
Ph.D. Thesis- Abu Mahmud, Roll-08306, Session-2008-09, Dept. of ACCE, RU (Submitted- June 2014)   �#    

 
 

24 

disadvantages include slow response (as compared to parenteral and 

sublingual dosage forms), chance of irregular absorption of drugs 

(depending upon such factors as constitutional gut make-up, the amount 

and/or type of food present at time of ingestion), and destruction of the 

drug by acid reaction in the stomach and/or by GI enzymes22, 23. 

Controlled release systems have been devised to enable superior control 

of drug exposure over time, to assist drug in crossing physiological 

barriers, to shield drug from premature elimination, and to shepherd drug 

to the desired site of action while minimizing drug exposure elsewhere in 

the body. Controlled release systems may also increase patient 

compliance by reducing frequency of administration24, 25. 

Controlled-release orally administrated drug delivery can either be 

    a) Time Specific (sustained and prolonged or zero order oral delivery)  

or b) Site Specific (oral delivery directed to the gut and colon). 

However, a combination of both can also be possible. 

1.3.1 Sustained and/or Zero Order Oral Delivery  

Zero order or constant rate release of drug is desirable in order to 

minimize swings in drug concentration in the blood. Such excursions, 

which may lead to periods of underexposure or overexposure, are 

particularly likely to occur for drugs that are rapidly absorbed and rapidly 

eliminated. Figure 3 illustrates the plasma concentration profile over time 

for such drugs when administered from rapid-release dosage forms. A 

rapid increase in concentration is followed by a rapid decrease, and little 

time is spent inside the so-called therapeutic range, which is bounded 

below by a minimum effective concentration (MEC) and above by a 

minimum toxic concentration (MTC). Frequent repetitive dosing is 

required to maintain concentration within these limits and compliance 
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Fig. 1.2: Hypothetical Drug-Plasma Level: an efficacious, nontoxic 

therapy requires that drug concentration in plasma lies within the 

therapeutic range, which is bounded below by the minimum effective 

concentration (MEC) and above by the minimum toxic concentration 

(MTC). For rapidly absorbed, rapidly eliminated drugs, a single dose 

(solid arrow) leads to a rapid rise and fall in drug concentration (solid 

curve). Multiple dosing at regular intervals (solid arrow followed by 

dotted arrows) leads to oscillating drug concentrations (solid curve 

followed by dotted curve), which may fall outside the therapeutic range 

for significant time periods. Zero order release (dot�±dash curve) leads, 

after an initial rise, to a constant concentration in plasma which, with 

proper dosing, lies between MEC and MTC23. 
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Fig. 1.3 (A): Function of Enteric Coatings 

 

 

 

 

 

              

             

 

 

Fig. 1.3 (B): Molecular structure and mechanism of action of a 

commonly used enteric coating material, cellulose acetate phthalate. 
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pharmaceutical technology has grown and diversified rapidly in recent 

years. According to them, understanding the derivation of the methods of 

controlled release and the range of new polymers can be a barrier to 

involvement from the non-specialist. 

M. A. Bakr, M. A. Islam, M. A. W. Sarker, M. Ahmed 42 (2000) 

synthesized co-polyester of malic acid and propane- l,2-diol following 

Dean-Stark method using xylene as the reaction medium. The co-

polyesters were characterized by their IR spectra, molecular weight, 

elemental analysis, solubility behavior in common organic solvents and 

hydrolytic degradation. In-vitro release kinetics of drug polymer systems 

was also investigated. 

B. Jeong, M. R. Kibbey, J. C. Birnbaum, Y. Y. Won, and A. 

Gutowska43 (2000) studied to prepare a short-term system. 

Poly(ethylene glycol) grafted with poly(lactic acid-co-glycolic acid), 

where hydrophilic PEG is a backbone. This material is expected to 

show a different gelation and degradation behavior and, consequently, 

a different drug release profile as compared to PEG-PLGA-PEG or 

PLGA-g-PEG.   

M. A. Bakr, M. A. Islam, M. A. Karim, G. Sadik, M. H. U. Biswas44 

(2002) synthesized co-polyesters of malic acid, phthalic acid, and 

propane-1,2-diol following Dean-Stark method using xylene as the 

reaction medium. The co-polyesters were characterized by their IR 

spectra, molecular weight, elemental analysis, solubility behavior in 

common organic solvents and hydrolytic degradation. In vitro release 

kinetics of drug polymer systems were also investigated.  
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superabsorbent hydrogels. The hydrogels were prepared by graft 

copolymerization of acrylic acid onto kappa-carrageenan, using 

ammonium persulfate as a free radical initiator in the presence of 

methylene bisacrylamide as a cross-linker. The synthesized hydrogels 

were subjected to equilibrium swelling studies in simulated gastric and 

intestinal fluids. Hydrogels containing drug diclofenac sodium, at 

different drug-to-polymer ratios, were prepared by direct adsorption 

method. The loading yield was found to depend on both the impregnation 

time and the amount of encapsulated drug. In vitro drug-release studies in 

different buffer solutions showed that the most important parameter 

affecting the drug-release behavior of hydrogels is the pH of the solution. 

A. K. Philip and B. Philip (2010)56 reviewed on primary and novel 

approaches of colon targeted drug delivery systems. The colon is a site 

where both local and systemic delivery of drugs can take place. Local 

delivery allows topical treatment of inflammatory bowel disease. 

However, treatment can be made effective if the drugs can be targeted 

directly into the colon, thereby reducing the systemic side effects. This 

review, mainly compares the primary approaches for CDDS (Colon 

Specific Drug Delivery) namely prodrugs, pH and time dependent 

systems, and microbially triggered systems, which achieved limited 

success and had limitations as compared with newer CDDS namely 

pressure controlled colonic delivery capsules, and osmotic controlled 

drug delivery which are unique in terms of achieving in vivo site 

specificity, and feasibility of manufacturing process. 

P. S. Salve (2011)57 studied the formulation of sustained release tablet of 

ibuprofen for colon targeting. Tablets were prepared using combination 

of guar and xanthan gum. The drug excipient interaction studies were 
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bioavailibity and local irritation due to large amount of drug delivered at 

a particular site of the gastrointestinal tract.  

G. S. Weston, G. Kwame and Yeboah (2013)60 said that successful 

targeting of therapeutic agents to any specific area of the GI tract requires 

both the exploration of a unique feature of the site and also the protection 

of the active agent until it reaches the target site. However, two scientific 

developments offer the potential promise of site-specific gastrointestinal 

drug delivery. The first is the discovery that E. coli microbes specifically 

adhere to the follicle-associated epithelium (FAE) that overlies the ileal 

�3�H�\�H�U�¶�V���S�D�W�F�K�H�V���L�Q���W�K�H���J�D�V�W�U�R�L�Q�W�H�V�W�L�Q�D�O���W�U�D�F�W�����7�K�H���V�H�F�R�Q�G���G�H�Y�H�O�R�S�P�H�Q�W���W�K�D�W��

may allow for this new type of specifically targeted pharmaceutical 

administration is related to the continuing advances made in bio-adhesive 

drug formulation science. The process of bio-adhesion involves the 

formation of a bond between two surfaces, where both surfaces are 

biological in nature or one is biological and the other is synthetic. With 

regard to pharmaceutical agents, bio-adhesion may be used to increase 

residence time and, thus, increase drug absorption, at the target site. 

1.5 OBJECTIVE OF THE PRESENT INVESTIGATION  

Recently, considerable interest is being focused on the development of 

biodegradable polymers for specialized applications37,61,62 such as 

controlled release formulations, insecticide and pesticide carriers as 

well as nontoxic surgical implant materials. Many of these polymers 

have a built-in self destruct mechanism by which they undergo slow 

hydrolytic and microbial degradation, releasing the impregnated 

materials at controlled rates.  
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One of the most encouraging applications of biodegradable polymers in 

pharmaceutics is enteric coating. The pH responsive coating materials 

dissolve very slowly over the gastric pH range (i.e. pH=1-3) but 

dissolve rapidly at the pH values associated with the small intestine 

(pH>7) and thus inhibit the drug release in the stomach but not in the 

intestine. All these polymers63-65 such as cellulose acetate phthalate, 

hydroxypropyl methylcellulose phthalate, polymers of acrylic acids 

(Eudragit) and polyvinyl acetate phthalate etc. are used as enteric 

coatings. Though cellulose acetate phthalate, the most popular enteric 

coating material, is generally regarded as a nontoxic material and free of 

side effects but has indicated a low toxicity for long term feeding in rats 

and dogs66. Moreover, many recent findings, have suggested that various 

phthalates and their metabolites could be responsible for the production 

of toxic effects in the reproductive system as well as liver tumors in 

humans67,68. On the other hand, enteric coating materials other than 

phthalic acid derivatives, show poor threshold pH for drug release17. 

Because of this, the search for a new, more effective and safe enteric 

coating material, is still going on.  

Another interesting but least complicated approach to the manufacturer 

of sustained release dosage forms consists of a drug or biologically 

active agent dissolved or dispersed in a polymer, the polymer playing 

the role of a matrix or carrier (matrix tablets). The drug is then released 

to a local environment at a controlled rate either by erosion or chemical 

degradation of the polymer matrix. A number of polymers such as homo 

and copolymers of �• -caprolactone and DL-lactic acid, glutamic 

acid/leucine copolymers, partial esters of methyl vinyl ether/maleic 

anhydride copolymers and polyanhydrides have been used as drug 
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delivery matrices69-72. However, the search for a new polymeric drug 

carrier aims to improve the effectiveness of drug therapy73. 

Biodegradable and bio-absorbable polymers from poly glycolic acid 

(PGA) and poly lactic acid (PLA) are the simplest linear polyesters, 

which are currently the most widely used synthetic, degradable 

polymers in human medicine74,75. Aliphatic polyesters produced by the 

condensation polymerization of aliphatic diols and aliphatic diacids are 

expected to be applicable as biodegradable polymer76.  

It is our interest to develop novel commercially viable polymers 

specifically designed to degrade under controlled biological conditions 

and thus help release the incorporated drug in the targeted site. In this 

connection, we have chalked out to synthesize four biodegradable 

aliphatic polyesters and their drug release characteristics in simulated 

biological environments will be investigated. 

The present work can be divided into four parts: 

1. Four polymers namely: i) maleic acid-butane 1,4-diol polyester 

(MBP), ii) maleic acid-adipic acid-propane-1,2-diol co-polyester 

(MAPC), iii) malic acid-adipic acid-butane-1,4-diol co-polyester 

(MABC) and iv) maleic acid-citric acid-propane-1,2-diol co-

polyester (MCPC) from different composition and ratios of their 

corresponding monomers using anhydrous ferric chloride 

(approximately 0.4% of the total weight) as a catalyst will be 

synthesized. 

2. The synthesized polyesters will then be characterized by their 

molecular weights, IR spectra, elemental analyses and solubility 

test in common organic solvents.  
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3. The degradation study of the polymers will be performed by 

hydrolytic test and soil degradation test. 

4. Drug release study according to British Pharmacopoeia (BP) in 

simulated biological environments will be carried out with a view 

to evaluating their possible use as enteric coating materials or as 

carriers for sustained and controlled release of drugs. 

An important consideration in designing polymers for any controlled 

release mechanism is the fate of the polymer after drug release. For oral 

applications in which the polymer passes through the gastrointestinal 

tract, it is desirable that after or during the drug release the polymer be 

biodegraded into smaller nontoxic products that are then bio-assimilated 

or excreted out 41. All of the polymers we are going to investigate are 

aliphatic polyesters. Owing to their reputation as safe materials and their 

biodegradability, this kind of polyesters are primarily used as 

biocompatible and biodegradable carriers in many types of drug-delivery 

systems for both human and veterinary applications77. Hydrolysis of 

labile ester linkages along the polymer backbone converts these polyester 

materials into products that the human body can easily metabolize and 

eliminate them without adverse effects. However, a common prerequisite 

for designing a nontoxic polymeric material is to choose nontoxic 

monomers78. All of the monomers we have selected are being used as 

excipients in various formulations in the pharmaceutical industries77. 
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CHAPTER-2 

EXPERIMENTAL  

2.1 MATERIALS USED AND THEIR PURITY  

All the chemicals employed in the present investigation are listed below 

with their sources and purities. 
 

No. Materials Producers Purity 

1 Adipic acid 
E. Merck, (India) Ltd. 

Worli, Mumbai �•�������� 

2 Acetic acid BDH-Chemical Ltd. 
Poole, England 

98% 

3 Acetone E. Merck, (India) Ltd. 
Worli, Mumbai 

�•�������� 

4 Anhydrous Ferric 
chloride 

E. Merck, (India) Ltd. 
Worli, Mumbai 

�•�������� 

5 Benzene E. Merck, (India) Ltd. 
Worli, Mumbai 

�•�������� 

6 Butane-1,4-diol E. Merck, Darmstadt, 
Germany 

99% 

7 
Carbon 

tetrachloride 
E. Merck, Darmstadt, 

Germany 
99% 

8 Chloroform 
BDH-Chemical Ltd. 

Poole, England 99% 

9 
Diclofenac 

sodium 
Kemico Laboratories, 
Rajshahi, Bangladesh A. R. grade 

10 
Di-potassium 

hydrogen 
orthophosphate 

E. Merck, (India) Ltd. 
Worli, Mumbai. �•�������� 

11 
Di-sodium 
hydrogen 

orthophosphte 

BDH-Chemical Ltd. 
Poole, England. 

97.5% 

12 Ethanol 
E. Merck, Darmstadt, 

Germany. 100% 

13 Ethyl acetate 
E. Merck, (India) Ltd. 

Worli, Mumbai. �•�������� 
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14 Formic acid 
P.P.H Polskic Odezynnikl 

Chemiczane, Gliwice, 
Poland. 

85% 

15 Glycerol 
E. Merck, (India) Ltd. 

Worli, Mumbai. 98% 

16 Hydrochloric acid 
BDH-Chemical Ltd. 

Poole, England. 36-37% 

17 Malic acid 
E. Merck, (India) Ltd. 

Worli, Mumbai. �•�������� 

18 Maleic acid 
E. Merck, (India) Ltd. 

Worli, Mumbai. �•�������� 

19 Methanol 
E. Merck, Darmstadt, 

Germany. 99% 

20 Naproxen 
Beximco Pharmaceuticals 
Ltd., Dhaka, Bangladesh A. R. grade 

21 O-xylene 
E. Merck, Darmstadt, 

Germany. 98% 

22 
Potassium-di-

hydrogen 
orthophosphate 

E. Merck, (India) Ltd. 
Worli, Mumbai. 

�•�������� 

23 Potassium 
hydroxide 

Riedel, de Hoen, Germany. 85% 

24 Phenolphthalein BDH-Chemical Ltd. 
Poole, England. 

-------- 

25 Rectified Sprit 
(R.S) 

Carew & Co. Ltd. 
Bangladesh. 

75% 

26 Sodium carbonate E. Merck, (India) Ltd. 
Worli, Mumbai. 

99.9% 

27 Sodium chloride BDH-Chemical Ltd. 
Poole, England. 

99.9% 

28 Succinic acid BDH- Chemical Ltd. 
Poole, England. 

99.9% 

29 Sulfuric acid E. Merck, (India) Ltd. 
Worli, Mumbai. 

98% 

30 Toluene E. Merck, (India) Ltd. 
Worli, Mumbai. 

�•�������� 
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2.2   INSTRUMENTS & EQUIPMENTS  

The following instruments & equipments were used in the investigation: 

 1. Dean-Stark apparatus. 

 2. Round bottom flask. 

 3. Condenser. 

 4. Burette, pipette, conical flask, thermometer, beaker. 

 5. Desiccator. 

 6. Heating mantle and regulator. 

 7. Vacuum pump. 

        Type: Edward High Vacuum Crawly F-550 (England). 

 8. Electric balance. 

        Type: H-51, Metter Instrument Co. (Switzerland). 

 9. IR- spectrophotometer. 

Type: SHIMADZU Model-500 (500-4000 cm�±1 wave 
no.) made in Japan. 

 10. pH meter. 

Type: pHS-3C, made by Shanghai Rex Instrument 
Factory, China. 

11. Water bath (thermostatic). 

   Type: HH-S (Stainless steel), Made in India. 

 12. Vacuum oven. 

   Type: Townson-Mercer, (England). 

         13. Tablet Dissolution Tester. 

          Type: USP type-�;�;�,�,���� �³�(�/�(�&�7�5�2�/�$�%�� �7�'�7-�����´����������
                               made in USA. 

         14.    UV-spectrophotometer. 

                            Type: UV-VIS Spectrophotometer (Model: U-1800), 

 Made by HITACHI High Technologies               

 Corporation, Tokyo, Japan. 
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2.3 SOLUTION PREPARATION  

2.3.1 Alcoholic 0.1N KOH solution  

5.611g of KOH pellets was taken in a 1000 ml volumetric flask and filled 

up to the mark by adding absolute ethyl alcohol. This solution was 

titrated with 0.1N standard succinic acid solution to obtain its accurate 

strength and was used for the molecular weight determination (end group 

analysis). 

2.3.2 Standard 0.1N succinic acid solution 

1.475g of succinic acid was taken in a 250 ml volumetric flask and filled 

up to the mark by adding distilled water. This solution was used to 

standardize alcoholic 0.1N KOH solution. 

2.3.3 Phenolphthalein solution 

0.25 g of powered phenolphthalein was dissolved in 25ml of ethyl alcohol 

and to it 25 ml of distilled water was added with constant stirring. The 

solution was filtered and used as indicator. 

2.3.4 Hydrochloric acid solution  

A requisite amount of conc. hydrochloric acid was taken in a beaker, 

diluted with dist. water to desired pH value and used for the acid 

hydrolytic test.  

2.3.5 Sodium carbonate solution  

A few gram of powdered sodium carbonate was taken in a beaker and 

dissolved in a few ml of distilled water to make concentrated solution. 

This solution was diluted to maintain different pH values in separate 

beakers. These solutions were used for the base hydrolytic test.  
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2.3.6 Simulated gastric fluid (pH-1.2)1  

2 g of NaCI and 7ml of cone. HCl were dissolved in distilled water to 

make 1 litter solution and its pH was adjusted to 1.2. This solution was 

used as the simulated gastric fluid. 

2.3.7 Simulated intestinal fluid (pH-7.4)1  

4.35 of K2HPO4 and 3.42 gm of KH2PO4 (dried for 2 hours at 110-

130°C) were separately dissolved in CO2 free distilled water. Then the 

two solutions were mixed at different ratios to maintain pH-7.4. This 

solution was used as the simulated intestinal fluid. 

2.3.8 Diclofenac sodium and naproxen standard solution  

A certain amount of pure diclofenac sodium or pure naproxen was 

dissolved in phosphate buffer medium to make 1000ml solution. These 

solutions were used for the preparation of the standard calibration curves 

of diclofenac sodium and naproxen in experimental buffer solution 

spectrophotometrically.  

2.4 MATERIALS AND THEIR PURIFICATION  

The various materials used in typical polymer synthesis were purified, 

since chemical purity is especially important to produce polymer of good 

quality.  

2.4.1 Monomer and catalysts  

Monomers were A. R. grade chemicals from E. Merck Ltd. and were used 

as such. Anhydrous FeCl3 (A.R. grade chemical, E. Merck Ltd.), used as 

catalyst, was freshly sublimed before use.2  
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2.4.2 Solvents  

Distilled water was redistilled form alkaline potassium permanganate 

�V�R�O�X�W�L�R�Q���E�\���D�Q���µ�D�O�O���J�O�D�V�V�¶���G�L�V�W�L�O�O�L�Q�J���D�S�S�D�U�D�W�X�V�����7�K�H���R�W�K�H�U���V�R�O�Y�H�Q�W�V���D�F�H�W�R�Q�H����

benzene, chloroform, toluene, etc. were A. R. grade chemicals and were 

used as such. 

2.5 SYNTHESIS OF POLYMER  

All of the four polymers were synthesized using Dean-Stark apparatus. 

Here the corresponding monomers of  a polymer in desired composition 

and ratios were taken along with anhydrous FeCl3 (approximately o.4% 

of the total weight) as catalyst in a 250ml round bottom flask and then 50-

60ml xylene was added to it as the reaction medium. The flask was 

connected to a Dean-Stark apparatus for eliminating water (by-product of 

poly-condensation reaction) azeotropically with xylene. In all the cases, 

the reaction mixtures were heated at 130-140�qC under nitrogen 

atmosphere for 5-6 hours. When elimination of water subsided, the 

reaction mixture was heated for additional one hour under the same 

condition to ensure the completion of reaction3.The synthesized polymer 

was then collected from the vessel using a suitable solvent.    

2.6 PURIFICATION OF POLYMER  

Polymer formed will, however, be contaminated with the un-reacted 

monomer, catalyst, solvent and hence, need to be isolated and purified. 

The polymer was insoluble in water but soluble in common organic 

solvents. On the other hand, monomers and catalyst were soluble in water 

but insoluble in organic solvents such as acetone, ethanol, ethyl acetate, 

toluene etc. 
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weight was applied to find out the v�D�O�X�H�V���R�I���F�R�Q�V�W�D�Q�W�V���µ�.�¶���D�Q�G���µ�D�¶�����0�D�U�N-

Houwink5 constants) to determine the viscosity average molecular 

weight.  

A. End group analysis  

Apparatus: 1) Conical flask 2) Burette 3) Pipette 4) Electric balance.  

Materials: Polyester (sample), suitable solvent, 0.1 (N) alcoholic 

potassium hydroxide solutions, phenolphthalein (indicator).  

Procedure: A precisely weighed quantity (less than 1gm) of the polyester 

sample was dissolved in a suitable solvent. This was titrated against 

0.1(N) alcoholic potassium hydroxide solution using phenolphthalein as 

indicator. The end point was the appearance of a slightly pink color.    

Let,  

The volume of KOH consumed = V ml 

  Normality of KOH solution = N  

  Weight of the sample  = W g  

  Carboxyl value =  g of KOH/gm  

  Carboxyl equivalent =   

If the functionality was 1, then we get  

      



vM
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1.6 ISOTROPIC AND HOMOGENEOUS TURBULENCE 

The turbulence is called isotropic if its statistical features have no preference for any 

speci fie direction and minimum number of quantities and relations are required to 

describe its structure and behavior. 

Since turbulence is a very complicated problem, in order to bring out the essential 

features of the turbulence problem we have to study the simplest type of turbulence. In 

isotropic turbulence the mean value or any function of velocity components and their 

space derivatives are unaltered by any rotation or rcncction of axes of references. Thus, 

in particular 

lsotrophy introduces a great simplicity into the calculations. The study of isotropic 

turbulence may also be of practical importance, since far from solid boundaries it has 

been observed that 2 
II I ' uj . 11} tend to become equal to one another , e.g. in the 

natural winds at a sufficient height above the ground and in a pipe now near the axis. 

Another simplest type of turbulence is homogeneous turbulence. It is defined ~s the 

turbulence having quantitatively .the same structure in all parts of the now field. In a 

homogeneous turbulent now licld the statistical clrnractcristics me invariant for any 

translation in the space occupied by the fluid . 
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Most of the theoretical works in turbulence and Ml-ID turbulence concern homogeneous 

and isotropic field in an incompressible nuid al rest. Throughout the present work, we 

have also assumed the homogeneity and isotropy of the turbulent now field. 

1.7 MAGNETOHYDRODYNAMICS AND TURBULENCE 

Magnetohyclroclynamics (MI ID) is an important branch of' Fluid Dynamics. Ml-ID is the 

science, which deals with the motion of highly conduction nuids in the presence of a 

magnetic field. The motion of the conducting fluid across the magnetic field generates 

electric currents which change the magnetic field, and the action of the magnetic field on 

these currents gives rise to mechanical force v,1hich modi fies the now of the field. 

There are two basic approaches to the problem. the macroscopic fluid continuum model 

known as Ml-ID, and microscopic statistical model known as plasma dynamics. We shall 

be concerned here only with the Ml m. that is electrically conducting nuids, and study 

the problems about Ml ID turbulent flow . 

The magnetohydrodynamic turbulence is the study of the interaction between a magnetic 

field and the turbulent motions of an electrically conduction fluid. The interaction 

between the velocity and magnetic fields results in a transfer of' energy between the 

kinetic and magnetic spectra ( or modes). 

Modern applications of magnetohydrodynamics 111 the fields of propulsion, nuclear 

fission, and electrical pc)wer generation make the problem or magneto-hydrodynamic 
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Two more or less well defined ecosystems were selected for this study: 

(a) Marshy or "beel" area with 3 villages (i) Shilmaria , (ii) Udanpara, (iii) 

Pamparaand 

(b) Comparatively dry land not regularly affected by annual flooding, 

villages (i) Pochamaria, (ii) Kanmaria and (iii) Jashopara. 

Several reasons lead to this area for study: 

%º� It is highly influenced by flood and drought, seasonal and climatic variables are 

active 

%º� With high population density and growth 

%º� Non-industrialized , the people completely dependent on local resource base, 

directly or indirectly, for livelihood 

%º� Exogenous factors such as adoption of technologies were high 

• High yielding seed , fertilizer , pesticides, irrigation 

• Road and communication development 

• Construction of embankment and flood control devices 

• Comparatively underdeveloped, low GDP, low income, low literacy 

(UNDP,1998) 

• Signs of adverse environmental and social effects, scarcity of resources, job 

and other opportunities. 

1.6 Methods of study 

A systems approach has been used in this study, because the components of the 

natural resource base can best described as a "System" - the ecological system or 

ecosystem. Also, the analysis aimed to give an integrated and full account of the natural 

resource utilization. 

The objects of the study, the factors are considered as a system-"as an assembly of 

elements which function as a whole because of the interactions between them". This is 

advantageous because: 

'V� All relevant factors influencing the subject or study have to be identified and 

accounted for 

'V� The holistic approach enables to see the complete picture including the 

interdependencies and relations. 

8 









The study area including the two different types: the marshy (Beel) and the high 

land (Danga) have been further divided into several sub-areas or villages as they were 

maintained there along with crop fields, ponds etc. associated with each village. 

The elements or factors of the natural resource base system were 

(a) identified and structured, then 

(b) the state and behavior of the elements or factors were described and measured , 

the changes over the period 1970 to 2007 were traced and noted and 

(c) the changes were interpreted and related to other elements e.g., the system as a 

whole. 

The rural appraisal survey were made, the results of survey were checked by 

triangulation of other data from other sources e.g., secondary data, memory recall data and 

national/ regional data. The impacts of resource use and exogenous factors can only be 

assessed through a holistic approach. This will enable one to determine the interrelations 

among ecological, economic and socio-cultural factors affecting sustainable development 

(Chambers and Conway, 1991, DFID, 2001). Thus, the analysis of the livelihood pattern for 

detecting changes has the following focus: 

• Changes in the house hold income / production 

• Changes in the house holds ability to continued livelihood activities 

• Changes in the resource base. 

Here, the number of variables involved in such a analysis and the complexity of their 

interrelationships make it extremely difficult to document all of these changes and impacts. 

Conventional evaluation method often used is the time-series (before/ after) analysis. 

1. 7 The general structure of this thesis 

This thesis is planned according to the steps of the system approach and the 

objectives of the research: 

Chapter 2 Background of the research, theoretical approach and methodology. 

Chapter 3 Results of the system identification. 

Chapter 4 Results of the system measurements. 

Chapter 5 Resource base changes, implications and impacts. 

Chapter 6 Prospect in terms of sustainable development. 

9 







Chapter 2 

Background, theoretical approach and methodology 

2.1 The Ganges flood plain 

The Ganges floodplain is the major part of the Bengal Delta where Bangladesh is 

geographically located. The land has been formed by the huge sedimentation during annual 

flooding (Khan 1990). The climate of the flood plain is dominated by the monsoon wind 

system resulting in three major climatic seasons: 

(i) The dry season (November - March) with little rain fall 

(ii) The Pre-monsoon season (March - May) with high temperature 

(iii) The rainy season (May - October) with rain and flood. 

2.2 Socio-economic situation 

Bangladesh is one of the most densely populated country's in the world~ more than 

900 people per square km. Around 50% of the population live below absolute poverty line 

(F AO, 1997). Despite the economic and social progress over the last 30 years, Bangladesh 

still remains one of the poorest countries in the world. Agriculture still is the largest 

economic sector, at present it is around 35% of the GDP. 

2.3 The resource base of the study area 

The resource base of the floodplains can be categorized following Dugan (1990): 

(i) Forest resources, 

(ii) Agricultural resources, 

(iii) Wildlife resources, 

(iv) Forage resources, 

(v) Fisheries resources and 

(vi) Water resources, 

Directly or indirectly the local people depended on these resources for their livelihood. 

The village and crop fields are converted Savanna forests. There is no national forest 

in the study area. Trees and vegetation are situated in household area, beside fields, road 

sides, pond banks and fallow land area. The villagers used to collect wood, fuel, timber, 

fruits, building materials from these trees and vegetation. During last few decades, these 

resources become very scarce. 
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productivity, stability, sustainability and equitability following Conway, 1990; Conway and 

Barbier, 1990. These aspects of change in the natural resource base can be measured in 

terms of money or output or in terms of satisfying needs (Conway, 1990). 

2.5 The approach of analysis 

So the natural resource base has been viewed as a system in this study, the analysis 

of the natural resource base was done as a resource utilization system which includes: 

-identification of the system, the factors or components their boundaries and relationships; 

-measurement of the state of factors and changes used as indicators, both local and 

exogenous; 

-analysis of the relationships among the factors and in respect to the system as a whole. 

2.5.1 Identification of the system: factors 

It is difficult to identify all the factors, their boundaries and potential relationships 

of the natural resource base of local system like that of the floodplain of the study area. So, 

only some of core factors of the system the natural resource base have been included in the 

studies which are relevant to satisfaction of the human needs of the local community. 

2.5.2 Measurement of the system 

To understand the systems behavior, it is essential to detect and measure the 

changes in the factors over a time period. The comparison of the changes can from the 

foundation for system analysis. The factors can be quantified and measured directly or 

indirectly, using some useful attributes of the factors which are affected by the change. 

2.5.3 Analysis of the system 

After the major factors of natural resource base system has been, classification of 

the local and exogenous factors relevant to the changes and the relationship between these 

factors as system behavior can be analyzed. The major impacts of resource use and the 

constraints to sustainable development were predicted. Obviously, a complete system 

analysis was not attempted because of time and technology constraints. 

2.6 Methods: data collection 

The complexity of the resource base requires a wide range of different data be 

collected from varied sources. So, many different methods are to be used to measure the 

factors considered. The study was planed to include two different types of ecological 

conditions: the upland of the floodplain with comparatively drier condition and the low lying 

"beel" (marshes) adjacent to the upland which is more floods prone. Though there is a high 
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degree of uniformity in resource use pattern, three villages from the upland and three 

villages from the "heel" area are included. 

The primary data collected from these six villages were complemented with 

secondary data to facilitate conclusions. The farmer's household survey was done in the six 

villages over two years (2007-08). The socio-economic status of the households were 

determined first with participatory ranking method. The villagers were asked to rank the 

surrounding households in four categories: rich, medium, poor and very poor. Several such 

ranking were used. This classification was verified by landownership and income data. The 

households were visited and a questionnaire was completed by interviewing the head of the 

households (Table 2.1 and 2.2). 

The village households were then sampled through the stratified random sampling to 

select households representative of each socio-economic strata for detailed data collection. 

For past information "memory recall" method was used. The 1970-71 data was easier to 

remember because of the War of Liberation period-people remembered because of the war 

and associated events. These data were cheeked by location visits and physical verification. 

Other villagers were asked the same questions to corroborate the information before 

inclusion. 

Field visits and rural appraisal survey in the six villages provided with current (2007) 

data on the different factors of the system. The collected data have been used to identify the 

core factors of the natural resource base of the study area. 

To measure the changes of these factors, the period between 1970 and 2007 was used. 

Methods of field visits and memory recall have been used to collect time series data. 

All the data was used to measure the changes in the factors; supported by secondary data 

which has been checked; rechecked and triangulated to obtain reliable results. 

2. 7 Field survey: rural appraisal 

All the primary data from the six villages have been collected by the field 

methodology: rural appraisal (RA) following IIED, 1998; Chambers, 1992. Group 

interviews, field walks, change diagram, memory recall and individual interviews were used 

to collect and check data. 

It was realized during the study, the villagers, as a group, possess a large body of 

information and knowledge, which can be easily obtained for use with a little care and 

effort. Also, through mutual checking and cross-checking by individuals and groups, the 

collected information and data could be verified in the location or outside. 
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The households of the study area utilize the local resource base to meet their needs 

directly or indirectly. These are 

Direct Indirect 
Drinking water Irrigation water 
Food Fodder/grazing 
Fuel Manures 
Building materials Seeds 
Capital Labour 
Employment Animal power 

Fish 

The households needs are satisfied from the natural resource base directly or 

used for growing crops in the process generating income and resource can be grouped into 

local factors from the outside ( exogenous or external). This is important mainly for growing 

crops and sustainability of the production system. 

Local External/exogenous 
Cultivable land Chemical fertilizers 
Vegetation Pesticides 
Fish stock Improved seeds 
Fertile soil Fish fry 
Organic residue Rain water 
Surface water Flood water 
Ground water Capital 
Biodiversity Market ( external) 

Technology 

The demands or needs of the local households are very complex and are satisfied by 

direct consumption or sale of natural resources and produce from agriculture. Apart from the 

local and external input factors, accesses to capitals and micro-credit also have relationship 

in the production system. Also, factors like storage, preservation and market demand and 

prices have a potential impact on the stability of the system. 

When considered as a system, the properties like productivity, stability, sustainability 

and equitability also have their effect on the natural resource base. 

3.3 Forest resource (natural vegetation) utilization 

Local people reported that in 1940-1960, maximum area was covered by natural 

vegetation in the study area. This vegetation was very important resource for the villagers. 

These provide them with food, fuel, building materials, feed and other needs. 
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3.3.1 Wild fruit plants 

A number of wild fruit plants provided food to the villagers. They collected them 

from these vegetation even before 1970s. These were source of nutrient and income but 

these plants are endangered now. 

3.3.2 Non cultivated wood trees 

The villagers used to get their necessary fuel wood from these vegetation and were 

also source of timber used as building materials. But after the period 1980s people destroyed 

these trees for agricultural land and settlement and as a result, natural vegetation decreased. 

Recent, 1995-2007 people of the village began plantation of some selected wood trees. 

3.3.3 Resource base of fuel 

The local people reported that, twigs and bamboo were the main source of fuel of the 

villagers. They used to collect it easily from these vegetation before the period l 980s.But 

day by day these decreased and recent in (2000-2007) the villagers cannot get enough. Now, 

they use agricultural wastes, leaves and others residues. 

3.3.4 Other needs 

The local people traditionally used medicinal plants for common diseases. This was 

the minor resource of the villagers. Also most of the households of the villages used to be 

made of wood, bamboo and straw. The villagers for generations collected these valuable 

resources from the local ecosystems and make their house. These materials provide them 

significant economic support where many poor used to collect them to sell in the local 

market to earn their livelihood. 

3.4 Cultivated land 

RA and group discussion in the six villages has revealed that most of the cultivated 

lands are medium high )and or low flooded land. Two or one crop per year were grown in 

these, respectively. Total cultivated land of this study area had increased during the period 

1970-2007 with the clearing jungles for adoption of modern agricultural systems. 

3.4.1 Fallow land 

Very little area in the villages are kept fallow now a- days. Most of the fallow lands 

of the study area are for grazing land, road sides, banks of pond or garden sides. Much of the 

low lands had been changed into crop land or vegetable gardens by bunding and raising 

now. 
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Rain water 

Flood damage C 

Water shortage =-

Biodiversity 

Rain fall per year 
Onset of rain fall 

Crop damage due to flood 

Rainless months and dry tube wells 
Crop loss due to drought 
Surface water shortage 

Habitat destruction and land use changes 
Species of plants 
Species of wild fauna 
Cultivated species 

Others indicators used in the study are 

Factors Indicators 

Agricultural productivity 

Natural vegetation Biodiversity 

Water resources 

===:C======--- Rice yield/ production 

Production of other crops 

Number of domestic animals 

Fish catch (culture) 

Crop diversity 

==CC=::=---Number of tree species: diversity 

Number of trees: abundance 

Abundance of wild animal species 

Abundance of open water fish species 

Abundance of cultivated tree species 

===!C-=::.::::--- Number of tube wells 
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Area irrigated by ground water 

Area irrigated by surface water 

Ground water discharge rates 

Area flooded during rainy season 











Table 4.1 

Land under cultivation in upland and lowland during 1970-2007 

Land use Area Village 1970 2007 Change 

VI 250 390 +140 

Upland V2 90 120 +30 
V3 233 310 +77 

Total 573 820 +247 
Cultivable land 

VI 74 80 +6 

Lowland V2 190 235 +45 
V3 90 100 +10 

Total 354 415 +61 

Table 4.2 

Number of Ponds: perennial water bodies in upland and lowland during 
1970-2007 

Land use Area Village 1970 2007 Change 

VI 12 14 +2 

V2 4 5 +l 
Upland 

V3 12 13 +I 

Total 28 32 +4 
Perennial 

water bodies VI 4 5 +1 

V2 6 10 +4 
Lowland 

V3 
6 7 +l 

Total 
16 22 +6 
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Table 4.3 

Changes in low flooded land ( area in acre) in upland and lowland during 
1970-2007 

Land use Area Village 1970 2007 Change 

VI 20 15 -5 

V2 15 5 -10 

Upland 

V3 10 1 -9 

Total 45 21 -24 

Low flooded 
land 

Vl 5 4 -1 

V2 50 30 -20 

Lowland 

V3 15 5 -10 

Total 70 39 -31 

30 

















Decline in fallow land 

During the period 1970-2007, fallow land has decreased significantly and local 

fanners have converted into crop land or used for other purposes. About 70% of the fallow 

land has been converted into crop fields both the upland and lowland areas during this 

period (Table 4.4). 

4.2 Natural vegetation 

Non-cultivated plants and trees are important resource for the villagers. These 

provide food, building material, fuel, feed, and other needs often are source of common 

property (Fig. 4.3 and 4.4). 

Indicator: Natural vegetation and trees in 1970-2007 

There were large stretches of wild vegetation cover in the past (1970) providing 

different kinds of materials. Extensive areas of wetland, grassland and fallow land with 

natural trees were present (Table 4.5). Local People reported rapid depletion of these during 

1980s. Group discussion and memory recall indicated that the process of deforestation and 

removal of trees was due to rapid population growth and increased demand as well as hard 

ship during that period. Table 4.5 also indicates that the number of fruit trees increased but 

multipurpose and wood trees decreased both in the upland and lowland. Seedling derived 

plants (naturally growing species) decreased but people planted more graft derived trees. 

Total number of plants in upland is more than the lowland areas. During the period 1970-

2007, the changes in tree population was more notable. Also much of the tree population are 

asexually propagated (grafts) rather than sexually reproduced (Fig. 4.5 to 4.11). 

In recent years (1995-2005), local forestation and tree plantation in and around 

homesteads was apparent (Table 4.6). The local villagers were reported to be motivated by 

tree plantation drives and also by high prices of timber, fruits, fuel and food during the last 

two decades (Appendix 2). 

Indicator: Biodiversity changes 

The Table 4.7 indicates that the tree population and local vegetation changed in 

character and quality too. It also indicates that fruit and multipurpose trees are increasing 

day by day in both areas. Wood yielding plant though are increasing in upland areas but 

decreased in lowland areas during 1971-1990 and recovering now. Much of the indigenous 

species have been replaced by multipurpose and fruit tree species. It has been reported that 

many wild species of the natural vegetation have become very rare or totally eliminated. For 
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Table 4.4 

Changes in fallow land (area in acre) in upland and lowland during 
1970-2007 

Land use Area Village 1970 2007 Change 

VI 50 10 -40 

V2 20 3 -17 

Upland 

V3 50 2 -48 

Total 120 15 -105 
Fallow land 

VI 2 1 -1 

V2 30 20 -10 

Lowland 

V3 10 3 -7 

Total 42 6 -36 
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Fig. 4.3 Fallow land with sheep in the village Kanmaria 

Fig. 4.4 Fallow land in the village Pochamaria 
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