .  4PliF.r (mist), iu. @ VHI 
;rw~J9R4RiRRiftmm~wm&fit,w*,bldi~ 

v r i % + m ~ & m * ~ q T I T m $  
aTmwF i t m ~ i s ; ? T ? l * q m m t m i t m  ""T 

' ;mrhrft&wSAf W t $ k - m g v ? r t 1 ~ m r n + 3 i 4 - r i f t q $  
~ $ 3 t r M B t j i r + ~ J i R 4 x R a p f r W B 1 m r n ~ l l g  
~ P r n r i i * ~  



?$hfk~ (aerosols) : q JTeTm k %$i m: 500 p Jmm 0.5 mm* im 

m * V r m * 3 1  

(dust) : W, m, q, 33, 3Tlft * 

~ ( f ~ e s ) : * ~ m * ~ * ~ ? f f t 9 3 r n F P T I * f i m ~ ~ ~  
3 ? ~ m M r n ~ J l r R ~ ~ f f t $ i  qs3fam 
(flocculate) ik M-W FTBTRT & Zr ?? I 

@ (haze) : ii r y - 8 ~ ~  rmm ?67 ~67 w 4 @ & ft$ 
' h t ~ r n t m t l  



iv) r n F T T F s r [ X r n r n * l  



~~ (anthropogenic pollutan~s) 

3 FIT @RfQ3f bi TPT ff 8 fH TFET v - v  (soots smog) JrrR I 
% n ; j . s m m m d R r i f ~ f f % l  b l * & * B  
vpftmfiifis~mf 

100 p m  ?T im amr T#F~M Prrd @articulate matter) (Iftv. ) ;rrg 3 * 
~VN T$I 8 I d (suspended particulate 
matter) m,q,v,) & 8 1  10pm ?Timmaim~@+~ 
%% 8R iix 3 W 8 I F?! ?TR%T d ((respirable 
particulate matter) m.~.*.'ps. H?@!T *.w. - -  - ,, (PM, ,,) & 8 I 







0, + NO -+ NO, 

I 

m*mzfi~* 
K$sem 19$Vf&l3fh 
Tmr W % 1872 3 
f?W 3 'Acid Rain' W , 
ya=F**@l 

I 

W w f t F f m  
NO, -, CH,O + CH, = CHCHO + CH, COOONO, 

m*mpT %ifkzls * %.q.v. 

r n - ~ p q i l * 9 m ~ ~ * m m  

T~+~F~B~IT+TT\+,M~ ~ G I T ~ + T R ~ ~ ~ ~ ~ w T T -  
~ @ t r n 3 l - q ~ e ~ ~ M * B l  

3l-W Rrn, m * * m ekil 3 4'r + m 4 t l l d  (NO), 
m m I - ( s o 2 ) W 3 * * d b ~  4%?~-3yk~rif 
~ + H t Z t l i l ~ ~ r n . ~ r n m ~ + m i l ~ & ~  
31s; r3-a*&4=&3&hR;r3*  33FT33  
a f f " & p i ' m * m ~ ~ ~ F p m i X l m - M *  
i m j r t s d 4 ~ ' ~ ~ ~ ~ 1 ~ ~ % ~ ~ & V ~ l  



2N02 + H,O -+ HNO, -t HNO, 

NO: + OH- -+ HNO, 



9.3.5 mg $k sftift rg (Ambient air and indoor air 
pollutants) 

.iw *.(SO2, SO,, H,S) 

* * 31R%tv3 (CO, CO,) 



% (global scale pollution) 



i v ) M t & i t l h f t p ~  iv) ~fWih&'dw 

v ) m d m * W  v) -w 

* (lung cancer) @- 3nR M ;h. WVT) 



~ % w ~ ~ i f f ? R i m ~ - ~ ~ ~ ~ ~ i f i g ~ ~ ~ i f t  
~ ~ ~ 4 i m m x r ~ m m 3 1  ~~ifq*~min 
~ r m ~ m 4 ~ a w ~ ~ ~ a ~ ~ m * h ~ m  
rii, ?F TF W f! I T % T 7  (throeshold limit values) b I 
& 9 . 3 ~ ~ ~ ~ t & 5 8 ~ T T ~ ~ $ l  

* mwm. (CO), * * &en, i$l&%mT * rn 210 ?ly m 
@ n y y & m m 6 l + & ~  (COH~) m 3 1  p3 h co~b,  
- - i f t h ~ f ; q r n t m * h % l w * * 9 r $  
m x . f f i * ~ m ~ m $ m s n a r b l  

~ ~ ~ b ~ ~ ~ m c o i f f m , J p r r f f m m a s r - m r n R I f T  
~ 8 1 i k ~ ; ~ ~ ~ $ ~ ~ ,  wmmir4&r@& 

I 

I 

m,*mgaff"t*v-*d'iJhr*~pmn$*Ratr 
( ~ ) ~ ~ I K ~ T O R ~ . ~ ~ R P ~ ~ Z B ~ ~ ~ ~ ~ ~  
r n i f f * * r n * - ~ m s a r * l  

T F  - WH3) - (COJ - ( 0 )  

Ti'lfH PI,) 

(HCHO) 

(HCl) 

FFFFG (HCN) 

**(HF) * wVEF (HzS) 

4.fI-r (Pb) 

m m  
rn (0 , )  

T T ~ ~ $ W ~ ( C C ~ , C C ~ , )  

V h k  (C6H50H) 

* (COCI,) 

xrFFiT mFFfwS (SO,) - 
CFCI,CF,CI 

% srr;Rtrss (ZnO) 

q.4t.w. 

5 ,  

5,000 

50' 

1 

5 

5 

10 

3 '  

10 

- 
5 

0.1 

100 

5 

0.1 

5 

1,000 

- 

~Trm 
sr;r @.%.v.) 

5 

SEl'm 

W 

0.02-0.05 

- 

- 

2-5 

- 

0.1 

- 

1.3 

0.0 15 

50 

0.5 

0.5 

3.4 

- 

- 

MTPrsr 
mg/m3 

35 

9,000 

55 

3 

6 

7 

11 

2 

15 

0.2 

9 

0,2 

670 

19 

0,4 

13 

7,600 

5 

M d r  * m 

so0 ih.ih.w. 

20% ~rsa;r % 

0.3% WXi7 * 
900 ih . * .~ .  

650 ih.*.w. 

1 000 ih.*,w. 
3000 *.*.w. 

- 
700 $.$.W. 

- 

200 ih.ih.~. 
-r 

- 

- 

50% ih.q8w. 

400 Bf.fi.W. 

- 

- 



3=r am m if (11ooac P ;mo * 3-67 bi m m m m ~ t T I - 4  
**-wm- NO ( * m ) & m  
 NO, (? *m i )d?~  ~ r @ m ~ d ' b & ~ m  
- s r c w m b 3 1 h m ~ $ ~ o P & M f r m $ 1 ~  
?tymT$mmxmi?iiRd&r*iinrF?&Mm~+p--4m 
(pulmonary fibrosis) 3 Tt%&T Tn b I TF?i if Ti! & Tl8l NO, % WEtK( 

~ ~ ~ ~ ~ M ~ l  



9.4.5 d (Suspended particulate matter) 

*.mdJihm31**m~+m*~nffior 
I + & m w @ J i h w d ~ & w ? r ? 1 ~ ~ e f t 3 ~ e r ~ q ; r i r m r m B B  

PIT, WFfT %M (bronchitis), (emphysema) %T & fT i%' 
I q i g m ? m r m m h & 4 J h t m ~ r n + ~ f h . ~ ~ b 1 @  

T ~ @ / % T T T - ~ W ~ ~ W W E I T ~ O ~ ~ / ~ ~ * * ~ W ~ F ~ ~ ~  

r n43qvmnmB1  

* TKG w (mercury vapours) B B ?h7A4 t?f?R~ i$~ @ * 
& ~ ~ % 1 & r n m , V r f t T 4 % ~ f i m b R R i l ~ ~  
3 m b l  



~ ~ $ w 4 ~ m I m ~ ~ m n d ~ ~ ~  
m m b t  * w ~ * m $ , m ~ w 4 * *  
~ i - t w t m i m f 3 m m t 1 w t r r n ~ ~ i f t q i m ~ B  
y p i ' r * m T ? I m b @ ~ i W f t ? R i r % i & r n f i m M  
~ ~ - a - ~ ~ 3 ~ ~ 4 : r n ~ ~ l  

* w J m a h a i o r m , m 9 s m ~ r n t m t l i f t a m  
3 fi.r, .m?., (ataxia) Jhr 8 & 8 1 I 

t ~ * m i t ~ w m ~ t m $ l * J i i o r n R m ? i ~ ; J r r ~  
iRsrwr;Rs*, & - m ~ & m $ l  



9.5.4 %lZW& 3 k  (Insecticides and pesticides) 

~ - z f f E ? ~ ~ ~ t a ; - - A g i i f ; m ; r ~ * * ~ t m m  

$?fh (neuro muscular m&ifestation) %? flm ?%3 3 I 



4) ~ * F w *  
JZ Epidermis 

Palisade 
Spongy parenchyma 

Epidermis 

I Stomatn 

- (stipple): 3 rlift % ;mft T  TI^ R8m d % 41 
w ~ ~ d ~ i f * B b m t I  





~ ~ $ ~ ~ ~ ~ + 1 T ( ~ m t l ~ ~ m ~ i i ; R s F o r b r n  
z ~ ~ S k ~ b ~ ~ r h d t m ~ r n . R . i t ~  r m ~ m ~ ? r r b  
Wmr: @ 4 ml & @Y t 5'%..~.w, a m 4  m t rft 
eiibw 7?r m?r 6 I 0.001 it 0.5 rR.rRq. Q q~ ~~ ~%-GI$R TL$T 

+ei -Er 'c~~Ai?~  

~ m i z w ? r r n ~ t m m t : @ w m , M 3 7 r r m  I 
m V&@T (epinasty), TI%$ Jib T$%$ TT w hI & 3t.3 3 

(intumescences) w 1 *, m, 
* ) ~ ~ . R ) * * * . R m - m m i f ~ m e  
-S' I 



o TRW@IT (electrochemical corrosion): mgrisa 3 $I 
~ Q 3 m m - R T r n r n M b l  







iij ~ F V I - F T ~ V '  ...................................................... 

6i) 3 (colic) WFIT ....................................................... 



K.m PR 3.h di ??F$ TX SO2, Oo, NO,, *.T-W., qM 
& m ~ ~ - f m t ~ . ~ l d r q m m + a ~ . r ; l . m i . m  
MbrnJ;rifFhF[m.*81 



3) 0 - iiii 

9 - 0 
iiii - ii) 

iv) - v) 

v>: - 4 
vi) - vii) 

vii) - vi) 

4) SO2, C02 X W F  %? H2SOI Gk M2C01 FTTR 8 GT 
FR c~CO, % m h hm CC~SO, Gk m a e  TTKT b I qr rn 
% - d R m * % I T v m 3 1  

5 )  ih t4Fi+&i tco.rsmbGTwMk%1 s 7 8 ~ 4 7 @  
m ~ ~ & ' m ~ * m * ~ ; ~ f f ~ h f i % ~ i m i t  
Wdkx~HrnR* io f t i $m$&&m. rR . rm8 -Fm;3 rB1  













f'?&H d (suspended particulate matter) (w,$.w.) 9 ~ ~ b 4  

d@$h d (respirable suspended perticulate matter) (m. m. 
.R.v.) 
*- 

mg 1J"mm *rn W& (air quality management systems) (~.T.w.w.) m Jrd b 
m q ~ m 3 ~ 4 m ~ d * m & + m ~ & i f t  
mIFim~.fm4.*R- .EPFTI .~r l*~m~~ 

~ i n ~ f h ~ m b ~ ~ y m ~ + ~ R u f f m R q y r  



q.q.w.w.mg~iftTrnFm3Rm?ift~i!1 ~ q 3 ~ t  

m c g m d ,  * w ~ ~ T T w w ? T K ~ ,  RC&?I  

m g ~ * ~ ~ a m ; m ~ , a . r e S f t i * m m m .  
KrsPa aofi T&FJT * 4 * % R+FJT e, T$ ~?zR (Central 
Pollution Control Board) (8.*.8.*.) * 'fm * ~ i! & d%% mg 
yvmT m ( w ~ s . s . ~ w . )  * JTmaft fitisr mrr 31 mJ ymr TJwr % 
R w m l f h * ~ 3 d a R u R t a m a p n J ? m p r m R T $ *  
~ 7 7 3 + R P : 4 m ~ ~ m g g i f i S i ? * 5 ~ 1 ~ + ~ & R & &  
+ m I m v i m r & t 1 m m s f t r m a + t # $ 3  
m r n R f + r m g ~ % ~ ~ ~ q ~ m ~ f 3 4  
r i t l t * ; r r g 2 a r ~ e r ; r M r h . a ~ ~ ~ h i A 1  mm- (SO,), 

WMRF (NO,), * dk!h T?$ (w.Q.w.), 
wd (wT.%.w.) ( 4 0  fl m), ( ~ b )  & * (NH,) 3 wFF * 
JRr24s2r%JAmtw3liRaRtaM*bm+-- (co) 

r n & y j y ~ w w m i ? :  

0 i) 8k%R &?i, ii) m, TF$PT $IT JT;~ &?i ~lzir iii) 

% f ? i ~ ~ m R s f f t a ~ ~ $ $ ~ ~ k ; f r n R p f r  
T3 3 1 

so2, TF$Tf 3TIFiVEF (NO,), qRd (WfiW.) * qRd ( ~ m . f l . ~ ~ )  , (<lop m), CO, Pb * NH, % TF$T sftasr mg 



mgrrff"*****~*'f;m3mm*mvW~~ 
FlTlT VTT 8 t 7 (v ?FFw $k %TVT) 3@@VV7 1981 [Air 
(Prevention and Control of Pollution) Act 198 11 * ?FJ 198 1 
& B I  

e - (air quality index) (T .T .J~)  3 * iOn.  @t8 
(Environmental Protection Agency) ($.%.T.) X.V.T. CPJ f?W W 3 I 

e ?d#?F [Exceedence Factor (EF)] 3 h e, !, 
Rsrm31 

arswe 

s.;p;ld, mg Tm F$?FIm (directly proportional) h 8 I W 
I 

I 

8 8 ~ ~ % ~ ~ f S ? f i ~ ~ ~ ~ l ~ . d t ~ .  T a X m T m T ~ ~  



d?h (exceedence factor) 



m= 

(L) 

qm (MI 

Z=T (HI 

rn (c) 

* m rn VJV (pg/m3) 

3khfm STT;JTfff4 

SO, 3%~ NO, 

0 - 40 

40 - 80 

80- 120 

> 120 

SO, 3hr NO, 

0 - 30 

30- 60 

60 - 90 

> 90 

w.@.w. 
0- 180 

180-360 

360 - 540 

> 540 

w.%.w. 
0 - 70 

70-  140 

140-210 

>210 



$t9r i tm*&*qlm*mqm& 
(National Ambient Air Monitoring Prograrmne (NAMP) (W r[.pq $,) & 8) FR 
fl.FR,*. 3 +IT m ymr m;RFR W * ht m % I 337 
- & ~ * 1 9 8 4 q 7 ~ q % 2 8 s r ; f h . r ~ % m ~ m m m 1  
3 ~ 1 - M # * 2 9 5 & + r f 8 * 2 4 M * 4 k m M % 9 2  
& M ~ ? B I  w . ~ w . % . w k m + m & ~ m M 3  ";R& 

mg WfE77 (Ambient Air Quality Monitoring) (Y r[ ~ f 4 ~  ) % 
&*q~rlc*&*m$l*jnrm* 

h Tflf?4% ~ ' W T  FfPi?T (National Environmental Engineering Research 
Institute) (NEERI) (W.5.5.3m.Jrn) 10 rf % 30 8 
r n m g ~ v r z m r * r n B l ~ a g @ r 3 d l T j t 3 * ~ + r n t  
m d * * m m 2 1  

m.y..ps.%. 8 R  q.T.?.W. * NO2. SO2 Gh wfi.w. imr ~ - r i f f i ,  
~ - R m r , m s s f t c & J R ~ & * ~ ~ 8 1 @ & m . ~ ,  
5w.m W Pimmir * NH3, H2S1 J~.w.%.w., 
wm (polynuclear aromatig hydrocarbon) Jlh orrft % 
RRFZ & + m 3 I w 3 $r.Q.$r.$ 3 m3 M Rm 
bi.ftirr.r % 3 dk~. FT$F~%~ (polynuclear aromatic 
hydrocarbon), srrft w1 $$FT 8k CO m 8 I nT WR 

% ~ ~ S r . R r r ; r * % * w m $ :  





8 R (rate of sampling): $H * m M fR 
a m ~ d q 3 1 W i f ; a 9 ~ m f ( 1 ; f i g i A m ~ - r v m  
(sampler) m RIfr b I $?Wm J$R$T * m 0.003 - 3 m3/min 
+ * m 3 M h l m * m ~ * * * w ~ w  
75%~mtwq+~rmm1 aRw?~m,$kr rnRPfrd i t  
*dsdrn-~;nrRerfftarn*l 

3ih M (storage and handling) : d~ =r@? if;i 78 
m * ~ * ~ ~ . a i m m m w m m m R ~ ~  
g % r + ~ ~ ; s m % m p r m ~ + l # & f m m i t *  

ii:e*mm3*;rff*m1 

arg sftns;r (air sampling devices) 

(coNector) : h R B W 8 w ;l Jgdm I I RX 
M m B ~ ~ ~ ~ f r m B ( ~ i a s s i t r m m ~ ~ m ,  
%%j$R qW WFil*% W Fll $KIT t), # WjbF (scraber) ($ * * ifir w h 3) ~ ~ p r m  (impinger) h B I &-rn 
. F - i a n ? m * * m 3 1 m * ~ f m * w . ~ ~ ,  
* m * w m h 3 1  



hmM 4 @ $T m - m  (sampling train) ~ $ 3  8 I p& 

sF ' ?%%TRm 10.1 ~ W ~ m r 8 1  

(filteration): ?8 f%% 3 f?@?i+ Yk?F&R (high volume 
sampler) TT TG'PT & 3 (Rjr 10.2) si: M T@ 3 W d %T 
~ - & i f t d I % ~ r n d ~ @ m & m R m ~ ~  
m m % * m 4 m w R p f 3 . m 3 1  q 3 f i & M +  



~ m w i f R F g R ~ y r m B ~ R * m * * ~ s i f  
~ r ~ m r  (felts) l w B \a h ~ n m  b I q e  
~ * m ~ 3 B m F T m b l m m ~ m  
mJsammmBm~;m;~3r;rlm~hbl - rn (inertial method) : W rf d%$h ift gm rn 
w p t m w ~ ~ ~ f i t r m w b ~  mpdrm+5'?rt1 
&F~)WI ~ ~ i l i f ~ * ~ T T ' f ; l F 7 i f ~ F T E ~  

~ ~ T i % $ 3 f i t r m ~ 8 * 3 J % W & i f 3 J % i f ~ ~ f h J n m b l  
~m-$r~m\*~m**-cFoit+~~ftgf i .mb~~m 
~ p r n i t * ~ d * + W ~ ~ & t ~ * d i i W ~ r i i k  
i f ¶ h * l * b l  

rn (centrifugal method) : W rf *T -4 4 3r;rl 

+ T B m + * 3 * F T m b l & p 4 i g i ~ l ~ * ~ m  
m M % w m h % m w ~ h m h  
(sedimentation chambe@ &d' 3 d f I ut; 5 p m  3iPTifi JmTifi am/ % 
d w ~ B 1 ~ ~ & i m m . m : p ~ m & 3 1  

rnm faRr (gradient method): W if d Tf&8RTll 3lfN 
~ ~ r J l h f $ c n o r ~ ~ ~ ~ w J g r h r i f a T l m 3 f 3 - + r  
0.001 i r ~ . o l ~ m ~ % ~ ~ ~ f . t i r ! & t ~  mf iQR~T$ga*  
a - r % ~ i f ; r m & r M r n B r R e l - r ? p & d b r f ~ ~ ~  
( 3 0 , 0 0 0 v ) r n - h ~ ~ % ~ f 4 g i [ f + + r  r f B e d 2 1  wrl vrh$ 
* r n m r n * a ; ~ ~ * ~ m ? . - . n t i 3 ~ * 3 m ~  
~ % r % J l h ~ r n ~ d % ~ w T i R ~ ~ ~ m m - m  
f%i+mWymrB~ v i f . m m w h  10.3 ifmrFmrmr31 

Negative discltnrge 
electrotle 

Positive aurf~lee 

Chnrgcd 
pnrllclcs 

Particulate mntter 



(absorption): W $ %$ * R 8 * h W b @ 
~ ~ & ~ i r l ~ , ~ & ~ ~ , * r n r n  
~ ~ & h + f ; ~ - ~ 9 ~ R ~ m ~ 1 4 i i s m m ~ *  

m*, r i m J i h ~ ~ 3 ~ l - ~ ~ ~ ~ ~ ~ ~ 1  
3TmTJT + m CO. Jrdlftmss FpR diiTiF 8; SO,, $*I 9- if; 
c o , , ~ d h r 3 ;  *3il-3'mJircih,-*3 wRaf%3*tt 

(adsorption): Ttl i%J 3 k T@ * Fmh 8 Y$ h-p 
r n434 fMhmt1  &3p4Wiw*. AI,O,, me, 
~ ~ i = R m ~ m ~ - & 8 b 1 i f i g * ~ ~ s ~ m M 3  
* h r n i r M ~ d ~ h l l ~ ~ r n ; a *  
~ + I + = - * P ~ * c s ~ ~ ~ T R ~ ~ ~ w ~  
R m m b l m . v - M i i * * 3 B k - M m m  
h m 3 1  w r n ~ J t n ~ ~ + m ~ + h ~ ~ t m ~  

'1Fm;l;T M 9R (condensation or cold trapping): % ~ 
; a 4 ~ ~ ~ ~ r n T r n R a 1 ' 4 r m r n ~ l  k l d 7 n w 3 %  
~ ~ . m f , w z f i g , r n ~ i j r R ~ B f h Q m ~ h m ~ ~  
~ 4 ~ % ~ ( ~ ) 4 ; i s r ~ b R K a ~ ~ w  
~ U S R R Z ~ ~ ~ = ~ & T B I  m ~ Z v @ 3 ~ ~ ~ l q d %  
& $ f i ? q ~ ~ ~ ~ R  10.48 & W % I  

, . 

Alr +- 
I 

I 

=F 'cr;T 

fSjr 10.4: m g @ ~ f k b T V p ' & $ T ~ d % ~ ~ $ % T W ? r ; ) *  

(scrubber) W) 3l@fhT =l'& 



V+W$R (chemical method) I 

d 4m (volumetric measurements): -m mq W 8 3 1 3 k 
r n t * b t ~ . & - m j r P m r w m & m  
sftfWrnRPfTm31 

(gravimetric determinations): M G f h  ift W % ?? 1 ' 

~ ~ ( ~ ~ ~ r n ~ ) ~ ~ ~ i T * i h i ~ f l i n  

2 a m r ; r s m m ~ t 1 m w ~ m ~ ~ i f t m w m ~  
8 I 

* (colorimetric determinations) : M ~ T  * & bit 
~ ~ R ~ ~ ? ? l ~ m I  ~ a ; m T r P h m m ~  
~ ~ r n T ~ m , m b i t m w ~ ~ ~ l  

 PIT% (turbidimetric and nephelometric 
derminations) : 4i: % & + W % ddkT % I 

TJh%& (chromatographic determinations) : '41: 3TTdTJT 3 k  d%dTJT 
4h-n-d9~~$fznrifm,~3.rrR.;r;rJcFam~mB1 

V h  (instrumental methods) 

* (absorption spectrometry) : W 3~m T 

3 n m f t a t R r i f ~ ~ 4 ~ % m m n r z n ~ , s s , * m  
Mffr*&%b I r n * r n f  3 l d F m p R g R j l * m *  

qibygxR*81 



m d v ~ ~  (atomic absortion spectroscopy) (T.~W. ) : 
R r m ~ & & * i h ~ m r ; r B l * m m * m m  
a i n f d m R m m m ( m ) i i ~ ~ 3 i r m f i f i m m b 1 ~  
* & d * m m ~ 3 f i i f t m w m r n ? m ~ 1 m R  
r n m q ~ ~ ~ ~ m m m r n b l ~ ~  , 
**Wrn3l I 

I * i%hf (biological methods) 1 
4 m w R f 9 m B 1 m i l M m m m y 3 - h T i a i P r a ~ ~ i d ~ ~  
i w t m ~ ~ m m ~ ~ 1 3 f ~ m ~ m -  

I 

s n e i & 1 T R 4 ~ i m m ~ m m b 1  
I 

- v m@fQ 
1. w.47~ Tmm7f33f33 

2. m.Qjfr.$T.w. rn~~mimamsfinfif?r 

3. SO, m 
4. NO, -croffitftr 

5. CO M M  m . m w  
6 ,  Pb 3 . R  ¶T $IT f%X p . p . ~  R+Wl 

7.  mm ~ ~ * ~ * ~ + ~ w f f  * * 
8. H,S , ?@@i 

9. NH, dmf3 



CO d % ~ *&fi 3FRW (non-dispersive infrared 
spectoscopy) (w.~.w.TR.) w jsdm RW % T?%% CO, 4.7 ,urn 
~ e z f % ~ ~ m w ~ m 3 , ~ m - ~ *  

%coPR9fT"IaiR,&rnqmf%m81 sRqftm;rftihw 
~ ~ - ~ ; ~ J ~ ~ ~ ~ ~ ~ K E F ~ ~ B I ~ ~ ~ ~ ~ z . w  
~ ~ i n r m a m m ' c o ~ ~ ~ y r m i t l  mmma 
* w ? T T ~ m m * m i t l  rOlr 

CO + 20H- + CO, + H,O + 2e- 

2Ag+ + 2e- + 2 ~ ~ . 1  

CO + 2Agt + 20H- -t CO, + H,O + 2Ag- 

m : c o * m , m m ~ ' f i l J g d m & ~ h R ~ * m  
if*PI.-iftm31 

Reference cell 

Sample cell containing 

D 
E 
T 
E 
C 
T 
0 

R 



NO + 0, -+ NO, -+ 0, 

NO, -+ NO, + hv 

, Tn pump + 

2) (spectrophotornetry) : W fbRr if mg t .a in * 
~ - * ~ J l r f f . r m d ; ~ ~ d ~ f 4 " " a r 3 1 ~  
~is;;r Jnrn T~%T&,MI NO2 WFi'iifil R h V f k b T : ,  
vm%?T m, mm 3h( N-(1- *m) * Tr$$m 

(ms.3.q.) t m d9-h~ rn f4im ymr 3 I m m$ 
~ - % ~ R ? ~ P i $ ? ' r ~ t ~ * m s ~ 4 0 n r n ~ f a i f i ; s  
VWWTI~IZTXT~~~~~I $ 1  wf33mriif w 20~,crn-'min-' % Y@FFFT 

77 % T?l ~ NOx FlEEll TIT 0.01 -0.40 ppm % I * -- 



SO, + H,O, + H,SO, 

* 
Ti-----*- 

TCM 
------bm- 

% e r n  (560 nm) 



m 9 i * ~ w 4 ~ ~ h ~ m * * m ~ l  
F I I . ~ I . ~ J T  3 + f+rq F@PIT f3-w~ i)i f8q Sft mgm- 
$ 1 8 8 :  

~ ? P P T : ? T R ~ Y ~ ? & ~ ~ ~ ~ ~ M ~ ~ ~ R  
.- h 3 1 SO2, H,S, HCl, Cl, & NH, & JsgiR 

~ ~ ~ ~ * d m m $ * m + m m m J g a m *  
r n ~ - f m ; m % l  

* : ~ ~ , d n i i t p ~ m a a ~ , m + r n  
~ ~ , ~ , ~ ~ 3 n R ~ a ~ m a - G m ~ j r m r B 1  rn 
& & ~ : ~ i s ; ; r ~ m r n % l  

@ r n : s R ~ ~ ~ ~ ~ ~ m * ~ ~ ~ w  
m ~ m * w * w 3 S E h r T M m B 1  

@ . F m ; r = r : m * * * ~ ~ m m * ~ w m ~ J g b m  
f m m m B 1 ~ m s z m d % ~ ~ ~ h 3 1  

SO,, H,S $I7 HF %I %* $ i)i Jmiihr W 

$ k ~ ~ ~ ~  10.6 3f?QVTTrnr31 
T m n f t 1 0 . 6 : W m g f f r h ~ ~ a - r d i ~ m ~ ~ j f t z ~ ~  

i 

I 

~ m f $ r ; l 9 ; r  

-,*, * m, Ca(OH), 'if;T 

f%vmmm3TR 

N ~ O H  3 k  Tr f%T 

(3:2dhNi;Srra%),*m 
r n - 3 T R 1  
m, NaOH 

w,a;s*m 

- 

- A c f f s ~  

so2 

H2S 

HF * 
3l'lmTF 

* 
iamFi? 

T- 
fl3,mmm 

m v  

~ v i T i F k  

m* 

?TfMm* 

+m I 



i) CO R%?TJT, ii) SO2 m, iii) NO2 



3) % d d ifig m4i SO2, CO, NO2 ~ f i . ~ . .  r f t . ~ ~ . ,  
m, r n E - m J q * r h r m M M e f t r n B l  







r n * ~ ~ + t f m r i r ~ ~ ~ i t $ m r n ~ q ~ * d  
a f @ m m ~ b ~ m ~ ~ ~ 6 8 m % 1 d 2 m 8 ~ m & M ~  
m s r r ; Y m 8 % b * ; $ - h ~ ? * z i r ~ *  
m m B 1  ?IqTT'w*aar~*bw&*-m 
m & 1 m a f f s o r ' i i r ~ ~ ~ , m 3 * ~ d  
...m ~ ~ = 3 ~ S m ~ k ~ 1 m r n ' s n m f f a t 1 ~ ~  
' 4 ; r M ~ 1 . m . m 3 m * w * m ~ i t ~ t l ~  * '4m: fi fk7 (mg L-I) 3W oTm (parts per million, 
ppm) 4 7 h W 8 I !WE m4: m $l~7 !& ?P+% (cubic metre per 
second) 3 cumec) 8 WlT f%Tf 3 I * XWRTT 3 WF4 

~ m f  w ~ m ~ i i t m ~ ~  

i) T@ i%?%R i3hr (Total Suspended Solids, TSS): Ti@ * JFPmT 
a 7 f w & r ~ , % t * ~ t F ~ * s ; a i t t l ~ f  
R r m & * B ; ~ B @ g q m ~  &~-qwihfdlzftqM4k 

~ r n t J i m ~ w m b ~ ~ Q i f t T r n ~ ~ ~ ~  
(floating) 3i'i w YRWFT Y@W $, & M jf ~3 8~ I 

~ 3 h r ~ ~ : r n ~ ~ m t ~ * # ~ l B  
~ t t m m ~ , w m * m ~ ~ ~ ~ ~ * ~ ~  
~ ~ r n m r r i t s f t a ~ ~ f * l l ~ l  

~ m t ~ r n ~ r n ~ t ~ ~ w m ~ b ~  

it] R W F h  %IT (Settleable Solids): zrffrf lW7 ?G Pmr * 3Th 

R : m m ~ w ~ ' 4 1 ~ 4 i m 3 , t , w * ~ ~ . f h a T 1  f3:mif 
~ v r r m ~ ~ m ~ 8 ~ ~ ~ R k m r i r ~ b m  
M m m m & m 2 1 w R W ; f + . s n e f ~ B f = n d i m  
**mmm****-*FrrnFT&*31 

(sedimentation) km f ? ?  d TFfFtT 8 W %? 
m, w i R w r n I f t ~ ~ v ~ ~ ~ ~ ~ $ ~  g ~ i f l m 3 r ~ w f ~ ~  
~ i r R : ~ m ~ ~ ~ m m ~ m 3 - r R : m = h  
~ i ~ % w m R : ~ r n * p d B M M r n b ~ ~  m % m * ' m  
vkg mJtr;ti m WT mfir:mdbm* wqollc.19. m B R* 3n7*e1mdi 

f M r w m h 1 ~ ~ m m m R o f f t ? r ~ m 6 & m ~  &ik& 13 q f % W W i T f l  

R : m ~ & J h r m 3 w j f q $ f w f & r M $ * w ~ i i r r M b 1  7 



p * ~ S i q m  ih) @ $t** (Total Dissoloved Solids, TDS): @ f%Y%Rf * '447r4 * 
f+r,$T*mM*,'*'ifil~mPrmb- 
w ; f r n m t * ~ w h * w i f m $ * m G T r r n % l  

iv) m@am mrbidity): ~%F@R m & m m =IT af TITI-% 

~ m f k m ~ M ? r r n S t & % r n ~ 9 m & f t $ r ~ i  
m 1 ~ ~ ~ ~ R m $ ~ J r r i t a r n ~ ~ ~ 4 ~  
m * t m r l I * m m ~ ~ * ~ , k J h T  
i m m R s f o r ~ ~ ~ ~ f h q - ~ ~ R ~  



3 (sterility) ~is;;r 3 )r 3 m jgim 
s r r F ? r ~ 3 ~ ~ ~ ~ & & ~ 1 ~ ~ ~ ~ ~ . ~  

(reverse osmosis) 3m %$i' (elcctro dialysis) KIT 

~wfifimmrn$f+=@r~++$M.rftM~~ 

1 xi) ~ : : m S l ; m * w ~ ~ " I ~ m a ~ ~ n a  
I 
i I y p T : ~ $ k ~ * * * + m M $ ~ * ~  * 

~ * m ~ ~ " I f r , a T R ~ ~ * ~ m ~ w &  
~ 3 , m y r ' f i l m S ~ m $ & m & m ~ ~ ~ b 1  

, ~ ~ ~ ~ ; . r ~ ~ ~ * : m ; l : ~ ~ ~ $ m  



ma3qm;rmm%1 M f f a e i r @ u B M 3 1 I u R n f t m & P m ? r 3 f l ~ ~  
m f h - ~ ~ d h ~ i t b g  m 2 m g ~ - 1 ~ ~ ~ & $ ~ R M t m ~ m 3 t  
wfl-mrsift-vrft ~ ~ ~ ~ 4 - 6 r n ~ ~ - ' ~ ~ F F P d T ~ ? ! l  
m m h s r s r b *  
fWt Q r* i$ f&q XM) fh-m 3lWWl7T (Biochemical Oxygen Demand, BOD): 
m m w w m a l  m m % m ~ i r ; r ~ ~ m , q W + ~ w %  

$? WT +t  TI^ 3 I F$%T xvii) W- ?$F$ZW (Chemical Oxygen Demand, COD): %. *, 
~ r ~ ~ m r f i l . $ r m 8  ~ . v f t m ~ m ~ ~ 3 m ? r ~ b ~ * ~ ~ 0 ~ c m  



1) *: mm ~~ m' (Immedi- 
ate Oxygen Demand) * 

3 J T w ~ h h : ~ ~ m ~ l r % ~ 6 $ ~ R s f o r ~ i f ~ .  m h m W 3 f k m ~  

. m ~ * B 1 3 ~ ~ m + * ~ m 3 * m - *  *-** 
~ d t ~ m * W * m w J n s w Z 1 ~ 8 ~  * - w d ; m m  
*t*-ifir~sf.r**-a @*I 

% - ~ ~ m f t m f o i m * ~ ~ w . * + m l  
~ ~ + i m ~ t m ~ ~ ~ i f t w ~ % l  



2) Td%#kT (Particulate removal) 

i) R : m  (Settling) : R : m  & W 3 I 
w ~ ~ m 4 J T ? i f i R : m ~ ~ ( I J g d m m ~ 1 ~ ~  
m w M ' r 7 m ~ + m ~ + * - ; f i t ~ m m $ l  
~ ~ m . r 4 ~ ~ ~ ~ ~ a r n ~ * ~ ~ : m r n ~ h  
w 8 1  R : m  w m  3@ (lagoons)4 Jgd m i? & m 
d * f3y m m ~~ $ 1  m -m qc4lr19YEF * 3W-k 

(sludge) ?m t I gfit W & f i  f%:RFT 7?P% (settling basin) Q 3Vi% 



. s ; r F m + m ~ - ~ h m W m b j i r r i R m ~ & i h  
k 2 W & (scraper) V?T sbr w f 3 ~  

T I T I T ~ I ~ P ~ ~ ~ s F F F ~ R T R : w R ~ T ~ T & T ~ T W T J T $ - ~ I T & T ? ~ ~ ~  
~ ~ T T T  (fluid sl~~rries) 3 3 dl 
m m h g l m :  p*iFFPT+mmpftw 
m m * 3 l m i r & m m - 5 6 ~ ~ 3 m ~ . ~ + m  
rrF;h (skimmers) 3 2% f h T  jlliTl b I & ?Ri 3 d 3 & % 
f ; r : m ~ r i u r ; r m m ~ ~ B ~  

* (Incineration): JqFm zlil 
sTPPTsyroymmb*m**-m*mh 
m B l m J s a m ~ * m * r n * m ~ ~ * M m r [  
2 I 

~ , ~ ~ m t m t i m : ~ ; x Y f b . w r r + ~ ~ ~ * ~  P-qJT 
m * m ' E ? T f t 3 1  
4) pH TT (pH Adjustment) 



WTi (Aeration) : rlC: 6dbWJT Tr & im TlW 8 TFt% 

~ ~ ~ ~ ~ ~ ~ ~ i h l h m m i r g f t a  
r n f ? m ~ r m % 1 ~ m ~ C J s r i r t r 4 i m ; r ~ f r m t ~  
h m M d ( m ~ ~ r m ~ 3 m m 8 1 m g $ J r i i R R ? .  
* m M t ~ * * d ( i i ; r c o r ~ ~ a s h * ~ % l *  
m**16~~*~-- tmarg+tmr~i icam 
*Tl=mTr~3*m+81 



TlWF@IT FlkT (Chemical coagulation): i;(y4 V@itZ 3 L1mA 

~ ~ s m i f w m ~ ~ m b * ~ ~ i f ; m . ~ 9 r & q w  
f r l p r r R a ~ % ~ ~ ~ l ~ ~ ~ ~ ~ , m 9 : ~ ~ ~ , ~  

m M i t * ~ i f i l m m ~ 3 l ~ * i m . l 7 m ~  
3~fTpff34tirftftirm31irmR:mf ~ , 3 m q w d + T o f t  
& m R : m m a 2 . i r ~ ~ R : * ' ; T f f * i w m t i ,  

Jdr?i 3 $k f&h WT 3 6 * k ; r  (packing), *-a & $@~PT 

~ * m * ~ m 5 t ~ ' ; 3 ; ~ J s a m m m ? l  

0 ~%F&T (Trickling filters): $k%fb e, W * * 
* q m i w r m + M m m * * M m m  
3 1  @m*(crushed)T$TT 3 l T T ~ ~ ~ i n ~ ~  

$ f 3 - d i t ~ w m i t m r n i m ~ ~ m q  
~ ~ 3 1 I ~ , a a m t m ~ ~ m ~ ~ ~ b 1 ~ %  
~ ~ ~ $ * q m ~ m ~ ~ w m ~ r ; s ~  



3Vk (Activated sludge) : W 5m;9 3 &-& ? h T F I  3 
m, ~ F F R $  bi d 3 WTT B M & (flocculent) 

M @ * W ~ M * ~ I  Jii.rffh;rhha~rn,mmqq 
f % c m ~ M 3 T 9 i f i i l f t d i m @ % ~ b 1 & ~ + & m *  
T i i f i a ; r r n a s , * : K I R a * * m i - i f t i t & b  
;jrrm 3 I f%f%i k @ R i  % (Mixed Liquor Suspended Solids, MZSS) 
m ~ ~ h f 9 m - 1 c m $ 3 k R : * & m $ 1 d w ~ m ,  
tw~tmrrr . rpTzi imhfhmBl 

iii] (Lagoon) : m, i 7  WGF & 3p9zfi IF?FR 33 5, * 
m ~ m w ~ ~ m I . v 3 m * ~ 7 7 ; r *  





ii) m, ml *, JK 3 'm W?T (leakage) h %F 
~ - m ; r r n ~ m r & , ~ S f t z m . r T f i [ Z F l  



iiii 3 (entrainment) I 

i )  FW3 YY- (Clear water segregation): #4% 3 4 3 l f h i l T  

* I ~ p R . ~ r n ~ l ~ ~ ~ B ~ * ~  
* * w * p m * m - m 1 a p r r q r n ? n *  

~ ~ ~ ' j ~ d T f ~ ~ l ~ ~ I h t ~ ~ ~ ~ ~ h ( ~  
r n i i M ' ~ ~ h * l ~ w i f ? l m i i q ~ : ~ m c l l  
r n P l m - m r r r s w i A ~ * ~ l ? s m 3 ~ d ~  
m*mMt31 

ii f?rim;r (Waste prevention): JgFhT $ - 3 8 R  
*w-W~'?* (leakage)* &? i#T &Mjn. M 8 1  
~ ~ a m ~ ~ 3 w i ~ [ r ~ ~ ~ ' ~ $ s m r f f a ~ m ~ ~  
9 1 ~ m - ~ ~ m ~ ~ m M m t T " F l . ~ m  
% * m * * w s f 8 1  
* (spillage) 'fil @ & Jmm 

X ~ R ~ ~ T ~ ~ ~ I T B T R ~ R + W W ~ @ R ~ ~ W  
M 3 1 d m ~ ~ $ t . ~ $ m ~ m $ 1  



M H t t + m J m n $ m w i n m M 8 t ~ ~  
W ihw (Grit removal chamber) h b I ~4 

snef j r l m r ~ 3 * * & ~ r n 8  *m nimh 3 q m  rn TFFa 5 1  

% TWIT ;R '- amtr TT FRTJT (equilisation) b I 
24e$m+m&&.&,3,$m?r*%11m 
~ ~ ~ m w $ n T ~ ~ ~ ~ ~ ~ ; - i f t ~ ~ b ~ ~  
w * m s s r F a w ~ * ~ m ~ t m ; K a i * ~ ~ ~  ~~*~~~ , B ~ * ~ w % I  I r n r n % % r n ~ i f r n ~ ~ & l  

~@ji3 (clump formation) ~ ~ ~ ~ ~ ~ m ; ~ ~ ~ ~ ~ ~ % i n f 4 i 3 ~ ~  
* ~ * % I @ F  e m * * l  
74%l%F$%-3 



I 

% (Foaming): h F i  mmeir ift Vi@ 3 W$&fi iirg ift 3 $37 & 
;mmC*mifFtwxmw+hp=t-ir?i* 10%ifig6;1-M 

% 1 m ~ ~ t m 3 * m ~ ~ m i m 3 i l M  
~ w V l T m 3 1  





m d ? r m m 3 a m * m m + , 3 m * m  
P m ? m ~ - m 3 ( w # @ @ m % m M m w c m h R 1 9 R  
~ ~ m ~ t i ? r t i ? ; T f i w ~ ~ t , ~ ~ ~ m ~  
d w k Tm;ar 8 I & i%d% (underground discharge) 
F ~ m b m ~ m ~ s ~ ~ * ~ m m ~  

% I M-& -vi * b~ (ponding) Ti% 3 & -W 

@ (aquifers) W Tifflol fi b I 

$@wxmtiwifilj9rhrlm: m~4Ri lFR*WhmB 
s i h ; m ~ ~ ~ ~ ? ; r f f ~ r r m t 1 ~ m ~ . 4 a g ; r a m i w r  
JTimoT (processing operating) 8 * (condensate) fk W ti 
~ l m , * ~ ~ ~ l ~ w m * ~ f r m l  

iv) ~ m : ~ a g n m ~ ~ ~ r H ~  
T R v l % J b r ? r + ~ ~ ~ * w 3 m B 3 1 1 ) * m  
Rwnr;rm~*e1'(\**mm)m*8 
@T) 3hTm-m *sy )  *;TI 

vJmfwvUh3-m 
3 i i M m m  

.srm,m*m 
m, F: Tbllm, %v 

*@*rnImpIFI81 
F?F FiV8 (lubc stocks) zFI 

m m , % w  
sT9m1 RF.;cFafa[ 3 h  m, 
m*-,w* 
m-l+T+qm*$l 







iv) (Solvent extraction): k 9-rn 8 4tFm I 
; j s a m h 8 1  F?r-Mm*vrnrn*~*M I 

I 

T & * ~ ~ R ~ W * ~ H * ~ * M $ ~ ~ ~ I @ R - ~ ~ W  
I 

2 (1 

~ n r n ~ a i ~ r n * R m ; r *  m m B q m ~  
*g;r: mrrhcmr81 

I 



6) ~ y l = % T : * ~ * m a i R r t ~ w g m , m m  
3 T R q m 3 1 m m f W - - m m W m , * - i i ? r + ~ ~  
~ h s R ~ m R P m * - w g m z n ~ m m f  RZt 
T dt. 311$ (API separator) & 3 I 9. Q. d. 7% % @$ 
mRjr 11.23 M d 3 1  





v I 

I (residual) *. ft. t. iti $7 $ @FTTT %-ir-~9im ;rff 

r n b ~ . s r ; r . r f f h i h t + ~ d + & T i f i f f s a & w ~ m  
i 
! 
i 

m*wtJsdmhmt~~mmifm~$Ffiam 
I * * f r h m m B l * * ~ J r w h W a r i r G n t i t *  
I * ~ ~ R m r n t l  ri;~m*fl'-fl;fl 
i 
i * t s t m * m  
1 x i v ) i v ) P i t a r m : : * m e ~ + ~ * ~ * t R m n  *-*dm 

/ (deep well disposal) -s;r TP?PT Jsam i4i:m % I 31% qGf Fjf p % kflq & ~ ~ 3 ; m ~ ~  

1 ~ ~ ~ ~ - + ~ * d ; ~ ~ y r r n 1 1 3 ~ * i n .  mbirH@sAiF& 3- lm-W4m,&$1 
t" *m-m, p j .~?~-F l? lw*~~*mm * * ~ , q ~  

~ ~ ~ l ~ i m . r ~ @ o r e h o l e ) * * * ~ i 4 . 8 ~ ~ ~ @ %  m,+mmd 

1 
~ * ~ ~ f + ~ % ~ ~ r n * . r f f ~ 1 @ 3 ~ r f m  ~ T R ~ ~ W I W X T $ ~ ( ~ ~ ~  

~ " J P q i f i 3 ~ r i r 3 i i l : f $ m ~ m b ~ ~ & ~ ~ ~ +  = f w H t ~ ~ ~ ~ % m ;  



w) m m : * h - m p - . h - m M  
~ w ~ ~ m m ~ m ~ ? 7 [ F i f i t m  
m m m m * m m m 8 1 3 m 3 X F P l q M d i  

(slurries) $fT $ I $Z 3ift9 f3dl  em w +!?IJ fi ih 
* m r n * a ; ~ J . f ~ ~ * ~ ~ ~ l m  
+ ~ g l s r r 3 ~ + f & q w + ? k ~ ~ M m 8 1 & ~ ~  
mh~$d%*bm 1 0 - 1 5 % ~ ~ $  
~ ~ 1 ~ * 3 T t F ~ ~ - ~ ~ i f ; l ~ *  
mmPfiqmrnmm$l 







ifi) * (Slashing): ?T;iJ 1 * 3  p? $ d W ?ibiwm &:m 
3 w s r w m ( s i z i n g )  M ~ ~ ~ ~ h ~ l ' % ~ ~  h 3 - f i m * 1  

" ~ " & $ I ~ ~ T F ; s ~ ~ c % F T ~ $ I ~ $ F ~ w  ( c r e i g e ) h W 3 h T m ~  

- - * f i ? m .  33.8, m ; f i f l f m l ' d $ m  ~ ' t ' R f 3 m ~ ~ t 1  
~ ~ ~ : ~ 3 ? m P r .  $ . Z ~ . F ~ & W T ? I  m * f ; m %  

~ & + t m a $ M  
w) * * . p ; ; f - . r ; . r . r : ~ m * - t v T ; T * ~ + ~ * m ~ *  m r n p f t a 3 ,  

m M d b m r r ~ * r i * m m $ * m  k*&,+$le 
J T ~ ~ ~ ~ ~ ~ B I w T ~ I ~ R ~ ~ ~ R % ~ W T J T ~ ~ ' T F ( T T ' F ~ P ~ ~ O %  $JT wd+%-m 
B 1 m z f * w - ~ ~ ; T m ~ * ~ & T m m m 3 1  * M + q * g , q F & +  

m * 3 ; w = @ , * m ~ * m 1 ~ m ,  *TTml faw&m*&* 
%, q~&iiffms, $rf&m ql+tlcni,c1 3m, awl+$ 4k 4& -*fnor3mftil 
~ ~ f 8 w ; ~ r r a ~ $ l ~ m f @ w . ; m ~ 3 0 % ~ ~ m m ~ ~  %m%1&m?3rn 
f m r b ~  & 3 m @ r r f ~ % .  Jir. - ; t . ; f . r a ~ ~ m 3 % m r f - a f & m  

3 ~ 3 3 % ~  + m m i m ,  
*my;q3lh$mm 

~ i ~ @ ~ m + m h 6 1  i;mjii9tl%mm$1 

n) ~ : ~ m d r ~ ~ - ~ ~ 1 4 7 1 j f % ~ ~ ~ ~ ~  
* ~ ~ ~ J g d m ~ ~ % i % t + $ i m v r ~  1 0 % ~ ~ m h r ; r P ~ r n 3 m ~ ~ h  

8 I q w + m m  
Mm3JA*m 

T) X#?FYT (Mercerizing): T d  F$' * Wf$Z"T * 220% f%T4T rf * a Bm 
mm%l*m*.R.,a. rnhbrnrnw* mt,+&q*,W 
M 8 1  i i = i ? i $ ~ + ~ ~ m  

s) *:+t&m$m~81%iyiti*~rRRiRi~f.m; ~ ~ 3 1 & r n  
-g rq ;~+fw 

~ B ~ M ~ ~ Y R F ~ v w ~ ? ~ I  nffror '+lTT20-420%ZimTb ~ - ~ ~ ~ ~ , , , , ~ ,  
I 

I ~ ~ ~ m a ? m g J T W i t i & ~ T ( 8 - O ~ i r l m s r S r r ~ M 8 1  f % & r ? m r n i h B t  rim 

3 ; r ? m ~ m ~ ~ i f m m ~ ~ 3 ~ i m ~  d * $ r n % m s +  
m & w & ~ f l . p  

3 iy; i(wJJ*-*m~mqngiftM%% Jihmr&Jm*m 
I * ~ ~ t l ~ * * ~ * m h i r ~  *gq&!&qp$qm 

I J s d r n r n - \ . ? r a r 3 * ~ * J c r n T ~ 3 i f ~ ~ r f  $ 1  

i * i f t m m 3 m g ~ - ' t i m ~ w * - i n a ; r * m * 4 r f m  mq**m4:* 

m & % ~ 3 & ' e i f m * m  1 0 r n g ~ - ' b z m f r  wJmmmm 
I 

W l  @%PF (tartar emetic, 1 w * - - m  1 q) ~ : ~ ~ ~ ~ 3 t n r f t f i i m & i i i a 1  mflw.Aypl ~ I m , ~ ~ l ~ + ,  

I 
i ~ l ~ , ~ * ~ * ~ * s f t * * ~ * * ~  ~ m ~ + m ~ m  
S ~ ~ v 4 7 1 i F ~ ~ l ~ ~ , R T e f t Q i * * * l ~  wamwf( l r  
i tft.r q$@qq?f&q-g*f?&- q - E  *qj?$&qpf m;lm*,** 

I ~ n a b ~ m ~ ~ ~ ~ - r n ~ i t $ ~ - ' ~ f i , ~ * ~  
* m * % * J ; ; X m g  

k 
m m 3 m m J F  ~ ~ A ~ T R - ~ ~ ~ ~ I  * w ~ T ~ ? F ~ w & ~ T T ( B  m r r M m t , f i  

L 

i 
~ , i m , a m 3 A ~ , - d f t . 3 i r . ~ . ~ ~ * B l  "*l1ffZr.r*$Wwi 

i 3 %% (Regenerated fibres) a i % r k i r ~ i s ~ g m r h  

1 m b 1 ~ 3 ? M ' f m  
v ) - r * ~ ~ : ~ ~ ~ ~ t m r , ~ , m r n , ~ m ~  *,*.d*mmw Z i ~ i r i t r t ~ 4 * v m m ~ b l * m s ~ r n * ~ ~ '  

\ 1 ~ u ? m r n - a ; m r r j r m r t ~ ~ W u i r r f ~ ~ ~ ~ i m o s  3 3 
I 

i 



iv) TiRa=WT 

) ~ - : m ~ f ( $ r s % ~ ; m m m m & w m = r 8  
~ b l ~ ~ ; i r ~ * f t ~ l ~ , ~ m t s m ~ ~  
WFFF?& fmr 2 I %?8, & (mildew), F@t, * Jy;q 
~ d ~ ~ ~ f i ~ B l  



a) ~ m r ~ ~ : ~ 3 ~ ~ ~ ~ * ~ % R q ~  
d m y @ f k m *  ~ T ~ B P ~ R T ~ ~ I  M%@TFT (batch) 
.rff*****rn3*h;~@l 

i m* 

I) (Segregation): W-W & Jqim % fiR W 

~ R , ~ r m f R R 4 r i f ; m r 8 :  
@ yFF* tm* .RRar tm- l  



V) 3ih M : @3?JTr. .4emr (cascading) 
$ f i ? ~ & ~ m ~ 3 i i ; r f t [ z j y ; r m M 8 & ~ 3 m ? . ~  
d a - r t R R i r @ ~ - ~ M r n F w v r t m r B ~  





........................................................... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

@ 4 R . r v M w m h m 3 J ; r i t m , m , m n R . r  
- . - & l ~ * t l * m v * ,  r,m,*- -@*- ~ ~ s h m ~ ~ ~ P l t ~ ~ ~ a r . r m r m b ~ ~ ~  

fapii*m*+i h - ~ + * * t @ m J i h ~ d m h i r * + m  m wTJT-m m 3 
mm-cmr21m + 3 ~  im TIT 3 FTFIT TEIT b I G'RT TPTT. p (straw) JnT Gk! (bagasse) 8 



i 3 r f r 3 1 1 T m M ; h . M 4 ~ m * P i d ; h . 4 ~ m  
m * m M 5 :  

@ rn (grinding) d; 

@ rn 3 (debarking) W $k W V$F 

w if 1 





m m l % ~ ~ m w m q R i l / i l m h  
WTT 3 % (board mill) m d t  % b I &FFI% 
4 ~ ~ ~ ~ m m ? ~ ~ ; T f l F m r m t ~ ? ~ f % ~ r n ~ ~ ~ ~  
ww Fi3dkw~ * w 33 ii WTITFT~ T& 6 I q& QT?I~~.~<ICII~C?~ 
i i ; r * o f t h m B ~ p M ; t ~ a i ~ i t i ~ ~ w r f t d r  
rnJsdm 1 I% P 3 4 3TT$&i (u11derdrains)M % 
WT h~ w (impoundments)# f? 6 R? % y i t  M & $T 
R ~ ~ ~ ~ ( m ) ~ ~ ~ R m y r m % ~ ~ ~ s s f r r ~ b  
w b 8 d * m m ~ m $ * ~ m $ h l ? t 4 [ . m  
B ~ ~ ~ ~ ~ ~ ~ ~ h m ~ ~ ~ n ; r m ~ ~ m ~ ~  
3 I 

mmml%Tmm 
- m f i a m $ ~  
~ m z f i ~ ~ +  

i++hTT*h* 
(Horizantal corlveyor 

type) &IT 

~ l r n % $ l %  

~ $ l 2 0 i r 3 0 % & f  
*rnM$l* 
TiFF 8 40%& 
~ E p m & 3 $ f W i 3 5 %  
mM*Rlftam%l 



T~%TW%T$W (natural reaeration) % $iT m: * ( mechanically aerated) FFR 

rnarg,*M * l ~ ~ r n ~ : * * ? * m & \ m  
y+i**prlT?.* ? ~ ~ 1 & b ~ - ~ r n g ~ ~ . r r ~ m w ~ r n 3 1 ~ n r f t a m m ; t .  
$k & (rime) M i + $ s r m i r ~ w $ ~ 8 . 3 f i . f t . ~ ~ * ~ f i f t ~ 1  



* $ I d me (contact stabilisation system) w 3 R : m  
3 f % % m m ~ f & q ~ w i = r M ~ % ~ ~ $ & ~  * I  

iv) a ~T$@T w a. 3. 8. 3000rng~-I% Jmmm fr 
r n % m m * h w m B 1  

fim 4 3 WRTJT (hI (seepage), T RPfC T G ~  % M + M 
a ~ + ~ m 3 1 ~ ~ ~ ~ ~ i f ~ r r f t - j r m m o ~  
&VF i ' r%mm~* t& t l * *K iu*m; r  
& 3 t q p l & ; i ~ m w a ; m ~ d % ~ w ~ m 8 ~ & ~ & ~ $ 1  
~ d l d r + ~ t ~ i t r m ~ ~ % * ~ % ~ w w  
~ ; r f r m 7 r 8 R d i @ p l & i f t e f r ~ b 1  



y4T*mReTRifamp* *ma. J i r . 3 .  rn lookg nftwfi 
R . r 8 i r n ~ ? m 1 ~ ~ 6 . 0 $ ~ ~ m m 9 . 0 3 ~ ' I f t h ~ &  

titftim ~ ~ g m a  (Sodium Adsorption Ratio, SAR) 8.0 3 w ijjq qf& I 

~ m + $ r $ m . r f t ~ ' 3 ~ ~ * ~ ' f i m G I & d i 3 m  
?Wqm*:d i r~* , -wmMt*W; .nM8,  

*Tr fJbmm;i f t ;ms?~3*?rMmmJdhlw3m 
b m r r 3 1 m 4 , 3 R t l 3 i i t ; + m r F h B 1 ~ m $ T 8 a i ~ M  
m * ~ M t m r n ~ * T i m ~ m B l t ~ "  
~ d t = r ; r r n m ~ ~ ~ ~ B F t q ~ ~ A ~ ~  
f l T h E T ( m ) , ~ * * ~ * ~ m ~ * ~ ~ ~ m 1  
~ l ~ & d M w J s r h r r f m r m B ~ ~ ~ ~ ~  I 

I 

(vegetable tanning process) T$T 3 I @ 7 if;l jirft e, el * 31plill 
, i 













































~ ~ J i p f 6 ~ , ~ ~ g R i m ~ ~ m ~ ~ , ~ ~  
m ~ m n b i ~ t w , W * ~ m q 3 f i * ~  
m * * , ~ & , * ~ , ~ ~ , m m ~ t  
P d ? 4 y R r * @ d l w * a ; M * m ~ * t f m *  
~ * O f t ~ * ~ l ~ a ; & 3 ~ * & % W ~ r m  
$Z b (plant gmwthregulators), (defoliants), W ? ?  (desiccants), 
w ( h i t  thinning agents) W h (sprouting inhibitors) a; W 
4ag4am;tcm%lt l * * *mf l r rpgog94~a**  
~ - 1 ? f t m ~ i m ? t & ~ ~ 4 ~ $ ~ ~ M P R ~ S ; m m  
* s ~ - w i i * ~ r n * q m , y * * ~  
~ S r f f ~ ~ l  









vi) 4lzT=mR*m*q4JgffPmm*arn~* 
ifykpT?ITitBl 

hi 4(r KQ(R. : tfffft B 35dm (clayey) 8 R  @$F TT$RT 
m ~ p 6 M ~ r n w i t i d 8 1  

iv) ~m:ammm~,mr,~ih~BmmJimift~l 

iiii 4 @ m r i % $ P ~ 3 2 w r q % ~ ~ d r $ b 3 ~ - ~ ~ % + 8 1  
dbF? (Ultra Low Volume, ULV) 3Q56PT 8R TGT (aerial) 
3 ~ m s , ; m R q w d m J q d m f $ i m m ~  bJlfaiFW81 







ix) f ~$7 (nozzle) * B 7 @ I 

iv) ~ l q P 1 4 1 W i f ~ ~ l S B I , ~ ~ ~ ~ ~ d & ~  
3 1 

"ii m ~ * m m ~ * & J K t l * ; r M . c l  



vi) **~$f~m*ht f - ts f tm*m 
m l m W 3 - ; f ~ * w m b m ; r & :  



9 T$@T (Integrated Pest Management- IPM) 

ii) 3TR4-W 



vi) M**-rnM 

% a r R ; F ~ r n ~ ~ ; r p ~ a i ~ ~ ~ ~ r n ~ ~ ~ . l i  
& #k %? ijiq k ih F%?f (San Jose Scale), m Tim 
a p r r R l i ; R ( r ~ m ' ) m ~ + h , t m 4 J r m r R a ~ d ~ m 1 i i i 3  
Rqqm*d-*3~dvm**** 
w m % l  



5 )  w. St,, * 9 R o T l a l l r n l  3lfti ~ ~ + R P I  w. ftl0 4.T 
~ h w r n m l  



p a A a m ~ m m ~ i f t ~ ~ i ~ 4 k ~ % m i T s g i s  
f I sR * TF@T * 31m~ f fi 8 &i @ ((rainstorm) 3 

w i h ~ m & m m & r r 3 1 & i h & + ~ w ~ m $ r n  
a d m d b @ ' m m ~ & r r b ~  
m: f%m t (ground wader)% Ti?$?? ift W 8 I 
* R & ~ ~ * F T R ~ ~ T ~ I  I r ~ $ ~ A z - i 3 3 $ ~ ~  
*f r n ~ ( ~ ~ J T d l f t 9 9 ) ~ i h ~ ~ ~ ~ r f ~ T I ~  
m 3 1  
* $ m n m f 4 a m ~ m w m ? l  
- : d r A - r J n R * ~ m + m ; r i l ~ ' ~ ~ m l  



&%=WJT TFFFFN NH3 H' NH; 

rn NH,' NO; N2°, - NO; N  0; N2 
FilwmT NO; NH3 mm 

$ t m ~ d m ~ ~ ; r t ; r m  
* ** 

~ % ~ T d b m N ~ , w ~  mm 
~ 0 2 i f t ~ 3 ? K ~ f i * ~  * 

I 
I ~ t ~ m ~ m ~ ~ g - ~ ( 0 ~ ) ~ 3 ~ m ~ 8 l s i :  

~ m * m * m . s R C 8 ~ z ~ ( * ) w m m t l  m,m 
~ t ~ m m n ~ * ~ f f f ~ 8 1 ~ m 5 1 0 1 1 i f ~ m  w d 3 - M 8  
~ ~ i f w ~ + ~ ~ + - R m + ~ ~ m ~ i t * ~ ~  z f t ~ r n @ ; r r + w m  *mf3TR$1 I W + N O O ~ $ I  N O . ~ W ~  hft. 
h b ' i t m - 8 3 m 4 m & m B ~  

NO, -+ NO:+ NO -+ N. 





*$JTfa?iisnr%3rmf;Aor***m~*~&Yiait I 

*m= t fhq 120-180 pg C .  D. d?6R 3 3@m P mi-!fim 8 
~ - d ~ l ~ ~ ~ * J t n ~ ? m i m t 8 ~ I ~ 0 . 1 p p m  
m m i p w h W 1 i f t & t 3 ~ t I $ & W %  
W &T 8 I T! Wl dl * V I T ~  TPJ~ 3itT w (plating) 
JnRitirmIt1m*mwm4hmiiM 
m h b l  ~~~E~ ~ ~ ~ ~ ~ ~ ~ 5 8 2 8 0  mg kg-' 
w ~ b 1 + m 3 i S C d % q m ~ d ' k ~ , R 8 f % m , M ~ 3 3 t i ~ ~  
~ m T p r f t ~ R b t r n ~ ~ ~ l ~ m ~ * ~ ~  
* 8 * ~ - - \ 3 . S 7 ; i " m - $ m 3 1  



iv) * - - i t p a * i r a m d m i r m  
v p ~ ~ w p r n b M ~ ~ q t ~ J T - ? f r ~ & ~ i r 1 ~ - * 3 n R  
~ ~ s m F p b ~ w ~ ~ m ~ m t i t t ~  qRmr 
~ t J v d m ~ ~ ~ m m - m ~ r i c m ; r r m ~ s h r ; n ~  
~ R z m f r ~ f t b ~ v p ~ ~ ~ & ~ ? 1 3 1  

V) ~ ~ m m . r + ~ % " Q Y l f k ~ ~ J g r h r l * V R l T f k F k U ~  
m b 1 r n ' E W f i f j m * m 3 1 ~ ~ - ~ & *  
w * 3 j ? m : c T * m * m ~ j l 1 3 1  RTmm 
(calcination) d ifm %$'i $ (trapping) ;bm % 
~*$4w?-IJfiftm-~*~m31 

vij m$~z*mwitrii;&i:m*l m*TiaTm 
rnyprii@m&f m*a,*+m,ns,* 
i i m m M t m b l J l f P i S % M 8 ~ m i l M i R f i  
t * * w ~ * M m B * m i b ~ ' ~ * m  * J=WY -T (fluctuation) TT 3TmWiF. % I 



12.7 ?tki%~m 

1) (i) WFITR (ii) $%TI$I 3hT (iii) % eift., 1 

2) (i) W (ii) $k (iii) $ * * d W I 

3) w d * * m ~ @ * a f i j 3 h w - ~ * m m  
. m i f t l j r r w # B ~  

4) \ ! ~ d m ~ n t m r f t i h M 1 7 ~ ~ F 4 ~ - 8 M  
J r n s ~ r n ~ $ ?  

5 )  ~ ~ ~ ~ ~ f ~ ~ d m n ; r V T d . & ~ ~ ~ l ~  
I 
t 3p.v6r~%*m1 8 3 
\ 



iv) a i m R t = ~ F v T f W i ~ ~ f m l  

iiii w % y 3 4 ~ r R t m - @ i f ~ m 9 1  



iii ~ T r n s r n ~ R ~ f m r n ~ ~ i n J s d m ~ ~  

iii) r n d W ~ * * l  

iv) 9~;m;*m-wSram1 





3) a (industrial wastes) : * * 
m ~ m 3 s r s r 7 7 m m * l  

4) pdl (storm water) : JTerm JTmFT (subsoil) W * ~TFTJT 3 
% W \* &dT % WVIT * 3  &:Fri7;;1. (infiltration) w % 

5 )  (ground water) : W q W R Z i  (subsurface) 8 3 dti:'F4F;T ZIV 

* 3 m m 3 1  

6)  TRY~%%T W (municipal sewage): X FRlT JlDmr W 

~ ~ * % W f 4 w * b l e - w ~ ~ w ~  
mq3ymit1 





I) a m ' i P s r n ~ m * 3 T r T ( T W f l F & 3 g ~ r n B ~ ~ @  
~ r n a p f d ~ m ~ m ~ T W I 3 s t : T 4 R i T * ~  
1 ~ 3 * ~ 8 O f t & r n i f 3 l *  
a r r S . r ~ ~ % l r n M I f ~ , ~ , * , ~ &  
* % * , m 2 * ~ ~ 3 1 3 - d * * ,  
m m * * ~ r n ~ l * m ~ * m * m  
&%8 (aeration tanks) ?MT * f%F@Tl? (trickling filters) 3 m&f% '& d 
$! d '+$? mg (air dffusers) * d77 fk m f 
w 33 3 1 











~ : W F b  ;hA (setteable solids) Wb 3mm 3FRlF ift JR W 3% T&' t * 
F ~ ~ % E T F F I T - ~ ~ ~ W & R ~ ~ ~ - J ~ ~ ~ ~ T - ~ ~ M ~ & W ~ L  
s r m ~ f i ~ ~ m ~ ~ ~ ~ r n m J r R r r n ~ ( ~ ~ r n ) ~  
m ~ m % ~ R : ~ M ~ ' ~ ~ ' . n s s ; ~ ~ m ~ t ~  
~ ~ 4 o ~ m m ~ f ; m ~ 9 $ t ~ ~ ~  amtrocrn*?! Gk 

m k % ~  qm ( t h i m b l e ) % r n i h ~ h ? T m ~  & %?T rn~3 
@bT Wi'T 8 ZWl7 W W i  1 F f k  fTm 3, (h 13.1 3h7; 13.2 

M)I ~ k b ; M ~ 2 * t i ~ f + ~ & a i ~ m ~ i f m ~ f $ 1  
R : m * r n * m * - ; h Z ~ h * l % - * R ~ * W ,  
R:* M ir ziirmjm *%-  supe em ant)^ +T f ? l ~ i t i ~ ~  
; h r r i f t ~ ~ ~ ~ ~ ~ * ~ ~ R 3 1 3 l f t : ~ d k R : 1 ~ F H M % d l T l i f t ~  
m a i r n a ; ~ i f f t : ~ * m % * ~ l r n ~ i t : * *  
~ + ~ ~ ~ + R ~ ~ f ? i y $ ~ $ ~ r n ~ A ~ .  



Tr4f+F-saef 

-m 
*z 

TfIT 

mn (mg L-' t) 

150 

175 

25 











) $$+ji f$f$f- Wwr i?-;r $IT ;Siihlft FXFTT (reverse osmosis) j?l 

9 ; ~ ~ ~ $ ~ w q ~ i h f l ~ ~ M 3 4 8 f i B 1  a 

w - M  C t m y-mf- p-* M rn m, *i??, *;r 

(wetting), m, $k sftm (dispersing) pV?f h 
% I 8 q 3Tef 3 +i<l~~rrlq, e- f%?T$ (lyophobic, solvent 
hating) (lyophilic, solvent liking) F$T 1 jqffm p-m TT 

~ m m % l j r c ; r ~ * m m @ + ~ m  pjiRg*m 
~ m ~ m m 3 1  



p - d t v m q i f t % f + h v % m ~ ~ a ~ ~ ' p m r i f t ~ t f m  
% I ?f3 W f.tafa?)i (W 4. W.- Linear Alkane Sulphonates, %%T 

~ ~ ~ ) i f i l d f i % m 9 ~ 3 -  (z), ** 
& Td? ~- (T. *. W., c* hth Frm3-3~) 
3?PFbvTwrnu;r;rft?- (*)I w m . R - i n + v  
~ ~ . m l ~ ~ i * r n - ~ ~ ,  f3q?r3mbmmmm%l 
~ ~ ~ ~ ~ ~ ~ ~ ~ ~ + ~ ~ ~ B I  
J m s . R m * * ? . * t & $ m " r m m b l  il* 
r n i n * r n g ~ M 3 1  

9 *qm 
iii *-m 



W i o i i c + ~ ~ O :  ~ i f t 9 m ~ / 5 0 ~ ~ ~ 0 ~ ~ ~  i;m%m$f%i 
CaCO, $ $ W W 3 I 3$ b v  4 v T  (potoentiometric 
titration) "cff Refftir b I 

m : -3 * rn , * *m* * -m*  

m: TF& Sii---s -6m W (buffer) b I VWXIT 

J T e r n r ~ m i f t @ ; f B i r ~ h ~ - a r ~ ~ 3 % ~ m  
t ~ ~ f r n % ~ r n ~ ~ b W ~ r n ~ f i m r ~ Q  
m * m + m ; r t R T i r d t 6 1  m, W&~TW~TYT'T%TVT 
J - F T F i T d i m J P r r n ~ i ~ ~ d i t B m ~ ~  

-8 I 

* ~ 3 R T a R r n * r n ~ r n * r n i f t M r n  
~ * m f & ~ ~ ~ ~ J s d m f & r m $ ~  ~ ~ ~ 4 m 3 . 7 p ~  
m ~ - g m = = n $ T ~ i ! ~ ~ ~ w ~ t w 3 ; f h  



~ : w * ~ i l ~ m F R - ~ ~ ~ ~ ~ * ~ * f t r n ~  
r n i f ~ i ; f i l t T m * m m ; f ~ b ~ ~ ~ m i f ~ ~ ~  
~ , ~ ~ ~ T T f k ~ ~ s f t ~ l h & h ~ 4 ~ ~ ~ ~  

&?t 8  ?8 3- (regeneration) M * W I  il pft ift 
& m r n ~ b ~ ~ ~ r n ~ ~ ~ ~ ~ ~ ~  
v s f r r m p ; T f t M 3 1 w m , ~ * m f l l ; ~ m + 3 ~ m ~  
~ ~ ~ 8 % ~ k ' i ; l * F @ T T ? * ~ * ~ h ~ m  
8 1  m * ~ i f m i f t ~ m  (carriage)=* l5rngL-I 
q * 8 1  

a ? i f t ~ ~  ifil TF?PT w - w G  $t wiqoilrwe ERT Jmrrft t 
w b 1 ~ 4 3 1  TFFRVIT* ( ~ o h r )  f3fhrJgamffm~ m b M  f&m~ 
m @ i t ; r a ~ * m i i G k d r X h s 4 W w ~ * w i f ~ M  
ijIT b  I f%%fil if (potentiornetric), df%fb (colorimetric) $k 
m M - * * r n * r n ? l  

ijIT 8 1  
3 m  

SO:- + FFliifRiF d 4  sZ- + H,O + CO, m 

@ V'TJ# (gravimetric method) 

@ 36%MW% f%& (turbidimetric method) 

@ %%vn%k~rn 



~ ~ - k , W ~ R ~ 3 ~ ~ $ ; I , ~ ~ ~ i f t ~ ~  
~ k 3 t i i T f f t Y ; r m m * ~ b 1 t l ? i l * d s n o f ~ * H a i m ~  
(septic action) rim m frft 8 I i?m 3- * fl* i a  3 I 
~ w m ~ i a h m f 3 w B ~ w ~ m ~ t M  
~ ~ 3 m ~ r n ~ m 3 1 ~ ~ ~ ~ 1 ~ ~  
w - R d + J r ~ h B * m ~ e ~ * m k + s r f t r *  
m - f t * r n * l  



iv) m * mr I 

1) 3FRfR * adiii (Combustible Gas Indicator Method) 



*='- : f % h  %fk% 9 d T : h  (flow injection) *m 
~ T X I T B I W ~ ~ + I W ~ * T V T ~ T ~ W * ~  

. ~ 5 ' 3 * m y m r 3 * m ~ ~ m m T m b l *  

mQd*qrfm* 
d; m, (actvity) 

* m + ( 4 * 3  
*wJmR;rar*- 
[H+] d?7 [OH-] & TCFR &# 
3 I 25OCTC [H+] [OH] W 
y y = m x 4 ~ m ? - b w  

w F f ,  K,= 10-14% 
g-m3%ITblv-jf 

JTpf Rwmr % k [H+] = 

[OH-] = lo-' 1 pH=7 
% ? I T G T & T W ~ F T ~ H S ~  
W % I ~ H % O $  14% 
mrrr%mmwal 
f i p ~ ~ f ; 1 7 7 i t $ $  
m 3 @ $ 3 @ W k  
m m * & m  
.T?i?gmmmrn$ 
* ~ ~ q m m T % l  

@ ~ H + T T ; T ~ $ & J T & $  
r n h R r f r A % * ~  
*mmmTfl 



%3% (colonial) XFiT t@l'4 

rntiw&r%~mj?qm 
h,=*-, 
(zoosporic fungi), dh 
FTShEdk (hyphomycetes) 
***%I& 

m m - w r n * %  
R.m;rl7lf%wm*m 
* - 3 R c r * d $ 1  ~~~~+ 
Mm,* 
(rotifers), 
(cladoceran) 3 f k  -cXfWTs 
(copepod) w'?f 8 r Kgft %? 

%*m+mfmFm 
W ~ X I  

q.r..&rwmmm4wn;-hSaRho.rff*8baprr~ 
r n ~ ~ r a ~ i ~ r ~ l m ~ ~ % ,  * ~ ( ~ l a n k t o n ) & 8 1 &  

(phytoplenkton) & mfar (zooplankton) rf r*m Jrr 
B ~ m m ~ m % B ~ - s r r f a T m & R l d i t . f i $ ~  

I 107 



f3$wJT**w+M8ifM*mm8;f~h 
*lmm**~*ZSh*ft: 3lTmw,M* 

(membrane filtration) $TT * I WJ &TlY 3 3 M  I 

ii) ~ P - r P i - z ; r : f - ' n s 4 r ; r r n ~ * ~ % P r . r A * ~ ~ ~  
(magnification) w fil h w 8 I ?d&?f * d;mFh 3mm.r iht 
f % & f ~ ~ ~ + m i i m m 8 ~ ~ i ~ i r - i u - m  0 . 4 5 ~ m  
&crr 3 I 

: d * W. (batch) Xrm (continuous) 
~ m ~ m B l r n ~ ~ s i f ~ ~ ~ h 8 $ ~  
- ; ? ~ a r 3 ~ : ~ ~ $ ~ m ; R ~ ~ ; i f i ? 7 T ; i f . m ~ ~ w  
* m m 3 1 ~ m m ' m m m M * m m  
S f t ~ % ~ ~ w 3 ~ ~ f 1  ~ 3 r n P R . -  
+ t ~ & & b ~ M W i i [ i i ( t r a p s )  m M $ I e 8 *  
R v m r r B 1 g q M w w ? i + * w 3 * , 1 , ~ 5 t ~  
m m w * M - ; ; r r m B M m m m m s ' h c  
rn*rn**$l 

W 31TSii;T;T f t y h  (gravimetric determination) R T  TRtT f I 
*m 



@ ~ m .  $IT a w 4 w + lit +T %$I%& (eucaryotes), 
$d?f?4T (eubacteria) * m h  (archaebacteria) gw 3 
mrn;rl~,m*m3Tr*3hz~7Fa$l~+ 
~ ~ * 3 1 ~ m i f * ~ ~ 3 * ~ ~ *  
~ h t 8 s i i ~ m j r m r ; r l  

m: hfiFiVb8 ( c W t o g a m i c ) d ~  fh~&-~vfF$ I I%, 
M l ~ & * * * f l h * * 9 ~ h  
@arenchymatous thalli) W fF $ I 1 rn if $R &fT 8 
a r n p ~ * ~ ~ ~ ~ ( b l o o m ) & % , * m ~ # $ ~  
w d & e m m w i + i - Z T r n ~ : m ; l : ~ M ~ w f w ~ M ~ ~  
*:am*Mt*-crt@M;rl 

: YfhWb (obligate) m;Rdt W $h % R;rif f'&$d? 
m (3.w. q.) m- m (m. n. e )  mvvf* 
. ~ % 3 i 3 = r m ~ z ~ 1 m i i r m 8 1 ~ m ~ ~ m i i  
4 1 b m m ~ r n ~ 2 0 ~ ~ m 6 ~ a ~ f ; ~ ~ f 1 ~ ~  
~ ~ ~ ~ B l * * ~ F I ~ J r n f m m m - ; . s m r ~ ~  
* r n l i d f + . w R i T % ~ r n ~ ~ B l  

@WJJ f%Wm : @. inftrr lid b. W. k T b F  (US * 3,770,625 'Tm8C 6, 
1973) h r n ~ ~ 8 f % d ? m ~ ~ i f ~ ~ 3 f i * ~ d * h ' d  
~ ~ * ~ m * ~ 3 m m 3 1 ~ ~  
w f = r m a m f h @ & ~ w m ~ m i ! k J r l i f i f t a m % B ~ ~  
~ r & m % ~ m m ~ 7 f i l R m . r f f ~ 3 1 9 m m 7 F k  
mmm?lai&Jmrr;Rtmvm$lw~mst~* 



~ * : ~ m a w * * ~ - t m ~ ~ r n  
~ ~ t ~ ~ ~ i f m r t * * ~ ~ * ~ ~ , ~  

I $I'&$MT 31h f#hm (helminths) 8 I ?PT+FF * m Eil?~  
* * 8 * e l - , * l * * h m - w  
a;at i3-cm;Pra&31**mm3p&***$ 
**lpWmm;rr*h?rmlm*jRmift*m 

~ 1 ~ ~ 4 i l ~ ~ ~ f 4 ; m T l ' ~ ~ ~ ~ ~ ~ ~ ~ ~ ~  
* 3 1  m ~ 3 h ' i ~ - ~ ~ w ~ : m ~ ; f ~ *  0 

3331 

?IVFF!? % * .IV-II~Y+ ~ ~ ' I T T  (disinfection) & 3 I 3* 

J r n r r 4 , ~ ~ i q ~ i f & ~ m ; m J T i j - * * u * ~ * d ~  

3e l fm l f+q&JT rR .RRmt l  f8fiwmmrmRa.h.r*i, *&, 
MTITeT;if&mmmw31 





Jib fl (completed test) I VJJTlhT sftWT ih-r Jrmrr % 
$ 1 ~ i l p ~ i h T ~ # m 2 1 ~ ~ 3 4 m * m i t m  
$ h - ~ @ r ~ m m ~ @ m i i ~ m R r 4 * @ ~ ~ ~ 1 @  
~ 8 ~ ~ ~ ~ 8 m ~ F m l i m T m d a i ~ ~ p i 4 ~ ~ m ~  
Jrrmftatlf;ti3m*aiw*~**fit;rnymr$l 
* r n J h r . ~ i f  v f t e r o r d i * J s R p r a * * i f t m  
(Most Probable Number) (W %. w.) t W 3 WR f%T * 8 I W f%& % 
m v f f ~ * r l z r r z F m ; r R a i * m ~ R * ~ S ~ ~ . ~ ~ ~ , ~  
d f$mor (Poisson Distribution, W $ k T -  &FT) % Lmon. T -3 I 

p & i t & M * % m t s r n w ~ ~ e l i l l * ~ ~  
w ~ ~ b ~ ~ ~ . ~ . r n . r n , ~ ~ m t w h l  

@ (Blembrane Filtration, MF) 



- s . * . m m e  

~;rTPtt*bmmTataAim*mm-5.*m 
~ ~ a i 4 8 ~ $ m t J i C r % r , ~ ~ m ~ ~  
F I ~ ~ ~ + T ~ v w T ~ . s ~ ~ ~ ~ R ~ ~ ~ w F ~ T ~ ~ + ~  
@ h (applicator stick) $ @I?-@ %YNT W gSmr 8 I f%T 

3, Tf!. VFdd?T 44.5* 0.2"Cm W q 24* 2 e  fl 3?d%f h 
w b I &FPT (inocu1ation)'iF 30f41z % q, ?ft. $I w % 
TWTITITf.l 24*2 M % ~ ~ . - R : ~ - ~ T v F P X R W W ~  * b I k-M ?. h 161<1C+le14, 3 1 



T I & T W W J ~ ~ R . ~ - ~ ~ ~ ~ B I  d & ~ m a ( w m i  
m, WFFR~ WIT (putrefaction) 3 RVT T FIMT b I 
~ r m ; s ~ ; r ~ m M * & $ + 3 i i i a f t i r r [ ; T ~ * 8 ~ f :  
~ ~ . ~ i m r n ~ m ~ * d t + ~ % ~  
4 % 7 $ 1 ~ d R T ; f f t ~ r l ~ r $ :  





i f i r m & ~ R m  1 3 . 5 4 R a r m w t l  ? I ~ A + v J J $ * w - ~ w  
~ 8 ~ ~ ~ ~ ~ 3 6 ~  10mm*%t$%h 
3 3 % F f h ~ m i i l d 1 9 R m 3 - * 8 ~ z f t * d W I  
t i h ~ r n ~ m a r W m ~ 4 f m b 1  M Z $ - m $  
JTsm Kcm fi (inhibitory agents) % * 8 mm ift 
% WTJT d * k T VFTT 8 I M (suppressed) *, 
%. 3, - dk~~  + sftorrdi * t. $t $. 8. (carbonaceous BOD, *-m % 
?JvNf+Fmrn),+w3m*m31 

~ m * .  a. 8. ?R?TwYUr;ARjr?mR 13.5 3-7rrnb1 
* tRwlmt3i i**m%~+mMMtl  
si: (parabolic) F9 W &d? 8 W ? h  W * % 
3 3 k & w r i f J i i ~ * ~ i f t * ~ d i ~ ~ & ~ ~ l  3. 



0 & (Physical Unit Operations) : W if d * 
a m ? m ~ t ~ ~ ~ ~ i . r m m ; r t : i n . m , ~ m , w k  
(flocculation), ~GRIRT, m, & k .Fsr;ria?. l 



i~ j l i i h a r g m : n d 3 + + * W r ; m ~ M m 6  
~ d : m ~ s m r r 3 ? - ~ * . m e i T i h t ~ & $ ~ D  
m B l b d M 3 Z i ~ i & 3 * & * f T l w  
e 4 d d t 3 % * & + f t : m m y m M q  
i t l * m w m * ~ 3 * ~ - * * d  
* ' z ~ & & f f i p P R r n y m b l  

3 l T q  ~ w ~ w m m * * * ~ w m * l  U 

1) Fm;s (Activated Sludge Broces) 

~ * a a ; d i 3 * m m w * m m t f f i p ~  
* m m 3 1  6 m ~ ' a i J i a * a m ~ l ~ w ~ m ~  
R : m  Srrtr 3 =riwd?m GIME m 3  dl. 3. 3 0 8  35$?~mr m 
m B l R : m a i w ~ ~ ~ J z T i r n * ' m m 7 & 3 1  nr4 
%-WIT (biological aeration) ~ 8 @r+@i gFll 3311 * R:md 
~ i t r n ~ ~ t r n r n a i ~ i f y ~ ~ ~ r n ~ 3 1 ~ m  
W W 3fF $'f '&@R1 (activated sludge) & 8 I 
2) @%$!3 (Extended Aeration Process) 

~ r r f i f f P a W 6 F ~ W ~ V l ' ~ ~ ~ ~ ~ l ~ ~ 3 l T '  

M I * m w f l 3 ~ * W i f i l * m m h 3 *  
TJ% rrrYf2m; R:m (digester) #$ ;rff 8  I 
~ m ~ * C * ~ * w ~ ~ m ~ i . i f t t 3 1  
~ ~ m ~ m m m 3 ~ ~ m + ' ~ m m  
m m i t 1 w m 3 ~ ~ ~ 1 4 ; 9 . I 3 ~ m d l , ~ . ~ ,  f 3 ~ ~ 1 ~ m a - r  
m M B 1  
3) = ! l a m  
~ % ~ i . i f t ~ f % & - 4 A s m ~ ~ ~ ~ d % F - m m ~ ~  
~ i f ~ r a i r m c d M b B m m J m m 3 1  

4) f&fFWX Tl?bR (Waste Stabilisation Ponds) 

~ ~ ~ m ~ ~ ' \ ~ $ l i # $ m r n 3 1 ~  
~ - ~ ~ V & ~ ~ - . J ~ ~ ~ ~ ~ ~ W $ M W T I ~ F Z ~ T $ ~ T T W  
m 3 1  H i f t t i w r m s ~ ~ m ~ m ~ ~ L R f M & % r n R . f r i h T i f t 8 1 i  
~ h i f t ~ ~ m ~ ~ ~ ~ * r n ~ i ; ; r t l m ~  
m - m W m l e w 4 - * - i f t @ i  
m * ~ - 3 1 ~ m s r t r m t ~ ~ - m ~ ~ ~ ~ ~ s  
mwryycsf i f t ;S;m~~mM%l 

5) m: (Mechanically Aerated Lagoons) 

m ~ , h ~ 3 q l T m * r n P * R i T ~ ~ l ~ m  
r n ~ i f t ~ i f t ~ 3 1 @ ~ 3 8 5 m w h s b W f &  





4 R h d h r n i t q i % $ ~ W ~ ~ r n ~ ~ ~ &  
mo~ amrft + i;m B 4% ~3 3 I 3~ RVJJ& (rotavirus) P imor T%? 
~ ~ f % g $ ~ ~ ~ ~ 4 m ' & ~ & m b 1 ~ 3 ~ [ ~ $ 1 b ~  
6% *, m, @ f ?  w, m, dl w a;[T 37k m % 
f t m m b 1 ~ 3 m B J a t @ & r n F w m 3 m s s i R b 1 ~  
*mrn*~iCm*;mftsft%Mrft3lrg-~tirftdr 
%qig*tiim-AWmirf m 1 3 . 3  13.44 e T ? f i f 3 T f % X T  

~ - m , ~ & * ~ a m * m m i r ? T m  
120 *Mrn%l 



I 1 1 -~TT di# (Escherichia coli) I & (Diarrl~oea) I 
12 1- ZEF8 (Salmonello typhi) ' 131 I - ~ W  ~CI( (Typhoid fever) I 

fever) 

+ I = r m * m r  

I 1 01 $dbU idtffmr (Bacill us cereus) ~~ fm I 

5 @$m W. fh. (Shigelln sp) 

mk(  *m 

m m  
a~f%maftgT 

3J-r 

fQ=v 
1 

2 

3 

4 

m m  
m S rn 
rn f&jn~J (Coxsackie virus) 

ih f%TJJ (Rotavirus) 

* *q (Poliomycetis) 

(Hepatitis) 

TF$MT Y+VPT 

mf&T 

7P 
1 

2 

3 

4 

m- 
(Ascaris Lumbricoides) 

e m  
(Trichiurus Trichiura) - q$'*cl 
(Ancylostomn duodenale) 

f h F ? @ l m m  
(Schistosoma rnansoni) 

n 
(Ascariasis) - 
(Tr ic hir iasis) 

I *m 
(Ancyclostomiasis) 

f&Fae@m 
(Schistosmiusis) 

!ikhilm 

3 v R V v m r n m  
(Amoe biosis Colonic Ulceration) 

rn 
(Giardiasis) 

- --- 

1 

2 

- -- --- - -- . - 

w* - 
(Entamoeba histolytica) -- 
(Giardia lam blia) 









3 * s a m m \ m e ? I [ F i m $ & * m  

iii , * & * R * & % T * * w ~ *  



12) ~ ~ m 4 Y i m m i l ~ 4 m ~ ~ ~ m ~  
~ 3 m f m ; r ~ * m s $ m m m ~ B l ~ m ~ m  

@ (ditch), ? d k  JTgill * if h 
mt i  + fh* : rn *M3&=wkm81 



~ m ; r m ~ ~ : m ~ m ~ ~ y m m  
3iigtftYilift*$@MifttaelrmmJ;rmk 

m - r f ~ J m . R - * M ~ - * - m B l y  + cn;is T F R  CH,, Hz, H2S Jib CO, ?! scamiff 3FlK TFRfkT dk 
i v  d * 8 I $R&FTJT d; i - C02,  NO,, SO* 

m ~ - * d * $ l ? ; ; r m * m ~ m * l  w m ,  



1) Metcalf, L. and Eddy, H.P., "Sewage and Sewage Disposal, AText Book", 
Mc. Graw-1311 Book Coinpany Inc., New York, USA, 1930. I 

2) ImhofF, K, Muller, W.J. and Thistleth wayte, D.K.B., Disposal of Sewage and ' 

Other Water-Borne Wastes, Buttenvorths, London, 1972. 

3) Ehlers, V.M. and Steel W. W.; "Municipal and Rural Sanitation, 6th Edition, , 
Mc. Graw Hill, New York, 1965. 

4) Eckenfelder, W. W. (k.) and O'Conner, D.J.; "Biological Waste Treatment, 
Pergamon, Oxford, 1 96 1. . 

5)  Manual on Sewerage and Sewage Treatment, Control Public Health and 
Environmental Engineering Organisation, Ministry of Urban Development, 
Government of India, New Delhi, 1993. 

6) USEPA, Process Design Manual - Wastewater Treatment Facilitie~for 
Sewered Small Communities, U.S. Environmental Protection Agency, 
Environmental Research Information Center, Technology Transfer, Chciwte, 
Ohio, 1977. 

7) Barnes, D and Wilson, F; "Chemistry and Unit Operations in Sewage 
Treatment, Applied Science Publischers Ltd, London, 1978. 

8) Standard Methods for the Examination of Water and Wastewater, 19th Edition, 
American Public MealthAssociation, Washington, D.C., 1995. 





2) ~ t ~ * * ~ : m r n ~ m * * ~ ~ 8 1  
~ m - * i f * ~ * t * m % R p ~ % 8 1  

3) m T @ ' P f : m m J r r R ~ ~ * ~ m i i * & ~  
% l ~ , F , s m m ~ m a m ~ m f * p ~ w * * z ,  

13 o I ~ i f m n m ; t + m m w l  ** 
a (toxins) oft TFW 313 fY I 



4) : mC\ * ~4 (stimulant), &jR@T 3 gq?l R-hft? * 
TIT% (metabolites) rft W $ d b I 

5 )  * ~ : m j d p ? i * ~ d m i f i R d i w m  
d r B f % ? 4 3 4 f % ~ J m f $ m i m y r m t t p r r f t ~ 3 R T ~ M ,  
* % w w W m t l  

6 )  : 'F6l mi, m, e, mfi 3hr ifti.* 
* $ I  ?PldFmT &* ? 4 F F F w w  t* rnil~'lii.r, 

~ & * ~ ~ % * B I  







































































iiii 4l.w. m 
iv) * 3 m  

q n w ~ , q n ~ m ~ ~ ~ ~ 4 m ~ t 1 q n w a f f m m ,  
~ ~ ~ ~ ~ ~ b , q 4 7 ~ m , ~ R ~ ~ ~  
n x r $ ~ + y j ? ~ P d s r m r 3 ~ W m ~ m R ~ m t 1  

TI ~ - * a i l m i ? m p r m 3 M B l * m ~ * ~  
i @i%~t+ ~ r n J F l i f t ~ ~ ~ ~ t ~ ~ ~ ~ ~ ~  

.mimoftm6tmRnfc&rb1~3hrde;r~f$Fecm;c+mqn% 
~ 3 * ~ ? m r l  y i f t i f t - 3 t t i f . m p r m *  
% I  %ftM * (horizon)& % I  Z ~ E I T  * $t=&f&? 
(profile) d % I 4 t t JT ~TMR T m VK (Silt) 4 ' ~  
$%m (Clay) t Fr f3Tr m 3 I q T i  TIq * v?T iiil amr 2.-0.2 rn ilg 

3 ~ 3 b q w q M b 1  m ~ $ ~ m i f ; r 0 . 0 0 2 i % # ~ 8 ~ t  
4f*fw*?1 





1) , T @ W r n l  

Q ; a n * m ~  
iiii T@ * I 





m R  (gravimetry) 8~ (volumetry) I d 3 W ' ~ . i  jplfm h 
m r l ~ r n ' f j r r a T m 7 i i ; ~ f  mhdimrz9*Rsrm 
$ l M f m - & t m ~ M t ~ T ¶ t m  
q w m m & ~ m m ~ f 4 m m 2 1 n M ~ ~  
~ ~ * ~ * ~ r n & 3 * ~ ; r R ~ ~ r n r n  
T[FfT9R2F-$1mrn'f~c~m+ i ;aJM-: 
'R' 3lf%FkF$ ' b J M % 7 T N  -R c,R~J?@MWI?~%I 

aC i- bR -+ C,R,, 

(i) TI (ii) %$ PFTT * m  (iii) & (iv) 3 l f ? & ~  Jmm T m  

? d h T  (macro procedure): F F  * T@ m Pm 0.1 ?IPT *: 
~ t ~ l . o m ~ m . r f f f r m b l m t ~ m * m ~ ~  
+~mbRp~dm3mrl~*4m@...it*3 
~ i m ~ ~ ~ 1 ~ . a F R i s n i r ~ ~ ~ ~ ~ f r 3 B ' ~  
a ~ . . m ~ ~ * e w i i ~ ~ ? R m m ~ t ~  



3~-+?m f%E& w -znh YfhT  (meso procedure): %?f (JT*) d%T 4 f?K! T@ ift 913TI 
f%vhm 0.01 m B 0 . 1  i r m i 3 h $ & ~ 1 1 ~ * ~ ~ ~ $  

~ i t ~ ; a , ~ i , ~ J i h i m t w 9 . w ~ 3 1  

* (micro procedure): d? T Tjft d W 0.01 m9 3 im 

f+g 0.001 m t  * & i ? l m * + q m r n d i t 1 1 S R *  
m ~ m * & B * ; a i n ~ ~ m * m $  
mwfrfR-rms 
h B 1  

T T k T  (ultra-micro procedure): f%T dhl% f?K! T Tf? TT Mi 

0.001 WT * im 8 3 WfFT Yf%T & % I 1 WR (sub-micro) ? $ h ' T  fi 
& ? I  

= @ 3 - . . " 4 w % f & ~ m ~ R L l f C O l ~ ~ ~ 3 ~ l m 9 m m 3 1 i l Z :  
4%) ~~~sJhT* l&-*q ;a i iaPf f ta~~*m* 
m % % ~ ~ s r m  i-loo%&ftBtl a - f i ~ r n R d ~ ~ % ~ ~ - &  
3 m m ; r f t r f t i m ~ + q h y r m b 1 m ~ 8 R a R l i r ~ - ; r r . t + ~  
+I m 0 . 0 1 - 1 %  m M 3 33-c h 8 0.01% 3 m 8th B I jftcT 3 m ;f; * ~ (physico-chemical) TT & W % 1 

NaOH + HCl -+ NaCI + H20 (1 6.1) 

% N ~ O H *  100 ~ $ 4  Jmft;i & k HCl * 100 q$ * 
~ I @ ~ ~ N ~ o H W W ~ ,  ~ c i t w q m 3 m R . r h 1 M  
;a "48 +mm 4 q8r ift TFCW mrmi3- 6 . 0 2 3 ~ 1 o ~ ~ r n  m* =IT 

2 1 6 . 0 2 3 ~ 1 0 ~ ~ ~ $  zft 4 Ti$ $ 1  



1 ~ : ~ w f t ~ r n ~ a ~ ~ r n ~ r n m  
rnmtwfrrff: Md+, 1dm3(1 fFh) fkvmif~mgamrn 

I 

1 (pram equivalent weight) (*.$.-,) % fiWl* =fFkTT T6T 8 I 



.............. 9 wdm3ma~~~prt~-pmiftm+ 
& ? I  

........................... iii F d r n 3 b $ @ M $ $ k ? i * m *  

& Z l  



AgCl (dm) Agi + Cl- (f%lW 3) (164) 





, Ca C, O, H,O (Precipitated form) 

CaO (Weighing form) 

- co, 

Temperature OC 



c 1 w m . w  - - 35.45 
F =  = 0.2474 

AgCl W IITT 3- 143.32 



~ ~ & I T ~ % ? T @ ~ T % F T ~ & W ~ ~ ~ ~ ~ $ & ~ I  

~ h ~ a ; ~ m r ; r ~ * & * ~ I f m m & m 3 & ~  
~ ~ w m r r & i T f ~  m%1mf%%~r,~~fp-~rcng4irwQ 
$Rsrmt~ s t ~ ~ m ~ w r R m m * m 0 . 0 1 ~ i T ~  
.rffrn;RlII rn*3+Plm**ir*&*@m 

I ;fif$abm31 ~ ~ ~ A ~ + ~ ~ * ~ ~ ~ l % @ i T  
& a m i f t - a t $ ~ I ~ ~ * ~ h + t ~ $ ~ + @  
~ ~ ~ ~ m ~ ~ ~ ~ f h T R r n $ l ~ h $ F i ' ~ ~ r i n ~ ~ ~  

m8+i'rBm3& (m*) ~ i T ~ w - 3 i s r a : ~ ~ I f  
mf+~b~m;m~ w i F i ~ ~ ~ ~ m $ 1 2 0 ~ ~ r n m - m ~  

I f h - r m 3 ~ W m m & ~ 1 ~ m h w ~ - s ; r s m m  
f h - r w m 3 1 R F ; T - m * / ~ m * . ~ m  
& 8 1  

35.45 x AgCl w m 
C l w  % = x 100 (16.11) 

143.32 x =I$ w m 

I 
f h ~ ~ T m - m & * i m o l m m ~ ~ ~ b 1 * 3 f  Ti, 

~ ~ ~ " l f f & i ~ ~ ~ ~ : ~ m ~ - ~ i t ~ ~ ~ i . * ~  ' m ~ % 1 4 R * m * e r r f t g ~ m d h m . f l m +  
~ I f ~ - m i ? ~ b m $ ~  w $ G ~ ~ w T $ ~ ~ B ~ s ~ ~ ~ ~ ~ - ~ ~  
~ ~ ~ m m w m t p m ; r P ~ ~ m R s r w ~ w - w ~  

I (e) F?%??w TTF?E ¶fk~Wl~if 7~&WTil?!l ~ B ~ S O ~ I *  W& 
I w ~ : s m a ; m ~ w s r * . F i i f m m M m 3 1  

1 m * a r r i r * * 4 a h q w ~ & * f * w i i m # l ~  
1 - * m * R P i m ; w t R m f ( & m 3 m h * d l m  

* ~ ~ M ~ T ; T ~ W ~ ~ ~ $ ~ ~ T ~ , ~ ~ I  m k +  
I ?Jq3w*mMifdrf1  ~ 4 , J n m w m h 1 m ~  
/ - * ~ ~ * m m ~ r m i f t p @ m * i a 3 1  





@ mmTF W d  (R) * WpTW (T) + m %-rn - i9-a 
*I  

@ ~ - ~ ~ ~ ~ I  

@ ~ ~ d ? F W $ ? l ' J J + d $ d ? ~ l  

fh8 3- 4 Wrn (equivalence point) W b rn 4- 
* ~ ' m , ~ 4 R m r S ~ & l * ~ ~ m ~  
(endpoint) % fm b % m F, *, -gm ~ l ~ r m  rpftm, 1 
~ ~ ~ h t 1 3 m s f ~ $ m ~ s h r ~ r ~ * m ~  
~ 1 r n ~ i ~ ~ ~ ~ r n 4 ~ ~ r n t i h ~ ~  
* ~ ~ T m r d t ~ f f % * ~ ~ * m M % r n ~  
~ f r ; r r i d r m - A m m b l . p ~ * j j i g ~ + * ~  



H+ + OH- --+ H20 (16.16) 

HCl TT * h . ~ $ .  
HCl X $.T.T. = = 36.5 

1 

NaOH w*33"9, 
d7 NaOH 2fil $.T.w$ = + = 40.0 3TT 

1 





C1- + Ag+ ----, AgCl (1 6.26) 

' ~ S ~ W * ~ * W * ~ ; ~ ~ ~ % I ~ A ~ N O ~  
w *.-.*%. d *.W,W%. * m 3a-r t I 



H+ t OH- ----+ H20 (16.27) 



42-M.4 f$fbdi Tr m m w m m * w q y m  
m 

%RT m' rn h ~TFF m$ TT T d P T  HCI, HN03, NaOH 3hT KOH 
~ r r ~ d ' + t i Q ~ m r b + & f & ~ ~  ~ o o v f t s m @ ? r R ~ ~ & b ~  
0 . 1 ~ ~ ~ 1 P 2 5 ~ r h - r o . i ~ ~ a o ~ $ m a ~ ; r m h i f r t 1  

HC1+ NaOH += H20 + Na' + C1- (1 6.28) 

' ~ R P ~ ~ * ~ ~ $ ~ ~ ~ @ F ~ H A H A % ~ T W ~ * ~ ~ Q W F T T  

W Tm;m b I 33FPT * rn 0.lN CH3COOH WF7 0.1N NaOH * 
FJTTT m W & 31 *.w 9- w % 16.2$) 
4Pr r f f i~mr - l~~ igmmmi t~bR~asm3~.w.@~i .  
( 7  i t .  10) m 7RPlil m mrr t 3hT gmn @ 7 it m m 
&TTI ~ , i t * W d t m , ~ ~ * ~ m * ~ ~ ~ i  
m * * m i / R q i l * 3 * w ~ * m * a f e h w ~  
t ~ 3 m G ' m ~ f r m b 1 @ ~ ~ ~ ~ i t * ~ ~ ~ t R T  
~ * T i s m o r r n m * m ~ m % & P m r $ f h m b l ~ m ~  
w ~ * W - ~ q m h l  

@ r n e m c ~ ; ~ r n r n * - ~ w ~  



0 25 50 

Vol. of NaOH (cm3) 
0 25 50 

Vol. of NaOH (cm3) 

Vol. of HCI (cm3) Vol. of HCI (cm3) 
h) (a) 

Vol. of a Weakbase (NH,OH) 

@I 







JNTn MnOi + OH- A MnOF + OH+ (16.38) 







iii ***3,* - 
ih) ; m g 4 a ~ r n t l  



wriimca2+Q ~ i . j sm .c f  f i R % - p i i ; ~ ~ - f t + ~ m ~ f i a r b  

$7 37-m WTr ar 3.a.a.p. a m 4 f ; T  f+W LIm 3 m -m * m ii?r 
W (38 M~-~? 'K& 8) ca2'- f %T'FT * M g - k $  fhF iT4T~ 

3 1  * T ~ ~ w k ~ ~ ~ m i t l m ~ f ~  m r n ~ 8 . i 4 . + m ~ ~  
m b * - s s a ; r ; R F n - * ~ ' : l s t m f t ~ * ~ ; f . ~ ~ % \  

wfv 3 ~ g 2 +  m i;.%.;4 q + ~  Q m m a mEr 8 W q.3tft.q. fQm-3 
b ~ ~ ~ 2 - m  m t $IT I$- h 8 c?r Q.q.10 m HI$- iwh 8 I 

s M ~ - M %  I M ~ Y ~ -  3 ca2* B M t w 
M~Y?- il. y2- p ikn ?m b ca2+ 8 +p ~'RT cay2- FITJT B 
~6%% .;t.ft.q. rn Mg2+ 4 TJTv 3 Ca2+ %Ri F T I ~ T  8 I TIT7 

& Me2+ & 8 MgIn- (TIT) FiXiT b * -$.*.a. * i3-W 

%WY &FIT 84f%m * m &n m 8 I q.8.ft.q, M m ~ $ 3  
Ca2+ @R rlgl fi 3) ~ g ' +  4 v  * mi 1 













~ . m P f 3 i m v r P ~ m m O r ~ m 3 ~ ; t = r . h i h - ~ m  
~ m J n m f t a ~ ~ m J p r h r r ~ m b 1 i ; ; r W 3 ~  
m 3 m - m ~ m a ; d I f r n r n b * m  mrm 
M 8 I I T@I-$ 3 t Bnfzm filmsi % (solvent extraction) 
d?l%& (chromatography) & Pclffqq (ion exchange) b I 3FT $ 
k - W r n * d * r n l  



RCOOH + MOH -, RCOOM + H,O (17.1) 



f organic layer 

aqueous layer 

\ / i  FA], : & T 3 3 * ~ a ~ m i f t  



* m m 7 3 i m m w * m w * ~ i t . m  
~ , * ~ , + M . ; A ~ w R M ~ I = v ~ w ~ I T - Q T .  
M m W + % . w 3 ~ 3 ~ 4 4 . w . m ~ ~ ~ 1  
(e XW + pKa, RNH = 11 * $8lf?T (pK,  = 3) * 5.10% k 
i ; m m ~ ~ f h T = n m f ) ~ m m m ~ z m ~  
- F h R s s ~ + * ~ m m m * * m T m % ~  

1906 % %&f * (Mikhail Tswett) F f d & T  Jh( % 
? M ~ T J M ~ ~ $ T ~ Q ~ ~ ~ u [ ~ ~ ~ ~ T I ~ ~ % ~ Q  
fm=T*~&*~fm3R&hfammmmrmM* 
~ % T F F T ~ z ~ ~ ~ ' * * X @ ~ I I % $ ~ * ~  
~ ~ % I ~ T ~ ~ . w T ~ * M ~ M . %  (-A,'&?~~MB, 
i h 4 f f 4 i R * * ) R a r g W l * ? ~ r n * ~ * R m l  
m m a m M , M * * q f i n z t i r ~ i r m +  
m,'d (*) J h r M b ~  + ~ r n r n ~ % & $ b # f t r f t  * 1 9 3 0 3 ~ ~ ~  W % d . r f f & ~  I 1 9 3 1  q p  (Kuhn) Jh(* 
(Lederer) ? w rn Jrrhrl % YW m I 1941 4 *=i 



$k fft? (Martain and Synge) 4 TJf8fh8 1 b@R f%W dk F( 

1944 3 *T (Consten), MT dk * (Gordon) ? TVlT T@&T8 m 
f'%TdT f%T I FF( 1952 $ T f h  37h h (James) ? b d?l%?? faii;Rm ift 1 

~ 1 4 . q + i f $ ~ r n a * , * ~ , ~ ~ ~ d k r n  
f 8 3 w r ~ w m ~ l  





17.6.2 (Chromatogram) 

17.6.3 %?bW (Resolution) 
1 

~ ~ - ~ I y ~ ~ ~ m e m m I & 8 1 1 J m r ~ m  
M t i ~ ~ ~ m * & - H % m R i r q m m *  
rn;f3TlmTfQ*rn*l 

I 



2)  R 4 i f W m i R * ~ t f i t m t ~ m * m l  I 

(5)- ( T ) ~ w  ~f (m. ws;.)m-ml / !  
I 

Solvent front -+ - - ---------- jl 
Acetophenone 1' 

E ..................................................................................................................... 
c :  
i 

..................................................................................................................... 18cm 1 
L 

...................................................................................................................... 1, 
i t  

...................................................................................................................... 
! 

17.7 m?k 

(adsorption system) % & f%T m, Jhc jW 
f t m + b d ~ & ? l ~ ~ ~ @ ~ b f  VJ$w Hexadecanol Origin 

~ 3 r n ~ ~ B 1 R 4 T ~ n m ~ ~ l t w $ m ~ k ~  
C*w*B~mflm*rf*3iiiKRGlil~* 
~ ~ ~ ( s ~ - o H ) ~ ~ ~ $ ~ ? I @ @ & w ~ R ~ ~ '  t 

I 

Jna iawht~  4 R ~ % v d i i f i l ~ i l m + w r & & m & i t i ? r  

F$ M 7~ (f%m (elute)) TI& h b I M 
sRMy$hca&;  (3?rz-rq$-md%)Jlhf%mmvrhgdfri3b~m I 

~ ~ m r + m r n j m i ~ , R r n ~ i l ~ h h B ~  

* m * 8 i ? r ~ W * i f t g i m r m m r ; r m . f l ~ u f % l e  
I 

~ ~ d a d i f * ~ ~ $ h ~ ~ 1 7 . 1 $ ~ ~ $ 1 &  
m * ~ R m m a ; r n - ; f ~ m m s l  

! 



*qg;r 

3) 3 f+-~Rh~m*m~m**smii&i~~p~ 

3 - @ ~ *  ki] m .  
iv) -rhb;r-2-* v) -h vi) #Fr 

T?FT & ?TFFR (Imailov and Schreiber) ? 1 93 8 3 Wd? TGT * 
$TJb?&R%'% m$XFp3f%Tl ~m1.1- &$kT (~einhardt 
a n d ~ a l l ) ?  d b ? T T F # h ~ i f t ~ - 4 i T T T b f h T 3 ? k  pd?l'h? TlT 

f&Tl I FF( 1958 4 # (Stahi) f W&W W@@I % TfRl Vf@5 

JsamHm31mftm~m$7Tff%%~mm*~**, 
m ; ? d w m J q h m ~ , a f t f l ~ m m * w  ' 
* ~ m ~ l m ? 3 ~ ~ r n ~ ~ q m ~ ' m ~ w - A . :  

w,8. * ; r m % m ~ r n ~ ~ r n B ~  





Spot containing 
known volume 

of mixture 

-. 

(A) Plate before development (B) Plate after development 



FXT rnC\f3  8 . ~ . $ .  FF?KIT (Scanner) FifQ FJIE~ 3lh 
& $ I  & i 4 . ~ . 1 f r . m ~ m + m ~ ~ 4 a e f ' t P I m 1  
;?Tm $ 1  

4) $k d%d% (visualising agent) ~ $ 3  t? ?R? $@ + 
r n l  



-Eluting solvent 

Glass beads 
Stationary phase 

Separated 
components 

~ in tered glass disc 

J. 
Schematic diagram of a typical modern column for 

chromatography 

Eluting agent : 

l 



d%ib% * 1944 if m, Tk+% (Consden, Gordon and Martin) 3h 
~ ~ ? ~ M m 1 ~ ~ ~ r i f t + p g 4 r h ( ~ 1 ~ J I W R ~  
- + , @ * ~ f i ~ r n ~ ~ g $ ~ ~ m * * + ~ m m  
; r r m $ 1 4 a f P w r n a i m M P R r n w m $ ~ m  
pa-jhampi~h3h?mtl 



Flow of developer 

II Developer 

() 

Hanger 
1 

I ' v 

..--..-.-.-.-...-.--.- 
C) 10 
() 8+9 
() 6+7 
() 4+5 

3 

Solvent front 
Chromato 
graphic jar 

Paper 
Sample spot 
Stating line 

Solvent 

(a) Choromatography set up (b) Paper afler treatment 
with a detector 

1 Developer 







- Forced lonogenic gmup 

\ v 
Gross linklng 



37-m m ?r;r ii) *mmm 
rn iiii m m m m  

iv) *mm- 

I ------- I CH - CH2 - CH - CH2 ------ 
Styrene CH = CH2 

P-DVE ------- CH - CH2 - CH - CH2 ------- 

sulphonation 6 
Polystyrene DVB 

copolymer 



HC=CI-I2 @ 
"@ 

I 
Co-polymerization 

+ -w 
COO11 

Acrylic acid ------- 
CH = CH2 CH - CH2 - CH - CH2 ------- 

I D 

p - DVB COOH 

Carboxalate type ion 
exchange resin 



Influent 

.y-. :cEt:, 

o, RESIN CONTAINING H' IONS 
e,  RESIN CONTAINING METAL IONS 

I 1 Stirrer 









2R-COOH + Ca(HCO3)2 += (R-COO);! Ca + ZH2C03 

For Regeneralion , - - - -f - - - - - - - - - 
Brackish wate ry  I 

I 

column water 

(R-NH) C1+ NaOH 3 R-N + NaCl + H20. 

~ i t i i i i ~ ~ m w l ~ ~ ? r m c o 2 + m f % m  
vFfviR~wif*&m31 

R-N + H20 + C 0 2  3 (R-NH) K O 3 .  

iii m m m m w m  



(R-NH) HC03 -t HN03 + (R-NH) NO3 -t H2CO3 

~ : w . ' ~ ~ M * $ * & B c o ~ F $ c ~ ~ ~ & w %  
m m M 3 1  Jrhim4.%wifm~o~~Jsdmtf t . r f iP lP~~~m 
P ~ I ~ M ~ A I  

For Regeneration 
r-*- - - . . - - - - . . -"- - -C,  

I I 
I 4 co, 
I 1  I I 

'Mine 
drainage 
1 Sieve 

(R-NH) HCO, 

water 

Sour 
Water 

4 

(R-N) 

* 

- 
----f---' ---- ---- 
---- .b----  
- - - - & - - - -  ---- ----- ----- 

- 

----I 

- 

R-COOH 
c) 

A 

Degasifier 

I I b 
Processed 

Water 



R-COOH + NH4HS + R-COONH4 + H2S. 





4) * ~ $ m ~ w ~ m ; r m ~ + ~ ~ ~ i i i l  
~ ~ m B f M ~ ~ ~ t ~ ~ ~ ~ ~ , m .  
M, I,, NH, ?! 1 







+ow, $I w92Tr2f qRm 3 
rmq$mm;pYvRm JTm? $t 4 pH f 8 ~  yim ? 3 "puissance de hydrogen' 

(activity) M d@, ifilMm%~ 

m: , '%ow0 m*&&i 1 9 0 9 S f ~ o * o * ~  ? x m h  Q I  -& 
pH = - log N 

]-I+ * m m * " m - ~ t w 3 * m m m i i  





a TTy 9m (visual measurement of pH) 

% o ~ o & ~ ~ a m & ~ - i i f t ; r ~ m j g d m ~ ~ ~ ~ ~ w  
m * o ~ o m R * & b ; m m m * + m e ~ m  
~ ~ t ~ ~ ~ r n ~ ~ ~ ~ ~ B 1 5 1 1 r n ~  
M m . R o ~ o m m i t a * ~ t m % i i m m ~ ~  
m ? ~  ~ l e ~ 7 F i u ~ R i 4 n f f i & r R o ~ ~ m ~ + ~ ~ ~ B 1 ~  
m ~ m m $ 3 i r O ~ o  54 *rn &%owo 8 & m  
; R T ; T [ ~ ~ I ~ . R O ~ O  5 ~ 8 ~ S ~ ~ r n * * & f . B 1  
% o w 0  b. ~%+JTT w & & W, M? itd%'~~ (universal b indicator) T&T 3, & f%JT TlTtT b I FTFPl f m *& v, 
. r m ~ ~ h T f i l ~ ~ " 1 $ 3 i h ~ d . R o w o m m ~ g b ~ i r l m 3 1  
~ ~ o ~ o ~ ~ ~ ~ & ~ W V ? t  18.1 ; f & ~ ? ! l  

HI11 + H+ + In- 
* A  * B  





~n(s)+ cu2' ( a 2 )  -+ zn" (a,  )+~u(s) (18.9) 









(i) m ~ ~ ~ . R O ~ O m r t r 4 t m t ~  
(ii) +rm +I T F ~  TMlefm % I 
(iii) * ~ T l 3 t q W ~ ~ i n 3 m r r ; R i t v h w M r n r n % l  

(iv) - ~ d ; f + n r n ~ $ @ s + s l R i F ~ m a m = r & ~ ~ ~  





0.0591 K,, 
= ' ~ g I C I 2 I H ~  

-- log - 
2 a ~ g ; *  



AgCl (s) -t e- + Ag ( s )  -t C1- 

& 2 5 " C ' R h ~ ~ W J ~ r m l h ? ,  



N 
H A  Em=Em -0591 log- 
& 



* * O I p O  = - log o,, , 



* '-4 (combination electrodes) 



1. b (selector switch) qpc fkkl 3 T& I -f6h% m 
v ? r i i r h = w r B p R 4 3 r n v i h + 1  

6. (selector switch) $ 0 ~ 0  W (m * 
h 0-7 * M M t m.7-14) m ~3 I iti. w g f t  $r w . 
m ; r i s R i f * ~ * , ~ * d m ~ ~ + ~ ~ ~ ~ f ~ *  



(iv) ~ R i f ; i i l - ~ ~ ~ - P r . m p i f ~ r ; r 4 t o ~ o ~ h i ~ ~ h  
~ ~ & i i r M ~ f h ~ ~ $ T o ~ o ~ m . r 3 & J a - ~ b 3  
m m p + w w $ w h * l  

(v) f = r ; r m ~ w m o ~ o m  1 1  itm3ZTJaw 
m - Z . r d * - ~ m M S * * M +  
m-;rF31 











LaF, 





2 5 ' C ~  T, 

mrn~ ~~~~ 
% W R ( ~ W ¶ ~ ? )  

Vw 
5% NaOH 
50% NaOH 

10% HC1 

20% HC1 

.3 1 % HNO, S 

,US cm-' 3 

0.055 

1.0 - 5.0 

50- 1100 

53,000 

2,23,000 
1,50,000 

6,30,000 

7,62,000 

8,00,000 



~ ~ $ f t i d l W T  1 8 . 2 8 $ c ~ m 0 1 r n - ~ ~ i f ~ k r ? r a r 8 1  
#? 4 f k iCV (mol dm-3) f%4l $7 $?+h 
rn h1 

c (mol m") = h x 1000 (1 8.29) 

W7-t R, Jrjm Mw, R,  3 h  R2 3 )I m ~ ,  R3 W FFkFfb 

Y - ~ W T ~ + G ~ G I Q I ~ I ( ~ ~ )  s W ~ R 9 1  
W b I Mfdi * f%if%3 $ w if W m-@ (tapping key) K 
* 3 * 3 1  
,' 
R , M ~ ~ * ~ T - @ * ~ + ~ ~ w B & R ~ ~  
* u ; r $ * * r n R m m t l n r R y R i r m * ~  , 

Ra-vtR-rtl 



I> 

I' 

1: 
I 

i J  
I !; 

( ,  

i '  

I 
I1 
! 

i I 

i ! 
i :  
i I 

? ; 
1 1  
: :  
: i 

!,' 

i !  
!# 
I., 
1 
I 

!.. 
jl 
I 

I 
LI 

I' 
g! 
ji 

!' 

[; 

!I > 
I! . 
! , 

If 
?. 

j! 
4 i" 

" 

%: 





$W ~ 3 & (magic eye) TT TFIGIT fkT 8 W 
d i * % 3 i R * * ~ ~ + & ~ & i r T . d ; f ~  
rnmM21 

3. RV ?ki (mode selector) CAL 3FTHT 7? * & T?T (range 
selector) fl ;tft W 3 9;lilTift jmfPil 8 2,20 200 X T& I 3 VI;I 

rR1$W*m+ms ( ~ @ ~ R T ) ~ ~ w w z R ? T % I ~  
g.-Sr1mW*+m*-*%m*q 
*f% l ~ * l  









c = 1000 x 2.50 x 1 o - ~  ~ ~ ~ o l r n - ~  

= 2.50 mol ~ n - ~  

FFhWT 18.28 KiT K~SO~~P).~WVR"FRTI*TM~I 



~ ~ - 4 f f 9 ~  ~ T F T ~ ~ ~ ~ K C I * W G ~ T :  

c = 1000 x 0.2 ~ n o l  m-3 

= 200 mol m-' 

WfW?JT 18.28 $ KC1 7?t'Fl7 TtTfRiT * T $ 1  



m ~ m ~ r n r ~ 4 - m * m h r m m t l  
TF& & &JJ w?s RRTT % &, e. $WIT (scattering) 
m m ~ j r r m % m ~ m , & j $ m q $ % &  
* * % l ~ ~ r n + ~ i n J g d m J r r r S i t . r p r ~  
4 & ~ ' f i l * & - * i i h $ l * i n * n r n  
m, (nephelometry) Sk (turbidimetry) % & 8 I . 



5T Wk3 FfTTf%? (flame photometry) 3hi WT@W * &f?$l 

%W!Tf%3 (atomic absorption spectrophotometry) $7 d a off I 
~ ~ i m ~ $ R ~ t ~ ~ & ? r b f 3 3 ~ ~ ~ m b 1  













b w  v = r : * & M 9 r ; r r n r n w i h w * 3 * *  
$%-m(Aa)~3if%=r~~&m3-rn*~$~mmdi 
btm'f ; l *~ (Am) 2 7 9 ' t m $ W % * m 2 5 5  
? * B l r n d i ~ a - 3 ~ b r n r n & & 2 1  f+m 1 9 . 5 3 3  

I m.1 (i) $k (ii) $ i 



Po k log- = - h =  k 'h  
1' 2.303 

¶ T F 4 a T S ~ * m  
(opacity) & 3 I 



P 3Tm Ill - = -k"c 
Po 
4) ~TW log - = krlc (1  9,6) 
P '  

4, log - = L I ~ C  
P 

~ ~ i f ; l  - W-I TIPT-' ?%&zx~ (cm-' g-' dm') b I log 3 W f@P7 



& JrP;mft (apparent daviation) & d ? W W 3 %%% 8 



3- ml (isobestic T m'iFT 3 '?I t)l 
~ m ~ m f r m 3 m ~ % m 3 ~ ~ R m r f  
h l  m . r n - h q ~ * P i d ~ w i i & m & ) r ~ *  
TpfhT;mitrrPll 

HIn $ Ht1n- 

TF@T (real limitations): F! WR b; &TjT;T M ?iPI 
~ ~ * 8 , ~ ~ b ; m ~ * ~ l  

m : f 3 m - f t l m r ~ q f % m %  ( m f $ R f h ~ i ? ~ m = m o . o i ~ 3  
w & ) b ; m ~ ~ ? l ~ ~ 3 ~ ~ m l ~ 3  
-b;m-*tm**m;mim3((JjPTFi[ I I 

R ~ m i i ~ ~ r n ~ ~ ~ h i m & m % ) ~  



jmd%% (refioctive index): rn & 8  7f@d% h 3 ih 8  ~m1f9~~fafbl-i 

3 f f q W i f r m 3 1  r n s r e s s $ v M & T ? m * i f M h ?  
~ s r e r m ? ) ; e 8 * h b 1  m ~ , ~ m r i t i  
m * n R * & b l r n 8 9 f t c T . i f ; r 3 ~ 8 ~ h ?  
& ~ < ~ 8 * h 8 1 & ~ h c l ~ t ~ \ ~ h T - ~ ~ ~  
b r m i f i ? ~ f + g a i : ~ r n ~ g a & T ? t r n ~ ~ $  
g $ r i % ~ A ~ ? ) ; ~ m m b ~  

g m h v ~ ~ ~  -fm;F1;R4ar (additivity of absorbance) 

A =E, bc, + sy bcyy (1 9.10) 

m m it, 

i) & 8  T (blank) $rvf?T 3I-R TFIl I 

i i i  ~ i & & m $ ~ ~ M R m i f + i m ~ d i f t m  
' W r n r n r n I  



f9==r mrrtaif (a, Jhr A,) m mihv-rm +Ism Mt M; m:, 



( A )  V ~ I  W ~ C , * C ~ * ~ - ~ ~ ~ ~ ~ T  

~ 2 ~ + m e + m * ~ * ~ i t s l ~  
I x G k ~ d + t w m d r * m : n , & ~ m h M ~ d ;  

? f w m T q r n 3 1  

1 m 1 9 . 8 ( ~ )  4@¶'F8 3 T b T W ~ i m r b ~ X  3ih Y $ *  
--@ W TGT % I FFbfVTT (19.12) Gk (19.13) 3 m W 3 R 
n, m Rwr w m-v%v6+ A, 3 3r (A,) ,  * ( A Y ) ,  w dm 3 * m 
fitm & AZ f * (A,  )2 & ( A Y ) ~  w d-rr $ I cX & cy 

~ ~ + ~ 3 ; r b ~ + ~ ' t f l f 3 R 3 m c , & ~ ~  
- i ; m ; i m ~ w i ~ ~ ~ i  

19.3.2 mm 





m r n ~ + ~ ~ ~ + t $ m d r n  
~ ~ + ~ ~ & ~ ~ I ~ ~ ~ ~ - ~ ~ Q ~  

m * m 3 ~ ~ m + s m ; n w R . $ r ~ . ~ a r ?  
h,Mrnh+~$*&-murr$**m 
~ - ~ ~ $ ~ + f ? r q ~ ~ r n R ~ r n b ~ ~ - ~ h  
$qf%waswiPm%, x - ~ ' i G k n - ~ ? + * a i w m M 8 1  
T - m 3 k n - ~ + + * ~ $ ~ b ; f i Q ~  

m, kTG?i * Ph?T: $8- b (175-1000 
4 ~ ) % J i a r f a % 3 i r f t t 1 ~ & W a ~ r y m n - ~ ~ ~ ~  
* + T + ~ ~ + r n ~ * m $ ~ * * *  
h ~ G % & h t j i 4 & r 3 1  ~ n - + i i * T f i m c . r % i m o i Q f l m $  

&, 293 ?+db-VRmh$~ n + d  3 i h n - + i i * m %  
rnm w A , ~  m 186 3k 280 mmiZrar31 w ib3  
w r m $ v ~ m b :  > C = C < , - C - C - , - N = O  $k 
-N=N- rnl 
r m o R 1 9 . 2 $ m ~ ~ , ~ & m , * * 3 m s ? F 7 o r ~  
% r n ~ m f h m * q ; 9 r f t ~ b l ~ ~ m I m ~ ~  

-404r * ~ ~ m a t m + r n ~ ~ m ~ +  
H & & + b * m F i l d 3 1  

w ~ i o r 4 i r s w m ~ ~ ~ ~ ~ ~ B i i r ~ ~ ~ 1 ~  
R ~ m R ~ m b b J i h ~ ~ J ~ t m + ~ w  
Tn7??rtlms: E $ m a v F F x + + ~ * ~ & 1 J i r r k *  
d 3 [(w em) (red shift)] * n + 9 d & * k* ihT;T $ [(% f$F:VW) (blue shift)] I 



~ ~ 3 1 T 9 i i + ~ m ~ w w 3 ~ 5 i l w W q $  
~ m m M e ~ ; r $ ,  azrmf%%wmf+drE3;ws~f+rbr$, d 

V & w ~ h l ~ M 3 i i q m + ~ d V d *  
WW (degeneracy) K9m 3 d ?' b 3T@% (m 8 
R i r r m h n ) + @ g C r W w m * $ 8 %  
~ ~ d B & 8 ~ d ? l $ d * B & ~ ~ ~ & T $ 1  





i 3 6 V ~ t 4 i ~ f 3 i i m - i  -ehir (source) : &T (180 - 350 ?*) rf iR TVF4 fml 
- m ~ f M % ? f 4 B R i l ~ m m m f t a M m b 1  
~ ~ i A w & m 3 b d ~ h * ~ 3 * w m f t , r n  
m M + ~ w r f m ~ ~ l - * = + ~ m m ~ t  
Jsdm3*iA*wrnB1 



k-M (effective band width) 3 W % &RTFi 

~ 9 r n m r r t a f ~ B w 4 m M r n 3 ~ ~ i f t ~ ~  
-%% ~ W 4 ~ ~ . j r r m ~  @fb 19.13)l P T &  

k-M (AR) hFfl TI%%'! M, i%EX m 8 wm fmr I -Fll+il-uaur AR 
m9r;r 30- 50 4*$bi%1 

(monoehrorna~or) : ?TV?T ~%%TQT YTFT ~ 6 ?  P ~ s f t h  
(dispersing) @Rf TI Jgdm h ym f! I VJZI$% % ~ 4 :  3 t 
iroR*+fhy*-m, m*Tmimd%m-*, 
3 ~ w ~ , * * & ~ M ~ ~ m ~ a ; m m m  
m , m \ - ~ m * * d a i h h m *  
3 h i . w R r F r m ~ 3 ~ 3 ~ m g l f m * ~ 1  



71- (detector) : 3lf&FlV % % t i  fiim jiqFil ?! $ %&T: 
~frar%*3&rn&Hmbmfita$m%: 
~ @ m ~ ~ 8 1 f i i m i i ~ ~ a g a ~ ~ ~ ~ k ~ +  
q ~ ~ : M ~ Z i ~ M ~ r n 8 1  



I 

& @horo~alhic cell) : 6i'idN % in Jsdm F: $W 

~ ~ ~ * ~ ~ ~ 4 m ~ + m m m 3 1 w m m  
%&wm~rn-h (f3vmm-*b 19.16df?~mmrri t )  
* v - a * m d i n ~  p j k ) h B M m W  
q h u n e i , *  W ( ( ~ w l r r v e ) * * d m a R m  
~ ~ 3 6 1 ~ m a ~ , h m 3 ~ i 4 q i f t ~ M m W  
r n B * i \ i f t M * m * ~ ~ % ~ q - m * , * *  
~ p ? R t ( ~ i r i R ) ~ w ~ m m f , d ~ h m m m  
t l * f f t t ~ % m ~ ~ ~ m ~ ? l ~ m w ~ +  
*3mf&n-\nar$1 



& rifFti (photo emissive detector) : 3 3  
~ ~ ~ t ~ m - z f t j m r i f ~ ~ s f t i m z h m o f t ~  
= r r ~ m ; a ~ b * r n W h & ~ 3 ~ ~ ~ % 1  s&@*mgTfi tbi%, 
R.r i l~m*mJTRzmf; is ; r fwar* f4;m 
m 3 1  b m * ~ & ~ i n J s d m h m i r ( i ) M  
FFKJT --rffsr (ii) FFRTT&F =&IT I 

(i) %dk M =Ti'%lf (vacuum phototubes) : fhb (% 19.17) 

* ~ ~ J ~ ? , w ~ % * * w T ~ w ~ * ~  
~ m * m * * ~ ~ r + * r n ~ r n ~ *  
m * T m 2 f ~ M m m 3 1 ~ ~ + & d m  
~ ~ F T & T 2 0 0 - 6 0 0  ? ; i t 4 f i 3 * ~ i f h $ 3 i h d % ~ + ~ f % l f R  
%*ardtFFRT.rftdrT?FdPTm: 6 0 0 - 1 0 0 0 ? ~ ~ ~ S & i ~  
b l ~ - - e m m t r n T m f f a i h ~ ~ ~ * f f r l m *  
v m w m % h l  



-4 .-*- 
(a) 



M & (photo emissive detector) : & 3 3  

~ & 3 t t k m J g d m m ' m t ~ ~ * t A 4 t M  
m m b j i r m M h ? m % ~ ~ ? ; i F f b ~  ~ s ~ m ~ ~ l  
M ~ m T * ~ J r R ; m f i i s ; r - w J s d m M  
m b ~  b r n + r n & ~ m z + & r f % m r m f  ( i ) M  
FFIT = ~ F T  tk (ii) FFFFT~% 43-4~ I 

(i) h'h Tk%?7! (vacuum phototubes) : i%& (fSjl 19.17) 
3 3 ~ ~ 4 3 3 % 1 w ~ % k & w m w ~ 3 h ~  











































.20.2.1 * W (hydrologic cycle) 



sM (Springs) if h m 3 t ~ITT-M VWI & 7th % T 

"s"ar?l 





mrm*imrw+~+i i ;RJ i r rnd i*m* i f tQ 
~ 7 - ~ . r f t R d t @ ~ i f t ~ ~ ~ ~ $ ~  
4 - i f t m ~ g a m $ ~ ~ w s f t ~ q w ~ m ~ m  
6 J i t T ~ ~ 4 9 s f t ~ m $ 1 ~ r n m : m ~ n f f r o r 3 @ i m 3 i n  
~ + ~ ~ m ~ ~ m p m + ~ + w $ m ~ v p '  
qm 8- #m $'& (Escherichio Coli) ($0 ihtFR) 3 k  %"&@$ d $ 
r r . R m i i l * ~ m 3 r f & 8 Q m m 3 i f h *  
- i i ~ g I & ~ m m a ~ m f ~ r n 3 ~ ~ - ~ m ~ I  
~ + w J T ~ $ ~ F I w , ~ : ~ F ; ~ , ~ + ~ ~  
R* & $ 1  sR, 

~ 4 ~ i f t P i l f t , m * m r n - ~ * m 3 * d t l  
*3ir+9m%m~*8*~ii~3ir*jq~ws~mir'~ 
&*&*m+*if;*$rn*rnrn$* 
m M 8 1 m 4 ~ 3 i r + ~ + R ~ ~ m ~ m ~  
~ . r f f * r i s ( f 1 3 ~  w ~ q ~ ~ ~ i t ~ b ~ m r  
J;t 1 

I 

1 

(Indicator Microorganisms) 



2. Tl (broth) Vm i'f VTlT * * %%?T b 
' % o ~ o ~ ~ n n F I ~ i * s r T i 3 T 8 1  *-;fi***mm 
mat1 ~ f ~ u ; . r % o w o m m a b . i r ~ m - r m ~  
t a r 8 * + - M m ~ ; f t ; ; r m * * m m * & ~  
TCl-Efqa-* *-a?T*l 

3. 3m~4'7!37Vm;i$$'f&T3f%3T$3;r ( 3 $ * ) m d b ; t  
: 3f[. 7VT.h * ~ , F T ; T  (Vogcs - 1)roskauer) T ~ w  

Z T U $ W R ~ I $ O M ~ $ M J T F T ; T ~ ~ T G T B T & ~  
t $ w - b m n a r * l  

4. ~ ~ 2 i ~ ~ ~ : ~ ~ ~ ~ i r m r ; m : ~ r n ~ I  

@mm3bRRitThRmrAr~d;ri%-$m8~ ff;r;tift 
~ ~ w ~ ' i @ = & m $ 1 @ m % f f i p ~ ~ w 7 + 1 v r q f & ~ ~ s B  
w o ~ o ; A o ~ o * o  d%fi@nq TiST z I (wo = *, T o  = * ts, 
3103m0-* i?r&;ri 8~ = WAz) 





' (TI) n* ift (Total Count of Microorganisms) 

( F r )  $E$k%Tw* 

i) . T-T8 *WJT (multiple-tube fern~entatio~l test) ( W o f t o ~ o )  

ii) f&& (membrane filter test) ( ~ 0 ~ 0 )  

m * 4 W * & r n m w S f t m & * h * N m  
(most probable number) ( P ~ Q $ O T O )  8V TFWW 387 

s r ~ w ; m d m m m ~ ~ ~ ~ s m ~ + ~ + r n ~ s f t m  
in3*tsii$-*Mmrr$lM**** * R~w TbS4T (most probable number) (VQ%WO) + W 4 W 
h m 3 1  ~ ~ . C ~ A . ~ * ~ O ~ ~ ~ O T I ; T O ~ ~ P T ~ ~ I . C ~ A . ~ ~  

W * q t * ~ * . r f t * * * * r n r n M  
B ~ ~ i R . r d $ ~ ? ? m B ( i ) a ~ ( ~  resumsptive) S f t ~  (ii) @ 
(conforination) Jib (iii) $ T ~ w  (completed test) (b 20.2) 

1 )  3fl9TRFT (pidesumptive test) 

@ Tf?l$ $ dh Jmrgiw (subsets) iT8 $ 1  %b T Y  4 
~ ~ ~ ~ 4 J i r r ~ ; r ~ % ~ ~ ~ d s n m r ( ~  
~ ~ ) * w ~ ' @ T T F ~  ( i ? K ~ % ~ ~ ~ h ) ~ ~ l i R ?  

4  $t f + ~  TTTT$RJW: 10crn3, 1 cm3 3~ 



f 3 ~ & m + t s j f t s W  0.1 cm3 3 bf 20.3) 35:  C (incubation) 

M*3it*m 
fi 100cm3 * m j ~  

(WOW,=%/ 1 00 cm3) 
* f ; - ~ 9 i i = m * & ? l  

~ 0 4 T o p ; r o  m rn * 
& r n ~ ; [ * ~ X d i f %  
V!?m&mm 
e m c a * m M  
+ t m * m + m  
w?I + f; *7 (possion 

distl.ibution) * cH;SRdm ¶ 

a-lufta31 m = a * m 3  
R p s r 0 p ; r O r f t O  *zra 3% 
* * m * B *  
mei T i 3  *=T w $45 

Fr+m%31~;~~[=731 

~ ~ ~ V f t m w ~ 1 ~ ~ ~ ~ ; 1 7 i f t * , ~ m M  
3 k  i?kfR (brilliant green, bile, and lactose) (*o$~o*owo) d k l  $7, 

q W f % m k m d i  -JdQltl~q6 QfbxfJr+ =I-@ *am f%bz f%mTlm 8 1  
8 0 ~ 0 8 0 ~ 0  &if m, $Rk?$ iFf rn q < u ~ ~ r q *  ?T?T $ 1  24 R?l 





2) f%?& (membrane filter test) 

ii) ~ % ~ 3 ~ z ~ m ~ ~ ~ ~ - A ~ f 3 w ~ ~ w ~ q m  
w i m m 3 @ w e z m i l : ~ m m T T m 3 1  

iii) 9T;m; WO%OVO zft $LT gfiprm &?i ? I 
iv) ~ J n R ~ a ~ ~ ~ ~ ~ 4 ~ ~ R i m ~ ~  

3 1 



m + ? i R m ~ s r . m p h $ ~  ~ ~ ~ r n ~ r n ' d ~ ~  
I 

Rit w ~~~ (fecal streplococci or FS) (VOWO) d 8 1 

-- d (tolerable levels) % 

$Fh8 (Fecal cotiform) 
( F C ) ~ ~ P J - ~ ~ F ~ R ~ P T  24* 
2 ~ m J c . F ; r f i r a ~ m  
(44.5O C) VT ?TT (3w 

*)*m** 
emmvftofimit 







d % Tf8%@47 % b %W im jnm (bedrock) it d 
B ~ * ~ 3 f j m m ~ $ d d T m % m q i J r w h ~ ~  
d % m * w m z l  



1. (direct microscopy) 

2. * (agar plate tehniquc) 



5. * ? & * ~ s s & + b * ~ r n 3 ~ & I f t  
*mm31 

,nrRq, &m=fb b f% 3-c RPm 9ra3 Sk rn 3mq$ w 
*fhqrn?1 

3 .  Tf?f&6 (most probable number) ( W O % O ~ O  ) 

4 R + z m ~ ~ i l d ~ a g m M m & 2 t ~ - m 3 *  
~ - F - " S r n m R ~ % ~ . - s n a s $ , ? p f . r i 2 r * l ~ ~  
iR $a (m: 10, ~4 5) 4 (enoculation) ~ % * 
* - 8 m q m h m b  ( M 2 0 . 5 ) l  & m 3  

qef?. (visual growth) $I VFll zft 8 ??R 3$ W T I T  3 
* R ; [ ~ ~ ? e f ; r . r f t h ~ ~ ~ m m m % l g [ ? q ;  
r n & r n * * & i f * M r n 8 * R ~ a ; ~ * +  
m 2 ~ M  V I  *qm*m-A*Hmm ( ~ 0 ~ 0 ~ 0 )  

& 3  I 

4. @ Td% T F F b  (enrichment culture technique) 



U U U U U  U U U U U  U U U U U  
5;rP6m' 5* 5 m  

5 .  39X -$' TFfIT (burial slide technique) 

6 .  %WT (soil respiration technique) 



ii) f3F% 



. ? ; a i l 4 . ~ $ & a W q ~ m ; f ~ ~ w i F I ~ 2 &  m , ~ 3 h ~ ? r ; r  

~ ~ ~ ~ M / ~ N ~ o I - I ~ w  15cm3 T ~ ~ I T w ~ I * ~ % T *  * -pftm 

m ; f m m ~ i % f h ~ m R ~  ~ w ~ + ~ T ~ N ~ o H w ~  
~ % ~ f h ~ r % m s m M m 6 F ; n r ; t ~ * *  I I 

% 2-3 @ M 4 a I TWT TIT6 HCl (MI2) $ FiW TR-3Q qliR M 
m 3 1  

7.  (Soil Enzymes) 

8. ?FFfh (Molecular Technique) 







' ~ % ? r ~ m  8. f ? W f ? @ m * * i r * + T ~ $ + M d i i ; r n t l  

T) TaT#hT I) m 'l) 7RJMx 4) *~TT 3) \* 



1 

i 7. *) CO, 
a) i%-*~r 

9)%Pl33@- 

s) ~ ~ T r f l  

- l ~ * a r g ~ f ; r  
' a m-  



12. T) m a )  & T) ~8 'J) &'r , 

13. TFTC-T %a, * WT $R ~ q o r f f o ~ ~  1 
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