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ABSTRACT

Lake fznik is located in the southern east part of
Harmara region within the province of Bursa . Its water is of
a big importance to the region with a Mediterranean climate,
and aﬁ annual rainfall ranging between 500 - 750 mm , falling
mainly in the period from October to March . This water is

used in dry season for irrigation

In this thesis , a physical study of the region is
conducted . The physical , chemical and biological parameters
were examined at several sites in order to determine the
eutrophication state and a suitable model was applied to

represent the lake

Lake 1znik was found to be very near to the eutrophic
state and the limiting nutrient in the lake was found to be

the phosphorus element



OZET

Tznik goli , Marmara bdlgesinin kuzey dofusunda ,
Bursa ilinin sinirlari icinde bulunmaktadir . Akdeniz
iklimine sahip olan ve genel olarak Ekim ile Mart aylara
arasindaki donemde yoBun olmak lizere , yillik 500 - 750 mm
yagis disSen lznik , Cevresi icin cok Onem tasimaktadir . Bu
gdlden elde edilen su , yazin sulama amaciyla

kallanilmaktadir

Bu tezde , bdlgenin fiziksel bir etidd yapilmastair .
Goldeki Gtrofikasyon durumunun belirlenmesi i¢in fiziksel ,
kimyasal ve biyolojik parametreler incelenmis olup g&lu

simgeleyen bir model>uygulanm1$t1r .

Iznik gdliintin , Otrofik duruma cCok yaklagstigai ve
g8]1 sularinda sinarlayici elementin fosfor oldupu

bulunmusStur
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1. INTRODUCTION

1.1. Twportance of Eutrophication Process in Lakes

Many eléments are essential for the growth of algae ,
e.g. , carbon , cobalt , hydrogen , potassium , magnesium ,
nitrogen , oxygen , phosphorus and sulfur . However , in
natural waters compounds of nitrogen and phosphorus are
frequently limited supplied so that they tend to control the

extent of growth that occurs

Phosphorus , nitrogen and carbon of the elements ,
are essential for the growth of phytoplankton and macrophytes
which serve as a source of food for fish , however , large
growth of these plants have many undesirable effects . Large
accumulations of algae can decreaée property values as they
produce unsightly accumulations on shorelines . They form
breeding grounds for flies and insects and the decomposition
of algae can lead to unpleasant odors . In addition , they
have various effects on impounded waters used for water

supplies {(Linsley & Franzini,1984) .

At present , lazke tznik is the only source of water
for Orhangazi and lznik cities and their surroundings. It is
the source of water used for irrigation purposes in the

region



In this study , the factors influencing water quality
of lake 1znik have been determined . The nutrient loadings
and the response of the lake to them have been examined and

the limiting element in the lake water body has been

determined .

A model which reflects the function of the limiting
element in the primer productivity has been investigated and

applied to lake lznik .



2. EUTROPHICATION PROCESS

2.1. Definition of Eutrophication

The pollution in lakes is measured as the increment
in nutrients necessary for growth of plants and algae .
Eutrophication is the enrichment of water bodies with
nutrients such as NITROGEN and PHOSPHORUS ; Although this
process occurs under natural conditions the activities of man
in altering the landscape by urbanization and agricultural
and industrial development , accompanied by the discharges of
wastes , freguently localize and intensify the quantities of

nutrients going into lakes , streams and estuaries .

Eutrophication may have beneficial results by
increasing productivity in receiving bodies of water , but in
many locations throughout the world the effects of
eutrophication are undesirable . An excess of nutrients often
results in excessive growth of algae and larger aguatic
plants , which interfere with the use of water for recreation
, increase the cost of filtration of water for domestic and
industrial purposes , reduce or fully consume the oxygen
resources in the deeper or hypolimnetic waters , adversely
affect aestﬁetic values , and impart tastes and odors to the

waters. Furthermore , excessive growth of larger aquatic

plants along waterways hinders drainage and enhances the



probability of flooding (Whittaker,1975)

2.2. Factors Affecting Productivity of Lakes

There are many factors affecting the nutrient
circulation and productivity , and thus eutrophication of
lakes . Effects of these factors are interrelated , but ﬁbe
following paragraphs should be understood as statements in
the form : if other characteristics of two lakes are closely
similar , then the effect on productivity of a difference
between them in this factor would be :

(a) Fertility of the drainage basin . Of two lakes , one
receiving inflowing water from an area of infertile rocks
(quartzite or granite mountains ) , the other from an arez of
fertile soils (as a rich farming area on limestone ) , thec
latter should be more productive

(b) Lake depth and slope of shore . Comparing two lakes , one
deep with steep , rocky shores , the othér shallow with
sloping shores of mud and sand , the latter should be more
productive . In the first most of the bottom is out of reach
of sunlight , the plants cannot grow on the bottom and
contribute to the lake s production . The steep , rocky
shores imply that the growth of plants along the shore are

limited .



(c) Form of shore line . Closely related to the preceding is
the form of the shore line . Of two lakes with similar size ,
depth , and slope of the shores , the lake ?ith a long and
irregular shore line with many inlets should have greater
productivity than one with short shore line . The longer
shore line implies a greater area of production by the shore

plants relative to the area of the lake .

(d) Temperature . Of two similar lakes the one in the warmer
climates has the longer season of biological activity and
greater nutrient turnover through the year , and should have

the higher productivity .

(e) Hater turnover . Climates , humidity and manner of water
inflow and outflow indirectly affect peructivity . If a lake
is virtually a wide part of the river , with inflow and
outflow large relative to its volume , plankton productivity
may be limited by the short residence time of water in the
lake . The manner of water budget in lakes is affected also
by climatic humidity . In a humid climate the amount of water
leaving the lake by evaporation from the surface is generally
small compared with that leaving by stream and underground
outflow . In a drier climate , the fraction of loss hy
evaporation from the surface is larger , and in an arid

climate may lakes have no stream outflow , losing their water

only by evaporation



(f) Lake age . Lake age , especially as it affects the
filling of the basin , thus influences lake productivity
Most lakes are relatively short-lived ; many were formed by
glaciers or changes in river courses and are only a few

thousand years old

Lakes age primarily is affected by the filling of
their basins with organic and inorganic deposits . Increasing
fertility and productivity of a lake , or development from an
oligdtrophic toward an eutrophic condition , is termed
eutrophication . The aging of a lake may lead to
eutrophication , but the two processes need not rum in
parallel . Productivity of lakes can both increase and
decrease with age , particularly as the conditions of their

watershed change {Whittaker,1975)

2.3. Types of Lakes

Lakes are classified according to some criterias as

follows :

{(a) Oligotrophic lakes : are generally deep and have clear
waters but have very low productivity . They are poor of
nutrients . Aigae blooms are rarely happening with oxygen
existing in all seasons and in all depths . Their

phytoplankton production level is low such as 0.03 - 0.1 g of



carbon per m2.day

(b) Hesotrophic lakes : this type has specificatiohs between

those of oligotrophic and eutrophic ones .

(c) Eutrophié lakes : they are generally shallow and rich of
nutrients , plants and organic matters therefore they have
high level of preoductivity . Their surfaces may be covered by
grasses . In natural eutrophic lakes phytoplankton production
level is between 75 -~ 250 g of carbon per m2.day whereas in
polluted eutrophic lakes this level is much higher . On the
other hand , dissolved oxygen concentrations changes with

seasons and depths

(d) Dystrophic lakes : they exist generally in rainy regions
and are rich of nutrients . Dissolved oxygen may not exist in
deep waters and they become shallow with time to turn to
marshes but this occurs not because of eutrophication process

but because of the materials entering them

(e) Mixotrophic lakes : they are very rich of nutrients and

organic suspended matters and they are very productive .



2.4. Source of Nutrients

Rivers are the main arteries of transport of
nutrients from agricultural , industrial and urban regions to
freshwater, lakes and the sea . Although no specific
information is available concerning phosphorus , it is
estimated (Meybeck,1976 ) that the total load of rivers is
around 90'per cent of the supply of matter ( dissolved plus
particulate ) to water reservoirs . Phosphorus is also known
to be the limiting pollutant responsible for the
eutrophication of lakes and ri#ers and a great deal of
research has been directed to estimate the loads of
phosphorus inputs to lakes where éutrophication already

exists or is seen to be a potential problem for the future

The entry of phosphorus and nitrogen into a lake may
eiither be at a point of discharge , e.g. direct input from

rivers , as land runoff, or direct wet and dry precipitation.

(a) Direct Loading from Rivérs & Runoff from Land : this wras
mostly studied in defined experimental watersheds by
recording , multiplying and integrating concentrations and
flow rates . An important component of these budgets is
weathering of minerals and subsoils . Losses of total
phosphorus were found to be linearly and directly
proportional to percentage of farmland in a watershed (Ryding

1983 , K=zuppi, 1984 ) . Losses of dissolved phosphorus are



reported to be increasing by applicatibn of manure ( Brink,
1986 ) but losses of particulate P from farmland are even

more important (Blazka,b1989)

The effect of soil cover is even more evident in
forests . Keller (1983) in his review gives TP export rate
for nine foresied watersheds with less than 10 per cent
agricultural area . The annual rates are all less than 0.5
kg TP/ha , with a mean of 0.122 kg TP/ha (Blazka,1989) . The
phosphorus export coefficient of Uttormak ,et al. for
forested land was thought by Rast and Lee(1883) to be too
high for use as an average value , based on their literature
review and on the comparison of the value with the export
coefficient for mostly férest land reported by the U.S_EPA
and Omernik . Rast and Lee (1983) have selected the forest
phosphorus and nitrogen export coefficients to be 0.01 g TP /

m2.yr and ‘0.5 g N/m2_yr respectively .

-{b) Loading from Animal Farms : with livestock kept indoors ,

is usually estimated using "cow equivalents ",

' sheep equivalents ", and ," poultry equivalénts . One
lactating cow is assumed to produce 68.5 g TP and 104 g N per
day . Whereas , one sheep is assumed to produce 5.5 g TP and
30 g N per day , one poultry animal is assumed to produce

0.55 g TP aﬁd 1.37 g N perday (Uttormak,Chapin & Green,1874).
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(c) Sewage from Human Population , Particularly Urban :

its magnitude is generally also estimated using population
equivalents , its physiological value is about 2.5 g TP per
day per individual , but where P detergents are used, the
population equivalent is about 4.1 g TP per day with 12 g R
per day (Uttormak,Chapin & Grenn,1974). It is evident that

urban sewers are major route of P input into waters

The importance of sewage is further increased when
not only cities but also villages are Jjoined to sewer system.
With less concentrated country populations without sewerage ,
some P is retained in the basin and does not reach the

watercourses .

(d) Industrial Phosphorus Pollution : will likely be fairly
specific from case to case . Fertilizer and foodstuff

industries are the most likely contributors .

(e) Aerial Input : in the practical absence of gasecus P
compounds in nature and particularly in biochemical cycle ,
the only important route of aerial transport of P are

" windblown soil , fertilizers and possibly other P-containing
particles and their dfy and wet deposition . Broberg and
Pérsson (1984) have estimated range between 0.055 and 0.34 kg
TP per ha-yr (Blazka,1989) . On the other hand , Uttormak
(1974) has estimated a value of 0.025 g TP per m2.yr and 2.4

g N per m2.yr of the surface area of the lake .
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2.5. Parameters Determining Eutrophication

Process in Lakes

There are some parameters which determine

eutrophication process in a lake such as :

(a) In the epilimnion layer :
- Concentration of phosphorus at the beginning of spring ,
- Suspended organic material and suspended nitrogen ,
~ Concentration of chleorophyll-a -,
- Sizes and population of phytoplankton ,
— Mass of phytoplankton ,
- Light intensity through waters ,
— Secchi depth value ,
~ Primer productivity level ,
-~ Activity of Pand R and ,

- Growth potential of algae

(b)Y In the hypolimnion layer
- Concentration of dissolved oxygen at the end of
stagnation period ,
- Production of dissolved oxygen ,
— BOD5 concentration and ,

- Concentration of phosphorus and nitrogen
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3. LAKE 1ZRiK

3.1. Geographical Features

Lake Iznik is located in the southern east part of
Marmara region within the province of Bursa (Figure 3.1.1)
It has a surface area changeable between 303.34 km2 and
304.74 km2 accqrding to water level in it whereas its average
surface area is 304.30 km2 (Table 3.1.1) , (Figure 3.1.2)
Lake 1znik is approximately 85 m high over sea level and It’s
mean depth is 40 meters whercas its deepest point is 70m
(Mater,1988) . Minimum volume of the lake is 11.28 billions

m3 but it has a mean volume of 12.12 billions cubic meters

(Figure 3.1.3) (D.5.1.,1984)

Drainage area of lake 1znik is 626 km2 , whereas its
raining area is 936 km2 . Because lake tznik is surrounded by
steep mountains , the plains around it are not large . The
tznik plain has an area of 76 km2 and is on the east of the
lake , the Orhangazi plain has an area of 91 km2 and is on
the west of the lake and , the Gemlik plain which has an area
of 6 kn2 and is on the southern part of the lake . Lake 1znik
and its drainage area have been formed by a geological
depression Wﬁich happened between the southern part of 1tznik
plain crossing from the south of Orhangazi plain to reach the

southern part of Gemlik plain (Mater,18988)
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TABLE 3.1.1. Surface Area and Volume

Values versus Lake iznik Water Level

LEVEL S.AREA VYOLUME
(m) E06(m2) E08(m3)
82.00 303.335 11.280
82.50 303.535 11.415
83.00 303.735 11.550
83.50 303.900 11.725
84 .00 304 .085 11.900
84 .50 304.230 12.080
85.00 304 .396 12.260
85.50 304.5868 12.365
86 .00 304.740 12.510
(Source : D.S5.1.1.Bdlge Miidiir. Bursa)
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Beginning from Gemlik gulf and continuing to the east
with the cavity of lake fznik there are Samanli mountains
(800 m) on the north whereas there are Kétlrll mountains
(1250 m ) on the south . Lake iznik basin is characterized by
existence of vegetation , and soils of deciduous forests but
some parts of the lake side are marshes as well as some rural

areas {(Mater,1988)

Most parts of west , north and north east areas have
been used for agricultural purposes whereas southern and

southwestern regions are steep slopes

3.2. Climatic and Economical Features

3.2.1. The Climate of the Region :

Lake 1znik and its environment is under the same
climatic conditions as Marmara region . Winters are warm and
rainy whereas summers are hot and dry , but because of the
mountains circling the regionﬁ, the ciimate is more tepid .
According to the personal communication with State Directory
- for Meteorology and D.S5.1.1st Region Directory in Bursa city,
the average annual precipitation rates in the region is 558.3
mm, but this value increases to 700 -750 mm/year in the

southern regions of the drainage basin (Table 3.2.1),
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for lake lznik region
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(Figures (3.2.1)) . Average annual temperature of the region
is 14.7 C . The highest value occurs in July whereas the
lowest value occurs in January . The average annual
evaporation rate in the basin is 1449 mm (Table 3.2.2),

(Figure 3.2.2)

3.2.2. Economical State of the Region :

The economy of the region depends on agriculture
Grape , tobacco , olive , and early vegetables are some of
~the widely produced agro-products of the region .
13290 hectares are irrigated by the irrigation canals which
were built by DSI . Orhangazi and Gemlik districts are
industrially more developed than Iznik district . Asil celik
, Doktas , Ormo iplik , Orhangazi tugla industries , Angora
tekstil industry and Siimerbank suniipek are the main
factories in the lake region . On the other hand , some
summer houses are located on the lake side such as Darka

holiday village and G51koy holiday apartments (Figure 3.1.1).
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3.3. Streams and Springs Feeding Lake tznik

3.3.1. Streams Feeding the Lake :

There are more than thirty streams and springs
feeding lake tznik but generally , they flow during the rain
seasons (Mater,1988). In the most rainy months -January |,
February and March -these streams have their maximum flow

rates whereas in summer they are wholly or mostly dry .
The main streams are :

1 - Karadere - it collects the waters from the northeastern
regions of the lake having 219.7 km2 area . There is a DSI
station of number 2-31 to measure its flow which has an

average annual rate of 2.172 m3/sec

2 — Kirandere : it collects the waters of the southeastern
regions having an area of 147 km2 . Its flow rate is not

known because no flow measuring station exists .

3 - Kocadere (S6lozdere) : it collects the waters of the
south western regions having an area of 76.9 knm2 . Its
average annual flow is 0.805 m3/sec . DSI station code is

2-30 .
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4 - Kurudere : is on the north of the lake and it has a flow
rate of 0.354 m3/sec . It has a drainage area of

38.89 km2. DSI station code is 2-31

5 - Olukdere (Orhangazi deresi) : it collects the waters of
northwestern regions of Orhangazi plain which has an area of
74 km2 and has an annual average flow rate 6f 0.70 m3/sec.
The station existing on it is belonging to EiE and its code
is 213

6 - Nadir deresi : it collects the waters of northwestern

regions of lake Iznik . Its flow rate is 0.153 m3/sec

Inflows and drainage areas of the main streams are
giﬁen in Table (3.3.1) (D.S5.1. 1st Region Directory ,personal

communication)
3.3.2. Springs Feeding the Lake :

1 - Derekdy spring : its flow rate is 0.363 m3/sec

2 - Gedelek spring : has a flow rate of about 0.067 m3/sec
3 - Illplnar.spring : has a flow rate of 0.067 m3/sec.

4 - Ilicapinar spring : has a flow rate of 0.086 m3/sec .

{D.S.t. 1st Region Directory , personal communication).



TABLE 3.3.1. Average Annual Inflows and Drainage Areas

of some of the Streams Feeding Lake iznik

Average annual Drainage area
STREAM NAHE Inflow
* E06 m3 kw2

Karadere 68 .50 219.7
Kocadere 25.39 76.9
Kurudere 11.16 38.89
Olukdere 22.08 74.0

Total 127.13 E06 m3 409.49 kn2

(Source:D.5.1. 1st Region Directory)



23

4. WATER BUDGET AND NUTRIENT LOADINGS
ON LAKE 1ZNtK

4.1. Water Budget of Lake 1znik

| 4.1.1. Introduction :

The entry of water to a lake may be either as direct
precipitation, direct inflow such as rivers, or as runoff

Runoff may be furither classified as :

(a) Surface runoff which flows over the land surface and
enters the lake directly or via drainage ditches or stornm

sewers ,

(b) Sub-surface runoff or that part of the precipitation
which penetrates the upper soil horizons and flows into the

lake above the groundwater table and ,

(¢) Runoff which percolates through to the groundwater table

and enters the lake as spring water or seepage

The flow out of the lake may be either by direct
discharges from the outlets and irrigation canals of the lake
, by evaporation from the surface of the lake or , by

indirect outflows such as underground discharges through

groundwater table
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Water budgets of lakes are generally given by the

equation :
Ie+ Jo+ Ig+ P+R- (E+Gs+Q + W )= AV (4.1.1)
in which :
Ic = direct inflow from streams and springs (m3/yr) ,

Io = runoff from land (m3/yr}) ,

Ig = underground water runoff (m3/yr) ,

P = direct ?recipitation on lake surface (m3/yr) ,
R = indirect water return from irrigation (m3/yr) ,
E = direct evaporation from lake surface (m3/yr) ,

Gs = indirect outflow from lake (m3/yr) ,

Qc = outflow from lake outlet (m3/yri ,

x
1

water used for irrigation and industrial purposes
(m3/yr) and ,

AV = volume change (m3/yr)

4.1.2. Predicting Values Required for Water Budget of Lake

fznik :

i - Direct inflow from streams and springs : as given in
Table (3.3.1) average annual flow rates of some of the

streams are known . To estimate the average annual flow rates

for the others , the following method is used :
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a - Change the average annual flow rates to precipitation

rate over the drainage area of the mentioned streams

b - Multiply the rate found in (a) by the drainage areas of

the other streams . i.e.

total annual inflow
Annual Average Inflow = (4.1.2.)

total drainage area

127 .13 E06 m3/yr
=== AAT = = 0.310 m/yr
409 .49 E086 m2

Drainage arca of lake 1znik = 626.0 km2
Drainage area of streams which have measured inflows =
409 .49 km2
Drainage area of streams which have not measured inflows =
216 .51 km2
Total annual inflows of stireams which have not measured

inflows = 216.51 E06 m2 % 0.310 m/yr = 67.118 E06 m3/yr
Total inflow from all streams and springs :
Ic + Io = 194 .25 E06 m3/yr
2 - Underground water runoff : measurements of this part of
the water budget is very complex . The best estimation of

underground water runoff is to equate it with the indirect

IS T .
c P g s
e L L s
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flow from the lake tznik . i.e.

Ig = Gs

3 - Direct precipitation on lake surface : as shown in Table
(3.2.1) , average monthly precipitation rates for tznik .
Orhangazi , Umurbey , G&llice and Boyalica meteorological
stations for long periods are given (State Directory for
Meteorology and D.S.1.1st Region Directory,Bursa city) . The
effective real average annual precipitation rates for the
lake is found b& using Thiessen method ;

Product

Average P = - (4.1.3)
A

Where
Product = average annual precipitation rate multiplied by the

area which the station represents (Figure (4.1.1))

TABLE 4.1.1. Precipitation Products

Station Thiessen Area Precipitation Product

Name (km2) (mm) (kmZ2%mm)
Orhangazi 52.80 734.4 38776.32
tznik 54.80 474 .6 26008.08
Boyalica 109.55 517.8 56724 .99
Gollice - 66.95 503.9 33736 .11
Unurbey 20.20 560.9 11330.18




FIGURE 4.

1.1. Thiessen areas

L2
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166575 .60
Average P = = 547 .41 mm
304 .30

Average annual water load due to precipitation to lake tznik

P = 304.30 E06 * 0.5474 = 166.58 E06 m3 / yr .

4 - Indirect water return from irrigation : this load is the
excess of water pumped to irrigation canals and when not used
return to the lake . This load may be estimated as a
percentage of the water used for irrigation purposes . An
accurate value for this percentage may not known but a factor
of 10 per cent of the annual irrigation water volume must be

a satisfactory estimate (D.S5.1.1st Region Directory) .
R = 37.17 E06 m3/yr x 0.10 = 3.72 E06 m3/yr

5 — Direct evaporation from lake surface : the average
monthly evaporation rate from the evaporation pans in
Orhangazi , itznik , Boyallca., G61lGce and Umurbey
meteorological stations are given in Table (3.2.2) (S5tate
Directory for Meteorology and D.S5.1.1st Region Directory)
The annual averzge pan coefficient for lake fznik is assumed

by hydraulic department of DSt to be equal to 0.75
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By using Thiessen method for predicting the real

average evaporation load ;

Product
Average E = ' (4.1.4)
Area

TABLE 4.1.2 Evaporation Products

Station Thieséen Area Evaporation Product

Name (km2) (mm) (km2%mm )
Orhangazi 52.80 1396.1 73714.1
iznik : 54 .80 1342 .9 73590.92
Boyalica 109.55 1697.6 185972.08
Golliice 66.95 1176.9 78793 .46
Umurbey : 20.20 1427.7 28839.54

Therefore ;

440910.10
Average E = = 1448.93 mm
: 304.30

Average Annual Evaporation Rate from surface of lake

tznik is
AER = 1449 x 0.75 = 1086.75 nmn

therefore ,

E = 304.30 E06 m2 % 1.087 m/yr = 330.77 E06 m3/yr
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6 - Outflow from lake outlet : for lake tznik there is only
one controlled outlet to Gdlayagi stream aﬁd then to Karsak
stream and finally to Gemlik bay . This outlet is used only
to empty the excess water collected in the lake after heavy
rainy days . Because of the reason that this outlet is méstly
unused (not opened since 1986 (D.S.1.)), no significant

outflow is known ..

7 - Water used for irrigation and industrial purposes : there
are four DS pump stations and one Koy hizmetleri pump
station withdrawing water from the lake between May and
November for irrigation purposes . The annual average
irrigation water supplied by DSI to farms by canals is 35.87
millions cubic meters . The annual average irrigation water
supplied by K8y hizmetleri to Mustafali village by pipes is
0.5 millions cubic meters . There is one pump station for
Stimerbank suniipek fabrikasi withdrawing water all over the
year for industrial purposes . The annual average industrial
water withdrawn by Simerbank is one millions cubic meters
On the other hand , the other factories which are mentioned
before are not withdrawing water from the lake and they are
not polluting the lake because they are discharging their

waste water to Karsak stream

W = 35.67 E06 + 0.5 E06 + 1.0 E06 = 37.17 E06 m3/yr
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By substituting the values obtained above into

(4.1.1.)
AV = (194.25+166.58+3.72)%E06-(330.77+37.17)%E08
AV - -3.39 E06 m3 / yr .

The reasons after the result obtained for the
decrement in the volume of lake iznik may be explained as one

or more of the folloﬁing :

(a) because of underestimating of inflowing loads

(b) because of overestimating of outflowing loads

4.2. Calculating Nutrient Loads on Lake tznik

An increase in the load of phosphorus and nitrogen in
a lake may not lead to a substantial change in the nutrient
concentration in the lake water but signs of gradual
eutrophication may become evident from chlorophyll-a analyses

and gradual sliming of stones near the lake banks .

Excessive eutrophication is one of the most
significant causes of water gquality deterioration in lakes
and reservoirs in many countries in the world . In recent

years , a number of investigators have developed models for
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quantitatively relating nutrient loads to the eutrophication
response of a water body resulting from these loads . The
effective use of these quantitative nutrient
load-eutrophication response models depends not only on the
basic structure and predictive capability of the model used ,
but also on the accuracy of the nutrient loads estimates used

as input to the models. .

The major inputs to a waterbody generally are waste
waters discharges , land runoff , the atmosphere (dry fallout
and precipitation ) and ground water. The inputs from several
of these sources , especially the non-point sources , are
usually difficult to quantify reliably . The accuracy of the
estimation of the nutrient loads to a water body is dependent
upon a number of factors , including the frequency and
duration of sampling of the point and nomn-point sources ,
analytical methodologies used , percent of tributaries

sampled , etc .

The use of nutrient export coefficients for
estimating phosphorus and nitrogen loads is based on.the
knowledge that , for a given climatological regime , specific
types of land uses will yield or export characteristic
quantities of these nutrients to a downstream waterbody over
an annual cycle. This nutrient export is associated primarily
with land runoff resulting from precipitation in the

watershed and is usually expressed on an areal basis
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Knowing the area of land in a watershed devoted to
specific uses and the gquantities of nutrients exported per
unit area of these uses , it is possible to estimate the

annual total phosphorus and nitrogen loads to a waterbody

from non-point sources .

In the preparation of this study most of the time
data required were available and satisfactory . Estimations

were made based on general literature review

1 - Loading from agricultural area : Excessive quantities of
commercial fertilizers are applied annually to agricultural
lands throughout the region . The types and quantities of
fertilizers used in the drainage area of the lake in year
1990 which were obtained from Directory of Agriculture in
Bursa city and the percentages of phosphorus and nitrogen

which they contain are given in Table (4.2.1) .

High percentage of phosphorus and nitrogen in the
fertilizers are utilized by plants whereas a notable mass of
them is held by soil and a remarkable amount is washed from
soil by water and finally reach the lake . The fractions of
phosphorus and nitrogen which are washed by water depends
mainly on the amount of fertilizers used ,the type of plants,
amount of water , slope of the land and , type of the soil .
According to the amount of fertilizers used , the amount of

nutrient washed by water is a characteristic value , these
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are given in Table (4.2.2) . Ten per cent of this amount is
assumed to be reaching the lake (Uttorm&k,Chapin

& Green,1974).

Accordingly , the load of phosphorus and nitrogen
which entered lake lznik in 1990 due to fertilizers were

estimated to be

Mp(E) = 624.4 kg P/yr .

Mn(E) 29.8 E03 kg N/yr .

2 - Loading from farm animal sources : the kinds and amounts
of farm animals in the drainage area of lake tznik for the
year 1990 which were obtained from Directory of Agriculture
in Bursa city and given in Table (4.2.3) . The load of farm
animals is estimated by Uttormak and given in Table (4.2.4)
By assuming that ten per cent of the load is reaching the
lake waters (Uttormak,Chapin & Green,1974), the amount of the

nutrients entering the lake may be found

The total amount of phosphorus produced by farm

animals in 1990 is calculated to be :

a ) due to couws :

( 5000 + 5150 ) x 25 kg/yr = 253.75 E03 kg P/yr
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TABLE 4.2.1 Amount and Types of Fertilizers Used in tznik and

Orhangazi Districts ( Year 1990 )

TYPE 1ZNIK O.GAZ: TOTAL T.P T.N
Ton/Y Ton/Y Ton/Y % %

Amoniumsulphate 460 1640 2100 - ) 21
Amoniumnitrate 1850 -1900 3750 - 26
Manur 310 915 1225 - 48
Triplesupperphos 73.2 250 323. 47 -
Diamoniumphospha 488 1095 1583 46 18
20.20.20 330 235 565 20 20
15.15.15 2300 2055 4355 15 15

(Source : Bursa Tarim Midirligi , Destekleme Sube Midiur.)

TABLE 4.2.2 Rutrient Characteristic Values due to _the Amount

of Fertilizers Used .

P (kg/ha-yr) N (kg/ha-yr)
Amount of fertili-
zers used 29 56
Rutrient character- 0.11 5.5
istic value ‘

(Source

: Uttormak,Chapin and Green,1874)
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TABLE 4.2.3 Amount and Kinds of Farm Animals in itznik and

Orhangazi Districts ( Year 1890 )

TYPE 1ZNIK ORHANGAZY
COWS 5000 5150
SHEEP 12500 8150
POULTRY 36000 31000

(Source : Bursa Tarim Midirlugi ,Hayvan saglifi sube
middirlGagsa )

TABLE 4.2 .4 Amount of Rutrients Produced by Farm Animals

TYPE TP(Kg/yr) N{Kg/yr)
CONWS 25 38
SHEEP 2 11
POULTRY 0.2 0.5

(Source : Uttormak,Chapin and Green,1874)
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b ) due to sheep :
( 12500 + 8150 ) x 2 kg/yr = 41.30 E03 kg P/yr
c ) due to poultry :

( 36000 + 31000 ) * 0.2 kg/yr = 13.40 E03 kg P/yr

i.e. the total amount of P produced by farm animals and

reach the lake is :
Mp(A) = 308.5 E03 kg/yr * 0.1 = 30.85 E03 kg P /yr

And the total amount of nitrogen produced by farm animals in

1890 and assumed to reach the lake is

Mn(A) - 64.64 E03 kg/yr

3 - Loading from sewages : the distribution of population of
the region as published by State Statistical Institute for
the year 1990 is given in Table (4.2.5) . Phosphorus and
nitrogen loading from human wastes are assumed as 1.5 kg P

and 4_4kg per capita per year (Uttormak,Chapin & Green,1974).

Despite the fact that the sewage of Oihangazi city is
given to Karsak stream ,thus the pollution of 31889 person’s
products are not poliuting the lake directly , no sewage
system exists in iznik city and the other villages in the

region which are still using septic tanks
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There are some summer houses on the lake sides such
as Darka holiday village (350 houses) , G51kdy holiday
departments and DSt holiday camp . These summer villages have
their own waste water treatment plants and are discharging
the treated water to dry streams . All the factories near the
lake but Marmara birlik which discharge the treated water to
the lake , are discharging their treated waste water to

Karsak stream to reach Gemlik bay finally .

In calculating the load of P and N from human
resource , ten per cent of the load of villages is assumed to
reach the lake (Uttormak,Chapin & Green,1974) whereas all the

loads of 1tznik city and Boyalica village are assumed to reach

the lake because they are on the lake side .

The phosphorus loading produced by man for lznik city and

Boyalica village is :
( 17232 + 2227 ) * 1.5 kg/yr = 29.19 E03 kg P /yr
The phosphorus loading groduced by man for villages is
( 24537 + 22483 ) x 1.5 kg/yr = 70.53 E03 kg P /yr
The total load of phosphorus reaching the lake is :

Mp(S)= 29.19 E03 + ( 70.53 E03 x 0.1 ) = 36.24 E03 kg P /yr
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And for nitrogen ;

Mn(S)= 85.6 E03 + ( 206.9 E03 *x 0.1 ) = 106.29 E03 kg N /yr

4 - Loading from forests : the area of forests in the region
is 24.036E07 m2 (Table 4.2.6). As estimated by Rast and Lee
(1983),the export coefficients of phosphorus and nitrogen for

forested areas are 0.01 g P/ m2-yr and 0.5 ¢ N/ n2-yr

respectively .

ie. Mp(F) = A(F) x 0.01 = 24.036 E07 % 0.01
Mp(F) = 2.4 E03 kg P/yr .
Mn(F) = A(F) *x 0.5 = 24.036 EO7 * 0.5
Mn(F) = 120.2 E03 kg N/yr .

5 - Aerial loading :@: the area of the lake surface is 304.3
E06 m2 . The aerial exportvcoefficient is 0.025 for TP and
2.4 for N (Rast and Lee,1983)

Mp (1) A(S) x 0.025 = 304.30 E06 * 0.025

it

Mp(I) 7.81 E03 kg P/yr .
and ,

¥n (1)

730.3 E03 kg N/yr .



TABLE 4.2.5 Population of tznik and Orhangazi Districts
{ Year 1990 )

POPULATION
tznik city 17232
tznik villages 24710
Orhangazi city 31889
O.gazi villages 24537

( Source : Devlet Istatistik Enstitisi )

TABLE 4.2.6 Area and Types of Land in Iznik and Orhangazi

Districts .

TYPE 1 ZN1IK 0.GAZ1 TOTAL

km2 km2 km2
Agricultural land 274 .88 138.63 413 .51
Forests 190.00 50.36 240 .36
Beathly land 141 .14 100 .74 241 .88
Pasture land 5450 7.50 62.00
Inhabited area 5.73 4.01 9.74
Not suitable for Agr 4.58 11.02 15.60
Streans ‘ 1.00 0.50 1.50
Lake 237.17 65.00 302.17

( Source : Bursa Tarim Miodirligd , Istatistik ve projeler
Sube mudirligid )
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The total annual loading of total phosphorus on lake iznik is
Mp = 624 .40 + 30.85 E03 + 36.24 E034+ 2.4 E0O3 + 7.6 EO3
Mp = 77.71 EO3 kg P / yr .
The total annual loading of total nitrogen on lake tznik is
Mn = 29.8 E03+ 64.64 E03 + 106.29 E03 + 120.2 E03 + 730.3 E03
Mn = 1.09 E06 kg N / yxr
The ratio of total loading of nitrogen to the total
loading of phosphorusAis found to be equal to 14.0 , which is

higher than seven which emphasize that phosphorus is the

limiting element in lake 1lznik .
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4.3. Comparison Between Permitted Load

and Existent Load

The permitted areal loading of phosphorus on lakes is

given by the following equation (Vollenweider,b 1971)

Lc(P)

100 + ( 10 ( Z / Rw )) (mg P /m2-yr) (4.3.1)
= 100 + ( 10 ( 40/326 ))
Le(P) = 101.2 mg P / m2-yr

Whereas L(P)

Mp / A = 77.71 E09(mg/yr) / 304.30 E06 (m2)

255 mg P / m2-yr

The areal loading of phosphorus on lake lznik exceeds
the permitted loading by more than two times which will
affect the concentration of phosphorus in the lake water and

will result in accelerating the eutrophication process in

lake fznik .



5. IKVESTIGATION OF THE TROPHIC STATE
OF LAKE 1ZNtK

5.1. Physical and Chemical Parameters
5.1.1. Intrcduction :

In order to have a sufficient study about lakes , the
critical parameters must be controlled for a long period of
time . For this reason , the measurements which were
performed by the Ist Region Directory of D.S.1. in lake tznik
, although they are not adequate enough, were used in this
study . The results of the measurements are given in
Appendix B . On the other hand , as done by Soyupak,S.,et al
(1993) , the arithmetic averages of the data were calculated
based on the dates , sample collection points , and the water

levels in order to observe the trend of the parameters and

are given in Table (5.1.1) .

5$.1.2. Temperature :

Even water bodies warm and cool very slowly , water
surface temperatures change instantly due to the changes in
the air temperatureé . In spring , when air temperatures
begin to rise , the temperatures of the water surface begin

to rise accordingly but temperature of deeper parts of the
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water body does not rise at the same rate . In fall .
temperatures begin to fall down and accordingly temperatures
of water begin to fall down too but at a slightly slower

rate .

Hater temperatures for different dates aﬁd water
depths of lake fznik between years 1986 - 1990 were measured
by D.5.1. The data collected from D.S.t have been summarized

and given in Table (5.1.2)

In Figure (5.1.1) temperatures of water due to two
different dates versus water depth for station IL5 in lake
tznik are shown . Important changes in water temperature with
water depths are noticed in the summer period which emphasize
the presence of thermocline whereas in winter no such case is

noticed .
5.1.3. Dissolved oxygen :

The rate of dissolving of oxygen in water has a
direct relationship with the temperature of water . The
distribution of oxygen in water is the result of Eddy
diffusion . In the epilimnion layer oxygen is found as a

result of the atmospherical interaction and photosynthesis

process .
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In summer , as a result of thermocline which prevent
full mixing of water body , dissolved oxygen in the

hypolimnion layer does not exist in the same concentration as

in the epilimnion

In eutrophic lakes , dissolved oxygen concentration
in summer may exceed the saturation value because of the
excessive production of algae existing which results in

excessive release of oxygen due to photosynthesis process.

Dissolved oxygen concentrations for different water
depths for years 1986 -1990 were measured by D.S.t. and are
given in Appendix B , but those for station 1L5 are given in
Tables (5.1.3) and (5.1.5) . 1In Table (5.1.4) solubility

values of oxygen in water are given

Figure (5.1.2) shows dissolved oxygen concentrations
and temperature of water for station ILH with respect to
depth . The two diagrams agree with each other which explain
the relation between dissolved oxygen concentration and

temperature in lakes .

Figure (5.1.3) shows the concentration of dissolved
oxygen in two different dates for station ILb with respect to
depth of water. The increment of oxygén concentration between
5 - 20 m depth in summer may be explained as a result of the

excessive production of algae in the thermocline layer
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TABLE 5.1.4 Solubility of Oxygen in Water

Temperature D.O. Temperature D.O.
(Oc) (mg /1) (Oc) (mg /1)

0 14.86 20 9.2

2 13.8 22 8.8

4 13.1 24 8.5

6 12.5 26 8.2

8 11.9 28 7.9

10 11.3 30 7.6
12 10.8 32 7.4
14 10 .4 34 7.2
16 10.0 36 7.0
i8 9.5 38 6.8

TABLE 5.1.5 Conversion of D.0.% to D.O.(mg/1)
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Date 07/07/1988 20/12/1989
Depth Temp. D.O. D.O. Temp. |D.O. D.O.
(m) (Oc) % (mg /1) (Oc) % (mg /1)
0.5 28.4 139.4 11.0 9.7 107.8 12.2
2.0 27.8 i38.6 11.1 9.8 103.7 11.7
4.0 26.2 135.7 11.1 9.5 101.0 11.86
6.0 25.7 135.9 11.2 9.4 95.9 10.9
8.0 22 .4 172.1 15.1 9.4 94 .7 10.8
10.0 1i8.5 184.4 17 .4 9.4 92 .8 10 .6
15.0 12.8 130.6 13.8 9.3 88.8 10.3
20.0 11.0 103.6 11 .4 9.2 86.5 10.0
25.0 9.8 104 .1 11.8 9.2 85.9 9.9
30.0 9.1 103.9 11.9 9.1 83.7 9.7
35.0 8.7 .102.0 11.7 9.1 79.5 9.2
40 .0 8.4 102.0 12.1 78_.3
45.0 8.4 84.8 7.7
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5.1.4. PH level :

The average PH levels in lake tznik which were
measured by D.S.1. are given in Table (5.1.1) and shown in
Figure (5.1.4) . As noticed from the mentioned Figure , PH
level in lake tznik has inconsiderable changes and generally

the lake water is slightly basic
5.1.5. Phosphorus :

It is uswvally classified according to the analytical
procedure used in its determination rather than its precise
chemical formulation . The fractions most commonly referred

to in the literature for phospherus are as follows :

{(a) Soluble reactive phosphorus (SRP) . This is usually
determined by filtering the water sample through a 0.45 pm
filter and determination of phosphate by colorimetric
analysis . A more accurate description of this fraction is
“filterable reactive phosphorus™ because the arbitrary choice
of 0.45 Fm filter means that this fraction phosphorus
associated with pérticles smaller than 0.45 Fm in size

SRP is mainly PO43‘ + }{PO42—+ H2P04— (inorganic phosphorus
abbreviated ,IP ) but may include condensed phosphates and

organic phosphorus which are hydrolysed or oxidized during

the determination .
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(b) Total phosphorus (TP) . This includes all forms of
phosphorus both dissolved and particulate matter in
suspension . It is usually determined byracid digestion and
oxidation using the persulfate digestion method . TP has also
been determined by photo-oxidation using ultraviolet light
but found to give values of about 20 per cent lower than

those determined using acid digestion procedures

(c)‘Total dissolved phosphorus (TDP or simply soluble
phosphorus , SP) . This is the fraction determined after
filtration by using a 0.45 Pm filter and acid digestion . It

includes both SRP and dissolved organic phosphorus (DOP)

(d) Particulate phosphorus (PP) . This is the difference

between TP and TDP .

(e} Dissolved organic phosphorus (DOP) . This may be defined
as the TDP minus the acid-hydrolyzable phosphorus (mild acid
hydrolysis to degrade condensed phosphates and may include
easily hydrolysed organophosphorus compounds )} . If condensed

phosphates are known to be absent then DOP = TDP - SRP .

The majority of studies have limited the measurement
of phosphorus to TP and SRP . However , it is important to
consider the more precise speciation of phosphorus when
considering heterogeneous reactions such as precipitation of

solid phases , coprecipitation and sorption intsractions with
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particulate materials (House and Casey ,1989) .
For lake tznik , D.S.1. , had decided to hold
measurements of TP and O-PO4 concentrations . The list of the
average of these measurements are given in Table (5.1.1) . By
plotting annual average TP and O-PO4 concentration values .
it can be noticed that TP has an increasing tendency which

means that phosphorus loading on lake tznik is increasing

( Figures (5.1.5) , (5.1.8) )
5.1.6. Nitrogen :

The continuous cyclic exchange between combined
nitrogen in the soil and molecular nitrogen in the atmosphere
is called nitrogen cycle . Soii nitrogen occurs naturally in
organic forms not utilizable by higher plants but made
available as ammonia through the activities of soil
microorganisms . The ammonia may be used by microorganisms
directly or after oxidation to nitrate-nitrogen . Most of the
nitrogen quantity entering lakes is in soluble forms . In the
lake water interchanges between nitrogen forms happen by

nitrification , denitrification and fixation processes .

DSt had decided to measure nitrogen concentrations in
lake tznik as RH3-N , NO2-N ,and NO3-N . An averages of these
measurement is given in Table (5.1.1) and plotted in Figures

(5.1.7),(5.1.8) and (5.1.9) . As can be noticed from



mentioned figures , nitrogen concentrations have increasing
tendency . This may be explained as that nitrogen influx to

the lake is increasing with time
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5.2. Determining the Limiting Element

in Lake tznik

5.2.1. Introduction :

The stoichiometric ratio for algal cells is known to
be 106 C:16 R:l P which means that in the presence of enough
light and heat , one mole of phosphorus and 16 mole of
nitrogen with 106 mole of carbon is the optimum requirement

for algae growth .

Although the values of P and R concentrations in a
water body is important , the forms of these elements which
are consumed by plants and algae are more important . These
forms are phosphorus with ammonia , nitrate and nitrite for
nitrogen . The ratio of inorganic nitrogen (nitrate + nitrite
+ ammonia) to total phosphorus is 7 / 1 by weight . If this
ratio is more than seven then the limiting element is

phosphorus (Stumm and Morgan,1970) .

5.2.2. Calculating N / P ratio :

In Table (5.1.1) the ratio’s of the average
concentrations of TP and inorganic nitrogen for 1986-1990
years are given . As may be noticed, the N/P values are all

aver seven except the value measured in April 1989 and July
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1992 which are less than seven . Therefore , the limiting

element in lake tznik is found to be the phosphorus.

5.3. The Relation Between Plankton Growth

and P Concentration

Increasing evidence indicates that algal levels in
lakes are controlled by the external input of plant
nutrients . Vollenweider showed how the trophic states of a
group of lakes could be related to the annual loading of
phosphorus and the lake depth . Dillon related phosphorus
loading and flushing rate to troﬁhic state for a group of
Ontario lakes . Bachmann and Jones(1976) demonstrated a
simple model relating phosphorus input to algal levels for a

group of lakes with the expression
LOG CHL-a = 1.46 LOG TP - 1.09 (5.3.1)

Measurements of total phosphorus and chlorophyll a
concentrations were made in the lake fznik by DSI,.Directory
of 1st Region (Bursa) beginning in 1986 . The average of

these measurements are given in Table (5.1.1)

By plotting the concentrations of total phosphorus

versus chloropliyll a concentrations on log-log paper , Figure
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(6.3.1) , a correlation ( r =0_.78 )} was found between
chlorophyll a concentrations and the measured concentrations

of total phosphorus . The relation found for lake tznik is
- LOG CHL-A = 1.35995 LOG TP - 1.52303 (6.3.2)

In view of the insufficient data used , it is
surprising to find such a strong relationship between algae
and a single nutrient element . A much greater scatter was
expected because of :

(a) the effect of other limiting nutrients ,

(b) the utilization of phosphorus by other parts of the food
chain , |

(c) the complexity of the phosphorus cycle and the fact that

the total phosphorus measurement lumps together the many

different phosphorus components found in the open waters of

lakes .

The implication of this finding is that phosphorus is
the element controlling algal biomass in a broad range of
lakes . The slope of the log-log regression line is greater
than one, indicating that the algal chlorophyll a increases
at a faster rate than does the phosphorus concentration . The
ratio of chlorophyll a to phosphorus is greater at high
concentrations of P than at low concentrations . This might

be because of changes in the species composition of the algal

populations



(RN

5

I o BN N

el
o}

Chlorophyll-a (mg,/m3)

G T | R AR i T F 1 Fyzel T IR AR EERRER] ) ¥ 1 P PPV

0 1 10 100 1000
Measured total Phosphorus (ing/m3

FIGUORE 5.3.1. Relationship between annual
. measured Chl-a and TP conc.

Regression Qutput:
L&

Constant -1.58208
Std Emrof Y Est {.240751
R Bguared (.638196
No. of Ohservations 4 13
Degrees of Freedom 11

e
b
R

X C(}&ffi{:’;gn{,: :‘) 1
Std Err of Coef. (38

L V]
e
o WG
3
[
e

e’

62



63

5.4. Applying Trophic State Index to Lake tznik :

A numerical tropﬁic state index for lakes has been
developed by R.E.Carlson (1977) that incorporates most lakes
in a range of 0 to 100 . Each major division (10,20,30 ,etc.)
represents a doubling in algal biomass . The index number can
be calculated from any of several parameters , including
Secchi disk transparency , chlorophyll-a

., and total

phosphorus

In fact , all trophic classification is based on the
division of the trophic continuum , however this is divided ,
into a series of classes termed trophic states . Traditicmal
systems divide the continuum into three classes :
oligotrophic , mesotrophic , and eutrophic . There is often
no clear delineation of these divisions . Determinations of
trophic state are made from examination of several diverse
criteria , such as shape of the oxygen curve , species
composition of the bottom fauna or of the phytoplankton ,

concentrations of nutrients , and various measures of biomass

or production

Although each changes from oligotrophy to eutrophy ,
the changes do not occur at sharply defined places , nor do
they all occur at the same place or at the same rate . Some

lakes may be considered oligotrophic by one criterion and
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eutrophic by another ; this problem is sometimes circumvented
by classifying lakes that show characteristics of both

oligotrophy and eutrophy as mesotrophic

The large number of criteria that have béen used to
determine trophic status has contributed to the contention
that the trophic concept is multidimensional , involving
aspects of nutrient loading , nutrient concentration ,
productivity , and even lake morphometry . As such , trophic

status could not be evaluated by examining one or two

parameters (Carlson,1977)

The trophic state index ( TSI ) can be computed from
Secchi disk transparency value ., chlorophyll a concentration
or total phosphorus concentration (equations (5.4.1) ,

?

(6.4.2),(5.4.3) respectively) (Carlson,1877) .

In SD
TSI(SD) = 10%(6 - —— ) , (5.4.1)
In 2

2.04 - 0.68%x1n Chl

TSI(Chl)= 10%(6 - ) . (5.4.2)
In 2
48
In
TP
TSI(TP) = 10%(6 - ) I {5.4.3)

In 2
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The completed scale and its associated parameters are

shown in Table (5.4.1)

To use the index for classifying lakes requires that
a single number be generated that adequately reflects the
trophic status of the lake . It should be emphasized that the
number generated is only an index of the trophic status of
the lake and does not define the trophic status . The index
can be used as a predictive tool in lake-management
programs . If the mean total phosphorus after nutrient
abatement can be predicted with loading rate equations such
as of Vollenweider (19639,19768) , then a new TSI can easily be
calculated and the biological conditions of the lake

estimated .

The changes in lake 1znik eutrophic status with time

is given in Figure (5.4.1)
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TABLE b.4.1. Complete Trophic State Index and its Associated

Parameters
TS1 SECCHI DISC TP Chl-a
(m) (ng /m3) (mg/m3)
0 64 0.75 0.04
10 32 1.5 0.12
20 16 3.0 0.34
a0 # 6.0 0.94
40 4 12 2.6
50 2 24 6.4
60 1 48 20
70 0.5 96 56
80 0.25 192 154
100 0.0862 768 1183

(Source: Carlson,1877)
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6. MODEL INVESTIGATION AND APPLICATION

6.1. Introduction

Mathematical models are used in so many branches of
science as in ecological ones . They represent the chemical ,
physical and , biological relations of the organisms and give
direction to water quality management studies . For

understanding the events of dynamics , structures and

functions of organisms , limnological , biological and

engineering aiming models have been developed
Models are useful in -

1- Studying relationships between compounds of ecosystems ,
2- Studying dynamics and structure of ecosystems ,

3- Determining and defining changes in environment ,

4- Developing ways for changes in environment ,

5- Examining relations between socio-economics process and

ecosystems , »

8- Studying and developing suitable global researches,

7- Developing simulations for environmental practice and ,

8- Developing envirommental education (Karpuzcu,1982 and

Jeffers,1973)
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The first water quality management model was
developed for studying the impacts of organic matters in
water bodies on accumulative dissolved oxygen levels
Accordingly mathematical models were developed for predicting

future effects of polluting materials on water bodies .

6.2. Models Applied to Lakes

Lakes ecosystems consist of many different bio-
chemical events . Models are developed for controlling the
experimental and observed studies and then using these in
forming hypothesis . Parameters are given in regression state

as functions of each others .

Mathematical models are classified into two groups ;
1 - Experimental models which are developed upon given
analysis correlations
2 — Theoretical models which are developed upon data

collected from studies and researches

6.2.1. Experimental Models

I+ contains the models which explain the relations
between loading of nutrients entering a lake , nutrient level

in the lake and , primary production parameters
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[Pl =(L(P) /ags ) (1 / (1+ z/gs)) (6.2.1)

where
'[P] : the concentration of phosphorﬁs in lake
L(P): loading of phosphorus per unit area
gs : hydraulic loading

b4 : mean depth of the lake

6.2.2. Theoretical Models

They are the models which examine the relations
between different systems compounds such as the model applied

to lakes which have no effects of sedimentation

V*xde/dt = Q*xCi-Q*xC (6.2.2)
where ;
V : volume of the lake
C : concentration of nutrient in water
Ci: concentration of nutrient in inflow

Q : inflow rate
6.3. Selecting a Suitable Hodel for Lake 1znik
There are many factors affecting the biochemical

processes in lakes ecosystems . The models which contain all

the factors and all the components of a lake ecosystem must
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be very complex and need wide range of data . The important

factors in selecting a model are

(a) selecting the model according to the aim of modelling ,

(b) simplicity of the model in practice ,

(c) value of the cause-result phenomena and ,

(d) having the basic principles suitable with the conditions

of the lake (Karpuzcu,1982 and Jeffers,1973)

Even simple models take notice of only one variable ,

but they are accurate indicators of the levels of nutrients
‘of a lake . These simple models are useful in the
understanding of the response of a lake toward any changes in
the surrounding conditions and give a good idea for the
purposes of planning of the area . For this reason , it was
seen that the best model fitting the cohditions given above
is the " nutrient residence time model " which is used to be
applied to lakes in which one element is known to be the

limiting nutrient .

Five major phases are usually entailed in the
evaluation of waste assimilation capacity of a lake . These
phases must be sighted :

(a) determination of waste loading ,

(b)Y definition of hydraulic and climatologist factors ,

(c) adoption and verification of self-purification factors ,
(d) forecasts of expected lake conditions and ,

{e) evaluation of the impact of lake developments .
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6.4. Nutrient Residence Time Model

Chemical residence time has been used as a basis for
modeling the chemical content of the ocean for some time
(barth,1972) . Next , Vollenweider (1969) and other workers
have used chemical residence time approach to model the rate
of recovery of several lakes following pollution abatement
The purpose of this model is to relate the theoretical basis
for the chemical residence time model , as it applies to
phosphorus and nitrogen , discuss the limits , capabilities

and application of the model on lake tznik .

The amount of nutrient in a lake is a function of
both : the usage of nutrient by organisms and the losses of
it in the lake. The losses of nutrient in a lake may be by
either to sedimentation or direct outflow through the outlets
of the lakes . Studies have shown that sediments of lakes act
as sinks or traps for nutrients . Although there is some
release of nutrients from sediments , the net flux of
nutrients over an annual cycle is to the sediments . This
follows from the fact that a significant portion of the
organisms that settle onto the bottom are refractory so that
regeneration of the phosphorus and nitrogen upon

mineralization is less than 100 per cent (Sonzogni,Uttormak &

Lee,1976) .



73

Assuming that long term effects can be approximated

by average annual values in mixed lake ., a mass balance can

be written on the nutrient of interest . A diagrammatic

representation of this case is shown below

M

where

tw A o
It

K =
A

dc/dt=
vV =

=== ====) C*xQ

KxC

M =@%xC*xS +K*xCxA+ de/dt x V (6.4.1)
mass of nutrient loading over the lake
annual outflow rate
nutrient concentration at outlet
dimensionless proportionality factor that relates the
mean annual outwash or surface water concentration
over the whole lake
sedimentation rate
Surface area of the lake
variety in nutrient concentration

lake volume

Consequently , it is assumed that the average annual outwash

concentration is directly related to the annual concentration

over the whole lake by a constant factor . Since the total
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phosphorus concentration in the epilimnion of most lakes is
less than the hypolimnion concentration , S will generally be
less than one . For the lake Mendota , Madison , Wisconsin ,
the total phosphorus in the surface waters was about 70 per
cent of the average concentration for the entire lake . Thus,
S would have a value of about 0.7 for lake Mendota . For
lakes which do not stratify , S would be equal to unity .
Although the model was derived based on the mean annual
phosphorus content obtained from the average of éystematic
measurements over the whole year , the mean content at spring
turnover might be used as the basis for the annual total
phosphorus content . During these periods , lakes are
generally well mixed and biological productivity is often at
an annual minimum . Therefore , when using the mean content

at spring turnover as a basis , S would be equal to unity

(Sonzogni,Uttormak & Lee,1976) .

By rearranging equation (6.4.1) and substituting

de
v x = M- (Q@+KxA)xC (6.4.2)
dt
de M (Q+K % A)
= - ) x C (6.4.3)
dt v \')
) v |
in which BRn = (6.4.4)
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which is the nutrient residence time for the lake .

Integration of equation (6.4.3) from CO at time zero

to C at time t yields

Q+KXxA Q+KxA
- — Xt ST —— 3

(1- e ) + CO % e (6.4.5)

Q+KxA

The steady state concentration in the lake , Ceq , is
not identical to the input concentration , but differs by a
factor which is the ratio of the phosphorus and hydraulic

residence times

Ceq = @—m8M8 (6.4.6)
Q + KxA

F:om initial concentration C0 to ten per cent within
the equilibrium concentration , t10 time must pass . This

time is given by the equation

v (Q+K*A)
t10 = —— ( 2.3+ Lnm ( — % CO - 1)) (6.4.7)

a + KxA M

These equatioﬁs can be used to estimate the gross
response of a lake to a step reduction in any nutrient

influx . If the lake was at steady state prior to the input
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reduction , the mean content of the lake will be reduced in
direct proportion to the change in the influx . On the other
hand , the new steady state concentration will be approached

exponentially as a function of the nutrient residence time

For the case of lake tznik , the average value of the
total phosphorus concentrations measured in the lake on 20 of
Decembef,1989 was accepted to be the initial concentration of
total phosphorus used in the model . In Figures (6.4.1)
through (6.4.4) , three different recovery rates are shown
If a reduction of 50 per cent of the present loading is

assumed , an equilibrium phosphorus concentration of

0.50 x 77.71 E06
Ceq =

37.17 E06 + 8.60 * 304.30 EO8

Ceq = 1.47 E-02 mg P /1

is expected

C10 = 1.61 E-02 mg P/1

will take place after

10 = 11.21 years
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Fifty per cent within ten percent of the equilibrium

value C50= 2.20 E-02 mg P/1 will occurs after only 3.7 years

beginning from reduction date

The second reduction rate was chosen as 2/3 of the
present loading . In this case , a steady state concentration
of Ceq = 0.98.E—02 mg P/1 will result from this reduction
In a 14.64 years time , ten per cent within the equilibrium

concentration , C10 = 1.08 E-02 mg P/1 will be arrived

The third rate of reduction was taken as 75 per cent
of the present phosphorus loading . In a 16.6 years interval,
ten per cent within the equilibrium concentration
C10 = 8.06 E-03 mg P/l will be reached despite the fact that

equilibrium value would be Ceq = 7.33 E-03 mg P/1

A simple computer program has been developed to
predict the steady state concentration with the time required
to reach ninety per cent of the recovery concentration . The
same program predict the concentrations of the limiting

element with respect to time beginning from reduction date

This program has been written in Basic language and

listed in Appendix A
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6.5. Computing Sedimentation Coefficient

6.5.1. Theory :

Many studies have been proposed to provide such
information . These have been reviewed recently by Dillon .
It has been chosen to follow the approach of Vollenweider who
developed a differential equation based on the following

assumptions

1 - The rate of supply of phosphorus , the flushing rate ,

and the sedimentation rate are constant through time .

2 - The lake is considered as a continuously stirred reactor

system (CSRS) defined as a single-compartment , open system

3 -~ The concentration of phosphorus in the outflow is the

same as the concentration in the lake

4 — Sedimentation of nutrient is proportional to the nutrient

concentration in the lake (Lorenzen,1873)

The steady-state solution is given by :

: L
c = (8.5.1)

Z (0‘+_S’ )
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where

C = concentration of nutrient in the lake water , mg/m3 ,

L = annual nutrient loading per unit ares of lake surface,
mg/m2 ,

Z = mean depth of the lake , m

O = sedimentation coefficient , yr -1 | and

hydraulic flushing rate , yr -1

o
1

In developing this equation , Vollenweider concluded
that the concentration of nutrient in lakes is determined
largely by rate of supply , but is modified by losses through

the outlet and the sediments (Jones & Bachmann,1976)

The inclusion of the sedimentation term allows the
model to be used for nonconcervative substances , but
potentially limits its usefulness because directly measuring
sedimentation in the field requires more effort than would be
involved in measuring the phosphorus , nitrogen and

chlorophyll values rather than predicting them

The sedimentation coefficient can be estimated from

the data by rearranging the terms in equation (6.5.1)

- =—-3 (6.5.2)
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Vollenwreider (1969) has listed values for the
sedimentation coefficient for phosphorus from 0.1 to 1.0
Often some other value may be estimated . All that errors
involved in estimating loading , mean depth , total nutrient
, and the flushing rate are incorporated into the
sedimentation coefficient . Negative values might indicate a
lake in which steady state does not exist and more nutrient
is being lost from the lake than is entering , or from the
combined effects of the errors of estimation . No correlation
could be found between the estimated sedimentation
coefficient and the mean depth , loading rate , or total
nutrient concentration of the lake . A slight positive

correlation was found with the flushing rate (Jones and

Bachmann,1976)
6.5.2. Calculations Of K :

For lake 1znik , the parameters required to prédict

the sedimentation coefficient of phosphorus are

L = 77.71 E09 / 304.30 E06 = 255.37 mg/m2
Z =V /A= 12.12 E09 / 304.30 E06 = 39.83 m

TP = 29.3 mg P / m3
\f Q /V= 37.17 EO6 / 12.12 E09

though ,

0.0031 yr -1

1

g 0.216 yr~-1

Therefore ,
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K=0%Z=10.216 x 39.83 = 8.60 m / yr

6.6. Calculations Of Rp and Rw

Since Rp is a function only of V , Q, kK, and A , Rp
is not influenced by changes in the input concentration
Once the phosphorus residence time is known , the rate of
response to phosphorus abatement (or pollution) can be

predicted from the model

For lakg tznik , the above mentioned parameters are
V=12.12 E09 m3
Q = 37.17 E06 m3 / yr
K=924m / yr
A = 304.30 E06 m2
therefore
Rp = 4.25 years .

and Re = V /7 Q = 326.1 years

The phosphorus residence time was found to be less
than water residence time which means that lake tznik is
acting as a sink for phosphorus . It should be noted that
although the chemicalrcontent of lakes may be determined with
reasonable realibity , the rate of phosphorus influx is often

much less precisely known , especially when the influx is
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estimated from land use patterns and generalizations from
literature . Nevertheless , the fact that all phosphorus
residence times calculated for many lakes in the world are
less than the hydraulic residence times (Sonzongi,Uttormak &
Lee,1976), gives strong evidence that the response of a lake
to phosphorus abatement will be more rapid than that

predicted from the hydraulic residence time
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7. SUMMARY OF FINDINGS

In this study , the basic parameters which give
sufficient knowledge of the nutrient condition in lake tznik
have been investigated . The summation of this application

may be given briefly as follows

1 - Lake lznik is in general not homogeneous and not fully
mixed . It has a surface area of 304.30 km2 and a volume of

12.12 millions cubic meters whereas Its mean depth is 40 m .

2 - Average total phosphorus concentration in the beginning
of 1880 is 29.30 mg P/m3 , whereas the average chlorophyll-a
concentration for the same time is 1.314 mg/m3 . These two
values indicate that lake tznik did not reach the eutrophic
state yet . Trophic state index was calculated and seen to
be commonly of the range 40 - 60 ( mesotrophic -eutrophic

state ) .

3 - From the ratios of inorganic nitrogen concentration to
phosphorus concentration which are found to be bigger than
seven , and also from the ratio of the total loading of
nitrogen to the total loading of phosphorus which was found

to be equal to 14.0 , phosphorus was found to be the limiting

element in lake Iznik .
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4 - Because of the existence of a controlled outlet of lake
1znik , volume of the lake is almost constant . The biggest

water input to the lake is from streams whereas the biggest

flow out is by evaporation

5 - The areal phosphorus loading over lake 1znik was found to
be more than two times of the pernitted one . The most
polluting phosphorus load is that one which is produced by

human activities (47 per cent )

6 - Nutrient residence time model has been applied to lake
tznik . Phosphorus residence time ( 4.25 years ) was found to
be less than water residence time ( 326.1 years ) which means
that lake ftznik acts as a sink for phosphorus. For the
loading of that estimated for 1990 , an equilibrium
concentration of Ceq = 2.93 E-02 mg P/1 is expected. For 50
per cent reduction in P loading , an equilibrium of Ceq =
1.47 E-02 mg P/1 . For 67 per cent reduction in P loading ,
an equilibrium of Ceq = 0.98 E-02 mg P/l was calculated . And
for 75 per cent reduction in P loading will result in

recovery of the lake and the equilibrium concentration will

be Ceq = 7.33 E-03 mg P/1

7 - In present , lake fznik is in mesotrophic-eutrophic state

but if nutrient loading wouldn’t be reduced , lake tznik will

reach eutrophic state soonly .
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APPENDIX A

mputer Program for "Phosphorus Residence Time" Model

Applied to Lake tznik

gram calculates the nutrients loads on lakes .

DIM T(32).Y(32).C(32)

PRINT"Print
PRINT"Print
PRINT"Print
PRINT"Print
PRINT"Print
PRINT"Print
PRINT"Print
PRINT"Print
PRINT"Print
PRINT"Print
PRINT"Print
PRIRT"Print
PRINT"Print
PRINT"Print
PRINT"Print
PRIRT"Print
PRIRT"Print
PRINT"Print
PRIRT"Print
PRINT"Print
MT=(F(4)% .47
MP(1)=MT*
MS=(F (1)%
MN (1)=M5x%
MP(2)=A1%.01
FN(2)=A1%.5
MP(3)=(BBE*2

.21

initial conc. of P in lake tznik (gr/m3)":INPUT CO
sedimentation rate (m/year)":INPUT K

surface area of lake 1znik (m2)":INPUT A2

forests area (m2)":INPUT Al

nunber of cow equivalent”:INPUT BBH

number of sheep equivalent" :INPUT KBH

number of poultry equivalent”:INPT KH

Tznik city population”:INPUT INS

Yznik district villages population”:INPUT IINS

Orhangazi city population”: INPUT ONS

Orhangazi district villages population”:INPUT QORS

average annual inflow (m3/year)":INPUT Q

volume of lake fznik (®3)":INPUT V -

weight of Amonium sulfate used annually (kg)":INPUT F(1)
weight of Amonium nitrate used annually (kg)":INPUT F(2)
weight of Manure used annually (kg)":INPUT F(3)

weight of Triple super fosfate used annually(kg)”:INPUT F(4)
weight of Diamonium fosfate used annually (kg)":INPUT F(5)
weight of 20.20.20 fertilizer used annually (kg)":INPUT F(6)
weight of 15.15.15 fertilizer used annuvally (kg)”:INPUT F(7)
+F (5% . 46+F (6 )% . 2+F (7)%.15)*1000

.00379% .1

+F (2% . 264F (3)% (46+F(5)% . 18+F (6)% . 2+F (7)%.15)%1000

.0882% .1

5+KBH*2+KH% .2)%1000% .1

HMN(3)= (BBHx38+KBH*11+KH* .5)%1000% .1

MP(4)=IINS*1

500% .1+ INS%1500+00R5*1500% .1

PN (4)=IIKS*6500% 1+ INS*6500+00R5*+6500% .1

MP(5)=A2% .02

5

KN (5)=-A2%2_ 4

FOR I=1 TO 5
PRIRT"Mp(":1
HP=MP+HP (1)

HMN=KN+HR (1)

NEXT 1

$7)="3HP(I), "Mn ("5 137 )="; HR(1)
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PRINT"Mp=";MP, "Mn=";MN
FOR I=1 TO 4

MP=MP /1

PRINT "Mp=";MP

FOR T=1 TO 31 STEP 3
Y(T)=EXP (- ((Q+K*A2) /V)XT)
C(T)=(MP/(Q+KXA2) )% (1-Y(T ) )+COXxY(T)
PRINT"t=";T,"C=";C(T)
NEXT T
CEQ(P)=MP/(Q+K*A2)

X= (((Q+KXxA2)%C0)/MP)-1
Z2=L0G (XD
T10=VXk(2.3+ZZ)/(Q+K*xA2)
PRINT"Ti0=";T10
PRINT"Ceq(p)=";CEQ(P)
REXT 1

KEY ON
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Temperature and D.0. Saturation Values Measured
for Different Stations in Lake fznik .
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Temperature and D.0. Saturation Values Measured
for Different Stations in Lake lznik .
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Temperature and D.0. Saturation Values Measured
for Different Stations in Lake lznik .
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Temperature and D.0. Saturation Values Measured
for Different Stations in Lake Iznik
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Temperature and D.0. Saturation Values Measured
for Different Stations in Lake lznik
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Temperature and D.0O. Saturation Values Measured
for Different Stations in Lake fznik
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10| 2222 |100.8 [ 2209 (1005 (2275 (101.7 | 21.88 (1011 [ 21.95 [100.2
1512188 10T (1362 11428 21.85 (1002 |17.54 (1205 | 17.2E 117
20| 117 | 78E1 [11.32 | 8315 | 11.67 18685 | 1.2 783 (1082 |a68016
25 11025 |58.288 | D83 6434 ) 101 | 5889 .7 | 8a.e 877 | 486
30| 944 8453 | 217 6867 | 928|630 215 | 83.21 9.03 | 55.81
25| £.98 8397 867 |7T1.38 ) 8765678 | 808 |68261 8.65 | 40.71
40 | 848 | 6353 | 243 68217 8.4 | 48.61
45| 836 3073 | 831 €003 8,35 | 31.585
] 8.3 |2433 | 825 |5973 834 | 27.92
5SS ) 8281428 | 2233375
&0 824 |[17.66
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Temperature and D.0. Saturation Values Measured
for Different Stations in Lake lznik .

2afod 1888

e L2 L L4 L& [ 7 104 L flLe

T DO [T DO% |T DO% |T DC% | T Do

14.49 |1236.3 |17.75 |181.7 |17.91 [1309 (1698 [137.2 (1648 [134.3
14.41 (1307 1661 |1302 [17.01 [141.5 |16.97 1346 | 1492|1862
1432|1204 (1815 | 131 (1647 |137.23 (1667|1350 |14.63 [130.8
14.22 [127.4 [14.43 [1253 [1618 1227 [1552 [1302 (11,26 |[114.4

5| 14.04 |[1253 (1395 | 1225|1420 [107.2 (1801 [1222 | 9.063 (1044

10 (1272|1185 | 131 (1176|1388 (1252 (1319|1142 | 983 (1034

15| 10 |1047 | 8721082 |10.26 (1124 | 11.4| 111 | ses|oesa

20| 843 |0630| 816 9485 | 854 (101.4 | B.68 | 97.86

25| gz 91.8| 7.97 |¢1.28| 807 57 | 211 | 90,05

30 7.69 9028 | 7.92|9215| 7.81 | 9233

a5 7.57 | 84.78 7.61 | 74.43

40 7.54 | 83.63 7.54 | 71.51
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Temporature and D.0O. Saturation Values Measured
for Different Stations in Lake lznik

2012 1889

iLa L2 (L L4 s s (L7 Ly L& Le
m |7 DO T OO% T DO% |T DoO% (T DO%
0.5 | 2095 | 8878 10 108 | 9.86(107.8 1001 1107.7 | 9.82 |1085
2] 985 9937 971 1032 8881027 | 274 |105.8 | 978 | 1087
41 wez2 1001 8,62 |[102.7 | 254 1 860 1045 | 875 |105.6
£ 953 (9028 9958 (1025 | 2449592 | 967 (1024 | 871 |104.8
2| 248198058 | 2538 (101.€ | 938|247 8.683 1027 8.7 1042
10| 848 | 8782 | 9535|1004 925 |8283 | 864 1022 | 265 |101.6
15| 94419412 253 |90ET7 | 222 |8877 | 2983 (1017 | 962 1004
20| 236 8BTS DS2 8812 22l (@854 | 262 |101.5 9.62 | 88
25| 9256|8522 | 851 9856 96 (&86eS | 962 |101.5 ] 8.62 | 8611
30| 886 (6874 251 | 8825 91 | 7848 | 862 1101.2
35| 87216149 | 851 |97.76 | Q0B | 7832 8621008
40| 835, 2387 2.5 | 96.88
4& 228 | 858
S0 8,26 | 8563
S5
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Temperature and D.0O. Saturation Values Measured
for Different Stations in Lake lznik .

30/05 1920

e iL2 iL4 L4 .5 (L5 L7 (L7
tm | T DO% T Do | T DoO% |T DO%,
Q.5 11848 11502 | 20854 113828 1 21.58 115822 (18,82 | 148,
21844 (1488 [2048 [150.9 | 21.34 [180.2 [18.82 |146.8
411843 (1475 | 20,45 | 149,58 | 2087 (1485 185 | 145,

61836 1468 (20239 [149.3 | 2082 150 [17.42 [145.5
81833 (1463|1955 (1497 | 2064|1487 (1684 [141.4
1011777 [1428 (17.24 1485|1215 |[160.4 |15.54 | 1365
158 (10,22 1086 [11.72 | 1181 [13.66 131 110.92 | 108,
20 924 197,84 11005 |[105.4 [10.851112.4 8.5 29.4
25 8.46 891.8 2393 | 98.21 a42 11027 839 | 83,27
30| 7.868(8249| 806 (91.68| 836|9027 | 7.75|04.45
a6 | 7336616 | 7.78 |86.01 | 7.62| 8457 | 7.47 |82 e
A0 | 7.33 (65851 | 7.58 8587 732|712
45 7.33 | 78.82 7.2 701
50 7.28 | 76.41

55

&0

AN



Tempd C)

Trrrrrrrry Ty rrr ey ey 1 Ty e e T T T T T T T T T YTy
10 1 20 =20 20 25 40 45 B0 &S 80

Depth. (o)

—w— L2 —— I 4 —%— L& —e— 1L, 7

Temperature profiles for different stations

J0/05/1990

STT



" ‘“L’i
B T B J

o

200
R00
180
140

Eg‘ 10Q A -mrmemrmemenmenenes R o M Kb L PLELELELPEECITTPIPEPEPEEEPRIS ORI
% '*“m“:*- .-»;,m
s B PRSI, e R o PR ]
\\.“ \\'ﬁ"“‘v-'——-«rtj_~

50
40
2Q

0

] L L T L L L L I e e R

—Lﬂ.ﬂ‘t:;‘;.it .;l;n ;ﬂ; ....................................................................

" ,
N
RN

R R L L L L L L I

I R T T T T e e e U I

BLURLIE D U A A 0 A D A O A A I L L A N S IO 0 A v e 2 e 0 I 200 M D A MY R It ¢

0 5 10 15 20 25 20 a5 40 45 50 55 60
Depth. (m)

—— L, 2 —e— L 4 —— {5 —=— 7

Dissolved oxygen saturation profiles
3070571990

9711



L)

(ebeioay

=y wopeg = g ' wnpely =

i enepng = gl
Carpry sBiog L 1'e'q | $inos)

SEE LD

2
%

tg |ap |28 ||lsp |los |os |pg|les [ve |pe a'g 06 /0850
82 &8 |ag 5% |68 (58 |es |88 a8 leg|er |ag |an &g |89 |88 BRI |
98 |98 |48 L8 (o8 (g llve les (ve o (oe (o o lw lis oe B8P0
L5 L8 |58 2¢ |98 |88 |48 |48 o8 |88 L8 |98 |98 88 LB |8E S8 0ZE0
LE &5 &g Lg loeles|lis log lon gs o (o |on La |98 |pE SEL0ML0
= REE: g |98 |98 |F8 P8 (b8 |8 o8 |98 |uE RN R

5 leg | Le 26 |88 | LS
LEIOE D
- NEERE L8 g8 La a8 I EEREERER: CREE: LBIEC 0

9]
43}
Gl
o

[

—t o wn,

(e}

BEIUBS

B

_h.=___

=1

s
thond

1"

b

AR

e

[

NOLLYLS

[l

AT -




118

_L_\_UJE sbing | e sunog)

n.‘.m‘. o pres pn o B LS e el T i R ] ke Qo (oo ﬂ_m.xm.. _..__h-nq.u
Gt gp | e ag | e 22 | es £F | D&%
St | e (o (e | KL (08 |[rL (pollsar (81 (g2 [ L0 |42 [iv e (pe{oe (22 [op | ¢ |aeioziel
Bt )
1= Ef E_c

.G. . .rll
Lkt |ob | e |82 |me |ea o2 |er (28 |2 |21 (8t (pae ol lre |92 (£ (80 |eemos

gz | e |e2 (9l |52 |ve |91 | L
o2 |l |se |L2 |[24 |2g [ L)L (89 |8r |88 |oF |19 L
L N IE R 5'g L8 : :

ERERED

BIOSL

oy 4 oy @ e ey & 3
g [ PR _m:u.__ru, 28

LN EN AR woHE W s | s =L

1Y
i1t

(413
g |

g 1 L1 ] 5 P MOLLYLS




™

(eBriaay = ' wonog = g 'wnipsjy =

("H0aNN 239708

Wl |es [of [[oe |22 ler (o2 |les |pr |or |02 |8s joriles |22 |2siotin
g2 o2 |or |22 g2 (vt (oL |oF (os |vr (o2 (o2 |20 |81 |#2 [0t |se |oo [e2 |0z |ceisico
gz |92 |22 |22 |ve |2t (oL |ob e |9 |or |2c |2 |se (o2 |oz |ie |0 |o2 |94 |eeiemy

PR | pE |08 |98 |85 [OLL |98 |PE |28 |bL DOL |2 |8 |88 |8€ | 8E | BR/bEPD |
g ot | o |o [a&r ez |e2 | 2 o2 |vF |28 |0 |82 |v2 |02 |0 |s2 |vr | @& | 0 |88/0z/60
o0 1o o o8 [erlz o [tilez e [olez |ve |vr |0 te (e |2+ |0 |es/ioin
Gl |2t |ot (gt [0z (s |[oF ¢t |2 |82 |0 |#2 | 12 |08 |v2 |0t |e2 |02 |or |pL | eeto/m0
Bt |88 |0 |28 | |9L | | & LEiEEio L

BE |9l |ez (0 |82 |ve |e2 | &8 |#2 (21 | v | B |Liei0e/ED
gL |5e (et lorfor (81 |8 | & ||re [2rF |oF |2t |82 |08 |s2 |0 (oF [S8L] & |0l |Li8/mE0/80
2e/0E! L b
SgfesiEn
w | WS o " s v la (W s vl |wlsly |8 in]|s L%
g 71 | L1 | g 7 | 7 27 1 IMOLYLS
CEbd LYY €] Ll LMD S e S e Tl L L




3

Nk

o

M

s

i F AT RIS Pl R CICEE

i

P TFAT M

=

N
2’

M

ThE

s BN [
d &3 1 s 31y} w9

S-SRI E R LS

GEiGH G fulcu 0T

o oy ey ST
@ Ml (ais 9 2R
AR AR R i) Rl ) ke

— iy SEECIET TIPS i

= g R O A D~
(G RR Y IO —
e R o 5] O o L
[ Sl 5y ;'_\’f I3 | i O
16y il € <5 5
2o RR ¢ RR S [ ) ~ 5]
Ti@igio] winmioidioli~
— 4 (GEELVE e
L iniinnn YRS ET oo
mnns ldipoRolsld
it SR L — 110
=229 S oiaio or

S G- = DO &

— G LU 1 ) U S, Cd
i 218 D inn 5
g ot 20 2iolola

Filaia] nlaeqa +
< Slogie Hlalol Jlolg

SRR A LA ] 3 - 3]

£ Y — i< 13} @ - o« 3}
IR B R RN RN =R el T
miwamnie 1¢l-Ficiblo
i~ GO [ L3 in

— iy 13 ‘:"J (= (3 I I [

PR R Y CloimioiZ|®

O G D 3 — it

D m fgm F D — e

Dlhin i 2 Sicin LYY

¥ (G &z e ian o ol o

& & L o

. oo = o

4 Wiy Slail—imip @

— i4 -~ <3

- 0 s i O s
o Bl (TCieinfiE
ISR |~ 11

5] : — [13)

= [ RS iy O iyt o

= — i "y [ = = [43]

= -1 IR Ie e

[a 3Ry [0 3 R g [}
aiel cIZi2igioe
— | - — i i
- 28 iNylninal @
i § O - | 5 v
+ Gt~ — [RRURR LSRR 5
O O
- i H FIWigiai0
i T =+ (=)
o = — =T 33
P RRLE o] ni2lio
i _1_—! ~— T2 i tE-} (3 F
L v —
[w3ke; ; e &
— D @i 1 2iolol-

- - i il — {0
7! lggiRisno o000
3l Qoo anialm
SIS o T R g g
Ciinialgnigio o i 0o
4R LT Ol il Bl R Rl Bl S R
afally S T W
E:Jn fad — O O U O

-]
g

age)

Ayver

Bottom |, A

]

F)

i,

(S = Surface | M = Medium | B

ource : D51 1 .Béloe W

’)

<
Do

{




T

g‘(\"‘l I

M

—.

.c-.' oo,
ot o

MITRITE-MTR

e
-

CIF

AT RIMNS

o

E

o

i~y
-

THIE SOMC

= i i Juy =
35 & 0D
A R AR AR !
i3 () . o<t
e Mlnlie
) o [ R AURE S
o =i
T 5 0| o
%-} kg .-) if) D r-: -:1— (-f}
- =
i i mni®le O
LB O IR IMi T
—
imiPinlg —lpl2itinolo
i) — TN &
= -8 = il s
= Tid 3} @i9lal 5]
T
{ ol e IR o
N = SRS T T wie @
h
gl i@ ol — i o
SECEEINE Y -+ 0 1dn | 0l O
il BT S @ O o
Rl e I el TiE N ')
bl
H = £S »
— = Pafer | P~ P O (553 1G]
—
-
in g o Wia <
= P i & i) At} —
b
N (:}
i — 44 i [e}
< OiTini2iaia e
T
o Lo o0 [ RR RS o O
= — & &l oo o
= = mi8inlSioloin
= — 0 =+ 0l in
T
{ 'S) i o {3 I~ O
= o (R B R <
o0 gt ot ot
i I~ [ ?—; Ol (=)
- =+ —iZT o
.. (=] i
oy Ti5i ]
— S 2ia 1o
¥
e e T [
— I e B AR R G 'S
T
ioim ~mloiaioo o
@@ DR 0es @
alg diTiE g TIOgd
ng DTN —
Fie St H
I ~iolcio| G~ 3

o
b,

fyrerare)

ottorm |, A

-y

J
B=g

J

Wig

ey WA

Mr;dium \

&

A1 B¢

Surface hi

e}

L

(Source : D
[

(




Thbz ST RATIOME CIF MITFAT E-MITFRCIEEM (e i3]

et

L T TR T LY TS

i

O T SM] OB AL S M B AL S R B AL S M Al s m] B A
g

28 0| 22| 2
1

Pl N I e

. r

B 2| 28| 18| 3| & 21| 10| 2 o
a4l al sl all 1] e el as| 8| 2| a7 22
CEOEBTL 2| @ 11| 7| 4| 10| 2rl1all 1| 2| 2| 4 laz] 71314 5] 5] 13| &
opraos7l 14| 20| 17| 17| T | 22 40| 23l 27| 2| a7 22
| O DB T aal zal 16| za| 23| 18] 7 | 18
OEOLBEL 1 | 13| 18] 10t 1] 5| as| 14| 74| 5| 7 | ool 22| 10| 14 18| & | 14| 28| 17
arforiael 5| o | 14) & {18 20| sol 2o 14| 8| 20| 14l 1| 1] 14 5| 7| 17| as| 2
awooisel 12| 23 12| 16l1al12 1 [ el 4| 5| 8| s 2| 2 26| 10 14| 18] 17| 18
Qarpaias| 3 | 11 1a] 18| 18
25| 18] 1

g
43!
FoR iR
i3

ARy 17] 1311

...,.
G

5
Q »

7 7 a0 Ty 1T 1) 84 14 32| =
Q & 18] 11| 8| 24 13 1
4 4

a3
TN R |

— —i
PR
RE L2

12 27 22

431
—_—
Loy}
l‘d
38
93]

R

0SS B0/00 13 10] 16| 10

Pes)
O
-
o

-]
crfeez] 4 & | 10| 7| 40| 24| 234 33) S8 43| 20( M G4 47

([Source : D501 Bolge Wdddr.)
1S = Surface | W = Medium , B = Bottom |, A = Average)

Y

56,



LR L L~ COMCEMTRATIZMNG (g m3)

ATIOW] U B L 4 L = L 7 S

DATE & WEOLOE A & MWOE LA e WOLOEE [ A & LRI I = A U

u:w' 2j8 4.58 8,

WA

1.5 1, 5
g o g ) b
4.8 5,8 e
£, 4 5T
£ 0,35 208 (=i w

Y
i)

D

N
T
—

PJ

[3)]

QDT e2 1

WictielotE:l 0 Mo Rcts: 1.08 i 1 8 .94

1
Gdi2a/8mt 47 g 144 11.7 FERGT)

1 @@ am 1 1.74 1. 395! 1.74 T

&1
0
!
L
—
i

OEMAH0L 493 2.43 o

o7 a2 4 3.24 EJ. &1 4.7

(Source : DS 1 Bdlge Madlr.)
(S o= Surface | b o= Medium, B = Bettorn | A = Average)

[Fo

133

2

L



124

REFERENCES

Barth T .W.F., Theoretical Petrology,Wiley,New York,1972

Blazka,P.,"Cycles,Forms and Availability of Phosphorus in
Fresh Water,” in H.Tiessen(Ed.),Phosphorus Cycles in
Terrestrial and Aquatic Ecosystems,pp.232-243,Univ. of

Saskatchewan ,Canada, 1989.

Brink,N.,"Factors Affecting Mass Transport From Farmland"” in
J. Paavalainen,P.Vakkilainen(eds.) Proc. International
Seminar on Land Drainage,pp.456-473,Helsinki University

Technol.,1986.

Broberg,0. and G.Persson,"External Budgets for Phosphorus ,
Nitrogen and Dissolved Organic Carbon for the Acidified Lake

Gards3jdn,"” Arch.Hyrobiol.,Vol.99,pp.160-175,1984.

Carlson,R.E.,"A Trophic State Index for Lakes,"Journal of

Limnology and Oceanography,Vol.22(2),pp.361-369,1977.

D.S.1.1.Bolge Mudirligd,tznik Gold Hidrolojisi Planlama Ek

Raporu,Bursa, 1984.

House,W.A. and H.Casey, " Transport of Phosphorus in Rivers, "in

H Tiessen(ﬁd_),Phosphorus Cyclaes in Terrestrial and Aguatic




125

Ecosystems,pp.253-282,Univ. of Saskatchewan,Canada,1989.

Jeffers,N.J. ,Systems Analysis and Modeling Strategies in
Ecology.The Use of Mathematical Models in Water Pollution

Control.University of New Castle U .X,1973.

iayOneS.J.R. and R.W.Bachmann, "Prediction of Phosphorus and

Chlorophyll Levels in Lakes,"Journal WPCF,Vol.48,pp.2176-2182
,1976. '

Karpuzcu,M. ,Sularin Besi Maddési 1le Kirlenmesi ve Bir

Matematik Model,Teknik Rapor,b41,1T0,1982.

Kauppi,L., "Effects of Drainage Basin Characteristics on the
Diffuse Load of Phosphorus and Nitrogen, "Publ. Water Res.

Inst.,National Waters Board,Finnland NO:30,pp.21-41,1984.

Keller ,H.M., “The Export of Nutrients from Forest Lands. A
literature Review,"in G.Jolankai and G.Roberts(eds.),Land Use

Impacts on Aquatic Systems,pp.35-50,Budapest,1983.

Linsley,R.K. and J.B.Franzini,Water Resources Engineering,

Magraw-Hill, International Student Edition, 1984.

Lorenzen,H.W., "Predicting the Effects of Nutrient Diversion
on Lake Recovery” in E.J.Middlebrooks, D.H.Falkenborg and

T-E.Halone&(Eds.),Modeling the Eutrophication Process,



126

Pp.205-211,Ann Arbor Science,1973.

Mater ,B.,1znik G35l ve Cevresinin Kirlilik trdelenmesi,l.

Teknik Rapor.istanbul,1988.

Ryding,5.0.,"0On the Role of the Relative Distribution of
Nutrient Supplies to and Nutrient Losses from Drainage Basins
and Potential Production of Runoff Waters as Managerial Tools
When Planning Land Use Impacts on Aquatic Ecosystems," in G.
Jolanka and G.Roberts(eds.),Land Use Impacts on Aquatic

Systems,pp.238-255,Budapest, 1983.

Soyupak,S5.,A.F.Cilsiz ,N.Ybcel, T .Torunoglu,E Sentiirk and A.
Kaya, "Keban Baraj G&liinde (Palu-Elazip Arasi) Su Kirlenmesi
Problemi,"Doga Tr. J. of Engineering and Env.Sciences,Tiibitak

,Vol.17,pp.301-314,1993.

() Sonzogni,W.C.,P.C.Uttormak and G.F.Lee,"A Phosphorus

residence Time Model:Theory and Application, "Journal of Water

Research,Vol.10,pp.429-435,1976.

Stumm,W. and J.J.Morgan, Aquatic Chemistry,Wiley—Inter;science

,New York,1870.

Uttormak,P.D.,J.D.Chapin and K .M _Green,Estimating Nutrient
Loadings of lakes from nonpoint sources.EPA 660/3-74-020

Environmenial Protection Agency.Washington.112-1974.



127

Vetz,C.J. ,Applied Streams Sanitation,Wiley- interscience,New
York,1970.

Vollenweider ,R.A.,"Possibilities and Limits of Elementary
Models Concerning the Budgets of Substances in Lakes, "Arch.

Hydrobiol.,Vol.66,pp.1-36,1969.

Vollenweider,R.A.,"Advances in Defining Critical Loading
Levels for Phosphorus in Lake Eutrophication."Hem.Ist.Ital.

Idrobiol.,Vol.33,pp.53-83,1976.

Vollenweider ,R.A.,"Scientific Fundamentals of the
Eutrophication of Lakes and Flowing Waters,With Particular
Reference to Nitrogen and Phosphorus as Factors in

Eutrophication,“ OECD,Paris,1971.

Whittaker,R.,Communities and Ecosystems.ﬁacmillan,ﬂew York,

1975.



128

REFERENCES NOT CITED

Bachmann . R.W. and J .R.Jones, "Phosphorus Inputs And Algal
Blooms In Lakes,"Iowa State Journal of Research . Vol .49,
pp-155-160,1974.

{)Bas,z. and M.0guz,"Statistical Eutrophication Modelling of
the Lakes in Isparta and Its Enviroms,"Inter. Jor. Env.

Studies,Vol.36,pp.285-302,1990.

Chapra,S5.C.,"Total Phosphorus Model For the Great Lakes,"

Journal of the Env. Eng. Div.,V01.12846,pp.147-161,1977.

Chen,C.¥W., "Concepts and Utilities of Ecologic Model, "Proc.A.

Soc. Civil Eng. Journal of Sanitary Eng. Div. Vo0l1.96,1970.

Dillon,P.J. and F.H.Riger, "The Phosphorus-Chlorophyll
Relationship in Lakes, "Limnology and Oceanography J. Vol.19

pp.T767,1974.

Dillon,P.J.,"The Application of the Phosphorus Loading
Concept to Eutrophication Research, "Scientific Series NO 46

Inland Haters Directorate ,Ontario,Canada,1975.

D.S.1.1.Bslge Madirliga, "tznik G6lid Revizyon Raporu, "Bursa,

1975.



129

CﬁmerY,R.ﬁ.,C-E.Hoon and E.B.Relch,"Delayed Recovery Of a

Mesotrophic Lake After Nutrient Diversion,"Journal WPCF Vol.
45 pp.913,1973.

Imboden,D .., "Phosphorus Model of Lake Eutrophication, “Jour.

of Limnology and Oceanography,Vol.19,pp.297-304,1974.
Karpuzcu,M.,Cevre Mihendislipgine Giris,t .T.0.,1984.

Kirchner ,W.B. and P.J.Dillon,"An Empirical Method Of
Estimating the Retention Of Phosphorus In Lakes, "Rater

Resources Research,Vol.11,pp.182,1975.

K%Lee,G.F. and R.A.Jones,"Recent Advances In Assessing Impact
LA

Of Phosphorus Loads On Eutrophication-Related Water Quality,”

Water Resources Vol.16,pp.503,1982.

Likens,G.E.(Ed.),"Nutrients and Eutrophication, "Special

Symposia,The American Society of Limno.and Ocean.,Vol.1,1872.

Lorenzen ,M.W.,D.J.Smith and L.V.Kimmel,"A Long Term
Phosphorus Model for Lakes:Application to Lake Washington,"in

Modeling Biochemical Progresses in Aquatic Ecosystems,

pp.75 - 91.

Lung ,W.S.,R.P.Canale and P.L .Freedman, "Phosphorus Models for

Eutrophic Lakes, "Jour. of Water Besearch,Vol . 10,pp.1101 -




130

1114 ,1976.

i}Snodgrass,W.J. and C.R.0 Melia,"Predective Model for
Phosphorus in Lakes,"Journal of Env.Sci.and Tech.Vol.9,

pp.937-944,1975.

Standard Mrthod for the Examination of Water and Waste Water,

New York,1976.



	Tez415001
	Tez415002
	Tez415003
	Tez415004
	Tez415005
	Tez415006
	Tez415007
	Tez415008
	Tez415009
	Tez415010
	Tez415011
	Tez415012
	Tez416001
	Tez416002
	Tez416003
	Tez416004
	Tez416005
	Tez416006
	Tez416007
	Tez416008
	Tez416009
	Tez416010
	Tez416011
	Tez416012
	Tez416013
	Tez416014
	Tez416015
	Tez416016
	Tez416017
	Tez416018
	Tez416019
	Tez416020
	Tez416021
	Tez416022
	Tez416023
	Tez416024
	Tez416025
	Tez416026
	Tez416027
	Tez416028
	Tez416029
	Tez416030
	Tez416031
	Tez416032
	Tez416033
	Tez416034
	Tez416035
	Tez416036
	Tez416037
	Tez416038
	Tez416039
	Tez416040
	Tez416041
	Tez416042
	Tez416043
	Tez416044
	Tez416045
	Tez416046
	Tez416047
	Tez416048
	Tez416049
	Tez416050
	Tez416051
	Tez416052
	Tez416053
	Tez416054
	Tez416055
	Tez416056
	Tez416057
	Tez416058
	Tez416059
	Tez416060
	Tez416061
	Tez416062
	Tez416063
	Tez416064
	Tez416065
	Tez416066
	Tez416067
	Tez416068
	Tez416069
	Tez416070
	Tez416071
	Tez416072
	Tez416073
	Tez416074
	Tez416075
	Tez416076
	Tez416077
	Tez416078
	Tez416079
	Tez416080
	Tez416081
	Tez416082
	Tez416083
	Tez416084
	Tez416085
	Tez416086
	Tez416087
	Tez416088
	Tez416089
	Tez416090
	Tez416091
	Tez416092
	Tez416093
	Tez416094
	Tez416095
	Tez416096
	Tez416097
	Tez416098
	Tez416099
	Tez416100
	Tez416101
	Tez416102
	Tez416103
	Tez416104
	Tez416105
	Tez416106
	Tez416107
	Tez416108
	Tez416109
	Tez416110
	Tez416111
	Tez416112
	Tez416113
	Tez416114
	Tez416115
	Tez416116
	Tez416117
	Tez416118
	Tez416119
	Tez416120
	Tez416121
	Tez416122
	Tez416123
	Tez416124
	Tez416125
	Tez416126
	Tez416127
	Tez416128
	Tez416129
	Tez416130



