~ 5:9°HYDROLOGICAL cche

About one thlrd of the 1mportant 100
elements which occur ‘naturally in the earth's.
crust are very important for the sustenance. oig. :
life in the biosphere: Out of these essentral;f
- elements oxygen, carbon and hydrogen areby
far the most essential elements for the: exrstence ;.
of llvmg orgamsms because these three ele ments .
constitute 90 per cent of dry weight of the
organic matter in the blosphere Out of these .
three essentlal elements, hydrogen in the form
of water and oxygen together make ‘up 80.5
per cent of the total welght of all the living
organisms. Smce hydro gen enters the blosphere‘ 7
and goes out of the blosphere in the form of
moisture mainly in liquid form, the hydrogen

- cycle is discussed in terms of water eycle or"f, |
hydrological cycle. | '

The water or hydrologlcal cycle at gle hal |
 scale involves the mechanisms of (i) evaporatwn
of water from the oceanic water th ‘rﬂtgh




ifisolation, (ii) conversion’ of water into water

vapour or moisture;, (first and second processes

are almost the same), (iii) transport of atmospheric

moisture over the oceans and the continents

by atmospheric circulation, (v) release of
athﬁospheric moisture in the form of precipitation

(either in liquid form as water, or in solid

form as snow and ice and other minor forms
as dew, fogs etc.) over the continents and

oceans,, and (vi) eventual transfer of water

received at the earth’s surface to the oceans

viz various routes and hydrological processes,

important being surface run.off and rivers

(fig-5.7). ... ..
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Global hydrological cycle involving
different pathways of water e.g. from the

ocean, through the atmosphere and the

lithosphere back to the ocean.

~ The mechanisms of global- hydrological

cycle can be presented in the following
manner :

Oceanic water is heated by insolation
and: thus water is: transformed (only a small
fraction . of oceanic water) into gaseous form-
water vapour or ‘moisture. This moisture is

“ ansported across' the*oceans and’ ‘over the "

continents by atmospheric circulation (winds).
The air is cooled because of its ascent and thus
the moisture is released as precipitation over
the oceans and the continents. The precipitation
falls on the land in a variety of ways e.g. (i)
Some precipitation falls directly in the streams,
lakes and other bodies. This precipitation fall
is called direct fall which is directly disposed
off back to the oceans. (ii) Some portion of
rainfall s intercepted by vegetation. Some
portion of this intercepted rainfall is evaporated
from the leaves and the remainder reaches the
ground through the branches and stems of
plants as stem flow or aerial streams. (iii) Some
portion of rainfall reaches the ground directly
as throughfall. Some portion of rainfall is lost
to the atmosphere through evapo-transpiration
from the vegetation. Some water is also lost to
the atmosphere through evaporation from the
lakes, ponds, tanks and rivers.

A sizeable portion of rainfall reaching;
the ground surface becomes effective overlandflow
which ‘reaches the streams as surface runoff.:
Some portion of rainwater received at the
ground surface enters the soil zone through
infiltration and thus forms soil moisture storage
of which some portion is again lost to the
atmosphere through evaportion and plant tran-
spiration, some portion reappears as seepage
and springs via throughflow and interflow
while some portion percolates further downward
to form ground water storage of which soome
portion reaches the channel through base flow,
some portion moves upward as capillary rise
to reach ‘soil moisture storage’ and some
portion is routed further donward through
deep trnasfer and enters the underlying bedrocks.
The channel storage receives water from surface
storage through runoff, from soil moisture
storage through interflow and throughflow
and from groundwater storage through base
flow. Thus the initial input of precipitation
finds exit through two paths of output e.g. (i)
to 'the atmosphere through evaporation from



“rivers, lakes, ponds, soil, evapotransplratron | 1t is believed that the global hydrological
from vegetation and evaporation of, falling cycle involves the balance between evaporahon :
rains, and (ii) to the oceans through channel and precrpltatlon over the earth’s surface but _
runoff or stream flow. This process is repeated. the pattern of balance between evaporatnon
every year to make the water or hydrologlcal and precnpltatnon is. not uniform over theg
: cycle at global scale effective. ~ oceans and the land Accordmg to the estnmate
« It may be pomted out- that though thee ©of M. L. Budyko (1971) evaporation exceeds‘
different hydrological processes as elaborated precnpntatron over the oceans because 4,55,000
above maintain the global hydrological cycle cubic km of water is evaporated ‘from the
through the oceans, the atmosphere and the oceans every year whereas only 409,000 cubic
continents but out of the total moisture of the KM of water is returned to the oceans through»
~ biosphere 95 percent is never available to. precrpltatlon per annum. Thus there is net loss“
hydrological cycle because it is (estnmatedl of 46,000 cubic km of ‘water from the oceans‘gf’_;
quantity being 2,50,000 x 10%° grams) locked in every year. On the other hand 62,000 cubic km
the rocks of the earth’s crust Thus only 5 of water is evaporated from different water’
percent of the total moisture of the biosphere bodies of the land annually but 108,000 cubic
is available to the global hydrological cycle. km of water is annually received at the land
- Of this 5 percent of moisture about 972  through precipitation. Thus there is a net gain
percent is stored in the oceans and the remainder ~ ©f-46,000 cubic km of water on'the land every
2.8 percent is represented by 2.15 percent’; year. This is because: of ‘the fact that 46, 000
moisture stored in polar ice caps'arjd permanent cubic km of evaporated water from the oceans
glaciers, 0.62 percent moisture in the form of is added to atmosphenc budget of moisture
groundwater (which is in circulation) and-0.03 over: the land. The add1t10nal amount of 46,000
percent moisture in the streams, soils, freshwater. cubrc km of water is dlsposed off to the oceans
lakes, saline lakes and inland seas. ... . ... - through stream runoff every year (fig. 5. 8)
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{ ’Hydrologlcal cycle 1s very 1mportant

the’ b1osphere because no life is possible' without
water. Though the interaction between vegetation
and hydrologrcal cycle is very limited but the
effect of hydrologrcal cycle on the biosphere
(vxz vegetatron) is “enormous because the
vegetatron is an “effective medium for' the
circulation of sediments and chemical elements
through btogeochemlcal ‘cycles in the biosphere
and all' these" ¢ycles 'become possible only
through the movement of water

'5.10 CARBON CYCLE

v The carbon whrch moves;in the blosphere
through various parthways has. three phases
of its storage and movement e.g. (i) gaseous
phase in which carbon is present as gas (CO,)
in- the atmosphere, (ii) liquid phase which
includes dissolved carbon dioxide in water,
and (iii) solid phase which includes carbon
stored in the sediments, fossil fuels and organic
matter. ‘The movement of carbon insolid and
liquid forms and as carbon dioxide (gaseous
form) is of particular interest as it makes up
around 50 percent. of organic matter by dry
weight, and its movemetns within the biosphere

are closely bound up with the flow of energy”

(P.A. Furley and W.W. Newey, 1982).

. The carbon cycle involving the circulation
of carbon within the biosphere includes two
pathways or cycles e.g. (i) gaseous cycle,

which involves the movement of carbon as

carbon dioxide (CO,) which is found as free
gas in the atmosphere and as a gas dissolved
in the water of the land and of the seas and

the oceans, and (ii) non-gaseous or inorganic
cycle involves the solid phase of carbon wherein

it resides in carbohydrate molecules (CH 0) in
the organic matter, as hydrocarbon compounds
in the -Tocks of the earth’s crust (in coal etc.)

and
as mineral carbonate compounds such as
‘calcium carbonate

mechamsm for various brologrcal processes in

dead organic tissues.

“'Thus the carbon droxrde assrmrlated by
plants is stored 1n the woody tlssues of plants

This is called as orgamc reservorr (frg 5 9) of

carbon Forests, mamly tropxcal evergreen
ramforests, temperate evergreen and decrduous

Aforests, and the boreal forests are srgnrfncant

storages (reservoxrs) of blologrcal carbon of

,the blosphere Carbon is released from the

llvrng orgamsms due to breakdown of

.carbohydrates during resplratlon The resprratron ,
by. the biota transforms organic compounds to

gaseous' carbon dioxide which. is retumed

back to the atmospehre. |

‘Some " of: "the carbohydrates ' (chemical
energy) produced by the: autotrophrc plants at
trophic level T are consumed by the herbivourous
animals at trophic level 2 and ‘carnivorous
animals at trophic levels 3 and 4 and these
heterotrophic animals release-carbon as carbon
dioxide due to breakdown of their carbohydrates
(during respiration, fig. 5.9). Décomposition of

fallen leaf litter, and dead organic tissues (of

both plants and animals) by decomposers oxidizes
further .carbon ‘to carbon dioxide ‘which is
returned back to the atmosphere Some carbon
is released as CO, due to burmng of vegetation
and animals and is returned back to the
atmospheric ‘reservoir. The microbes or
decomposers also release carbon -in gaseous

form through resprratron when they decompose

~'Some carbon goes to the sedrments below.
the ground surface and i is stored in sedimentary
reservoir. Some ‘of the dead organic matter is
also stored'in the soil or in deep-séa sediments
for longer period of geological time. ‘The

" terrestrial organic matter is transported to the

oceans by the geological processes in the form
of dissolved or partlculate organic matter. The
geological processes include rivers, wind, glaciers
etc. The organic materials' brought to the
oceans are generally converted into rocks and

" thus carbon enters the sedimentary phase.



. The sedimentary reservoir or geological
reservou' stores. carbon mamly in the form of
inorganic carbonates and to some extent in the
form of peat, soil or coal or ammal (e.g. shells,
bones etc.) remains, or mmeral oil. Carbon has
a long residence time in the sedlmentary

phase because it remains stored in the
sedxmentary reservoirs for fairly a longer

_penod of geologlcal txme Carbon from the
sedimentary phase may be released only when
elthe‘r (i) the rocks are weathered ‘and eroded,
or (ii) the fossil fuels (coal, peat, petroleum
and natursl gas) are burnt during their uses in
the factories, automobiles or domestic affairs.
Carbon released from the sedimentary.reservoirs
(through weathering and erosion-.of rocks,
burning of fossil fuels .and volcanic eruption)
.goes back to the atmospheric reservoir but this

'sedlmentary cycle of carbon takes muc

;phytoplanktons who transform carbon tog

- portion of carbon stored in. Phytoplanktom
goes to sedxmentary storages after their deaih, A
some portion is transformed into organic Mmatter

h 3
tlme of geologlcal hme scale. long
.. The movement of carbon in the ma'
ecosystem is much simpler. Atmosphenc carbyg i

dioxide is taken by the marine autotroph
ic

e
with oxygen and hydrogen into carbohydrtaht:s

dunng the -process .of photosynthesis, SOme

to form petroleum and natura] .gas.and somef
portion is transferred to marine animals when
they feed on phytoplanktons;sand:.on such
animals which feed on zooplanktons. Some
portion: of :carbohydrates storedin the'maﬁne
animals ‘s’ broken down durmg resplrahon
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.and -thus ..carbon. .is-released from ‘marine -

'arfimals as: ‘carbondioxide “which is: ret'urned:%:.;;'
‘back to the atmospheric reservoir. The remaining

portlon of carbon of:marine organisms goes to
sedimentary reservoir-as carbonate sediments
and -hydrocarbons. Carbon stored ‘in " the
.sedimentary reservoirs:may be- released:to: the

-atmosphere " after long ‘period =of geologxcal_
_time scale ‘through" weathermg and volcanlc

i eruptnon (fig.’5. 9)-

’5:11' OXYGEN CYCLE

Oxygen plays a ‘significant role 1n the

‘biosphere.and:is very essential element for the
‘living ‘organisms because it supports life and

arises:fromit. The_circulation of oxygen also
helps in:the ‘cycling of other elements in the
biosphere. Oxygen is ‘chemically very active

because it combines -with majority of the

elements in the blosphere It generally forms
about 70 percent atoms in:living‘matter-and
- -plays:a very important role in the formation of
:carbohydrates;:fats .and proteins.:I{/is:required
“for respiration:process by the animals:including
~man:and:for:photosynthesis:by the plants. The
:oxygen icycle “in the biosphere is -very
-~muchv".r-complicateda:-"beca"use‘ ‘of -its various
~chemicalisforms teig. molecular roxygen-(O;),

- f»”iwatpé"f:i}/(H;Q),t: carbon: dioxide (CO,);different

‘inorganic:compounds;as -oxides (iron:oxides-
:Fe,0,),: carbonates (calcium:carbonate-CaCO,)
1@ yilininiE, e L g ers=d

“i#20t+is 'believed ‘that ‘there swas ‘no’free

“oXygenin'ithe original- earth-atmosphe're The
‘molecular: ‘oxygen ‘probably ‘was formed only
‘after’ ‘the : ‘development ‘of photosynthesmmg
Organisms:due to splitting:of water molectiles
by plant-cells. :Water is splitby planticells:and
‘Is reconstituted in-about: ‘every2'million-years
-and”thus: oxygen' produced ‘circulates ‘in ‘the
‘atmosphere ‘through<various’ components and

s’ agamtrecycled after:about 2000 years: Thus

'it is'obviois thatithe: ‘residence time of -oxygen

m the atmosphere is- much longer (2000 years,

;;‘that s oxygenvis recycled in. 2000 years) than
“the residence time of carbon (300 years, that is
. the carbon ‘released by plants and animals
through: resplratlon is available agam for them

after 300 years).The oxygen ‘continued -to
concentrate ‘in the 'etmosphere from the time
of its'formation and. now ‘it constitutes about
21 percent of the total gaseous composrtxon of

e;",:,the atmosphere It is. 1mportant to note ‘that
./ ‘oxygen remains in molecular oxygen form

:_,_,‘\“'"(O) for very short time because it -readily
" combineswith'CO, or H,0 or with other oxxde

forms.

Oxygen is;produced: through the process
of photosynthesrs ‘by ‘the autotrophic green
plants of ‘terrestrial ecosystems ‘and
phytoplantktons of marine ecosystems and-to
a lesser extent by the reduction of various

~mineral oxides. Oxygen;-thus:produced;-enters

,the atmosphenc storage pool. Every year some

~ oxygen is also added to the atmosphere from
. volcanic eruptlon through outgassing mainly
_' in-the form-of CO and H O Oxygen from:the
g;atrnospherrc storage .Apoo,l .is 'used ‘by . marine
-and terrestrial animals during respiration. Oxygen
“As also.consumed during-burning.of:-wood-and
- fossil ;rfuels.‘. :Some portion .of :oxygen «in :the
;;?formé,of;oxides;is_;incorporated .in-the:drainage
;:-w.aters@nd'.:,ultirnately ‘reaches the oceans:and
~isdncorporated:in:the :sediments. Thus:oxygen

_7enters:the sedimentary storage pool-and remains

there. for considerably a longer period of
.geological time scale. Thus the oxygen cycle
involves the input of oxygen to-the atmospheric
storage pool from the photosynthesis of marine
‘and ‘terrestrial “autotrophic plants and from

“yolcanic eruption-and the loss of oxygen ‘from
“the-atmospheric'storage pool through respn'atlon

‘of marine- and terrestrial orgamsms and minerals

*oxrdatron, burmng of wood, grasses and forest

“fires, ¢ ombustlon of fossrl fuels (coal and

peuoleum) etc. (fig-5.10).
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' The’ consumptlon of oxygen has mcreased

“after the Industrial Revolution in1860. It is :

~estimated that very high rate of industrial
‘combustion in the‘industrialized world, mainly
~ the U.S:A: and the Western Europe, uses more
oxygen annually. Since the proportion: of
vegetation cover is decreasing and the industrial
expansion is increasing, the imbalance betweeen
-the amount - of consumed and :regenerated
-oxygen may-be serious: concern to: human
-society. feoresg

_5.12 NITROGEN CYCLE -

‘Nitrogen moves through the biosphere

in a gaseous cycle in which the atmosphere,
,' contammg 78 percent, mtrogen by volume, is a
; vast storage pool available to organisms’ (A:N.
;;Strahler and A.H. Strahler, 1976). Nitrogen is
;very 1mportant for all life forms.in the biosphere
“,’*‘vi_rkbecause it is‘an’ essentxal part of amino acxds

= I-' zg 5 10 % Illustratwn of simplified oxygen-cycle. #r .

which - make :-Aup.:prrcz).teins. ~Nitrogen generally{ .
- exists.in seven formsiin the:atmosphere e: g
- molecular -nitrogen :(N,), oxides of mtrogen
(e:g. N, 0=
-and NO = nitrogen peroxide) and hydrogen
nitrogen compounds (e. g..NH = amino, NH,=
.ammonia’and HNO, = nitrous acids). 'I'houglf
~nitrogen constitutes-the largest proportion’ of
- atmospheric . gases: by volume;. but hvmg ,
~ organisms cannot use nitrogen directly rather;

/nitrous oxide, NO' = nitric 0x1de

they obtain nitrogen in the form of ammonium |
salts and nitrate. through their roots from the-.
sonls. Animals get mtrogen from the plants by'j'

nitrogen fixation; transfer of  nitrogen to; the
pPlants through their roots from: the soils; ar
liberation . of “nitrogen. as gas through:: M
Pprocess, of denitrification .and. final returm



‘nitrogen as ‘gas to the atmosphenc storage
‘pool of nitrogen. The nitrogen cycle is completed

through the following steps -

““(1) Transfer of atmosphenc mtrogen

mto soils or nitrogen fixation—Nitrogen fixation
‘theans ' the conversion of the atmospheric
molecular nitrogen (N,) into usable forms (e.g.
ammonia and nitrate) in the soils which can be
taken -by the plants through their roots-the
process known as root osmosis. There are
only two major natural ‘pathways of nitrogen
‘fixation or conversion of molecular atmospheric
nitrogen into ammonia, nitrate ion or amino
‘acids” e.g. (i) lightning, and (ii) biological
-activity. There is also artificial fixation of

-nitrogen by man through the use of: chemlal

fertilizers. . . ~ e e

: (2) Mineralization, nitrification and transfer
iof nitrogen from soils to-plants'and animals :

SET NS

‘Mineralization'and nitrification are the processes

of transformation of nitrogen in such forms in
the soils that these can be easily taken up by
plants. When organic nitrogenous compounds-

.are transformed into an inorganic or mineral

form  (either ammonia or ammonium), -the
process is called mineralization or ammonification
where as the. process of the conversion of
ammonium -salts into nitrite and nitrate is
called. nitrification. Thus plants take nitrogen
in.the form of nitrates from the soils through

their ,roots. . Nitrogen taken up by plants (in
the form of nitrates) is transformed into complex

organic. compounds (e.g. protein) which are

transferred to herbivorous animals of trophic

level 2 where plant protein (having nitrogen)

_,1s converted into animal protein. Again nitrogen
_(m the form of ammal protem) is transferred
:,to carmvorous ammals at trophlc levels 3 and
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4. -The .protein disintegrates .in .the bodies 'of
organisms-and is transformed into. amino acid,
ureaetc. : :

(3)'Denitrification and return of mitrogen
to' the atmosphere : Ammonifying ‘bacteria
living in ‘the soils convert amino acid and urea
present in'the excreted wastes of the animals
into ammonia and ammonium salts. Similarly,

soil-living bacteria decompose ‘dead plants or

their parts and dead animals and transform
amino acid and ‘urea ‘present in ‘them into
ammonia and ammonium salt. These ammonium
salts'and ammonia are ‘again ‘transformed into
nitrates by nitrifying or nitrosifying bacteria,
the process being known as nitrificationas
referred to above. ‘ :

~ The opposite process of nitrification is
known as dinitrification which means
transformation of nitrates into gaseous nitrogen
(molecular nitrogen) by denitrifying bacteria
and fungi which operate in anaerobic conditions
which goes back to the atmospheric storage
pool and thus the nitrogen cycle is completed
(fig. 5.11). Some of the nitrates are also lost to
groundwater and some are lost to the sea
through erosion and transport by stream runoff.
Bacterial decomposition of organisms releases
ammonia to the atmosphere, which being soluble
in water is returned back to the oceans and
continents with rainfallin‘the form of ammonium
sulphate and ammonium nitrate. It is important
to note that organisms are the controling and
regulating factors of the nitrogen cycle because
bacteria fix nitrogen and perform the process
of nitrification as well as these also' perform
denitrification. It is evident that the ‘removal
and addition of nitrogen to the atmosphere are
primarily controlled by bacterial activity’ (D.B.
~ Botkin and E.A. Keller, 1982).

It is expected that the removal of nitrogen
from the atmospheric storage pool and fixation

of nitrogen by terrestrial and marine organisms
~ should be balanced by the addition of nitrogen

s .- Phosphorous _is,.the'second,most,impo.x"’tan

‘growth-of organisms because;it limits production i

-the globe. | Phosphorous  is such :a chemigﬁl

phorous cycle is that it is gradual, very slow

‘iron and phosphate. Not all phosphorous'pres,e“‘t
in the soils and rocks takes part in the cycle

__pathways because phosphorous is relatively

through denitrification. from. '?thﬁ,. tvev’f.re.strialt, ;
.and marine ‘ecosystems but 'thgf"é@mofiip‘t;:(;f :
nitrogen available to plants ‘is m“Chlatger
than_the amount of nitrogen returne oAl
the atmopsheric stora ge.pool by:denitri s
because of increased use: of industrial nitrogen
(chemical fertilizers). o

5:13 PHOSPHOROUS CYCLE

’(Wéter';being,the -most*important);substa_’rtce 4an’
the:- biosphere which is ‘most-essential for :the .

in the biospheric:ecosystem: Phosphorous isiin
short supply as:itiis' found in:phosphate:rocks
which are restricted to very limited -areas%ovgr

element (mineral)-which :has:a:very- limited
gaseous phase and has major sedimentary
phase in the biogeochemical cyéle. Phosphorous
is temporarily present in the atmosphere in
very small quantity in the form of dust and
salt which are carried as salt spray from the
sea or blown as dust from the areas of phosphate
deposits and active mines. s

_ The very interesting feature of the phos-

and one way as phosphorous tends to move
from the lands to the oceans through surface
runoff via rivers and very little amount o
phosphorous is returned from the oceans to
the lands. Most of phosphorous is stored in the -
sedimentary rocks in the form of phosphate -
rocks. When these rocks are weathered, phos-
phorous is transferred to the soil storage pool
It is significant to point out thatphosphoroué
exists in the soil in the form of minerals
combined with calcium, potassium, magneSiUfn) :

rather only 10 percent is involved-in the ¢y clic

insoluble in water.



Plants.take up phosphorous,in the form
of i morgamc phosphate from the;soils through
. thelr roots under the process of oot osmosis.
"The morgamc phosphates are converted mto
orgamc forms in the plants ‘which® (orgamc
forms of ‘phosphate) are circulated in'the’ food
‘chain' through  different trophic levels (from
plants to herbivorous animals and from'herbivores
to:;carnivorous and. omnivorous .animals).
Phosphate is returned back to the sonls when
~dead organisms (plants and ammals) and their
excreted wastes are decomposed by sonl-organlsms
(decomposer organisms-microbes) and through
mineralization' of organic form of ‘phosphate
(i.e:‘conversion:'of organic: form ‘of phosphate
to:inorganiciform).:Some :portion :is :leached
and. washed ‘out- to; -the -oceans - while -some
portions of phosphate are maintained as 'organic
_compounds (e.g. bones) which store and preserve
.phosphatrc materlals for long perlod These
are returned to the soﬂs when these are agam
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converted: into.mineral forms but this process
is completed. iafter -long period :of time. It ‘is
also important.to state: that a sizeable portion
of. phosphate absorbed: by: the;plants remains
in-inorganic. form!in the :plants and:therefore
this inorganic form of phosphateiis mineralized
after~decomposition ; of plants.in-as relatnvely
shorter-period:of time: (fig.:5.12). -

' “Theé ‘return " of phosphorous ‘from’’the
oceans to 'the lands” is ‘not' ‘regular feature
rather it is ‘exceedingly ‘slow and occasional
feature. Phosphorous brought:‘to the littoral
areas:of ‘the’seas/and’ the’oceans is returned

back to ' the*lands ‘through ‘salt :spray, fish
(wheniteateén> by = terrestrial “animals - ‘mainly
man):and birds but'major portion of phosphorous
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- It is estimated that an amount of
20,000,000,000 million meteric tonnes: of
phosphorous ‘is ‘stored in- the rocks of the
earth’s crust but only 10,000 to 60,000 million
meteric tonnes are minerable by conventional
techniques, while ocean deposits: account for
100,000,000 million metric tonnes of phosphorous..
Since there is gradual i.-\embv'alv-*of’-phfo'sphOrous
from the lands .to';.theoceans and the:e 1s very
slow, almost negligible, return of phosphorous.
from the oceans to the land‘s-, the amount of
terrestri; 1 phosphorous is gradualy decreasing
wherez.' :1e demand of phosphorous by plants
is increasing. Since phosphorous is the most
critical element for the plants, additional phos-
‘ phorous in the form of industrial fertlllzers is
* added to the soﬂs by man. - B %
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