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ABSTRACT 
Conventional wood preservatives are not only toxic to target bio-deterioration organisms but also to man, other organisms and the 

environment. In an effort to find preservatives that are less or non- toxic to man, other organisms and the environment, efficacy of 

branch bark and heartwood water extracts (0.65g/ml) of Erythropleum suaveolens (potrodom) and Distemonanthus benthamianus 

(bonsamdua) respectively were tested on five selected less used timer species (LUS): Sterculia oblonga (ohaa), Antiaris toxicaria 

(kyenkyen), Canarium schweinfurthii (bediwonua), Celtis zenkeri (esa-kokoo) and Cola gigantea (watapuo) following a modified 

EN 252. Regardless of extract retention in selected LUS, potrodom extract improved their durability more than that of bonsamdua. 

Improved durability of immersed and brushed selected LUS was ranked as follows: C. gigantea > C. zenkeri > S. oblonga > A. 

toxicaria > C. schweinfurthii. Though extracts showed reduced efficacy with time, indications were that they could be employed 

to control pests in low durability woods.  
 

Keywords: Branch, eco-friendly, bio-deterioration, preservatives. 

 
1. INTRODUCTION 
Conventional wood preservatives are not only toxic to target bio-deterioration organisms but also to man, other 

organisms and the environment especially when they take very long to bio-degrade to less or non- hazardous products 

when outside wood1. One ready source of eco-friendly preservatives is extractives from naturally durable timber 

species which in abundance are responsible for wood durability3. It appeared the efficacy of branch bark and 

heartwood water extracts of Erythropleum suaveolens (potrodom) and Distemonanthus benthamianus (bonsamdua) 

respectively had not been adequately tested in the search for eco-friendly botanical preservatives in Ghana. 

Thus, the aim to test by non-pressure impregnation the efficacy of branch bark and heartwood water extracts 

(0.65g/ml) of E. suaveolens and D. benthamianus respectively on five selected (around 50cm dbh from lat 06º 43´ N 

and long 01º 36´ W) less used timer species (LUS): Sterculia oblonga (ohaa), Antiaris toxicaria (kyenkyen), 

Canarium schweinfurthii (bediwonua), Celtis zenkeri (esa-kokoo) and Cola gigantea (watapuo) following a modified 

EN 2522.  
 

2. MATERIALS AND METHODS 
Preparation of extracts: Branch bark of E. suaveolens and heartwood of D. benthamianus were air-dried, chopped into 

chips and milled into granules. Granules were further milled to particles of 40-60 mesh size. Extracts were removed 

from equal weights (200g) of particulate meals of each species in equal volumes of distilled water (5000ml) by gentle 

warming on hot plate at 40-60ºC3-4 for three hours. Extract from each species was kept in a conditioning room to 

maintain concentration.  

Preparation of samples and experimental design: Freshly sawn lumber from selected LUS was air-dried for 

three months to 25-30 % MC1. True heartwood (near pith) and sapwood (near bark) samples of 60 x 25 x 12.5 mm 

were sawn from lumber for impregnation. Experiment was in the Complete Randomised Design (CRD) where visual 

durability ratings, percentage hardness loss or percentage mass loss was a single-factor (efficacy response) with its 

corresponding control, potrodom-extract-impregnated and bonsamdua-extract-impregnated values as levels of each 

single-factor (treatments). Four heartwood and four sapwood samples from each selected LUS were immersed in 

extracts, and the same number brushed with extracts and another left untreated as controls.  

Initial Data: Each sample was labelled and weighed. Hardness of sample was taken with Proceq Pilodyn [0 

being no penetration (highest hardness) and 40, the deepest penetration (lowest hardness). Samples were rated visually 

on a scale of 0 to 4 (0 being no termite attack, 1: slight attack, 2: moderate attack, 3: severe attack and 4: failure)2. 

Initial moisture content, of samples was measured once with the Pin-type hygroscopic dielectric moisture meter.  

Impregnation of samples and pre-burial Data: Four sapwood or four heartwood samples were immersed in 2500ml 

of extracts for one week and another brushed liberally three successive times with extracts and allowed to dry for a 

day in-between brushing on ambient conditions. After, samples were held in a sieve for excess extract to thoroughly 

drain for 90 minutes and extracts retention in them determined by: 
 

{(q2-q1)/V} [5] (1) 
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Where q1 is the mass of air-dried un-impregnated sample, q2 is the mass of air-dried impregnated sample and v is the 

volume of air-dried un-impregnated sample. Samples were then close-stacked and kept wrapped for two hours to 

enable extractives fix. After, samples were lined on polyethylene sheets spread in the laboratory for drying for 5 days 

under the ventilation of ceiling fans to bring them back to the moisture content 25-30 %. After drying, weight and 

hardness of samples were taken as before.  

Burial of samples: Impregnated samples were buried whole at random on a 9m² land to a spacing of 30cm between 

samples. Surrounding soil was pressed tight to each sample to make good contact with the surfaces so that each 

sample was firm in the ground. 

Post-burial data and analysis: Percentage mass and hardness losses of samples were calculated on air-dried mass 

and hardness instead of oven-dry6 mass and hardness of stakes. Mass Losses (%) of samples: 
 

{(I-R)/I} x100% (2) 
 

Where I is initial mass of samples and R is the final air-dried mass of samples. Hardness losses (%) of samples: 
 

{(Rh-Ih)/Ih} x100% (3) 
 

Where Ih is initial hardness of samples and Rh is final air-dried hardness of samples. Differences between means of 

treatments of each single factor for each impregnated LUS were analyzed (ANOVA) at 5% significance level using 

GraphPad Prism 5 (2008 edition).Treatment column totals which depicts durability of individual impregnated LUS 

and total areas under treatments which indicates the overall performance of extracts regardless of the kind of 

impregnated LUS were also generated.  
 

3. RESULTS AND DISCUSSIONS 
 

Table-1: Retentions [g/mm3] x 103 of extracts in heartwoods and sapwoods of LUS 

Impregnation Pot. Heart Pot. Sap Bon. Heart Bon. Sap Sum 

Immersion 1.1450 1.2250 2.5260 1.3690 6.2650 

Brushing 0.1053 0.1160 0.1260 0.1547 0.5020 

Sum 2.5913 potrodom extract 4.1757 bonsamdua extract  
 

 

Table-3: Durability ranking of LUS impregnated with extracts 

Heartwood Sapwood 

Extract CS CG CZ AT SO CS CG CZ AT SO sum 

Visual durability rating 

potrodom 3 1 1 4 2 5 1 3 4 2 26 

bonsamdua 4 3 2 4 1 4 2 1 4 3 28 

Percentage hardness loss 

potrodom 4 1 5 3 2 4 1 3 2 5 30 

bonsamdua 4 1 5 3 2 3 2 1 4 5 30 

Percentage mass loss 

potrodom 4 1 3 5 2 5 1 2 4 3 30 

bonsamdua 5 3 2 4 1 3 2 1 4 5 30 

Sum 24 10 18 23 10 24 9 11 22 23  

Durability 

(Sapwood+heartwood) 
CS=48 CG=19 CZ=29 AT=45 SO=33  

 

Table-2: Cumulative area under treatments 

 Heartwood Sapwood Sum 

visual durability rating 

potrodom 23.13 25.01 48.14 

bonsamdua 29.63 28.25 57.88 

percentage hardness loss 

potrodom 0824.10 1052.40 1876.50 

bonsamdua 1021.30 0955.20 1976.50 

percentage mass loss 

potrodom 497.70 559.20 1056.90 

bonsamdua 628.50 568.60 1197.10 

Sum 3024.36 3188.66  
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Immersed and brushed heartwoods and sapwoods of A. toxicaria, C. schweinfurthii, C. zenkeri, C. gigantea and S. 

oblonga retained dissimilar amounts of potrodom and bonsamdua extracts (Tab-1). From table-1, altogether, 

Immersed and brushed heartwoods and sapwoods of LUS retained bonsamdua extract (4.1757) more than that of 

potrodom (2.5913). 

From table 2, grand cumulative areas under treatments of 2981.54 and 3231.48 for potrodom and bonsamdua 

extracts respectively, potrodom extract improved the durability of LUS more than that of bonsamdua. Improved 

durability of immersed and brushed selected LUS was ranked as follows: C. gigantea > C. zenkeri > S. oblonga > A. 

toxicaria > C. schweinfurthi (Tab-3).  

 Discussion: Heartwoods and sapwoods of LUS immersed generally retained more of extracts than that brushed 

because in immersion wood of LUS made a longer contact with extracts than in brushing. Brushed and immersed LUS 

retained extracts dissimilarly because they are of varying nature. Altogether, immersed and brushed heartwoods and 

sapwoods of LUS retained bonsamdua extract (4.1757) more than potrodom extract (2.5913) possibly because 

bonsamdua extract components may have bonded very well in large amounts with the extractives of impregnated 

LUS, a phenomenon Lui7 and Hyvonen et al.8 have reported. Potrodom extract improved the durability of LUS more 

than that of bonsamdua because potrodom extractives were more bio-active than that of bonsamdua to the extent that 

even possible denaturing and degradation of some proportion of it still left enough to protect impregnated LUS. Irvin 

[9] reported that the bark of potrodom contains several alkaloids including erythrophleine and other alkaloid 

derivatives such as cassaine horscassaidine and homophleine, which impart high durability. Catechin, a tannin isolated 

exclusively from the bark as well as the wax of potrodom with greater amount of hexacosonol is able to close the 

pores of wood and thus prevent water exchange with the environment for prolonged durability10.  
 

4. CONCLUSION 
Bark extracts of tropical timber species as that of potrodom could be employed to control the pests of low durability 

wood species. The use of botanical extracts is promising if it will be deeply researched.  
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ABSTRACT 
A simple, precise and accurate RP-HPLC method was developed and validated for rapid assay of Fulvestrant in tablet dosage 

form. Isocratic elution at a flow rate of 1 ml/min was employed on a symmetry Chromosil C18 (250x4.6mm, 5µm in particle size) 

at ambient temperature. The mobile phase consisted of Methanol: 1% OPA: 85:15 % (V/V). The UV detection wavelength was 

243 nm and 20µl sample was injected. The retention time for Fulvestrant was 5.3 min. The percentage RSD for precision and 

accuracy of the method was found to be less than 2%. The method was validated as per the ICH guidelines. The method was 

successfully applied for routine analysis of Fulvestrant in tablet dosage form and bulk drug. 
 

Key Words: Fulvestrant, RP-HPLC, UV detection, recovery, precise, 243 nm 

 

1. INTRODUCTION 
Fulvestrant is used in treatment of hormone receptor-positive metastatic breast cancer in postmenopausal women with 

disease progression following anti-estrogen therapy. It is an estrogen receptor antagonist with no agonist effects, 

which works both by down-regulating and by degrading the estrogen receptor1. It is administered as a once-monthly 

injection. Fulvestrant is indicated for the treatment of hormone receptor positive metastatic breast cancer in 

postmenopausal women with disease progression following anti-estrogen therapy. The dosing schedule for fulvestrant 

remains under investigation in an attempt to optimize its effectiveness2. Headache, back pain, nausea, constipation, 

diarrhea, vomiting are side effects. 

 
Fig-1 

2. EXPERIMENTAL 
2.1 Materials 
Working standard of Fulvestrant was obtained from well reputed research laboratories. HPLC grade methanol was 

purchased from E. Merck (Mumbai, India). 
 

2.2 Apparatus 
A Series HPLC system PEAK LC7000 isocratic HPLC with PEAK 7000 delivery system. Rheodyne manual sample 

injector with switch (77251), Analytical column Chromosil C18. 250×4.6mm, Electronic balance-DENVER (SI234), 

a manual Rheodyne injector with a 20 μl loop was used for the injection of sample. PEAK LC software was used. UV 

2301 SPECOPHOTOMETER was used to determine the wavelength of maximum absorbance 
 

2.3 Determination of wavelength of maximum absorbance 
The standard solutions of Fulvestrant were scanned in the range of 200-400 nm against mobile phase as a blank. 

Fulvestrant showed maximum absorbance at 243 nm. So the wavelength selected for the determination of Fulvestrant 

was 243 nm. 
 

2.4 Chromatographic equipment and conditions 
The development and validation of the assay was performed on A Series 200 HPLC system PEAK LC7000 isocratic 

HPLC with PEAK 7000 delivery system. Rheodyne manual sample injector with switch (77251), Analytical column 

Chromosil 100-5 C18. 250×4.6mm, manual injector rheodyne valve) with 20μL fixed loop, PEAK LC software was 

used. 

The mobile phase consisted of Methanol: 1% OPA: 85:15 (v/v). Injections were carried out using a 20 μl loop 

at room temperature (20+2°C) and the flow rate was 1 ml/min. Detection was performed at 243 nm with 8 min 

runtime.  
  

mailto:phanikumar.velagapudi@gmail.com
http://en.wikipedia.org/wiki/Breast_cancer
http://en.wikipedia.org/wiki/Postmenopausal
http://en.wikipedia.org/wiki/Estrogen_receptor
http://en.wikipedia.org/wiki/Receptor_antagonist
http://en.wikipedia.org/wiki/Fulvestrant#cite_note-0
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2.5 Standard and sample solutions 
A 10 mg amount of Fulvestrant reference substance was accurately weighed and dissolved in 10 ml mobile phase in a 

10 ml volumetric flask to obtain 1000 ppm concentrated solution. From standard solution by the serial dilution we 

prepared required concentrations of 100 ppm. From this 2 ml was taken and made upto 10 ml using mobile phase. A 

composite of 20 tablets was prepared by grinding them to a fine, uniform size powder. 10 mg of Fulvestrant was 

accurately weighted and quantitatively transferred into a 100 ml volumetric flask. Approximately 27 ml mobile phase 

were added and the solution was sonicated for 15 min. The flask was filled to volume with mobile phase, and mixed. 

After filtration, an amount of the solution was diluted with mobile phase to a concentration of 20 μg/ml. 
 

2.6 Method validation 
Method validation was performed following ICH specifications for specificity, range of linearity, accuracy, precision 

and robustness. 
 

3. RESULTS AND DISCUSSION 
3.1 System Suitability 
Having optimized the efficiency of a chromatographic separation the quality of the chromatography was monitored by 

applying the following system suitability tests: capacity factor, tailing factor and theoretical plates.  
 

Table-1: System suitability parameters 

Mobile phase Methanol: 1% OPA : 85:15%(v/v) 

Pump mode Isocratic 

pH 4.2 

Diluents Mobile phase 

Column Zodiac C18 column (250 X 4.6 mm, 5μ) 

Column Temp Ambient 

Wavelength 243nm 

Injection Volume 20 μl 

Flow rate 1 ml/min 

Run time 8 minutes 

Retention Time 5.3 minutes 

 

 
Fig-2 

 

The system suitability method acceptance criteria set in each validation run were: capacity factor >2.0, tailing factor 

≤2.0 and theoretical plates >2000 13. In all cases, the relative standard deviation (R.S.D) for the analytic peak area for 
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two consecutive injections was < 2.0%. A chromatogram obtained from reference substance solution is presented. 

System suitability parameters were shown in Table-1. Standard chromatogram was given in Figure.2 
 

3.2 Range of linearity 
Standard curves were constructed daily, for three consecutive days, using five standard concentrations in a range of 5, 

10, 20, 40, 80 μg/ml for Fulvestrant. The linearity of peak area responses versus concentrations was demonstrated by 

linear least square regression analysis. The linear regression equation was y = 42598 + 6031x (r= 0.997). Linearity 

values can shown in Table-2. 
 

Table-2 

Level Concentration of Fulvestrant in PPM Peak Area 

Level 1 5 3592 

Level 2 10 7856 

Level 3 20 15098 

Level 4 40 30247 

Level 5 80 60187 

Range 5 ppm to 80 ppm 

SLOPE 

INTERCEPT 

CORREALATION 

COEFFICIENT 

752.3 

60.45 

0.999 

 

 
 

Graph-1: Linearity Curve 

3.3 Precision 
To study precision, six replicate standard solutions of Fulvestrant (20 ppm) were prepared and analyzed using the 

proposed method. The percent relative standard deviation (% RSD) for peak responses was calculated and it was 

found to be which is well within the acceptance criteria of not more than 2.0%. Results of system precision studies are 

shown in Table-3 and Table-4. 
 

3.4 Precision Results for Fulvestrant 

Table-3 

Sample Conc. (in ppm) Injection No. Peak Areas 
INTER DAY RSD 

(Acceptance criteria ≤ 2.0%) 

Fulvestrant  20 

1 15426 

0.21 

2 15349 

3 15427 

4 15365 

5 15418 

6 15411 
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Table-4 

Sample Conc. (in ppm) Injection No. Peak Areas 
INTRA DAY RSD 

(Acceptance criteria ≤ 2.0%) 

Fulvestrant 20 

1 15489 

0.42 

2 15326 

3 15319 

4 15425 

5 15420 

6 15417 

 

3.5 Limit of Detection and Limit of Quantification 
To determine the Limit of Detection (LOD) sample was dissolved by using Mobile phase and injected until peak was 

disappeared. After 0.02 ppm dilution Peak was not clearly observed, based on which 0.02 ppm is considered as Limit 

of Detection and Limit of Quantification is 0.05 ppm.  
  

Table-5 

Parameter Measured Value 

Limit of Quantification 0.05 ppm 

Limit of Detection 0.02 ppm 

   

3.6 Robustness 
Typical variations in liquid chromatography conditions were used to evaluate the robustness of the assay method. In 

this study, the chromatographic parameters monitored were retention time, area, capacity factor, tailing factor and 

theoretical plates. The robustness acceptance criteria set in the validation were the same established on system 

suitability test describe above. 
 

Table-6 

S.no Parameter Condition Area % of Change 

1 Standard Standard conditions 15098 100% 

2 Mobile phase Methanol: 1% OPA : 80:20% 15211 100.7% 

3 Mobile phase pH 4.4 15340 101.6% 

4 Wavelength 241 nm 15229 100.8% 
   

3.7 Recovery 
Recovery test was performed at 3 different concentrations i.e. 20ppm, 40ppm, 80ppm. Results are given in table.7 

Table-7 

Recovery Conc. of sample(ppm) Recovery(ppm) % of recovery 

50% 20 19.64 98.2% 

100% 40 39.92 99.8% 

150% 80 79.96 99.95% 
   

Table-8: Formulation Analysis 

S.NO Tablet Dosage Sample conc Sample estimated % of Drug Estimated in Tablet 

1 FASLODEX 500 mg 50 ppm 49.96 ppm 99.9% 
   

4. CONCLUSION 
The proposed method for the assay of Fulvestrant in tablets or capsules is very simple and rapid. It should be 

emphasized it is isocratic and the mobile phase do not contain any buffer. The method was validated for specificity, 

linearity, precision, accuracy and robustness. Although the method could effectively separate the drug from its 

products, further studies should be performed in order to use it to evaluate the stability of pharmaceutical 

formulations. 
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ABSTRACT 
In the presented research work, a series of S-substituted derivatives of 5-(3-nitrophenyl)-1,3,4-Oxadiazole-2-thiol was synthesized 

from 3-nitrobenzoic acid. The synthesis was carried out by converting 3-nitrobenzoic acid correspondingly into ester, hydrazide 

and 5-(3-nitrophenyl)-1,3,4-Oxadiazole-2-thiol (4). Finally, the S-substituted derivatives (6a-m) were brought about by reacting 5-

(3-nitrophenyl)-1,3,4-Oxadiazole-2-thiol with different electrophiles (5a-m) in the presence of NaH and N,N-dimethylformamide. 

Structure elucidation for all the synthesized compounds was executed by different spectroscopic analysis like IR, 1H-NMR and 

EI-MS. All the synthesized derivatives were screened for antibacterial activity. Antibacterial potential was sorted out for four 

gram-negative bacteria including Shigella sonnei, Escherichia coli, Pseudomonas aeruginosa & Salmonella typhi; and two gram-

positive bacteria including Bacillus subtilis & Staphylococcus aureus and found results that most of the compounds exhibit 

significant activity relative to the standard drugs Ciprofloxacin and Gentamycin. 
  

Key words: 3-Nitrobenzoic acid, Oxadiazole, Antibacterial potential, 1H-NMR and EI-MS. 

 
1. INTRODUCTION 
Oxadiazoles constitute four different classes but the most active and potent class is 1,3,4-Oxadiazole which comprises 

a large number of biologically active molecules of various pharmacological classes1. Due to susceptibility of 1,3,4-

Oxadiazole ring to undergo variety of electrophilic and nucleophilic substitution reactions, a large number of 

derivatives have been synthesized, and still in progress, that have splendid medicinal, pharmacological and biological 

activities like antimicrobial2,3, anti-inflamatory4,5, cytotoxic6, hypoglycemic7, anticancer8,9, anti-hypertensive agents, 

anticonvulsive, anti-tubercular, fungicidal and insecticidal10. 1,3,4-oxadiazoles can be used as a skeleton in medicinal 

chemistry to synthesize large number of bioactive agents. Several 2,5-disubstituted-1,3,4-Oxadiazole derivatives have 

a powerful effect against 60 malignant tumor cell lines. Biological effects demonstrate a very significant anti-tumor 

activity against leukemia, breast cancer and colon11, 12. 1,3,4-oxadiazole is extensively used in the treatment of arthritis 

(jaundice, rheumatoid and osteoarthritis), myocardial infections and controlling of primary dysmenorrhea13. 

Oxadiazoles also exhibit herbicidal, pesticidal, analgesic and plant growth regulatory activities14, 15. 

In continuation of our previous work16-19, the synthesis and biological screening of S-substituted derivatives of 

5-(3-nitrophenyl)-1,3,4-Oxadiazole-2-thiols with an objective to detect the antimicrobial activity of all the synthesized 

compounds. The synthesis was carried out through the intermolecular cyclization of organic acid hydrazide to the 5-

(3-nitrophenyl)-1,3,4-Oxadiazole-2-thiols and finally to S-substituted 5-(3-nitrophenyl)-1,3,4-oxadiazole-2-thiol 

products. 
 

2. RESULTS AND DISCUSSION 
2.1 Chemistry 
In the undertaken research, a number of S-alkyl/aralkyl substituted derivatives of 5-(3-nitrophenyl)-1,3,4-oxadiazol-2-

thiol was synthesized according to the protocol sketched in scheme-1. The general reaction conditions and the 

structure characterization are described in experimental section. 

Our objective was to synthesize some new S-substituted 1,3,4-Oxadiazole compounds and to find out their 

antimicrobial activity. Starting from 3-nitrobenzoic acid (1), 3-nitrobenzoate (2) was prepared by esterification of the 

acid in the presence of conc. H2SO4 and ethanol. The mixture was refluxed for 2-3 hrs. The liquid product was 

separated from the reaction mixture by solvent extraction using ether after the addition of aq. Na2CO3 solution. 

Sodium carbonate was added to remove the unreacted organic and inorganic acids in the form of salts. The 

synthesized ethyl ester (2) was converted into corresponding acid hydrazide (3) by refluxing it with 80% hydrated 

hydrazine in the presence of methanol as solvent for 2 hrs. The precipitated product (3) was filtered and washed with 

water. The compound (3) was brought to intermolecular cyclization into oxadiazole ring by refluxing it with KOH, 

CS2 and ethanol for 3-4 hrs. Solid KOH was used to balance the charge during cyclization, CS2 provided electrophilic 

carbon for oxadiazole ring and ethanol is used as solvent. At the last stage of synthesis, the S-substituted derivatives 

6a-m of oxadiazole were geared up by coupling 5-(3-nitrophenyl)-1,3,4-oxadiazole-2-thiol (4) with different 

alkyl/aralkyl halides (5a-m) in the comportment of NaH as base and DMF as aprotic solvent. The protic solvent 

should be obviated because it decrements the rate of reaction and yield by decreasing the nucleophilic character of 

thiol group. The products were collected by filtration after the addition of cold distilled water. In some cases, the 

solvent extraction was also used for the collection of products. The parent compound 5-(3-nitrophenyl)-1,3,4-
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oxadiazole-2-thiol (4) was synthesized in good yield and obtained as yellow colored amorphous solid. EI-MS 

established the molecular formula C8H5N3O3S by giving molecular ion peak at m/z 223 while other characteristic 

peaks appeared at 177, 163, 148, 150, 122 and 63. Base peak appeared at m/z 148 with 100% intensity characterized 

for p-nitrocyanobenzene moiety. Characteristic bands in IR spectrum appeared at 3031, 1523, 1635, 1227, 1059, 1257 

and 615 for C-H stretching of aromatic ring, C=C stretching of aromatic ring, C=N str. of oxadiazole ring, C-O-C 

bond stretching,C=S bond stretching and stretching of C-S bond respectively. 1H-NMR spectra recorded at 300 MHz 

using C5D5N as solvent revealed aromatic protons at δ (ppm) 10.87 as singlet integrated for one proton, a doublet of 

doublet at 8.31 with coupling constant value of 8.4 & 1.2 Hz having integration of one proton, a doublet with J value 

of 7.8 Hz indicating ortho coupling appeared at 8.16 ppm having the integration of one proton and another signal 

revealed at 7.58 as triplet with coupling constant of 8.1 Hz with single proton integration. All these signals collectively 

corroborated the presence of meta disubstituted benzene ring that is corresponding to 3-nitrophenyl group of parent 5-

(3-nitrophenyl)-1,3,4-oxadiazol-2-thiol. In 13C-NMR broad band and DEPT spectra eight signals appeared indicating 

four quaternary carbons and four methine carbons. Most downfield signals at δ (ppm) 180.1 and 159.4 were attributed 

to the quaternary carbons of oxadiazole ring attached to thiol and substituted phenyl group. The aromatic quaternary 

carbon attached to nitro group gave signal at δ (ppm) 148.8 and the other quaternary carbon attached to oxadiazole 

ring appeared at δ (ppm) 125.5. All the methine signals appeared at 131.8, 130.8, 126.2 and 121.1 for C-6', C-5', C-4' 

and C-2' respectively. Thus, the structure of parent compound established as 5-(3-nitrophenyl)-1,3,4-oxadiazole-2-

thiol (4). The mass fragmentation pattern of 5-(3-Nitrophenyl)-2-(allylthio)-1,3,4-oxadiazole (6i) was clearly 

described in figure-1.Similarly, on the basis of spectral evidences from EI-MS and 1H-NMR, the structures of other 

derivatives 6a-m were elucidated.  
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Fig-1: Mass fragmentation pattern of 5-(3-Nitrophenyl)-2-(allylthio)-1,3,4-oxadiazole (6i) 
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2.2 Antibacterial Activity 
All the synthesized S-substituted derivatives of 5-(3-nitrophenyl)-1,3,4-oxadiazole-2-thiol were screened against 

clinically isolated two Gram-positive bacteria Bacillus subtilis, Staphylococcus aureus and four Gram-negative 

Shigella sonnei, Escherichia coli, Pseudomonas aeruginosa and Salmonella typhi using Ciprofloxacin and 

Gentamycin as reference standard. The MIC values of in vitro antibacterial activity of the titled compounds are 

presented in table-1.  
 

Table-1: Bioactivity studies of S-substituted derivatives of 5-(3-nitrophenyl)-1,3,4-oxadiazole-2-thiol. 

Sample 

Code 

MIC (µg/ml) 

B.subtilis (+) S.aureus (+) E.coli (-) S.sonnei (-) S.typhi (-) P.aureginosa (-) 

6a - - - - - - 

6b 11.36±0.31 19.47 ± 0.09 8.73±0.42 13.37±0.27 11.01±0.22 7.52±0.24 

6c - - - - - - 

6d 12.12±0.21 - - 14.88±0.34 - - 

6e 12.19±0.26 19.04 ± 0.07 9.11±0.08 14.17±0.26 13.16±0.52 7.48±0.11 

6f - 15.92 ± 0.79 11.31±0.24 - 10.31±0.31 7.39±0.08 

6g - 22.6 ± 0.98 8.84±0.41 11.29±0.31 8.412±0.02 8.412±0.18 

6h 13.11±0.18 - 11.75±0.10 15.00±0.27 17.36±0.31 8.88±0.24 

6i - - - - - - 

6j 13.61±0.11 15.18 ± 0.27 13.92±0.52 12.36±0.46 17.91±0.21 7.44±0.41 

6k 14.26±0.22 18.3 ± 0.35 10.00±0.61 13.83±0.33 8.48±0.19 6.50±0.29 

6l - 17.94 ± 0.46 11.33±0.09 - 11.92±0.22 6.97±0.12 

6m - 14.42 ± 0.25 - - 12.36±0.18 - 

Ciprofloxacin 9.42 ± 0.14 23.49±0.21 8.36± 0.18 20.07±0.22 7.31± 0.18 23.95±0.09 

Gentamycin 8.42± 0.18 23.94±0.05 10.36±0.73 22.07±0.21 9.31 ± 0.08 28.87±0.11 

Note: MIC = Minimum Inhibitory Concentration 

 

The most of the derivatives exhibit greater potential than Ciprofloxacin and Gentamycin used as reference standards 

against S. aureus of Gram-positive family and S. sonnei & P. aeruginosa of Gram-negative family. Some derivatives 

like 6b, 6e, 6j and 6k revealed good inhibitory potential against all the strains of Gram-positive and Gram-negative 

bacteria but only three compounds 6a, 6c and 6i were found to be inactive against all bacterial strains. This might 

because of very small alkyl group in case of 6a and 6c that have not shown any activity while in 6i the presence of 

allyl group change the trend and did not show any activity. For Gram-positive bacteria, compounds 6b, 6d, 6e, 6h, 6j 

and 6k were active against B. subtilis only but the compounds 6b, 6e, 6f, 6g, 6j, 6k, 6l and 6m were active against S. 

aureus only. The compounds 6b, 6e, 6j and 6k showed good zone of inhibition against both B. subtilis and S. aureus. 

For Gram-negative bacteria, the compounds 6b and 6g showed the almost same activity as that for Ciprofloxacin and 

more activity than that of Gentamycin against E. coli. The compounds 6b, 6d, 6e, 6g, 6h, 6j and 6k were more active 

than the reference standards and almost showed double activity against S. sonnei. The most of the compounds were 

active against S. typhi showing good potential. The synthesized compounds 6b, 6e, 6f, 6g, 6h, 6j, 6k and 6l were 

almost three times more active than that of the reference standards against P. aureginosa, as clear from their MIC 

values. The discussion revealed that the substitution by the long chain aliphatic alkyl halides and some substituted 

aralkyl halides showed good inhibitory potential. 
 

3. CONCLUSION 
It can be concluded that the enzyme inhibition, antibacterial and antifungal activities varied upon the type and position 

of the substituent at 5-(3-Nitrophenyl)-1,3,4-oxadiazole-2-thiol core. It can also be inferred from the results of these 

bioactivity studies that when the thiol group at 2-position of this core was substituted with different alkyl/aralkyl 

groups, the bioactivity was altered to an appreciable extent. Thus this series of the synthesized compounds is valuable 

for the pharmaceutical industries for the design of the new antibacterially applicable medicine. 
 

4. EXPERIMENTAL 
4.1 General 
Reaction coordinates and purity of the compounds was confirmed by TLC plates pre-coated with silica gel 60F254, 

developed by using n-hexane and EtOAc as solvent system. UV lamp at 254 nm and ceric sulfate soln. for UV 

inactive compounds was utilized to visualize the plates. Melting points taken by open capillary tube method using

Griffin & George melting point apparatus and were uncorrected. IR spectra were recorded by KBr pellet method. 1H-

NMR spectra and13C-NMR spectra were commemorated at 300 MHz and 75 MHz Bruker NMR spectrometers
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respectively, in pyridine demonstrating chemical shifts in ppm values taking TMS as reference standard. EI-MS 

spectra were taken using JMS-HX-110 spectrometer, with data system. 
 
4.2 Procedure for the synthesis of Ethyl 3-nitrobenzoate (2) 
3-Nitrobenzoic acid (1; 6g, 35.4mmol) was taken in a 250mLround bottom flask and absolute C2H5OH (24.0 mL) was 

introduced to dissolve the acid. 3.0 mL of conc.H2SO4 was also added drop wise as a catalyst and the reaction 

assembly was set to reflux by fitting with a condenser for 2-3 hrs. Reaction progress was checked by thin layer 

chromatography developed by n-hexane and EtOAc as solvent system time by time. On completion, reaction contents 

were transferred to 250 mL separating funnel containing distilled water (50.0 mL) along with the addition of Na2CO3 

soln. to remove unwanted acid contents while diethyl ether was introduced to separating funnel as organic layer to 

extract ethyl 3-nitrobenzoate. The contents of separating funnel were shaken vigorously and then allowed to settle 

down for some time to collect the upper organic layer containing our product. The lower aqueous layer was discarded. 

Diethyl ether was distilled off and ethyl 3-nitrobenzoate was obtained as pure white crystalline solid. 
 

4.3 Procedure for the preparation of 3-nitrobenzohydrazide (3) 
Ethyl 3-nitrobenzoate (2; 4g, 20.0mmol) taken in 250 mL round bottom flask was dissolved in methanol (30 mL) 

simply by stirring at room temperature. On complete dissolution of compound 2, hydrazine hydrate (80%, 50.0 mmol) 

was introduced into the flask drop wise and the reaction apparatus was set to stir at room temperature for 2 hrs. 

Reaction progress was confirmed by thin layer chromatography developed by n-hexane and ethyl acetate as solvent 

system and UV lamp was used to visualize the TLC. At the end of reaction, excess of solvent was evaporated and 

residue was poured into the ice cold water. Precipitates were filtered, washed with water and dried. Product was 

recrystallized using methanol. 
 

4.4 Synthesis of 5-(3-nitrophenyl)-1,3,4-oxadiazole-2-thiol (4) 
Compound 3 (6g, 33.0mmol) was dissolved in 30.0 mL of absolute C2H5OH in a 250 mL round bottom flask, 3.7g 

(66.0mmol) KOH and 1.98 mL carbon disulphide (33.0mmol) was added to reaction flask. KOH was added to provide 

the basic media that facilitated the nucleophilic attack on electophilic carbon of carbon disulfide. The reaction 

assembly was set to reflux for 3-4 hrs with continuous stirring. Reaction coordinates were monitored by thin layer 

chromatography time by time. After single spot on TLC plate, cold distilled water was added to the flask contents 

along with the addition of conc. HCl. But the highly acidic pH was avoided because of lowering of yield. Light yellow 

colored precipitates were produced and were filtered, washed with distilled water and dried. To obtain the purified 

product, precipitates were recrystallized from methanol. 
 

4.5 General procedure for the synthesis of S-substituted derivatives of 5-(3-nitrophenyl)-1,3,4-oxadiazole-2-

thiol (6a-m) 
Parent compound 4 (0.1g, 4.5 mmol.) was taken in a 100 mL round bottom flask and an aprotic solvent DMF was 

utilized to dissolve the parent compound by stirring at room temperature. Solid NaH (0.002g) was added as a strong 

base, enhancing the nucleophilic character of sulfur attached to oxadiazole ring and stirring was continued for half an 

hour. Then different electrophiles i.e. alkyl/aralkyl halides (5a-m) were introduced in equimolar ratios to the parent 

compound to synthesize the respective S-substituted derivatives (6a-m) of 4.  
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The reaction duration for different electrophiles varied from 3-5 hrs. Reaction completion was supervised by TLC 

using n-hexane and ethyl acetate solvent system (4:1). On completion, the contents were slightly basified to remove 
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unreacted oxadiazole. Cold distilled water was added to quench the precipitates. Precipitates were filtered, washed 

with distilled water and dried. Dried samples were then sent for different spectroscopic analysis and enzyme inhibition 

activity. 
 

 

5. SPECTRAL CHARACTERIZATION OF THE SYNTHESIZED COMPOUNDS 
5.1 5-(3-Nitrophenyl)-1,3,4-oxadiazole-2-thiol (4) 
Light yellow amorphous solid; Yield: 81%; M.P. 144-146oC; Mol. formula: C8H5N3O3S; Mol. Wt. 223; IR (KBr, 

vmaxcm-1): 3031 (C-H str. of ar. ring), 2830 (S-H bond str.), 1635 (C=N str. of oxadiazole ring), 1523 (C=C ar. str.), 

1227, 1059 (C-O-C bond str.), 1257 (C=S bond str.), 615 (C-S bond str.); 1H-NMR (C5D5N, 300 MHz, δ ppm): 10.87 

(s, 1H, H-2'), 8.31 (dd, J = 8.4, 1.2 Hz, 1H, H-4'), 8.16 (d, J = 7.8 Hz, 1H, H-6'), 7.58 (t, J = 8.1 Hz, 1H, H-5'); 13C-

NMR (C5D5N, 75 MHz, δ ppm): 180.1 (C-2), 159.4 (C-5), 148.8 (C-3'), 131.8 (C-6'), 130.8 (C-5'), 126.2 (C-4'), 125.5 

(C-1'), 121.1 (C-2'); EIMS (m/z): 223 (20%)[M+], 177 (23%), 163 (37%), 148 (100%), 150 (35%), 122 (45%), 63 

(75%). 
 

5.2 5-(3-Nitrophenyl)-2-(methylthio)-1,3,4-oxadiazole(6a) 
Cream amorphous solid; Yield: 73%; M.P. 162-164oC; Mol. formula: C9H7N3O3S; Mol. Wt. 237; IR (KBr, vmax cm-1): 

3029 (C-H str. of ar. ring), 1639 (C=N str. of oxadiazole ring), 1527 (C=C ar. str.), 1229, 1063 (C-O-C bond str.), 

1254 (C=S bond str.), 613 (C-S bond str.); 1H-NMR (C5D5N, 300 MHz, δ ppm): 8.76 (s, 1H, H-2'), 8.30 (dd, J = 8.4, 

1.2 Hz, 1H, H-4'), 8.28 (d, J = 7.8 Hz, 1H, H-6'), 7.60 (t, J = 8.1 Hz, 1H, H-5'), 2.72 (s, 3H, H-1"); EIMS (m/z): 237 

(17%)[M+], 222 (13%), 177 (25%), 163 (33%), 148 (100%), 150 (32%), 122 (43%), 63 (67%). 
 

5.3 5-(3-Nitrophenyl)-2-(ethylthio)-1,3,4-oxadiazole(6b) 
Light yellow sticky solid; Yield: 76%; M.P. 150-152 oC; Mol. formula: C10H9N3O3S;Mol. Wt. 251; IR (KBr, vmax cm-

1): 3019 (C-H str. of ar. ring), 1649 (C=N str. of oxadiazole ring),1537 (C=C ar. str.), 1233,1067 (C-O-C bond str.), 

617 (C-S bond str.);1H-NMR (C5D5N, 300 MHz, δ ppm): 8.74 (s, 1H, H-2'), 8.31 (dd, J = 8.4, 1.2 Hz, 1H, H-4'), 8.29 

(d, J = 7.8 Hz, 1H, H-6'), 7.62 (t, J = 8.1 Hz, 1H, H-5'), 3.30 (q, J = 7.2 Hz, 2H, H-1"), 1.50 (t, J = 7.2 Hz, 3H, H-2"); 

EIMS (m/z): 251 (19%)[M+], 222 (13%), 177 (25%), 163 (33%), 148 (100%), 150 (32%), 122(43%), 63 (67%). 
 

5.4 5-(3-Nitrophenyl)-2-(n-propylthio)-1,3,4-oxadiazole(6c) 
Light yellow amorphous solid; Yield: 79%; M.P. 136-138 oC; Mol. formula: C11H11N3O3S; Mol. Wt. 265; IR (KBr, 

vmax cm-1): 3023 (C-H str. of ar. ring), 1641 (C=N str. of oxadiazole ring), 1533 (C=C ar. str.), 1239, 1061 (C-O-C 

bond str.), 615 (C-S bond str.); 1H-NMR (C5D5N, 300 MHz, δ ppm): 8.78 (s, 1H, H-2'), 8.32 (dd, J = 7.8, 1.5 Hz, 1H, 

H-4'), 8.28 (d, J = 7.5 Hz, 1H, H-6'), 7.61 (t, J = 8.1 Hz, 1H, H-5'), 3.26 (t, J = 7.2 Hz, 2H, H-1"), 1.75 (quin, J = 7.

Hz, 2H, H-2"), 0.91 (t, J = 7.2 Hz, 3H, H-3"); EIMS (m/z): 265 (17%)[M+], 223 (14%), 177 (25%), 163 (33%), 148 

(100%), 150 (32%), 122 (43%), 63 (67%), 43 (76%). 
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Scheme1: Outline for the synthesis of S-substituted derivatives of 5-(3-Nitrophenyl)-1,3,4-oxadiazole-2-thiol 
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5.5 5-(3-Nitrophenyl)-2-(isopropylthio)-1,3,4-oxadiazole(6d) 
Yellowish brown amorphous solid; Yield: 83%; M.P. 102-104 oC; Mol. formula: C11H11N3O3S; Mol. Wt. 265; IR 

(KBr, vmax cm-1): 3027 (C-H str. of ar. ring), 1647 (C=N str. of oxadiazole ring), 1539 (C=C ar. str.), 1232, 1061 (C-O-

C bond str.), 1255 (C=S bond str.), 614 (C-S bond str.); 1H-NMR (C5D5N, 300 MHz, δ ppm): 8.79 (s, 1H, H-2'), 8.33 

(dd, J = 6.9, 1.8 Hz, 1H, H-4'), 8.31 (d, J = 7.2 Hz, 1H, H-6'), 7.61 (t, J = 8.1 Hz, 1H, H-5'), 3.95 (sep, J = 6.6 Hz, 1H, 

H-1"), 1.39 (d, J = 6.6 Hz, 6H, CH3-2" &CH3-3"); EIMS (m/z): 265 (13%)[M+], 223 (19%), 177 (27%), 163 (35%), 

148 (100%), 150 (29%), 122 (41%), 63 (67%), 43 (80%). 
 

5.6 5-(3-Nitrophenyl)-2-(n-butylthio)-1,3,4-oxadiazole(6e) 
Yellowish cream amorphous solid; Yield: 76%; M.P. 108-110oC; Mol. formula: C12H13N3O3S;Mol. Wt. 279; IR (KBr, 

vmax cm-1): 3025 (C-H str. of ar. ring), 1648 (C=N str. of oxadiazole ring), 1539 (C=C ar. str.), 1245, 1067 (C-O-C 

bond str.), 611 (C-S bond str.); 1H-NMR (C5D5N, 300 MHz, δ ppm): 8.77 (s, 1H, H-2'), 8.33 (dd, J = 7.8, 1.5 Hz, 1H, 

H-4'), 8.27 (d, J = 7.5 Hz, 1H, H-6'), 7.63 (t, J = 8.1 Hz, 1H, H-5'), 3.27 (t, J = 7.2 Hz, 2H, H-1"), 1.73 (t, J = 7.2 Hz, 

2H, H-2"), 1.04-1.01 (m, 2H, H-3"), 0.89 (t, J = 7.2 Hz, 3H, CH3-4"); EIMS (m/z): 279 (15%)[M+], 223 (16%), 177 

(27%), 163 (37%), 148 (100%), 150 (36%), 122 (47%), 63 (71%), 57 (79%). 
 

5.7 5-(3-Nitrophenyl)-2-(butan-2-ylthio)-1,3,4-oxadiazole(6f) 
Brown sticky solid; Yield: 73%; M.P. 140-142 oC; Mol. formula: C12H13N3O3S; Mol. Wt. 279; IR (KBr, vmax cm-

1):3027 (C-H str. of ar. ring), 1646 (C=N str. of oxadiazole ring), 1537 (C=C ar. str.), 1247, 1063 (C-O-C bond str.), 

615 (C-S bond str.); 1H-NMR (C5D5N, 300 MHz, δ ppm): 8.75 (s, 1H, H-2'), 8.32 (dd, J = 7.8, 1.5 Hz, 1H, H-4'), 8.26 

(d, J = 7.5 Hz, 1H, H-6'), 7.64 (t, J = 8.1 Hz, 1H, H-5'), 3.21 (m, 1H, H-1"), 1.73 (quin, J = 7.2 Hz, 2H, H-2"), 1.04 (d, 

J = 7.2 Hz, 3H, H-4"), 0.99 (t, J = 7.2 Hz, 3H, H-3"); EIMS (m/z): 279 (14%)[M+], 223 (17%), 177 (29%), 163 (35%), 

148 (100%), 150 (31%), 122 (43%), 63 (69%), 57 (81%). 
 

5.8 5-(3-Nitrophenyl)-2-(n-pentylthio)-1,3,4-oxadiazole(6g) 
Yellowish brown amorphous solid; Yield: 75%; M.P. 97-99 oC; Mol. formula: C13H15N3O3S; Mol. Wt. 293; IR (KBr, 

vmax cm-1): 3023 (C-H str. of ar. ring), 1649 (C=N str. of oxadiazole ring), 1535 (C=C ar. str.), 1243, 1068 (C-O-C 

bond str.), 1254 (C=S bond str.), 617 (C-S bond str.); 1H-NMR (C5D5N, 300 MHz, δ ppm): 8.78 (s, 1H, H-2'), 8.33 

(dd, J = 7.8, 3.0 Hz, 1H, H-4'), 8.29 (d, J = 7.5 Hz, 1H, H-6'), 7.61 (t, J = 7.8 Hz, 1H, H-5'), 3.31 (t, J= 7.2 Hz, 2H, H-

1"), 1.76 (quin, J = 7.5 Hz, 2H, H-2"), 1.32-1.16 (m, 4H, H-3" & H-4"), 0.79 (t, J = 7.2 Hz, 3H, CH3-5"); EIMS (m/z): 

293 (14%)[M+], 223 (17%), 177 (29%), 163 (35%), 148 (100%), 150 (31%), 122 (43%), 63 (69%), 57 (81%). 
 

5.9 5-(3-Nitrophenyl)-2-(n-heptylthio)-1,3,4-oxadiazole(6h) 
Yellow sticky solid; Yield: 81%; M.P. 120-122 oC; Mol. formula: C15H19N3SO3; Mol. Wt. 321; IR (KBr, vmax cm-1): 

3028 (C-H str. of ar. ring), 1651 (C=N str. of oxadiazole ring), 1539 (C=C ar. str.), 1247, 1071 (C-O-C bond str.), 

1257 (C=S bond str.), 612 (C-S bond str.); 1H-NMR (C5D5N, 300 MHz, δ ppm): 8.73 (s, 1H, H-2'), 8.37 (dd, J = 7.8, 

3.0 Hz, 1H, H-4'), 8.26 (d, J = 7.5 Hz, 1H, H-6'), 7.57 (t, J = 7.8 Hz, 1H, H-5'), 3.29 (t, J= 7.2 Hz, 2H, H-1"), 1.73 

(quint, J = 7.5 Hz, 2H, H-2"), 1.32-1.16 (m, 4H, H-3" & H-4"), 1.08-1.04 (m, 2H, H-5"), 0.84 (t, J = 7.2 Hz, 3H, CH3-

6"); EIMS (m/z): 321 (13%)[M+], 223 (19%), 177 (27%), 163 (31%), 148 (100%), 150 (35%), 122 (41%), 63 (71%), 

57 (81%). 
 

5.10 5-(3-Nitrophenyl)-2-(allylthio)-1,3,4-oxadiazole(6i) 
Brown amorphous solid; Yield: 78%; M.P. 188-190 

o
C; Mol. formula: C11H9N3O3S; Mol. Wt. 263; IR (KBr, vmax cm

-

1): 3025 (C-H str. of ar. ring), 1657 (C=N str. of oxadiazole ring), 1537 (C=C ar. str.), 1245, 1075 (C-O-C bond str.), 

1253 (C=S bond str.), 609 (C-S bond str.); 1H-NMR (C5D5N, 300 MHz, δ ppm): 8.74 (s, 1H, H-2'), 8.35 (dd, J = 7.8, 

3.0 Hz, 1H, H-4'), 8.23 (d, J = 7.5 Hz, 1H, H-6'), 7.56 (t, J = 7.8 Hz, 1H, H-5'), 5.97 (m, 1H, H-2"), 5.35 (brd, J = 17.2 

Hz, 1H, Hb-3"), 5.19 (brd, J = 9.6 Hz, 1H, Ha-3"), 3.89 (d, J = 7.2 Hz, 2H, H-1"); EIMS (m/z): 263 (13%)[M+], 223 

(18%), 177 (25%), 164 (33%), 148 (100%), 117 (40%), 63 (80%). 
 

5.11 5-(3-Nitrophenyl)-2-(2-phenylethylthio)-1,3,4-oxadiazole(6j) 
White amorphous solid; Yield: 83%; M.P. 118-120 oC; Mol. formula: C16H13N3O3S; Mol. Wt. 327; IR (KBr, vmax cm-

1): 3029 (C-H str. of ar. ring), 1659 (C=N str. of oxadiazole ring), 1531 (C=C ar. str.), 1241, 1079 (C-O-C bond str.), 

1257 (C=S bond str.), 612 (C-S bond str.); 1H-NMR (C5D5N, 300 MHz, δ ppm): 8.64 (s, 1H, H-2'), 8.24-8.21 (m, 2H, 

H-4' & H-6'), 7.51 (t, J = 8.1 Hz, 1H, H-5'), 7.19-7.12 (m, 5H, H-2" to H-6"), 3.55 (t, J = 6.9 Hz, 2H, H-8"), 3.11 (t, J 

= 6.9 Hz, 2H, H-7"); EIMS (m/z): 327 (11%)[M+], 223 (17%), 177 (23%), 163 (29%), 148 (100%), 150 (31%), 122 

(43%), 91 (71%). 

 

5.12 5-(3-Nitrophenyl)-2-(2-Chlorobenzylthio)-1,3,4-oxadiazole(6k) 
Brown sticky solid; Yield: 80%; M.P. 112-114 oC; Mol. formula: C15H10ClN3O3S; Mol. Wt. 347; IR (KBr, vmax cm-1): 

3037 (C-H str. of ar. ring), 1653 (C=N str. of oxadiazole ring), 1535 (C=C ar. str.), 1247, 1073 (C-O-C bond str.), 
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1252 (C=S bond str.), 616 (C-S bond); 1H-NMR (C5D5N, 300 MHz, δ ppm): 8.74 (s, 1H, H-2'), 8.29 (dd, J = 8.4, 1.2 

Hz, 1H, H-4'), 8.24 (d, J = 7.8 Hz, 1H, H-6'), 7.60 (t, J = 8.1 Hz, 1H, H-5'), 7.45-7.20 (m, 4H, H-3" to H-6"), 4.75 (s, 

2H, H-7"); EIMS (m/z): 347 (13%)[M+], 223 (19%), 177 (27%), 163 (34%), 148 (100%), 150 (39%), 122 (47%), 91 

(61%). 
 

5.13 2-(4-Chlorophenyl)-5-(4-chlorobenzylthio)-1,3,4-oxadiazole(6l) 
Light brown amorphous solid; Yield: 80%; M.P. 122-124 oC; Mol. formula: C15H10ClN3O3S; Mol. Wt. 347; IR (KBr, 

vmax cm-1): 3039 (C-H str. of ar. ring), 1656 (C=N str. of oxadiazole ring), 1534 (C=C ar. str.), 1242, 1078 (C-O-C 

bond str.), 1259 (C=S bond str.), 623 (C-S bond str.); 1H-NMR (C5D5N, 300 MHz, δ ppm): 8.71 (s, 1H, H-2'), 7.49 (t, 

J = 8.1 Hz, 1H, H-5'), 7.34 (d, J = 9.0 Hz, 2H, H-2" & H-6"), 7.31-7.27 (m, 2H, H-4' & H-6'), 7.24 (d, J = 9.0 Hz, 2H, 

H-3" & H-5"), 4.49 (s, 2H, H-7"); EIMS (m/z): 347.5 (17%)[M+], 223 (23%), 177 (31%), 163 (37%), 148 (100%), 150 

(32%), 122 (49%), 91 (61%). 
 

5.14 5-(4-Chlorophenyl)-2-(2-Bromobenzylthio)-1,3,4-oxadiazole(6m) 
Dark green amorphous solid; Yield: 85%; M.P. 116-118 oC; Mol. formula: C15H10BrN3O3S; Mol. Wt. 392; IR (KBr, 

vmax cm-1): 3021 (C-H str. of ar. ring), 1649 (C=N str. of oxadiazole ring), 1527 (C=C ar. str.), 1253, 1067 (C-O-C 

bond str.), 1259 (C=S bond str.), 613 (C-S bond str.); 1H-NMR (C5D5N, 300 MHz, δ ppm): 9.67 (s, 1H, H-2'), 7.69 

(dd, J = 8.1, 2.1 Hz, 1H, H-4'), 7.65 (d, J = 8.1 Hz, 1H, H-6'), 7.57 (t, J = 8.1 Hz, 1H, H-5'), 7.48 (dt,J = 8.1, 2.1 

Hz,1H, H-4"), 7.38 (dd, J = 8.1, 2.1 Hz, 1H, H-3"), 7.23 (dd, J = 8.1, 2.1 Hz, 1H, H-6"), 7.09 (dt, J = 8.1, 2.1 Hz, 1H, 

H-5"), 4.71 (s, 2H, H-7"); EIMS (m/z): 392 (10%)[M+], 223 (17%), 177 (32%), 163 (47%), 148 (100%), 150 (31%), 

122 (49%), 91 (57%). 
 

5.15 Antibacterial assay 
The antibacterial assay was executed in sterile 96-wells microplates under aseptic conditions. The method worked on 

the principle that microbial cell number enhances as the microbial growth proceeds in a long phase of growth resulting 

in raised absorbance of broth medium18, 19. For the antibacterial study, clinically isolated two gram-positive bacteria 

(Bacillus subtilis and Staphylococcus aureus) and four gram-negative (Shigella sonnei, Escherichia coli, 

Pseudomonas aeruginosa and Salmonella typhi) were utilized. The organisms were kept on stock culture agar 

medium. The total volume per well was 200 µL including 20 µg test samples (with suited solvents & dilutions) and 

180 µL an overnight maintained fresh bacterial culture after reasonable dilution with fresh nutrient broth. The initial 

absorbance of the culture was solely maintained between 0.12-0.19 at 540 nm. The incubation was executed at 37 oC 

for 16-24 hrs with lid on the micro plate. The absorbance was measured at 540 nm using micro plate reader before and 

after incubation and the difference was noted as an index of bacterial growth. The percent inhibition was calculated 

using the formula: 

 

 

Where Control = Absorbance in control with bacterial culture 

Test = Absorbance in test sample 

 

Results are mean of triplicate (n=3, ± sem). Ciprofloxacin and Gentamycin were taken as standard. Minimum 

inhibitory concentration (MIC) was measured with suitable dilutions (5-30 µg/well) and results were calculated using 

EZ-Fit Perrella Scientific Inc. Amherst USA software, and data was expressed as MIC.  
 

5.16 Statistical Analysis 
All the measurements were performed in triplicate and statistical analysis was performed by Microsoft Excel 2010. 

Results are presented as mean ± sem. 
 

6. REFERENCES 
1. Renukadevi, P., Birada, J. S., Indian J. Hetrocy. Chem. (1999), 9, 107. 

2. Rakesh, C., Anshu, A., Manojkumar, P., Prabodh, C. S., Sukumar, M., Thengunga, K. R., Acta. Pol. Pharm.-

Drug Res. (2010), 67, 247-253.  

3. Zuhair, M., Ghada, J., Elham, A., Lina, N., Jordan J. Chem. (2008), 3, 233.  

4. Dewangan, D., Pandey, A., Sivakumar, T., Rajavel, R., Dubey, R. D., Int. J. Chem. Tech. Res. (2010), 2(3), 

1397.  

5. Omar, F. A., Mahfouz, N. M., Rahman, M. A., Eur. J. Med. Chem. (1996), 31, 819. 

6. Hasan, A., Thomas, N. F., Gapil, S. Molecules (2011), 16, 1297. 

7. Hasan, A., Gapil, S., Khan, I., Asian J. Chem., (2011), 23, 2007. 

8. Bhatnacar, S., Kamthan, D., Mehra, S. C., Tandan, S. K., Ind. J. Pharm. (1986), 18, 235. 



Pakistan Journal of Chemistry 2013 

   

63 

9. Chrysiha, E. D., Kosmopoulou, M. N., Tiraidis, C., Kardakaris, R., Bischler, N., Leonidas, D., Hadady, Z., 

Somsak, L., Docsa, T., Gergely, P., Oikonomakos, N. G., Protein Sci. (2005), 14, 873. 

10. Padmavath, V., Reddy, G. S., Padmaja, A., Kondaiah, P., Shazia, A., Eur. J. Med. Chem. (2009), 44, 2106. 

11. Jin, L., Chen, J., Song, B., Chen, Z., Yang, S., Li, Q., Hu, D., Xu R., Bioorg. Med. Chem. Lett. (2006), 16, 

5036. 

12. Holla, B. S., Prasanna, C. S., Poojary, B., Rao, K. S., Shridhara, K., Bhat, U. G., Ind. J. Chem. (2004), 43B, 

864.  

13. Massoulie, J., Pezzementi, L., Bon, S., Krejci, E., Valette, F. M., Neurobiol. (1992), 41, 31. 

14. Nagaraj, Chaluvaraju, K.C., Niranjan, M. S., Kiran, S., Int. J. Pharm. Pharm. Sci. (2011), 3(3), 9. 

15. Pandeya, S.N. A textbook of medicinal chemistry. S.G publishers, Varanasi, (2001), 353. 

16. Aziz-ur-Rehman, Fatima, A., Abbas, N., Abbasi, M. A., Khan, K. M., Ashraf, M., Ahmad, I., Ejaz, S. A. Pak. 

J. Pharm. Sci., (2013), 26(2), 345. 

17. Aziz-ur-Rehman, Fatima, A., Abbas, N., Abbasi M. A., Rasool, S., Malik, A., Ashraf, M., Ahmad, I., Ejaz S. 

A., J Saudi Chem. Soc., http://dx.doi.org/10.1016/j.jscs.2013.02.006 

18. Aziz-ur-Rehman, Siddiqui, S. Z., Abbasi, M. A., Abbas, N., Khan, K. M., Shahid, M., Mahmood, Y., Akhtar, 

M. N., Lagis, N. H., Int. J. Pharm. Pharmaceut. Sci. (2012), 4(2), 676. 

19. Aziz-ur-Rehman, Nafeesa, K., Abbasi, M. A., Khalid, H., Khan, K. M., Ashraf, M., Ahmad, I., Ejaz, S. A., 

Asian J. Pharmaceut. Hea. Sci. (2012), 2(3), 370. 

20. Yang, C. R., Zang, Y., Jacob, M. R., Khan, S. I, Zhang, Y. J., Li, X. C., Antimicrob. Agents Chemother. 

(2006), 50, 1710. 

21. Kaspady, M., Narayanaswamy, V. K., Raju, M. G., Rao, K. Lett. Drug. Des. Discov. (2009), 6, 21. 
 

http://dx.doi.org/10.1016/j.jscs.2013.02.006


Pak. J. Chem. 3(2): 64-70, 2013                                                                                                                                             Full Paper 

ISSN (Print): 2220-2625 

ISSN (Online): 2222-307X   

*Corresponding Author                                                                               Received 18th November 2012, Accepted 15th April 2013 

Infrared Spectroscopic Characterization of Calcium and Barium Hydrazone 

Complexes 
 

*
A. Adeniyi, O. Okedeyi, J. Aremu, O. Oyedeji and M. Sowemimo 

*
Department of Chemistry, Lagos State University, PMB 0001, LASU Post Office, Ojo, Lagos, Nigeria. 

E-mail: 
*
lekeadeniyi@yahoo.com 

 

ABSTRACT 
Hydrazones have attracted considerable interest on account of their biological activities. Introduction of calcium and barium metal 

ions into m- and p-nitrobenzoic hydrazones is expected to modify these biological properties for enhanced activity and versatility. 

The ligands were synthesized from the parent acids. The complexes have been characterized using C, H and N microanalyses and 

IR spectrometry. The IR spectral data of the ligands and complexes revealed bonding via the C=O and C=N groups. The 

suggested metal to ligand stoichiometries are: [M (m-NBH)x]Cl2.yH2O, x, y = 1 and 4 for M = Ca; x, y = 2 and 3 for M = Ba 

respectively.  

[M(p-NBH)x]Cl2.yH2O, x, y = 1 and 12 for M = Ca; x, y = 1 and 3 for M = Ba respectively. The structural deductions are 

tentative pending future X-ray structural studies. 
 

Keywords: barium, calcium, hydrazones, infrared spectroscopy  

 
1. INTRODUCTION 
The properties of hydrazones 1-11 have attracted considerable interest owing to their biological activities, such as anti-

tumor, anti-bacterial, anti-viral, anti-hypertensive, anti-convulusant, anti-inflammatory, analgesic, vasorelasant, anti-

coagulant anti-protozoal activities. Hydrazones also have wide applications as analytical reagents in the 

spectrophotometric determination of cobalt and other metals in inorganic analysis 12, 13. 

Calcium is required for the formation of bones and teeth, maintaining heart rhythm and in blood clotting 14, 15. 

Similarly, barium a heavier congener of calcium as equally received attention being in the same group (II) with 

calcium 16, 17. 

Earlier studies have revealed that the formation of metal complexes modifies the behaviour and enhances the 

activity of hydrazones 18-20. Reported synthesis of calcium and barium complexes of hydrazones is scanty in the 

literature. No work has yet been reported on calcium and barium complexes of m- and p-nitrobenzoic hydrazones. 

In the present work, the synthesis and characterization of calcium and barium complexes of m- and p- 

nitrobenzoic hydrazones is reported. 
 

2. EXPERIMENTAL 
2.1 Chemicals and reagents  
The chemicals and reagents used were of analytical grade and were purchased from Aldrich and Fluka AG. 
 

2.2 Synthesis of ligands 
The esters used in the ligands synthesis were first synthesized from their parent acids, while, the hydrazides were 

subsequently synthesized from the respective esters following the methods reported before 6, 21-23. Consequently, 

equimolar mixture (0.05 mol) of benzaldehyde and the previously synthesized m- and p-nitro benzoic acid hydrazides, 

with few drops of conc. HCl in 25 ml ethanol, were heated under reflux for 2 hrs. After cooling, water was added to 

the reaction mixture, filtered and dried to yield the respective hydrazones 6, 24-26.  

The benzaldehyde and acid hydrazides condensation reaction for the synthesis of m- and p- nitrobenzoic 

hydrazones are summarized as follows: 
 

Ph–CHO + Ph1CONHNH2 → PhCH═NNHCOPh1 + H2O 

Where: Ph, C6H5; Ph1, m-NBH or p-NBH. 
 

2.3 Preparation of Complexes 

2.3.1 [Ca (m-NBH)]Cl2.4H2O 
Calcium complex of m-nitrobenzoic hydrazone (m-NBH) was prepared by stirring 0.5 g (1.90 mmol) m-nitrobenzoic 

hydrazone with 0.279 g (1.90 mmol) CaCl2.2H20 in 40 ml methanol for 16 hrs using a Griffin Minimag magnetic 

stirrer. The mixture was then refluxed for 2 hrs. An off–white precipitate was formed on cooling, which was filtered, 

washed thoroughly with methanol and dried in vacuum over silica gel (self indicating, 6-20 mesh) 27-28. 
 

2.3.2 [Ca (p-NBH)]Cl2.12H2O 
Equimolar amount of 0.5 g (1.90 mmol) p- nitrobenzoic hydrazone and 0.27 g (1.90 mmol) of CaCl2.2H2O in 40 ml 

methanol was stirred for 16 hrs in a magnetic stirrer. The mixture was then refluxed for 2 hrs and a brown precipitate 
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appeared on cooling. The solid, a calcium complex of p-nitrobenzoic acid was washed with methanol and dried over 

silica gel (self indicating, 6-20 mesh) 7, 27. 
 

2.3.3 [Ba (m-NBH) 2]Cl2.3H2O 
[Ba (m-NBH) 2]Cl2.3H2O was synthesized when 1.2 g (4.46 mmol) m-nitrobenzoic hydrazone was stirred with 1.09 g 

(4.46 mmol) BaCl2.H2O, in 60 ml methanol for 16 hrs. The mixture was then refluxed for 2 hrs. A grey precipitate was 

formed on cooling. The precipitate was washed several times with methanol and dried over silica gel (self indicating, 

6-20 mesh) 29, 30.  
 

2.3.4 [Ba (p-NBH)]Cl2.3H2O 
Barium complex of p-nitrobenzoic hydrazone was synthesized using the same method as adopted for [Ba (m-

NBH)]Cl2.3H2O, but instead of m-,  p-nitrobenzoic hydrazone was used. The resultant mixture was then refluxed for 2 

hrs and a light brown precipitate was washed and dried over silica gel (self indicating, 6-20 mesh) as reported earlier 4, 

27. 
 

2.3.5 Physicochemical measurements 
The melting/decomposing temperatures of the ligands and complexes were determined using a calibrated Griffin 

melting point apparatus. The results are indicated in Tables 1 and 2. Calcium and barium were determined by EDTA 

titrations, after digesting with conc. nitric acid. Methyl thymol blue was used as the indicator 31. 
 

Table-1: Physical data of the ligands 
Ligand Formula M.P (

o
C) Colour 

m-NBH C14H11N3O3 180-182 off-white 

p-NBH C14H11N3O3 210-212 light yellow 

Notes: M.P = melting point; m-NBH = m-nitrobenzoic hydrazones; p-NBH = p-nitrobenzoic hydrazones 
 

Table-2: Elemental analysis and physical characteristics of the complexes 

Item 
[Ca (m-NBH)] - 

Cl2.4H2O 

[Ca (p-NBH)] - 

Cl2.12H2O 

[Ba (m-NBH)2] - 

Cl2.3H2O 

[Ba (p-NBH)] - Cl2. 

3H2O 

Formula* CaC14H19N3O7Cl2 
CaC14H35N3O15Cl2 

 
BaC14H28N6O9Cl2 BaC14H17N3O6Cl2 

m.p. (oC) 300-302 290-292 210-212 250-252 

Colour off-white Brown grey light brown 

% M 8.79 (8.86) 6.59 (6.72) 17.39 (17.16) 25.39 (25.84) 

% C 37.25 (37.16) 27.50 (28.18) 41.09 (41.09) 31.41 (31.62) 

% H 4.98 (4.24) 5.52 (5.92) 3.24 (3.53) 2.63 (3.23) 

% N 9.57 (9.29) 7.66 (7.05) 10.55 (10.49) 7.36 (7.91) 

*Refer to Table-1 for nomenclature of ligands; figures in parentheses are the calculated values; m.p, melting point. 

 

Elemental analyses for C, H and N were carried out by the micro–analytical laboratory at the University of Cape 

Town, South Africa. 

The solubility of the ligands and complexes were carried out in water, n-hexane, ethanol, methanol, acetone, 

petroleum ether and trichloromethane.  

The infrared spectrum of the ligands and complexes were obtained using KBr pellets in the range 4000 – 500 cm-1 

on a Buck Scientific M 500 infrared spectrophotometer at Rotas Soilab, Ltd. Ibadan, Nigeria. The relevant spectra data 

is listed in Table 3. Representative spectra for the ligands and complexes are presented in four Figures as follows: 2 = 

m-NBH; 3 = p-NBH; 11= [Ba (m-NBH) 2]Cl2.3H2O ; 15= [Ca (p-NBH)]Cl2.12H2O respectively. 
 

3. RESULTS AND DISCUSSION 
The melting/decomposition temperatures of the ligands, m- and p- nitrobenzoic hydrazones are shown in Table 1, 180 

– 182 oC for m-NBH and 210 - 212 oC for p-NBH respectively. The compounds were off-white (m-NBH) and light 

yellow (p-NBH). These observations are in agreement with the properties of similar hydrazones reported earlier 6, 9. 

The ligands are insoluble in water and generally found to have poor solubility in the organic solvents used except in 

ethanol. 

The C, H, N and metal contents of the complexes, along with their melting points and colour are presented in 

Table 2. The data indicates that the formulae of the complexes are:  

 

([M (m-NBH)x] Cl2.yH2O, (x, y = 1 and 4 for M = Ca; x, y = 2 and 3 for M = Ba respectively; and [M (p-NBH)x] - 

Cl2.yH2O, (x, y = 1 and 12 for M = Ca; x, y = 1 and 3 for M = Ba respectively). 

Similar metal to ligand stoichiometries have been reported before 7-32. The complexes have sharp melting points 

ranging between 210–302 oC 27. The complexes were mostly brownish (Table 2), however, [Ca (m-NBH)]Cl2.4H2O 
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was off-white and [Ba (m-NBH)2]Cl2.3H2O was grey in colour. Coordination complexes of group II metals that are 

off-white, grey and brownish in colour have been reported earlier 27, 28, 33, 34. This is in spite of their non–transitional 

nature 14- 15. 

The IR data of the ligands and its complexes (Table 3) revealed strong and weak absorption peaks in the range 

3567–3691 cm-1. These bands have been attributed to υ OH vibrations 7, 27. Similarly, the bands around 1667–1697 cm-

1 were assigned to υ C=O 7- 27, 35. 

The υ C=O frequency in [Ba (m-NBH)2]Cl2.3H2O shifted to 1667 cm-1 from 1675 cm-1 in the ligand (m-NBH), 

whereas, Ba (p-NBH)]Cl2.3H2O shifted by 18 cm-1 to lower frequency that is from 1697 cm-1 in the free ligand, p-

NBH to 1679 cm-1 in the complex. These shifts to lower frequencies suggest that the carbonyl group is involved in 

barium to ligand bonding 27-29. However, the υ C=O band shifted to higher frequency in  

[Ca (m-NBH)]Cl2.4H2O, while the frequency for the complex [Ca (p-NBH)]Cl2.12H2O remained unchanged as 

compared to the ligand, p-NBH (Table 3). 

These observations indicate the non- involvement of the carbonyl oxygen in coordination in these complexes 3- 7, 

35. It should be noted from Table 3 that the bands 1621 cm-1 and 1614 cm-1 in the ligands (m-NBH and p-NBH 

respectively) due to υ CN shifted to higher frequencies in [Ca (m-NBH)]Cl2.4H2O, [Ca (p-NBH)]Cl2.12H2O and [Ba 

(p-NBH)]Cl2.3H2O respectively, but remained unchanged in [Ba (m-NBH)2]Cl2.3H2O.This suggests that the C–N 

nitrogen was not involved in bonding to calcium and barium. Similar coordinating behaviour has been reported before 
3, 24, 27. 
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In the spectra of the ligands and their complexes (Table 3), except [Ba (m-NBH 2]Cl2.3H2O, strong absorption bands 

ranging from 1554–1598 cm-1 assigned to υ C=N 3-7, shifted to lower frequencies by 6–44 cm-1. These frequency shifts 

associated with the C=N group, suggest bonding via this group. 

The bands, 1534 cm-1 and 1524 cm-1 in the ligands due to deformation NH, remained either unchanged or shifted 

to higher frequencies in the complexes suggesting that the NH group was not involved in bonding in the complexes 4- 

24, 27, 36. The structural deductions for the complexes (Table-2) are tentative pending future X-ray structural studies. 
 

  Table-3: Relevant IR data (cm-1) of the ligands and complexes 

Ligand/Complex υ OH υ C=O υ CN υ C=N δ NH 

m-NBH 3621 w 1675 s 1621 s 1576 s 1534 s 

[Ca (m-NBH)]-Cl2.4H2O 3591 w 1697 s 1671 s 1570 s 1536 m 

[Ba (m-NBH)2] - 

Cl2.3H2O 
3691 w 1667 s 1621 s 1591 s 1534 m 

p-NBH 3667 w 1697 s 1614 s 1598 s 1524 m 

[Ca (p-NBH)] - 

Cl2.12H2O 
3567 s 1697 s 1656 s 1559 s 1524 m 

[Ba (p-NBH)] - Cl2.3H2O 3671 w 1679 s 1651 s 1554 s 1530 m 

Where: s, m, w =, strong, medium and weak respectively 
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4. CONCLUSIONS 
Complexes of calcium and barium m- and p- nitrobenzoic acid hydrazones were synthesized and characterized using 

metal, elemental and IR spectroscopic techniques. The IR spectral behavior suggested that the ligands C = O and C = 

N groups are involved in coordination to the metal ions. A final structural elucidation by X-ray diffraction studies and 

possible biological evaluation of the complexes is desirable. 
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ABSTRACT 
Water samples from different localities of Mardan were evaluated for determination of inorganic contents. It discusses the 

potability and quality of water, elaborates the methodology employed and presents results to attain the objectives of a survey 

conducted towards assessing the quality of potable water in the sample area. Potable water quality of different areas of Mardan 

was monitored for various physical and chemical parameters. The importance of this reference data related to the water quality of 

Mardan was felt after spreading of some water borne disease in the area. Ground water samples from 16 tubewells of surrounding 

areas of district Mardan District were collected and analyzed for pH, conductivity, total hardness, chloride contents, alkalinity, 

nitrites, fluorides, sulphates, TDS, TSS and inorganic contents Na and K. The value was compared with the standards of WHO 

and were found within the permissible limits. The toxic effects of these parameters have also been discussed. It concludes that 

water of all the tube well of Mardan is safe for human consumption provided the supply lines and storage tanks are prevented 

from being contaminated. Water resources of Mardan were almost free from any pollution. 

 

Keywords: Heavy Metals, water, Ionic characteristics, Mardan District 

 
1. INTRODUCTION 
Water is the source of life on earth. The greater portion of all the living creatures on earth is composed of water. After 

air water is the second primary need of survival. It has a unique property of forming hydrogen bonds due to which it is 

essential to life. It is an excellent solvent for many materials; thus, it is the basic transport medium for nutrients and 

waste products in life processes. The solvent properties of water are profoundly affected by its high dielectric constant 

due to which most of the ionic materials are dissociated in it. Furthermore the unique temperature –density 

relationship of water is responsible for its vertical circulation in lakes, a determining factor in their chemistry and 

biology1. Water is the most essential substance for living things and it supports the life processes. Without water it 

would not been possible to sustain life on this planet. The total quantity of water on earth is approximately 1.4 trillion 

cubic meters. Of this less than 1% water present in rivers and ground resources is available to meet our requirements2. 

These water resources are being contaminated with toxic substances, due to ever increasing environmental pollution, 

which is a big hazard to living beings. The hazard is caused by discharge of industrial effluents and is an acute 

problem in Pakistan3,4. 

The two main sources of potable water are surface water and ground water. Rivers and streams are the 

important surface water and ground water sources, while springs, deep and shallow wells are the common sources of 

ground water. The main sources of ground water are precipitation (snow, rain, dew etc) and underground (phreatic) 

water. 

In many cities of Pakistan tube wells (ground water) are the main sources of drinking water. Water gets 

polluted when its condition or composition or both are changed. Water gets polluted when its condition or 

composition or both are changed. Domestic and industrial wastes from urban, rural and industrial areas, discharged in 

the natural water bodies are the major sources of pollution.  

Water pollution may be defined as the degradation of water quality by the introduction of chemical, physical or 

biological parameters into rivers, lakes, streams oceans etc5. Water pollution is a worldwide issue. This problem is 

different in numerous respects in the economically stable and unstable countries. Heat, poisonous metals, acids, 

sediments, animal and human wastes and synthetic organic compounds foul the waterways of developed countries. 

Human and animal wastes, sediments and pathogenic organisms head the list in the non-industrialized countries. In 

these countries, the main cause of illness and death is unsanitary water and malnutrition6.  

Potable water pollution is becoming a world-wide problem. The shallow ground water environment are being 

seriously polluted due to unplanned disposal of untreated domestic sewage and industrial effluents into water courses 

(streams/ rivers) flowing through the or in the vicinity of large population centers and industrial zones, which in turn is 

posing a serious threat to the contamination of the associated potable water aquifers as well as the environmental 

conditions of the public water supply lines and the community health (consumers). Drinking water properly treated or 

obtained from a relatively clean source may become contaminated in the water distribution system specially, when 

water supply operates on intermittent basis7.  

When water supply is turned off, contaminants from outside can sweep into leaky underground pipes and are 

carried through distribution system when supply is turned on again. Mixing of sewage with drinking water sources in 

the under developed areas is caused due to poor sanitary conditions. A large number of pathogens are transmitted to 

the human body through water, milk and beverages. This include bacteria, virus and protozoa8 The large number of 

water pollutants may be broadly classified as organic pollutants, inorganic pollutants, sediments, radioactive materials 
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and thermal pollutants. During the past two decades, the importance of determining the adverse effect of water 

contamination (water pollution) on public health has gained momentum. Strict water standards have been enforced in 

developed countries due to the increased hazardous effects on human health9. 

The complexity of water quality as a subject is reflected in many types of measurements of water and waste 

water quality. These measurements include pH, conductivity, total hardness, sulphates, chloride, fluoride, sodium and 

potassium, total alkalinity, TDS, TSS, and nitrite. 

 

2. MATERIALS AND METHODS 
 

2.1 Pretreatment of samples 
Sixteen sampling points were randomly selected for sampling which included the samples collected from tube wells, 

open wells and hand pumps. The samples were collected in 1L properly washed plastic bottles. All precautionary 

measures were taken while filling the bottles with samples. Mardan was selected for on the basis of news regarding 

some water borne diseases in the area.  

 

 

Table-1: Location Map of Mardan District 

 
The reagent solutions were prepared in distilled water. All the apparatus was washed with detergents and sensed with 

distilled water before beginning and after finishing the laboratory work. The instruments used were standardized and 

calibrated before use. 

 

2.2 Reagents Used 
All the chemicals were of analytical grade (Merck & BDH) and were used without further purification. Chemical 

evaluation of each sample was carried out following the standard method [10]  14 physicochemical parameters are 

discussed below briefly: 

The pH of the samples was calculated using pH meter (mettler delta). The temperature of the laboratory was 

noted. The pH meter was first washed with freshly prepared solutions of standard pH tablets. Then the pH of the 

samples was noted directly from the pH meter screen. Conductivity meter (Jenway, model 4060) was used to measure 

the conductance of water samples. The instrument was first calibrated with freshly prepared standard KCl solution. 

The reading for each sample was noted directly from the digital screen of the instrument after putting the electrode in 

the separated portion of the sample. The readings were in micro-Siemens (µs) +1% accuracy. To measure the hardness 

of samples, 25ml sample was taken in a cleaned titration flask, 2ml NH3/NH4Cl buffer solution of pH = 10 was added 

to it. After shaking very small quantity of solid Eriochrome Black T was added as indicator for color change and 

titrated against standard EDTA (Ethylene diamine tetra acetic acid) solution in burette. The volume used was noted 

and hardness was reported as CaCO3, mg/L. For the determination of Calcium contents in water samples, 2mL of 

buffer solution (having pH = 12.5) was added to the water sample (25ml) and a small amount of mureoxide indicator 

was added, and titrated against standard EDTA solution taken in burette. The volume used was noted and result was 

reported as CaCO3/L.As hardness is usually caused by Ca (Calcium) and Mg (Magnesium) with negligible 

contribution from other cations that is why the formula (Magnesium = total hardness ─ Calcium) gives satisfactory 

results for the magnesium concentration in the sample. The results were reported without further modifications. For 

measuring total alkalinity, 25ml water sample was titrated with pre-standardized H2SO4 solution using methyl orange 

as indicator. Nitrite contents in water were measured by qualitative method. The appearance of pink color was an 

indication of the presence of nitrite. As the color was appeared only in some samples and was very light pink, 
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quantitative analysis was not performed. Argentometric titration was performed for the determination of chloride 

contents in water samples. 0.02 N H2SO4 solution (equivalent to the alkalinity of the sample) was added to 25mL 

sample followed by the addition of 3-4 drops of the indicator (K2Cr2O7 solution) and titrated against standard 0.01 N 

AgNO3 solution (0.01Normal). 10ppm of fluoride solution was prepared from NAF and 5 standards (1, 2, 4, 6,8ppm) 

were prepared. Then 20mL of solution from 1ppm standard solution was taken in a flask and 2mL of fluoride 

adjusting solution was added to it followed by stirring on hot plate. Reading was noted by dipping electrode of ion 

meter in the solution. Procedure was followed for all solutions. 

Whattman filter papers (Quality No. 1) were put in oven at 105ºC for ½ hour followed by cooling in 

desiccator for another ½ hour time. Then every one of these was weighed separately. Then 50mL water from each 

sample was filtered through one by one. These filter papers were put in oven for half an hour at 105 ºC followed by 

their weighing on cooling. Finally the filter papers were weighed and from the weight difference the amount of TSS 

was determined. For determining TDS in a sample the simple principle of subtracting the TSS of that sample from its 

TS was followed as given in formula: TDS in mg/L = TS in mg/L ─ TSS in mg/L. Sodium and potassium content 

were measured using flame photometer. The concentration of sodium and potassium were determined in mg/L.  

 

3. RESULTS AND DISCUSSIONS 
Physical and chemical analysis of water samples is presented in Table-2 and Table-3 present a comparison among 

some analytes of present studies with the reported results11. pH is one of the parameters which determine the acidic or 

alkaline nature of water. Table-2 Shows the pH of drinking water, which is in the range of 6.5-7.8.  

 

 

The maximum limit of pH for domestic water supply is 5-9.Most of the samples analyzed have pH within the limit; 

however some of the samples (13, 15) are slightly alkaline. The conductivity values for water samples are given in 

Table-2. For all the samples, the values of conductivity lie in the range of 572-888µS/cm. All the samples bear 

conductivity value above the maximum permissible level presence of high concentration of dissolved salts in these 

samples. Calcium carbonate is the one of the most abundantly found mineral in water. Values of total hardness 

(CaCO3 and MgCO3) are given in Table-2. 

Table-2: Physical and Chemical parameters of potable water samples 

Sample 

ID 

Na+ 

ppm 

K+ 

ppm 

Ca2+ 

Mg/L 

Mg2+ 

(mg/L) 

pH 

Conductivity 

(µS/cm) 

T.Hardness 

as 

CaCO3(mg/L) 

and MgCO3 

T.alkalinity 

as 

CaCO3(mg/L) 

TSS 

(mg) 

TDS 

(mg) 

Nitrite 

as NO2 

Sulphate 

Flouride 

(ppm) 

1 140 4.8 62.4 158.4 7.0 888 220.8 144 89 296 0.04 103.86 0.67 

2 97 3.5 38.4 115.2 7.5 750 153.6 140 2 242 0.06 74.18 0.81 

3 49 3.9 57.6 182.39 6.9 572 240 152 5 176 0.08 19.78 0.56 

4 70.5 4.9 91.2 148.8 7.2 695 240 168 69 230 0.05 44.51 0.85 

5 68.5 5.9 187.2 144 6.5 805 331.2 160 71 254 0.05 59.35 0.62 

6 64.5 3.8 67.2 144 7.1 650 211.2 148 68 185 0.07 39.56 0.67 

7 66.5 4.3 86.4 206.4 7.1 703 292.8 168 68 217 0.04 49.45 1.33 

8 24.5 5.8 110.4 211.2 7.0 690 321.6 156 49 202 0.03 54.40 0.53 

9 42 5.1 105.6 244.8 7.1 708 350.4 152 62 196 0.06 39.56 0.46 

10 53.2 5.2 134.4 292.8 6.7 865 427.2 180 57 235 0.05 98.91 0.67 

11 36 4.8 144 283.2 7.2 875 427.2 180 53 288 0.07 89.02 0.46 

12 43.6 4.6 134.4 220.8 7.0 722 355.2 152 41 222 0.09 74.12 0.45 

13 46.4 4.5 115.2 211.2 7.8 683 326.4 144 66 221 0.08 54.40 0.61 

14 54.8 4.5 91.2 244.8 7.8 768 336 136 56 226 0.04 84.08 0.82 

15 60.4 4.7 100.8 211.2 7.6 758 312 156 29 240 0.05 39.56 1.2 

16 63.6 4.7 86.4 196.8 7.8 718 283.6 128 38 248.1 0.03 74.18 0.62 
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The WHO maximum Permissible limit for hardness is 500mg/L. The table shows that the hardness of the samples 

ranges from 153.6-427.2 mg/L all below permissible level for hardness but still they are parameters of potable water 

considerably higher than the WHO desirable level of 100ppm. The values of calcium concentrations are given in the 

table-2.The table shows that the Calcium concentration of water samples ranges from 38.4-187.2mg/L, which is below 

the WHO permissible level of 250mg/L. The concentration values of Magnesium in the samples are given in table-

1.These values are ranging from 115.2-292.6mg/L, indicating high concentrations of Mg in most of the samples. Some 

areas have Magnesium concentration within the permissible limits. Majority of the samples have dangerously high 

level of Magnesium. Alkalinity is mainly caused by OH-, CO3
-2and HCO3

-2 salts, although other salts are also 

responsible. The determined data for total alkalinity is shown in Table-2 indicating the m-alkalinity range of 136-

180mg/L for the samples, lying below the WHO permissible level of 500mg/L but substantially higher than the 

desirable level of 30mg/L. The nitrite values are shown in Table-2. The positive result for qualitative test 

and negative result for quantitative test clearly indicate the presence of nitrite that can rightly be called as 

trace amount in these samples. This concentration is taken as lower than the WHO standard of 0.1mg/L for 

nitrites. 

Total dissolved solids indicate the presence of salts that are in soluble form and may cause hardness. 

Dissolved Solids in excess are objectionable in drinking water because of the possible physiological effect, 

unpalatable mineral taste and corrosion. The TDS values are presented in table-2 ranging from176-96mg/L, 

all below the WHO limit of 500mg/L. 

 

4. CONCLUSION 
On the basis of ionic characterization of these water samples, it is evident that  the presence of all parameters within 

Permissible limits according to WHO chart (table 3)  make the water safe forHuman consumption provided the Lines 

are safe from any foreign contamination. The study clearly showed that water is safe for drinking purpose. 
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Table-3: WHO Permissible limits for drinking water 

Analytes Standards Analytes Standards 

Electrical Conductivity 400 µ mhos/cm Magnesium as MgCO3 150 mg/L 

pH 6.5-9.2 Sulphates as SO4
- 250 mg/L 

Total Dissolved Solids 500mg/L Sodium a Na+ 250 mg/L 

Total Suspended Solids 5mg/L Potassium as K+ 12 mg/L 

Chloride as Cl- 250mg/L Total Alkalinity 30-500 mg/L 

Nitrite as No3- 0.1mg/L Fluoride 0.5-1.5 mg/L 

Total Hardness as CaCo3 and 

MgCO3 
500 mg/L Phenolphthalein Alkalinity 300 mg/L 

Calcium as CaCO3 250 mg/L   
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ABSTRACT 
The chelation of Bio-essential metal, Iron, with dopamine analogs was studied at 30±2°C. Fe2+ formed intense color complex with 

these molecules with an absorbance maxima in visible region. A distinct peak of Fe-Carbidopa complex at 364nm with molar 

absorptivity of 1600 M-1 cm-1 was observed while that of  Fe-Levodopa and Fe-Methyldopa were observed at 730nm with molar 

absorptivities of 306 M-1 cm-1 and 2300 M-1 cm-1, respectively. 

Potentiometric studies of the complex indicate that Fe(II) forms a 1:3 complex with levodopa and methyldopa while a 1:2 

complex is found in case of carbidopa. The results obtained are consistent with the spectrophotometric studies. 

 

Keywords: Iron, Dopamine analogs, stoichiometry, Molar absorptivity and Potentiometric analysis 

 
1. INTRODUCTION 
Carbidopa, Methyldopa and Levodopa are dopamine analogs present in antiparkinsonian drugs1. Dopamine plays very 

important role in function of central nervous, renal, hormonal and cardiovascular systems2-3. Its deficiency could result 

in several neurodisorders, the most common of which is Parkinsons4.  

Dopamine contains catecholic functional group due to which it is liable to interact with metals present in the 

physiological system5-7. Iron which has significant role in the biological system and is required for normal brain and 

nerve function through its involvement in cellular metabolism is assumed to bind through catecholic site of the 

molecules and therefore might lowers the efficiency of administered drug8-9. This interaction of Iron with Dopamine 

may also be evident by over accumulation of Iron in Parkinsonian brain10. In Pakinsonian brain there is an evidence of 

over loading of iron which might be the result of dopamine shortage in these patients. Role of iron in the pathogenesis 

of PD has been frequently reviewed11-14 

Instead of direct Dopamine, Dopa of dihydroxyphenyl alanine (L-DOPA) is used as a precursor of dopamine 

that replaces missing dopamine through its conversion into dopamine in brain cells and therefore might reduce 

the symptoms of Parkinson’s disease15-16. The treatment of this disease for most patients entails long term exposure to 

not only Levodopa (LD) but other dopamine analogs such as Carbidopa (CD) and Methyldopa (MD) are used along 

with to increase the efficacy of drug. 

In the present study interaction of Dopamine and its analogs to Iron has been explored by potentiometric and 

spectrophotometric techniques. 

 

2. MATERIAL AND METHODS 

All chemicals used were of analytical grade supplied by Merck and Sigma while all the volumetric glassware used 

was of standard quality and special care was taken to wash them thoroughly before use. All the Stock solutions of 

desired molarities were prepared by dissolving calculated amount of solids in desired volume using deionized distilled 

water & 1% of 0.1M H2SO4 was added only in case of metal solutions. Fresh solutions were prepared each time. 

Calculated amount of Metals and ligands were weighed using Metler Toledo B204-S balance such that final 

concentration of ligands were five times that of Metal and volumes were made up using distilled water which resulted 

into greenish colour complexes and variation in pH of each complex with each increment of 0.01M standard NaOH 

was measured using Precisa 900 pHmeter, Continuous stirring was carried throughout the experiment using 

JENEWAY1000 magnetic stirrer. 

For spectral study 1.0mL of Fe(II) solution was added to 5.0mL of equimolar ligand solution. Solutions were 

allowed to stand for few minutes for completion of complex formation. Spectra were recorded in the region of 200nm-

850nm using quartz cuvettes while Deionized distilled water was used as blank , on Schimadzu UV-1601 

spectrophotometer and suitable  wavelength was explored by comparing the spectra of each complex with metal and 

corresponding ligand. 

In case of mole ratio determination, Different volumes of 0.005M ligand solutions were taken in 10.00 mL 

volumetric flasks with the help of pipette, then 1.0 mL of equimolar metal solution was added in each flask and 

capped with stopper, shook well, allowed to stand for 10 minutes & subjected to Genesys 6 Thermo Electron 

Corporation, to record absorbance at selected wavelength.  The plot of absorbance vs ratio of ligand to metal 

concentration gave a curve. The straight line portions of obtained curves were extrapolated. 

3. RESULTS AND DISCUSSION 
The chelation of bio-essential metal, Iron with dopamine analogs was studied at 30±2°C temperature. Complexation of 

Carbidopa, Methyldopa and Levodopa was carried out with Fe (II). Each complex solution was scanned from 200nm-

850nm to explore the absorbance maxima (Fig 1-3). For mole ratio determination equimolar metal and ligand 
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solutions were prepared. Concentration of metal was kept constant. Different aliquots of ligand solution were added to 

metal and then absorbance was noted 

metal mole ratio (Fig 3). At high concentration of ligand the absorbance is independent of [L]. Tangent drawn on the 

curve in Fig 4-6 gave value of stoichimetric ratio in the complex. By this method mole ratio was found to be 1:2 for  

Fe(II)-CD while 1:3 in case of Fe(II)-MD and Fe(II)-LD complex respectively (Fig 4-6). 

 

[Fe(H2O)6]
2+ + H2L    [Fe(H2O)4L] + 2H3O

+
 …………. (1) 

[Fe(H2O)4L] + H2L       [Fe(H2O)2(L)2]
2- + 2H3O

+
…….         (2) 

[Fe(H2O)2L2]
2- + H2L      [Fe(L)3]

4- + 2H3O
+

………………. (3) 

 

Molar Absorptivity was calculated by dividing maximum absorbance of the complex to the metal concentration (Fig 

4-6). The molar absorptivity was found highest for Fe-MD= 2300 M-1 cm-1 while 1600 M-1 cm-1 for Fe-CD and very 

low for Fe-LD complex (Table 1). 

The pH of complex and ligand solutions was recorded after addition of each aliquot of standard NaOH. The 

difference in pH of the complex and ligand is a clear evidence of complexation of Fe+2 with Carbidopa, Methyldopa 

and Levodopa. This study also revealed that all the three ligands has capability to release 3H+, out of which two are 

released in a very close range of pH confirming their presence in a very similar environment. This indicates that both 

the OH of catecholic groups release their H+ simultaneously and latter –COOH group releases H+ (Fig 7-9). 

It was also observed in titration of Carbidopa, Methyldopa and Levodopa complexes of Fe+2 that there is a very short 

difference of pH in maintenance of M- ML1 and  ML1-ML2 equilibria while ML2- ML3 equilibria are achieved at 

higher pH (Fig 7-9). 

 

 
Fig-1: Spectra of Fe-Carbidopa complex (1:5mL equimolar Fe(II)) & CD  in 1% 0.1M H2SO4 at Temperature=30±2 °C, CD and 

Fe(II) solutions. 
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Table-1: Spectral Properties of Fe-dopamine Complexes 

Structure of Ligand Complex 
Selected  

Wavelength (nm) 

€ 

M
-1

cm
-1

 
pH 

Stoichio-

metry  

 

 

Fe-(CD)n 

 

364 

 

1600 

 

4.4-4.9 
1:2 

 

 

Fe-(MD)n 

 

730 

 

2300 

 

4.2-4.5 
1:3 

 

 

Fe-(LD)n 

 

730 

 

302 

 

4.2-4.4 
1:3 
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Fig-2: Spectra of Fe-Methyldopa complex(1:5mL equimolar Fe(II)) & MD in 1% 0.1M H2SO4 at Temperature=30±2 °C, MD and 

Fe(II) solutions. 

 

 
Fig-3: Spectra of Fe-Levodopa complex(1:5mL equimolar Fe(II)) & LD in 1% 0.1M H2SO4 at Temperature=30±2 °C, LD and 

Fe(II) solutions. 

 

 
Fig-4: Plot of Moleratio of Fe-CD(0.05mM), at Temperature=30±2°C 
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Fig-5: Plot of Moleratio of Fe-MD (0.05mM), at Temperature=30±2°C 

 

 
Fig-6: Plot of Moleratio of Fe-LD (0.05mM), at Temperature=30±2°C 

 

 
 

Fig-7: Potentiometric titration of Fe-CD & CD. Fe(II) = 0.05mM, CD = 0.25mM, NaOH = 0.01M and Temperature=30±2°C 
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Fig-8: Potentiometric titration of Fe-MD & MD. Fe(II) = 0.05mM, MD = 0.25mM,  NaOH = 0.01M and Temperature=30±2°C 

 

 

Fig-9: Potentiometric titration of Fe-LD & LD. Fe(II) = 0.05mM, LD = 0.25mM, NaOH = 0.01M and Temperature=30±2°C 
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ABSTRACT 
The dielectric  constant ( ),dielectric loss ( ), relaxation times (τ) and the dipole moments (µ) of the binary mixtures of different 

molar concentrations of 2-chloroaniline C6H6ClN in the binary mixtures of 2-chloroaniline (2-CA) and 2-ethoxyethanol (2-EE) 

C4H10O2 in 1,4-dioxane  C4H10O2 solutions were calculated by using standard standing wave microwave X- band techniques and 

Gopala Krishna’s single frequency 10.985 GHz concentration variational method at different temperatures 20,30,40,500C.  The 

dielectric relaxation process was found to  be an activated process.  The dielectric relaxation process of binary mixtures containing 

30% mole-fraction of 2-CA were calculated at the respective given temperatures.  On the basis of the observations, it was found 

that the dielectric relaxation process could be treated as the rate process like the viscous flow process.  The dipole moment of pure 

and binary mixtures were calculated with varying temperatures. The solute-solute and solute-solvent molecular associations were 

predicted. Dipole moment (µ) of 2-CA and 2-EE non- linearly increased with rise in temperature. 
 
Keywords: Dielectric relaxation, Binary mixtures, 2-chloroaniline and 2-ethoxyethanol, Dipole moment and Microwave 

absorption studies. 

 
1. INTRODUCTION 

2-Chloroaniline is solute having dielectric constant = 13.4 at 200C and dipole moment µ =1.78D at 200C 1.Its melting 

point is -1.940C and boiling point  208.80C 2. 2-chloroaniline is used as an intermediate in the production of a number 

of products, including agricultural chemicals, azo- dyes, pigments and pharmaceuticals. It is also used in petroleum 

solvents. The second constituent of the binary mixture is 2-ethoxyethanol (2-EE) is an important solvent having 

dielectric constant  = 29.6 at 240C and dipole moment µ =2.24D at 300C 1. Its melting point is -900C and boiling 

point is 1350C 3. 2-Ethoxyethanol is used in varnish removers, degreasing solutions, used in printing industries and an 

additive for jet fuel to prevent ice build-up. Dielectric relaxation studies of polar molecular in non-polar solvents using 

microwave absorption techniques have been studied by many researchers 4-11. From solvent point of view, it is 

possible to have binary mixtures of 2-CA and 2-EE having dielectric constant and dipole moment value in between 

that of 2-CA and 2-EE.  Hence, the dielectric relaxation process in the binary mixture of 2-CA and 2-EE has been 

studied to understand the molecular association in the whole concentration range of (2-CA) in the binary mixture. 

Dielectric relaxation of liquid mixtures in the microwave region has been investigated to Characterize different types 

of molecular interactions such as self-association, solute-solute and solute-solvent type of the molecular association 

among the polar molecules in the solution12-14. This is because of the capacity of microwaves to detect the weaker 

molecular interactions.  The dielectric measurements have been made for the binary mixtures of different mole 

fractions of 2-CA (0.0, 0. 23457, 0.47899, 0.73391, 1.0) at different temperatures 200, 300, 400 and 500 C.  The 

dielectric relaxation process has been found to be an activated process. From the experimental observations it is found 

that the dielectric relaxation process is a rate process like that of the viscous flow process. Solute-solute and solute-

solvent types of the molecular associations for 2-CA have been proposed. 

 

2. EXPERIMENTAL METHOD 

 
2.1 Materials 
2-Chloroaniline (GC Grade) was obtained from Merck-Schuchardt, Germany.2-Ethoxyethanol and 1,4-dioxane  (AR 

Grade) were purchased from M/S Sd. Fine chemical, Mumbai, India without further purification the two (2-CA+2-EE) 

liquids according to their proportions by volume were mixed well and kept 6 hours in well stoppered  bottles to ensure 

good thermal equilibrium. These liquids used as solute and solvent. 

 The X-band microwave bench was used to measure wavelength in the dielectric medium and voltage standing 

wave ratio (VSWR) using a short-circuiting plunger.  The set up was tuned at microwave frequency 10.985 GHz.  The 

experimental techniques of Heston et.al. used by Nemmaniwar et al 15 for microwave measurements. All the 

measurements were carried out at  temperatures 200, 300, 400 and 500C  by circulating ethylene glycol+water around 

the dielectric cell and temperature was thermostically controlled with + 0.50C. Using Nevitech pvt. Ltd. Mumbai 
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India.  The whole of the equipment was standardized with the help of standard materials like methanol and ethylene 

glycol+water (40:60). Microwave power measured by PM-437 (Attest) power meter, Chennai, India using source of 

Reflex klystron 2 K 25 (USSR). The densities and viscosities of the pure components and their binary mixtures were 

measured by using DMA 35 portable vibrating density meter. Anton paar Autria (Europe) was having accuracy of 

density 0.001 gm/cm3, repeatability 0.0005 gm/cm3 and resolution 0.0001 gm/cm3 16  and viscosity by LV DV II-pro 

Brook ield viscometer with an accuracy of +1% 17  (USA).Rectangular wave guide working TE10 mode, 10 dB, Vidyut 

Yantra Udyog, India. To hold the liquid sample in the liquid cell, thin mica window whose VSWR and attenuation 

were neglected is introduced between the cell and rest of microwave bench. 

 

3. RESULTS AND DISCUSSION 

The dielectric constant ( ), dielectric loss ( ),  relaxation time (τ) and dipole moment (µ) for the binary mixture of 2-

CA+2-EE in 1,4-dioxane solution at 200, 300, 400 and 500C for different mole fraction containing  0, 30,50,70 and 100 

mol% of 2-CA+2-EE in 1,4-dioxane solution. The microwave techniques have been used calculated by the method 

suggested by Heston et al 15 .Equations 1 and 2 have been used. 
2 2

'
c d

                  ………. (1) 

2

2
"

g

d d

d

dn
                 ………. (2) 

Where 
0 ,, c g

and d  are the free space wavelengths, the cut-off wavelength, the waveguide wavelength and the 

wavelength in the waveguide filled with solution in centimeter respectively. ρ is inverse of voltage standing wave ratio 

(VSWR) and /d dn  is the slope of ρ versus n, where n=1,2,3…… such that ( / 2)dn  represents the length of the 

dielectric filled waveguide.  The and  values were estimated to be reproducible within 0.5%  and 1%  

respectively. The relaxation times (τ) and the dipole moment (µ) have been calculated by using equation 3-6 by the 

single frequency concentration variational method of Gopala Krishna18. 
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Where N is the Avogadro number, M is the molecular weight of polar substance in gm/mol, W is the weight fraction 

and 0d  is the density of solution in gm/cm³. The values of   and  for the binary mixture 2-CA+2-EE in the 1,4-

dioxane solution have been calculated using the short-circuited waveguide method of  Heston et.al.15. This method is 

highly accurate for the measurement of  and  of polar mixtures in dilute solutions of non-polar solvent at very low 

concentrations. The accuracy in measurements  and  values was +1% and +2% respectively.  From observations 

Table 1-4, the variation of  and  with weight fraction of solute in 1,4-dioxane for all binary mixtures is found to be 

linear. This shows that there is no change in the nature of the rotating molecular entities in the 1, 4-dioxane solution. 

This ensures the applicability of the Debye theory19 and that of Gopala Krishna’s method in the studied concentration 

range of the binary mixtures in the 1,4-dioxane solutions. The relaxation times depend upon the size and shape of the 

rotating molecular entities in the solution. This method determines the average value of the relaxation time for the 

participating molecular entities in the solution. The linear variation of the relaxation time from its value corresponding 

to one constituent to the value corresponding to the other constituent with the mole-fraction variation in the whole 

concentration range may be taken as the absence of any solute-solute association in the mixtures.  On the other hand, 

non-linear variation of the relaxation time with the mole-fraction is interpreted as the possible solute-solute molecular 

association in the binary mixtures. So if the relaxation time of 2-CA+2-EE binary mixture increases linearly with the 

mole fraction of 2-CA (X2-CA), no molecular association can be inferred. However, if the relaxation time 2-CA+2-EE 

binary mixture increase non-linearly, a solute-solute type of molecular association between 2-CA and 2-EE may be 

inferred. The variation of τ versus X2-CA at different temperatures is shown in Fig-1.  
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Fig- 1: Relaxation time (τ) versus mole fraction of 2-CA in 2-CA+2-EE binary mixture in 1,4-dioxane solution at different 

temperatures. 

 

The relaxation time of 2-CA+2-EE binary mixture increase as the mole fraction of 2-CA in 2-CA+2-EE increase from 

X= 0 to X= 0.3. After this mole fraction, relaxation start decreases and finally drops to a pure 2-CA mole fraction of 2-

CA equal to 1.00 at all temperatures. The plots of  τ  versus X2-CA show a maximum relaxation time at  X2-

CA=0.23457.This solute-solute type of molecular association is maximum for 30 mol% of 2-CA in 2-CA+2-EE binary 

mixture. For this concentration, the relaxation time of the molecular entities becomes longer than that of the individual 

molecules. The molecular association between 2-CA and 2-EE is maximum at a 30:70 mol% ratio and then decrease at 

higher mol% of 2-CA in binary mixtures. In its whole concentration range, the relaxation time of 2-CA+2-EE binary 

mixture remains longer that of pure 2-CA. Therefore, the solute-solute type molecular association between 2-CA and 

2-EE is indicated in its entire concentration range. In view of above results, it is proposed that in the binary mixtures 

of 2-CA and 2-EE, 2-CA exists in the dimer structure resulting because of H-bonding and dimer structure of 2-CA 

interact with the 2-EE molecules so as to give the maximum values of relaxation time at 30 mol% 2-CA binary 

mixture. This type of molecular associations has been proposed in Fig 2 The value of dipole moment of 2-CA binary 

mixture with 100% mole fraction of 2-CA in the binary mixture depends on the temperature. Table 1-4. This indicates 

the presences of solute-solvent molecular association of pure 2-CA in 1, 4-dioxane solution. The value of dipole 

moment of 2-EE binary mixture with 0.00 mole fraction of 2-CA in binary mixture Table 1-4 is found to  be slightly  

change with temperature. This could be explained on the basis of the solvent effects 20. The change in dipole moment 

with temperature may be due to the stretching of bond moment and to the change in bond angle. The dipole moment 

value of 2-CA slightly non-linearly increases with the rise in temperature in 1, 4-dioxane solution. 

This predicts the solute-solvent type of molecular association for 2-CA in the 1,4-dioxane solution. Solute-

solute association can be interpreted because of the molecule association arising due to hydrogen bonding between 2-

ethoxyethanol and 2-chloroaniline. In this hydrogen bonding δ+ on hydrogen of hydroxyl group of 2-ethoxyethanol 

that form hydrogen bonding with nitrogen of 2-chloroaniline as shown in Fig 2. It may be explain on the basis that the 

dielectric relaxation process involves the rotation of molecular entities whereas in the viscous flow process.  

 

Cl

2NH
..

2 2 2 5H O CH CH O C H

 
Fig-2: Solute-solute molecular association between 2-CA and 2-EE 

 

Solute- solvent association can be interpreted because of the molecule association arising due fractional positive 

charge on hydrogen of 2-ethoxyethanol and lone pair electron present on oxygen of 1,4-dioxane is shown in Fig.3.  
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Fig-3: Solute-solvent molecular association of 2-EE in 1,4-dioxane solution 

 

 

 

Table-1: Dielectric constant ( ), dielectric loss ( ), relaxation time (τ) and dipole moment (µ) of different mole fraction of 2-CA 

in (2-CA+2-EE) binary mixture in 1, 4-dioxane at 200C temperature. 

Mole Fraction 
Weight Fraction 

(W) 

 

( 0.5%)  

 

( 1%)  

τ 

( P.Sec) 

µ(D) 

Debye 

0 

0.052875 

0.100439 

0.143455 

0.1872544 

2.14540 

2.3758 

2.5049 

2.5056 

0.0980 

0.1281 

0.1507 

0.1580 

1.54 1.42 

0.23457 

0.057037 

0.107919 

0.153591 

0.194814 

2.0480 

2.2408 

2.3385 

2.3591 

0.0961 

0.1316 

0.1553 

0.1659 

2.32 1.38 

0.47899 

0.060955 

0.114906 

0.162994 

0.206127 

1.8811 

2.1846 

2.2214 

2.2982 

0.0726 

0.1198 

0.1363 

0.1548 

2.04 1.63 

0.73391 

0.064481 

0.121150 

0.171346 

0.216117 

1.9892 

2.2982 

2.3591 

2.4896 

0.08642 

0.1292 

0.1556 

0.1799 

1.79 1.70 

1 

0.067923 

0.127205 

0.179398 

0.225700 

1.8811 

2.1846 

2.2214 

2.2982 

0.0726 

0.1198 

0.1363 

0.1548 

2.04 1.58 

Table-2: Dielectric constant ( ), dielectric loss ( ), relaxation time (τ) and dipole moment (µ) of different mole fraction of 2-CA 

in (2-CA+2-EE) binary mixture in 1, 4-dioxane at 300C temperature. 

Mole Fraction 
Weight Fraction 

(W) 

 

( 0.5%)  

 

( 1%)  
τ 

( P.Sec) 

µ(D) 

Debye 

0 

0.052875 

0.100439 

0.143455 

0.1872544 

2.0974 

2.3352 

2.4704 

2.4864 

0.01054 

0.1342 

0.1556 

0.1610 

1.75 1.54 

0.23457 

0.057037 

0.107919 

0.153591 

0.194814 

2.0691 

2.3500 

2.3891 

2.5597 

0.0893 

0.1278 

0.1503 

0.1627 

2.51 1.75 

0.47899 

0.060955 

0.114906 

0.162994 

0.206127 

2.1454 

2.3758 

2.5049 

2.5056 

0.0980 

0.1281 

0.1507 

0.1580 

2.27 1.49 

0.73391 

0.064481 

0.121150 

0.171346 

0.216117 

2.3385 

2.6168 

2.7692 

2.8878 

0.1270 

0.1679 

0.2016 

0.2235 

2.06 1.70 

1 

0.067923 

0.127205 

0.179398 

0.225700 

2.008 

2.1846 

2.2982 

2.3591 

0.0886 

0.1200 

0.1482 

0.1632 

2.21 1.48 



Kadam et al, 2013 

 

85  

 

 

 

4. CONCLUSIONS 
The dielectric relaxation parameter for 2-CA and 2-EE in 1, 4-dioxane was determined using standard microwave 

standing wave techniques and single frequency concentration variation method of Gopala Krishna. The non-linear 

variation of the relaxation time with the change in mole-fraction of 2-CA in the binary mixture predicted the presence 

of solute-solute and solute-solvent molecular association the relaxation time attained a maximum value at 30 mol% of 

2-CA in the binary mixture. The value of the dipole moment of 2-CA+2-EE was to be found slightly non-linearly 

increased with the rise in temperature. 

 

 

 

Table-3: Dielectric constant ( ),dielectric loss ( ), relaxation time (τ) and dipole moment (µ) of different mole fraction of 2-CA 

in (2-CA+2-EE) binary mixture in 1, 4-dioxane at 400C temperature. 

Mole Fraction 
Weight Fraction 

(W) 

 

( 0.5%)  

 

( 1%)  

τ 

( P.Sec) 

µ(D) 

Debye 

0 

0.052875 

0.100439 

0.143455 

0.1872544 

2.2105 

2.4647 

2.5240 

2.6049 

0.0944 

0.1260 

0.1415 

0.1572 

1.47 1.53 

0.23457 

0.057037 

0.107919 

0.153591 

0.194814 

2.0280 

2.2400 

2.3182 

2.3591 

0.0893 

0.1278 

0.1503 

0.1627 

2.31 1.50 

0.47899 

0.060955 

0.114906 

0.162994 

0.206127 

1.1989 

2.2214 

2.2982 

2.3591 

0.0855 

0.1160 

0.1485 

0.1613 

2.09 1.59 

0.73391 

0.064481 

0.121150 

0.171346 

0.216117 

2.0480 

2.4228 

2.4440 

2.5839 

0.0767 

0.1270 

0.1492 

0.1768 

1.85 1.82 

1 

0.067923 

0.127205 

0.179398 

0.225700 

1.9890 

2.2214 

2.2982 

2.3591 

0.0855 

0.1160 

0.1485 

0.1613 

2.09 1.53 

Table-4: Dielectric constant ( ), dielectric loss ( ), relaxation time (τ) and dipole moment (µ) of different mole fraction of 2-CA 

in (2-CA+2-EE) binary mixture in 1, 4-dioxane at 500C temperature. 

Mole Fraction 
Weight Fraction 

(W) 

 

( 0.5%)  

 

( 1%)  

τ 

( P.Sec) 

µ(D) 

Debye 

0 

0.052875 

0.100439 

0.143455 

0.1872544 

2.0691 

2.3500 

2.3891 

2.5597 

0.0956 

0.1406 

0.1547 

0.1844 

1.67 1.77 

0.23457 

0.057037 

0.107919 

0.153591 

0.194814 

2.0807 

2.1756 

2.4228 

2.4896 

0.0951 

0.1429 

0.1882 

0.1935 

2.48 1.66 

0.47899 

0.060955 

0.114906 

0.162994 

0.206127 

2.0480 

2.2401 

2.3385 

2.3591 

0.0961 

0.1316 

0.1553 

0.1659 

2.32 1.47 

0.73391 

0.064481 

0.121150 

0.171346 

0.216117 

2.4070 

2.4655 

2.5759 

2.7921 

0.0999 

0.1184 

0.1348 

0.1688 

2.21 1.35 

1 

0.067923 

0.127205 

0.179398 

0.225700 

2.1136 

2.4670 

2.6334 

2.6845 

0.0685 

0.1226 

0.1582 

0.1774 

2.30 1.83 
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ABSTRACT 
This study examines heavy metals pollution of ground water in the residential sector of Makurdi urban area and Yaikyô settlement 

– a peri-urban area of Makurdi metropolis. Water samples from fifteen (15) wells in Makurdi urban area and fifteen (15) wells in 

Yaikyô settlement were analysed for chromium (Cr), Cadmium (cd), Iron (Fe), and Copper (Cu). Atomic Absorption 

Spectrometer (AAS) method was used for water sample analysis. This was done in the peak of rainy season, in the month of 

September, 2012. The results of the analysis show that 100% of wells in Makurdi urban area had chromium levels above WHO 

guide limit for drinking water, while Yaikyô, a sub-urban area of Makurdi, had only 35.5% of wells with chromium levels above 

WHO standards. Ten out of fifteen wells representing 67% displayed cadmium levels above WHO limits in Makurdi urban area, 

while eleven out of fifteen wells (85%) displayed cadmium levels above WHO limits in Yaikyô. Twelve out of fifteen wells 

representing 80% displayed iron levels above WHO guide limits in Makurdi, while thirteen out of fifteen wells representing 90%, 

showed iron levels above WHO guide limit in Yaikyô. All wells representing 100% displayed copper levels below WHO guide 

limit in both areas. High concentrations of heavy metals in drinking water are undesirable, toxic, hazardous, and affects portability 

of water. Source of metals in these wells is attributed to soil mineralogy, use of agro- chemicals on farms and other land use 

activities. All land use activities capable of polluting water should be properly controlled. Water from these wells may be used for 

other domestic purposes other than drinking. Boiling of water from these wells should be encouraged to reduce the risk of 

contracting illness. 

 

Keywords: Heavy metals, Pollution, Ground Water, Urban, and Sub-urban 

 
1. INTRODUCTION 

Groundwater is generally a very good source of drinking water because of the purification properties of the soils. It is 

also used for irrigation and where surface water is scarce, for industrial purposes. In many arid and semi-arid zones, it 

is the main source water. Although it is more protected than surface waters, ground water appears to be subjected to 

pollution as well (Fried, 1975). 

The failure to provide safe drinking water and adequate sanitation services to all is perhaps the greatest failure 

of the 20th century. If no action is taken to address unmet basic needs for water, as many as 135 million people will die 

from these diseases by 2020 (Gleick, 2002). Water related diseases are a human tragedy, killing millions of people 

each year, preventing millions of people from living healthy lives, and undermining development efforts (Nash, 1993). 

About 2.3 billion people in the world suffer from diseases that are linked to water (Kristof, 1977) (UN, 1977). 

In Nigeria, urban dwellers face serious threats to the quality of life and safety with urbanisation resulting into 

high degree of population densities, and concentration of socio-economic activities, it has become increasingly 

difficult to meet all the water requirements both in quantity and quality. 

In Makurdi town, the public water supply comes from water works located by the bank of River Benue. The 

present water scheme cannot serve the water needs of the town because of population growth and urban development. 

The recent flood along the Benue valley left the water works completely submerged in River Benue for several 

months. 

Inhabitants of Makurdi town therefore resort to unsafe alternative sources of water supply from shallow hand-

dug wells, which are highly polluted from physical, chemical, and bacteriological sources (Mile, et al., 2012). Concern 

over quality of water harnessed especially from the hand-dug wells have received wide attention among researchers 

(Ovrawah and Hymore, 2001; Nnodu and Ilo, 2002; Ogunbadewa, 2002; Omofonmwam and Esiegbe, 2009). 

Consistent in their findings is that water from hand-dug wells is polluted through physical process, geochemistry of 

the environment, and anthropogenic activities. Consequently, consumers of these waters are prone to health risks. 

High concentration of iron in water can lead to liver diseases (Morris, 1952; Lee and Stum, 1960; Hem, 1970). 

Mile, et al., 2012). Shirake (1974) reported that mercury pollution causes a ground lowering of mental and 

neurological faculties of human being. Copper, according to Danielli and Davis (1951) has been found to cause 

alteration in cell membrane properties leakage of potassium (kt) and other irons and solutes. According to GRA 

(2012), Cr (VI) is considered a suspected carcinogen, while cadmium excess in drinking water over time could result 

to kidney damage. Heavy metals pollution of Miramichi River has led to disease epidemic of fish (Rippy and Hare, 

1969). 
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According to Al Jassir et al., (2005), heavy metals are non-biodegradable and non-persistent environmental pollution, 

which enter surface or ground water and are observed into plants tissues, thus affecting the consumers of such water 

plant. 

 

1.1 The Study Area 
The study area is Makurdi town, the capital of Benue State in North Central Nigeria. Makurdi lies between Latitude 70 

44N and Longitude 80 54N. It is located within the flood plain of lower River Benue valley. The physiographic 

characteristics span between 73 – 167 m above sea level. Due to the general low relief sizeable portions of Makurdi is 

water logged and flooded during heavy rainstorms. This is reflected in the general rise in the level of groundwater in 

wells during wet season. The drainage system is dominated by River Benue, which traverses the town into Makurdi 

North and South banks. 

Temperatures are generally high throughout the year due to constancy of insulation with the maximum of 

320C. And mean minimum of 260C. The hottest months are March and April. The rainfall here is convective, and 

occurs mostly between the months of April and October and is derived from the moist and unstable southwest trade 

wind from St. Helena subtropical Anticyclones (STA). Mean annual rain total is 1990 mm and ranges from 775 – 

1792 m. Rainfall distribution are controlled by the annual movement and prevalence of Inter-Tropical Discontinuity 

(ITD). The mean monthly relative humidity varies from 43% in January to 91% in July – August period (Tyubee, 

2009). 

The geology is of cretaceous sediments of fluvio-deltaic origin with well-bedded sandstones of hydro-

geological significance in terms of groundwater yield and exploitation (Kogbe et al., 1978). Makurdi town which 

started as a small river port in 1920 has grown to a population of 297,393 people (NPC, 2006). 

Yaikyô a sub-urban area of Makurdi town is located five (5) kilometres away from Makurdi; and bears same 

climatic characteristics (Tyubee, 2009). 

Agriculture is the predominant land use and Yaikyô is a mechanic village for Makurdi urban area. Thus, 

crankcase oily wastes and oil spills constitute a major environmental treat to groundwater. 

 

1.2 Sample Collection and Preservation 
Following a reconnaissance survey, Makurdi town was divided according to the existing political wards: North Bank, 

Wadata, Wailomayo, and Ankpa Wards. 

Water samples from fifteen (15) wells were taken and analysed for chromium, cadmium, iron, and copper. 

Yaikyô was divided into three (3) political wards in which five (5) wells each were sampled for the study, making a 

total of fifteen (15) wells. 

Sampling and sample preservation were done according to prescribed procedures. Samples were taken in 1 

litre polythene kegs and acidified to pH<2 with analar grade concentrated nitric acid. Samples were kept in an ice box 

prior to transportation to the laboratory where they were further preserved before analysis (Standard Methods, 1986). 

Samples obtained in sampling regime conducted in September 2012, in the peak of rainy season, were used for the 

study. 

 

1.3 Analysis of Samples 
Heavy metals parameters of the water samples were determined using Alpha 4 Atomic Adsorption Spectrometer 

(AAS) after using pre-concentration, using their various stored programme numbers and compared to the WHO 2006 

standards for drinking water. 
 

Table-1: WHO Standards for Drinking Water (Mg/1), 2006 
Chromium Cadmium Iron Copper 

0.5mg/L 0.01mg/L 1.0mg/L 2.0mg/L 

 

2. RESULTS AND DISCUSSION 
The results of heavy metals in well water samples of Makurdi urban areas and Yaikyô, a sub-urban area of Makurdi, 

are presented in tables 2 and 3 below. These values indicate the prevailing quality status of well water in the study 

areas. 

From Table 2, 100% of wells have chromium concentration levels above WHO prescribed limit of 0.5mg/L 

for drinking water. In Table 3, only 5 wells out of 15 representing 35.5% have chromium concentration levels above 

WHO limit with an average value of 0.98mg/l in Makurdi and 0.43mg/l in Yaikyo. 

This shows higher chromium concentrations in Makurdi urban area than in Yaikyô, a sub-urban area of 

Makurdi. Chromium concentrations in these wells may be explained in the context of hydro geochemistry of these 

environments, well characteristics, agricultural, and other land use activities. Beside, depths of these wells are 

important because contaminants can easily get into these wells. Average well depth in Makurdi urban area is 3.38m, 

while Yaikyô has average well depth of 6.25m. 
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Table 2, show that 10 out of 15 wells representing 67% have cadmium concentrations above WHO maximum 

allowable limits, while Table 3 shows 85% of wells (11 out of 15 wells) with cadmium levels above WHO limits. The 

sources of cadmium in these wells may be attributed to runoff from wastes, batteries, and paints. The mechanic 

village, which serves Makurdi urban area, is located in Yaikyô settlement. The mean concentration of chromium is 

0.98mg/l, while Yaikyo settlement has 0.43mg/l. 

 
Table-2: Heavy Metals Content of Groundwater in Makurdi Urban Area 

Well 

Code 

Well 

Depth (m) 

Depth of Water 

Level (m) 

Chromium 

(mg/L) 
Cadmium Iron (mg/L) 

Copper 

(mg/L) 

W1 2.30 1.00 1.45 0.20 0.8 1.6 

W2 2.70 1.45 1.20 0.04 1.3 1.3 

W3 2.70 1.45 1.40 0.02 1.5 1.8 

W4 1.30 1.00 1.31 0.00 1.8 1.5 

W5 5.20 1.65 0.91 0.03 1.2 1.2 

W6 4.33 4.33 0.76 0.00 2.0 1.4 

W7 5.80 3.43 0.68 0.08 1.6 1.6 

W8 3.77 2.37 1.40 0.05 1.3 1.7 

W9 1.87 1.87 0.49 0.00 0.5 1.2 

W10 2.93 1.30 1.31 0.00 1.9 1.3 

W11 3.70 3.50 0.53 0.06 1.1 1.1 

W12 9.15 7.55 0.66 0.03 2.6 1.9 

W13 2.90 2.00 0.83 0.00 2.7 1.2 

W14 1.00 1.00 0.81 0.10 0.7 1.3 

W15 1.00 1.00 0.93 0.13 1.8 1.4 

Mean 3.38 2.33 0.98 0.05 1.52 1.43 

 

Table-3: Heavy Metals Content of Groundwater in Yaikyô 

Well 

Code 

Well 

Depth (m) 

Depth of Water 

Level (m) 

Chromium 

(mg/L) 
Cadmium Iron (mg/L) 

Copper 

(mg/L) 

W1 1.80 0.95 0.45 0.00 1.03 0.65 

W2 2.06 1.15 0.66 0.13 1.05 1.30 

W3 2.93 1.03 0.35 0.06 0.11 0.05 

W4 3.35 2.00 0.76 0.08 0.68 0.00 

W5 6.53 2.66 0.35 0.02 1.34 0.35 

W6 3.26 1.78 0.76 0.01 1.55 1.00 

W7 2.33 1.30 0.25 0.11 1.26 1.15 

W8 1.86 1.00 0.43 0.05 1.58 1.00 

W9 10.30 3.44 0.33 0.00 1.34 1.32 

W10 7.39 2.34 0.28 0.00 1.66 0.00 

W11 6.93 2.10 0.39 0.00 1.53 0.00 

W12 33.75 1.33 0.19 0.01 1.35 1.55 

W13 2.39 1.00 0.16 0.03 1.60 1.30 

W14 3.48 1.35 0.63 0.06 1.34 1.03 

W15 5.46 2.68 0.51 0.08 1.25 1.50 

Mean 6.25 1.7 0.43 0.04 1.24 0.81 

 

In Table 2, 12 out of 15 wells representing 80% shows iron levels above WHO limits in Makurdi urban areas, with a 

mean value of 1.52,  while 13 wells out of 15 representing 90% shows iron levels above WHO limits in Yaikyô sub-

urban area with a mean of 1.24 (Table 3). 

The presence of iron may be attributed to the mineralogy of sand formation, low pH, or indiscriminate use of 

agricultural chemicals. Its presence is also a reflection of the general characteristics of groundwater in significant parts 

of all states in Nigeria (Ezeigbo, 1989). 

High iron concentration in drinking water are undesirable, and hazardous, and affects portability of water. 

Copper values in all wells in both locations were below WHO allowable limits for drinking water. 

 

3. CONCLUSION 

This study has aptly presented the current heavy metals quality characteristics of well water within Makurdi town and 

Yaikyô sub-urban area. From the results, all parameters measured displayed higher concentrations above WHO 

standards for water quality in most of the wells sampled except copper, thus, consumers of these waters are prone to 

health risk. Waters from these wells must be boiled or treated through reverse osmosis before use. 
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