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ABSTRACT 
Despite their incontestable services in agriculture, the use of pesticides is not without consequences on the environment. So, in an 

attempt to access the impacts of pesticides usage in agriculture in Benin, research of some residual organochloride pesticides have 

been conducted both in rainy and dry seasons in two cotton growing areas: the northern and central part of Benin. The analytical 

technique used is GC-ECD. During the dry season we notice that the DDT and its metabolites (DDE and DDD) represent 36% of 

all organochlorine pesticides (POCs) against 64 % of cyclodiens. Endosulfan comes first representing 57% of all organochlorine 

pesticides (POCs), then follows DDT with 17 %. During the rainy season these two types of organochlorine pesticides (POCs) 

represent 73% for cyclodiens and 23% for DDT and its by-products. Endosulfan comes first by representing 47% of all 

organochlorine pesticides (POCs) followed by DDT representing 12%. In the sediments and regardless of the season, the 

cyclodiens come first by representing 70% of all organochlorine pesticides (POCs) and then follows the DDT and its by-products 

which represent 30%. Since in the water column, the sediments are more contaminated in rainy season than in dry season (25273 

ppb of all organochlorine pesticide (POCs) in rainy season against 2.256 ppb in dry season), it is derived from this study that 

northern areas are more contaminated than the central areas. Also a strong correlation has been established between the content of 

different moleculars of organochlorine pesticide (POCs). This means that the famers still use prohibited pesticides in the two areas 

despite existing laws like “Stockholm convention” which strictly ban the usage of those moleculars. 
 

Keywords: Organochlorine, residual pesticides, water, cotton area, Benin 

 

1. INTRODUCTION 
According to Oerke and Dehne (1997), 42% of the world potential agricultural production is lost because of the plants 

enemies when pesticides are not used. For example, the European corn borer (Ostrinia nubilalis), an insect of the kind 

of Lepidoptera, with a family of Pyralidae, now placed in the cramidés, provokes each year a yield loss of one billion 

dollars American farmers. Weeds cause to Australia annual losses estimated to 3,000 million USD (Silvy, 1995). In 

Benin, the cotton season 2006-2007 has experienced a downward trend of 50% over the previous year due to the 

unavailability of endosulfan. This was repeated during the past 2009-2010 cotton campaign. This decreasing data is 

always accompanied by economic consequences (Colin, 2000). 

Despite these great services they have rendered to agriculture, pesticide usage is not safe for the environment. 

In agriculture, most treatments are applied to the aerial parts of plants (BALDI et al., 1999). However a good 

proportion of the crop protection product goes directly to the ground and air where they are washed out by 

precipitation. Water bodies are the main focus of pollutants into the environment. In water, they cause direct and 

indirect adverse effects on aquatic fauna and even on lands that cannot live without water. According to the World 

Bank‟s report (2004), the export incomes of African countries in southern Sahara are dependent on cotton for about 

70%. However, cotton cultivation is high synthetic pesticides consuming (Guidou, 1998). Thus, the contamination of 

natural systems is of great preoccupation in areas of cotton production in southern Sahara African countries including 

Benin where agriculture involves more than 80% of the workforce (INSAE, 2002). 

In Benin, 70% of agricultural inputs are used in central and northern where the majority of farmers are cotton 

producers (World Bank Report, 2004). In these areas the persistence of pests created a sort of sociological resistance 

among the population that leads them no to believe the effectiveness of treatment advised by agricultural technicians. 

So being tired of resistant parasites, but driven by the need to get rid of pests, farmers use banned substances, 

dangerous and highly persistent which they purchase from the informal markets existing in neighboring countries. The 

careless observed at borders with neighboring countries and the non-implementation of laws in this field also explain 

this behavior in Benin (SOCLO, 2008). But the scarcity of adequate Water Supply Facilities (PEA) nearby obliges 

farmers to use without treatment surface water already contaminated by pesticides, especially in dry seasons. 

mailto:gbmag3@yahoo.fr
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Considering the harmful effects of pesticides on human health, on the environment and regarding the need of 

sustainable development, it is important to develop an approach of ecosystem corrective actions that is to say a 

comprehensive approach that combines environmental considerations and economic development. This must be based 

on a diagnosis of the current situation which requires the evaluation of contamination levels of the different 

environmental compartments. That is what motivates this study. 
 

2. MATERIAL AND METHOD 

2.1 - Study Area 

2.1.1 - Location 

  
Fig-1: Location of the study areas 

 

The two study areas are located respectively in the central and north-eastern parts of Benin and are colored in grey on 

the map (Figure 1). In the central part, this study focused on the district of Savalou in the department of Collines. This 

is between 1° 7' 46'' and 3° 34' 56''east longitude and 6 ° 18' 40'' and 12 ° 23' 29'' north latitude. 

In the northern part, the study focused on the Complex Biosphere Reserve W of Niger and Pendjari. This is 

between 10 ° 30 ' and 12 ° 30' north latitude and between 0 ° 50 ' and 3 ° 17' east longitude. 
 

2.2 The drainage 
The study area located in central Benin is watered by several rivers. The main ones are Agbado river (at the east) 

which is the subject of this study. In the west of the central Benin, there are Azokan river and Zou river. 

The drainage pattern in the northern consists of the stream Pendjari and its tributaries (Magou, Yatama, 

Tandjali, Podiéga, Bonkada, Pourou, Pako), river Niger and its tributaries (Mekrou Alibori, Sota) and associated 

ponds. These ponds are for elephants, hippos, lions, crocodiles… and serve as major sources of water for wildlife, 

domestic and / or wild in the Complex Biosphere Reserve W of Niger and Pendjari. In dry seasons very few of these 

are perennial sources of water (Agbossou, 2001). 
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2.3 Geological 
In general, these areas are part of the overall crystalline basement of Benin. We observe a low fertility potential due to 

the phenomena of leaching and soil erosion. Characteristics of the relief requested strong actions to reach the water 

table (Djaglo, 2003). 
 

Specifically, there are several types of soil namely: 

 tropical ferruginous soils impoverished, heavily armored calcite with a surface; 

 tropical ferruginous soils with low calcite; 

 tropical ferruginous soils, sandy clay or silty clay. These soils are black, thick and are very fertile. They are 

found around ponds, streams and depressions (Issa, 2004). 
 

2.4 Cultural activities 
It occupies almost the entire population. The crops are: cotton, maize, fonio, millet, sorghum, yams, rice and other 

vegetable crops like okra, peppers, etc. The agricultural production techniques used are culture of mounds, ridge, flat, 

the practice of crop rotation and rotation with fallow. Anxious to increase yields and decrease the need for post-

harvest losses, farmers massively and predominantly use synthetic pesticides. This risky behavior generates health and 

environmental nuisances, respectively for rural and natural ecosystems (Lafia, 1996). 
 

2.5 Fishing 
Fishing is still traditional in the areas of interest. It uses basic techniques such as hooks, small nets, traps and 

sometimes toxic plant extracts or synthetic pesticides such as organo chlorine pesticides (POCs) without taking into 

account that there are other users of the rivers (Elizabeth, 2005). Fishing is practiced by natives and foreigners from 

Burkina Faso, Togo and Mali. 
 

3. METHOD OF STUDY 

3.1 Identification of sites and sampling campaigns 
Tables 1a and 1b show the sites explored in this study. The criterion for sampling sites selection is based on the fact 

that the site is either a point of water supply for people or livestock or it is a point of old or recent use of pesticides for 

the purpose of fisheries, agricultural and / or gardening. In all, twenty fife sites were selected and the two tables 

bellow display their name and coordinates. 
 

Table-1: Names and Geographical coordinates of sampling sites 

N° Name of the site Geographical coordinates 

01 Mèdétèkpo 
N 08°4,584‟ 

E 02°0,1915 

02 Dam of SONEB 
N07°57,813‟ 

E 002°0,552‟ 

03 Water treatment station of SONEB 
N07°55,471 

E 002°0,0137‟ 

04 Under the big bridge of Gobada 
N07°45,77‟ 

E 001°59,739‟ 

05 A1 ( in the river Alibori 200m to the embouchure on the river Niger) 
N11º56.015‟ 

E3º17.451‟ 

06 A2 (on the river Niger 200m before the embouchure of the river Alibori) 
N11º56.015‟ 

E3º17.451‟ 

07 A3 (On the river Niger 200m after the embouchure of the river Alibori) 
N11º56.041‟ 

E3º17.569‟ 

08 PK (Under the bridge Karigui on the river Alibori) 
N12°17.335‟ 

E002°56.142‟ 

09 M1 (In the river Mékrou 200m away from the mouth on Niger river) 
N12°24.418´ 

E002° 49. 563´ 

10 M2 (On Niger river at 200m upstream the mouth of Mékrou stream) 
N12° 4.446´ 

E002°49.548´ 

11 M3 (On Niger river 200m after the mouth of Mékrou stream) 
N12° 24. 44´ 

E002° 49. 628´ 

12 Alfa-Koara (W4M) 
N 11°26.922‟ 

E 003°04.068‟ 
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3.2 Water samples Collection 
Water samples were collected in amber bottles previously cleaned, dried in an oven at 105 ° C and then tested 

negative with respect to pesticide residues sought by sampling and analysis of methanol used to condition the sample 

bottles below described. 
On the field, water samples are collected at 25cm below the water surface using weighted bottles. The water thus 

collected is transferred into another amber bottle (2L) containing 25 mL of methanol. This limits the adsorption of 

pesticides to the walls of the bottle which is previously labeled. 
 

Table-1b: Names and Geographical coordinates of sampling sites 

N° Name of the site Geographical coordinates 

13 Hunting camp of Djona (W5R) 
N 11°39.807‟ 

E 002°54.946‟ 

14 River Kérémou (W6R) 
N 11°20.998‟ 

E 002°19.323‟ 

15 Hunting camp of Mékrou (W7R) 
N 11°23.993‟ 

E 002°11.703‟ 

16 Mare of Goumori (W8M) 
N 11°10.814‟ 

E 002°17.707‟ 

17 Source of elephants (PEN1R) 
N 10°53.459‟ 

E 001°30.217‟ 

18 River Tantagou (PEN2R) 
N 10°58.901‟ 

E 001°34.176‟ 

19 Mare Bori (PEN3M) 
N 10°54.556‟ 

E 001°30.016‟ 

20 River Tanougou (PEN4R) 
N 10°48.503‟ 

E 001°26.045‟ 

21 Bridge Magou (PEN5R) 
N 11°01.774‟ 

E 001°07 

22 Porga bridge (PEN6R) 
N 10°59.664‟ 

E 000°58.588‟ 

23 Mare of Tiélé (PEN7M) 
N 10°43.609‟ 

E 001°12.483‟ 

24 Bourinissou (PEN8R) 
N 10°39.980‟ 

E 001°16.502‟ 

25 Mare of Tiabiga (PEN9M) 
N 11°41 

E 001°71 
 

3.3 Collection of sediment samples 
Samples of surface sediment (0-5cm) were collected with a grab Schipeck. They are packaged in aluminum foil 

previously cleaned with pentane and 95% ethanol using a washed bottle. 
 

3.4 Storage of samples at the site and laboratory 
Water samples and sediment collected are packed in aluminum foil to protect them against photodegradation. They are 

placed in coolers where they are kept cool at 4 ° C using ice packs. In the laboratory, water samples are transferred to 

the refrigerator at 4 ° C while the sediments are frozen in a freezer at -10 ° C until the lyophilization step. 
 

3.5 Pretreatment of samples 

 

3.5.1 Lyophilization 
The sediment samples are lyophilized before analysis. A device freeze CIRP RP2V (Serail, Paris) was used for this 

purpose. Dry sediments were crushed in porcelain mortar and were sieved at diameter of 2 mm to remove plant debris 

and pieces of shell in an attempt to get a homogeneous sample. The samples were then transferred to amber bottles 

tightly closed to protect them from moisture and photodegradation. 
 

3.5.2 The extractions 
The liquid-liquid extraction was used for all water samples. As for solid matrices, they were extracted by Soxhlet. 
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3.5.2.1 Protocol of liquid / liquid extraction with an organic solvent 
300 mL of water sample were extracted three times successively with 10 mL of pentane using a separating funnel of 

1L. After each extraction the liquid is allowed to settle and the organic phase is then extracted in a clean ball. Once the 

three organic extracts obtained, the ball is placed in a rotary evaporator Heidolph type for the concentration at 1 ml. 
 

3.5.2.2 Extraction by Soxhlet 
This is a solid-liquid extraction which enriches slowly the solvent of the ball in molecules to be analyzed while 

refueling the sample to be extracted with freshly distilled solvent. The Soxhlet extractor containing one paper cartridge 

“wattman” filled with 30 mg freeze-dried sediment is mounted on a ball neck of 250 mL filled at 2/3 of pentane. By 

heating, the solvent is evaporated to a refrigerant through the extractor. Once condensed, the solvent falls back in the 

extractor where it accumulates in contact with the sample to be extracted. After a while, the level of solvent in the 

extractor reaches the top of "U" inverted siphon. It is then withdrawn from the extractor to the ball and is recycled. 

After 8 hours of extraction, the content of the ball taken and is then concentrated in a same rotary evaporator at 1 ml. 
 

3.6 Step of Purification  
The different treatments previously performed during the extraction can eliminate a significant number of organic 

compounds capable to interfere with pesticides, but the capillary column used in gas chromatography, whatever its 

efficiencies, does not separate all the targeted compounds, thus does not allow to obtain pure individual 

chromatographic peaks. For this, the open column chromatography on florisil coupled with a step of the extract 

desulphurization was carried out by introducing at the end of the column an activated copper layer to refine the 

preparatory steps of pesticides analysis. In fact, the sedimentary and/or biological matrixes often contain a significant 

amount of elementary sulfur which interferes in the chromatographic analysis, particularly in the case of the one 

coupled with EDC (Tapie, 2006). The florisil column chromatography helps to separate organochlorine compounds in 

three fractions (Soclo, 2008). 

Fraction I, obtained after elution with 17.5 ml of hexane contain HCH, heptachlor, the op-DDE, the pp'DDE, 

and the PAHs; 

Fraction II, resulting from the elution with 12.5 ml of hexane and dichloromethane (3: 2 by volume) may 

contain molecules pesticide such as alpha-HCH, lindane, the opDDD the pp'DDD the op'DDT the pp'DDT and the 

toxaphene; 

Finally, the fraction III obtained after elution with 10 ml of dichloromethane, d contain alpha-endosulfan, 

dieldrin, endrin, beta-endosulfan and endosulfan sulfate. 

The fractions were purified and re-concentrated using nitrogen and taken back in isooctane. 200μl of each 

extract was taken in a pillulier and conserved for analysis with the use of gas chromatography. 
 

3.7 Analytical equipment 
Analyses were performed using a gas chromatograph Hewlett Packard type 5890 Series II equipped with: 

 two injectors: an on-column injector and a split / splitless injector; 

 two detectors, one for flame ionization (FID) and the other for electron capture (EDC). This last detector is 

used for the determination of organochlorine pesticides because of its selectivity for chlorinated compounds. It 

is very sensitive, but has a range of linearity response which is not very high, that is 10
2
 to 10

-9
 (Tranchant, 

1995). The method of peak identification is to compare the relative retention times with those standards. 

The chromatogrph downstream is coupled to an integrator-type calculator Hewlett Packard 3396A to integrate 

chromatographic peaks and to determine the concentrations of individual pesticides sought. 

For this study the on-column injector was selected and EAD as a detector. The choice of this injector is based on the 

fact that it does not leak and that all the amount of sample injected passes onto the column. The one chosen is a silica 

capillary column, type SUPELCO, INC, which is 30 meters long and 0.53 mm in diameter and which grafted phase is 

a thin film of 608 SBP of 0.5 m. This type of column is recommended because of its chemical inertia vis-à-vis of 

compounds containing chlorine. It is also recommended because of its stability and its tolerance vis-à-vis of 

temperatures above 300 °C. Each time, 1μl of sample analyzed was injected. 

The vector gas used was the nitrous with analytical quality and purity of 9.999999 or 9.6. 

The conditioning of the column is an essential preliminary step to any analysis: it eliminates the possible 

contamination of the column. To that end, the detector is heated up to 300 ° C, the oven and the injector up to 200 ° C 

for 48 hours without interruption. The column is ready for analysis when the detector signal is less than 50 (value read 

on the display screen of the chromatograph). The displayed value of the signal allows doing the following 

classification: 

15 <signal (ECD) <50: desirable. 

50 <signal (ECD) <100: acceptable. 

signal (ECD)> 100: inadmissible. 
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In the framework of this work, the signal value is often between 18 and19 which indicates a good conditioning of the 

column and a negligible level of contamination. 

To avoid destruction of the column, it is advisable to let flow permanently the carrier gas when one of the 

compartments of the chromatograph is being heated. 

For analysis, two internal standards were used for all the organochlorine pesticides studied: the PCB 198 for 

heptachlor, aldrin, 2.4 '-DDE and 4.4'-DDE and DDT perdeuterated (4.4 '-DDT-d8) for the other research pesticides. 
 

4. QUALITY ASSURANCE QUALITY CONTROL (QA / QC) 
4.1 Validation of analytical methods 
To enable judicious use of data collected as a result of chemical analysis, we passé through validation, as it has been 

done in several similar studies on organic micro pollutants in natural systems (Thompson, 1999; Tapie, 2006; Soclo, 

2008). 
 

4.2 Validation of quantification solutions for the internal calibration and analysis 
It consisted of regular analysis by GC-ECD of two reference solutions, containing the desired compounds and internal 

standard at concentrations of about 0.25 μg.g
-1

 isooctane. This served to validate the reference solutions and then led 

to the calculation of response factors of individual compounds in relation to their internal standard. 

If the first solution used as a reference solution allows the calculation of response factors of individual 

compounds in relation to their internal standard, the second solution is used as unknown pseudo sample to validate the 

solutions of quantification. 

Concerning the analysis validation, before, in the middle and after each analytical sequence, reference 

solutions containing the internal standards are injected. Three replicas per sample were collected for both the 

contamination controls and the samples. The averages are then calculated as well as standard deviations, which were 

used to estimate the precision of the results. Thus, the solutions of quantification and analysis are validated for 

differences not exceeding 20%. 
 

4.3 Witnesses of contamination 
In order to ensure the quality of analysis, contamination controls were designed to verify the absence of contamination 

due to protocol preparation, operator, equipment used and the work environment. For each set of samples, a 

contamination control is analyzed in parallel with samples. In a practical manner, the analytical protocol is 

implemented without any sample, that is to say, without any solvents or products that may be in contact with the 

sample during the whole analysis: all the way from the stage of internal standard doping up to the stage of 

quantification with an intermediate stages of extraction, concentration, purification and fractionation according to the 

types of analysis considered. 

Thanks to contamination control, the values recorded from each analyzed sample were corrected by 

subtracting the average value of contamination levels from value obtained from each sample. 
 

4.4 Double calibration and operating performance 
Used as a standard of performance, octachloronaphtalene (OCN) was added to each sample to quantify the internal 

standards initially introduced in the protocol. This helps to evaluate the percentage of recuperation. It is a actually a 

double calibration in the quantification of pesticides which aims to strengthen the quality of analysis. Our analysis 

were considered valid in the case the recuperation rates are higher than or equal to 80%, otherwise they analysis is 

repeted. 
 

4.5 Limits of methodological detection for the matrices analyzed and linearity range of the detector EDC used 
The limits of methodological detection correspond to the lowest measurable values  by the analytical method used. 

They are measured from the compound response in the background noise to which where they represent the triple. 

EDC is a detector that the response is proportional to the concentration of electrophilic compounds that go through it. 

It is very sensitive; with detection limits for polyhalogenated compounds, generally ranging in the picogram (10-12 g) 

domain, or fentogramme (10-15 g) domain. Lindane (ᵧ-HCH) organochlorine pesticide with six (06) atoms of chlorine 

is commonly used to test the sensitivity of ECD (Pierard, 1995). 

The linearity range of the liquid matrix was determined using a standard reference solution consisting of an 

equimolar mixture of p, p'-DDT, p, p'-DDE ᵧ-HCH, α-Endosulfan and heptachlor. This blend is made from individual 

reference solutions with a concentration of 500 ng / uL obtained from Professor Villeneuve at the University of 

Bordeaux I. Dilutions ranging from 10
2
 to 5×10

5
 of the initial mixture were prepared and injected. Curves giving the 

area of each pesticide according to the injected mass are plotted in order to detect the area of linearity of the detector 

response. Only curves with correlation coefficients R
2
 exeeding 0.9960 with at least 06 points are accepted. This is 

particularly important because, despite the proportionality of the EDC with the molecular concentration, the linearity 

range is slightly extended (2 to 3 orders of magnitude). 
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In the absence of a certified sediment sample, 500 g of coastal marine sediment from the beach of Fidjrossè heated up 

to 625 ° C for 24 h, desalinated by residing 24 hours three times in MilliQ water, was used as a reference matrix 

sediment. 30 g of sediment was contaminated with 60μL of the mixture of reference undiluted pesticides of 500 ng / 

uL. The extract of this sediment was used to determine the detection and quantification limits of solid matrices. 
 

5. STATISTICAL ANALYSIS OF DATA 
To highlight the possible relationships between the various parameters measured, we draw correlation matrices using 

Excel. The calculation of the sum of the contents of pesticide molecules and the sum of relative proportions helped to 

establish the possible relationship existing between the levels of water contamination and sediments studied. This 

helps to determine the major chemical indicators of pollution by residual pesticides in the study areas. 
 

6. Results and discussion: 

6.1. Calibration data of the analytical equipment 
 

Table-2: Calibration Parameters 

Pesticide R
2
 

Zone of 

linearity 

(pg.µL
−1

) 

Limits of detection LOD (ng mL
−1

) 

 

Limits of quantification LOQ 

(ng mL
−1

) 

Liquid matrix Matrix solid Liquid atrix Matrix solid 

P,p‟-DDT 0.9978 150-350 1.25 1.58 4.30 4.30 

γ-HCH 0.9962 150-350 1. 28 2.41 3.50 6.56 

Heptachlor 0.9982 150-350 1.02 2.32 2.80 6.31 

α-Endosulfan 0.9998 150-350 0.10 0.5 0.28 1.32 

p,p′-DDE 0.9992 150-350 1.32 1.67 3. 60 4.65 
 

From the analysis of the data in Table 2 we can see that the correlation coefficients R
2
 of calibration curves used vary 

between 0.9962 and 0.9992, with a linear domain that ranges between 150 and 350 pg / µl. Overall our 

methodological detection limits are between 0.1 and 1.3 ppb for liquid matrix and 0.5 to 2.4 ppb for solid matrices. 

The limits of quantification vary between 0.30 and 4.30 ppb for liquid matrices and between 1.30 and 6.50 for solid 

matrices. These results served as guide parameters for field investigation. 
 

6.2. Results of natural samples analysis 
  

Table-3: Content in individual pesticide molecule detected in water samples per study site 

Dry season (Average± σ)       Rainy season (Average±σ) 

 

p,p’-

DDT 

p,p’-

DDE 

p,p’-

DD

D 

Endo

sulfan

. 

Lin

dan

e 

Diel

drin

e 

Hepta

chlore 

POCs 

totaux 

p,p’-

DDT 

p,p’-

DDE 

p,p’-

DD

D 

Endo

sulfan

. 

Lin

dan

e 

Diel

drin

e 

Hepta

chlore 

POCs 

totaux 

Mèdétèkp

o 
8 23 0 0 0 0 0 31 21 49 14 35 0 0 0 119 

Dam 

SONEB 
17 45 0 0 0 0 0 62 18 37 9 28 0 0 0 92 

Station 

SONEB 
0 0 0 0 0 0 0 0 5 13 3 8 0 0 0 29 

Grand 

Bridge 

Gobadi 

0 0 0 14 0 0 0 14 32 26 17 19 0 0 0 94 

Bridge 

Karigui 
12 9 14 0 0 0 0 35 16 32 25 0 0 0 0 73 

A1 0 0 0 0 0 0 0 0 14 25 10 13 0 0 0 62 

A2 0 0 0 0 0 0 0 0 23 54 25 8 0 0 0 110 

A3 0 0 0 0 0 0 0 0 0 0 0 16 0 0 0 16 

M1 15 70 18 24 0 0 0 127 35 72 16 
176.7

8 

189.

23 

188.

56 
0 677.57 

M2 18 65 23 12 0 0 0 118 22 63 21 
137.8

4 

140.

23 

139.

45 
0 523.52 

M3 15 73 35 8 0 0 0 131 30 80 23 
368.6

6 

370.

32 

369.

26 
 

1241.2

4 

PEN1R 0 0 0 0 0 0 0 0 0 0 0 168 0 0 0 168 
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PEN2R 0 0 0 0 0 0 0 0 34 0 0 203 0 0 0 237 

PEN3M 0 0 0 0 0 0 0 0 40 6 0 300 38 0 0 384 

PEN4R 0 0 0 0 0 0 0 0 0 0 0 414 0 0 0 414 

PEN5R 44 13 9 430 7 0 10 513 86 7 4 46 15 0 29 187 

PEN6R 79 13 0 280 19 27 5 423 128 0 0 115 42 15 37 337 

PEN7M 14 0 0 128 0 0 0 142 0 0 0 0 0 0 0 0 

PEN8R 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

PEN9M 0 0 0 0 0 0 0 0 86 0 0 0 32 0 43 161 

W4M 0 0 0 34 0 0 0 34 0 0 0 217.6 0 0 0 217.6 

W5R 18 0 0 162 0 0 0 180 78 0 0 35 0 0 23 136 

W6R 72 18.4 0 136 29.8 2.8 0 259 63.6 18 0 286 0 0 7.6 375.2 

W7R 71 4 0 45 0 0 44 164 0 0 0 156 0 0 0 156 

W8M 0 0 0 23 0 0 0 23 0 0 0 52 0 0 0 52 

POC totaux 383 333.4 99 1296 55.8 29.8 59 2256 731.6 482 167 2802.88 826.78 712.27 139.6 5862.13 

 

Table-4: Content in individual pesticide molecule detected in sediment samples per study site 

 

Dry season (Average ± σ) Rainy season (Average± σ) 

p,p’-

DDT 

p,p’-

DDE 

p,p’-

DD

D 

Endo

sulfa

n 

Lin

dan

e 

Diel

drin

e 

Hepta

chlore 

POCs 

totaux 

p,p’-

DDT 

p,p’-

DDE 

p,p’-

DD

D 

Endo

sulfa

n 

Lin

dan

e 

Diel

drin

e 

Hepta

chlore 

POC

s 

totau

x 

Mèdétèkpo 178 300 82 20 3 4 2 589 89 110 28 54 9 4 0 294 

Dam 

SONEB 
56 80 25 45 5 3 5 219 364 278 37 47 12 9 0 747 

Station 

SONEB 
20 16 12 15 3 2 0 68 25 56 10 25 2 3 0 121 

Grand 

Bridge 

Gobada 

23 32 8 48 0 0 0 111 96 88 9 56 4 6 0 259 

Bridge 

Karigui 
40 95 19 15 6 2 5 182 160 154 12 280 29 58 12 705 

A1 50 62 20 40 9 4 3 188 128 176 15 325 56 19 20 739 

A2 45 70 25 26 12 3 2 183 156 125 23 289 46 33 16 688 

A3 86 30 23 0 0 0 6 145 148 152 24 405 63 36 13 841 

M1 80 48 16 25 7 0 5 181 259 129 28 180 24 28 18 666 

M2 90 35 31 27 10 0 7 200 372 170 36 140 32 26 10 786 

M3 85 32 34 36 4 0  191 359 165 26 203 17 30 14 814 

PEN1R 0 0 0 69 0 0 0 69 0 0 0 48 0 0 0 48 

PEN2R 0 0 0 248 0 0 0 248 0 0 0 203 0 0 0 203 

PEN3M 0 0 0 523 0 0 0 523 0 0 0 376 0 0 0 376 

PEN4R 0 0 0 164 0 0 0 164 0 0 0 157 0 0 0 157 

PEN5R 447 34 26 1463 100 68 96.3 2234.3 532 37 29 1235 135 87 122 2177 

PEN6R 1013 239 67 5748 234 89 263.7 7653.7 1244 276 78 6054 250 97 288 8287 

PEN7M 129 11 0 715 0 0 0 855 146 6 0 936 0 0 0 1088 

PEN8R 0 0 0 88 0 0 0 88 0 0 0 102 0 0 0 102 

PEN9M 0 0 0 0 0 0 0 0 0 0 0 88 0 0 0 88 

W4M 0 0 0 325 0 0 0 325 0 0 0 301 0 0 0 301 

W5R 99 31 5 1620 113 0 98 1966 117 40 9 1845 146 0 138 2295 

W6R 183 18 10 1160 88 0 65 1524 123 0 0 687 64 0 34 908 

W7R 536 28 51 897 47 0 12 1571 604 35 44 956 65 0 39 1743 
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W8M 90 36 0 528 0 0 0 654 115 38 0 687 0 0 0 840 

POC 

totaux 
3250 1197 454 13845 641 175 570 20132 5037 2035 408 15679 954 436 724 

2527

3 

 

Table-5: Content in total POC and relative proportion of each pesticides molecular researched in the matrices 

Iindividual 

molecular 

pesticides 

POC 

Water 

from Dry 

season 

% 

POC 

POC water 

from 

Rainy 

season 

% 

POC 

POC 

Sediments 

from Dry 

season 

% 

POC 

POC 

Sediments 

from Rainy 

season 

% 

POC 

p,p‟-DDT 383 17 731.6 12 3250 16 5037 20 

p,p‟-DDE 333.4 15 482 8 1197 6 2035 8 

p,p‟-DDD 99 4 167 3 454 2 408 2 

Endosulf. 1296 57 2773.88 47 13845 69 15679 62 

Lindane 55.8 2 826.78 14 641 3 954 4 

Dieldrine 29.8 1 712.27 12 175 0.8 436 2 

Heptachlore 59 3 139.6 2 570 3 724 3 

Total 2256 100 5833.13 100 20132 100 25273 100 

 

6.2.1 Data analysis 
The analysis of data in Table 5 helped doing some of observations. First, in the dry season it is noted that DDT and its 

metabolites DDE and DDD represent 36% of total POCs of water, against 64% for cyclodiene. The Endosulfan comes 

first by representing 57% of total POCs, and then follows DDT which represents 17%. In rainy season, these two 

families of pesticides represent 73% for cyclodienes and 23% for DDT and its derivatives. Endosulfan, the first of 

cyclodienes, represents 47% and is followed by DDT that represents 12%. 

Also, we notice that the water column is more contaminated in the rainy season than it is in the dry season (the 

total POCs content in the dry season is 2256 ppb in the water column against 5833 ppb in the rainy season). 

In the sediments, cyclodienes come first by representing more than 70% of total POCs against 30% for DDT and its 

derivatives regardless of the season. As in the water column, sediments are more contaminated in the rainy season 

than in the dry season: 25 273 ppb in total POCs against 2256 ppb. 

Both in the dry and rainy seasons the sediments are more contaminated than the water column in total POCs 

(20,132 ppb in sediments against 2256 ppb in the water column during the dry season, in contrast, during the rainy 

season the content in total POC is 25,273 ppb in the sediments against 5833 ppb in water). 

From the Analyzing of data in Table 6 for related to the levels of contamination of the different sites studied, it 

appears that the contents of POCs in the water column during the dry season range from background noise (not 

determined - nd) to 513 ppb at „pont de Magou‟ (PEN 5R) that is 23% of total POCs. In rainy season, these contents 

vary also from the background noise to 1241 ppb at „l‟embouchure de la Mékrou‟ located in Niger river (site M3). 

This content represents 21% of total POCs found in the water column during this period. None of these contents has 

reached the guideline values of 2000 ppb for individual molecules recommended for drinking water by the World 

Health Organization (WHO) conrning the DDT, lindan and dieldrin. On the other hand, these contents by far exceed 

sometimes the standards of the European Union that require a threshold of 0.1 ppb for individual molecule of 

pesticides and 0.5 ppb for the sum of residual contents detected. 

In sediments, POCs are detected in almost all samples, especially in the rainy season. The distributions of 

organochlorine pesticides molecules observed in water samples are also observed in the sediments of the same sites. 

POCs rates in sediments are much high compared to those measured in water samples, this could be explained by the 

hydrophobia (low aqueous solubility) of organochlorines, which preferentially adsorbed on suspended particles in 

water to accumulate in sediment where anaerobic conditions favor their preservation against any degradation. 

By a comparative analysis of sites, we notice that the site „pont de Porga‟, built on the river Pendjari, is the most 

contaminated with 7654 ppb in the dry season. That is 38% of total POCs found in sediments and 8287 ppb in the 

rainy season corresponding to 33% of the total POCs recorded at sites sampled during this period. 

No site in the catchment of the Agbado river (central Benin) presents the proportions of pesticides exceeding 

3% of total POCs recorded, regardless of the analyzed matrix and the season. It can therefore be inferred that the sites 

in northern Benin are more contaminated than the sites in the central Benin. 

In northern ecosystems, particularly in the biospheres of Pendjari and W of Niger, the POCs contents ponds are below 

4% regardless of the matrix or the season, while water from rivers concentrate most of CSWS detected. One could 

attribute this predominance of pesticides in rivers, not only to the high extent of the watersheds of these rivers but also 

to the turbulence of their water that causes charged surface sediments to be returned continuously into solution.
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Table-6: Contamination levels by investigated site. 

SITES 
POC Water-

Dry season 

% 

PO

C -

Dry 

seas

on 

POC water-

Rainy season 

% 

PO

C 

Rai

ny 

seas

on 

POC Sediments-

Dry season 

% 

PO

C 

Dry 

seas

on 

POC Sediments-

Rainy season 

% 

PO

C 

Rai

ny 

seas

on 

Mèdétèkpo 31 1 119 2 589 3 294 1 

Dam SONEB 62 3 92 2 219 1 747 3 

Station 

SONEB 
nd nd 29 0.5 68 0.3 121 0.5 

Grand Bridge 

Gobadi 
14 0,6 94 2 111 0,5 259 1 

Bridge 

Karigui 
35 1 73 1 182 0.9 705 3 

A1 nd nd 62 1 188 0.9 739 3 

A2 nd nd 110 2 183 0.9 688 3 

A3 nd nd 16 0.3 145 0.7 841 3 

M1 127 6 677.57 12 181 0.9 666 3 

M2 118 5 523.52 9 200 1 786 3 

M3 131 6 1241.24 21 191 0.9 814 3 

W4M 34 1 217.6 4 325 2 301 1 

W5R 180 8 136 2 1966 10 2295 9 

W6R 259 11 375,2 6 1524 7 908 3 

W7R 164 7 156 3 1571 8 1743 7 

W8M 23 1 23 0.4 654 3 840 3 

PEN1R nd nd 168 3 69 0.3 48 0.2 

PEN2R nd nd 237 4 248 1 203 0.8 

PEN3M nd nd 384 6 523 2 376 1 

PEN4R nd nd 414 7 164 0.8 157 0.6 

PEN5R 513 23 187 3 2234.3 11 2177 9 

PEN6R 423 20 337 6 7653.7 38 8287 33 

PEN7M 142 6 nd nd 855 4 1088 4 

PEN8R nd nd nd nd 88 0.4 102 0.4 

PEN9M nd nd 161 3 nd nd 88 0.3 

POC total 2256 100 5833.13 100 20132 100 25273 100 
 

This can affect the risk of poisoning wildlife and / or household that uses these sources of water for drinking purposes 

as Soclo et al. (2003) showed through studies conducted on the same ecosystems. To deepen the analysis, correlation 

matrices were drawn between the contents of different POCs obtained from each matrix to identify possible links 

between contents and types of residues found (see Tables 7, 8, 9 and 10 below). 
 

Table-7: Correlation matrix of data from water samples in dry season 

 p,p’-DDT p,p’-DDE p,p’-DDD Endosulf. Lindan Dieldrin Heptachlor 

p,p’-DDT 1 0.12 -0.03 0.70 0.90 0.83 0.57 

p,p’-DDE  1 0.81 -0.08 0.00 -0.01 -0.07 

p,p’-DDD   1 -0.02 -0.13 -0.13 -0.09 

Endosulf.    1 0.67 0.64 0.27 

Lindan     1 0.87 0.23 

Dieldrin      1 0.23 

Heptachlor       1 
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Table-8: Correlation Matrix in rainy season water 

 p,p’-DDT p,p’-DDE p,p’-DDD Endosulf. Lindan Dieldrin Heptachlor 

p,p’-DDT 1 -0.04 -0.09 0.00 0.09 0.02 0.88 

p,p’-DDE  1 0.89 0.12 0.71 0.73 -0.29 

p,p’-DDD   1 -0.08 0.50 0.53 -0.29 

Endosulf.    1 0.44 0.43 -0.12 

Lindan     1 0.99 0.02 

Dieldrin      1 -0.12 

Heptachlor       1 

 

Table-9: Correlation matrix of data of sediment dry season 

 p,p’-DDT p,p’-DDE p,p’-DDD Endosulf. Lindan Dieldrin Heptachlor 

p,p’-DDT 1 0.50 0.59 0.90 0.88 0.75 0.88 

p,p’-DDE  1 0.86 0.44 0.42 0.25 0.44 

p,p’-DDD   1 0.38 0.41 0.20 0.40 

Endosulf.    1 0.95 0.68 0.97 

Lindan     1 0.66 0.98 

Dieldrin      1 0.75 

Heptachlor       1 
 

Table-10: Correlation matrix sediment rainy season 

 p,p’-DDT p,p’-DDE p,p’-DDD Endosulf. Lindan Dieldrin Heptachlor 

p,p’-DDT 1 0.58 0.87 0.85 0.83 0.68 0.84 

p,p’-DDE  1 0.78 0.34 0.40 0.30 0.34 

p,p’-DDD   1 0.61 0.67 0.40 0.62 

Endosulf.    1 0.90 0.63 0.96 

Lindan     1 0.66 0.97 

Dieldrin      1 0.69 

Heptachlor       1 
 

The analysis of the correlation matrix of the content of residues of individual pesticides molecules of water samples in 

the dry season or rainy season (Tables 7 and 8) reveals a strong correlation between p, p'-DDT, endosulfan, lindane 

and dieldrin. There is also a strong correlation between p, p'-DDE and p, p'-DDD. In addition, endosulfan is highly 

correlated with Lindane and Dieldrin. 

The same correlations noted in water samples are found in sediment samples (Tables 9 and 10), showing that 

the POCs molecules detected are all correlated. 
 

6.2.2 Discussion 
Among the POCs detected, two molecules are dominant: Endosulfan and DDT. These observations are in line with 

those made in 2003 by Soclo et al. and show that these two molecules with heptaclore predominate in aquatic 

ecosystems of the Complex Biosphere Reserve W of Niger and Pendjari in the northern Benin. The presence of DDT 

and its metabolites in the water column during the dry season led to calculate the ratio of DDT / (DDD + DDE + 

DDT) in order to judge whether the parent compound has been used recently or not. The observed values range from 0 

and 0.5 regardless of the matrix and the season considered. This ratio indicates a predominance of DDT on each of 

these degradation products, and its presence in the water column during the dry season reflects its recent contribution 

in the water. This then confirms the hypothesis that POCs prohibited continue to be imported fraudulently and used in 

Benin in agriculture, gardening or for other purposes in the vicinity of water bodies. These present analyzes come out 

with the same trends noted by Elisabeth et al. (2006a and 2006b) at the Ouémé river and its tributaries in Benin. 

Ioannis et al. (2006) on rivers and lakes of Greece has also noticed the presence of organochlorine pesticides in water 

bodies with values reaching or exceeding tolerable limits in some places. 

On the contrary, Godfred et al. (2008) have found in the lake Bosomtwi in Ghana content of about 0.061 ± 

0.03 ng g-1 in sediments and 0.012 ± 0.62 ng g-1 in water. These two contradictory aspects of the state of aquatic 

ecosystems in terms of pesticide pollution in both countries in the south and countries in the north, show that beyond 
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the strict regulations, only keeping track on the ground, allows to really apprehend the true health state of targeted 

ecosystems and the effectiveness of protection. 

The strong correlations between the POCs molecules, noted both in water and in the sediment, regardless of 

the season, may have to do with the fact that farmers import inputs prohibited by the laws as they are tired of pest 

pressure and had become resistant to sociological methods recommended by the technicians in agriculture field. When 

using pesticides, they perform some unorthodox chemical associations comprising endosulfan and other POCs 

prohibited. The aim of farmers in behaving that way is twofold: the first is to get the desired and immediate effect on 

pests and second, is to trick the vigilance in case of control by pretending to use simple and non-prohibited 

endosulfan. The relative abundance of POCs in rivers compared to ponds, showed that runoff and streams tributaries 

are important corridors for residual pesticides, this abundance is also reinforced by fishing where fishermen adopted 

the usage of banned pesticides increase their productivity. 
 

7. CONCLUSION 
In sum, the results from gas chromatography on water or sediment samples in dry and rainy seasons confirm the 

predominance of DDT and endosulfan in all the researched POCs. The interdependence of the molecules of p, p'-

DDT, p, p'-DDE, p, p'-DDD, endosulfan, lindane, heptachlor and dieldrin would be linked to vegetable treatments by 

unorthodox usage of POCs pesticides that are prohibited in areas of cotton cultivation and gardening. 
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ABSTRACT   
Tetrahydrofuran-2-ylmethylamine (1) was subjected to condensation reaction with 4-chlorobenzenesulfonyl chloride (2) in a mild 

basic medium to synthesize N-(tetrahydrofuran-2-ylmethyl)-4-chlorobenzenesulfonamide (3). A series of N-substituted 

derivatives, 5a-f, were synthesized by condensing alkyl/aralkyl halides, 4a-f, with 3 under polar aprotic conditions using sodium 

hydride activator. The spectral characterization of all the molecules included IR, 
1
H-NMR and EI-MS data. The biological activity 

evaluation rendered 5c as moderate inhibitor of all the bacterial strains. 
 

Key words: 4-Chlorobenzenesulfonyl chloride, Antibacterial activity, Sulfonamide, Tetrahydrofuran-2-ylmethylamine. 

 
1. INTRODUCTION 
Anticancer, anti-inflammatory and antiviral agents include sulfamoyl group

1
, the basic functional group of 

sulfonamides. The food additives
2
 and veterinary medicines

3
 involve such compounds. The broad use of such 

compounds owes to their less cost and less toxicity
4
. Besides arise of drugs of other functionalities, sulfonamides are 

under synthesis on account of broad spectrum activities
5,6

. Such molecules are known to have compatibility with p-

aminobenzoic acid and so block their conversion to folic acid
7-9

. The simple sulfonamide synthesis can be propagated 

by condensation reaction of substituted amines and substituted sulfonyl halides
10

 or by reduction of substituted 

sulfonyl azides
11

. Organic synthesis makes use of this class as protective group for hydroxyl and amino groups
12

.  

 The heterocyclic compounds are known to possess promising biological activities
13-15

. The tetrahydrofuran-2-

ylmethylamine derivatives have been known to possess antidepressant
16

, antibacterial
17

, anti-HCV
18

 and anti-

inflammatory
19

 activities.  

The attracting microbial activities
1-5,13,20

 instigated us to synthesize N-substituted derivatives of 

tetrahydrofuran-2-ylmethylamine (1) for antibacterial activity evaluation. The synthesized molecule, 5c, executed the 

moderate antibacterial activity against all the bacterial strains taken into account.  
 

2. RESULTS AND DISCUSSION 
The N-substituted derivatives of tetrahydrofuran-2-ylmethylamine (1) were synthesized according to scheme 1 and 

evaluated for antibacterial activity against certain bacterial strains of gram-bacteria. The reaction conditions with 

proper procedures are mentioned explanatory in experimental section. 
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Scheme.1: N-Substituted-N-(tetrahydrofuran-2-ylmethyl)-4-chlorobenzenesulfonamide (5a-f) 

Compound -R Compound -R 

5a 
CH2 CH2

1'' 2'' 3''

CH3

 
5d 

H2C
7''

1''
3''

5''
 

5b 
CH2 CH2

1'' 2'' 3''

CH2 CH3
4''  

5e 

H2C
7''

H2C

8''

1'' 3''

5''
 

5c 
CH2 CH2

1'' 2'' 3''

CH2 CH2
4''

CH3

5''  
5f 

H2C
7''

H2C
H2C

1'' 3''

5''

9''

8''

 
 

2.1 Chemistry 
Tetrahydrofuran-2-ylmethylamine (1) was made to react with 4-chlorobenzenesulfonyl chloride (2) in water under 

definite pH control by stirring for 3 hours. N-(Tetrahydrofuran-2-ylmethyl)-4-chlorobenzenesulfonamide (3) was 

collected by filtration from slightly acidic medium to ensure better yield. N-Substituted-N-(tetrahydrofuran-2-

ylmethyl)-4-chlorobenzenesulfonamide (5a-f) were synthesized by stirring 3 and alkyl/aralkyl halides, 4a-f, in DMF 

after activation by NaH. The synthesized molecules were collected either by solvent extraction or filtration. The 

molecule, 3, was precipitated as white amorphous solid with 84% yield and purity was checked by melting point noted 

as 76 
o
C. The mol. formula, C11H14ClNO3S, was composed on the basis of mol. ion peak in EIMS at m/z 275 and 

proton integration in proton NMR spectrum. The wave number values in IR and m/z values in EIMS spectra are 

explicated in experimental section. In 
1
H-NMR spectrum,

 
a doublet at δ 7.73 (d, J = 8.0 Hz, 2H, H-2', H-6') was 

assigned to two de-shielded protons in the vicinity of sulfonyl group and other doublet at δ 7.43 (d, J = 8.8 Hz, 2H, H-

3', H-5') was nominated for relatively less de-shielded two protons in the vicinity of chloro group. The saturated five 

member ring of tetrahydrofuran was furnished by six multiplets as 4.05-3.98 (m, 1H, H-2), 3.84-3.82 (m, 1H, Heq-5), 

3.71-3.67 (m, 1H, Hax-5), 2.03-1.95 (m, 1H, Heq-4), 1.90-1.84 (m, 1H, Heq-3) and 1.69-1.59 (m, 2H, Hax-3, Hax-4). The 

two methylene protons linked to second position of tetrahydrofuran resonated at δ 3.21 (dd, J = 14.0, 6.8 Hz, 1H, Ha-

6) and 3.11 (dd, J = 14.8, 7.2 Hz, 1H, Hb-6). The above discussion named 3 as N-(tetrahydrofuran-2-ylmethyl)-4-

chlorobenzenesulfonamide. The structures of all the synthesized molecules were corroborated and named through 

spectral analysis.  
 

2.2 Biological activity   
The synthesized molecules were subjected to biological activity evaluation regarding antibacterial activity for gram-

bacteria using ciprofloxacin as reference standard. The activity results are presented as %age inhibition and MIC 

values in tables 1 and 2. The molecule, 5c bearing long aliphatic chain, demonstrated moderate activity against all the 

bacterial strains. S. aureus was inhibited by all the molecules with MIC values comparable to that of ciprofloxacin. 

The inhibitory action of the molecules against this strain was in the order of 5f>5c>5e>5b>5d>5a. The better activity 

of 5f, with MIC of 10.21±4.43 µmoles/L with respect to 9.29±1.25 µmoles/L, may be attributed to the presence of 

aralkyl group with long aliphatic chain which extends the π-π interaction of aromatic ring. S. typhi was moderately 

inhibited by all the molecules except 5a which remained inactive at all and 5b which was the best inhibitor with MIC 

value of 11.36±1.66 µmoles/L relative to 8.09±2.13 µmoles/L. Only 5c was active against E. coli with very moderate 

MIC value of 12.69±1.54 µmoles/L relative to 8.93±1.09 µmoles/L. P. aeroginosa and B. subtilis were moderately 

inhibited by 5a, 5b, 5c and 5d only. 
 

Table.1: %age inhibition values of antibacterial activity 

%AGE INHIBITION 

Compound S. typhi (-) E. coli (-) P. aeroginosa (-) B. subtilis (+) S. aureus (+) 

5a 40.81±4.78 22.75±2.42 54.01±1.68 52.15±2.82 59.37±1.88 

5b 56.69±0.37 44.46±3.46 54.06±2.19 53.06±4.35 76.71±3.54 

5c 53.60±4.34 55.08±4.42 52.63±4.15 51.88±4.86 74.94±4.68 

5d 53.90±2.28 25.04±1.88 61.31±3.81 56.83±2.53 64.81±2.82 

5e 53.24±4.59 36.29±4.46 35.81±5.00 33.98±3.87 70.01±3.20 

5f 50.22±2.57 40.71±3.96 45.75±2.95 23.12±3.44 78.10±0.38 

Ciprofloxacin 90.56±1.34 89.95±2.04 87.99±1.13 88.06±0.81 88.92±0.06 
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Table.2: MIC values of antibacterial activity 

MIC 

Compound S. typhi (-) E. coli (-) P. aeroginosa (-) B. subtilis (+) S. aureus (+) 

5a - - 17.84±4.81 15.74±3.85 13.56±2.41 

5b 11.36±1.66 - 19.03±3.19 13.59±3.32 11.49±3.92 

5c 16.75±3.50 12.69±1.54 17.58±2.50 17.03±1.98 10.45±1.87 

5d 12.12±1.32 - 11.43±1.62 10.65±4.57 11.88±3.20 

5e 12.15±2.50 - - - 10.68±1.41 

5f 18.95±2.57 - - - 10.21±4.43 

Ciprofloxacin 8.09±2.13 8.93±1.09 8.87±2.54 9.12±2.32 9.06±1.76 

NOTE: 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. 
 

3. EXPERIMENTAL WORK 
3.1 General 
The chemicals employed for synthesis were Alfa Aesar and Sigma Aldrich branded obtained through local suppliers. 

The synthesis of compounds was partially confirmed through TLC using EtOAc and n-C6H14 mixture as solvent 

system; by SiO2 gel with nomination of G-25-UV254 pre-coated Al-plates. Compounds were supported by melting 

points, recorded by Gallonkamp through uncorrection. The compounds were finally confirmed by spectral data of IR, 

scanned by pellet procedure of potassium bromide on spectrophotometer-Jasco-320-A; of 
1
H-NMR, recorded at 400 

MHz on Bruker spectrometer in CDCl3; of EIMS, scanned on spectrometer-JMS-HX-110. 
 

3.2 Procedure for synthesis of N-(Tetrahydrofuran-2-ylmethyl)-4-chlorobenzenesulfonamide (3) 
Tetrahydrofuran-2-ylmethylamine (1; 0.012 mol) was taken in 250 mL RB flask followed by 50 mL distilled water 

and stirred for 15 minutes. 5 mL 10% aqueous Na2CO3 solution was added followed by 4-chlorobenzenesulfonyl 

chloride (2; 0.012 mol). The system was kept on stirring for 3 hours with pH control, 8-10, by 10% Na2CO3 solution 

till single spot by TLC. For separation of product, 2 mL concentrated HCl was used to acidify reaction mixture for pH 

5-6. The settled solid was separated via filtration followed by washing through distil. water. White amorphous 

powder; Yield: 84%; M.P: 76 
o
C; Mol. formula: C11H14ClNO3S; Mol. mass: 275 gmol

-1
; IR (KBr, vmax, cm

-1
): 2951 (Ar 

C-H), 1602 (Ar C=C), 1419 (S=O), 1183 (C-O-C), 703 (C-Cl); 
1
H-NMR (CDCl3, 400 MHz, δ/ppm): 7.73 (d, J = 8.0 

Hz, 2H, H-2', H-6'), 7.43 (d, J = 8.8 Hz, 2H, H-3', H-5'), 4.05-3.98 (m, 1H, H-2), 3.84-3.82 (m, 1H, Heq-5), 3.71-3.67 

(m, 1H, Hax-5), 3.21 (dd, J = 14.0, 6.8 Hz, 1H, Ha-6), 3.11 (dd, J = 14.8, 7.2 Hz, 1H, Hb-6), 2.03-1.95 (m, 1H, Heq-4), 

1.90-1.84 (m, 1H, Heq-3), 1.69-1.59 (m, 2H, Hax-3, Hax-4); EIMS (m/z): 277 [M+2]
+
, 275 [M]

+
, 175 [C6H4ClO2S]

+
, 111 

[C6H4Cl]
+
, 100 [C5H10NO]

+
, 85 [C5H9O]

+
, 76 [C6H4]

+
, 71 [C4H7O]

+
, 50 [C4H2]

+
. 

 

3.3 General procedure for synthesis of N-Substituted-N-(tetrahydrofuran-2-ylmethyl)-4-

chlorobenzenesulfonamide (5a-f) 
The parent compound, 3 (0.002 mol) was dissolved in 13 mL DMF in 100 mL RB flask. Sodium hydride (0.002 mol) 

was added followed up stirring of 0.5 hour. Alkyl/aralkyl halides (0.002 mol) were poured and stirred for 3-4 hours till 

single spot through TLC. The title compounds were filtered or extracted and dried for further analysis. 
 

3.3.1 N-Propyl-N-(tetrahydrofuran-2-ylmethyl)-4-chlorobenzenesulfonamide (5a) 
Light brown liquid; Yield: 84%; Mol. formula: C14H20ClNO3S; Mol. mass: 317 gmol

-1
; IR (KBr, vmax, cm

-1
): 2970 (Ar 

C-H), 1580 (Ar C=C), 1420 (S=O), 1190 (C-O-C), 680 (C-Cl); 
1
H-NMR (CDCl3, 400 MHz, δ/ppm): 7.73 (d, J = 8.8 

Hz, 2H, H-2', H-6'), 7.44 (d, J = 8.4 Hz, 2H, H-3', H-5'), 4.02-3.95 ( m, 1H, H-2), 3.81-3.76 (m, 1H, Heq-5), 3.73-3.67 

(m, 1H, Hax-5), 3.42 (t, J = 6.8 Hz, 2H, H-1''), 3.24-3.17 (m, 1H, Ha-6), 3.11-3.05 (m, 1H, Hb-6), 2.04-1.95 (m, 1H, 

Heq-4), 1.89-1.81 (m, 1H, Heq-3), 1.68-1.53 (m, 2H, Hax-3, Hax-4), 0.97-0.88 (m, 2H, H-2''), 0.82 (t, J = 7.2 Hz, 3H, 

CH3-3''); EIMS (m/z): 319 [M+2]
+
, 317 [M]

+
, 175 [C6H4ClO2S]

+
, 111 [C6H4Cl]

+
, 99 [C5H9NO]

+
, 91 [C7H7]

+
, 85 

[C5H9O]
+
, 76 [C6H4]

+
, 71 [C4H7O]

+
, 50 [C4H2]

+
. 

 

3.3.2 N-Butyl-N-(tetrahydrofuran-2-ylmethyl)-4-chlorobenzenesulfonamide (5b) 
Yellow sticky liquid; Yield: 69%; Mol. formula: C15H22ClNO3S; Mol. mass: 331 gmol

-1
; IR (KBr, vmax, cm

-1
): 2935 

(Ar C-H), 1608 (Ar C=C), 1412 (S=O), 1180 (C-O-C), 710 (C-Cl); 
1
H-NMR (CDCl3, 400 MHz, δ/ppm): 7.73 (d, J = 

8.4 Hz, 2H, H-2', H-6'), 7.43 (d, J = 8.4 Hz, 2H, H-3', H-5'), 4.01-3.95 (m, 1H, H-2), 3.79-3.74 (m, 1H, Heq-5), 3.70-

3.65 (m, 1H, Hax-5), 3.29 (dd, J = 14.8, 6.8 Hz, 1H, Ha-6), 3.27-3.19 (m, 2H, H-1''), 3.10 (dd, J = 14.4, 7.2 Hz, 1H, Hb-

6), 2.01-1.95 (m, 1H, Heq-4), 1.87-1.81 (m, 1H, Heq-3), 1.66-1.60 (m, 2H, Hax-3, Hax-4), 1.50 (qui, J = 6.8 Hz, 2H, H-

2''), 1.23 (sex, J = 7.2 Hz, 2H, H-3''), 0.85 (t, J = 7.2 Hz, 3H, CH3-4''); EIMS (m/z): 333 [M+2]
+
, 331 [M]

+
, 175 

[C6H4ClO2S]
+
, 111 [C6H4Cl]

+
, 99 [C5H9NO]

+
, 85 [C5H9O]

+
, 76 [C6H4]

+
, 71 [C4H7O]

+
, 57 [C4H9]

+
, 50 [C4H2]

+
. 
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3.3.3 N-Pentyl-N-(tetrahydrofuran-2-ylmethyl)-4-chlorobenzenesulfonamide (5c) 
Light yellow sticky liquid; Yield: 71%; Mol. formula: C16H24ClNO3S; Mol. mass: 345 gmol

-1
; IR (KBr, vmax, cm

-1
): 

2945 (Ar C-H), 1580 (Ar C=C), 1390 (S=O), 1190 (C-O-C), 705 (C-Cl); 
1
H-NMR (CDCl3, 400 MHz, δ/ppm): 7.73 (d, 

J = 8.8 Hz, 2H, H-2', H-6'), 7.44 (d, J = 8.4 Hz, 2H, H-3', H-5'), 4.01-3.96 (m, 1H, H-2), 3.79-3.74 (m, 1H, Heq-5), 

3.70-3.66 (m, 1H, Hax-5), 3.31 (dd J = 14.8, 6.8 Hz, 1H, Ha-6), 3.25-3.19 (m, 2H, H-1''), 3.10 (dd, J = 14.4, 7.2 Hz, 

1H, Hb-6), 2.02-1.96 (m, 1H, Heq-4), 1.88-1.82 (m, 1H, Heq-3), 1.63-1.56 (m, 2H, Hax-3, Hax-4), 1.52 (qui, J = 8.4 Hz, 

2H, H-2''), 1.27-1.15 (m, 4H, H-3'', H-4''), 0.84 (t, J = 6.8 Hz, 3H, CH3-5''); EIMS (m/z): 347 [M+2]
+
, 345 [M]

+
, 175 

[C6H4ClO2S]
+
, 111 [C6H4Cl]

+
, 99 [C5H9NO]

+
, 85 [C5H9O]

+
, 76 [C6H4]

+
, 71 [C5H11]

+
, 71 [C4H7O]

+
, 50 [C4H2]

+
. 

 

3.3.4 N-Benzyl-N-(tetrahydrofuran-2-ylmethyl)-4-chlorobenzenesulfonamide (5d) 
White solid amorphous; Yield: 80%; M.P: 91 

o
C; Mol. formula: C18H20ClNO3S; Mol. mass: 365 gmol

-1
; IR (KBr, vmax, 

cm
-1

): 2956 (Ar C-H), 1605 (Ar C=C), 1410 (S=O), 1170 (C-O-C), 706 (C-Cl); 
1
H-NMR (CDCl3, 400 MHz, δ/ppm): 

7.76 (d, J = 8.4 Hz, 2H, H-2', H-6'), 7.44 (d, J = 8.8 Hz, 2H, H-3', H-5'), 7.29-7.25 (m, 5H, H-2'' to H-6''), 4.54 (s, 2H, 

H-7''), 3.89-3.82 (m, 1H, H-2), 3.71-3.66 (m, 1H, Heq-5), 3.62-3.57 (m, 1H, Hax-5), 3.28 (dd, J = 10.4, 6.4, 1H, Ha-6), 

3.08 (dd, J = 14.4, 7.6 Hz, 1H, Hb-6), 1.81-1.73 (m, 2H, Heq-3, Heq-4), 1.52-1.41 (m, 2H, Hax-3, Hax-4); EIMS (m/z): 

367 [M+2]
+
, 365 [M]

+
, 175 [C6H4ClO2S]

+
, 111 [C6H4Cl]

+
, 99 [C5H9NO]

+
, 91 [C7H7]

+
, 85 [C5H9O]

+
, 76 [C6H4]

+
, 71 

[C4H7O]
+
, 65 [C5H5]

+
, 50 [C4H2]

+
. 

 

3.3.5 N-(2-Phenylethyl)-N-(tetrahydrofuran-2-ylmethyl)-4-chlorobenzenesulfonamide (5e) 
White crystalline solid; Yield: 76%; M.P: 85 

o
C; Mol. formula: C19H22ClNO3S; Mol. mass: 379 gmol

-1
; IR (KBr, vmax, 

cm
-1

): 2945 (Ar C-H), 1612 (Ar C=C), 1390 (S=O), 1182 (C-O-C), 704 (C-Cl); 
1
H-NMR (CDCl3, 400 MHz, δ/ppm): 

7.77 (d, J = 8.4 Hz, 2H, H-2', H-6'), 7.47 (d, J = 8.4 Hz, 2H, H-3', H-5'), 7.26-7.15 (m, 5H, H-2'' to H-6''), 4.77 (t, J = 

6.8 Hz, 2H, H-8''), 3.94-3.88 ( m, 1H, H-2), 3.77-3.71 (m, 1H, Heq-5), 3.68-3.64 (m, 1H, Hax-5), 3.17-3.07 (m, 2H, H-

6), 2.91-2.85 (t, J = 6.8 Hz, 2H, H-7''), 1.94-1.81 (m, 2H, Heq-3, Heq-4), 1.60-1.53 (m, 2H, Hax-3, Hax-4); EIMS (m/z): 

381 [M+2]
+
, 379 [M]

+
, 175 [C6H4ClO2S]

+
, 111 [C6H4Cl]

+
, 105 [C8H9]

+
, 99 [C5H9NO]

+
, 91 [C7H7]

+
, 85 [C5H9O]

+
, 76 

[C6H4]
+
, 71 [C4H7O]

+
, 65 [C5H5]

+
, 50 [C4H2]

+
. 

 

3.3.6 N-(3-Phenylpropyl)-N-(tetrahydrofuran-2-ylmethyl)-4-chlorobenzenesulfonamide (5f) 
Light green liquid; Yield: 75%; Mol. formula: C20H24ClNO3S; Mol. mass: 393 gmol

-1
; IR (KBr, vmax, cm

-1
): 2940 (Ar 

C-H), 1610 (Ar C=C), 1420 (S=O), 1190 (C-O-C), 701 (C-Cl); 
1
H-NMR (CDCl3, 400 MHz, δ/ppm): 7.66 (d, J = 8.4 

Hz, 2H, H-2', H-6'), 7.43 (d, J = 8.4 Hz, 2H, H-3', H-5'), 7.26 (t, J = 7.2 Hz, 2H, H-3'', H-5''), 7.16 (t, J = 7.2 Hz, 1H, 

H-4''), 7.13 (d, J = 7.2, 2H, H-2'', H-6''), 4.86 (t, J =7.2 Hz, 2H, H-9''), 3.99-3.92 (m, 1H, H-2), 3.76-3.72 (m, 1H, Heq-

5), 3.69-3.64 (m, 1H, Hax-5), 3.30 (dd, J = 8.4, 5.2 Hz, 1H, Ha-6), 3.27-3.21 (m, 1H, Heq-4), 3.19-3.12 (m, 1H, Heq-3), 

3.12 (dd, J = 9.2, 6.0 Hz, 1H, Hb-6), 1.64 (t, J =7.2 Hz, 2H, H-7''), 1.85 (qui, J = 7.2, 5H, H-8''); EIMS (m/z): 395 

[M+2]
+
, 393 [M]

+
, 175 [C6H4ClO2S]

+
, 119 [C9H11]

+
, 111 [C6H4Cl]

+
, 105 [C8H9]

+
, 99 [C5H9NO]

+
, 91 [C7H7]

+
, 85 

[C5H9O]
+
, 76 [C6H4]

+
, 71 [C4H7O]

+
, 65 [C5H5]

+
, 50 [C4H2]

+
. 

 

3.4 Antibacterial activity  
The antimicrobial activity was assayed by the reported method

21,22
 according to the principle of increased absorbance 

of broth medium is directly related to log phase of growth. 
 

3.5 Statistical analysis 
The results, presented as mean±SEM after statistical analysis by Microsoft Excel 2010, were built from the 

measurements accounted in triplicate. 
 

4. CONCLUSION 
The molecules with long aliphatic chain are found to possess better inhibition activity than the smaller or branched 

aliphatic chain. The synthesized compounds have been found to be better inhibitor of S. aureus, a strain of gram-

positive bacteria. These molecules were corroborated structurally by spectral evidences of IR, 
1
H-NMR and EIMS. 

The better yields convinced the validation and precision of adopted procedures. The compound, 5c was moderate 

inhibitor of all the bacterial strains taken into account. The series of molecules can be investigated for the activity 

against S. aureus, known to be cause of respiratory diseases. 
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ABSTRACT 
Many chemists have reported on the chemical, structural and biological properties of Schiff bases. In this study, ([(2-

hydroxybenzylidene)-3methylurea]) Schiff base derivative and ıts metal (Cu, Co, Ni, Mn, Zn) complexes have been synthesized 

and characterized. From the elemental analyses date we found that the complexes have  general formula [Mn](L)2], 

[Co](L)2].H2O, [Zn](L)2].3H2O, [Cu](L)2].4H2O, [Ni](L)2].2H2O. From the magnetic moment and UV-Vis spectral studies, the 

geometrical shape for the complexes of Mn (II), Co (II) and Zn (II) are octahedral, for the complexes of Ni (II) it is tetrahedral. 

While it is square-planar for the complexes of Cu (II). 
 

Keywords: Schiff base and metal complexes, ([(2-hydroxybenzylidene)-3methylurea]). 

 
1. INTRODUCTION 
Schiff bases, aldehyde or ketone compounds are achieved from the reaction with the primary amine condensation 

products. They contain carbon-nitrogen double bond, as a functional group
1
. General formula is R1CH=NR2. This 

definition, Schiff base is synonymous with azomethine
2
. Schiff bases are common ligands in coordination chemistry. 

The ligands are typically derived from alkyl diamines and aromatic aldehyde
3
. Schiff base ligands are able to 

coordinate many different metals, and they tend to stabilize them in various oxidation states, enabling the use of Schiff 

base metal complexes for a large variety of useful catalytic transformations. Schiff bases and their coordination 

compounds are well known to be biologically important. The presence of nitrogen and other donor atoms in its 

structure makes it biologically active
4
. Recent literature has explored the biological importance of various structural 

derivatives of heterocyclic compounds. Schiff’s bases, the condensed products of aromatic amines with aromatic 

aldehydes, have been known to possess a wide variety of biological applications like antibacterial, antifungal, 

antitumor, analgesic and anti-inflammatory activities
5-6

. Moreover, Schiff’s bases obtained from various heterocyclic 

scaffolds cover a wide range of pharmacological potential such as antimicrobial
7
, anthelmintic, analgesic

8
, anti-

inflammatory, allergic inhibitors reducing activity
9
, antipyretic

10
, diuretic

11
, hypoglycemic

12
, anticonvulsant

13
, anti-

HIV
14

, cytotoxic
15

, anticancer
16

, antitumor
17

, activities. Also determined that radical scavenging
18

 anti-oxidative 

action
19

. In a recent report published in 2013; Schiff base   derivative of Cu complexes were found to exhibit a strong 

pro-oxidant property
20

. 

This present work was performed using to salicylaldehyde with ([(2-hydroxybenzylidene)-3methylurea]). For 

the metal complexes Cu, Ni, Zn, Mn, Co were selected. Because they are  biologically very important. 

This work is focused on the synthesis, characterization and determination of biological activity of a new Schiff base 

derivative. 
 

2. MATERIAL AND METHOD 

2.1 Materials and instrumentation 
All solvents were of analytical-grade reagents. The metal salts, CuCl2.2H2O, CoCl2.6H2O, NiCl2.6H2O, ZnCl2, 

MnCl2.2H2O and starting materials for the ligand were purchased from Merck Sigma-Aldrich. Elemental analyses 

were carried out on a LECO CHNS-O model 932 elemental analyzer, 
1
H-NMR spectra were recorded using a model 

Broker GmbHDPX-300 MHz, Spectrophotometer, Infrared (IR) spectra were recorded with a Perkin Elmer, Precisely 

Spectrum One spectrometer on KBr discs in the wave-number range of 400 - 4000cm
-
. Electronic spectral studies 

were conducted on a Shimadzu model UV-1700 spectrometer in the wavelength of 200-1100 nm. Magnetic 

susceptibility measurement were performed using the standard Gouy tube technique, using Hg [CoSCN)4] as a 

calibrate. Thermal analyses (TGA and DTA) were carried out in a nitrogen atmosphere with a heating rate of 

10°C/min, using Shimadzu Dtg-60 Ah (DSC 60A; Shimadzu, Kyoto, Japan) thermal analyzers.  
 

2.2 Method  

2.2.1 Synthesis of ligand (L) 
0.1 mole ([(2-hydroxybenzylıdene)-3methylurea]) was dissolved in 10 ml methanol. Then; it was added to 0.1 mole 

salicyladehyde (its 2 ml created in 10 ml hot methanol). 5drops of acetic acid solution were added to the above 

mentioned solution to keep ~ 5.30. The resultant solution was heated on a electromagnetic stirring apparatus to reflux 

for 5 hours. After evaporation a dark red solid was obtained. The product was dried in air for 48 hours. 
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2.2.2 Synthesis of [Cu (L)2]. 4H2O 
A solution of salicylaldehyde prepared in methanol (2ml salicylaldehyde created in10 ml methanol). Was added to 

(1g) 0,1 mole ([(2-hydroxybenzylıdene)-3methylurea]) which created in 10 ml hot methanol. 5 drops of acetic acid 

solution were added to the above mentioned solution to keep ~ 5.30. 1 gram CuCl2 was dissolved in hot methanol and 

was added to reaction mixture. The resultant solution was heated on an electromagnetic stirring apparatus to reflux for 

4 hours, consequently the green solid complex was precipitated. The solid complex that separated out at room 

temperature was filtered and dried.  
 

2.2.3 Synthesis of [Ni] (L)2 ]. 2H2O 
A solution of salicylaldehyde which (2ml in 10 ml methanol) added to NiCl2 solution which 1 gram salt created hot in 

methanol, and the reaction continued, 0.1 mole ([(2-hydroxybenzylıdene)-3methylurea]) in 10 ml hot methanol, was  

added to reaction mixture. 5 drops of acetic acid solution were added to the above mentioned solution to keep ~ 5.30.   

The mixture was left for reflux, with continuous stirring for 4 hours, and brown solid complex was obtained. The solid 

complex, which separated out at room temperature, was filtered and oven dried. 
 

2.2.4 Synthesis of [Co] (L)2 ]. H2O 
A solution of salicylaldehyde in methanol added to CoCl2 solution (1 gram salt created hot in methanol), and the 

reaction continued. 0,1 mole ([(2-hydroxybenzylıdene)-3methylurea]) in 10 ml hot methanol was added to  reaction 

mixture. 5 drops of acetic acid solution were added to the above mentioned solution to keep ~ 5.30. The mixture was 

left under reflux, with continuous stirring for 6 hours. and black solid complexes was obtained. The solid complex, 

which separated out at room temperature, was filtered and oven dried. 
 

2.2.5 Synthesis of [Mn](L)2] 
A solution of salicylaldehyde (2ml salicyaldehyde in 10 ml methanol), added to 0.1 mole ([(2-hydroxybenzylıdene)-

3methylurea])  (1 gram in 10 ml hot methanol). 5 drops of acetic acid solution were added to the above mentioned  

solution to keep ~ 5.30.  and the reaction continued. MnCl2 solution (1 gram salt dissolved in 10 ml hot methanol) was 

added to in reaction mixture.  The result in solution was heated on a electromagnetic stirring apparatus to reflux for 6 

hours, consequently the green solid complexes was formed. The solid complexes that separated out at room, 

temperature, were filtered and dried. 
 

2.2.6 Synthesis of [Zn (L)2]. 3H2O 
A solution of salicyladehyde (1 gram in methanol) added to 0.1 mole ([(2-hydroxybenzylıdene)-3methylurea])  

solution (1g / 10 ml hot methanol). 5 drops of acetic acid solution were added to the above mentioned  solution to 

keep ~ 5.30.  ZnCl2 solution (1 gram salt dissolved hot in methanol) was added to in reaction mixture. The resultant 

solution was heated on an electromagnetic stirring apparatus to reflux for 6 hours, until solid complex was 

precipitated. The product was precipitated with diethyl ether and the resulting dark-yellow solid was obtained. 
 

3. RESULTS  
All date present in a table-3 
 

Table-1: Characteristic IR bands cm
-1

 of ligand (L) and its metal complexes in the KBr pellets. 

Assignment Ligand Cu Co Mn Zn Ni 

ν (OH) 3379 _ _ _ _ _ 

ν phenolic C-O 1297-1253      

ν  CH=N 1636 1647 1649 1654 1654 1621 

ν  M-O _ 466 474 472 463 467 

ν  M-N _ 570 581 530 533 520 

ν  phenolic O-H 1371 _ _ _ _ _ 

 

Table-2: Characteristic UV of ligand (L) and its metal complexes 

COMPUNDS  Wavelength in nm 

Ligand(L)   

[Co](L)2].H2O 
301 and 436 nm 

π→π
*
 transition 

479-500 nm 
4
T1g (F)→

 4
T1g (P)   and 

703-710nm 
4
T1g (F)→

 4
A2g (F) transitions 

[Ni](L)2]. 2H2O 
328-354 nm π→π

*
, n→π

*
 

transition 
600 nm 

3
T1 (F)→

 3
T1g(P), transitions 

[Cu](L)2].4H2O 641-450 nm region absorption 
2
B1→

2
A1 and

2 
B1→

2
E transition 

[Mn](L)2 280 nm π→π
*
 377-460 absorption band L→M 
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Table-3: Colors, formula, formula weight (FW), magnetic moments and elemental analyses results of the ligand (L) and the 

complexes 

Compound Colors Formula 

Formula 

weight(FW) 

(g/mol) 

magnetic 

moment 

(B.M) 

Elemental analyses (%) 

C         N         H               O 

Ligand Dark red C8H14N2O3 186 _ 53.6     15.05     7.52     25.80 

[Cu](L)2].4H2O green C16H36CuN4O10 507,5 1.53 37.83    11.03     7.09   31.52 

[Ni](L)2].2H2O brown C16H32NiN4O8 466 2.35 41.20   12.01     6.86      27.46 

[Co](L)2].H2O black C16H30CoN4O7 448 3.30 42.85   12.50     6.69      25.00 

[Mn](L)2] green C16H30MnN4O7 444 5.80 43.24 12.61      6.75       25.22 

[Zn](L)2].3H2O 
Dark 

yellow 
C16H34ZnN4O9 491 _ 39.10 11.40      6.92      29.32 

 

OH2

H2O

M

CH N

C

O

NH

OH

O

CHN

C

O

NH

OH

O

.nH2O

 

 

 

M: Mn(II) Co(II) Zn(II) 

n: - 1 3 

 

M: Cu(II) Ni(II) 

n: 4 2 

 

Figure-1.1: Suggested structure of metal complexes 

 

CH N

C

O

NH

OH

OH  
 

Figure-1.2: Ligand structure 
 

4. DISCUSSION 
In the IR spectrum of ([2-hydroxyureabenzylidene-3methylurea]), characteristic band of ligand is at 1636 cm

-1
 which 

is assigned to (CH=N) vibration band. The solid- state IR spectra of the complexes were compared with that of the 

ligand. It was found that CH=N band vibration in these complexes is 1647 cm
-1 

for Cu(II) complex, 1621 cm
-1 

for 

Ni(II) complexes, 1649 for Co(II) and 1654 cm
-1

 for both the Zn(II) and Mn(II) complexes. Reason of this shifting is 

that the nitrogen atom of azomethine (CH=N) groups is involved in Metal-Nitrogen bond formation. Schiff base 

ligands show OH stretching vibration in IR spectrum at 3379 cm
-1

, which was not observed in IR spectra of 

complexes. 

The IR spectral bands of ligand and its complexes are listed in Table1, together preferment for most of the 

important peaks. The position and complex 467 or intensities of these peaks are expected to change upon chelation. 

New peaks are also quite peaks as well as water in chelation.  

Further evidence of the metal ions was shown by the appearance of weak low frequency new bands which can 

be designated as M-O and M-N bond. This M-O band is in the Co(II) complex 474 c-
1
 Ni(II) complex 466 cm

-1
 Cu(II) 

complex 466 cm
-1

, Zn(II) complexes 463 cm
-1

, :Mn (II) 472 cm
-1

 [5]. M-N bond is in the Co(II) complex 581 cm
1
, 

Ni(II) complex 520 cm
-1

, Cu(II) complex 570  cm
-1

, Zn(II) complex 533 cm
-1

, Mn (II) complex 530 cm
-1 21

.
  

According to a study published in 2013; Yellow-orange crystals have IR (cm-1): 3434, 1615, 1591, 1281, 

1257, 1151, 996, 916, 846, 792, 736, 581. 
1
HNMR: 6.91-8.51(m, 8H), 9.41(s, 1H), 13.41(s, 1H). Also, in analytic 

calculated determinate that C, 72.72, H, 5.02, N, 14.10. Yellow solid; 178-1800°C. IR (cm-1): 3050, 1612, 1582, 

152\57, 1430, 1291, 1105, 1090, 990, 892, 830, 784, 705, 640. 1HNMR 7.11 to 8.55 (m, 7H), 9.50 (s, 1H), 14.53 (s, 

1H). Anal. calc. for C12H9N3O3: C, 59.24, H, 3.68, N, 17.25[22]. 

OH2

M

CH N

C

O NH

OH

O

Cl .nH2O
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The 
1
HNM-R spectra of the free ligand appear that 9.80 ppm phenolic-O-H proton, 8.10 ppm azomethine protons, 

6.98-7.39 ppm aromatic proton and 2.74 ppm –CH3 group’s proton
23

.  

The UV-Vis spectra of ligand and complexes were recorded in the DMF solution in the wavelength range 

from 200 to 1100nm. The UV-Vis spectra of ligand and its complexes are listed in table2. The corresponding 

magnetic susceptibility measurement and elemental analysis are presented in table3.   

In a study published in 2010; done  for salicylidene glycine,  the  IR band  of OH 3443.62 cm
-1

,  C = N 1618 cm
-1

, UV 

bands λ 255-327nm , m.p or   B.p* 180 
◦
C colour: yellow, for  salicylidene DL-alanine at IR band OH 3443.83 cm

-1
, 

C=O 1681.97, C=N 1602.02, UV bands 247-327, m.p or   B.p* 195 
◦
C, color: orange, for salicylidene ß–alanine IR 

band OH 3424.33, C=O 1637.89,C=N 1612.17, UV band 250-326, m.p or   B.p* 120 C, colour: Faint yellow, for 

salicylidene  L-       methionine IR band OH 3385.41,C=O 1633.20, C=N 1625.00, UV band 251-328, m.p or   B.p* 

100-120 C, color: Brown
24

. 

The electronic spectra of Co (II) complexes show two bans at 301 and 436 nm. This value in 301-436 nm are 

attribute to the π→π
*
 transition. 479 - 500nm 

4
T1g (F) →

 4
T1g (P) and 703-710nm 

4
T1g (F) →

 4
A2g (F) transitions, 

respectively, and their octahedral geometry round the cobalt ion
25

. The electronic spectra of Ni (II) complex showed 

bands in the region of 328-354 nm , which are attributed to π→π
*
, n→π

*
 transition. The band at 600 nm might be due 

to
3
T1 (F)→

 3
T1g(P) transition. Tetrahedral geometry was proposed

26
. The electronic spectra of Cu (II) complex showed 

absorption bands at 641-450 nm region and are due to 
2
B1→

2
A1 andB1→

2
E transition

27
. 

In this study the electronic spectra of Mn(II) complex  observed 280 nm π→π
*
 transition and about 377-460 

nm absorption band due to L→M load transfer transition. All this transition showed that Mn (II) complex octahedral 

geometry. 

According to the magnetic susceptibility measurement found for Co (II) complex magnetic moment value 3.30 

B.M and it has paramagnetic structure
28

. Cu (II) complex magnetic moment value 1.53 B.M and it has paramagnetic 

structure
29

. Ni (II) complex magnetic moment value 2.35 B.M and it has paramagnetic structure
30

, Mn (II) complex 

magnetic moment value 5.80 B.M and it has paramagnetic structure
31

, Zn (II) complex diamagnetic structure. 

In this study; according to the magnetic susceptibility measurement and elemental analysis value it was found 

that L, Cu (II) and Ni (II) complexes form square planar and tetrahedral molecules
32

. While, Co (II), Mn (II), Zn (II) 

complexes octahedral structure. 
 

5. CONCLUSION 
The importance of Schiff bases is increasing day by day because; has the ability to act on the various groups (catalytic, 

oxygen binding, the amino group transfer, etc.). With this capability is increasing in importance, we believe that will 

contribute to; both for us and in all other work substances synthesized in this study 
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ABSTRACT 
The current piece of research was undertaken to  investigate the phytochemicals constituents  such as carbohydrates, proteins, 

alkaloids, anthraquinone, glycosides, Saponin, glycosides, steroid, cyanogenetic glycosides, tannins, phlobotannins, saponins, 

terpenoids, cardiac glycosides, etc in the species of citrus genus (Citrus sinensis, Citrus reticulate Blanco, Citrus aurantium L). 

All these plants were collected locally. Qualitative analysis of these phytochemicals was performed. All three types of citrus are 

rich with phytochemicals. Quantitative screenings is in progress in our lab.   

  

Keywords: Citrus fruits, phytochemicals, qualitative screenings. 

 
1. INTRODUCTION 
Any compound found in plants is known as phytochemicals (the chemicals found in plants according to Greek word 

Phyton). Phytochemicals are plant chemicals which are non-nutritive in nature but have good preventive action 

against certain diseases
1
. Natural and medicinal plants are gifted to living things in this world. Medicinal plants 

becoming more important with time due to the presence of potential drug compounds. The potential of medicines 

obtained from these plants is due to biologically active compounds known as phytochemicals
2
. Phytochemicals has 

remarkable effect on the human body. Phytochemicals in the human body combines with the nutrients and fibers 

present and provide strength against certain diseases and stress conditions
3
.  

On the basis of function in plants metabolism, phytochemicals obtained from plants are classified into two 

categories, e.g. primary phytochemicals and secondary phytochemicals. Primary phytochemicals comprises of 

carbohydrates, proteins, amino acids, proteins and chlorophylls. Whereas second category consists of alkaloids, 

terpenoids, steroids and flavonoids, etc
4
.  

The core values of large number of plants have been published but still many of them remained 

undiscovered
5
. Nature is filled with a treasure of medicines to overcome every type of ailments

6
. Phytonutrients are 

one of the most important and widely distributed groups of components in plant
7
. 

The word phytochemical is used to a wide range of biologically active substances found in plants. Due to 

phytochemicals plants a particular colour, flavour and special protection against harmful agents. Nutritional studies in 

plants reveal that a food rich in fruit and vegetables gives numerous health benefits to human beings, e.g., reducing 

the risk of causing various kinds of cancer (pancreas, lungs, prostate, and breast as well as reducing the risk against 

cardiovascular diseases
8
. 

Phytochemicals have certain functions in metabolism of plants. The medicinal effects in different parts of 

plants are due to the secondary group phytochemicals present in them. The phytochemicals in this group are defined 

as "non-nutrient substances” in plants that show special biological activity against some lethal diseases
8
.
 
 

Fruits and vegetables are the major source of phytochemicals in our diet. Citrus fruits also contain a large number of 

phytoconstituents. Citrus sinensus which is the sweet orange is one of them
9
. 

 

2. CITRUS FRUITS 
Citrus trees are evergreen trees full of fragrance and have juicy and flavoured fruits. Fruits of citrus have a skin which 

protects the fruit from damages. The pulpy part of the citrus fruits is rich source of soluble sugars, ascorbic acid, 

pectin, fibres as well as various organic acids and potassium salts
10-11

. The origin of citrus fruits is not known well, 

although South East Asia is given as its origin place by most of researchers
11

. 

The most valuable product of the citrus fruit is its juice
7, 10, 12

. Jams can also be prepared from citrus fruits. 

Some essential oils can also be obtained from citrus fruits as a side product. They are used to flavour the drinks and 

foods. They also have pharmaceutical and industrial uses
10

. 

Citrus fruits are rich in phytochemicals. Phytochemicals are good for health and give protection against 

diseases. The phytonutrients are defined as the chemicals obtained from plants having good response to human 

health. These phytochemicals have been utilised as food additives, flavors, colours, pesticticides, medicines, and 

other chemicals
12

. 

 

3. CITRUS FRUITS & PHYTOCHEMICALS 
Phytochemicals are the chemicals of plants. Phytochemical is diverse group having a large numbers of members. 

Plant’s secondary metabolites have no major roles in growth of plant but have major roles in defence of plant from 
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insects and microbes. Along with alkaloids the members of this group are cyanogenic glycosides, flavonoids, 

terpenoids and phenolic compounds
10, 12

. 

The flavonoid of the citrus fruits provides human body strong action against allergies, viruses, and 

carcinogens
10

. Some flavonoids present in citrus fruits include Quercetin, myricitin, rutin, tangeritin, narigin, and 

hesperidin
10

. The flavonoids also have antioxidant activity
14

. The citrus flavonoids enhance the ascorbic acid in them. 

They also protect the vascular system of humans
10

. The citrus fruits are classified as weight reducing diet because 

they have low fat content
10, 15

.
 
Citrus fruits provide dietary fibers which help in softening the stools

10
. Pulp of mature 

citrus fruits contains a high content of water and other different constituents, including acids and sugars
16

.  
 

4. MATERIALS AND METHODS 
Collection of Samples: Fresh oranges of species (Citrus sinensis, Citrus reticulata Blanco, and Citrus aurantium L) 

were collected from local market of district Peshawar, Pakistan. These fresh fruits were washed properly with fresh 

water and later twice with distilled water. The epicarps of all three different species were peeled and disposed. The 

mesocarps and endocarps parts were cut in to small pieces with the help of clean cutter which helps and enhances 

drying. These were dried further in shade for ten days. These dried oranges were put to mortar and pestle and grinded 

to get powdered form.  

Preparation of extract: Aqueous extract 20gm of powdered samples of all three citrus fruits was weighed and 

suspended in 200 millilitre of water for half hour and followed by filtering through Whattman filter paper. These 

extracts were evaporated to get paste which was transferred and stored in sterile bottles under refrigerator for further 

use. 

  Ethanolic extracts: 25gm of powdered samples were added to 200 milliliter of ethanol and extraction was 

done for 72 hours, followed by filtering through Whattman filter paper. The extracts were later evaporated to get paste 

of samples which were stored and refrigerated for further tests.  
 

5. PHYTOCHEMICAL TESTS (QUALITATIVE TESTS) 

5.1 Carbohydrate test 
Two drops of alpha naphthol in alcohol was added to twenty milliliter of both citrus extract samples. The sample 

was added with small quantity of concentrated H2SO4 and allowed for short time to make layers. If violet ring is 

present in between two layers shows the presence of carbohydrates. 
 

5.2 Reducing sugars Test (Benedict’s test) 
A few milliliters of both juice extract and Benedict’s test solution were heated in boiling water few minutes. If 

yellow, red or green colour precipitate appears shows the presence of reducing sugars in the test solution. 
 

5.3 Fehling tests 
One millilitre of Fehling solution was taken in a small test tube and boiled for a short time and an equal amount of 

test sample juice was added into it. Mixture was allowed to warm in boiling water for 5-10 mins. Yellow colour and 

then a brick red precipitate found shows the presence of reducing sugars. 
 

5.4 Test for Monosaccharide: Barfoed’s Test 
Same volume of sample and Barfoed’s reagent were properly mixed. Solution was heated for one to two minute in 

boiling water bath and cooled. After three minutes the reddish precipitate was formed which confirm the presence of 

monosaccharide. 
 

5.5 Test for Hexose Sugar 
Three millilitre of test sample juice was mixed with 2 millilitre solution of cobalt chloride. Then it was boiled 

and cooled and adding few drops of NaOH solution, purplish (fructose) or greenish blue (glucose) or lower layer 

purplish while upper layer is greenish blue indicates the mixture of fructose and glucose.   
 

5.6 Selwinoff’s Test 
Six millilitre of Selwinoff’s reagent solution and 2 millilitre of test sample juice was gently heated in boiling water 

bath for 1-2 minutes which gives the results of red colour which shows the presence of hexose sugars.  
 

5.7 Non-Reducing Polysaccharides: Starch test 
Three millilitre of test sample’s juice and few drops of iodine dilute solution are slowly mixed. Blue coloration 

appearance indicates the presence of starch. It disappears if boiled and reappears when cooled.

 

5.8 Protein Test: Biuret Test (General Test) 
Three millilitre test samples were added with 4% NaOH solution and then slowly adding 1%CuSO4 solution. The 

solution appears to violet or pink colour which shows presence of protein. 
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5.9 Million’s Test 
Three milliliter of sample was mixed with five milliliter of Million’s reagent, if white ppt appears which turns into 

dark red or the precipitate get dissolves shows the presence of protein. 
 

5.10 Tests for amino acids 
Three millilitre of samples juice and 3 drops of five percent ninhydrin solution was warmed in boiling water for ten 

minutes. Purplish or blue colour appears shows the presence of amino acids. 
 

5.11 Steroid Test. Salkowski Reaction 
Two millilitre acetic anhydride was added to five milliliter extract of each sample with two milliliter of H2SO4. If 

the colour changes from violet to blue or green shows the presence of steroids. 
 

5.12 Cardiac glycosides  
Five milliliter of each sample juice was treated with t w o  milliliter of glacial acetic acid containing o n e  drop of 

FeCl3 solution, this was under layered with 1 milliliter of conc. H2SO4. A brown ring s h o w s  t h e  deoxysugar 

characteristics of caredenolides. Sometime a violet ring may form indicating cardiac glycoside.  
 

5.13 Test for Anthraquinone Glycosides: Borntrager’s Test 
To three milliliters of samples was added small amount of dilute sulphuric acid and then boiled and filtered. To 

cool filtrate equal volume of benzene and CHCl3 was added. It was shaken well in the separating funnel and organic 

layer was separated and ammonia was added. Ammoniacal layers turns pink or red which represent the presence of 

anthraquinone glycoside. 
 

5.14 Modified Borntrager’s Test 
To a five milliliter sample solution five milliliters of five percent FeCl3 and five millilitre of dilute HCl was added. 

After that it was heated for 1 hour in boiling water bath. It was then cooled and benzene was added and on shaking 

organic layer was separated. The dilute ammonia was added in equal amount and ammoniacal layer has pinkish red 

colour. 
 

5.15 Saponin Glycosides: Foam Test 
Sample’s juice and water was shaken vigorously. Persistent foam observed shows saponin.  
 

5.16 Test for Cyanogenetic Glycosides: Sodium Picrate Test 
Filter paper was first soaked in 10% picric acid and in 10% sodium carbonate solution and dried it. After that in a 

conical flask citrus sample was taken and corked it. After that filter paper was soaked in to the flask. The filter paper 

turns brick red or maroon which represents cyanogenetic glycoside.  
 

5.17 Test for Alkaloid: Hager’s test 
When three milliliter of saturated aqueous solution of picric acid (Hager’s reagent) is added to one milliliter 

sample, precipitate of yellow colour indicates the presence of alkaloids. 
 

5.18 Wagner’s Test 
To three milliliter filtrate adding few drops of Wagner’s reagent if reddish brown precipitate appears shows the 

presence of alkaloids. 
 

5.19 Harborne Method 
If we add to a five milliliter sample, 10% C H 3 C O O H a n d  C2H5OH and kept for four hours and then filtered and 

extract concentrated on water bath to one fourth of its original volume. On adding concentrated NH4OH, appearance 

of precipitate shows the presence of alkaloids. 
 

5.20 Test for Tannin  
About five millilitre of citrus sample was taken and boiled in 20 milliliter of CHCl3. To the filtrate on addition of 0.1 

% FeCl3 appearance of brownish colour shows the presence of tannin.  

 

5.21 Test for Saponin 
About five millilitre of citrus sample was taken and boiled in 20 milliliter of CHCl3 and filtered. To the 10 milliliter 

filtrate added five milliliter of double distilled water with 3 drops of olive oil, emulsion formation shows the presence 

of saponins. 

5.22 Test for Phlobotannins 
For phlobotannins test citrus sample was boiled with 1% HCl and was then observed for red precipitate. 
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5.23 Test for Flavonoids 
To a portion of filtrate of CHCl3 five milliliter of ammonia solution was added followed by addition of concentrated 

H2SO4, if yellow color appears which disappear on standing shows the presence of flavonoids. 

 

5.24 Test for Terpenoids 
Five milliliter of the sample was added to 2 milliliter of CHCl3 and three millilitre of concentrated H2SO4. If a reddish 

brown colour formed shows the presence of terpenoids. 
 

6. Results and discussions 
The pulp of sweet orange extract was rich with phytonutrients as shown in Table 1.  

 

Table-1: Experimental Results of Phytochemicals Screening of Citrus Fruits. 

S. No. TESTS 

Citrus 

sinensis 

JUICE 

Citrus reticulate 

Blanco 

JUICE 

Citrus 

aurantium L JUICE 

1            Carbohydrates      Molish Test + + + 

2 
Test For Reducing 

           Sugars 

     Benedict Test + + + 

     Fehling’s Test + + + 

3 
           Test for 

           Monosaccharide 

     Barfoed’s 

     Test 
- + - 

4 
           Test for Hexose 

           Sugar 

     Cobalt 

     Chloride Test 
+ + - 

     Selwinoff’s Test + + + 

5            Test for Non-reducing Sugars - - - 

6 

           Non-Reducing 

          Polysaccharides 

          (STARCH) Test 

      Iodine Test - + + 

7           Protein Test 
     Biuret Test - + - 

     Million’s Test + + - 

8     Tests For amino acids 
     Tyrosine Test + + + 

     Ninhydrin Test + + + 

9           Steroids Test  

     Salkowski Reaction - - - 

     Liebermann- 

     Buchard Reaction 
- - - 

10           Cardiac Glycosides Test + + + 

11 
           Anthraquinone 

           Glycosides Test 

     Borntrager’s 

     Test 
- - - 

     Modified 

     Borntrager’s 

     Test 

- - - 

12   Saponins Glycosides      Foam Test - - - 

13 
           Cyanogenetic 

           Glycosides Test 

     Sodium 

     Picrate Test 
- - - 

14            Alkaloids Test 

     Hager’s Test - - - 

     Wagner’s Test - - - 

     Harborne 

     Method 
- - - 

15            Tannins Test + + - 

16            Saponins Test + - + 

17            Phlobotannins Test - - + 

18            Flavonoids Test - + - 

19            Terpenoids Test + + + 

     

From the above work it was concluded that citrus fruits obtained from local market of district Peshawar as well 

obtained from garden of Islamia College, University Peshawar are rich with phytochemicals.  
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Some tests were positive while others were negative for selected species of citrus fruits as shown in Table 1. 

Qualitative phytochemicals screening tests like for tannins, phlobotannins, saponins, steroids, cardiac glycosides, 

terpenoids and flavonoids were performed for the species Citrus sinensis, Citrus reticulata Blanco and Citrus 

aurantium Qualitative as well as some quantitave phytochemicals screening test for some other fruits and vegetables are in 

progress in our lab. 
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ABSTRACT 
Environmental pollution caused by toxic metals seems to occur globally. Metal intoxicated wastewater can be challenging to 

health safety. The high concentration of pollutants is required to be removed before the discharge of wastewater into open waste 

streams. The present study relates the monitoring of heavy metals in the industrial waste coming from Shairshah, Lyari SITE 

industrial area and control sites selected from Clifton beach of Karachi (Pakistan). Concentrations of selected trace metals, Cr, Fe, 

Hg, Na, K, Cd, Pb, Ni, Zn, Mo, Mn and Cu were estimated by using Atomic Absorption Spectrophotometer, Flame Photometer 

and 200 Multi parameter Ion Specific Meter under standard analytical conditions. Statistical methods of relevance were applied to 

check the accuracy of the system. Selective removal of Ni metal from waste water was carried out by adsorption process using 

activated carbon prepared from agricultural waste. The effectiveness of the adsorption process has been tested under the optimized 

conditions of temperature, concentration, stay time and amount of adsorbent. Adsorption isotherm models like Freundlich and 

Langmuir were applied to determine the feasibility of process by finding the values oftheir respective constants. The R2 values 

show that Langmuir model was the best fitted adsorption model. The feasibility of adsorption process was determined by RL 

factor. Thermodynamic parameters such as free energy (ΔG˚), enthalpy (ΔH˚) and entropy (ΔS˚) of the system were calculated. 

The sorption free energy (Es) was also estimated. The pHpzc of adsorbent was also estimated by adopting pH drift method. The 

percentage removal and distribution coefficient (KD) values for Ni removal were also determined. The present system represents 

that Ni and other metals can be effectively removed by employing adsorption method using low cost natural adsorbents. 
 

Keywords: Industrial waste, Ni metal removal, adsorption isotherms, pH (pzc) 

 
1. INTRODUCTION 
In most developing countries of the world, environmental pollution stems generally from weak economy, low 

priorities for hygienically sound living, high illiteracy, mismanagement and unrealistic planning. Pakistan is no 

exception to this situation. Infect, the environmental problems of the country are manifold, namely, water, air, noise, 

solid and hazardous waste pollution arises from various industries due to mismanagement, rapid urbanization, 

deforestation, erosion, sedimentation, water logging and salinity etc, which have reached to an alarming status1. Only 

79% urban and 44% rural population has access to treated water supply. The rest consumes untreated ground water 

from shallow ground aquifers, which are occasionally contaminated with industrial effluents and sewage. Only 40% of 

country’s populations discharge their sewage into sewer lines. This may also pave its way to agricultural fields and 

utilized untreated. Indiscriminate and continuous disposal of untreated industrial effluents into waterways damages the 

aquatic eco system2. 

Karachi, being the largest city of Pakistan, has been facing the acute environmental problems since it’s vast 

spreading development, rapid urbanization and industrialization, unsatisfactory sewage system, untrained workers, 

lack of resources of utilization and distribution systems of municipal corporation, the chances of contamination of 

drinking water with the sewage system has been enormous
3
. 

Awareness of water pollution is increasing day by day. Due to rapid urbanization and industrialization, the 

natural biology of the environment has severely been disturbed. Among the various sources of pollutants in surface 

and ground water, atmospheric emissions from industry, households and run-off from agricultural fields have 

contributed to water pollution. It is estimated that industrial and domestic waste water introduces a very large number 

of different pollutants into natural water, such as polycyclic aromatic compounds, pesticides, radio active matters and 

trace metals. The latter group of pollutants which is especially dangerous for human health is trace metals4. 

Changing climatic conditions affect on discharge rates, as well as residence time of trace metals. Different 

environmental conditions in estuarine systems can affect trace metal speciation, removal rates, and thus fluxes of trace 

metals that reaches the ocean5-8.  

Many industrial manufacturing processes produce wastewater containing heavy metals. As a result of 

improper treatment prior to discharge, many dissolved metals have been found in harmful concentrations in 

groundwater which are destined for potable drinking water. In small quantities, certain heavy metals are nutritionally 

essential for healthy life, but excess amounts of any of them may cause acute or chronic toxicity. Most of the metals 

are required by human in trace amounts, but in larger and persistent dosages, these heavy metals become toxic when 

they are not metabolized by the body and accumulate in soft tissues. Heavy metal toxicity can result in damaged or 

reduced mental and central nervous system functions, lower energy levels, and damages to blood composition, lungs, 

kidneys, liver, and other vital organs9. 
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There are different types of water pollution among these are acid drainage, thermal pollution, effluents from petroleum 

refining and oil spills, radioactive materials. Small quantity of variety of metals are released by almost every industry 

since many of these are toxic and relatively little is known about their cycling in the biosphere, they constitute a real 

problem10. 

Different methods were employed for the purification of waste like biological treatments, membrane 

processes, advanced oxidation processes, electrochemical techniques and adsorption procedures11. These are widely 

used for removing metals and organic compounds from industrial effluents. Amongst all the proposed treatment 

methods adsorption using sorbents is one of the most popular method it produces high-quality treated effluents. 

Adsorption is a well-known equilibrium separation technique. It is now recognized as an effective, efficient and the 

most economic method for the water decontamination applications and analytical separation purposes. The adsorbents 

may be of mineral, organic or biological origin like activated carbons, zeolites, clays, and silica beads12. 

Recently, numerous approaches have been studied for the development of low cost natural and modified 

adsorbents. In the present studies, sugarcane baggase has been utilized for the preparation of activated carbon as a 

replacement for current conventional methods of removing pollutants from industrial waste. 

 

2. EXPERIMENTAL METHODS 
2.1 Sample collection 
Industrial liquid waste samples were collected from the Shershah and Lyari industrial area of Karachi city while 

control samples were collected from Clifton beach. The details of sampling sites (ML1 to ML8,) are presented in Fig.1 
 

 
 

Fig-1: Location map of sampling sites (A. Shershah, Lyari site B. Clifton beach) 
 

2.2 Samples preservation  
Samples were collected in pre cleaned plastic bottles. Each sample bottle was labeled so that contents would be 

identified separately. The samples were stored by adding 10 ml of nitric acid (65%) in each flask and keep them at 

cool place. 

 
2.3 Digestion of liquid waste samples 
The liquid waste samples were digested with nitric acid (65%) by adopting wet oxidation method. 100 ml of the liquid 

waste sample was added in 50 ml nitric acid. The content was heated at 60 ± 2 °C until one third portion of the sample 

was left behind. The digested samples were filtered and transferred to 100 ml volumetric flask and solution was made 

up to the mark with deionized water. 

 
2.4 Sample Analysis 
Digested liquid waste samples were analyzed by Atomic Absorption Spectrophotometer (AA-2380) for the 

measurements of metal concentrations: Cr, Mo, Cu, Mn, Zn, Pb, Hg, Co, Ni, Fe and, Cd. While Na and K were 

file:///C:/Documents and Settings/HP/Desktop/New Folder/Nadia docs/PJC140301/Fig 2.docx
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analyzed by flame photometer and Hg was analyzed by cold vapor atomic absorption technique13. Triplicate samples 

were run in order to ascertain the precision of data.  
 

2.5 Removal of Ni metal from liquid waste  
The removal of excess concentration of metal was carried out by adsorption method. The Ni was found to have higher 

concentration in sample MLO1 compared to other metals, so it was selected for the removal studies by using activated 

carbon. The activated carbon was prepared by carbonization of agricultural waste at 1000 oC by keeping in muffle 

furnace. 
 

3. BATCH ADSORPTION STUDIES 
The adsorption experiments were run under the optimized conditions of amount of adsorbent, stay time and 

concentrations at temperatures ranges from 30 to 45˚C. 
 

3.1 Optimization of amount of adsorbent 
For the optimization of amount of activated carbon, 50 ml of 100 ppm of Ni standard solution was taken in shaking 

flasks by adding 0.1, 0.2, 0.3, 0.5 and 1.0 gm of activated carbon. The content was shaken for 30 minutes at 30˚C. 

After the specific time period the contents were filtered and concentration of metals were analyzed by atomic 

absorption spectrophotometer14-16. 
 

3.2 Optimization of stay time 
For the optimization of stay time 50 ml of 100 ppm Ni solution was added in shaking flask for the variable time period 

from 5 to 60 minutes at 30˚C. After specific time period each flask was filtered and analyzed by Atomic Absorption 

Spectrophotometer16. 
 

3.3 Adsorption Experiments 
Adsorption experiments were run at 30 to 45˚C. The solution concentrations were varied from 20 to 60 ppm by 

keeping the optimum amount of adsorbent and shaking time. 
 

4. RESULTS AND DISCUSSION 
4.1 Concentration of trace metals in industrial liquid waste samples 
The digested industrial liquid waste samples (ML1 to ML8, MLO1, MLO2 and control water sample) were analyzed by 

atomic absorption spectrophotometer. Concentrations of trace metals Mo, Cr, Cu, Mn, Zn, Pb, Hg, Co, Ni, Fe, Cd, Na 

and K in liquid waste samples were determined as shown in Table-1 and Fig-2. The results show that Cr metal was 

found to be (0.096 mg/L) concentration in sample ML3. The concentrations of Mo, Cu, Fe and Pb metals were high in 

MLO1 and ML4 samples, which were collected from site industrial area of Karachi city and Clifton beach as control 

site. The higher levels of Mn and Zn metals were 1.880 mg/L and 43.5 mg/L respectively were found in MLO2 

sample. The Hg was shown in sample number ML3 about 0.018 mg/L, whereas the reported permissible level in 

NEQS is 0.01 mg/L. The concentration of Co 30.07 mg/L was found in ML2 sample which was collected from Layri 

site. Ni metal in sample MLO1 shows the 260.0 mg/L, which was the highest concentration compare to other 

respective sample. The Cd was 0.050 mg/L was found in sample ML5.  

 
 

Fig-2: Concentration of trace metals (mg/L) in the industrial liquid waste samples
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Table-1: Concentration of heavy metals (mg/L) in industrial waste sample 

S. No Sample Mo Cr Cu Mn Zn Pb Hg 

1 ML1 0.26 0.042 0.75 0.20 22.5 0.57 0.014 

2 ML2 1.16 0.026 0.40 0.70 21.25 2.58 0.013 

3 ML3 0.90 0.096 0.80 0.56 38.4 2.69 0.018 

4 ML4 2.30 0.013 0.98 0.53 9.00 0.13 0.011 

5 ML5 3.03 0.023 0.55 0.60 5.00 2.23 0.014 

6 ML6 14.0 0.007 0.93 0.23 13.6 20.5 0.001 

7 ML7 0.13 0.07 0.93 0.30 43.5 0.71 0.003 

8 ML8 0.06 0.049 0.14 1.18 19.5 1.03 0.003 

9 ML O1 26.0 0.016 0.57 1.57 61.5 25.5 0.002 

10 ML O2 0.86 0.017 0.72 1.88 63.5 60.0 0.001 

11 Control 2.40 0.009 0.10 0.20 0.59 0.19 BD 

 
S. No Sample Co Ni Fe Cd Na K 

1 ML1 0.05 0.78 4.60 0.04 1907.3 38.89 

2 ML2 30.0 1.16 4.61 0.041 2459.4 50.22 

3 ML3 0.05 0.71 87.0 0.04 451.73 42.29 

4 ML4 0.06 1.76 127 0.039 833.2 46.06 

5 ML5 0.14 0.42 5.24 0.05 4700 679.7 

6 ML6 0.39 58.0 149.7 0.048 9034.7 566.4 

7 ML7 0.02 0.42 5.61 0.039 15052.7 17.74 

8 ML8 0.02 0.18 1.81 0.039 1221.36 47.95 

9 ML O1 4.40 260 404 0.049 8532.85 566.4 

10 ML O2 3.20 112 310 0.049 1208.2 346.1 

11 Control 0.04 0.04 56.0 0.04 59.00 15.00 

Key for abbreviations:  ML= Mix liquid, MLO= Mix liquid oil, T.W= Tap water. BD: Below detection limit 
 

4.2 Statistical treatment of data 
Table 2 and 3 show the statistical parameters and correlation coefficient (r2) values. The strong positive correlation 

0.95 was found in Cd-K. 
Table-2: Statistical parameters of analyzed metals 

S.NO METALS Range Average ±SD Median 

1 Cr 0.007- 0.069 0.033 0.028 0.02 

2 Mo 0.060 – 26.00 4.645 8.110 1.16 

3 Cu 0.100 - 0.980 0.631 0.312 0.72 

4 Mn 0.200 -1.880 0.725 0.574 0.56 

5 Zn 0.590 - 63.50 27.12 21.60 21.2 

6 Pb 0.130 - 60.0 10.55 18.61 2.23 

7 Hg 0.001 - 0.018 0.007 0.006 0.003 

8 Co 0.020 - 30.07 3.745 8.877 0.140 

9 Ni 0.040 - 260 39.58 81.40 0.780 

10 Fe 404 - 0.56 100.0 139.8 5.610 

11 Cd 0.39 - 0.050 0.040 0.004 0.040 

12 Na 451.73 - 15052 4540 4836 1229 

13 K 17.748 - 3346 540.2 1021 49.00 
 

Table-3: Metal to metal correlation in industrial waste samples 

Metals Cr Mo Cu Mn Zn Pb Hg Co Ni Fe Cd Na K 

Cr 1             

Mo -0.39 1            

Cu 0.22 0.07 1           

Mn -0.14 0.29 -0.17 1          

Zn 0.27 0.32 0.27 0.71 1         

Pb -0.33 0.31 0.16 0.74 0.67 1        

Hg 0.43 -0.38 0.26 -0.29 -0.02 -0.43 1       

Co -0.14 -0.02 -0.24 0.12 0.042 -0.01 0.21 1      

Ni 0.33 0.85 0.04 0.68 0.68 0.65 -0.04 0.005 1     

Fe -0.32 0.71 0.25 0.72 0.71 0.79 -0.03 -0.06 0.92 1    

Cd -0.50 0.58 0.09 0.47 0.30 0.67 -0.02 -0.03 0.63 0.62 1   

Na 0.08 0.41 0.38 0.01 0.29 0.002 -0.03 -0.01 0.26 0.10 0.20 1  

K -0.48 0.65 0.12 0.31 0.14 0.469 -0.18 -0.12 0.57 0.52 0.95 0.32 1 
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4.3 Adsorption studies 
The adsorption experiments were preceded under the optimized amount of activated carbon and stay time for the 

removal of Ni metal as shown in Fig 3 and 4. The adsorption isotherms were drawn by varying the temperatures (30 - 

45 oC) for the removal of Ni metal.   

     

 
Fig-3: Optimization of amount of activated carbon for the removal of Ni 

 
Fig-4: Optimization of time of activated carbon for the removal of Ni 

 

4.4 Effect of adsorbent dose 
To determine the effect of adsorbent dose, different amounts (0.1 to 1.0 gm) of adsorbent were suspended in 50 ml Ni 

standard solution having concentration 100 ppm under the optimized amount and stay time (Allen et al., 2000). The 

effects of adsorbent dose on the amount of nickel adsorbed (in mg/g) are shown in Fig. 3. The results show that 

amount of adsorbent significantly influenced the extent of nickel adsorption.  

 
4.5 Effect of contact time 
Fig.4 shows the comparative data of the effect of contact time on the extent of adsorption of Ni on the activated 

carbon at 100 ppm keeping the temperature 303 K. It has been observed that the metal adsorption rate is high in the 

beginning and then decreases slowly till saturation levels were completely reached at the equilibration point. 
 

http://www.sciencedirect.com/science/article/pii/S0021979709012806#fig5
http://www.sciencedirect.com/science/article/pii/S0021979709012806#fig3
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5. ADSORPTION ISOTHERM MODELING 
Adsorption isotherm is a graphical representation between the bulk activity of adsorbate and amount adsorbed at 

constant temperature. It characterized the distribution of adsorbed solute between the adsorbate and solid phases at 

various equilibrium concentrations.  

The effect of temperature on the removal tendency of dye was also studied at temperatures ranges from 303 – 318 K. 

The critical review of adsorption isotherm shows a decrease in the adsorption of dye with the rise in temperature, 

which signifies the adsorption of metal on activated carbon is temperature dependent in nature. 

 
5.1 Freundlich Adsorption Isotherm 
Freundlich expressed an empirical equation for representing the isothermal variation of adsorption on the quantity of 

gas adsorbed by unit mass of solid adsorbent with concentration. It is expressed as; 
 

Log X/m= Log K + 1/n Log Ce ------- (1) 
 

Where X/m is the amount adsorbed per unit mass of the adsorbent (mol/g), Ce is the equilibrium concentration 

(mol/dm3) and the constant K relates to the degree of adsorption, while n provides the rough estimation of the intensity 

of the adsorption process17. Freundlich plot was obtained at various temperatures 303 – 318 K, as shown in Fig 5. The 

decrease in the values of K with the rise in temperature indicates the adsorption affinity of metal on activated carbon is 

less favorable at higher temperatures but its value change randomly. The values of respective constants K and n are 

shown in Table-4. 

 
Fig-5: Freundlich isotherm for the removal of Ni by activated carbon 

 

Table-4: Freundlich parameters for the removal of Ni 

S.No Temperature (K) K n Intercept Slope R
2
 

1. 293 363.078 -4.90 2.56 -0.20 0.080 

2. 303 22.387 2.13 1.35 0.47 0.350 

3. 313 75.857 125.0 1.88 0.01 0.005 

4. 323 190.546 2.57 2.28 0.39 0.050 
 

5.2 Langmuir Adsorption Isotherm 

The Langmuir isotherm assumes monolayer adsorption on homogeneous surfaces with a finite number of 

adsorption sites. The linear equation is expressed as: 
 

Ce/X/m= 1/kVm + Ce/Vm  -------- (2) 
 

Where Ce is the equilibrium concentration of adsorbate in (mol/dm3), X/m is the amount adsorbed at equilibrium 

(mol/g) and Vm (mol/g) and k (dm3/mol) is Langmuir constants related to monolayer capacity and adsorption 

coefficient respectively18. The linear plot of Ce/X/m vs. Ce is shown in Figure 6. The value of monolayer capacity Vm 

and Langmuir constant k were determined from intercept and slopes of the respective plot are represented in Table 5. 

The essential characteristics of the Langmuir isotherm is that it is a dimensionless constant which relates to separation 

factor or equilibrium parameter RL as given by, 
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RL= 1/1+kCi    ------- (3) 
 

Table-5: Langmuir parameters for the removal of Ni 

S.No Temperature (K) K Vm Intercept Slope R
2
 

1. 293 0.01 -0.32 301.70 -3.08 0.11 

2. 303 0.16 0.30 21.38 3.37 0.59 

3. 313 0.02 0.77 58.72 1.29 0.09 

4. 323 0.00 5.08 67.08 0.20 0.00 
 

 

Where k represents the Langmuir constant and Ci is the initial concentration (mol/dm3). The parameter RL shows 

whether the adsorption system is favorable if (0<RL<1), unfavorable (RL>1), irreversible (RL=0) or linear (RL=1)19.  
 

 
Fig-6: Langmuir isotherm for the removal of Ni by activated carbon 

 

5.3 pH pzc 
The surface functional groups and pHpzc are important characteristics for any adsorbent as they indicate the 

acidity/basicity of the adsorbent, type of adsorbent (either H- or L-type), and the net surface charge of the adsorbent 

(carbon) in solution. The combined influence of all the functional groups of activated carbon determines pHpzc, i.e., the 

pH at which the net surface charge on carbon was zero. At pH < pHpzc, the carbon surface has a net positive charge, 

while at pH > pHpzc the surface has a net negative charge20.  

For the investigation of point zero charge of carbon, the values of final versus initial pH were plotted as 

shown in Fig 7 at 24 and 48 hours time interval. From the graph, the values of pH(pzc) of charcoal were determined 

from the points where the initial pH was equal to the final pH. As shown in the Table 6, the pH values indicate that the 

surface of charcoal was acidic in nature since the pH(pzc) values were transformed from acidic to basic and then 

eventually reached to acidic representing that after adsorption it again turns into its original properties. 

 
Table-6: Effect of point Zero Charge of activated Carbon 

S.No Initial pH 
pH 

by adding adsorbent 

pH 

at 24 hrs 

pH 

at 48 hrs 

1 1.97 1.99 2.07 2.02 

2 2.56 2.61 2.89 2.66 

3 4.02 4.45 5.04 4.68 

4 8.53 6.34 5.8 5.75 

5 10.63 8.15 7.65 7.23 

6 9.59 7.12 6.21 6.07 

 

5.4 Investigation of Thermodynamic Parameters 
The effect of temperature on the adsorption capacity was determined by calculating the thermodynamic parameters 

like change in enthalpy ∆H⁰, entropy ∆S⁰ and Gibbs free energy ∆G⁰ which were evaluated by using the following 

equations: 
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Fig-7: Effect of point Zero Charge of activated Carbon 

 

∆G⁰ = ∆H⁰-T∆S⁰  --------- (4) 

Ln k = ∆S⁰/R - ∆H⁰/RT  --------- (5) 

∆G⁰ = -RTLnk   --------- (6) 

 

Where R is the gas constant, T is the absolute temperature, k is the equilibrium constant. The values of ∆H⁰ and ∆S⁰ 
were calculated from the slope and intercept of the Van’t Hoff plot of Ln KD versus 1/T as shown in Figure 8 and 

Table.721.  

The values of ∆G⁰ were negative at all temperatures indicating that the adsorption of Ni on activated carbon 

was spontaneous process and its magnitude is shifted to a higher negative values as the temperature is increased 

indicating that the adsorption process is more spontaneously proceeded at higher temperatures. The negative values of 

∆H⁰ show the exothermic nature of the adsorption process. The positive value of ∆S⁰ reflects the increased in 

randomness at the solid-solution interface and suggests some structural changes were bring about by adsorbent during 

the adsorption process22-23. 

 
 

 
 

Fig-8: Plot Ln KD
 vs 1/T of Activated carbon-Ni System 
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Table-7: Thermodynamic parameters for the removal of Ni by using Activated carbon. 
Adsorbent Concentration 

(ppm) 

ΔH˚ 

(kJ mol
-1

) 

ΔS˚ 

(J deg
-1

mol
-1

) 

ΔG˚ (kJmol
-1

) 

Activated 

Charcoal 

293K 303K 313K 323K 

20 -0.059 0.222 -0.126 -0.127 -0.128 -0.129 

30 -0.067 0.213 -0.130 -0.132 -0.133 -0.134 

40 0.010 0.475 -0.135 -0.138 -0.140 -0.143 

50 -0.067 0.225 -0.134 -0.135 -0.136 -0.137 

60 -0.143 -0.034 -0.152 -0.152 -0.152 -0.152 
 

6. CONCLUSION 
The industrial wastewater contains dissolved metals like mercury, lead, cadmium, molybdenum, copper, zinc and 

chromium due to different manufacturing processes. The present studies emphasize to design a model system to 

reduce the excess amount of toxic metals. Adsorption method was adopted for the minimization of contaminants to 

meet the discharge requirements. Activated carbon is known for its effectiveness in removing organic impurities, 

metal contaminants from water and wastewater. In the present work activated carbon was prepared from sugarcane 

bagasse and its carbonized forms were employed for the removal of Ni under the optimized adsorption conditions like 

optimization of amount of adsorbent, shaking time and concentration. It was found that about 99.99 % removal was 

achieved. The validity of adsorption process was evaluated by employing adsorption models like Freundlich and 

Langmuir. Thermodynamic feasibility, pHZero of the adsorption process was also evaluated. The impurities can be 

reduced by using low cost adsorbent and maintained the discharge limits as recommended by WHO.  
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