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"‘CHAPTER 1

 INTRODUCTION
. Rivers are the arteries of continents. They are the_ chief carriers of water, salt,
organic matter. and mineral particles (37%) from land td sea (Meybeck 1982). Centinents
on the other hand direet ﬂow and composmon of water in a number of ways. First, it is
~ the height, the slope and the direction of mountain chains in relation to the weather front,
which determines the size and water potential of the catchment area. Second, rock type,
climate and vegetation give characteristic imprints on the chemistry of the dissolved and
particulate load of a river -system. And third, the impacts of humans on quality and -
dlstrlbution of water is felt in an ever-increasing fashion. | ' \
"The transport of carbon and minerals by major riyers gives essential information
on the rate of erosion of continents, the biogeochemieal cycling of major and minor

elements and nutrients upon the earth, and the contribution of terrestrial material to the

ocean. Rivers transport a variety of material to the sea and in some cases materral :

respond rapidly to changes induced by natural causes or by human agency and may
thereby be useful 'monitors’ of events that take much longer than discharge (Meybeck
1982) that have been sporadic on major rivers. Some of the major rivers like Ganges,
Mckong, Godavari, Cauvery etc., which are originating'in Himalayas, contribute one-
third of the global sediment transport to the world oceans (Milliman and Mede 1983).

In rivers, a particulate organic matter can originate from autochthonous
production of phytoplankton and from allochthonus sources like soils, wastewater and
atmosphere. In natural water systems, it represents a continuous size spectrum, beginning
with free small molecules, macromolecules and aggregates and ending with organism. '
The fraction retained on a filter with a pore size of 0.5-1.0um is designed as particulate -
organic matter. The POM is subjected to different process in the water body. Their
process such as minerilisation, desegregation and sedimentation determine its role and
fate in the aquatic ecosystem. The average amount of POM transported by the world
rivers in the range of 0.07-0.2 x 10 g C Y (Meybeck 1982). The POM could change
the chemistry of water body. It could adsorb the nutrients from the water during reduction

environments and releases to the environment during the oxidative conditions.



Role of minor rivers (with stream net in rural urban setting, monsoon climate With
distinct seasonally and intensely framed catchment attractmg large inputs of chemical-
fertilizers, soil amendments and pest1c1des) in transport of load have rarely been brought

“light (Douglas 1967). The rivers of Kerala (with exception of Thrivikranji 1989, Jose
1990) are a case in point. Nevertheless, these rivers are good systems to develop a model
on them in respect of the material flux vis- a-vis its anthropogenic modiﬁcations The
tr ansport of the nutrient fluxes carrled by the I'IVCI‘ discharge can be calculated by various
ways, these processes can be bettered studled by usmg various models Environmental
modeling can be classified into two basic categories. One is the modelmg of individual
components, €.g. the atr nosphere and the hydrosphere The other is the simulation of the
‘entire environment as a dynamlc system '

"Budget models' are simple mass ‘balance calculatlons of vanables (G, N P, Si, S,
etc). Within the deﬁ_ned geographic areas and over deﬁned_penods (Garden et al 1992). |
Usually budget models are built to aggregate the many small individual components of
th‘e' system into smaller s"ets of pieces, which are similar to one another. Thus, all plant

‘species in .an ecoSystem might be aggregz_ited into “priméry._pr_o'ducersi."'. Some grouping
will occur for al'rnost any model. As one applies a single mo'del_ acroSS. a range of systems;
,the value of such -'groupings becomes readily apparent'.For some purposes it may be
" adequate to group all organisms within an ecosystem into the netbiogeochemical’
reactions" Wthh occur within the system. ' ' |

Basxcally a budget descrlbes the rate of delivery to the system (mput), the rate of
1emoval from the system (out .put) and the rate of change of material mass within the
system (storage). Some material may undergo internal transformations of state, which
lead to appearance and disappearance of these meteria]s._ Such changes are some times

referred to as 'internal sources or sinks'.

Budget in terms of a simple equation
dm/dt =2 inputs- Y. outputs +2 (sources sinks)
Where
dm/dt represents the change of mass of any

particular in the system with respect to time.



If dm/dt ratio becomes zero, Wthh indicates that the system mass assumed to be
at steady state. In some systems, the dehvery of nutrients exceeds the assimilation rate,
this would results eutrophication. However some tlmes the nutrients are deficient in the
system, so the aquatlc life with in the system has to depend on other source supply. This
type system can also called as heterotroplc system. The tropic nature and nutrient status
of the water body can be studied by using the budget models.

) Hence. '. in this dissertation an attempt has been made to understand the
biogeochemical behavior of the non-conservative nutrients .and develop a biogeochemical
budget model for small most homogeneous Achankovil River system‘. And an attempt has
also been made. to understand the climatic impact on biogeochemical process. This study

is the first of its kind in the river system of Western Ghats. -



LITERATURE REVIEW

‘Water is i_es_s.ential' for life on earth and is always th‘é'talks of the fown eithef due to
too much of it or too little of it. The Indian subcontinent is one ‘of the wettest places on
earth, with an average of over 4000 km®, that anjoﬁrits to _fir‘ecipitation of about 110 cm,
total river flow of about 1880 km’, 7 m_illi.ons hectares of various types of lakes, ponds,
reéervoirs.. and a p'oténtial renewable ground water sources -of about 431 km’. Riverine
runoff 'pro'vides a powérful geoc;hemical flow playing important role in the planetary
mass exchanging between worlds land and the ocean and is:s'trongly affected by human
activi.tiés. Naturél,.vbiologica.l and geochcmical activities in soils and béarock, as well as
ahthropogenié_ acfivities, are responsible fof the c'ompositién‘ of river ‘wéter, which
eventually r.éa’ches eéstuaries and the 'oce‘a_n’.r Since 1910, an extensive résearclﬂ has been
done so far on-biogeochemistry of various fresh water éystems'agross the globe by
various researchers and scientists. _ ‘

River transports dissolved material to the oceans in the form of suspended matter.
The suspended matter contains a wide range of cations and anoins. Armstrong and
Tibbilts (1968) had done work on N, P,and C c’hémistry of sea water. Later on, Meybeck
(1981, ]982), Hu Ming- Hui and Stallard (1982), Millimam aﬁd Meade (1983), Safin and
Krishnaswami (1984), Ittekkot (1985), Saifulla (1986), Subramanian (1987), Hermer R
(1989), Serlathan.(1993), Rmesh R (1995), Ramanathan (1997) etc. have carried out
nutrient studies of various river systems.

Recently peoplé are working on modeling of biogeochemical processes. In this
subject LOICZ has developed a software package called CABARET ‘(Comp'uter
Assisted Budget Analysis for Research, Education, and Training) to calculate the
material fluxes in and out of the system. In addition to CABART, so many packages"
developed so far, NURAMBO, MIKE series, and a large number scientists working on
the biogeochemical modeling, David L Correl (2000), Desouza (1999), Paul W. Jewell
(1994), Warnant (1994), Van Der Peijl (2000), Kuang-Yao Lee (2000). '



1. Biogeochemistry:

In recent time, researchers have been ,éonccntl'ating on the nutrient fluxes
coming and going dut of the interested system. To étudy the fnass balance mechanism, we
should require the nutrient status and nutrient cycling in the syétem. Milliman and Meade
(1983) estimated the annual suspended load of the world riv‘ers to be about 13.5‘ x 10° t.
the distribution of the sediment loads of different areas is very heterogeneous, and high-
sediment transport rates are concentrated in regions near the equatér and in Arctic
regions. Among the world rivers, the Huanghe delivers the height average concentration" ‘
of sediment load (22000 mg/1) into the sea, followed by Nile (3700 mg/l), and the:Ganges' -
with (1700 mg/l). Important element in the biosphere‘is "cérbo_'n’. ‘Chief components of
the carbon in the environment are CH4, CO, CO, and drganic matter (CH,0). The CH4
and CO that goes into the atmqsphere and ultimately oxidizes to CO,. CH, énd CO.ére
produc‘ts of anoxic decompositi‘on of organic matter;.thus the main procedures of these
are stagnant water systems as lakes and estuar.ievs. Raymahashay (1986) formulated a
methodo]dgy to estimate the percentage contribution of HCO'; in the surface water from
different types of weathering. He showed that variation in the bicarbonate in fhe Indian
rivers in primarily controlled bby Var}}ihg3 silicate fractions resulting from colonization
reactions. Georg Iron (1991) and Jefféry E. Richey ‘(1991) eétirriated Amazon river
transports 3984 x 10°t of suspénded material to the sea, DOC accounts for apperixﬁately
50% of the totaliorganic matter transported by the Amazon. Approximate]y 80-90% of
the DIC is bicarbonate. DIC ranged from 687 nu mol/l to 1228 p mol/l. Telang,
Pocklington, Naidu, et al (1991). | . )

River input into the ocean is an important link in the bi0g¢ocllemi¢al cycling of
carbon between its two major pools viz. land and ocean. The carb_o‘n compounds in these
pools may be in the forms of biogeochemically inert metal compl_e'xed humic materials,
polyphenols, and polysaccharides and rather unstable compounds such as polypeptides,
fattyacids, and carbonates which get-éasily deéomposed.in the reverine environment
(Degens 1982). The total amount of organic matter transporfed by rivers annually is
extremely low (0.5 x 10" g Ca') in é01nparison to the carbon pools linked by the rivers. .
The amount of carbon held with_in the soils of earth is gbout 1515 x 10'° g C (Schlesinger
1984) and ocean (dissolved and particulate together) 40600 x 10'° g C (JGOFS 1992).



 Total organic carbon transported by the rivers to thev’o.céans has been estimated to
range from 0.03 x 105 g C a”' (Williams 1971) to 1 x 10'° g C a (Richey et al 1980),
Intefn;ediatévalues have been proposed, for instaﬁce, by ;_Garrel‘arid Mackenzic (1971)
0.32 x 10'5»g C a’, Duce and Duvrsma (1977) 0.1-0.1v‘5,vx7 10" g C a™" Schleisnger and
Melack(1981) 0.4 x 10"° gC a”', Sarmiento and S,uhdquivst (1992) 0.3-05x 10° g C a
'a'nd‘ L.P.Gupta (1997) 3014 x 10° ton PC .a"'. On a world avefage 0.5 x 10" g Ca’
organic carbon is being transported | is equally distributed between dissol?ed and
particulate fraction of the riverine load (Spiczy and Ittekkot 1991). |
The origin of N in river water is considerably mor'e._ complex then it is for most
other elements because N, exists in solutibn in several different forms ah_d is intimately'. ’
involved in biogeochemical cycling as an esseﬁtial component of living tissue, both plant
and animal. River out put. of N is estimafed to be 49-69 Tg N/yr. Because of
denitrification and other gascous emissivoh process, this amounts to only about one fifth of -
the total N loss from the land. , | | _
This flux can be divided into different forms of nitrdgen: (1). Natural dissolved
inorganic_ nitrogen (DIN), consisting mainly of ammonium and nitrate with global
riverine flux of 4.5 Tg N Y (Meybeck 1982, 1993); (2). Dissolved organic nitrogen
(DON), with a flux of 10 T g N Y (Meybeck 1982, 1993) (3). Dissolved pOllutive
nitrogen, with a flux estimated to lie between 7 T g N Y~' (Meybeck 1993) and 21 T g N
Y (Wollast 1993), and (4). Particulate nlitrogen (PN), with a flux ranging from 27-33 T g
N Y"'. Total PN is both natural and anthrobogenic in origin and represents undecomposed
organic N derived from soil and natural activity along with NH", locked in K—co‘nfaining
silicate minerals. , | |
Jeffery E. Richey (1991) stated that in Amazon nutrient distributions varied
systematically overtime and space, Nitrate was the dominant form of combined N in the
rivers, varying from 5-25u mol/l. In general NO; concentrations observed at the lowest
discharges. The global particulate nitrogen (PN).-transport by rivers amounts to 33 x 10"
g N a”', more than 80% of which occurs in. rivers ha‘vingv high suspended matter
concentration e.g. Ganges, Mekong and Huangle .(Ittekkdt & Zhange 1989). Galloway et
al (1995) estimated that coastal oceans receive about’41 mtN yr'l via rivers, much of

which is buried or denitrified in the coastal sediments 1t self. They predict that by the year



2020, two thirds of increase in anthropogenic N fixation will take place in Asia. More
over, the nutrient budget calculations has done on small rivér systems in various parts of
the world, Boyel et al (2002) estimated nitrate load in small Kennebec_ (333 kg km? yr"), _
Saw (389 kg km® yr''); rivers of US, Charles (644 kg km? yr'l‘), Delaware (961 kg km® yr'
'Y and Potomac (897 kg km? yr"). As much as 80% of PN transport is in Asian rivers
with a large of suspended load (such as Ganges, Brahniaputra,‘ Mekong and Haunch
rivers), which are po]lutéd from deforestation, nitrogen fertilizér appli‘cation and séwége.

Phosphorus, unlike nitrogen, has no stable gaseous. phase in the atmosphere. For .
this reason, in contrast to nitrogen, most phosphoms is lést from land by way of riverrun
off, and a considerably smallef propoftion, on average,‘ of land input is provided by .
precipitation. The major ultimate source of phosphorus is Wéathgring i.e. the removal of |
phosphorus from rocks. However, phosphorus in rocks and sédiménts is rhainly in a
relatively insoluble form as the calcium phosphate mineral, épatite.‘ Even when released
as soluble phosphate by weathering, phosphorus is usualiy 4quickly tied up in the soil on
iron, aluminum and calcium és phosphates or by clay minerals .(Devol et al 1990) to
produce insoluble forms that are not accessible to biological systemé. Because of the
relative insolubility of phosphorus, it is often called as a limiting nutrient in biological
systems; that is, it is in short supply.. ' '

The total amount of P (inorganic and organic) transported by rivers at present is

approximately 20 Tg P yr”' (Meybeck 1982,1993). Froelich et al (1982) estimated tlﬂat the
preagriculfural river phosphorus flux due to weathering was about 10 Tg P yr:' based on a
preagriculiur’al continental denudation rate of 10,000 Tg P yr' (Judson 1968, Greger
1970) and 0.1% P in the earth crust. - -



- P-PO,

River DOC POC PIP
10° ty' 10°ty’ 10°ty" 10° ty”
Indus 3.83 1.3 36 -
Brahmaputra|  1.93 1.5 72 216
Ganges 181 655 47 707
Godavari - - 15 141
Krishna - - 86 -
Cauveri - - 2 0.13 .
World Rivers;| | o
Amazon 191 . 13 216 1485
Zaire 10.15 28 - -
Niger 053 = 066 08 108.8
Meckong - - 3.8 690

Table: 1.1 Average annual fluxes of C and P in selected Indian and World Rivers. -

Table: 1.1 shows the average annual P-PO, per year, in com,parisor_r to peninshlar rivers
.such as Godavari, Krishna and Cailvery, which carryon an average of about 7 x 10°tP
yr'. The high rate of discharge of the Hirrialayan rivers coupled with high elevation of
these rivers are the primary influencing factor for the increased fluxes (Ramésh et al
1996). It can also be observed from the table that the P-PO; transports by Himalayan
rivers are three orders of magnitude higher than that of the Amazon River Most of the
organic matter is liable in the rlver sediments of the Indran subcontlnent (Subramanlan &
[ttekkot 1991, Gupta et al 1997) and is likely to' release additional phosphorus into the
river water. Therefore, the total DIP being exported out of South Asia to the Bay of
Bengal is likely to be greater than 40ug/l (Subramanian 2000). Concentration of.
particulate phosphorus is alWays high in all Indian rivers. The flux of particulate organic
and inorganic phosphorus from lndlan rivers to the ocean is 0.2 and 1.5 million tones per
year respectively (Ramesh et al 1995)
Chemical reactions in the river, which are mtimately mtertwmed with life process,

constitute major controls on the concentrations 'of:-'the following constituents: Ca*,

HCO;, SO4, H,Si04 CO,, O3, NO; and PO, (Ber,gér et al 1989, Wollast et al 1993).



Biological activity strongly affeqts many trace elements (Boyle et al 1977, Sclater et al
1976). The principal process can be recognized: (1); The synthesis “of soft tissués or
- organic matter. (2). The bacterial 'decdmpositioﬁ of organic ‘matter upon death, and -

(3). The secretion of skeletal hard parts. ' _

Essentially all organic matter is u!timateiy_ fbrﬁled 1n the surface water by
‘photosyntesis in presence of light By photoplankton. Redfield (',1'958) had shown those
average elemental componven’ts carbon‘, nitroéeh’ and phosphorus can be represented- by
the molar ratio 106:16:1. This can be represented by the folloWing photosynthetic
equation:

light
106 CO, + 16 NOy + HPO,? + 122 ﬁzO +.18'Hf—+ﬁ Cio6H2630 10N sP + 138 O,

This reaction shows that photosynthesis requires not only CO, and light but also
uptake of nutrients such as nitrate and phosphate. Highly Varying nitrate and phosphate in
surface waters is becauise of planktonic activity. The ratio between C: N: P is 106:16:1

can also c_alled' asR_eidﬁ_gld ratio.

BIOGEOCHEMICAL MODELING

- An increasing curiosity'about the fate of énvironment and its components has
been initiated the modeiing of environment, and its compbnents. The pressAure by the
soc_iefy for a bétt_er understanding of the environment and its Cdmponents and an
improved capacity for envifonmental_ prediction has been ever increasing.

Large number people have studied the biogéo'chemistry and biogeochemical
process of different aquatic ecosystems (Meybeck (1982), Dovel A.H. (1990), Froenlich
(1982), Subramanian (1997,1999,2000), Ramanathan (1996), Ramesh (1996). All of
them had calculated the nutrient fluxes of ihe aquatic bodiesA vviz. rivers & esturies and
fate of the nutrients in the systems. Natural systems like rivers are very complex and
dynamic in nature. The models predict the biological nature and-availability of the
nutrients. The models that are used for the study of the biogeochemical behavior of the
nutrients are called biogeochemical model. There afe so many models are in practice, box

model is one of the widely used methods to study‘f’ the behavior of non-conservative



nutrients like nitrate and phosphate. In box modeling one assumes that a propoftion of the
system is so well stirred that it is h‘ofnog'enébus in Cbmposition and can be treated as a
uniform "box". In-this case, input of a dissolved substance form streams, output by a
surface outlet, precipitation and removal to bottom sediments and addition via dissolution
or bacterial regeneration of the suspended and sedimented solids (Imbodenanée Lerman
1978). Rates of these processes can be represented as: |
AM |
—— = CiFi -CFo +Rd -Rp
.AT ‘Where ._
Fi = rate of water inﬂbw fr'o:m'streams
“Fo = rate of water outflow through outlet
mv= total mass of dissolved subsiance in the system
Rp =rate of removal via's'edi'mevntation
Rd= rate of addition via dissoltion of solids -
'_Cif = concéntration of diSsolved-substance in the
| System | | |
C = concentration of the nutrients in the system

T =time

This type of single box models is applicable to‘ the lake systein‘s, where as for
riverine eéosystems the total area of the system has to divided into small boxes and
_scaling of each box:is important for the estimation of the flux into and out of the system
(Garden et al 2000). . o | |

~ An area of vb.iogeochemical modeling research that_.‘is preséntly receiving great
attention in India and various parts of the world. The physical, chemical and biological
parameters of the water are affected by various factors. 'N_utrient flux calculations have
been used for estimation of circulation and transport of the ‘m.ltrien'ts over a period of time

spatially and temporally.

A model is any simplified description or abstraction of the process. There are

various types of models from the simple box models fo more complicated models which



describe specific f)l’d‘ﬁ:@SS (e.g., primary production as a function of light, sediment
transport as function of rive1" flow, etc.). Many such process models may be further
combined into an integratéd system model (Gardon et ai., 1996). Howeveér, in general, the
more complex model structure, the less statically robust is the statistical output.

- Genérélly modgls operate at the scale within which interactions among individual
components with‘. respect to the dynamic of the species (Malanson 1993). Some models
are often specific to the ecosystem for which they haveudeveloped and usually their
results cannot be'e.xtrapolated to other ecosystems or to a wider rangé of environmental
condvitions (Whi‘t.é. et al.,,i993). The carbon flux into .th'é biosphére ‘r-evpresents the gross
primary productivity (GPP) ie. carbon fived in the | photosynthesis by organismé
(Heimann' et al.; 1998). The net primary production (NPP) 1s the profit remaining from
the photosynthesis of the organism, i.e. the GPP minus the respiration. The rate of
'respi‘rz‘l.tioh can be used for estimation of productivity of the system (Lieth & Whittaker
1975). The NPP is used for Building up organic matter, part of which lost by water over a
périod of tiin’e (Larcher 1995). The net ecosystem .productio_'n (NEP) represents the net
exchange between the biosphere and atmosphere, a fractidﬂ'of NPP can. accumulate from
one year to the next as NEP (Leith and Whittaker 1975). _

Micl;ael J. Vanni et al., (2001) estimated fluxes of dissolved and particulate
nitrogen and phosphorus from three watersheds in US were quantified with a high
resolution-sampling program over a five-year period. They estimated, over the five-year
period, mean annual flux of soluble reactive phosphorus was 0.583 kg P ha™ y' from
smallest watershed and 0.295 kg P ha' y"! from the intermediary watershed. Mean annual
flux of nitrate was 20.53 kg N ha' y"' in the smallest watershed and 44.77 kg N ha'' y!in
the intermediary watershed.

In addition to this, a large number of researchers vha\'lev developed models on
various aquatic ecosystems on various parameters (Evans and Gareen 1997, Doney et al., -
1996, Flierl and Davis 1993) and studied impact of the mesoscale eddy field on the
spatial and temporal scales of biological production and on overall productivity (Mc
Gillicuddy et al., 1995, Smith et al., 1996, Dadou et al., 1996, Mc Gillicuddy and
Robinson 1997). Hema Naik(C, N and P Budgets for Mahanadi Estuary, East Coast of -
India, 2000), S. N. de Sousa (The Mandovi Estuary, Goa 2001), JI Marshall Crossland,



C.J. Crossland and D.P. Swaney (Ccngo (Zaire) River Estuéry, Democratic Republic of
the Congo .2000)44 V. Wepener (Mhlatbuze River Estuary,‘KwaZqu-Natal, South Africa
2001), X. Iﬁurrieu de Madrou, L. Denis, F. Diaz, N. Cércia, C. Guieu (Gulf of Lions,
_ France ZQOO),‘ Idna Yurkova (Donuzlav estuary, Northwestern part of the Black Sea,
- Ukraine  2001), F . Muﬁoz-Arriola, J. Carriduiry-Beltran, E. Nieto-Garcia and M.
Hernandez- Aycn (Colcr'ado River Delta 1999) and Shen Huan- Ting, Huang Qing-Hui,
Liu Xin- Cheng (Nltrog en and Phosphorus budgets for the Changjlang (Yangtze) River
~2000). ’ - )
Paul W Jewell (19:94) developed a mass balance model of Ekman transport and
| nutrient tluxes inl.coas_tal upWelliug zones. He develcped a(mo.del using longshore '
transport surface _productivity and dissolved phospborus His observations were
consistent w1th the conceptual model of surface and subsurface currents which were
- movrm, towards the equator and continually being upg,raded by the offshore flux of
nutrierits. Sybil P. Seitzinger (2002) developed a regression model (Riv R-N), that
predrcts the propomon of N removal from streams and reservoirs as an inverse function
of the water displacement time of the water body. He observed that the proportion of N
removal from all streams in the watersheds (37-76%) is considerably higher than the
proportion ofN input to an individual reach that is removed in that segment (> 20%)
because of the cumulative effect of continued N removal élong the"entire flow path in
down stream reaches. Richard B. Alexander et al,, (2002) done a comparative study of
models for estimating the riverine export of nitrogen export of N from large watersheds.
David C. Cornell et al., (2002) studied the microbial status of the Beaver Pond
and its effect on the Maryland Coastal Plain. He observed in his study that over a period
of time the biogeochemical parameters has been decreasing, this is due to the rapid
growth of the aquatic flora and fauna- within the system. Kuang Yao Lee (2002) used -
GLEF and ARC/INFO to study the hydrochemistry of the Choptank Rivers. He -
developed a model using ARC/INFO, his observations were used to assess the
importance of hydrologic inputs and outputs relative to sediment burial, denitrificationn

and nitrogen fixation.



-In India, number of scientists have done work on b'iogevbchemistr.y. of major rivers,
very few like S. Bajpayee, A.Verma, K.P. Thirivikramjai, Sabu Joseph have studied -
biogeo_chémical characteristics of small rivers which are ﬂoWing in Western Ghats.

T-he‘ literature review points that the éb'sénce_ of Biogeochemical studies in
Achankovil River basin. Hence, an attempt nhas been made in this stu'dy to pfoduce a base

line data on this study.
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CHAPTER 2
STUDY AREA

The Western Ghats comprise the mountain range thaf runs along the
western coast of India, from the Vindhya-Satpura ranges in the north to the .
southern tip. The ecosystems of the Western Ghats are located méinly in the
following regions: the tropical wet evergreen forests in Amboli and
Radhanagari; the Montane evergfeen forests in Mahabaleshwar and
Bhimashanker; moist deciduous foryestis in Mulsi and fhe scrub forest in
Mundunthurai. ' _ |

There is a gréat variety of -vegetatioh all aloxig the Ghats: scrub
jungles, grassland along the lower altitudes, dry aﬁd moist deciduous forests, |
and semi-evergreen and evergreen for'estsv. There are two main centres of '.
diversity, the Agashyamalai hills and fﬁe Silent Valley. The complex
topography and the heavy rainfall have made certain areas ihacéessiblé and
have helped the region retain itsgdiversity. There is an evqual'diversity of
animal and bird life. There is only one bio-diversity reserve in the Western
Ghats, the Nilgiri bio-diversity reserve, which h‘elps in conserving endemic
and endangered species. A few of the indigenous and exotic tree and plant
species in the Western Ghats are the teak, jamun, céshew, hog plum, coral
tree, jasmine, and crossandra. ,

There are a large number of rivers flowing through this mountain
range. These are important for the bio-diversity of Western Ghats. Some of
these are'Périyar, Bharatphuzha, Kallada, Achankovil, Manimala, Pamba,
Chalakudi, Muvattupuzha etc. ' '

The present study mainly concentrated on three rivers Achankovil,
Pamba and Manimala, which are covering mainly‘four districts of Kerala i.e.
ALLEPY, PATHANAMTHITTA, and KOTTAM. The length of

Aqluankovil, Pamba and Manimala are 128,176 and 90 km respectively



SOIL

The soil type of the study area is most predovminantly lateritic,
especially in the midlands. These are weathering product of rocks under the
tropical humid conditions existing in the study area. It shows a developed A,
B, & C profiles, which are deep to- very deep. The ‘B-horizon is well
developed in most area and has abundant a ferruginnound ‘cjuartz gravels. The
other dominant soil type is Hapludolls-Tropudalfs-Tropeptic-Eutrothox
(loam) type of soil, which is developed on the Weathered' crystalline rocks in
the eastern part of study area. They are rich in organic fnatter.TropoﬂuVents -
Eutropepts - Dystropepts (alluvium) typé 6f soil is well developed along the

river valleys and cut across the laterite cover . They are very fertilewith high
holding capicity.Tropaqualps - Tropaquepts (brown hydfomorphic) type of
soil is present in parches in the areas of wetlands and are rich in organic
matter and potash.Troporthents (grey-onattukafa) type of soil is found only in
Alleppey and Quilon districts. It is grey in colour; course grained and acidic

in nature.

TEMPERATURE

From last 10 year average data of temperature variation from Indian
Meteorological Department, New Delhi, the day temperatures are more or
less uniform over the plains throughout the year except during January,
December and months of July whén these temperature drop down by about 2
to 3° C. Both day and night temperature lower ovver‘the plateau and at high
level stations than over the plain. Day témperatureé of coastal places are less
than those of interior places. March-April is hottest 'mohth with a mean

maximum temperature range from 32°C to 37°C on different stations. -



HUMIDITY -

Kerala "posses a very high humidity over all the year because its very
| elose to Arabian Sea. In months December to March it possess relatively low
humidity about 74 % to. 77% whiie in months of June-July humidity rises to
its peak 90% to 92 %. The humidity also vairying from 35.% in the interior to
71 % in the coastal area. | , - A

The diurnal variations in relative humldtty durmg January ‘March is
maximum and ranges from 4 % to 16 % depending upon the prox1m1ty of
sea. The diurnal variations in monsoon period i is minimum and ranges from 2
% to 12 % maritime influence playing most important role in governing this

variations.

RAINFALL

The total annudl rainfall in the state varies from 380 cm over the
extreme northern parts to about 180 -cm in the southern parts. The SW
monsoon (June - mid Qctober) is the principal rainy season when the state
receives about 73 % of its annual rainfall, monsoon rainfall as pereentages of
annual rainfall decfea‘;es from north to south and varies from 85% in
_northern most district- of Cannanore to 54% southern most district of
Tuvandrum Ramfall in the NE monsoon season (mld October toF ebruary)
and hot weather season (March to May) constitute 7 to 25 and 10 to 20% NE
' monsoon rainfall as percentage of annual rainfall increases from North to
South and varies from 7% in Northern most district of Cannanore to 25% in

Southern most district of Trivandrum.
ACHANKOVIL RIVER BASIN

Achankovil River is in south of Kerala with an area o.f 1484km® and
annual average discharge of water about 1.5 km?yr' 'hounded by hills on three

“sides on the south and north longitudes 8.75° and 9‘.’.50 and east longitudes
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76.25° and 76.75° (fig 2.1). The land lies at a height of 20-1201 meters above
msl level. Side slope of the valley is moderate (50-180m). The area receives
an annual rainfall of 289mm. The geology is orystalline rocks (pyroxene
granulites, charnockitic gneiss, khondalites and associated calc-granulite
bands). The basin dlsplays dendutlc to sub-dendritic and rarely rectangular
and trellises drainage patterns. The river discharges into the Vembanad lake
extends from Cochin (Koch1) to .Alleppey'(Alap‘uzha) for a distance of 83km
and is the largest estuary in Kerala. Its width varies from a few hundred
meters to 15km. It is elongated and orlented in NW- SE direction. Five major
rivers, Viz. Muvattupuzha Meenachll Mammala Achankovrl and Pamba
discharges into this lake. | o _

~ From. last 10 year average data of temperature Varlatlon from Indlan
’ Meteorolog,rcal Department New Delln the day temperatures are more or
less uniform over the plains throughout the year except during January, -
December and months of J uly when these temperature dropvv down by'ab_out 2
to 3°'C. Both day and ﬁight temperature lower over the plateau and at high
'_ levél stations than over the plain. Day temperatures of coastal places are less
- than, those of the interior places. March-Aprrl is hottest month w1th a mean

maximum temperature range from 32°C to 37°C on different stations.

PHYSIOGRAPHY: -

Physiographically, the State is divided into -three divisions, viz., (I)
The hi ghland region in the east consisting of the forests of the Western Ghats
and its slopes; (2) The midland region, and (3) the lowland region in the west
coast. These three regions run nearly parallel to eachv other from one end of
the State to the other. The topography of the highland region is mountainous
with altitudes ranging from 400-2000m above the sea level. The midland
(region) has a rolling or hilly topography roughening into slopes and
gradually Joining the mountains, the altitude varying from a few meters in the
west to about 400 meters in the east. The harrow coastal belt of lowlands in

the extreme west has a nearly level and flat topograph'y. A series of natural
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backwaters connected together by man-made canals is characteristic feature
of this region. The entire face of the land is interéepted by a number of rivers,
- ‘which originate in the mountains in the east and flow towards the backwaters

for the sea in the west.

GEOLOGY | |

‘The main geological formations of the State beloﬁg to the Archean
period except for the coastal tracts where the more recent sedimentary
formations known as the Varkalai series exists and extend almost
continuously from Varkalai in the south to Kasargod in the north (fig. 2.2).
The -sands alluvium, organic deposits and lacustrine beds of recent -
formations. According to the time scale, the geological formatior.l' of Kerala

are given as follows: .

l. Recent: Sands alluvium, organic deposits and lacustrine beds.
2. Tertiary: Sedimentary laterites of the Varkalai series and residual
laterities of the Upper tertiary. ‘

3. Archaean: Crystalline rocks.

VEGETATION

In spite of the small area of the State the vegetation is extremely
varied and exhibits a wide range of plant formations characteristic of the
following climatic zones: ,

(i) The humid Temperate Zone of the high ranges (above 1,3.'50 m).

(ii) The sub-tropical zone (750-1,350 m)

(ii1) The monsoon forests (450-750 m). .

(iv) The midland and coastal region (0-450 m).

Natural vegetation is now found that only in the first three zones

which together constitute about 25 percent of the :fotal area of the State.
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Along tbe lbwer altitudés of the humid Temperat'e"Zone treeys of the Cybress
and Eucalyptus spemes are seen. Shrubby forms are rare, but many perennial
- herbs and grasses are found The tea shrub, Camellia sinensis, is cultivated
extensrvely in this regron The climate of the sub- troplcal zone is suitable for
the growth of huge trees such as the teak (Tectona grandls) and the
rosewood (Dalbergla latlfolla) Saprophytlc plants like orchids and fungi
~grow in the decaylng orgamc matter of the forest floor. Extensive plantatrons
of para rubber, (Alevea brasrlrensrs) and of cardamom . (Elettaria
cardarnomum)" as well as that of tea are found in this regibn Thé chief
_characteustlc of the monsoon forests is that the trees are mamly of the
deciduous type so that leaf fall occurs at the beginning of the dry seasons.
The whole of the midland and coastal regions is under human habltatron and

the vegetation consists
DRANAIGE

The Achankovil River originates. at the place called Achankovil; it is
in District Pathanamthitta of State Kerala. The total length of the river is
about 128 km. It is the main water source for people of Pathanamthitta and
Alleppy districts for drinking and agricultural purposes. It is flowing through
the thick forests of Western Ghats and carries a lot of nutrients and organic
load to near by areas. On this river so many dams and bridges are constructed
e.g. Ambalakadav, Mavelikara. This- river enters District Alleppey. At
Viyyuvaram it confluence with Pamba and moves towards little northeast,

finally meets with Vembanad lake.
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CHAPTER3 .~
| "MATERIALS AND METHODS
SAMPLING | o

- Chemistry .of water, collection vof‘ samples and the'methodsl'f adbpted for various
authors (Chidémbaram 2000) discussed the sampling".' téchniqu_eé. The analyfiCal '
techniques and the sample collection are important in 0rd¢r to obtain a good result and
interpretation (APHA 1985, Ramanathan 1992, Ramesh_1996).

A total of 18 water samples were collected from three rivers for three seasons, 12 -

.samples from Achankovil river, 3 from Pamba and 3 from Manimala in February-2002

(pre-monsoon), June-July-2002 (Monsoon) and October-2002 (Post-monsooh). The
sampling locations are given in the table No: 3.1 and figure No: 3.1. Po'iyprbplene was
used for the water samples. All containers used for sampling were washed with 10%
hitric acid solution followed by distilled wate‘r. 100 ml of the water samples were vacuum |
ﬁl‘tered using 0.45 pm Millipore membranes (the filter papers had been pre-weighed
before filtration). 100ml of the water samples were ﬁlfefed in fhe field and the filtrate
acidified with phosphoric acid. Another sample of 100 ml was filtered but not acidiﬁed,'
while the third sample of 250ml was unfiltered but kept as the ra;zv'sample. All the thrée
water samples and the suspendeél matter (filter paper) were brought to the laboratory and

stored at 4” C in order to avoid any chemical alteration (APHA 1995).

3.1 FIELD MEASUREMENT
The pH, electrical conductivity (EC), dissolved oxygen (DO) and temperature

measurements on the unfiltered water were carried out in the field using a field water

analyzer kit.
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Sample No. _ Place of Location
AC1 Konnt
AC2 Aruvappalam
AC3 , Kumpazha
AC4 - Pathanamthitta
‘AC 5 ' Ambalakadau
AC6 RN Thumpanom
ACT : , Pandalam
ACS8 Vettiyar
AC9 , Mavelikara
AC10 | Paippad
AC 11 + Viyyuvaram |
AC 12 ' . Viyyuvaram 2
P1 ' Vadaserikara
P2 | - Ramni
~ P3 ' Edath_uyé
M1’ Cheruvalla
M2 ' ~ Mallapally
M3 - Thiruvella

Table Nd: 3.1 Slampling Locations

3.1.1. pH . | .

The pH was measured using water anavly'zcr kit. The glass electrode was
conditioned (4 MKCI as filling solution) and calibrated with buffer solutions of pH 4, 7
and 9.2. The temperature knob was set in accordance with the temperature of the water
samples. The samples were stirred co_ntinuously in order to maintain homogeneity before

noting the pH.

3.1.2. Electrical Conductnvnty (EC)
The conduct1v1ty was measured in micro- 51emens/cm (uS/cm) usmg conductivity

meter. The instrument was calibrated and set for 0.01 m KCl solution (1413pus/cm at
25°C) (Todd 1980). water analyzer kit.
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3.1.3. Dissolved Ox.ygen .
Dissolved oxygen was measured in milligrams per liter (mg/l) using water

analyzer kit.
3.2 LABORATORY ANALYSIS

3.2.1 Bicarbonates

The bicarbonate content was determined fo_lldwing the"potentiometric titration
method (APHA, 1995). Bicarbonate standards ranging from 100- 1.(.)00f)pm was prepared
from NaHCO;. 50 ml of sample and.é series of bicarbonate standards were titratéd
against 0.02 N HCL. The end 1;oint was noted at pH 4.5. A graph was plotted between -
bicarbonate standards and volume of acid consumed. The readings for samples were

noted down from this graph.

3.2.2. Chloride ,

Clﬁloride content was determined by ‘Radelkis’ chloride ion selective electrode, in
combination with a double junction reference electrode (with inner junction 4M KCI and
outer junction 1M KNO3) (Coming 1981) and Consort P602 ion meter (Consort .1994). 25
ml of each sample and a series of chloride standards was mixed with equal volume of
Ionic Strength Adjustment Buffer (ISAB). ISAB was prcpéred by ‘dissolving 15.1g
sodium bromate in 800 ml of distilled water and 75 ml concentrated HNO; was added
and solution was stirred well before diluting to 1 liter by distilled water. The electrodes
was conditioned and dipped into sample to n_oté_ stable reading in mV. The instrument
was calibrated with standard seavyatér after compensatibn for temperature had been done.

The instrument directly recorded the concentration of chloride.

3.2.3. Flouride
Fluoride concentration was determined by ‘Omega’ fluoride ion selective
electrode (Omega, 1993) in combination with a double junction reference electrode (with

inner junction 4M KCI and outer junction 54 1M KNO3) (Corning, 1981) and Consort



P602 ion meter (Consort, 1994); 25 ml of each sample and standard solution (O.l.ppm -
10ppm, from NaF) was mixed with equal volume of Total lonic Strength Adjustnﬁent
Buffer (TISAB) (prepared by mixing IM Sodium chloride, 0.25M Acetic acid, 0.75
Sodium acetate, and 0.001M Sodium citrate) (Corning, 1979).‘ The instrument. was
calibrated with standards, after compensation for tem.peratlir'e. had been done. The

instrument directly recorded the concentration of fluoride. -

3.24. Sulphaté - . o _

 The sulphate concentration was determined by turbidity method. Sulphate
standards of concentration ranging from 0.5 mg/l to 1.5 mg/l were 'prépaféd from Sodium
sulphate. 10 ml of each standard solution and samples were taken, and 'diluted to 100 ml
with distilled water. Then.20 ml of distilled samples and 5 ml of conditioning reagent
(mix 50 ml glycerol + 100 ml of 95% ethy! alcohol + 75 ml of NaCl) was added and
mixed well. The flask is constantly stirred with stjrreh Barium chloride is added while
stirring and turbidity developed was measured on spectrophotometer at 410 nm, after 5
min in both standards,ahd sample. The standard curve by the 'absorbahce values of
standard sulphate ’s_olution wés plotted in the -gfaph' for specied ranges. Read the

concentration of sulphat¢ in the sample is read from the calibration graph.

3.2.5. Phosphate : _

Phosphate was determined by tlie Ascorbic acid method (APHA, 1995)-
phosphate standards ranging from 0.01 — 0.5 ppm was prepared from KH,PO,. 40 ml of
each sample and standard solution was pipetted out in 50 ml volumetric flask and 5 ml of
molybdate antimony solution (prepared by dissblving 4.8g of ammonium molybdate and
0.1g potassium antimony tartrate in 400 ml 4N H2804 and making the total volume to
500 ml with the same acid) and 2 ml of ascorbic acid solution (2.0% w/v) was added and
mixed well. The mixture was diluted to 50 ml and optical density was meésured at 880
nm using Cecil Spectrophotometer (model no. 954). A graph ‘was plotted between
standard concentrations and optical density and sample ébncentration was recorded
directly from this graph. | |

25



3.2.6. Dissolved Silica _ o

The dissolved silica content was determined by the molybdo silicate method
(APHA, 1995). Silica standard was prepared ranging from 5 to 20 ppm from natnum‘
silicate (Na2SiO3). 20ml of each sample and standard was pipetted out in 50 mi
volumetric flask and 10 ml of Ammonium ‘molybdate solution (prepared by d1ssolvmg, 2g-
ammonium molybdate in 10 ml of distilled wate'r;A 6 ml of concentrated HCI was added
and final volume was raised to 100 ml by distilled water) and 15 ml of reducing reagerit
(preparing by mixing 100 ml metol sulphite solution, 60 ml IO%voxaliaacid and 120 ml
25% sulphuric acid, and making the tota! volume 300 ml by:addivng distilled water) was
added and mixed well. (Metol sulphite solutioﬁ:‘\zvas prepared by dissolving S5g metol in
210 ml distilled water and 30 sodium 'sulphité was added and the v.i/olume was made upto
250 ml by adding distilled water). The samples was stirred pfoperiy, and kept for 3 hours
- to complete the reaction. The optical density ‘was measuped at ‘650" nm using Cecil
Spectrophotometer-594. Graph between standard concentration and optical density was

drawn and concentration of samples was recorded from it.

3.2.7. Cations

The cations in the sample were analysed using Metrohm Ion Clu‘omatoz,raphy
with 709 IC Pump, 733 IC Seperator Centre and 732 IC Conductmty Detector The
column used was IC Canon Column Metrosep 1-2 (6 1010 000). The eluent used was 4 m
mol/L tartaric a01d, 1 m mol/L dipiclonic acid and co_nductlvlty approx. 700 mS/cm. The
pH,of the sample was maint’ained in the range of 2.5-3.5. Thé flow rate maintained during

‘analysis was 1.0 ml/min. -
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CHAPTER 4
RESULTS and DISCUSSION

4.1 BIOGEOCHEMISTRY: ‘

Biogeochemistry is the study of biological controls on the chemistry of
environment' and geochemical regulations of ecoloéical structnre and function.
Biogeocher'nistryv is directly or indirectly .‘ influenced by various natural and
anthropogenie ectivities_.,The uptake, "'storage and release of nutri__ents influence the
~natural water chemistry by the biological systems. In natural ecosystem_, elements are
| taken up by the -autotrOphs-ﬁom sources. These are repeated eating andl-being eaten by
the higher troplc level blologlcal systems and ﬁnally released into the system by the

activity of the detrivores. In addition to this, natural processes can d]SO mobilize the
'. nutrients from the under ground stored reservoirs (parent rock) into the river system

_ by weathering mechamsm

ION CHEMISTRY |

The chemical composition of the Achankovil rlver ‘water for pre-monsoon,.
| monsoon and post-monsoon are given in Table No: 4.1, 4.2 & 4.3. The  Achankovil
river water is neutral to mildly alkaline. The pH for pre-monsoon ranges between
6.92- 7 4, 6.97-7.31 for monsoon 6.34-7. 02 for post monsoon seasons. The pH for
Pama and Manimala ranges from 6.87-7.56 and 6.91-7.62 resp,ectlvely. The EC
ranges between 43.5-53.5 ps/cm (pre-monsoon), 31-39.2 p;‘s/em (monsoon) and 31.1~
41.3 ps/cm (post-monsoon). The EC values for Pamba and Manimala range between
25.3-45.1 and 27.7-52.1 respectively. In the up stfeam region, the river water is
slightly acidic (pH 6.8) and has a lower EC (34.7 us/cm) due to the influence of
precipitation in the monsoon pefiod. However, both pH and EC increase further
down- strealn of the river due to contributions from the weathering processes in the
drainage basin and anthropogenic activities. EC is minimum during monsoon and
post-monsoon and maximum in pre-monsoon. But there is no drastic change in EC
may be due to the dominance of resistance rocks in the drainage basin. The influence
of atmospheric precipitation on pH and EC is more pronouncedlin the river basin

during monsoon and post-monsoon period. The increase in the ionic concentration in -
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Table: 4.1: Water Chemistry of Achankovil River System - Fremonsoon

‘|SampleNo.| pH EC ORP DO HCO, HSiO, NO, PO, . SO, cl F Na K Ca Mg TDS TSM
ACt | 714 54 197 35 865 - 36 047 053 063 153 00456 249 035 293 098 3597 0.011
‘AC2 | 74 51 192 51" 951 . 85,038 057 057 1612 00487 334 011 359 175 4448  0.063
AC3 | 712 453 198~ 43. 858 . .37 -.043 061 . 091 189 00469 338 013 378 178 4225  0.02
AC 4 692 483 195 46 969 - 45 032 073 090 203 00425 298 0103 318 153 4427 0.054
ACS5 | 726 435 -190. 45 . 957 - 93 039 059 060 2015 00478 3.02 0104. 334 172 4884  0.094
AC 6 723 513 192 49 - 927 6 . 035 074 061 1862 00421 271 0098 317 146 4308  0.057
AC7 73 424 204 43 963 116 035 047 063 2136 00436 44 0509 3.1 147 5356  0.044
AC8 | 715 471 208 . 3.6  8.89 31 . 043 061 075 2438 0049 623. 0155 41 312 5181 0.027
AC9 701 503 198 46 898 91 041 041 056 - 2139 00487 425 036 366 178 5095 0.044
AC 10 72 483 194 S 9.26 2.5 035 . 076 055 2368 00419 976 084 242 339 5355 0018
ACI1l | 725 535 218 44 883 . 29 047 041 061 = 2452 00428 243 017 - 223 1012 4361 0017
AC12 | 712 484 195 49 823 36 043 037 062 235 00479 898 0534 445 - 322 5398  0.019
Pl 752 452 214 52 825 3.8 031 085 069 226 00432 147 062 - 13 0525 4047 0016
P2 709 337 208 48 845 41, 050 046 056 - 235 . 00487 219 015 1987 0822 4276  0.025
P3| 725 334 209 .59 9.2~ 327 1047 . 042 054 241 00429 314 0098 255 1317 4500 0.023
M1 | 705 451 215 51  9.62 3.5 025 037 049 216 00459 403 0131 3.6 0461 4409 0019
M2 | 762 484 199 - 53 - 917 295 031 049 046 234 00483 528 0208 223 0861 4539  0.022
M3 | 715 521 218 59 903 - 36. 049 040 066 235 00471 ‘285 0129 . 29 ~ 0958 4456  0.024

~ All are in mg/l except pH, ORP and EC (u S/cm)



Table: 4.2 Water_ Chemistry of Achankovil River System - Monsoon

AjSa

oH

Ca

- 0C

30.9

1653

T 72 L

068

253

mple No. EC ORP DO HCO, HSIO, NO, PO, SO, CI F Na K Mg TDS TSM
“AC1 | 725 347 198 87 1635 66 027 066 0754 221 00466 259 286 215 103 5541 0.029
| Aac2 | 714 366 187 87 1529 52 028 061 073 183 00499 758 342 758 053 5957 0.059
| AC3 -]7697 349 196 89 1691 7 043 057 0658 152 00448 436 283 437 - 077 5314 0.069
LAC4 1720 345 183 86 1586 48 - 032 061 0569 224 00439 38: 303 38 094 5625 0.08
“AC5 | 731 387 195 85 1498 55 039 061 061 213 00441 467 201 421 09 5523 0.052
AC6 | 698 31 187 86 1638 44 035 063 0553 256 0044 393 237 394 084 59.04 0.088
AC7 | 699 362 155 87 . 1601 31 035 061 0642 195 00445 295 202 391 026 4940 0.028
‘AC8 | 704 437 172 89 1705 6 023 061 0722 211 00446 219 239 119 084 5237 0.032
CACY9 | 711 401 181 96 1562 6 021 061 0473 203 00454 135 253 132 077 4923 0.024
AC10 | 721 484 178 89 1526 65 035 065 0513 165 00435 126 103 12 055 4385 0024
CAC11 | 731 419 185 87 1609 72 029 065 0569 199 0044 132 348 132 104 5190 0018
AC12 | 713 392 189 86 1629 © 82 028 065 0788 196 00476 117 115 118 06 4996 0024
P1 | 698: 253 159 81 1738 . 68 037 060 0699 221 00436 137 12 138 069 5263 0015
P2 |-756 0 0337 178 79 1659 - 74 045 052 0622 216 0044 105 13 105 079 5142 0021
P3| 726 34 164 86 1664 82 031 062 0899 226 00473 232 076 224 118 5581 0.037
M1 | 741 277 - 195 91 - 1729 ... 79 © 027 062 - 0745 213 00479 552 089 453 052 5963 0.032
M2 | 715 . 302 184 84 © 1683 75 032 066 0847 241 00481 263 205 263 081 5843 0.029
M3 | 706 179, 81 -0.879 0.0474 107 117 101 079 5497 0.036

029"

- All are in mg/l except pH, ORP and EC ( u S/cm)
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Table: 4.3: Water Chemistry of Achankovil River System - Posfmonsooﬁ :

DO

H,Si0,

NO; .

‘PO,

SO,

CL:

"~ Na

Mg

TSM

Sample No.{ pH EC ORP . HCO, o S( . _ K Ca TDS
AC1 702 402 207 87 1514 .87 _ .02 .. 056 070 250 00479 . 453 0122 21 157 5867 003
AC2 | 692 345 204 85 1458 95  0.19. 062 067 . 300 0048 258 0114 23 104 6164 014 |
AC3 678 413 223 83 1375 79 018 = 057 . 068 125 . 00481 - 237 1256 . 23 172 4328 0.13
AC4 . | 634 341 207 79 1653 . 88 . 021 . 06 061 300 .00466 ~ 273 099 269 1I8 6438 0.1
AC5 | 672 311 214 83 1723 82 0157 06 058 300 00475 253 1121 213 19 6450 0.09
AC6 | 682 374 196 72 1444 8.9 0.14 064 057 250 - 00477 © .325 1037 231 176 - 5809 0.1
AC7 |- 679 372 207 81 1305 102 017 06 . 062 .. 325 - 00476 246 0971 - 198 167 6426 0.09
ACS8 677 34 206 79 1514 - 116 0.5 062 067 400 00473 274 0.18 307 106 7528 0.09
ACY 635 415 212 74 1305 87 017057  058- 300 00472 503 0211 344 131 6311 -0.11
AC10 | 662 37 217 85 1166 89 018 -064 050 - 300 00482 266 096 267 099 5920 0.09
AC11 | 674 362 226 85 1444 75 008 065 054 250. 00476 543 021 339 283 6011 0.12
AC12 | 669 348 214 82 1236 86 016 063 046 100 0048 - - 214 079 222 056 3796 0.03
P1 708 28 213 85 1305 _87 008 . 063 = 046 ~ 250 00476 18 072 - 169 077 5301 003
P2 696 249 211 .78 1723 8.4 005 062 048 325 00469 228 085 174 045 6465 006
P3 687 24 . 208 92 2003 114 - . 014 068 058 375 00473 287 081 193 076 7674 0.08
M1 691 364 216 76 1793 98 018 062 054 275 00479 25 0124 271 095 6290 0.08
M2 696 338 214 79 1584 94 016 059 . 056 325 00481 = 251 0121 111 035 6319 001
M 3 702 337 241 82 1444 97 325 00474 215 0108 204 068 6296 0.01

0.15

0.62

0.52

All are in mg/l except pH, ORP and EC (1. S/cm)




premonsoon may-be due to the partial evaporation effect during the low water level

perlod aided by elevated temperature in the region.

| Dissolved Oxygen in Achankov1l water ranges between 3.9-4.9 ppm (pre-
: monsoon) 8.6-8.9 ppm (monsoon) and 7.2-8.9 ppm (post-monsoon) DO is very high
in the monsoon and post-monsoon pertod. ORP trend also indicates the oxidation
stock'in_ the river and the abundance ef DO in the water (table: 1, 2 énti 3). High DO
content in the river water is a result of rapid movement bf surface water in the river
system which enhanees dissolution of exygen in weter (Deh.adra:i and Bhargava
1972). | | | | o
| The total suspended sedimentl load can b.e used to calculate the mechanicél '
denudation rate for continents. Total suspended matter carried by the Achankovil
water _is ranges between 1.1-2 ppm(pre-monsoon), 1.8-8 ppm (monsoon) and 3-10
ppm (post-monsoon).‘ TSM carried by Pamba and Manimala ranges between 0.016- -
0.03 and 0.01-0.036 ppm respectively. The TSM 1s very low here due to the
dominance of resistant chornokites in the drainage basin. The relatively high amount
~of TSM value in Achankovil river basin in monsoon and post-rnonsoon period is may
be due to heavy rainfall and large runoff. ' | _ _ | ,
Total Dissolved Solids (TDS) represents the total amount of solids (mg/l)
which mainly derived from rock weathering and or by atmospheric inputs (Drever
1988, Leopold et al., 1964). In Achankovil river water TDS ranges_between 35.97
ppm (pre-monsoon), 43.85-59.63 ppm (monsoon) and 43.85-59.63 ppn (post-
monsoon). In Achankovil river watersygtem the major ani'on cont.'ributor are in the this
order CI>HCO;>S04>NO; anct cation order are Na>Ca>Mg>K. -
~ Almost all bicarbonate in river water is derived from the rock weathering. In
Achankovil water, HCO; is major dissolved ion, its ‘concentration ranges between
8.239.-9.69 ppm (pre-monsoon)‘, 15.2-16.9 ppm (monsoon) and 11.6-17.2 ppm (post-
monsoon). Bicarbonate in Pamba and Manimala ranges between 9.12-20.03 and 9.03-
17.93 bpln respectively. High amount of HCOjs in monsoon  indicates the intense
weathering processes take place in the drainage basin. The weath_'ering derived HCO;3
comes from two sources, one is cerbon from carbonete minerals and the other is from

the result of reaction of CO, dissolved in water with carbonate and silicate minerals
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(Rahmaysay 1986) The COz is also dertved almost entlrely from rock weathering.
Two weathermg reactions are: '

CO; +H0+CaC0; ———*  Ca"+2HCOy

2C02 + 11 H;0 +2 NaAISi;Oy————> 2Na+ + 2 HCO5 + ALSi,05(OH)s
| | o . +4HSIO,
_ As these reactlons demonstrate half of the- blcarbonate resulting from |
carbonates weathering’ and a remammg from srhcate weathermg is derived from soil
carbon dioxide. Reverse weathering demonstrates alkahmty (Von Damm & Edmong
, 1984) while the loss of sulfur (as sulfide) to either the sedlments or atmosphere
increases alkahmty (Kilhan & Cloke 1990) | .

* Dissolved silica in river Water, comes from silicate weatheriné. Since, silicate
minerals are plenty in the Achank.ovil‘river basin, derived silica is swamped by the
ions from carbonate weathering here. Silica in Acllankovil_water ranges from 2.5-11.6
ppm (prc-monsoon), 3.1-8.2 ppm (monsoon) and 7.5-11.6 ppm ‘(post monsoon). Its |
concentration in Pamba and Manlmala ranges between 3.2-8.2 ppm and 2.9-7.9 ppm
respectively. The amount of dlssolved silica is directly related to average temperature
of the area (Meybeck 1980). Varlatlons in the silica amount constant in the rocks here
with higher average temperature in the area induced the higher silicate weathering -
from hard rocks. Hence, the amount vof silica is higher than chloride and sulphate in |
the Achankovil river water which are of primarly atmospheric origin with minor
contributions from the evaporite deposits found in the atmosphere and anthropogenic
sources. | | L

The majority of the world rivers_have more than 50% HCO;3 and 10-30% CI +

-S04 (Berner and Bemer, 1996). Thus most large rivers are dominated by the
sedimentary rock weathering and are mainly Ca®* and HCOs; waters derived from
carbonate minerals. - _

Reeder & Stallard plotted the composmon of Amazon ‘waters on a ternary
diagram with the three vertices represented by silicate rock weathering (Si), carbonate
weathering (Cl+SO4). He found that TDS increases from the Si vertex to the HCO;
vertex and from HCO; vertex to CI+SO4 vertex. Figure: 4.1 for Achankovil river
water shows that in pre—monsoon the ion concentra_’tion are falling more towards the

bicarbonate vertex. In post-monsoon, the weathering rate values are falling closer to
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Figured4.1: Triahgular Plot showing the relative abundance of HCO3,'H4SiO , and (C+S80,) in Ac.hankO\;i._'l“ :
river water system : ' S
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HCO; vertex and in mouth with bicarbonate and (CI+SO4). This suggests that
pyxbxene and feldspars in the rocks here are invqlvedvir-l the silicate wééthering
processes. In this figure the data cluster towards the alkelinity apex with secondary
trend towards (CI+SOg4). This shdws that drainage basin is experienced by the
relatively high chemical weathering and atmospheric input'. The amount of
bicarbonate derived from the silicate and carbonate weathering of Achankovil River
basin is given in table: 4.5. ) | | '

There is a temporal variation in sulfate concentratlon 0.55-0.9 ppm (pre-
-monsoon), 0.47-0.78 ppm (monsoon) and -0.45-0.69 ppm (post-monsoon)..In Pamba
and Manimala ranges between 0.48-0.89 ppm and 0.45-0.87 ppm respectively. This -
minor variation 1s indicates the low reck Weathefing rates in these three seasons. The
rock weathering includes two major forms of sulphur-in the sedlmentary rocks: sulfite
sulphur in pyrite and sulphate sulphur as_gypsum and anhydride. The amount of
sulfate from cyclic salt is very low (2%) in the coastal reglons‘(Berner & Berner,
1992). - o | |

Chloride is extremely mobiie and very s‘oluble. In Achankovil fiver water, Cl
concentration ranges between 15.3-24.5 ppm (pre-monsoon), 18.3-25.6 - ppm
(monsoon), and 10-40 ppm (post-monsoon). In Pamb'a'and Méihimala it ranges from
21.6-37.5 ppm and 21.3-32.5 ppm respectively. Accordmg to Fetch ( 1981), the maim
sources of Cl in river water are (1) Sea salt (2). Dlssolutlon durmg weathering of
halite (NaCl) and (3) Pollution. The high amount of Cl in Achankovil river water is
suggests that Cl has additional source from atmesphere andse"a spray. Hence Clis
higher in monsoon as well. The'F on the other hand is very low and it is ranges about
0.045 ppm. There is no variation from the up-stream to down stream Since there is
no natural sour_c_e of F here, so it is very less. - \

Sodium is a major component of seawater, it is a prirl.\lcipal contributor to
atmospheric cyclic salts, and therefore, should be pronﬁnent in river waters. This is
one of the main reason for high amount of Na in river waters. ‘In Achankovil river
water, Na concentration ranges between 2.4-9.7 ppm (pre-mons‘\oqn), 1.17-4.6 ppm
(monsoon) and 2.3-54 ppm (post-monsoon). !,In ‘Pamba z}nd Manimala its
concentration ranges between 1.05-3.14 ppm and 1.07-5.28 ppm r'espectively. This is

{
a major cation in this river system. A relatively high concentrationiof Na compared to
. ’ ' : ' ) . t
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Amount of Bicarbonate (HCOj) derived from Siliéate'and

Table 4.5: - Carbonate weathering
Sample No (HGO3)c  (HCOs)si  (HCOs)or - |
AC 1 014 0.01 0.15
AC2 016 004 - 019
AC3 014 . 006 0.20 -
AC4 0.16 001 017
AC5 016 . 0.02 L0417
-AC6 0.15 0.02 - 0.17
AC7 | 016 007 - 022
AC8 = | o015 007 022
AC9 | 015 0.25 0.40
~ AC10 | 015 005 = 020 -
AC11 . | 014 - 027 - 042
- AC12 - | . 0.14 0.0t . 0.15
O P1 014 . 009 - 022
P2 | 010 004 - 014
P3| 015 . 006 021 |
M1  |. 016 001 017 .
- M2 | 015 . 001 016 .
M3 0.15 0.01 . 0.16
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Ca, Mg and K, is very characterisﬁc of the peninsular indian Rivers (Ramanathan et
al 1994) since, granitic rocks chiefly cover the catchment areas of Indian rivers. The
river basin of Achankovil is also dominated by Charnokite and sedlmentary formation
from varkali series, which contrlbutes ‘Na” mobility hlgher and hence keeps it ahead
of other cations. Another possible source of Na in the rlver waters is from cation
exchange of dissolved Ca*> with Na* on detrial clay minerals during the weathering .
processes (Cerling et al., 1989). ' ' '
Potassium in’ river water comes from the silicate weathering; partlcularly _
potassmm feldspars and mica. The amount of K in the Achankovil river water is -
ranges between 0.11-0.53 ppm (pre-monsoon), 1—3.4 ppm (monsoon) and 0.11-1.2
ppm (post;monsoon). In Pamba and Manimala it'ranges between 0.09-1.3 ppm and’
0.12-2.05 ppm respectively.This shows that K is less dominant cation in river water
chemistry. K is not completely dissolved and released ions as quic:_kly as it'is utilised
by the biological systems. So that, potassium concentration is lower th_an remaining
| cations, Na, Mg and Ca. Holland (1978) estimated that on average only 50% of rock
potassium released to solution during sil'icate w‘eathering,v,it isa véry biogenic element
due to its utilization by grown vegetation. o -
Calcium and Magnesium are contributed to river almost entirely from rock
weathering. However, their concentration' 1is regul'ated -by*-thAe precipitation of -
carbonate minerals whic_:h take place once saturation reaches with respect to the
particular carbonate mineral is reached. In Achankovil River water Ca and Mg ranges’
between 1.3-4.5 ppm and 0.52-3.4 ppm (pre-monsoon), 1.18-3.94 ppm and 0.6-1.04.
ppm (monsoon) and 1.69-3.44 ppm and 0.53-1.9 ppm -(post-fnonsobn) respectively.
Calcium and Magnisium in Pamba ranges between 1.05-2.55 ppm and 0.45-1.3 ppm
and in Manimala 1.01-4.53 ppm and 0.35-0.95 ppm respectlvely
The scatter for Total Cations vs (Cat+Mg) and (Na+K) and (Ca+Mg) vs .
Bicarbonate are used to study tlh'e Weafllering pattern aﬁd availability of ions in the
river water system. The plot of (Ca#—Mg) vs HCO; for AchankoVil river water in
figure: 4.2, 4.3, & 4.4 shows that most of the data fall below the equiline (1:1),
although a few points approach this line. It suggests that an excess of alkalinity
derived from silicate weathering other than from (Cat+Mg) carbonate weathering in
monsoon and post-monsoon seasons. During pre-monsoon (Ca+Mg) an excess

indicates additional source for the system. The exces!s of (Cat+Mg) over HCO;in some
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samples reflects an extra source of Ca and Mg. It might have been balanced by Cl and
SOs4 or supplied by silicate weathering (Zhange and others 1995). Further, Total
catiOnS vs (Ca+Mg) shows that the most data lie far below the theoreotical line (1:1)
and 30% in the line (figure: 4.2), explains an lncreasing contribution of alkalies to the
‘major cations ions. Significantly, the increase in alkalies Ico'rresponds | :to a -’
simultaneous increase in Cl + SO4 suggestrng a common source for these i ions (Datta

and Tyagi 1996). The Achankovrl river water have a lower ratro of (Na+K) vs Total

Cations (figure: 4.3) depicting the contribution of cations v1a carbonate weathering,

and some extent via silicate weathering (Sarin etal., 1989) ' ' '

According to the classification of Gibbs (1970), the matjor natural mechanism
controlling world surface _wateir"chemictry are (1). AAnthropogenic precipitation (2).
Rock weathering and (3). Evapor'ation and fractional Crystallizeti'on. A boomerang
shaped diagram will result when the ratio of two major cations, Na+Ca plotted - as
Na/(Na+Ca) vs TDS (figure: 4.5). This figure shows that all values are lie in the
beginning of the rock dominance zone immediately after precipitation zone. Thls
shows that prec1p1tat1on weekly controls the weathermg of the rocks. intermediate
region where more than one mechanism controls the chemistry of the water. This
shows that the avarlabrlrty of ions in the river water is malnly due to the weathering of
the parent rock ‘The dissolution of varrous rock. formrng minerals in water is a
primary factor controllmg the chem1stry of the water in Achankovrl river basin.
However some samples fall outside this zone 1nd1cates an additional source to this
~ion. thus, Gibbs assumptlon that at low to moderate levels of TDS Na is primarily
supplied by the premprtatlon may not be valid, since they can be a significant
weathering pro_duct of sili¢ate rocks here. ‘ v |

‘The correlation analysis of Achankovil river 'water is given in table: 4.4. In
this water system, there is good to excellent correlation is obtained between EC with
other dlssolved ions. The hlgher amount of b1carbonate in this rrver system shows
good correlatron with Ca and Mg. It indicates that both are having the same source to

-

this river system..
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Table 4.4: Average Correlation Matrix for Achankovii River system (n=18)

' Ca

pH EC HCO, H,SiO, NO,3 » PO, SO, - Cl Na . K. Ca Mg DS

pH 1.00
|ec -0.41 1.00

HCO3 " 018 0.65 1.00

HA4SIO4 0.03 0.20 0.14 1.00

NO3 0.08 | -0.09 -0.03 -0.10 1.00

PO4 0.08 009  -0.24 0.44 0.17 1.00

S04 007 0.05 0.23 -0.05 0.35 0.01 1.00

cl -0.02 07 0.49 0.24 027 0.01 -0.13 1.00

F 018 016 o027 0.62 0.26 -0.76 0.31 0.03 1.00.

Na 0.12 0.62 023 013 -0.23 0.00 -0.11 0.32 0.11 1.00
:'s 0.40 0.50 0.42 0.19 0.26 0.29 015 0.49 -0.34 022 100

0.28 032 007 0.35 0.08 0.07 0.24 0.38 0.20 065 040  1.00

Mg 0.41 0.68 0.43 0.13 0.24 0.20 0.02 0.27 022 051 - 057 027  1.00
-|ros 0.12 0.23 0.59 0.50 0.30 0.09 0.02 0.84 0.22 011 031 044 007 1|




WATER -MINERAL EQUILIBRI_A

River water derives its composition from‘weatherin'g ‘of parent rock ‘and-
suspended sediments. The released minerals are actively under go reaction with water
and reach chemical equilibrium with certain mineral assembles, principally clay
_ minerals, will coexist in the sediment phase provided }the chemist_ry lof water does not
change. All these have been takes placé at STP conditions. Garrel & Christ (1967)',
Berner (1971), Garrel and Mcckenge (1971), Subramanian_ .'(' 1979), Ramanathan
(1994) and several others have predicted the presence of theoreotically calculated the

mineral equilibrium for various aquatic systems across the globe. -

CARBONATE SYSTEM | R

Carpenter (1962) has de{'elopedba diagram that Showé-m_etaStable é.nd stable
equilibria among the calcium and magnesium carbonates (_ﬂgure: 4.6). The early
mineral assembles are those wou.ld be deduced from mineral aSserﬁblés (dashed lilles),
these phases eventually equilibrate to give phas¢ relations (solid lines). The phase
diagram ‘shows that river water is found to be equilibrium with the dolamite.
Subramanian (1982) on Indian }ivers_,'Ramesll (1989) on K_rishnai, Chakrapani (1990)

- on Mahanadi, Ramanathan (1992) on Cauvery has observed the same.

SILICATE SYSTEM ,
Ach_a‘nkovil water chemistry can be represented 1n phase diagram of K,0-
Na;_O-MgO-Ca_O‘-Ale3-SiOz-HZO components. The compositioh of river water has
been plotted in minera stability diagram (figure: 4.7.2,4.7.b,4.7.c & 4.7.d.). The
_main ob‘servations_ are the water is equilibrium with Kaolinite/Albite in Na-
aluminosilicate syét_em,;Kaolinite inK and Ca- Aluminbéili_cate system and Chlorite

in Mg- Aluminosilicate system in presence of Dolomite. -

NUTRIENTS = . : |

- The two maj-or nutrients in the river water that are nitrogén and phosphorus.
Thcsc nutrienté are highly reaétiVe and essential for biological world. Once these
nutrients are released into the system, the biolo gicai bodics readily -assimilate these in

the river system. So, these can bé called’as - non-conservative nutrients..
' 42 -
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The origin of nitrate in the river water is considetahly r_note corn_ple)t than
most other elements because nitrogen exists in many forms (Gaillardet et al 1995). In
Achankovil river water nitrate concentration ranges betwee_n 0.23-0.4 ppm (pre-
monsoon), 0.21-0.43 ppm (monsoon) and 0.08-0.21 ppm (post-monsoon). In pamba
and Manimala nitrate ranges between 0.05-0.4A9.pp:m and 0.15-0.49 ppm respectively.
The variation'.in the nitrate concentration is mainly due to river runoff and dilution. In
the study period, in monsoon and post-monsoon, nitrate showing negative correlation
~ with DO This indicates that vbio‘logkical systems a're‘very active in uptake of the
‘nutrients for its, cellutar growth i.e. biological nitrogen fixation taking place at'the
eipense of dissolved oxygen. The decrease isv the trendvof in nitr’ate concentration
from upstream to down stream is observed. Taking into accounts that sedlmentatlon
| .and blologlcal up takes of mtrate in the Achankovxl nver system may be dominant
from upstream to down stream. Generally 1ntenswe farmmg apphcatlons in the
catchment area of the river increases nitrate concentratlon Chemlcal fertilizers
" containing Na+K are w1dely used i in the cultlvatlon whlch may contrlbute nitrate and
potassxum in theriver (Zhange: et al 1995)

Phosphate concentration varies between 0. 36 0. 75 ppm. (pre monsoon), 0.6- _.
0. 66 ppm (monsoon) and 0.57-0.65 ppm (post-monsoon) Phosphate concentration in
Pamba and Mammala ranges between 0.52-0.85 ppm and 0.36-0.67 ppm respectively.
Slight. varlatlons were found in monsoon and non-monsoon perlods This is due to
* weathering processes mduced by SW and NE monsoons and this period coincides
with crop cultivation time and agricultural runoff is rich 1n agricultural waste and
higher turbldlty The turbidity restricts most of the dlssolved phosphate remains un-
consumed which is responsible for high concentratlon of dlssolved phoaphate in the
river water (Berner and Berner 1996). '

Dissolved phosphate shown good correlation'with major dissolved ions (table:
4.4), which suggest that inorganic source of phosphate in river water. Domination of
inorganic process in regulation of phosphate levels in turbid rivers is well-
documented (Lebo 1991, Fox t993). The major aquatic supply of phosphate is the
weathering of the parent rock (Fox 1993). Thus limit;,of weathering saturation plays in
restricting phosphate in river water (Schuiling et al 1 988, Vaithianantham et al 1998, "

Subramanian 1980, 1984). '
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4.2 BIOGEOCHEMICAL MODELING

A model is any simpliﬁed description or ‘abstraction of a process. In
science, models are tools that help us conceptuahze mtegrate ‘and generalize
knowledge. Natural systems such as ecosystems are usually very complex and
models vary greatly in the degree of s1mp11ﬁcatron away from that complexity.
"Budget models" are simple mass baIance calculations of specific variables (such as
water, salt, sediment, CNP, etc ) within defined geographlc areas. and over defined
-periods. Usually budget models are built to aggregate the many small individual
pieces of a system into smaller sets of pieces, which are similar to one another. Thus,
all plant specres in‘an ecosystem mrght be aggregated into ' primary producers." Some
grouping will occur for almost any mode] As one apphes a smgle model across a
range of systems the value of such grouprngs becomes readrly apparent For some
purposes it may be adequate to group all organisms w1thm an ecosystem into the "net
-biogeochemical reactrons which occur wrthm the system _

One can proceed from these simple,: hrghly aggregated models to more
comphcated rnodels which descrrbe specific processes (e g, prrmary productron asa
function of light; sedlment transport as a function of river ﬂow, etc.). Many such
process models may be further combined into an integrated system model. However,
irl general, the more complex the model‘ structure, the less statistically robust is the

statistical output.

SCALING OFA SYSTEM - o v
One of the important considerations in picking a systemto budget'is the issue
of scale: What are the spatial boundaries of the system to be budgeted. There is some
interesting trade off here. The reason to develop these rnaterials is to calculate fluxes
of carbon, nitrogen, and phosphorus (CNP) which do not simply follow the flow of
water through th_e system. These fluxes are said to be "non-conservative" with respect
to the water and salt balances. In general, large systems are more likely to show non-
conservative fluxes of CNP than are small systems. Hoyvever, the larger the system,
the less the ability to resolve what components of the system account for these non-
conservative changes. Thus, it is fairly easy to obtain a budget for non-conservative
CNP fluxes for the whole ocean. As long as we assume that the masses of CNP in

system water are not changing, all of  those materials added to the system
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must either be transfeired to the sediments or transferred to the atmosphere. However,
 this scale of analyms does not tell us where, within the entire system the reactions
occur to remove these materlals from the water. For smaller systems such as
individual bays and estuaries, ‘there are likely to be hydrographlc_ fluxes, which add
and remove materials. 'These hydrographic fluxes complicate the calculation of non-
conservative fluxes. Whatever non-conservative ﬂﬁxes are calculated to occur,
however, ._can be aftributed to prbcesses within those bays -and estuaries. As the scale
gets‘ smaller—perhaps individual system areas within the bayfhydfographic fluxes
_ are likely to become so dominant that non-conservative fluxes cannot be calculated. -
‘ We find it useful to approach the issue of scale from two peints of view: The
first and simpleSt point of view is that it "makes sense"' to work with
physmgraphlcally defined units. Whole estuaries are examples of such units;
~ sometimes there are obvious breaks such as md1v1dual basms within an estuary.
Relatively enclosed bays may be physmgraphlca]ly obv1ous umts to budget; bays,
which are little more than slight coastal indentations may not be. Individual shelf seas
are physiographically relatively easily defined and should be amenable to budgeting;
stretches of open shelf may be more challenging. In general, it makes sense to budget
a whole system first, and then consider the possibility of budgeting smaller portions of
the system.

The second point of view for approaching budgets is that if water exchange is
to be estimated by a salt and water balances there must be /a difference in salinity
between the system and the next system water with which the system changes. Such a
salinity difference is fundamental to using the salt and water budget. Alternative
methods of estimating nonconservative material fluxes include measurement of water
composition of an isolated walter mass over time (for example, in some sort of
incubation chamber); follewing a water mass through time with dyes, again,
measuring water composition changes; either direct physical observations or
numerical models of water flow to calculate water residence time. These methods are
discussed in Gorden et al (1996) aﬁd elsewhere. The boundaries considered for

Achankovil river system for biogeochemical modeling ére given in‘t'able 4.6.
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Table 4.6: Details of the model set up for the Achankovil river system

and 80 km from the mouth

Box No. ~ Boundaries Depth (mts) = - Areé, - ~Volu_mé V
, (10°m?%) . (10°m?%)
AC 1 Between 120 km 6.5 - 645 . 207
and 72 km from the mouth ‘
AC 2 Between 72 km 7 5.09 35.63
v and 42 km from the mouth
AC 3 Between 0 km and 8.5 6.3 - 5355
~ 42 km from the mouth o
Pamba Between 17 km and 75 km 6.2 7.2 - 5789
from the mouth o ‘
Manimala Between 15 km 68 . 65 6321




DEFINITIONS OF KEY TERMS IN BUDGETIN G CALCULATIONS

In the steady-state case, the difference between m—puts and out-puts is zero

and the hydrographlc fluxes as described above. For the non- steady state case, see

(Gordon et al., 1996) The notatlon DY is used for the non-conservative flux, where Y

represents any material of interest. Within the context of most LOICZ calculatlons

,the Y’s ‘most frequently examined are dissolved inorganic phosphorus (DIP) and

dissolved morgamc mtrogen (DIN). If avallable dissolved organic P and N (DOP,

DON) are also exammed

Whrle 1gnormg the sahmty of water sources other than as specnﬁed above is

unlikely to cause significant errors in the water and salt budgets, thls is not true for the

nutrient budgets. Failure to account for, signiﬁcant fluxes of nutrients via runoff, waste

load, etc. is likely to introduce spurious results for the"non—conservative fluxes. Large

~ (positive or negatiVe) nonconservative fluxes that fall out,side"the‘rules of thumb given

on the modeling web page (http://dala.‘eco,logy.su.se/M.NQDE/Met hods/rot/thumb.htm
) may arise from failing to accouht for all signiﬁeant fluxes. |

| ‘The initial units follow from the hydrographic fluxes and are therefore most
conveniently reported as moles/time. Because the data are used" for comparisons
among -systenis,‘ it is usually useful to divide the initial units by system area, yielding

mol length  time™'. Various budget flux variables are given in the table 4.7.

50



Table: 4.7

%(length'z time™')

| Variable g Peﬁnitioﬁ (units) 1Comm'e‘nts
| VQ Runoff flow volume Sum of gauéed or estimated s‘tream‘ ﬂowwintd B{idgétcd bp'c‘n’tiobﬁh ]
-;(length3 time™") fof system. Always a positive or 0 value; usually the dominant {
' Isource of fresh water. Usually can be ignored in salt budget:
{May or may not be impbrté’nt in the material budgets, but
‘ 4should be considered. |
VG :’G‘roundwater flow volume Suﬁ of meaéﬁréd or estimated gfoundWatel' flow into Blldgéted |
; i(length3 time™') ipdrtion of system. Always a positive or O value; usually a |
[secondary source of fresh water and usually can be ignored in
the water budget; may be impbrtant in the other matéﬁal
budgets. | |
Vo - _;Other flow volume Suni of other water discharges (particﬁlarly wasté. dvisnclharge)" B
;(Iength?‘ time™') jinto budgeted portion of system. Always a pbsitive or 0 value;
: Jusually a secondary source of fresh water and usually can be
%ignored in the water and salt budgets. If there is any inflow of
Vo it should not be ignored in the other material budgeté.
Vp éPrecipitation volume Obtained as precipitation (length time™') multiplied by surface
;q(len'gtl}3 time") larea of system (length?). Always a positive or 0 value. Can
: often be ignored in budgevts, for both water and other materials. |
; Vé I é\?époi:atibﬁ volume Obtained é_é.evapbrétion (length time™) nAl{xAlt'ipliedvb; surface.
' {(length® time™") area of system (length?). Always a negative or 0 value. Can
often be ignored in budgets, for both Water and other materials.
Vo Net freshwater mflow volume IAn often useful generic term that includes the sum of VQ Vg, "
:‘ 5i(leng'(h3 time™') ' Vé, Ve, PL Will be positive, 0, or negative (in the case where Vg
_ jnumerically dominates over. the other térms). ‘
: Va ifiesidual flow volume . In single-box systems, this has a value that is equél in value and

negative in sign to Vp*. In multiple-box systems, it is important

ito keep track of the sign of V¢; flow from one box will be

{negative and represent positive flow to the next box.
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{Horizontal exchange volume

. '(ler_lgth3 time™')

{In single-layer systems, this represents hbrjzontal niixing

etween the budgeted system or box and the adjacent ocean, or

‘Jbetween two adjacent boxes. Vy is always 0 or positive; any
calculation generating a negative value contains some

' ﬁunderlying error that must be addressed (e‘g., bad algebra,

violation of steady-state assumption, incorrect numerical values |

{for salinity or other conservative tracer, incorrect values for

{contributors to ¥ps).

Surface ﬂow volume

X l(length’ tlme")

In two-layer systems assumed to have “estuarine circulation,”

this is the out_ﬂow from the,surface layer to the ocean or .

djacent box. It is the sum of Vg and ¥, (defined below) in a

two-layer, single-box system. It will have a negative or 0 value, |

Deep flow volume

gi(length" time™')

{In two-layer systems assumed to have “estuarine circulation,”

Ithis is the inflow from the ocean or adjacent box to the box of

Jinterest. It is the differencebbetween ¥, and Vg ina two-box,

;single—layer system. It will have a pqsitive or 0 value. In effect,

{V,s in a two-layer system is equivalent to Vy in a single layer.

System.

VL‘III

Vertical entrainment flow

volume (length® time™)

I two-layer systems assumed to have “estuarine circulation,”

{this is the flow of water from the deep to the surface layer. It is |
lequal to Vyina two-box, single-layer system. It is negative with,
respect to the deep layer and posmve with respect to the sur face

! layer.

7 —_—

Vertical eXchange volume

;J( length3 time™")

In two-léyer silstems, this represents vertical mixing between

{the surface and deep boxes. Like Vy, V3 is always 0 or positive;
any calculation generating a negative value contains some

underlying error that must be addressed.

[Exchange time (tme)

) Syéterﬁ volume divided by the sum of V. \' bius the absolute

:value of Vp(ina smgle layer, single box system) or system
évolume dwnded by the absolute value of ¥ in a single-box, two-
{layer system. For exact derivations in multxple-box systems, see]

Gordon et al (1996).

) tllj'lll'lll.l/

" ;Hydlauhc Tesidence time or fill

ftime (time)

System volume divided by the absolﬁte value of Vo*
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Biogeochemical modeling of watef_ systems calls: for determination of the
water budget as a useful element. This includes the river iri-fldws, gro‘und water
‘seepage, amount of fresh water, actual concentration of nutrients in spatially and "
- temporally, precipitation and evapo-transpiration. In ofder to establish budgetary :
calculations, data for all dissolved nutrients, N and P for Feb 2002(Premonsoon) June- .
July 2002 (monsoon) and Oct 2002 (post-monsoon) glong ‘with water disehafge

during these periods are calculated.

Cabaret (Computer Assisted Budget Analysis for Research Educatlon and
Training) is a stand-alone program for computer platforms running MS-Windows
developed to assist the user to create nutrient budgets for aquatvic ecosystems.i The
interactive program leads the user through a series of screens in which characteristics
of the system are entered. First, the analyst may specify the geographic location,
general description, and the number. of seasons apprdpr_iéte to understand the system—
behavior. Number of 'seasons' may vary from 1 to 12 (e.g. if l‘monthly data are
available). Next, geometry and topology of thecoastal ecosystem are specified. For
example, spatially extended systems in series with multiple layers may be speciﬁed.
After the number of 'boxes’ and seasons are selected, the user is prompted for the
' 'mformatxon needed to characterlze water flows, salinity and nutrlent fluxes following
the standard LOICZ methodology.

The multi-box, single ~layer model used '(Craig et al 2002 and Gullaya et al
2000) for the estimation of the net fluxes of N and P. Evaporation and precipitation
data were_colleeted from IMD aqd discharge were caiculated in the field. Remaining
related data was collected from lecal seurces in the study area. Table No: 4.8 gives
the amount of Dissolved Inorganic Phosphate (DIP) and Dissolved Inorganic Nitrate
(DIN) for three study seasons for budgeting modeling the Achankovil river systerh..

Figure: 4.8 & 4.9 illustrates the dissolved inorganic N and P for the
Achankovil river system for pre—monsdon. Overall the input frem the other minor
rivers (Manimala and Pamba) are very small in coiﬁparison to the main river
especially in the premonsoon period. The DIN supp'ly the other river seems to be very
significant in comparison to the DIP. The input by this river to lake and uitimately to
the coastal regions is dominated by DIN..DIP constitutes 50% of the DIN load. The
DIP and DIN are only added to the system and are not removed from the system. In

this period the residual flow (Vg DIP) of DIP (4784.9 X 10° mol/yr) is very low than

53



14

Table 4.8:

DIN and DIP concentrations used in the budget for Achankovil River.

Box No. |Pre-monsoon Monsoon Post-monsoon '_ ,
DIN DIP DIN DIP DIN DIP .
m mol m™ m mol m™ mmolm® |mmolm?>{mmolm?®| mmolm?®|
AC 1 32.14 18.38 2337 19.8 13.57 18.81
AC 2 48.3 20.4 26.26 20.29 11.96 19.75:
AC 3 38.7 19.13 18.76 20.22 10.92 20
PAMBA 10.07 . 24.58 20.35 20.29 8.35 , 2032
20.7 ‘ 18.58 25.23 20.77 11.66 20.64

MANIMALA




the monsoon perlod (41773 9 X 10° mol/yr) Thrs may be due to release of release of
phosphate in the monsoon perlod by the Weatherlng of the parent rock. In case of DIN
it is lower that, it may be due to the low biological act1v1ty in the rlver system in the
‘monsoon perlod due to lower temperature conditions. Honzontal exchange volume is
high, this may be due to the flush out of the mtrate from the AC 3 to ‘the next system
(Vembanad Lake). : ,

Where as in monsoon (J une-July 02) the input of DIP and DIN from the minor
rivers (Manimala and Pamba) are.considerably important for DIP and DIN modeling
studies.The residual flow volume of DIN from Manimala and Pamba to the main
symtem (AC 3) is about 91900.64 X 10° mol/yr. The horizontal exchange volume
between Pamba box and AC 3 is 4/626 7 X 10° mol/yr. The horizontal exchange
volume between the box AC 3 and the recipient box i.e. the Vembanad Lake is around _
31468.47 X 10° mo]/yr. The runoff flow to the ACvl box system is 16.23 X 10° :
moi/yr. This value is high in monsoon period. The DIP supply these rivers to the box
AC 3 is 96554.4 X 10° mol/yr. ‘The horizontal mixing volume of DIP between the
Pamba box and AC 3 is 14976.9 X 10° mol/yr. This value -is high among three
seasons, this may be due to the high erosion of the phosphate rock in the monsoon
period by higher discharge of the water. The residual flow Volurne between the AC 3
and the lake is 13725.4 X 10° mol/yr (Fig: 4.10 & 4.11).

In post monsoon period the situation somewhat interesting (fig: 4. ]2 and

4.13). In DIN budget model the runoff flow volume is 4.74 X 10° mol/yr The

horizontal exchange volume between the river system and the lake is 4348.7 X 10°
mol/yr. This lower amount may be due to the sedlmentatlon of DIN with in the

system. And the post-monsoon period is also a rainy-Season ‘influenced hy- NE

. monsoons. So, somewhat monsoon conditions would correlate with the post-monsoon 4
flux values. The same trend is also observed in case of residual flow volume. Pamba
and Manimala contributing high amount of DIN to the Achnkovil river system. In DIP
budget the residual flow volume is higher than the horizontal exchange volume, this
may be due to the activity of biological systems. The contrlbutlon of DIP by Pamba

and Manimala is also found to be cons1derably rmportant
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NET METABOLISM and 'PRODUCTIVITY v
Non-conservative fluxes in the steady state these are .obtained as 'the. -
difference between nutrient concentration and the hydrographic fluxes. For the non- B
steady state case, (Gordan et al 1996). The difference .bétween primary production and
reépiration (p-‘r), is net ecosystem metabolism (NEM)Q This is derived as —(C: P) pa;f
X DIP, where (C: P) part is the molar composition ratio of locally reacting orgaﬁic
matter. The assumption behind this calculations that net system production or
oxidation of organic matter is the primary non-conservative uptake (flux from tﬁe
system, so — ve) and release (+) pathway for DIP within the system. |
Nutrient is very much essentjai for the biologibal productivity. In the inland
aquatic systems N, P act as limitihg,nﬁtrients. (Redfield 1963) .So fhe ratio of the
dissolved N and P has been used to assess the nutrieht"status of thé water body.. If the
N: P ratio is <16:1 then the river waters are N Iimiting but if the ratio is > 16:1 they
are P limiting. The N : P ratio of these river indicates that they are mostly N limiting,
55-70% in post monsoon, 50-70% in monsodn and 60-70.% in pr_cmonsoon (Figs.
4.14, 4.15 & 4.16) . In general in the Achankovil River the P énd N vare almost act as

limiting nutrients and are considerably loaded by the human influence.

CLIMATE IMPACT

Climate change will have a profound effect on the future distribution,
productivity and health of this ecosystem. Because warming is expected to be
pafticularly large at high latitudes, climate change could have substantial impact on
net ecosystem processes (Dixen et al., 1996, IPCC 1996, Karnkina 1997).

The impact of climate change on biogeochemical parameters of aquatic
systems ﬁsually is estimatedvby studying scenarios for change in climatic variations
over the study period. Considerable effort has beén'made on developing improved
hydrological models for estimating the effects of climate change on aquatic systems.
Improved models have been developed to be of general applicability with no locally
calibrated parameters. Iﬁ estimating impacts on water recharge and quality, however
translation of  climate iﬁto response is well undefstgod and additional uncertainty is

introduced. In this area, there has been a reduction irl uncertainty, since the
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biogeochemical models have been irﬁproved and in fecént. ycérs with more studies
‘conducted on aquatic systems. ' |

The local climate of Achankovil River basin has been explained in Figures:
4.17 & 4.18. From these graphs it is clear that, there is wide variétions in temperature |
and rainfall among three different seasons. These variations are mainly due to
variations in temperature, rainfall and discharge in pre-monsoon, monsoon and post-
monsoon périods. The study area gets maximum arﬁount of rainfall in by SW
monsoons (Juné-mid Sep), which accounts approximately about 73% of _annua.l-
rainfal. However NE monsoons (Oct;mid Jaﬁ)' ‘also - gives some émount
approximately of rainfall 10-23%. .This is the rhain reason fo r high dischargé in’
monsoon and post monsoon periods;"I'n'summer period, due to lhigh tempefatur‘é,
atmosphere pressure automatically increases along Wifh temperature, which partially
increases evaporation rate than other seasons and decréases the’discharge from the
river to the ocean (even though this region is highly humid). The discharge variations
n the study period are shown in figure: 4.19.

In monsoon, due to high rainfall, moist climate and high dlscharge weathermg
is higher, hence phosphate is released from weathered rocks to the system highly,
uniform distribution with the basin' discharge (Figure: 4.20).>Iﬁ pre-monsoon due to
high temperature and high biological activity, the phosphate distribution is irregular,
and the fluctuations are may be due to contributions from the anthropogenic sources.
As in monsoon, similar trends have been observed in post-mbrisobn. Similarly nitrate
which is not having any natural lithospheric source here, its concentration is very low
in monsoon period and post-monsoon, due to low biological actisrity, terﬁperéture and
moist climate (figure: 4.21). And in these periods, Vhigh rainfall 'and discharge diluted
nitrate with in the river system, The nutrient status over the study period is related
with DO, 1is shown in figure: 4.22. In dry pre-monsoon penod temperature is
relatively high with low moisture content, which increases the biological activity with
in the river system, and hence hitrate concentration is irregularly distributed.
Whenever the changes in temperature and biological activity are more, irregular trend

In nitrate concentration 1s observed.
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SUMMARY & CONCLUSIONS

The rivers are one of the major dynamic ecosystems in the biosphere. It transfers
nutrients and particulate load from the continents to the adjacent oceans. The bio-
geochemistry of the river is impacted by natural and anthropogenic impacts. The
modeling of the biogeochemical parameters gives a conceptual idea about the behav1or
and fate of the nutrients in the I'lVCI' ccosystems

The salient features of the present study are given’ below: bicarbonate is the main .
anion and sodium is the main cation. The abundance of the dissolved ions in the Achan
kovil river water is as follows: C1>HC03>SO4>N03 _(vanions) and Na>Ca>Mg>K
(cations). Rock weathering is the most important mechahisr_n conirolling the water
chemistry. The low amount of (Ca+Mg)/(Na+K) and (HCO;)c/(HCO3)si ratios indicates
that water chemistry is controlled largely by the silicate. weathenng and partly by
carbonate weathering. In pre-monsoon hlgher concentratlon ‘of nitrate and lower
concentration of phosphate is observed. This is due to the bxologlcal activity in the river
. system. The seasonal and spatial variations in TDS are attributed to lithological and
climatic eontre_l over the ionic concentration. The higher concentration of Na, K, Cl, and
sulphate in monsoon period indicates the contribution from the dissolution of suspended
matter. _ ‘

The river system in the upstream to downstream acts as sources for the DIP and
DIN. Within the river system they behave in contrast to each other due to the differential
we’athering of the drainage rock, microclimatic changes and the runoff from the human
sources. So the system seems to be a source and mey be sink at the end (lakes region) for
these two nutrients in a givenbshort period with rapid changes. In general here the river
1nput ‘of DIN and DIP is higher than agricultural runoff. This will support and
compensate decomposmon with in the system. It shows that here de-nitrification is found
to be higher than nitrogen fixation. So these rivers are apparently the net producers of
organic material. Hence their concentrations in two seasons ‘W'ere not varied too much and
it also indicates the rivers higher current assimilative capacity. Stoichiometric |
calculations of the non-conservative fluxes to derive net system m_etébolism may not

reliable because of the Vefy short water exchange time .,"with‘in the river system.
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.~ Since there is 1o, longtime data on nutrient variations with regard to climate is not
available. This 'vs't'udy' considered to the nutrient variations with' respect to the climate
changes over the perl« d of study. Th1s will be the base hne data for long term study of

nutrient distribution and chmatlc 1mpacts , .
” For s1mulat10n of future climatic impact on any ecosystem requlres a long-term
study The long-term study would enable us to derive: more sophlstlcated budget
calculations to understand the ecosystem dynamics and blogeochemlcal behavior of the

nutrients w1th1n the ecosystem in relatlon to global climatic changes
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