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ABSTRACT 

Land application of wastewater is one of the oldest methods used 

for treatment and disposal of wastes.The main advantages of this tech

nique are the low initial and maintenance costs involved,high Nutrient 

recyle capacity, and the increase of cro? growth. 

Because of these factors it is believed that land disposal is an 

advantageous thechnique for developing countries and is strongly recom

mended for the rural areas of Turkey. 

in 1984 , a 25 meters long channel -~as constructed by A.Baysal in 

30qazi¥i University's Garden.These channels were filled with sand and 

Jravel,domestic wastewater was apolied. The variation of wastewater cha

~acteristics with time,distance and effective size of media were investi~ 

Jated through out the application period in 1985. 

Removal efficiencies obtained are gi:ven below: 

Chemical Oxygen Demand (COD) 76% in the Sand bed for 35days 

60% in the Gravel bed for 35da' 

Nitrogen (N)' 70¥; in the Sand bed for 35 day 

57¥; in the Gravel bed for 35aB' 

Phosphorus (P) 77% in the Sand bed for 35 day 

64% in the Gravel bed for 35da' 

The study of crOD productivity has been performed at Faculty of Forest 

)f Istanbul University.~ts aim was to examine the croo productivity of the 

nedia through which wastewater has been disnosed.The best result was obtai 
~rom a., mixture containlnq 80% of the media and 20% of sOlI. 
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C5ZET 

At1ksuyun arazive verilmesi at1klar1n bertaraf edilmesi ve ar1t11~. , 

~s1nda kullan11an en eski vontemlerden biridir.Bu teknigin nnemliavan

~jlar1,yat1r1m ve bak1m masraflar1n1n du§uklugu,besi maddesi(azot ve fos

)r) 0eri kazan11mas1 ve bitki liretimindeki verimdir. 

Tlim bu f~ktorler nedeniyle arazide ar1t1m qeligen ulkeler i9in avan-

~j 11 bir tekniktir, ozellikle Tilrkiye ,',nin k1rsal k~s1mi i9il.n tavsiye edilir 

1984 senesinde Bogazi9i Universitesinin Bahgesine 25 m. uzunlugunda 

~nal inBa etuiril~i~·Bukanallar kum ve 9ak11 ile do1durulduve i9inden 

tlksu ge9irildi.1985 de zamana,mesafeye ve malzemenin efektif 9ap1na go-

3 at1ksuyun karakterindeki degi~iklikler ~ozlendi. 

Ar1tmdan elde edilen veriler ylizde olarak a 9ag1da verilmi§tir. 

Kimyasal Oksijen !htiyac1 (KQ!) 35glinde ,l.{Um ortarnda %76 
IJ (]ak11 " %60 

Azot (N) 1/ KUll) IJ %70 
IJ ~ak11 " %57 

Fosfor (p) 11 Kum If %77 

" I';akl.l " %64 

Bitki Hretimle ilgili clan ga11$ma tstanbul Uniyersitesi Orman Pa~ 

J1tesinde qergekle~tirildi.Atl.ksu ge9irilmi§ ortam1n bitki liretimine 

tkisi aragiar1Idl,."En iyi sonu9 %80 kar1~1m11 malzemeden allndl. Hu mal
~men1n %80'i 19inden pissu ge91ri~mig kum %20'si ise verimsiz topraktl.r. 
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I, INTRODUCTION 

The basic purpose of land treatment is to recycle the water and 

nutrients contained in wastewaters for agricultural purposes while dis

posing wastewaters in a way acceptable from the public health point of 

view. 

Most of the pollutants present in wastewater are removed as it 

passes through soil. Among these, phosphorus and nitrogen are used by 

plants which grow on these areas. By using this technique the need for 

fertilizers in a specific area decreases. Furthermore, wastewater re-

clamation has many other benefits, which are; 

reduced costs of wastewater treatment and disposal, 

reduction of the amount of pollutants in receiving water 
by diverting treated wastewater to land. 

Although land treatment and disposal of wastewater has been prac-

ticed for centuries in the world f It has not yet been used in a know

ledgable way in Turkey. It is belived that the present study, which is 

a continuation of studies conducted earlier in IIBogazi~i University" 

(Baysal, 1984; 'Curi, Baysal, Esen, 1984) will be a motivation for the 

initiation of land treatment practice in Turkey. 
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II. LITERATURE REVIEW 

2.1 HISTORY OF LAND TREATMENT 

Land application of wastewater is one of the oldest methods used 

for treatment and disposal of wastes. Even in classical years wastewater 

was disposed many times on land. 

Table 1 shows some of the cities which have used this method 

starting from the second half of the nineteenth century. 

In the U.S. in 1981, there were about 1300 industrial plants and 

about 950 municipalities using infiltration or crop irrigation to treat 

and dispose their sanitary sewage (Arceivala, 1981). 

2.2 TYPES OF SYSTEMS OF LAND TREATMENT OF WASTEWATER 

According to Metcalf and Eddy (1979), the types of land treatment 

of wastewater are classified as, 

1. Irrigation (sprinkler or surface) 

2. Rapid infiltration (usually surface) 

3. Overland flow (sprinkler or surface) 
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4. Wetland application (sprinkler or surface) 

5. Subsurface application (subsurface piping). 

These systems are explained in detail by Arceivala (1981), Baysal 

(1984), Kocasoy (1985) and Sanks (et, al.,1976) 

given! 

TABLE 1 - Selected Early Land Treatment Systems (Metcalf and 
Eddy, 1979) 

Location Date Type of system Area 
started (ha) 

Berlin 1874 Sewage farm 2,720 

Brounschweig 1896 .. 4,400 

Craydon-Beddington 1860 .. 252 

Leamington 1870 .. 160 

Melbourne 1893 Irrigation 4,160 

Mex i co-c ity 1900 .. 44,800 

Paris 1869 .. 640 

Wroclaw 1882 Sewage farm 800 

Ca 1 umet City 1888 Rapid infiltration 4.8 

Ely 1909 Irrigation 160 

Fresno 1891 .. 1,600 

San Antonio 1895 .. 1,600 

Vineland 1901 Rapid infiltration 5.6 

Woodland 1889 Irrigation 96 

In the part which follows a short summary of these systems is 



2.2.1 Irrigation 

Irrigation is the predominant land treatment process. 

is applied to the land and utilized in production of crops. 

4 

Wastewater 

This system 

has an optimum requirement of wastewater. Irrigation systems according 

to Arceivala (1981) can be classified as surface or gravity systems and 

sprinkler or pressure systems. 

a. ~~rf~~~_~t~~~~~ 

This method is suitable for a wide range of soil textures, although 

generally it is preferred not to be used for fine textured soils with low 

intake rates. Land slopes may be up to 3%. Water is given from one end 

and enters the soil while flowing down through the ditch. Figure 1 is a 

schematic illustration of surface irrigation (Arceivala, 1981). 

b. ~Erl~~1~r_!rri9~~iQ~ 

Sprinkler irrigation is a method in which wastewater is sprinkled 

on the soil and crops, thus uniform distribution like rain is secured. 

In this method water requirement is low but evaporation is high. Sprinkle} 

are suitable for a rolling topography. Initial and operation costs are 

high. Figure 2 is a schematic illustration of sprinkler irrigation (EPA, 

1979). 

2.2.2 Rapid Infiltration 

In rapid infiltration systems, wastewater is applied to the soil 

at high rates by sprinkling or spreading. Purification is achieved as 
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the wastewater passes through the soil. By this type of application beyond 

the treatment of the wastewater, recharge of the ground water is realized. 

Table 2 shows comparison of the effectiveness of pollutant removal of spray 

irrigation and rapid infiltration. 

2.2.3 Over Land Flow 

This type of land treatment is a biological type of treatment pro-

cess. Wastewater is applied over the upper reaches of sloped terraces and 

flows through the crop surface. Due to the fact that during high precipi

tation periods, soil cannot absorb all the water, storage should be provided 

especially for the winter season. 

TABLE 2 - Comparison of the Effectiveness of Pollutant Removal 
of Spray Irrigation and Rapid Infiltration (Arceivala,1981) 

Approximate efficiency of removal (%) 
I T E M 

Spray Irrigation Rapid Infiltration 

BOD 99 99 

55 99 99 

N 80-90 80 

P 99 90 

Heavy metals 99 95 

Organic compounds 99 90 

Bacteria 99 99 



2.3 ADVANTAGES AND DISADVANTAGES OF LAND TREATMENT 

OF WASTEWATER 

7 

Land treatment as mentioned before has been practiced for centuries. 

During this period the following advantages and disadvantages have been 

observed (Arceivala, 1981; Baysa1, 1984; Hernandez, 1979). 

Advantages 

1. Presence of fertilizing constituents. 

2. Favorable soil conditioning properties. 

3. Less amount of skilled persons. 

4. Increasing crop growth. 

5. High nutrient recyc1ing_ capacity. 

6. Lo~ercost in compartsonto :other methods. 

7. Efficiency not affected shock loadings. 

8. Lower initial capital investment needed. 

9. Enlargement of green built areas and low density open space. 

10. Potential for improved control of waste material by limiting dis

persion and eliminating need for dilution water in receiving 

streams. 

Disadvantages 

1. Large area requirement. 

2. Possibility of odour problems and mosquito nuisance. 

3. Possible chemical affects of wastewater on the soil and ground

water and to crops. 



4. Operation is difficult during winter conditions. 

5. Loss of water with evapo-transpiration. 

6. Some trace, elements are danger for crop production and food 

chains. 
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7. Potential for concentration of nitrates in the shallow ground

water. 

2.4 SIGNIFICANT PARAMETERS RELATED TO THE USE OF WASTEWATER 

FOR IRRIGATION PURPOSES 

The main parameters which are of importance, related to the use 

of wastewater for irrigation purposes, are the following. 

1. Nutrients available in wastewater. 

2. Organic load in wastewater. 

3. Salinity or electrical conductivity (EC). 

4. Sodium absorbtion ratio (SAR) and existing and expected 

future concentration of salt in the soil. 

5. Land treatment efficiency. 

6. Groundwater pollution. 

7. Trace elements. 

8. Boron concentration and other miscellaneous problem. 

9. Climate. 

Furthermore in wastewater irrigation, the risk of methemoglobinemia 

in human infacts should be considered. Nitrite absorbed into the blood 

stream can combine with hemoglobin; thereby reducing its capacity to carry 
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oxygen. This disease is known as IImethemoglobinemia" or "blue baby diseasE 

This disease is much more common in very young inflacts than older humans 

(F.E. Broadbent, et.al, 1984). 

Some details for the most important of these parameters are given 

below. 

2.4.1 Nutrients in Wastewater 

Nitrogen, phosphorus, potassium, sulfur, calcium, magnesium and 

iron are known as macronutrients (Arceivala, 1981). Nitrogen secures 

leaf and stem growth. Phosphorus secures root growth. Potassium is 

utilized for the formation of Chlorophyll. 

Manganese, boron, zinc, copper, molybdenum and chloride are known 

as micronutrients (Arceivala, 1981) and are minimal quantities in soil. 

Some plants require all of the above mentioned nutrients; some 

others require only part of them. 

2.4.2 Sodium Absorption Ratio (SAR) 

All waters contain measurable quantities of dissolved salts. In

crease in the salinity of the wastewater used for irrigation purposes 

results in increase of the problems related to quality of soil, ground

water and crop production efficiency. Crop yields may be decreased if 

irrigation over a prolonged period of time leads to high salt levels in 

the soil. 

The sodium absorbtion ratio (SAR) is calculated by the following 

equation; 



where 

SAR = Na 
I(Ca+Mg)/2 

Na, Ca, Mg are in Meq/L. 

Na (Meq/L) Na (mg/L) = 
23 

Ca (Meq/L) Ca (mg/L) = 
20 

Mg (Meq/L) = Mg {mg/L) 
12.2 

TABLE 3 - Required Quality for Irrigation Water (Dennis and 
Ayers, 1984) 

Parameter Usual range in irrigation water 

Total dissolved solids(mg/L) 0-2000 

Calcium (mg/L) 0-400 

Magnesium (mg/L) 0-60 

Sodium (mg/L) 0-900 

Boron (mg/L) 0-2 

pH 6.5-8.5 

SAR 0-15 

10 

The range of SAR values and of some other parameters of water 

or wastewater appropriate to be used for irrigation purposes are given 

in Table 3. 
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2.4.3 Trace Elements 

Trace elements like cadmium, cobalt, chromium, etc. can accumulate 

in plants and in soil. These elements have toxic effects. Their long 

term build-up in the soil may cause health hazards to plants, animals 

and human beings. Table 4 shows these trace elements and their maximum 

concentration in irrigation water for crop growth (Dennis, et.al, 1984). 

TABLE 4 - Recommended Maximum Concentration of Trace Elements 
in Irrigation Water (Dennis, et.al, 1984) 

Element Recommended Max. Concentration, (mg/L) 

Al 5.8 

As 0.10 

Be 0.10 

Cd 0.01 

Co 0.05 

Cr 0.10 

Cu 0.20 

Fe 5.00 

Mn 0.20 

Pb 5.00 

Se 0.02 

2.4.4 Miscellaneous Problems 

The follow~ng problems may also be encountered in relation to 

irrigation with wastewater. 
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a) Increase in boron concentration may cause reduction of yield. 

b) Low pH value of the wastewater used for irrigation purposes 

may cause corrosion problems in pipelines. 

c) Residual chlorine concentrations less than 1 mg/L do not 

affect plants. Values in excess of 5 mg/L may cause severe 

plant damage. 

2.5 SITE CHARACTERISTICS 

Slope, so;l characteristics and soil permeability are among the 

most important parameters which effect the selection of a site to be used 

for wastewater irrigation. 

Most soils are somewhere in between sand, silt and clay and are 

called "loams". According to Arceivala (1981), "Loamy sand" has 10-15% 

clay, "medium-loam ll has 15-23% clay, IIclay loam" has 23-35% clay. Soils 

with more than 35% clay behave like clay. Those with less than 10% clay, 

resemble sand. Texture has an important influence on the crop yields, 

because it effects the drainage characteristics and consequently the mois

ture content of soil. Soil classification can be done according to Figure 3. 

2.5.1 Sloee 

Excessive slope is an undesirable characteristi~for wastewater 

irrigation. The main reasons are : 

a. Increase the flow ve"!ocity and may cause erosion. 

b. May lead to unstable soil conditions. 

c. May make crop growth difficult or impossible. 
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d. Makes the irrigation cost very high. 

Crites (1984) pointed out that a maximum slope of 15% is usually 

recommended for cultivated agriculture. 

2.5.2 Soil Characteristics 

The physical, hydraulic and chemical characteristics of the soil 

should be known before deciding to use an area for irrigation purposes. 

Important physical characteristics are soil depth structure, tex

ture. Important hydraulic characteristics include permeability or in

filtration rate, while the most important chemical characteristics are 

pH, phosphorus, sodium, calcium, and other nutrients. 

2.5.2.1 eb~2is~1_~b~r~s!~ri~!is~_Qf_~Qil 

i) Depth 

The depth of soil is a very important parameter. It 

affects root growth and bacterial activities which have to take place, 

so that plant roots can extract water from depths varying from 0.3 to 

2.7 m, although satisfactory results may be obtained sometimes outside 

of this range also. A depth less than 30 cm would limit cultivation, 

while from the point of pathogen removal, a depth of 1.5 m is desired 

(Arceivala, 1981). 

ii) Texture and Structure 

The size and type of particles that constitute a soil 

determine its structure. The classification of soil according to its 

size is as follows. 
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Grain size variation is one of the parameters which determines the 

structure of soil. Soils consisting of particles of uniform size are more 

porous while those in which size varies greatly are more dense. 

2.5.2.2 ~t2r~~1!s_~~~r~s!~r!~!!f~ 

An important design parameter of hydraulic characteristics are 

infiltration rate and saturated permeability. Infiltration rate is the 

rate by which water penetrates the soil surface when excess water is 

present. 

A classification of soil according to its permeability prepared 

by Crites (1984) is given in Table 5. 

TABLE 5 - Soil Permeability Classes (Crites, 1984) 

Soil Permeabi 1 i ty, cm/h Class 

< 0.15 Very slow 

0.15 to 0.508 Slow 

0.508 to 1.524 Moderately slow 

1. 524 to 5.08 Moderate 

5.08 to 15.24 Moderately rapid 

1 5. 24 to 50.8 Rapid 

> 50.8 Very rapid 
~ 
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2.5.2.3 Chemical Characteristics ------------------------

The chemical properties of soil can affect the plant growth 

and permeability (EPA, 1977). These characteristics are pH, electrical 

conductivity (EC), sodium levels, etc. 

Sanks and Asano (1976) stated that biological activity is reduced 

if pH drops below 5. Clay particles are dispersed in the soil if the 

soil has a high sodium level. The dispersed clay particles cause low 

permeability and poor soil aeration (Crites, 1984). 

Soil permeability is another parameter affecting the yield of the 

soil. If the infiltration rate is low, it may be impossible to grow 

plants on that soil, because the necessary amount of water cannot be 

supplied. A permeability problem usually occurs in the upper few centi

meters of the soil. 

2.6 CROP SELECTION 

The selection of crops generally depends on the agricultural prac

tices, local climate, type of soil and quality of wastewater. Another 

aspect which should be considered is what percent of land is to be 

covered by what crop in each season. According to Arceivala (1976) the 

following crops can be grown on wastewater farms. 

i) Forage Crops (Crops used as feed for stock) 

Fodder grasses such as Bermuda grass, rye grass, tall wheat 

grass, Reed canary grass, alta fescue, para-grass, alfalfa. 
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ii) Field Crops 

Corn, maize, wheat, barley, oats, rye, rice, pulses, millets, 

sugarcane, sugar beets, cotton, flax, essential oil-bearing plants, 

tobacco. 

iii) Vegetables 

Tomato, potato, lettuce, red beet, artichokes, broccoli, 

spinach, soybeans, beans, cabbage, okra, clover. 

iv) Fruits 

Citrus, fruits, stone fruits, berries, strawberries, grapes, 

bananas. 

v) Others 

Various trees, woodlands, ornamental plants, flowers. 

2.7 NUTRIENT REMOVAL 

Removal of nutrients present in wastewater is one of the main 

requirements of wastewater treatment. The mechanism of nitrogen and 

phosphorus removal in wastewater treatment ;s given below. 

2.7.1 Nitrogen Removal 

Wastewater contains four forms of nitrogen: Organic, ammonium, 

nitrate and low concentrations of nitrite. Some ammonia may be vola

tilized from wastewater at pH values between 7.5 to 8.0. Ammonium ions 

can be absorbed by the clay and organic colloids in soil. Nitrite nitrog 
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is easily oxidized to nitrate in the presence of oxygen. Nitrogen in the 

nitrate form moves with the water through the root zone. The ammonia and 

organic forms of nitrogen are retained in the soil by adsorbtion or removed 

by crop uptake. Nitrate-nitrogen can be removed only by growing crop or 

by denitrification. Nitrogen l~emoval by crops is dependent on the length 

of growing season, crop type and nitrogen availability. 

A forage crop can remove 168-672 kg/ha or more, field crops can 

remove 84-168 kg/ha and forest can remove 22-112 kg/ha of nitrogen. Culp 

(1978) reported that removal efficiencies of Reed Canary Grass varies from 

68 to 84 percent. The nitrogen removal efficiency of crops vary widely 

and the total amount removed depends on both the crops species and nitrogen 

loading. 

High levels of nitrogen can interfere with productivity of crops. 

There is little hazard of nitrogen toxicity to crops where typical municipa 

effluent is applied to land. 

The organic nitrogen and ammonia-nitrogen are stored in the soil 

during winter. When the weather warms, nitrification occurs over a short 

period of time, and concentrations may reach high levels with excess nit

rogen available, some crops can accumulate high levels of nitrate which 

may be toxic to humans (Arceivala, 1981). 

2.7.2 Phosphorus Removal 

Phosphorus is removed by adsorption on the cation-exchange complex, 

by precipitatio'n and by sorption with iron and aluminum oxides. The re

moval of phosphorus ;s dependent on the soil texture, the cation exchange 
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capacity and the uptake of phosphorus by the crop. For coarse textured 

soils with little calcium, iron, or aluminum, the removal capacity may be 

1 imited. 

Phosphorus accuma1ating in soil over a long period of time may 

interfere with crop growth. This interference occurs as a nutrient 

imbalance in the plant, and high phosphorus levels in the soil may reduce 

the availability of some crop micronutrients. Thus the plant may develop 

low levels of other required nutrients rather than toxic levels of phosphorus 

(Arceivala, 1981). Precipitation of the phosphorus would be expected to 

minimize any toxicity problems. 

From among the nutrients in wastewater applied on land, phosphorus 

and potassium are removed while passing through the soil, but nitrogen is 

not. Table 6 shows the uptake of nutrients by some crops. 

TABLE 6 - Crop Uptake of Nutrients (Arceivala, 1981) 

Uptake (kg/ha-year) 
C R 0 P 

Nitrogen as N Phosphorus as P 

Bermuda Grass 538-672 39 

Reed Canary Grass 253 40 

Alfalfa 174-246 18-24 

Corn 174 28 

Soy beans 111-127 16-20 

Wheat 69-85 13-16 
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III. EXPERIMENTAL SET-UP,PROCEDURE AND RESULTS 

As mentioned earlier the study can be separated into two main 

parts. 

a) Land disposal of wastewater 

b) Crop productivity. 

3.1 THE LAND DISPOSAL STUDY 

The experimental set-up procedure and results obtained are given 

below. 

3.1.1 Experimental Set-uR 

To investigate the effects of soil disposal of wastewater, the 

experimental set-up constructed earlier by Baysal in the garden of Bogaz

i~i University. 

The system consists of the inlet tank, the channels and the out

let tank. Details for each part are given below and in Figures 4 and 5. 

a) The Inlet Channel 

The first tank was constructed and modified according to the 

purposes of this study over an already existing sewage outlet, above the 
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main University sewage line. In front of the outlet a concrete barrier 

was constructed to change the direction of the main wastewater stream and 

ensure its flow through the constructed channels. Details of inlet tank 

are given in Figures 6 and 7. 

The wastewater enters from the tank to the channels through two 

140 mm holes Jlocated 30 cm below the surface of the tank. Special iron 

gates located in front of these holes in order to adjust the flowrate of 

the wastewater entering to the two channels (Figures 8 and 9). 

The top of the tank is covered with specially designed concrete 

covers to prevent the leakage of rain as well as to eliminate to odour 

problem. 

b) The Channels 

Two concrete channels were connecting the entrance outlet 

tanks. These channels are parallel to each other and have a length of 

25 meters. 

The interior of each channel has three different compartments. 

These are two chambers and an internal channel and has a length of 2.5 m 

to prevent turbulence and drag forces. At this part some suspended 

particles coming from the first tank are allowed to settle. At the end 

of this chamber, six perforated bricks ensure the uniform entrance of th 

wastewater into the internal channel containing the porous media. The 

channel between these two chambers has a length of 21 meters, a height 0 

0.35 meters and a width of 0.285 meters (Figure 10). Both channels have 

square concrete covers to prevent the leakage of rain, odour and other 

disturbances during the study. 



q. (50 0 

'- <I 11pO ,400 

~ 

C) I~ ~ C) 
M 

~ 
/-.' " ! " 

~ ~17 ~.4-\ , 
, -

'U T 0 
t.... 

If- h 
I I 

~ 
~" 

; :" .\ c· " ;0 [\\\\ \\\\\~~ 
C) :(\,'. ',' ,~y -
<;:) . '. ' ., 
~ " : .' ' 

a . 0 'o·~ , r.;; .. ~ ... : \ 
<:) .~ 0" .' 

~ .. ;',: p '. :'9 :' . 0 ~ .' 0 .. I 
II ",,'. 

<::> f' 9:· ... a.:· .. ~~ ",,0 '0;' 

~ .. \j :." fl" ...... ": .: .. 1 ,'" .... '~ •. ' .. Q \ 

1 '~,:,; I.' ,Go' ,f)1 I ~ .. ~.~'~ '~.\>: '\: :.: \C:;\.~.~".:; , ... _.' . ...·0 _ ... 

, 
Section A-A· 

d>1600 --
",1200 200 .... --

~ ~-~F= .. :,:,i=:::::::::::::t:::::::::::::i::~ 
:.~ : .J. ; ~,:~~: 
'o"D , .. c;) 
.<;) •••• ' .0',' 
I.·.· .\' .... 
C' 

: "<;:) , 
C". 

I 

Section B-B 

<J ' • . ..... 
./ ... ' \ 

: ~,~ 
·0' :. 

, ' .. It .. 

" -. 

I 0300 I " 
f 

'''''''\'''~ 

Figure 6a: Cross-Sectional View of the Inlet Tank 

b: Cross-Sectional View of the Outlet Tank 

(A.Baysal,1984) 

23 



Figure 5 

Figure 7 
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F~qure 8 : Photogranh ot the Inl ets 

F~gure 9 Photograph ot the Iron Plate 
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Each channel has 4 outlets on each side constructed of 0.85 m 

plastic pipes at intervals of about 5 meters. The outlets are sealed 

with plastic stoppers, easily removable for sampling purposes. 

At the end of each channel there are six brick walls to prevent 

sand particles from reaching the final chamber. Between the brick walls 

and final chamber, there is a small concrete wall in each channel. This 

concrete wall has a hole at the bottom in which treated water passes to 

the other side as soon as the water level reaches 0.18 meter height 

(Figure 11). 

c) The Final Tank 

The height of this tank is 0.93 meters. The outer diameter is 

1.60 meters, where as the inner diameter is 1.20 meters. The cross-sec

tional view of the tank is shown in Figure 12. The inner side is divided 

into two sections by a concrete block to avoid clogging of the piping 

system leading to the main sewer line with sand particles that may escape 

through the perforated wall (Baysa1, 1984). 
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Figure 13 Photogra~h of Cleaning of the Channels 
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3.1.2 Experimental Procedure 

The experimental procedure followed during the study related to 

the land disposal part can be summarized as follows. 

3.1.2.1 

1. The sand and gravel were sieved and placed into the channels. 

2. The porous media located into the channels was washed throughly 

to remove any existing impurity (Figure 13). 

3. Samples of porous media are collected and sieve analysis 

another experiments were performed. 

4. Wastewater was applied on both channels. 

5. After the flow was adjusted samples were collected periodicall~ 

(twice a week) from the inlet, the intermediate sampling point~ 

and the outlet and the required experiments were performed. 

The Porous Media 

Two materials were used as filter media sand and gravel. Sand 

was river-sand while the gravel was broken stone. The granulometric 

curves of the sand and gravel are given in Figure 14 and in Figure 15. 

The effective size of sand as can be seen in these figures is 3.25 mm anc 

of gravel ;s 1.0 cm. Figures 16 and 17 show the top view as sand and 

gravel after being located in the channels. 

i) The total volume of the sand distributed in the channel is; 

2.83 m3 having a depth 0.35 m and length 21 m. 
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ii) The porosity of sand is 40% . 

On the other hand 

iii) the total volume of the gravel distributed in the channel is 

3.234 m3 having a depth 0.40 m and length 21 m. 

iv) The porosity of gravel is 43%. 

3.1.2.2 The Wastewater 

The wastewater from the sewer of Bogazi~i University was used 

during this study. The characteristics of this wastewater can be summarizE 

as follows. 

The purpose of these experiments was to determine the variation of 

wastewater characteristics with time and distance related to filter materic 

size. The parameters determined during this study are pH, nitrogen, phos

phorus, solids, COD (Chemical Oxygen Demand) and total coliform. For the 

determination of nitrogen Kjeldahl nitrogen, for coliform, the Membrane 

Filter Method and for phosphorus the Stannous Chloride Method were applied, 

In the tests the methods given in the 15th edition of the Standard 

Methods for the examination of water and wastewater (1981) have been used. 

3.1.3 Experimental Results 

Wastewater samples were collected from different pOints of each 

channel at different time intervals and the chemical oxygen demand, nitrogE 

phosphorus, pH, coliform, solids and turbidity values were determined. 

The results obtained are given in a tabular form in Appendix B. 

Evaluation of variation of each parameter is given in the parts which 

follow: 
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3.1.3.1 ~b~~!~~1_Q~t9~~_g~~~~~ (COD) 

The variation of COD values with time in the channel which was 

filled with sand is given in Figures 18. 19 and 20 show the variation of 

the removal efficiency of COD with distance and time. The variation of 

COD values with distance is given in Figure 21. Carefully examination of 

these figures lead to the following conclusions: 

i) The overall COD removal achieved is about 76%. Taking into 

consideration that the removal efficiency of activated sludge 

process ranges between 65% and 90% and of trickling filter is 

about 65-85% (Fair, Geyer and Okun, 1968). This is considered 

as a satisfactory result. 

ii) The percent removal of COD is increasing constantly with dis

tance while it does not show any considerable change with time. 

iii) The amount of COD decreases with distance influent values vary 

between 470-590 mg/L. At 25 meters the amounts of COD range 

between 135-240 mg/L. 

For the case where gravel was used as porous media, the variation 

of COD values with time is given in Figures 22 and 23 shows the removal 

efficiency of COD with time. 

The removal efficiency of COD with distance is also shown in Figure 

24. The variation of COD values with distance is given in Figure 25. 

Examination of these figures leads to the following conclusions: 

i) The COD removal efficiency is constant with distance. 
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ii) The overall percent removal efficiency achieved is around 60%. 

iii) COD values decrease with distance. 

Combining the results obtained by the present study with the results 

of Baysa1 (1984), showing the variation of COD removal efficiency with 

effective size of porous media has been prepared (Figure 26). 

Sand of 0.55 mm and 3 mm effective size has yielded almost the 

same result but the COD removal efficiency is reduced with 10 mm (1 cm) 

effective size. 

3.1.3.2 

The variation of nitrogen concentration was one of the parameter 

determined in this study. The results expressed as Kje1dahl nitrogen are 

given in the following figures. Figures 27, 28, 29 and 30 are related to 

sand, Figures 31, 32, 33 and 34 are related to gravel. As can be seen in 

these figures, the following results are obtained. 

i) The overall percent N removal achieved is about 70% in sand 

and about 57% in gravel. 

~According to sanks and Asano (1976)~ the removal efficiency of 

over land runoff is about 60-90% and of rapid infiltration is about 

70-90%. 

ii) The amount of nitrogen decreases with distance. 

iii) The, nitrogen removal efficiency increases with distance. 

Figure 35 shows that the removal efficiency of nitrogen is reduced 

with increasing effective size. 
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3.1.3.3 

Phosphorus and nitrogen are necessary for the growth of plants, 

but if phosphorus reaches high levels it causes pollution. 

The variation of phosphorus values with time and distance are pre

sented graphically in the following figures. 

The Figures 36, 37, 38 and 39 are related to sand and Figures 40, 

41,42 and 43 are related to gravel. 

According to these figures, the following conclusions can be 

reached. 

i) The removal efficiency of phosphorus is increasing with time. 

ii) The removal efficiency of phosphorus is also increasing with 

distance. 

The overall percent of phosphorus removal is 64% in gravel bed 

and is 77% in sand bed. 

Sanks and Asano (1976) pointed that the removal efficiency of 

phosphorus was between 60-80% of overland runoff and 50-90% of rapid 

infiltration. 

Figure 44 shows the variation of removal efficiency with the effec

tive size of the filter media. This figure shows that the removal percent 

of phosphorus is reduced with increasing effective diameter. 

3.1.3.4 Solids 

Solids are another impurity present in wastewater. The varia-

tion of total and suspended solids between 0 meter and 25 meters of each 

channel were determined. 
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In the following figures, the variation of total and suspended 

solids are shown. As can be seen in Figure 45, the removal efficiency 

obtained is relatively low. 

The reason of the low results obtained may be due to the removal 

of some solids present initially in the sand bed during the experiment. 

3.1.3.5 

Figures 46 and 47 show the variation of turbidity values with 

time and di stance. The removal effi ci ency of turbidity with time is 

shown in Figure 48 and with distance in Figure 49. 

Figures 50, 51, 52 and 53 show the variation of turbidity in the 

gr:avel. bed~J'.s can be seen in these figures, effluent turbidity values dec-

rease with time. 

The turbidity removal efficiency is decreasing with effective 

size (Figure 54). 

3. 1. 3. 6 I?~ 

Figures 55 and 56 show that there is a slight decrease in pH 

with time and the effluent values are always higher than the influent 

values. The reason for this may be salts present in the soil media. 

3.1.3.7 Coliform 

Microorganisms and parasites which are present in the wastewate 

may cause a large variety of diseases. Coliform is an indicator of these 

organisms. That is why the removal of coliform has been investigated. 
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Figures 57 and 58 show the change of coliform with distance. .ThesE 

figures show that the removal of coliform decreases with increasing 

distance. in the sand bed. 

Figures 59 and 60 show the change of coliform with distance .. The 

amount of coliform decrease with increasing distance.in the gravel bed. 

3.2 CROP PRODUCTIVITY 

3.2.1 Procedure 

This part of the study has been performed at Faculty of Forestry 

of Istanbul University. Its aim was to examine the crop productivity of 

the media through which wastewater has been disposed. To realize this 

i. 

ii. 

Seven large boxes (1.00xl.00xO.20 m) show· in Figure 61 and 

seven small boxes (O.50xO.50xO.20 m) show i in Figure 62. The 

large boxes were divided into four parts as shown in Figure 63, 

Media used in the land disposal study performed at Bogazi~i 

University was mixed with sandy soil which was taken out of 

3 m depth from soil in Faculty of Forest of Istanbul Universitj 

at Bah~ekBy. This soil has been selected because it does not 

contain any nutrients and other growing factors (like hormons, 

vitamins, etc.). The composition of the mixtures used are 

given in Table 7. The mixtures prepared were placed in set of 

a big and a small box. The small box was used as a blank. 

Afte~,the boxes were filled with the above mentioned mixtures, a 

small plant known as IIKadife ~i~egill was planted. 
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The prepared boxes were located in the east-west direction. 

TABLE 7 - Plantation Experimental Sets 

Set Mixing Mixing Plant number 
Number Materials Percent in each set 

Sand consist of nutrients 20 
1 6x4_ 

Sandy soi 1 80 

Sand consist of nutrients 40 
:2 6x4 

Sandy soil 60 
'" 

" -
-. Sand consist of nutrients 60 

3 40 6x4 
Sandy so; 1 

Sand consist of nutrients 80 
4 6x4 

Sandy soi 1 20 

Sand consist of nutrients 100 
5 6x4 

Sandy soi 1 0.00 

Sand consist of nutrients 0.00 
"6 6x4 

Sandy so; 1 100 

7 Normal soi 1 with fertilizers 100 6x4 

Every day the plants were watered. This was made paying attention 

to the following factors. 

i. Water should be just absorbed by the soil and not penetrate 

from the box to the ground. 

ii. All parts of the soil should be wetted equally. 
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iii. The plants were observed daily measuring. 

a) The length of the stem of each plant 

b) Length of leaves 

c) Diameter of body of plant 

d) Bud production time 

e) Blooming time. 

f) Diameter of flower. 
At the end of the experiment, the plants were taken out of the soil 

and divided carefully into stem, leaf, root, flower. Then the following 

parameters were determined. 

wet weight of stem 

number of leaves 

wet weight of leaves 

length of leaves 

the area covered by the roots 

wet weight of the roots 

number of flowers 

diameter of flowers 

wet weight of flowers 

diameter of stem. 

3.2.2 Results 

a. Growth of the Stem ------------------
The relation between the type of the soil mixture and the growt 

of stem is shown in Figures 64, 65, 66 and 67. 
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As can be seen in these graphts, the best result for the growth of 

the stem was obtained with a mixture containing 80% of the land disposal 

media. When the graph is examined the following observations can be made, 

i. The stem growth was negatively affected when only land dis

posal media was used. The reason of that may be that media 

settles and fills all the voids in the soil leaving no place 

for root growth. As a result of this, the roots of the plants 

are crushed. 

ii. The effect of the composition of the soil on the diameter of 

the flowers. As the percent of the land disposal material in 

the mixture increased better results were obtained in the 

flowering of the plants. This relation between flower diameter 

and mixture of soil is shown in Appendices B.2.3 and B.2.4 and 

in Figures 68,'69 and_JO. 

iii. Effects of the land disposal material and soil mixture to leaf 

growth could not be observed, because after measuring the 

bottom leaves other leaves grew on the stem masking the measured 

bottom leaf and prevented sunlight from reaching the lower 

parts of the plant. Since sunlight is an important factor 

affecting growth, the effect of the mixture on leaf growth 

could not be obtained. 

iv. The variation of diameters of plants with respect to different 

mixtures and time is shown in Appendix B.2.2 and Figures 71, 

72 and 73. 
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Figure 67 The Plantation 
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Observing these graphs, it can be seen that the best results were 

obtained with mixtures of 80% and 100% land disposal material. These 

mixtures affect the diameter of the plant in the same way as garden soil 

does. Mixtures of 40% and 20% land disposal material also gave the same 

results. When the mixture contained 60% of filter material, the diameter 

of the plant was affected negatively. For the time being, there is no 

explanation for this observation. 

The weight of a plant is important for plantation. To examine 

this, ten plants were removed from every box. The root length and root 

width of each plant (Appendix 8.2.5), total wet weight (Appendix B.2.6) 

and total dry weight (Appendix B.2.7) were measured. 

To obtain the dry weight, every plant was separated into its stem, 

leaf, flower, and root. Each part was then placed seperately into the 

oven for 1 hour at a temperature of 65°C. Weights were measured after 

cooling to room temperature and then the total dry weight of each plant 

was calculated. 

The variation of root length and root width of plants is shown in 

Appendix B.2.5. According to these figures a mixture with 80% of land 

disposal material gives the best result. 

In the soil with 100% land disposal material while the nutrients 

could be held, water run off. Also, lack of sufficient porosity prevented 

root growth of ,plants. 

Another observation was the relation between the development of 

roots and stems. Plants with well developed roots also had well developed 

stems (Figure 74). 
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c. Root Volume -----------

In order to have a better idea about the total weight of a 

plant the root volume of the plant was calculated (Appendix B.2.8). 

The root type was assumed as cylindrical shown as in Figure 75. These 

values correspond to total dry weights, total dry weight above ground 

and lengths of stems and their relations to each other are shown in 

Figures 76, 77 and Appendix B.2.8. 

The volume of root, stem length of the plant increase, as the 

percent of the filter material in mixture increases up to 80% land disposal 

mixture. Mixture with 40% and 60% land disposal soil almost gave the 

same results and 80% of it gave the best result (Figures 78, 79,80). 



96 

IV. DISCUSSION AND CONCLUSION 

The resuLts obtained in th1S study are a good indication 

that wastewater disnosal on land 1S an efficient method for wastewater 

treatment. Although the technique used is very slmpLe,removaL eftic1enc 

slmiLar to those obtain-!in conventional treatment methods can be obtait 

Another characteristic Wh1Ch makes this process advantageous 15 

the increase of crop vield of the soil as indicated bv results obtaine~ 

in the present studv as VIell as in the studv of Bavsal (L984) 

The land treatment technique turthermore is a technique which 

needs minimum ma1ntenance and operationaL care.Becouse of these factor~ 

it is bel1eved that land disposal 1S an advantageous techni~ue for dev~ 

loping countr1es and 1S strongly recommenaed for the ruraL areas of Tu: 

These conclusion are vervtied bv the following results obta1ned 

study:Chemlcal Oxvqen Demand removal efficiencv reached 76% in sand bei 

6u% in qravel bed,N1tronen removal efficiencv reached 70% 1n sand bed 

57% in gravel bed for 35 davs,removal etficiency ,--t Phosphorus reac.hed l 

77% in sand bed,64% in gravel1bed for 35 days. 

Also it is ind1cated that the media used for the wastewater pur 

fication when used for agricultural ~urposes has a positive effect on 

the crop productivitv. 



V, RECOMMENDATION FOR FUTURE STUDIES 

The following subjects are recommended to be investigated in 

future studies: 

97 

Effect of variation of filter media and flowrate on pollutant 

removal efficiency. 

Type of plantation which can grow with increased yield on 

the used filter media. 

Amount of nutrients and other pollutants which remain in the 

filter media after growing different types of crops. 

Variation in the ground water quality, if any, in areas used 

for land disposal and crop growth. 
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APPENDIX A 

DETAILS of THE CHANNELS and THE POROUS MEDIA 

Number of the channels : ....................... 2, 

The total volume of channels:O.385xO.75ux24.66=7.12'm3 

Volume of the channel filled with sand : 

O.35xO.385x21= .... 2.83 m3 

Volume of the channel filled with gravel : 

O.40xO.385x21= .... 3.234m3 

The total surface area of channels :O.385x24.66=9.50m2 

Surface area of channel filled with sand : 

O.385x21 = .. 8.09m2 

Surface area of the [channel filled with gravel: 

O.385x2l = .. 8.09m2 

The height of sand : ............................ 0. 35m 

The height of gravel: .......................... O.40m 

The porosity of sand : .......................... 40 % 

The ~orosity of gravel : ........................ 43 % 

The sieve analysis of sand and gravel samples are shown 

in Table A.l , A.2 I A.3 and A.4 

luI 
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'T'l\3LE A.1. ~IE'1E A..liLhLYSIS 0)" C;PJWEL SAKPLES TAKEN FROH 5METERS 

I I 1 II 
1 1 I 
\ 3/':;" \ 11. / !) 1 1flfl() 

{oJ/1G"\ 4./6 778 7L2 

I 10 2.00 320 402 

I 16 1.19 
\ 

182 220 
I 30 0.59 I 176 44 I I 

~ \ o I 
10 nasse:o 

, I 
Sleve 

i 

I 40 0.42 I 10.4 :n.6 
I I 
~ 

t:;n n.21 I ') rl 1~.C: 
-J-_ 

}I)') 0.14Q 13.6 

18.? 

17.6 

2.04 

1. 36 

'Ill) f) - Tl ' , - - l 
i 

72.2 

40.2 

22 

4.4 

3.36 

1. 3 f) 

-Tlu:ILE A. 2. SI.tVE ANALYSIS Of GPJ.WEL SAIVLPLc.;S TAKEN FROM 2u tv.:ETERS 

I 
-----.------.'--.~------.. -

I .1/6" 1 ~ ..., n 1. nnrJ r) 100 ..L /. • ! 
! 

322 F,7M 32. ") 67. 8 it. 3/16 4 .76 L.. I"± • 

II} :2 • I)() ,1')8 '1 r, !\ C; • 1-\ ?l 

I 6 L 1 9 I 01) I10 If) 11 

30 O. ro 
:l .' ,:;n !:;f) c, 6 

::is:; '21 -:; " ~ :2 .) 

40 n I'!? L. 
j 

60 (L :n 1"3 0 1. ? fj G 

100 f' u. 1 !) 
~'"! 9 u .9 



T}I,.J:)LE A. 3 f SI.t:'ilE ANALVSIS OF SAl"D SAHPLES 'l'AKt;N FRO)\~ 5 METERS 

Samnle triieigth luOO qr. tDrv) 

5 ieve I Ho Ie I'·'e l otn of samole I';e ;qth 0 t samole I 
Number. NUmberlratianed on tne Passed to the I 

' I I mm ISleve (err) sieve (ar) Pi% !.100-Pi 
I 

I 
, 

3/8" 8 0 .LOOU lOu I 0 

Lt.3/16 u 
I 

4.76\ 30 
I 

97u 97 3 

10 
, 

2 186 784 7 tL 4 L1.6 I 

16 
i 

1.19, 4u5 379 37.9 62.1 

30 0.59! 176 203 2U.3 I 79.7 

40 u.4.: lOb 97 '3.7 I ':l0.3 

50 0.29/ ':i6.:> - - I ':i9.':i 

:'ABLE A. 4. SIEVE ANALYSIS OF ~AND SAJVlPL.t'~S TAKEN Fl=\OM 2u JvI..E.TERS 

3amnle weiqth 100U qr lDrv) 

Sleve 

3/8" 

4.3/ 1 6" 

.LO 

lb 

30 

40 

:JO 

T-jole !"Jelow"lrt--Samnie I Hel:qth e::= samnle 

Number iret:iafle~ 'nn the Inassed to the 
I . ! 

mm !Sieve lqr) i Sleve (qr) 

I . I 100U 8 I 0 ! 
I 

4.7bl 34 966 

2 

1 I 0, I ....... co ......... ___ r 

u. 5':J I 
I 

u.4.::1 

.LSD 

3tsO 

17u 

lOu 

135 

786 

4u6 

23\J 

13b 

1 

Pi 

lOu 

9b.6 

7 b. 6 

4 [}. 6 

13.6 

O.ul 

o 

.::1.4 

76.4 

8b.~ 

9'::1.9 

.103 
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APPENDIX B 

RESULTS OF EXPERIMENTS 

B-1 ~'lASTE~'lATER ANALYSIS RESULTS 

B.l.l Chemical oxygen demand (COD) (mg/L) 

i)Samnles taken from sand bed 

~~~ . m) T l.me ( ri ;::"7 0 5 10 15 20 25 
() ')1')436 238 60 
5 480.73 , 153.83 

III 485.63 41)/ • 60 373:90 
... 

31\]0.80 155.40 145.70 

16 460.26 409.60 363.60 3u8.30 257.70 145.70 
18 520.40 447.50 411.10 343.50 166.50 161. 30 
?1 'il') 1~ A5S00 447 00 l.42 ~. l6Jl~ D..li Jill. 
25 4tl4.~n 407.30 2tl1.30 242.50 203 70 \155.20 
2tl 620.66 521. 35 465.5U 384.80 173.80 ~48.90 

l2 :')80 00 _493 ~OJl 440 80 365 40 156 60 1133 40 
35 420.00 361. 20 306.60 252.00 105.UO 94.50 

ii)Sarnp1es taken from gravel bed 

~ TiTlP Ida" 
0 5 10 15 20 25 

0 554.30 P21.50 
5 4tlO.20 12:L~·7U 

11 4tl2 tlO 439.: .. W 424.90 1166.90 313.80 ~90.0U 

16 460.40 396.00 285.40 ~39.40 211.60 ~85.40 

lA I t;?n dn C;10.00 1493 3Q 4.~n.clO .311 .3Q. 24~80 

21 535.60 492.70 439.00 385.60 337.40 208.80 
25 4tl3.70 425.60 372.40 290.:L0 251.50 ~22.50 

21'S 1620,00 'oSl 80 502,20 B72 00 328.60 785.20 
32 5tl1. 20 511.40 441. 70 ~77 .80 238.20 226.70 

')~ A')n nn 11h .illl l2s.2.nn D1 R Lln 11 R4 RO >:;1 ?() 
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B.1.2. NITROGEN (N) (rog/L) 

i)Sam~les taken from sand bed 

~ Tine (da 0 5 10 15 20 25 

0 15.65 8.13 
5 116.45 4.94 
11 18.24 8.57 
It: 22.40 8.74 
lR 24 50 24.01 19.60 14.70 11.76 8.06 
:21 19.60 19.20 16.07 12.15 10.20 7.30 
:25 14.40 ----- 13. t50 10.40 7.50 4.60 

28 19.20 19.10 18.40 13.44 9.60 5.90 
32 24.30 24.30 23.50 17.70 12.60 7.70 
1t; ~ - 11 H ...3Q - - .~.2U 

ii) Samples taken from gravel bed 

~ 'T'; 1'1'10 (n".; 0 5 10 15 20 25 . 
n 15 60 9.80 
5 16.40 5.90 

11 lR (10 ~A~ 

16 22.80 10.90 
18 24.50 21.56 20.20 17.60 

?1 ?o nn .,q flO 18.80 l4Jill illL411 13_130 
25 14.40 13.24 10.40 7.80 6.60 
2/j 19.10 19.UO 14.50 11.40 9.20 

l? 24 30 124.00 23 10 19.44 14~60 12.30 
35 21.10 18.80 12.70 11.40 
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B.a.3. PHOSPHORUS (P) (mg/L) 

i} Samples taken from sand bed 

~~ Tirre(Da ) 0 5 10 15 20 25 
0 4.00 1.uu 
5 5.00 1.00 
11 6.80 1.20 
If> 4.00 ~..3.0. 
18 6.50 6.50 6.00 5.40 2.50 1. 70 
21 6.00 6.00 5.00 4.80 3.20 2.00 
2"i 5.50 5 00 4 80 3 5fJ 2.00 1.3Q 
28 5.00 5.00 4.~0 3.50 3.20 2.50 
32 4.50 4.50 4.00 3.80 2.60 2.00 

35 4.60 4.50 4.00 3.60 3.00 1.60 

ii} Samoles taken from the gravel bed 

~ffir 
Tirrle(Da~ 0 5 10 15 20 25 

0 4.00 1. 7u 
5 5.00 6.50 5.~0 2.40 1. 70 

11 h 40 2.10 
16 4.20 1.40 
18 6.50 6.00 5.80 4.20 2.40 

21 fi 10 6 00 5.40 5.00 3.80 2.60 
25 5.:'0 5.50 5.00 4.20 2.60 1.70 

?H .i:i ?O t; on 4.60 Acill) -.l2Q l2130 
32 4.50 4.50 4.00 3.60 3.40 2.60 
35 4.80 4.50 4.60 3.80 3.00 2.80 
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B.:a..4. PH 

i) Samnles Taken from the Sand Bed 

.~ 
Tirre (Da_ m) 0 5 10 15 20 25 

0 6 80 7--,-10 
5 7.20 7.80 
11 6.50 6./0 
18 7.10 7.40 
21 6.40 6.60 6.40 7.00 7.00 6.80 
25 6.30 16.5u 6.40 lnL8D --.fi....6ll 6. .6.0. 
28 6.80 6.90 6.60 7.00 7.10 7.20 
32 7.5U 6.80 7.40 7.20 6.90 7.50 
35 6.80 6.~U ).LO 7.fJU f.LO 1.l:lU 

ii) Samples taken from the Gravel Bed 

~ Tirre{Da 0 5 10 15 20 25 

0 6.80 7.00 

t:; 720 7 c9Jl 
11 6.50 6.40 
18 7.20 7.20 

?l --.6. 10 6.40 _620 ~~Q ~ 8Jl J110 
25 6.50 6.60 6.70 6.60 7.20 6.40 
28 6.80 6.80 6.40 7.00 6.60 7.20 

32 7 50 7.5U 7 20 6.80 7.40 7.80 
35 7.00 6.60 7.00 6.80 7.60 7.60 
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B.~.5.TOTAL SOLIDS DATA (TSD) (mg/L) 

i) Samples Taken from the Sand Bed 

~e Tine (Da__ m 0 5 10 15 20 25 
0 4:l0 363 
5 453 368 
11 356 344 
.16 

404 186 
18 578 504 484 
21 

25 564 498 473 
28 501:5 499 483 47~ 464 441:5 
32 724 702 698 654 663 648 
35 532 ~32 524 516 510 496 

ii) Sam111es taken :f:roJ'1. V1e Gravel Bed 

~ TJ..ITe{Davs 0 5 10 15 :w 25 

0 4L6 402 
5 450 414 

11 358 3U3 
16 404 367 
18 580 496 ~~6 

21 
:l5 573 564 

28 47H 477 _464 460 468 452 
32 694 693 682 686 672 678 
35 535 530 5:l5 4~4 498 41:53 
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B. 1. 6. COLIFORM NUT'ftBEl1 105 /100m1 

i)Samp1es taken from the Sand Bed 

~ Tine lDa_ ) 0 5 10 15 20 25 

0 OR 0...3.4. 
5 1.0 0.60 
11 1.2 0.56 
16 1.4 0.84 
18 1.4 1.4 1.2 1.00 0.62 0.~6 
21 1.6 1.2 0.8 u.68 0.~6 0.42 
25 1 8 1 8 1 6 0.66 U.50 0.48 
28 2.1 1.9 1.6 1.00 0.82 0.50 
32 2.8 2.6 2.0 1.8 1.4 0.82 

35 2.4: 2.2 2.0 1.6 I).~ 0.42 

ii)Samn1es taken from the Gravel Bed 

~ 0 5 10 15 20 25 
TinelDqys 

0 0.8 0.4 
5 1.0 0.8 

11 1 2 0.63 
16 1.4 0.86 

_la 1 .1 1 ? 1 .11 o R 072 O.fi3. 

21 1.6 1.4 1.0 0.54 
25 1.8 1. 76 1.54 0.46 

2a ? .1 2.0 .1..83 1 70 ~.QQ JL61i 
32 2.8 2.74 0.84 0.40 
35 2.4 2.4 1.8 1.2 0."18 0.54 



B,2!PLANTATION RESULTS 

B.2.l.TlIE L.t:NGTH OF STEM (em) 

~ru daYE) 0 3 

INc - X -x x X 

8 

x 
a 6.03 6.23 l'ZJill 

1 b 5.61. 6.0tl 6.33 6.49 7.84 
7.80 tl.06 9.L!5 Ie. 

d 4.88 5.33 6.68 
a 8.40 7.43 8.U6 

2 ib 5.~5 6.03 7.24 

6.57 6.8 6.80 7.1 8.40 e 
d 6.26 tI.l7 9.06 

la 16,3 ~.1 Itl .1)4 

3 b 6.53 6.8 
r.33 

7.tl2 6.66 
e 7.06 8.40 15.64 

Id 6 75 7 43 18.92 
a 7.62 tI.33 9.u4 

4 Ih 6.8tl 7.1.0 8.82 

Ie 6.63 
6.9 6.57 7.3l 

7.55 
d ~.60 7.26 7.9tl 
,a.-:_l1.13 ,..,.-;.. -- ~ .. ~! '1? . ()] 

5 b [U.13 11.33 lL.33 11.5", 13.42 
e 11.57 11.63 lL.24 
d 10.47 10.78 1.1. b8 

a ~.33 5.38 5.84 

6 b 5.67 ~.8u 6.24 

if"' 4 23 5.1.4 41H 
5.23 V! 58 

d 5.32 ~.36 5.52 
lL.28 13.04 

.:::. 

7 ib 11 15'" 11.99 
lL 24 

e 12.14 11-3.60 
~. 11.. 71. fL3 •08 

1.10 

1.2 15 23 

- - - - - -X x X x X x X 

8,4S 10.00 111.87 

12011 9.5~ 10.83 12.13 7.84 lL.2" 9.5~ 13.25 10.8 14.38 

7.93 9.16 10.28 
11..4. 12.l5 13.73 
8.b6 9.66 11.08 

tl.l~ 10.0t 10 .. 09' 
i 11.50 I1-lHl 1.4.l0 13.10 

I 

10.L~ 11.33 13.37 i , 

ur J.2 Ji3 I.l.:>. .so. , 

9.90 11.08 10.71 i 
8.jl lu.23 11.9 13.4°1 9.30 11.33 13.00 

lu5 llL,SB ll4 .An i 
13.u'": 13.83 16.uO 
11.1.1 13.50 12.90 

8.35 
9.93 ~O.58 luA2 13.4t !lii ..25. 

14.70 

8.1.6 13.17 113.25 
141':1 lJ'i"i8 .5..bfi 

12.34 1.4.50 
f1-4 .1.{]), 14.75 15.1U 15 00 15.54' 13.51 14.33 15.08 

14.27 15.75 1.6.~0 

6.L2 6.48 6:.bO 
6.45 6.74 0.70 

5.55 5,63 6.03 £.3£ 6.45 fLiill 6.53 

5.86 6.22 ~.30 
13.85 13.40 ~4.48 

lL.9tl 14 39 
14.2" 

1.5.92 4.68 ~22 15.6J 
lL!. 64 15.14 11-6.44 
14.00 14.24 p-5.35 



III 

B.2.2. DIAHETER OF PLANT tmm) 

I~m' d~ 
3 12 23 

No - - -. -x X x X x X 

a 2.67 1,71 2.9'3 
b :l.43 2.73 3,17 

1 2.55 ? 7 3.1U c 2.53 2.73 - .. ~ . 
3.33 

P 2.57 2.84 2.9~ 

P. IL.73 L.~~ 13. :ltl 

2 !2 2.63 
2.1:32 2.76 3.00 3.07 

3.29 P :l.83 3.10 3.36 

ki 3.07 3.22 3.44 
a 3.1 3.18 3.44 
b'\ 2.93 3.1)0 3.33 

3 
2.8 2.91 

2 77 3.06 2 9~ 
3.36 9_ 

~ ~.8 3.28 3.50 
A I? 4 1 01 111:)1 

4 ~ ~.41 2.64 3.22 
3.23 3.65 

3.64 
~ 12.83 3.37 ~'. 79 

~,I 12.9 3.29 13 58 
Et t;2.42 2.19 12.73 

tL' tLllfl 2.36 ~.85 
5 

["! L54 2" 07 2.59 
2.37 

2.75 2.92 

:1 ~.34 2.34 3.33 

a t2 03 2 49 [) ~() 
,~ p tz.oe 2.39 ~.38 
6 c 2.14 2,16 2.22 2.40 ~.44 2.51 

d 2 38 2.62 ~.7Q 
a 2.06 2.27 ~.15 

h ? -.l£ ? 1? R lin 
'1 2.13 2.24 

:l.31 
13 07 

3.15 
c 2.12 
d 2;24 2.42 g.96 
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B.2.3.NUMBER OF BUD AND FLOWER 

~me (d) 0 3 8 12 15 23 

No 2)( 
,.-

Llx .&x ..sx x x x x x .&x x .&~ 

alB lB 2B 5B 5B 5li 
b 2B 2B 3B 3BlF ~BlF !'3B2F 

1 c 1R 7B 4R 8B 
3BlF 9BlF 

l2B3F 13B4E 
i3B1F IBB4F 2B4F !l4B7F 

d lB lB lB 2B 4B SBlF 
a 2B 3B 2BlF 3BlF I4BlF 4B2F 

2 b -- 5B lB lB 4B SB 5B 5B2F ",BlF 4B3F 18B3F 1'"8B5F c lB lB 2B 5B 6B 5BlF 
d 2B 2"P R 12B2li' l3B2£ ~ 

a 2B 2B 2B 4B 5B 6BlF 
b 2B 2B 3B 4BlF rrolF 9BlF 

3 cl2B 7B 3B 8B 4B 9BlF 5B 14B2F 6B 22BlF 5BlF t:l5B4F 
d lB lB IF lBlF 4B 5BlF 
a 2B 3B 2BlF 4B2F pB2F 9B2F 

4 b ... 
3B 3B 8B 3B I!BlF 4B llB3!' 3R 22B3F -.fiB 

f!OB3F c - lB lB 2B 6B 15B 
r'l I1R 1P. 1P. 11 P. lli' ~lR _lORlR 

a 5B ~B2F 3B3F 5B1F B5F 7B5F 

5 b 6B2F 19B pB3F 17B6F 3BBF 
~ 2Bll"k 6F 5B19F JF1B 20B141 3B6F OB2]1 r' -

r i t:;P.l"P ~R:::>R 3B2E. lP,t:;li' :m6E. 4P.h"P 
d 3BlF ~BlF 3B3F 3B3F ~B3F 6B4F 
a lB lB lB 2B 3B 3B 

I 
Ib - 1B lF _1£ ~ ~ I 

6 2B 4B 3BlF 5BlF 5BlF SBlF: 
c - lB lB 2B 2B 2B 

rl 10 lR .1B ~B ~ ~ 

a 4Bl£ 4BlF 5B2"p 4a4E 6B5F 5B6F 
b 4B2F 4B2F 5B3F ~B2F 2B6F 2B6F 

! 

7 1t:;P,?R 19B5F ilR':\li' 17B7F I hRilli' ~2Bl0F klP.hli' 141:320 _'3R1E. ~6B23I ~ 15£2 
r 

6BIT ~B4F 5B5F 6BjF F 
d _6B SBlF 
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B. 2.4. DIN'lETER OF FLor'1ER (nun) 

I\me td) !j 12 ~3 

- - :;..: - ,. 
No x X x X x X 

a - - -
1 n 2.'l 1.43 f2-~1 ":\ 1!) 

.43 
:~ . 8~ 2 7 '1.97 c •• 11 3.70 

it - - ~ 

~ r-:-~=-:-'" 
.,. .5J) 2 iiI 

2 '""" .... , lot) 2 - 1.19 -
~.72 

l..c. - :2 .. 1' 3 .Jl7 
d 4.01 i4.1f) 4.20 
f\ - ~.26 3 • I) f) 
D 2.05 3.0( Aj'L f) 5 3 2.13 2 .. 46 3.85 c 1. 90 1.11 3.70 
d 4.55 3.80 3.45 

..a 4 10 4 It; 5 ... 28 
b - -

~.60 
- 3.68 4 2.00 

2.00 4.10 c -
d 3.96 4.25 5.33 
a 2.71 2.68 3.07 

5 lh 2 82 
2.83 

2 85 
2.88 

2--.90 
3.04 c 2.84 ~.92 2.97 

d 2.92 3.05 3.22 

a - - -
6 b 2.35 0.60 2.42 

0.61 
2.65 

0.66 - - -L.c. 

d - - -
a 1. 05 2.20 3.28 
b - 1.10 2.45 

7 
~.O7 

1. 28 
1. 28 fL.6~ 2.80 

2.91 
c 
d 2.00 2.12 3.10 
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B.2.~. Root Length and Root Width tern) 

Number of 

Plant 
a 

1 5.0 

2 4.5 

3 4.0 

4 3.5 

5 4.5 

6 3.5 

7 4.0 

tl 4.0 

9 4.5 

10 5.0 

X 4.25 

:a: !{oot Length 

b: II width 

0% ~~')20% 

, ,b a b 

3.0 6.0 5.q 

5.0 5.0 4.~ 

2.5 6.6 2.5 

2.3 5.~ 3.1. 

'2'.10 4.~ 3.0 

3.5 6.0 5.5 

1.1:$ 5.5 6.2 

1.5 6. 3" 6.2 

2.5 6.0 4.5 

2.9 5.6 4.3 

2 . .0 S~",7 4.~ 

B .• 2.6. Net \'Jeicrth of Plants 

Number of 
Plant O¥; 20% 

, ' . 1" " , ' .. '1. 74' ' 4.38 
. , ~. \ . 

. '2' 2.10 4.42 ' 

3 2.54 5.30 

4 2.01 4.76 

5 2:;38 4.07' 

6 2.18 5.55 
" ' 9 ' " · 1.23 I 4.25' J 
~" . 

j. , ,". ~ . " , · 2~ 61 6.15 
," 

, , 'X ' . · 2.09 4.86' 

Comnosition of Mixture 
I 40% II 60% "80% 100% 

a b a b a b a b 

14.2 2.0 3.~ 2.5 2.7 L.6 4.2 2.5 

3.5 3.tl 4.2 2.5 2.7 4.0 3.8 1.0 

4.2 4.0 3.5 3.0 3.2 3.5 3.6 2.2 

3.ti 2.2 4.5 5.5 5 . .8 1:.2 3.0 2.0 

4.0 3.4 4.6 4.0 6.0 2.0 4.2 2.5 

4.2 1.5 6.0 loti 4.0 2.~ 4.0 3.0 

4.0 3.5 4.ti 2.6 3.0 2.8 3.5 1.0 

4.0 3.~ 3.6 2 . ~I 3.~ 1.6 3.S 3.~ 

4.~ 3.0 3.3 2.~ 3.5 1.4 4.5 3.0 

5.5 3.0 3.4 3.4 3.9 1.6 3.2 2.8 

4.2 3.0 4.1 3.0 3.8 2.0 3.7 2.3 

Composition of Mixture 
40% , 60% 80% 100% 

7.76 12.3~ 13.05 5.82 

8.47 )7 ~:84 16.20 3.37 

7.42 4.48 13.43 4.70 

4.73 3.88 6.78 3.78 

3.98 5.23 20.35 5.57 

12.20 l 8.65 13.24 11.98 

' 12.78 6.52 5.06 3.63 

5.04 3.38 5.94 5.17 

7.80 6.55 11. 74 :) .50 



3.2.7. DRY WEIGTH OF PLANTS (~) 

I Composi ti0nj 

lof Mixture 
! 
i 0 '6 

j 20% 

10% 

I I ! 

Rootl ~eafl steml 

1.6135 15.35 \2.5440\ 

! ! I 
2.7711. 8.454013.8080 i 

! 
"l"'lower\ 

0.4220 I 
2.173'J I 

2.0917 I 
1 

!:SO % 1. 4775 J 
100% 5.1704 I 

,.2.1:$. ROOT VOLUME-"'l~EIGTH-LENGTH RELA'I'IONS 

Comnosition 
\ 

- ? I ( qr) X (em..}) 
of ~.uxture 'Root volume

l 
Total weiath 

I I 
I 

0% 15.37 I 0.58 I 
I 

LO% 11. 93 I 1. 46 

40% 28.98 3.18 

60% 29.69 I 2.14 

80% 90.65 5.53 

100% t 24.33 T 
2.21 ! 

-i--

weiath 
around 

0.42 

1. 26 

2.63 

l. 79 

4.31 

2 .. 02 

(1) stem Lenath = Last lenqth-first lenqth 
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l 

I above Stem (l) I 
(("fr) Lenath(cn~ 

1. 39 

6.09 

6.30 

6.74 

7.80 

4.21 
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