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ABSTRACT 
This study involves the synthesis of new azodye derived from 2-Amino-6-ethoxybenzothiazole and 4-Chloro-3,5-dimethylphenol . 

The characterization of dye have been described by elemental analysis C.H.N. The thermal gravimetric analysis, infra-red and 

visible spectroscopic techniques were carried out .The acid-base properties were studied at different pH values and the ionization 

and protonation constants of dye were determined. The solvents (of different polarities) effect was also studied. The optimum 

conditions of the formation of complex with Fe(III) was investigated . The analytical applications of the dye were studied like as 

acid-base indicator and for the determination of nitrite ions. 

 

Keywords: Azodyes, Ionization & Protonation constants, Spectral studies, Isobestic point 

 
1. INTRODUCION 

 

Most of azodyes are weak acids or weak bases, of very important class of chemical compounds containing a 

heterocyclic moiety. Which have attracted the attention of many researchers in recent years
1
. They are high solubility 

into common solvents and highly colored (from yellow to blue, that depends on conjugated π system). They have been 

used as dyes and pigments for long years
2
,
 
due to their stable adsorption on surface cotton or wool textiles. 

Furthermore they have been studied widely because of their excellent thermal and optical properties in applications. 

Recently azo metal chelate have also attracted increasing attention , due to their interesting electronic and geometric 

features
3,4

 .They were used as good reagents for the extraction and spectrophotometric determination of metal ions
5-9

. 

The complex of iron with dopamine analogs was studied spectrophotometrically
10

.The poly ethylene glycol 20000 was 

used by copolymerization with 4,4-azodibenzoic acid
11

. Most of azodyes having acid – base properties with presence 

of a fixed isobestic points (which represent the number of equilibriums in such azodye). For this reason they are used 

as acid – base indicators
 12-14

, because of their sensitivity toward acid and base substances. And some of them can be 

used as metallochromic indicators or used as antipyretic reagents or as inhibitors from corrosion. The solvents of 

different polarities may be affected on the absorption spectra of π – conjugated compounds. Exhibit n → π
*
 transition 

as well as π→π
*
transition causing blue or red shifts.  The present work involves the synthesis of new azodye derived 

from 2-Amino-6-ethoxybenzothiazole and 4-Chloro-3,5-dimethylphenol . Spectrophotometric studies on the dye were 

carried out like acid-base properties at different pH values, solvent effect of polar and non-polar solvents, the ability of 

using it as acid – base indicator and its complex with iron (III). 

 

2. EXPERMENTAL                                                                       
Double distilled water, solvents (for spectral use) and all chemicals of highest purity were used.    

 

2.1 Instrumentation and Materials     
Visible absorption spectra were recorded by using PD-303 UV.,V. spectrophotometer, FT-IR-8400S 

spectrophotometer (Shimadzw), pH-meter (H.Jurgons Co. Beremen, L. Puls Munchen 15 , Heraus CHN Pro 

apparatus, Bunchi B190K for melting point measurement,  accurate  balance  E-Mette Weender  (Land Strasse) 94-

108 and TG analysis at Polymer & Petrochemical Institute-Thermal Analysis : METER (STAR SW 10). 

 

2.2 Synthesis of azodye reagent 
The azodye reagent (L) (M.Wt. = 362) was prepared of coupling of 0.02 mole of diazonium salt of 2-amino-6-

ethoxybenzothiazole (M.wt.194.3) with alkaline solution of 0.02 mole of 4-chloro-3,5-dimethylphenol (M.wt. 156.6) 

at 0
o
 C, then converting the prepared dye from sodium salt into hydrogen form by aid of dil. HCl. The dye was 

purified by recrystallization from aqueous methanol. The purity of the prepared dye was checked via thin layer 

chromatography and melting point methods. 

2.3 Solutions     
 1 x 10

-2
 M stock solution of azodye was prepared by dissolving 0.1810g and complete the volume to 50 ml 

absolute ethanol.                                                                                                       

 1000 ppm of nitrite solution, by dissolving 0.15g. of  NaNO2 in dil. water and complete to 100 ml  
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 0.002 mole of  2-amino-6-ethoxybenzothiazole in 0.2 M HCl  (complete to 50 ml)  

 0.002 mole of  4-chloro-3,5-dimethylphenol in 0.3 M NaOH (complete to 50 ml)  

 1 x 10
-2 

M stock solution of nitrate salts of Zn(II),Co(II),Cu(II),Sm(III),Fe(III) and V(III)      

 Universal ( pH2-12 ) and Acetate ( pH1,1.4) buffer solutions
12      

                                           
 

2.4 Procedure            

 For acid – base studies and determination of ionization and protonation constants of the dye a series of buffer 

solutions were prepared with different pH values (2 – 12) for dye concentration 1.4 x 10
-3 

 M via using 

universal buffer, the absorbance of these solutions were recorded at range of (350 – 660 nm.) using cell of 

1cm. length, by aid of half height method the constants were calculated.                                                                                                                                                

 For acid – base titrations, visual and spectral titrations for HCl vs. NaOH were done in concentration range 

of dye 0.8 – 1.6 x 10
-3

 M at λmax  ,the absorbance values were measured.              

 For solvent effect studies, a series solutions of dye concentration 1.4 x 10
-3

 M , were prepared with Acetone, 

Chloroform, Cyclohexane, 1,4-Dioxane, DMF, DMSO, Ethanol, Methanol, THF and Water, the absorbance of 

these solutions were recorded at range of  (350 – 580 nm.) using cell of 1cm. length.                                                                                                                       

 For nitrite determination, a series solutions of  (100 – 800 ppm) nitrite, add 1 ml of  (0.002 mole solution of 

2-Amino-6-ethoxybenzothiazole in 0.2 M HCl), to 1ml of (0.002 mole solution of 4-Chloro-3,5-

dimethylphenol in 0.3 M NaOH) ,then complete to a volume of 5 ml with distilled water and measure the 

absorbance at λmax (420nm.) of each solution using  mixture of amine and nitrite as blank solution.                                                                                                         

 For complex formation, the absorbance of series solutions of 0.001M of each dye and metal ions 

Zn(II),Co(II),Cu(II),Sm(III),Fe(III) and V(III) were measured at wavelength range of 360 – 530 nm.    

 

3. RESULTS AND DISCUSSION 
Some of physical and chemical properties of prepared dye were illustrated in (Table-1). The Rf value indicates the 

similarity of affinity of dye to eluant as a result of its containing hydroxyl group.  

 
Table - 1 : Physical and Chemical properties of  the dye 

o
C M.P. %   Yield Color M.Wt. Empirical formula 

115.4 85 Orange 362 C17H16ClN3O2S 

 
3.1 Identification of the prepared dye  
 

3.1.1 Elemental-Analysis 
Table - 2 shows the elemental analysis of prepared dye, which gives good results for the suggested dye formula. 

 

Table-2: C.H.N analysis of  the dye 

N % H % C % 

Found Calculated Found Calculated Found Calculated 

11.49 11.60 4.34 4.42 56.92 56.35 

 

 

3.1.2 IR Analysis 
Table-3 shows the famous IR frequencies of important bands of functional groups frequencies as seen in Fig-1. 
 

Table-3: The important  IR- bands of the dye 

ν cm
-1

 Groups ν cm
-1

 Groups ν cm
-1 

Groups 

1170s C-O 1412w C=C 1465.9s N=N 

1587.4s C=N 1026.1m C-N 3319.5sb OH 

2964.6 C-H 638.5s C-Cl 3300.2w N-H 
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Fig-1: The IR – spectrum of the dye (L) 

 
According to the above analysis (Tables 2 & 3), data show the dye having this chemical structure (Scheme-1). 

 

 
 

 Scheme-1 

3.1.3 Thermal Analysis 
From Fig-2, it was found that dye is stable up to 150 

o
C, and about 95%  losing in weight and converted to gases, 

remaining only a few of carbon 
 

 
Fig-2: The TG analysis of the dye 
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3.2 Acid-Base properties  
The absorption spectra of 1.4 x 10

-3
 M solution of dye of varying pH values (2 – 12) were represented graphically 

(Fig-3). The spectra characterized by two maximal bands at 410 nm in pH range (2 - 7) and 510 nm. in range of (9 – 

12). The first due to the absorption of the protonated form of   hydroxyl  group (acidic form, cationic form ) liable to 

exist in acid medium . The second  is more intense bands due to ionized form of hydroxyl group (basic form, anionic 

form) except for at pH 8 value there are two bands at 420 and 510 nm. (Fig-3). The spectra were characterized by the 

presence of common isobestic point at 450 nm. due to the ionization of dye in acidic and basic medium.    

                                                                                                                    

 
Fig-3: Spectra of dye at different pH values 

 

The suggested mechanism of protonation and ionization was shown in Scheme-2. 

 

 
Scheme-2 

 

From Absorbance – pH curve (Fig-4) and by the aid of height method the pK values were obtained by the relation: 
 

pK = pH (at A1/2) 

A1/2 = (Al + Amin.) / 2 

 
Where Al and Amin. are limiting and minimum absorbance respectively 
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So the protonation (pKp) and ionization (pKa) constants were found to be 4.11 and 8.23 respectively . 

                                           
Fig-4: Absorbance – pH curve of dye at λmax = 510 nm. 

 

3.3 Band assignments and solvent effects 
Fig-5 shows the spectra of dye with strong bands λmax in the range of (415 – 430nm) for all solvents. THF. It was 

found a very weak broad bands at λmax at 480 except for DMSO and Water at 500 and 520 nm. respectively. The band 

moves to shorter wavelength ( blue shift ) due to n → π
*
  transition while to the longer wavelength (red shift) with π 

→ π
*
 transition (in the range of 460 to 585 nm) , because of the polarities of the ground state (G.S) and excited state 

(E.S). Thus for solvent of increasing polarity, the energy of the E.S (π
*
) will decrease relative to the that of the G.S (π) 

whereas with blue shift the non bonding electrons having affinity to hydrogen bonding more than bonding with π 

electrons, so the n energy level will decrease more than π
*
 decreasing and the n → π

*
 transition energy be more in the 

presence of polar solvent 
15

. The absorption spectra in various solvents are influenced by salvation and / or dielectric 

effects of solvents. To verify whether the band shift ( ∆ν ) is due to change in salvation energy or pure dielectric 

effects, the Gati and Szalay was used.                                                                                                                             

                                                                                 
∆ν = { ( a-b ) [ ( n

2
 -1 ) / ( n

2
 + 1 ) ] } + b [ ( D-1 ) / ( D + 1 ) ] 

Where n and D are refractive index and dielectric constant of the medium, a and b are constants. 

 

 
 

Fig-5: The spectra of the dye at different solvents 
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 The plot of  f (D) = [2(D-1) / (2D+1)] ) against the λmax (Table-4) gives more or less linear relation with solvents of 

moderate polarities ( Fig-6 ) where D is the dielectric constant of the solvent. This denotes that the dielectric constant 

of the medium is the main factor governing the band shift in such solvents. 

 
Table -4 : The f ( D ) and  λmax values of using solvents if different polarities 

λmax ( nm.) f ( D ) D Solvent 

420 0.940 24.55 Ethanol 

420 0.930 21 Acetone 

420 0.718 4.81 Chloroform 

420 0.981 80 water 

420 0.405 2.02 Cyclohexane 

420 0.955 33 Methanol 

420 0.464 2.3 1,4-Dioxane 

420 0.813 7.5 THF 

420 0.968 46.7 DMSO 

420 0.961 38 DMF 

 

 
 

Fig-6: Plot of λmax against the function f (D), where 1= ethanol, 2 = acetone, 3 = chloroform, 4 = water, 5 = cyclohexane, 6 = 

methanol, 7= 1,4-dioxane, 8= THF, 9 = DMSO and 10= DMF. 

 
3.4 Applications of the dye 

 

3.4.1 As indicator 
 

3.4.1.1 Strong acid ( HCl ) with Strong base ( NaOH ): 
HCl and NaOH were standardized visually by recommended procedure

16
, they found to be 0.098 and 0.097 M 

respectively.  

                                                                                                                     

3.4.1.2 Visual titrations  
Table-5 shows that the best concn. of dye which gives small relative error is in the range of (0.2 – 1.0 x 10

-3
 M) with 

sharp color change from red (acid medium) to yellow (base medium) at end point.                                                                                                          
 

Table-5: The effect of concentration of dye 

Relative error % [ NaOH ] , M [ D ] , M 

- 5.15 0.092 0.2 x 10
-3

 

- 3.03 0.094 0.4 x 10
-3 

- 1.03 0.096 0.6 x 10
-3 

1.03 0.098 0.8 x 10
-3

 

1.03 0.098 1.0 x 10
-3 

 

3.4.1.3 Spectrophotometric titrations 
It was found from spectrophotometric titration of HCl with NaOH a sharp change in absorbances at end point region 

(Fig- 7). At concentration range of (0.8 –1.6 x10
-3

 M) of dye, it was found the concentration of NaOH equal to 0.0961 

M with relative error of - 0.93 (at 0.8 x 10
-3

 M).  
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Fig-7: Spectrophotometric titration curves of concentrations of dye: a = 0.8 x 10
-3

, b = 1.2 x 10
-3

 and c = 1.6 x 10
-3 

M 

 
From above results it was seen that the dye is successfully used as indicator. 

          

3.4.2 Determination of nitrite  
At λmax  = 420 nm. of orange color of  the dye, the  calibration curve (Beer s law) at varying concentrations of nitrite 

(50 – 800 ppm) vs. absorbances was done (Fig- 8), and from Beer s law Sandel Sensitivity (S), Molar Absorptivity 

(εmax), Specific Absorptivity (a) and Correlation Coefficient  (r) were determined (Table 6). It was found also Limit of 

beer s law of 700 ppm. and the value of standard deviation of six measurement (S.D) of 0.0032.  

 

 
                  

Fig-8: The calibration curve of nitrite ion 

                                       
Table–6: Data were determined from Beers law. 

Limit of beer s law  (ppm) S.D r 
a 

ml.g
-1

.cm
-1

 

ε 

l.mol
-1

.cm
-1

 

S 

μg. / cm
-2

 

700 0.0032 0.9986 0.0522 2400 0.0191 

 

3.4. 3Fe(III)-L complex formation                                                                                                              
Fig-9 shows the electronic spectra of the solutions of 0.001M of each dye and metal ions 

(Zn(II),Co(II),Cu(II),Sm(III),Fe(III) and V(III)), at wavelength range of 360–530 nm. It was shown all studied metal 

ions dose not form a complex with dye (L) expect for Fe(III) which form, (that means they are not interfering with 

Fe(III)-L complex.                                                      
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Fig-9: The electronic spectra of dye complex 

 

3.4.3.1 pH effect on the Fe(III)-L complex 
From Fig-10, shows the pH effect on the formation of Fe(III)-L complex at different pH values (1–12) in wavelength 

range (250–310 nm.). It was found that pH12 is the suitable pH value for forming the complex because it gives highest 

absorbance. So the λmax (at pH12) of the dye and Fe(III)-L complex  are 280 nm. And 300 nm. respectively (Fig-11), 

using the dye with pH12 as blank solution. 

It was found from Fig-11 shift in λmax (Red shift) from 280 to 300 nm. due to forming of complex. 

.                                                                              

 
Fig-10: The pH effect on the electronic spectra of Fe(III)-L complex   
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Fig-11: The electronic spectra of dye and its complex 

 

3.4.3.2 Time effect on the stability of Fe(III)-L complex  
It was found from Fig-12 the absorbances are constant up to 90 min. that means the complex is of highest stability, the 

absorbance decreases slowly with time increased. 

 

 
Fig-12: Time effect on the stability formation complex at λmax (at pH12) , [L]  =  [Fe

3+
] = 0.00012 M 
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ABSTRACT 
Organic synthesis of various compounds followed by biological activities is the going on methodology in the world for 

pharmacological evaluation. The undertaken research is the synthesis of N-(3-ethoxyphenyl)-4-methylbenzenesulfonamide (3) 

through condensation reaction of m-phenetidine (1) and 4-methylbenzenesulfonyl chloride (2) using basic aqueous media of 

sodium carbonate. Further, the synthesized compound 3 was reacted with different alkyl/aralkyl halides (4a-j) using DMF as 

aprotic polar solvent and NaH as a base to yield 5a-j compounds. The synthesized molecules were characterized from their 

spectral data. The synthesized compounds were evaluated against cholinesterase (AChE and BChE), lipoxygenase (LOX), urease, 

chymotrypsin and tyrosinase enzymes; and found to be the moderate inhibitor against tyrosinase enzyme. 

 

Keywords: m-Phenetidine, 4-methylbenzenesulfonyl chloride, sulfonamide, anti-enzymatic activity. 

 

1. INTRODUCTION 
The molecules possessing sulfamoyl group are known as sulfonamides. This group is owned by a number of 

biologically active compounds
1,2

. The action of sulfonamides is in folic acid pathway is because of resemblance with 

PABA
3
. Sulfonamides find their application in biological systems such as, anticancer, anticonvulsant, antidiuretics, 

anti-inflammatory, carbonic anhydrase inhibitors and HIV protease inhibitors
4
. Because of bacteriostatic activity, 

these are utilized for the ailment of urinary-tract infection
5
.  

Tyrosinase (EC 1.14.18.1) performs multiple functions in humans. Tyrosinase overproduction causes 

hyperpigmentation, ocular retinitis pigmentosa; accelerates the induction of catecholamine quinone derivatives by its 

oxidase activity; over expression of tyrosinase results in increased intracellular dopamine contents in association with 

the formation of melanin pigments in neuronal stomata which causes apoptotic cell death. Tyrosinase constitutes the 

neuro-coloring pigments in human brain stimulating intropin toxicity as well as neuro-retrogression related to 

Parkinsonism. Undesirable browning of fruits due to enzymatic action & unusual darkening of skin in humans have 

pepped up the researchers to sought out potent tyrosinase enzyme inhibitors
6,7

. 

The literature survey has shown that the variation in structure of a molecule affects the biological activity
8-12

. This 

prompted us to inaugurate various N-substituted sulfonamides using m-phenetidine and their screening against 

different enzymes. The biological activity results showed these compounds as overall moderate active and so may be 

considerable in drug designing for the pharmacological industries.   

 

2. RESULTS AND DISCUSSION 

 

2.1 Chemistry 
New N-alkyl/aralkyl derivatives of N-(3-ethoxyphenyl)-4-methylbenzenesulfonamide were prepared accordingly the 

protocol outlined in scheme-1. The general procedures with conditions and spectral characterization are depicted in 

experimental section.  

Our objective was to synthesize some new N-substituted sulfonamides and to find out their enzyme inhibition 

activity. We synthesized different sulfonamides in moderate to excellent yields. Parent compound N-(3-

ethoxyphenyl)-4-methylbenzenesulfonamide (3), was prepared by the coupling of m-phenetidine (1) with 4-

methylbenzenesulfonyl chloride (2) in an aqueous basic medium with pH control. Further, the compound 3 on reaction 

with various alkyl/aralkyl halides afforded a number of N-alkyl/aralkyl substituted compounds derived from N-(3-

ethoxyphenyl)-4-methylbenzenesulfonamide (5a-j), sketched in scheme-1. Synthesis of 5a-j was progressed in polar 

aprotic solvent, DMF (N,N-dimethylformamide) and a weak base sodium hydride (NaH). After a stirring of 1-2 hours, 

reaction completion was accomplished. Ice cold water was added for the isolation of products which were filtered off 

but solvent extraction through chloroform/ethyl acetate was also used in some cases. Spectral data depicted in 

experimental section was the source of structure elucidation of the all synthesized molecules.  

The parent compound 3 was obtained as a brown crystalline solid having melting point 182-184
 º

C. The 

molecular formula C15H17NO3S was accomplished through EI-MS and integration of peaks in the 
1
H-NMR spectrum. 

The IR spectrum showed absorption bands at 3625, 3078, 2909, 1425 and 1241 cm
-1 

for bond stretching of N-H, C-H 

(aromatic), C-H (alkyl group), C=C (aromatic) and -SO2 respectively. In EI-MS, molecular ion peak at m/z 291 and  
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two distinct peaks at m/z 227 and 91 because of release of sulfonyl group and tropyllium ion respectively. In 
1
H-NMR 

spectrum, signals resonating at δ 7.64 (d, J = 8.0 Hz, 2H, H-2’ & H-6’) and 7.21 (d, J = 8.0 Hz, 2H, H-3’ & H-5’) 

confirmed the presence of p-substituted toluenesulfonyl ring, the signals resonating at δ 7.07 (t, J = 8.0 Hz, 1H, H-5), 

6.66 (s, 1H, H-2), 6.59 (dd, J = 8.4, 1.6 Hz, 1H, H-6) and 6.56 (d, J = 8.4 Hz, 1H, H-4) corroborated the m-substituted 

aniline ring, the two signals at δ 3.93 (q, J = 6.8 Hz, 2H, CH3CH2O-3) and 1.34 (t, J = 6.9 Hz, 3H, CH3CH2O-3) 

affirmed ethoxy group and a singlet at δ 2.35 (s, 3H, CH3-4’) resonated for the methyl group. All of these manifests 

assigned structure of 3 as N-(3-ethoxyphenyl)-4-methylbenzenesulfonamide. The structure was also confirmed from 

its crystal data
13

. The mass fragmentation pattern of N-benzyl-N-(3-ethoxyphenyl)-4-methylbenzene sulfonamide (5h) 

was clearly outlined in fig-1. Likewise, all the synthesized compounds were well supported by spectral data depicted 

in experimental section. 

 

2.2 Enzyme inhibition activity 
The results of IC50 values of enzyme inhibition study of the synthesized compounds are presented in Table-I and 

Table-II. The most of the synthesized compounds showed inhibition potential against tyrosinase enzyme and a few 

were active against the remaining ones. 

Against AChE enzyme, only two compounds 3 and 5f were minimum active with IC50 values of 132.51±0.12 

and 175.31±0.22 µM relative to the reference standard, eserine, with IC50 value of 0.04±0.0001 µM. Among the 

synthesized compounds, only 3 and 5j were moderately active against BChE enzyme with IC50 values of 145.21±0.12 

and 181.52±0.14 µM relative to eserine with IC50 value of 0.85±0.0001 µM. The compound 5g showed IC50 value of 

187.91±0.61 µM relative to baicalein with IC50 value of 22.4±1.3 µM.  
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Scheme-1: Synthetic scheme of N-substituted derivatives of N-(3-ethoxyphenyl)-4-methylbenzenesulfonamide (3) 
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Fig-1: Mass Fragmentation pattern of N-benzyl-N-(3-ethoxyphenyl)-4-methylbenzene sulfonamide (5h). 

 
Table-I: Enzyme inhibition against AChE, BChE and LOX 

 

Compound 

AChE BChE LOX 

Inhibition (%) 

at 0.5 mM 

IC50 

µM 

Inhibition (%) 

at 0.5 mM 

IC50 

µM 

Inhibition (%) 

at 0.5 mM 

IC50 

µM 

3 78.85±0.22 132.51±0.12 77.09±0.32 145.21±0.12 40.12±0.25 - 

5b 47.34±0.18 - 55.69±0.11 >400 50.87±0.17 >400 

5d 48.08±0.34 - 31.44±0.33 - 43.46±0.38 >400 

5f 72.78±0.18 175.31±0.22 35.35±0.11 - 12.94±0.16 - 

5g 19.97±0.35 - 49.67±0.36 - 65.84±0.82 187.91±0.61 

5h 29.59±0.19 - 40.47±0.15 - 48.26±0.63 - 

5i 38.91±0.25 - 37.29±0.35 - 46.95±0.82 - 

5c 14.51±0.23 - 38.81±0.22 - 46.81±0.16 - 

5j 26.33±0.11 - 72.74±0.54 181.52±0.14 22.97±0.42 - 

5e 26.04±0.52 - 50.17±0.56 >300 53.92±0.88 >300 

Control Eserine 91.29±1.17 
 

0.04±0.0001 
Eserine 82.82±1.09 

 

0.85±0.0001 

Baicalein 

93.79±1.27 

 

22.4±1.3 

Note: AChE = Acetylcholinesterase, BChE = Butyrylcholinesterase, LOX = Lipoxygenase. 

 

The synthesized compounds 5h and 5j showed IC50 values of 229.12±0.16 and 24.4±0.19 µM relative to thiourea with 

IC50 value of 21.50±0.22 µM against the urease enzyme. The compound 5j showed good activity because of presence 

of unsubstituted aralkyl group with long aliphatic chain. This long aliphatic chain increases the chances of the π-π 

interactions of the aromatic ring. The enzyme Chymotrypsin was inhibited by 5b, 5d, 5f and 5g with IC50 values of 

63.2±0.12, 91.0±0.19, 94.5±0.21 & 108.2±0.05 µM with respect to Chymostatin having IC50 value of 8.24±0.11 µM. 

The synthesized compounds, 3, 5b, 5d, 5f, 5h and 5j showed inhibition potential against tyrosinase enzyme relative to 

kojic acid with IC50 value of 6.04±0.11 µM. Among these six compounds 3 and 5b showed the relatively better 
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inhibition potential with IC50 values of 52.84±0.12 and 26.61±0.14 µM respectively relative to reference standard. An 

overview shows that this series of synthesized compounds showed moderately low activity against the series of 

enzymes used for the biological evaluation. 

 
Table-II: Enzyme inhibition against urease, chymotripsin and tyrosinase 

Compound 

Anti-urease activity Anti-chymotrypsin activity Anti-tyrosinase activity 

Inhibition (%) 

at 0.5 mM 

IC50 

µM 

Inhibition (%) 

at 0.5 mM 

IC50 

µM 

Inhibition (%) 

at 0.5 mM 

IC50 

µM 

3 34.64±0.66 >500 30.74±0.51 >500 89.54±0.26 52.84±0.12 

5b 20.39±0.21 - 82.38±0.30 63.2±0.12 98.12±0.21 26.61±0.14 

5d 27.40±0.52 - 78.34±0.82 91.0±0.19 79.96±0.52 146.71±0.11 

5f 23.57±0.31 - 76.65±0.78 94.5±0.21 76.60±0.31 141.88±0.22 

5g 55.67±0.41 >300 83.44±0.39 108.2±0.05 56.91±0.41 >300 

5h 62.59±0.63 229.12±0.16 33.46±0.21 >500 78.01±0.63 142.88±0.16 

5i 54.61±0.76 >300 14.79±0.34 - 57.27±0.76 >300 

5c 29.70±0.51 - 15.56±0.95 - 57.62±0.51 >300 

5j 89.92±0.32 24.4±0.19 21.07±1.12 - 66.31±0.12 169.14±0.14 

5e 3.75±0.41 - 33.07±0.62 >500 50.21±0.41 >300 

Control 98.61±0.77 21.50±0.22 92.60±0.96 8.24±0.11 93.50±0.91 6.04±0.11 

Note: IC50 values (concentration at which there is 50% enzyme inhibition) of compounds were calculated using EZ–Fit Enzyme 

kinetics software (Perella Scientific Inc. Amherst, USA). 

3. CONCLUSION 
The synthesized molecules are corroborated by spectral data. The evaluation of enzyme inhibition activity (Table-1 

and II), it is obvious that these compounds possess sulfamyl group and was considered to be active against different 

enzymes. This evaluation of enzyme inhibition showed that the synthesized compounds remained relatively less active 

against the six enzymes taken into account for the study.   

 

4. MATERIALS AND METHODS 

4.1 General 
Melting points of solids (powdered or crystalline) were recorded on a Griffin-George melting point apparatus by open 

capillary tube. Purity of the compounds was checked by thin layer chromatography (TLC) using EtOAc and n-hexane 

(solvent system) on aluminum sheets precoated with silica gel 60 F254 under UV at 254 and also ceric sulfate solution 

(with heating). The I.R. spectra were recorded in potassium bromide pellet method on a Jasco-320-A 

spectrophotometer (wave number in cm
-1

). 
1
H-NMR spectra were recorded in CDCl3 on a Bruker spectrometers 

operating at 300 & 400 MHz. The chemical shift values are reported in ppm () units, and the coupling constants (J) 

are in Hz. Mass spectra (EIMS) were recorded on a JMS-HX-110 spectrometer. 4-Methylbenzenesulfonyl chloride, m-

phenetidine and alkyl/aralkyl halides were purchased from Merck and Alfa Aeser and solvents of analytical grade 

through local suppliers. 

 

4.2 Procedure for the synthesis of N-(3-ethoxyphenyl)-4-methylbenzenesulfonamide (3): 
m-Phenetidine (1.0 mmol: l) was dispersed in 100 mL water in a RB flask and the pH 9.0-10.0 was strictly maintained 

by using basic aqueous solution of Na2CO3 (10%). Then, 4-methylbenzenesulfonyl chloride (1.0 mmol; 2) was added 

gradually in parts. The reaction mixture was stirred and monitored with TLC (n-hexane: EtOAc; 70:30) till the end of 

reaction. Dilute HCl (2.0-3.0 mL) was poured slowly along with shaking till the pH to 2.0-3.0. The reaction mixture 

was kept on RT for 5.0-10.0 minutes; brown crystalline precipitates were filtered, washed with distilled water and 

dried off to afford the product 3. Brown crystalline solid; Yield: 62%; M.P.: 182-184
 o

C; Mol. Formula: C15H17NO3S; 

Mol. Weight: 291; IR (KBr, cm
-1

) vmax: 3625 (N-H stretching), 3078 (C-H str. of aromatic ring), 2909 (C-H str. of 

alkyl group), 1425 (C=C aromatic str.), 1241 (S=O str); 
1
H-NMR (400 MHz, CDCl3, δ / ppm): 7.64 (d, J = 8.0 Hz, 2H, 

H-2’ & H-6’), 7.21 (d, J = 8.0 Hz, 2H, H-3’ & H-5’), 7.07 (t, J = 8.0 Hz, 1H, H-5), 6.66 (s, 1H, H-2), 6.59 (dd, J = 

8.4, 1.6 Hz, 1H, H-6), 6.56 (d, J = 8.4 Hz, 1H, H-4), 3.93 (q, J = 6.8 Hz, 2H, CH3CH2O-3), 2.35 (s, 3H, CH3-4’), 1.34 

(t, J = 6.9 Hz, 3H, CH3CH2O-3); EIMS (m/z): 291 [M
+
], 227 [M-SO2]

+
, 199 [C13H13NO]

+
, 108 [C6H6NO]

+
, 91 [C7H7]

+
. 

 

4.3 General procedure for the synthesis of N-alkyl/aralkyl substituted-N-(3-ethoxyphenyl)-4-

methylbenzenesulfonamide (5a-j): 
Compound 3 (0.56 mol, 0.20 g) was dissolved in DMF (5.0-10.0 mL) in a round bottom flask followed by sodium 

hydride (0.01g, 0.42 mmol) at RT. The reaction mixture was kept on stirring for 15-30 min and then the corresponding 

electrophiles (4a-j; 0.56 mol) were added into the mixture. The reaction mixture was further stirred along with 

monitoring through TLC. After complete reaction, 200 mL cold water was added. The received precipitates were 
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filtered, washed with water and dried off to yield the N-substituted derivatives of N-(3-ethoxyphenyl)-4-

methylbenzenesulfonamide (5a-j). 

 

4.3.1 N-Methyl-N-(3-ethoxyphenyl)-4-methylbenzenesulfonamide (5a): 
Oily liquid; Yield: 80%; Mol. Formula: C16H19NO3S; Mol. Weight: 305; IR (KBr, cm

-1
) vmax: 3072 (C-H str. of 

aromatic ring), 2906 (C-H str. of alkyl group), 1429 (C=C aromatic str.), 1239 (S=O str); 
1
H-NMR (300 MHz, CDCl3, 

δ / ppm): 7.43 (d, J = 8.4 Hz, 2H, H-2’ & H-6’), 7.21 (d, J = 8.4 Hz, 2H, H-3’ & H-5’), 7.13 (t, J = 8.1 Hz, 1H, H-

5), 6.77 (dd, J = 8.4, 2.4 Hz, 1H, H-6), 6.69 (t, J = 2.4 Hz, 1H, H-2), 6.59 (dd, J = 8.4, 2.4 Hz, 1H, H-4), 3.96 (q, J = 

6.9 Hz, 2H, CH3CH2O-3), 3.12 (s, 3H, CH3-1’’), 2.39 (s, 3H, CH3-4’), 1.36 (t, J = 6.9 Hz, 3H, CH3CH2O-3); EIMS 

(m/z): 305 [M]
+
, 241 [M-SO2]

+
, 226 [C15H16NO]

+
, 122 [C7H8NO]

+
, 91 [C7H7]

+
. 

 

4.3.2 N-Ethyl-N-(3-ethoxyphenyl)-4-methylbenzenesulfonamide (5b):  
Light yellow oily liquid; Yield: 60%; Mol. Formula: C17H21NO3S; Mol. Weight: 319; IR (KBr, cm

-1
) vmax: 3069 (C-H 

str. of aromatic ring), 2912 (C-H str. of alkyl group), 1434 (C=C aromatic str.), 1228 (S=O str); 
1
H-NMR (300 MHz, 

CDCl3, δ / ppm): 7.48 (d, J = 8.4 Hz, 2H, H-2’ & H-6’), 7.22 (d, J = 8.4 Hz, 2H, H-3’ & H-5’), 7.15 (t, J = 8.1 Hz, 

1H, H-5), 6.80 (dd, J = 8.4, 2.4 Hz, 1H, H-6), 6.62 (t, J = 2.4 Hz, 1H, H-2), 6.53 (dd, J = 8.4, 2.4 Hz, 1H, H-4), 3.94 

(q, J = 6.9 Hz, 2H, CH3CH2O-3), 3.54 (q, J = 6.6 Hz, 2H, H-1"), 2.39 (s, 3H, CH3-4’), 1.36 (t, J = 6.9 Hz, 3H, 

CH3CH2O-3), 1.04 (t, J = 6.6 Hz, 3H, CH3-2"); EIMS (m/z): 319 [M]
+
, 255 [M-SO2]

+
, 227 [C15H17NO]

+
, 164 

[C10H14NO]
+
, 136 [C8H18NO]

+
, 91 [C7H7]

+
. 

 

4.3.3 N-(2-Bromoethyl)-N-(3-ethoxyphenyl)-4-methylbenzenesulfonamide (5c):  
Pinkish white sticky solid; Yield: 76%; Mol. Formula: C17H20BrNO3S; Mol. Weight: 397; IR (KBr, cm

-1
) vmax: 3077 

(C-H str. of aromatic ring), 2915 (C-H str. of alkyl group), 1431 (C=C aromatic str.), 1226 (S=O str); 
1
H-NMR (300 

MHz, CDCl3, δ / ppm): 7.49 (d, J = 8.4 Hz, 2H, H-2’ & H-6’), 7.23 (d, J = 8.4 Hz, 2H, H-3’ & H-5’), 7.16 (t, J = 

8.0 Hz, 1H, H-5), 6.82 (dd, J = 8.4, 2.4 Hz, 1H, H-6), 6.64 (t, J = 2.4 Hz, 1H, H-2), 6.54 (dd, J = 8.4, 2.4 Hz, 1H, H-

4), 3.94 (q, J = 6.8 Hz, 2H, CH3CH2O-3), 3.83 (t, J = 7.2 Hz, 2H, H-1"), 3.36 (t, J = 7.2 Hz, 2H, H-2"), 2.40 (s, 3H, 

CH3-4’), 1.36 (t, J = 6.8 Hz, 3H, CH3CH2O-3); EIMS (m/z): 399 [M+2]
+
, 397 [M]

+
, 333 [M-SO2]

+
, 306 

[C15H16BrNO]
+
, 243 [C10H13BrNO]

+
, 215 [C8H9BrNO]

+
, 91 [C7H7]

+
. 

 

4.3.4 N-(Iso-propyl)-N-(3-ethoxyphenyl)-4-methylbenzenesulfonamide (5d):  
Light pink amorphous solid; Yield: 60%; M.P.: 80 

o
C; Mol. Formula: C18H23NO3S; Mol. Weight: 333; IR (KBr, cm

-1
) 

vmax: 3025 (C-H aromatic str.), 2902 (alkyl group C-H str.), 1562 (C=C aromatic str.), 1395 (S=O str);
 1

H-NMR (400 

MHz, CDCl3, δ / ppm): 7.62 (d, J = 8.4 Hz, 2H, H-2’ & H-6’), 7.23 (d, J = 8.4 Hz, 2H, H-3’ & H-5’), 7.18 (t, J = 

8.1 Hz, 1H, H-5), 6.87 (dd, J = 8.4, 2.4 Hz, 1H, H-6), 6.58 (t, J = 2.4 Hz, 1H, H-2), 6.56 (dd, J = 8.4, 2.4 Hz, 1H, H-

4), 

4.54 (sep, J = 6.6 Hz, 1H, H-1"), 3.94 (q, J = 6.9 Hz, 2H, CH3CH2O-3), 2.40 (s, 3H, CH3-4’), 1.36 (t, J = 6.9 Hz, 3H, 

CH3CH2O-3); 1.03 (d, J = 6.6 Hz, 6H, CH3-2" & CH3-3"); EIMS (m/z): 333 [M]
+
, 269 [M-SO2]

+
, 241 [C16H19NO]

+
, 

178 [C11H16NO]
+
, 91 [C7H7]

+
. 

 

4.3.5 N-Allyl-N-(3-ethoxyphenyl)-4-methylbenzenesulfonamide (5e): 
Yellowish brown sticky solid; Yield: 72%; Mol. Formula: C18H21NO3S; Mol. Weight: 331; IR (KBr, cm

-1
) vmax: 3069 

(C-H str. of aromatic ring), 2921 (C-H str. of alkyl group), 1644 (C=C aliphatic str.), 1428 (C=C aromatic stretching), 

1223 (S=O str); 
1
H-NMR (300 MHz, CDCl3, δ / ppm): 7.49 (d, J = 8.4 Hz, 2H, H-2’ & H-6’), 7.23 (d, J = 8.4 Hz, 

2H, H-3’ & H-5’), 7.13 (t, J = 8.0 Hz, 1H, H-5), 6.78 (dd, J = 8.4, 2.0 Hz, 1H, H-6), 6.62 (br.s, 1H, H-2), 6.54 (d, J = 

8.0 Hz, 1H, H-4), 5.75-5.68 (m, 2H, H-2"), 5.17 (dd, J =17.0, 1.2 Hz, 1H, Hb-3"), 5.13 (dd, J = 10.0, 1.2 Hz, 1H, Ha-

3"), 4.12 (d, J = 6.4 Hz, 2H, H-1"), 3.93 (q, J = 7.2 Hz, 2H, CH3CH2O-3), 2.40 (s, 3H, CH3-4’), 1.35 (t, J = 6.8 Hz, 

3H, CH3CH2O-3); EIMS (m/z): 331 [M]
+
, 267 [M-SO2]

+
, 239 [C16H17NO]

+
, 176 [C11H14NO]

+
, 148 [C9H10NO]

+
, 91 

[C7H7]
+
. 

 

4.3.6 N-Butyl-N-(3-ethoxyphenyl)-4-methylbenzenesulfonamide (5f): 
Yellow sticky solid; Yield: 67%; Mol. Formula: C19H25NO3S; Mol. Weight: 347; IR (KBr, cm

-1
) vmax: 3068 (C-H str. 

of aromatic ring), 2911 (C-H str. of alkyl group), 1427 (C=C aromatic str.), 1219 (S=O str); 
1
H-NMR (300 MHz, 

CDCl3, δ / ppm): 7.46 (d, J = 8.4 Hz, 2H, H-2’ & H-6’), 7.21 (d, J = 8.4 Hz, 2H, H-3’ & H-5’), 7.14 (t, J = 8.0 Hz, 

1H, H-5), 6.79 (dd, J = 8.4, 2.0 Hz, 1H, H-6), 6.61 (br.s, 1H, H-2), 6.54 (d, J = 8.4 Hz, 1H, H-4), 3.94 (q, J = 6.8 Hz, 

2H, CH3CH2O-3), 3.46 (t, J = 7.2 Hz, 2H, H-1"), 2.39 (s, 3H, CH3-4’), 1.34-1.29 (m, 4H, H-2" & H-3"), 1.36 (t, J = 

6.8 Hz, 3H, CH3CH2O-3), 0.83 (t, J = 7.2 Hz, 3H, H-4"); EIMS (m/z): 347 [M]
+
, 283 [M-SO2]

+
, 255 [C17H21NO]

+
, 192 

[C12H18NO]
+
, 164 [C10H14NO]

+
, 91 [C7H7]

+
. 
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4.3.7 N-Pentyl-N-(3-ethoxyphenyl)-4-methylbenzenesulfonamide (5g):  
Light yellow amorphous solid; Yield: 57%; M.P.: 70 

o
C; Mol. Formula: C20H27NO3S; Mol. Weight: 361; IR (KBr, cm

-

1
) vmax: 3064 (C-H str. of aromatic ring), 2909 (C-H str. of alkyl group), 1423 (C=C aromatic str.), 1217 (S=O str); 

1
H-

NMR (400 MHz, CDCl3, δ / ppm): 7.46 (d, J = 8.4 Hz, 2H, H-2’ & H-6’), 7.21 (d, J = 8.4 Hz, 2H, H-3’ & H-5’), 

7.14 (t, J = 8.0 Hz, 1H, H-5), 6.79 (dd, J = 8.4, 2.0 Hz, 1H, H-6), 6.61 (t, J = 2.4 Hz, 1H, H-2), 6.54 (dd, J = 8.4, 2.0 

Hz, 1H, H-4), 3.94 (q, J = 6.8 Hz, 2H, CH3CH2O-3), 3.45 (t, J = 7.2 Hz, 2H, H-1"),  2.39 (s, 3H, CH3-4’), 1.36 (t, J = 

6.8 Hz, 3H, CH3CH2O-3), 1.31-1.19 (m, 4H, H-2" to H-4"), 0.81 (t, J = 7.2 Hz, 3H, H-5"); EIMS (m/z): 361 [M]
+
, 297 

[M-SO2]
+
, 267 [C18H23NO]

+
, 206 [C13H20NO]

+
, 176 [C11H16NO]

+
, 91 [C7H7]

+
. 

 

4.3.8 N-Benzyl-N-(3-ethoxyphenyl)-4-methylbenzenesulfonamide (5h): 
White amorphous solid; Yield: 75%; M.P.: 90 

o
C; Mol. Formula: C22H23NO3S; Mol. Weight: 381; IR (KBr, cm

-1
) vmax: 

3073 (C-H str. of aromatic ring), 2912 (C-H str. of alkyl group), 1429 (C=C aromatic str.), 1218 (S=O str); 
1
H-NMR 

(400 MHz, CDCl3, δ / ppm): 7.54 (d, J = 8.4 Hz, 2H, H-2’ & H-6’), 7.26 (d, J = 8.4 Hz, 2H, H-3’ & H-5’), 7.21-

7.17 (m, 5H, H-2" to H-6"), 7.05 (t, J = 8.1 Hz, 1H, H-5), 6.70 (dd, J = 8.1, 2.4 Hz, 1H, H-6), 6.54 (t, J = 2.4 Hz, 1H, 

H-2), 6.50 (dd, J = 8.4, 2.4 Hz, 1H, H-4), 4.67 (s, 2H, H-7"), 3.85 (q, J = 6.9 Hz, 2H, CH3CH2O-3), 2.42 (s, 3H, CH3-

4’), 1.30 (t, J = 6.9 Hz, 3H, CH3CH2O-3); EIMS (m/z): 381 [M]
+
, 317 [M-SO2]

+
, 226 [C15H16NO]

+
, 198 [C13H12NO]

+
, 

121 [C8H9O]
+
, 91 [C7H7]

+
. 

  

4.3.9 N-(2-Phenylethyl)-N-(3-ethoxyphenyl)-4-methylbenzenesulfonamide (5i): 

White amorphous solid; Yield: 60%; Mol. Formula: C23H25NO3S; Mol. Weight: 395; IR (KBr, cm
-1

) vmax: 

3071 (C-H str. of aromatic ring), 2915 (C-H str. of alkyl group), 1424 (C=C aromatic str.), 1221 (S=O str); 
1
H-NMR (400 MHz, CDCl3, δ / ppm): 7.44 (d, J = 8.4 Hz, 2H, H-2’ & H-6’), 7.22 (d, J = 8.4 Hz, 2H, H-

3’ & H-5’), 7.20-7.16 (m, 5H, H-2" to H-6"), 7.10 (t, J = 8.1 Hz, 1H, H-5), 6.82 (dd, J = 8.1, 2.4 Hz, 1H, 

H-6), 6.62 (t, J = 2.4 Hz, 1H, H-2), 6.55 (dd, J = 8.4, 2.4 Hz, 1H, H-4), 3.94 (q, J = 7.2 Hz, 2H, CH3CH2O-

3), 3.71 (s, 2H, H-8"), 2.76 (s, 2H, H-7"), 2.38 (s, 3H, CH3-4’), 1.37 (t, J = 6.9 Hz, 3H, CH3CH2O-3); EIMS 

(m/z): 395 [M]
+
, 331 [M-SO2]

+
, 303 [C21H21NO]

+
, 240 [C16H18NO]

+
, 212 [C14H14NO]

+
, 91 [C7H7]

+
. 

 

4.3.10 N-(3-Phenylpropyl)-N-(3-ethoxyphenyl)-4-methylbenzenesulfonamide (5j): 
Sticky solid; Yield: 72%; Mol. Formula: C24H27NO3S; Mol. Weight: 409; IR (KBr, cm

-1
) vmax: 3069 (C-H str. of 

aromatic ring), 2918 (C-H str. of alkyl group), 1432 (C=C aromatic str.), 1226 (S=O str); 
1
H-NMR (400 MHz, CDCl3, 

δ / ppm): 7.64 (d, J = 8.4 Hz, 2H, H-2’ & H-6’), 7.20 (d, J = 8.4 Hz, 2H, H-3’ & H-5’), 7.19-7.14 (m, 5H, H-2" to 

H-6"), 7.07 (t, J = 8.4 Hz, 1H, H-5), 6.81 (dd, J = 8.4, 2.4 Hz, 1H, H-6), 6.66 (t, J = 2.4 Hz, 1H, H-2), 6.54 (dd, J = 

8.8, 2.0 Hz, 1H, H-4), 3.93 (q, J = 6.8 Hz, 2H, CH3CH2O-3), 3.56 (t, J = 6.8 Hz, 2H, H-9"), 3.31 (t, J = 6.8 Hz, 2H, H-

7"), 2.40 (s, 3H, CH3-4’), 1.95 (qui, J = 6.8 Hz, 2H, H-8"), 1.34 (t, J = 6.8 Hz, 3H, CH3CH2O-3); EIMS (m/z): 409 

[M]
+
, 345 [M-SO2]

+
, 317 [C22H23NO]

+
, 254 [C17H20NO]

+
, 226 [C15H16NO]

+
, 91 [C7H7]

+
. 

 

5. ENZYME INHIBITION ASSAYS 

All the enzyme inhibition assays were carried out according to the reported methods
14-19

. 

 

5.1 Statistical Analysis  

All the measurements were done in triplicate and statistical analysis was performed by Microsoft Excel 

2010. Results are presented as mean ± sem. 
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ABSTRACT 
To assess the contamination levels of organochlorine pesticides (OCPs) fifteen type (alpha, beta, gamma and delta HCH, 

Heptachlor, Heptachlor-epoxide, Endosulfan-I, Endosulfan-II, Aldrin, Dieldrin, Endrin, Endrin aldehyde, 4-4΄ DDT, 4,4΄ DDE 

and 4,4΄ DDD) of OCPS in samples of sea water, sediments, four fish and two crab  species were determined in Damb (Sonmiani) 

coastal area. DDT, HCH and its metabolites found most dominating while Endrin, Dieldrin and Heptachlor recorded higher 

among the fifteen monitored pesticides in Damb (Sonmiani) coastal water. All these pesticides are found below the chronic 

concentration levels as set by the Coastal Water Quality Criteria for Washington State. HCH and Heptachlor were observed to be 

highest in the coastal sediments of Damb (Sonmiani) coastal area and these values are higher than the Canadian Interim Sediment 

Quality Standard. DDT, Endosulfan, its metabolites and isomers detected high concentration in marine biota, while α-BHC, 

Heptachlor and Endrin were also detected in low concentration. A preliminary risk assessment indicates that the daily intake of 

chlorinated pesticides by people consuming fish from the Damb (Sonmiani) coastal area is still very low and, therefore, is not 

likely to cause an immediate risk. 

 

Keywords: Organochlorine pesticides, Sediment, Marine biota, Sonmiani, Balochistan. 

 
1.  INTRODUCTION 
Organochlorine pesticides are persistent and semi-volatile with a low vapor pressure, and soluble in water therefore 

they get transported easily and deposited over long distances. DDT can be found everywhere. They are detected in 

almost all of the environmental components, i.e., air, water, sediments, soil, fruits, vegetables, animals and humans. 

Also reported Organochlorine pesticide residue in the sediments of Antarctic lakes
1
. 

Miani Hor is situated as an enclosed water body of Sonmiani, Balochistan, Pakistan (Figure-1). Three Rivers 

(Proali, Winder and Kharran) are directly connected to the Miani Hor. Its total area is about 125.25 sq. km and the 

shelf are around 80 km wide. Winder River is the main source of fresh water for Winder City as well as for agriculture. 

During the rainy season rain water washes land and finally comes into the Sonmiani Bay. All effluents are generated 

by the local population that dumps their wastes in the Proali River. Industries are functioning at Hub and Winder 

Industrial Trading Estate. The major industries are textile weaving, plastic, chemical, food preservation, engineering, 

paper & paper product etc. these are 122 in number
2
. No such study is regarding the monitoring of pesticides in the 

marine environment of Sonmiani. The purpose of the present study is to assess the levels of organochlorine pesticides 

in the marine environment of Damb (Sonmiani) coastal area.  

 

2. MATERIALS AND METHODS 

 

2.1  Sampling  
Water and sediment samples from the Damb coastal area were collected in November 2007, and March, 2008. Five 

stations were selected for water samples in the damp coastal area. The locations of the sampling stations are shown in 

Figure-1. Global Positioning System (GPS) was used for sampling positions.  

Seawater was collected in Pre-cleaned 40ml Pyrex amber glass tubes from five sampling stations. After being 

filled with water, the tubes were sealed with screw caps lined with aluminum foil. The bottles were stored in an icebox 

at 4
o
C, back to the laboratory on the same day, and most of the samples were extracted with SPME fiber within the 

same day of sampling.  

Sediment samples were collected from five stations with the help of the Peterson Grab Sampler. The samples 

were kept in an ice box and finally returned to the laboratory to be kept in deep freezers at -20C
o
 till analysis.  

Fish and shellfish were collected from fishermen who were busy in catching in the same area.  The fish 

sampling criterion was to analyze chlorinated pesticides in 10-15 cm size fishes with no sex discrimination while 

sexual determination was made easy for crabs. After sampling, all organisms were wrapped in hexane pre-cleaned 

aluminum foil and stored on board in ice boxes. After sampling as soon as possible they were frozen at (-20  ºC) on 

the same day in the laboratory before analyses. 

 

2.2  Extraction of sediment, biota and seawater samples   
Sediment samples (approximately 10 g wet weight) were mixed with Na2SO4, and then extracted by ultra-sonication 

twice in 50 ml mixture of hexane and DCM (1:1) for 30 minutes. The extracts were concentrated to 0.5 ml by rotary-

evaporation and under a gentle stream of nitrogen. The concentrated extracts were purified by passing through silica 
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gel, followed by elution with DCM (3.5 ml) to obtain PCBs and Organochlorine insecticides
3-4

. All the extracts were 

concentrated by rotary evaporator finally by gentle Nitrogen blowdown to about 500 µl. 
 

 
 

 

 

 

  
 

Fig-1: Location Map shows sampling of seawater, sediment sampling stations Damb (Sonmiani) coastal area. 
 
All Fish and shellfish were thawed, and the soft tissues removed from the shell. The soft tissue was homogenized in a 

blender; whole fish and shellfish were homogenized. A 10 gram aliquot of the homogenized tissue water content was 

removed by mixing with 100 gram of granular, anhydrous sodium sulfate and extracted thrice with ultrasonication 

methylene Chloride and Acetone. After extraction, the extract was concentrated to a volume of 5 ml, and 1-ml, to 

remove the lipid content, KOH was added and sepratory funnel was used. The extract solvent was exchanged into 

hexane and separated into two fractions on a column packed from top to bottom with 1gram of sodium sulfate, 5 mg 
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of 8.5% water deactivated alumina, 3 mg of 2% water deactivated silica. The first fraction contained the PCBs, DDE, 

and other non-polar organics. The second fraction contained components, DDT, DDD, and other more polar organic 

compounds. Each fraction was concentrated to a volume of 1 ml and analyzed by capillary-column gas 

chromatography (GC) couple with electron-capture detector. Analyses of pesticides in Seawater based on the SPME 

procedures and SPME conditions were used as described in Supelco Application Note 143
5
. 

 

2.3  Analysis of samples 
A Gas Chromatograph Agilent model 6890N with a micro-cell electron capture detector (µECD) and Chemstation 

software was used for the analyses of organochlorine pesticides in samples. The capillary column used for the 

analyses was an Altech AT
TM

-5 (30 m × 0.25 mm id × 0.25 µm film thickness). The oven temperature programmed 

was from 120 °C for 1 min, then heated to 180°C at 30°C min
−1

, then heated to 290°C at 10°C min
−1

 and held at 

290°C for 1 min. The carrier gas was Nitrogen (1.4 ml min
−1

). The injector and detector temperatures were 260°C and 

300°C respectively. For the peak identification internal addition of standard in the samples was made to confirm and 

verify each of fifteen Organochlorine pesticides retention time. Quantification of the samples was carried out by peak 

area using the external standard calibration. A calibration curve was obtained with pesticide standards in the range 

from 5 to 10 ng/ml, extracted under the same conditions as the real samples. The concentrations of the detected 

pesticides were the average values of three measurements. 

 

3. RESULTS AND DISCUSSION 

 

3.1  Chlorinated pesticides in seawater samples 
Surface seawater samples from five coastal stations of Damb were analyzed for fifteen Organochlorine pesticides. 

Results (Mean and ranges) are given in Table-1. 

 

Total HCH (Hexachlorohexane): The Average of Total HCH concentration in surface seawaters from Damb 

(Sonmaini) was noted 0.897 ng/L (pptr). The highest concentration of ɣ -HCH was recorded to be 0.381 pptr, while 

lowest α-HCH was recorded to be 0.074 pptr. Highest total HCH concentration was found at station-5 (1.52 pptr.) that 

gradually decreases towards the open sea (Sonmiani Bay) in order St-5 >St-3>St-4 St-2> St-1 Figure-2. The total 

concentration of HCH in the Damb (Sonmiani) coastal water when compared with the world coastal water (Table-2) 

concentration was found very low. The lowest concentration (0.48 pptr) was found at Damietta Harbour, Egypt
6
. Total 

Table-1: Average and range of Chlorinated pesticides in water and sediment of Damb (Sonmiani) Baluchistan 

Chlorinated Pesticides 

Surface 

Seawater 

(ng/L) 

Average 

Surface 

Seawater 

(ng/L) 

Range 

Detection in 

Limit 

Seawater 

(ng/L) 

Average Surface 

Sediment 

(µg/Kg wet wt.) 

Surface 

Sediment 

(µg/Kg) 

Range 

Alpha-HCH 0.074 0.01-0.122 0.004 0.16 0.14-0.19 

Beta-HCH 0.356 0.28-0.45 0.038 0.32 0.22-0.49 

Gamma-HCH 0.381 0.13-0.88 0.004 1.69 1.49-1.67 

Delta-HCH 0.086 BDL-0.12 0.007 0.47 0.38-0.56 

∑HCH 0.897 0.50-1.52  2.64 2.08-3.55 

Heptachlor 0.254 BDL-0.53 0.026 1.03 0.96-1.22 

Heptachlor Epoxide BDL BDL 0.014 0.34 0.22-0.58 

∑ Heptachlor 0.254 BDL-0.53  1.37 0.93-1.8 

Aldrin 0.045 BDL-0.08 0.030 0.09 0.04-0.15 

Dieldrin 0.570 0.4-0.82 0.018 0.56 0.38-0.79 

∑ Aldrin 0.615 0.45-0.87  0.65 0.45-0.94 

Endosulfan-I 0.215 0.07-0.46 0.05 0.38 0.22-0.59 

Endosulfan-II BDL BDL 0.037 BDL BDL 

∑Endosulfan 0.215 0.07-0.46  0.38 0.22-0.59 

4,4-DDE 0.810 0.37-1.3 0.043 0.3 0.21-0.43 

4,4-DDD BDL BDL 0.039 2.4 2.11-3.21 

4,4-DDT 0.759 0.37-1.16 0.049 1.07 0.88-1.32 

∑DDT 1.569 0.74-2.46  3.77 3.31-4.23 

Endrin 0.383 BDL-0.89 0.013 1.36 1.11-1.7 

Endrin aldehyde 0.037 BDL-0.08 0.013 1.88 1.59-2.32 

∑ Endrin 0.413 BDL-0.95  3.24 2.79-3.69 
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HCH in sea surface water at the dam (Sonmiani) area was observed to be far below the chronic pollution levels 

(Figure-3) as per Marine Water Quality Standards Criteria described in the State of Washington
7
. 

  

 
Fig-2: Spatial distribution of Chlorinated pesticides in the Damb (Sonmiani) coastal water. 

 

Heptachlor: Heptachlor is the most toxic pesticide used for termite control in buildings and other structures. 

Heptachlor concentration in surface seawater was ranged below detection limit i.e. between 0.53 pptr and the mean 

was 0.254 pptr in the Damb (Sonmiani) coastal area. Heptachlor Epoxide was noted below the detection limit at all 

stations. Similar distribution pattern of Heptachlor was observed as HCH concentration in the study area, whereas St-1 

and St-2 remains below detection limit. Heptachlor in the Miani Hor surface seawater was recorded very low when 

compared with the standard criteria as described in the State of Washington (Figure-3). The concentrations of 

Heptachlor compared with the Balochistan coastal waters of Pasni, Gwadar East Bay and Jiwani exhibit chronic 

pollution compared to Sonmiani Damb coastal water
8
 (Saleem, 2011).    

 

 

Total DDT (DDT+DDE+DDD):  Total average concentration of DDT in Damb (Sonmiani) coastal waters of 

Balochistan was found 1.569 pptr. The highest mean concentration of DDE was found 0.81 pptr and ranged between 

0.37-1.3 pptr, while mean concentration of DDT was observed to be 0.759 pptr and ranged between 0.37 to 1.16 pptr. 

Comparatively higher concentration of DDE than the DDT shows that DDT is still being used around the Sonmiani 

and agricultural land.  DDT is officially a banned pesticide in Pakistan but still available in the local markets
9
 and 

Greenpeace also confirmed its availability in the local markets
10

. Total DDTs’ concentration in Damb (Sonmiani) 

coastal water was compared with world’s coastal water (Table-2). The comparative results show that the DDTs values 
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Table-2: Comparisons of average Σ HCHs and Σ DDTs of Damb (Sonmiani) surface coastal water with different world coastal 

waters 

Sites 
Σ HCHs 

(ng/L) 

Range 

(ng/L) 

Σ DDTs 

(ng/L) 

Range 

(ng/L) 
References 

Damb (Sonmiani)  Coastal Water  

(Pakistan) 
0.897 0.50-1.52 1.569 0.74-2.46 Present work 

Singapore Coastal Water 9.9 0.6 - 64.6 0.2 (0.01 - 0.7) Wurl and Obbard, 2005 

Xiamen harbour (China) 8.57 3.51 - 27.8 1.45 (0.95 - 3.25) Zhang et al., 2000 

Bohi Bay (China) 152.2 55.3 - 328.3 2.19 (1.28 - 6.17) Gu et al., 1988 

Pearl River Estuary (China) 45 21 – 84 41 ND - 86 Cai et al., 1998 

Tianjin Harbour 272 225-330 ND ND Zhang et al 1998 

Jiulong River Estuary (China) 71.8 0.58-353 12.8 0.16-63.2 Zhang et al., 2001 

Mid Black Sea Coast (Turkey) N.D <10 – 188  <10 - 371 Ozkok et al.,  2006 

Mumbai coastal water (India) 5.42 0.16-15.92 12.45 3.01 - 33.21 Pandit  et al.,  2006 

Damietta Harbour (Egypt) 0.48 0.08 - 1.41 50.29 0.75 - 148.7 Tarek and Hamed   2006 

West Coast of Arabian sea (India)    15.8 - 444.0 Sarkar et al., 1989 

Kingston Harbour (West Indies) -- -- -- ND-7020 
Ajai  Mansingh and 

Wilson, 1995 

BDL
1
= <0.038ng/L, BDL

2
 = <0.039ng/L 
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in Damb Sonmiani coastal water were lowest after Singapore coastal waters
11

 and values are comparable to Xiamen 

Harbour
12

 . The observed values demonstrate that DDT pollution in Damb (Sonmiani) coastal area is chronic as per 

criteria described by the State of Washington 

Total Endosulfan (Endosulfan-I + II). Endosulfan-II in Damb (Sonmiani) coastal water was below detection 

limits. The average Endosulfan-I concentration recorded in Damb (Sonmaini) surface coastal water was 0.215 pptr and 

ranged between 0.07 and 0.46 pptr. Endosulfan-1concentration was found highest at St-2 and slightly lower at St-1 

gradually that decreases towards the inner Miani Hor area. Endosulfan concentration in the Damb (Sonmiani) coastal 

seawater was found far below the chronic category as per criteria for coastal Water Quality Standards Criteria as 

described for the State of Washington (Figure-3). 

 

 
 

Fig-3: Comparison of average concentration (pptr) chlorinated pesticides in surface seawater of Damb (Sonmiani) with water 

quality criteria Sate of Washington. 

 

Aldrin + Dieldrin: Aldrin concentrations in the Damb (Sonmiani) coastal water were observed in the ranged below 

detection limit to 0.08 pptr, while its average concentration was 0.045pptr (Table-1). Dieldrin concentrations in the 

Damb (Sonmiani) coastal water were recorded more than ten times higher than the Aldrin. Higher concentration of 

Dieldrin than Aldrin most probably Aldrin is readily metabolized (oxidized) to Dieldrin by Bacterial activity. Dieldrin 

concentration distribution was higher in the Miani Hor (St-4.and St-5) area shows that input of dieldrin from the three 

rivers (land derived) or atmosphere. The average concentration of Aldrin and Dieldrin in the Damb (Sonmiani) coastal 

water far below as set by the United State  Environmental Protection Agency for Marine Water quality criteria for 

Aldrin and Dieldrin 1300 and 710pptr respectively
13

. 

Endrin and Endrin aldehyde: Endrin used as a pesticide to control insects, rodents, and birds.  Endrin aldehyde, 

an impurity and breakdown (by exposure of light) product of Endrin
14

 (ATSDR 1996). According to (ATSDR 1996) 

[14] some estimates indicate that Endrin can stay in soil for over 10 years. Due to the high toxicity of Endrin for the 

human health Government of Pakistan has ban in 1993. Highest total average concentration of Endrin in surface water 

of Damb was found 0.953 pptr at St-1, while at  St-3 and St-4 not detected. In Comparison with water quality criteria 

for Washington State concentration of Endrin in Damb coastal water is well under the limit (Figure-3). Therefor no 

harm for marine life or human health of Damb coastal population.  

 

3.2 Chlorinated Pesticides in Sediments 
Chlorinated pesticide concentration in sediments depends on grain size, organic content, pH, temperature and 

environmental condition of the area. Mean concentrations and range of five stations of chlorinated pesticides are given 

in the Table-1. 

HCH (Hexachlorohexane): All metabolite α-HCH, β-HCH, ɣ -HCH and δ-HCH were present in all five 

stations. Total average HCH concentration observed in Damb (Sonmiani) sediments was found to be 2.64 ppb wet 

weight (Table-1). The highest concentration of ɣ -HCH in sediments was recorded to be 1.69 ppb (64 % of total), 
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while lowest α-HCH was recorded to be 0.16 ppb (6 % of HCH). High concentration HCH  is most probably derived 

from the agricultural land located along the Proali, Winder and Kharran Rivers.  

Heptachlor: It is the most toxic pesticide. The highest total average concentration (1.22 ppb) in the sediments 

was found at St-5 in the Damb (Sonmiani) coast (Table-1). Heptachlor Concentration gradually increases towards the 

inner Miani Hor area. Similar distribution patterns of Heptachlor epoxide were observed in the sediments as 

Heptachlor, but in low concentration. Maximum concentration was noted to be 0.58 ppb at St-5.  In comparison with 

the sediments of Jiwani, Gwadar, Pasni and Ormara coast, the values in Damb (Sonmaini) coastal area was found 

highest
8
. 

 

DDT: Total average concentration of DDT observed in Damb (Sonmiani) coastal sediments was  3.77 ppb 

(Table-1). 4,4-DDD concentration was observed highest (2.4 ppb), while 4,4-DDT concentration was  1.07 ppb. 

Sediment distribution of DDT and its metabolite ratio DDT/DDD is 2.24 which indicates that currently pesticides 

were used somewhere around the Sonmiani agricultural land. According to the Hong ratio of (DDE + DDD) /DDTs 

less than 0.5 may imply a recent input
15

. 

 

 
 

Fig-4: Comparison of average chlorinated pesticides in Damb (Sonmiani) sediment with the Canadian interim 

sediment quality guideline. 
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Table-3:  Average concentration of chlorinated pesticides (ng/g wet weight) in the surface sediments of Damb (Sonmiani) coastal 

area. 

Pesticides St-1 St-2 St-3 St-4 St-5 
Average Conc.of 

Sonmaini Damb 

Alpha-HCH 0.11 0.08 0.16 0.21 0.24 0.16 

Gamma-HCH 1.38 1.39 1.61 1.86 2.22 1.69 

Beta-HCH 0.20 0.23 0.30 0.39 0.49 0.32 

Delta-HCH 0.39 0.41 0.50 0.47 0.60 0.47 

4,4-DDE 0.28 0.29 0.25 0.44 0.41 0.33 

4,4-DDD 2.11 2.35 2.41 2.66 2.69 2.44 

4,4-DDT 0.92 0.92 1.21 1.19 1.13 1.07 

Endosulfan-I 0.22 0.27 0.38 0.44 0.59 0.38 

Endosulfan-II BDL BDL BDL BDL BDL BDL 

Heptachlor 0.72 0.96 1.10 1.16 1.22 1.03 

Heptachlor Epoxide 0.21 0.29 0.29 0.35 0.58 0.34 

Aldrin 0.04 0.07 0.10 0.10 0.15 0.09 

Dieldrin 0.41 0.38 0.45 0.77 0.79 0.56 

Endrin 1.11 1.29 1.70 1.34 1.37 1.36 

Endrin aldehyde 1.68 1.59 1.86 1.95 2.32 1.88 

BDL* # Below Detection Limit 
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Endosulfan: Endosulfan has been used in Pakistan as insecticides for more than 35 years to control the number of 

insects in grains, vegetables, and fruit crops and also non-food crops such as cotton and tobacco etc. Endosulfan 

concentration is increasing in our soil and water environment, ultimately entering into the food chain as reported by 

Peruvian and Masud
16-17

.  

Endosulfan-1 concentrations in the Damb (Sonmiani) coastal sediment was observed in the range of 0.22 to 

0.59 ppb  (Table-3), while concentration of Endosulfan-II in sediment remains below detection limit. Spatial 

distribution of Endosulfan shows increases trend towards the Miani Hor but its concentration is not so high and under 

the  limit of the Canadian sediment quality Guideline
18

 (Figure-4).  

Aldrin and Dieldrin: Aldrin and dieldrin are highly effective insecticides for soil-dwelling pests and for the 

protection of wooden structures against termites and wood borers. Dieldrin has also been used against insects of public 

health importance
19

. Although Aldrin and dieldrin are banned since 1993, but are still illegally sold and used in 

Pakistan as insecticides in agricultural and other purposes
20

. In the soil, Aldrin is converted into dieldrin by oxidation. 

Dieldrin is 40 to 50 times more toxic than DDT
21

. During the present study the average concentration of Aldrin in the 

Damb (Sonmiani) coastal sediments was found 0.09 ppb while dieldrin was 0.56 ppb. However both Aldrin and 

dieldrin concentrations are still far below the limit set by the Canadian Council of Ministers of the Environment
18

, 

Canadian Sediment Quality Guidelines for the Protection of Aquatic Life, 2002. 

Endrin: The persistence of Endrin in the environment depends highly on local conditions. Some estimates 

indicate that Endrin can stay in soil for over 10 years. Endrin may also be broken down by exposure to high 

temperatures (230°C) or light to form primarily Endrin ketone and Endrin aldehyde (ATSDR, 1996). Endrin has not 

been classified for carcinogenic effects. Endrin is most commonly used for cotton crops in Punjab, Sindh and 

Balochistan but the Government of Pakistan has banned its use in Pakistan in 1993 due to its highly toxic and harmful 

effects on central nervous system
20

.   

 

Table-4:  Chlorinated pesticides concentration (ppb wet wt.) average and range in marine biota of Damb (Sonmiani) 

Balochistan 

Organochlo

rine 

pesticides 

Otolithes 

ruber 

Rogadius 

asper 

Johnius 

belangerii 

Scomombe

romorus 

lineolatus 

Portunus 

sanguinolentus 

(M) 

Portunus 

sanguinolentus 

(F) 

Scylla 

serrata 

(M) 

Sycllaser

rata (F) 

Alpha-HCH 

 

0.03 

0.02-0.04 

16.21 

12.21-20.2 

0.85 

0.78-0.92 

0.56 

0.31-0.81 

0.05 

0.02-0.08 

0.02 

0.01-0.03 

0.02 

0.01-0.03 

0.04 

0.01-0.04 

Beta-HCH 

 

0.57 

0.51-0.63 

2.61 

2.4-2.82 

0.47 

0.32-0.62 

0.59 

0.52-0.66 

0.04 

0.03-0.05 

0.11 

0.08-0.14 

0.2 

0.15-0.3 

0.29 

0.25-0.33 

Delta-HCH 

 

0.33 

0.22-0.44 

0.54 

0.48-0.60 

0.13 

0.09-0.17 

1.19 

1.01-1.37 

0.11 

0.1-0.12 

0.05 

0.03-0.07 

0.04 

0.02-0.06 

0.02 

0.01-0.03 

Gamma-

HCH 

0.12 

0.08-0.12 
BDL 

0.12 

0.09-0.15 

0.25 

0.22-0.28 

0.28 

0.19-0.36 

0.37 

0.31-0.42 

0.15 

0.1-0.2 

0.2 

0.16-0.24 

4,4-DDE 
2.82 

2.22-3.42 

22.10 

20.2-24.0 

15.89 

13.59-

17.19 

13.93 

10.9-16.95 

1.79 

1.66-1..92 

5.08 

4.2-5.96 

1.1 

0.91-1.29 

1.32 

1.1-1.54 

4,4-DDD BDL BDL 
3.73 

2.45-5.01 
BDL BDL BDL 

0.08 

0.05-0.11 

0.07 

0.05-0.09 

4,4-DDT 
1.09 

0.88-1.3 

9.62 

6.78-12.46 

2.88 

1.96-3.8 

10.24 

11.2-9.84 

0.67 

0.49-0.85 

5.56 

4.47-6.65 

3.1 

2.9-3.3 

3.44 

3.1-3.78 

Endosulfan-

I 

0.11 

0.085-

0.136 

20.01 

18.55-

21.47 

1.46 

1.41-1.51 
BDL BDL 

0.28 

0.26-0.3 

0.05 

0.04-0.06 

0.04 

0.04-0.04 

Endosulfan-

II 

0.07 

0.05-0.09 

12.52 

10.2-14.84 

0.99 

0.59-1.39 

1.31 

1.2-1.41 
BDL BDL 0.07 BDL 

Heptachlor 

 

1.38 

1.31-1.45 

18.53 

12.4-24.66 

0.51 

0.45-0.57 

12.27 

11.2-13.33 

0.96 

0.88-1.04 

2.71 

2.11-3.3 

0.44 

0.39-0.49 

2.28 

2.2-2.36 

Heptachlor 

Epoxide 

0.46 

0.42-.50 

0.48 

0.36-0.60 

0.03 

0.01-0.05 
BDL 

0.09 

0.06-0.12 
BDL 

0.02 

0.01-0.03 

0.62 

0.60-0.64 

Aldrin 
0.28 

0.19-0.37 

0.44 

0.38-0.5 
BDL 

8.54 

7.6-9.48 

0.04 

0.02-0.06 

0.04 

0.02-0.06 

3.12 

3.11-3.13 

0.05 

0.04-0.06 

Dieldrin 
0.09 

0.06-0.12 

0.23 

0.22-0.25 

0.88 

0.77-0.99 

0.70 

0.66-0.74 

0.46 

0.38-0.54 

0.81 

0.76-0.86 

2.19 

2.1-2.28 

5.04 

4.66-5.42 

Endrin 
0.090 

0.06-0.12 

3.46 

3.26-3.66 
BDL 

1.475 

1.28-1.67 

1.61 

1.52-1.7 

1.02 

0.88-1.16 

0.031 

0.031-

0.031 

4.36 

3.92-4.8 

Endrin 

aldehyde 

0.47 

0.39-0.55 

0.84 

0.79-0.89 
BDL 

1.81 

1.7-1.91 

0.38 

0.33-0.43 

1.41 

1.21-1.6 

0.22 

0.2-0.24 

0.03 

0.02-0.04 

BDL # Below Detection Limit,  M # Male,  F # Female 
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The total average concentration of Endrin in Damb (Sonmiani) coastal sediments was found 1.36 ppb and ranged 

between 1.11 and 1.7 ppb. The concentration of Endrin aldehyde is slightly higher than Endrin. Its average 

concentration was 1.88 ppb and that may be due to more resistant bacterial degradation in the sediments. The Miani 

Hor area most likely receives pesticide residues in agricultural soils via evaporation especially during North east 

monsoon period. This area also receives pesticide residues during rainy seasons through three rivers around the Miani 

Hor. 

A comparison of the observed concentrations of pesticides (HCH, DDT, Heptachlor, Aldrin and Endrin)  in 

the coastal sediments along Damb (Sonmiani) was made with the Canadian Sediment Quality Guideline for 

chlorinated pesticides (Figure-4) which indicates that almost all the fifteen pesticides are within or almost close to the 

allowed limits of the criteria except for total Hexachlorohexane. Higher levels are observed in the  sediments that 

could be harmful for marine benthic fauna and flora and which need closer investigations at a broader level in the 

whole Miani Hor area. 
 

3.3 Levels of Organochlorine pesticide residues in biota 
The concentration and distribution of organochlorine pesticides (∑HCH, ∑DDT, ∑Aldrin, ∑ Endosulfan ∑Heptachlor 

and ∑Endrin) detected in four fish species and two crab species (Male and female). Samples from Damb (Sonmaini) 

are summarized in Table-3. Almost all six groups of banned organochlorine pesticides found in the fish and crab 

samples. 

∑ Endosulfan, ∑ HCH and ∑ Heptachlor were found highest in concentration in the Rogadius asper among 

the four fish species and their concentrations were 32.53, 19.36 and 19.36 respectively. US-EPA considers Endosulfan 

as having high bioaccumulation potential in fish
22

 (Naqvi, 1993).  

High accumulation in Rogadius asper is most probably due to bottom feeding habitat and higher lipid 

contents. Highest accumulation of ∑ DDT and total ∑ Endrin was noted in Scomomberomorus lineolatus. Its 

concentrations were observed 34.17 and 14.78 ppb (wet weight) respectively. Comparable results of   ∑ Heptachlor, 

DDT and HCH were found in Karachi coastal water fishes as the present study (Damb, Sonmiani fish) were noted
23

.   

 

Concentration of chlorinated pesticides in crabs of Damb (Sonmiani) is given in the Table-2. The concentration of 

chlorinated pesticides was relatively lower than the fishes of Damb (Sonmiani) except Endrin and Dieldrin. 

Comparison of chlorinated pesticides in male and female crabs of Sonmaini (Damb) is given in the Figure-5. ∑DDT 

and ∑Aldrin concentration were highest in crabs that were 10.64 and 9.4 µg/kg respectively. This can be explained by 

the wide use of these pesticides in Pakistan previously and presently and their illegal sale and use in Sindh and 

Balochistan,
10

. Rest of pesticides ∑HCH ∑ Endrin ∑ Endosulfan and ∑ Heptachlor concentrations in the crabs was 

found ≤. 2.4 ppb. 

Concentrations of chlorinated pesticides in Damb (Sonmiani) biota indicate that almost all are within the 

maximum permissible limit (200 and 100 µg/kg) for DDT and HCH respectively) set by the Ministry of Health of the 

USSR
24

 , while the limit set for edible seafood by U.S Department of Public Health and Human services is 300 µg/kg, 

for Heptachlor
25

. The concentrations of DDT, HCH, Aldrin, Dieldrin, Endrin and Heptachlor in marine biota of 

Sonmiani Damb are very low (Table-5) than the limit of Carcinogenicity from fish consumption as set by United 

States Environmental Protection Agency
26

.  
 

4. CONCLUSION 
Organochlorine pesticide concentrations in the fish and shellfish of Damb (Sonmiani) coastal area are not very high 

except Endosulfan and their metabolite which is within safe limits. Pesticide intake by people consuming fish from the 

Sonmiani coastal water, however, is still low and no immediate risk is present. 
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ABSTRACT 
This study conducted to investigate the effect of soil  C:N ratio under different tree types characterized by similarity in all soil 

forming factors (climate, parent material, topography, organisms ,time) located north of Iraq , difference between them was  just 

in the composition rate of organic matter produce by different tree types which due to variation in c:n ratio, some clay fraction of 

studied pedons in surface and subsurface horizon has been tested under scanning electron microscope and x-ray diffraction, the 

result of SEM emages showed that the green grain forest was the higher effected soil through weathering signs which was very 

clear , clay samples showed breakness of mineral layers and edges also the minerals appear in different size and shapes and that 

correlated with decrement in C:N ratio in tree types , the results showed there is series of changes in mineral morphological 

features , then mineral particles surfaces in green grain and pine forest appear irregular and complicated especially in pine forest 

samples as well as the minerals in green grain forest appear spongy like shape which due to swelling and expansion sequence for 

mineral interlayer. images for wild pears and oak forests showed the mineral surfaces was in the exfoliation state where the 

exfoliation tracks appear very clear whereas some of them exposed to edge weathering  indicated by appearance of edges in pale 

color which can recognize from surface zone which caused by bleaching process resulting from interlayer cation removal by the 

weathering process which probably be potassium or iron absence of complication state and restricted in exfoliation process 

associated with edge weathering of exfoliated surfaces explain weathering intensity reduction as compared with green grain and 

pine forest and less weathering intensity found in almond tree type which was more C:N ratio value.  If we focused on the C:N 

ration results we can recognize the variation in this value between plant species and less value found in green grain and pine 

forests and greater value  found in almond. 

 

Keywords: C:N ratio, electron microscope , green grain forest , minerals weathering 

 
1. INTRODUCTION 
Similar to the inorganic components of soil, soil organic matter (SOM) plays a significant role in affecting the 

chemistry of soils. Despite extensive and important studies, the molecular structure and chemistry of SOM is still not 

well understood. Moreover, because of its variability and close relationship with clay minerals and metal oxides the 

chemistry and reactions it undergoes with metals and organic chemicals are complex. The SOM and soil mineral 

component together provide the structural matrix and the chemical environment for living organisms in the soil.  The 

source of organic matter in the soil is litter. Litter is broadly defined as all that was recently living. This includes fallen 

leaves, woody debris   and fallen bark, dead roots, cadavers, animal dung, insect frass and cuticles. It also includes 

secretions and excretions from living organisms, such as root exudates, Webster et. al, 2000. The decay of fresh litter 

accumulates on the surface and within the soil, as SOM. Fresh litter and the more decayed organic matter are sources 

of food for many species. They support the trophic interactions between interstitial species. The process of litter 

chemical decay caused by these trophic interactions is called decomposition. This is in contrast to the chemical 

degradation of litter and SOM not caused by living organisms. Degradation is caused by chemical reactions between 

SOM molecules, and of SOM with clays that lead to new molecular forms and to the aggregation of molecules into 

colloids and polymers. Thus degradation is caused by abiontic reactions. Aerts, (1997), Also none of these refer to a 

consistent degree of decomposition or chemical composition, but to size or density, the pedantic debates are 

unnecessary. With time, fresh litter is broken up into a range of increasingly small fragment sizes, down to 

microscopic debris and organic colloids and flocculants, as it is decomposed and degraded. A fraction of the SOM 

accumulates because it is difficult to digest or it is indigestible. His SOM can be referred to as humus. It is usually 

defined as all SOM exclusive of living biomass, litter and macrodetritus, i.e. the smaller and more decayed fractions of 

SOM Adl, 2003. Fractionation of SOM can provide an idea of its quality as food for decomposition. Size fractions are   

defined by how large the litter particles are, or by how quickly they sediment in a standard heavy liquid of known 

density (such as sucrose, sodium polytungstate or sodium iodide). The latter is called density fractionation and is very 

useful in estimating the amount of labile litter in the soil. It is based on differences between the density of the minerals 

(more dense) and the organic matter (least dense). The more biologically accessible fraction (for decomposition) is the 

light fraction. The light fraction is that which floats on top of the liquid and consists mainly of fine litter fragments, 

macrodetritus and microdetritus that are decomposed to varying degrees. The intermediate fraction consists of organic 

matter covering and attached to minerals. This SOM is more decayed than the light fraction and is mostly humus Adl, 

2003. One important source of organic matter in the soil is released from soil living organisms as secretions. The 

sources of these secretions are numerous. They include bacterial cell wall components, protective (or defensive) 
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mucopolysaccharides from protists, mucus from earthworms and secretions from root cap border cells. The plant root 

cell secretions are called root exudates (Hawes et al., 1998). These consist of various sugars, amino acids, peptides 

and defensive molecules. The effect of these material on mineral weathering depend on its chemical composition and 

The ratio of carbon to nitrogen is the carbon: nitrogen ratio or the C:N ratio. The C:N ratio of the organic material in 

the soil influences the rate of decomposition of organic matter and this results in the release (mineralisation) or 

immobilization of soil nitrogen. If the organic material contains more nitrogen in proportion to the carbon, then 

nitrogen is released into the soil from the decomposing organic material. On the other hand, if the organic material has 

a less amount of nitrogen in relation to the carbon then the microorganisms will utilize the soil nitrogen for further 

decomposition and the soil nitrogen will be immobilized and will not be available and this depend on organic the 

source of organic compound (tree types) Berg and Ekbohm ,1991 . The chemical and physical weathering of minerals 

is the fundamental process giving rise to much of the regolith and affects critical processes of the regolith such as 

metal release and retardation (dissolution-precipitation) and adsorption. Although our understanding of mineral 

weathering reactions for most primary minerals is extensive from a unit cell scale (Hochella & Banfield 1995), 

knowledge of micro environments mineral weathering remains limited. This researched aid to investigate the effect of 

c:n ratio for different tree species on minerals weathering as showed by SEM  

 

2. MATERIALS AND METHODS 
This study was conducted to investigate the effect of carbon: nitrogen ratio of forest tree types on minerals weathering 

and their morphological features in some selected forest soils located in northern Iraq. Five forest soil sites were 

chosen, characterized by similarity in parent material, topography and annual rainfall. Five pedons under different tree 

species were chosen from different sites located on same rain line north of Iraq figure 1. The sites were Mergasur 

(Arbil province) included two pedons, the first one was wild pears forest, and the second was green grain forest. 

Zawita site (Dohok province) included one pedon for pine forest, and Sarsang sites (Dohok province) included two 

pedons, oak and almond forests. Mineralogical properties were determined according to pansu 2006, as well as 

determination of organic carbon and nitrogen in both soil samples and plant residues to use it in calculation of 

Carbon:Nitrogen ratio. Scanning electron microscope was used in examining a selected clay samples from studied 

soils.              

           
 

 
 
 

 

Fig-1: Iraq map show studied soil pedons location (Sarsang, Zawita, Mergasur) 

 

 

Soil Locations 
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3. RESULTS AND DISCUSSION 
 

3.1 C:N ratio and biological weathering intensity 
By taking a look on the results showed in Table-1 we can easily recognize the difference in C:N ration between the 

soils under different tree types. also we can conclude that the differences in C:N ratio make the organic matter differ in 

decomposition rate by microorganisms ,decomposition rate increase by C:N ratio decrease, in the other hand  
 

Table-1: Soil Classification and Organic Carbon and Organic Nitrogen and C:N ratio 

Pedon 

Number 
Soil Classification Location Tree Type Horizon 

Depth 

(cm) 

Organic  

Carbon 

gm/kg 

Organic 

Nitrogen   

gm/kg 

C:N 

ratio 

 Haploxerolls Merga sur Green grain 

A 0-15 77.91 6.89 11.3 

E 15-35 26.25 0.75 34.8 

Bt 35-70 25.40 0.80 31.7 

C 100-70 14.82 0.53 27.8 

 Argixerolls Zawita Pine 

A 0-15 82.99 5.56 15.0 

E 15-30 25.40 1.54 16.4 

Bt 30-60 10.16 0.43 23.5 

CK 60-80 7.19 0.42 17.0 

 Haploxerolls Merga sur Wild pears 

A 0-20 42.34 2.17 20.1 

Bt 20-50 19.90 1.00 19.8 

CK1 50-90 10.58 0.43 24.5 

CK2 90+ 10.58 0.38 27.2 

4 Haploxerolls Sarsang Oak 

A 0-25 40.22 1.99 20.2 

BK 25-48 10.58 0.34 30.6 

CK1 48-78 12.70 0.38 32.6 

CK2 78+ 12.27 0.36 33.3 

5 Haploxerolls Sarsang Almond 

A 0-30 13.97 0.40 34.6 

Bt 30-70 12.27 0.39 30.7 

C 70+ 15.24 0.32 47.4 

 
abundance of organic materials decomposition products in the lowerest C:N ratio tree type (organic and amino acids, 

polysaccharides, enzymes  and other compounds) will attach minerals surfaces and will push the weathering rates to 

increase, beside appearance new morphological features for the minerals in weathering media, in contrast the highest 

C:N ratio tree types will have no effect on the minerals morphological features because the weathering media poor in 

organic matter decomposition  products due to decrease in decomposition rate, many researches had  been  carried out 

to study effect of plant species on the weathering clay minerals, several of them focused on  the interaction of organic 

material and compounds with different clay minerals, we here tried to focus on the effect of  soil C:N  ratio of organic 

materials produced by different  tree types on the weathering intensity by taking a look on the morphological features 

of  most abundant clay minerals in study area by using scanning electron  microscope at the university of Aiwa, USA, 

Scanning electron microscopy (SEM) imaging was used as a supplemental analysis. Since identification via SEM can 

be ambiguous at the clay size fraction and quantification only subjective, SEM images were only used to support the 

information derived from XRD. Images of one replicate from each horizon of five sites were taken at same soil 

forming factors to illustrate any visual differences between like horizons at different tree types. Both samples exhibit 

some platy minerals and some halloysite. The halloysite was not identified by x-ray because there was such a small 

amount that there was no x-ray reinforcement to create a peak. The resolution of the magnification did not allow 

further inspection. These could be montmorillonite that appear in the x-ray patterns. Mineralogical changes in 

micaceous minerals and the effect of plant have been reported (e.g., Robert and Berthelin, 1986; Hinsinger et al., 

1992; Velde and Peck, 2002; Norouzi and Khademi, 2010). Plants can promote both the release of K from illite and 

the formation of 1.4 nm vermiculite layers (Mojallali and Weed, 1978; Hinsinger and Jaillard, 1993; Kodama et al., 

1994; Surapaneni et al., 2002).  

 

3.2 X-Ray Diffraction Analysis 
The result of x-ray diffraction showed existence of smectite minerals and vermiculite Fig-2 and that maybe belong to 

smectitization of interstratified illite/smectite clay domains in K depleted conditions (Tributh et al., 1987; Velde and 

Peck, 2002). Hinsinger et al. (1992, 1993) demonstrated that in the rhizosphere of rape (Brassica napus) and ryegrass 

(Lolium multiflorum Lam.), trioctahedral mica (phlogopite), as the sole source of K, rapidly weathered and 

vermiculitized after root-induced release of interlayer K, which implies that K in solid framework forms could be a 

source of K for plants. Formation of complexes and production of acid compounds may promote the vermiculite 

formation mainly by a proton exchange process (Robert and Berthelin, 1986). Also, K uptake by plant roots may 
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decrease K concentration in the soil solution at the root surface, which leads to mineralogical changes, as shown by 

Hinsinger and Jaillard (1993), Al-Dhahi (2009). Some soil microorganisms are able to solubilize unavailable forms of 

K-bearing minerals, such as micas and orthoclase, by excreting organic acids which either directly dissolve K-bearing 

minerals and the activity of microorganisms depend on C:N ratio of organic materials and this process inhance 

formation of smectite minerals from mica as show in x-ray Fig-2. 

 

3.3 Scanning electron microscope images 
The result of SEM images showed that the green grain forest characterized by higher effectiveness by weathering  

figure 3 A,B, the clay samples showed breakness of smectite and mica mineral layers and edges also the minerals 

appear in different size and shapes and that correlated with decrement in C:N ratio in tree types , the images A,B, in 

figure 2 showed there is series of changes in mineral morphological features , then mineral particles surfaces in green 

grain and pine forest appear irregular and complicated especially in pine forest samples as well as the minerals in 

green grain forest appear spongy like shape which due to swelling and expansion sequence for mineral interlayer 

(Tarzi & Portz,1978) , many researchers indicate that these changes due to exposed mineral surfaces to many 

weathering  processes starting with splitting of surfaces passing through exfoliation then diphole and other shallow 

hole depending on weathering intensity which the Silicate mineral exposed to Bennet et. al, 2001. This swelling and 

expansion which cause Retile or cracking ending by crumbling same images showed low and high zones which 

represent Retiles appearance on these surfaces, this trend indicate reach of weathering process tom advance stage in 

same mineral parts , so we can coclude that some of mineral particles within weathering stage and the others in final 

stage, this state existence due to variation in mineral particles sizes, where the smaller particle size was more 

influenced by weathering as compared with bigger particle size in same conditions, April & Keller,1990, some aspects 

showed in pine forest images such as exist of different size holes , some of them moderate holes may be due to 

impurity coming from petrifying plant materials through mineral creation or from other minerals differ in geological 

age and weathering resistance degree which called Fission particles tracks (Price & Wallker, 1967). 

The most important evidence for the effect of organic materials and its chemical composition and 

characteristics such as C:N ratio on the mineral weather in is the difference in weathering intensity for the minerals 

between surface horizons which domiatly rich in organic substances and subsurface horizons which is poor in organic 

substances as well as the effect of organic material on soil acidity which could enhance soil acidification Augusto et. 

al, 1998, by taking a look for the images and comparison the morphological features for the minerals. 
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we found very clear difference from the dark color for surface horizons and light color for subsurface horizons and the 

weathering sighs appear more clear in in the surface horizons figure 3,4 beside clearing of edges and layer weathering 

for single layers while montmorilonite appear like pale and dark cloud according to effective degree of weathering 

process some complete layers has been removed from montmorillonite crystals by weathering, Bisdom et. al, 1982, 

SEM images in Fig-3 E,F, for wild pears and oak forests showed the mineral surfaces was in the exfoliation stgte 

where the exfoliation tracks appear very clear whereas some of them exposed the edge weathering  indicated by 

appearance of edges in pale color which can recognize from surface zone which caused by bleaching process resulting  

from interelayer cation removal by the weathering process  which probably be potassium or iron  Augusto et al 2000. 

The absence of complication state and restricted in exfoliation process associated with edge weathering of exfoliated 

surfaces explain weathering intensity reduction as compared with green grain and pine forest.                                    

 
Fig-3: Scanning Electron Microscope images for clay samples of studied soils 

A: Surface horizon for pine forest, B: subsurface horizon for pine forest 

C: Surface Horizon for green grain forest, D: Subsurface horizon for green grain forest 

E: surface horizon for oak forest, F: subsurface horizon for oak forest                                                                     
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Fig-4: Scanning Electron Microscope images for clay samples of studied soils 

A: Surface Horizon for almond forest, B: Subsurface Horizon for almond forest 

C: Surface Horizon for wild pear forest, D: Subsurface Horizon for wild pear forest 

   

If we focused on the C:N ration results in table 1 we can recognize the variation in this value between plant species 

and less value found in green grain and pine forests (11.30,15.07)  respectively Cheshire etal, (2000)  While the 

samples for almond forst showed appearance of exfoliation but with weaker effect compard with wild pears and oak 

forest whereas the exfoliated parts was unharmed edges with clear boundaries associated with appear the surface with 

less complication and some of them wavy like shape , this indicate the chemical weathering was weak which usualy 

create complicated surfaces and unclear signs edges   ( Gilkes &Suddniprakarn1979a). 
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ABSTRACT 
In an effort to find new preservatives which are less hazardous, the efficacy of branch bark, leaf, and heartwood water extractives 

of Erythropleum suaveolens (Potrodom), a highly durable timber species, was tested on Antiaris toxicaria (Chenchen) and 

Canarium schweinfurthii (Bediwonua) of low natural durability by presssure impregnation. Impregnated Chenchen and 

Bediwonua were exposed in the field for 6 months in accordance with a modified EN 252. Durability ratings, hardness and mass 

losses were measured in assessing their field performance.  Though Bediwonua and Chenchen retained branch bark water 

extractives minimally, it conferred the highest resistance to deterioration. Branch bark water extractives represent a potential 

source of wood preservative.  

 
Keywords: branch, eco-friendly, bio-deterioration, preservatives 

 
1. INTRODUCTION 
Although conventional wood preservatives are very effective against wood destroying organisms, they are also 

hazardous to the environment, animals and human beings
5-15

 because they have very long bio-degrading lives. Even 

CCA which was previously thought to be stable in wood has now been found not to be. Thus, Governments and 

industry embarked on a wholesale changeover, including a voluntary phase-out of CCA in exchange for other 

chemicals for preserving wood. Nonetheless, when it comes to preservatives powerful enough to deter or kill wood 

destroying organisms, options that are less hazardous are limited. One readily accessible less hazardous option is the 

treatment of low durability timbers with extractives from highly durable ones, most of which are quickly bio-

degradable. Extractives from the heartwood of highly durable timbers are mostly used
7-14

 while those from other parts 

of trees like leaves, bark, root, needles and seeds are seldomly used. However,the fraction of extractive compounds in 

stem bark is four to five times that of bark free wood, and needles have seven to eight times that of bark free wood
13

. 

The stem-bark of Erythropleum guineense, a close realative of E. Suaveolens (Potrodom) contains alkaloids, tannins, 

saponins and glycosides (Adeoye and Oyedapo, 2004) which are combinedly responsible for its toxicity which could 

be explored for preservation of wood. Hence, the need to test the efficacy of branch bark, leaf, heartwood water 

extractives of E. suaveolens at a concentration of 0.5 g/ml on Antiaris toxicaria (Chenchen) and Canarium 

schweinfurthii (Bediwonua) of low natural durability. Impregnated Chenchen and Bediwonua were exposed in the 

field for 6 months in accordance with a modified EN 252. Durability ratings, hardness and mass losses were measured 

in assessing their field performance. 

 

2. MATERIALS AND METHODS 

  
2.1 Identification, selection and provenance of test species 
Antiaris toxicaria and Canarium schweinfurthii were selected based on their relative distribution & abundance, 

utilization, minimum felling diameter and durability, and were identified and felled following William Hawthorne`s 

Field Guide to the Forest Trees of Ghana, and with the help of an identification expert and a local farmer from an area 

of 4 km² falling within Fenaso No. 1 Junction, Fenaso No. 2 and Aboagyekrom localities of Dunkwa-On-Offin of the 

Central Region of Ghana (latitude 06º 43´ North and longitude 01º 36´ West). 

 

2.2 Preparation of stakes and experimental design  

Sound Chenchen and Bediwonua beams were selected regardless of whether they were true heartwood or sapwood 

from a freshly cut tree and air-dreid to about 25-30% moisture content. Beams were sawn into stakes of 250×10×50 

mm. Seven stakes each of Chenchen and Bediwonua were impregnated with 0.5 g/ml leaf, 0.5 g/ml heartwood and 0.5 

g /ml bark water extractives. A separate 7 stakes each of Chenchen and Bediwonua were left untreated as controls. In 

all fifty six stakes were prepared for exposure in the field. Each stake was then weighed 3 times. Hardness of stakes 

were taken 3 times along the grain through the 10×50 mm cross section on a scale of 0-40mm pilodyn needle 

penetration [0 being no penetration (highest hardness) and 40, the deepest penetration (lowest hardness)]. Durability of 

stakes were visually rated on a scale of 0 to 4. Zero (0) showing no termite attack, 1: sight attack, 2: moderate attack, 

3: severe attack and 4: failure. Dimensions of stakes were taken with a veneer caliper at 3 diffent points. Efficacy of 

branch bark, leaf, heartwood water extracts of E. suaveolens was tested in the Complete Randomised Design (CRD) 

where visual durability ratings, percentage hardness loss or percentage mass loss was a single-factor (efficacy 

mailto:asamoah38@yahoo.com
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response) with its corresponding control and bark-extractive-treated, leaf-extractive-treated and heartwood-extractive-

treated values as treatments (levels of each single-factor). 

 

2.3 Preparation of extractives 
Potrodom leaves, bark and heartwood were air-dried to about 25-30% and milled to 40-60 mesh granules. Mixtures 

were made from equal weights of 1120g of granules from each part in equal volumes of 11200ml cold distilled water 

in plastic buckets. Buckets were covered after to prevent evaporation of volatile components of mixtures. Mixtures 

were left to stand for 24 hours, after which their solid residues were sieved off. Extractives from each part was kept in 

a conditioning room to maintain concentration. Mass concentration of extractives was determined by taking two 

separate 3ml portions of each and evaporating water to complete dryness in crucibles on a water bath. Mass 

concentrations obtained were: 0.7 g/ml for leaves, 0.6 g/ml for bark and 0.7 g/ml for wood extractives each of which 

was diluted to 0.5g/ml. 

 

2.4 Impregnation of stakes  

Stakes were impregnated at a maximum temperature of 123ºC, pressure of 1.0135 x10
5
 Pa. and for duration of 90 

minutes. Impregnation process did not use an initial vacuum nor a final vacuum as many typical full cell processes do 

as a modification of EN 252. Seven stakes of either Chenchen or Bediwonua were impregnated  at a time in every 

2000ml of extractives. After each  impgrenation, used extractives was discarded. Retention of extractives (g/mm³) in 

each stake (R1) was determined as   vqqR /)12(1  (Asamoah, Antwi-Boasiako and Frimpong-Mensah, 2008) 

where q1 is the mass of air-dried untreated stake, q2 is the mass of air-dried treated stake and v is the volume of air-

dried untreated stake. Consequently, mean retention (Rn) was determined as  nRnRRRRn /)...321(   

where Rn is the nth treated stake in a charge and n is the number of stakes in a charge. Stakes were then close-stacked 

and kept wrapped for two hours to avoid rapid drying and to enable extractives fix in stakes. Stakes were lined on 

polyethylene sheets spread in the laboratory for drying for 5 days under the ventilation of ceiling fans after fixation of 

extractives to bring them to a moisture content of 25-30% .After drying, weight and hardness of stakes were taken. 

Impregnated stakes were close-stacked and kept wrapped for two hours to avoid rapid drying to fix extractives in 

stakes. Stakes were lined on polyethelene sheets spread in the laboratory for drying for 5 days after fixation of 

extractives. After drying, weight and hardness of stakes were taken as before. 

 

2.5 Burial of stakes 
Impregnated stakes were buried at random on a 1 m

2 
land area within a 30-x-30cm grid to half their lengths. 

Surrounding soil was pressed tight to each stake to make good contact with the surfaces so that each stake was firm in 

the ground. 

 

2.6 Collection of data and analysis 
Impregnated stakes were removed every month for 6 months at a time when moisture content  was above fibre 

saturation. After removal, stakes were dried for 5 days as before and weighed, pilodyned and visually rated. 

Percentage mass losses of stakes were calculated on air-dried mass instead of oven-dry mass of stakes (Kumi-Woode, 

1996) as Mass Loss %100/)((%) IRI  …(1), where I  is initial mass of stakes and R  is the final air-dried 

mass of stakes. Percentage hardness losses of stakes were calculated on air-dried hardness instead of oven-dry 

hardness of stakes as Hardness Loss %100/)((%) IhRhIh … (2), where Ih is initial hardness of stakes and 

Rh is final air-dried hardness of stakes. Differences between treatment means were determined using one-way 

ANOVA with the aid of Excel 2003. 

 

3. RESULTS AND DISCUSSION 

 

3.1 Retention 
Generally, retention was higher in Chenchen than in Bediwonua. In decreasing order, Chenchen retained bark 

extractives highest, followed by heartwood extractives and in turn by leaf extractives as shown in Figure 1. 

Bediwonua retained leaf extractives highest, followed by heartwood extractives and in turn by bark extractives as 

shown in Figure 2. Chenchen retained extractives moderately because it has cell inclusions (Fordjour, 2004; 

http://insidewood.lib.nscu.ed and http://database.prota.org/search) which obstruct the flow of fluids and render it less 

treatable as was observed by Ofori and Bamfo (1994).  

 

3.2 Percentage mass loss 
Bediwonua and Chenchen treated with leaf extractives lost the highest mass, followed by those treated with heartwood 

extractives and in turn by those treated with bark extractives (Fig.3 and Fig. 4). From Figure 3, Chenchen treated with 

http://insidewood.lib.nscu.ed/
http://database.prota.org/search
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bark extractives with mass loss of 25.32% resisted deterioration about more than two times that treated with leaf 

extractives with mass loss of 73.32%. From Figure 4, Bediwonua treated with bark extractives with mass loss of 40% 

resisted deterioration about more than one time that treated with leaf extractives with mass loss of 70%.  This is 

expected because according to Onuorah (2000), bark of Potrodom contains the toxic alkaloid, erythrophleine as well 

as many others and their derivatives including cassaine horscassaidine and homophleine which could be responsible 

for the high deterioration resistance of Bediwonua treated with bark extractives, even at minimal retention. 

 

 
Fig-1: Retention of Potrodom branch bark, heartwood and leaf water extractives at 0.5 g/ml in Chechen after impregnation. N=7, 

P=0.02, α=5%, F= 3.82. 

 

 
Fig-2: Retention of Potrodom branch bark, heartwood and leaf water extractives at 0.5 g/ml in Bediwonua after impregnation. 

N=7, P=3.12E-5, α=5%, F= 12.94. 

 

 
Fig-3: Percent mass loss of Chenchen treated with Potrodom branch bark, heartwood and leaf water extractives at 0.5 g/ml after 

field exposure for 6 months. N=7, P=0.01, α=5%, F=4.41. 
 

 
Fig-4: Percent mass loss of Bediwonua treated with Potrodom branch bark, heartwood and leaf water extractives at 0.5 g/ml after 

field exposure for 6 months. N=7, P=0.08, α=5%, F= 2.58 
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3.3 Percentage hardness loss 
Chenchen treated with bark extractives lost hardness highest (least deterioration resistance), followed by that treated 

with heartwood extractives and in turn by that treated with leaf extractives (Fig. 5). Bediwonua treated with heartwood 

extractives lost hardness highest, followed by that treated with leaf extractives and in turn by that treated with bark 

extractives (Fig. 6). Chenchen and Bediwonua treated with bark extractives increase in hardness, hence their negative 

values of -27.57% and -15.75% respectively as illustrated in Figures 5 and 6. This was expected because according to 

Bever (1982), a catechuic tannin, a saponin, a flavonoides and a wax (with high proportion of hexacosonol) have been 

isolated from the bark of Potrodom which are capable of hardening and possibly closing the pores of treated Chenchen 

and Bediwonua. 

 

 
Fig-5: Percent hardness loss of Chenchen treated with Potrodom branch bark, heartwood and leaf water extractives at 0.5 g/ml 

after field exposure for 6 months. N=7, P=1.58E-5, α=5%, F=14.20 

 

 
Fig-6: Percent hardness loss of Bediwonua treated with Potrodom branch bark, heartwood and leaf water extractives at 0.5 g/ml 

after field exposure for 6 months. N=7, P=0.01, α=5%, F=5.06 

3.4 Durability Ratings 
Chenchen treated with heartwood extractives rated highest visually (least deterioration resistance), followed by that 

treated with leaf extractives and in turn by that treated with bark extractives (Fig. 7). Bediwonua treated with leaf 

extractives rated highest visually, followed by that treated with heartwood extractives and in turn by that treated with 

bark extractives (Fig. 8). Bediwonua and Chenchen treated with bark extractives resisted deterioration highest with 

visual durability rating of 0.4 and 0.7 respectively. This may be explained by the same reason as above. 

 
Fig-7: Visual durability ratings of Chenchen treated with Potrodom branch bark, heartwood and leaf water extractives at 0.5 g/ml 

after field exposure for 6 months.  N=7, P=1.52E-5, α=5%, F=14.27 
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Fig-8: Visual durability ratings of Bediwonua treated with Potrodom branch bark, heartwood and leaf water extractives at 0.5 

g/ml after field exposure for 6 months. N=7, P=1.95E-4, α=5%, F=9.91 

 

3.5 Durability Classification  
From Table 1, bark extractives conferred a durability class of 'durable' on treated Chenchen and Bediwonua as 

opposed to a class of 'very durable' reported (Onuorah, 2000) for heartwood of native Potrodom where extractives are 

intrinsically accumulated. Leaching of extractives, low extractives concentration as well as low extractives retention 

could have accounted for their reduced effect in Chenchen and Bediwonua. Nonetheless, Potrodom bark extract with 

the lowest x values resists deterioration best. 

 
Table-1: Durability classification of Bediwonua and Chenchen impregnated with heartwood, bark and leaf water extractives of 

Potrodom after 6 months field exposure 
Species Treatment X Values Durability Class 

Chenchen 

Bark 0.41 Durable 

Wood 0.81 Durable 

Leaf 1.20 Moderately Durable 

Bediwonua 

Bark 0.63 Durable 

Wood 0.63 Durable 

Leaf 1.09 Moderately Durable 

X value → mean mass loss of treatment/mean mass loss of control 
4. CONCLUSION 
Bediwonua is more pervious than Chenchen, and thus retained more of extractives. Though Bediwonua and Chenchen 

retained branch bark water extractives quite minimally, it conferred the highest resistance to deterioration.  Bediwonua 

and Chenchen are both low durability timbers but Bediwonua is more durable. Though extractives showed reduced 

efficacy over time, indications were that extractives from parts of tropical timber species as that of Potrodom could be 

employed to preserve their low durability counterparts. The use of Potrodom as a botanical extractives is promising if 

it will be deeply researched.  
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ABSTRACT   
Narcotine is a very antitussive agent and its modification may lead to some more biological activities. In this presented paper, 

narcotine (1) was first subjected to nitration and bromination to yield nitrated narcotine (2) and brominated narcotine (3). It was 

further made to react with phenylchloroformate (6) to give a cleaved addition product 4. This adduct 4 was further nitrated and 

brominated to yield substituted derivatives 5 and 6, respectively. The structure elucidation of the synthesized compounds was 

processed via IR, EI-MS and 
1
H-NMR spectra. These were also screened against butyrylcholinesterase enzyme and were found to 

the moderate inhibitors of butyrylcholinesterase except nitrated product, 2, of narcotine (1).  

 

Keywords: Bromination, Butyrylcholinesterase, Narcotine, Nitration, Cleaved adducts.  

 

1. INTRODUCTION 
Among the variety of cancer ceasing agents, noscapinoids are getting appreciable attention

1
. Narcotine or noscapine is 

an antitussive agent and has potential anticancer effects
2
. First time it was reported in 1930 as antitussive agent and 

later on in 1954
3
. Up to the end of 1960, the further corroboration was furnished by the researchers, especially the 

bronchial asthma relief
4-7 

and also the replacement of codeine by noscapine
8
. Because of less side effects and amended 

compliancy in patients in comparison of taxanes, noscapinoids are familiar for oral use
9-12

. 

Butyrylcholinesterase enzyme (BChE, EC 3.1.1.8) belongs to serine hydrolases enzymes. The interaction of 

this enzyme with the substrates and inhibitors relies on the differences in amino acid (AA) residing at the active sites. 

Acetylcholine is terminated by it at the cholinergic synapses so the main part of neuromuscular junctions and 

cholinergic brain synapses. The termination of the nerve impulse in cholinergic synapses and the hydrolysis of the 

neurotransmitter acetylcholine are catalyzed by it
13-14

.  

Literature survey of related structures exposed that the structural modifications of organic synthesized 

compounds result in varying qualitative and quantitative activity. Therefore in the undertaken investigation, the 

bromination
15

 and nitration of narcotine (1) followed by the bromination and nitration of its addition product 4 were 

performed and their therapeutic potential was checked as butyrylcholinesterase enzyme inhibitors.  

2. RESULTS AND DISCUSSION 

2.1 Chemistry  
The synthesis of some derivatives of narcotine after minor modification in its structure was carried out with an aim to 

elucidate their biological activity. The designed compounds derived from narcotine (1) were synthesized according to 

scheme 1. First the bromination in glacial acetic acid and nitration in a nitrating mixture of conc. HNO3/H2SO4 was 

carried out. Then again both the reactions were processed for cleavage adduct (4) of narcotine (1). The cleaved 

product was obtained by nucleophilic addition reaction of narcotine (1) with phenyl chloroformate in an organic media 

through stirring
16

.  

 
Table-1: Biological screening of different derivatives of narcotine against butyrylcholinesterase enzyme 

Compound 
BChE 

%age at 0.5 mM IC50 µmoles 

1 20.58±0.25 - 

2 36.38±0.38 - 

3 97.11±0.18 38.91±0.77 

4 73.78±0.22 115.31±0.45 

5 80.61±0.89 68.11±0.21 

6 73.23±0.67 112.31±0.21 

Control Eserine 0.85±0.0001 

 

Narcotine (1) was a white crystalline solid and its structure was confirmed through extensive spectral studies. Its 

molecular formula, (C22H23NO7) was supported by the different signals resonating along with integration value in 
1
H-

NMR spectrum and molecular ion peak in EI-MS at m/z 413. In the EI-MS spectrum, the cationic fragment observed 

at m/z 398 and 382 because of loss of two radicals i.e. CH3 and OCH3 respectively. Similarly a distinct peak at m/z 213 
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for a fragment ion after the removal of (C10H9O4) group was also observed. In the aromatic region of its 
1
H-NMR 

spectrum, two doublets at δ 7.16 (d, J = 8.4 Hz, 1H, H-7′), 6.17 (br d, J = 8.4 Hz, 1H, H-8′) and in the aliphatic region, 

one doublet at 5.63 (d, J = 3.6 Hz, 1H, H-1′) & two singlets at 3.98 (s, 3H, CH3O-5′), 3.96 (s, 3H, CH3O-6′) depicted 

the dimethoxy isobenzofuranone group in the molecule. The signals appearing at 6.34 (s, 1H, H-6), 5.92 (d, J = 0.9 

Hz, 1H, Hb-9), 5.90 (d, J = 1.2 Hz, 1H, Ha-9), 3.85 (s, 3H, CH3O-12), 2.58-2.65 (m, 2H, H-3), 2.52 (s, 3H,  

CH3N-2) and 2.32-2.46 (m, 2H, H-4) were characteristics of other 4-methoxy-6-methyl-5,6,7,8-tetrahydro-

[1,3]dioxolo[4,5-g]isoquinoline group. On the basis of these evidences, the structure of 1 was clearly assigned as 6,7-

Dimethoxy-3-(4-methoxy-6-methyl-5,6,7,8-tetrahydro-[1,3]dioxolo[4,5-g]isoquinolin-5-yl)isobenzofuran-1(3H)-one. 

The mass fragmentation pattern of compound 4 is drawn in figure-1. Likewise on the basis of structural manifests  

from EI-MS and 
1
H-NMR, presented in experimental section, the structures of other derivatives (scheme-1) were 

elucidated. 
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Scheme-1: Nitration and bromination of narcotine and its cleaved adduct. 

 

2.2 Enzyme inhibition study in vitro 
The screening of the synthesized compounds against butyrylcholinesterase (BChE) enzyme revealed that out of five 

synthesized compounds only 2 was inactive and remaining all i.e. 3, 4, 5 and 6 showed moderate inhibitory potential 

against this enzyme (Table-1). However, among these the relatively enhanced activity of brominated product 3, having 

IC50 value 38.91±0.77 μmoles/L, and nitrated product 5 with IC50 value 68.11±0.21 μmoles/L, relative to eserine, a 

reference standard having IC50 value of 0.85±0.0001 μmoles/L, could be attributed to bromination and nitration after 

nitrogen containing heterocyclic ring cleavage, respectively, in these molecules. Moreover, this study also urges the 
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researchers to investigate such cleaved adducts of other famous alkaloids against various enzymes to explore their 

therapeutic potentials for the ailment of diseases.   
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Fig-1: Mass fragmentation pattern of the synthesized compound 4 

3. CONCLUSION 
Structure clarification of synthesized compounds was processed by spectroscopic analysis. The enzyme inhibition 

activity against butyrylcholinesterase enzyme rendered the compounds 3 and 5 as potent inhibitors, shown by their 

IC50 values as compared to eserine taken as reference standard. This evaluation may be helpful for medicinal 

chemistry and also for pharmaceutical industry as drug candidates in drug development programme. 

4. EXPERIMENTAL 

4.1 General 
Narcotine was purchased from Sigma Aldrich in purified form for this study, yet it was further analyzed through 

spectral analysis. Purity of the synthesized compounds was checked on TLC (pre-coated silica gel G-25-UV254 plates, 

detected at 254 nm) with different solvent systems using ethyl acetate and n-hexane giving single spot. 
1
H-NMR 

spectra (with chemical shift values in ppm and coupling constant values in hertz (Hz)) were commemorated in CD3OD 

on a Burker Aspect AM-300 MHz spectrometer. The I.R. spectra (wave number in cm
-1

)
 
were commemorated through 

KBr salt pellet method on a Jasco-320-A spectrophotometer. Mass spectra (EI-MS) were sketched on Finnigan MAT-

112 instrument.  

4.2 General procedure for nitration 
A sample of 1 (1.2 mmol; 0.5 g) or 4 (1.2 mmol, 0.7 g) was dissolved in conc. H2SO4 (2 mL) and HNO3 (0.5 mL). The 

mixture was continuously stirred for 2-3 hours. The reaction progress was supervised via TLC. After confirming the 

single spot, the product was extracted using chloroform as solvent. The nitrated product was obtained after 

evaporation of solvent. 

4.2.1 6,7-Dimethoxy-3-(4-methoxy-6-methyl-5,6,7,8-tetrahydro-[1,3]dioxolo[4,5-g]isoquinolin-5-

yl)isobenzofuran-1(3H)-one (1) 
White crystalline solid; 

1
H-NMR (300 MHz, CD3OD): δ 7.16 (d, J = 8.4 Hz, 1H, H-7'), 6.34 (s, 1H, H-6), 6.17 (br d, J 

= 8.4 Hz, 1H, H-8'), 5.92 (d, J = 0.9 Hz, 1H, Hb-9), 5.90 (d, J = 1.2 Hz, 1H, Ha-9), 5.63 (d, J = 3.6 Hz, 1H, H-1'), 4.38 

(d, J = 3.6 Hz, 1H, H-1), 3.98 (s, 3H, CH3O-5'), 3.96 (s, 3H, CH3O-6′), 3.85 (s, 3H, CH3O-12), 2.58-2.65 (m, 2H, H-

3), 2.52 (s, 3H, CH3N-2), 2.32-2.46 (m, 2H, H-4); IR (KBr) νmax (cm
-1

): 3056 (Ar-H), 1740 (C=O), 1530 (Ar C=C), 
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1250 (Ar-O), 1175 (C-O), 1145 (C-N), 1050 (C-O); EIMS: m/z 413 [M]
+
, 398 [M-CH3]

+
, 382 [M-CH3O]

+
, 367 [M-

CH2O2]
+
, 220 [M-C10H9O4]

+
, 193 [M-C12H14NO3]

+
. 

4.2.2 6,7-Dimethoxy-3-(4-methoxy-6-methyl-9-nitro-5,6,7,8-tetrahydro-[1,3]dioxolo[4,5-g]isoquinolin-5-yl)-4-

nitroisobenzofuran-1(3H)-one (2) 
Light brown crystalline solid; Yield: 90%; 

1
H-NMR (400 MHz, CD3OD): δ 6.95 (s, 1H, H-7'), 6.41 (s, 2H, H-9), 4.36 

(d, J = 4.4 Hz, 1H, H-1'), 4.03 (d, J = 4.4 Hz, 1H, H-1), 3.68 (s, 3H, CH3O-5'), 3.63 (s, 3H, CH3O-6'), 2.72 (s, 3H, 

CH3O-12), 2.69 (s, 3H, CH3N-2), 2.26-2.32 (m, 2H, H-3), 1.58-1.63 (m, 2H, H-4); IR (KBr) νmax (cm
-1

): 3057 (Ar-H), 

1742 (C=O), 1531 (Ar C=C), 1254 (Ar-O), 1180 (C-O), 1146 (C-N), 1051 (C-O), 1350 (Ar-NO2); EIMS: m/z 503 

[M]
+
, 488 [M-CH3]

+
, 472 [M-CH3O]

+
, 457 [M-CH2O2]

+
, 264 [M-C10H9NO6]

+
, 237 [M-C12H14N2O5]

+
. 

4.2.3 4-Nitrophenyl-2-(6-(chloro-(4,5-dimethoxy-3-oxo-1,3-dihydroisobenzofuran-1-yl)methyl) -7-methoxy-4-

nitrobenzo[d][1,3]dioxolo-5-yl)ethyl(methyl)carbamate (5) 
Reddish brown crystalline solid; Yield: 84%;

 1
H-NMR (400 MHz, CD3OD): δ 8.10 (d, J = 8.8 Hz, 2H, H-3''' & H-5'''), 

7.25 (d, J = 6.8 Hz, 1H, H-7'), 7.10 (d, J = 7.2 Hz, 1H, H-8'), 6.87 (d, J = 8.8 Hz, 2H, H-2''' & H-6'''), 6.20 (s, 2H, H-

6), 3.68 (s, 3H, CH3O-5'), 3.67 (d, J = 3.6 Hz, 1H, H-10'), 3.63 (d, J = 3.6 Hz, 1H, H-1'), 3.61 (s, 3H, CH3O-6'), 3.55 

(s, 3H, CH3O-9), 3.45 (t, J = 6.4 Hz, 2H, H-3''), 2.69 (s, 3H, CH3N-2'), 1.53 (t, J = 6.4 Hz, 2H, H-4''); IR (KBr) νmax 

(cm
-1

): 3058 (Ar-H), 1742 (C=O), 1532 (Ar C=C), 1352 (Ar-NO2), 1252 (Ar-O), 1177 (C-O), 1147 (C-N), 1052 (C-

O), 712 (C-Cl); EIMS: m/z 661 [M+2]
+
, 659 [M]

+
, 544 [M-CH3]

+
, 628 [M-CH3O]

+
, 613 [M-CH2O2]

+
, 566 [M-

C6H5O]
+
, 538 [M-C7H5O2]

+
, 523 [M-NO2]

+
, 376 [M-C10H9O4]

+
. 

4.3 General procedure for bromination 
A sample of 1 (1.2 mmol; 0.5 g) or 4 (1.2 mmol, 0.7 g) was completely dissolved in glacial AcOH (2 mL) followed by 

the addition of bromine water (0.5 mL). The stirring was continued for 2-3 hours. The reaction completion was 

monitored with the help of TLC. After completion of reaction, the product was extracted with chloroform. On 

evaporation of this solvent, borminated product was obtained. 

 

4.3.1 6,7-Dimethoxy-3-(9-bromo-4-methoxy-6-methyl-5,6,7,8-tetrahydro-[1,3]dioxolo[4,5-g]isoquinolin-5-

yl)isobenzofuran-1(3H)-one (3) 
Light green crystalline solid; Yield: 91%; 

1
H-NMR (400 MHz, CD3OD): δ 7.46 (d, J = 8.4 Hz, 1H, H-7'), 7.23 (d, J = 

8.2 Hz, 1H, H-8'), 6.44 (s, 2H, H-9), 4.35 (d, J = 4.0 Hz, 1H, H-1'), 4.13 (d, J = 4.0 Hz, 1H, H-1), 3.96 (s, 3H, CH3O-

5'), 3.92 (s, 3H, CH3O-6'), 3.84 (s, 3H, CH3O-12), 2.97-3.07 (m, 2H, H-3), 2.87 (s, 3H, CH3N-2), 2.64-2.85 (m, 2H, 

H-4); IR (KBr) νmax (cm
-1

): 3052 (Ar-H), 1737 (C=O), 1527 (Ar C=C), 1247 (Ar-O), 1173 (C-O), 1142 (C-N), 1048 

(C-O), 549 (C-Br); EIMS: m/z 494 [M+2]
+
, 492 [M]

+
, 477 [M-CH3]

+
, 461 [M-CH3O]

+
, 446 [M-CH2O2]

+
, 299 [M-

C10H9O4]
+
, 193 [M-C12H13NO3Br]

+
. 

4.3.2 2,4,6-Tribromophenyl-2-(4-bromo-6-(chloro-(7-bromo-4,5-dimethoxy-3-oxo-1,3-dihydro isobenzofuran-

1-yl)methyl)-7-methoxybenzo[d][1,3]dioxolo-5-yl)ethyl(methyl)carbamate (6) 
Dark brown crystalline solid; Yield: 87%; 

1
H-NMR (400 MHz, CD3OD): δ 7.05 (br s, 2H, H-3''' & H-5'''), 6.40 (s, 1H, 

H-7'), 6.20 (s, 2H, H-6), 3.98 (s, 3H, CH3O-5'), 3.91 (s, 3H, CH3O-6'), 3.67 (d, J = 3.6 Hz, 1H, H-10'), 3.63 (d, J = 3.6 

Hz, 1H, H-1'), 3.55 (s, 3H, CH3O-9), 2.82 (t, J = 6.4 Hz, 2H, H-3''), 2.68 (s, 3H, CH3N-2''), 1.27 (t, J = 6.4 Hz, 2H, H-

4''); IR (KBr) νmax (cm
-1

): 3054 (Ar-H), 1739 (C=O), 1526 (Ar C=C), 1248 (Ar-O), 1176 (C-O), 1146 (C-N), 1051 (C-

O), 716 (C-Cl), 550 (C-Br); EIMS: m/z 961 [M+2]
+
, 959 [M]

+
, 944 [M-CH3]

+
, 928 [M-CH3O]

+
, 913 [M-CH2O2]

+
, 629 

[M-C6H2OBr3]
+
, 601 [M-C7H2O2Br3]

+
, 686 [M-C10H9O4Br]

+
. 

4.4 Procedure for the nucleophilic addition of phenylchloroformate to narcotine 
A sample of narcotine (1, 0.24 mmol; 0.1 g) was dissolved in chloroform and then phenylchloroformate (0.121 mL) 

was poured into it. The mixture was stirred for 5-6 hours and monitored by TLC after different intervals. At the single 

spot of reaction, the product was extracted with chloroform. On evaporation of this solvent, a ring cleaved adduct 4 

was obtained
16

. 

 

4.4.1 Phenyl-2-(6-(chloro-(4,5-dimethoxy-3-oxo-1,3-dihydroisobenzofuran-1-yl)methyl)-7-

methoxybenzo[d][1,3]dioxolo-5-yl)ethyl(methyl)carbamate (4) 
Light yellow crystalline solid; Yield: 87%; 

1
H-NMR (400 MHz, CD3OD): δ 7.32 (br d, J = 6.8 Hz, 2H, H-2''' & H-6'''), 

7.14 (br t, J = 7.6 Hz, 2H, H-3''' & H-5'''), 7.07 (br d, J = 7.8 Hz, 1H, H-4'''), 6.73 (d, J = 7.6 Hz, 1H, H-7'), 6.57 (s, 

1H, H-3), 6.50 (d, J = 7.6 Hz, 1H, H-8'), 5.97 (s, 2H, H-6), 5.92 (br s, 1H, H-1'), 3.92 (br s, 1H, H-10'), 3.84 (s, 3H, 

CH3O-5'), 3.80 (s, 3H, CH3O-6'), 3.55 (s, 3H, CH3O-9), 2.97-3.03 (m, 2H, H-3''), 2.94 (s, 3H, CH3N-2''), 2.81-2.88 (m, 

2H, H-4''); IR (KBr) νmax (cm
-1

): 3053 (Ar-H), 1743 (C=O), 1528 (Ar C=C), 1254 (Ar-O), 1177 (C-O), 1144 (C-N), 

1049 (C-O), 710 (C-Cl); EIMS: m/z 571 [M+2]
+
, 569 [M]

+
, 554 [M-CH3]

+
, 538 [M-CH3O]

+
, 523 [M-CH2O2]

+
, 476 

[M-C6H5O]
+
, 448 [M-C7H5O2]

+
, 376 [M-C10H9O4]

+
. 
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4.5 Butyrylcholinesterase Assay 
The inhibition activity of this enzyme was executed as reported earlier

17 
but with some variations. The reaction 

mixture was prepared by mixing Na2HPO4 buffer (0.060 mL, 50 mM, pH 7.7), test compound (0.010 mL, 0.5 mM 

well
-1

) and BChE (0.010 mL (0.5 unit well
-1

) followed by pre-reading at 405 nm and pre-incubation at 37 ºC for 0.16 

hours. Butyrylthiocholine bromide (0.010 mL, 0.5 mM well
-1

) was employed as substrate and reaction initiator. DTNB 

(0.010 mL, 0.5 mM well
-1

) was also added. The measurement of absorbance at 405 nm after an incubation of 0.25 

hours at 37 ºC was used as the key point in %age inhibition. Plate reader utilized was Synergy HT (BioTek, USA) 96-

well. Triplicate of each experiment was performed. Eserine (0.5 mM well
-1

) served as positive control. The %age 

inhibition was accounted as, 

 

 

IC50 values (test compound conc. for 50% enzyme inhibition) of compounds were computed using EZ–Fitz Enzyme 

kinetics software (Perella Scientific Inc. Amherst, USA). 

4.6 Statistical analysis  
All the measurements were done in triplicate and statistical analysis was performed by Microsoft Excel 2010. Results 

are presented as mean ± sem. 
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ABSTRACT 
A glasshouse study was conducted to evaluate the effects of plant derived humic acid (HA), previously characterised along with 

coal derived HA using HPLC and UV-VIS techniques on pepper growth, cholorophyll contents, P and K concentration in soil and 

plant. Characterization results classified coal, sunflower and maize derived HA as type A, B and Rp respectively. Plant growth 

parameters such as branches/plant, root length and weight, were significantly improved with HA, maximum branches (11) were 

found by HA application at highest rate (150 mg/kg). While, at lower application rate (30 mg/kg) maximum fruit weight was 

obtained. Similarly, longest roots were obtained with HA application at same rate. Flower and fruit chlorophyll contents 

significantly improved with HA application, yielding maximum flower cholorophyll contents by application of 90 mg/kg, 

whereas, in case of fruit maximum cholorophyll contents were found by application of HA at the rate of 30 mg/kg. Despite, plant 

growth improvement, fruit K concentration were also significantly improved with HA application. These results suggest that HA 

application at the optimum rate (30 mg/kg) improved plant growth parameters, however soil nutrients concentration only 

responded to HA application at the higher rate side.    

 

Key words: Humic acid, pepper yield, soil and plant P, Humic acid types, cholorophyll content 

 

1. INTRODUCTION 
The low soil organic matter (<1.0 %) in Pakistan coupled with high demand for agricultural produce triggers the need 

for commercially available inorganic fertiliser; urea, dia-ammonium phosphate (DAP) or triple superphosphate (TSP) 

and sulphate or muriate of Potassium (K2SO4, KCl) respectively. Currently, over 5 million tons (urea), around 1 million 

tons DAP and 27’000 tons SOP are used in Pakistan both for Rabi and Kharif crops (NFDC, 2012)
1
. It is seen that 

appropriate integration of organic with inorganic fertilisers could possibly improve plant growth, as well as reduce 

excessive use of inorganic fertiliser.  

As synonym for soil organic matter, humic matter (humic acid and fulvic acid) acid
2, 3

 can directly and 

indirectly benefit plant growth
4
. The HA plays significant role in nutrient acquisition

5 
by chelating metallic cation

6
 and 

through improving root growth and soil physical properties. Many researchers reported positive effect of HA on plant 

biomass weight of different crops; maize, oats seedlings and teak
7,8,9,10

. However, some studies showed that HA 

improved P availability without increasing lettuce yield
11

. The HA application increases nutrients absorption
12

, in 

addition to their transport and distribution of 
2
,
6 

increased Fe bioavailability due to Fe-HA complexing behaviour and 

enhancing plant Fe and Zn nutrition have been reported
15,16

. Improved plant dry weight, nutrients of Fe, Na (p < 0.05) 

K, Mg, Cu, Zn and Mn (p < 0.01) were reported in glasshouse study of soil applied HA in maize crop
17

.  The HA 

application has been linked to improve nutrients composition, plant photosynthesis pigments and total sugar contents 

of pea plant
18

.  

 Chemically, HA composed of several aromatic rings interact with other aliphatic compounds giving rise to 

macromolecules
19

. Classical approaches involve understanding of HA composition based on elemental composition. 

In last few years various spectophotometric methods were used for this purpose. Some these techniques; Ultraviolet 

and Visible (UV-VIS) spectroscopy, Nuclear magnetic resonance (NMR), Electron paramagnetic resonance (EPR), 

Fourier transform infrared (FTIR) fluorescence and High performance liquid chromatography (HPLC), are employed 

to identify functional groups and understand macromolecular structure of HA. Such characterization not only helps in 

better understanding of organic matter decomposition but also suggests how management practices induce alteration 

in HA structure
 20, 21

.
 

In UV-VIS spectroscopy HA yield uncharacteristic spectra in the UV and visible region electromagnetic 

spectrum
22

, and the spectra recorded both in wave length of 400 and 600 (E4/E6) provides information about HA 

characterization. There has been reported inverse relation between (E4/E6) and particle size or molecular weight of 

HA
23

.     

The current study aimed at characterization of plant derived HA and quantify K, and P concentration in plant 

and soil.  
 

2. RESULTS AND DISCUSSION 

 

2.1 Ultraviolet and visible (UV-VIS) spectroscopy 

Results of UV-VIS spectroscopy showed spectra in the UV-VIS region. Decrease in absorption intensity with increase 

in wave length both in maize (Zea mays. L), sunflower (Helianthus annus. L) along with coal (Fig 3a; Fig 3b). 
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However, in comparison to maize and sunflower, spectra of coal derived HA showed least steepness (Fig 3b). While, 

comparing maize derived HA with sunflower derived HA, the latter showed sharp decline (as wave length increases 

from 300 nm to 400 nm). The curve remained flatten in sunflower derived HA as wave length exceeds 423 nm.  

The shoulder noticed around 370 nm could be ascribed to chromophore, absorbing light in the whole 

analysing region. Such behaviour could be associated to aromacity in HA
24

. The value of ∆ log K (difference between 

log K at 600 nm and 400 nm) (Table 2) were found to be 0.96, 0.88 and 0.41 for maize, sunflower and coal 

respectively. Based on ∆ log K, Kumada, (1987)
23

 classified HA into 4 different types; A, B Rp and P. Type A lacks 

characteristics absorption having ∆ log K ranges < 0.6, type B having value of ∆ log K (0.6-0.8), while type Rp having 

similar spectrum as B, but possess ∆ log K between 0.8 -1.1. Having characteristic absorption spectrum in 615, 570, 

and 450 nm visible regions HA are type P.  

 

Looking to ∆ log K values (Table 2) in the context of above classification, coal derived HA was type A, and sunflower 

derived HA with ∆ log K (0.88) was type B, whereas maize derived HA showed resemblance to Rp type.  

Table-2: Difference in the optical properties of HA derived from plant and coal materials 

Plant materials E4/E6 ∆ log K 

Maize 9.6 0.96 

Sunflower 7.6 0.88 

Coal 2.6 0.41 

The HPLC chromatograms of both maize and sunflower derived HA (Fig 4; Fig 5) were separated by 

acetonitrile/water solution. The first peak appeared between tR =1.5-3.5 corresponds the excluded fraction. Both maize 

and sunflower chromatograms showed sharp differences in the peak area. The fraction peak at tR = 2-2.4 (Fig 4) and tR 

= 2 (Fig 5) comprised the largest contributions of hydrophilic end. While, fractions in tR = 14-16.5 ascribed to 

hydrophobic character of HA. The differences in chromatograms of HA showed structural differences of HA derived 

separately from maize and sunflower. 

 

2.2 AGRONOMIC MEASUREMENTS 

 

2.2.1 Number of branches per plant 

Significant Increase in branches number/plant was observed HA application rate increases (Fig 6). It was observed that 

maximum branches (11) per plant were found by HA application @ of 150 mg/kg. Though, statistically non-

significant number of branches increased beyond 0 mg/kg till maximum application of HA @ 150 mg/kg.  

 

2.2.2 Fruit weight, root length and root weight  

Soil application of HA has significant effect (p< 0.05) in fruit weight measured at the harvest. It is evident that means 

values of fruit weight in all treatments were significantly higher in comparison to control treatment where no HA was 

applied (Fig 7). Heaviest fruit (158.6 g) was obtained in treatment where HA was applied @ 30 kg/ha followed by 

142.3 g HA application at the rate of 30 kg/ha. Results from this study showed overall improvement of 16%-45% in 

HA application at different levels. Root growth in term of length was also significantly improved with HA application 
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in this study; showing longest root of 29.3 cm by HA application at @ 30 kg/ha, whereas 20 cm was obtained in 

control treatment where no HA was given (Fig 8). The response of root weight (Fig 9) also confirms that HA 

application at the rate of 30 kg/ha caused heavier root of the plant as compared to other treatment where HA were 

applied either in higher of lower rates. 

 

 
 

Results from this study showed that HA application at the higher rate is not as much effective as in lower to optimum 

rate. Earlier research
25

 also reported effectiveness of HA at optimum rate both in plant root and shoot parts.   
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2.2.3 Fruit, flower chlorophyll contents and plant P and K concentration 

Results suggest that HA application results in improving chlorophyll contents both fruit and flower in pepper plant 

(Fig 10; Fig 11). Lightbourn et al., (2006)
26

 reported significance of fruit chlorophyll contents by linking it to fruit 

quality characteristics. General green appearance of pepper fruit likely to influence consumer acceptance and market 

value. The plant P concentration increased as HA acid application increased (Fig 12) however remained statistically 

non-significant till HA application up to 100 mg/kg and then statistically significant from rest of application levels by 

HA application at 150 mg/kg. The plant K concentration also significantly responded to HA applied at different rates 

(Fig 13).  Maximum K concentration of around 3% was obtained by HA application at the highest rate of 150 kg/ha.   

 
 

3. EXPERIMENTAL 

3.1 Humic acid extraction from plant based waste materials (Maize, Sunflower) 

The HA was extracted from waste plant materials; maize (Zea mays. L) and sunflower (Helianthus annuas. L), soaked 

separately overnight into 2000 ml KOH solution (0.1 N) (Fig 1); stirred, sieved (Mesh No 115) and diluted to 2000 ml 

(with distilled water), washed again, followed by sieving and then stored into label container (Fig 2). The pH of HA 

was adjusted (7-8) with conc. H2SO4. The elemental analysis showed that HA contains 0.032 % N (kjeldahl), 0.89 % P 

(spectrophotometer method), 2. 12 % K (flame photometer), 0.41 mg/kg Fe and 0.45 mg/kg Zn (atomic absorption 

spectrophotometer).  
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Agronomic data pertaining to fresh fruit weight, leaf weight, root length and weight at harvest stage. Each fruit 

picking was carried out as the fruit get mature and noted for fresh weight.  

 

3.2 Setting up trial 

A pot experiment was conducted at Land Resources Research Institute (LRRI), National Agricultural Research Centre 

(NARC) Islamabad under glasshouse conditions to evaluate the effects of different plant derived HA on the growth 

and nutrient uptake of hybrid pepper. Five levels of HA (control no HA applied), 30 mg/kg, 60 mg/kg, 90 mg/kg 100 

mg/kg and 150 mg/kg along with basal dose of NPK applied as urea, DAP and KCl respectively. Pepper seedlings 

collected from vegetable program were transplanted into plastic pots having 6 kg of Rawal soil series having detailed 

chemical properties are listed (Table 1)
24

. The soil was air-dried and passed through <2 mm sieve after homogenizing. 

It is well drained, moderately fine texture calcarious soil having brown to dark brown colour.   

All experimental pots were arranged in completely randomized (RCB) design, replicated three times. Pots 

were irrigated periodically to maintain at filed capacity. Plant growth data on biomass weight, root length and number 

of branches per plant were collected before harvesting at 150
th
 day of the experiment setup.  

Plant parts (leave, fruit and shoot) were washed with tap water following by with deionised water, dried at 56-70 
o
C; 

and process for nutrient concentration. Bulk soil sample collected after plant harvest and ground; sieved and used for 

analysing various nutrients such as P, N and micronutrients following standard analytical procedures. 
 

Table-1: Selected Chemical properties of soil 

Parameter Unit Value 

pH 
ds/m 

8.0 

EC 0.24 

CaCO3 

% 

2.8 

Organic matter 1.2 

P (NaHCO3) 6.5 

K(exchangeable) 

mg/kg 

 

84 

Zn (DTPA. ext.) 0.38 

Cu (DTPA. ext.) 0.92 

Fe (DTPA. ext.) 9.8 

Mn (DTPA. ext.) 9.6 

Source: Rashid et al.(1994)
24 

 

3.3 Chemical Analysis of soil and plant samples  

Leaf and fruit samples were process for wet digestion using mixed acid digestion [(HNO3: HCOl4 (2:1)], for 

micronutrients (Mn, Zn, Cu and Zn) analysed by atomic absorption. Potassium (K) and phosphorus (P) were 

determined in leaf tissues by flame photometer and spectrophotometer (Genyses 5) respectively. Chlorophyll contents 

in 3
rd 

fully matured leaf and pepper fruit was determined using cholorophyll, SPAD-502 (Spectrum technology, 

Plainfield, IL, USA). 

 

3.4 Characterization of humic substances 

Following available techniques were used to characterize plant derived HA in this study: 

 

3.4.1 High performance liquid chromatography (HPLC)  

The 20 µl HA solutions (0.05-0.2 g/l) was injected into Machery Nagel RP C18 column, 

(200 mm×4 mm), particle size of 7 µm and 1000 A pore size. Sample of the purified and dialysed HA was dissolved in 

5 ml NaOH (0.1 M) using ultrasonic bath for 15 min., diluted and neutralized with 0.1 M HCl (pH 7). All 

chromatograms were detected in the UV-VIS in 254 and 280 nm range, and the fluorescence emissions were 

monitored by 470 and 375 nm. 

3.4.2 Ultraviolet and visible spectroscopy (UV-VIS) 

One mg HA sample was dissolved in 5 ml of 0.1 M KOH to measure optical density at series of wave length (300 nm-

600 nm) with UV-VIS spectrophotometer (Perkin Elmer Lamda 3B). All measurements were carried out at 25 C + 

with a constant light path of 1 cm. Optical density was plotted against wave length for HA derived for coal, sunflower 

and maize derived HA (Fig 3a and Fig 3b). The E4/E6 ratio related to absorbance coefficients (E) at 400 and 600 nm 

designated as E4 and E6 respectively. The difference between log of E4 and E6 defined as ∆log K (Kumada, 1987)
23

 as 

shown (Equation 1) 

∆log K= log K400-log K600  (Equation 1) 

3.5 Statistical Analysis 

All data collected on soil and plant parameters were analysed using statistical analysis system (SAS, 9.1.2, SAS 

Institute, Cary, N.C)
25

. One way analysis of variance (ANOVA) was used for all variables (fresh fruit weight, leaf 

weight, root length and root weight) to test the HA application rates. Duncan multiple range (DMR) test explained 
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difference in treatments mean. Bar charts and selected diagrams were drawn on Excel 2013 and sigmaplot 9 

respectively. 
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Education is the most influential tool whose efficient use requires the power of determination, devoted work and 

sacrifice. As teachers are major handler of this tool therefore, they must possess qualities of high education and 

competency for deliver. Education extends attractive way of life, talent and manners which make an individual a fine 

civilian. Primary and secondary education is one of the foundation stone of development of children and country. It 

acts as a vital part in placing the proper institution of child’s cultural, social, moral, emotional, intellectual, physical 

and spiritual improvement. Primary education contributes to national development while education at post graduate 

level provides think tank for progress of country. The Secondary education which serves as a link among primary and 

higher education is expected to prepare young people between the age group of 14-18 in the world of work, who are 

ready to enter into advanced education.  

Chemistry is the basis of life, and subject of importance in nation building, acquiring much attention from the 

world class Universities now days, to build interest and skills into the students for complex education. Chemical 

education is an active area of research within both the disciplines of chemistry and education, focusing on learning and 

teaching of chemistry in schools, colleges and universities, with the goals of understanding how students learn 

chemistry, how best to teach chemistry. 

The curricula of higher secondary education require special attention at theory and practical level which 

should build the interest and attraction in chemistry in the age of 14-18. There is need of designing new curricula, 

covering chemistry in an easiest and attractive way associated with the environment
1
. Organization of continual 

workshops for teachers for fresh up courses aimed at building awareness in new themes in chemistry education. 

Themes
1,2

 in chemistry education should consist of understanding, how students learn chemistry, how best to coach 

chemistry, and how to improve learning outcomes by changing teaching methods. The appropriate training of 

chemistry lecturer, include much methods, together with classroom lecture, demonstrations, and laboratory 

experimental activities are essential regularly. There is a constant need to update the skills of teachers engaged in 

teaching chemistry at secondary level. 

 

Kyne
3 
reported about the teaching system in multigrade classrooms throughout the world which would like to increase 

in near future. Kyne
3
 addresses that professional knowledge and skills that are pertinent and compulsory to teaching 

efficiently in single-grade perspectives are also applicable and essential for effective multigrade teaching. Bodner
4
 

ACS director (Division Chemical Education) emphasize on improvement in K–12 science education which is now a 

days are increasingly choral as the need for a highly skilled logical employees and a precisely well-educated 

community has become imperative in the U.S. ACS is increasing its events associated for the training of high school 

chemistry teachers with the ACS-Hach Programs and CTEC through scholarships for chemistry majors following 

certification as high school chemistry teachers as well as for second-career chemistry teachers. CTEC’s mission is 

keenly involving chemistry departments in the planning of future chemistry teachers. ACS is collaborating with NSF, 

PhysTEC, and APLU to develop a robust CTEC initiative that will increase both the quality and quantity of high 

school chemistry teachers while catalyzing changes in the culture of teacher education shared by chemistry 

departments. Holbrook
5
 Study on Make Chemistry teaching relevant  to  under grade students showed that  chemistry 

teaching is unpopular and irrelevant in the eyes of students, does not promote higher order thinking talents, leads to 

gaps between students wishes and teachers teaching is not changing, because teachers are afraid of change and need 

guidance. He suggested three aspects to understand the issues of relevance of chemistry teaching i) What are we trying 

to do? ii) How to guide teachers? iii)  What could be relevant teaching materials?   

 

The teaching of chemistry requires special attention to deliver the subject to student. This must involve several 

relevant factors, which include teacher competency; syllabus content and its applicability into background; everyday 

applied work or experiment of chemistry; and the presentation and zeal and zest of the teacher. This need full 

continues apprises of chemistry teacher with new searches and current contents of chemistry to make chemistry 

attractive, interesting for selection of the subject by the student in near future. For a high school student’s chemistry is 

most feared & dried subject and can be a bit challenging to handle; when you are talking about chemistry. The teacher 

has to make sure that the subject is interesting and students can easily appreciate it that we are all enclosed by 

chemistry and chemical reactions
6
. Those are also taking place inside our own body. A chemistry teacher can easily 
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attract the student by just showing the things around us like how the life depends upon breath and how our body is 

continuously involve in exchanging of two gasses (CO2 & O2) for sustainable life (Fig). Name the two important gases 

and later on tell their function in atmosphere and human. In this way you can tell them that chemistry is not some 

boring and dull subject but is subject of life
6
. 

Find out easy-to-do, stimulating trials and get your students to do them in class. . 

Follow these humble methods and tell about other subject to the students like social sciences, biology physics and 

engage your class in chemistry is valuable, basic subject of the academia and become the learned, beloved, favored 

high school teacher 

 

 

 
  

Figure: Exchange of two gases in the atmosphere 
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